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TARGETED THERAPEUTICS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to and incorporates by reference in its entirety Indian
Patent Application No. 258/DEL/2014 filed January 28, 2014. Each reference cited in

this disclosure is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The disclosed inventions are in the field of targeted therapeutics.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Schematic illustrating use of cationic dye multimers to anchor repair cells to an

injured joint.

FIGS. 2A-B. Photomicrographs demonstrating binding of compounds to cells. FIG. 2A,
binding of Compound 4 to ARH-77 cells (see Example Bla). FIG. 2B, binding of
Compounds 4 and 20 to Raji cells (see Example B1b).

FIGS. 3A-C. Graphs of results from experiments demonstrating that Compounds 4 and
20 do not affect viability or proliferation of human MSCs or Raji cells at concentrations
of 20 uM or below (Example B2). FIG. 3A, graph demonstrating proliferation of human
MSC:s in the presence of varying concentrations of Compound 4. FIG. 3B, graph
comparing viability of human MSCs treated with varying concentrations of Compound 4
relative to viability of untreated human MSCs. FIG. 3C, graph demonstrating viability of
Raji cells treated with varying concentrations of Compound 20 relative to viability of

untreated control Raji cells.

FIGS. 4A-B. Photomicrographs demonstrating that Compound 4 binds to and stains
human MSCs (FIG. 4A) and that Compounds 4 and 20 bind to and stain Raji cells (FIG.
4B).

FIGS. 5A-B. Photomicrographs demonstrating that Compound 4 (FIG. SA) and
Compounds 4 and 20 (FIG. 5B) bind to and stain rabbit dorsal femoral condyle explants.

FIGS. 6A-B. Photomicrographs demonstrating that compounds promote adherence of

cells to rabbit dorsal femoral condyle explants. FIG. 6A, Compounds 4 and 20 promote
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adherence of human MSCs. FIG. 6B, Compounds 4 and 20 promote adherence of Raji

cells.

FIG. 7. Photographs showing the effect of Compound 4-incubated MSCs in reducing
cartilage damage induced by MIA.

DETAILED DESCRIPTION

This disclosure describes compositions and methods for delivering and localizing
therapeutic agents to therapeutic targets which comprise cells with negatively charged
cell membranes. A “negatively charged” cell membrane is a cell membrane to which a
cationic dye will associate via electrostatic attraction. A conjugate comprising at least one
cationic dye moiety (e.g., safranin-O, toluidine blue, azure A, azure B, azure C, acridine
orange, acriflavine, methylene blue) which is bound to at least one therapeutic agent can
be delivered to a therapeutic target and remain localized at the therapeutic target via

association with the available cationic dye moiety portion of the conjugate.

“Binding” of the at least one cationic dye moiety to the at least one therapeutic agent may
be by covalent or non-covalent attachment (i.e., via ionic or electrostatic attachment). In
some embodiments, a conjugate comprises a cationic dye moiety which is covalently
bound to a therapeutic agent, optionally via a linker such as linkers (a), (a.1), (a.2), (b),
(b.1), (¢), (c.1), (¢.2), (d), (&), (c.1), (B), (£.1), (£.2), (2), (g.1), (2:2), (h), (h.1), (h.2), (D),
(1.1, (1.2), (), G-, G.2), (k), (O, (L1, (1.2), (m), (m.1), (n), (n.1), (n.2), (0), (p), (@), (1),

and (s), described below. In other embodiments, a conjugate comprises at least one
cationic dye moiety which is ionically bound to a therapeutic agent. In some
embodiments, the cationic dye moiety portion of the conjugate is present as a cationic
dye multimer (described below); in such embodiments, the conjugate may include two or
more therapeutic agents, which may be the same or different, and which need not both be
bound to the cationic dye multimer by the same type of binding. For example, a
conjugate can comprise a cationic dye multimer which is covalently bound to one

therapeutic agent and which is non-covalently bound to a second therapeutic agent.

Examples of cells with negatively charged cell membranes include, but are not limited to,
endothelial cells of the digestive tract and lung, liver cells, cells of infectious organisms

(e.g., bacteria), tumor cells, blood cells, myoblasts, and vascular endothelial cells.
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Examples of therapeutic agents include, but are not limited to, small molecules (e.g., anti-
inflammatories, cancer chemotherapeutics), nucleic acids (e.g., ribozymes,
oligonucleotides, antisense RNA, siRNA, gene delivery vehicles), antibodies, and cells
(e.g., repair cells, such as mesenchymal stem cells, described in more detail below). In
some embodiments, a therapeutic agent may be contained in a delivery vehicle such as a

liposome, nanoparticle.

In non-limiting embodiments, described below, in which the cationic dye moiety in the

conjugate is present as a cationic dye multimer, the therapeutic agent is a repair cell.

Use of Cationic Dye Multimers and Repair Cells to Treat Joint Injuries

In some embodiments, the disclosed conjugates comprise multivalent forms of cationic
dyes (“cationic dye multimers”). Cationic dye multimers are, described in more detail
below, together with methods by which conjugates comprising a cationic dye multimer
can be used in conjunction with repair cells to treat joint injuries. Because they are
multivalent, cationic dye multimers bind both to cartilage in an injured joint as well as to
repair cells which can differentiate into new tissue (e.g., cartilage, tendon, meniscus),
thereby stabilizing the joint and reducing pain. In addition to anchoring repair cells at an
injured joint, cationic dye multimers permit visualization of the repair cells or the

cartilage at the injury site, which facilitates the repair procedure.

A “repair cell” as used herein is a cell which, when exposed to appropriate conditions,
differentiates into a cell which produces and secretes components needed to repair an
injury to a joint (e.g., hyaline cartilage, tendon, meniscus). In some variations of the
disclosed methods, a repair cell is a chondrocyte. In some variations of the disclosed
methods, a repair cell is a mesenchymal stem cell (MSC). Methods of obtaining,
culturing, and expanding populations of such repair cells are well known in the art. See,
e.g., US 2004/0009157; US 2012/0148548; U.S. Patent 5,486,359; and U.S. Patent
5,226,914, In another variation, an active pharmaceutical ingredient could be envisioned

in lieu of a repair cell.

In some variations of the disclosed methods, cationic dye multimers are applied directly
to an injured joint, typically in a pharmaceutical composition for delivery to the injured
joint. Such compositions typically are formulations suitable for intra-articular injection

and may include one or more components such as chitin, chitosan, hyaluronan,

chemically modified hyaluronan, saline, phosphate buffered saline, chondroitin sulfate,
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glucosamine, mannosamine, proteoglycan, proteoglycan fragments, or other
polysaccharides or polymers. The cationic dye multimers to be applied may be all the
same type or may be a mixture of types. Once the cationic dye multimers adhere to
cartilage in the injured joint, repair cells are delivered to the site, where they are bound by
the cationic dye multimers, thereby anchoring the repair cells in the appropriate place in
the injured joint. In some variations, additional cofactors such as, for example,
transforming growth factors (e.g. TGFp), could be utilized either in co-application with
the multimers described herein, or preceding that application, to stimulate extracellular

matrix production and down-regulate matrix-degrading enzymes.

[18] In other variations of the disclosed methods, cationic dye multimers, either all of the
same type or a mixture of cationic dye multimer types, are bound to repair cells ex vivo,
then the repair cells bearing the cationic dye multimers are delivered to the injured joint,
cither as a cell suspension or a sheet of cells, where they are anchored by the binding of
the cationic dye multimers to cartilage in the injured joint. Binding of cationic dye
multimers to the surface of repair cells can be carried out by any method known in the
art. See, e.g., Sarkar et al., “Cell Surface Engineering of Mesenchymal Stem Cells,” in
Vemuri et al., eds., Mesenchymal Stem Cell Assays and Applications, Methods in
Molecular biology, chapter 35, pp. 505-23, 2011.

[19] The disclosed methods can be carried out during an arthroscopic or open joint procedure
and can be used to injuries at joints such as the acromioclavicular, carpometacarpal
(finger or thumb), coracoclavicular, humeroulnar, humeroradial, radioulnar (distal,
intermedial, proximal), intermetacarpal, interphalangeal, metacarpophalangeal,
midcarpal, radiocarpal, shoulder, sternoclavicular, wrist, temporomandibular,
sternocostal, xiphisternal, lumbosacral, sacroiliac, talocrural (ankle), hip,
metatarsophalangeal, tarsometatarsal, tibiofemoral (knee) joints, and zygapophyseal

joints.

[20] Types of joint injuries which can be treated include damage to cartilage at a synovial
joint occurring as a result of mechanical destruction due to trauma or progressive
degeneration (osteoarthrosis; wear and tear) or associated with a disease or disorder, such
as osteoarthritis, rheumatoid arthritis, gout, reactive arthritis, psoriatic arthritis, or
juvenile arthritis. Other joint injuries include damage to tendons, ligaments, and the
meniscus. Use of tissue engineering, including stem cell therapy, to treat such injuries has

been reviewed. See, e.g. Nesic, et al. “Cartilage Tissue Engineering for Degenerative
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Joint Disease,” Advanced Drug Delivery Reviews (2006), 58(2):300-322; Johnstone, ef al.
“Tissue Engineering for Articular Cartilage Repair — The State of the Art,” European
Cells and Materials (2013) 25:248-267; Dragoo, et al. “Healing Full-Thickness Cartilage
Defects using Adipose-Derived Stem Cells,” Tissue Engineering (2007), 13(7):1615-
1621. Use of animal models including chondral / osteochondral defects has been
discussed recently. See, e.g. Cook, ef al. “Animal Models of Cartilage Repair,” Bone
Joint Res. (2014), 4:89-94. Bone-marrow derived MSCs, as well as human embryonic
stem cells, have been shown to enhance cartilage repair in chondral defect models:
Frisbie, et al. “Evaluation of Intra-Articular Mesenchymal Stem Cells to Augment
Healing of Microfractures Chondral Defects,” Arthroscopy (2011), 27(11):1552-1561;
Tsaiweli, et al. “Repair of Cartilage Defects in Arthritic Tissue with Differentiated Human

Embryonic Stem Cells,” Tissue Engineering Part A (2014) 20(3-4):683-692.

In any of these methods, the repair cells and/or cartilage in the injured joint can be
visualized using properties of the cationic dyes in the multimers. The extent of defects
and repair to cartilage can be assessed and scored using methods known in the art such
as, for example, the Histological-Histochemical Grading System (HHGS), the
Osteoarthritis Research Society International (OARSI) Osteoarthritis Cartilage
Histopathology Assessment System, the O’Driscoll score, the International Cartilage
Repair Society (ICRS) II score, and the ‘Bern’ score. See, e.g. Rutgers, ef al. “Evaluation
of histological scoring systems for tissue-engineered, repaired and osteoarthritic
cartilage”, Osteoarthritis and Cartilage (2010), 18:12-23; Grogan, et al. “Visual
Histological Grading System for the Evaluation of in-vitro Generated Neocartilage”,

Tissue Engineering (2006), 12(8):2141-2149.

Definitions

“Aryl” refers to an unsaturated aromatic carbocyclic group having a single ring (e.g.,
phenyl) or multiple condensed rings (e.g., naphthyl or anthryl) which condensed rings
may or may not be aromatic. In one variation, the aryl group contains from 6 to 14
annular carbon atoms (e.g., 6-14, 6-13, 6-12, 6-11, 6-10, 6-9, 6-8, 6-7, 7-14, 7-13, 7-12,
7-11, 7-10, 7-9, 7-8, 8-14, 8-13, 8-12, 8-11, 8-10, 8-9, 9-14, 9-13, 9-12, 9-11, 9-10, 10-
14, 10-13, 10-12, 10-11, 11-14, 11-13, 11-12, 12-14, 12-13, 13-14, 6, 7, 8,9, 10, 11, 12,
13, or 14). An aryl group having more than one ring where at least one ring is non-
aromatic may be connected to the parent structure at either an aromatic ring position or at

a non-aromatic ring position. In one variation, an aryl group having more than one ring
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where at least one ring is non-aromatic is connected to the parent structure at an aromatic

ring position.

“Heteroaryl” refers to an unsaturated aromatic carbocyclic group having from 2 to 10
annular carbon atoms (e.g., 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6,
3-5,3-4, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-
9,7-8, 8-10, 8-9,9-10, 2, 3,4, 5, 6,7, 8,9, or 10) and at least one annular heteroatom,
including but not limited to heteroatoms such as nitrogen, oxygen and sulfur. A
heteroaryl group may have a single ring (e.g., pyridyl, furyl) or multiple condensed rings
(e.g., indolizinyl, benzothienyl) which condensed rings may or may not be aromatic. A
heteroaryl group having more than one ring where at least one ring is non-aromatic may
be connected to the parent structure at either an aromatic ring position or at a non-
aromatic ring position. In one variation, a heteroaryl group having more than one ring
where at least one ring is non-aromatic is connected to the parent structure at an aromatic

ring position.

“Cycloalkyl” is a saturated cyclic hydrocarbon structure and can consist of one ring, such
as cyclohexyl, or multiple rings, such as adamantyl. A cycloalkyl comprising more than
one ring may be fused, spiro or bridged, or combinations thercof. A cycloalkyl can be a
saturated cyclic hydrocarbon having from 3 to 13 annular carbon atoms (e.g., 3-13, 3-12,
3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-
13, 5-12, 5-11, 5-10, 5-9, 5-8, 5-7, 5-6, 6-13, 6-12, 6-11, 6-10, 6-9, 6-8, 6-7, 7-13, 7-12,
7-11, 7-10, 7-9, 7-8, 8-13, 8-12, 8-11, 8-10, 8-9, 9-13, 9-12, 9-11, 9-10, 10-13, 10-12, 10-
11,11-13,11-12, 12-13, 3,4, 5,6,7,8,9, 10, 11, 12, or 13 annular carbon atoms).
Examples of cycloalkyl groups include adamantyl, decahydronaphthalenyl, cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl.

“Heterocyclyl” refers to a saturated or an unsaturated non-aromatic group having a single
ring or multiple condensed rings, and having from 1 to 10 annular carbon atoms (e.g., 1-
10, 1-9, 1-8, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9,
3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-
8, 6-7,7-10, 7-9, 7-8, 8-10, 8-9,9-10, 1,2, 3,4, 5,6, 7, 8,9, or 10) and from 1 to 4
annular heteroatoms (e.g., 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, 04 5), such as nitrogen,
sulfur or oxygen. A heterocycle comprising more than one ring may be fused, spiro or
bridged, or any combination thereof. In fused ring systems, one or more of the rings can

be aryl or heteroaryl. A heterocycle having more than one ring where at least one ring is
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aromatic may be connected to the parent structure at either a non-aromatic ring position
or at an aromatic ring position. In one variation, a heterocycle having more than one ring
where at least one ring is aromatic is connected to the parent structure at a non-aromatic

ring position.

Compounds according to the invention are detailed herein and in the appended claims.
The invention includes the use of all of the compounds described herein, including any
and all stereoisomers, including geometric isomers (cis/trans), salts (including
pharmaceutically acceptable salts) and solvates of the compounds described herein, as

well as methods of making such compounds.

The compounds depicted herein, by virtue of their cationic nature, may be present as salts
even if salts are not depicted and it is understood that the invention embraces all salts and
solvates of the compounds depicted here, as well as any non-salt or non-solvate form of
the compound, as is well understood by the skilled artisan. In some embodiments, the

salts of the compounds of the invention are pharmaceutically acceptable salts.

Where tautomeric forms may be present for any of the compounds described herein, each
and every tautomeric form is intended even though only one or some of the tautomeric
forms may be explicitly depicted. The tautomeric forms specifically depicted may or may
not be the predominant forms in solution or when used according to the methods

described herein.

Cationic Dye Multimers

Cationic dye multimers can be linear, branched, or cyclic. In some variations, a cationic
dye multimer is a dimer, in which two cationic dye moicties are linked with a linker as
described below. In other variations, a cationic dye multimer is a trimer or higher order
multimer containing, e.g., 3, 4, or 5 cationic dye moieties joined in various configurations
by linkers such that the multimer is linear, branched, or cyclic. The cationic dye moieties
in a multimer, as well as the linkers, can be the same or different, in various
combinations, as set forth in the description below. In some embodiments, the binding
capacity of a cationic dye multimer can be tuned based on the polarity/electron density of
the charged multimer system such that, for example, the cationic dye multimer exhibits

differential binding affinities to, e.g., cartilage and MSCs.
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The linker moieties comprise a multivalent, rigid or non-rigid, alkyl chain containing
appropriate functionality at the termini to bond with the cationic dye moieties, as also set
forth in the description below. Such linkers could, for example, comprise a bivalent chain
thus having a cationic dye at each end resulting in a dimer. Other combinations and

configurations are similarly described herein.
Cationic Dyes

In some variations, cationic dyes which can be used to make cationic dye multimers as
described herein have a planar tri-aromatic core with the potential to have a positive
charge at physiological pH. Representative examples of such cationic dyes are shown
below, with the “wiggle line” indicating one possible point of attachment to a linker to a

dimer or higher oligomer:

HsC Ny CHs
00X . .
S e e, K QGO
H 3~ + JWVW\R1\ G
CHs H R,

HsC
R1, R2=Hor CHj;
Safranin-O Toluidine Blue Azure A, B, C
AN
C. -~ + N

fasan S NS ale ol
CHs HaC R_S y Hg,c\,}j & N
=H, Ve CHs HaC

Acridine Orange Acriflavine Methylene Blue

H:%C\’}j S+/ Hm
CHs
Toluidine Blue
Linkers

The amino groups on cationic dyes such as safranin-O, toluidine blue, azure A, azure B,
azure C, acridine orange, acriflavine, and methylene blue are unreactive. These amino
groups can however be functionalized through reactions that provide “handles” which
comprise a carboxylic acid or an amine; cationic dyes comprising such handles are

referred to herein as “cationic dye moieties.”
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[33] Asprovided in the Examples herein, synthetic routes to dyes presented herein can result

in positional isomeric products, for example those shown below for Safranin:

3,7-diamino-2,6-dimethyl-5-phenylphenazin-5-ium 3,7-diamino-2,8-dimethyl-5-phenylphenazin-5-ium
wherein as presented here a methyl group can be at the 6- or 8-position. Commercially

available sources of such reagents can comprise a mixture of such regioisomers. All
compounds of the invention presented herein encompass any and all derivatives from

such regioisomeric dyes.

[34] Cationic dye moicties can be functionalized with the appropriately substituted linkers
described below using reactions known to those skilled in the art; this is illustrated for

safranin-O in the schematic below:

1 NaH %
2. HCI (deprotection)
synthetic handle

I\)J\OH

1. NaH
2. HCI (deprotection)

N
Jo I
P "
H,N N* N/\‘<— synthetic handle
@ H

[35] For example, compounds 14, 15, 16, 17, 18, and 19 in Table 1, below, can be synthesized
using terephthalic acid (CAS # 100-21-0), 2,5-pyridinedicarboxylic acid (CAS# 100-26-
5), 4,5-imidazoledicarboxylic acid (CAS# 570-22-9), 2-(ethoxycarbonyl)-1,3-thiazole-4-
carboxylic acid (CAS# 911466-96-1), 1,4-cyclohexanedicarboxylic acid (CAS# 1076-97-
7), and 4-oxo-cyclopentane-1,2-dicarboxylic acid diethyl ester (CAS# 914637-96-0),

respectively, as a reagent.
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In some cationic dye multimers in which at least one of the cationic dye multimers is
safranin-O, the pendant phenyl ring of the safranin-O is unsubstituted. In some cationic
dye multimers in which at least one of the cationic dye multimers is safranin-O, the
pendant phenyl ring of the safranin-O is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. Examples of electron-donating groups include
—NH,;, —NHR, —NR;, —OH, —O", —NHCOCHj3, —NHCOR, —OCH3, —OR,
—C,Hs, —R, and —C¢Hs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6,
C1-Cs, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5,
C3-C4, C3, C4-Co, C4-C5, C4, C5-Co, C5, or C6 linear or branched alkyl). Examples of
electron-withdrawing groups include —NO,, —NR3', halo (e.g., F, Br, Cl, ), trihalides
(e.g., —CF;, —CCl3;, —CBr3;, —Cl3), —CN, —SO;H, —COOH, —COOR, —CHO,
and —COR, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations, linkers comprise a positive charge, which can be provided by a
positive charged substituent such as an amino alkyl, amino heterocyclyl, or N-containing
heteroaromatic group. In some variations, positively charged linkers comprise amino
acids such as Lys, Arg, or His. If a rigid linker is desired, one or more aromatic rings,
cycloalkyl rings, heteroaromatic rings, or heterocyclyl rings, can be used to provide
rigidity. Rigidity can also be increased by restricting rotation of the linker through use of
sp- or sp’-hybridized carbon atoms in a chain, for example with double- or triple-bonds,
keto groups, and the like, as well as by employing bulky side-chains such as, for
example, gem-dialkyl groups. Linkers which can be used in cationic dye multimers
include linkers (a), (a.1), (a.2), (b), (b.1), (c), (c.1), (c.2), (d), (e), (c.1), (), (f.1), (f2), (),
(g.1), (2:2), (h), (h.1), (h.2), (1), (.1), (0.2), (), G-1), G-2), (), (1), (1.1), (1.2), (m), (m.1),
(n), (n.1), (n.2), (0), (p), (q), (r), and (s), below:

H
N
ey
(@)

site for a cationic dye moiety;

, in which n is 1-6, n; is 1-4, and cach * is an attachment
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H

(a1 , in which n is 1-6, n; is 1-4, and * is an attachment site

for a cationic dye moiety;

H ny

(@2 , in which n is 1-6, n; is 1-4, and * is an attachment site

for a cationic dye moiety;

* n ”7*
(b)

attachment site for a cationic dye moiety;

W\
n n7*
(b.1)

for a cationic dye moiety;

Ra Ry
*
* n n
(©) , in which n is 0-6; n;is 1-4; for each independent instance of

R, and Ry, (1) R, and Ry, independently are H or CH3, or (2) R, and Ry,
O

4 M %
are * "{ or £ gf, or (3) two of CR,R}, are "771/\}1, and each * is an

attachment site for a cationic dye moiety. Examples of linker (c) include

}{\;L{, }{\/\;{, 3{\/\/\){, ,‘%{\/\/\/\}{,

, in which n 1s 0-6, n; is 1-4, and cach * is an

, in which n is 0-6, n; is 1-4, and * is an attachment site

0 O O 0O
}zﬂ\:ﬁ{, }LJ]\/\:L{, ‘,?B_J\/\/\}{’ j?,_il\/\/\/\}{,
0 O O

0

“&)K/\/\H/ 2 &
0 o, o .
XZ};, :'712/\:{, }12/\/\:{, :32/\/\/\}{,

AT
-
Yy
S
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HsC CHs; HsC CHs HaC CHy

EQQ:{, }%Q/x‘e;, ?Q/\/xi{,

HsC. CHs
Y N NNy NN

:’{\/\/\/\//.

and
Ra Ry
*
n n1
(c.1) , in which n is 0-6; n;is 1-4; for each independent instance of

R, and Ry, (1) R, and Ry, independently are H or CH; or (2) R, and Ry, are
0

M oL N
E or B ,or (3) two of CR,Ry, are ’.1'7-/\}5-, and each * is an

attachment site for a cationic dye moiety;

Ra Ry

* n n,

(c2) , in which n is 0-6; n;is 1-4; for each independent instance of
R, and Ry, (1) R, and Ry, independently are H or CH; or (2) R, and Ry,
(0]

V4 M Ny
are * "{ or 3 “{; or (3) two of CR4R}, are }{\})’-, and * is an

attachment site for a cationic dye moiety;

(d , where k is 2-10; for each independent instance of R, and Ry, R, and

0
Me ol
Ry, (1) independently are H or CHs, or (2) R, and Ry, are S or S ,

\ Cd
or (3) two of CR,Ry, are "771/\}1, and each * is an attachment site for a

cationic dye moiety;

H *
*{N\/*%OAJVO\/\”]L
()

attachment site for a cationic dye moiety;

, in which n is 0-6, n; is 1-4, and cach * is an
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e T

(e1) , in which n is 0-6, n; is 1-4, and * is an attachment

site for a cationic dye moiety;
NH,
* --NH
ny 'k
(0] no
(f)
site for a cationic dye moiety;
NH,
NH
ny *
o p,
(f.1)

cationic dye moiety;

NH,
¥ —NH
ny
O no

(f.2)

, in which n; is 0-5, n; is 1-5 and cach * is an attachment

, in which n; is 0-5, n, is 1-5 and * is an attachment site for a

, in which n; is 0-5, n; is 1-5 and * is an attachment site for a

cationic dye moiety;

ny
(9) , in which n; is 0-5, ny is 1-5 and each * is an attachment

site for a cationic dye moiety;

{(h, NH

N NH
H 2

@1 , in which n; is 0-5, n, is 1-5 and * is an attachment site for a

n2

cationic dye moiety;

13



WO 2015/116707 PCT/US2015/013334

o
* Hn L

ns
(9.2) , in which n; is 0-5, n; is 1-5 and * is an attachment site for

a cationic dye moiety;

dn,
(h) , in which n; is 0-5, n; is 1-5, and each * is an attachment

site for a cationic dye moiety;

n1(

L NHy | Ny

(h.1) , in which n; is 0-5, nz is 1-5, and * is an attachment site for a

cationic dye moiety;

n1(

L NHy | Ny

(h.2) , in which n; is 0-5, n; is 1-5, and * is an attachment site for a

cationic dye moiety;

o)
* HN *
H
N )”1
W
nz
(i) , in which n; and n; independently are 1-5 and each * is an

attachment site for a cationic dye moiety;
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(0]
HN *
H
N )”1
W
n

(i.1) , in which n; and n; independently are 1-5 and * is an attachment

site for a cationic dye moiety;

O
* HN
H
N )”1
W
nz
(i.2)

site for a cationic dye moiety;

, in which n; and n; independently are 1-5 and * is an attachment

H,N
o]
§ § *
*// N L \/\N/
H H
Ol n,
NH,
0) , in which n; is 1-5 and each * is an attachment
site for a cationic dye moiety;
H,N
o)
H H *
//N N rN\/\N/
H H
Ol n,
NH,
1) , in which n; is 1-5 and * is an attachment site for a

cationic dye moiety;
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HaN
o]
H H
*//N N rN\/\N/
Rl H
1z
NH,
(i-2)

, in which n; is 1-5 and * is an attachment site for a

cationic dye moiety;

(k) , in which /7 and [; independently are 1-4, n is 1-4;
ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each
independent instance of R,y and Ry, R,y and Ry, (1) independently are H

(0]

A
or CH3, or (2) Ra1 and Ry independently are SR or B , or (3) two of

\ Cd
CRu1Ry are }1/\}5-, for each independent instance of R,z and Ry, Raz

and Ry, (1) independently are H or CH3, or (2) R,z and Ry, independently
0

M o N
are L ¥ op % , or (3) two of CR,2Ry; are j{\}l, and cach * is an

attachment site for a cationic dye moiety;

RC1 Rd‘] RC2 Rd2
Ra1 l /sz
Rei R,
() , in which I3, I, n, 0;, and 0,

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl; for each independent instance of Ry; and Ryp1, Ray and Ry

(1) independently are H or CH3, or (2) R,1 and Ry; independently are
0

4 L Ny
E or B ,or (3) two of CRy1Ryp; are }{\})’-, for each independent
instance of Ry2 and Ryz, Ry and Ry, (1) independently are H or CH3, or
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A
(2) Raz and Ry,; independently are M or o , or (3) two of CRy2Rp;

BN : :
are ; for each independent instance of R¢; and Rqi, Rer and Rqp (1)

independently are H or CHs, or (2) Re; and Rgp independently are ¥
1
\ 4
or B , or (3) two of CR(1Rg are }L‘/\/ﬁl‘, for each independent
instance of Rz and Raz, Rz and Ryz (1) independently are H or CH3, or
O

L
(2) R¢2 and Ry, independently are SN or A , or (3) two of CRuRqa2

SN .. | - o
are ; and each * is an attachment site for a cationic dye moiety;
RC'] Rd'] RCZ Rd2
04 NH HN 0o *
Ra1 I Isz
Rys R.%
n
(.1) , in which I3, I3, n, 07, and o,

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl; for each independent instance of R,y and Ry, Ry and Ry

(1) independently are H or CH3, or (2) R,1 and Ry; independently are
0

4 L %
* ;‘ or % fés ,or (3) two of CR,; Ry are }LL/\/‘H‘, for each independent
instance of Ry, and Ry, Ry, and Ry, (1) independently are H or CH3, or
O

A
(2) Raz and Ry,; independently are M or o , or (3) two of CRy2Rp;

BN : :
are ; for each independent instance of Ry and Rai, Rep and Ryg; (1)

independently are H or CHs, or (2) Re; and Rgp independently are ¥
0

A N
or B , or (3) two of CR(1Rg are }L:\/‘HL, for each independent
instance of Rz and Raz, Rz and Ryz (1) independently are H or CH3, or
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O

BN
(2) R¢2 and Ry, independently are S or g , or (3) two of CR:Rq2

S | - o
are ; and * is an attachment site for a cationic dye moiety;

Res Ry Re2 Ry
* (o] NH HIN 02 *
Ra1 ; IRb2
Rpr ! Ra22
n
(1.2) ,in which [;, I, n, 04, and 0;

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl; for each independent instance of Ry; and Ryp1, Ray and Ry
(1) independently are H or CH3, or (2) R,1 and Ry; independently are
O
Mo N
HH or S , or (3) two of CR,1Ry,; are :)77-/\/'77’-, for each independent
instance of Ry2 and Ryz, Ry and Ry, (1) independently are H or CH3, or
O

J
(2) Raz and Ry,; independently are ¥ or X , or (3) two of CRy2Rp;

%
are }{\}1, for each independent instance of R.; and Ry, Ry and Rd,
(1) independently are H or CH3, or (2) Ry and Rg; independently are

O

M ol K
A or g , or (3) two of CR Ry are ’.l{\/‘]l‘, for each independent
instance of Rz and Raz, Rz and Ryz (1) independently are H or CH3, or
i
(2) R¢2 and Ry, independently are S or ¥ , or (3) two of CR:Rq2

N,

are ; and * is an attachment site for a cationic dye moiety;

*
*,%HN{\/\N%N\/THN%
(m) ’

attachment site for a cationic dye moiety;

, in which n 1s 0-6, n; is 1-4, and cach * is an
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(m.1) , in which n is 0-6, n; is 1-4, and * is an

attachment site for a cationic dye moiety;

*
HN
O
H H
//N N 'N\/\N/
H H
O
2
| *

") , in which n; is 1-5 and cach * is an attachment site for

a cationic dye moiety;

*
__ / —_
HN
(o]
H H
//N N rN\/\N/
H H
(o] s
NH,
(n-1) , in which n; is 1-5 and * is an attachment site for a
cationic dye moiety;
o _
O
s s
P g N - \/\N/
H H
O ,
NH
| —
(n.2)

, in which n; is 1-5 and * is an attachment site for a

cationic dye moiety;
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2
(o) , in which in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is the

attachment site for a cationic dye moiety;

L -1 ny
(p) , in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the

attachment site for a cationic dye moiety;

_ % -
|
O
O
( ny -
— NH |n,
(9) , in which n, is 0-5, nz is 1-5, and * is an attachment site for a
cationic dye moiety;
*
TNE
N\n/NH
(Y77 NH
L O _n,
(") , in which n; is 0-5, ny is 1-5, n3 is 0-5, and * is the attachment

site for a cationic dye moiety; and
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[38]

[39]

[40]

L —1 ny
(s) , in which n; is 0-5, n; is 1-5, n;3 is 0-5 and * is the

attachment site for a cationic dye moiety.
Cationic Dyes Comprising Linkers

This disclosure also provides cationic dye moieties which comprise one or more linkers,
which are suitable for preparing the conjugates and the cationic dimers disclosed herein.
Cationic dyes useful for these embodiments include, but are not limited to, safranin-O,
toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene
blue. In some embodiments, the cationic dye moiety is present as a monomer. In other
embodiments, the cationic dye moiety is present as a multimer. In either of these
embodiments, the cationic dye moiety comprises one or more linkers, which may be the
same or different. Suitable linkers include, but are not limited to, linkers (a), (a.1), (a.2),
(b), (b.1), (¢), (c.1), (c.2), (d), (¢), (c.1), (), (£.1), (£2), (g), (g.1), (g.2), (h), (h.1), (h.2),

(®, (i.1), (1.2), (), G-1), (.2), (k), (D), (1.1), (1.2), (m), (m.1), (n), (n.1), (n.2), (0), (p), (@)
(r), and (s), described above.

Examples of Cationic Dye Dimers

Some cationic dye dimers fall within formula (1):

(1) , in which each of D1 and D2 is a cationic dye
moiety, n 18 1-6, and n; is 1-4.In some variations of formula (1), D1 and D2 are different
cationic dye moieties. In other variations of formula (1), D1 and D2 are the same cationic
dye moiety. In some variations of formula (1), D1 and D2 independently are selected
from the group consisting of safranin-0O, toluidine blue, azure A, azure B, azure C,

acridine orange, acriflavine, and methylene blue.
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[41]

[42]

[43]

[44]

[45]

In some variations of formula (1) described in the paragraphs above, n is 1-6, 1-5, 1-4, 1-

3,1-2,2-6,2-5,2-4,2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2, 3, 4, 5, or 6.

In some variations of formula (1) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (1) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (1) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (1) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (1) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (1) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (1) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (1) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
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[S1]

C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —S0O3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (2):

N \ /
N~ N

n
ny
(2) , in which each of D1 and D2 is a cationic dye

moiety, n is 0-6, and n; is 1-4.

In some variations of formula (2), D1 and D2 are different cationic dye moieties. In other
variations of formula (2), D1 and D2 are the same cationic dye moiety. In some
variations of formula (2), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (2) described in the paragraphs above, n is 0-6, 0-5, 0-4, 0-
3,0-2,0-1, 1-6, 1-5, 14, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6,0, 1, 2, 3,
4,5, or 6.

In some variations of formula (2) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (2) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (2) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (2) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (2) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (2) described in the paragraph

above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
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electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (2) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (2) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (3):
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(3) , in which each of D1 and D2 is a cationic dye moiety;

n is 0-6, and n; is 1-4; and, for each independent instance of R, and Ry, (1) R, and Ry,
O

independently are H or CH3, or (2) R, and Ry, are O or ‘}L'-JL\‘; ,or (3) two of CR,Ry,
are }{\}{
In some variations of formula (3), D1 and D2 are different cationic dye moieties. In other
variations of formula (3), D1 and D2 are the same cationic dye moiety. In some
variations of formula (3), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (3) described in the paragraphs above, n is 0-6, 0-5, 0-4, 0-
3,0-2,0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2, 3,
4,5, or 6.

In some variations of formula (3) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (3) described in the paragraphs above in which n;is 1, R,
and Ry, are both H. In some variations of formula (3) described in the paragraphs above in
which n; 1s 1, R, is H and Ry, is CHj;. In some variations of formula (3) described in the

paragraphs above in which #; is 1, R, and Ry are both CH3. In some variations of formula

(3) described in the paragraphs above in which n; is 1, R, and Ry, are A% . In some

variations of formula (3) described in the paragraphs above in which n; is 1, R, and Ry,
1
are E) .

In variations of formula (3) described in the paragraphs above in which #n; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In

some variations of formula (3) described in the paragraphs above in which n; is 2, each
of Ry1 and Ry; and Ry and Ry, is H. In some variations of formula (3) described in the

paragraphs above in which n; is 2, cach of R,y and Ry and Ry, and Ry, is CHs. In some
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variations of formula (3) described in the paragraphs above in which n; is 2, each of Ry
and R, is H and each of Ry; and Ry is CHa. In some variations of formula (3) described

in the paragraphs above in which n; is 2, each of Ry1, Ra2, and Ry is H and Ry is CH3.

In some variations of formula (3) described in the paragraphs above in which n; is 2,

cach of Ry1 and Ry; is H and R,; and Ry,; are S . In some variations of formula (3)
described in the paragraphs above in which n; is 2, each of R,y and Ry is H and Ry, and

0]

Ry, are E . In some variations of formula (3) described in the paragraphs above in

which n; is 2, each of Ry; and Ry is CH; and Ra; and Ry are 3?’- @{ . In some variations
of formula (3) described in the paragraphs above in which n; is 2, each of Ry and Ry is

0]

CH; and R,; and Ry are % ; .

In some variations of formula (3) described in the paragraphs above in which n; s 2, Ry

is H, Ry,; is CH;, and R,; and Ry,; are * 5{ . In some variations of formula (3) described
0]

in the paragraphs above in which #; 1s 2, R,1 18 H, Ry is CH3, and R,; and Ry are % .

In some variations of formula (3) described in the paragraphs above in which n; s 2, Ry

\ vl
and Ryp; and R,; and Ry, together are ;{\}’- In some variations of formula (3)
described in the paragraphs above in which n; is 2, Ry; and Ry are S R, and Ry,

are A . In some variations of formula (3) described in the paragraphs above in which

0]

n;1s 2, Rap and Ry are * fi , and Ry, and Ry, are % ; . In some variations of formula

0]

J
(3) described in the paragraphs above in which n; is 2, Ry and Ry are E , and Ry
0O

JIy
and Ry, are % f‘é .

In variations of formula (3) described in the paragraphs above in which n; is 3, the three

instances of R, and Ry, are indicated as Ry and Ryq; Raz and Ry;; and R,z and Ry,
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respectively. In some variations of formula (3) described in the paragraphs above in
which n; is 3, In some variations of formula (3) described in the paragraphs above in
which n; is 3, each of Ra1,Rp1, Raz2, Ryz, Ras, and Ryzis H. In some variations of formula
(3) described in the paragraphs above in which n; is 3, each of Ry1,Rp1, Ryz, Rpa, Ry,
and Ry is CH3. In some variations of formula (3) described in the paragraphs above in
which n; is 3, each of Ra1.Rp1, Raz2, and Ry, 18 H and each of R,3 and Ryps is CHs. In some
variations of formula (3) described in the paragraphs above in which #; is 3, each of
R.1,Rp1, Raz, and Ry, is CH; and each of R,; and Ry3 1s H. In some variations of formula
(3) described in the paragraphs above in which n; is 3, Ry is H and each of Ryz, Ras, Ry,
Ry2, and Ry3is CH3. In some variations of formula (3) described in the paragraphs above
in which n; is 3, each of R, and R, is H and each of R,3, Ry1, Rpz, and Ry is CHi. In
some variations of formula (3) described in the paragraphs above in which n; is 3, each

of Ra1, Raz, and Ra3 is H and each of Ry, Ry, and Ryz is CHs.

In some variations of formula (3) described in the paragraphs above in which n; is 3,

each of Ry1,Rp1, Raz, and Ry, is H and R,3 and Ry,; are * 5{ . In some variations of

formula (3) described in the paragraphs above in which n; is 3, each of Ry;,Rpy, Ry, and

Ry2, is CH; and R,3 and Ry are O . In some variations of formula (3) described in the

paragraphs above in which n; is 3, Ra 1s H and each of Rya, Rp1, and Ry, is CH3, and Ry

and Ry are S . In some variations of formula (3) described in the paragraphs above in

which n; is 3, each of R,; and Ry, 1s H and each of Ry,; and Ry, is CHa, and R,; and Ry

o X

In some variations of formula (3) described in the paragraphs above in which n; is 3,
0
cach of Ra1,Rp1, Raz, and Ry, is H and R,;3 and Ryp; are % ; . In some variations of
formula (3) described in the paragraphs above in which #; is 3, each of Ra1,Rp1, Raz, and
0
Ry, 1s CH; and R,;3 and Ry,; are % ; . In some variations of formula (3) described in the
paragraphs above in which n; is 3, Ry is H and each of R,,, Rp;, and Ry, is CHs, and Ry;
0

and Ry are B . In some variations of formula (3) described in the paragraphs above in
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[64]

which n; is 3, each of R,y and Ry, is H and each of Ryp; and Ry, is CH3, and R,; and Ry;
1
are £ )

In some variations of formula (3) described in the paragraphs above in which n; is 3, Ry

and Ryp; are 3?’- @{ , Raz and Ry, are 37’- *’3‘ , and cach of R,3 and Ry3is H. In some

variations of formula (3) described in the paragraphs above in which #; is 3, R,y and Ry
are :s’- ;‘ , Raz and Ry, are s f{ , and each of R,3 and Ry; is CH;. In some variations of
formula (3) described in the paragraphs above in which n; is 3, Ry; and Ry, are S ,
R, and Ry are O , Ra3 is H, and Ry is CHs. In some variations of formula (3)
described in the paragraphs above in which n; is 3, Ry and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ry3 s H. In some variations of formula (3) described in

the paragraphs above in which n; is 3, R,y and Ry, are k. f{ , Raz and Ry,; are . \’{ , and

cach of R,; and Ry,3is CHj3. In some variations of formula (3) described in the paragraphs

above in which n; is 3, Ry; and Ry are 3"- ;{ , Raz and Ry; are 3’- *ﬁ , Raz 1s H, and Rp3
18 CH3.

In some variations of formula (3) described in the paragraphs above in which n; is 3, Ry

O

J
and Ry, are * ‘gf , Raz and Ry, are % fej , and each of R,3 and Ry3is H. In some
variations of formula (3) described in the paragraphs above in which n; is 3, R,y and Ry,

O

are 2 f'é‘ , Raz and Ry are % ; , and each of R,z and Rys is CHs. In some variations of

formula (3) described in the paragraphs above in which n; is 3, Ry; and Ry, are "ZLL 5{ ,
0]

R, and Ry,; are % Jé , Raz is H, and Ry is CHs. In some variations of formula (3)

described in the paragraphs above in which n; is 3, Ry and Ry are S , Raz and Ry,
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O

are B , and each of R,3 and Ry3 is H. In some variations of formula (3) described in
0O

the paragraphs above in which n; is 3, Ry; and Ry, are S , Raz and Ry,z are %% , and
cach of Ry3 and Ryp3 is CH3. In some variations of formula (3) described in the paragraphs

0O
o 54 P .
above in which n; is 3, Ry; and Ry are *, Raz and Ryzare "= ¢, Ry3 18 H, and Ry3 18
CHs.

In some variations of formula (3) described in the paragraphs above in which n; is 3, Ry

O O

e e -
and Ry are “+ ¢, Ry and Ryz are “* ¢, and each of R,3 and Ry; is H. In some
variations of formula (3) described in the paragraphs above in which #; is 3, R, and Ry

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (3) described in the paragraphs above in which #; is 3, Ra; and Ry are E ,
O

R, and Ry are % , Raz is H, and Ry is CHs. In some variations of formula (3)

0]

M
described in the paragraphs above in which n; is 3, Ry and Ry are X ¥ , Raz and Ry,
O

are E , and each of R,3 and Ry3 is H. In some variations of formula (3) described in

0O O
o 2 s
the paragraphs above in which n; is 3, Ry1 and Ry are "% ¢°, Ry and Ryzare “* ¢, and
cach of Ry3 and Ryp3 is CH3. In some variations of formula (3) described in the paragraphs

0 0
o L Je o |
above in which n; is 3, Ry and Ry are % ¢°, Ry and Rpzare "% ¢, Rz is H, and Rp3 is
CHs.

In some variations of formula (3) described in the paragraphs above in which n; is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (3) described in the paragraphs above in which n; is 3, R,y and Ry,
\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
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of formula (3) described in the paragraphs above in which n; is 3, Ry and Rpg and Ry

NG
and Ry, together are }L/\}L‘ , Raz is H, and Ry3is CHjs. In some variations of formula (3)
described in the paragraphs above in which n; is 3, Ry and Ry and R,; and Ry,; together

A2
are }L:\}’- , and Ra3 and Ry; are S . In some variations of formula (3) described in

A 2
the paragraphs above in which #; is 3, Ra1 and Ry; and R,z and Ry, together are }LL/\}’- ,

(@]
Iy
and R,z and Ry are % <‘§ )

In variations of formula (3) described in the paragraphs above in which n; is 4, the three
instances of R, and Ry, are indicated as Ry and Ryq; Raz and Rya; Rys and Rys; and Ry
and Ry, respectively. In some variations of formula (3) described in the paragraphs
above in which n; is 4, In some variations of formula (3) described in the paragraphs
above in which n; is 4, each of R,1,Rp1, Raz2, Rp2, Ras, Rps, Rag, and Ry4 is H. In some
variations of formula (3) described in the paragraphs above in which #; is 4, each of
Ra1,Rp1, Raz, Rp2, Ry3, Rps Rag, and Rypy is CH3. In some variations of formula (3)
described in the paragraphs above in which n; is 4, each of Ra1, Rp1, Ra2, Rpz, Ra3, and
Ry3is H and each of R,4 and Ry41s CHs. In some variations of formula (3) described in
the paragraphs above in which n; is 4, each of Ry;, Ry, Ry, and Ry, is H and each of
Ra3, Rp3, Rag, and Rys is CH3. In some variations of formula (3) described in the
paragraphs above in which n; is 4, each of R,1, Rp1, Raz, Rp2, Ras, and Rpzis CH3 and
cach of Rys and Ryp4is H.

In some variations of formula (3) described in the paragraphs above in which n; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (3) described in the paragraphs above in which n; is 4, Ra1 is H, Ry is CH3, and
cach of Raz, Rpz, Ra3, and Rys is CHs. In some variations of formula (3) described in the
paragraphs above in which n; is 4, Ry 1s H, Ry is CH3, and each of Ry;, Rpz, Ry3, and
Ryp; is H. In some variations of formula (3) described in the paragraphs above in which n;
is 4, each of R, and Ry, is H, each of Ry; and Ry is CHs, and each of R,z and Ry is H.
In some variations of formula (3) described in the paragraphs above in which #; is 4, each

of R, and Ry, is H, each of Ry and Ry, is CHi, and each of R,3 and Ry; is CHa.
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In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

and Rp; are H, R,; and Ry, are H, R,3 and Ryp; are H, and Ry4 and Ry are % Jé‘ . In some

variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry

are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are * 5{ . In some

variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are * *‘;‘ . In some

variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are * 5{ .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ry

and Ry are H, Ra; and Ry are H, R,3 and Rys are }’- \’Si ,and Ry4 and Ry are 3?7- 5{ .In

some variations of formula (3) described in the paragraphs above in which #; is 4, Raj
e

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ry

and Ryp; are H, R,; and Ry, are CH3, R,3 and Ry are }‘*- ;‘ ,and R,4 and Rpy are

and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are s ;{ ,and R,4 and Ry are

Blyfi . In some variations of formula (3) described in the paragraphs above in which #; is
4, Ry1 is H, Ry; is CH3, R,z and Ry, are CHi, R,3 and Ry are % Jé‘ ,and R,4 and Ryp4 are

g . In some variations of formula (3) described in the paragraphs above in which #; is
4, Ry 18 H, Ry, is CHs, Ry, 18 H, Ry, is CH3, Ry3 and Ry,; are . \’{ ,and R,4 and Ry are

e
In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1
and Rp; are H, R,; and Ry, are LHL *Af , Raz and Ry; are % 5{ ,and R,4 and Rpy are

S . In some variations of formula (3) described in the paragraphs above in which #; is
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4, Ra1 and Ry are CHs, Ry and Ry, are * ;{ , Raz and Ry; are s ;{ ,and Ry4 and Ry4
are :s’-y@{ . In some variations of formula (3) described in the paragraphs above in which
n;1s 4, Ra1 1s H, Ry is CHs, Ray and Ry, are * 5{ , Raz and Ry; are * f{ ,and Ry4 and
Ry are S . In some variations of formula (3) described in the paragraphs above in
which 7; 1s 4, R,; and Ry are * @S‘ , Raz and Ry are * ;‘ , Ras and Ry; are 5 \’{ ,and
R,4 and Ry4 are S .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj
O

M
and Ry are H, Ra» and Ry are H, R,z and Ry; are H, and Ra4 and Ry, are % ; . In some
variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry
0O

are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are % ; . In some
variations of formula (3) described in the paragraphs above in which #; is 4, Ry; and Ry
0]

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are % f’é . In some
variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry
0O

are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % *’é )

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

O]

.
and Ry are H, Ra; and Ry are H, R,3 and Rys are % 9)5 ,and Ry4 and Ry are v. In some
variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 and Ry

O O

s s
are H, Ry, and Ry, are CH;, R,y3 and Ry; are “% ¢, and Ry and Ry are “% <. In some
variations of formula (3) described in the paragraphs above in which #; is 4, Ry; and Ry

O O

.
are CHs, Ry and Rys are CHs, Ra3 and Ry; are % f’é ,and Ry4 and Ry, are % f’é . In some

variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 is H, Rp1
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O O

- e e
is CH3, R,z and Ry are CH3, Ry3 and Rpz are “* ¢, and R4 and Ry are “> ¢~ In some
variations of formula (3) described in the paragraphs above in which 7, is 4, Ra1 is H, Rp1

O O

J
is CHs, Raz is H, Ry is CHs, Ras and Ry are % ; ,and Ry4 and Ry, are % ; )

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0] 0] 0]
A J
and Ry are H, Rys and Ry, areB'L ¥ , Raz and Ry are E ,and R,4 and Ry, areB'L ¥ .In

some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

O O

s s
and Ry are CHs, Ry and Ry; are “= 7, Ry3 and Ry; are “% <7, and Ry4 and Ry4 are
0]

E . In some variations of formula (3) described in the paragraphs above in which #; is

O 0]
R s s
4, Ry 18 H, Ry is CHi, Ry and Ry are”® <7, Ry3 and Ry; are “% ¢, and R,y and Ry are
0]

M
S . In some variations of formula (3) described in the paragraphs above in which #; is
0 0O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0]

et e
and Ry are , Ra2 and Ry, are H, R,3 and Ry are H, and Ra4 and Ryg are “= ¢~ In
some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

O

and Ry are * 9{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % f‘é )
In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1

O

and Ry are * ‘gf , Raz and Ry, are H, R,3 and Ry; are CHi, and R,y and Ry, are % fej )
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In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0]
and Ry are * 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry are H, and R,y and Ryy are % 9; )

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

and Ry are * ﬁ , Raz and Ry, are 2 5{ , Ras and Ry3 are CHs, and R,4 and Ry are
0]

L . In some variations of formula (3) described in the paragraphs above in which #; is

4, Ry and Ry, are * ;‘ , Raz and Ry, are * ;‘ , Ras and Ry; are CH;, and R,y and Ry
0]

.
are B . In some variations of formula (3) described in the paragraphs above in which
n;1s 4, Ra1 and Ry are * "{ , Raz and Ry, are s ;{ , Ras and Ry are H, and R4 and
)i
Ry4 are % *’é .
In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1

and Ry are * ;{ , Raz and Ry, are }1 &i , Ras and Ry; are * 5{ ,and Ry4 and Ry are

O
e

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ry

0 0
BN
and Ryp; are 371 *i , Raz and Ry, are % ; , Raz and Ry are H, and R,y and Ry, are % ; .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1

O

e e
and Ry are , Raz and Ry, are "+ ¢, Ra3 and Ryz are CH;, and Ray and Ry, are
0]

E . In some variations of formula (3) described in the paragraphs above in which #; is

O

et s
4, Ry1 and Ry are *, Raz and Ry, are “* ¢, R,3 and Ry are CH;, and Ry4 and Rpg
0

J
are E . In some variations of formula (3) described in the paragraphs above in which
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[81]

O]

. 24 s
n;1s 4, Ra1 and Ry are *, Raz and Ry, are "% ¢, Rys and Rys are H, and Ry4 and Ry
hi
are E) .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

O

J
and Ry are LHL *Af , Raz and Ry, are % *’é , Raz and Ry; are 3?7- 5{ ,and Ry4 and Ry, are

0]
P

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0] 0] 0]
J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
0]

M
S . In some variations of formula (3) described in the paragraphs above in which #; is
0 0O

s s
4, Ry1 and Ryy are “* ¢, Ry and Ry, are % ¢, Ry3 and Ryz are CH;, and Ryg and Ry
0

J
are B . In some variations of formula (3) described in the paragraphs above in which

O O

- s s
n;1s 4, Rar and Ryy are "+ ¢, Rap and Ry are "% ¢, R,z and Ry are H, and Ra4 and Rpy
b
are E) .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0O O 0O

J BN J
and Ry are % 9; , Raz and Ry, are % *AS , Ras and Ry; are % 9; ,and R,4 and Ry are

0]
P
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In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

A
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }5-/\)2‘
In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

and Ryp; are H, R, and Ry, are CH3, and R,3 and Ry,; and Ry4 and Ryg together are

%
}7-/\}1 . In some variations of formula (3) described in the paragraphs above in which #;,

is 4, Ry; and Ry, are H, Ry and Ry, are CH3, and R,3 and Ry; and R,4 and Ry,4 together
HNK

arc

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ry

and Ry are H, Ry, and Ry, are 5 *i , and R,3 and Ry3 and Ry4 and Rypy together are
N

. In some variations of formula (3) described in the paragraphs above in which #;

is 4, Ra1 and Ry are 3?7- 5{ , Ra2 and Ry, are CHs, and R,z and Rps and R,4 and Ry

A Y
together are }{\}L‘ In some variations of formula (3) described in the paragraphs above

in which #; 1S 4, Ra1 is H, Ry is CH3, Ry and Ry, are * Jé‘ , and R,z and Ry; and Ryy

Y
and Ry4 together are }L/\/LLL‘ .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1
0]
s
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (3) described in the paragraphs above in which #;

O

J
is 4, Ra1 and Ry are % @S , Ra2 and Ry, are CHz, and R,z and Rp; and R,4 and Ry

NG
together are }{\}LL In some variations of formula (3) described in the paragraphs above
O

J
in which n; 18 4, Ra1 18 H, Ry 1s CHz, Ry and Ry, are % ; , and R,z and Ry,3 and Raq4

%
and Ry4 together are }7-/\/‘777- .
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[88]
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In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

0] 0]
s s
and Ry are " <7, Ry and Ryz are "2 ¢, and R,3 and Ry3 and Ra4 and Rypy together are
N

. In some variations of formula (3) described in the paragraphs above in which #;

0]
J
is 4, Ra1 and Ry are % Jé , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and Ra4 and Ry,

A Y
together are }{\}L‘ In some variations of formula (3) described in the paragraphs above
O O

S s s
in which #n; 18 4, Ra1 and Ryy are “* <7, Ry and Ry are “+ ¢, and R,3 and Rps and Ry

\ 4
and Ry4 together are }{\}7‘ .

In some variations of formula (3) described in the paragraphs above in which #; is 4, Raj

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N

In some variations of formula (3) described in the paragraphs above in which #; is 4, Ra1

NG

and Ryp; and R,; and Ry, together are }LL/\}’- , and R,3 and Ry,3 and Ra4 and Ryp4 together
NG

are }{\}1

In some variations of formula (3) described in the paragraphs above, D1 is safranin-O. In

some variations of formula (3) described in the paragraphs above, D2 is safranin-O. In

some variations of formula (3) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (3) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (3) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
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C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (3) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (3) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SO:;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (4):

) , In which each of D1 and D2 is a cationic dye
moiety; k is 2-10 and, for each independent instance of R, and Ry, R, and Ry (1)
O
- 504 o B
independently are H or CHs, or (2) Ry and Ry are “* <~ or “* <7, or (3) two of CR,R},
N

arc
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In some variations of formula (4), D1 and D2 are different cationic dye moieties. In other
variations of formula (4), D1 and D2 are the same cationic dye moiety. In some
variations of formula (4), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (4) described in the paragraphs above, k is 2-10, 2-9, 2-8,
2-7,2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-
10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9,9-10, 2, 3,4,5,6,7, 8,
9, or 10.

In some variations of formula (4) described in the paragraphs above, cach R, is H and
cach Ry, is H. In some variations of formula (4) described in the paragraphs above, each

R, is H and each Ry, is CH;. In some variations of formula (4) described in the paragraphs

above, each R, and Ry, is S . In some variations of formula (4) described in the

O

paragraphs above, each R, and Ry, is SR . In some variations of formula (4) described

A2
in the paragraphs above, each two of CR,R;, are }5-/\}7‘

In some variations of formula (4) described in the paragraphs above, in a first occurrence
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in a first occurrence of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in a first occurrence of R,
and Ry, a first R, is H, a first Ry, is CH3, and the remaining occurrences of R, and Ry, are

as defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in a first occurrence of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in a first occurrence of R,
O

and R,, R, and Ry, are % f , and the remaining occurrences of R, and Ry, are as defined

above for formula (4).
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In some variations of formula (4) described in the paragraphs above, in two occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in two occurrences of R, and Ry, cach of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in two occurrences of R, and
Ry, two of R, are H, two of Ry, are CH3, and the remaining occurrences of R, and Ry, are

as defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in two occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in two occurrences of R, and
O

Ry, R, and Ry, are % gi, and the remaining occurrences of R, and Ry, are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in three occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in three occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in three occurrences of R,
and Ry, three of R, are H, three of Ry, are CH3, and the remaining occurrences of R, and

Ry, are as defined above for formula (4). In some variations of formula (4) described in

the paragraphs above, in three occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in three occurrences of R,
O

and Rp, R, and Ry, are ) , and the remaining occurrences of R, and Ry are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in four occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in four occurrences of R, and Ry, each of R, and Ry, is CH3, and the
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[100]

remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in four occurrences of R,
and Ry, four of R, are H, four of Ry, are CH3, and the remaining occurrences of R, and Ry,

are as defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in four occurrences of R, and Ry, R, and Ry, are S , and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in four occurrences of R,

0
and R,, R, and Ry, are % *fs , and the remaining occurrences of R, and Ry, are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in five occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in five occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in five occurrences of R, and
Ry, five of R, are H, five of Ry, are CHj, and the remaining occurrences of R, and Ry, are

as defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in five occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in five occurrences of R, and
O

Ry, R, and Ry, are ) , and the remaining occurrences of R, and Ry, are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in six occurrences of
R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in six occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in six occurrences of R, and
Ry, six of R, are H, six of Ry, are CH3, and the remaining occurrences of R, and Ry are as

defined above for formula (4). In some variations of formula (4) described in the
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paragraphs above, in six occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in six occurrences of R, and
O

Ry, R, and Ry, are % gi, and the remaining occurrences of R, and Ry, are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in seven occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in seven occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in seven occurrences of R,
and Ry, seven of R, are H, seven of Ry, are CH3, and the remaining occurrences of R, and

Ry, are as defined above for formula (4). In some variations of formula (4) described in

the paragraphs above, in seven occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in seven occurrences of R,
O

and R,, R, and Ry, are % f , and the remaining occurrences of R, and Ry, are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in eight occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in eight occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in eight occurrences of R,
and Ry, eight of R, are H, eight of Ry, are CH3, and the remaining occurrences of R, and

Ry, are as defined above for formula (4). In some variations of formula (4) described in

the paragraphs above, in eight occurrences of R, and Ry, R, and R, are * 5{ , and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in eight occurrences of R,
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[104]

o)

and Rp, R, and Ry, are O , and the remaining occurrences of R, and Ry are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in nine occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in nine occurrences of R, and Ry, cach of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in nine occurrences of R,
and Ry, nine of R, are H, nine of R, are CH3, and the remaining occurrences of R, and

Ry, are as defined above for formula (4). In some variations of formula (4) described in

the paragraphs above, in nine occurrences of R, and Ry, R, and Ry, are S , and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in nine occurrences of R,

0O
and Rp, R, and Ry, are O , and the remaining occurrences of R, and Ry are as defined

above for formula (4).

In some variations of formula (4) described in the paragraphs above, in ten occurrences
of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of R, and Ry, are as
defined above for formula (4). In some variations of formula (4) described in the
paragraphs above, in ten occurrences of R, and Ry, each of R, and Ry, is CH3, and the
remaining occurrences of R, and Ry, are as defined above for formula (4). In some
variations of formula (4) described in the paragraphs above, in ten occurrences of R, and
Ry, ten of R, are H, ten of Ry, are CH3, and the remaining occurrences of R, and Ry, are as

defined above for formula (4). In some variations of formula (4) described in the

paragraphs above, in ten occurrences of R, and Ry, R, and Ry, are S , and the

remaining occurrences of R, and Ry, are as defined above for formula (4). In some

variations of formula (4) described in the paragraphs above, in ten occurrences of R, and
O

Ry, R, and Ry, are % gi, and the remaining occurrences of R, and Ry, are as defined

above for formula (4).
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In some variations of formula (4) described in the paragraphs above, two occurrences of

\ ~
R, and Ry, are }LL/\)IL, and the remaining occurrences of R, and Ry, are as defined above

for formula (4). In some variations of formula (4) described in the paragraphs above, four

o %1 . .
occurrences of R, and Ry, are }'- is-, and the remaining occurrences of R, and Ry, are as

defined above for formula (4). In some variations of formula (4) described in the

XY
paragraphs above, six occurrences of R, and Ry, are ;777-/\}1 , and the remaining
occurrences of R, and Ry are as defined above for formula (4). In some variations of

formula (4) described in the paragraphs above, eight occurrences of R, and Ry, are

AN,

, and the remaining occurrences of R, and Ry, are as defined above for formula

(4). In some variations of formula (4) described in the paragraphs above, ten occurrences

NG
of R, and Ry, are }{\}L‘

In some variations of formula (4) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (4) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (4) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (4) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (4) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF;,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).
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In some variations of formula (4) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (4) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (4) described above, D1 and D2 are safranin-O

moieties, as shown in formula (4a):

PSR CHENEN G4 o6
<l e (3

(4a) ,in which k, R,, and R,,
are as described in the paragraphs above, Ry, Ry, R3, Ry, Rs, and Rg independently are
absent or independently are selected from —NH,, —NHR, —NR,, —OH, —O",
—NHCOCH;, —NHCOR, —OCH3, —OR, —C,Hs, —R,—CsHs, —NO,, —NR3, halo
(e.g., F, Br, Cl, I), trihalide (e.g., —CF3, —CCl3, —CBr3, —Cls), —CN, —SO:H,
—COOH, —COOR, —CHO, and —COR), and R is C1-C6 linear or branched alkyl
(e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-
C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (4a), k is 2-10, each R, and Ry, is H, and Ry to Rg are

as described above for formula (4). In some of these variations, & is 6 or 8, each R, and
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[112]

[113]

[114]

[115]

Ry is H, and each of Ry to Rg independently is absent or is a halo. In particular variations,

kis 6 or 8, cach R, and R, is H, and R, to R arc all absent.

In some of the variations of formula (4a), k is 2-10, R, and Ry, are either H or * f’ss‘ , and

R, to Rg are as described above for formula (4). In some of these variations, k is 6 or 8,
R, and Ry, are either H or 37- 95{ , and each of R; to Rg independently is absent or is a

halo. In particular variations, k is 6 or 8, R, and Ry, are either H or * 5{ , and Ry to Rg

are all absent.

o)

In some of the variations of formula (a4), k£ is 2-10, R, and Ry, are either H or £ *fs , and
R, to Rg are as described above for formula (4). In some of these variations, k is 6 or 8,

o)

R, and Ry, are either H or % ; , and each of R; to R¢ independently is absent or is a
O

halo. In particular variations, k is 6 or 8, R, and Ry, are either H or & *sx ,and Ry to Rg

are all absent.

In some of the variations of formula (4a), k is 2-10, each R, and Ry, is H or two of CR,Ry,
HNY .
are , and R; to Rg are as described above for formula (4). In some of these

A 2
variations, k is 6 or &, each R, and Ry, is H or two of CR4Ry, are j{\}‘ , and each of Ry

to R independently is absent or is a halo. In particular variations, k is 6 or &, each R, and

A Y
Ry, 18 H or two of CR,Ry, are }'—/\}LL , and R; to Rg are all absent.

One of skill in the art can readily visualize and prepare other cationic multimers falling
within formula (4) in which other cationic dye moieties are used in place of one or both

of the safranin-O moieties.

Some cationic dye dimers fall within formula (5):
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[118]
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y
(5)

D2 is a cationic dye moiety, n is 0-6, and n; is 1-4.

, wherein each of D1 and

In some variations of formula (5), D1 and D2 are different cationic dye moieties. In other
variations of formula (5), D1 and D2 are the same cationic dye moiety. In some
variations of formula (5), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (5) described in the paragraphs above, n is 0-6, 0-5, 0-4, 0-
3,0-2,0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2, 3,
4,5, or 6.

In some variations of formula (5) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (5) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (5) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (5) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (5) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (5) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
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[122]
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—CCls, —CBr3;, —Cl3), —CN, —S0O3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (5) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (5) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (6):

NH,

(DT e

(6) , wherein each of D1 and D2 is a cationic dye

moiety, n; is 0-5, and n; is 1-5.

In some variations of formula (6), D1 and D2 are different cationic dye moieties. In other
variations of formula (6), D1 and D2 are the same cationic dye moiety. In some
variations of formula (6), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.
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In some variations of formula (6) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (6) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (6) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (6) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (6) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (6) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (6) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (6) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (6) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
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[130]

[131]

[132]

[133]

C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —S0O3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (7):

ny

(7) , in which each of D1 and D2 is a cationic dye

moiety, n; is 0-5, and n; is 1-5.

In some variations of formula (7), D1 and D2 are different cationic dye moieties. In other
variations of formula (7), D1 and D2 are the same cationic dye moiety. In some
variations of formula (7), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (7) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (7) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (7) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (7) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (7) described in the paragraphs above, D1 and D2 are

safranin-O.
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[135]

[136]

In some variations of formula (7) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (7) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (7) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (7) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (8):
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[137]

[138]

[139]

[140]

[141]

(0]

NH, |2
(8) , in which each of D1 and D2 is a cationic dye

moiety, n; is 0-5, and n; is 1-5.

In some variations of formula (8), D1 and D2 are different cationic dye moieties. In other
variations of formula (8), D1 and D2 are the same cationic dye moiety. In some
variations of formula (8), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (8) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (8) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (8) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (8) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (8) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (8) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (8) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH;, —NHCOR, —OCH3, —OR, —C,;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,

52



WO 2015/116707 PCT/US2015/013334

[142]

[143]

[144]

—CCls, —CBr3;, —Cl3), —CN, —S0O3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (8) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (8) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (9):

O
N )n1
Wl
ne
(9) , in which each of D1 and D2 is a cationic dye

moiety and n; and n; independently are 1-5.

In some variations of formula (9), D1 and D2 are different cationic dye moieties. In other
variations of formula (9), D1 and D2 are the same cationic dye moiety. In some
variations of formula (9), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.
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In some variations of formula (9) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (9) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (9) described in the paragraphs above, D1 is safranin-O. In
some variations of formula (9) described in the paragraphs above, D2 is safranin-O. In
some variations of formula (9) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (9) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (9) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (9) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (9) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,

54



WO 2015/116707 PCT/US2015/013334

[150]

[151]

[152]

[153]

[154]

C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —S0O3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye multimers fall within formula (10):

HoN
O
0 N N
H
0 n
N

H,

(10) , wherein each of D1 and D2 is

a cationic dye moiety and » is 1-6.

In some variations of formula (10), D1 and D2 are different cationic dye moieties. In
some variations of formula (10), D1 and D2 are the same cationic dye moiety. In some
variations of formula (10), D1 and D2 independently are selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (32) described above, n is 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5,
12-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5,5-6, 1,2, 3,4, 5, or 6.

In some variations of formula (10) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (10) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (10) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (10) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (10) described in the paragraph
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above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (10) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (10) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).
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[156] In some of the variations of formula (10) described above, D1 and D2 are safranin-O

moieties, as shown in formula (10a):

H,N
N
Z 0 0
. POSIPU Y
H,N N* N <N N~
R, H Z H H
_/ /| o Oln N
1 \,\] R5\/\(N+\ l
R3 E _RG
NH, /. /
R4
(10a) NH,

in which n is 1-6, Ry, Rz, R3, R4, Rs, and Rg independently are absent or independently
are selected from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH;, —NHCOR,
—OCH;, —OR, —C,Hs, —R,—C¢Hs, —NO,, —NR;", halo (e.g., F, Br, Cl, ), trihalide
(e.g., —CF;, —CCl;, —CBr3;, —Cl3), —CN, —SO;H, ¥ —COOH, —COOR, —CHO,
and —COR), and R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, CI-
C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-Co6, C3-C5, C3-C4, C3, C4-Cé,
C4-Cs, C4, C5-C6, C5, or C6 linear or branched alkyl).

[157] In some variations of formula (10a), n is 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-
5,3-4,4-6,4-5,5-6,1,2,3,4,5, 0or 6.

[158] One of skill in the art can readily visualize and prepare other cationic multimers falling
within formula (10) in which other cationic dye moieties are used in place of one or both

of the safranin-O moieties.

[159] Some cationic dye dimers fall within formula (11):

(11) , in which each of D1 and D2 is a cationic dye
moiety; /; and I, independently are 1-4; n is 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
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[160]

[161]

[162]

[163]

[164]

heterocyclyl; for each independent instance of Ra1 and Ry, Rai and Ry (1) independently

O
A N
are H or CHs, or (2) Ry and Ry, are S or X , or (3) two of CR,1Ry; are }{\}LL,
and, for each independent instance of R,z and Ry, Raz and Ry, (1) independently are H or
O

A N
CHs, or (2) R,z and Ry, are R or ¥ , or (3) two of CRy;Ry,; are }1/\)&

In some variations of formula (11), D1 and D2 are different cationic dye moieties. In
other variations of formula (11), D1 and D2 are the same cationic dye moiety. In some
variations of formula (11), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.
In some variations of formula (11), /;1s 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

In some variations of formula (11) described in the paragraphs above, I, is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (11) described in the paragraphs above in which /; is 1, Ra1
and Ry are both H. In some variations of formula (11) described in the paragraphs above
in which /7 is 1, Ry is H and Ry is CH3. In some variations of formula (11) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

e

- ~

formula (11) described in the paragraphs above in which /; is 1, Ry; and Ry are
In some variations of formula (11) described in the paragraphs above in which /7 is 1, Ry

0]
J
and Ry, are % j .

In variations of formula (11) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (11) described in the paragraphs above in which /; is 2, each
of R, and Ry,; and R,; and Ry, is H. In some variations of formula (11) described in the
paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (11) described in the paragraphs above in which /; is 2, each of Ry
and R, is H and each of Ry; and Ry, is CH3. In some variations of formula (11)
described in the paragraphs above in which /; is 2, each of Ry;, Ry), and Ry is H and Ry,

18 CH3.
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[166]

In some variations of formula (11) described in the paragraphs above in which /; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (11)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry are E . In some variations of formula (11) described in the paragraphs above in

which /; is 2, each of Ry and Ry, is CH; and Ry, and Ry, are * f’ss‘ . In some variations

of formula (11) described in the paragraphs above in which /; is 2, each of R,; and Ry is
0O

M
CHj3; and R, and Ry, are E .
In some variations of formula (11) described in the paragraphs above in which /; is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are AE . In some variations of formula (11) described

0]
in the paragraphs above in which /; is 2, Ry; is H, Ry, is CHj3, and R,; and Ry, are % fej .

In some variations of formula (11) described in the paragraphs above in which /; is 2, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L In some variations of formula (11)
described in the paragraphs above in which /; is 2, R,y and Ry, are * ‘gf R, and Ry, are

S . In some variations of formula (11) described in the paragraphs above in which /;

0]

- 3N P i
is 2, Ra1 and Ry are ~ ~ Raz and Ry are “* ¢~ In some variations of formula (11)
0]

described in the paragraphs above in which /; is 2, Ry; and Ry are X ¥ R, and Ry,; are

0]
P

In variations of formula (11) described in the paragraphs above in which /; is 3, the three
instances of R, and Ry, are indicated as Ry; and Rypp; Ry and Ry;; and R,z and Ry,
respectively. In some variations of formula (11) described in the paragraphs above in
which /; is 3, In some variations of formula (11) described in the paragraphs above in
which /7 is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula

(11) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, Rp2, Ras,
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[168]

and Ry is CH3. In some variations of formula (11) described in the paragraphs above in
which /7 is 3, each of Ra1,Rp1, Raz, and Rys, 18 H and each of R,3 and Ryz is CHs. In some
variations of formula (11) described in the paragraphs above in which /; is 3, each of
R.1,Rp1, Raz, and Ry, is CH; and each of R,; and Ry3 1s H. In some variations of formula
(11) described in the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ras Ry,
Ry2, and Ryp3is CH3. In some variations of formula (11) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ry is CHa.
In some variations of formula (11) described in the paragraphs above in which /; is 3,

each of Ra1, Rz, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (11) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * ;{ . In some variations of

formula (11) described in the paragraphs above in which /; is 3, each of R,1,Ryp;, Ry2, and

Rpa, 1s CHs and R,z and Rys are 5 "{ . In some variations of formula (11) described in

the paragraphs above in which /; is 3, Ra; is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * "{ . In some variations of formula (11) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry
and Ry; are * 9;‘ )

In some variations of formula (11) described in the paragraphs above in which /; is 3,
O
cach of Ra1,Rp1, Raz, and Ry, is H and R,;3 and Ryp; are % 9; . In some variations of
formula (11) described in the paragraphs above in which /; is 3, each of Ra1,Rp1, Ra2, and
O
Rpa, 1s CHs and R,z and Rys are % f‘é . In some variations of formula (11) described in
the paragraphs above in which /; is 3, Ra; is H and each of Ry, Ry, and Ry, is CH3, and
O
R,; and Ry,; are % ; . In some variations of formula (11) described in the paragraphs
above in which I; 1s 3, each of R,y and R, is H and each of Ry and Ry, is CHs, and Ry
O

J
and Ryz are % ; .
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[169]

[170]

In some variations of formula (11) described in the paragraphs above in which /; is 3, Ra1

and Ry, are * 9{ , Raz and Ry, are * fi , and each of R,3 and Rys1s H. In some

variations of formula (11) described in the paragraphs above in which /; is 3, Ra1 and Ry
are * 5{ , Raz and Ry are * ;‘ , and each of R,3 and Ry; is CH;. In some variations of
formula (11) described in the paragraphs above in which /; is 3, Ry; and Ry are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (11)
described in the paragraphs above in which /; is 3, Ry and Ry are A , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (11) described in

the paragraphs above in which /; is 3, R,y and Ry, are * f{ , Raz and Ry,; are * 5{ , and

cach of R,3 and Ry3is CH3. In some variations of formula (11) described in the

paragraphs above in which /; is 3, Ry and Ry are * @{ , Ra2 and Ry are * f'{ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (11) described in the paragraphs above in which /; is 3, Ra1

O

J
and Ry, are * ﬁ , Raz and Ry, are % fej , and each of R,3 and Ry3is H. In some
variations of formula (11) described in the paragraphs above in which /; is 3, R,y and Ry

O

are 2 f'é‘ , Raz and Ry are % ; , and each of R,z and Rys is CHs. In some variations of

e

P

formula (11) described in the paragraphs above in which /; is 3, Ryy and Ry are 5,

0]

R, and Ry,; are % Jé , Ra3 is H, and Ry is CHs. In some variations of formula (11)

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are % , and each of R,y3 and Ryz is H. In some variations of formula (11) described in

O]

the paragraphs above in which /; is 3, R,y and Ry, are A , Raz and Ry,z are % , and
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[171]

[172]

cach of R,3 and Ry3is CH3. In some variations of formula (11) described in the

0]
paragraphs above in which /; is 3, Ry and Ry are * ;‘ , Ra2 and Ry are % ; , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (11) described in the paragraphs above in which /; is 3, Ra1

O O

s s -

and Ry are “* ¢, Ry and Ryz are “* ¢, and each of R,3 and Ry; is H. In some

variations of formula (11) described in the paragraphs above in which /; is 3, R,y and Ry
0] 0]

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (11) described in the paragraphs above in which /; is 3, Ryy and Ry are E ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry is CH3. In some variations of formula (11)
0]

M
described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% j , and each of Ry3 and Ry3is H. In some variations of formula (11) described in the

O O
i which s e i
paragraphs above in which /; is 3, Ry and Ry are "% ¢7, Ry; and Ryzare “* <7, and each

of R,z and Ry is CH3. In some variations of formula (11) described in the paragraphs

0 0
o L Ko |
above in which /; is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (11) described in the paragraphs above in which /; is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (11) described in the paragraphs above in which /; is 3, R,; and Ry

\ Cd
and R, and Ry, together are }LL/\)LL , and each of R,3 and Ry;is CHs. In some variations
of formula (11) described in the paragraphs above in which /; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;. In some variations of formula
(11) described in the paragraphs above in which /; is 3, Ra1 and Ry and Ry, and Ry,
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[173]

[174]

[175]

A Y

together are }1/\/3‘ , and R,z and Ry; are S . In some variations of formula (11)

described in the paragraphs above in which /; is 3, Ry and Ry and Ry and Ry, together
O

N A
arc }LL/\}’-, and R,3 and Ryp; are % <‘§ .

In variations of formula (11) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ry and Ryq; Raz and Rya; Rys and Rys; and Ry
and Rpg, respectively. In some variations of formula (11) described in the paragraphs
above in which /; is 4, In some variations of formula (11) described in the paragraphs
above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ry, and Ry4 is H. In some
variations of formula (11) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CH3. In some variations of formula (11)
described in the paragraphs above in which /; is 4, each of Ra1, Rp1, Ra2, Rp2, Ras, and
Ry31s H and each of R,4 and Ry4is CHs. In some variations of formula (11) described in
the paragraphs above in which /; is 4, each of Ry, Ry, Ry2, and Ry, is H and each of R,3,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (11) described in the paragraphs
above in which 7 1s 4, each of Ra1, Rp1, Raz, Rpa, Ras, and Ry is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (11) described in the paragraphs above in which /; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (11) described in the paragraphs above in which /; is 4, R,1 is H, Rp11s CH3, and
cach of Ryz, Rpz, Ra3, and Ry is CHs. In some variations of formula (11) described in the
paragraphs above in which /; is 4, Ry is H, Ry is CH3, and each of Ry2, Ryz, Ry3, and Rys
is H. In some variations of formula (11) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ryy and Ry is CHs, and each of Ry3 and Ry; is H. In
some variations of formula (11) described in the paragraphs above in which /; is 4, each

of R, and Ry, is H, each of Ry and Ry, is CHi, and each of R,3 and Ry; is CHa.

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry

and Rp; are H, R,; and Ry, are H, R,3 and Ryp; are H, and Ry4 and Ry are 4 5{ . In some

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

arc H, R,z and Ry, are H, R,3 and Ry3 are CH3, and Ry4 and Ry, are % *‘;‘ . In some
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[176]

[177]

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are * *‘;‘ . In some

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are % 5{ .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are * ;‘ ,and Ry4 and Ry are * Jé‘ .In

some variations of formula (11) described in the paragraphs above in which /7 is 4, Ry

and Ry are H, Ry, and Ry, are CHi, R,3 and Ry; are * f{ ,and R,4 and Ry are }iy;‘ .
In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }’- \’Si ,and R,4 and Ry are

%Yf‘{ . In some variations of formula (11) described in the paragraphs above in which /;
is 4, Ry 18 H, Ry is CHs, Ry, and Ry; are CH3, Ry3 and Ry; are * "{ ,and R,y and Rpy
are R . In some variations of formula (11) described in the paragraphs above in which
I;18 4, Ry 1s H, Ry, is CHi, R,z 18 H, Ry, 18 CH3, R,3 and Ry; are * f{ ,and R,4 and Ry,

N

-

arc

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1
and Ry are H, Ry, and Ry, are * ﬁ , Raz and Ry; are 2 5{ ,and R,4 and Ry are

¥ . In some variations of formula (11) described in the paragraphs above in which /;
is 4, Ry and Ry are CH;, R,; and Ry, are }“ f’ss‘ , Ras and Ry; are }“ jf ,and R,4 and
Ry4 are S . In some variations of formula (11) described in the paragraphs above in
which /7 is 4, Ra1 is H, Ry is CHz, Ras and Ry, are * ;‘ , Ras and Ry3 are * *5’5‘ ,and
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[178]

[179]

Ra4 and Ryy are S . In some variations of formula (11) described in the paragraphs

above in which I; is 4, Ra1 and Ry are * fi , Ra2 and Ry, are * 9){ , Raz and Ry; are

e

* f’ss‘ ,and R,4 and Ry4 are

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry
O

and Ry are H, Ra» and Ry are H, R,z and Ry; are H, and Ra4 and Ry, are % ; . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
O

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % *’é . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
0]

J
arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % <‘§ . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
O

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are % ; .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry

O]

J
and Ry are H, Ra; and Ry are H, R,3 and Rys are % ; ,and Ry4 and Ry are v. In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

O O

s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* ¢, and Ry4 and Ryg are "+ <. In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

O O

e e
are CHs, Ry and Rys are CHz, Ryz and Rps are “ ¢, and Rag and Rp4 are “* ¢, In some
variations of formula (11) described in the paragraphs above in which /; is 4, R,y is H,

O O

Ry; 1s CHs, Rys and Ry, are CH;, R,3 and Ry are % ; ,and R,4 and Ry, are % ; .In
some variations of formula (11) described in the paragraphs above in which I; is 4, Ry is
0] 0]

.
H, Ry is CHz, Raz is H, Ry, is CH3, R,s and Ry are % f’é ,and Ry4 and Ry, are % f’é )
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[180]

[181]

[182]

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0 O 0
BN J
and Rp; are H, R,; and Ry, are?'l ; , Raz and Ry are % 9; ,and Ry4 and Rpq are?'l ; .In

some variations of formula (11) described in the paragraphs above in which /; is 4, Ra;

O O

W .
and Ry are CHs, Ry and Ryy are @ 7, Ry3 and Rys are "% <7, and Ra4 and Ry4 are
0]

%% . In some variations of formula (11) described in the paragraphs above in which /; is

O O

SH Ry s s
4, Ry i1s H, Ryp; is CH3, Ry; and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
0

%% . In some variations of formula (11) described in the paragraphs above in which /; is

O O O

J . J
4, Ra1 and Ry are % f‘é , Ra2 and Ry, are % 9)5 , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry

O

et e
and Ryp; are , Raz and Ry; are H, R,; and Ry; are H, and Ry4 and Rpg are “= <. In
some variations of formula (11) described in the paragraphs above in which /; is 4, Ra;

0]
and Ry are * 9{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % 9; )

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0
and Ryp; are * ;{ , Raz and Ry; are H, R,;3 and Ry; are CHj3, and Ry and Ry, are % f‘é .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0]
J
and Ry, are * ﬁ , Raz and Ry, are * 5{ , Ras and Ry; are H, and R,y and Ry are % fej .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry

and Ry are "77" ‘fs‘ , Raz and Ry, are }9- 5{ , Ras and Ry3 are CHs, and R,4 and Ry are
0]

M
S . In some variations of formula (11) described in the paragraphs above in which /; is
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[183]

[184]

4, Ry1 and Ry are 377- ;{ , Raz and Ry, are 377- ;{ , Raz and Ry3 are CH3, and Ry and Ry
0

M
are E . In some variations of formula (11) described in the paragraphs above in which

I7 18 4, Ra1 and Ry, are * 5{ , Ra2 and Ry, are 3"- ;{ , Raz and Ry; are H, and Ry and Ryy
1
are E) .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * \fs‘ , Raz and Ry, are * 5{ , Ras and Ry are * ;‘ ,and R,4 and Ry, are

0]
s

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1
O O

BN
and Ryp; are % 9{ , Raz and Ry, are % *’é , Raz and Ry are H, and R,y and Ry, are % *’é .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

O]

e s
and Ryp; are ~, Raz and Rp; are "> ¢, R,z and Ry3 are CH;, and Ry4 and Ry are
0

%% . In some variations of formula (11) described in the paragraphs above in which /; is

O

gt s
4, Ry1 and Ry are ~, Raz and Ry, are "% ¢, R,3 and Ryp3 are CH;, and Ry4 and Rpg
0

J
are X . In some variations of formula (11) described in the paragraphs above in which

O

- Ehe e
I7 18 4, Ra1 and Ry, are ~, Raz and Ry are "% ¢, Ry3 and Ry are H, and R,4 and Ry

O
arc BIJL‘\{ .
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[185]

[186]

[187]

[188]

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

O
A
and Ry, are * 9{ , Raz and Ry, are % *’é , Raz and Ry; are * V’f‘ ,and Ry4 and Ry, are

0]
P

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0] 0] 0]
J M
and Ry are % ; , Raz and Ry, are % f , Raz and Ry are H, and R,4 and R4 are % f )

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
0]

E . In some variations of formula (11) described in the paragraphs above in which /; is

O O

s s
4, Ry and Ry are "% ¢, Ry and Ryz are "% <7, Ry3 and Ry, are CH;, and Ry, and Ryy
0]

J
are B . In some variations of formula (11) described in the paragraphs above in which
O O

- P s
I718 4, Ra1 and Ry are -~ ~, Raz and Ry are "> <7, R,z and Ry; are H, and Ry and Ryy
hi
are % f’é )

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0O O 0O

J BN J
and Ryp; are % 9; , Raz and Ry; are % ; , Raz and Ry are % 9; ,and R,4 and Rpy are

0]
P

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }{\}1
In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are H, R, and Ry, are CH3, and R,3 and Ry,; and Ry4 and Ryg together are
N

. In some variations of formula (11) described in the paragraphs above in which /;
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[189]

[190]

[191]

is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
N

arc

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are * ;{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (11) described in the paragraphs above in which /;

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }7-/\)‘1 In some variations of formula (11) described in the paragraphs

above in which I; 1s 4, Ry 1s H, Ry 1s CHs, Ry and Ry, are * ;{ , and R,; and Ry,; and

\ 4
R, and Ry, together are ’IZ{\/E

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry
O
i
and Ryp; are H, Ry, and Ry are “* <7, and R,3 and Ryp3 and Ry and Ry together are
XNK - — -
. In some variations of formula (11) described in the paragraphs above in which /;

O

J
is 4, Ra1 and Ry are % j , Ra2 and Ry, are CHz, and R,z and Rp; and R,4 and Ry

\ Cd
together are }1/\)& In some variations of formula (11) described in the paragraphs

0]
o L
above in which /7 1s 4, Ra1 1S H, Rp1 1S CHs, Raz and Ry are "% ¢, and R,s and Ryz and
A2
R, and Ry, together are /'51/\/‘51

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ry
O O
i e
and Ry are "= <7, Ry and Ryz are "% 7, and R,3 and Ry3 and Ra4 and Rypy together are
XNK . — -
. In some variations of formula (11) described in the paragraphs above in which /;

O

J
is 4, Ry and Ry, are % j , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

\ Cd
together are }1/\)& In some variations of formula (11) described in the paragraphs
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[192]

[193]

[194]

[195]

O O

i which I e e
above in which I 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢7, and Ry3 and Ry3 and

\ 4
R, and Ry, together are ’IZ"-/\}‘
In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * *Af , Raz and Ry, are * 5{ , and R,3 and Ry3 and R,4 and Ry4 together are
N

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

A2

and Ryp; and R,; and Ry, together are }L:\}’- , and R,3 and Ry,3 and Ra4 and Ryp4 together
A 2

are }5-/\)1‘

In some variations of formula (11) described in the paragraphs above in which /7 is 1, Ra1

and Ry are both H. In some variations of formula (11) described in the paragraphs above

in which /> is 1, Ry is H and Ry is CH3. In some variations of formula (11) described in

the paragraphs above in which /> is 1, Ra; and Ry, are both CH3. In some variations of

formula (11) described in the paragraphs above in which /> is 1, Ryy and Ry are S .

In some variations of formula (11) described in the paragraphs above in which /7 is 1, Ra1

0]
J
and Ry are % fej )

In variations of formula (11) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (11) described in the paragraphs above in which /; is 2, each
of Ry1 and Ry; and R,z and Ry, is H. In some variations of formula (11) described in the
paragraphs above in which /; is 2, each of R, and Ry and R,; and Ry, is CH;. In some
variations of formula (11) described in the paragraphs above in which /; is 2, each of Ry
and R,; is H and each of Ry; and Ry, is CHs. In some variations of formula (11)
described in the paragraphs above in which /; is 2, each of Ry, Rz, and Ry is H and Ry,
is CHs;.
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[196]

[197]

In some variations of formula (11) described in the paragraphs above in which I; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (11)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry are E . In some variations of formula (11) described in the paragraphs above in

which [, is 2, each of Ry and Ry, is CH; and Ry, and Ry, are * f’ss‘ . In some variations

of formula (11) described in the paragraphs above in which /; is 2, each of R,; and Ry is
0O

M
CHj3; and R, and Ry, are E .
In some variations of formula (11) described in the paragraphs above in which > is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are AE . In some variations of formula (11) described

0]
in the paragraphs above in which /; is 2, Ry; is H, Ry, is CHj3, and R,; and Ry, are % fej .

In some variations of formula (11) described in the paragraphs above in which > is 2, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L In some variations of formula (11)
described in the paragraphs above in which /; is 2, R,y and Ry, are * ‘gf R, and Ry, are

S . In some variations of formula (11) described in the paragraphs above in which /,

0]

- 3N P i
is 2, Ra1 and Ry are ~ ~ Raz and Ry are “* ¢~ In some variations of formula (11)
0]

described in the paragraphs above in which /; is 2, Ry; and Ry are X ¥ R, and Ry,; are

0]
P

In variations of formula (11) described in the paragraphs above in which [ is 3, the three
instances of R, and Ry, are indicated as Ry; and Rypp; Ry and Ry;; and R,z and Ry,
respectively. In some variations of formula (11) described in the paragraphs above in
which /; is 3, In some variations of formula (11) described in the paragraphs above in
which I is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula

(11) described in the paragraphs above in which /7 is 3, each of Ra1,Rp1, Raz, Rp2, Ras,
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[198]

[199]

and Ry is CH3. In some variations of formula (11) described in the paragraphs above in
which I is 3, each of Ra1,Rp1, Raz, and Rys, 18 H and each of R,3 and Ryz is CHs. In some
variations of formula (11) described in the paragraphs above in which /; is 3, each of
R.1,Rp1, Raz, and Ry, is CH; and each of R,; and Ry3 1s H. In some variations of formula
(11) described in the paragraphs above in which /> is 3, Ry is H and each of Ry, Ras Ry,
Ry2, and Ryp3is CH3. In some variations of formula (11) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ryps is CHa.
In some variations of formula (11) described in the paragraphs above in which [; is 3,

each of Ra1, Rz, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (11) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * ;{ . In some variations of

formula (11) described in the paragraphs above in which [ is 3, each of R,1,Ryp;, Ry2, and

Rpa, 1s CHs and R,z and Rys are 5 "{ . In some variations of formula (11) described in

the paragraphs above in which /; is 3, Ra; is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * "{ . In some variations of formula (11) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry
and Ry; are * 9;‘ )

In some variations of formula (11) described in the paragraphs above in which I; is 3,
O
cach of Ra1,Rp1, Raz, and Ry, is H and R,;3 and Ryp; are % 9; . In some variations of
formula (11) described in the paragraphs above in which /; is 3, each of Ra1,Rp1, Ra2, and
O
Rpa, 1s CHs and R,z and Rys are % f‘é . In some variations of formula (11) described in
the paragraphs above in which /; is 3, Ra; is H and each of Ry, Ry, and Ry, is CH3, and
O
R,; and Ry,; are % ; . In some variations of formula (11) described in the paragraphs
above in which I, 1s 3, each of R,y and R, is H and each of Ry and Ry, is CHs, and Ry
O

J
and Ryz are % ; .
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[200]

[201]

In some variations of formula (11) described in the paragraphs above in which > is 3, Ra1

and Ry, are * 9{ , Raz and Ry, are * fi , and each of R,3 and Rys1s H. In some

variations of formula (11) described in the paragraphs above in which /> is 3, Ra1 and Ry
are * 5{ , Raz and Ry are * ;‘ , and each of R,3 and Ry; is CH;. In some variations of
formula (11) described in the paragraphs above in which /> is 3, Ry; and Ry are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (11)
described in the paragraphs above in which /; is 3, Ry and Ry are A , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (11) described in

the paragraphs above in which /; is 3, R,y and Ry, are * f{ , Raz and Ry,; are * 5{ , and

cach of R,3 and Ry3is CH3. In some variations of formula (11) described in the

paragraphs above in which /> is 3, Ry and Ry are * @{ , Ra2 and Ry are * f'{ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (11) described in the paragraphs above in which /> is 3, Ra1

O

J
and Ry, are * ﬁ , Raz and Ry, are % fej , and each of R,3 and Ry3is H. In some
variations of formula (11) described in the paragraphs above in which [; is 3, R,y and Ry

O

are 2 f'é‘ , Raz and Ry are % ; , and each of R,z and Rys is CHs. In some variations of

e

P

formula (11) described in the paragraphs above in which /> is 3, Ryp and Ry are 5,

0]

R, and Ry,; are % Jé , Ra3 is H, and Ry is CHs. In some variations of formula (11)

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are % , and each of R,y3 and Ryz is H. In some variations of formula (11) described in

O]

the paragraphs above in which £> is 3, R,y and Ry, are A , Raz and Ry,z are % , and
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[202]

[203]

cach of R,3 and Ry3is CH3. In some variations of formula (11) described in the

0]
paragraphs above in which /> is 3, Ry and Ry are * ;‘ , Ra2 and Ry are % ; , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (11) described in the paragraphs above in which > is 3, Ra1

O O

s s -

and Ry are “* ¢, Ry and Ryz are “* ¢, and each of R,3 and Ry; is H. In some

variations of formula (11) described in the paragraphs above in which [; is 3, R,y and Ry
0] 0]

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (11) described in the paragraphs above in which /> is 3, Ryp and Ry are E ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry is CH3. In some variations of formula (11)
0]

M
described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% j , and each of Ry3 and Ry3is H. In some variations of formula (11) described in the

O O
i which s e i
paragraphs above in which /, is 3, Ry and Ry are "% ¢7, Ry3 and Ryzare “* <7, and each

of R,z and Ry is CH3. In some variations of formula (11) described in the paragraphs

0 0
o L Ko |
above in which /> is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (11) described in the paragraphs above in which > is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (11) described in the paragraphs above in which [; is 3, R,y and Ry

\ Cd
and R, and Ry, together are }LL/\)LL , and each of R,3 and Ry;is CHs. In some variations
of formula (11) described in the paragraphs above in which [; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;. In some variations of formula
(11) described in the paragraphs above in which /> is 3, Ra1 and Ry and R,; and Ry,
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[204]

[205]

[206]

A Y

together are }1/\/3‘ , and R,z and Ry; are S . In some variations of formula (11)

described in the paragraphs above in which /; is 3, Ry and Ry and R,z and Ry, together
O

N A
arc }LL/\}’-, and R,3 and Ryp; are % <‘§ .

In variations of formula (11) described in the paragraphs above in which / is 4, the three
instances of R, and Ry, are indicated as Ry and Ryq; Raz and Rya; Rys and Rys; and Ry
and Rpg, respectively. In some variations of formula (11) described in the paragraphs
above in which /> is 4, In some variations of formula (11) described in the paragraphs
above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ras, and Ry4 is H. In some
variations of formula (11) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CH3. In some variations of formula (11)
described in the paragraphs above in which /; is 4, each of Ra1, Rp1, Ra2, Rp2, Ras, and
Ry31s H and each of R,4 and Ry4is CHs. In some variations of formula (11) described in
the paragraphs above in which [, is 4, each of Ry, Ry, Ry2, and Ry, is H and each of R,3,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (11) described in the paragraphs
above in which 15 1s 4, each of Ra1, Rp1, Raz, Rpa, Ras, and Ry is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (11) described in the paragraphs above in which [, is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (11) described in the paragraphs above in which /7 is 4, R,1 is H, Rp11s CH3, and
cach of Ryz, Rpz, Ra3, and Ry is CHs. In some variations of formula (11) described in the
paragraphs above in which /; is 4, Ry is H, Ry is CH3, and each of Ry2, Ryz, Ry3, and Rys
is H. In some variations of formula (11) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ryy and Ry is CHs, and each of Ry3 and Ry; is H. In
some variations of formula (11) described in the paragraphs above in which /, is 4, each

of R, and Ry, is H, each of Ry and Ry, is CHi, and each of R,3 and Ry; is CHa.

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry

and Rp; are H, R,; and Ry, are H, R,3 and Ryp; are H, and Ry4 and Ry are 4 5{ . In some

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

arc H, R,z and Ry, are H, R,3 and Ry3 are CH3, and Ry4 and Ry, are % *‘;‘ . In some
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[207]

[208]

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are * *‘;‘ . In some

variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are % 5{ .

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are * ;‘ ,and Ry4 and Ry are * Jé‘ .In

some variations of formula (11) described in the paragraphs above in which /; is 4, Ry

and Ry are H, Ry, and Ry, are CHi, R,3 and Ry; are * f{ ,and R,4 and Ry are }iy;‘ .
In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }’- \’Si ,and R,4 and Ry are

%Yf‘{ . In some variations of formula (11) described in the paragraphs above in which /,
is 4, Ry 18 H, Ry is CHs, Ry, and Ry; are CH3, Ry3 and Ry; are * "{ ,and R,y and Rpy
are R . In some variations of formula (11) described in the paragraphs above in which
1,184, Ry 1s H, Ry 1s CHi, Ry 1s H, Ry,z is CH3, Ry3 and Ry, are * f{ ,and R,4 and Ry,

N

-

arc

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1
and Ry are H, Ry, and Ry, are * ﬁ , Raz and Ry; are 2 5{ ,and R,4 and Ry are

¥ . In some variations of formula (11) described in the paragraphs above in which /,
is 4, Ry and Ry are CH;, R,; and Ry, are }“ f’ss‘ , Ras and Ry; are }“ jf ,and R,4 and
Ry4 are S . In some variations of formula (11) described in the paragraphs above in
which /;1s 4, Ra1 is H, Ry is CHz, Ras and Ry, are * ;‘ , Ras and Ry3 are * *5’5‘ ,and
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[209]

[210]

Ra4 and Ryy are S . In some variations of formula (11) described in the paragraphs

above in which /; is 4, Ra1 and Ry are * fi , Ra2 and Ry, are * 9){ , Raz and Ry; are

e

* f’ss‘ ,and R,4 and Ry4 are

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry
O

and Ry are H, Ra» and Ry are H, R,z and Ry; are H, and Ra4 and Ry, are % ; . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
O

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % *’é . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
0]

J
arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % <‘§ . In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry
O

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are % ; .

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry

O]

J
and Ry are H, Ra; and Ry are H, R,3 and Rys are % ; ,and Ry4 and Ry are v. In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

O O

s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* ¢, and Ry4 and Ryg are "+ <. In some
variations of formula (11) described in the paragraphs above in which /; is 4, Ry and Ry

O O

e e
are CHs, Ry and Rys are CHz, Ryz and Rps are “ ¢, and Rag and Rp4 are “* ¢, In some
variations of formula (11) described in the paragraphs above in which /; is 4, R,y is H,

O O

Ry; 1s CHs, Rys and Ry, are CH;, R,3 and Ry are % ; ,and R,4 and Ry, are % ; .In
some variations of formula (11) described in the paragraphs above in which /7, is 4, Ry is
0] 0]

.
H, Ry is CHz, Raz is H, Ry, is CH3, R,s and Ry are % f’é ,and Ry4 and Ry, are % f’é )
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[211]

[212]

[213]

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

0 O 0
BN J
and Rp; are H, R,; and Ry, are?'l ; , Raz and Ry are % 9; ,and Ry4 and Rpq are?'l ; .In

some variations of formula (11) described in the paragraphs above in which /> is 4, Ra;

O O

W .
and Ry are CHs, Ry and Ryy are @ 7, Ry3 and Rys are "% <7, and Ra4 and Ry4 are
0]

%% . In some variations of formula (11) described in the paragraphs above in which /, is

O O

SH Ry s s
4, Ry i1s H, Ryp; is CH3, Ry; and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
0

%% . In some variations of formula (11) described in the paragraphs above in which /, is

O O O

J . J
4, Ra1 and Ry are % f‘é , Ra2 and Ry, are % 9)5 , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E .

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry

O

et e
and Ryp; are , Raz and Ry; are H, R,; and Ry; are H, and Ry4 and Rpg are “= <. In
some variations of formula (11) described in the paragraphs above in which /> is 4, Ra;

0]
and Ry are * 9{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % 9; )

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0
and Ryp; are * ;{ , Raz and Ry; are H, R,;3 and Ry; are CHj3, and Ry and Ry, are % f‘é .

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0]
J
and Ry, are * ﬁ , Raz and Ry, are * 5{ , Ras and Ry; are H, and R,y and Ry are % fej .

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry

and Ry are "77" ‘fs‘ , Raz and Ry, are }9- 5{ , Ras and Ry3 are CHs, and R,4 and Ry are
0]

M
S . In some variations of formula (11) described in the paragraphs above in which /, is
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[214]

[215]

4, Ry1 and Ry are 377- ;{ , Raz and Ry, are 377- ;{ , Raz and Ry3 are CH3, and Ry and Ry
0

M
are E . In some variations of formula (11) described in the paragraphs above in which
1,18 4, Ra1 and Ry are * 5{ , Ra2 and Ry, are 3"- ;{ , Raz and Ry; are H, and Ry and Ryy
il
are E .
In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

and Ry, are * \fs‘ , Raz and Ry, are * 5{ , Ras and Ry are * ;‘ ,and R,4 and Ry, are

0]
s

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

0O 0O
BN
and Ryp; are % 9{ , Raz and Ry, are % *’é , Raz and Ry are H, and R,y and Ry, are % *’é .

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

O]

e s
and Ryp; are ~, Raz and Rp; are "> ¢, R,z and Ry3 are CH;, and Ry4 and Ry are
0

%% . In some variations of formula (11) described in the paragraphs above in which /, is

O

gt s
4, Ry1 and Ry are ~, Raz and Ry, are "% ¢, R,3 and Ryp3 are CH;, and Ry4 and Rpg
0

J
are X . In some variations of formula (11) described in the paragraphs above in which

O

- Ehe e
1,18 4, Ra1 and Ry are ~, Raz and Ry are "% ¢, Ry3 and Ry are H, and R,4 and Ry

O
arc BIJL‘\{ .
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[216]

[217]

[218]

[219]

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

O
A
and Ry, are * 9{ , Raz and Ry, are % *’é , Raz and Ry; are * V’f‘ ,and Ry4 and Ry, are

0]
P

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

0] 0] 0]
J M
and Ry are % ; , Raz and Ry, are % f , Raz and Ry are H, and R,4 and R4 are % f )

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
0]

E . In some variations of formula (11) described in the paragraphs above in which /, is

O O

s s
4, Ry and Ry are "% ¢, Ry and Ryz are "% <7, Ry3 and Ry, are CH;, and Ry, and Ryy
0]

J
are B . In some variations of formula (11) described in the paragraphs above in which
O O

- P s
1,18 4, Ra1 and Ry are -~ ~, Raz and Ry are "> <7, R,z and Ry; are H, and Ry and Ryy
hi
are % f’é )

In some variations of formula (11) described in the paragraphs above in which /; is 4, Ra1

0O O 0O

J BN J
and Ryp; are % 9; , Raz and Ry; are % ; , Raz and Ry are % 9; ,and R,4 and Rpy are

0]
P

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }{\}1
In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

and Ryp; are H, R, and Ry, are CH3, and R,3 and Ry,; and Ry4 and Ryg together are
N

. In some variations of formula (11) described in the paragraphs above in which /,
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[220]

[221]

[222]

is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
N

arc

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

and Ry are H, Ry, and Ry, are * ;{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (11) described in the paragraphs above in which /,

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }7-/\)‘1 In some variations of formula (11) described in the paragraphs

above in which /5 1s 4, Ry 1s H, Ry 1s CHs, Ry, and Ry, are * ;{ , and R,; and Ry,; and

\ 4
R, and Ry, together are ’IZ{\/E

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry
O
i
and Ryp; are H, Ry, and Ry are “* <7, and R,3 and Ryp3 and Ry and Ry together are
XNK - — -
. In some variations of formula (11) described in the paragraphs above in which /,

O

J
is 4, Ra1 and Ry are % j , Ra2 and Ry, are CHz, and R,z and Rp; and R,4 and Ry

\ Cd
together are }1/\)& In some variations of formula (11) described in the paragraphs

0]
o L
above in which /, 1s 4, Ra1 1S H, Rp1 1S CHs, Raz and Ry are "% ¢, and R,s and Ry3 and
A2
R, and Ry, together are /'51/\/‘51

In some variations of formula (11) described in the paragraphs above in which /, is 4, Ry
O O
i e
and Ry are "= <7, Ry and Ryz are "% 7, and R,3 and Ry3 and Ra4 and Rypy together are
XNK . — -
. In some variations of formula (11) described in the paragraphs above in which /,

O

J
is 4, Ry and Ry, are % j , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

\ Cd
together are }1/\)& In some variations of formula (11) described in the paragraphs
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[223]

[224]

[225]

O O

i which b e e
above in which /, is 4, Ry; and Ry are “* ¢, Ry; and Ry, are “* €7, and R,z and Ry3 and

\ 4
R, and Ry, together are ’IZ"-/\}‘
In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1

and Ry, are * *Af , Raz and Ry, are * 5{ , and R,3 and Ry3 and R,4 and Ry4 together are
N

In some variations of formula (11) described in the paragraphs above in which /> is 4, Ra1
A
and Ryp; and R,; and Ry, together are }L:\}’- , and R,3 and Ry,3 and Ra4 and Ryp4 together

NV

arc

In some variations of formula (11) described in the paragraphs above ring A is

Sy O U O

w CT W W W

optionally substituted with halo or C1-C6 linear or branched alky];
/\\/m‘/ 2 o N/\\/""/ ot
‘é_'_':\,\? : N/‘\f : N/‘K §_:LN§R : X
—eT 1+ - - /\
(b) H o, ¢ S0 %5 H o f SO R
e
HEX,
- RECY

or Rz, optionally substituted with halo or C1-C6 linear or branched alkyl; or

(C) 2 > E 5 : a : »

S-S S-0 _g_S™NH 0-0 O-NH
— % o U P N
- ST _ Qs  ENT, O,
_ENNE e M 7
H
- _0q.” ~ Ow”
_EHN— BN S s Q" 5N 0-CQx
Lot R VA L </
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vo , Or VO , optionally substituted with halo or C1-C6 linear or
branched alkyl.
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[229]

[230]

[231]

In some variations of formula (11) described in the paragraphs above, n is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (11) described in the paragraphs above, ring A is

substituted with halo. In some variations, the halo is F, Br, I, or CI.

In some variations of formula (11) described in the paragraphs above, ring A is
substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, CI-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (11) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (11) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (11) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (11) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (11) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (11) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (11) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
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[233]

[234]

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (11) described above, D1 and D2 are safranin-O

moieties, as shown in formula (11a):
HC N CH, HsC N CHs
L. o
H,N N* NH HN N* NH,
Rz

(11a)

, in which I3, I, n, ring
A, Ra1, Rp1 Ry2, and Ry, are as described in the paragraphs above, Ry, Rz, R3, Ry, Rs, and
R¢ independently are absent or independently are selected from —NH;, —NHR, —NR;,
—OH, —O’, —NHCOCH;, —NHCOR, —OCH3;, —OR, —C,Hs, —R, —C¢Hs, —NO,,
—NR;', halo (e.g., F, Br, Cl, 1), trihalide (e.g., —CF3, —CCl3, —CBr3;, —CI3), —CN,
—SO;H, —COOH, —COOR, —CHO, and —COR), and R is C1-C6 linear or branched
alkyl (e.g., C1-Cé6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3,
C2, C3-Cé, C3-C5, C3-C4, C3, C4-Co, C4-C5, C4, C5-C6, C5, or C6 linear or branched
alkyl).

One of skill in the art can readily visualize and prepare other cationic multimers falling
within formula (11) in which other cationic dye moieties are used in place of one or both

of the safranin-O moicties.
Some cationic dye dimers fall within formula (12):
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[238]

Rc1 Rd1 RCZ RdZ

Ra1 / /sz
Rpy '’ Raz
(12) , in which each of D1 and D2

is a cationic dye moiety; I;, I;, n, 0;, and 0; independently are 1-4; ring A is aryl,
heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance of Ry1 and Ry, Ra1
O

| 0 g X
and Ry (1) independently are H or CHs, or (2) Ry and Ry are "% ¢~ or 7= <7, or (3)

Y
two of CRy1Ryp; are j{\}‘, for each independent instance of Ryz and Ry, Raz and Ry,
O

A
(1) independently are H or CHs, or (2) Ra2 and Ry, are S or SR , or (3) two of

\ 4
CRa:Ry; are :L"-/\}L‘, for each independent instance of R¢ and Rai, R and Rgp (1)
O

| Wt o, o
independently are H or CHs, or (2) Ry and Rgq are “* ¢° or “* <7, or (3) two of

\ .
CRRaq are }{\}7—, for each independent instance of R and Rgz, Rz and Rgz (1)
O

Mo N
independently are H or CHs, or (2) Re2 and Ry are O or F , or (3) two of
\ 4
CRuRy; are }{\}LL

In some variations of formula (12), the cationic dye moiety is selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,
acriflavine, and methylene blue. In some variations of formula (12), D1 and D2 are
different cationic dye moieties. In other variations of formula (12), D1 and D2 are the

same cationic dye moiety.

In some variations of formula (12) described in the paragraphs above, /; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (12) described in the paragraphs above, I is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some previous variations of formula (12) described in the paragraphs above, 0; is 1-4,
1-3,1-2,2-4,2-3,3-4, 1, 2, 3, or 4.
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[239]

[240]

[241]

[242]

In some previous variations of formula (12) described in the paragraphs above, 0, is 1-4,

1-3,1-2,2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (12) described in the paragraphs above in which /; is 1, Ra1
and Ry, are both H. In some variations of formula (12) described in the paragraphs above
in which /7 is 1, Ry is H and Ry is CH3. In some variations of formula (12) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

formula (12) described in the paragraphs above in which /; is 1, Ryy and Ry are s ?55‘ )
In some variations of formula (12) described in the paragraphs above in which /; is 1, Ry

0]
J
and Ry, are % j .

In variations of formula (12) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (12) described in the paragraphs above in which /; is 2, each
of Ry; and Ry,; and R,; and Ry, is H. In some variations of formula (12) described in the
paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (12) described in the paragraphs above in which /; is 2, each of Ry
and R, is H and each of Ry; and Ry, is CH3. In some variations of formula (12)
described in the paragraphs above in which /; is 2, each of Ry;, Ry), and Ry is H and Ry,
is CHs.

In some variations of formula (12) described in the paragraphs above in which /; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (12)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry are E . In some variations of formula (12) described in the paragraphs above in

which /; is 2, each of Ry and Ry, is CH; and Ry, and Ry, are * ;‘ . In some variations

of formula (12) described in the paragraphs above in which [; is 2, each of Ry and Ry is
O

JL
CH; and R,; and Ry are % 9; .
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In some variations of formula (12) described in the paragraphs above in which /; is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (12) described
0
in the paragraphs above in which /; is 2, Ra1 18 H, Ry is CH3, and R,; and Ry are % .

In some variations of formula (12) described in the paragraphs above in which /; is 2, Ra1

A 2
and Ry; and R,; and Ry, together are }LL/\}’- In some variations of formula (12)
described in the paragraphs above in which /; is 2, R,y and Ry, are * "{ R, and Ry, are

S . In some variations of formula (12) described in the paragraphs above in which /;
O

is 2, Ra1 and Ry are * @5‘ R, and Ry, are % f’é . In some variations of formula (12)
0]

M
described in the paragraphs above in which /; is 2, Ry; and Ry are % R, and Ry,; are

0]
s

In variations of formula (12) described in the paragraphs above in which /; is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (12) described in the paragraphs above in
which /; is 3, In some variations of formula (12) described in the paragraphs above in
which /7 is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(12) described in the paragraphs above in which /; is 3, each of Ra1,Rp1, Raz2, Rp2, Ras,
and Ry is CH3. In some variations of formula (12) described in the paragraphs above in
which /; is 3, each of R,1,Rp1, Raz, and Ry, 1s H and each of R,3 and Ry; is CH;. In some
variations of formula (12) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(12) described in the paragraphs above in which /; is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj3. In some variations of formula (12) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ry is CHa.
In some variations of formula (12) described in the paragraphs above in which /; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[245]

[246]

In some variations of formula (12) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (12) described in the paragraphs above in which /; is 3, each of Ra1,Rp1, Raz2, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (12) described in

the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (12) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry
and Ry; are * @5‘ )

In some variations of formula (12) described in the paragraphs above in which /; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (12) described in the paragraphs above in which /; is 3, each of Ra1,Rp1, Raz2, and
0O

Rpa, 1s CH; and R,z and Rys are % 9; . In some variations of formula (12) described in
the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and
O

R,3 and Ry,z are % ; . In some variations of formula (12) described in the paragraphs
above in which I; 1s 3, each of R, and Ry is H and each of Ry and Ry, is CHz, and Ras
0]

M
and Ry; are % ; )
In some variations of formula (12) described in the paragraphs above in which /; is 3, Ry

and Ryp; are 371 *i , Raz and Ry; are 377- "{ , and cach of R,3 and Ry3is H. In some

variations of formula (12) described in the paragraphs above in which /; is 3, Ra1 and Ry
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (12) described in the paragraphs above in which /; is 3, Ry; and Ry, are * ;‘ ,

R, and Ry,; are * 5{ , Raz is H, and Ry is CHs. In some variations of formula (12)

&9



WO 2015/116707 PCT/US2015/013334

[247]

[248]

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (12) described in

the paragraphs above in which /; is 3, R,y and Ry, are * 5{ , Raz and Ry are * 5{ , and

cach of R,; and Ry,3is CHj3. In some variations of formula (12) described in the

paragraphs above in which /; is 3, Ry and Ry are * fés‘ , Ra2 and Ry are * V‘é‘ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which /; is 3, Ra1

O

J
and Ry are * ;{ , Raz and Ry, are % f‘é , and each of R,3 and Rysis H. In some
variations of formula (12) described in the paragraphs above in which /; is 3, Ra1 and Ry

O

are * *’{ , Raz and Ry are % ; , and each of R,3 and Ry;is CH;. In some variations of

formula (12) described in the paragraphs above in which /; is 3, R,y and Ry, are ¥ ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are E , and each of R,3 and Ryz is H. In some variations of formula (12) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (12) described in the
O

paragraphs above in which /; is 3, Ry and Ry are * *’{ , Ra2 and Ry are % <‘§ , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which /; is 3, Ry

O O

s s -
and Rp; are "> ¢, Ry and Ry are "+ ¢, and cach of R,3 and Ryz is H. In some

variations of formula (12) described in the paragraphs above in which /; is 3, Ra1 and Ry
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O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (12) described in the paragraphs above in which /; is 3, Ry1 and Ry are E ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (12) described in the

O O
i which s e i
paragraphs above in which /; is 3, Ry and Ry are "% ¢7, Ry; and Ryzare “* <7, and each

of R,3 and Ry is CH3. In some variations of formula (12) described in the paragraphs

0 0
N L Ko |
above in which /; is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (12) described in the paragraphs above in which /; is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (12) described in the paragraphs above in which /; is 3, R,; and Ry

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (12) described in the paragraphs above in which /; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(12) described in the paragraphs above in which /; is 3, Ra1 and Ry and R,; and Ry,

NG

together are }{\}LL , and R,z and Ry; are S . In some variations of formula (12)

described in the paragraphs above in which /; is 3, Ry and Ry and Ry and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (12) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (12) described in the paragraphs

above in which /; is 4, In some variations of formula (12) described in the paragraphs
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above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ry, and Ry4 is H. In some
variations of formula (12) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CHs. In some variations of formula (12)
described in the paragraphs above in which /; is 4, each of Ry, Rpg, Ryz, Rpa, Rys, and
Ry31s H and each of R,4 and Ry41s CHs. In some variations of formula (12) described in
the paragraphs above in which /; is 4, each of Ra1, Ry, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (12) described in the paragraphs
above in which ; 1s 4, each of R,1, Rp1, Raz, Rpa, Ras, and Ry;is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (12) described in the paragraphs above in which /; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (12) described in the paragraphs above in which /; is 4, Ry, is H, Ry is CH3, and
cach of Ryz, Rpz, Ra3, and Rys is CHs. In some variations of formula (12) described in the
paragraphs above in which /; is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
is H. In some variations of formula (12) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ry,; and Ry, is CH3, and each of R,y3 and Ry; is H. In
some variations of formula (12) described in the paragraphs above in which /; is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are * 9;‘ . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are * *5’5‘ . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % &i . In some

variations of formula (12) described in the paragraphs above in which /; is 4, R,y and Ry

are CHs, Ry, and Ry, are CHs, Raz and Ryz are CHs, and Rag and Ry are 3 ;{ )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are }a’- 5{ ,and Ry4 and Ry are * "{ .In

some variations of formula (12) described in the paragraphs above in which /; is 4, Ry
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[255]

e

and Ry are H, Ra» and Ry are CHs, R,z and Ry are s ;{ ,and Ry4 and Ry4 are ~ s,
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }L“ 5{ ,and R,4 and Ry are

O . In some variations of formula (12) described in the paragraphs above in which /;
is 4, Ra1 18 H, Ry 1s CHs, Raz and Ry are CH;, R,z and Ry are 3?7- 5{ ,and Ra4 and Ry,
are S . In some variations of formula (12) described in the paragraphs above in which
I718 4, Ra1 1s H, Ry is CHs, Rys 18 H, Ry; 18 CH3, Ra3 and Ry are }’- \’Si ,and Ry4 and Ry4
are }iyé'{ .

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ry
and Ry are H, Ry, and Ry, are 5 *i , Raz and Ry; are }LL ;{ ,and R,4 and Ry are

}‘Y*’{ . In some variations of formula (12) described in the paragraphs above in which /;
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are % 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (12) described in the paragraphs above in
which /; is 4, Ry 1S H, Ry is CH;, Ry; and Ry, are * 5{ , Ras and Ry are * 5{ ,and
Ra4 and Ryy are S . In some variations of formula (12) described in the paragraphs
above in which I; is 4, Ra1 and Ry are * "{ , Ra2 and Ry, are s 'ﬁ , Raz and Ry; are

* 5{ ,and Ra4 and Ry, are :L"-YV'{ )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

O

J
and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are % ; . In some

variations of formula (12) described in the paragraphs above in which /; is 4, R,y and Ry
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[256]

[257]

O]

J
are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % ; . In some
variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are % ; . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % 9)5 )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

O]

and Ry are H, Ry, and Ry, are H, Ry3 and Ry, are % ; ,and R,4 and Ry, are v. In some
variations of formula (12) described in the paragraphs above in which /; is 4, R,y and Ry

0 0
s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* <7, and Ry and Ry are "+ 7. In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0] 0]
s s
are CHs, Ry and Rys are CHz, Ryz and Rps are “% ¢, and Ra4 and Rp4 are “% <. In some

variations of formula (12) described in the paragraphs above in which /; is 4, R,y is H,

0] 0]
- s s
Ryp: 1s CHs, Raz and Ry, are CHi, Rys and Rys are % <7, and Rag and Ryg are "% ¢, In

some variations of formula (12) described in the paragraphs above in which /; is 4, Ry is

0] 0]
J
H, Ry is CHs, R,z is H, Ry, is CH3, R,3 and Ry are % 9’5 ,and R,4 and Ry are % 9’5 )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ry

0] 0] 0]
. J .
and Ry are H, Ry and Ry alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4 alre"?ZL f’é .In

some variations of formula (12) described in the paragraphs above in which /7 is 4, Ry

0O O

and Ry are CHs, Ras and Ry, are % 9; , Ras and Ry; are % ; ,and Ry4 and Ry, are
0]

%% . In some variations of formula (12) described in the paragraphs above in which /; is

0 0
SH Ry s s
4, Ry is H, Ryp; is CH3, R,z and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
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[258]

[259]

O

S . In some variations of formula (12) described in the paragraphs above in which /; is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (12) described in the paragraphs above in which /; is 4, Ra;

0]
£ s
and Ry are ~, Raz and Ry are CHs, R,z and Rys are CHz, and Rag and Ry are "% ¢°,

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0]
and Ry are * \fs‘ , Raz and Ry, are H, R,3 and Ry; are CH;, and R,y and Ry, are % fej )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0
J
and Ryp; are 371 *i , Raz and Ry, are }LL ;{ , Raz and Ry3 are H, and R,4 and Ry, are % j .

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are CH3z, and Ry4 and Ry are
0

%% . In some variations of formula (12) described in the paragraphs above in which /; is

4, Ry1 and Ry are * f’f‘ , Raz and Ry, are * f’f‘ , Raz and Ry3 are CH3, and Ry and Ry
0

M
are LR . In some variations of formula (12) described in the paragraphs above in which

l;1s 4, Ry and Ry, are * "{ , Raz and Ry are * f’ss‘ , Ra3 and Ry are H, and Ry4 and Ry

0]
are '?ZLJLf’é .
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[261]

[262]

[263]

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are % 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry; are * @{ ,and Ry4 and Ry are

0]
s

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0O 0O

J J
and Ry, are * 5{ , Raz and Ry, are % ; , Ra3 and Ry are H, and R4 and Ryy are % ; )
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ry

O]

£t s
and Ryp; are , Raz and Ry; are "= ¢, Ry3 and Ryp3 are CH3, and Ry4 and Rypy are
0

S . In some variations of formula (12) described in the paragraphs above in which /; is
0

et P
4, Ry1 and Ry are , Raz and Ry are "% 7, R,3 and Ry; are CH3, and R,4 and Ry
0

J
are B . In some variations of formula (12) described in the paragraphs above in which
O

. . s
I7 18 4, Ra1 and Ry, are *, Raz and Ry, are "= ¢, Ry3 and Ry3 are H, and Ry4 and Ry
hi
are % f’é )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0O
BN
and Ryp; are * 9{ , Raz and Ry, are % *’é , Raz and Ry are % V’f‘ ,and R,4 and Ryp4 are

0]
P

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

b b i
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
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[264]

[265]

[266]

O

S . In some variations of formula (12) described in the paragraphs above in which /; is
0 0O

s s
4, Ra1 and Rpy are "= ¢7, Ry and Ryz are " <7, Ryz and Rp; are CHz, and Ry and Ryy
0]

M
are B . In some variations of formula (12) described in the paragraphs above in which

O O

- s s
I;1s 4, Ry and Ryy are "% ©7, Ry; and Ry are “* ©7, Ry3 and Ryp; are H, and Ryq and Ry
1
are B )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0] 0] 0]
J J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are % f‘é ,and R,4 and Ry are

0]
s

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }LL/\}’-
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry; are H, R,; and Ry, are CH3, and R,; and Ry,; and R4 and Ry, together are
2N
is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
2N

. In some variations of formula (12) described in the paragraphs above in which /;

arc

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are * 9{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (12) described in the paragraphs above in which /;

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }1/\/.7& In some variations of formula (12) described in the paragraphs
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[267]

[268]

[269]

above in which /7 1s 4, Ra1 1S H, Ry 1s CHs, Ra; and Ry, are 2 ?{ , and Ry3 and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1
0
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (12) described in the paragraphs above in which /;

0]

J
is 4, Ry and Ry, are % Jé , Raz and Ry are CH3;, and R,3 and Ry; and Ry4 and Ry

%
together are }{\}L‘ In some variations of formula (12) described in the paragraphs
O

J
above in which /7 1s 4, Ra1 1S H, Ry 1s CHs, Ra; and Ry, are % ; , and R,3 and Ry3 and

A Y
Ra4 and Ryy together are j{\}‘

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1
O O
W .
and Ry are “* <7, Ry and Ryz are "> 7, and R,3 and Ry3 and Ra4 and Rypy together are
N - - -
. In some variations of formula (12) described in the paragraphs above in which /;

0
J
is 4, Ry and Ry, are % Jé , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

%
together are }LL/\}L‘ In some variations of formula (12) described in the paragraphs
0O 0O

above in which I 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢, and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are j{\}‘
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N
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[271]

[272]

[273]

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

A 2

and Ryp; and R,; and Ry, together are }5-/\)2‘ , and R,3 and Ry,3 and Ra4 and Ryp4 together
\ Cd

are "1{\;&‘

In some variations of formula (12) described in the paragraphs above in which /7 is 1, Ra1

and Ry are both H. In some variations of formula (12) described in the paragraphs above

in which /; is 1, Ry; is H and Ry, is CH3. In some variations of formula (12) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

formula (12) described in the paragraphs above in which /> is 1, Ryy and Ry are S .

In some variations of formula (12) described in the paragraphs above in which /7 is 1, Ra1

0]
J
and Ry, are % f'é .

In variations of formula (12) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry, and Ry, and Ry, and Ry, respectively. In
some variations of formula (12) described in the paragraphs above in which /> is 2, each
of Ry1 and Ry; and R,z and Ry, is H. In some variations of formula (12) described in the
paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (12) described in the paragraphs above in which ; is 2, each of Ry
and R, is H and each of Ry; and Ry, is CH3. In some variations of formula (12)
described in the paragraphs above in which /; is 2, each of Ry, Rz, and Ry is H and Ry,
is CHs.

In some variations of formula (12) described in the paragraphs above in which [; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (12)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry, are % ¥ . In some variations of formula (12) described in the paragraphs above in

which [ is 2, each of R, and Ry is CHs and Ry and Ry, are * 5{ . In some variations
of formula (12) described in the paragraphs above in which /; is 2, each of R, and Ry is
0]

J
CH; and Ry, and Ry, are % fej .
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[274]

In some variations of formula (12) described in the paragraphs above in which > is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (12) described
0
in the paragraphs above in which > is 2, Ra1 18 H, Ry is CH3, and R,; and Ry are % .

In some variations of formula (12) described in the paragraphs above in which /7 is 2, Ra1

A 2
and Ry; and R,; and Ry, together are }LL/\}’- In some variations of formula (12)
described in the paragraphs above in which /; is 2, R,y and Ry, are * "{ R, and Ry, are

S . In some variations of formula (12) described in the paragraphs above in which /,
O

is 2, Ra1 and Ry are * @5‘ R, and Ry, are % f’é . In some variations of formula (12)
0]

M
described in the paragraphs above in which /; is 2, Ry; and Ry are % R, and Ry,; are

0]
s

In variations of formula (12) described in the paragraphs above in which £ is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (12) described in the paragraphs above in
which /; is 3, In some variations of formula (12) described in the paragraphs above in
which I is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(12) described in the paragraphs above in which 7 is 3, each of R,a1,Rp1, Raz2, Rp2, Ras,
and Ry is CH3. In some variations of formula (12) described in the paragraphs above in
which [/, is 3, each of R,1,Rp1, Raz, and Ry, 18 H and each of R,s and Ry; is CH;. In some
variations of formula (12) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(12) described in the paragraphs above in which /> is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj3. In some variations of formula (12) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ryps is CHa.
In some variations of formula (12) described in the paragraphs above in which I; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[275]

[276]

[277]

In some variations of formula (12) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (12) described in the paragraphs above in which I is 3, each of Ra1,Rp1, Ra2, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (12) described in

the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (12) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Ry and Ry; is CH3z, and Ry
and Ry; are * @5‘ )

In some variations of formula (12) described in the paragraphs above in which /; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (12) described in the paragraphs above in which I is 3, each of Ra1,Rp1, Ra2, and
0O

Rpa, 1s CH; and R,z and Rys are % 9; . In some variations of formula (12) described in
the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and
O

R,3 and Ry,z are % ; . In some variations of formula (12) described in the paragraphs
above in which I, 1s 3, each of Ry1 and Ra; is H and each of Ry and Ry, is CHz, and Ras
0]

M
and Ry; are % ; )
In some variations of formula (12) described in the paragraphs above in which > is 3, Ry

and Ryp; are 371 *i , Raz and Ry; are 377- "{ , and cach of R,3 and Ry3is H. In some

variations of formula (12) described in the paragraphs above in which /> is 3, Ra1 and Ry
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (12) described in the paragraphs above in which /; is 3, Ry; and Ry, are * ;‘ ,

R, and Ry are S , Ra3 18 H, Rp31s CH3. In some variations of formula (12) described
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[278]

[279]

e

- ~

in the paragraphs above in which /; is 3, Ry; and Ry are 37- 95{ , Ra2 and Ry are ,

and each of R,3 and Ry is H. In some variations of formula (12) described in the

paragraphs above in which /> is 3, Ry and Ry are * 5{ , Ra2 and Ry are * f{ , and

cach of R,; and Ry,3is CHj3. In some variations of formula (12) described in the

paragraphs above in which /> is 3, Ry and Ry are }LL f'é‘ , Ra2 and Ry are 3"- ?{ , Raz 18
H, Rb3 iS CH3.

In some variations of formula (12) described in the paragraphs above in which > is 3, Ra1

O

and Ry are * ‘gf , Raz and Ry, are % fej , and each of R,3 and Ry3is H. In some
variations of formula (12) described in the paragraphs above in which [; is 3, R,y and Ry

O

are * ;‘ , Raz and Ry are % ; , and each of R,z and Rys is CHs. In some variations of

formula (12) described in the paragraphs above in which /> is 3, Ry; and Ry are . "{ ,
0]

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)

described in the paragraphs above in which /; is 3, Ry and Ry are O , Raz and Ry,
O

are E , and each of R,3 and Ryz is H. In some variations of formula (12) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (12) described in the

0]
paragraphs above in which /> is 3, Ry and Ry are * 5{ , Ra2 and Ry are % <‘§ , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which > is 3, Ry

O O

s s -
and Rp; are "> ¢, Ry and Ry are "+ ¢, and cach of R,3 and Ryz is H. In some

variations of formula (12) described in the paragraphs above in which /> is 3, Ra1 and Ry
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[280]

[281]

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (12) described in the paragraphs above in which /> is 3, Ryy and Ry are E ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (12) described in the

O O
i which s e i
paragraphs above in which /, is 3, Ry and Ry are "% ¢7, Ry3 and Ryzare “* <7, and each

of R,3 and Ry is CH3. In some variations of formula (12) described in the paragraphs

0 0
N L Ko |
above in which /> is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (12) described in the paragraphs above in which > is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (12) described in the paragraphs above in which [; is 3, R,; and Ry

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (12) described in the paragraphs above in which [; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(12) described in the paragraphs above in which /> is 3, Ra1 and Ry and R,; and Ry,

NG

together are }{\}LL , and R,z and Ry; are S . In some variations of formula (12)

described in the paragraphs above in which /; is 3, Ry and Ry and R,z and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (12) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (12) described in the paragraphs

above in which /> is 4, In some variations of formula (12) described in the paragraphs
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[282]

[283]

[284]

above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ras, and Ry4 is H. In some
variations of formula (12) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CHs. In some variations of formula (12)
described in the paragraphs above in which /; is 4, each of Ry, Rpy, Ryz, Rpa, Rys, and
Ry31s H and each of R,4 and Ry41s CHs. In some variations of formula (12) described in
the paragraphs above in which £> is 4, each of Ra1, Rp1, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (12) described in the paragraphs
above in which 1, 1s 4, each of R,1, Rp1, Raz, Rpa2, Ras, and Ry;is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (12) described in the paragraphs above in which > is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (12) described in the paragraphs above in which [; is 4, Ry, is H, Ry is CH3, and
cach of Ryz, Rpz, Ra3, and Rys is CHs. In some variations of formula (12) described in the
paragraphs above in which /> is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
is H. In some variations of formula (12) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ry,; and Ry, is CH3, and each of R,y3 and Ry; is H. In
some variations of formula (12) described in the paragraphs above in which /, is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are * 9;‘ . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are * *5’5‘ . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % &i . In some

variations of formula (12) described in the paragraphs above in which /, is 4, R,y and Ry

are CHs, Ry, and Ry, are CHs, Raz and Ryz are CHs, and Rag and Ry are 3 ;{ )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are }a’- 5{ ,and Ry4 and Ry are * "{ .In

some variations of formula (12) described in the paragraphs above in which /, is 4, Ry
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[285]

[286]

e

and Ry are H, Ra» and Ry are CHs, R,z and Ry are s ;{ ,and Ry4 and Ry4 are ~ s,
In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }L“ 5{ ,and R,4 and Ry are

O . In some variations of formula (12) described in the paragraphs above in which /,
is 4, Ra1 18 H, Ry 1s CHs, Raz and Ry are CH;, R,z and Ry are 3?7- 5{ ,and Ra4 and Ry,
are S . In some variations of formula (12) described in the paragraphs above in which
1,18 4, Ra11s H, Ry 1s CHz, Ry is H, Ry is CH3, Rz and Rys are }’- \’Si ,and Ry4 and Ry4
are }iyé'{ .

In some variations of formula (12) described in the paragraphs above in which /, is 4, Ry
and Ry are H, Ry, and Ry, are 5 *i , Raz and Ry; are }LL ;{ ,and R,4 and Ry are

}‘Y*’{ . In some variations of formula (12) described in the paragraphs above in which /,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are % 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (12) described in the paragraphs above in
which /, 1s 4, Ry 1S H, Ry is CH;, Ry, and Ry, are * 5{ , Ras and Ry are * 5{ ,and
Ra4 and Ryy are S . In some variations of formula (12) described in the paragraphs
above in which /; is 4, Ra1 and Ry are * "{ , Ra2 and Ry, are s 'ﬁ , Raz and Ry; are

* 5{ ,and Ra4 and Ry, are :L"-YV'{ )

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

O

J
and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are % ; . In some

variations of formula (12) described in the paragraphs above in which /, is 4, R,y and Ry
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[287]

[288]

O]

J
are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % ; . In some
variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are % ; . In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % 9)5 )

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

O]

and Ry are H, Ry, and Ry, are H, Ry3 and Ry, are % ; ,and R,4 and Ry, are v. In some
variations of formula (12) described in the paragraphs above in which /, is 4, R,y and Ry

0 0
s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* <7, and Ry and Ry are "+ 7. In some

variations of formula (12) described in the paragraphs above in which /; is 4, Ry and Ry

0] 0]
s s
are CHs, Ry and Rys are CHz, Ryz and Rps are “% ¢, and Ra4 and Rp4 are “% <. In some

variations of formula (12) described in the paragraphs above in which /; is 4, R,y is H,

0] 0]
- s s
Ryp: 1s CHs, Raz and Ry, are CHi, Rys and Rys are % <7, and Rag and Ryg are "% ¢, In

some variations of formula (12) described in the paragraphs above in which /> is 4, Ry; is

0] 0]
J
H, Ry is CHs, R,z is H, Ry, is CH3, R,3 and Ry are % 9’5 ,and R,4 and Ry are % 9’5 )

In some variations of formula (12) described in the paragraphs above in which /, is 4, Ry

0] 0] 0]
. J .
and Ry are H, Ry and Ry alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4 alre"?ZL f’é .In

some variations of formula (12) described in the paragraphs above in which /; is 4, Ry

0O O

and Ry are CHs, Ras and Ry, are % 9; , Ras and Ry; are % ; ,and Ry4 and Ry, are
0]

%% . In some variations of formula (12) described in the paragraphs above in which /, is

0 0
SH Ry s s
4, Ry is H, Ryp; is CH3, R,z and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
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[289]

[290]

O

S . In some variations of formula (12) described in the paragraphs above in which /, is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (12) described in the paragraphs above in which /> is 4, Ra;

0]
and Ry are * ;{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % f‘é )

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

0]
and Ry are * \fs‘ , Raz and Ry, are H, R,3 and Ry; are CH;, and R,y and Ry, are % fej )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

O

and Ry are * *i , Raz and Ry, are % ;{ , Ras and Ry are H, and R,y and Ryy are £1 j )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are CH3z, and Ry4 and Ry are
0

%% . In some variations of formula (12) described in the paragraphs above in which /, is

4, Ry1 and Ry are * f’f‘ , Raz and Ry, are * f’f‘ , Raz and Ry3 are CH3, and Ry and Ry
0

M
are LR . In some variations of formula (12) described in the paragraphs above in which

[>1s 4, Ry and Ry, are * "{ , Raz and Ry are * f’ss‘ , Ra3 and Ry are H, and Ry4 and Ry

0]
are '?ZLJLf’é .
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[291]

[292]

[293]

[294]

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

and Ry are % 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry; are * @{ ,and Ry4 and Ry are

0]
s

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

0O 0O

J J
and Ry, are * 5{ , Raz and Ry, are % ; , Ra3 and Ry are H, and R4 and Ryy are % ; )
In some variations of formula (12) described in the paragraphs above in which /, is 4, Ry

O]

£t s
and Ryp; are , Raz and Ry; are "= ¢, Ry3 and Ryp3 are CH3, and Ry4 and Rypy are
0

S . In some variations of formula (12) described in the paragraphs above in which /, is
0

et P
4, Ry1 and Ry are , Raz and Ry are "% 7, R,3 and Ry; are CH3, and R,4 and Ry
0

J
are B . In some variations of formula (12) described in the paragraphs above in which
O

. . s
1,18 4, Ra1 and Ry are *, Raz and Ry, are "= ¢, Ry3 and Ry3 are H, and Ry4 and Ry
hi
are % f’é )

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

0O
BN
and Ryp; are * 9{ , Raz and Ry, are % *’é , Raz and Ry are % V’f‘ ,and R,4 and Ryp4 are

0]
P

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

b b i
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
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[295]

[296]

[297]

O

S . In some variations of formula (12) described in the paragraphs above in which /, is
0 0O

s s
4, Ra1 and Rpy are "= ¢7, Ry and Ryz are " <7, Ryz and Rp; are CHz, and Ry and Ryy
0]

M
are B . In some variations of formula (12) described in the paragraphs above in which

O O

- s s
[;1s 4, Ry and Rpy are "= 7, Ry and Ry are “+ 7, Ry3 and Ry; are H, and R,y and Rpy
1
are B )

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

0] 0] 0]
J J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are % f‘é ,and R,4 and Ry are

0]
s

In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }LL/\}’-
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry; are H, R,; and Ry, are CH3, and R,; and Ry,; and R4 and Ry, together are
2N
is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
2N

. In some variations of formula (12) described in the paragraphs above in which /,

arc

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

and Ry are H, Ry, and Ry, are * 9{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (12) described in the paragraphs above in which /,

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }1/\/.7& In some variations of formula (12) described in the paragraphs
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[298]

[299]

[300]

above in which /, 1s 4, Ra1 1S H, Ry 1s CHs, Ray and Ry, are 2 ?{ , and Ry3 and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1
0
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (12) described in the paragraphs above in which /,

0]

J
is 4, Ry and Ry, are % Jé , Raz and Ry are CH3;, and R,3 and Ry; and Ry4 and Ry

%
together are }{\}L‘ In some variations of formula (12) described in the paragraphs
O

J
above in which /, 1s 4, Ra1 1S H, Ry 1s CHs, Ray and Ry, are % ; , and R,3 and Ry3 and

A Y
Ra4 and Ryy together are j{\}‘

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1
O O
W .
and Ry are “* <7, Ry and Ryz are "> 7, and R,3 and Ry3 and Ra4 and Rypy together are
N - - -
. In some variations of formula (12) described in the paragraphs above in which /,

0
J
is 4, Ry and Ry, are % Jé , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

%
together are }LL/\}L‘ In some variations of formula (12) described in the paragraphs
0O 0O

above in which /5 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢, and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are j{\}‘
In some variations of formula (12) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N
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[301]

[302]

[303]

[304]

In some variations of formula (12) described in the paragraphs above in which /> is 4, Ra1

A 2

and Ryp; and R,; and Ry, together are }5-/\)2‘ , and R,3 and Ry,3 and Ra4 and Ryp4 together
\ Cd

are "l{\}l‘

In some variations of formula (12) described in the paragraphs above in which oz is 1,

R,1 and Ry, are both H. In some variations of formula (12) described in the paragraphs

above in which 0; is 1, R,; is H and Ry, is CH;. In some variations of formula (12)

described in the paragraphs above in which o; is 1, Ra; and Ry are both CH3. In some

variations of formula (12) described in the paragraphs above in which o7 is 1, Ry1 and Ry

are S . In some variations of formula (12) described in the paragraphs above in which

O

0718 1, Ra1 and Ry are % f‘é

In variations of formula (12) described in the paragraphs above in which oy is 2, the two
instances of R, and Ry, are indicated as Ry, and Ry, and Ry, and Ry, respectively. In
some variations of formula (12) described in the paragraphs above in which o; is 2, each
of Ry1 and Ry; and R,z and Ry, is H. In some variations of formula (12) described in the
paragraphs above in which o is 2, each of R,; and Ry; and R,z and Ry, is CH3. In some
variations of formula (12) described in the paragraphs above in which o; is 2, each of Ry
and R, is H and each of Ry; and Ry, is CH3. In some variations of formula (12)
described in the paragraphs above in which 0; is 2, each of R,1, Ry, and Ry is H and Ry,

18 CH3.
In some variations of formula (12) described in the paragraphs above in which o; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (12)
described in the paragraphs above in which 0; is 2, each of R, and Ry, is H and R,; and

O]

Ry, are % ¥ . In some variations of formula (12) described in the paragraphs above in

which 0; 1s 2, each of Ra1 and Ry 1s CHs and Ry and Ry, are * ;‘ . In some variations
of formula (12) described in the paragraphs above in which o; is 2, each of R,y and Ry is

0]
J
CH; and Ry, and Ry, are % fej .
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[305]

In some variations of formula (12) described in the paragraphs above in which o; is 2,

Rai1 1s H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (12)
described in the paragraphs above in which 0; is 2, Ra1 is H, Ry is CH3, and Ry, and Ry,
O

M
are LR . In some variations of formula (12) described in the paragraphs above in which

A 2
0118 2, Ry; and Ry and R,; and Ry,; together are }LL/\}’- In some variations of formula
(12) described in the paragraphs above in which o; is 2, R,y and Ry, are * 5{ R, and

Ry, are S . In some variations of formula (12) described in the paragraphs above in
0O

which 0; 1s 2, Ra1 and Ry are * @5‘ Raz and Ry, are % ; . In some variations of

O

formula (12) described in the paragraphs above in which 0; is 2, Ry and Ry, are B
0

J
Ry and Ry, are % j .

In variations of formula (12) described in the paragraphs above in which o; is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (12) described in the paragraphs above in
which o; is 3, In some variations of formula (12) described in the paragraphs above in
which 0; 1s 3, each of Ra1,Rp1, Raz, Rpa, Rasz, and Rysis H. In some variations of formula
(12) described in the paragraphs above in which o; is 3, each of Ry1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (12) described in the paragraphs above in
which 0; 1s 3, each of R,1,Rp1, Raz, and Ry;, is H and each of Ry; and Ry,31s CHs. In some
variations of formula (12) described in the paragraphs above in which o; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(12) described in the paragraphs above in which o; is 3, R,1 is H and each of Rya, Ras,
Ry1, Ry, and Ryp3 is CH;. In some variations of formula (12) described in the paragraphs
above in which o; is 3, each of Ry; and Ry, is H and each of Ras Ry, Ry2, and Ryp3is CH;.
In some variations of formula (12) described in the paragraphs above in which o; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[306]

[307]

[308]

In some variations of formula (12) described in the paragraphs above in which o; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (12) described in the paragraphs above in which o; is 3, each of Ra1,Rp1, Ra2, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (12) described in

the paragraphs above in which 0; is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (12) described in the paragraphs

above in which 0; is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
and Ry; are * @5‘ )

In some variations of formula (12) described in the paragraphs above in which o; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (12) described in the paragraphs above in which o; is 3, each of Ra1,Rp1, Ra2, and

O

Rpa, 1s CH; and R,z and Rys are % 9; . In some variations of formula (12) described in
the paragraphs above in which 0; is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and
O

R,3 and Ry,z are % ; . In some variations of formula (12) described in the paragraphs
above in which 0; is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
0]

J
and Ry; are % ; )
In some variations of formula (12) described in the paragraphs above in which o; is 3,

R, and Ry, are 5 "{ , Ra2 and Ry, are s ;{ , and each of R,3 and Rypsis H. In some

variations of formula (12) described in the paragraphs above in which o; is 3, Ry1 and Ry
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (12) described in the paragraphs above in which o; is 3, R, and Ry, are * 5{ ,

R, and Ry,; are * 5{ , Raz is H, and Ry is CHs. In some variations of formula (12)
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[309]

[310]

described in the paragraphs above in which 0; is 3, Ra1 and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (12) described in

the paragraphs above in which o7 is 3, Ry and Ry are * 5{ , Ra2 and Ry are * f{ , and

cach of R,; and Ry,3is CHj3. In some variations of formula (12) described in the

paragraphs above in which o; is 3, Ry1 and Ry, are * 5{ , Ra2 and Ry are * *Af , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which o; is 3,

O]

o s .
Ra1 and Ry, are ~ ~, Raz and Ry are "= ¢, and each of R,3 and Rys is H. In some
variations of formula (12) described in the paragraphs above in which o; is 3, Ry1 and Ry

O

are * *’{ , Raz and Ry are % ; , and each of R,3 and Ry;is CH;. In some variations of

formula (12) described in the paragraphs above in which o0; is 3, R, and Ry, are S ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)

described in the paragraphs above in which 0; is 3, Ra1 and Ry are S , Raz and Ry,
O

are E , and each of R,3 and Ryz is H. In some variations of formula (12) described in

0]

the paragraphs above in which 0; is 3, Ry and Ry are S , Raz and Ry are E , and
cach of R,3 and Ry3is CH3. In some variations of formula (12) described in the
O

i which or s SO
paragraphs above in which o; is 3, Ry1 and Ry, are *, Raz and Rz are "% ¢, Ry3 18
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which o; is 3,

O O

s 3 -
Ra1 and Ry are “* 7, Ry and Rz are "% ¢, and each of R,3 and Ryz is H. In some

variations of formula (12) described in the paragraphs above in which o; is 3, Ry1 and Ry
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[311]

[312]

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
0]

formula (12) described in the paragraphs above in which 0; is 3, Ra; and Ry, are B ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)
0]

described in the paragraphs above in which 0; is 3, Ra1 and Ry are E , Raz and Ry,
O

are E , and each of R,3 and Ryz is H. In some variations of formula (12) described in

0] 0]
o s B
the paragraphs above in which 07 is 3, Ry and Rpg are “* ¢, Ry and Rpzare = <7, and

cach of R,3 and Ry3is CH3. In some variations of formula (12) described in the

O O

o L Ko
paragraphs above in which o7 is 3, Ry; and Ry are "2 ¢7, Ry; and Rppare "% ¢, Ry is
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which o; is 3,

\ 4
R,; and Ry,; and R,; and Ry, together are }1/\/.771 , and each of R,3 and Ry3is H. In some

variations of formula (12) described in the paragraphs above in which o; is 3, R,y and Ry,

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (12) described in the paragraphs above in which o; is 3, Ry and Ryq and Ry

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(12) described in the paragraphs above in which o; is 3, Ry1 and Ry; and R,z and Ry,

NG

together are }{\}LL , and R,z and Ry; are S . In some variations of formula (12)

described in the paragraphs above in which 0; is 3, R,y and Ry, and Ry, and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (12) described in the paragraphs above in which oy is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (12) described in the paragraphs

above in which o; is 4, In some variations of formula (12) described in the paragraphs

115



WO 2015/116707 PCT/US2015/013334

[313]

[314]

[315]

above in which oy is 4, cach of Ry1,Rp1, Ra2, Rp2, Ras, Rys, Ra4, and Ry is H. In some
variations of formula (12) described in the paragraphs above in which o; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CHs. In some variations of formula (12)
described in the paragraphs above in which o; is 4, each of R,1, Ry, Rya, Ry, Ry3, and
Ry31s H and each of R,4 and Ry41s CHs. In some variations of formula (12) described in
the paragraphs above in which o; is 4, each of Ra1, Rp1, Raz, and Ry, is H and each of
Ra3, Rp3, Rag, and Ry4 is CH3. In some variations of formula (12) described in the
paragraphs above in which o; is 4, each of Ryj, Ry, Raz, Ryz, Ry3, and Ry is CH3 and
cach of Ry4 and Ry4is H.

In some variations of formula (12) described in the paragraphs above in which o; is 4,
cach of R,1,Ra2, and R,; is H and each of Ry, Ry, and Ry is CH3. In some variations of
formula (12) described in the paragraphs above in which o; is 4, Ry is H, Ry, is CH3, and
cach of Ryz, Ry2, Rys, and Ry is CH3. In some variations of formula (12) described in the
paragraphs above in which o; is 4, R,1 is H, Ry; is CHs, and each of Ry2, Rpz, Ra3, and
Ry3 is H. In some variations of formula (12) described in the paragraphs above in which
0718 4, each of R,; and R, is H, each of Ry and Ry,; is CHs, and each of R,3 and Ry 1
H. In some variations of formula (12) described in the paragraphs above in which o; is 4,

cach of Ry and Ry, is H, cach of Ry and Ry; is CH3, and each of R,3 and Ry; is CHa.

In some variations of formula (12) described in the paragraphs above in which o; is 4,

R, and Ry, are H, R, and Ry,; are H, R,3 and Ry; are H, and Ry, and Ry are * 9;‘ .In

some variations of formula (12) described in the paragraphs above in which o; is 4, Ra1

and Ryp; are H, R,; and Ry, are H, R,3 and Rp; are CH3, and Ry4 and Rypg are % Jé‘ .In

some variations of formula (12) described in the paragraphs above in which o; is 4, Ra1

and Ryp; are H, Ry, and Ry, are CH3, R,3 and Ry; are CHj3, and Ry4 and Ry, are * "{ .In

some variations of formula (12) described in the paragraphs above in which o, is 4, Ry

and Ry are CH3, Ras and Ry, are CH3, R,z and Ry are CHs, and Rag and Ryy are 5 'EE )

In some variations of formula (12) described in the paragraphs above in which o; is 4,
Ra1 and Ry are H, Ry and Ry, are H, R,3 and Ry are * f’ss‘ ,and Ra4 and Ry, are * ﬁ .

In some variations of formula (12) described in the paragraphs above in which o; is 4,
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Ra1 and Ry are H, Ry and Ry, are CHs, Rys and Ry are % ;{ ,and R,4 and Ry are
%Yfi . In some variations of formula (12) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHs, Ra; and Ry, are CHs, R,z and Ry are * f’ss‘ ,and Ra4 and Ry
are A . In some variations of formula (12) described in the paragraphs above in which
0;18 4, Ry1 1s H, Ry is CHs, Ry and Ry, are CHj;, Ry3 and Ry, are }‘L @S‘ ,and R4 and
Ry4 are S . In some variations of formula (12) described in the paragraphs above in
which o0; 1S 4, Ra1 1s H, Ry 1s CHs, Ry 1S H, Ry 1s CHz, Raz and Ry; are % @{ ,and Ray
and Ry are * ;{ .

[316] In some variations of formula (12) described in the paragraphs above in which o, is 4,
R, and Ry, are H, R,; and Ry, are * ;‘ , Ras and Ry; are * f{ ,and R,4 and Ry are
}‘Y*’{ . In some variations of formula (12) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are * 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (12) described in the paragraphs above in
which o; 1s 4, Ry is H, Ry 1s CHs, Ry and Ry, are * 5{ , Ras and Ry; are * éf‘ ,and
R, and Ry, are O . In some variations of formula (12) described in the paragraphs
above in which o; is 4, Ra1 and Ry, are * *i , Raz and Ry, are % ;{ , Ras and Ry; are
% 5{ ,and Ra4 and Ry, are :L"-Yf‘ )

[317] In some variations of formula (12) described in the paragraphs above in which o, is 4,
O
e
R, and Ry, are H, R,; and Ry,; are H, R,3 and Ry; are H, and R4 and Ry4 are “2 ¢~ In
some variations of formula (12) described in the paragraphs above in which o, is 4, Ry
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[318]

[319]

O

J
and Ryp; are H, R,; and Ry, are H, R,3 and Rp; are CH3, and Ry4 and Rypg are % ; .In
some variations of formula (12) described in the paragraphs above in which o, is 4, Ra1

0]

J
and Ry are H, Ra; and Ry, are CHz, Raz and Rp; are CHi, and Ray and Ry are % Jé .In
some variations of formula (12) described in the paragraphs above in which o, is 4, Ra1

O

and Ry are CHs, Ras and Ry, are CHs, R,s and Ry; are CHz, and Rag and Ryy are % f‘é )

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O

J
R, and Ry, are H, R;; and Ry,; are H, R,3 and Ry; are % fej ,and R,4 and Ry4 are v. In
some variations of formula (12) described in the paragraphs above in which o, is 4, Ry

O O

e e
and Rp; are H, R,; and Ry; are CH;, R,z and Ryz are “+ ¢, and Ryg and Rypg are °* <7, In
some variations of formula (12) described in the paragraphs above in which o, is 4, Ra1

0O 0O

e e
and Ry are CH3, R,z and Ry, are CHs, Ry3 and Ryz are “% 7, and Ryg and Rpg are "% ¢,
In some variations of formula (12) described in the paragraphs above in which o; is 4,

O

A
R, is H, Ry, is CH3, Ryz and Ry, are CHz, Ry3 and Ry; are % <‘§ ,and R,4 and Ryp4 are
0

%% . In some variations of formula (12) described in the paragraphs above in which o;

O]

A
18 4, Ral 18 H, Rbl i CH3, Ral i H, sz 18 CH3, Ra3 and Rb3 arc '}é’- éf‘, and Ra4 and Rb4
1
arc .}71 9’{

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O O

Ra1 and Ry are H, Ry and Ry, alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4
0]

alre:Lel & . In some variations of formula (12) described in the paragraphs above in which
0O O

- s s
0718 4, Ra1 and Ry are CHz, Ry and Ry are "% ¢7, Ry3 and Ryz are "= <7, and Ra4 and
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[320]

[321]

O]

Ry4 are E . In some variations of formula (12) described in the paragraphs above in
0 O

o . . s .
which o0; 1S 4, Ra1 1s H, Rp1 18 CHs, Raz and Ry are”™® ¢, Raz and Rpz are “% ¢, and Ryg
0]

and Rp4 are E . In some variations of formula (12) described in the paragraphs above
O O O

J . J
in which o; 1s 4, Ra1 and Ry, are £1 j , Raz and Ry are % f’é , Ras and Ry; are £1 j ,and
0]

JL
Ry4 and Ry, are % 9; .

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O]

Ra1 and Ry are * 5{ , Raz and Ry, are H, R,; and Ry; are H, and Ra4 and Ry are % 9)5 )

In some variations of formula (12) described in the paragraphs above in which o; is 4,

R,; and Ry, are * f’ss‘ , Raz and Ry, are CH;, R,3 and Ry; are CHs, and Ry4 and Ry are
0]

E . In some variations of formula (12) described in the paragraphs above in which o,

is 4, R, and Ry, are * 9;‘ , Raz and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are

1
2N
In some variations of formula (12) described in the paragraphs above in which o; is 4,

Ra1 and Ry are * 5{ , Raz and Ry, are * ;‘ , Ras and Ry are H, and Ra4 and Ryy are
0]

%% . In some variations of formula (12) described in the paragraphs above in which o;

is 4, Ry and Ry, are * "{ , Raz and Ry, are * ;{ , Raz and Ry;3 are CH3, and R,y and
0

Ry are E . In some variations of formula (12) described in the paragraphs above in

which o0; 1s 4, R,; and Ry are * "{ , Raz and Ry are * ;{ , Ras and Ry; are CH;, and
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[322]

[323]

[324]

O

Ra4 and Ryy are S . In some variations of formula (12) described in the paragraphs

above in which o; is 4, Ra1 and Ry, are * *Af , Raz and Ry, are * 5{ , Ras and Ry3 are H,
0]

and R,4 and Ry4 are % ; .

In some variations of formula (12) described in the paragraphs above in which o; is 4,

Ra1 and Ry are * f’f‘ , Raz and Ry, are }L“ 5{ , Ras and Ry; are * 5{ ,and Ry4 and Ry
)i
are E .

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O]

et s
R,1 and Ry, are *, Raz and Ry; are “* ¢, Ry3 and Ry are H, and Ry4 and Ry are
0

S . In some variations of formula (12) described in the paragraphs above in which o;

O

- 2 P
is 4, Ry and Ry, are ~ *, Raz and Ry, are > ¢, R,3 and Rp; are CHs, and Ry4 and Rpg
0

M
are B . In some variations of formula (12) described in the paragraphs above in which

O
. 24 s
0118 4, Ra1 and Ry, are *, Raz and Ry, are "% ¢, Ry3 and Ryz are CH;, and Ry and
O

Ry4 are E . In some variations of formula (12) described in the paragraphs above in

O

o . s
which o0; 1s 4, Ra1 and Ry are *, Raz and Ry are "= ¢, Ra3 and Ryz are H, and Ray
0]

J
and Ry are % j .

In some variations of formula (12) described in the paragraphs above in which o; is 4,

0]
J
Ra1 and Ry are * 5{ , Raz and Ry, are % *’é , Ras and Ry; are * f'{ ,and R4 and Ry,

0]
are LL‘LJ\; .
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[325]

[326]

[327]

In some variations of formula (12) described in the paragraphs above in which o; is 4,

0O O

e .
Ra1 and Ry are “* ¢, Ry and Ry are "+ ¢, Ry3 and Ryps are H, and Ra4 and Ry4 are
0]

M
E . In some variations of formula (12) described in the paragraphs above in which o;

0 0O
- WY .
is 4, Ry and Ry are "+ ¢, Ry; and Ry are "% <7, Ry3 and Ry; are CH3, and Ry4 and Ry
0

M
are R . In some variations of formula (12) described in the paragraphs above in which

0O O

- P s
0718 4, Ra1 and Ryq are "+ ¢, Ry and Ry are “* ¢, Ra3 and Ryz are CH3, and Ra4 and
0]

Ry4 are % ¥ . In some variations of formula (12) described in the paragraphs above in

O O

chori e i
which 0; 15 4, Ra1 and Ry are "% ¢, Ry and Ry are " ¢, Ry3 and Ry3 are H, and Ray
0]

J
and Ry are % f'é .

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O O O

J . J
R, and Ry, are % fej , Raz and Ry, are % 9’5 , Ras and Ry; are % fej ,and R,4 and Ry are
1
s
In some variations of formula (12) described in the paragraphs above in which o; is 4,

R,1 and Ry; are H, R,z and Ry,; are H, and R,3 and Ry3 and Ra4 and Rypy together are

XNK . — -
. In some variations of formula (12) described in the paragraphs above in which
0718 4, Ry1 and Ry are H, R,; and Ry, are CH3, and R,3 and Rp; and Ry4 and Ryy

\ Cd
together are }LL/\}L‘ In some variations of formula (12) described in the paragraphs
above in which o; is 4, Ra1 and Ry; are H, Ry, and Ry, are CHs, and R,3 and Ry3 and Rag

%
and Ry4 together are }7-/\/‘777- .
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[328]

[329]

[330]

In some variations of formula (12) described in the paragraphs above in which o; is 4,

Ra1 and Ry are H, Ry, and Ry, are * fi , and R,3 and Ry3 and Ry4 and Rypy together are

NG
}’—/\}5— In some variations of formula (12) described in the paragraphs above in which

0118 4, Ra1 and Ry, are * f’ss‘ , Ra2 and Ry, are CHz, and R,z and Rps and Ra4 and Ry

NG
together are }{\}LL In some variations of formula (12) described in the paragraphs

above in which o; is 4, Ra1 is H, Ryp; is CHs, Ry and Ry are * *’{ , and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are }L/\/‘ILL

In some variations of formula (12) described in the paragraphs above in which o; is 4,
O
i
R,1 and Ry, are H, Ryz and Ry, are “* <7, and R,3 and Ry; and Ry4 and Ryg together are
XNK . — -
. In some variations of formula (12) described in the paragraphs above in which

O

J
0;18 4, Ryp and Ry are % fej , Raz and Ry, are CH;, and R,3 and Ryp; and Ry4 and Ry

NG
together are }1/\/.7& In some variations of formula (12) described in the paragraphs

0]
o e
above in which o; is 4, R,y is H, Ry is CH3, R,z and Ry, are % <7, and R,3 and Ry; and
A2
Ra4 and Ryy together are /'51/\/‘51

In some variations of formula (12) described in the paragraphs above in which o; is 4,

O O

s 3

R,1 and Ry are "% <7, Ry and Ry are “* ¢°, and R,z and Rp; and R,y and Ry4 together
\ Cd

are "I{\}L

. In some variations of formula (12) described in the paragraphs above in
O

o s 2
which o0; 1S 4, Ry and Ry are “% ¢, Ry; and Ry, are ~, and R,z and Ryp; and Ry
%
and Rp4 together are ’i{\}i In some variations of formula (12) described in the
0] 0]
i which oy i ¥ i
paragraphs above in which o; is 4, Ry; and Ry are "% ¢, Ry; and Ryy are "% <7, and R,;3
A2
and Rp3 and R,4 and Ryy4 together are :L{\}’-
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[331]

[332]

[333]

[334]

[335]

In some variations of formula (12) described in the paragraphs above in which o; is 4,

R, and Ry, are * fi , Raz and Ry, are * ;‘ , and R,3 and Ry3 and R4 and Ry4 together
N

arc

In some variations of formula (12) described in the paragraphs above in which o; is 4,

A 2

R,1 and Ry; and R, and Ry, together are }{\/‘ILL , and R,3 and Ry3 and Ry4 and Ryy
NG

together are }{\}L

In some variations of formula (12) described in the paragraphs above in which 0, is 1,
R,; and Ry, are both H. In some variations of formula (12) described in the paragraphs
above in which 0, is 1, R,1 1s H and Ry is CH3. In some variations of formula (12)
described in the paragraphs above in which 02 is 1, R,y and Ry, are both CHs. In some

variations of formula (12) described in the paragraphs above in which 02 is 1, Ry1 and Ry

are S . In some variations of formula (12) described in the paragraphs above in which

O

0218 1, Ra1 and Ry are % j

In variations of formula (12) described in the paragraphs above in which o; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (12) described in the paragraphs above in which o; is 2, each
of Ry; and Ry,; and R,; and Ry, is H. In some variations of formula (12) described in the
paragraphs above in which 0; is 2, each of Ra; and Ry; and R,z and Ry, is CH3. In some
variations of formula (12) described in the paragraphs above in which o; is 2, each of Ry
and R, is H and each of Ry; and Ry, is CH3. In some variations of formula (12)
described in the paragraphs above in which 0, is 2, each of R,1, Ry, and Ry is H and Ry,

18 CH3
In some variations of formula (12) described in the paragraphs above in which o, is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (12)
described in the paragraphs above in which 0, is 2, each of R, and Ry, is H and R,; and

O]

Ry are E . In some variations of formula (12) described in the paragraphs above in
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[336]

which 0, 1s 2, each of Ra1 and Ry; 18 CHs and Ry and Ry; are s ;{ . In some variations
of formula (12) described in the paragraphs above in which o, is 2, cach of Ry and Ry is

(@]
J
CH; and R,; and Ry are % f'é .

In some variations of formula (12) described in the paragraphs above in which o, is 2,

R.; is H, Ry is CH;, and Ry, and Ry,; are * f’ss‘ . In some variations of formula (12)
described in the paragraphs above in which 0, is 2, Ra1 is H, Ry is CH3, and Ry, and Ry,
0]

M
are E . In some variations of formula (12) described in the paragraphs above in which

A2
0218 2, Ry; and Ry and R,; and Ry,; together are }5-/\}1 In some variations of formula
(12) described in the paragraphs above in which 02 is 2, Ry1 and Ry, are S R, and

Ry, are S . In some variations of formula (12) described in the paragraphs above in
0O
which 0, 1s 2, Ra1 and Ry are * "{ Raz and Ry, are % 9)5 . In some variations of
O

formula (12) described in the paragraphs above in which 0 is 2, Ry and Ry, are %
0

J
Ry and Ry, are % f'é .

In variations of formula (12) described in the paragraphs above in which o; is 3, the three
instances of R, and Ry, are indicated as Ry and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (12) described in the paragraphs above in
which 07 is 3, In some variations of formula (12) described in the paragraphs above in
which 03 1s 3, each of Ra1,Rp1, Raz, Rpa, Rasz, and Rysis H. In some variations of formula
(12) described in the paragraphs above in which o, is 3, each of R,1,Rp1, Raz, Rpz, Ry,
and Rpz 18 CH3. In some variations of formula (12) described in the paragraphs above in
which 0, 1s 3, each of R,1,Rp1, Raz, and Ry, is H and each of Raz and Ryz is CHs. In some
variations of formula (12) described in the paragraphs above in which o, is 3, each of
R.1,Rp1, Raz, and Ry, is CH; and each of R,; and Ry3 1s H. In some variations of formula
(12) described in the paragraphs above in which 02 is 3, R,1 is H and each of Rya, Ras,

Ry1, Rp2, and Ryp3 is CHs. In some variations of formula (12) described in the paragraphs
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[337]

[338]

[339]

above in which o; is 3, each of Ry; and Ry, is H and each of Ras Ry, Ry2, and Ryp3is CHs.
In some variations of formula (12) described in the paragraphs above in which o; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (12) described in the paragraphs above in which o, is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are 5 *}i . In some variations of

formula (12) described in the paragraphs above in which o, is 3, each of Ra1,Rp1, Ra2, and

Rpa, 1s CH; and R,z and Rys are * f’f‘ . In some variations of formula (12) described in

the paragraphs above in which o; is 3, Ry is H and each of R,;, Ry, and Ry, is CH3, and

R,3 and Ry,z are 37- 9{ . In some variations of formula (12) described in the paragraphs

above in which o7 is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3

it

-

and Rys are

In some variations of formula (12) described in the paragraphs above in which o, is 3,

O

each of Ry1,Rp1, Raz, and Ry, is H and R,3 and Ry,; are % fej . In some variations of
formula (12) described in the paragraphs above in which o, is 3, each of R,1,Rp, Ry, and

O

Rpa, 1s CH; and R,z and Rys are % j . In some variations of formula (12) described in
the paragraphs above in which 07 is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and
O

R,3 and Ry,z are % Jé . In some variations of formula (12) described in the paragraphs
above in which o7 is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
0]

M
and Ryp; are L .
In some variations of formula (12) described in the paragraphs above in which o, is 3,

R, and Ry, are * ;‘ , Ry and Ry, are * f{ , and each of R,3 and Ry;1s H. In some

variations of formula (12) described in the paragraphs above in which 02 is 3, Ry1 and Ry

are * @{ , Raz and Ry are * 9{ , and each of R,z and Rys is CHs. In some variations of
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[340]

formula (12) described in the paragraphs above in which 02 is 3, Ry and Ry, are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (12)
described in the paragraphs above in which 0, is 3, Ra1 and Ry are S , Raz and Ry,
are * ;‘ , and each of R,; and Ry31s H. In some variations of formula (12) described in

the paragraphs above in which o; is 3, R,; and Ry, are * ;‘ , Raz and Ry, are * ;‘ , and

cach of R,3 and Ry3is CH3. In some variations of formula (12) described in the

paragraphs above in which 02 is 3, Ry1 and Ry, are * 5{ , Ra2 and Ry are * *Af , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which o; is 3,

O]

e s .
Ra1 and Ry, are ~ *, Raz and Ry are "= ¢, and each of R,3 and Rys is H. In some
variations of formula (12) described in the paragraphs above in which 02 is 3, Ry1 and Ry

0]
are * @{ , Raz and Ry are % Jé , and each of R,z and Rys is CHs. In some variations of

e

formula (12) described in the paragraphs above in which 02 is 3, Ry and Ry, are O ,

O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)

described in the paragraphs above in which 0, is 3, Ra1 and Ry are S , Raz and Ry,
O

are % 9’5 , and each of R,3 and Ry is H. In some variations of formula (12) described in

0]
the paragraphs above in which o; is 3, R,; and Ry, are * 5{ , Raz and Ry, are % 9’5 , and

cach of R,3 and Ry3 is CHj3. In some variations of formula (12) described in the
0]

o which on et SN
paragraphs above in which 02 is 3, Ry1 and Ry, are *, Ras and Rz are "% ¢, Ry3 18
H, and Rb3 18 CH3
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[341] In some variations of formula (12) described in the paragraphs above in which o; is 3,

[342]

0O O

P s -
Ra1 and Ry are “* ¢, Ry and Ryzare “+ ¢, and each of R,3 and Ryz is H. In some
variations of formula (12) described in the paragraphs above in which 02 is 3, Ry1 and Ry

O O

are % <‘§ , Ra2 and Ry are % f‘é , and each of R,3 and Rys is CHs. In some variations of
0]

formula (12) described in the paragraphs above in which 0; is 3, Ra; and Ry, are % ,
O

R, and Ry,; are % ; , Ra3 is H, and Ry3is CHs. In some variations of formula (12)
0]

J
described in the paragraphs above in which 0, is 3, Ra1 and Ry are X , Raz and Ry,
O

are % , and each of R,3 and Ryz is H. In some variations of formula (12) described in

0] 0]
o 2 L
the paragraphs above in which 0, is 3, R,y and Ryy are = ¢, Ry and Rpy are = <, and
cach of R,; and Ry,3is CHj3. In some variations of formula (12) described in the

O O

i which os i SR
paragraphs above in which 0, is 3, Ry; and Ryy are "% ¢, Ry; and Rppare “+ ¢, Rya is
H, and Rb3 18 CH3

In some variations of formula (12) described in the paragraphs above in which o, is 3,

A 2
R,1 and Ry; and R, and Ry, together are }7-/\/‘1& , and each of R,3 and Rysis H. In some

variations of formula (12) described in the paragraphs above in which 02 is 3, Ry1 and Ry

NG
and R,z and Ry, together are }1/\/.7& , and each of R,3 and Ry3is CHj. In some variations
of formula (12) described in the paragraphs above in which o, is 3, Ry and Ryq and Ry

%
and Ry, together are }7-/\/'1& , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(12) described in the paragraphs above in which 02 is 3, Ry1 and Ry; and R,z and Ry,

%

together are }LL/\)S- , and R,z and Ry; are * 5{ . In some variations of formula (12)

described in the paragraphs above in which 02 is 3, R,y and Ry and Ry, and Ry, together
0]

N BN
arc :L{\}’-, and R,3 and Ryp; are % ; .
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[343]

[344]

[345]

In variations of formula (12) described in the paragraphs above in which o; is 4, the three
instances of R, and Ry, are indicated as Ra1 and Ry1; Ra2 and Ryz; Raz and Rys; and Ray
and Ryg, respectively. In some variations of formula (12) described in the paragraphs
above in which o; is 4, In some variations of formula (12) described in the paragraphs
above in which 0; is 4, cach of Ry1,Rp1, Ra2, Rp2, Ras, Rys, Rag, and Ry is H. In some
variations of formula (12) described in the paragraphs above in which o, is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Ra4, and Rypy is CHs. In some variations of formula (12)
described in the paragraphs above in which o0; is 4, each of R,1, Ry, Rz, Ry, Ry, and
Ry31s H and each of R,4 and Ry41s CHs. In some variations of formula (12) described in
the paragraphs above in which o; is 4, each of Ra1, Rp1, Raz, and Ry, is H and each of
Ra3, Rp3, Rag, and Ry4 is CH3. In some variations of formula (12) described in the
paragraphs above in which o, is 4, each of R,;, Ry, Raz, Ryz, Ry3, and Rpz is CH3 and
cach of Rys and Ryp4is H.

In some variations of formula (12) described in the paragraphs above in which o, is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (12) described in the paragraphs above in which o, is 4, R, is H, Ry, is CH3, and
cach of Ryz, Rpz, Ra3, and Rys is CHs. In some variations of formula (12) described in the
paragraphs above in which 02 is 4, R,1 is H, Ry; is CHs, and each of Ry2, Rpz, R,3, and
Ry3 is H. In some variations of formula (12) described in the paragraphs above in which
0,18 4, each of R,; and R, is H, each of Ry and Ry,; is CHs, and each of R,3 and Ry 1
H. In some variations of formula (12) described in the paragraphs above in which o, is 4,

cach of Ry and Ry, is H, cach of Ry and Ry; is CH3, and each of R,3 and Ry; is CHa.

In some variations of formula (12) described in the paragraphs above in which o, is 4,

R, and Ry, are H, R, and Ry,; are H, R,3 and Ry; are H, and Ry, and Ry are * 9;‘ .In

some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are 37- 9{ .In

some variations of formula (12) described in the paragraphs above in which o, is 4, Ra1

and Ry are H, Ra; and Ry, are CHz, Raz and Rp; are CHi, and Ray and Ry are * "{ .In

some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

and Ry are CHs, Ras and Ry, are CHs, R,s and Ry; are CHz, and Rag and Ryy are '}5— 'ﬁ )
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[346]

[347]

In some variations of formula (12) described in the paragraphs above in which o0 is 4,
Ra1 and Ry, are H, R;; and Ry, are H, R,3 and Ry; are * fi ,and R,4 and Rypq are %Yf‘ .
In some variations of formula (12) described in the paragraphs above in which o0 is 4,
R, and Ry, are H, R,; and Ry,; are CH;, R,3 and Ry; are * 5{ ,and R,4 and Ry are
S . In some variations of formula (12) described in the paragraphs above in which o,
is 4, Ry and Ry are CH3z, Ry, and Ry, are CH3, R,3 and Ry are * 5{ ,and R, and Ryy
are }ly;‘ . In some variations of formula (12) described in the paragraphs above in which
0218 4, Ra1 1s H, Ry is CHs, Ra2 and Ry, are CHz, Ras and Ry are 2 V’f‘ ,and Ry4 and
Ry4 are R . In some variations of formula (12) described in the paragraphs above in
which 0,15 4, Ra1 is H, Ry 1s CHs, Ry 1s H, Ry 1S CHz, Raz and Ry; are s 'ﬁ ,and Ray

2

and Ry are 5
In some variations of formula (12) described in the paragraphs above in which o, is 4,
Ra1 and Ry are H, Ry, and Ry, are * f’f‘ , Raz and Ry; are }L“ 5{ ,and R,4 and Ry are
O . In some variations of formula (12) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * ;‘ , Ras and Ry; are "77" ‘fs‘ ,and Ra4 and
Ry4 are S . In some variations of formula (12) described in the paragraphs above in
which 0, 1S 4, Ra1 is H, Ry 18 CHs, Ra; and Ry, are * @{ , Raz and Ry; are * f'{ ,and
Ra4 and Ryy are L . In some variations of formula (12) described in the paragraphs
above in which 0, is 4, R,; and Ry, are * ‘gf , Raz and Ry, are * 5{ , Ras and Ry are

it

* ;{ ,and R,4 and Ryy are ~
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[348]

[349]

[350]

In some variations of formula (12) described in the paragraphs above in which o, is 4,

0]

J
R,1 and Ry,; are H, R;; and Ry, are H, R,3 and Ry,; are H, and Ry4 and Ry, are % Jé .In
some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

O

M
and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are % ; .In
some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

O

and Ry are H, Ry, and Ry, are CHi, Ry3 and Ry; are CH;, and R,y and Ry are % ; .In
some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

O

and Rp; are CH3, Ry; and Ry, are CH3, Ry3 and Ry are CH3, and Ry4 and Rypg are % j .

In some variations of formula (12) described in the paragraphs above in which o, is 4,

O

J
Ra1 and Ry are H, Ry and Ry, are H, R,3 and Ry are % 9; ,and Ry4 and Ry4 are v. In
some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

O O

e e
and Ry are H, Rg, and Ry; are CHz, Raz and Ry are "= ¢, and R4 and Ry4 are “= ¢ In
some variations of formula (12) described in the paragraphs above in which 0, is 4, Ra1

O O

e 3
and Ry are CHs, Ry; and Ry,; are CH;, Rys and Ry are ** ¢, and Ryy and Ry are "% ¢~
In some variations of formula (12) described in the paragraphs above in which o, is 4,

O

A
R, is H, Ry, is CH3, Ryz and Ry, are CHz, Ry3 and Ry; are % f’é ,and R,4 and Ryp4 are
0

S . In some variations of formula (12) described in the paragraphs above in which o,
0O

BN
iS 4, Ral iS H, Rbl iS CH3, Raz iS H, sz iS CH3, Ra3 and Rb3 arc ?LL ;\, and Ra4 and Rb4
1
arc 3‘ ;\

In some variations of formula (12) described in the paragraphs above in which o, is 4,

0] 0]
s s
Ra1 and Ry are H, Ry and Ry are”® ¢, Ry3 and Ryz are “* <, and Rag and Ry
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[351]

[352]

O

alre:Lel & . In some variations of formula (12) described in the paragraphs above in which

O O

- s s
0,18 4, Ra1 and Ry are CHs, Ry and Ry are "% ¢7, Ry3 and Ryz are > <7, and Ra4 and
0]

Ry4 are E . In some variations of formula (12) described in the paragraphs above in
0 O

ch osis 4. Rus is H. Ruy i o s
which 0,15 4, Ra1 1s H, Rp1 18 CHs, Raz and Ry are”™® ¢, Raz and Rpz are “% ¢, and Ryg
0]

and Rp4 are X . In some variations of formula (12) described in the paragraphs above

0O O 0O

J J J
in which o0, 18 4, Ra1 and Ry, are % 9; , Raz and Ry are % ; , Ras and Ry; are % 9; ,and
0]

JL
Ry4 and Ry, are % 9; .

In some variations of formula (12) described in the paragraphs above in which o, is 4,
O

R, and Ry, are * f’f‘ , Raz and Ry, are H, R,; and Ry; are H, and Ra4 and Ry are % 9)5 .

In some variations of formula (12) described in the paragraphs above in which o, is 4,

R,; and Ry, are * ;‘ , Raz and Ry, are CH;, R,3 and Ry; are CHs, and Ry4 and Ry are
0]

E . In some variations of formula (12) described in the paragraphs above in which o,

is 4, R, and Ry, are * @5‘ , Raz and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are
1

2N

In some variations of formula (12) described in the paragraphs above in which o, is 4,

Ra1 and Ry are * 5{ , Ra2 and Ry, are % :{ , Raz and Ry are H, and Ry4 and Ry, are
0]

%% . In some variations of formula (12) described in the paragraphs above in which o,

is 4, Ry and Ry, are * "{ , Raz and Ry, are * ;{ , Raz and Ry;3 are CH3, and R,y and
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[353]

[354]

O]

Ry4 are E . In some variations of formula (12) described in the paragraphs above in

which o, is 4, R,; and Ry, are 37- 5{ , Raz and Ry, are 3"- V‘é‘ , Ra3z and Ry3 are CH3, and
O

Ra4 and Ryy are E . In some variations of formula (12) described in the paragraphs

above in which o0, is 4, Ry; and Ry, are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are H,
0O

J
and Ra4 and Ry4 are E .
In some variations of formula (12) described in the paragraphs above in which o, is 4,

R,; and Ry, are * ;‘ , Raz and Ry, are * f{ , Ras and Ry are * 5{ ,and R,4 and Ry,
hi
are % f’é )

In some variations of formula (12) described in the paragraphs above in which o, is 4,

O

S s
Ra1 and Ry, are ~ , Raz and Ry are "= ¢, R,3 and Ry are H, and R,4 and Ry are
0]

E . In some variations of formula (12) described in the paragraphs above in which o,

O
- et e
is 4, Ry and Ry, are ~ *, Raz and Ry, are “* ¢, R,3 and Ry are CH;, and Ry4 and Rpg
0

J
are E . In some variations of formula (12) described in the paragraphs above in which

O

- et e
0,18 4, Ry and Ry are ~ *, Raz and Ry, are "+ ¢, Ry3 and Ryz are CH;, and Ry and
0]

Ry4 are % . In some variations of formula (12) described in the paragraphs above in

O

o 2 s
which 0, 1s 4, Ra1 and Ry are *, Raz and Ry are "= ¢, Ra3 and Ry are H, and Ray
0]

J
and Ry are % 9; .
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[355]

[356]

[357]

[358]

In some variations of formula (12) described in the paragraphs above in which o, is 4,

0]
J
Ra1 and Ry are * 5{ , Raz and Ry, are % *’é , Ras and Ry; are * f'{ ,and R4 and Ry,

0]
are LL'IJ\; .

In some variations of formula (12) described in the paragraphs above in which o, is 4,

O O

e .
Ra and Ry are "% ¢, Ry and Ryy are “% ¢, R,3 and Ry; are H, and Ra4 and Ry,y4 are
0]

%% . In some variations of formula (12) described in the paragraphs above in which o,

O O

- s s
is 4, Ry; and Ry are "% <7, Ry; and Ry are "% ¢, Ry3 and Ry; are CH3, and Ry4 and Ry
0

J
are X . In some variations of formula (12) described in the paragraphs above in which

O O

- s s
0,18 4, Ry and Ry are %+ ¢, Ry and Ry, are “= ¢, R,3 and Ry,; are CH;, and R,4 and
0]

Ry are E . In some variations of formula (12) described in the paragraphs above in

O O

honi s s
which 0,18 4, Ry and Ry are “% ¢, Ry and Ry,y are "% ¢, R,3 and Ry,; are H, and Ry,
0]

J
and Ry, are % fej )

In some variations of formula (12) described in the paragraphs above in which o, is 4,

O O O

J JI§ J
R, and Ry, are % j , Ra2 and Ry, are % f’é , Ras and Ry; are % j ,and Ry4 and Ry are

0]
s

In some variations of formula (12) described in the paragraphs above in which o, is 4,

R,1 and Ry; are H, R,z and Ry,; are H, and R,3 and Ry3 and Ra4 and Rypy together are
N

0,18 4, Ry1 and Ry are H, R,; and Ry, are CH3, and R,3 and Rp; and Ry4 and Ryy

. In some variations of formula (12) described in the paragraphs above in which
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[359]

[360]

[361]

\ Cd
together are :&L/\}L‘ In some variations of formula (12) described in the paragraphs
above in which o, is 4, Ra1 and Ry; are H, Ry and Ry, are CHs, and R,3 and Ry3 and Rag

\ 4
and Ry4 together are }{\}7‘ .

In some variations of formula (12) described in the paragraphs above in which o, is 4,

Ra1 and Ry are H, Ry, and Ry, are * f’ss‘ , and R,3 and Ry3 and Ry4 and Rypy together are
K

. In some variations of formula (12) described in the paragraphs above in which

0,18 4, Ra1 and Ry are * f’ss‘ , Ra2 and Ry, are CHz, and R,z and Rps and Ra4 and Ry

NG
together are }7-/\)‘1 In some variations of formula (12) described in the paragraphs

above in which 0, is 4, Ra1 is H, Rp; is CHs, Ry and Ry are * ;‘ , and Ry3 and Ry3 and

A2
Ra4 and Ryy together are /'51/\/‘51

In some variations of formula (12) described in the paragraphs above in which o, is 4,
O
i
R,1 and Ry, are H, Ryz and Ry, are “* <7, and R,3 and Ry; and Ry4 and Ryg together are
XNK . — -
. In some variations of formula (12) described in the paragraphs above in which

O

J
0,18 4, Ry1 and Ry are % fej , Raz and Ry, are CH;, and R,3 and Ryp; and Ry4 and Ry

\ Cd
together are }1/\)& In some variations of formula (12) described in the paragraphs
O

Py
above in which o, is 4, R,y is H, Ry is CH3, R,z and Ry, are % 9’5 , and R,s and Ry,; and

A 2
Ra4 and Ryy together are }1/\)&

In some variations of formula (12) described in the paragraphs above in which o, is 4,

O O

R, and Ry, are % j , Ra2 and Ry, are % f’é , and R,3 and Ry3 and Ra4 and Ryp4 together

HNK - L :
are . In some variations of formula (12) described in the paragraphs above in
O

J
which 0, 1s 4, Ra1 and Ry are % ; , Ra2 and Ry, are s "{ , and R,z and Ry; and Ryy
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[362]

[363]

[364]

\ 4
and Ry, together are ’12{\}7— In some variations of formula (12) described in the

O O

i which os i o
paragraphs above in which 0, is 4, Ry1 and Ryg are “2 <7, Ry and Ry are "2 <7, and Ry

\ Cd
and Rp; and R,4 and Ry,4 together are "I{\}L

In some variations of formula (12) described in the paragraphs above in which o, is 4,

R, and Ry, are * fi , Raz and Ry, are * ;‘ , and R,3 and Rp3 and Ra4 and Ry4 together
A 2
are }5-/\)1‘

In some variations of formula (12) described in the paragraphs above in which o, is 4,

A Y
R,1 and Ry; and R, and Ry, together are }L/\/LLL‘ , and R,3 and Ry3 and Ry4 and Ryy

NG
together are }{\}LL

In some variations of formula (12) described in the paragraphs above, ring A is:

A _§__u/\_s_ _3_'1/\_9_ s NSNS
— g (A2 PR N
\/ , N , Or N ,
optionally substituted with halo or C1-C6 linear or branched alky];
N/\\/m‘/ 3 2 N/\\/m‘/ il
‘é_'_-:\,\? % ../‘\§ g ’?‘./‘\§ _E_:I\N'QR % ../‘\\/>
- T < X
(b) H o, ¢ S0 %5 H o f SO R
e
X
—= X
or =~ R , optionally substituted with halo or C1-C6 linear or branched alkyl; or
o 5 ﬁﬁ%{}* € >§ 5{ }*
4 S—NH - O-NH
— 3 g i gy
HN-N _ ¢S O,  BNme o O, 0 ENT,
NN T W Ry e
s % Qu” N On"" No™
N— S~ ST 5N o* )% o~ N
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H /
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—Féw ,—gl/s , 5,\/0 ’ 3|\/NH , Eok/o ’ 3Ok/o ,
/ / /
Q/>.“‘z./ HN/\// _38_187 & —ES_/ 0K _3§ \;&/ _QQ/O}L
N ,_51/ , , \) , , ,
N/ / 2 4 4 W
- S e S G I I L -
o) U e v
Y N /
éHN/\‘O E—N/\ NH ;T ; S/\/ $/\/'17'z— _§£/\/:LI‘L
{ / /
Vs i, . ah,
/ / H
oﬁ/? HN/\/%LL : s’s/ g s’o/ s’N"/ Q’O"/
_g_\/NH §_\/NH ) - E \) E
/ / / [ / /
H ™ H R “ar W, W,
/ N~ /‘/S /‘/‘S s /~/ o)

o wd,
05 ey BB DD
wd, wd,

- / 7
—0 A ~,—N P4 'e) o o) >
IS e e SNV
2 2 — =
~
e e S e 4
T T NH T < ¥ ONH  EQ
° s s © s O 4 or
et
— o : : : :
, optionally substituted with halo or C1-C6 linear or branched alkyl.
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[365]

[366]

[367]

[368]

[369]

[370]

In some variations of formula (12) described in the paragraphs above, ring A is

substituted with halo. In some variations, the halo is F, Br, I, or CI.

In some variations of formula (12) described in the paragraphs above, ring A is
substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, CI-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (12) described in the paragraphs above, n is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (12) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (12) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (12) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (12) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (12) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (12) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (12) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
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[371]

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (12) described above, D1 and D2 are safranin-O

moieties, as shown in formula (12a):

Rc1 Rd1 Re2 Ra2 j@ O:
NS
HN/Mz\ N* NH,

02 "N
Rz H Rs \J\
R1 J Ra1 sz ﬂ _RG
K,\ R lh R Iz //
(12a)

in which I3, I, n, 01, 02, ring A, R,1, Rp1, Rz, Ry2, Ra, Rai, Rez, and Ry, are as described
in the paragraphs above, Ry, R,, Rs, R4, Rs, and Rg independently are absent or
independently are selected from —NH,, —NHR, —NR,, —OH, —O°, —NHCOCHj,
—NHCOR, —OCH3;, —OR, —C;Hs, —R,—CsHs, —NO,, —NR3 ", halo (e.g., F, Br, Cl,
I), trihalide (e.g., —CF3, —CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR,
—CHO, and —COR), and R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, Cl1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-C6, C4-C5, C4, C5-Co6, C5, or C6 linear or branched alkyl).
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[372]

[373]

Some cationic dye dimers fall within formula (12b):

RC1 Rd1 RCZ Rd2
Rat / /sz
Rot Raz
n
(12b) , in which each of D1 and D2

is a cationic dye moiety; /5, I, n, independently are 1-4; 0;, and 02 independently are 1-8;

ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance of

R,1 and Rpg, Ry1 and Ry (1) independently are H or CH3, or (2) Ry and Ry are * ;{ or
O

M N
% *fs , or (3) two of CR, 1Ry are }"-/\/.771, for each independent instance of Ry, and Ry,
p ,

O
- sy
R,; and Ry, (1) independently are H or CHj3, or (2) Ry, and Ry, are ~ “or 7t ¢, or

\ 4
(3) two of CRyp2Ry; are ’i{\}i, for each independent instance of R¢p and Rgr, Ry and
O

- 524 o 2
R (1) independently are H or CH3, or (2) R¢q and Rgq are “* ¢~ or 7+ ¢7, or (3) two of

\ G4
CR i Ra1 are }1/\/‘1&, for each independent instance of R and Rgz, Rez and Rgz (1)
O

M oA
independently are H or CHs, or (2) Re2 and Ry are A or g , or (3) two of
A 2
CR:Rg; are }{\}LL

In some variations of formula (12b), each of D1 and D2 is a cationic dye moiety; ring A
is aryl, heteroaryl, cycloalkyl, or heterocyclyl; n is 1-4; I; and I; are each 1; 0; and 02

O O
- s s
independently are 1-8; R,y1 and Ry; are "+ ©7; R,z and Ry are “+ ¢~ for each
independent instance of Ry and Rai, Rei and Ry (1) independently are H or CHs, or (2)

j)]\
A 2

R and Ry; are * 9{ or % \’é , or (3) two of CR Ry are }5-/\)2‘, for each independent

instance of R and Rqz, Re2 and Ry (1) independently are H or CHs, or (2) Rz and Rga
O

M ol N
are S or % é{, or (3) two of CR;:Ry; are :s'-/\}l
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[374]

[375]

[376]

O
In some variations of formula (12b), n is 2; I; and I; are each 1; Ry1 and Ry are ¥ ;
0O
R, and Ry,; are % *sx ; and each ring A independently is aryl, heteroaryl, cycloalkyl, or
heterocyclyl, wherein the rings are joined together to form one of the regioisomeric

moieties shown, where each ring A is exemplified as a phenyl ring:

OO SO 3OO
~NH HNw~ ~NH ~NH

N O

In other similar variations of formula (12b), n is 3 or 4, each ring A independently is
aryl, heteroaryl, cycloalkyl, or heterocyclyl and are linked together to form extended

regioisomeric chains. In particular variations, ring A is aryl or heteroaryl.

In some of the variations of formula (12b) described above, D1 and D2 are safranin-O

moieties, as shown in formula (12¢):

HsC N CHs HsC N CH,
ﬁ S Re1 Ra Re2 Rg2 jiI |
P NS
H2N N+ /P41\NH HN/P42\ N+ NH2

N o] 02N
R : i R5\)\
R, J Ra1 Ro2 ﬂ 1R
N\ I 2 yA
Rm a2 R
3 4
(12¢)

in which I3, I, n, 01, 02, ring A, R,1, Rp1, Raz, Ry2, Rai, Rai, Re2 and Ry are as described
for formula (12b), Ry, Ry, R3, Ry, Rs, and Rg independently are absent or independently
are selected from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH;, —NHCOR, —
OCHi;, —OR, —C,Hs, —R,—C¢Hs, —NO,, —NR;", halo (e.g., F, Br, Cl, ), trihalide
(e.g., —CF;, —CCl3;, —CBr3;, —Cl3), —CN, —SO;H, —COOH, —COOR, —CHO,
and —COR), and R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, CI-
C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-Co6, C3-C5, C3-C4, C3, C4-Cé,
C4-Cs, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (12¢), each 0; and 0, is 1-8, each Ry, Rq1, Re2 and

R4z is H, and Rj to Rg are as described above for formula (12b). In some of these
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[377]

[378]

[379]

[380]

variations, 0; and o; are 6 or 8§, each R, and Ry, is H, and each of R; to Re independently
is absent or is a halo. In particular variations, 0; and o, are 6 or 8, cach R, and Ry, is H,

and R; to Rg are all absent.

In some of the variations of formula (12c¢), each 0; and 0, is 1-8, each R, Rq1, Rz and
Rg; are either H or }LL f':i , and Ry to Rg are as described above for formula (12b). In

some of these variations, 0; and o; are 6 or 8, R, and Ry, are cither H or % ;‘ , and cach

of Ry to Rg independently is absent or is a halo. In particular variations, 0; and o; are 6 or

8, R, and Ry, are either H or * 9;‘ , and R; to Rg are all absent.

In some of the variations of formula (12c¢), each 0; and 0, is 1-8, each R, Rq1, Rz and

o)

M
Rg; are either H or % ; , and R; to Rg are as described above for formula (12b). In some
O

of these variations, 0; and o, are 6 or 8, R, and Ry, are cither H or % f‘; , and each of Ry
to R independently is absent or is a halo. In particular variations, 0; and o, are 6 or 8, R,
O

- s
and Ry, are either Hor "> <, and Ry to Rg are all absent.

In some of the variations of formula (12¢), each 0; and 0, is 1-8, each Ry, Rq1, Re2 and

\ 7
Ra; are either H or two of CRRa1 and CRRg; are ;77’-/\}1 , and Ry to Rg are as

described above for formula (12b). In some of these variations, 0; and o0, are 6 or &, each

\ Cd
Re1, Rai, Rz and Ry are either H or two of CR1Rg1 and CR2Rg; are :s’-/\}l , and each

of Ry to Rg independently is absent or is a halo. In particular variations, 0; and o; are 6

: HNK
or8, each R, Ry1, Rz and Ry, are either H or two of CR1Rg; and CR;Ry; are ,
and R; to Rg are all absent.

One of skill in the art can readily visualize and prepare other cationic multimers falling
within formulae (12) or (12b) in which other cationic dye moieties are used in place of

one or both of the safranin-O moieties.
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[381]

[382]

[383]

[384]

[385]

[386]

Some cationic dye dimers fall within formula (13):

H{\AN%NV]LQ] n.a
(13)

D2 is a cationic dye moiety and # is 0-6, and n; is 1-4.

, wherein each of D1 and

In some variations of formula (13), D1 and D2 are different cationic dye moieties. In
other variations of formula (13), D1 and D2 are the same cationic dye moiety. In some
variations of formula (13), D1 and D2 are independently selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (13) described in the paragraphs above, n is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (13) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (13) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (13) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (13) described in the paragraphs above, D1 and D2 are

safranin-O.

In some variations of formula (13) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (13) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
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independently from —NO,,—NR3", halo (e.g., F, Br, CL, I), trihalide (e.g., —CF3, —
CCls, —CBr3;, —ClI3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (13) described in the paragraph above, the pendant phenyl
ring of D2 is unsubstituted. In some variations of formula (13) described in the paragraph
above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Examples of Cationic Dye Trimers and Other Multimers

Some cationic dye trimers fall within formula (14):

H H
N nb
" H ny H nby

(14) , In which each of

D1, D2, and D3 is a cationic dye moicty, # is 0-6, n; is 1-4, ny 1s 0-6, and n; 1s 0-6.

In some variations of formula (14), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (14), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (14), D1 and D2 are the same cationic dye moiety and D3 is a

different cationic dye moiety. In other variations of formula (14), D1 and D3 are the same
143



WO 2015/116707 PCT/US2015/013334

[390]

[391]

[392]
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[394]

[395]

cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (14), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (14), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (14) described in the paragraphs above, n is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5,0r6.

In some variations of formula (14) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (14) described in the paragraphs above, nb is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (14) described in the paragraphs above, np; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (14) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (14) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (14) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (14) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (14) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (14) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (14) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (14) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
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C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (14) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (14) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (14) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (14) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in

which the pendant phenyl ring of D3 is substituted, the substituents are selected
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[399]

[400]

[401]

[402]

[403]

independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (15):

N\, N\ / N\, ~ \ /

(19) , in which ecach of

D1, D2, and D3 is a cationic dye moiety, n and nb independently are 0-6, and n; and ny;

independently are 1-4.

In some variations of formula (15), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (15), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (15), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (15), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (15), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (15), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (15) described in the paragraphs above, n is n is 0-6, 0-5,
0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0,
1,2,3,4,5,0or6.

In some variations of formula (15) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (15) described in the paragraphs above, nb 1s 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (15) described in the paragraphs above, ny; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.
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In some variations of formula (15) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (15) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (15) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (15) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (15) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (15) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (15) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (15) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (15) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (15) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in

which the pendant phenyl ring of D2 is substituted, the substituents are selected
147



WO 2015/116707 PCT/US2015/013334

[407]

[408]

independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (15) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (15) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (16):

(16) , iIn which each of D1, D2, and

D3 is a cationic dye moiety; # and nb independently are 0-6; n; and n; independently are

1-4; for each independent instance of R,y and Ryy, Ray and Ry (1) independently are H or
O

A K
CHs, or (2) Ry and Ry are O or SR , or (3) two of CRy1Ry,; are }LL/\}Q‘, and, for

cach independent instance of Ry, and Ry, Raz and Ry, (1) independently are H or CH3, or
O

A N
(2) Ry and Ry, are S or SR , or (3) two of CR,2Ry; are }{\}LL
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In some variations of formula (16), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (16), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (16), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (16), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (16), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (16), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (16) described in the paragraphs above, n is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (16) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (16) described in the paragraphs above, nb is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (16) described in the paragraphs above, np; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (16) described in the paragraphs above, R,; is H and Ry, is
H. In some variations of formula (16) described in the paragraphs above, Ra1 is H and
Ryp; 18 CHs. In some variations of formula (16) described in the paragraphs above, Ra1

and Ry; are both CHj, In some variations of formula (16) described in the paragraphs

above, Ry and Ry are * ;‘ . In some variations of formula (16) described in the

o)

J
paragraphs above, R,y and Ry are % f . In some variations of formula (16) described in
A 2
the paragraphs above, two of CR,1Ry; are }L/\/‘ILL
In some variations of formula (16) described in the paragraphs above, R,; is H and Ry, is
H. In some variations of formula (16) described in the paragraphs above, R,z is H and

Ry is CHs. In some variations of formula (16) described in the paragraphs above, Ra
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and Ry, are both CH3. In some variations of formula (16) described in the paragraphs

above, Ry and Ry, are S . In some variations of formula (16) described in the
O

paragraphs above, Ry2 and Ry, are SR . In some variations of formula (16) described in

A 2
the paragraphs above, two of CR,;Ry; are }:\/‘777-

In some variations of formula (16) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (16) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (16) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (16) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (16) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (16) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (16) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (16) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C35, or C6 linear or branched alkyl).

In some variations of formula (16) described in the two paragraphs above, the pendant

phenyl ring of D2 is unsubstituted. In some variations of formula (16) described in the

paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,

2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
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position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

{4181 In some variations of formula (16) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (16) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).
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[421]

[422]

[423]

Some cationic dye trimers fall within formula (17):

(17) , in which each of DI,

D2, and D3 is a cationic dye moiety; k; is 2-10; k; is 2-10; for each independent instance

of Ra1 and Ryp1, Ra1 and Ry (1) independently are H or CHs, or (2) R, and Ry are S
O

L N
or % *és , or (3) two of CR,1Ry; are }"-/\/.771, and, for each independent instance of R,

and Ry, Ryz and Ry, (1) independently are H or CHj, or (2) R,z and Ry, are * f{ or
O

. N
SR , or (3) two of CRy2Ry,; are ’IZ{\}I

In some variations of formula (17), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (17), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (17), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (17), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (17), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (17), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (17) described in the paragraphs above, k; is 2-10, 2-9, 2-8,
2-7,2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-
10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9, 9-10, 2, 3,4, 5,6, 7, 8,
9, or 10.

In some variations of formula (17) described in the paragraphs above, k; is 2-10, 2-9, 2-8,
2-7,2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-
10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9, 9-10, 2, 3,4, 5,6, 7, 8,
9, or 10.
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[425]

[426]

In some variations of formula (17) described in the paragraphs above, each R,q is H and
cach Ry is H. In some variations of formula (17) described in the paragraphs above, each

R,1 is H and each Ry is CH3. In some variations of formula (17) described in the

paragraphs above, cach R,y and Ry, is * 5{ . In some variations of formula (17)

O

described in the paragraphs above, cach Ry and Ry is ¥ . In some variations of

\ Cd
formula (17) described in the paragraphs above, each two of CR,1Ry,; are "I{\}L

In some variations of formula (17) described in the paragraphs above, in a first
occurrence of Ry1 and Ry, each of Ry and Ry, is H, and the remaining occurrences of
Ra1 and Ry are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in a first occurrence of R,y and Ry, each of R,y and
Ry; is CHs, and the remaining occurrences of R,y and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in a
first occurrence of Ry1 and Ry, a first Ry; is H, a first Ry is CH3, and the remaining
occurrences of Ry; and Ry, are as defined above for formula (17). In some variations of

formula (17) described in the paragraphs above, in a first occurrence of R,y and Ry, Ry

and Ry, are S , and the remaining occurrences of R,y and Ry are as defined above

for formula (17). In some variations of formula (17) described in the paragraphs above, in
@]

a first occurrence of R,y1 and Ry, Ra1 and Ry are ¥ , and the remaining occurrences

of Ry1 and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in two occurrences
of Ry1 and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ryq
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in two occurrences of Ry; and Ry, each of Ry and Ry 1s CHs, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in two occurrences of Ry
and Ry, two of Ry are H, two of Ry are CH3, and the remaining occurrences of Ry and

Ry are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in two occurrences of R,y and Ry, Ryp and Ry are * ;‘ , and the

remaining occurrences of Ry and Ry are as defined above for formula (17). In some
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[427]

[428]

variations of formula (17) described in the paragraphs above, in two occurrences of Ra1
O
and Ry, Ra1 and Ry are % Jé , and the remaining occurrences of Ry and Ry, are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in three
occurrences of R, and Ry, each of R, and Ry, is H, and the remaining occurrences of
R,1 and Ry, are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in three occurrences of Ry and Ry, each of Ry and
Ry; is CHs, and the remaining occurrences of R,y and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
three occurrences of Ry1 and Ry, three of Ry are H, three of Ry are CHa, and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in three occurrences of Ry

and Ry, Rap and Ry are * ;‘ , and the remaining occurrences of R,y and Ry, are as
defined above for formula (17). In some variations of formula (17) described in the

0O
paragraphs above, in three occurrences of R, and Ry, Rap and Ry are SR , and the

remaining occurrences of Ry and Ry are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in four occurrences
of Ry; and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ry
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in four occurrences of Ry1 and Ry, each of Ry and Ry is CH3, and
the remaining occurrences of Ry; and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in four occurrences of Ry
and Ry, four of Ry; are H, four of Ry are CHj3, and the remaining occurrences of Ryq and

Ry are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in four occurrences of Ry and Rpy, Rai and Ry, are S , and the

remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in four occurrences of Ry
0O

and Rp;, Ry1 and Ry are & @x , and the remaining occurrences of Ry and Ry, are as

defined above for formula (17).
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[431]

In some variations of formula (17) described in the paragraphs above, in five occurrences
of Ry1 and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ryq
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in five occurrences of Ry; and Ry, cach of R,y and Ry, is CH3, and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in five occurrences of Ry
and Ry, five of R,y are H, five of Ry are CHs, and the remaining occurrences of Ry and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in five occurrences of R, and Ry, Ryp and Ry are 37- 9{ , and the

remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in five occurrences of Ry
O

and Ry, Rap and Ry are % *fs , and the remaining occurrences of Ry, and Ry, are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in six occurrences
of Ry1 and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ryq
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in six occurrences of R,y and Ry, each of R,y and Ry, is CH3, and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in six occurrences of Ryq
and Ry, six of R,y are H, six of Ry; are CHs, and the remaining occurrences of Ryp and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in six occurrences of Ra1 and Ry, Rap and Ry are S , and the

remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in six occurrences of Ryq
O

and Rp;, Ry1 and Ry are % 9; , and the remaining occurrences of Ry and Ry, are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in seven
occurrences of Ra; and Ry, each of Ry and Ry is H, and the remaining occurrences of
R,1 and Ry, are as defined above for formula (17). In some variations of formula (17)

described in the paragraphs above, in seven occurrences of Ry and Ry, each of Ry and
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[433]

Ry is CH3, and the remaining occurrences of R, and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
seven occurrences of Ra1 and Ry, seven of Ry are H, seven of Ry, are CHs, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in seven occurrences of Ry

and Rp;, Ry1 and Ry are * fi , and the remaining occurrences of Ry; and Ry are as
defined above for formula (17). In some variations of formula (17) described in the

0
paragraphs above, in seven occurrences of R,y and Ry, Ry and Ry, are % ,ﬁ, and the

remaining occurrences of Ry and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in eight
occurrences of R, and Ry, each of R,y and Ry is H, and the remaining occurrences of
Ra1 and Ry are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in eight occurrences of R,; and Ry, each of R,y and
Ry; is CHs, and the remaining occurrences of Ry and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
eight occurrences of R, and Ry, eight of Ry; are H, eight of Ry are CHs, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in eight occurrences of Ry

and Rp;, Ry1 and Ry are 3"- ;{ , and the remaining occurrences of Ry; and Ry are as
defined above for formula (17). In some variations of formula (17) described in the

O
paragraphs above, in eight occurrences of Ry1 and Ry1, Rap and Ry are ¥ , and the

remaining occurrences of Ry and Ry are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in nine occurrences
of Ry1 and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ryq
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in nine occurrences of R,y and Ry, each of R,1 and Ry is CH3, and
the remaining occurrences of R,; and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in nine occurrences of Ry;
and Ry, nine of R,y are H, nine of Ry are CH3, and the remaining occurrences of Ry

and Ry are as defined above for formula (17). In some variations of formula (17)
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[435]

described in the paragraphs above, in nine occurrences of Ry; and Ry, Rag and Ry are

S , and the remaining occurrences of R,y and Ry are as defined above for formula
(17). In some variations of formula (17) described in the paragraphs above, in nine

O
occurrences of Ry and Ry, Ry and Ry, are % 99 , and the remaining occurrences of Ry

and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in ten occurrences
of Ry1 and Ry, each of R,y and Ry, is H, and the remaining occurrences of Ry and Ryq
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in ten occurrences of R, and Ry, each of R,y and Ry, is CH3, and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in ten occurrences of Ra1
and Ry, ten of Ry are H, ten of Ry are CH3, and the remaining occurrences of Ryq and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in ten occurrences of Ra; and Ry, Ra1 and Ry are S , and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in ten occurrences of Ra1
O

and Ry, Rap and Ry are % f , and the remaining occurrences of Ry, and Ry, are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, two occurrences of

N2
R,1 and Ry, are :L"-/\}L‘ , and the remaining occurrences of R,y and Ry are as defined

above for formula (17). In some variations of formula (17) described in the paragraphs

o 1 . .
above, four occurrences of Ry and Ry are }5- %7*, and the remaining occurrences of

R,1 and Ry, are as defined above for formula (17). In some variations of formula (17)

. . MO,
described in the paragraphs above, six occurrences of R,1 and Ry are , and the
remaining occurrences of Ry and Ry are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, eight occurrences of Ry

N %
and Ry, are ,“S{\}L, and the remaining occurrences of R, and Ry, are as defined above
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[437]

[438]

for formula (17). In some variations of formula (17) described in the paragraphs above,

\ ~
five occurrences of Ry and Ry are }LL/\)IL

In some variations of formula (17) described in the paragraphs above, each R,; is H and
cach Ry is H. In some variations of formula (17) described in the paragraphs above, each

R,; is H and each Ry, is CHs. In some variations of formula (17) described in the

paragraphs above, each R,; and Ry 18 S . In some variations of formula (17)
o)

described in the paragraphs above, cach Ry and Ry, is S . In some variations of
formula (17) described in the paragraphs above, each two of CRy; Ry, are }LL/\){

In some variations of formula (17) described in the paragraphs above, in a first
occurrence of Ryz and Ry, each of R,z and Ry, is H, and the remaining occurrences of
R,z and Ry, are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in a first occurrence of Ry; and Ry;, each of R,; and
Ry is CHs, and the remaining occurrences of R,z and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in a
first occurrence of Ry, and Ry, a first Ry, is H, a first Ry, is CH3, and the remaining
occurrences of Ry, and Ry, are as defined above for formula (17). In some variations of

formula (17) described in the paragraphs above, in a first occurrence of R,z and Ry, Ry

and Ry, are S , and the remaining occurrences of Ry, and Ry, are as defined above

for formula (17). In some variations of formula (17) described in the paragraphs above, in
@]

a first occurrence of R,; and Ry, Ryaz and Ry, are % 9’5 , and the remaining occurrences

of R,; and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in two occurrences
of Ry and Ry, each of Ry, and Ry,; is H, and the remaining occurrences of Ry and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in two occurrences of Ry, and Ry, each of Ry, and Ry, is CH3, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in two occurrences of Ry

and Ry, two of Ry are H, two of Ry, are CH3, and the remaining occurrences of Ry, and
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Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in two occurrences of Ry; and Rpz, Ra2 and Ry, are S , and the

remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in two occurrences of Ry,
O

and Rp;, Ry and Ry, are & *sx , and the remaining occurrences of Ry, and Ry are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in three
occurrences of Ryz and Ry, each of R,z and Ry, is H, and the remaining occurrences of
R,; and Ry, are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in three occurrences of Ry, and Ry, each of R,z and
Ry is CHs, and the remaining occurrences of R,z and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
three occurrences of R, and Ry, three of Ry, are H, three of Ry, are CHs, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in three occurrences of Ry2

and Rp;, Ry and Ry, are * 5{ , and the remaining occurrences of R, and Ry are as
defined above for formula (17). In some variations of formula (17) described in the

0O
paragraphs above, in three occurrences of R,z and Ry, Ry and Ry, are ¥ , and the

remaining occurrences of Ry and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in four occurrences
of Ry and Ry, each of Ry, and Ry,; is H, and the remaining occurrences of Ry and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in four occurrences of Ry, and Ry, each of Ry, and Ry, is CH3, and
the remaining occurrences of R,z and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in four occurrences of Ry
and Ry, four of Ry, are H, four of Ry, are CH3, and the remaining occurrences of R,z and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in four occurrences of Ry and Rypz, Ra2 and Ry, are S , and the

remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
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variations of formula (17) described in the paragraphs above, in four occurrences of Ry
O
and Ry,, Ra2 and Ry, are % Jé , and the remaining occurrences of Ry, and Ry are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in five occurrences
of R,; and Ry, each of R,; and Ry,; is H, and the remaining occurrences of Ry, and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in five occurrences of Ry, and Ry, each of R,z and Ry, is CHs, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in five occurrences of Ry,
and Ry, five of Ry, are H, five of Ry, are CHs, and the remaining occurrences of Ry and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in five occurrences of R,» and Ry, Ry2 and Ry, are * "{ , and the

remaining occurrences of Ry, and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in five occurrences of Ry,
O

and Rp;, Ry and Ry, are £ Jé , and the remaining occurrences of Ry, and Ry are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in six occurrences
of R,; and Ry, each of R,; and Ry,; is H, and the remaining occurrences of Ry, and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in six occurrences of R,z and Ry, each of R,z and Ry, is CH3, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in six occurrences of Ry,
and Ry, six of Ry are H, six of Ry, are CHs, and the remaining occurrences of R,z and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in six occurrences of R,z and Ry, Ry and Ry, are S , and the

remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in six occurrences of Ry,
O

and Rp;, Ry and Ry, are & @x , and the remaining occurrences of Ry, and Ry are as

defined above for formula (17).
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In some variations of formula (17) described in the paragraphs above, in seven
occurrences of Ry; and Ry, each of Ry, and Ry, is H, and the remaining occurrences of
R,z and Ry, are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in seven occurrences of Ry, and Ry, each of R,; and
Ry is CHs, and the remaining occurrences of R,z and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
seven occurrences of Ry» and Ry, seven of Ry are H, seven of Ry, are CHj, and the
remaining occurrences of Ry, and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in seven occurrences of Ry

and Rp;, Ry and Ry, are * 5{ , and the remaining occurrences of R, and Ry are as
defined above for formula (17). In some variations of formula (17) described in the

O
paragraphs above, in seven occurrences of Ry, and Ry, R,; and Ry, are % ,ﬁ, and the

remaining occurrences of Ry, and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in eight
occurrences of Ryz and Ry, each of R,z and Ry, is H, and the remaining occurrences of
R,z and Ry, are as defined above for formula (17). In some variations of formula (17)
described in the paragraphs above, in eight occurrences of R,; and Ry,,, each of R,; and
Ry is CHs, and the remaining occurrences of R,z and Ry are as defined above for
formula (17). In some variations of formula (17) described in the paragraphs above, in
eight occurrences of R,z and Ry, eight of R, are H, eight of Ry, are CH3, and the
remaining occurrences of Ry, and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in eight occurrences of Ry,

and Rp;, Ry and Ry, are 3"- ;{ , and the remaining occurrences of R, and Ry are as
defined above for formula (17). In some variations of formula (17) described in the

O
paragraphs above, in eight occurrences of R,z and Ry, Raz and Ry; are ¥ , and the

remaining occurrences of Ry and Ry are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in nine occurrences
of Ry and Ry, each of Ry, and Ry,; is H, and the remaining occurrences of Ry and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the

paragraphs above, in nine occurrences of R,z and Ryz, each of R,z and Ry, is CH3, and
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the remaining occurrences of R,z and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in nine occurrences of Ry,
and Ry, nine of Ry, are H, nine of Ry, are CH3, and the remaining occurrences of Ry
and Ry, are as defined above for formula (17). In some variations of formula (17)

described in the paragraphs above, in nine occurrences of R,z and Ry, Ryz and Ry, are

S , and the remaining occurrences of Ry, and Ry, are as defined above for formula
(17). In some variations of formula (17) described in the paragraphs above, in nine

0
occurrences of Rys and Ry, Rys and Ry, are % 99 , and the remaining occurrences of Ry,

and Ry, are as defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, in ten occurrences
of Ry and Ry, each of Ry, and Ry,; is H, and the remaining occurrences of Ry and Ry,
are as defined above for formula (17). In some variations of formula (17) described in the
paragraphs above, in ten occurrences of R,; and Ry, each of Ry, and Ry, is CH3, and the
remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
variations of formula (17) described in the paragraphs above, in ten occurrences of Ry
and Ry, ten of Ry, are H, ten of Ry, are CH3, and the remaining occurrences of R,z and

Ry, are as defined above for formula (17). In some variations of formula (17) described in

the paragraphs above, in ten occurrences of Ryz and Rpz, Ra2 and Ry, are S , and the

remaining occurrences of Ry and Ry, are as defined above for formula (17). In some

variations of formula (17) described in the paragraphs above, in ten occurrences of Ry
O

and Rp;, Ry and Ry, are % 9; , and the remaining occurrences of Ry, and Ry are as

defined above for formula (17).

In some variations of formula (17) described in the paragraphs above, two occurrences of

\ v
R, and Ry, are }{\}LL , and the remaining occurrences of R,; and Ry, are as defined

above for formula (17). In some variations of formula (17) described in the paragraphs

o 1 . .
above, four occurrences of Ry; and Ry, are }5- %7*, and the remaining occurrences of

R,z and Ry, are as defined above for formula (17). In some variations of formula (17)

N
described in the paragraphs above, six occurrences of Ry2 and Ry, are }{\}1, and the

remaining occurrences of Ry and Ry, are as defined above for formula (17). In some
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variations of formula (17) described in the paragraphs above, eight occurrences of Ry

N2
and Ry, are }{\}5—, and the remaining occurrences of R,z and Ry, are as defined above

for formula (17). In some variations of formula (17) described in the paragraphs above,

\ ~
five occurrences of Ry and Ry, are }LL/\)IL

In some variations of formula (17) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (17) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (17) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (17) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (17) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (17) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (17) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (17) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (17) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (17) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
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ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (17) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (17) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (18):

H
H\/\{O /\},O\/\HMo N \/\fo/\}/;\/\u}.nebi
n n,

(18)
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wherein each of D1, D2, and D3 is a cationic dye moiety, n and nb independently are 0-

6, and n; and n;,; independently are 1-4.

In some variations of formula (18), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (18), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (18), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (18), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (18), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (18), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (18) described in the paragraphs above, n is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (18) described in the paragraphs above, nb is 0-6, 0-5, 0-4,
0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 0, 1, 2,
3,4,5, or6.

In some variations of formula (18) described in the paragraphs above, n; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (18) described in the paragraphs above, ny; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (18) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (18) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (18) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (18) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (18) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (18) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (18) described in the paragraph above, the pendant phenyl

ring of D1 is unsubstituted. In some variations of formula (18) described in the paragraph
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above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (18) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (18) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (18) described in the three paragraphs above, the pendant

phenyl ring of D3 is unsubstituted. In some variations of formula (18) described in the

paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,

2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
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position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye dimers fall within formula (19):

NH;

P D>

(19)

wherein each of D1, D2, and D3 is a cationic dye moiety, n; and n,; independently are 0-

5, and nzand n;; independently are 1-5.

In some variations of formula (19), D1, D2, and D3 independently are selected from the
group consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine
orange, acriflavine, and methylene blue. In some variations of formula (19), D1 and D2
are different cationic dye moieties. In other variations of formula (19), D1 and D2 are the

same cationic dye moiety.

In some variations of formula (19) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (19) described in the paragraphs above, np; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (19) described in the paragraphs above, n;, is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.
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In some variations of formula (19) described in the paragraphs above, ny; is 1-5, 1-4, 1-

3,1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (19) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (19) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (19) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (19) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (19) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (19) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (19) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (19) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (19) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (19) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCHj3, —OR, —C,Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
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C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (19) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (19) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (20):

O O
G ot G
(7 NH (T, NH
ny noy
N)J\NHZ HJ\NH2
L H _n, L _nby
(20) , in which each

of D1 and D2 is a cationic dye moiety, n; and np; independently are 0-5 and n; and nb;
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independently are 1-5.

In some variations of formula (20), each of D1, D2, and D3 independently is selected
from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure C,
acridine orange, acriflavine, and methylene blue. In some variations of formula (20), D1,
D2, and D3 are different cationic dye moieties. In some variations of formula (20), D1,
D2, and D3 are the same cationic dye moiety. In other variations of formula (20), D1 and
D2 are the same cationic dye moiety and D3 is a different cationic dye moiety. In other
variations of formula (20), D1 and D3 are the same cationic dye moiety and D2 is a
different cationic dye moiety. In other variations of formula (20), D2 and D3 are the same

cationic dye moiety and D1 is a different cationic dye moiety.

In some variations of formula (20) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (20) described in the paragraphs above, n, is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (20) described in the paragraphs above, np; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (20) described in the paragraphs above, nb; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (20) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (20) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (20) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (20) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (20) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (20) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (20) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (20) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
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ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (20) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (20) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (20) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (20) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
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and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (21):

_ _ _ O_
(\n ( nb;
] NHz_ n, ] NHz_ b
(21) , in which each of D1, D2, and D3

is a cationic dye moiety, n; and np; independently are 0-5 and n, and nb; independently
are 1-5.

In some variations of formula (21), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (21), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (21), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (21), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (21), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (21), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (21) described in the paragraphs above, n; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (21) described in the paragraphs above, n, is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.
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In some variations of formula (21) described in the paragraphs above, np; is 0-5, 0-4, 0-3,

0-2,0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,0, 1, 2, 3,4, or 5.

In some variations of formula (21) described in the paragraphs above, np2 is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (21) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (21) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (21) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (21) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (21) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (21) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (21) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (21) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (21) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (21) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
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ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (21) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (21) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH;, —
NHR, —NR;, —OH, —O’, —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs5, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, CL, I), trihalide (e.g., —CF3, —
CCl;, —CBr3;, —Cl3), —CN, —SO;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (22):

(22) , in which each of D1, D2, and D3 is
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a cationic dye moiety, ny, n,, n;;, and nb; independently are 1-5.

In some variations of formula (22), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (22), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (22), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (22), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (22), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (22), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (22) described in the paragraphs above, n; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (22) described in the paragraphs above, n, is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (22) described in the paragraphs above, ny; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (22) described in the paragraphs above, nb; is 1-5, 1-4, 1-3,

1-2,2-5,2-4,2-3,3-5,3-4,4-5,1,2,3,4, or 5.

In some variations of formula (22) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (22) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (22) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (22) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (22) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (22) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (22) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (22) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available

position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
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ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CClz, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (22) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (22) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (22) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (22) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
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and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye trimers fall within formula (23):

HoN
O
o D Y A
H Y
al, 0
N

Hy NH

o)
H,N 2

in which each of

2

D1, D2, and D3 is a cationic dye moiety and # and nb independently are 1-6.

In some variations of formula (23), D1, D2, and D3 are different cationic dye moieties. In
some variations of formula (23), D1, D2, and D3 are the same cationic dye moiety. In
other variations of formula (23), D1 and D2 are the same cationic dye moiety and D3 is a
different cationic dye moiety. In other variations of formula (23), D1 and D3 are the same
cationic dye moiety and D2 is a different cationic dye moiety. In other variations of
formula (23), D2 and D3 are the same cationic dye moiety and D1 is a different cationic
dye moiety. In some variations of formula (23), each of D1, D2, and D3 independently is
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (23) described above, n is 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5,
12-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5,5-6, 1,2, 3,4, 5, or 6.

In some variations of formula (23) described above, nb is 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5,

12-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5,5-6, 1,2, 3,4, 5, or 6.
177



WO 2015/116707 PCT/US2015/013334

[S06]

[S507]

[S08]

In some variations of formula (23) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (23) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (23) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (23) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (23) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (23) described in the paragraphs above,

D2 and D3 are safranin-O.

In some variations of formula (23) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (23) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl;, —CBr3, —Cl3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (23) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (23) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in

which the pendant phenyl ring of D2 is substituted, the substituents are selected
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independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (23) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (23) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Some cationic dye multimers fall within formula (24):

(24) , in which m is 2; each of D1, a first D2, and a
second D2 is a cationic dye moiety; /; and 1, independently are 1-4; ring A is aryl,
heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance of Ry1 and Ry, Ra1

O

- S o K
and Ry (1) independently are H or CHs, or (2) Ry and Ry are ™% ¢~ or 7= <7, or (3)
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\ Cd
two of CR 1Ry are :&L/\}L‘, and, for each independent instance of Ry, and Ry, R,z and
O

- 0% o K
Ry (1) independently are H or CH3, or (2) Ry and Ry are “* <~ or 7% ¢, or (3) two of

\ -
CRaszz arc }1{\;{1" .

In some variations of formula (24), D1, the first D2, and the second D2 are different
cationic dye moieties. In some variations of formula (24), D1, the first D2, and the
second D2 are the same cationic dye moiety. In other variations of formula (24), D1 and
the first D2 are the same cationic dye moiety and the second D2 is a different cationic
dye moiety. In other variations of formula (24), D1 and the second D2 are the same
cationic dye moiety and the first D2 is a different cationic dye moiety. In other variations
of formula (24), the first D2 and the second D2 are the same cationic dye moicty and D1
is a different cationic dye moiety. In some variations of formula (24), each of D1, the first
D2, and the second D2 independently is selected from the group consisting of safranin-O,
toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene

blue.
In some variations of formula (24), I; is 1-4, 1-3, 1-2, 2-4,2-3, 3-4, 1, 2, 3, or 4.

In some variations of formula (24) described in the paragraphs above, ; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (24) described in the paragraphs above in which /; is 1, Ra1
and Ry are both H. In some variations of formula (24) described in the paragraphs above
in which /; is 1, Ry; is H and Ry, is CHj3. In some variations of formula (24) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

formula (24) described in the paragraphs above in which /; is 1, Ry; and Ry are S .
In some variations of formula (24) described in the paragraphs above in which /; is 1, Ra1

0]
J
and Ry, are % fej )

In variations of formula (24) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In

some variations of formula (24) described in the paragraphs above in which /; is 2, each
of Ry1 and Ry; and Ry and Ry, is H. In some variations of formula (24) described in the
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paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (24) described in the paragraphs above in which /; is 2, each of Ry
and Ry, is H and each of Ry; and Ry, is CHs. In some variations of formula (24)
described in the paragraphs above in which /; is 2, each of Ry;, Ry), and Ry is H and Ry,
1s CHs.

In some variations of formula (24) described in the paragraphs above in which /; is 2,

each of Ry and Ry is H and Ry, and Ry, are * \’{ . In some variations of formula (24)

described in the paragraphs above in which /; is 2, each of Ry; and Ry, is H and R, and
0]

Ry, are E . In some variations of formula (24) described in the paragraphs above in

which /; is 2, each of R,; and Ry, is CH; and R,; and Ry, are * ;‘ . In some variations

of formula (24) described in the paragraphs above in which /; is 2, each of R, and Ry is
0

J
CH; and Ry, and Ry, are % f'é .
In some variations of formula (24) described in the paragraphs above in which /; is 2, Ra1

is H, Ry,; is CH;, and R,; and Ry,; are * \fs‘ . In some variations of formula (24) described
0]

in the paragraphs above in which /; is 2, Ry; is H, Ry, is CHj3, and R,; and Ry, are % fej .

In some variations of formula (24) described in the paragraphs above in which /; is 2, Ra1

A2
and Ryp; and R,; and Ry, together are }LL/\}L In some variations of formula (24)
described in the paragraphs above in which /; is 2, Ry; and Ry are O R, and Ry,; are

¥ . In some variations of formula (24) described in the paragraphs above in which /;

O

- et s at
is 2, Ra1 and Ry are * Raz and Ry are “* ¢ In some variations of formula (24)
0]

described in the paragraphs above in which /; is 2, Ry; and Ry are L R, and Ry,; are

0]
s
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In variations of formula (24) described in the paragraphs above in which /; is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (24) described in the paragraphs above in
which /; is 3, In some variations of formula (24) described in the paragraphs above in
which /7 is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(24) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (24) described in the paragraphs above in
which /; is 3, each of R,1,Rp1, Raz, and Ry, 1s H and each of R,3 and Ry; is CH;. In some
variations of formula (24) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(24) described in the paragraphs above in which /; is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj;. In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ry is CHa.
In some variations of formula (24) described in the paragraphs above in which /; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (24) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are 5 *i . In some variations of

formula (24) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, and

Rpa, 1s CH; and R,z and Rys are * f’f‘ . In some variations of formula (24) described in

the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and

R,; and Ryz are R . In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry

2

and Ryz are *

In some variations of formula (24) described in the paragraphs above in which /; is 3,
O
each of Ry1,Rp1, Raz, and Ry, is H and R,3 and Ry,; are % f‘é . In some variations of
formula (24) described in the paragraphs above in which /; is 3, each of R,1,Ryp;, Ry2, and
O
Rpa, 1s CH; and R,z and Rys are % j . In some variations of formula (24) described in

the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and
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O

R,3 and Ry,z are % ; . In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry
0]

and Ryz are % *’é .

In some variations of formula (24) described in the paragraphs above in which /; is 3, Ra1

and Ry are * ;{ , Raz and Ry; are }1 f’ss‘ , and each of Ry3 and Ry3is H. In some

variations of formula (24) described in the paragraphs above in which /; is 3, R,; and Ry
arc }LL f'é‘ , Raz and Ry are 371 *i , and cach of R,3 and Ryz is CHs. In some variations of
formula (24) described in the paragraphs above in which /; is 3, Ry; and Ry are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (24)
described in the paragraphs above in which /; is 3, Ry and Ry are A , Raz and Ry,
are * 5{ , and each of R,; and Ry3is H. In some variations of formula (24) described in

the paragraphs above in which /; is 3, R,y and Ry, are S , Raz and Ry,z are S , and

cach of R,3 and Ry3is CH3. In some variations of formula (24) described in the

paragraphs above in which /; is 3, Ry and Ry are * 5{ , Ra2 and Ry are * f{ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (24) described in the paragraphs above in which /; is 3, Ry

O

and Ryp; are 371 *i , Raz and Ry; are % j , and cach of Ry3 and Ry31s H. In some
variations of formula (24) described in the paragraphs above in which /; is 3, Ra1 and Ry

0]
are * ;‘ , Raz and Ry are % Jé , and each of R,z and Rys is CHs. In some variations of

e

formula (24) described in the paragraphs above in which /; is 3, Ry; and Ry are S ,
0]

R, and Ry,; are % ; , Ra3 is H, and Ry is CHs. In some variations of formula (24)
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described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (24) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (24) described in the

0]
paragraphs above in which /; is 3, Ry and Ry are }1 *3{ , Ra2 and Ry are % Jé , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (24) described in the paragraphs above in which /; is 3, Ry

O O

e e -
and Ry are “+ ¢, Ry and Ry are “* ¢, and each of Ry3 and Ryz is H. In some
variations of formula (24) described in the paragraphs above in which /; is 3, Ry1 and Ry

O 0O

are % ; , Ra2 and Ry are % 9; , and each of R,3 and Rys is CHs. In some variations of
0]

formula (24) described in the paragraphs above in which /; is 3, Ry; and Ry are % *’é ,
0]

R, and Ry,; are % Jé , Ra3 is H, and Ry is CHs. In some variations of formula (24)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are X ¥ , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (24) described in the

O O

paragraphs above in which /; is 3, R and Ry, are E , Raz and Ry are R , and each
of R,3 and Ry is CH3. In some variations of formula (24) described in the paragraphs

0 0
N L Ko |
above in which /; is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (24) described in the paragraphs above in which /; is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (24) described in the paragraphs above in which /; is 3, Ra1 and Ry
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\ Cd
and R, and Ry, together are :&L/\}L‘ , and each of R,3 and Ry;is CHs. In some variations
of formula (24) described in the paragraphs above in which /; is 3, Ry and Ry and Ry,

\ 4
and Ry, together are ’IZ{\}I , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(24) described in the paragraphs above in which /; is 3, Ra1 and Ry and R,; and Ry,

N

together are }7-/\)‘1 , and R,z and Ry; are S . In some variations of formula (24)

described in the paragraphs above in which /; is 3, Ry and Ry and Ry and Ry, together
O

N Py
are }{\}l‘, and R,z and Ry; are % 9’5 .

In variations of formula (24) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ra1 and Ry1; Ra2 and Ryz; Raz and Rys; and Ray
and Ryg, respectively. In some variations of formula (24) described in the paragraphs
above in which /; is 4, In some variations of formula (24) described in the paragraphs
above in which /; is 4, each of Ry1,Rp1, Raz, Rp2, Ras, Rpa, Rag, and R4 is H. In some
variations of formula (24) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (24)
described in the paragraphs above in which /; is 4, each of Ra1, Rp1, Ra2, Rp2, Ras, and
Ry3is H and each of R,y and Ry4is CHj;. In some variations of formula (24) described in
the paragraphs above in which /; is 4, each of Ra1, Ry, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (24) described in the paragraphs
above in which 7 1s 4, each of Ra1, Rp1, Raz, Rpa, Ras, and Ry is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (24) described in the paragraphs above in which /; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (24) described in the paragraphs above in which /; is 4, R,1 is H, Rp11s CH3, and
cach of Rz, Rpz, Ry3, and Ry is CH;. In some variations of formula (24) described in the
paragraphs above in which /; is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
1s H. In some variations of formula (24) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ryy and Ry is CHs, and each of Ry3 and Ry; is H. In
some variations of formula (24) described in the paragraphs above in which /; is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.
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In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Rp; are H, R,; and Ry, are H, R,3 and Ryp; are H, and Ry4 and Ry are % Jé‘ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are * 5{ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are * *‘;‘ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are * 5{ .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

and Ry are H, Ra; and Ry are H, R,3 and Rys are }’- \’Si ,and Ry4 and Ry are 3?7- 5{ .In

some variations of formula (24) described in the paragraphs above in which /7 is 4, Ry
e

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

and Ryp; are H, R,; and Ry, are CH3, R,3 and Ry are }‘*- ;‘ ,and R,4 and Rpy are

and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are s ;{ ,and R,4 and Ry are

Blyfi . In some variations of formula (24) described in the paragraphs above in which /;
is 4, Ry 18 H, Ry is CHs, Ry, and Ry; are CH3, Ry3 and Ry; are % Jé‘ ,and R,y and Rpy
are A . In some variations of formula (24) described in the paragraphs above in which
I;18 4, Ry 1s H, Ry, is CHi, R,z 18 H, Ry, 18 CH3, R,3 and Ry; are * f{ ,and R,4 and Ry,
w2

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1
and Rp; are H, R,; and Ry, are LHL *Af , Raz and Ry; are % 5{ ,and R,4 and Rpy are

S . In some variations of formula (24) described in the paragraphs above in which /;
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is 4, Ra1 and Ry are CHz, Ra; and Ry, are * ;{ , Ras and Ry; are * *}i ,and Ra4 and
Ry4 are S . In some variations of formula (24) described in the paragraphs above in
which /7 is 4, Ra1 is H, Ry is CHz, Ras and Ry, are }L“ 5{ , Ras and Ry3 are }1 5{ ,and
R, and Ry, are S . In some variations of formula (24) described in the paragraphs

above in which I; is 4, R,; and Ry are * "{ , Raz and Ry, are 5 \’{ , Ras and Ry; are

Z

* ;‘ ,and R,4 and Ry4 are %

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O

J
and Ry are H, Ra» and Ry are H, R,z and Ry; are H, and Ra4 and Ry, are % ; . In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O]

J
are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are % ; . In some
variations of formula (24) described in the paragraphs above in which /; is 4, R,y and Ry

O

J
arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % f’é . In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O

are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % *’é )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O]

.
and Ry are H, Ra; and Ry are H, R,3 and Rys are % 9)5 ,and Ry4 and Ry are v. In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O O

s s
are H, Ry, and Ry, are CH;, R,y3 and Ry; are “% ¢, and Ry and Ry are “% <. In some
variations of formula (24) described in the paragraphs above in which /; is 4, R,y and Ry

O O

.
are CHs, Ry and Rys are CHs, Ra3 and Ry; are % f’é ,and Ry4 and Ry, are % f’é . In some

variations of formula (24) described in the paragraphs above in which /; is 4, R,y is H,
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0 0
- s s
Ry is CH3z, Ry, and Ry; are CH3, Ry3 and Ryz are "+ <7, and Ryg and Rpg are = <. In

some variations of formula (24) described in the paragraphs above in which /; is 4, Rg; is

0] 0]
J
H, Ry1 is CHz, Raz is H, Ry, is CHs, Ras and Ry are % ; ,and Ry4 and Ry, are % ; )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0] 0] 0]
A J A
and Ry are H, Rys and Ry, areB'L ¥ , Raz and Ry are E ,and R,4 and Ry, areB'L ¥ .In

some variations of formula (24) described in the paragraphs above in which /7 is 4, Ry

O O

s s
and Ry are CHs, Ry and Ry; are “= 7, Ry3 and Ry; are “% <7, and Ry4 and Ry4 are
0]

E . In some variations of formula (24) described in the paragraphs above in which /; is

O 0]
R s s
4, Ry 18 H, Ry is CHi, Ry and Ry are”® <7, Ry3 and Ry; are “% ¢, and R,y and Ry are
0]

M
S . In some variations of formula (24) described in the paragraphs above in which /; is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (24) described in the paragraphs above in which /7 is 4, Ry

0]
and Ry are * 9{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % f‘é )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0]
and Ry, are * ‘gf , Raz and Ry, are H, R,3 and Ry; are CHi, and R,y and Ry, are % fej .
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[533]

[S534]

[S35]

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0]
and Ry are * 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry are H, and R,y and Ryy are % 9; )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Ry are * ﬁ , Raz and Ry, are 2 5{ , Ras and Ry3 are CHs, and R,4 and Ry are
0]

L . In some variations of formula (24) described in the paragraphs above in which /; is

4, Ry and Ry, are * ;‘ , Raz and Ry, are * ;‘ , Ras and Ry; are CH;, and R,y and Ry
0]

.
are B . In some variations of formula (24) described in the paragraphs above in which
I7 18 4, Ra1 and Ry, are * 9{ , Ra2 and Ry, are * "{ , Raz and Ry; are H, and Ry and Ryy
b
are £ .
In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Ry are * ;{ , Raz and Ry, are }1 &i , Ras and Ry; are * 5{ ,and Ry4 and Ry are

O
e

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

0 0
BN
and Ryp; are 371 *i , Raz and Ry, are % ; , Raz and Ry are H, and R,y and Ry, are % ; .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O

e e
and Ry are , Raz and Ry, are "+ ¢, Ra3 and Ryz are CH;, and Ray and Ry, are
0]

E . In some variations of formula (24) described in the paragraphs above in which /; is

O

et s
4, Ry1 and Ry are *, Raz and Ry, are “* ¢, R,3 and Ry are CH;, and Ry4 and Rpg
0

M
are E . In some variations of formula (24) described in the paragraphs above in which
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[S36]

[537]

[538]

O

. 24 s
I7 18 4, Ra1 and Ry, are *, Raz and Ry are "% ¢, Ry3 and Ry3 are H, and R,4 and Ry
hi
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O

J
and Ry are LHL *Af , Raz and Ry, are % *’é , Raz and Ry; are 3?7- 5{ ,and Ry4 and Ry, are

0]
P

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0] 0] 0]
J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
0]

M
S . In some variations of formula (24) described in the paragraphs above in which /; is
0 0O

s s
4, Ry1 and Ryy are “* ¢, Ry and Ry, are % ¢, Ry3 and Ryz are CH;, and Ryg and Ry
0

J
are B . In some variations of formula (24) described in the paragraphs above in which

O O

- s s
I718 4, Ra1 and Ryp are "% ¢, Ry and Ry are “* <7, R,z and Ry; are H, and Ry and Ryy
b
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0O O 0O

J BN J
and Ry are % 9; , Raz and Ry, are % *AS , Ras and Ry; are % 9; ,and R,4 and Ry are

0]
P
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[539]

[540]

[541]

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

A
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }5-/\)2‘
In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are H, R, and Ry, are CH3, and R,3 and Ry,; and Ry4 and Ryg together are

N - - -
. In some variations of formula (24) described in the paragraphs above in which /;
is 4, Ry; and Ry, are H, Ry and Ry, are CH3, and R,3 and Ry; and R,4 and Ry,4 together

OV

arc

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

and Ry are H, Ry, and Ry, are 5 *i , and R,3 and Ry3 and Ry4 and Rypy together are
N

. In some variations of formula (24) described in the paragraphs above in which /;

is 4, Ra1 and Ry are 3?7- 5{ , Ra2 and Ry, are CHs, and R,z and Rps and R,4 and Ry

%
together are }{\}L‘ In some variations of formula (24) described in the paragraphs

above in which /7 1s 4, Ra1 1S H, Ry 1s CHs, Ra; and Ry, are * f'{ , and Ry3 and Ry3 and

A Y
Ra4 and Ryy together are }L/\/LLL‘

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1
0]
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (24) described in the paragraphs above in which /;

0]
| L
is 4, Ry and Ry are "% ¢, R and Ry, are CHs, and Ras and Rys and Rag and Ry

NG
together are }{\}LL In some variations of formula (24) described in the paragraphs
O

J
above in which /7 is 4, Ra1 is H, Ry; 1s CHz, Ry, and Ry, are % f‘f , and R,z and Ry,3 and

A 2
Ra4 and Ryy together are }7-/\/‘777-
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[542]

[543]

[544]

[545]

[S46]

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0] 0]
s s
and Ry are " <7, Ry and Ryz are "2 ¢, and R,3 and Ry3 and Ra4 and Rypy together are
N

. In some variations of formula (24) described in the paragraphs above in which /;

0]
J
is 4, Ra1 and Ry are % Jé , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and Ra4 and Ry,

%
together are }{\}L‘ In some variations of formula (24) described in the paragraphs
0O 0O

above in which I 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢, and Ry3 and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

A 2

and Ryp; and R,; and Ry, together are }LL/\}’- , and R,3 and Ry,3 and Ra4 and Ryp4 together
G

are }{\}1

In some variations of formula (24) described in the paragraphs above in which /> is 1, Ra1

and Ry are both H. In some variations of formula (24) described in the paragraphs above

in which /> is 1, Ry is H and Ry is CHs. In some variations of formula (24) described in

the paragraphs above in which /> is 1, Ra; and Ry, are both CH3. In some variations of

formula (24) described in the paragraphs above in which /7 is 1, Ry; and Ry are S .
In some variations of formula (24) described in the paragraphs above in which /> is 1, Ry

0]
J
and Ry are % j )

In variations of formula (24) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (24) described in the paragraphs above in which /; is 2, each

of Ry; and Ry,; and R,; and Ry, is H. In some variations of formula (24) described in the
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[547]

paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (24) described in the paragraphs above in which /; is 2, each of Ry
and Ry, is H and each of Ry; and Ry, is CHs. In some variations of formula (24)
described in the paragraphs above in which /; is 2, each of Ry;, Ry, and Ry is H and Ry,
1s CHs.

In some variations of formula (24) described in the paragraphs above in which I; is 2,

each of Ry and Ry is H and Ry, and Ry, are * \’{ . In some variations of formula (24)

described in the paragraphs above in which /; is 2, each of Ry; and Ry, is H and R, and
0]

Ry, are E . In some variations of formula (24) described in the paragraphs above in

which > is 2, each of R,; and Ry, is CH; and R,; and Ry, are * ;‘ . In some variations

of formula (24) described in the paragraphs above in which /> is 2, each of R, and Ry is
0

J
CH; and Ry, and Ry, are % f'é .
In some variations of formula (24) described in the paragraphs above in which /7 is 2, Ra1

is H, Ry,; is CH;, and R,; and Ry,; are * \fs‘ . In some variations of formula (24) described
0]

in the paragraphs above in which /; is 2, Ry; is H, Ry, is CHj3, and R,; and Ry, are % fej .

In some variations of formula (24) described in the paragraphs above in which /7 is 2, Ra1

A2
and Ryp; and R,; and Ry, together are }LL/\}L In some variations of formula (24)
described in the paragraphs above in which /; is 2, Ry; and Ry are O R, and Ry,; are

¥ . In some variations of formula (24) described in the paragraphs above in which /,

O

- et s at
is 2, Ra1 and Ry are * Raz and Ry are “* ¢ In some variations of formula (24)
0]

described in the paragraphs above in which /; is 2, Ry; and Ry are L R, and Ry,; are

0]
s
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[548]

[549]

[550]

In variations of formula (24) described in the paragraphs above in which £ is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (24) described in the paragraphs above in
which / is 3, In some variations of formula (24) described in the paragraphs above in
which I is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(24) described in the paragraphs above in which 7 is 3, each of Ry1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (24) described in the paragraphs above in
which [/, is 3, each of R,1,Rp1, Raz, and Ry, 18 H and each of R,s and Ry; is CH;. In some
variations of formula (24) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(24) described in the paragraphs above in which /> is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj;. In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ryps is CHa.
In some variations of formula (24) described in the paragraphs above in which I; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (24) described in the paragraphs above in which [; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are 5 *i . In some variations of

formula (24) described in the paragraphs above in which / is 3, each of R,1,Rp1, Raz, and

Rpa, 1s CH; and R,z and Rys are * f’f‘ . In some variations of formula (24) described in

the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and

R,; and Ryz are R . In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of Ry; and R,; is H and cach of Ry and Ry; is CH3z, and Ry

2

and Ryz are *

In some variations of formula (24) described in the paragraphs above in which I; is 3,
O
each of Ry1,Rp1, Raz, and Ry, is H and R,3 and Ry,; are % f‘é . In some variations of
formula (24) described in the paragraphs above in which [ is 3, each of R,1,Ryp;, Ry,, and
O
Rpa, 1s CH; and R,z and Rys are % j . In some variations of formula (24) described in

the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and
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[551]

[552]

O

R,3 and Ry,z are % ; . In some variations of formula (24) described in the paragraphs
above in which /; is 3, each of Ry; and R,; is H and cach of Ry and Ry; is CH3z, and Ry
0]

and Ryz are % *’é .

In some variations of formula (24) described in the paragraphs above in which > is 3, Ra1

and Ry are * ;{ , Raz and Ry; are }1 f’ss‘ , and each of Ry3 and Ry3is H. In some

variations of formula (24) described in the paragraphs above in which /; is 3, R,; and Ry
arc }LL f'é‘ , Raz and Ry are 371 *i , and cach of R,3 and Ryz is CHs. In some variations of
formula (24) described in the paragraphs above in which /> is 3, Ry; and Ry are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (24)
described in the paragraphs above in which /; is 3, Ry and Ry are A , Raz and Ry,
are * 5{ , and each of R,; and Ry3is H. In some variations of formula (24) described in

the paragraphs above in which £> is 3, R,y and Ry, are S , Raz and Ry,z are S , and

cach of R,3 and Ry3is CH3. In some variations of formula (24) described in the

paragraphs above in which /> is 3, Ry and Ry are * 5{ , Ra2 and Ry are * f{ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (24) described in the paragraphs above in which /> is 3, Ry

O

and Ryp; are 371 *i , Raz and Ry; are % j , and cach of Ry3 and Ry31s H. In some
variations of formula (24) described in the paragraphs above in which /> is 3, Ra1 and Ry

0]
are * ;‘ , Raz and Ry are % Jé , and each of R,z and Rys is CHs. In some variations of

e

formula (24) described in the paragraphs above in which /> is 3, Ry; and Ry are S ,
0]

R, and Ry,; are % ; , Ra3 is H, and Ry is CHs. In some variations of formula (24)
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[553]

[554]

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (24) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (24) described in the

0]
paragraphs above in which /> is 3, Ry and Ry are }1 *3{ , Ra2 and Ry are % Jé , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (24) described in the paragraphs above in which /> is 3, Ry

O O

e e -
and Ry are “+ ¢, Ry and Ry are “* ¢, and each of Ry3 and Ryz is H. In some
variations of formula (24) described in the paragraphs above in which /; is 3, Ry1 and Ry

O 0O

are % ; , Ra2 and Ry are % 9; , and each of R,3 and Rys is CHs. In some variations of
0]

formula (24) described in the paragraphs above in which /> is 3, Ry; and Ry are % *’é ,
0]

R, and Ry,; are % Jé , Ra3 is H, and Ry is CHs. In some variations of formula (24)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are X ¥ , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (24) described in the

O O

paragraphs above in which /; is 3, Ra; and Ry, are E , Raz and Ry are R , and each
of R,3 and Ry is CH3. In some variations of formula (24) described in the paragraphs

0 0
N L Ko |
above in which /> is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (24) described in the paragraphs above in which /> is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (24) described in the paragraphs above in which /> is 3, Ra1 and Ry
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[555]

[S56]

\ Cd
and R, and Ry, together are :&L/\}L‘ , and each of R,3 and Ry;is CHs. In some variations
of formula (24) described in the paragraphs above in which > is 3, Ry and Ry and Ry,

\ 4
and Ry, together are ’IZ{\}I , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(24) described in the paragraphs above in which /> is 3, Ra1 and Ry and R,; and Ry,

N

together are }7-/\)‘1 , and R,z and Ry; are S . In some variations of formula (24)

described in the paragraphs above in which /; is 3, Ry and Ry and R,z and Ry, together
O

N Py
are }{\}l‘, and R,z and Ry; are % 9’5 .

In variations of formula (24) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ra1 and Ry1; Ra2 and Ryz; Raz and Rys; and Ray
and Ryg, respectively. In some variations of formula (24) described in the paragraphs
above in which /> is 4, In some variations of formula (24) described in the paragraphs
above in which /; is 4, each of Ry1,Rp1, Raz, Rp2, Ras, Rpa, Rag, and R4 is H. In some
variations of formula (24) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (24)
described in the paragraphs above in which /; is 4, each of Ra1, Rp1, Ra2, Rp2, Ras, and
Ry3is H and each of R,y and Ry4is CHj;. In some variations of formula (24) described in
the paragraphs above in which £> is 4, each of Ra1, Rp1, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (24) described in the paragraphs
above in which 15 1s 4, each of Ra1, Rp1, Raz, Rpa, Ras, and Ry is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (24) described in the paragraphs above in which I; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (24) described in the paragraphs above in which /7 is 4, R,1 is H, Rp11s CH3, and
cach of Rz, Rpz, Ry3, and Ry is CH;. In some variations of formula (24) described in the
paragraphs above in which /> is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
1s H. In some variations of formula (24) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ryy and Ry is CHs, and each of Ry3 and Ry; is H. In
some variations of formula (24) described in the paragraphs above in which /, is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.
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[557]

[558]

[559]

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

and Rp; are H, R,; and Ry, are H, R,3 and Ryp; are H, and Ry4 and Ry are % Jé‘ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are * 5{ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are * *‘;‘ . In some

variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

are CH;, R, and Ry, are CH;, Ry3 and Ry,; are CHj3, and R,y and Ry are * 5{ .

In some variations of formula (24) described in the paragraphs above in which /, is 4, Ry

and Ry are H, Ra; and Ry are H, R,3 and Rys are }’- \’Si ,and Ry4 and Ry are 3?7- 5{ .In

some variations of formula (24) described in the paragraphs above in which /; is 4, Ry
e

In some variations of formula (24) described in the paragraphs above in which /, is 4, Ry

and Ryp; are H, R,; and Ry, are CH3, R,3 and Ry are }‘*- ;‘ ,and R,4 and Rpy are

and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are s ;{ ,and R,4 and Ry are

Blyfi . In some variations of formula (24) described in the paragraphs above in which /,
is 4, Ry 18 H, Ry is CHs, Ry, and Ry; are CH3, Ry3 and Ry; are % Jé‘ ,and R,y and Rpy
are A . In some variations of formula (24) described in the paragraphs above in which
1,184, Ry 1s H, Ry 1s CHi, Ry 1s H, Ry,z is CH3, Ry3 and Ry, are * f{ ,and R,4 and Ry,
w2

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1
and Rp; are H, R,; and Ry, are LHL *Af , Raz and Ry; are % 5{ ,and R,4 and Rpy are

S . In some variations of formula (24) described in the paragraphs above in which /,
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[S560]

[S61]

is 4, Ra1 and Ry are CHz, Ra; and Ry, are * ;{ , Ras and Ry; are * *}i ,and Ra4 and
Ry4 are S . In some variations of formula (24) described in the paragraphs above in
which /;1s 4, Ra1 is H, Ry is CHz, Ras and Ry, are }L“ 5{ , Ras and Ry3 are }1 5{ ,and
R, and Ry, are S . In some variations of formula (24) described in the paragraphs

above in which /, is 4, R,y and Ry are * "{ , Raz and Ry, are 5 \’{ , Ras and Ry; are

Z

* ;‘ ,and R,4 and Ry4 are %

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

O

J
and Ry are H, Ra» and Ry are H, R,z and Ry; are H, and Ra4 and Ry, are % ; . In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O]

J
are H, R,; and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are % ; . In some
variations of formula (24) described in the paragraphs above in which /, is 4, R,y and Ry

O

J
arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % f’é . In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O

are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % *’é )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O]

.
and Ry are H, Ra; and Ry are H, R,3 and Rys are % 9)5 ,and Ry4 and Ry are v. In some
variations of formula (24) described in the paragraphs above in which /; is 4, Ry and Ry

O O

s s
are H, Ry, and Ry, are CH;, R,y3 and Ry; are “% ¢, and Ry and Ry are “% <. In some
variations of formula (24) described in the paragraphs above in which /, is 4, R,y and Ry

O O

.
are CHs, Ry and Rys are CHs, Ra3 and Ry; are % f’é ,and Ry4 and Ry, are % f’é . In some

variations of formula (24) described in the paragraphs above in which /; is 4, R,y is H,
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[562]

[S563]

0 0
- s s
Ry is CH3z, Ry, and Ry; are CH3, Ry3 and Ryz are "+ <7, and Ryg and Rpg are = <. In

some variations of formula (24) described in the paragraphs above in which /> is 4, Rg; is

0] 0]
J
H, Ry1 is CHz, Raz is H, Ry, is CHs, Ras and Ry are % ; ,and Ry4 and Ry, are % ; )

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

0] 0] 0]
A J A
and Ry are H, Rys and Ry, areB'L ¥ , Raz and Ry are E ,and R,4 and Ry, areB'L ¥ .In

some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

O O

s s
and Ry are CHs, Ry and Ry; are “= 7, Ry3 and Ry; are “% <7, and Ry4 and Ry4 are
0]

E . In some variations of formula (24) described in the paragraphs above in which /, is

O 0]
R s s
4, Ry 18 H, Ry is CHi, Ry and Ry are”® <7, Ry3 and Ry; are “% ¢, and R,y and Ry are
0]

M
S . In some variations of formula (24) described in the paragraphs above in which /, is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (24) described in the paragraphs above in which /; is 4, Ry

0]
and Ry are * 9{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % f‘é )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0]
and Ry, are * ‘gf , Raz and Ry, are H, R,3 and Ry; are CHi, and R,y and Ry, are % fej .
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[S64]

[S65]

[S66]

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

0]
and Ry are * 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry are H, and R,y and Ryy are % 9; )

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

and Ry are * ﬁ , Raz and Ry, are 2 5{ , Ras and Ry3 are CHs, and R,4 and Ry are
0]

L . In some variations of formula (24) described in the paragraphs above in which /, is

4, Ry and Ry, are * ;‘ , Raz and Ry, are * ;‘ , Ras and Ry; are CH;, and R,y and Ry
0]

.
are B . In some variations of formula (24) described in the paragraphs above in which
1,18 4, Ra1 and Ry are * 9{ , Ra2 and Ry, are * "{ , Raz and Ry; are H, and Ry and Ryy
b
are £ .
In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

and Ry are * ;{ , Raz and Ry, are }1 &i , Ras and Ry; are * 5{ ,and Ry4 and Ry are

O
e

In some variations of formula (24) described in the paragraphs above in which /, is 4, Ry

0 0
BN
and Ryp; are 371 *i , Raz and Ry, are % ; , Raz and Ry are H, and R,y and Ry, are % ; .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O

e e
and Ry are , Raz and Ry, are "+ ¢, Ra3 and Ryz are CH;, and Ray and Ry, are
0]

E . In some variations of formula (24) described in the paragraphs above in which /, is

O

et s
4, Ry1 and Ry are *, Raz and Ry, are “* ¢, R,3 and Ry are CH;, and Ry4 and Rpg
0

M
are E . In some variations of formula (24) described in the paragraphs above in which
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[S567]

[S568]

[569]

O

. 24 s
1,18 4, Ra1 and Ry are *, Raz and Ry are "% ¢, Ry3 and Ry3 are H, and R,4 and Ry
hi
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0]
J
and Ry are LHL *Af , Raz and Ry, are % *’é , Raz and Ry; are 3?7- 5{ ,and Ry4 and Ry, are

0]
P

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

0] 0] 0]
J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
0]

M
S . In some variations of formula (24) described in the paragraphs above in which /, is
0 0O

s s
4, Ry1 and Ryy are “* ¢, Ry and Ry, are % ¢, Ry3 and Ryz are CH;, and Ryg and Ry
0

J
are B . In some variations of formula (24) described in the paragraphs above in which
O O

- s s
1,18 4, Ra1 and Ry are "% ¢, Ry and Ry are "= ¢, R,3 and Ry are H, and Ra4 and Ryy
b
are E) .

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

0O O 0O

J BN J
and Ry are % 9; , Raz and Ry, are % *AS , Ras and Ry; are % 9; ,and R,4 and Ry are

0]
P
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[570]

[571]

[572]

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

A
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }5-/\)2‘
In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

and Ryp; are H, R, and Ry, are CH3, and R,3 and Ry,; and Ry4 and Ryg together are

N - - -
. In some variations of formula (24) described in the paragraphs above in which /,
is 4, Ry; and Ry, are H, Ry and Ry, are CH3, and R,3 and Ry; and R,4 and Ry,4 together

OV

arc

In some variations of formula (24) described in the paragraphs above in which /, is 4, Ry

and Ry are H, Ry, and Ry, are 5 *i , and R,3 and Ry3 and Ry4 and Rypy together are
N

. In some variations of formula (24) described in the paragraphs above in which /,

is 4, Ra1 and Ry are 3?7- 5{ , Ra2 and Ry, are CHs, and R,z and Rps and R,4 and Ry

%
together are }{\}L‘ In some variations of formula (24) described in the paragraphs

above in which /, 1s 4, Ra1 1S H, Ry 1s CHs, Ray and Ry, are * f'{ , and Ry3 and Ry3 and

A Y
Ra4 and Ryy together are }L/\/LLL‘

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1
0]
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (24) described in the paragraphs above in which /,

0]
| L
is 4, Ry and Ry are "% ¢, R and Ry, are CHs, and Ras and Rys and Rag and Ry

NG
together are }{\}LL In some variations of formula (24) described in the paragraphs
O

J
above in which /; is 4, Ra1 is H, Ry; 1s CHz, Ry, and Ry, are % f‘f , and R,z and Ry,3 and

A 2
Ra4 and Ryy together are }7-/\/‘777-
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[573]

[574]

[575]

[S76]

In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

0O O
e e
and Ry are " <7, Ry and Ryz are "2 ¢, and R,3 and Ry3 and Ra4 and Rypy together are
HNK . — -
. In some variations of formula (24) described in the paragraphs above in which /,

0]
J
is 4, Ra1 and Ry are % Jé , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and Ra4 and Ry,

%
together are }{\}L‘ In some variations of formula (24) described in the paragraphs
0O 0O

above in which /, is 4, Ry; and Ry are “% ¢, Ry; and Ry, are "% <7, and R,z and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘
In some variations of formula (24) described in the paragraphs above in which /> is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N

In some variations of formula (24) described in the paragraphs above in which /; is 4, Ra1

A 2
and Ryp; and R,; and Ry, together are }LL/\}’- , and R,3 and Ry,3 and Ra4 and Ryp4 together
N

arc

In some variations of formula (24) described in the paragraphs above, ring A is

_ (\_S_ _%N/\s NTSN

S HOE T o o

N , N , Or N

optionally substituted with halo or C1-C6 linear or branched alky];

Ty Y Y Tege X
—eT =T 2 = O /\
(b) H ¢ S0 | %58 H o f SO R,
e
08
- RECY
or Rz, optionally substituted with halo or C1-C6 linear or branched alkyl; or
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oK /—O/
0 Q =
/ ~ /
_ §/ﬁ}3f L S/ﬁ/% i S_/ﬁ}t]a HN/ﬁ;ﬁL N/ﬂ,1

NI _K_/NH , \_° ,_S_IL/NH , _\_/O , or

/
)
o

Qh%

v , optionally substituted with halo or C1-C6 linear or branched alkyl.

[S77] In some variations of formula (24) described in the paragraphs above, ring A is

substituted with halo. In some variations, the halo is F, Br, I, or CI.

[S78] In some variations of formula (24) described in the paragraphs above, ring A is
substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, CI-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[S79] In some variations of formula (24) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (24) described in the paragraphs above, the first D2 is
safranin-O. In some variations of formula (24) described in the paragraphs above, the
second D2 is safranin-O. In some variations of formula (24) described in the paragraphs
above, D1 and the first D2 are safranin-O. In some variations of formula (24) described
in the paragraphs above, D1 and the second D2 are safranin-O. In some variations of
formula (24) described in the paragraphs above, the first D2 and the second D2 are

safranin-O.

[S80] In some variations of formula (24) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (24) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
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[581]

[582]

which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (24) described in the two paragraphs above, the pendant
phenyl ring of the first D2 is unsubstituted. In some variations of formula (24) described
in the paragraph above, the pendant phenyl ring of the first D2 is substituted with 1-3
(e.g., 1-3,1-2, 1, 2, or 3) electron-donating or electron-withdrawing groups, which may
be at any available position on the pendant phenyl ring. In some embodiments in which
the pendant phenyl ring of the first D2 is substituted, the substituents are selected
independently from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH;, —NHCOR,
—OCH;3;, —OR, —C,Hs, —R, and —C¢Hs, wherein R is C1-C6 linear or branched alkyl
(e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-
Ce6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).
In some embodiments in which the pendant phenyl ring of the first D2 is substituted, the
substituents are selected independently from —NO,,—NR;3", halo (e.g., F, Br, Cl, I),
trihalide (e.g., —CF3, —CCls, —CBr3;, —Cl3), —CN, —SOz;H, —COOH, —COOR,
—CHO, and —COR, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5,
C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4,
C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (24) described in the three paragraphs above, the pendant
phenyl ring of the second D2 is unsubstituted. In some variations of formula (24)
described in the paragraph above, the pendant phenyl ring of the second D2 is substituted
with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3) electron-donating or electron-withdrawing groups,
which may be at any available position on the pendant phenyl ring. In some embodiments
in which the pendant phenyl ring of the second D2 is substituted, the substituents are
selected independently from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH3,
—NHCOR, —OCH;, —OR, —C;Hs, —R, and —C¢Hs, wherein R is C1-C6 linear or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl). In some embodiments in which the pendant phenyl ring of the second

D2 is substituted, the substituents are selected independently from —NO,,—NR3", halo
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[583]

[584]

[585]

(e.g., F, Br, Cl, I), trihalide (e.g., —CF3, —CCl3, —CBr3, —Cls), —CN, —SO:H,
—COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear or branched alkyl
(e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-
Ce6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-Co, C5, or C6 linear or branched alkyl).

In some of the variations of formula (24) described above, in which each D is a safranin-

O moiety, as shown in formula (24a):

|
SN NH,
ﬁ —|—|+IRb2 ﬁ\
1 k/ b1 | /\J -m

Ry Rs

(24a) , in which m, 1, L,

ring A, R,1, Ry; Ry,, and Ry, are as defined in the paragraphs above, Ry, R,, Rz, Ry, Rs,
and Rg independently are absent or independently are selected from —NH,, —NHR,
—NR;, —OH, —O°, —NHCOCH3;, —NHCOR, —OCH3;, —OR, —C;Hs, —R,

C¢Hs, —NO,, —NR3", halo (e.g., F, Br, Cl, I), trihalide (e.g., —CF3;, —CCls, —CBr3,
—ClI3), —CN, —SOs;H, —COOH, —COOR, —CHO, and —COR), and R is C1-C6
linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5,
C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-Co6, C4-C5, C4, C5-C6, C5, or C6
linear or branched alkyl).

One of skill in the art can readily visualize and prepare other cationic multimers falling
within formula (24) in which other cationic dye moieties are used in place of one or both

of the safranin-O moieties.

Some cationic dye multimers fall within formula (25):

RC'] qu RCZ Rd2
Cor > o ez >
e %sz m
Rpf . Rz
(25) , in which m is 2; each

of D1, a first D2, and a second D2 is a cationic dye moiety; l;, I, n, 07, and o0;

208



WO 2015/116707 PCT/US2015/013334

[586]

[587]

[588]

[589]

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each
independent instance of R, and Rpi, Ry and Rypi(1) independently are H or CH3, or (2)
O
R,1 and Ry; independently are HH or }’-J\*; , or (3) two of CRyRy,; are }LL/\}{, for
cach independent instance of Ry, and Ry, Raz and Ry, (1) independently are H or CH3, or
O
(2) Ry2 and Ry, independently are R or }L‘JL; , or (3) two of CRy,;Ry,; are }LL/\){,
for each independent instance of Ry and Rgi, R and Rg; (1) independently are H or
O
CHs, or (2) Ry and Ry independently are O or PZLJL; , or (3) two of CRuRgy are

\ ~
}{\}LL; and, for each independent instance of R and Rgz, R and Rgx (1)

O
independently are H or CH3, or (2) Rz and Rq; independently are S or ¥ ,or (3)
two of CR;Rg; are "l{\){
In some variations of formula (25), D1, the first D2, and the second D2 are different
cationic dye moieties. In some variations of formula (25), D1, the first D2, and the
second D2 are the same cationic dye moiety. In other variations of formula (25), D1 and
the first D2 are the same cationic dye moiety and the second D2 is a different cationic
dye moiety. In other variations of formula (25), D1 and the second D2 are the same
cationic dye moiety and the first D2 is a different cationic dye moiety. In other variations
of formula (25), the first D2 and the second D2 are the same cationic dye moiety and D1
is a different cationic dye moiety. In some variations of formula (25), each of D1, the first
D2, and the second D2 independently is selected from the group consisting of safranin-O,

toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene

blue.

In some variations of formula (25) described in the paragraphs above, I; is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (25) described in the paragraphs above, /> is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some previous variations of formula (25) described in the paragraphs above, 0; is 1-4,

1-3,1-2,2-4,2-3,3-4, 1, 2, 3, or 4.
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[590]

[591]

[592]

[593]

In some previous variations of formula (25) described in the paragraphs above, 0, is 1-4,

1-3,1-2,2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (25) described in the paragraphs above in which /7 1s 1, Ra1
and Ry, are both H. In some variations of formula (25) described in the paragraphs above
in which /7 is 1, Ry is H and Ry is CH3. In some variations of formula (25) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

formula (25) described in the paragraphs above in which /; is 1, Ryy and Ry are s ?55‘ )
In some variations of formula (25) described in the paragraphs above in which /7 is 1, Ry

0]
J
and Ry, are % j .

In variations of formula (25) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (25) described in the paragraphs above in which /; is 2, each
of Ry; and Ry,; and R,; and Ry, is H. In some variations of formula (25) described in the
paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (25) described in the paragraphs above in which /; is 2, each of Ry
and R, is H and each of Ry; and Ry is CH3. In some variations of formula (25)
described in the paragraphs above in which /; is 2, each of Ry;, Ry), and Ry is H and Ry,
is CHs.

In some variations of formula (25) described in the paragraphs above in which /; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (25)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry are E . In some variations of formula (25) described in the paragraphs above in

which /; is 2, each of Ry and Ry, is CH; and Ry, and Ry, are * ;‘ . In some variations

of formula (25) described in the paragraphs above in which [; is 2, each of Ry and Ry is
O

JL
CH; and R,; and Ry are % 9; .
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[594]

In some variations of formula (25) described in the paragraphs above in which /; is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (25) described
0
in the paragraphs above in which /; is 2, Ra1 18 H, Ry is CH3, and R,; and Ry are % .

In some variations of formula (25) described in the paragraphs above in which /; is 2, Ra1

A 2
and Ryp; and R,; and Ry, together are }LL/\}’- In some variations of formula (25)
described in the paragraphs above in which /; is 2, R,y and Ry, are * "{ R, and Ry, are

S . In some variations of formula (25) described in the paragraphs above in which /;
O

is 2, Ra1 and Ry are * @5‘ R, and Ry, are % f’é . In some variations of formula (25)
0]

M
described in the paragraphs above in which /; is 2, Ry; and Ry are % R, and Ry,; are

0]
s

In variations of formula (25) described in the paragraphs above in which /; is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (25) described in the paragraphs above in
which /; is 3, In some variations of formula (25) described in the paragraphs above in
which /7 is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(25) described in the paragraphs above in which /; is 3, each of R,a1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (25) described in the paragraphs above in
which /; is 3, each of R,1,Rp1, Raz, and Ry, 1s H and each of R,3 and Ry; is CH;. In some
variations of formula (25) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(25) described in the paragraphs above in which /; is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj;. In some variations of formula (25) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ry is CHa.
In some variations of formula (25) described in the paragraphs above in which /; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[595]

[596]

[597]

In some variations of formula (25) described in the paragraphs above in which /; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (25) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (25) described in

the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (25) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Rp; and Ry; is CH3z, and Ry
and Ry; are * @5‘ )

In some variations of formula (25) described in the paragraphs above in which /; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (25) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, and
O

Ry2, is CH; and R,3 and Ry are X . In some variations of formula (25) described in
the paragraphs above in which /; is 3, Ra1 is H and each of Ry, Ry, and Ry, is CH3, and
O

R,3 and Ry,z are % ; . In some variations of formula (25) described in the paragraphs
above in which I; 1s 3, each of R, and Ry is H and each of Ry and Ry, is CHz, and Ras
0]

M
and Ry; are % ; )
In some variations of formula (25) described in the paragraphs above in which /; is 3, Ry

and Ryp; are 371 *i , Raz and Ry; are 377- "{ , and cach of R,3 and Ry3is H. In some

variations of formula (25) described in the paragraphs above in which /; is 3, Ry1 and Ryg
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (25) described in the paragraphs above in which /; is 3, Ry; and Ry, are * ;‘ ,

R, and Ry,; are * 5{ , Ra3 is H, and Ry is CHs. In some variations of formula (25)
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[598]

[599]

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (25) described in

the paragraphs above in which /; is 3, R,y and Ry, are * 5{ , Raz and Ry are * 5{ , and

cach of R,; and Ry,3is CHj;. In some variations of formula (25) described in the

paragraphs above in which /; is 3, Ry and Ry are * fés‘ , Ra2 and Ry are * V‘é‘ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which /; is 3, Ra1

O

J
and Ry are * ;{ , Raz and Ry, are % f‘é , and each of R,3 and Rysis H. In some
variations of formula (25) described in the paragraphs above in which /; is 3, Ry1 and Ryg

O

are * *’{ , Raz and Ry are % ; , and each of R,3 and Ry;is CH;. In some variations of

formula (25) described in the paragraphs above in which /; is 3, R,y and Ry, are ¥ ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (25) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (25) described in the
O

paragraphs above in which /; is 3, Ry and Ry are * *’{ , Ra2 and Ry are % <‘§ , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which /; is 3, Ry

O O

s s -
and Rp; are "> ¢, Ry and Ry are "+ ¢, and cach of R,3 and Ryz is H. In some

variations of formula (25) described in the paragraphs above in which /; is 3, Ry1 and Ryg
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[600]

[601]

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (25) described in the paragraphs above in which /; is 3, Ryp and Ry are E ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (25) described in the

O O
i which s e i
paragraphs above in which /; is 3, Ry and Ry are "% ¢7, Ry; and Ryzare “* <7, and each

of R,3 and Ry is CH3. In some variations of formula (25) described in the paragraphs

0 0
N L Ko |
above in which /; is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (25) described in the paragraphs above in which /; is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (25) described in the paragraphs above in which /; is 3, R,y and Ry

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (25) described in the paragraphs above in which /; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(25) described in the paragraphs above in which /; is 3, Ra1 and Rp; and R,; and Ry,

NG

together are }{\}LL , and R,z and Ryz are S . In some variations of formula (25)

described in the paragraphs above in which /; is 3, Ry and Ry and Ry and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (25) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (25) described in the paragraphs

above in which /; is 4, In some variations of formula (25) described in the paragraphs
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[602]

[603]

[604]

above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ry, and Ry4 is H. In some
variations of formula (25) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (25)
described in the paragraphs above in which /; is 4, each of Ry, Rpg, Ryz, Rpa, Rys, and
Ry31s H and each of R, and Ry4is CHs. In some variations of formula (25) described in
the paragraphs above in which /; is 4, each of Ra1, Ry, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (25) described in the paragraphs
above in which ; 1s 4, each of R,1, Rp1, Raz, Rpa, Ras, and Ry;is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (25) described in the paragraphs above in which /; is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (25) described in the paragraphs above in which /; is 4, Ry, is H, Ry is CH3, and
cach of Ryz, Riz, Ra3, and Ry is CH3. In some variations of formula (25) described in the
paragraphs above in which /; is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
is H. In some variations of formula (25) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ry,; and Ry, is CH3, and each of R,y3 and Ry; is H. In
some variations of formula (25) described in the paragraphs above in which /; is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are * 9;‘ . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are * *5’5‘ . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ry1 and Ryg

arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % &i . In some

variations of formula (25) described in the paragraphs above in which /; is 4, R,y and Ry

are CHs, Ry, and Ry, are CHs, Raz and Ryz are CHs, and Rag and Ry are 3 ;{ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are }a’- 5{ ,and Ry4 and Ry are * "{ .In

some variations of formula (25) described in the paragraphs above in which /; is 4, Ry
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[605]

[606]

and Ry are H, Ra» and Ry are CHs, R,z and Ry are s ;{ ,and R,4 and Ry are %Yf‘{ )
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }L“ 5{ ,and R,4 and Ry are

O . In some variations of formula (25) described in the paragraphs above in which /;
is 4, Ra1 18 H, Ry 1s CHs, Raz and Ry are CH;, R,z and Ry are 3?7- 5{ ,and Ra4 and Ry,
are S . In some variations of formula (25) described in the paragraphs above in which
I718 4, Ra1 1s H, Ry is CHs, Rys 18 H, Ry; 18 CH3, Ra3 and Ry are }’- \’Si ,and Ry4 and Ry4
are }iyé'{ .

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ry
and Ry are H, Ry, and Ry, are 5 *i , Raz and Ry; are }LL ;{ ,and R,4 and Ry are

}‘Y*’{ . In some variations of formula (25) described in the paragraphs above in which /;
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are % 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (25) described in the paragraphs above in
which /; is 4, Ry 1S H, Ry is CH;, Ry; and Ry, are * 5{ , Ras and Ry are * 5{ ,and
Ra4 and Ryy are S . In some variations of formula (25) described in the paragraphs
above in which I; is 4, Ra1 and Ry are * "{ , Ra2 and Ry, are s 'ﬁ , Raz and Ry; are

* 5{ ,and Ra4 and Ry, are :L"-YV'{ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O

J
and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are % ; . In some

variations of formula (25) described in the paragraphs above in which /; is 4, R,y and Ry
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[607]

[608]

O]

J
are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % ; . In some
variations of formula (25) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are % ; . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ry1 and Ryg

0]
are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % 9)5 )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O]

and Ry are H, Ry, and Ry, are H, Ry3 and Ry, are % ; ,and R,4 and Ry, are v. In some
variations of formula (25) described in the paragraphs above in which /; is 4, R,y and Ry

0 0
s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* <7, and Ry and Ry are "+ 7. In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ry1 and Ryg

0] 0]
s s
are CHs, Ry and Rys are CHz, Ryz and Rps are “% ¢, and Ra4 and Rp4 are “% <. In some

variations of formula (25) described in the paragraphs above in which /; is 4, R,y is H,

0] 0]
- s s
Ryp: 1s CHs, Raz and Ry, are CHi, Rys and Rys are % <7, and Rag and Ryg are "% ¢, In

some variations of formula (25) described in the paragraphs above in which /; is 4, Ry is

0] 0]
J
H, Ry is CHs, R,z is H, Ry, is CH3, R,3 and Ry are % 9’5 ,and R,4 and Ry are % 9’5 )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ry

0] 0] 0]
. J .
and Ry are H, Ry and Ry alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4 alre"?ZL f’é .In

some variations of formula (25) described in the paragraphs above in which /; is 4, Ra;

0O O

and Ry are CHs, Ras and Ry, are % 9; , Ras and Ry; are % ; ,and Ry4 and Ry, are
0]

%% . In some variations of formula (25) described in the paragraphs above in which /; is

0 0
SH Ry s s
4, Ry is H, Ryp; is CH3, R,z and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
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[609]

[610]

O

S . In some variations of formula (25) described in the paragraphs above in which /; is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (25) described in the paragraphs above in which /; is 4, Ra;

0]
£ s
and Ry are ~, Raz and Ry are CHs, R,z and Rys are CHz, and Rag and Ry are "% ¢°,

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0]
and Ry are * \fs‘ , Raz and Ry, are H, R,3 and Ry; are CH;, and R,y and Ry, are % fej )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0
J
and Ryp; are 371 *i , Raz and Ry, are }LL ;{ , Raz and Ry3 are H, and R,4 and Ry, are % j .

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are CH3z, and Ry4 and Ry are
0

%% . In some variations of formula (25) described in the paragraphs above in which /; is

4, Ry1 and Ry are * f’f‘ , Raz and Ry, are * f’f‘ , Raz and Ry3 are CH3, and Ry and Ry
0

.
are B . In some variations of formula (25) described in the paragraphs above in which

l;1s 4, Ry and Ry, are * "{ , Raz and Ry are * f’ss‘ , Ra3 and Ry are H, and Ry4 and Ry

0]
are '?ZLJLf’é .
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[611]

[612]

[613]

[614]

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are % 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry; are * @{ ,and Ry4 and Ry are

0]
s

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0O 0O

J J
and Ry, are * 5{ , Raz and Ry, are % ; , Ra3 and Ry are H, and R4 and Ryy are % ; )
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ry

O]

£t s
and Ryp; are , Raz and Ry; are "= ¢, Ry3 and Ryp3 are CH3, and Ry4 and Rypy are
0

S . In some variations of formula (25) described in the paragraphs above in which /; is
0

et P
4, Ry1 and Ry are , Raz and Ry are "% 7, R,3 and Ry; are CH3, and R,4 and Ry
0

J
are B . In some variations of formula (25) described in the paragraphs above in which
O

. . s
I7 18 4, Ra1 and Ry, are *, Raz and Ry, are "= ¢, Ry3 and Ry3 are H, and Ry4 and Ry
hi
are % f’é )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0O
BN
and Ryp; are * 9{ , Raz and Ry, are % *’é , Raz and Ry are % V’f‘ ,and R,4 and Ryp4 are

0]
P

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

b b i
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
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[615]

[616]

[617]

O

S . In some variations of formula (25) described in the paragraphs above in which /; is
0 0O

s s
4, Ra1 and Rpy are "= ¢7, Ry and Ryz are " <7, Ryz and Rp; are CHz, and Ry and Ryy
0]

J
are B . In some variations of formula (25) described in the paragraphs above in which

O O

- s s
I;1s 4, Ry and Ryy are "% ©7, Ry; and Ry are “* ©7, Ry3 and Ryp; are H, and Ryq and Ry
1
are B )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0] 0] 0]
J J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are % f‘é ,and R,4 and Ry are

0]
s

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }LL/\}’-
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry; are H, R,; and Ry, are CH3, and R,; and Ry,; and R4 and Ry, together are
2N
is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
2N

. In some variations of formula (25) described in the paragraphs above in which /;

arc

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are * 9{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (25) described in the paragraphs above in which /;

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }1/\/.7& In some variations of formula (25) described in the paragraphs
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[618]

[619]

[620]

above in which /7 1s 4, Ra1 1S H, Ry 1s CHs, Ra; and Ry, are 2 ?{ , and Ry3 and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1
0]
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (25) described in the paragraphs above in which /;

0]

J
is 4, Ry and Ry, are % Jé , Raz and Ry are CH3;, and R,3 and Ry; and Ry4 and Ry

%
together are }{\}L‘ In some variations of formula (25) described in the paragraphs
O

J
above in which /7 1s 4, Ra1 1S H, Ry 1s CHs, Ra; and Ry, are % ; , and R,3 and Ry3 and

A Y
Ra4 and Ryy together are j{\}‘

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1
0] 0]
W .
and Ry are “* <7, Ry and Ryz are "> 7, and R,3 and Ry3 and Ra4 and Rypy together are
N - - -
. In some variations of formula (25) described in the paragraphs above in which /;

0
J
is 4, Ry and Ry, are % Jé , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

%
together are }LL/\}L‘ In some variations of formula (25) described in the paragraphs
0O 0O

above in which I 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢, and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are j{\}‘
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N
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[621]

[622]

[623]

[624]

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

A 2

and Ryp; and R,; and Ry, together are }5-/\)2‘ , and R,3 and Ry,3 and Ra4 and Ryp4 together
\ Cd

are "I{\}QL

In some variations of formula (25) described in the paragraphs above in which /> is 1, Ra1

and Ry are both H. In some variations of formula (25) described in the paragraphs above

in which /; is 1, Ry; is H and Ry, is CH3. In some variations of formula (25) described in

the paragraphs above in which /; is 1, Ra; and Ry are both CH3. In some variations of

formula (25) described in the paragraphs above in which /> is 1, Ryy and Ry are S .

In some variations of formula (25) described in the paragraphs above in which /> is 1, Ra1

0]
J
and Ry, are % f'é .

In variations of formula (25) described in the paragraphs above in which /; is 2, the two
instances of R, and Ry, are indicated as Ry, and Ry, and Ry, and Ry, respectively. In
some variations of formula (25) described in the paragraphs above in which /; is 2, each
of Ry1 and Ry; and Ry and Ry, is H. In some variations of formula (25) described in the
paragraphs above in which /; is 2, cach of R,y and Ry and Ry, and Ry is CHs. In some
variations of formula (25) described in the paragraphs above in which ; is 2, each of Ry
and R, is H and each of Ry; and Ry is CH3. In some variations of formula (25)
described in the paragraphs above in which /; is 2, each of Ry, Rz, and Ry is H and Ry,
is CHs.

In some variations of formula (25) described in the paragraphs above in which [, is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (25)
described in the paragraphs above in which /; is 2, each of Ry; and Ry is H and Ry, and
0O

Ry, are % ¥ . In some variations of formula (25) described in the paragraphs above in

which [ is 2, each of R, and Ry is CHs and Ry and Ry, are * 5{ . In some variations
of formula (25) described in the paragraphs above in which /; is 2, each of R, and Ry is
O

J
CH; and Ry, and Ry, are % fej .
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[625]

In some variations of formula (25) described in the paragraphs above in which > is 2, Ra1

is H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (25) described
0
in the paragraphs above in which > is 2, Ra1 18 H, Ry is CH3, and R,; and Ry are % .

In some variations of formula (25) described in the paragraphs above in which > is 2, Ra1

A 2
and Ryp; and R,; and Ry, together are }LL/\}’- In some variations of formula (25)
described in the paragraphs above in which /; is 2, R,y and Ry, are * "{ R, and Ry, are

S . In some variations of formula (25) described in the paragraphs above in which /,
O

is 2, Ra1 and Ry are * @5‘ R, and Ry, are % f’é . In some variations of formula (25)
0]

M
described in the paragraphs above in which /; is 2, Ry; and Ry are % R, and Ry,; are

0]
s

In variations of formula (25) described in the paragraphs above in which £ is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (25) described in the paragraphs above in
which / is 3, In some variations of formula (25) described in the paragraphs above in
which I is 3, each of Ra1,Rp1, Raz, Rz, Rasz, and Ry is H. In some variations of formula
(25) described in the paragraphs above in which 7 is 3, each of R,1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (25) described in the paragraphs above in
which [/, is 3, each of R,1,Rp1, Raz, and Ry, 18 H and each of R,s and Ry; is CH;. In some
variations of formula (25) described in the paragraphs above in which /; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(25) described in the paragraphs above in which /> is 3, Ry is H and each of Ry, Ras Ry,
Ry,, and Ry3is CHj;. In some variations of formula (25) described in the paragraphs
above in which /; is 3, each of R, and R, is H and each of Ry3, Rp1, Ry, and Ryps is CHa.
In some variations of formula (25) described in the paragraphs above in which I; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[626]

[627]

[628]

In some variations of formula (25) described in the paragraphs above in which I; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (25) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (25) described in

the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (25) described in the paragraphs

above in which /; is 3, each of Ry; and R,; is H and cach of Ry and Ry; is CH3z, and Ry
and Ry; are * @5‘ )

In some variations of formula (25) described in the paragraphs above in which [; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (25) described in the paragraphs above in which /; is 3, each of R,1,Rp1, Raz, and
O

Ry2, is CH; and R,3 and Ry are X . In some variations of formula (25) described in
the paragraphs above in which /; is 3, Ra is H and each of Ry, Ry, and Ry, is CH3, and
O

R,3 and Ry,z are % ; . In some variations of formula (25) described in the paragraphs
above in which I, 1s 3, each of Ry1 and Ra; is H and each of Ry and Ry, is CHz, and Ras
0]

M
and Ry; are % ; )
In some variations of formula (25) described in the paragraphs above in which > is 3, Ry

and Ryp; are 371 *i , Raz and Ry; are 377- "{ , and cach of R,3 and Ry3is H. In some

variations of formula (25) described in the paragraphs above in which /7 is 3, Ry1 and Ry
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (25) described in the paragraphs above in which [ is 3, Ry; and Ry, are * ;‘ ,

R, and Ry,; are * 5{ , Ra3 is H, and Ry is CHs. In some variations of formula (25)
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[630]

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (25) described in

the paragraphs above in which £> is 3, R,y and Ry, are * 5{ , Raz and Ry are * 5{ , and

cach of R,; and Ry,3is CHj;. In some variations of formula (25) described in the

paragraphs above in which /> is 3, Ry and Ry are * fés‘ , Ra2 and Ry are * V‘é‘ , Raz 18
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which > is 3, Ra1

O

J
and Ry are * ;{ , Raz and Ry, are % f‘é , and each of R,3 and Rysis H. In some
variations of formula (25) described in the paragraphs above in which /7 is 3, Ry1 and Ry

O

are * *’{ , Raz and Ry are % ; , and each of R,3 and Ry;is CH;. In some variations of

formula (25) described in the paragraphs above in which £; is 3, Ry; and Ry, are ¥ ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)

described in the paragraphs above in which /; is 3, Ry and Ry are S , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (25) described in

O

the paragraphs above in which /; is 3, Ra; and Ry, are S , Ra2 and Ry are % , and
cach of R,3 and Ry3is CH3. In some variations of formula (25) described in the
O

paragraphs above in which /> is 3, Ry and Ry are * *’{ , Ra2 and Ry are % <‘§ , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which > is 3, Ry

O O

s s -
and Rp; are "> ¢, Ry and Ry are "+ ¢, and cach of R,3 and Ryz is H. In some

variations of formula (25) described in the paragraphs above in which /7 is 3, Ry1 and Ry
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[631]

[632]

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
O

formula (25) described in the paragraphs above in which /> is 3, Ryy and Ry are E ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)
0]

described in the paragraphs above in which /; is 3, Ry and Ry are % , Ra2 and Ryz are
O

% 9; , and each of Ry3 and Ry3is H. In some variations of formula (25) described in the

O O
i which s e i
paragraphs above in which /, is 3, Ry and Ry are "% ¢7, Ry3 and Ryzare “* <7, and each

of R,3 and Ry is CH3. In some variations of formula (25) described in the paragraphs

0 0
N L Ko |
above in which /> is 3, Ry; and Ry are “% ¢, Ry; and Ry are “* ¢, Ry31s H, and Ry3 18
CHs.

In some variations of formula (25) described in the paragraphs above in which > is 3, Ry

\ Cd
and Ryp; and R,; and Ry, together are "l{\}L , and each of R,3 and Ry;is H. In some

variations of formula (25) described in the paragraphs above in which [; is 3, R,; and Ry

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (25) described in the paragraphs above in which [; is 3, Ry and Ry and Ry,

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(25) described in the paragraphs above in which /> is 3, Ra1 and Ry and R,; and Ry,

NG

together are }{\}LL , and R,z and Ryz are S . In some variations of formula (25)

described in the paragraphs above in which /; is 3, Ry and Ry and R,z and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (25) described in the paragraphs above in which /; is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (25) described in the paragraphs

above in which /> is 4, In some variations of formula (25) described in the paragraphs
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[635]

above in which /; is 4, each of R,1,Rp1, Raz, Rp2, Ras, Rps, Ras, and Ry4 is H. In some
variations of formula (25) described in the paragraphs above in which /; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (25)
described in the paragraphs above in which /; is 4, each of Ry, Rpy, Ryz, Rpa, Rys, and
Ry31s H and each of R, and Ry4is CHs. In some variations of formula (25) described in
the paragraphs above in which £> is 4, each of Ra1, Rp1, Raz2, and Ryzis H and each of R,s,
Ry3, Rag, and Ryp4 is CH3. In some variations of formula (25) described in the paragraphs
above in which 1, 1s 4, each of R,1, Rp1, Raz, Rpa2, Ras, and Ry;is CH; and each of Ry4 and
Ry4is H.

In some variations of formula (25) described in the paragraphs above in which > is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (25) described in the paragraphs above in which [; is 4, Ry, is H, Ry is CH3, and
cach of Ryz, Riz, Ra3, and Ry is CH3. In some variations of formula (25) described in the
paragraphs above in which /> is 4, Ry 18 H, Ry is CH3, and each of Rya, Ry2, Ras and Ry
is H. In some variations of formula (25) described in the paragraphs above in which /; is
4, each of Ry and R, is H, each of Ry,; and Ry, is CH3, and each of R,y3 and Ry; is H. In
some variations of formula (25) described in the paragraphs above in which /, is 4, each

of Ra1 and Ry; is H, each of Ry and Ry, is CHs, and each of R,a3 and Ry is CHs.

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are * 9;‘ . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ry and Ry

are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are * *5’5‘ . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ra1 and Ryg

arc H, Ry, and Ry, are CH;, R,3 and Ry; are CH3, and R,y and Ry, are % &i . In some

variations of formula (25) described in the paragraphs above in which /, is 4, R,y and Ry

are CHs, Ry, and Ry, are CHs, Raz and Ryz are CHs, and Rag and Ry are 3 ;{ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ra; and Ry are H, R,3 and Rys are }a’- 5{ ,and Ry4 and Ry are * "{ .In

some variations of formula (25) described in the paragraphs above in which /, is 4, Ry
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and Ry are H, Ra» and Ry are CHs, R,z and Ry are s ;{ ,and R,4 and Ry are %Yf‘{ )
In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1
and Ry are CHz, Ras and Ry, are CHs, Ryz and Ry; are }L“ 5{ ,and R,4 and Ry are

O . In some variations of formula (25) described in the paragraphs above in which /,
is 4, Ra1 18 H, Ry 1s CHs, Raz and Ry are CH;, R,z and Ry are 3?7- 5{ ,and Ra4 and Ry,
are S . In some variations of formula (25) described in the paragraphs above in which
1,18 4, Ra11s H, Ry 1s CHz, Ry is H, Ry is CH3, Rz and Rys are }’- \’Si ,and Ry4 and Ry4
are }iyé'{ .

In some variations of formula (25) described in the paragraphs above in which /, is 4, Ry
and Ry are H, Ry, and Ry, are 5 *i , Raz and Ry; are }LL ;{ ,and R,4 and Ry are

}‘Y*’{ . In some variations of formula (25) described in the paragraphs above in which /,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are % 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (25) described in the paragraphs above in
which /, 1s 4, Ry 1S H, Ry is CH;, Ry, and Ry, are * 5{ , Ras and Ry are * 5{ ,and
Ra4 and Ryy are S . In some variations of formula (25) described in the paragraphs
above in which /; is 4, Ra1 and Ry are * "{ , Ra2 and Ry, are s 'ﬁ , Raz and Ry; are

* 5{ ,and Ra4 and Ry, are :L"-YV'{ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O

J
and Ry are H, Ry, and Ry, are H, Ry3 and Ry,s are H, and R,4 and Ry are % ; . In some

variations of formula (25) described in the paragraphs above in which /, is 4, R,y and Ry
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[639]

O]

J
are H, Ry, and Ry, are H, Rys and Ry; are CHs, and Ry4 and Ry are % ; . In some
variations of formula (25) described in the paragraphs above in which /; is 4, Ry and Ry

0]
are H, Ry, and Ry, are CHs, Ras and Ryz are CH;, and Rag and Ry, are % ; . In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ra1 and Ryg

0]
are CHs, Ry and Ry; are CHz, Raz and Ryz are CH;, and Ry and Ry are % 9)5 )

In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1

O]

and Ry are H, Ry, and Ry, are H, Ry3 and Ry, are % ; ,and R,4 and Ry, are v. In some
variations of formula (25) described in the paragraphs above in which /, is 4, R,y and Ry

0 0
s s
arc H, Ry, and Ry, are CH;, Ry3 and Ry; are “* <7, and Ry and Ry are "+ 7. In some

variations of formula (25) described in the paragraphs above in which /; is 4, Ra1 and Ryg

0] 0]
s s
are CHs, Ry and Rys are CHz, Ryz and Rps are “% ¢, and Ra4 and Rp4 are “% <. In some

variations of formula (25) described in the paragraphs above in which /; is 4, R,y is H,

0] 0]
- s s
Ryp: 1s CHs, Raz and Ry, are CHi, Rys and Rys are % <7, and Rag and Ryg are "% ¢, In

some variations of formula (25) described in the paragraphs above in which /> is 4, Ry is

0] 0]
J
H, Ry is CHs, R,z is H, Ry, is CH3, R,3 and Ry are % 9’5 ,and R,4 and Ry are % 9’5 )

In some variations of formula (25) described in the paragraphs above in which /, is 4, Ry

0] 0] 0]
. J .
and Ry are H, Ry and Ry alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4 alre"?ZL f’é .In

some variations of formula (25) described in the paragraphs above in which /> is 4, Ra;

0O O

and Ry are CHs, Ras and Ry, are % 9; , Ras and Ry; are % ; ,and Ry4 and Ry, are
0]

%% . In some variations of formula (25) described in the paragraphs above in which /, is

0 0
SH Ry s s
4, Ry is H, Ryp; is CH3, R,z and Ry are™® 7, Ry3 and Ryz are “* ¢, and Raq and Ry are
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[641]

O

S . In some variations of formula (25) described in the paragraphs above in which /, is

O O O

J J J
4, Ra1 and Ry are £1 j , Ra2 and Ry, are % ; , Raz and Ry; are % ; ,and Ra4 and Ry
b
are E) .

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0
£ P
and Ryp; are , Raz and Ry; are H, R,;3 and Ry; are H, and Ry and Rpg are ** ¢, In

some variations of formula (25) described in the paragraphs above in which /> is 4, Ra;

0]
and Ry are * ;{ , Ra2 and Ry, are CHs, Ry3 and Ry3 are CHs, and Ray and Ry, are % f‘é )

In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1

0]
and Ry are * \fs‘ , Raz and Ry, are H, R,3 and Ry; are CH;, and R,y and Ry, are % fej )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O

and Ry are * *i , Raz and Ry, are % ;{ , Ras and Ry are H, and R,y and Ryy are £1 j )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ryp; are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are CH3z, and Ry4 and Ry are
0

%% . In some variations of formula (25) described in the paragraphs above in which /, is

4, Ry1 and Ry are * f’f‘ , Raz and Ry, are * f’f‘ , Raz and Ry3 are CH3, and Ry and Ry
0

.
are B . In some variations of formula (25) described in the paragraphs above in which

[>1s 4, Ry and Ry, are * "{ , Raz and Ry are * f’ss‘ , Ra3 and Ry are H, and Ry4 and Ry

0]
are '?ZLJLf’é .
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[643]

[644]

[645]

In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1

and Ry are % 9{ , Raz and Ry, are * *‘;‘ , Ras and Ry; are * @{ ,and Ry4 and Ry are

0]
s

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0O 0O

J J
and Ry, are * 5{ , Raz and Ry, are % ; , Ra3 and Ry are H, and R4 and Ryy are % ; )
In some variations of formula (25) described in the paragraphs above in which /, is 4, Ry

O]

£t s
and Ryp; are , Raz and Ry; are "= ¢, Ry3 and Ryp3 are CH3, and Ry4 and Rypy are
0

S . In some variations of formula (25) described in the paragraphs above in which /, is
0

et P
4, Ry1 and Ry are , Raz and Ry are "% 7, R,3 and Ry; are CH3, and R,4 and Ry
0

J
are B . In some variations of formula (25) described in the paragraphs above in which
O

. . s
1,18 4, Ra1 and Ry are *, Raz and Ry, are "= ¢, Ry3 and Ry3 are H, and Ry4 and Ry
hi
are % f’é )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

0O
BN
and Ryp; are * 9{ , Raz and Ry, are % *’é , Raz and Ry are % V’f‘ ,and R,4 and Ryp4 are

0]
P

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

b b i
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are H, and Ra4 and Ry are % <‘§ )

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

O O

s s
and Ry are "+ ¢, Ry and Ry, are 2 ¢, R,3 and Ry; are CH;, and R,y and Ry are
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[647]

[648]

O

S . In some variations of formula (25) described in the paragraphs above in which /, is
0 0O

s s
4, Ra1 and Rpy are "= ¢7, Ry and Ryz are " <7, Ryz and Rp; are CHz, and Ry and Ryy
0]

J
are B . In some variations of formula (25) described in the paragraphs above in which

O O

- s s
[;1s 4, Ry and Rpy are "= 7, Ry and Ry are “+ 7, Ry3 and Ry; are H, and R,y and Rpy
1
are B )

In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1

0] 0] 0]
J J J
and Ry are % f‘é , Raz and Ry, are % <‘§ , Ras and Ry; are % f‘é ,and R,4 and Ry are

0]
s

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

NG
and Ryp; are H, R, and Ry, are H, and R,3 and Ry3 and Ry4 and Ry4 together are }LL/\}’-
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry; are H, R,; and Ry, are CH3, and R,; and Ry,; and R4 and Ry, together are
2N
is 4, Ry and Ry, are H, Ry and Ry are CH3, and R,3 and Ry and R4 and Ry4 together
2N

. In some variations of formula (25) described in the paragraphs above in which /,

arc

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry are H, Ry, and Ry, are * 9{ , and R,3 and Ry3 and Ry4 and Rypy together are

N

. In some variations of formula (25) described in the paragraphs above in which /,

is 4, Ry and Ry, are * "{ , Raz and Ry are CH3, and R,3 and Ry; and Ryg and Ry

NG
together are }1/\/.7& In some variations of formula (25) described in the paragraphs
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[649]

[650]

[651]

above in which /, 1s 4, Ra1 1S H, Ry 1s CHs, Ray and Ry, are 2 ?{ , and Ry3 and Ry3 and

\ 4
Ra4 and Ryy together are }{\}7‘

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1
0]
W
and Ryp; are H, Ry, and Ry are “% ¢, and R,3 and Ryp3 and Ry and Ry together are
N - - -
. In some variations of formula (25) described in the paragraphs above in which /,

0]

J
is 4, Ry and Ry, are % Jé , Raz and Ry are CH3;, and R,3 and Ry; and Ry4 and Ry

%
together are }{\}L‘ In some variations of formula (25) described in the paragraphs
O

J
above in which /, 1s 4, Ra1 1S H, Ry 1s CHs, Ray and Ry, are % ; , and R,3 and Ry3 and

A Y
Ra4 and Ryy together are j{\}‘

In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1
0] 0]
W .
and Ry are “* <7, Ry and Ryz are "> 7, and R,3 and Ry3 and Ra4 and Rypy together are
N - - -
. In some variations of formula (25) described in the paragraphs above in which /,

0
J
is 4, Ry and Ry, are % Jé , Raz and Ry, are % 5{ , and R,3 and Rp; and Ry4 and Ryy

%
together are }LL/\}L‘ In some variations of formula (25) described in the paragraphs
0O 0O

above in which /5 1s 4, Ra1 and Ry are "+ ¢, Ra» and Ry are "= ¢, and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are j{\}‘
In some variations of formula (25) described in the paragraphs above in which /; is 4, Ra1

and Ry, are * 9{ , Raz and Ry, are * *‘;‘ , and R,3 and Ry3 and R,4 and Ry4 together are
N
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[652]

[653]

[654]

[655]

In some variations of formula (25) described in the paragraphs above in which /> is 4, Ra1

A 2

and Ryp; and R,; and Ry, together are }5-/\)2‘ , and R,3 and Ry,3 and Ra4 and Ryp4 together
\ Cd

are "I{\}QL

In some variations of formula (25) described in the paragraphs above in which oz 1s 1,

R,1 and Ry, are both H. In some variations of formula (25) described in the paragraphs

above in which 0; is 1, R,; is H and Ry, is CH;. In some variations of formula (25)

described in the paragraphs above in which o; is 1, Ra; and Ry are both CH3. In some

variations of formula (25) described in the paragraphs above in which o7 is 1, Ry1 and Ry

are S . In some variations of formula (25) described in the paragraphs above in which

O

0718 1, Ra1 and Ry are % f‘é

In variations of formula (25) described in the paragraphs above in which oy is 2, the two
instances of R, and Ry, are indicated as Ry, and Ry, and Ry, and Ry, respectively. In
some variations of formula (25) described in the paragraphs above in which o; is 2, each
of Ry1 and Ry; and Ry and Ry, is H. In some variations of formula (25) described in the
paragraphs above in which o is 2, each of R,; and Ry; and R,z and Ry, is CH3. In some
variations of formula (25) described in the paragraphs above in which o; is 2, each of Ry
and R, is H and each of Ry; and Ry is CH3. In some variations of formula (25)
described in the paragraphs above in which 0; is 2, each of R,1, Ry, and Ry is H and Ry,

18 CH3.
In some variations of formula (25) described in the paragraphs above in which o; is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (25)
described in the paragraphs above in which 0; is 2, each of R, and Ry, is H and R,; and

O]

Ry, are % ¥ . In some variations of formula (25) described in the paragraphs above in

which 0; 1s 2, each of Ra1 and Ry 1s CHs and Ry and Ry, are * ;‘ . In some variations
of formula (25) described in the paragraphs above in which o; is 2, each of R,y and Ry is

0]
J
CH; and Ry, and Ry, are % fej .
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In some variations of formula (25) described in the paragraphs above in which o; is 2,

Rai1 1s H, Ry is CH3, and Ry, and Ry are S . In some variations of formula (25)
described in the paragraphs above in which 0; is 2, Ra1 is H, Ry is CH3, and Ry, and Ry,
O

.
are B . In some variations of formula (25) described in the paragraphs above in which

A 2
0118 2, Ry; and Ry and R,; and Ry,; together are }LL/\}’- In some variations of formula
(25) described in the paragraphs above in which o; is 2, R,y and Ry, are * 5{ R, and

Ry, are S . In some variations of formula (25) described in the paragraphs above in
0O

which 0; 1s 2, Ra1 and Ry are * @5‘ Raz and Ry, are % ; . In some variations of

O

formula (25) described in the paragraphs above in which 0; is 2, Ry and Ry, are B
0

J
Ry and Ry, are % j .

In variations of formula (25) described in the paragraphs above in which o; is 3, the three
instances of R, and Ry, are indicated as Ra1 and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (25) described in the paragraphs above in
which o; is 3, In some variations of formula (25) described in the paragraphs above in
which 0; 1s 3, each of Ra1,Rp1, Raz, Rpa, Rasz, and Rysis H. In some variations of formula
(25) described in the paragraphs above in which o; is 3, each of Ry1,Rp1, Raz, Rp2, Ras,
and Ry is CH3. In some variations of formula (25) described in the paragraphs above in
which 0; 1s 3, each of R,1,Rp1, Raz, and Ry;, is H and each of Ry; and Ry,31s CHs. In some
variations of formula (25) described in the paragraphs above in which o; is 3, each of
Ra1,Rp1, Raz, and Ry, is CH3 and each of R,3 and Ry3 is H. In some variations of formula
(25) described in the paragraphs above in which o; is 3, R,1 is H and each of Rya, Ras,
Ry1, Ry, and Ryp3 is CH;. In some variations of formula (25) described in the paragraphs
above in which o; is 3, each of Ry; and Ry, is H and each of Ras Ry, Ry2, and Ryp3is CH;.
In some variations of formula (25) described in the paragraphs above in which o; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.
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[658]

[659]

In some variations of formula (25) described in the paragraphs above in which o; is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are * 9{ . In some variations of

formula (25) described in the paragraphs above in which o; is 3, each of Ra1,Rp1, Raz, and

Ry, 1s CH; and R,;3 and Ry,; are * ;‘ . In some variations of formula (25) described in

the paragraphs above in which 0; is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and

R,3 and Ry,z are * Jé‘ . In some variations of formula (25) described in the paragraphs

above in which 0; is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
and Ry; are * @5‘ )

In some variations of formula (25) described in the paragraphs above in which o; is 3,

O

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are % j . In some variations of
formula (25) described in the paragraphs above in which o; is 3, each of Ra1,Rp1, Raz, and

O

Ry2, is CH; and R,3 and Ry are X . In some variations of formula (25) described in
the paragraphs above in which 0; is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and
O

R,3 and Ry,z are % ; . In some variations of formula (25) described in the paragraphs
above in which 0; is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
0]

J
and Ry; are % ; )
In some variations of formula (25) described in the paragraphs above in which o; is 3,

R, and Ry, are 5 "{ , Ra2 and Ry, are s ;{ , and each of R,3 and Rypsis H. In some

variations of formula (25) described in the paragraphs above in which o; is 3, Ra; and Ry
are 2 ‘9{ , Raz and Ry are * ;{ , and each of R,3 and Ry3 is CH;. In some variations of
formula (25) described in the paragraphs above in which o; is 3, R, and Ry, are * 5{ ,

R, and Ry,; are * 5{ , Ra3 is H, and Ry is CHs. In some variations of formula (25)
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[660]

[661]

described in the paragraphs above in which 0; is 3, Ra1 and Ry are S , Raz and Ry,
are S , and each of Ry3 and Ryp31s H. In some variations of formula (25) described in

the paragraphs above in which o7 is 3, Ry and Ry are * 5{ , Ra2 and Ry are * f{ , and

cach of R,; and Ry,3is CHj;. In some variations of formula (25) described in the

paragraphs above in which o; is 3, Ry1 and Ry, are * 5{ , Ra2 and Ry are * *Af , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which o; is 3,

O]

o s .
Ra1 and Ry, are ~ ~, Raz and Ry are "= ¢, and each of R,3 and Rys is H. In some
variations of formula (25) described in the paragraphs above in which o; is 3, Ra; and Ry

O

are * *’{ , Raz and Ry are % ; , and each of R,3 and Ry;is CH;. In some variations of

formula (25) described in the paragraphs above in which o0; is 3, R,y and Ry, are S ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)

described in the paragraphs above in which 0; is 3, Ra1 and Ry are S , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (25) described in

0]

the paragraphs above in which 0; is 3, Ry and Ry are S , Raz and Ry are E , and
cach of R,3 and Ry3is CH3. In some variations of formula (25) described in the
O

i which or s SO
paragraphs above in which o; is 3, Ry1 and Ry, are *, Raz and Rz are "% ¢, Ry3 18
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which o; is 3,

O O

s 3 -
Ra1 and Ry are “* 7, Ry and Rz are "% ¢, and each of R,3 and Ryz is H. In some

variations of formula (25) described in the paragraphs above in which o; is 3, Ra; and Ry
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[662]

[663]

O O

are % f’é , Ra2 and Ry are % j , and each of R,3 and Rys is CHs. In some variations of
0]

formula (25) described in the paragraphs above in which 0; is 3, Ra; and Ry, are B ,
O

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)
0]

described in the paragraphs above in which 0; is 3, Ra1 and Ry are E , Raz and Ry,
O

are E , and each of R,y3 and Ryz is H. In some variations of formula (25) described in

O O
i which o oo o
the paragraphs above in which 07 is 3, Ry and Rpg are “* ¢, Ry and Rpzare = <7, and

cach of R,3 and Ry3is CH3. In some variations of formula (25) described in the

O O

o L Ko
paragraphs above in which o7 is 3, Ry; and Ry are "2 ¢7, Ry; and Rppare "% ¢, Ry is
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which o; is 3,

\ 4
R,; and Ry,; and R,; and Ry, together are }1/\/.771 , and each of R,3 and Ry3is H. In some

variations of formula (25) described in the paragraphs above in which o; is 3, R,y and Ry,

\ Cd
and R, and Ry, together are }1/\)& , and each of R,3 and Ry;is CHs. In some variations
of formula (25) described in the paragraphs above in which o; is 3, Ry and Ryq and Ry

Y
and Ry, together are j{\}‘ , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(25) described in the paragraphs above in which o; is 3, Ry1 and Ry and R,z and Ry,

NG

together are }{\}LL , and R,z and Ryz are S . In some variations of formula (25)

described in the paragraphs above in which 0; is 3, R,y and Ry, and Ry, and Ry, together
O

% J
are "l{\)&, and R,; and Ry; are % 9’5 .

In variations of formula (25) described in the paragraphs above in which oy is 4, the three
instances of R, and Ry, are indicated as Ry; and Rypg; Ry and Ry;; Rz and Rps; and Ry
and Ryg, respectively. In some variations of formula (25) described in the paragraphs

above in which o; is 4, In some variations of formula (25) described in the paragraphs
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[664]

[665]

[666]

above in which oy is 4, cach of Ry1,Rp1, Ra2, Rp2, Ras, Rys, Ra4, and Ry is H. In some
variations of formula (25) described in the paragraphs above in which o; is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (25)
described in the paragraphs above in which o; is 4, each of R,1, Ry, Rya, Ry, Ry3, and
Ry31s H and each of R, and Ry4is CHs. In some variations of formula (25) described in
the paragraphs above in which o; is 4, each of Ra1, Rp1, Raz, and Ry, is H and each of
Ra3, Ry, Rag, and Rypy is CHj. In some variations of formula (25) described in the
paragraphs above in which o; is 4, each of Ryj, Ry, Raz, Ryz, Ry3, and Ry is CH3 and
cach of Ry4 and Ry4is H.

In some variations of formula (25) described in the paragraphs above in which o; is 4,
cach of R,1,Ra2, and R,; is H and each of Ry, Ry, and Ry is CH3. In some variations of
formula (25) described in the paragraphs above in which o; is 4, Ry is H, Ry, is CH3, and
cach of Ryz, Ry2, Rys, and Ry is CH3. In some variations of formula (25) described in the
paragraphs above in which o; is 4, R,1 is H, Ry; is CHs, and each of Ry2, Rpz, Ra3, and
Ry3 1s H. In some variations of formula (25) described in the paragraphs above in which
0718 4, each of R,; and R, is H, each of Ry and Ry,; is CHs, and each of R,3 and Ry 1
H. In some variations of formula (25) described in the paragraphs above in which o; is 4,

each of Ry and R, is H, each of Ryy and Ry, is CHs, and each of R,z and Ry; is CHs.

In some variations of formula (25) described in the paragraphs above in which o; is 4,

R, and Ry, are H, R, and Ry,; are H, R,3 and Ry; are H, and Ry, and Ry are * 9;‘ .In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are * Jé‘ .In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

and Ry are H, Ra; and Ry, are CHz, Raz and Rp; are CHi, and Ray and Ry are * "{ .In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

and Ry are CH3, Ras and Ry, are CH3, R,z and Ry are CHs, and Rag and Ryy are 5 'EE )

In some variations of formula (25) described in the paragraphs above in which o; is 4,

e

Ra1 and Ry are H, Ry and Ry, are H, R,3 and Ry are * f’ss‘ ,and Ra4 and Ry, are b

In some variations of formula (25) described in the paragraphs above in which o; is 4,
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Ra1 and Ry are H, Ry and Ry, are CHs, Rys and Ry are % ;{ ,and R,4 and Ry are
%Yfi . In some variations of formula (25) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHs, Ra; and Ry, are CHs, R,z and Ry are * f’ss‘ ,and Ra4 and Ry
are A . In some variations of formula (25) described in the paragraphs above in which
0;18 4, Ry1 1s H, Ry is CHs, Ry and Ry, are CHj;, Ry3 and Ry, are }‘L @S‘ ,and R4 and
Ry4 are S . In some variations of formula (25) described in the paragraphs above in
which o0; 1S 4, Ra1 1s H, Ry 1s CHs, Ry 1S H, Ry 1s CHz, Raz and Ry; are % @{ ,and Ray
and Ry are * ;{ .

[667] In some variations of formula (25) described in the paragraphs above in which o, is 4,
R, and Ry, are H, R,; and Ry, are * ;‘ , Ras and Ry; are * f{ ,and R,4 and Ry are
}‘Y*’{ . In some variations of formula (25) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * 5{ , Ras and Ry; are * 9{ ,and Ra4 and
Ry4 are S . In some variations of formula (25) described in the paragraphs above in
which o; 1s 4, Ry is H, Ry 1s CHs, Ry and Ry, are * 5{ , Ras and Ry; are * éf‘ ,and
R, and Ry, are O . In some variations of formula (25) described in the paragraphs
above in which o; is 4, Ra1 and Ry, are * *i , Raz and Ry, are % ;{ , Ras and Ry; are
% 5{ ,and Ra4 and Ry, are :L"-Yf‘ )

[668] In some variations of formula (25) described in the paragraphs above in which o, is 4,

0]
s
R, and Ry, are H, R,; and Ry,; are H, R,3 and Ry; are H, and R4 and Ry4 are “2 ¢~ In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1
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[669]

[670]

O

J
and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are % ; .In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

0]

J
and Ryp; are H, Ry, and Ry, are CH3, R,3 and Ry; are CHj3, and Ry4 and Ry, are % Jé .In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

O

and Ry are CHs, Ras and Ry, are CHs, R,s and Ry; are CHz, and Rag and Ryy are % f‘é )

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O

J
R, and Ry, are H, R;; and Ry,; are H, R,3 and Ry; are % fej ,and R,4 and Ry4 are v. In

some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

O O

J
and Ry are H, Ra» and Ry are CHs, R,z and Ry are % ; ,and Ry4 and Ry are % ; .In

some variations of formula (25) described in the paragraphs above in which o; is 4, Ra1

0O 0O

e e
and Ry are CH3, R,z and Ry, are CHs, Ry3 and Ryz are “% 7, and Ryg and Rpg are "% ¢,
In some variations of formula (25) described in the paragraphs above in which o; is 4,

O

A
R, is H, Ry, is CH3, Ryz and Ry, are CHz, Ry3 and Ry; are % <‘§ ,and R,4 and Ryp4 are
0

%% . In some variations of formula (25) described in the paragraphs above in which o;

O]

A
18 4, Ral 18 H, Rbl i CH3, Ral i H, sz 18 CH3, Ra3 and Rb3 arc '}é’- éf‘, and Ra4 and Rb4
1
arc .}71 9’{

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O O

Ra1 and Ry are H, Ry and Ry, alre"?ZL f’é , Ras and Ry; are £1 j ,and Ry4 and Ry4
0]

alre:Lel # . In some variations of formula (25) described in the paragraphs above in which
O O

- P s
0718 4, Ry1 and Ry are CH3, Ry; and Ry are “+ ©7, Ry3 and Ryz are “* ¢, and Ryq and
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[671]

[672]

O]

Ry4 are E . In some variations of formula (25) described in the paragraphs above in
0 O

o . . s .
which o0; 1S 4, Ra1 1s H, Rp1 18 CHs, Raz and Ry are”™® ¢, Raz and Rpz are “% ¢, and Ryg
0]

and Rp4 are E . In some variations of formula (25) described in the paragraphs above
O O O

J . J
in which o; 1s 4, Ra1 and Ry, are £1 j , Raz and Ry are % f’é , Ras and Ry; are £1 j ,and
0]

JL
Ry4 and Ry, are % 9; .

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O]

Ra1 and Ry are * 5{ , Raz and Ry, are H, R,; and Ry; are H, and Ra4 and Ry are % 9)5 )

In some variations of formula (25) described in the paragraphs above in which o; is 4,

R,; and Ry, are * f’ss‘ , Raz and Ry, are CH;, R,3 and Ry; are CHs, and Ry4 and Ry are
0]

E . In some variations of formula (25) described in the paragraphs above in which o,

is 4, R, and Ry, are * 9;‘ , Raz and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are

1
2N
In some variations of formula (25) described in the paragraphs above in which o; is 4,

Ra1 and Ry are * 5{ , Raz and Ry, are * ;‘ , Ras and Ry are H, and Ra4 and Ryy are
0]

%% . In some variations of formula (25) described in the paragraphs above in which o;

is 4, Ry and Ry, are * "{ , Raz and Ry, are * ;{ , Raz and Ry;3 are CH3, and R,y and
0

Ry are E . In some variations of formula (25) described in the paragraphs above in

which o0; 1s 4, R,; and Ry are * "{ , Raz and Ry are * ;{ , Ras and Ry; are CH;, and
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[673]

[674]

[675]

O

Ra4 and Ryy are S . In some variations of formula (25) described in the paragraphs

above in which o; is 4, Ra1 and Ry, are * *Af , Raz and Ry, are * 5{ , Ras and Ry3 are H,
0]

and R,4 and Ry4 are % ; .

In some variations of formula (25) described in the paragraphs above in which o; is 4,

Ra1 and Ry are * f’f‘ , Raz and Ry, are }L“ 5{ , Ras and Ry; are * 5{ ,and Ry4 and Ry
)i
are E .

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O]

et s
R,1 and Ry, are *, Raz and Ry; are “* ¢, Ry3 and Ry are H, and Ry4 and Ry are
0

S . In some variations of formula (25) described in the paragraphs above in which o;

O

- 2 P
is 4, Ry and Ry, are ~ *, Raz and Ry, are > ¢, R,3 and Rp; are CHs, and Ry4 and Rpg
0

J
are B . In some variations of formula (25) described in the paragraphs above in which

O
. 24 s
0118 4, Ra1 and Ry, are *, Raz and Ry, are "% ¢, Ry3 and Ryz are CH;, and Ry and
O

Ry4 are E . In some variations of formula (25) described in the paragraphs above in

O

o . s
which o0; 1s 4, Ra1 and Ry are *, Raz and Ry are "= ¢, Ra3 and Ryz are H, and Ray
0]

J
and Ry are % j .

In some variations of formula (25) described in the paragraphs above in which o; is 4,

0]
J
Ra1 and Ry are * 5{ , Raz and Ry, are % *’é , Ras and Ry; are * f'{ ,and R4 and Ry,

0]
are LL‘LJ\; .
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[676]

[677]

[678]

In some variations of formula (25) described in the paragraphs above in which o; is 4,

0O O

e .
Ra1 and Ry are “* ¢, Ry and Ry are "+ ¢, Ry3 and Ryps are H, and Ra4 and Ry4 are
0]

M
E . In some variations of formula (25) described in the paragraphs above in which o;

0 0O
- WY .
is 4, Ry and Ry are "+ ¢, Ry; and Ry are "% <7, Ry3 and Ry; are CH3, and Ry4 and Ry
0

M
are R . In some variations of formula (25) described in the paragraphs above in which

0O O

- P s
0718 4, Ra1 and Ryq are "+ ¢, Ry and Ry are “* ¢, Ra3 and Ryz are CH3, and Ra4 and
0]

Ry4 are % ¥ . In some variations of formula (25) described in the paragraphs above in

O O

chori e i
which 0; 15 4, Ra1 and Ry are "% ¢, Ry and Ry are " ¢, Ry3 and Ry3 are H, and Ray
0]

J
and Ry are % f'é .

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O O O

J . J
R, and Ry, are % fej , Raz and Ry, are % 9’5 , Ras and Ry; are % fej ,and R,4 and Ry are
1
s
In some variations of formula (25) described in the paragraphs above in which o; is 4,

R,1 and Ry; are H, R,z and Ry,; are H, and R,3 and Ry3 and Ra4 and Rypy together are

XNK . — -
. In some variations of formula (25) described in the paragraphs above in which
0718 4, Ry1 and Ry are H, R,; and Ry, are CH3, and R,3 and Rp; and Ry4 and Ryy

\ Cd
together are }LL/\}L‘ In some variations of formula (25) described in the paragraphs
above in which o; is 4, Ra1 and Ry; are H, Ry, and Ry, are CHs, and R,3 and Ry3 and Rag

%
and Ry4 together are }7-/\/‘777- .
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[679]

[680]

[681]

In some variations of formula (25) described in the paragraphs above in which o; is 4,

Ra1 and Ry are H, Ry, and Ry, are * fi , and R,3 and Ry3 and Ry4 and Rypy together are

NG
}’—/\}5— In some variations of formula (25) described in the paragraphs above in which

0118 4, Ra1 and Ry, are * f’ss‘ , Ra2 and Ry, are CHz, and R,z and Rps and Ra4 and Ry

NG
together are }{\}LL In some variations of formula (25) described in the paragraphs

above in which o; is 4, Ra1 is H, Ryp; is CHs, Ry and Ry are * *’{ , and Ry3 and Ry3 and

A 2
Ra4 and Ryy together are }L/\/‘ILL

In some variations of formula (25) described in the paragraphs above in which o; is 4,
O
i
R,1 and Ry, are H, Ryz and Ry, are “* <7, and R,3 and Ry; and Ry4 and Ryg together are
XNK . — -
. In some variations of formula (25) described in the paragraphs above in which

O

J
0;18 4, Ryp and Ry are % fej , Raz and Ry, are CH;, and R,3 and Ryp; and Ry4 and Ry

NG
together are }1/\/.7& In some variations of formula (25) described in the paragraphs
O
I e
above in which o; is 4, R,y is H, Ry is CH3, R,z and Ry, are % <7, and R,3 and Ry; and
A2
Ra4 and Ryy together are /'51/\/‘51

In some variations of formula (25) described in the paragraphs above in which o; is 4,

O O

s 3

R,1 and Ry are "% <7, Ry and Ry are “* ¢°, and R,z and Rp; and R,y and Ry4 together
\ Cd

are "I{\}L

. In some variations of formula (25) described in the paragraphs above in
O

J
which o0; 1s 4, R,; and Ry are % ; , Raz and Ry, are * ;‘ , and R,3 and Ry; and Ryy
%
and Rp4 together are ’i{\}i In some variations of formula (25) described in the
0] 0]
i which o ¥ i
paragraphs above in which o; is 4, Ry; and Ry are "% ¢, Ry; and Ryy are "% <7, and R,;3

A2
and Rp3 and R,4 and Ryy4 together are :L{\}’-
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[682]

[683]

[684]

[685]

[686]

In some variations of formula (25) described in the paragraphs above in which o; is 4,

R, and Ry, are * fi , Raz and Ry, are * ;‘ , and R,3 and Ry3 and R4 and Ry4 together
N

arc

In some variations of formula (25) described in the paragraphs above in which o; is 4,

A 2

R,1 and Ry; and R, and Ry, together are }{\/‘ILL , and R,3 and Ry3 and Ry4 and Ryy
NG

together are }{\}L

In some variations of formula (25) described in the paragraphs above in which 0, is 1,
R,; and Ry, are both H. In some variations of formula (25) described in the paragraphs
above in which 0, is 1, R,1 1s H and Ry is CHs. In some variations of formula (25)
described in the paragraphs above in which 02 is 1, R,y and Ry, are both CHs. In some

variations of formula (25) described in the paragraphs above in which 02 is 1, Ry1 and Ry

are A . In some variations of formula (25) described in the paragraphs above in which

O

0218 1, Ra1 and Ry are % j

In variations of formula (25) described in the paragraphs above in which o; is 2, the two
instances of R, and Ry, are indicated as Ry and Ry and Ry, and Ry, respectively. In
some variations of formula (25) described in the paragraphs above in which o; is 2, each
of Ry; and Ry,; and R,; and Ry, is H. In some variations of formula (25) described in the
paragraphs above in which 0; is 2, each of Ra; and Ry; and R,z and Ry, is CH3. In some
variations of formula (25) described in the paragraphs above in which o; is 2, each of Ry
and R, is H and each of Ry; and Ry is CH3. In some variations of formula (25)
described in the paragraphs above in which 0, is 2, each of R,1, Ry, and Ry is H and Ry,

18 CH3
In some variations of formula (25) described in the paragraphs above in which o, is 2,

cach of Ry; and Ry is H and Ry, and Ry are S . In some variations of formula (25)
described in the paragraphs above in which 0, is 2, each of R, and Ry, is H and R,; and

O]

Ry are E . In some variations of formula (25) described in the paragraphs above in
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[687]

which 0, 1s 2, each of Ra1 and Ry; 18 CHs and Ry and Ry; are s ;{ . In some variations
of formula (25) described in the paragraphs above in which o; is 2, each of Ry and Ry is

(@]
J
CH; and R,; and Ry are % f'é .

In some variations of formula (25) described in the paragraphs above in which o, is 2,

R.; is H, Ry is CH;, and Ry, and Ry,; are * f’ss‘ . In some variations of formula (25)
described in the paragraphs above in which 0, is 2, Ra1 is H, Ry is CH3, and Ry, and Ry,
0]

M
are E . In some variations of formula (25) described in the paragraphs above in which

A2
0218 2, Ry; and Ry and R,; and Ry,; together are }5-/\}1 In some variations of formula
(25) described in the paragraphs above in which 02 is 2, Ry1 and Ry, are S R, and

Ry, are S . In some variations of formula (25) described in the paragraphs above in
0O
which 0, 1s 2, Ra1 and Ry are * "{ Raz and Ry, are % 9)5 . In some variations of
O

formula (25) described in the paragraphs above in which 0 is 2, R, and Ry, are %
0

J
Ry and Ry, are % f'é .

In variations of formula (25) described in the paragraphs above in which o; is 3, the three
instances of R, and Ry, are indicated as Ry and Ryq; Raz and Ry;; and R,z and Ry,
respectively. In some variations of formula (25) described in the paragraphs above in
which o7 is 3, In some variations of formula (25) described in the paragraphs above in
which 03 1s 3, each of Ra1,Rp1, Raz, Rpa, Rasz, and Rysis H. In some variations of formula
(25) described in the paragraphs above in which o, is 3, each of R,1,Rp1, Raz, Rpz, Ry,
and Rpz 18 CH3. In some variations of formula (25) described in the paragraphs above in
which 0, 1s 3, each of R,1,Rp1, Raz, and Ry, is H and each of Raz and Ryz is CHs. In some
variations of formula (25) described in the paragraphs above in which o, is 3, each of
R.1,Rp1, Raz, and Ry, is CH; and each of R,; and Ry3 1s H. In some variations of formula
(25) described in the paragraphs above in which 02 is 3, R,1 is H and each of Rya, Ras,
Ry1, Rp2, and Rp31s CHs. In some variations of formula (25) described in the paragraphs
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[688]

[689]

[690]

above in which o; is 3, each of Ry; and Ry, is H and each of Ras Ry, Ry2, and Ryp3is CHs.
In some variations of formula (25) described in the paragraphs above in which o; is 3,

each of Ra1, Raa, and R,s is H and each of Ry, Rpa, and Ryz is CHs.

In some variations of formula (25) described in the paragraphs above in which o, is 3,

each of Ra1,Rp1, Raz, and Ry, is H and Ra3 and Ry are 5 *}i . In some variations of

formula (25) described in the paragraphs above in which o2 is 3, each of Ra1,Rp1, Ra2, and

Ry2, is CH; and R,3 and Ry are g . In some variations of formula (25) described in

the paragraphs above in which o; is 3, Ry is H and each of R,;, Ry, and Ry, is CH3, and

R,3 and Ry,z are 37- 9{ . In some variations of formula (25) described in the paragraphs

above in which o7 is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3

it

-

and Rys are

In some variations of formula (25) described in the paragraphs above in which o, is 3,

O

each of Ry1,Rp1, Raz, and Ry, is H and R,3 and Ry,; are % fej . In some variations of
formula (25) described in the paragraphs above in which o, is 3, each of R,1,Rp, Ry, and

O

Rpa, 1s CH; and R,z and Rys are % j . In some variations of formula (25) described in
the paragraphs above in which 07 is 3, Ry is H and each of Ra2, Ry1, and Ry is CHs, and
O

R,3 and Ry,z are % Jé . In some variations of formula (25) described in the paragraphs
above in which o7 is 3, cach of Ry; and R,; is H and each of Ry; and Ry, is CH3, and Ry3
0]

M
and Ryp; are L .
In some variations of formula (25) described in the paragraphs above in which o, is 3,

R, and Ry, are * ;‘ , Ry and Ry, are * f{ , and each of R,3 and Ry;1s H. In some

variations of formula (25) described in the paragraphs above in which o, is 3, Ra; and Ry

are * @{ , Raz and Ry are * 9{ , and each of R,z and Rys is CHs. In some variations of
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[691]

formula (25) described in the paragraphs above in which 02 is 3, Ry and Ry, are S ,
R,z and Ry are S , Ra3 18 H, and Ry3 1s CHs. In some variations of formula (25)
described in the paragraphs above in which 0, is 3, Ra1 and Ry are S , Raz and Ry,
are * ;‘ , and each of R,; and Ry31s H. In some variations of formula (25) described in

the paragraphs above in which o; is 3, R,; and Ry, are * ;‘ , Raz and Ry, are * ;‘ , and

cach of R,3 and Ry3is CH3. In some variations of formula (25) described in the

paragraphs above in which 02 is 3, Ry1 and Ry, are * 5{ , Ra2 and Ry are * *Af , Raz 1S
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which o; is 3,

O]

e s .
Ra1 and Ry, are ~ *, Raz and Ry are "= ¢, and each of R,3 and Rys is H. In some
variations of formula (25) described in the paragraphs above in which o, is 3, Ra; and Ry

0]
are * @{ , Raz and Ry are % Jé , and each of R,z and Rys is CHs. In some variations of

e

formula (25) described in the paragraphs above in which 02 is 3, Ry and Ry, are O ,
0]

R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)

described in the paragraphs above in which 0, is 3, Ra1 and Ry are S , Raz and Ry,
O

are % 9’5 , and each of R,3 and Ry;z is H. In some variations of formula (25) described in

0]
the paragraphs above in which o; is 3, R,; and Ry, are * 5{ , Raz and Ry, are % 9’5 , and

cach of R,3 and Ry3 is CHj3. In some variations of formula (25) described in the
0]

o which on et SN
paragraphs above in which 02 is 3, Ry1 and Ry, are *, Ras and Rz are "% ¢, Ry3 18
H, and Rb3 18 CH3
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[692] In some variations of formula (25) described in the paragraphs above in which o; is 3,

[693]

0O O

e e -
Ra1 and Ry are “* ¢, Ry and Ryzare “+ ¢, and each of R,3 and Ryz is H. In some
variations of formula (25) described in the paragraphs above in which o, is 3, Ra; and Ry

O O

are % <‘§ , Ra2 and Ry are % f‘é , and each of R,3 and Rys is CHs. In some variations of
0]

formula (25) described in the paragraphs above in which 0; is 3, Ra; and Ry, are % ,
O

J
R, and Ry,; are % ; , Raz is H, and Ry is CHs. In some variations of formula (25)
0]

J
described in the paragraphs above in which 0, is 3, Ra1 and Ry are X , Raz and Ry,
O

are % , and each of R,y3 and Ryz is H. In some variations of formula (25) described in

0] 0]
o 2 L
the paragraphs above in which 0, is 3, R,y and Ryy are = ¢, Ry and Rpy are = <, and
cach of R,; and Ry,3is CHj;. In some variations of formula (25) described in the

O O

i which os i SR
paragraphs above in which 0, is 3, Ry; and Ryy are "% ¢, Ry; and Rppare “+ ¢, Rya is
H, and Rb3 18 CH3

In some variations of formula (25) described in the paragraphs above in which o, is 3,

A 2
R,1 and Ry; and R, and Ry, together are }7-/\/‘1& , and each of R,3 and Rysis H. In some

variations of formula (25) described in the paragraphs above in which o, is 3, Ra; and Ry

NG
and R,z and Ry, together are }1/\/.7& , and each of R,3 and Ry3is CHj. In some variations
of formula (25) described in the paragraphs above in which o, is 3, Ry and Ryq and Ry

%
and Ry, together are }7-/\/'1& , Ra3 18 H, and Rp3is CH;3. In some variations of formula
(25) described in the paragraphs above in which 02 is 3, Ry1 and Ry and R,z and Ry,

%

together are }LL/\)S- , and R,z and Ry; are * 5{ . In some variations of formula (25)

described in the paragraphs above in which 02 is 3, R,y and Ry and Ry, and Ry, together
0]

N BN
arc :L{\}’-, and R,3 and Ryp; are % ; .
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[694]

[695]

[696]

In variations of formula (25) described in the paragraphs above in which o; is 4, the three
instances of R, and Ry, are indicated as Ra1 and Ry1; Ra2 and Ryz; Raz and Rys; and Ray
and Ryg, respectively. In some variations of formula (25) described in the paragraphs
above in which o; is 4, In some variations of formula (25) described in the paragraphs
above in which 0; is 4, cach of Ry1,Rp1, Ra2, Rp2, Ras, Rys, Rag, and Ry is H. In some
variations of formula (25) described in the paragraphs above in which o, is 4, each of
Ra1,Rp1, Raz, Rp2, Ra3, Rps Rag, and Rypy is CHj. In some variations of formula (25)
described in the paragraphs above in which o0; is 4, each of R,1, Ry, Rz, Ry, Ry, and
Ry31s H and each of R, and Ry4is CHs. In some variations of formula (25) described in
the paragraphs above in which o; is 4, each of Ra1, Rp1, Raz, and Ry, is H and each of
Ra3, Rp3, Rag, and Ry4 is CH3. In some variations of formula (25) described in the
paragraphs above in which o, is 4, each of R,;, Ry, Raz, Ryz, Ry3, and Rpz is CH3 and
cach of Rys and Ryp4is H.

In some variations of formula (25) described in the paragraphs above in which o, is 4,
each of Ra1,Ra2, and Rys is H and each of Ry1, Rp2, and Rys is CHs. In some variations of
formula (25) described in the paragraphs above in which o, is 4, R, is H, Ry, is CH3, and
cach of Ryz, Riz, Ra3, and Ry is CH3. In some variations of formula (25) described in the
paragraphs above in which 02 is 4, R,1 is H, Ry; is CHs, and each of Ry2, Rpz, R,3, and
Ry3 1s H. In some variations of formula (25) described in the paragraphs above in which
0,18 4, each of R,; and R, is H, each of Ry and Ry,; is CHs, and each of R,3 and Ry 1
H. In some variations of formula (25) described in the paragraphs above in which o, is 4,

cach of Ry and Ry, is H, cach of Ry and Ry; is CH3, and each of R,3 and Ry; is CHa.

In some variations of formula (25) described in the paragraphs above in which o, is 4,

R, and Ry, are H, R, and Ry,; are H, R,3 and Ry; are H, and Ry, and Ry are * 9;‘ .In

some variations of formula (25) described in the paragraphs above in which 0, is 4, Ra1

and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are 37- 9{ .In

some variations of formula (25) described in the paragraphs above in which 0, is 4, Ra1

and Ry are H, Ra; and Ry, are CHz, Raz and Rp; are CHi, and Ray and Ry are * "{ .In

some variations of formula (25) described in the paragraphs above in which 0, is 4, Ra1
and Ry are CHs, Ras and Ry, are CHs, R,s and Ry; are CHz, and Rag and Ryy are '}5— 'ﬁ )
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[697]

[698]

In some variations of formula (25) described in the paragraphs above in which o, is 4,
Ra1 and Ry, are H, R;; and Ry, are H, R,3 and Ry; are * fi ,and R,4 and Rypq are %Yf‘ .
In some variations of formula (25) described in the paragraphs above in which o, is 4,
R, and Ry, are H, R,; and Ry,; are CH;, R,3 and Ry; are * 5{ ,and R,4 and Ry are
S . In some variations of formula (25) described in the paragraphs above in which o,
is 4, Ry and Ry are CH3z, Ry, and Ry, are CH3, R,3 and Ry are * 5{ ,and R, and Ryy
are }ly;‘ . In some variations of formula (25) described in the paragraphs above in which
0218 4, Ra1 1s H, Ry is CHs, Ra2 and Ry, are CHz, Ras and Ry are 2 V’f‘ ,and Ry4 and
Ry4 are R . In some variations of formula (25) described in the paragraphs above in
which 0,15 4, Ra1 is H, Ry 1s CHs, Ry 1s H, Ry 1S CHz, Raz and Ry; are s 'ﬁ ,and Ray

2

and Ry are 5
In some variations of formula (25) described in the paragraphs above in which o, is 4,
Ra1 and Ry are H, Ry, and Ry, are * f’f‘ , Raz and Ry; are }L“ 5{ ,and R,4 and Ry are
O . In some variations of formula (25) described in the paragraphs above in which o,
is 4, Ra1 and Ry are CHz, Ra; and Ry, are * ;‘ , Ras and Ry; are "77" ‘fs‘ ,and Ra4 and
Ry4 are S . In some variations of formula (25) described in the paragraphs above in
which 0, 1S 4, Ra1 is H, Ry 18 CHs, Ra; and Ry, are * @{ , Raz and Ry; are * f'{ ,and
Ra4 and Ryy are L . In some variations of formula (25) described in the paragraphs
above in which 0, is 4, R,; and Ry, are * ‘gf , Raz and Ry, are * 5{ , Ras and Ry are

it

* ;{ ,and R,4 and Ryy are ~
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[699]

[700]

[701]

In some variations of formula (25) described in the paragraphs above in which o, is 4,

0]

J
R,1 and Ry,; are H, R;; and Ry, are H, R,3 and Ry,; are H, and Ry4 and Ry, are % Jé .In
some variations of formula (25) described in the paragraphs above in which 0, is 4, Ra1

O

J
and Ry are H, Ra; and Ry, are H, Ras and Ry,z are CH;, and Ray and Ry, are % ; .In
some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

O

and Ry are H, Ry, and Ry, are CHi, Ry3 and Ry; are CH;, and R,y and Ry are % ; .In
some variations of formula (25) described in the paragraphs above in which 0, is 4, Ra1

O

and Rp; are CH3, Ry; and Ry, are CH3, Ry3 and Ry are CH3, and Ry4 and Rypg are % j .

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O

J
Ra1 and Ry are H, Ry and Ry, are H, R,3 and Ry are % 9; ,and Ry4 and Ry4 are v. In
some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

O O

PN PN
and Ry are H, Rg, and Ry; are CHz, Raz and Ry are "= ¢, and R4 and Ry4 are “= ¢ In
some variations of formula (25) described in the paragraphs above in which o, is 4, Ra1

O O

e 3
and Ry are CHs, Ry; and Ry,; are CH;, Rys and Ry are ** ¢, and Ryy and Ry are "% ¢~
In some variations of formula (25) described in the paragraphs above in which o, is 4,

O

A
R, is H, Ry, is CH3, Ryz and Ry, are CHz, Ry3 and Ry; are % f’é ,and R,4 and Ryp4 are
0

S . In some variations of formula (25) described in the paragraphs above in which o,
0O

BN
iS 4, Ral iS H, Rbl iS CH3, Raz iS H, sz iS CH3, Ra3 and Rb3 arc ?LL ;\, and Ra4 and Rb4
1
arc 3‘ ;\

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O O

s s
Ra1 and Ry are H, Ry and Ry are”® ¢, Ry3 and Ryz are “* <, and Rag and Ry
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[702]

[703]

O

alre:Lel & . In some variations of formula (25) described in the paragraphs above in which

O O

- s s
0,18 4, Ra1 and Ry are CHs, Ry and Ry are "% ¢7, Ry3 and Ryz are > <7, and Ra4 and
0]

Ry4 are E . In some variations of formula (25) described in the paragraphs above in
0 O

ch osis 4. Rus is H. Ruy i o s
which 0,15 4, Ra1 1s H, Rp1 18 CHs, Raz and Ry are”™® ¢, Raz and Rpz are “% ¢, and Ryg
0]

and Rp4 are X . In some variations of formula (25) described in the paragraphs above

0O O 0O

J J J
in which o0, 18 4, Ra1 and Ry, are % 9; , Raz and Ry are % ; , Ras and Ry; are % 9; ,and
0]

JL
Ry4 and Ry, are % 9; .

In some variations of formula (25) described in the paragraphs above in which o, is 4,
O

R, and Ry, are * f’f‘ , Raz and Ry, are H, R,; and Ry; are H, and Ra4 and Ry are % 9)5 .

In some variations of formula (25) described in the paragraphs above in which o, is 4,

R,; and Ry, are * ;‘ , Raz and Ry, are CH;, R,3 and Ry; are CHs, and Ry4 and Ry are
0]

E . In some variations of formula (25) described in the paragraphs above in which o,

is 4, R, and Ry, are * @5‘ , Raz and Ry, are H, R,3 and Ry,; are CH;, and R4 and Ry are
1

2N

In some variations of formula (25) described in the paragraphs above in which o, is 4,

Ra1 and Ry are * 5{ , Ra2 and Ry, are % :{ , Raz and Ry are H, and Ry4 and Ry, are
0]

%% . In some variations of formula (25) described in the paragraphs above in which o,

is 4, Ry and Ry, are * "{ , Raz and Ry, are * ;{ , Raz and Ry;3 are CH3, and R,y and
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[704]

[705]

O]

Ry4 are E . In some variations of formula (25) described in the paragraphs above in

which o, is 4, R,; and Ry, are 37- 5{ , Raz and Ry, are 3"- V‘é‘ , Ra3z and Ry3 are CH3, and
O

Ra4 and Ryy are E . In some variations of formula (25) described in the paragraphs

above in which o0, is 4, Ry; and Ry, are % 9{ , Raz and Ry, are :s’- *‘;‘ , Raz and Ry3 are H,
0O

J
and Ra4 and Ry4 are E .
In some variations of formula (25) described in the paragraphs above in which o, is 4,

R,; and Ry, are * ;‘ , Raz and Ry, are * f{ , Ras and Ry are * 5{ ,and R,4 and Ry,
hi
are % f’é )

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O

S s
Ra1 and Ry, are ~ , Raz and Ry are "= ¢, R,3 and Ry are H, and R,4 and Ry are
0]

E . In some variations of formula (25) described in the paragraphs above in which o,

O
- et e
is 4, Ry and Ry, are ~ *, Raz and Ry, are “* ¢, R,3 and Ry are CH;, and Ry4 and Rpg
0

J
are E . In some variations of formula (25) described in the paragraphs above in which

O

- et e
0,18 4, Ry and Ry are ~ *, Raz and Ry, are "+ ¢, Ry3 and Ryz are CH;, and Ry and
0]

Ry4 are % . In some variations of formula (25) described in the paragraphs above in

O

o 2 s
which 0, 1s 4, Ra1 and Ry are *, Raz and Ry are "= ¢, Ra3 and Ry are H, and Ray
0]

J
and Ry are % 9; .

255



WO 2015/116707 PCT/US2015/013334

[706]

[707]

[708]

[709]

In some variations of formula (25) described in the paragraphs above in which o, is 4,

0]
J
Ra1 and Ry are * 5{ , Raz and Ry, are % *’é , Ras and Ry; are * f'{ ,and R4 and Ry,

0]
are LL'IJ\; .

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O O

e .
Ra and Ry are "% ¢, Ry and Ryy are “% ¢, R,3 and Ry; are H, and Ra4 and Ry,y4 are
0]

%% . In some variations of formula (25) described in the paragraphs above in which o,

O O

- s s
is 4, Ry; and Ry are "% <7, Ry; and Ry are "% ¢, Ry3 and Ry; are CH3, and Ry4 and Ry
0

J
are X . In some variations of formula (25) described in the paragraphs above in which

O O

- s s
0,18 4, Ry and Ry are %+ ¢, Ry and Ry, are “= ¢, R,3 and Ry,; are CH;, and R,4 and
0]

Ry are E . In some variations of formula (25) described in the paragraphs above in

O O

honi s s
which 0,18 4, Ry and Ry are “% ¢, Ry and Ry,y are "% ¢, R,3 and Ry,; are H, and Ry,
0]

J
and Ry, are % fej )

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O O O

J JI§ J
R, and Ry, are % j , Ra2 and Ry, are % f’é , Ras and Ry; are % j ,and Ry4 and Ry are

0]
s

In some variations of formula (25) described in the paragraphs above in which o, is 4,

R,1 and Ry; are H, R,z and Ry,; are H, and R,3 and Ry3 and Ra4 and Rypy together are
N

0,18 4, Ry1 and Ry are H, R,; and Ry, are CH3, and R,3 and Rp; and Ry4 and Ryy

. In some variations of formula (25) described in the paragraphs above in which
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[710]

[711]

[712]

\ Cd
together are :&L/\}L‘ In some variations of formula (25) described in the paragraphs
above in which o, is 4, Ra1 and Ry; are H, Ry and Ry, are CHs, and R,3 and Ry3 and Rag

\ 4
and Ry4 together are }{\}7‘ .

In some variations of formula (25) described in the paragraphs above in which o, is 4,

Ra1 and Ry are H, Ry, and Ry, are * f’ss‘ , and R,3 and Ry3 and Ry4 and Rypy together are
K

. In some variations of formula (25) described in the paragraphs above in which

0,18 4, Ra1 and Ry are * f’ss‘ , Ra2 and Ry, are CHz, and R,z and Rps and Ra4 and Ry

NG
together are }7-/\)‘1 In some variations of formula (25) described in the paragraphs

above in which 0, is 4, Ra1 is H, Rp; is CHs, Ry and Ry are * ;‘ , and Ry3 and Ry3 and

A2
Ra4 and Ryy together are /'51/\/‘51

In some variations of formula (25) described in the paragraphs above in which o, is 4,
O
i
R,1 and Ry, are H, Ryz and Ry, are “* <7, and R,3 and Ry; and Ry4 and Ryg together are
XNK . — -
. In some variations of formula (25) described in the paragraphs above in which

O

J
0,18 4, Ry1 and Ry are % fej , Raz and Ry, are CH;, and R,3 and Ryp; and Ry4 and Ry

\ Cd
together are }1/\)& In some variations of formula (25) described in the paragraphs
O

Py
above in which o, is 4, R,y is H, Ry is CH3, R,z and Ry, are % 9’5 , and R,s and Ry,; and

A 2
Ra4 and Ryy together are }1/\)&

In some variations of formula (25) described in the paragraphs above in which o, is 4,

O O

R, and Ry, are % j , Ra2 and Ry, are % f’é , and R,3 and Ry3 and Ra4 and Ryp4 together

HNK - L :
are . In some variations of formula (25) described in the paragraphs above in
O

J
which 0, 1s 4, Ra1 and Ry are % ; , Ra2 and Ry, are s "{ , and R,z and Ry; and Ryy
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[713]

[714]

[715]

[716]

\ 4
and Ry, together are ’12{\}7— In some variations of formula (25) described in the

O O

i which os i o
paragraphs above in which 0, is 4, Ry1 and Ryg are “2 <7, Ry and Ry are "2 <7, and Ry

\ Cd
and Rp; and R,4 and Ry,4 together are "I{\}L

In some variations of formula (25) described in the paragraphs above in which o, is 4,

R, and Ry, are * fi , Raz and Ry, are * ;‘ , and R,3 and Rp3 and Ra4 and Ry4 together
A 2
are }5-/\)1‘

In some variations of formula (25) described in the paragraphs above in which o, is 4,

A Y
R,1 and Ry; and R, and Ry, together are }L/\/LLL‘ , and R,3 and Ry3 and Ry4 and Ryy

NG
together are }{\}LL

In some variations of formula (25) described in the paragraphs above, ring A is

ring A is

(a) 1 N 1 ,» Or N 1

N/\‘/%‘/ o 2 N/\\/m‘/ 3
‘§ ::\N> _g_N/\\§ _g N/\\§ ‘§T NQR _g "/\\Q
(b) H ¢ S0 | %58 H . ¢ Sd R
e
- {
or ~s"R; , optionally substituted with halo or C1-C6 linear or branched alkyl; or
- S—H - O-NH
_sl__l_ _a _E_I_I_E_a _§ I_I_é_a o _I_I E ) - _I_I s_a
HN-NH ST O BN, 0T
A g g g Ly
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[717]

[718]

[719]

[720]

[721]

'S
VO , Or VO , optionally substituted with halo or C1-C6 linear or
branched alkyl.

i

In some variations of formula (25) described in the paragraphs above, n is 1-4, 1-3, 1-2,

2-4,2-3,3-4,1, 2, 3, or 4.

In some variations of formula (25) described in the paragraphs above, ring A is

substituted with halo. In some variations, the halo is F, Br, I, or CI.

In some variations of formula (25) described in the paragraphs above, ring A is
substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, CI-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (25) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (25) described in the paragraphs above, the first D2 is
safranin-O. In some variations of formula (25) described in the paragraphs above, the
second D2 is safranin-O. In some variations of formula (25) described in the paragraphs
above, D1 and the first D2 are safranin-O. In some variations of formula (25) described
in the paragraphs above, D1 and the second D2 are safranin-O. In some variations of
formula (25) described in the paragraphs above, the first D2 and the second D2 are

safranin-O.

In some variations of formula (25) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (25) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D1 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
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[722]

[723]

—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (25) described in the two paragraphs above, the pendant
phenyl ring of the first D2 is unsubstituted. In some variations of formula (25) described
in the paragraph above, the pendant phenyl ring of the first D2 is substituted with 1-3
(e.g., 1-3,1-2, 1, 2, or 3) electron-donating or electron-withdrawing groups, which may
be at any available position on the pendant phenyl ring. In some embodiments in which
the pendant phenyl ring of the first D2 is substituted, the substituents are selected
independently from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH;, —NHCOR,
—OCH;, —OR, —C,Hs, —R, and —C¢Hs, wherein R is C1-C6 linear or branched alkyl
(e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-
Ce6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).
In some embodiments in which the pendant phenyl ring of the first D2 is substituted, the
substituents are selected independently from —NO,,—NR;", halo (e.g., F, Br, Cl, I),
trihalide (e.g., —CF3, —CCls, —CBr3;, —Cl3), —CN, —SOz;H, —COOH, —COOR,
—CHO, and —COR, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5,
C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4,
C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (25) described in the three paragraphs above, the pendant
phenyl ring of the second D2 is unsubstituted. In some variations of formula (25)
described in the paragraph above, the pendant phenyl ring of the second D2 is substituted
with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3) electron-donating or electron-withdrawing groups,
which may be at any available position on the pendant phenyl ring. In some embodiments
in which the pendant phenyl ring of the second D2 is substituted, the substituents are
selected independently from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH3,
—NHCOR, —OCH;, —OR, —C;Hs, —R, and —C¢Hs, wherein R is C1-C6 linear or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl). In some embodiments in which the pendant phenyl ring of the second
D2 is substituted, the substituents are selected independently from —NO,,—NR3", halo
(e.g., F, Br, Cl, I), trihalide (e.g., —CF3;, —CCls, —CBr3;, —Cl3), —CN, —SO:H,
—COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear or branched alkyl
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(e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4, C2-C3, C2, C3-
Ce6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some of the variations of formula (25) described above,, D1 and D2 are safranin-O

moieties, as shown in formula (25a):

%q 2 R LR ﬁ\

R — J al b2 [ —_

! l\,\ R I1 — I2 /\/ R6 m
R3 b1 n RaZ R4

(25a)

in which m, n, I3, [, 01, 02, ring A, Ry1, Rp1, Ra2, Rpz Re1, Ra1, Raz2, and Ry are as
defined in the paragraphs above, Ry, Ry, Ri, R4, Rs, and Rg independently are absent or
independently are selected from —NH,, —NHR, —NR,, —OH, —O°, —NHCOCH3,
—NHCOR, —OCH;, —OR, —C;Hs, —R,—CsHs, —NO,, —NR3 ", halo (e.g., F, Br, Cl,
I), trihalide (e.g., —CF3;, —CCl;, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR,
—CHO, and —COR), and R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, Cl1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

One of skill in the art can readily visualize and prepare other cationic multimers falling
within formula (25) in which other cationic dye moieties are used in place of one or both

of the safranin-O moieties.
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Some cationic dye multimers fall within formula (26), (27), (28), (29), (30), (31), or (32):

ny

ny

, wherein D is a cationic dye moiety, nx is 0-5, ny is 1-5, and L is

absent or L is a linker selected from linker (a.1), linker (a.2), linker (b.1), linker (c.1),
linker (c.2), linker (d), linker (e.1), linker (f.1), linker (f.2), linker (g.1), linker (g.2),
linker (h.1), linker (h.2), linker (i.1), linker (i.2), linker (j.1), linker (j.2), linker (k), linker
(1.1), linker (1.2), linker (m.1), linker (n.1), linker (n.2), linker (o), linker (p), linker (q),
linker (r), and linker (s), described above.
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[727]

[728]

[729]

[730]

[731]

[732]

[733]

[734]

[735]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (a.1):

H
Py

(@1 , in which n 1s 1-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (a.1), nis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2,
3,4,5,0r6.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (a.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (a.2):
N
* e/ 9
(a.2)

cationic dye moiety D.

, in which n 1s 1-6, n; is 1-4, and * is the attachment site for the

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (a.2), nis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2,
3,4,5, or6.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (a.2), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (b.1):

(b.1) , in which n 1s 0-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (b.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6,
3-5,3-4,4-6,4-5,5-6,0,1,2,3,4,5, or 6.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (b.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1,2, 3, or 4.
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[736]

[737]

[738]

[739]

[740]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (c.1):

Ra Rb
*

n ny

(c.1) , in which n is 0-6, n;is 1-4, either (1) R, and Ry, independently are H
1
A Y
or CHs or (2) R, and Ry, are S or SR ; or (3) two of CR,Ry, are }7-/\/3‘, and * is

the attachment site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (c.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6,
3-5,3-4,4-6,4-5,5-6,0,1,2,3,4,5, or 6.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (c.1), n;is 1-4, 1-3, 1-2,2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (c.1), R, is H and Ry, is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (c.1), R, is H and Ry, is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (c.1),

R, and R, are S . In some variations of formula (26), (27), (28), (29), (30), (31), or
@]

A
(32) described in the paragraphs above in which L is linker (c.1), R, and Ry, are ¥ .In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

A Y
paragraphs above in which L is linker (c.1), two of CR,R;, are :L"-/\}L‘

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (c.2):

Ra Rb
%* n
(c.2)

n
, in which n is 0-6, n; is 1-4, either (1) R, and Ry, independently are H
O

A N
or CHs or (2) R, and Ry, are S or ¥ ; or (3) two of CR,Ry, are }{\/E, and * is

the attachment site for the cationic dye moiety D.
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[741]

[742]

[743]

[744]

[745]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (c.2), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6,
3-5,3-4,4-6,4-5,5-6,0,1,2,3,4,5, or 6.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (¢.2), n;is 1-4, 1-3, 1-2,2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (¢.2), R, is H and Ry, is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (¢.2), R, is H and Ry, is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (c.2),

R, and R, are AH . In some variations of formula (26), (27), (28), (29), (30), (31), or
@]

M
(32) described in the paragraphs above in which L is linker (¢.2), R, and Ry, are g .In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

N
paragraphs above in which L is linker (c.2), two of CR,R;, are }{\}LL
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

paragraphs above in which L is linker (¢), L is }L‘/\"’{, }L‘/\/\:{,

(0] O
NN B }Lkz;, }zﬂ\/\}{,

(@] (@]
? Q XN LY
zljj\/\/xi;’}iﬂ\/\/\/\}{, JHOT , k/\g ,
(@] (@]
% < }.LJJ\/\/\/\[T“{
J\/\/\g"‘a, I &E EX/V{,
H3C CH; HsC CHs
zz/\/x%{,}lz/\/\/xi{ ‘g }LK/\}{
HsC CHs HsC CH,

P R N NNy

2PRNNXNY i3 Y Y NN N
, OT ’

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (d):
266



WO 2015/116707 PCT/US2015/013334

[746]

[747]

[748]

[749]

* *
Yk
Ra Rb

(d) , where k1 2-10; (1) R, and Ry, independently are H or CHj, or (2) R, and Ry,

P y
O
M M N

are % ;‘ or ¥ , or (3) two of CR4R}, are }LL/\;)IL, and * is the attachment site for the

cationic dye moiety D

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (d), & 1s 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-
10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-
10, 8-9,9-10,2,3,4,5,6,7,8,9, or 10.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (d), R, is H and Ry, is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (d), R, is H and Ry, is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (d),

R, and R, are R . In some variations of formula (26), (27), (28), (29), (30), (31), or
@]

A
(32) described in the paragraphs above in which L is linker (d), R, and Ry, are ¥ .In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

\ -
paragraphs above in which L is linker (d), two of CR,R}, are }77-/\;&‘

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (e.1):

H *
N \/\&O/\}’O\/\N
H n
n 7

(e.1) , in which n is 0-6, n; is 1-4, and * is the

attachment site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (e.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6,
3-5,3-4,4-6,4-5,5-6,0,1,2,3,4, 5, or 6.
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[750]

[751]

[752]

[753]

[754]

[755]

[756]

[757]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (e.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (f.1):

NH,
NH
ny *
o Ip,
(f1) , in which n; is 0-5, n, 1s 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (f.1), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34, 4-5, 0,
1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (f.1), nz is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (f.2):
NH,
* TNH /—<)
nq
o Ip,
(f2) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (f.2), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34, 4-5, 0,
1,2,3,4,0or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (f.2), nz is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (g.1):
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i 0
——HN — %
{n; NH
N~ “NH
H 2
L 2
(9.1) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

[758]

[759]

[760]

[761]

[762]

[763]

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (g.1), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 0,
1,2,3,4,0or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (g.1), nz is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (g.2):

* ——HN —

( ns NH

N NH
H 2

(9-2)

nz
, in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (g.2), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 0,
1,2,3,4,0or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (g.2), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (h.1):
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_ 0
—T—HN — %
ny(
L NHz | Ny
(h.1) , iIn which n;1s 0-5, ny 1is 1-5, and * is the attachment site for the

[764]

[765]

[766]

[767]

[768]

[769]

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (h.1), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 0,
1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (h.1), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (h.2):

O
% ——HN

nq(

NH,
(h.2)

- n,

, in which n; is 0-5, n is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (h.2), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 0,
1,2,3,4,0or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (h.2), n, is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (i.1):
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0
HN *
H
N._Vn
WY
ns
(i.1) , in which n; and n; independently are 1-5 and * is the attachment site for

the cationic dye moiety D.

[770] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, L is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[771] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34,
4-5,1,2,3,4,or5.

[772] In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (i.2):

O
* HN

H
N In,
\ A
nz

(i.2) , in which n; and n; independently are 1-5 and * is the attachment site

for the cationic dye moiety D.

[773] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, L is linker (1.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[774] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (i.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34,
4-5,1,2,3,4,or5.

[775] In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (j.1):
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HoN
O
N N *
P N - \/\N/
H H
(0] n,
NH

[776]

[777]

[778]

[779]

, in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (j.1), nz1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (j.2):

HaN

O

ZT

NH,

(-2)

, in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (j.2), nz1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,1, 2, 3,4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (k):

* *
R
Ra1 /1 /2 b2
Rb'] Raz
(k) , In which I; and I, independently are 1-4, n is 1-4; ring A is
aryl, heteroaryl, cycloalkyl, or heterocyclyl; (1) Ra1 and Ry independently are H or CH3

@]
BN N
or (2) R,y and Ry,; independently are AR or ¥ ; or (3) two of CR,1Ryg are :s’-/\}L,

(1) Ry and Ry, independently are H or CHs or (2) R,z and Ry, independently are S
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[780]

[781]

[782]

[783]

O

M N
or % fej ; or (3) two of CRy2Ry,; are }{\}L‘, and * is the attachment site for the cationic
dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (k), I;1s 1-4, 1-3, 1-3, 1-2,2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (k), /> is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or
4,

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (k), R,1 18 H and Ry, is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (k), R,1 is H and Ry; is CHs. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (k),

R,; and Ry, are S . In some variations of formula (26), (27), (28), (29), (30), (31), or
O

A
(32) described in the paragraphs above in which L is linker (k), Ry; and Ry are F .In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

A2
paragraphs above in which L is linker (k), two of CR,1Rp; are }5-/\}7‘

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (k), R,z is H and Ry, is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (k), R,; is H and Ry, is CH;. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (k),

R,z and Ry, are S . In some variations of formula (26), (27), (28), (29), (30), (31), or
O

b\
(32) described in the paragraphs above in which L is linker (k), R,z and Ry, are ¥ .In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

A2
paragraphs above in which L is linker (k), two of CRa;Rp; are }{\}’-
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[784] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

paragraphs above in which L is linker (k), ring A is

A Sa s | e PRRRWE

optionally substituted with halo or C1-C6 linear or branched alky];

N e e Q e
(b) H o, ¢ S0 %5 H . % SORe,
e
0
—
or ~s"R; , optionally substituted with halo or C1-C6 linear or branched alkyl; or
S—NH 0-0 O-NH
B T
HN-N 57 O  HNT, o O,
_3_I_T _, §|_ég , EI—SIE , EII—SE , 5 |_(')3 ,
H
-S> -0+ ~ Ow"
_ BN—, N— S~ s Q" 5N 0-Cx
FLgt —HE , L /A )
H H /
oM N e —3§A/?5/ s =
/ /
o ~ e ASHK O Ny
—£7F % W n &) )
I\/ 2 K/ 2 l\/ 2 2 2 2
/ N/ / 3 w 4
o O o A N % SIRE §HN/\/S
_3_ s _\) a__\) a_é_\) a__\) a__\) s
/ / wy ’ /
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[785]

[786]

wl, H"/‘“/” H"/"{“ 7‘4 ~ e
L0 N N~ 7S s s
0 o N S 0 HN
v+ 8 154 e
wdy wd, wd, / / /
2, w,
gHN/ ° Eo/\o TN A A EHN/\;\%
_g HN’ 3 O N 3> 5 — s — S
AR RN A N AN
A wd, ol y H
-%—Qﬁ/\o §—”ﬁ/“o é““ﬁ/\NH 4 S\S_j ]
— o— —\‘7"1,/ ﬁh‘"{ e
s, A A ol
< 2 3
/
? O/—O/“LLL S/ﬁ/“ﬁu/ S/ﬂ/ak/ é smj N/ﬁ/ﬁ/
< I\ s < NH N ¢ NH
/ /
_ i A _§9/ﬁ/§

vo , Or vo , optionally substituted with halo or C1-C6 linear or
branched alkyl.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (k), ring A is substituted with halo. In some

variations, the halo is F, Br, I, or CI.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (k), ring A is substituted with C1-C6 linear or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-Co6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl).
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[787]

[788]

[789]

[790]

[791]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (1.1):

RC'] Rd'] RCZ Rd2
04 NH HN 0o *
Ra1 I Isz
Ryt R.%
(.1) , in which I3, I, n, 01, and 0, independently are

1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance

of Ra1 and Ry, Ry1 and Rypy(1) independently are H or CH3, or (2) Rap and Ryg
0O

A NE
independently are S or S , or (3) two of CRy1Ryp; are }:\/‘777-, for each

independent instance of Ry; and Rpz, Raz and Ry, (1) independently are H or CHs, or (2)
O

A N
R,z and Ry; independently are S or ¥ , or (3) two of CR,2Ry,; are }LL/\)S-, for

cach independent instance of Ry and Rai, Rer and Ry (1) independently are H or CH3, or
O

M N
(2) R1 and Ry independently are * ;‘ or % 9’5 , or (3) two of CR Ry are }1/\)&, for
cach independent instance of Rz and Rgz, Rz and Ry, (1) independently are H or CH3, or
O

BN N
(2) R¢2 and Ry, independently are S or SR , or (3) two of CR2Ry; are :SL/\}L‘,

and * is the attachment site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (1.1), I; 1s 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), Iz is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3,

or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), 0; 1s 1-4, 1-3, 1-3, 1-2,2-4,2-3,3-4, 1, 2, 3,

or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), 0, 1s 1-4, 1-3, 1-3, 1-2,2-4,2-3,3-4, 1, 2, 3,

or 4.
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[792]

[793]

[794]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), Ra; is H and Ry is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.1), Ry is H and Ry,; is CH;. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.1),

R,1 and Ry, are O . In some variations of formula (26), (27), (28), (29), (30), (31), or
O
. N Ly
(32) described in the paragraphs above in which L is linker (1.1), Ry; and Ry are 7+ ¢,
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

N
paragraphs above in which L is linker (1.1), two of CRy1Rp; are }{\)&

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), Ry is H and Ry is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.1), Ry is H and Ry, is CHs. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.1),

R,; and Ry, are R . In some variations of formula (26), (27), (28), (29), (30), (31), or
0O

(32) described in the paragraphs above in which L is linker (1.1), R,z and Ry, are SR :

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

A Y
paragraphs above in which L is linker (1.1), two of CRxRp; are }{\}L‘

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), R¢; and Rg; are both H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.1), Rep is H and Rgq is CHs. I In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker
(1.1), Ry and Ry; are both CHa. In some variations of formula (26), (27), (28), (29), (30),
(31), or (32) described in the paragraphs above in which L is linker (1.1), Ry and Ry; are

S . In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
O

in the paragraphs above in which L is linker (1.1), Ry and Rgy are SR . In some
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[795]

[796]

variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs

\ 4
above in which L is linker (1.1), two of CR1Rq; are j{\}i

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), R¢; and Ry, are both H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.1), Re2 is H and Rg, is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.1),
R.; and Rgq; are both CHj. In some variations of formula (26), (27), (28), (29), (30), (31),
or (32) described in the paragraphs above in which L is linker (1.1), Re; and R, are

S . In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
O

A
in the paragraphs above in which L is linker (1.1), Rz and Ry, are SR . In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs

\ G4
above in which L is linker (1.1), two of CR2Rq; are }1/\)&

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), ring A is

|\_$____N_/\S N&s_
o ©—;’—‘tw SR U g

N , N , Or N

optionally substituted with halo or C1-C6 linear or branched alky];

/\\/”‘/ ~ ~ N/\\/”i/ %
AR S ARNE S S T 4
N = SRS B T B N R, ——it 5
(b) H ¢ S0 | %58 H -, ¢ “dRe
DLL/
_g_'?‘-/‘\;{
or S Rz, optionally substituted with halo or C1-C6 linear or branched alkyl; or
(C) s b b 2 s 3
$-S S-0 _s S™NH 0-0y O-NH
— — g Lo Egr T
HN-N _ Sy Oy  ENm, Oy
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[797]

[798]

[799]

[800]

S
VO , Or VO , optionally substituted with halo or C1-C6 linear or

branched alkyl.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), ring A is substituted with halo. In some

variations, the halo is F, Br, I, or CI.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), ring A is substituted with C1-C6 linear or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl).

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.1), nis 1-4, 1-3, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or
4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (1.2):

RC1 Rd1 RCZ Rd2
* 07 NH HN 05 *
Ran I Isz
Rpr Ras
n
(1:2) , in which I3, I, n, 01, and 0, independently

are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent
instance of Ry; and Ry1, Ry1 and Ryi(1) independently are H or CHs, or (2) Ry1 and Ry,
O

A N
independently are * 5{ or % f , or (3) two of CR,; Ry are }{\}7—, for each
independent instance of Ry, and Rp;, R,z and Ry, (1) independently are H or CH3, or (2)
O

A N
R,z and Ry; independently are S or ¥ , or (3) two of CR,2Ry,; are }LL/\}L‘, for

cach independent instance of Ry and Rai, Rer and Ry (1) independently are H or CH3, or
O

A N
(2) R¢1 and Ry; independently are S or S , or (3) two of CRRy; are }7-/\/3‘, for
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[801]

[802]

[803]

[804]

[805]

[806]

cach independent instance of Re; and Raz, Rez and Ryz (1) independently are H or CH3, or
1
\ 4
(2) Rz and Ry, independently are S or SR , or (3) two of CR;Ry; are }{\}LL,

and * is the attachment site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (1.2), I; is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), > is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3,

or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), 0; 1s 1-4, 1-3, 1-3, 1-2,2-4,2-3,3-4, 1, 2, 3,

or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), 0, 1s 1-4, 1-3, 1-3, 1-2,2-4,2-3,3-4, 1, 2, 3,

or 4.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), Ry is H and Ry is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.2), Ry is H and Ry,; is CHs. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.2),

R,1 and Ry, are ¥ . In some variations of formula (26), (27), (28), (29), (30), (31), or
O
. o L
(32) described in the paragraphs above in which L is linker (1.2), Ry and Ry are 7% <.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

\ Cd
paragraphs above in which L is linker (1.2), two of CR,;Ry, are }1/\)&

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), Ry is H and Ry is H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.2), R,z is H and Ry,; is CHs. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.2),
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[807]

[808]

R,z and Ry, are S . In some variations of formula (26), (27), (28), (29), (30), (31), or
0O
(32) described in the paragraphs above in which L is linker (1.2), R,z and Ry, are SR :
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), two of CRxRy; are }{\}’:
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), R and Rg; are both H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.2), Re; is H and Rgg is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.2),
R, and Ry are both CHj3. In some variations of formula (26), (27), (28), (29), (30), (31),
or (32) described in the paragraphs above in which L is linker (1.2), Ry and Rq; are

S . In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
O

in the paragraphs above in which L is linker (1.2), Reg and Rgq are “* ¢*. In some

variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs

\ 4
above in which L is linker (1.2), two of CRRq; are }7-/\/‘777-

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), R, and Ry, are both H. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which L is linker (1.2), Re2 is H and Ry, is CH3. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) described in the paragraphs above in which L is linker (1.2),
R.; and Ry, are both CHj3. In some variations of formula (26), (27), (28), (29), (30), (31),
or (32) described in the paragraphs above in which L is linker (1.2), Re; and Rg; are

S . In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
O

in the paragraphs above in which L is linker (1.2), R, and Ry, are ¥ . In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs

\ 4
above in which L is linker (1.2), two of CR2Rq; are }L/\/‘ILL
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[809] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

paragraphs above in which L is linker (1.2), ring A is

A Sa s | e PRRRWE

optionally substituted with halo or C1-C6 linear or branched alky];

N e e Q e
(b) H o, ¢ S0 %5 H . % SORe,
e
0
—
or ~s"R; , optionally substituted with halo or C1-C6 linear or branched alkyl; or
S—NH 0-0 O-NH
B T
HN-N 57 O  HNT, o O,
_3_I_T _, §|_ég , EI—SIE , EII—SE , 5 |_(')3 ,
H
-S> -0+ ~ Ow"
_ BN—, N— S~ s Q" 5N 0-Cx
FLgt —HE , L /A )
H H /
oM N e —3§A/?5/ s =
/ /
o ~ e ASHK O Ny
—£7F % W n &) )
I\/ 2 K/ 2 l\/ 2 2 2 2
/ N/ / 3 w 4
o O o A N % SIRE §HN/\/S
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vO , Or VO , optionally substituted with halo or C1-C6 linear or
branched alkyl.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), ring A is substituted with halo. In some

variations, the halo is F, Br, I, or CI.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), ring A is substituted with C1-C6 linear or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl).

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (1.2), nis 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or
4.
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[813] In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (m.1):

HN{\/\N//\\//N\/TH]/*
(m.1) "

attachment site for the cationic dye moiety D.

, in which n is 0-6, n; is 1-4, and * is the

[814] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (m.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-
6, 3-5, 3-4, 4-6, 4-5,5-6,0,1,2,3,4, 5, or 6.

[815] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (m.1), n; is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or 4.

[816] In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L 1s linker (n.1):

*
HN
(0]
H H
/,N N ,N\/\N/
H H
(0]
5
NH,

(n.1) , iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

[817] In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (n.1), ny1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5, 1,2, 3, 4, or 5.

[818] In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (n.2):
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[819]

[820]

[821]

[822]

[823]

[824]

H,N
O
H H
//N N rN\/\N/
H H
o} n,
lilH
| *
(n.2)

, iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (n.2), ny1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5, 1,2, 3, 4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (0):

_—N R

nz
(0) , in which in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (o), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 0, 1,
2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (0), n, is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34,
4-5,1,2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (o), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2,
2-5,2-4,2-3,3-5,3-4,4-5,0, 1,2, 3,4, or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (p):
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[825]

[826]

[827]

[828]

[829]

[830]

[831]

L -1 ny
(p) , in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (p), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,0,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (p), nz 1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,1,2, 3,4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (p), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,0,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (q):

NH |,

(a) , in which ny, is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (o), n4 s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 0, 1,
2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (q), n2 1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3,4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (r):
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1832]

[833]

[834]

[835]

[836]

[837]

H*\ﬁ)%
N _NH

Eﬁj
(97 NH
HN

|
0

nz
(r) , in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is the attachment site for

the cationic dye moiety D.

In some of variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (1), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 0, 1,
2,3,4,or5.

In some of variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which L is linker (r), n; 1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some of variations of formula (26), (27), (28), (29), (30), (31), or (32) in which L is
linker (r), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 0, 1,
2,3,4,or5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32), L is linker (s):

L —1 Ny
(s) , in which n; is 0-5, nz is 1-5, ns is 0-5, and * is the attachment site

for the cationic dye moiety D.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (s), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,0,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (s), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5, 1,2, 3,4, or 5.
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[839]

[840]

[841]

[842]

[843]

[844]

[845]

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above in
which L is linker (s), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-
4,4-5,0,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described above, L.

is absent.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, nx is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,0,1,2,3,4,0r5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, ny is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3,4, or 5.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, D is selected from the group consisting of safranin-O, toluidine blue,

azure A, azure B, azure C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which #n; is greater than 1, each D is represented consecutively from

left to right as D1, D2, D3, D4, and D5, as appropriate for the value of ny.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 2, D1 and D2 are the same cationic dye moiety. In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) in which ny is 2, D1 and D2
are different cationic dye moieties. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32) in which ny is 2, D1 and D2 independently are selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange,

acriflavine, and methylene blue.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 3, D1, D2, and D3 are the same cationic dye moiety. In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which ny is 3, D1,
D2, and D3 are different cationic dye moieties. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32) in which ny is 3, D1 and D2 and the same cationic dye
moiety and D3 is a different cationic dye moiety. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) in which ny is 3, D1 and D3 and the same cationic dye

moiety and D2 is a different cationic dye moiety. In some variations of formula (26),
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(27), (28), (29), (30), (31), or (32) in which ny is 3, D2 and D3 and the same cationic dye
moiety and D1 is a different cationic dye moiety. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) in which ny is 3, D1, D2, and D3 independently are
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure

C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 4, D1, D2, D3, and D4 are the same cationic dye moiety.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) in which ny is 4,
D1, D2, D3, and D4 are different cationic dye moieties. In some variations of formula
(26), (27), (28), (29), (30), (31), or (32), D1 is a first cationic dye moicty and each of D2,
D3, and D4 is the same second cationic dye moiety, wherein the first and second cationic
dye moieties are different. In some variations of formula (26), (27), (28), (29), (30), (31),
or (32), D2 is a first cationic dye moiety, and each of D1, D3, and D4 is a second cationic
dye moiety, wherein the first and second cationic dye moieties are different. In some
variations of formula (26), (27), (28), (29), (30), (31), or (32), D3 is a first cationic dye
moiety, and each of D1, D2, and D4 is a second cationic dye moiety, wherein the first
and second cationic dye moicties are different. In some variations of formula (26), (27),
(28), (29), (30), (31), or (32), D4 is a first cationic dye moiety, and each of D1, D2, and
D3 is a second cationic dye moiety, wherein the first and second cationic dye moieties are
different. In some variations of formula (26), (27), (28), (29), (30), (31), or (32), each of
D1 and D2 is the same first cationic dye moicty, and each of D3 and D4 is the same
second cationic dye moiety, wherein the first and second cationic dye moieties are
different. In some variations of formula (26), (27), (28), (29), (30), (31), or (32), each of
D1 and D2 is the same first cationic dye moiety, D3 is a second cationic dye moiety, and
D4 is a third cationic dye moiety, wherein the first, second, and third cationic dye
moieties are different. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32), cach of D1 and D3 is the same first cationic dye moiety, and each of D2 and D4 is
the same second cationic dye moiety, wherein the first and second cationic dye moieties
are different. In some variations of formula (26), (27), (28), (29), (30), (31), or (32), each
of D1 and D3 is the same first cationic dye moiety, D2 is a second cationic dye moiety,
and D4 is a third cationic dye moiety, wherein the first, second, and third cationic dye
moieties are different. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32), cach of D1 and D4 is the same first cationic dye moiety, and each of D2 and D3 is

the same second cationic dye moiety, wherein the first and second cationic dye moieties
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are different. In some variations of formula (26), (27), (28), (29), (30), (31), or (32), each
of D1 and D4 is the same first cationic dye moiety, D2 is a different second cationic dye
moiety, and D3 is a different third cationic dye moiety, wherein the first, second, and
third cationic dye moieties are different. In some variations of formula (26), (27), (28),
(29), (30), (31), or (32), each of D2 and D3 is the same first cationic dye moiety, and
cach of D1 and D4 is the same second cationic dye moiety, wherein the first and second
cationic dye moicties are different. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32), (26), (27), (28), (29), (30), (30), or (32) in which ny is 4, D1, D2, D3,
and D4 independently are selected from the group consisting of safranin-O, toluidine

blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene blue.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1, D2, D3, D4, and DS are different cationic dye
moieties. In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
in the paragraphs above in which ny is 5, D1, D2, D3, D4, and DS are the same cationic
dye moiety. In some variations of formula (26), (27), (28), (29), (30), (31), or (32)
described in the paragraphs above in which ny is 5, D1 and D2 are a first cationic dye
moiety, D3 is a second cationic dye moiety, D4 is a third cationic dye moiety, and D5 is a
fourth cationic dye moiety, wherein the first, second, third, and fourth cationic dye
moieties are different. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32) described in the paragraphs above in which ny is 5, D1 and D2 are a first cationic
dye moiety, D3 is a second cationic dye moiety, and D4 and D5 each are a third cationic
dye moiety, wherein the first, second, and third cationic dye moieties are different. In
some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D2 are a first cationic dye moiety, D3 and D4
are a second cationic dye moiety, and DS is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5, D1
and D2 are a first cationic dye moiety, D3 and DS are a second cationic dye moiety, and
D4 is a third cationic dye moiety, wherein the first, second, and third cationic dye

moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D3 are a first cationic dye moiety, D2 is a
second cationic dye moiety, D4 is a third cationic dye moiety, and DS is a fourth cationic

dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
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In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D3 are a first cationic dye moiety, DS is a
second cationic dye moiety, and D2 and D4 each are a third cationic dye moiety, wherein
the first, second, and third cationic dye moiecties are different. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which ny is 5, D1 and D3 are a first cationic dye moiety, D2 and DS are a second cationic
dye moiety, and D4 is a third cationic dye moiety, wherein the first, second, and third
cationic dye moicties are different. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32) described in the paragraphs above in which ny is 5, D1 and D3 are a
first cationic dye moiety, D4 and DS are a second cationic dye moiety, and D3 is a third
cationic dye moiety, wherein the first, second, and third cationic dye moieties are

different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D4 are a first cationic dye moiety, D2 is a
second cationic dye moiety, D3 is a third cationic dye moiety, and DS is a fourth cationic
dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D4 are a first cationic dye moiety, D3 is a
second cationic dye moiety, and D2 and DS each are a third cationic dye moiety, wherein
the first, second, and third cationic dye moiecties are different. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which ny is 5, D1 and D4 are a first cationic dye moiety, D2 and D3 are a second cationic
dye moiety, and DS is a third cationic dye moiety, wherein the first, second, and third
cationic dye moieties are different. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32) described in the paragraphs above in which ny is 5, D1 and D4 are a
first cationic dye moiety, D3 and DS are a second cationic dye moiety, and D2 is a third
cationic dye moiety, wherein the first, second, and third cationic dye moieties are

different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D5 are a first cationic dye moiety, D2 is a
second cationic dye moiety, D3 is a third cationic dye moiety, and D4 is a fourth cationic
dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 and D5 are a first cationic dye moiety, D4 is a
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second cationic dye moiety, and D2 and D3 each are a third cationic dye moiety, wherein
the first, second, and third cationic dye moiecties are different. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which ny is 5, D1 and DS are a first cationic dye moiety, D3 and D4 are a second cationic
dye moiety, and D2 is a third cationic dye moiety, wherein the first, second, and third
cationic dye moicties are different. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32) described in the paragraphs above in which ny is 5, D1 and D5 are a
first cationic dye moiety, D2 and D4 are a second cationic dye moiety, and D3 is a third
cationic dye moiety, wherein the first, second, and third cationic dye moieties are

different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2 and D3 are a first cationic dye moiety, D1 is a
second cationic dye moiety, D4 is a third cationic dye moiety, and DS is a fourth cationic
dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2 and D3 are a first cationic dye moiety, D1 is a
second cationic dye moiety, and D4 and D3 each are a third cationic dye moiety, wherein

the first, second, and third cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2 and D4 are a first cationic dye moiety, D1 is a
second cationic dye moiety, D3 is a third cationic dye moiety, and DS is a fourth cationic
dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2 and D4 are a first cationic dye moiety, D1 is a
second cationic dye moiety, and D3 and DS each are a third cationic dye moiety, wherein

the first, second, and third cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2 and D5 are a first cationic dye moiety, D1 is a
second cationic dye moiety, D3 is a third cationic dye moiety, and D4 is a fourth cationic
dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.
In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the

paragraphs above in which ny is 5, D2 and D5 are a first cationic dye moiety, D1 is a
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second cationic dye moiety, and D3 and D4 cach are a third cationic dye moiety, wherein

the first, second, and third cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D3 and D4 are a first cationic dye moiety, D1 is a
second cationic dye moiety, D2 is a third cationic dye moiety, and DS is a fourth cationic

dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D4 and D5 are a first cationic dye moiety, D1 is a
second cationic dye moiety, D2 is a third cationic dye moiety, and D3 is a fourth cationic

dye moiety, wherein the first, second, third, and fourth cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1, D2, and D3 are a first cationic dye moiety, D4 is
a second cationic dye moiety, and DS is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5,
D1, D2, and D3 are a first cationic dye moiety, and D4 and DS are a second cationic dye

moiety, wherein the first and second cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D2, D3, and D4 are a first cationic dye moiety, D1 is
a second cationic dye moiety, and DS is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5,
D2, D3, and D4 are a first cationic dye moiety, and D1 and DS are a second cationic dye

moiety, wherein the first and second cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D3, D4, and DS are a first cationic dye moiety, D1 is
a second cationic dye moiety, and D2 is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5,
D3, D4, and D5 are a first cationic dye moiety, and D1 and D2 are a second cationic dye

moiety, wherein the first and second cationic dye moieties are different.
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In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1, D4, and DS are a first cationic dye moiety, D2 is
a second cationic dye moiety, and D3 is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5,
D1, D4, and D5 are a first cationic dye moiety, and D2 and D3 are a second cationic dye

moiety, wherein the first and second cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1, D2, and DS are a first cationic dye moiety, D3 is
a second cationic dye moiety, and D4 is a third cationic dye moiety, wherein the first,
second, and third cationic dye moieties are different. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above in which ny is 5,
D1, D2, and D5 are a first cationic dye moiety, and D3 and D4 are a second cationic dye

moiety, wherein the first and second cationic dye moieties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1 is a first cationic dye moiety, and each of D2, D3,
D4, and D5 is a second cationic dye moiety, wherein the first and second cationic dye
moieties are different. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32) described in the paragraphs above in which ny is 5, D2 is a first cationic dye moiety,
and each of D1, D3, D4, and D5 is a second cationic dye moiety, wherein the first and
second cationic dye moieties are different. In some variations of formula (26), (27), (28),
(29), (30), (31), or (32) described in the paragraphs above in which ny is 5, D3 is a first
cationic dye moiety, and each of D1, D2, D4, and D5 is a second cationic dye moiety,
wherein the first and second cationic dye moieties are different. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above in
which ny is 5, D4 is a first cationic dye moiety, and each of D1, D2, D3, and DS is a
second cationic dye moiety, wherein the first and second cationic dye moieties are
different. In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described
in the paragraphs above in which ny is 5, DS is a first cationic dye moiety, and each of
D1, D2, D3, and D4 is a second cationic dye moiety, wherein the first and second

cationic dye moiecties are different.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above in which ny is 5, D1, D2, D3, D4, and DS independently are selected
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from the group consisting of safranin-0O, toluidine blue, azure A, azure B, azure C,

acridine orange, acriflavine, and methylene blue.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, D1 is safranin-O. In some variations of formula (26), (27), (28), (29),
(30), (31), or (32) described in the paragraphs above, D2 is safranin-O. In some variations
of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above, D3
is safranin-O. In some variations of formula (26), (27), (28), (29), (30), (31), or (32)
described in the paragraphs above, D4 is safranin-O. In some variations of formula (26),
(27), (28), (29), (30), (31), or (32) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (26), (27), (28), (29), (30), (31), or (32)
described in the paragraphs above, D1 and D3 are safranin-O. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above, D1
and D4 are safranin-O. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32) described in the paragraphs above, D2 and D3 are safranin-O. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above, D2
and D4 are safranin-O. In some variations of formula (26), (27), (28), (29), (30), (31), or
(32) described in the paragraphs above, D3 and D4 are safranin-O. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs above, D1,
D2, and D3 are safranin-O. In some variations of formula (26), (27), (28), (29), (30),
(31), or (32) described in the paragraphs above, D1, D2, and D4 are safranin-O. In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraphs
above, D1, D3, and D4 are safranin-O. In some variations of formula (26), (27), (28),
(29), (30), (31), or (32) described in the paragraphs above, D2, D3, and D4 are safranin-
O. In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraphs above, D1, D2, D3, and D4 are safranin-O.

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
paragraph above, the pendant phenyl ring of D1 is unsubstituted. In some variations of
formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraph above, the
pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3) electron-
donating or electron-withdrawing groups, which may be at any available position on the
pendant phenyl ring. In some embodiments in which the pendant phenyl ring of D1 is
substituted, the substituents are selected independently from —NH,, —NHR, —NR;, —
OH, —O", —NHCOCHj3;, —NHCOR, —OCH3, —OR, —C,;Hs, —R, and —C¢Hs,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
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C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C35, or C6 linear or branched alkyl). In some embodiments in which the
pendant phenyl ring of D1 is substituted, the substituents are selected independently from
—NO,,—NR;", halo (e.g., F, Br, Cl, I), trihalide (e.g., —CF;, —CCl;3, —CBr3;, —Cl3),
—CN, —SO:H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 lincar or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl).

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
two paragraphs above, the pendant phenyl ring of D2 is unsubstituted. In some variations
of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraph above, the
pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3) electron-
donating or electron-withdrawing groups, which may be at any available position on the
pendant phenyl ring. In some embodiments in which the pendant phenyl ring of D2 is
substituted, the substituents are selected independently from —NH,, —NHR, —NR;, —
OH, —O", —NHCOCHj3;, —NHCOR, —OCH3, —OR, —C,;Hs, —R, and —C¢Hs,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C35, or C6 linear or branched alkyl). In some embodiments in which the
pendant phenyl ring of D2 is substituted, the substituents are selected independently from
—NO,,—NR;", halo (e.g., F, Br, Cl, I), trihalide (e.g., —CF3, —CCls, —CBr3;, —Cl5),
—CN, —SO:H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 lincar or
branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-C2, C1, C2-Cé6, C2-C5, C2-C4,
C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5, C4, C5-C6, C5, or C6 linear or
branched alkyl).

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
three paragraphs above, the pendant phenyl ring of D3 is unsubstituted. In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraph
above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH;, —
NHR, —NR,, —OH, —O’, —NHCOCH;, —NHCOR, —OCH;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
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C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, I), trihalide (e.g., —CF;5, —
CCls, —CBr3;, —Cl3), —CN, —SO;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the
three paragraphs above, the pendant phenyl ring of D4 is unsubstituted. In some
variations of formula (26), (27), (28), (29), (30), (31), or (32) described in the paragraph
above, the pendant phenyl ring of D4 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D4 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D4 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).
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[868] In some variations, cationic dye multimers are linear, as illustrated by formula (33):

N’

0

L1 NH,
NH NH
0

NH,

(33)

wherein each of D1, D2, D3, and D4 is a cationic dye moiety and one or more of L1, L2,
L3, and L4 are absent or each of L1, L2, L3, and L4 is a linker independently selected
from linker (a.1), linker (a.2), linker (b.1), linker (c.1), linker (c.2), linker (d), linker (e.1),
linker (f.1), linker (f.2), linker (g.1), linker (g.2), linker (h.1), linker (h.2), linker (i.1),
linker (i.2), linker (j.1), linker (j.2), linker (k), linker (1.1), linker (1.2), is linker (m.1),
linker (n.1), linker (n.2), linker (o), linker (p), linker (q), linker (r), and linker (s),

described above.

[869] In some variations of formula (33), each of D1, D2, D3, and D4 is a different cationic dye
moiety. In some variations of formula (33), each of D1, D2, D3, and D4 is the same
cationic dye moiety. In some variations of formula (33), D1 is a first cationic dye moiety
and each of D2, D3, and D4 is the same second cationic dye moiety, wherein the first and
second cationic dye moieties are different. In some variations of formula (33), D2 is a
first cationic dye moiety, and each of D1, D3, and D4 is a second cationic dye moiety,
wherein the first and second cationic dye moieties are different. In some variations of
formula (33), D3 is a first cationic dye moiety, and each of D1, D2, and D4 is a second
cationic dye moiety, wherein the first and second cationic dye moieties are different. In
some variations of formula (33), D4 is a first cationic dye moiety, and each of D1, D2,
and D3 is a second cationic dye moicty, wherein the first and second cationic dye
moieties are different. In some variations of formula (33), each of D1 and D2 is the same

first cationic dye moiety, and each of D3 and D4 is the same second cationic dye moiety,
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wherein the first and second cationic dye moieties are different. In some variations of
formula (33), each of D1 and D2 is the same first cationic dye moiety, D3 is a second
cationic dye moiety, and D4 is a third cationic dye moiety, wherein the first, second, and
third cationic dye moicties are different. In some variations of formula (33), each of D1
and D3 is the same first cationic dye moiety, and each of D2 and D4 is the same second
cationic dye moiety, wherein the first and second cationic dye moieties are different. In
some variations of formula (33), each of D1 and D3 is the same first cationic dye moiety,
D2 is a second cationic dye moiety, and D4 is a third cationic dye moiety, wherein the
first, second, and third cationic dye moieties are different. In some variations of formula
(33), cach of D1 and D4 is the same first cationic dye moiety, and each of D2 and D3 is
the same second cationic dye moiety, wherein the first and second cationic dye moieties
are different. In some variations of formula (33), each of D1 and D4 is the same first
cationic dye moiety, D2 is a different second cationic dye moiety, and D3 is a different
third cationic dye moiety, wherein the first, second, and third cationic dye moieties are
different. In some variations of formula (33), cach of D2 and D3 is the same first cationic
dye moiety, and each of D1 and D4 is the same second cationic dye moiety, wherein the

first and second cationic dye moieties are different.

In some variations of formula (33) described in the paragraphs above, each of D1, D2,
D3, and D4 is independently are selected from the group consisting of safranin-O,
toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene

blue.

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (a.1):

H
Py

(@1) , in which n 1s 1-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(a.l),mis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2, 3, 4,
5, or 6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (a.1), n; is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.
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In some variations of formula (33) described in the paragraphs above, L1 is linker (a.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (a.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (a.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (a.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (a.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (a.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (a.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (a.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (a.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (a.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (a.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(a.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (a.1). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (a.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (a.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (a.2):

H
*%\/NWH%
(a.2)

cationic dye moiety D.

, iIn which n 1s 1-6, n; is 1-4, and * is the attachment site for the

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(a.2),nis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2, 3, 4,
5, or 6.

In some variations of formula (33) described in the paragraphs above in which at least

onc of L1, L2, L3, and L4 is linker (a.2), n; is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (a.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (a.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (a.2).

In some variations of formula (33) described in the paragraphs above, L4 is linker (a.2).
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In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (a.2). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (a.2). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (a.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (a.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (a.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (a.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (a.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(a.2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (a.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (a.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (a.2).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (b.1):

(b.1) , in which n 1s 0-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(b.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5,
3-4,4-6,4-5,5-6,0,1,2,3,4,5,or6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (b.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (b.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (b.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (b.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (b.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (b.1). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (b.1). In some variations of formula (33) described in the paragraphs

above, L1 and L4 are linker (b.1). In some variations of formula (33) described in the
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paragraphs above, L2 and L3 are linker (b.1). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (b.1). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (b.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(b.1). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (b.1). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (b.1). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (b.1). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (b.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (c.1):

n
(1) , in which n 1s 0-6, n; is 1-4, either (1) R, and Ry, independently are H or
1
A2
CH; or (2) R, and Ry, are * ;‘ or % *fs ; or (3) two of CR,Ry, are }LL/\}L, and * is the

attachment site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(c.1), nis 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5,
3-4,4-6,4-5,5-6,0,1,2,3,4,5,or6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (c.1), n; is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (c.1), R, is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (c.1), R, is H and Ry, is CH3. In some variations of formula (33) described in
the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (c.1), R, and

Ry are S . In some variations of formula (33) described in the paragraphs above in
O

L
which at least one of L1, L2, L3, and L4 is linker (c.1), R, and Ry, are % 5 . In some
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[888]

variations of formula (33) described in the paragraphs above in which at least one of L1,
%
L2, L3, and L4 is linker (c.1), two of CR4R;, are }1/\/3‘

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (c.1), L is 37‘/\"7{, jl‘/\/\}{,

0 0
% Z‘%K}{, 3&”\/\2{,

3{\/\/\:‘{ , s

0 o)
zﬁ\/\/xﬁg zlﬂo\/\/\/\}{, }éﬁﬁ, }ﬁﬂ\/\(ff{,
O O

E)J\/\/\”‘{ Bzhﬂ\/\/\/\f{‘ X’v{, }lz/\i{,

O O

HsC CH3z H3C CHjs
HiC CHj H:C CHj

a}k/\/u;, A N NNy

2RNNNY Or}{\/\/\/\,

2

In some variations of formula (33) described in the paragraphs above, L1 is linker (c.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (c.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (c.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (c.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (c.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (c.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (c.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (c.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (c.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (c.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (c.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(c.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and

L4 are linker (c.1). In some variations of formula (33) described in the paragraphs above,
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L2, L3, and L4 are linker (c.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (c.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (¢.2):

Ra Rb
* n
(c.2)

nq
, in which n is 0-6, n; is 1-4, either (1) R, and R}, independently are H
1
\ Cd
or CHs or (2) R, and Ry, are S or X ; or (3) two of CR,Ry, are }LL/\}L‘, and * is

the attachment site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(c.2), n1is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 14, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5,
3-4,4-6,4-5,5-6,0,1,2,3,4,5,0r6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (c.2), ny is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (c.2), R, is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (c.2), R, is H and Ry, is CH3. In some variations of formula (33) described in
the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (c.2), R, and

Ry, are HH . In some variations of formula (33) described in the paragraphs above in
O

which at least one of L1, L2, L3, and L4 is linker (c.2), R, and Ry, are % 9’5 . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ Cd
L2, L3, and L4 is linker (c.2), two of CR,R, are }1/\)&

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (c.2), L is 377'/\}{, }{\/\}{,

0O O
‘}LL/\/\/\,‘?{, }{\/\/\/\}{, }Jj\};, }Lﬂ\/\}{,
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0] O
? Q 2NPE K £Y
}LJ\/\/xi;’}iﬂ\/\/\/\}{, JHoT , ﬂ\/\g ,
O O
b5 1 LY
J\/\/\gﬁ, JJ\/\/\/\g }12}{, }iz/\}{,
HsC CHs HsC CHs
ELZ/\/\‘L{, }IZ/\/\/x“&:, 3?&%;, AM%;

HsC. CHa HsC CHs

AW@;, :%Q/\/\/xi{, N NN

I Y Ve N g NN
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In some variations of formula (33) described in the paragraphs above, L1 is linker (c.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (c.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (c.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (c.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (c.2). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (c.2). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (¢.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (c.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (c.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (c.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (c.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(c.2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (c.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (c.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (c.2).
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In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (d):

* *
Ny
Ra Rb
(d) , where k is 2-10; (1) R, and Ry, independently are H or CHs, or (2) R, and Ry,
O

M ol N
are R or ¥ , or (3) two of CR,Ry, are }1/\)&, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(d), k1s 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9,
4-8, 4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9, 9-
10,2,3,4,5,6,7,8,9,or 10.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (d), R, is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (d), R, is H and Ry, is CH3. In some variations of formula (33) described in
the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (d), R, and Ry,

are S . In some variations of formula (33) described in the paragraphs above in which
O
N L y
at least one of L1, L2, L3, and L4 is linker (d), Ry and Ry, are “* <", In some variations
of formula (33) described in the paragraphs above in which at least one of L1, L2, L3,

\ d
and L4 is linker (d), two of CR,R, are }{\}1‘

In some variations of formula (33) described in the paragraphs above, L1 is linker (d). In
some variations of formula (33) described in the paragraphs above, L2 is linker (d). In
some variations of formula (33) described in the paragraphs above, L3 is linker (d). In
some variations of formula (33) described in the paragraphs above, L4 is linker (d). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(d). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
linker (d). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (d). In some variations of formula (33) described in the paragraphs above,

L2 and L3 are linker (d). In some variations of formula (33) described in the paragraphs
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above, L2 and L4 are linker (d). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (d). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (d). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (d). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (d). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(d). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (d).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (e.1):

H *
N\/\%O/\J/O\/\N
n H 1y
(

e1) , in which n is 0-6, n; is 1-4, and * is the

attachment site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(e.1), nis 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5,
3-4,4-6,4-5,5-6,0,1,2,3,4,5,or6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (¢.1), ny is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (e.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (e.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (e.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (e.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (e.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (e.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (e.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (e.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (e.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (e.1). In some variations of

formula (33) described in the paragraphs above, L1, L2, and L3 are linker (e.1). In some
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variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(e.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (e.1). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (e.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (e.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (f.1):

NH,
NH
ny *
o p,
(f1) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(f.1), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (f.1), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (f.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (f.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (f.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (f.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (f.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (f.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (f.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (f.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (f.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (f.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (f.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(f.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and

L4 are linker (f.1). In some variations of formula (33) described in the paragraphs above,
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L2, L3, and L4 are linker (f.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (f.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (f.2):

NH,
¥ —NH
nq
o Iy,
(f2) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(f.2), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (f.2), n, s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 34,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (f.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (f.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (f.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (f.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (f.2). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (f.2). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (f.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (f.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (f.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (f.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (f.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(f.2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (f.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (f.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (f.2).
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In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (g.1):

O
I *

HN
(%I\H

N NH
H 2

ne
(9.1) , in which n; is 0-5, n, is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(g.1), n;1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (g.1), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (g.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (g.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (g.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (g.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (g.1). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (g.1). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (g.1). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (g.1). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (g.1). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (g.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(g.1). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (g.1). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (g.1). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (g.1). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (g.1).
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In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (g.2):

O
I

* HN
(gNH
M

N NH
H 2

nz

(92) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(g.2), n;1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (g.2), nz is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (g.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (g.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (g.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (g.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (g.2). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (g.2). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (g.2). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (g.2). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (g.2). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (g.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(g.2). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (g.2). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (g.2). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (g.2). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (g.2).
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In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (h.1):

HN I *

nq(

NH,
(h.1)

, in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(h.1), n;1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (h.1), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (h.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (h.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (h.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (h.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (h.1). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (h.1). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (h.1). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (h.1). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (h.1). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (h.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(h.1). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (h.1). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (h.1). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (h.1). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (h.1).
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[923]

[924]

[925]

[926]

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (h.2):

0]
% ——HN —
n1(
L NHz | n,
(h.2) , in which n; is 0-5, n is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(h.2), n;1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (h.2), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (h.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (h.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (h.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (h.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (h.2). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (h.2). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (h.2). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (h.2). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (h.2). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (h.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(h.2). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (h.2). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (h.2). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (h.2). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (h.2).
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[927]

[928]

[929]

[930]

[931]

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (i.1):

o
HN *
H )’71
(W
(i.1) " , in which n; and n; independently are 1-5 and * is the attachment site for

the cationic dye moiety D.

In some variations of formula (33) described in the paragraphs above, at least one of L1,
L2, L3, and L4 is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-
5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (i.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (i.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (i.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (i.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (i.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (i.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (i.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (i.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (i.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (i.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (i.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(i.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (i.1). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (i.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (i.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (i.2):
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[932]

[933]

[934]

nz

(i-2) , iIn which n; and n; independently are 1-5 and * is the attachment site

for the cationic dye moiety D.

In some variations of formula (33) described in the paragraphs above, at least one of L1,
L2, L3, and L4 is linker (i.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1, 2, 3,
4, or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (i.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-
5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (i.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (i.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (i.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (1.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (i.2). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (i.2). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (i.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (1.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (i.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (i.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (i.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(i.2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (i.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (i.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (i.2).
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[935]

[936]

[937]

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (j.1):

H,N
H i H
//N\-)kN rN\/\N/ *
2 H H
\ Of n,
NH,
0.0 , iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(G.1), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1, 2, 3, 4, or 5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (j.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (j.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (j.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (j.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (j.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (j.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (j.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (j.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (j.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (j.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (j.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(j-1). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (j.1). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (j.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (j.1).
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[938]

[939]

[940]

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (j.2):

H,N
H i H
*//N\E)ku rN\/\H/
_\H Of s,
NH,
(-2) , in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(G.2), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1, 2, 3, 4, or 5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (j.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (j.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (j.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (j.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (j.2). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (j.2). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (j.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (j.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (j.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (j.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (j.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(j-2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (j.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (j.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (j.2).
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[941]

[942]

[943]

[944]

[945]

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (k):

(k) , in which /; and /; independently are 1-4, n is 1-4; ring A is
aryl, heteroaryl, cycloalkyl, or heterocyclyl; (1) Ra1 and Ry independently are H or CH3

0]

A N
or (2) R,y and Ry,; independently are S or SR ; or (3) two of CR,1Ryg are }{\}LL,

(1) Ry and Ry, independently are H or CHs or (2) R,z and Ry, independently are S
O

M N
or % ; ; or (3) two of CRy2Ry,; are }{\)‘1, and * is the attachment site for the cationic
dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(k), I;1s 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (k), I is 1-4, 1-3, 1-3, 1-2,2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (k), Ra1 is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (k), Ry is H and Ry is CH3. In some variations of formula (33) described in
the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (k), R, and

Ry are S . In some variations of formula (33) described in the paragraphs above in
0O

J
which at least one of L1, L2, L3, and L4 is linker (k), Ra1 and Ry are & @x . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ -
L2, L3, and L4 is linker (k), two of CR4 Ry are "‘f\’ﬁ‘t.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (k), Raz is H and Ry, is H. In some variations of

319



WO 2015/116707 PCT/US2015/013334
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and

L4 is linker (k), R,z is H and Ry, is CH3. In some variations of formula (33) described in
the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (k), R,2 and

Ry, are S . In some variations of formula (33) described in the paragraphs above in

O
| - L
which at least one of L1, L2, L3, and L4 is linker (k), Ry2 and Ry, are 7% <. In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (k), two of CR4;Rp; are }5-/\}7‘

[946] In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (k), ring A is

_g_ s 4NN NN,
___ | 2 | 2
—H_H | TR g T
optionally substituted with halo or C1-C6 linear or branched alkyl;
/\\/“"‘/ s N/\\/"'"/ s
S : N/\\fll‘ ; /\\5“'1 4 R % X
N _ |: N _ 1" \ N R _ |: /\
(b) H o, ¢ S0 %5 H - ¢ SO R,
e
0
e N
or ~s" R optionally substituted with halo or C1-C6 linear or branched alkyl; or
© ‘?B H ‘LQ% O /\: C
S—NH - O—NH
—5|_T—, ET_T?_, — |_|—§—, __|_|5 e
—~ ST O,  BHNT, O EIN—
YN -8 5-Qs” /H;a/ 0-0x” o*H)z/
o L 7 D = =
H
B S e A G
L/ N N '\/ /
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W / NI /
o wow & Y
AL AL , , (L , ,
./ / ! ol ! »
- S - I s I I
o) U g v )
2 ] / % / /
EHN/\/O : _N/\/NH _sg/\}]a ; S/\/j $/\/LLH- —§ Q/\/tr'
) T s TF_o im0
/ / /
A Wi, wl wan,
2w w st 0 N, 0-
—§—O/\/j gﬂ/\/ _g S —E S / 4 S,N/ —§ 0 /
L_NH C_NH
H"/”‘I’v H 7‘4 7“,’" e “/W
N- N~ 7S ass s 0
3 O AN 5 % 49 g HN 4HN
wd, wdy, / / / /
Uy, o ad, i,
O/‘/O HN/\NH S/‘/\ O/‘/\ HN/\/\ O/\/\
RIA R U A i n
wd, wdy,
o N —
éHN/\/\\ HN/\/\NH _g S,Sﬂ/ _gﬂN 4 _E_SHN /
/ / « 4
w5 5 4y Y (Y
2 <
O,h*z. NHX. VL"{ ‘1"'{
—Z_SQ _p ¥ ™ R TR
2 <
P e i G GRe
L/S , K;/NH , ) VO , ¢ VNH , vo , Or
/
s
_§9 )

\_/O , optionally substituted with halo or C1-C6 linear or branched alkyl.

[947] In some variations of formula (33) described in the paragraphs above in which L is linker

(k), ring A is substituted with halo. In some variations, the halo is F, Br, I, or CI.
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[948]

[949]

[950]

In some variations of formula (33) described in the paragraphs above in which L is linker
(k), ring A is substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (33) described in the paragraphs above, L1 is linker (k). In
some variations of formula (33) described in the paragraphs above, L2 is linker (k). In
some variations of formula (33) described in the paragraphs above, L3 is linker (k). In
some variations of formula (33) described in the paragraphs above, L4 is linker (k). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(k). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
linker (k). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (k). In some variations of formula (33) described in the paragraphs above,
L2 and L3 are linker (k). In some variations of formula (33) described in the paragraphs
above, L2 and L4 are linker (k). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (k). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (k). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (k). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (k). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(k). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (k).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (1.1):

RC'] Rd'] RCZ Rd2

/M(TNH HN/Mb *
Ra1 I Isz
Rpy 7 Ras
n
(1) , inwhich /;, >, n, 04, and 02 independently are

1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance
of Ra1 and Ry, Ry1 and Rypy(1) independently are H or CH3, or (2) Rap and Ryg

O
independently are S or l‘-Jj’; , or (3) two of CR,1Ry; are }7-/\/‘1{, for each

independent instance of Ry; and Rpz, Raz and Ry, (1) independently are H or CHs, or (2)
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[951]

[952]

[953]

[954]

[955]

@]
R,z and Ry; independently are S or }LLJ\; , or (3) two of CR,2Ry,; are }{\}é, for
cach independent instance of Ry and Rai, Rer and Ry (1) independently are H or CH3, or
O
(2) R¢1 and Ry; independently are S or E‘LJL; , or (3) two of CR1Rgy are }7-/\}{, for
cach independent instance of Re; and Raz, Rez and Ryz (1) independently are H or CH3, or
O
(2) R¢2 and Ry, independently are S or }’-J\*; , or (3) two of CR2Ry; are }{\){,

and * is the attachment site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(1.1), I;is 1-4, 1-3, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), > 1s 1-4, 1-3, 1-3, 1-2, 24, 2-3,3-4, 1, 2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), 0; 1s 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), 02 1s 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), R,; is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Ra1 is H and Ry is CHs. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), Ra1

and Ry are AE . In some variations of formula (33) described in the paragraphs above

O

J
in which at least one of L1, L2, L3, and L4 is linker (1.1), Ry1 and Ry,; are & j . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (1.1), two of CR4Rypy are 3{\/’@
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[956]

[957]

[958]

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), R,z is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Ry, is H and Ry, is CHs. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), Ra2

and Ry, are S . In some variations of formula (33) described in the paragraphs above
O

M
in which at least one of L1, L2, L3, and L4 is linker (1.1), R, and Ry, are R . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (I.1), two of CRy2Ry are 3{\/‘&_

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), R¢; is H and Ryy is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Rep is H and Rgp is CH3. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), Rg

and Ry are AE . In some variations of formula (33) described in the paragraphs above

o)

J
in which at least one of L1, L2, L3, and L4 is linker (1.1), R¢; and Ry are % ; . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (1.1), two of CRgRq; are 3{\/’@

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), Rez is H and Ry» is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Rez is H and Ry is CH3. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), Re,

and Ry, are S . In some variations of formula (33) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.1), R, and Ry, are % ; . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ ~
L2, L3, and L4 is linker (I.1), two of CR¢;Rg; are };\)&‘
324



WO 2015/116707 PCT/US2015/013334

[959] In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (1.1), ring A is

PN
O HOE U
@ 5. W W o W
optionally substituted with halo or C1-C6 linear or branched alky];
N/\\/m‘/ 3 2 N/\\/m‘/ il
Ty PR
—eT 1+ - - /\
(b) H o, ¢ S0 %5 H o f SO R
e
-0
0
or =~ R , optionally substituted with halo or C1-C6 linear or branched alkyl; or
(C) 2 2 3 > 2 3
S-S S-0 _¢ S™NH,  .0-0, O-NH
— P g TV b g
—~ _ S O,  BNm, o O N
H
Z -0 v ~ ~
_HN—y 578 s~ s~Nor 0~ O N
T+ 5 i T
H
S g S L T - G
I\/ 2 w 2 I\/ 2 l\/ 2 k/ 2 k/ 2
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[960]

[961]

[962]

[963]

L L o oA o ot ok
: o’N-/ N S//S § {[5 EHO éH@
o5 88 B 1 a1
wd, wd, / / / /
o, WA wf e,
4 L/‘/o _ ﬂ/\/ NH S/\/~\ , _o/\/“\ —§i“/\/\ O/\/\
A A N i N e
ol ol y
s SENY X
_Eﬂ/\/\ N \NH -3 s A _gﬂN A §—SHN A
ﬁ%"!-/ ﬂﬂh/ _\"L,_{ < {
2 <
o4 NHA LL"{ '1"1_/
Q <
e
Sm% /ﬁx% ] s/ﬁ/%"/ N/ﬁ/”v,‘/ N ,]/
ol T NH T 0 T N fL 0 o
/
ST
_§9 h

\—/O , optionally substituted with halo or C1-C6 linear or branched alkyl.

In some variations of formula (33) described in the paragraphs above in which L is linker

(1.1), ring A is substituted with halo. In some variations, the halo is F, Br, I, or CL.

In some variations of formula (33) described in the paragraphs above in which L is linker
(1.1), ring A is substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (1.1), m is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (1.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (1.1).

In some variations of formula (33) described in the paragraphs above, L3 is linker (1.1).
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[964]

In some variations of formula (33) described in the paragraphs above, L4 is linker (1.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (1.1). In some variations of formula (33) described in the paragraphs above, L1 and
L3 are linker (1.1). In some variations of formula (33) described in the paragraphs above,
L1 and L4 are linker (1.1). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (1.1). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (1.1). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (1.1). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (1.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(1.1). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (1.1). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (1.1). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (1.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (1.2):

RC1 Rd1 RCZ Rd2
* 0y NH HN 05
Ran I Isz
Rpr Ras
n
(1.2) , in which I3, I, n, 01, and 0, independently are

1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance
of Ry1 and Ry, Ry and Rypy(1) independently are H or CH3, or (2) Ry and Ry
0O

N N
independently are S or SR , or (3) two of CRy1Ryp; are j{\}‘, for each

independent instance of Ry; and Rpz, Raz and Ry, (1) independently are H or CHs, or (2)
O

A N
R,z and Ry, independently are S or SR , or (3) two of CR,2Ry,; are }{\/E, for

cach independent instance of Ry and Rai, Rer and Ry (1) independently are H or CH3, or
O

A N
(2) R¢1 and Ry; independently are S or ¥ , or (3) two of CR1Rgy are }{\)‘1, for
cach independent instance of Re; and Raz, Rez and Ryz (1) independently are H or CH3, or
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[965]

[966]

[967]

[968]

[969]

[970]

O
BN N
(2) R¢2 and Ry, independently are S or SR , or (3) two of CR2Ry; are }{\}L‘,

and * is the attachment site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(1.2), l;is 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), > 1s 1-4, 1-3, 1-3, 1-2, 24, 2-3,3-4, 1, 2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), 0; is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), 02 1s 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or
4.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), Ry is H and Ry is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), R,; is H and Ry, is CHs. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), Ra1

and Ry are A . In some variations of formula (33) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.2), Ry and Ry,; are & ; . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (1.2), two of CRy Ry are 3{\/‘&_

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), R, is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), Ra2 is H and Ry, is CHs. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), Ra2
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[971]

[972]

[973]

and Ry, are S . In some variations of formula (33) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.2), R,; and Ry,; are £ \’é . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ Cd
L2, L3, and L4 is linker (1.2), two of CR,Ry; are }f\}‘e

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), R¢; is H and Ry, is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), Rep is H and Rgp is CH3. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), Reg

and Ry are R . In some variations of formula (33) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.2), R¢; and Ry are % 9; . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ ~
L2, L3, and L4 is linker (1.2), two of CR¢ Rq; are };\)&‘

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), R¢ is H and Ry» is H. In some variations of
formula (33) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), R, is H and Ry, is CH3. In some variations of formula (33) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), Rc,

and Ry, are S . In some variations of formula (33) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.2), R¢; and Ry, are % ; . In some

variations of formula (33) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (1.2), two of CRRg; are /E\/‘a.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (1.2), ring A is
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[974]

[975]

[976]

[977]

P U oL, wd / ok,
_Eg/‘/o _gﬂ/‘ NH _%_S/\/\S _E_O/\/\S HN/\/\%; _%_O/\/\
NV NGNS A NG

4 N 4

%“Nﬁ/\ é—“ﬁ/\H + ) e ) 48

% o K : 2
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Y Lf Y Y
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\_/S , &/NH , QVO , \L/NH , KL/O , Or

/
S

O
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VO , optionally substituted with halo or C1-C6 linear or branched alkyl.

In some variations of formula (33) described in the paragraphs above in which L is linker

(1.2), ring A is substituted with halo. In some variations, the halo is F, Br, I, or CI.

In some variations of formula (33) described in the paragraphs above in which L is linker
(1.2), ring A is substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (1.2), mn is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (1.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (1.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (1.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (1.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (1.2). In some variations of formula (33) described in the paragraphs above, L1 and

L3 are linker (1.2). In some variations of formula (33) described in the paragraphs above,
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[978]

[979]

[980]

[981]

L1 and L4 are linker (1.2). In some variations of formula (33) described in the paragraphs
above, L2 and L3 are linker (1.2). In some variations of formula (33) described in the
paragraphs above, L2 and L4 are linker (1.2). In some variations of formula (33)
described in the paragraphs above, L3 and L4 are linker (1.2). In some variations of
formula (33) described in the paragraphs above, L1, L2, and L3 are linker (1.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L4 are linker
(1.2). In some variations of formula (33) described in the paragraphs above, L1, L3, and
L4 are linker (1.2). In some variations of formula (33) described in the paragraphs above,
L2, L3, and L4 are linker (1.2). In some variations of formula (33) described in the
paragraphs above, L1, L2, L3, and L4 are linker (1.2).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (m.1):

HN{\/\N%N\/TH]/*
(m.1) "

attachment site for the cationic dye moiety D.

, in which n is 0-6, n; is 1-4, and * is the

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(m.1), n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5,
3-4,4-6,4-5,5-6,0,1,2,3,4,5,or6.

In some variations of formula (33) described in the paragraphs above in which at least

one of L1, L2, L3, and L4 is linker (m.1), n;is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

In some variations of formula (33) described in the paragraphs above, L1 is linker (m.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (m.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (m.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (m.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (m.1). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (m.1). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (m.1). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (m.1). In some variations of formula (33)

described in the paragraphs above, L2 and L4 are linker (m.1). In some variations of
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formula (33) described in the paragraphs above, L3 and L4 are linker (m.1). In some

variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(m.1). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (m.1). In some variations of formula (33) described in the paragraphs
above, L1, L3, and L4 are linker (m.1). In some variations of formula (33) described in
the paragraphs above, L2, L3, and L4 are linker (m.1). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (m.1).

[982] In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (n.1):

(n.7) , in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

[983] In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(n.1), mzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5, 1,2, 3,4, or 5.

[984] In some variations of formula (33) described in the paragraphs above, L1 is linker (n.1).
In some variations of formula (33) described in the paragraphs above, L2 is linker (n.1).
In some variations of formula (33) described in the paragraphs above, L3 is linker (n.1).
In some variations of formula (33) described in the paragraphs above, L4 is linker (n.1).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (n.1). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (n.1). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (n.1). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (n.1). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (n.1). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (n.1). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
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[985]

[986]

[987]

(n.1). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (n.1). In some variations of formula (33) described in the paragraphs above,
L1, L3, and L4 are linker (n.1). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (n.1). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (n.1).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (n.2):

N

NH
|

(n2) , iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker

(n.2), nyis 1-5, 1-4, 1-3, 1-2, 2-5,2-4, 2-3, 3-5,3-4,4-5,1, 2, 3, 4, or 5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (n.2).
In some variations of formula (33) described in the paragraphs above, L2 is linker (n.2).
In some variations of formula (33) described in the paragraphs above, L3 is linker (n.2).
In some variations of formula (33) described in the paragraphs above, L4 is linker (n.2).
In some variations of formula (33) described in the paragraphs above, L1 and L2 are
linker (n.2). In some variations of formula (33) described in the paragraphs above, L1
and L3 are linker (n.2). In some variations of formula (33) described in the paragraphs
above, L1 and L4 are linker (n.2). In some variations of formula (33) described in the
paragraphs above, L2 and L3 are linker (n.2). In some variations of formula (33)
described in the paragraphs above, L2 and L4 are linker (n.2). In some variations of
formula (33) described in the paragraphs above, L3 and L4 are linker (n.2). In some
variations of formula (33) described in the paragraphs above, L1, L2, and L3 are linker
(n.2). In some variations of formula (33) described in the paragraphs above, L1, L2, and
L4 are linker (n.2). In some variations of formula (33) described in the paragraphs above,
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[988]

[989]

[990]

[991]

[992]

L1, L3, and L4 are linker (n.2). In some variations of formula (33) described in the
paragraphs above, L2, L3, and L4 are linker (n.2). In some variations of formula (33)
described in the paragraphs above, L1, L2, L3, and L4 are linker (n.2).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (o):

___N —

nz
() , in which in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(0), ny1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4,

or 5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (0), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-
5,1,2,3,4,or5.

In some variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (o), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-
5,2-4,2-3,3-5,3-4,4-5,0, 1,2, 3,4, or 5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (o). In
some variations of formula (33) described in the paragraphs above, L2 is linker (o). In
some variations of formula (33) described in the paragraphs above, L3 is linker (o). In
some variations of formula (33) described in the paragraphs above, L4 is linker (o). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(0). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
linker (o). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (o). In some variations of formula (33) described in the paragraphs above,
L2 and L3 are linker (0). In some variations of formula (33) described in the paragraphs

above, L2 and L4 are linker (0). In some variations of formula (33) described in the
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[993]

[994]

[995]

[996]

[997]

paragraphs above, L3 and L4 are linker (0). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (o). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (0). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (0). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(0). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (0).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (p):

——NH _n
(p) , in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

In some variations of formula (33) described above in which at least one of L1, L2, L3,
and L4 is linker (p), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,0,1,2,3,4,0r5.

In some variations of formula (33) described above in which at least one of L1, L2, L3,

and L4 is linker (p), n21s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

In some variations of formula (33) described above in which at least one of L1, L2, L3,
and L4 is linker (p), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,0,1,2,3,4,0r5.

In some variations of formula (33) described in the paragraphs above, L1 is linker (p). In
some variations of formula (33) described in the paragraphs above, L2 is linker (p). In
some variations of formula (33) described in the paragraphs above, L3 is linker (p). In
some variations of formula (33) described in the paragraphs above, L4 is linker (p). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(p). In some variations of formula (33) described in the paragraphs above, L1 and L3 are

linker (p). In some variations of formula (33) described in the paragraphs above, L1 and
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[998]

[999]

L4 are linker (p). In some variations of formula (33) described in the paragraphs above,
L2 and L3 are linker (p). In some variations of formula (33) described in the paragraphs
above, L2 and L4 are linker (p). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (p). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (p). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (p). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (p). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(p). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (p).

In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (q):

_ % -
|
O
O
( Ny |
—] NH _ ny
(@) , in which ny is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

In some variations of formula (33) in which at least one of L1, L2, L3, and L4 is linker
(0), nyis 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4,

or 5.

[1000] In some variations of formula (33) described above in which at least one of L1, L2, L3,

and L4 is linker (q), n2is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3,4, or 5.

[1001] In some variations of formula (33) described in the paragraphs above, L1 is linker (q). In

some variations of formula (33) described in the paragraphs above, L2 is linker (q). In
some variations of formula (33) described in the paragraphs above, L3 is linker (q). In
some variations of formula (33) described in the paragraphs above, L4 is linker (q). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(q). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
linker (q). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (q). In some variations of formula (33) described in the paragraphs above,

L2 and L3 are linker (q). In some variations of formula (33) described in the paragraphs
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above, L2 and L4 are linker (q). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (q). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (q). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (q). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (q). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(q). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (q).

[1002] In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (r):

*
)/’73

N_ _NH
(Y7 NH

o |n,

(r) , in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is the attachment site for

the cationic dye moiety D.

[1003] In some of variations of formula (33) in which at least one of L1, L2, L3, and L4 is
linker (v), n; 1s 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1,
2,3,4,or5.

[1004] In some of variations of formula (33) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1), nz is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-
5,1,2,3,4,or5.

[1005] In some of variations of formula (33) in which at least one of L1, L2, L3, and L4 is
linker (r), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1,
2,3,4,or5.

[1006] In some variations of formula (33) described in the paragraphs above, L1 is linker (r). In
some variations of formula (33) described in the paragraphs above, L2 is linker (r). In
some variations of formula (33) described in the paragraphs above, L3 is linker (r). In
some variations of formula (33) described in the paragraphs above, L4 is linker (r). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker

(r). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
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linker (r). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (r). In some variations of formula (33) described in the paragraphs above,
L2 and L3 are linker (r). In some variations of formula (33) described in the paragraphs
above, L2 and L4 are linker (r). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (). In some variations of formula (33) described
in the paragraphs above, L1, L2, and L3 are linker (r). In some variations of formula (33)
described in the paragraphs above, L1, L2, and L4 are linker (r). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (r). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(r). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (r).

[1007] In some variations of formula (33) described in the paragraphs above, at least one of L1,

L2, L3, and L4 is linker (s):

—+—NH  _ n,
(s) , in which n; is 0-5, ny is 1-5, n; is 0-5, and * is the attachment site

for the cationic dye moiety D.

[1008] In some variations of formula (33) described in the paragraphs above, L1 is linker (s). In
some variations of formula (33) described in the paragraphs above, L2 is linker (s). In
some variations of formula (33) described in the paragraphs above, L3 is linker (s). In
some variations of formula (33) described in the paragraphs above, L4 is linker (s). In
some variations of formula (33) described in the paragraphs above, L1 and L2 are linker
(s). In some variations of formula (33) described in the paragraphs above, L1 and L3 are
linker (s). In some variations of formula (33) described in the paragraphs above, L1 and
L4 are linker (s). In some variations of formula (33) described in the paragraphs above,
L2 and L3 are linker (s). In some variations of formula (33) described in the paragraphs
above, L2 and L4 are linker (s). In some variations of formula (33) described in the
paragraphs above, L3 and L4 are linker (s). In some variations of formula (33) described

in the paragraphs above, L1, L2, and L3 are linker (s). In some variations of formula (33)
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described in the paragraphs above, L1, L2, and L4 are linker (s). In some variations of
formula (33) described in the paragraphs above, L1, L3, and L4 are linker (s). In some
variations of formula (33) described in the paragraphs above, L2, L3, and L4 are linker
(s). In some variations of formula (33) described in the paragraphs above, L1, L2, L3,
and L4 are linker (s).

[1009] In some variations of formula (33) described in the paragraphs above, L1 is absent. In
some variations of formula (33) described in the paragraphs above, L2 is absent. In some
variations of formula (33) described in the paragraphs above, L3 is absent. In some
variations of formula (33) described in the paragraphs above, L4 is absent. In some
variations of formula (33) described in the paragraphs above, L1 and L2 are absent. In
some variations of formula (33) described in the paragraphs above, L1 and L3 are absent.
In some variations of formula (33) described in the paragraphs above, L1 and L4 are
absent. In some variations of formula (33) described in the paragraphs above, L2 and L3
are absent. In some variations of formula (33) described in the paragraphs above, L2 and
L4 are absent. In some variations of formula (33) described in the paragraphs above, L3
and L4 are absent. In some variations of formula (33) described in the paragraphs above,
L1, L2, and L3 are absent. In some variations of formula (33) described in the paragraphs
above, L1, L2, and L4 are absent. In some variations of formula (33) described in the
paragraphs above, L1, L3, and L4 are absent. In some variations of formula (33)
described in the paragraphs above, L2, L3, and L4 are absent. In some variations of

formula (33) described in the paragraphs above, L1, L2, L3, and L4 are absent.

[1010] In some variations of formula (33), each of L1, L2, L3, and L4 is a different linker. In
some variations of formula (33), each of L1, L2, L3, and L4 is the same linker. In some
variations of formula (33), L1 is a first linker and each of L2, L3, and L4 is the same
second linker, wherein the first and second linkers are different. In some variations of
formula (33), L2 is a first linker, and each of L1, L3, and L4 is a second linker, wherein
the first and second linkers are different. In some variations of formula (33), L3 is a first
linker, and each of L1, L2, and L4 is a second linker, wherein the first and second linkers
are different. In some variations of formula (33), L4 is a first linker, and each of L1, L2,
and L3 is a second linker, wherein the first and second linkers are different. In some
variations of formula (33), cach of L1 and L2 is the same first linker, and each of L3 and
L4 is the same second linker, wherein the first and second linkers are different. In some
variations of formula (33), cach of L1 and L2 is the same first linker, L3 is a second
linker, and L4 is a third linker, wherein the first, second, and third linkers are different. In
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some variations of formula (33), each of L1 and L3 is the same first linker, and each of
L2 and L4 is the same second linker, wherein the first and second linkers are different. In
some variations of formula (33), each of L1 and L3 is the same first linker, L2 is a
second linker, and L4 is a third linker, wherein the first, second, and third linkers are
different. In some variations of formula (33), each of L1 and L4 is the same first linker,
and each of L2 and L3 is the same second linker, wherein the first and second linkers are
different. In some variations of formula (33), each of L1 and L4 is the same first linker,
L2 is a different second linker, and L3 is a different third linker, wherein the first,
second, and third linkers are different. In some variations of formula (33), each of L2 and
L3 is the same first linker, and each of L1 and L4 is the same second linker, wherein the

first and second linkers are different.

[1011] In some variations of formula (33) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (33) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (33) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (33) described in the paragraphs above, D4 is safranin-O.
In some variations of formula (33) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (33) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (33) described in the paragraphs above,
D1 and D4 are safranin-O. In some variations of formula (33) described in the paragraphs
above, D2 and D3 are safranin-O. In some variations of formula (33) described in the
paragraphs above, D2 and D4 are safranin-O. In some variations of formula (33)
described in the paragraphs above, D3 and D4 are safranin-O. In some variations of
formula (33) described in the paragraphs above, D1, D2, and D3 are safranin-O. In some
variations of formula (33) described in the paragraphs above, D1, D2, and D4 are
safranin-O. In some variations of formula (33) described in the paragraphs above, D1,
D3, and D4 are safranin-O. In some variations of formula (33) described in the
paragraphs above, D2, D3, and D4 are safranin-O. In some variations of formula (33)

described in the paragraphs above, D1, D2, D3, and D4 are safranin-O.

[1012] In some variations of formula (33) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (33) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl

ring of D1 is substituted, the substituents are selected independently from —NH,,
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—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[1013] In some variations of formula (33) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (33) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[1014] In some variations of formula (33) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (33) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,

342



WO 2015/116707 PCT/US2015/013334
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO03;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[1015] In some variations of formula (33) described in the three paragraphs above, the pendant
phenyl ring of D4 is unsubstituted. In some variations of formula (33) described in the
paragraph above, the pendant phenyl ring of D4 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D4 is substituted, the substituents are selected independently from —NHj,
—NHR, —NR;, —OH, —O", —NHCOCHj3, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CgHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D4 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).
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[1016] In some variations, cationic dye multimers are cyclic, as illustrated by formula (34):

(34) , wherein at least one of D1, D2, and
D3 is a cationic dye moiety and one or more of L1, L2, and L3 are absent or each of L1,
L2, and L3 is a linker independently selected from linker (a.1), linker (a.2), linker (b.1),
linker (c.1), linker (c.2), linker (d), linker (e.1), linker (f.1), linker (f.2), linker (g.1),
linker (g.2), linker (h.1), linker (h.2), linker (i.1), linker (i.2), linker (j.1), linker (j.2),
linker (k), linker (1.1), linker (1.2), is linker (m.1), linker (n.1), linker (n.2), linker (o),
linker (p), linker (q), linker (r), and linker (s), described above.

[1017] In some variations of formula (34) described in the paragraphs above, at least one of D1,
D2, and D3 is a different cationic dye moiety. In some variations of formula (34)
described in the paragraphs above, at least one of D1, D2, and D3 is the same cationic
dye moiety. In some variations of formula (34) described in the paragraphs above, at least
one of D1 and D2 is the same first cationic dye moiety and D3 is a second cationic dye
moiety, wherein the first and second cationic dye moieties are different. In some
variations of formula (34) described in the paragraphs above, at least one of D1 and D3 is
the same first cationic dye moiety and D2 is a second cationic dye moiety, wherein the
first and second cationic dye moieties are different. In some variations of formula (34)
described in the paragraphs above, at least one of D2 and D3 is the same first cationic dye
moiety and D1 is a second cationic dye moiety, wherein the first and second cationic dye

moieties are different.

[1018] In some variations of formula (34) described in the paragraphs above, at least one of D1,
D2, and D3 is independently are selected from the group consisting of safranin-O,
toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine, and methylene
blue.
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[1019] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (a.1):

H
Py

(@1) , in which n 1s 1-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

[1020] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (a.1),
nis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2, 3,4, 5, or
6.

[1021] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (a.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1022] In some variations of formula (34) described in the paragraphs above, L1 is linker (a.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (a.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (a.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (a.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (a.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (a.1). In some variations of formula (34) described in the paragraphs

above, L1, L2, and L3 are linker (a.1).

[1023] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (a.2):

H
*{’VNWH%
(a.2)

cationic dye moiety D.

, iIn which n 1s 1-6, n; is 1-4, and * is the attachment site for the

[1024] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (a.2),
nis 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-6, 4-5, 5-6, 1, 2, 3,4, 5, or
6.

[1025] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (a.2), n; is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.
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[1026] In some variations of formula (34) described in the paragraphs above, L1 is linker (a.2).

In some variations of formula (34) described in the paragraphs above, L2 is linker (a.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (a.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (a.2). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (a.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (a.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (a.2).

[1027] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (b.1):

(b.1) , in which n 1s 0-6, n; is 1-4, and * is the attachment site for the

cationic dye moiety D.

[1028] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (b.1),
n is 0-6, 0-5, 0-4, 0-3, 0-2, O0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-
6,4-5,5-6,0,1,2,3,4,5,0r6.

[1029] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (b.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3,3-4, 1,2, 3, or 4.

[1030] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (c.1):

n
(c.1) , in which n is 0-6, n;is 1-4, either (1) R, and Ry, independently are H
i
\ Cd
or CH; or (2) R, and Ry, are . \’{ or % fés ; or (3) two of CR,Ry, are }1/\)&, and * is

the attachment site for the cationic dye moiety D.

[1031] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (c.1),
nis 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-
6,4-5,5-6,0,1,2,3,4,5,0r6.
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[1032] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (c.1), n;is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1033] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (c.1), R, is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(c.1), Ry is H and Ry, is CH3. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (c.1), R, and Ry, are

O . In some variations of formula (34) described in the paragraphs above in which at

O
least one of L1, L2, and L3 is linker (c.1), R, and Ry, are % *’; . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

linker (c.1), two of CR,R;, are }5-/\}{

[1034] In some variations of formula (34) described in the paragraphs above, L1 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (c.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (c.1). In some variations of formula (34) described in the paragraphs above,

L2 and L3 are linker (c.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (c.1).

[1035] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (c.1), L is "2{\"1‘:, }{\/\}‘:, }7_/\/\/\;{
@] O O

}L/v\/\/\},{ , '}S_JJ\Q{, }%J]\/\:‘{, }LJ\/\/\;{,
0] O O

- , o, o , o)

O

% LY

RS S SR S-S
HsC CHs HsC CHs HsC. CHj

ME’, BP&H;, }%Q/xi{, Qﬁ/\/xﬂ{,
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HsC CH,

el N A SN

NN NN

, or

[1036] In some variations of formula (34) described in the paragraphs above, L1 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (c.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (c.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (c.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (c.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (c.1).

[1037] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (c.2):

Ra Rb
* n
(c.2)

nq
, in which n is 0-6, n; is 1-4, either (1) R, and R}, independently are H
1
%
or CHs or (2) R, and Ry, are S or X ; or (3) two of CR,Ry, are }7-/\/3‘, and * is

the attachment site for the cationic dye moiety D.

[1038] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (¢.2),
nis 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-
6,4-5,5-6,0,1,2,3,4,5,0r6.

[1039] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (¢.2), n;is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1040] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (c.2), R, is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(c.2), Rais H and Ry, is CH3. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (c.2), R, and Ry, are

¥ . In some variations of formula (34) described in the paragraphs above in which at
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O

A
least one of L1, L2, and L3 is linker (¢.2), R, and Ry, are % *’; . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ d
linker (c.2), two of CR,R, are }‘L\}‘L.

[1041] In some variations of formula (34) described in the paragraphs above, L1 is linker (b.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (b.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (b.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (b.1). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (b.1). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (b.1). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (b.1).

[1042] In some variations of formula (34) described in the paragraphs above in which at least

.. . 4 < AN
one of L1, L2, and L3 is linker (¢.2), L is }LL/\}LL , }L‘/\/\}L’- , iLL ‘ZL"/,

o) O O
5 I S S

fj\/\/\/\/ }%OHT%{ Zj\/\”%; Bj\/\/\ﬂv{
% X 0 o . 0
0

* Y

DA B P SN SN
H3C CH3 HsC CHs HsC CHs

X/\/\/x“a: }%Q/xi{, H}Q/\/x%;

H;C CHj

%}Q/\/\/x“i: E/\z{ ‘L:\/\%; 110 Y Y 5S¢

NN NN

2

, Or

[1043] In some variations of formula (34) described in the paragraphs above, L1 is linker (c.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (c.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (c.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are

linker (c.2). In some variations of formula (34) described in the paragraphs above, L1 and
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L3 are linker (c.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (¢.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (c.2).

[1044] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (d):

* *
T
Ra Rb
(d) , where k is 2-10; (1) R, and Ry, independently are H or CHs, or (2) R, and Ry,
O

Ms NE
are S or ¥ , or (3) two of CR,Ry, are }{\)‘1, and * is the attachment site for the

cationic dye moiety D

[1045] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (d), &
is 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-10, 4-9, 4-8,
4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-8, 8-10, 8-9, 9-10,
2,3,4,5,6,7,8,9,0r 10.

[1046] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (d), R, is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(d), Ry is H and Ry, is CHs. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (d), R, and R}, are

S . In some variations of formula (34) described in the paragraphs above in which at
O

least one of L1, L2, and L3 is linker (d), R, and Ry, are % ; . In some variations of

formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

A Y

linker (d), two of CR,R, are }{\/E

[1047] In some variations of formula (34) described in the paragraphs above, L1 is linker (d). In
some variations of formula (34) described in the paragraphs above, L2 is linker (d). In
some variations of formula (34) described in the paragraphs above, L3 is linker (d). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker

(d). In some variations of formula (34) described in the paragraphs above, .1 and L3 are
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linker (d). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (d). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (d).

[1048] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (¢):

H *
NI
H n
n 7
(

el) , in which n is 0-6, n; is 1-4, and * is the

attachment site for the cationic dye moiety D.

[1049] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (e.1),
nis 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-
6,4-5,5-6,0,1,2,3,4,5,0r6.

[1050] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (e.1), n; is 1-4, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1051] In some variations of formula (34) described in the paragraphs above, L1 is linker (e.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (e.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (e.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (e.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (e.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (e.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (e.1).

[1052] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (f.1):

NH,
‘[NH /_<}
ny *
o} ns
)

(f.1 , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.
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[1053] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (f.1),

n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
3.

[1054] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (f.1), nzis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[1055] In some variations of formula (34) described in the paragraphs above, L1 is linker (f.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (f.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (f.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (f.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (f.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (f.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (f.1).

[1056] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (f.2):

NH,
* +NH
nq
o p,
(f2) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

[1057] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (f.2),
n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
5.

[1058] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (f.2), ny is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[1059] In some variations of formula (34) described in the paragraphs above, L1 is linker (f.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (f.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (f.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are

linker (f.2). In some variations of formula (34) described in the paragraphs above, L1 and
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L3 are linker (f.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (£.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (f.2).

[1060] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (g.1):

~1—HN — %

{n, NH

N NH
H 2

ne
(9.1) , in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

[1061] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (g.1),
n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
5.

[1062] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (g.1), n, is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5,
1,2,3,4,0or5.

[1063] In some variations of formula (34) described in the paragraphs above, L1 is linker (g.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (g.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (g.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (g.1). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (g.1). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (g.1). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (g.1).
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[1064] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (g.2):

O
I

* HN
(gNH
M

N NH
H 2

(9-2)

nz

, in which n; is 0-5, n; is 1-5, and * is the attachment site for the

cationic dye moiety D.

[1065] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (g.2),
n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
5.

[1066] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (g.2), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5,
1,2,3,4,0or5.

[1067] In some variations of formula (34) described in the paragraphs above, L1 is linker (g.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (g.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (g.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (g.2). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (g.2). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (g.2). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (g.2).

[1068] In some variations of formula (34) described in the paragraphs above, at least one of L1,
L2, and L3 is linker (h.1):

——HN — %

n

L NH, | Ny

(h.1) , in which n; 1s 0-5, n, 1s 1-5, and * is the attachment site for the

cationic dye moiety D.
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[1069] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (h.1),

n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
3.

[1070] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (h.1), n is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5,
1,2,3,4,0or5.

[1071] In some variations of formula (34) described in the paragraphs above, L1 is linker (h.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (h.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (h.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (h.1). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (h.1). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (h.1). In some variations of formula (34) described in the
paragraphs above, L1, L2, and L3 are linker (h.1).

[1072] In some variations of formula (34) described in the paragraphs above, at least one of L1,
L2, and L3 is linker (h.2):

% ——HN —

n

L NHy | Ny

(h.2) , in which n; 1s 0-5, n, is 1-5, and * is the attachment site for the

cationic dye moiety D.

[1073] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (h.2),
n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 14, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
5.

[1074] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (h.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5,
1,2,3,4,0or5.

[1075] In some variations of formula (34) described in the paragraphs above, L1 is linker (h.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (h.2).

In some variations of formula (34) described in the paragraphs above, L3 is linker (h.2).
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In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (h.2). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (h.2). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (h.2). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (h.2).

[1076] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (i.1):

o}
HN *
H
N Ing
\ Wi
. n2
(i.1) , in which n; and n; independently are 1-5 and * is the attachment site for

the cationic dye moiety D.

[1077] In some variations of formula (34) described in the paragraphs above, at least one of L1,
L2, and L3 is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3, 4, or
5.

[1078] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (i.1), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 1,
2,3,4,or5.

[1079] In some variations of formula (34) described in the paragraphs above, L1 is linker (i.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (i.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (i.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (i.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (i.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (i.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (i.1).
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[1080] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (i.2):

(i-2) , in which n; and n; independently are 1-5 and * is the attachment site

for the cationic dye moiety D.

[1081] In some variations of formula (34) described in the paragraphs above, at least one of L1,
L2, and L3 is linker (1.2), n; 1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1, 2, 3, 4, or
5.

[1082] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (i.2), n; is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4, 4-5, 1,
2,3,4,or5.

[1083] In some variations of formula (34) described in the paragraphs above, L1 is linker (i.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (i.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (i.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (i.2). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (i.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (i.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (i.2).

[1084] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (j.1):

H,N
H 0 H
N N
P N L \/\N/ *
H H
Of n,
NH,
0.1 , iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.
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[1085] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (j.1),

nzis 1-5, 1-4, 1-3, 1-2, 2-5,2-4,2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

[1086] In some variations of formula (34) described in the paragraphs above, L1 is linker (j.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (j.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (j.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (j.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (j.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (j.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (j.1).

[1087] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (j.2):

_ " —
o)
N N
* NN TN
H H
Of 1,
NH,
4-2) , in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

[1088] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (j.2),
nyis 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3,4, or 5.

[1089] In some variations of formula (34) described in the paragraphs above, L1 is linker (j.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (j.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (j.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (j.2). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (j.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (j.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (j.2).
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[1090] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (k):

(k) , in which /; and /; independently are 1-4, n is 1-4; ring A is
aryl, heteroaryl, cycloalkyl, or heterocyclyl; (1) Ra1 and Ry independently are H or CH3

0]

A N
or (2) R,y and Ry,; independently are S or SR ; or (3) two of CR,1Ryg are }'—/\}LL,

(1) Ry and Ry, independently are H or CHs or (2) R,z and Ry, independently are S
O

M N
or % ; ; or (3) two of CRy2Ry,; are }{\)‘1, and * is the attachment site for the cationic
dye moiety D.

[1091] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (k), /;
is 1-4, 1-3, 1-3, 1-2,2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1092] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (k), I>is 1-4, 1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or 4.

[1093] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (k), Ry is H and Ry is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(k), Ra1 18 H and Ry is CH3. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (k), Ry; and Ry, are

S . In some variations of formula (34) described in the paragraphs above in which at

o)

A
least one of L1, L2, and L3 is linker (k), Ry; and Ry are & @x . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ ~
linker (k), two of CRy1Rp; are ’1‘5\}%.

[1094] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (k), Ry is H and Ry; is H. In some variations of formula
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(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker

(k), Ry2 18 H and Ry; is CH3. In some variations of formula (34) described in the
paragraphs above in which at least one of L1, L2, and L3 is linker (k), Ra2 and Ry, are

O . In some variations of formula (34) described in the paragraphs above in which at

o)

A
least one of L1, L2, and L3 is linker (k), Ry2 and Ry, are & *sx . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ 4
linker (k), two of CRa2Ry; are :L"-/\}L‘

[1095] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (k), ring A is

_g_ s 4NN NN,
___ | 2 | 2
v 2 2 kN/) 2 Or kN/) 2
optionally substituted with halo or C1-C6 linear or branched alkyl;
/\\/“"‘/ s N/\\/"'"/ s
S : N/\\fll‘ ; /\\5“'1 4 R % /\\/;'1
N _ |: N _ 1" \ N R _ |: /\
(b) H o, ¢ S0 %5 H - ¢ SO R,
e
1,
e N
or ~s" R optionally substituted with halo or C1-C6 linear or branched alkyl; or
© ‘?B H ‘LQ% O /\: C
S—NH - O—NH
—5|_T—, ET_T?_, — |_|—§—, __|_|5 e
—~ ST O,  BHNT, O EIN—
YN -8 5-Qs” /H;a/ 0-0x” o*H)z/
R e VA Vil W VR
H
L G e S G A S
L/ N N '\/ /
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W / N/ /
o o i e Y
AL AL , , (L , ,
H / / / /
0 /“‘1/ N” /"1/ S/\/‘;—L o/\? HN/\/S% o/\(;1L
i T R e U U
% “wf, / / /
T s ¢ L_O0 ¢ C_NH L_oO
/ / /
A Wi, wl wan,
ol R 5y ;S’H/ T
Tl TN \) B \) =) - \)
ol e, o, Ao ol "
O/H‘/ NIH‘ S//S % O/‘/"S EHN/‘ S gHN/*/o
5 \),'%—\),‘5—\), \)_\J )
iy, wl, / / / /
“d, 2w ot .
_ggf/ RTINS _E_SCS _g_OCS i H“@s 4 oh
o/
wd, wd,
K Nl —
EHN/\/\ HN/\/\NH 4 s~ K _gﬂN A _§_SHN A
/ / . %
% % ¢ s
_S_SCO) _§m/_N;t/ s HN/_O/ 5 O/_O/
2 2 T < L
/ / / - /
gé/ﬁ;‘?f — /ﬂ/% _zS_/ﬁ% _ _'?‘/ﬁ)ﬁh __¢N ;TL
L/S , K;/NH , QVO , SvNH , vo , Or
=t
_§;

\_/O , optionally substituted with halo or C1-C6 linear or branched alkyl.

[1096] In some variations of formula (34) described in the paragraphs above in which L is linker

(k), ring A is substituted with halo. In some variations, the halo is F, Br, I, or CI.
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[1097] In some variations of formula (34) described in the paragraphs above in which L is linker
(k), ring A is substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

[1098] In some variations of formula (34) described in the paragraphs above, L1 is linker (k). In
some variations of formula (34) described in the paragraphs above, L2 is linker (k). In
some variations of formula (34) described in the paragraphs above, L3 is linker (k). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker
(k). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
linker (k). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (k). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (k).

[1099] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (1.1):

RC'] Rd'] RCZ Rd2
04 NH HN 0o *
Ra1 I Isz
Rpy 7 Ray
(1.1) ,in which 1;, I, n, 01, and 0, independently are

1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance

of Ra1 and Ry, Ry1 and Rypy(1) independently are H or CH3, or (2) Rap and Ryg
O

A N
independently are A or ¥ , or (3) two of CRy1Ryp; are ’i{\}i, for each

independent instance of Ry; and Rpz, Raz and Ry, (1) independently are H or CHs, or (2)
O

M K
R,; and Ry, independently are * 9;‘ or % ‘:g , or (3) two of CR,;Ry,; are }{\}L‘, for

cach independent instance of Ry and Rgi, Re1 and Rg; (1) independently are H or CH3, or
@]

A N
(2) R¢1 and Ry; independently are S or SR , or (3) two of CR1Rgy are }LL/\}L‘, for
cach independent instance of Re; and Raz, Rez and Ryz (1) independently are H or CH3, or

362



WO 2015/116707 PCT/US2015/013334
O

BN N
(2) R¢2 and Ry, independently are S or SR , or (3) two of CR2Ry; are }{\}L‘,

and * is the attachment site for the cationic dye moiety D.

[1100] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (1.1),
l;is 1-4,1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or 4.

[1101] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.1), L>1s 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1,2, 3, or 4.

[1102] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.1), 07 1s 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

[1103] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.1), 0 1s 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

[1104] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (1.1), Ry; is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(1.1), Ra1 is H and Ry 18 CHs. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (1.1), Ra; and Ry are

¥ . In some variations of formula (34) described in the paragraphs above in which at

0O

b
least one of L1, L2, and L3 is linker (1.1), Ry; and Ry, are % 9:‘ . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ -~
linker (1.1), two of CRy Ry are ’i‘f\’ﬁﬂ.

[1105] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (1.1), R,z is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(1.1), Ra2 is H and Ry, is CHs. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (1.1), Ry, and Ry, are

S . In some variations of formula (34) described in the paragraphs above in which at

o)

J
least one of L1, L2, and L3 is linker (1.1), Ry2 and Ry, are % e’j . In some variations of
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formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ d
linker (1.1), two of CRy2Rp; are /‘a\/ﬁa‘

[1106] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), R¢; is H and Ryy is H. In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Rep is H and Rgp is CH3. In some variations of formula (34) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), Rg

and Ry are AE . In some variations of formula (34) described in the paragraphs above
O

. - J

in which at least one of L1, L2, L3, and L4 is linker (1.1), R; and Rgy are % ¢~ In some

variations of formula (34) described in the paragraphs above in which at least one of L1,
\ Cd

L2, L3, and L4 is linker (I.1), two of CR¢ Rq; are j’f\}‘t.

[1107] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.1), Rez is H and Ry» is H. In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.1), Rez is H and Ry is CH3. In some variations of formula (34) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.1), R,

and Ry, are O . In some variations of formula (34) described in the paragraphs above
O

J
in which at least one of L1, L2, L3, and L4 is linker (1.1), R¢2 and Ry, are % ; . In some

variations of formula (34) described in the paragraphs above in which at least one of L1,

\ Cd
L2, L3, and L4 is linker (1.1), two of CRRg; are }f\}‘e

[1108] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.1), ring A is

@ WA TN TN W

’Or 2

SIS S S

optionally substituted with halo or C1-C6 linear or branched alky];
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A s s ~ s
\ NN
D ey ey
—$t ¢ 2 ¢ X
(b) H o, ¢ S0 %5 H . % S0 R
7
N
e R, N .
or 2, optionally substituted with halo or C1-C6 linear or branched alkyl; or

- - S—NH - _
% % o Y Y
N i e e 0 T

H H
_ HN—, s-S~ 4 $’O/°‘L/ S’N/"a/ ngO,‘a/ o-N o
s Ay TRy TR TRy T
H
N~ STV §/\ _§ P __/??- __/‘3?-
) ’—31/3 50 C_NH | Eok/o | .9 |
/ / H /
SQ/>?'L/ HN/\/&H/ _38_187 & _33_/ & _3§/N7‘1L/ _EQ/O}L
_—I\/NH ,—5—,\/ , , | | \J |

N/ H ./ w w ot 4
- S e S I I L -

TR U ) v U

5 i V4 wf / %
S -%—NQ/N e SIS N o
R (_s €L o0 T N °L_o

/ / /
W, W, % wnl,
7/ / ) H )
3 _O/\/?’ §HN/\/%LL _% S,S/ _é S,O/ 4 S,N/ ; Q/O/

LUNH & CUNH -

Hv/»cv e , 7& b ko

N- N~ 7S ass s 0
2 P S U 4 $ 00Ty g HNT TN e HN

wd, wd, / / / /

2, v, wd, ol

Or/o HN/‘/NH s/\/‘\ O/‘/\ HN/\/\ o/\/\
S T ST 0T e
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/ /

bV
4 N u >
_Eﬂ/\/\o gHN/\/\NH _§ S/S_\/ _gﬂN 4 _%_SHN N4
./ \/ \_)
ﬁ‘l“" Oﬂ%“l—/ o— ‘1{ /—S/L'-L /—Ny 2
) R ) ) U
O,h*z_ NH "LLL/ ‘1"1./
_s_SQ e R S
[4 e <
e X wF X
\_/S , &/NH , QVO , S\L/NH , KL/O , Or
/
SR
O
o

VO , optionally substituted with halo or C1-C6 linear or branched alkyl.

[1109] In some variations of formula (34) described in the paragraphs above in which L is linker

(1.1), ring A is substituted with halo. In some variations, the halo is F, Br, I, or CL.

[1110] In some variations of formula (34) described in the paragraphs above in which L is linker
(1.1), ring A is substituted with C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-
C4, C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3,
C4-Ce, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl).

[1111] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.1), n is 1-4, 1-3, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.

[1112] In some variations of formula (34) described in the paragraphs above, L1 is linker (1.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (1.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (1.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (1.1). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (1.1). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (1.1). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (1.1).
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[1113] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (1.2):

RC1 Rd1 RCZ Rd2
* 0y NH HN 05
Ran I Isz
Rpr Ras
(1.2) , in which I}, I, n, 0;, and 0, independently are

1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance
of Ra1 and Ry, Ry1 and Rypy(1) independently are H or CH3, or (2) Rap and Ryg
O
independently are S or l‘-Jj’; , or (3) two of CR,1Ry; are }{\/‘1{, for each
independent instance of Ry; and Rpz, Raz and Ry, (1) independently are H or CHs, or (2)
O
R,; and Ry, independently are * 9;‘ or }LLJ\“; , or (3) two of CR,;Ry,; are }{\}{, for
cach independent instance of Ry and Rgi, Re1 and Rg; (1) independently are H or CH3, or
O
(2) R¢1 and Ry; independently are S or PZLJL; , or (3) two of CR1Rgy are }LL/\}L:, for
cach independent instance of Re; and Raz, Rez and Ryz (1) independently are H or CH3, or
O
(2) Rz and Ry, independently are S or E‘LJL; , or (3) two of CR2Rg; are }7-/\}{,

and * is the attachment site for the cationic dye moiety D.

[1114] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (1.2),
l;is 1-4,1-3, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or 4.

[1115] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.2), L> is 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1,2, 3, or 4.

[1116] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.2), 0; is 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

[1117] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.2), 0 1s 1-4, 1-3, 1-3, 1-2, 2-4, 2-3,3-4, 1, 2, 3, or 4.

[1118] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (1.2), R,; is H and Ry, is H. In some variations of formula
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(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker

(1.2), Ra1 is H and Ry 18 CHs. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (1.2), Ra; and Ry are

O . In some variations of formula (34) described in the paragraphs above in which at

o)

A
least one of L1, L2, and L3 is linker (1.2), Ry; and Ry, are % fs . In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

\ d
linker (1.2), two of CRg1Rypy are %\/E

[1119] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (1.2), R,z is H and Ry, is H. In some variations of formula
(34) described in the paragraphs above in which at least one of L1, L2, and L3 is linker
(1.2), Ra2 is H and Ry, 18 CHs. In some variations of formula (34) described in the

paragraphs above in which at least one of L1, L2, and L3 is linker (1.2), Ra2 and Ry, are

*. In some variations of formula escribed in the paragraphs above in which at
j?lf’bsl iati f fc la (34) described in the paragraphs above in which
O
N L y

least one of L1, L2, and L3 is linker (1.2), Ry2 and Ry,; are “* <. In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, and L3 is

A 2
linker (1.2), two of CRy2Rp; are }‘L\;’H

[1120] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), R¢; is H and Ryy is H. In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), Rep is H and Rgy is CH3. In some variations of formula (34) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), R

and Ry are O . In some variations of formula (34) described in the paragraphs above
O

M
in which at least one of L1, L2, L3, and L4 is linker (1.2), R¢; and Ry are % fej . In some

variations of formula (34) described in the paragraphs above in which at least one of L1,

\ Cd
L2, L3, and L4 is linker (1.2), two of CRgRq; are }f\}‘e
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[1121] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, L3, and L4 is linker (1.2), R¢ is H and Ry» is H. In some variations of
formula (34) described in the paragraphs above in which at least one of L1, L2, L3, and
L4 is linker (1.2), R, is H and Ry, is CH3. In some variations of formula (34) described
in the paragraphs above in which at least one of L1, L2, L3, and L4 is linker (1.2), Rc,

and Ry, are S . In some variations of formula (34) described in the paragraphs above

o)

M
in which at least one of L1, L2, L3, and L4 is linker (1.2), R¢2 and Rgq; are ) . In some

variations of formula (34) described in the paragraphs above in which at least one of L1,

\ 4
L2, L3, and L4 is linker (1.2), two of CRRq; are 3{\/‘&_

[1122] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.2), ring A is

Y . _g_(\_s _E_N/\_s__ e NSNS
—s—r — I 2 2 )2
w W TN TN
= 2 o o N i
TR Yy Y TR XS
i S . Y , - 83
(b) H ¢ S0 | %58 H . ¢ SO R,
0
—A
or R2 , wherein R, is C1-C6 linear or branched alkyl, aryl, or a five-membered

nitrogen-containing heteroaromatic; or
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NN e P R B i ot
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X Y K oY X
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/
s
_§9 )

\_/O , optionally substituted with halo or C1-C6 linear or branched alkyl.

[1123] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (1.2), nis 1-4, 1-3, 1-3, 1-2, 2-4, 2-3, 3-4, 1, 2, 3, or 4.
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[1124] In some variations of formula (34) described in the paragraphs above, L1 is linker (1.2).

In some variations of formula (34) described in the paragraphs above, L2 is linker (1.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (1.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (1.2). In some variations of formula (34) described in the paragraphs above, L1 and
L3 are linker (1.2). In some variations of formula (34) described in the paragraphs above,
L2 and L3 are linker (1.2). In some variations of formula (34) described in the paragraphs
above, L1, L2, and L3 are linker (1.2).

[1125] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (m.1):

*
(m.1) "

attachment site for the cationic dye moiety D.

, in which n is 0-6, n; is 1-4, and * is the

[1126] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (m.1),
n is 0-6, 0-5, 0-4, 0-3, 0-2, 0-1, 1-6, 1-5, 1-4, 1-3, 1-2, 2-6, 2-5, 2-4, 2-3, 3-6, 3-5, 3-4, 4-
6,4-5,5-6,0,1,2,3,4,5, or 6.

[1127] In some variations of formula (34) described in the paragraphs above in which at least

one of L1, L2, and L3 is linker (m.1), n; is 1-4, 1-3, 1-2, 2-4,2-3,3-4, 1,2, 3, or 4.

[1128] In some variations of formula (34) described in the paragraphs above, L1 is linker (m.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (m.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (m.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (m.1). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (m.1). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (m.1). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (m.1).

[1129] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (n.1):
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HN

Iz
Iz

NH;

(n.1)

, in which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.

[1130] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (n.1),
nzis 1-5, 1-4, 1-3, 1-2, 2-5,2-4,2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

[1131] In some variations of formula (34) described in the paragraphs above, L1 is linker (n.1).
In some variations of formula (34) described in the paragraphs above, L2 is linker (n.1).
In some variations of formula (34) described in the paragraphs above, L3 is linker (n.1).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (n.1). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (n.1). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (n.1). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (n.1).

[1132] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (n.2):

H,N
O
H H
//N N rN\/\N/
H H
o} n,
lilH
(n.2)

, iIn which n; is 1-5 and * is the attachment site for the

cationic dye moiety D.
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[1133] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (n.2),

nzis 1-5, 1-4, 1-3, 1-2, 2-5,2-4,2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

[1134] In some variations of formula (34) described in the paragraphs above, L1 is linker (n.2).
In some variations of formula (34) described in the paragraphs above, L2 is linker (n.2).
In some variations of formula (34) described in the paragraphs above, L3 is linker (n.2).
In some variations of formula (34) described in the paragraphs above, L1 and L2 are
linker (n.2). In some variations of formula (34) described in the paragraphs above, L1
and L3 are linker (n.2). In some variations of formula (34) described in the paragraphs
above, L2 and L3 are linker (n.2). In some variations of formula (34) described in the

paragraphs above, L1, L2, and L3 are linker (n.2).

[1135] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (o):

nz
() , in which in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

[1136] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (o), n;
is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or 5.

[1137] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (0), n, 1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[1138] In some variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (o), ns is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-
4,2-3,3-5,3-4,4-5,0,1,2,3,4, or 5.

[1139] In some variations of formula (34) described in the paragraphs above, L1 is linker (0). In
some variations of formula (34) described in the paragraphs above, L2 is linker (o). In
some variations of formula (34) described in the paragraphs above, L3 is linker (o). In

some variations of formula (34) described in the paragraphs above, L1 and L2 are linker
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(0). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
linker (o). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (0). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (o).

[1140] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (p):

O/\§/)J”3

o)

C 1 n,
(P) , in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is the attachment

site for the cationic dye moiety D.

[1141] In some variations of formula (34) described above in which at least one of L1, L2, L3,
and L4 is linker (p), n; is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,0,1,2,3,4,0r5.

[1142] In some variations of formula (34) described above in which at least one of L1, L2, L3,

and L4 is linker (p), n>1s 1-5, 1-4, 1-3, 1-2, 2-5,2-4,2-3, 3-5,3-4,4-5,1, 2,3, 4, or 5.

[1143] In some variations of formula (34) described above in which at least one of L1, L2, L3,
and L4 is linker (p), n3 is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,
4-5,0,1,2,3,4,0r5.

[1144] In some variations of formula (34) described in the paragraphs above, L1 is linker (p). In
some variations of formula (34) described in the paragraphs above, L2 is linker (p). In
some variations of formula (34) described in the paragraphs above, L3 is linker (p). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker
(p). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
linker (p). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (p). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (p).
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[1145] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (q):

_ % -
|
@]
@]
( ny .
— NH |72
(a) , in which n4is 0-5, n; 1s 1-5, and * is the attachment site for the

cationic dye moiety D.

[1146] In some variations of formula (34) in which at least one of L1, L2, and L3 is linker (o), ny
is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or 5.

[1147] In some variations of formula (34) described above in which at least one of L1, L2, L3,

and L4 is linker (q), n2is 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,2, 3,4, or 5.

[1148] In some variations of formula (34) described in the paragraphs above, L1 is linker (q). In
some variations of formula (34) described in the paragraphs above, L2 is linker (q). In
some variations of formula (34) described in the paragraphs above, L3 is linker (q). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker
(q). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
linker (q). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (q). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (q).

[1149] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (r):

O ny

(r) , in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is the attachment site

for the cationic dye moiety D.
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[1150] In some of variations of formula (34) in which at least one of L1, L2, and L3 is linker (),

n;is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
3.

[1151] In some of variations of formula (34) described in the paragraphs above in which at least
one of L1, L2, and L3 is linker (r), ny1s 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5, 1,
2,3,4,or5.

[1152] In some of variations of formula (34) in which at least one of L1, L2, and L3 is linker (1),
n3is 0-5, 0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 1-2, 2-5, 2-4, 2-3, 3-5, 3-4,4-5,0, 1, 2, 3, 4, or
5.

[1153] In some variations of formula (34) described in the paragraphs above, L1 is linker (r). In
some variations of formula (34) described in the paragraphs above, L2 is linker (r). In
some variations of formula (34) described in the paragraphs above, L3 is linker (r). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker
(r). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
linker (r). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (r). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (r).

[1154] In some variations of formula (34) described in the paragraphs above, at least one of L1,

L2, and L3 is linker (s):

_:_—NH —1 Ny
(s) , in which n; is 0-5, nz is 1-5, ns is 0-5, and * is the attachment site

for the cationic dye moiety D.

[1155] In some variations of formula (34) described in the paragraphs above, L1 is linker (s). In
some variations of formula (34) described in the paragraphs above, L2 is linker (s). In
some variations of formula (34) described in the paragraphs above, L3 is linker (s). In
some variations of formula (34) described in the paragraphs above, L1 and L2 are linker

(s). In some variations of formula (34) described in the paragraphs above, L1 and L3 are
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linker (s). In some variations of formula (34) described in the paragraphs above, L2 and
L3 are linker (s). In some variations of formula (34) described in the paragraphs above,

L1, L2, and L3 are linker (s).

[1156] In some variations of formula (34) described in the paragraphs above, L1 is absent. In
some variations of formula (34) described in the paragraphs above, L2 is absent. In some
variations of formula (34) described in the paragraphs above, L3 is absent. In some
variations of formula (34) described in the paragraphs above, L1 and L2 are absent. In
some variations of formula (34) described in the paragraphs above, L1 and L3 are absent.
In some variations of formula (34) described in the paragraphs above, L2 and L3 are
absent. In some variations of formula (34) described in the paragraphs above, L1, L2, and

L3 are absent.

[1157] In some variations of formula (34), each of L1, L2, and L3 is a different linker. In some
variations of formula (34), each of L1, L2, and L3 is the same linker. In some variations
of formula (34), L1 is a first linker and each of L2 and L3 is the same second linker,
wherein the first and second linkers are different. In some variations of formula (34), L2
is a first linker, and each of L1 and L3 is the same second linker, wherein the first and
second linkers are different.. In some variations of formula (34), L3 is a first linker and
cach of L1 and L2 is the same second linker, wherein the first and second linkers are

different.

[1158] In some variations of formula (34) described in the paragraphs above, D1 is safranin-O.
In some variations of formula (34) described in the paragraphs above, D2 is safranin-O.
In some variations of formula (34) described in the paragraphs above, D3 is safranin-O.
In some variations of formula (34) described in the paragraphs above, D1 and D2 are
safranin-O. In some variations of formula (34) described in the paragraphs above, D1 and
D3 are safranin-O. In some variations of formula (34) described in the paragraphs above,

D2 and D4 are safranin-O.

[1159] In some variations of formula (34) described in the paragraph above, the pendant phenyl
ring of D1 is unsubstituted. In some variations of formula (34) described in the paragraph
above, the pendant phenyl ring of D1 is substituted with 1-3 (e.g., 1-3, 1-2, 1, 2, or 3)
electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl

ring of D1 is substituted, the substituents are selected independently from —NHj,
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—NHR, —NR;, —OH, —O", —NHCOCH3, —NHCOR, —OCH3, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-C6, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D1 is substituted, the substituents are selected
independently from —NO,,—NR3", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Co, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[1160] In some variations of formula (34) described in the two paragraphs above, the pendant
phenyl ring of D2 is unsubstituted. In some variations of formula (34) described in the
paragraph above, the pendant phenyl ring of D2 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D2 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCH3;, —NHCOR, —OCH3, —OR, —C;Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D2 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCl3, —CBr3, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

[1161] In some variations of formula (34) described in the three paragraphs above, the pendant
phenyl ring of D3 is unsubstituted. In some variations of formula (34) described in the
paragraph above, the pendant phenyl ring of D3 is substituted with 1-3 (e.g., 1-3, 1-2, 1,
2, or 3) electron-donating or electron-withdrawing groups, which may be at any available
position on the pendant phenyl ring. In some embodiments in which the pendant phenyl
ring of D3 is substituted, the substituents are selected independently from —NH,,
—NHR, —NR;, —OH, —O", —NHCOCHj3;, —NHCOR, —OCH3;, —OR, —C,Hs, —R,
and —CsHs, wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4,
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C1-C3, C1-C2, C1, C2-Cé, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-
C6, C4-C5, C4, C5-C6, C5, or C6 linear or branched alkyl). In some embodiments in
which the pendant phenyl ring of D3 is substituted, the substituents are selected
independently from —NO,,—NR;", halo (e.g., F, Br, Cl, ), trihalide (e.g., —CF3,
—CCls, —CBr3;, —Cl3), —CN, —SO3;H, —COOH, —COOR, —CHO, and —COR,
wherein R is C1-C6 linear or branched alkyl (e.g., C1-C6, C1-C5, C1-C4, C1-C3, C1-
C2, C1, C2-Ce, C2-C5, C2-C4, C2-C3, C2, C3-C6, C3-C5, C3-C4, C3, C4-C6, C4-C5,
C4, C5-C6, C5, or C6 linear or branched alkyl).

Examples of cationic dye dimers and trimers comprising safranin-O are provided below
in Table 1. One of skill in the art can readily visualize and prepare other cationic dye
multimers in which other cationic dye moieties are used in place of one or more of the

safranin-O moieties.

Table 1.
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[1162] Each reference cited in this disclosure is incorporated herein in its entirety. The following

examples illustrate but do not limit the scope of the disclosure set forth above.
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EXAMPLE 2. Methods for preparing safranin-O derivatives

[1164] This example provides schematic synthesis plans for safranin-O derivatives.

Na2Cr207

PR ¢
H>N
2 NH, 60 deg C

Na2Cr207

JORRL ¢
HoN
2 NH, 60 deg C

Na2Cr207

BORR O ¢
HoN
2 NH, 60 deg C
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EXAMPLE 3. Examples of linking cationic dye moieties using diamino linkers
[1165] Cationic dye moicties can be linked using acetamido groups through diamino linkers, as

Safranin

illustrated below:
N
O = O
< R
2 H Iodoacetamlde . Dlamme dimers
+ amide
coupling agent
R=H (Safranin)

NaH, (
R= )OLOAL

BOC-anhydride

[1166] Linkers which can be used include linkers incorporating alkyl chains, such as

linkers incorporating ethylene glycol moieties, such as

N @]
n ; linkers containing amines which can be positively
N
HzN {\/\ N% \/1\ NH,
" and linkers incorporating alkyl

charged, such as
chains which contain positively charged amino acids such as Lys (illustrated below), His

H2N

@]
PP SE
H \/\NHZ

(in this instance, the g-amino group would

NH>

or Arg:
initially be in a protected state)
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EXAMPLE 4. Preparation of Linear Cationic Dye Multimers

[1167] Cationic dye moieties can be linked linearly using the scheme below, which illustrates
preparation of a linear trimer comprising safranin-O moieties. The same process can be

repeated as desired to prepare a cationic dye multimer comprising e.g., 4, 5, or 6, cationic
dye moieties.

N N
j@ \(j\/ Step-1 O\/ Step-2 \
H,N N* NH, DMF, N

BocHN

2 HBoc NaH BocN NBoc
-30 °C, DMF
BOC-anhydride

0°CtoRT
Diiodohexane

N
BocHN H2

1. NaH, DMF
2. HCI

e eGaa ﬁéﬁw o
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EXAMPLE 5. Preparation of Branched Cationic Dye Multimers

[1168] Cationic dye moicties can be linked to form branched multimers using the scheme below,
which illustrates preparation of a branched trimer comprising safranin-O moieties. The

same process can be repeated as desired to prepare a cationic dye multimer comprising,

e.g., 4, or 5 cationic dye moieties.

N N N
OO, 2o OO, = O
H,N NY NH, DMF, BocHN N* N N* NH

O O

Hy NaH

BocN
-30°C, [f:] DMF L\T? [:E]
BOC-anhydride 0°CtoRT
lodoacetic acid OH

1. EDCI, DMF
BocHN . _~_NH2 | 2. HCI

N
TC
HN N* NH
[: :l LW¢O [ij
S LR LI

[1169] Tetramers can be prepared using a similar scheme and, for example, biphenyl-3,3",5,5'-
HOOC COOH

tetracarboxylic acid, HOOC COOH , instead of COOH as used

in the scheme above. Higher multimers can be prepared similarly, using the appropriate
polycarboxylate linker.
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EXAMPLE 6. Synthesis of Compound 1

Synthesis of 7,7'-(hexane-1,6-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-phenylphenazin-5-

tum) chloride

N\ N
N O
WLIOC ser Oy
HoN N = NH; _ H,oN N7 - N~ 0 + |
Cl DMF, Boc anhydride Cl H
-40deg C @ /*\
1-2h

NaH
DMF
0to RT |Step-2

Step-3
TFA:DCM | HCI

N
’d ;
j@ ﬁ N N NH
N
HoN N N =2 2
Cl H ~
N™_
Cl

Step-1: Synthesis of 3-amino-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-

ium chloride

[1170] To a solution of Safranin-"O’ (5.2 g, 14.8 mmol) in DMF (50 mL), cooled to -40 °C, was
added sodium hydride (1.18 g, 29.5 mmol) and the reaction mass was stirred at the same
temperature for 1h. Boc anhydride (2.91 g, 13.97 mmol) was added at the same
temperature and the reaction mass was stirred at the same temperature for another 1h.
The progress of the reaction was monitored by LCMS and TLC (System: 10% MeOH in
DCM). The reaction was quenched by adding water (20 mL) and the solid obtained was
filtered and purified by column chromatography (silica gel 100-200 mesh, eluent system-
10 % MeOH:DCM) to obtain 3-amino-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride (1 g).
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Step-2: Synthesis of tert-butyl N-(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl)-N-[6-
[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl)-tert-butoxycarbonyl-

amino Jhexyl]carbamate dichloride

[1171] To a solution of 3-amino-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-
5-tum chloride (225 mg,0.5 mmol) in DMF (2.5 mL), cooled to -30 ° C, was added
sodium hydride (40 mg, 1.0 mmol) and the reaction mass was stirred at the same
temperature for 1h. 1,6-Diiodohexane (85 mg, 0.25 mmol) was added and the reaction
was stirred at the same temperature for 2 min and at 0 ° for 20 min. Additional 1,6-
diiodohexane (33 mg, 0.097 mmol) was added and the reaction mixture was stirred at RT
for 5 min. The reaction mixture was monitored by LCMS. After detection of product, the
reaction was quenched with water (5 mL). The solid product obtained was filtered,
dissolved in 20% MeOH/DCM solution (20 mL) and concentrated under reduced
pressure to get 100 mg crude product, which was purified by reverse phase HPLC to get
pure tert-butyl N-(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl)-N-[6-[(8-
amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl)-tert-butoxycarbonyl-

amino Jhexyl]carbamate dichloride (6 mg.)

Step-3: Synthesis of 7,7'-(hexane-1,6-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-phenyl

phenazin-5-ium) chloride.

[1172] 7,7'«(2,2,15,15-Tetramethyl-4,13-dioxo-3,14-dioxa-5,12-diazahexadecane-5,12-
diyl)bis(3-amino-2,8-dimethyl-5-phenylphenazin-5-ium) chloride (5 mg, 0.13 mmol) was
dissolved in DCM (1 mL). Trifluoroacetic acid (1 mL) was added and the reaction was
stirred at RT for 2h. The desired product was detected by LCMS and NMR. The reaction
mixture was concentrated under vacuum to obtain the desired product, which was
triturated with diethyl ether and pentane. 'HNMR (CD;OD): § (ppm): 7.90-7.70 (m,
10H), 7.55-7.50 (m, 4H), 6.05 (s, 2H), 5.73 (s, 2H), 3.05 (m, 4H), 2.4 (s, 6H), 2.35 (s,
6H), 1.55-1.42 (m, 6H), 1.22-1.15 (m, 6H). LCMS: 740(M+) and 370 (half fragment).
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EXAMPLE 7. Synthesis of Compounds 2 and 3.

[1173] This example provides a synthesis route for compounds 2 and 3. Appropriate starting

materials can be obtained using the methods as presented in Example 2.
N N
~N
Step-1 b Q
N _— + )k /\/\/\/l
HeN N" = "NH, H,N N”- o + I
Cl Cl

N
DMF, Boc anhydride H
1-2h

DMF
0to RT |Step-2

HZN—@:N
— N Y
ca N g
Y N
o=

N NH,
Cl 0
Step-3
EtOH.HCI

=<
Q
T
: zI
/
Zz +z
j z
I
N

Cl Compound 2: Y
Compound 3: Y

H
Cl
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EXAMPLE 8. Synthesis of Compound 4

Synthesis of 7,7'-(octane-1,8-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-phenylphenazin-5-

N
Tl 0
@
H2N N Br/\/\/\/\/Br
N
®

tum) chloride

NH, +
S)
<k |
Cl

N

©)
~ H ©
N ©C|

[1174] To a stirred solution of Safranin-O (1.05 g, 3.0 mmol) in 15 mL of N,N-

)

dimethylacetamide was added potassium carbonate (0.55 g, 4.0 mmol) and stirred at RT
for 15 min. 1,8-Dibromooctane (272 mg, 1.0 mmol) was then added dropwise into the
reaction mixture followed by the addition of potassium iodide (332 mg, 2.0 mmol). The
reaction mixture was then stirred at 60 °C for 24h under nitrogen. The reaction mixture
was then allowed to cool to RT, 20 mL water was added and the crude reaction mixture
was lyophilized. The mixture was then purified by column chromatography (silica gel,
100-200 mesh, 0-10% MeOH in DCM). The product obtained by column
chromatography was re-purified by HPLC to afford the desired product as a brown solid.
'H NMR (DMSO0-d6): 3 (ppm): 7.90-7.75 (m, 12H), 7.65-7.55 (m, 7H), 6.0 (s, 2H), 5.55
(s, 2H), 2.98 (m, 4H), 2.30 (s, 12 H), 1.35 (m, 4H), 1.05 (bs, 8H). 'HNMR (CD:0D) 3
(ppm): 7.90-7.70 (m, 10H), 7.55-7.50 (m, 4H), 6.05 (s, 2H), 5.73 (s, 2H), 3.05 (m, 4H),
2.4 (s, 6H), 2.35 (s, 6H), 1.55-1.42 (m, 6H), 1.22-1.15 (m, 6H). LCMS: 740 (M+) and
370 (half fragment).
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EXAMPLE 9. Synthesis of Compound 6

Synthesis of 3-amino-7-[(6-{[3,5-bis({6-[(7-amino-2,8-dimethyl-5-phenyl-5A>,10-phenazin-5-
ylium-3-yl)amino]hexyl} carbamoyl)phenyl]formamido } hexyl)amino]-2,8-dimethyl-5-
phenyl-5A°,10-phenazin-5-ylium

0
/
' [
NK N TN
DMF, 80°c 1h

o STEP 1
N
N
WL .
BocHN N NHBoc A
@ T
BocHN N
Boc
STEP 2 @
(@)
)/
NN I
N EtOH, NH2NH2H20,
STEP 3 Reflux, 90 min.
0

N
N
D:@I:( AN NH2
BocHN N N
Boc

Cs2CO3, DMF, RT,16 h
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Cl Cl TEA, DMF, RT,
overnight

STEP 4

1)TFA, DCM,

ﬁ QNBOC RT, overnight.
N 2) EtOH. HCI

Oz H
/\/\/\/N
H ;
Z H N
N
HN e} \N
Cl

Q STEP 5
BocHN N Cl
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Step-1: Synthesis of 2-(6-iodohexyl)isoindoline-1,3-dione

[1175] To a suspension of potassium phthalamide (700 mg, 3.7 mmol) in DMF (30 mL) was
added 1,6-diiodohexane (3.83 g, 11.33 mmol) and the reaction mass was heated atw 80
°C for 1 h. (The reaction mass became clear on heating). The reaction mixture was cooled
to RT, diluted with diethyl ether (100 mL) and water (100 mL), the organic layers were
separated, and the aqueous layer was again extracted with diethyl ether (2x100 mL). The
combined organic layer was washed with water (200 mL) and saturated brine solution
(200 mL) The organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to obtain the product, which was purified by column
chromatography (silica gel: 100-200 mesh; Eluent: 10 % ethyl acetate in hexane) to
obtain pure product as white solid (2.1 g).

Step-2: Synthesis of tert-butyl N-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-
phenazin-10-tum-2-yl]-N-[6-(1,3-dioxoisoindolin-2-yl)hexyl|carbamate

[1176] To a solution of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-
um (500 mg, 0.90 mmol) in DMF (5 mL) was added cesium carbonate (1.48 g, 4.54
mmol) and the mixture stirred at RT for 10 min. 2-(6-lodohexyl)isoindoline-1,3-dione
(422 mg, 1.18 mmol) was added and the reaction mass was stirred at RT overnight. The
reaction was monitored by LCMS and TLC. The reaction mass was diluted with EtOAc
(25 mL) and water (25 mL), and the layers were separated. The aqueous layer was again
extracted with EtOAc (2x25 mL). The combined organic layer was washed with water
(2x100 mL), and saturated brine solution (200 mL), then dried over anhydrous sodium
sulfate and concentrated under reduced pressure to obtain the product. This was purified
by column chromatography by using neutral alumina and an eluent system of 0 to 2%

Methanol in DCM) to obtain pure product (200 mg.)

Step-3: Synthesis of tert-butyl N-(6-aminohexyl)-N-[8-(tert-butoxycarbonylamino)-3,7-
dimethyl-10-phenyl-phenazin-10-ium-2-yl]carbamate

[1177] To a solution of 3-(tert-butoxycarbonyl(6-(1,3-dioxoisoindolin-2-yl)hexyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium (800 mg, 1.04 mmol) in
ethanol (40 mL) was added hydrazine hydrate monohydrate (1.072 mg, 20.8 mmol) and
the reaction mixture was heated to reflux for 90 min. The reaction was monitored by TLC
and LCMS. The solvent was evaporated under reduced pressure to dryness. The residue

was dissolved in diethyl ether (150 mL) and filtered, the filtrate was concentrated under
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reduced pressure to obtain the crude product which was purified by column
chromatography using neutral alumina (Eluent System:0 to 3% MeOH in DCM) to obtain
pure product (410 mg).

Step-4: Synthesis of tert-butyl N-[6-[[3,5-bis[6-[tert-butoxycarbonyl-[8-(tert-
butoxycarbonylamino)-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl]lamino]hexylcarbamoyl]benzoyl]amino]hexyl]-N-[8-(tert-butoxycarbonylamino)-3,7-
dimethyl-10-phenyl-phenazin-10-ium-2-yl]carbamate trichloride

[1178] To a solution of 3-((6-aminohexyl)(tert-butoxycarbonyl)amino)-7-(tert-butoxycarbonyl
amino)-2,8-dimethyl-5-phenylphenazin-5-ium (243 mg, 0.395 mmol) in DMF(3 mL) was
added DIPEA (233 mg, 1.80 mmol) and stirred at RT for 10 min. Benzene-1,3,5-
tricarbonyl trichloride (30 mg, 0.113 mmol) was added and the reaction was stirred at RT
overnight. The reaction was monitored by TLC and LCMS. The reaction mass was
diluted with EtOAc (30 mL) and water (30 mL), and the organic layer was separated. The
aqueous layer was again extracted with EtOAc (2x30 mL), the combined organic layer
was washed with water (100 mL) and saturated brine solution (100 mL). The organic
layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure
to obtain the product which was purified by column chromatography using neutral

alumina (Eluent: 0.2-1% MeOH in DCM) to obtain pure product (65 mg.)

Step-5: Synthesis of N1,N3,N5-tris[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-

yl)amino]hexyl]benzene-1,3,5-tricarboxamide trichloride

[1179] To a solution of the diboc protected trimer (65 mg, 0.0325 mmol) in DCM (5 mL) was
added trifluoroacetic acid (01 mL) and the reaction mixture was stirred at RT overnight.
The reaction mixture was monitored by LCMS. The reaction mass was concentrated
under reduced pressure to dryness and purified by reverse phase HPLC to obtain the
product to obtain the product as the acetate counter anion. The product was dissolved in
ethanol-HCI (20 mL) and concentrated to dryness (3 times), and the solid obtained was
washed with water (20 mL) to remove inorganic impurities. The solid obtained was
lyophilized to get the product (6.6 mg) which was confirmed by LCMS and NMR. 'H
NMR (CD;OD): 6 (ppm): 8.25 (s, 3 H), 7.4-7.90 (m, 15 H), 6.6 (s, 6 H), 6.15 (s, 6 H),
3.1-3.5 (m, 12 H),2.2-2.3 (m, 18 H), 1.3-1.9 (m, 24 H). M+ (1397), M/2 (699.1), M/3
(467.1).
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EXAMPLE 10. Synthesis of Compounds 18 and 19

Synthesis of 3-amino-7-{[(2- {[(7-amino-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-ylium-3-
yl)aminoJmethyl} phenyl)methyl]amino}-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-
ylium and 3-amino-7-{[(2- {[(7-amino-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-ylium-
3-yl)amino]methyl} phenyl)methyl]amino}-2,6-dimethyl-5-phenyl-5A°,10-phenazin-5-
ylium

Step-1: Synthesis of 7,7'-(1,2-phenylenebis(methylene))bis(tert-butoxycarbonylazanediyl)bis(3-
(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium) chloride & 7-(tert-

N
I :1 \I :I Br
@/
Boc\N N N,Boc

H H + Br
©
N Cl
N
Boc. N ﬁ;(:(l\l .Boc step-1 Cs,CO4
H H
S
Cl

RT DMF
12 hrs
buto
/BOC
NH
IBOC
NH
H N Cl /\é
N
Cl Boc
Step—2 TEA
RT DCM
12 hrs
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NH, NH;
O Cl
N ocl N !
N. : i /:
N HN

Cl
(18) (19)

xycarbonyl(2-((tert-butoxycarbonyl(7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium-3-yl)amino)methyl)benzyl)amino)-3-(tert-butoxycarbonylamino)-2,6-
dimethyl-5-phenylphenazin-5-ium

[1180] To a stirred solution of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride & 3,7-bis(tert-butoxycarbonylamino)-2,6-dimethyl-5-
phenylphenazin-5-ium chloride (500 mg, 0.90mmol) in 5 mL of DMF was added cesium
carbonate (880 mg, 2.70 mmol) and the mixture stirred at RT for 15 min. The reaction
mixture was then cooled to 0°C and o-xylene dibromide (132 mg, 0.50 mmol, diluted
with 1ml of DMF) was added dropwise. The reaction mixture was stirred at RT for 12 h.
The reaction was monitored by TLC and LCMS. After completion of reaction, mixture
was diluted with ice-cold water and filtered. The solid residue obtained was dissolved in
diethyl ether (50 mL) and washed with brine solution (3x20 mL). The organic layer was
dried over anhydrous sodium sulfate, and concentrated under reduced pressure to afford
crude product which was then purified by column chromatography (neutral alumina,

cluent 0-20% EtOAc in hexane) to afford the desired product as a dark brown solid (250
mg).

Step-2: Synthesis of 7,7'-(1,2-phenylenebis(methylene))bis(azanediyl)bis(3-amino-2,8-dimethyl-
5-phenylphenazin-5-ium) chloride & 3-amino-7-(2-((7-amino-2,8-dimethyl-5-phenylphenazin-5-
tum-3-ylamino)methyl)benzylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride:

[1181] To a stirred solution of 7,7'-(1,2-phenylenebis(methylene))bis(tert-
butoxycarbonylazanediyl)-bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride (250 mg, 0.27 mmol) in 5 mL of DCM was added TFA
(1 mL) at 0°C dropwise and the mixture stirred at RT for 12h. The reaction was

monitored by TLC and LCMS. After completion of reaction, the solvent was removed
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under reduced pressure to dryness and the residue purified by reverse phase HPLC to
afford two peaks of the same mass. Both peaks were then treated separately with
methanolic HCI and dried, then washed with water and dried again to afford desired
product. (Compound 18): 8mg. (Compound 19): 8mg. '"H NMR Compound 18: (DMSO-
d6): o (ppm): 8.15 (t, 2H), 7.90 (d, 4H), 7.85-7.75 (m, 6H), 7.6 (m, 3H), 7.40 (d, 4H),
7.05 (m, 2H), 6.65 (m, 2H), 5.95 (s, 2H), 5.45 (s, 2H), 4.10 (m, 4H), 2.40 (s, 6H), 2.30 (s,
6 H). LCMS: 732 (M+), 366(M/2). Compound 19: (DMSO-d6): é (ppm): 8.15 (bs, 1H),
7.95 (s, 1H), 7.90-7.75 (m, 5H), 7.74-7.60 (m, 7TH), 7.42 (d, 2H), 7.20-7.10 (m, 2H), 7.05
(t, 1H), 6.65 (d, 1H), 6.10 (s, 1H), 5.95 (s, 1H), 5.62 (s, 1H), 4.58 (m, 2H),4.40 (m, 2H),
2.40 (s, 3H), 2.30 (s, 6 H), 1.48 (s, 3H). LCMS: 732 (M+), 366 (M/2).

EXAMPLE 11. Synthesis of Compound 20

Synthesis of (3-amino-7-{[6-( {4-[4-({6-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-51°,10-
phenazin-5-ylium-3-
yl)amino]hexyl } carbamoyl)phenyl|phenyl} formamido)hexyl]amino} -2,8-dimethyl-5-
phenyl-51°,10-phenazin-5-ylium-5-¢)chloranuide

YO0 = Gy ot s

DMF

HZN\/\/\/\Nﬁ[ @( 0c
Boc CI©

Step-2 l Ef/ﬁr
8
II T\Z WN ¢
N
Lt T
®
N\/\/\/\N \N N’BOC
O Boc @ c H
©
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[: ] TFA
cl Step-3
® H ) DCM
N

N
H ’
O NS \/C[\@Kj(
H N NH,
(0] Cl
S]

Step-1: Synthesis of bis(2,5-dioxopyrrolidin-1-yl) biphenyl-4,4'-dicarboxylate

[1182] To a stirred solution of biphenyl-4,4'-dicarboxylic acid (500 mg, 2.06 mmol) in 10 mL of
DMF was added N-hydroxysuccinimide (594 mg, 5.16 mmol) and
dicyclohexylcarbodiimide (1.06 g, 5.16 mmol) at 0°C and the mixture stirred at RT
overnight. The reaction mixture was filtered and the filtered cake was washed with
EtOAc. The washings and filtrate were combined, washed with brine solution (3x20 mL),
dried over anhydrous sodium sulfate and concentrated under reduced pressure to afford a
crude product that was dissolved in DCM and again filtered. The DCM layer was

concentrated under reduced pressure to afford desired product (600 mg).

Step-2: Synthesis of tert-butyl N-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-
phenazin-10-ium-2-yl]-N-[6-[[4-[4-[ 6-[tert-butoxycarbonyl-[ 8-(tert-butoxycarbonylamino)-3,7-
dimethyl-10-phenyl-phenazin-10-ium-2-
yl]lamino]hexylcarbamoyl]phenyl]benzoyl]amino]hexyl]carbamate dichloride

[1183] Bis(2,5-dioxopyrrolidin-1-yl)biphenyl-4,4'-dicarboxylate (20 mg, 0.045 mmol) and 3-((6-
aminohexyl)(tert-butoxycarbonyl)amino)-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride (65.5 mg, 0.100 mmol) were dissolved in 2 mL of DMF
and tricthylamine (14 mg) was added. The reaction mixture was stirred at RT for 16 h.
After completion of reaction, the mixture was diluted with ice-cold water and extracted
with EtOAc. The organic layer was washed with brine solution (4x10 mL), dried over
anhydrous sodium sulfate and concentrated under reduced pressure to afford the crude
product, which was purified by column chromatography (neutral alumina) to afford the

desired product (70 mg).

Step-3: Synthesis of N-[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl)amino]hexyl]-4-[4-[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl)amino]hexylcarbamoyl]phenyl] benzamide dichloride
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[1184] The product from Step-2 (70 mg) was dissolved in 2 mL of DCM and TFA (0.5 mL) was

added at 0°C dropwise and stirred at RT for 12 h. The reaction was monitored by TLC
and LCMS. After completion of reaction, solvent was removed under reduced pressure to
dryness to obtained crude product which was purified by reverse phase HPLC. The
product obtained after purification was then treated with Methanolic HCI and dried and
then washed with water and freeze dried to afford the desired product (6 mg). '"H NMR
(DMSO-d6): & (ppm): 8.56 (t, 2H), 7.97-7.95 (d, 4H), 7.90-7.75 (m, 12H), 7.70-7.65 (m,
2H), 7.62 (d, 4H), 7.60-7.45 (m, 3H), 6.02 (s, 2H), 5.58 (s, 2H), 3.25 (m, 4H), 2.98 (m,
4H), 2.35 (s, 6 H), 2.33 (s, 6H), 1.50-1.42 (m, 4H), 1.40-1.30 (m, 4H), 1.20-1.05 (m, 8H).
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EXAMPLE 12. Synthesis of Compound 21

Synthesis of (3-amino-7-{10-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-5A°,10-phenazin-
5-ylium-3-yl)carbamoyl]decanamido}-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-ylium-

5-¢)chloranuide

DCC

O O
HO/U\/\/\/\/\)J\OH THF q )J\/\/\/\/\/U\ ?
undecanedioic acid RT-16 hrs
step-1
Step-2 ﬁ:ﬁanm—o
DMF
RT-16 hrs

Na 0 0 AN

@z J\/\/\/\/\/U\ N
H,N N N N N NH,
Cl H H Cl
© ©

Step-1: Synthesis of bis(2,5-dioxopyrrolidin-1-yl) undecanedioate

[1185] To a stirred solution of undecanedioic acid (500 mg, 2.31 mmol) in 10 mL of anhydrous
THF was added N-hydroxysuccinimide (585 mg, 5.09 mmol) and
dicyclohexylcarbodiimide (1.08 g, 5.09 mmol) at 0°C and then allowed to stir at RT for
16 h. The reaction mixture was filtered and the filtrate was concentrated under reduced
pressure. The product obtained was washed with diethyl ether and dried to afford the

desired product (725 mg).

Step-2: Synthesis of (3-amino-7-{10-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-5A°,10-
phenazin-5-ylium-3-yl)carbamoyl]decanamido} -2,8-dimethyl-5-phenyl-518,10-phenazin-5-

ylium-5-¢)chloranuide

[1186] To a stirred solution of Safranin-O (350 mg, 1.0 mmol) in 10 mL of DMF was added
sodium hydride (60 mg, 1.5 mmol) at 0°C and stirred for 10 min, bis(2,5-dioxopyrrolidin-
1-yl) undecanedioate (205 mg, 0.5 mmol) was added and allow to stir at RT for 16 h.
After completion of reaction, the mixture was diluted with ice-cold water and filtered.
The product obtained was dried and purified by reverse phase HPLC. The purified
product was treated with Methanolic HCI (5 times), dried and washed with water and

freeze dried to afford the desired product (5 mg). 'H NMR (CD;0D): & (ppm): 8.56 (s,
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1H), 8.18 (s, 2H), 7.97-7.95 (m, 3H), 7.90-7.80 (m, 6H), 7.60-7.50 (m, 4H), 6.18 (s, 2H),
2.55 (s, 6H), 2.45-2.40 (m, 10H), 1.65-1.58 (m, 4H), 1.35-1.25 (m, 10H).

EXAMPLE 13. Synthesis of Compounds 22 and 23

Synthesis of [3-amino-7-({9-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-51°8,10-phenazin-5-
ylium-3-yl)aminoJnonyl}amino)-2,8-dimethyl-5-phenyl-5A°%,10-phenazin-5-ylium-5-
¢]chloranuide and [3-amino-7-({9-[(7-amino-5-chloranuide-4,8-dimethyl-5-phenyl-
5A°,10-phenazin-5-ylium-3-yl)amino Jnonyl } amino)-2,8-dimethyl-5-phenyl-5A°,10-

phenazin-5-ylium-5-¢Jchloranuide

ikﬁ@ﬁfkk Xkﬁ@

C32C03
step-1 1,9-Dibromo nonane

DMF

ioiﬁigi”iok ijg@@ﬁ& g

OO WA
$© %Cj
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step-2 -[I;I(::'?/l
RT-12hrs

Methanolic HCI

(23)

Step-1: Synthesis of 7,7'-(2,2,18,18-tetramethyl-4,16-dioxo-3,17-dioxa-5,15-diazanonadecane-
5,15-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium) chloride and
7-(tert-butoxycarbonyl(9-(tert-butoxycarbonyl(7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium-3-yl)amino)nonyl)amino)-3-(tert-butoxycarbonylamino)-2,6-dimethyl-5-

phenylphenazin-5-ium chloride:

[1187] To a stirred solution of mixture of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride and 3,7-bis(tert-butoxycarbonylamino)-2,6-dimethyl-5-
phenylphenazin-5-ium chloride (500 mg, 0.909 mmol) in 10 mL of DMF was added
cesium carbonate (738 mg, 2.27 mmol) and stirred at RT for 15 min. The reaction
mixture was cooled to 0°C and 1,9-dibromononane (156 mg, 0.545 mmol, diluted with 1
mL of DMF) was added dropwise. The reaction mixture was stirred at RT for 12 h. The
reaction was monitored by TLC and LCMS. After completion of reaction, the mixture
was diluted with ice-cold water and filtered. The solid residue obtained after filtration
was dissolved in diethyl ether (200 mL) and washed with brine solution (3x50 mL). The
cther layer was dried over anhydrous sodium sulfate, concentrated under reduced
pressure to afford the crude product which was purified by column chromatography
(neutral alumina, eluent 0-20% EtOAc in hexane) to afford the desired product (mixture

of 2 products of same mass) as a dark brown solid (400 mg).

Step-2: Synthesis of 7,7'-(nonane-1,9-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 3-amino-7-(9-(7-amino-2,8-dimethyl-5-phenylphenazin-5-
tum-3-ylamino)nonylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride:
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[1188] To a stirred solution of mixture of 7,7'-(2,2,18,18-tetramethyl-4,16-dioxo-3,17-dioxa-

5,15-diazanonadecane-5,15-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin -5-ium) chloride and 7-(tert-butoxycarbonyl(9-(tert-butoxycarbonyl(7-
(tert-butoxycarbonyl amino)-2,8-dimethyl-5-phenylphenazin-5-ium-3-
yl)amino)nonyl)amino)-3-(tert-butoxy carbonylamino)-2,6-dimethyl-5-phenylphenazin-
5-tum chloride (400 mg, 0.32 mmol) in 5 mL of DCM was added TFA (2 mL) at 0°C
dropwise and stirred at RT for 12 hrs. The reaction was monitored by TLC and LCMS.
After completion of reaction, solvent was removed under reduced pressure to dryness to
obtained crude product which was purified by reverse phase HPLC to afford two peaks of
same mass. Both peaks were then treated separately with Methanolic HCI and dried, then
washed with water and dried again to afford the desired products. Compound 22: 35 mg.
Compound 23: 5 mg. "H NMR Compound 22: (DMSO-d6): & (ppm): 7.90-7.78 (m, 10H),
7.75-7.70 (m, 3H), 7.65-7.55 (m, 7H), 6.02 (s, 2H), 5.58 (s, 2H), 2.98 (m, 4H), 2.35 (s, 6
H), 2.33 (s, 6H), 1.40-1.30 (m, 4H), 1.20-1.03 (m, 10H). Compound 23: (DMSO-d6): 6
(ppm): 7.95 (d, 1H), 7.90-7.60 (m, 13H),7.60-7.38 (m, 3H), 6.15 (s, 1H), 6.0 (s, 1H), 5.54
(s, 1H), 3.42 (m, 2H), 2.98 (m, 2H), 2.30 (m, 9 H), 1.60 (m, 2H), 1.40 (s, 3H), 1.38-1.20
(m, 8H), 1.18-1.02 (m, 4H).

EXAMPLE 14. Synthesis of Compound 24

Synthesis of {3-amino-2,8-dimethyl-5-phenyl-7-[(6-{[3,5,7-tris({6-[(7-amino-5-chloranuide-2,8-
dimethyl-5-phenyl-51°,10-phenazin-5-ylium-3-yl)amino]hexyl} carbamoyl)adamantan-1-

yl]formamido } hexyl)amino]-5A°%,10-phenazin-5-ylium-5-¢} chloranuide
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Step-1:- Synthesis of 2-(6-iodohexyl)isoindoline-1,3-dione

[1189] To a suspension of potassium 1,3-dioxoisoindolin-2-ide (5 g, 27 mmol) in DMF (250
mL) was added 1,6-diiodohexane (22.83 g, 67.5 mmol) dropwise and heated at 85 °C for
2 h. The reaction mixture was monitored with LCMS. The reaction mixture was diluted
with cold water and extracted with diethyl ether (2x300 mL), and the combined organic
layer was washed with water (3x250 mL) and brine (250 mL). The organic layer dried
over sodium sulfate and concentrated under reduced pressure to obtain a crude product
which was purified by column chromatography with 10% EtOAc in hexane as eluent to

afford 8.5 g of 2-(6-iodohexyl)isoindoline-1,3-dione.

Step-2:- Synthesis of 3-(tert-butoxycarbonyl(6-(1,3-dioxoisoindolin-2-yl)hexyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride

[1190] To a solution of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-
tum chloride (6 g, 10.90 mmol) in DMF (80 mL) at RT was added cesium carbonate
(8.85 g, 27.25 mmol) portion-wise and stirred for 15 min. Then, 2-(6-
iodohexyl)isoindoline-1,3-dione (5.06 g, 14.18 mmol) was dissolved in DMF (40 mL)
and added dropwise at 0° C. The reaction mixture was stirred at RT for 16 h. The reaction
mixture was monitored by LCMS and diluted with cold water and extracted with EtOAc
(2x200 mL). The combined organic layer washed with brine (4x100 mL), dried over

sodium sulfate, and concentrated under reduced pressure. The crude product was purified
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by column chromatography (Neutral alumina eluent 40% EtOAc in hexane to afford 6.5 g

of 3-(tert-butoxycarbonyl(6-(1,3-dioxoisoindolin-2-yl)hexyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride.

Step-3:- Synthesis of 3-((6-aminohexyl)(tert-butoxycarbonyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride

[1191] To a solution of 3-(tert-butoxycarbonyl(6-(1,3-dioxoisoindolin-2-yl)hexyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride (4 g, 5.12 mmol)
in ethanol (250 mL) was added hydrazine hydrate (5.36 g, 107.38 mmol) and heated to
reflux at 85 °C for 1 h. The reaction mixture was monitored by LCMS and then the
reaction mixture was concentrated and the residue dissolved in diethyl ether and filtered.
The filtrate was concentrated under reduced pressure and the crude product was purified
by column chromatography (Neutral alumina eluent 4 % MeOH in DCM) to afford 1.2 g
of 3-((6-aminohexyl)(tert-butoxycarbonyl)amino)-7-(tert-butoxycarbonylamino)-2,8-
dimethyl-5-phenylphenazin-5-ium chloride.

Step-4:- Synthesis of 3-[(tert-butoxycarbonyl)(6-{[3,5,7-tris({6-[(tert-butoxycarbonyl)({7-
[(tert-butoxycarbonyl)amino]-2,8-dimethyl-5-phenyl-5A>-phenazin-5-ylium-3-yl} Jaminohexyl}
carbamoyl)adamantan-1-yl]formamido } hexyl)amino]-7-[(tert-butoxycarbonyl)amino]-2,8-dimet

hyl-5-phenyl-5A>-phenazin-5-ylium tetrachloride

[1192] To a solution of adamantine-1,3,5,7-tetracarboxylic acid (30 mg, 0.0961 mmol) in DMF
(6 mL) were added EDC.HCI (137 mg, 0721 mmol) and HOBt (97 mg, 0.721 mmol) and
the mixture stirred at RT for 15 min. Then 3-((6-aminohexyl)(tert-
butoxycarbonyl)amino)-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-
tum chloride (280 mg, 0.432 mmol) and DIPEA (0.23 mL, 1.345 mmol) were added
portion-wise and the mixture stirred at RT for 16 h. The reaction mixture was monitored
by LCMS and diluted with water. The precipitate was filtered and washed with water.
The residue was dissolved in DCM (75 mL), dried over sodium sulfate and concentrated
under reduced pressure to obtain the crude product, which was purified by column
chromatography (Neutral alumina eluent 5 % MeOH in DCM) to afford 120 mg of BOC

protected tetramer of adamantine.

Step-5:- Synthesis of 2- {3-amino-2,8-dimethyl-7-[(6-{[3,5,7-tris({6-[(7-amino-2,8-dimethyl-5-
phenyl-5A°-phenazin-5-ylium-3-yl)amino Jhexyl } carbamoyl)adamantan-1-yl[formamido } hexyl)a
mino]-5A°-phenazin-5-ylium-5-yl} benzen-1-ide trichloride hydrochloride
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[1193] To the BOC protected tetramer of adamantine from Step-4 (120 mg, 0.046 mmol) in
DCM (4 mL) at 0° C was added TFA (0.1 mL) dropwise and the mixture stirred at RT for
16 h. The reaction mixture was monitored by LCMS and solvent was removed and the
crude product was purified by HPLC. The product was treated with Methanolic HCI
(4x20 mL) and concentrated each time, then triturated with water (5 mL), filtered, and
washed with water (20 mL). The residue was dried under lyophilization to afford 25 mg
of desired product. IH NMR (DMSO): 6 (ppm): 7.60-7.90 (m, 44 H), 6.02 (s, 4 H), 5.45
(s, 1 H), 2.90-3.0 (m, 16 H), 2.30 (s, 12H), 2.25 (s, 12H), 1.76 (s, 12H), 1.30-1.36 (m,
16H), 1.05-1.10 (m, 16H). LCMS:1897.10,M/4=474.6, M/3=632.6, M/2=948.5.

EXAMPLE 15. Synthesis of Compound 25

Synthesis of {3-amino-2,8-dimethyl-5-phenyl-7-[(3-{[3,5,7-tris({3-[(7-amino-5-chloranuide-2,8-
dimethyl-5-phenyl-51°,10-phenazin-5-ylium-3-yl)aminoJpropyl } carbamoyl)adamantan-

1-yl]formamido} propyl)amino]-5A°,10-phenazin-5-ylium-5-¢} chloranuide

O N\
N_K+ + | ‘\_\ >L NH
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\Step—z
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‘ Step-5

Step-1: Synthesis of 2-(3-iodopropyl) isoindoline-1,3-dione

[1194] To a suspension of potassium 1,3-dioxoisoindolin-2-ide (3 g, 16.2 mmol) in DMF (150
mL) was added 1,3-diiodopropane (4.2 mL, 36.4 mmol) dropwise and heated at 85°C for
2 h. The reaction mixture was monitored by LCMS. The reaction mixture was diluted
with cold water and extracted with diethyl ether (2x250 mL). The combined organic layer
was washed with water (3x200 mL) and brine (250 mL). The organic layer was dried

over sodium sulfate and concentrated under reduced pressure. The crude product was
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purified by chromatography with 10% EtOAc in hexane as cluent to afford 3 g of 2-(3-

iodopropyl) isoindoline-1,3-dione.

Step-2: Synthesis of 3-(tert-butoxycarbonyl(3-(1,3-dioxoisoindolin-2-yl)propyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride

[1195] To a solution of 3, 7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-
tum chloride (4 g, 7.272 mmol) in DMF (50 mL) at RT was added cesium carbonate (5.9
g, 18.1 mmol) portion-wise and stirred for 15 min. 2-(3-lodopropyl)isoindoline-1,3-dione
(2.97 g, 9.45 mol) was dissolved in DMF (10 mL) and added dropwise at 0°C. The
reaction mixture was stirred at RT for 16 h. The reaction mixture was monitored by
LCMS and then diluted with cold water. The precipitate was filtered, and washed with
water. The precipitate was dissolved in DCM (150 mL) and dried over sodium sulfate,
and concentrated under reduced pressure to give a crude product that was purified by
column chromatography (neutral alumina: eluent 2 % MeOH in DCM) to afford 3 g of 3-
(tert-butoxycarbonyl(3-(1,3-dioxoiso indolin-2-yl)propyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride.

Step-3: Synthesis of 3-((3-aminopropyl)(tert-butoxycarbonyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride

[1196] To a solution of 3-(tert-butoxycarbonyl(3-(1,3-dioxoisoindolin-2-yl)propyl)amino)-7-
(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride (3 g, 4.06
mmol) in ethanol (200 mL) was added hydrazine hydrate (3.9 mL, 81.3 mmol) and
heated to reflux at 85°C for 1h. The reaction mixture was monitored by LCMS, and then
the reaction mixture was concentrated and the residue dissolved in diethyl ether and
filtered. The filtrate was concentrated under reduced pressure and the crude product was
purified by column chromatography (neutral alumina eluent 4 % MeOH in DCM) to
afford 1 g of 3-((3-aminopropyl)(tert-butoxycarbonyl)amino)-7-(tert-
butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride.

Step-4: Synthesis of BOC protected tetramer of adamantane

[1197] To a solution of adamantane 1,3,5,7-tetracarboxylic acid (30 mg, 0.0961 mmol) in DMF
(6 mL) were added EDC.HCI (137 mg, 0721 mmol) and HOBT (97 mg, 0.721 mmol) and
the mixture stirred at RT for 15 min. Then 3-((3-aminopropyl)(tert-
butoxycarbonyl)amino)-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-

tum chloride (263 mg, 0.432 mole) was added portion-wise and the mixture stirred at RT
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for 16 h. The reaction mixture was monitored by LCMS, and then diluted with water. The

precipitate was filtered and washed with water. The residue was dissolved in DCM (75
mL), dried over sodium sulfate and concentrated under reduced pressure. The crude
product was purified by column chromatography (Neutral alumina eluent 3 % MeOH in

DCM) to afford 125 mg of BOC protected tetramer of adamantane.

Step-5: Synthesis of {3-amino-2,8-dimethyl-5-phenyl-7-[(3-{[3,5,7-tris({3-[(7-amino-5-
chloranuide-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-ylium-3-
yl)amino]propyl} carbamoyl)adamantan-1-yl]formamido } propyl)amino]-5A°,10-phenazin-5-

ylium-5-¢} chloranuide

[1198] To the BOC protected tetramer of adamantane from Step-4 (125 mg, 0.046 mmol) in
DCM (4 mL) at 0° C was added TFA (0.5 mL) dropwise and the mixture allowed to stir
at RT for 16 h. The reaction mixture was monitored by LCMS and solvent was
concentrated to obtain a crude product that was purified by reverse phase HPLC to obtain
desired product. This product was treated with methanolic HCI (4x20 mL), concentrated
cach time, then triturated with water (5 mL), filtered and washed with water (20 mL). The
residue was dried by lyophilization to afford 25 mg of {3-amino-2,8-dimethyl-5-phenyl-
7-[(3-{[3,5,7-tris( {3-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-
ylium-3-yl)amino]propyl} carbamoyl)adamantan-1-yl]formamido}propyl)amino]-5A°,10-
phenazin-5-ylium-5-¢} chloranuide. '"H NMR (DMSO): & (ppm): 7.60-7.90 (m, 44H), 6.0
(s, 4H), 5.45 (s, 4H), 2.90-3.0 (m, 16H), 2.30 (s, 12H), 2.25 (s, 12H), 1.76 (s, 12H), 1.65-
1.75 (m, 8H). LCMS: 1728.9, M/4=432.8, M/3=576.5, M/2=864.3.

EXAMPLE 16. Synthesis of Compound 26

Synthesis of (3-amino-7-{[6-({6-[5-({6-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-5A°,10-
phenazin-5-ylium-3-yl)amino]hexyl } carbamoyl)pyridin-2-yl]pyridin-3-
yl} formamido)hexyl]amino}-2,8-dimethyl-5-phenyl-5A°,10-phenazin-5-ylium-5-

¢)chloranuide
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Step-1: Synthesis of tert-butyl N-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-
phenazin-10-ium-2-yl]-N-[6-[[6-[ 5-[ 6-[tert-butoxycarbonyl-[ 8-(tert-
butoxycarbonylamino)-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl]amino]hexylcarbamoyl]-2-pyridyl]pyridine-3-carbonylJamino]hexyl]carbamate
dichloride

[1199] To a suspension of 2,2'-bipyridine-5,5'-dicarboxylic acid (50 mg, 0.204 mmol) in DMF (5
mL) were added EDC.HCI (155 mg, 0.816 mmol) and HOBt (109 mg, 0.816 mmol) and
the mixture stirred at RT for 20 min. Then 3-((6-aminohexyl)(tert-
butoxycarbonyl)amino)-7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-
tum chloride (293 mg, 0.450 mmol) and DIPEA (0.35 mL, 2.04 mmol) were added
portion-wise and the mixture stirred at RT for 12 h. The reaction mixture was monitored

by LCMS, and then diluted with water, extracted with EtOAc (2x25 mL). The combined
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organic layer was washed with brine (4x25 mL), dried over sodium sulfate, and
concentrated under reduced pressure. The crude product was purified by column
chromatography (neutral alumina eluent 5 % MeOH in DCM) to afford 125 mg of BOC

protected dimer.

Step-2: Synthesis of N-[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl)amino]hexyl]-6-[5-[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl)amino]hexylcarbamoyl]-2-pyridyl]pyridine-3-carboxamide dichloride

[1200] To the BOC protected dimer from Step-1 (90 mg, 0.0596 mmol) in DCM (5 mL) at 0° C
was added TFA (0.4 mL) dropwise and the mixture stirred at RT for 12 h. The reaction
mixture was monitored by LCMS. The solvent was evaporated and the crude product
purified by HPLC to obtain the desired product, which was treated with methanolic HCI
(4x15 mL), concentrated each time, then triturated with water (5 mL), filtered and
washed with water (20 mL). The residue was dried by lyophilization to afford 15 mg of
title compound. 1H NMR (DMSO): & (ppm): 9.10 (s, 2H), 8.83 (t, 2 H), 8.43 (d,2 H),
8.38 (d, 2H), 7.90-7.75 (m, 10 H) 7.62-7.72 (m, 2 H), 7.60 (d, 4 H), 7.60-7.50 (m,2 H),
6.0 (s, 2H), 5.50 (s, 2H), 3.26 (m, 4H), 2.99 (m, 4H), 2.35 (s, 6H), 2.33 (s, 6H), 1.50-1.42
(m, 4H), 1.40-1.30 (m, 4H), 1.20-1.05 (m, 8H). LCMS: 1036.56, M/3=346.3, M/2=518.9.

EXAMPLE 17. Synthesis of Compound 27

Synthesis of {3-amino-7-[(6-{[3-({6-[(7-amino-5-chloranuide-2,8-dimethyl-5-phenyl-51°,10-
phenazin-5-ylium-3-yl)aminoJhexyl } carbamoyl)adamantan-1-
yl]formamido }hexyl)amino]-2,8-dimethyl-5-phenyl-5A%,10-phenazin-5-ylium-5-

¢}chloranuide
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| Step-2

0 N

N @

H/\/\/\/NH N CJ NH2
O

Step-1: Synthesis of tert-butyl N-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-
phenazin-10-tum-2-yl]-N-[6-[[3-[6-[tert-butoxycarbonyl-[8-(tert-butoxycarbonylamino)-
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3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl]amino]hexylcarbamoyl]adamantane-1-

carbonyl]amino]hexyl]carbamate dichloride

[1201] To a solution of 1,3-adamantanedicarboxylic acid (40 mg, 0.178 mmol) in DMF (65 mL)
were added EDC.HCI (119 mg, 0.623 mmol) and HOBt (84 mg, 0.623 mmol) and the
mixture stirred at RT for 15 min. Then 3-((6-aminohexyl)(tert-butoxycarbonyl)amino)-7-
(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium chloride (255 mg,
0.392 mmol) and DIPEA (0.22 mL, 1.335 mmol) were added portion-wise and the
mixture stirred at RT for 16 h. The reaction mixture was monitored by LCMS and diluted
with water and extracted with EtOAc (2x25 mL). The combined organic layer was
washed with water (2x20 mL) and brine, dried over sodium sulfate, and concentrated
under reduced pressure to obtain the crude product, which was purified by column
chromatography (Neutral alumina eluent 4 % MeOH in DCM) to afford 150 mg of tert-
butyl N-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-yl]-
N-[6-[[3-[6-[tert-butoxycarbonyl-[8-(tert-butoxycarbonylamino)-3,7-dimethyl-10-phenyl-
phenazin-10-ium-2-yl]amino Jhexyl carbamoyl]adamantane-1-

carbonyl]amino]hexyl]carbamate dichloride.

Step-2: Synthesis of N1,N3-bis[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-

yl)amino]hexyl]adamantane-1,3-dicarboxamide dichloride

[1202] To the compound from Step-1 (150 mg, 0.100 mmol) in DCM (3 mL) at 0° C was added
TFA (0.3 mL) dropwise and the mixture stirred at RT for 16 h. The reaction mixture was
monitored by LCMS, then the solvent was concentrated and the crude product was
purified by HPLC to obtain pure product. This was treated with methanolic HCI (4x15
mL), concentrated each time, then triturated with water (5 mL), filtered, and washed with
water (10 mL). The residue was vacuum dried under lyophilization to afford 20 mg of
N1, N3-bis[6-[(8-amino-3,7-dimethyl-10-phenyl-phenazin-10-ium-2-
yl)amino]hexyl]adamantane-1,3-dicarboxamide dichloride. '"H NMR (DMSO): & (ppm):
7.80-7.90 (m, 10 H), 7.60 (d, 6H), 7.50-7.60 (m, 2H), 7.40-7.45 (m, 2H), 6.02 (s, 2H),
5.50 (s, 2H), 2.98-3.04 (m, 8H), 2.30 (s, 6H), 2.28 (s, 6H), 2.04 (m, 2H), 1.8 (m, 2H),
1.70-1.75 (m, 8H), 1.55-1.60 (m, 2H), 1.25-1.40 (m, 10H), 1.05 (m, 6H). LCMS: 1016.6
(M), 508.6 (M/2).
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EXAMPLE 18. Synthesis of Compounds 28 and 29

Synthesis of 7,7'-(dodecane-1,12-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 3-amino-7-(12-(7-amino-2,8-dimethyl-5-
phenylphenazin-5-ium-3-ylamino)dodecylamino)-2,6-dimethyl-5-phenylphenazin-5-ium

chloride
N
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Step-1: Synthesis of 7,7'-(2,2,21,21-tetramethyl-4,19-dioxo-3,20-dioxa-5,18-diazadocosane-
5,18-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium) chloride and
7-(tert-butoxycarbonyl(12-(tert-butoxycarbonyl(7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium-3-yl)amino)dodecyl)amino)-3-(tert-butoxycarbonylamino)-2,6-dimethyl-

5-phenylphenazin-5-ium chloride

[1203] To a stirred solution of a mixture of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride and 3,7-bis(tert-butoxycarbonylamino)-2,6-dimethyl-5-
phenylphenazin-5-ium chloride (1.0 g, 1.81 mmol) in 15 mL of DMF was added cesium
carbonate (1.48 g, 4.54 mmol) and the mixture stirred at RT for 15 min. The reaction
mixture was then cooled to 0°C and to it was added 1,12-dibromododecane (328 mg, 0.99
mmol, diluted with 1 mL of DMF) dropwise. The reaction mixture was then stirred at RT
for 12 h. The reaction was monitored by TLC and LCMS. After completion of reaction,
the mixture was diluted with ice-cold water and filtered. The solid residue obtained after
filtration was dissolved in diethyl ether (200 mL) and washed with brine solution (3x50
mL). The ether layer was then dried over anhydrous sodium sulfate, and concentrated
under reduced pressure to afford a crude product which was purified by column
chromatography (neutral alumina, eluent 0-20% EtOAc in hexane) to afford the desired

product (mixture of 2 products of same mass) as a dark brown solid (500 mg).

Step-2: Synthesis of 7,7'-(dodecane-1,12-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 3-amino-7-(12-(7-amino-2,8-dimethyl-5-phenylphenazin-5-

tum-3-ylamino)dodecylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride:

[1204] To a stirred solution of mixture of 7,7'-(2,2,21,21-tetramethyl-4,19-dioxo-3,20-dioxa-
5,18-diazadocosane-5,18-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 7-(tert-butoxycarbonyl(12-(tert-butoxycarbonyl(7-
(tert-butoxycarbonyl amino)-2,8-dimethyl-5-phenylphenazin-5-ium-3-
yl)amino)dodecyl)amino)-3-(tert-butoxy carbonylamino)-2,6-dimethyl-5-
phenylphenazin-5-ium chloride (500 mg, 0.39 mmol) in 5 mL of DCM was added TFA
(2 mL) at 0°C dropwise and stirred at RT for 12 h. The reaction was monitored by TLC
and LCMS. After completion of reaction, the solvent was removed under reduced
pressure to dryness to obtain a crude product which was purified by HPLC to afford two
peaks of the same mass. Both peaks were then treated separately with Methanolic HCI
and dried and then washed with water, and dried again to afford the desired products

(Compound 28: 35 mg and Compound 29: 55 mg). Compound 28: "H NMR (DMSO-d6):
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o (ppm): 7.90-7.78 (m, 10H), 7.75-7.70 (m, 3H), 7.65-7.55 (m, 7H), 6.02 (s, 2H), 5.58(s,
2H), 2.98 (m, 4H), 2.35 (s, 6 H), 2.33 (s, 6H), 1.40-1.30 (m, 4H), 1.25-1.20 (bs, 10H),
1.20-1.05 (m, 6H). Compound 29: 'H NMR (DMSO-d6): 5 (ppm): 7.95 (d, 1H), 7.90-
7.60 (m, 15H), 7.60-7.38 (m, 3H), 6.15 (s, 1H), 6.0 (s, 1H), 5.54 (s, 1H), 3.42 (m, 2H),
2.98 (m, 2H), 2.30 (m, 9 H), 1.60 (m, 2H), 1.40 (s, 3H), 1.38-1.20 (m, 14H), 1.18-1.02
(m, 4H).

EXAMPLE 19. Synthesis of Compounds 4 and 31

Synthesis of 7,7'-(octane-1,8-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-phenylphenazin-5-
tum) chloride & 3-amino-7-(8-(7-amino-2,8-dimethyl-5-phenylphenazin-5-ium-3-
ylamino) octylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride

/N N
@ ﬁ\ & )<
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(1) TFA
DCM
Step-3 RT-12 H

(2) Methanolic HCI

@
o KINW II@II

Step-1: Synthesis of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium
chloride and 3,7-bis(tert-butoxycarbonylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride.

[1205] To a stirred solution of Safranin-O (10.0 g, 28.57 mmol) in 100 mL of DMF was added
sodium hydride (3.42 g, 85.71 mmol) portion-wise at 0°C. After addition, the reaction
mixture was stirred at RT for 15 min. Boc anhydride (12.45 g, 57.14 mmol, diluted with
15 mL of DMF) was added dropwise into the reaction mixture and stirred at RT for 2h.
The reaction was monitored by TLC and LCMS. After completion of reaction, the
mixture was quenched using MeOH (30 mL), and concentrated under reduced pressure to
obtain the crude product which was purified by column chromatography (neutral
alumina, eluent 25% DCM in hexane to 100% DCM) to afford the desired products (a

mixture of two products of the same mass) as a dark brown solid (5.0 g).

Step-2: Synthesis of 7,7'-(2,2,17,17-tetramethyl-4,15-dioxo0-3,16-dioxa-5,14-diazaoctadecane-
5,14-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-phenylphenazin-5-ium) chloride and
7-(tert-butoxycarbonyl(8-(tert-butoxycarbonyl(7-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium-3-yl)amino)octyl)amino)-3-(tert-butoxycarbonylamino)-2,6-dimethyl-5-

phenylphenazin-5-ium chloride.

[1206] To a stirred solution of a mixture of 3,7-bis(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium chloride and 3,7-bis(tert-butoxycarbonylamino)-2,6-dimethyl-5-
phenylphenazin-5-ium chloride (5.0 g, 9.07 mmol) in 60 mL of DMF was added cesium
carbonate (8.87 g, 27.22 mmol) and stirred at RT for 15 min. The reaction mixture was
cooled to 0°C and to it was added 1,8-diiodooctane (2.05 g, 5.62 mmol, diluted with 5

mL of DMF) dropwise. The reaction mixture was stirred at RT for 12 h. The reaction was
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monitored by TLC and LCMS. After completion of reaction, the mixture was diluted

with ice-cold water and filtered. The solid residue was dissolved in diethyl ether (250
mL) and washed with brine solution (3x50 mL). The ether layer was dried over
anhydrous sodium sulfate, and concentrated under reduced pressure to afford the crude
product which was purified by column chromatography (neutral alumina, eluent 0-40%
EtOAc in hexane) to afford the desired product (mixture of 2 products of same mass) as a

dark brown solid (3 g).

Step-3: Synthesis of 7,7'-(octane-1,8-diylbis(azanediyl))bis(3-amino-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 3-amino-7-(8-(7-amino-2,8-dimethyl-5-phenylphenazin-5-

tum-3-ylamino)octylamino)-2,6-dimethyl-5-phenylphenazin-5-ium chloride.

[1207] To a stirred solution of a mixture of 7,7'-(2,2,17,17-tetramethyl-4,15-dioxo-3,16-dioxa-
5,14-diazaoctadecane-5,14-diyl)bis(3-(tert-butoxycarbonylamino)-2,8-dimethyl-5-
phenylphenazin-5-ium) chloride and 7-(tert-butoxycarbonyl(8-(tert-butoxycarbonyl(7-
(tert-butoxycarbonyl amino)-2,8-dimethyl-5-phenylphenazin-5-ium-3-
yl)amino)octyl)amino)-3-(tert-butoxy carbonylamino)-2,6-dimethyl-5-phenylphenazin-5-
tum chloride (2.5 g, 2.06 mmol) in 25 mL of DCM was added TFA (10 mL) at 0°C
dropwise and the mixture stirred at RT for 12 h. The reaction was monitored by TLC and
LCMS. After completion of reaction, the solvent was removed under reduced pressure to
dryness to obtain a crude product (2 g mixture of two compounds). 400 mg of crude
product was purified by reverse phase HPLC to afford two peaks of the same mass. Both
peaks were then treated separately with methanolic HCI and dried, and then washed with

water and dried again to afford both regioisomeric products.
EXAMPLE P1. Synthesis of Compounds 2, 3, 5, and 7-17

[1208] Compounds 2, 3, 5 and 7-17 can be synthesized using the conditions provided in the

Examples presented above using appropriate starting materials.
EXAMPLE Bla. Compound 4 binds to ARH-77 cells.

[1209] ARH-77 cells (an EBV-transformed B lymphoblastoid cell line established from cells of
a patient with plasma cell leukemia) were incubated as indicated with PBS or 10 uM
Compound 4 for 30 min. Cells were washed twice with 1 mL PBS, and staining was

detected using a 530 nm/600 nm filter set on a Molecular Imaging Gel Logic system.
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[1210] The results are shown in FIG. 2A. This example demonstrates that Compound 4 binds to

ARH-77 cells.

EXAMPLE B1b. Compounds 4 and 20 bind to Raji cells.

[1211] 10° Raji cells were incubated with 10 uM Compound 4 or 10 uM Compound 20 in PBS
or with PBS alone for 1, 5, 15 or 30 minutes. Cells were washed once in PBS and then

the fluorescence of Compound 4 or Compound 20 was analyzed in a Gel Logic system

with 530 nm / 600 nm excitation / emission settings.

[1212] The results are shown in FIG. 2B. This example demonstrates that Compounds 4 and 20

both bind to Raji cells.

EXAMPLE B2a. Compound 4 does not affect viability or proliferation of human
MSCs at concentrations below 20 pM.

[1213] This example reports the effects of 24 hour treatment with Compound 4 on viability and

proliferation of human MSCs.

[1214] Cell proliferation was measured using the CELLTITER GLO® assay (Promega), which
measures ATP levels. Cells (5 x 10°) were incubated with various concentrations of
Compound 4 for 24 h. Proliferation was compared to that of untreated cells. Proliferation

values for 24h were normalized to time = (0 and compared with values for untreated cells.

[1215] The results are shown in FIG. 3A. These results demonstrate that Compound 4 does not

affect human MSC proliferation in 24 h at any of the concentrations tested.

[1216] Cell viability was measured by using trypan blue to stain dead cells. Cells (2 x 10°) were
incubated with various concentrations of Compound 4 for 30 min, and viable cells were

counted and compared to the number of viable cells in an untreated sample. Values for

treated cells were normalized to untreated cells.

[1217] The results are shown in FIG. 3B. These results demonstrate that, at concentrations 20

uM or lower, Compound 4 did not affect the viability of human MSCs.
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EXAMPLE B2b. Compound 20 does not affect viability of Raji cells at

concentrations at or below 20 pM.

[1218] In a similar fashion to Example B2a, Compound 20 was assessed for its effect on
viability of Raji cells as determined by trypan blue staining, as described in Example

B2a.

[1219] The results are shown in FIG. 3C. Compound 20 did not have toxic effects on Raji cells

within the times and concentrations tested.
EXAMPLE B3a. Compound 4 binds to human MSCs.

[1220] Human MSCs were incubated without Compound 4 or with Compound 4 (5 uM or 10
uM) for 30 min and then washed twice with 1 mL PBS. Samples were visually inspected

to determine staining.

[1221] The results are shown in FIG. 4A. Compound 4 binds human MSCs both at 5 uM and 10

uM. Binding was more marked at the higher concentration.
EXAMPLE B3b. Compounds 4 and 20 bind to Raji cells.

[1222] Raji cells were incubated in PBS without Compounds 4 or 20 or with 10 uM Compound
4 or 10 uM Compound 20 in PBS for 30 min and then washed twice with 1 mL PBS.

Samples were visually inspected to determine staining.
[1223] The results are shown in FIG. 4B. Compounds 4 and 20 both bind to Raji cells at 10 pM.

EXAMPLE B4. Compounds 4 and 20 bind to rabbit dorsal femoral condyle
explants.

[1224] Rabbit dorsal femoral condyle explants were incubated with PBS or 100 uM Compound
4 or Compound 20 in PBS for 30 min. Explants were washed twice in excess PBS.
Staining of explants was determined using the 530/600 nm filter set on the Molecular

Imaging Gel Logic system.

[1225] The results are shown in FIGS. SA (Compound 4) and SB (Compounds 4 and 20).
Compounds 4 and 20 both stained rabbit dorsal femoral condyle explants as detected by
the bright signal from the 600 nm emission filter. As compared to the PBS incubated
sample, the explants incubated in Compound 4 or Compound 20 both showed strong

fluorescence, indicating that Compounds 4 and 20 bound to the explants.
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EXAMPLE B5a. Compounds 4 and 20 promote adherence of human MSCs to
rabbit dorsal femoral condyle explants.

[1226] This example demonstrates that Compounds 4 and 20 promote adherence of human

MSC:s to rabbit dorsal femoral condyle explants.

[1227] Human MSCs were labeled with calcein for 30 min, washed with PBS, and incubated
with Compound 4 (5 uM or 10 uM) or with PBS for 30 min. Rabbit dorsal femoral
condyle explants were then incubated for 30 min with (1) the PBS-incubated, calcein-
labeled MSCs, (2) the calcein-labeled MSCs incubated with 5 uM Compound 4, or (3)
the calcein-labeled MSCs incubated with 10 uM Compound 4. Explants were washed
twice with excess PBS, and the 475/535 nm filter set on the Molecular Imaging Gel
Logic system was used to detect the binding of MSCs to the explants by detecting the
calcein. In another experiment, the procedure was repeated with two batches of
Compound 4, and with Compound 20, with an incubation time of 10 min instead of 30

min.

[1228] The results are shown in FIG. 6A. Explants that were incubated with calcein-labeled
human MSCs that were not incubated with Compounds 4 or 20 (FIG. 6A upper left,
lower left) showed basal staining in the 475/535 channel, which indicates the calcein-
labeled MSCs did not strongly adhere to the explants. Explants that were incubated with
calcein-labeled human MSCs incubated with Compounds 4 or 20 (FIG. 6A upper center
and right, lower center and right) show increased staining in the 475/535 nm channel,
which indicates that Compounds 4 and 20 promote adherence of the calcein-labeled

MSC:s to the explants.

EXAMPLE BSb. Compounds 4 and 20 promote adherence of Raji cells to rabbit

dorsal femoral condyle explants.

[1229] This example demonstrates that both Compound 4 and Compound 20 promote adherence

of Raji cells to rabbit femoral condyle explants.

[1230] Raji cells were labeled with calcein for 30 min, washed with PBS, and incubated with
Compound 4 or Compound 20 (10 uM in PBS) or with PBS for 30 min. Cells were
washed in PBS. Rabbit dorsal femoral condyle explants were then incubated for 30 min
with (1) the PBS-incubated, calcein-labeled Raji cells or (2) the calcein-labeled Raji cells
that had been incubated with 10 uM Compound 4 or Compound 20. Explants were
washed twice with excess PBS, and the 475/535 nm filter set on the Molecular Imaging
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Gel Logic system was used to detect the binding of MSCs to the explants by detecting the

calcein.

[1231] The results are shown in FIG. 6B. Explants that were incubated with calcein-labeled Raji
cells that were incubated with PBS but not with Compounds 4 or 20 (FIG. 6B, above left,
below left) show no staining in the 475/535 channel, which indicates the calcein-labeled
Raji cells did not adhere to the explants. Explants that were incubated with calcein-
stained Raji cells that had been incubated with Compound 4 batch A or batch B (FIG.
6B, above center and above right) or Compounds 20 (FIG. 6B, below) did show staining
in the 475/535 channel, which indicates that both Compound 4 and Compound 20

promoted adherence of the calcein-labeled Raji cells to the explants.

EXAMPLE B6. Compound 20-incubated hMSCs reduce cartilage damage in an

articular cartilage degeneration model

[1232] This example demonstrates that Compound 20-incubated hMSCs reduce cartilage

damage in an monosodium iodoacetate (MIA) model or articular cartilage degeneration.

[1233] 6 to 8 week old Sprague Dawley rats were anesthetized with 3% sevofluorane and
injected in both the right and left knee intra-articularly with MIA (monosodium
iodoacetate, Sigma Cat N° 12512) at a dose of 3 mg in a volume of 50 uL. MIA was
dissolved in sterile saline (0.9%). hMSCs (Lonza, Cat N° PT-2501) were cultured in
complete MSCCM™ mesenchymal stem cell culture medium (Lonza, Cat N° PT-3238).

[1234] Seven days after the injection of MIA, 2-10 million hMSCs were collected and incubated
for 20 min in 500 pL of 10 uM Compound 20 in PBS or in PBS alone (untreated). Cells

were washed with PBS and counted.

[1235] Rats were again anesthetized with 3% sevofluorane. 4x10° hMSCs incubated in PBS or in
Compound 20 were injected intraarticularly through the patellar ligament. Untreated
hMSC were injected into the left knee joint, and Compound 20-stained hMSCs were

injected into the right knee joint.

[1236] Twenty cight days after the injection of MIA, rats were cuthanized, and femoral condyles

were extracted for macroscopic evaluation.

[1237] The results are shown in FIG. 7. The ‘MIA+saline’ example shows severe degradation of

the cartilage and some surrounding bone material. The ‘MIA+hMSC’example indicates a
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[1238]

[1239]

[1240]

[1241]

slight recovery of the cartilage area but with clear degradation remaining. The
‘MIA+hMSC+Cpd 20’ (Compound 20) example shows an improvement in the cartilage

and surrounding bone area.
EXAMPLE B7. Differentiation of human MSCs to chondrocytes in pellet culture

hMSCs (Lonza, Cat N° PT-2501) were cultured in complete mesenchymal stem cell
culture medium (Lonza, Cat N° PT-3238). For differentiation experiments, complete
mesenchymal stem cell culture medium was removed, and hMSCs were either incubated
for 30 min in chondrocyte differentiation medium containing TGFB (R&D Systems, Cat
N° CCMO005 and CCMO006) (primed condition) or maintained in complete mesenchymal

stem cell culture medium for 30 min.

hMSCs were collected, washed in PBS, and incubated in 500 pL of 10 uM Compound 4
or 20 in PBS for 20 min. Cells were washed in PBS and counted. 5x10° cells were placed
in a 15 mL tube. The cells were centrifuged at 500g for 7 min, and either 500 pL of
maintenance medium (Lonza, Cat N° PT-3238) or chondrocyte differentiation medium
was added gently. The medium was changed every 2 to 3 days for three weeks,

maintaining the 500 pL volume.

After three weeks, the medium was removed, and cell pellets were fixed in 500 pL of a
4% paraformaldehyde (PFA) in PBS solution for 20 min at room temperature. The
solution was removed, and 500 pL of a 4% PFA, 15% sucrose in PBS was added, and the
mixture was left overnight. The solution was removed, and 500 uL. of a 4% PFA, 30%
sucrose in PBS was added, then the mixture was left overnight or until the pellet was in
the bottom of the tube. The pellet culture was frozen in TISSUE-TEK® O.C.T.
compound (Cat N° 4583), and 5 um cuts were made. The slices were fixed on a positive
charged slide (Cell Path, Cat N° MDB-0102-54A). A hydrophobic pen was used to draw

a line around the cuts on the slide.

100-300 pL of blocking solution (1% BSA, 0.3% TRITON® X-100 in PBS) was added
on top of the slices which were left for 1h at RT. The blocking solution was extracted
with a micropipette. Primary antibody (goat anti-aggrecan G1-IgD-G2 domain, R&D
systems, Cat N° AF1220) was diluted 1:20 in blocking solution, and 100-200 pL of this
solution was added on top of the slices. The slides were left at 4°C overnight in a
humidified box. The primary antibody solutions were removed, and the slices were

washed 3 times with 1% BSA in PBS for 5 min. The lines were redrawn around the slices
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with the hydrophobic pen. From the incubation with the secondary antibody and on, the

samples were kept in the dark to avoid degrading the fluorophore.

[1242] The secondary antibodies were diluted 1:100 in blocking solution. 100-200 pL of the
secondary antibody solution (donkey anti-goat IgG Alexa fluor 488, Invitrogen, Cat N°
A11055) was added to the slices. The slices were incubated for 1h at RT. The slices were
washed 3 times with 1% BSA in PBS for 5 min. The lines were redrawn around the slices

with the hydrophobic pen.

[1243] Slices were stained with 100-200 uL of a 1:2000 dilution of DAPI in PBS for 5 min at
RT. The DAPI was removed, and the slices were washed 3 times with PBS for 5 min,
then washed a 4™ time with distilled water for another 5 min. The slides were left to dry.
30 uL of Fluorescent Mounting Medium was added, and then the slices were covered

with a coverslip.

[1244] The results are presented in Table B7. The results show that incubation with Compound 4

[

or Compound 20 and differentiation medium (with “+” or without “-” priming) induced
high levels of differentiation relative to the control without differentiation medium. Cells
incubated with Compound 4 or Compound 20 and differentiation medium displayed
levels of differentiation similar to those of cells incubated in differentiation medium

alone.

Table B7. Differentiation of hMSCs to chondrocytes

Condition Time Compound Priming Differeqtiation ECM area -,
(days) Medium (Aggrecan stain)

1 0 - - - 0

2 21 - - - 0.46
3 21 - - + 0.77
4 21 - + - 0.44
5 21 - + 0.89
6 21 Compound 4 (10 uM) - + 0.74
7 21 Compound 4 (10 uM) + + 1.41
8 21 Compound 20 (10 uM) - + 0.74
9 21 Compound 20 (10 uM) + + 0.97

* EMC area = aggrecan ratio (relative to cell number)
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EXAMPLE B8. Differentiation of sheep MSCs to chondrocytes in pellet culture

[1245] Compounds of the invention were assessed in an in vitro pellet cell culture model of

chondrogenesis.
[1246] Conditions tested were:

a. (1) Priming: exposure of cells to TGF3 prior to incubation with Compound 4 or

Compound 20;

b. (2) Dose: Concentration of Compound 4 or Compound 20 that cells were

incubated with prior to pellet culture; and

c. (3) Media: presence or absence of TGF3 in the media used for the 3-week pellet

culture duration.

[1247] A population of cells enriched for MSCs from sheep bone marrow was harvested,
cultured and expanded. Cells from passage 3 (P3) were incubated with either
chondrogenic differentiation medium for the Priming “+” groups or chondrogenic

[

differentiation medium without TGFf33 for the Priming “-” groups. Following
centrifugation at 400x g for 5 min and gentle removal of the supernatant, cells were re-
suspended with the appropriate number of cells in Compound 4 or Compound 20 in 1X
PBS, pH 7, at following concentrations: 10 uM, 3.16 uM, 1 uM, and 0.316 uM of
Compound 4; or 10 uM and 1 uM of Compound 20. For control conditions, cells were
incubated in 1x PBS at pH 7. All treatment groups were then incubated for 30 min in the
dark with nutation. Following centrifugation at 400x g for 5 min and gentle removal of
the supernatant, cells were re-suspended and washed with 1x PBS at pH 7 and spun at
400x g for 5 min to remove supernatant. Depending on the condition, cells were re-
suspended cells in chondrogenic differentiation medium OR in chondrogenic medium
without TGFb3. Cells were counted, and approximately 2.5 x 10° cells were plated into

polypropylene 96-well plates incubated under standard pellet culture conditions for three

weeks. Medium was changed 3x weekly.

[1248] Pellets were fixed in 10% formalin for at least 8 hours and then infiltrated with paraftin
wax. Sections were then cut at approximately 5 microns and stained using safranin-

orange, Fast Green, Haematoxylin-Eosin, and 1% Toluidine Blue.
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[1249] Histological grading was performed according to a modified Bern Score to assess

chondrogenic morphology of the cells and any matrix deposition by the cells according to

the following three criteria:

Criteria

Description

Score

Matrix Stain

Degree of Safranin-O stain present in the
pellet representing concentration of

0 = no stain

3 = strong stain

glycosaminoglycan
Cell Spacing Degree of separation of cells representing 0 = no separation
matrix deposition 3 =normal spacing
Cell Degree of chondrocyte cell morphology by 0 =no lacunae
morphology assessment of cell shape, cytoplasmic space 3 =normal
(lacunae), and nucleus shape morphology

[1250] The subcomponents of the Bern Score are additive. Accordingly, the Bern Score presents

a maximum total score of 9 representing the best possible score and minimum score of 0

representing no chondrogenesis.

[1251] In this Example, the Bern Score for Control pellets is a proxy for chondrogenic capacity

of the cell population using a standard pellet culture protocol. The Bern Score of the

pellets from each treatment condition suggests the chondrogenic capacity of that cell

population. Pellets that were formed using the 30 minute incubation protocol with only

PBS replacing Compound 4 (0 uM Compound 4) are referred to as “PBS pellets.”

[1252] The cell population used in this study presented very good chondrogenic capacity with

Bern Scores of 7.5 and 8.5 for the non-primed and primed conditions respectively. Bern

Scores for each treatment are presented in Table B8. Cells incubated in Compound 4 at

3.16 uM and differentiation medium showed good chondrogenic capacity. Cells

incubated in either concentration of Compound 20 tested and differentiation medium also

showed good chondrogenic capacity. Priming cells with TGFf consistently improved the

Bern scores of the pellets in any of the conditions.

Table BS. Bern Scores.

Differentiation | TGFB3 | Compound | Conc. | Matrix Cell Morphology | Final
Medium Priming (uM) | Stain | Distance Score
- - 4 0 0 0 0 0
- + 4 0 0 0 0 0
- + 4 10 0 0 0 0
- + 4 3.16 0.5 0 0 0.5
- + 4 1 0 0 0 0
- + 4 0316 0 0 0 0
- + 20 10 0 0 0 0
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Differentiation | TGFB3 | Compound | Conc. | Matrix Cell Morphology | Final
Medium Priming (uM) | Stain | Distance Score
- + 20 1 0 0 0 0
+ - 4 0 3 2.5 2 7.5
+ - 4 10 0.5 0 0 0.5
+ - 4 3.16 2 2 2 6
+ - 4 1 2.5 2 2 6.5
+ - 4 0316 3 2.5 2.5 8
+ - 20 10 2 2 2 6
+ - 20 1 2.5 2.5 2 7
+ + 4 0 3 3 2.5 8.5
+ + 4 10 0 0 0 0
+ + 4 3.16 2 2 2 6
+ + 4 1 3 2.5 2 7.5
+ + 4 0.316 3 3 3 9
+ + 20 10 2.5 2.5 2.5 7.5
+ + 20 1 3 3 2.5 8.5

EXAMPLE B9. In vitro and In vivo Evaluation of Compound 4-augmented MSCs
for Cartilage Repair

[1253] The capacity of ovine MSCs derived from bone marrow and augmented with Compound

4 to bind to lesions in cartilage in vivo was evaluated in a chondral defect model.

[1254] Bone marrow aspirate was collected from fifteen healthy naive female sheep and
processed in vitro to attain a population of mesenchymal stem cells (MSCs) for each

sheep created by expansion of adherent cells. MSCs were frozen at passage 1 (P1).

[1255] Two circular partial thickness chondral defects were surgically created bilaterally in the
medial femoral condyle of each sheep, thereby creating four defects per sheep. Once the
medial femoral condyle was surgically exposed, two partial thickness circular defects
were created in the cartilage of the anterior aspect, separated by 2-3 mm. Each defect was
created by penetrating the cartilage with a 7mm diameter biopsy punch to delineate the
margins followed by removal of cartilage within the defect margin with a scalpel to a
depth of approximately 0.5mm - 0.8mm without penetrating the surface of the calcified
cartilage. Within the same animal, each defect received one of four experimental

treatments:
a. D1: Empty Control: defect left unfilled;

b. D2: Vehicle Control: cells incubated in PBS delivered to the defect;
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c. D3: 100 uM Compound 4 incubated in defect followed by delivery of cells to the

defect; and

d. D4: Cells were incubated with 10 uM Compound 4 for 30 min and together they

were delivered to defect.

[1256] Sheep were divided into three groups of 5 sheep. One group was sacrificed on day 1 after
surgery, the second group was sacrificed on day 7, and the third group was sacrificed on

day 14 after surgery.

[1257] The complete intact joint was harvested and transported to the laboratory. The joint was
exposed, and defects were scored macroscopically prior to separating out bone blocks
containing the defects with a band saw. Defects were further trimmed and individually
separated using a fine ISOMET® saw prior to fixation in 10% neutral buffered formalin.
Tissue was further trimmed for histological processing, fixed, and decalcified for at least

one week.

[1258] As each sample completed decalcification, it was transferred to 40% EtOH until all
samples were decalcified and the last sample had been in 40% EtOH for at least 24 hours.

[1259] Following decalcification, specimens were prepared for histology staining with safranin-

orange, fast green and haematoxylin-cosin.
Histological Assessment of Compound 4-Augmented Cell Retention

[1260] Histological slides were stained with Haematoxylin & Eosin and Safranin Orange for
evaluation of cell retention and the early stages of cartilage repair. Cell retention was

assessed using the following scoring system:

Description Score
No evidence of implant cells adhered to the surface 0
Evidence of implant cells adhered/retained within protected regions of the defect 1
(such as crevices)
Evidence of implant cells adhered to exposed surfaces of the cartilage defect 2
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[1261] The results of the assessment are presented in Table B9. The data indicate that

Compound 4 promotes MSC retention.

Table B9: Cell Retention by Treatment. (Average scores, n=5)

Day D1 D2 D3 D4
1 0 0 0.75 0.4
7 0 0.2 0.75 1.0
14 0 0.2 1.2 1.25

D1: Empty control: defect left unfilled; D2: Vehicle control: PBS plus cells delivered to
the defect; D3: 100 uM Compound 4 incubated defect followed by delivery of cells; D4:

Cells pre-incubated with 10 uM Compound 4 for 30 min, then delivered to defect.
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CLAIMS

1. A conjugate comprising a cationic dye moiety bound to one or more therapeutic
agents.

2. The conjugate of claim 1, wherein the one or more therapeutic agents independently
are selected from the group consisting of a small molecule, a nucleic acid, a protein, and a cell.

3. The conjugate of claim 1 or claim 2, wherein the cationic dye moiety is selected from
the group consisting of safranin-0O, toluidine blue, azure A, azure B, azure C, acridine orange,
acriflavine, and methylene blue.

4. The conjugate of any of claims 1-3, wherein the cationic dye moiety is present in a
cationic dye multimer comprising a first cationic dye moiety, a second cationic dye moiety, and a
first linker connecting the first and second cationic dye moieties.

5. The conjugate of claim 4, wherein the cationic dye multimer further comprises a
second linker and a third cationic dye moiety.

6. The conjugate of claim 5, wherein the cationic dye multimer further comprises a third
linker and a fourth cationic dye moiety.

7. The conjugate of any of claims 4-6, wherein the first and second cationic dye moieties
are different cationic dye moieties.

8. The conjugate of any of claims 4-6, wherein the first and second cationic dye moicties
are the same cationic dye moiety.

9. The conjugate of any of claims 4-8, wherein each cationic dye moiety is independently
selected from the group consisting of safranin-O, toluidine blue, azure A, azure B, azure C,
acridine orange, acriflavine, and methylene blue.

10. The conjugate of any of claims 4-9, wherein at least one cationic dye moicty is
safranin-O and the pendant phenyl ring of the safranin-O optionally is substituted with 1-3
substituents independently selected from —NH,, —NHR, —NR,, —OH, —O°, —NHCOCHj3,

—NHCOR, —OCH;, —OR, —C;Hs, —R,—C¢Hs, —NO,, —NR;", halo, trihalide, —CN,
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—SO:H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear or branched

alkyl.

11. A cationic dye multimer comprising a first cationic dye moiety, a second cationic dye
moiety, and a first linker connecting the first and second cationic dye moieties.

12. The cationic dye multimer of claim 11, further comprising a second linker and a third
cationic dye moiety.

13. The cationic dye multimer of claim 12, further comprising a third linker and a fourth
cationic dye moiety.

14. The cationic dye multimer of claim 11, wherein the first and second cationic dye
moieties are different cationic dye moieties.

15. The cationic dye multimer of claim 11, wherein the first and second cationic dye
moieties are the same cationic dye moiety.

16. The cationic dye multimer of any of claims 11-15, wherein each cationic dye moiety
is independently selected from the group consisting of safranin-O, toluidine blue, azure A, azure
B, azure C, acridine orange, acriflavine, and methylene blue.

17. The cationic dye multimer of any of claims 11-16, wherein at least one cationic dye
moiety is safranin-O and the pendant phenyl ring of the safranin-O optionally is substituted with
1-3 substituents independently selected from —NH,, —NHR, —NR,;, —OH, —O’,
—NHCOCH;, —NHCOR, —OCH3, —OR, —C;Hs, —R,—C¢Hs, —NO,, —NRs', halo,
trihalide, —CN, —SOz;H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear
or branched alkyl.

18. The cationic dye multimer of claim 11, wherein the first cationic dye moiety is azure

A and the second cationic dye multimer is safranin-O.
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19. The cationic dye multimer of any of claims 11-18, comprising a linker selected from

the group consisting of:

(@) , in which n is 1-6, n; is 1-4, and cach * is an attachment

site for a cationic dye moiety;

, in which n is 1-6, n; is 1-4, and * is an attachment site for

a cationic dye moiety;

, in which n is 1-6, n; is 1-4, and * is an attachment site

for a cationic dye moiety;

\N/ \N/
* n *
ny
(b)

attachment site for a cationic dye moiety;
5 *

nq

(b.1)
for a cationic dye moiety;
Ra. Ry

*

* n n,

(©)

R, and Ry, (1) R, and Ry, independently are H or CH3, or (2) R, and R,

, in which n 1s 0-6, n; is 1-4, and cach * is an

, in which n 1s 0-6, n; is 1-4, and * is an attachment site

, in which n is 0-6; n;is 1-4; for each independent instance of
O

4 M N
are * \’; or % ; , or (3) two of CR,R}, are /‘77’-/\}&, and each * is an

attachment site for a cationic dye moiety;
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(1) , in which n is 0-6; n;is 1-4; for each independent instance of R,

and Ry, (1) R, and Ry, independently are H or CH3 or (2) R, and Ry, are

o)

2%

JJ\ \ 4
SR , or (3) two of CR,R}, are }{\}5-, and * is an attachment
site for a cationic dye moiety;

Ra Ry
* n
(c.2)

ny

, in which n is 0-6; n;is 1-4; for each independent instance of
R, and Ry, (1) R, and Ry, independently are H or CH; or (2) R, and Ry, are

O
Mo %
SO or SR ; or (3) two of CR,4Ry, are }‘L/\}LL, and * is an attachment

site for a cationic dye moiety;

, where k is 2-10; for each independent instance of R, and Ry, R, and

O
M G
Ry, (1) independently are H or CHs, or (2) R, and R, are S or ¥ ,

N
or (3) two of CR,Ry, are }{\}L‘, and each * is an attachment site for a

cationic dye moiety;
H *
*'{' N\/‘&o/\}’ O\/\N]/
n H 1y
(e)

attachment site for a cationic dye moiety;

H *
»{N\/\%o/\%o\/\u]’
)

(e

, in which # 1s 0-6, n; is 1-4, and cach * is an

, in which n 1s 0-6, n; is 1-4, and * is an attachment

site for a cationic dye moiety;
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NH,
¥ +NH
oS
0O ny
(f)

site for a cationic dye moiety;

NH,
NH
ny *
o ny
(£.1)

NH,
* —NH
nq
0 ny
(f.2)

cationic dye moiety;

PCT/US2015/013334

, in which n; is 0-5, n; is 1-5 and cach * is an attachment

, in which n; is 0-5, n; is 1-5 and * is an attachment site for a

cationic dye moiety;

, in which n; is 0-5, n, is 1-5 and * is an attachment site for a

* ——Hn ! *
15
N~ “NH,
H
(9 , in which n; is 0-5, n; is 1-5 and each * is an attachment
site for a cationic dye moiety;
_ .
N - *
‘o
N~ “NH,
H
(9-1) , in which n; is 0-5, ny is 1-5 and * is an attachment site for a
cationic dye moiety;
_ .
% ——HN —
(h, NH
N” “NH,
(9-2) , in which n; is 0-5, n; is 1-5 and * is an attachment site for

a cationic dye moiety;
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@]
% —1—HN A%
fl1(
L NHy | Ny
(h) , in which n; is 0-5, n; is 1-5, and cach * is an attachment

site for a cationic dye moiety;

O
N A %
n1(
L NHy | Ny
(h.1) , in which n; is 0-5, n; is 1-5, and * is an attachment site for a

cationic dye moiety;

0O
% ——HN
n1(
L NHy | n,
(h.2) , in which n; is 0-5, n; is 1-5, and * is an attachment site for a

cationic dye moiety;

O
* HN *
H
N )”1
W
nz
(i)

attachment site for a cationic dye moiety;

(0]
HN *
H
N )”1
‘W
n2
@i.1)

site for a cationic dye moiety;

, in which n; and n; independently are 1-5 and each * is an

, in which n; and n; independently are 1-5 and * is an attachment
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(@]
* HN
H
N )'71
W
ns
(i.2)

site for a cationic dye moiety;

, in which n; and n; independently are 1-5 and * is an attachment

H,N
o)
H H *
*//N N rN\/\N/
H H
Ol 1,
NH,
1) , in which s, is 1-5 and each * is an attachment
site for a cationic dye moiety;
H,N
o]
H H
//N N rN\/\N/ *
H 1 H
)
NH,
4.1 , in which n; is 1-5 and * is an attachment site for a
cationic dye moiety;
H,N
o)
N N
*// N L \/\N/
H H
Ol p,
NH,

(-2) , in which n; is 1-5 and * is an attachment site for a

cationic dye moiety;
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(k) , in which /; and /; independently are 1-4, n is 1-4;
ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl, optionally
substituted with halo or C1-C6 linear or branched alkyl; for each
independent instance of Ry; and Rypi, Ry and Ry (1) independently are H

0O
or CHjs, or (2) Ra1 and Ry, independently are L or :L‘LJ:‘? ,or (3) two of
CRu1Ry are }{\}{, for each independent instance of Ry, and Ry2, Ry2

and Ry, (1) independently are H or CH3, or (2) R,z and Ry, independently

O
Mg 5L N
are “€ ¥ or X ¥ , or (3) two of CRRypy are }l/\}l, and cach * is an

attachment site for a cationic dye moiety;

RC1 Rd1 RCZ Rd2
Ra1 I Isz
Ryt R,>
n
() , in which I3, I, n, 03, and o,

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl, optionally substituted with halo or C1-C6 linear or branched

alkyl; for each independent instance of Ry; and Rp1, Ra1 and Ry (1)

independently are H or CHs, or (2) Rai and Ry, independently are S
O

or }L‘J\; , or (3) two of CR,1Ry,; are }1/\/‘1{, for each independent

instance of Ry2 and Ryz, Ry and Ry, (1) independently are H or CH3, or

O
M
(2) R,z and Ry,; independently are }’- *‘é or % f , or (3) two of CRy;Rp;
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\ L,
are }1/\}&, for each independent instance of R¢ and Rgi, Re and Ryg (1)

independently are H or CHs, or (2) R¢y and Rgy independently are S

O
A N
or ¥ , or (3) two of CR1 Ry are }’-/\}LL, for each independent

instance of Re; and Rqz, Rez and Rg; (1) independently are H or CH3, or

O
J
(2) R¢; and Ry, independently are ;1 *‘é or % 5{, or (3) two of CR;Rg,

are ; and each * is an attachment site for a cationic dye moiety;

Rei Ry Re2 Ryo
5 ~NH HN 02~ %
Ra1 ; IRb2
Ryy ! Ra22
n
(.1) , in which I7, I, n, 01, and 0

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl, optionally substituted with halo or C1-C6 linear or branched

alkyl; for each independent instance of Ry and Ryp1, Ra1 and Ry (1)

independently are H or CH3, or (2) Ra1 and Ry independently are S
O

or }L‘J\; , or (3) two of CRy1Ryp; are }LL/\/‘ZLZ, for each independent

instance of Ry and Ry, Ry2 and Ry, (1) independently are H or CH3, or

O
J
(2) R,z and Ry, independently are }’- *‘é or % f , or (3) two of CRy;Rp;

\ Cd
are }'7-/\;51, for each independent instance of R¢ and Rgi, Re and Ryg (1)

independently are H or CHs, or (2) R¢y and Rgy independently are S
O
or EHJL;, or (3) two of CR1Rg; are }1/\}{, for each independent
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instance of Rz and Raz, Re2 and Rqz (1) independently are H or CHs, or

O
J
(2) R¢; and Ry, independently are ;1 *‘é or % 5{, or (3) two of CR;Rg,

XE : . :
are }'1/\}1, and * 1s an attachment site for a cationic dye moiety;

RC1 Rd1 RCZ Rd2

Rat I Isz
Rpt Ra3
n
(1.2) , in which I, I, n, 01, and 0;

independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or
heterocyclyl, optionally substituted with halo or C1-C6 linear or branched

alkyl; for each independent instance of Ry and Ryp1, Ra1 and Ry (1)

independently are H or CHs, or (2) Ry and Ry independently are 2OF
O

or :HV-JL; , or (3) two of CRy1Ryp; are ;771/\/‘1&:, for each independent

instance of Ry and Ry, Ry2 and Ry, (1) independently are H or CH3, or

O
A
(2) R,z and Ry, independently are }’- *‘é or % f , or (3) two of CRy;Rp;
N
are }'7-/\;51, for each independent instance of R¢y and Rgi, Rep and Rdy

(1) independently are H or CHs, or (2) Ry and Rq; independently are

O
NSt N
SO or SR , or (3) two of CR Ry are :L‘L/\;s", for each independent

instance of Re; and Rqz, Rez and Rg; (1) independently are H or CH3, or

O
J
(2) R¢; and Ry, independently are ;1 *‘é or % 5{, or (3) two of CR;Rg,

N : - :
are }{\}1, and * is an attachment site for a cationic dye moiety;
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, in which # is 0-6, n; is 1-4, and cach * is an

attachment site for a cationic dye moiety;

, in which n 1s 0-6, n; is 1-4, and * is an

attachment site for a cationic dye moiety;

*
HN
O
N
N g \/\N/
H H
O n,
* |

() , iIn which n;is 1-5 and each * is an attachment site for

a cationic dye moiety;

*
/ —
HN
O
N
N ” \/\N/
H H
O n,
NH,

(n-1) , in which n; is 1-5 and * 1S an attachment site for a

cationic dye moiety;
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o _
O
P N A \/\N/
H H
O ,
NH
| | _
*
(n-2) , in which n; is 1-5 and * is an attachment site for a

cationic dye moiety;

___N —

ny

() , in which in which n; is 0-5, n; is 1-5, n3 is 0-5, and * is an

attachment site for a cationic dye moiety;

_ * _
O/\Mjns
O O
( ny |
—NH

ny

(p) , in which n; is 0-5, ny 18 1-5, n3 is 0-5, and * is an

attachment site for a cationic dye moiety;

_* _
|
© O
( Ny |
— NH |,
(@) , in which ny1s 0-5, n; is 1-5, and * is an attachment site for a

cationic dye moiety;
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o} n,

(r , in which n; is 0-5, nz is 1-5, n3 is 0-5, and * is an attachment

site for a cationic dye moiety; and

L —1 Ny

(s) , in which n; 1s 0-5, ny is 1-5, n3 is 0-5 and * is an
attachment site for a cationic dye moiety.

20. The cationic dye multimer of claim 11, which has formula (1):

(1)

wherein each of D1 and D2 is a cationic dye moiety, n is 1-6, and n; is 1-4.

21. The cationic dye multimer of claim 1, which has formula (2):
\N e \N/
n n
(2)

wherein each of D1 and D2 is a cationic dye moiety, n is 0-6, and n; is 1-4.

22. The cationic dye multimer of claim 11, which has formula (3):

(3) , wherein each of D1 and D2 is a cationic dye moiety; n

is 0-6, and n; is 1-4; and, for each independent instance of R, and Ry, (1) R, and Ry,
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0O

| 20 o
independently are H or CHj3, or (2) R, and Ry, are ™% ¢~ or "= ¢  or (3) two of CR,R,,

\ 4
arc }L"/\/le .

23. The cationic dye multimer of claim 11, which has formula (4):

) , wherein D1 and D2 each is a cationic dye moiety; & is 2-

10; and, for each independent instance of R, and Ry, (1) R, and Ry, independently are H or CHs,

O
A N
or (2) R, and Ry, are O or ¥ ,or (3) two of CR,R}, are }LL/\/‘S‘

24. The cationic dye multimer of claim 11, which has formula (4a):

Rs R4
(4a) , wherein k is 2-10; for each

independent instance of R, and Ry, (1) R, and Ry, independently are H or CH3, or (2) R, and Ry,

0]
;2 JL \ -
are X ¥ op ¥ . or (3) two of CR,Ry, are }L‘/\)", R1, Ry, R3, Ry, Rs, and R independently

are absent or independently are selected from —NH,, —NHR, —NR,;, —OH, —O’,
—NHCOCH;, —NHCOR, —OCH;, —OR, —C;Hs, —R,—C¢Hs, —NO,, —NR;, halo,
trihalide, —CN, —SO;H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear

or branched alkyl.
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25. The cationic dye multimer of claim 11, which has formula (5):

T A

® , wherein each of D1 and D2 is a

cationic dye moiety, n is 0-6, and n; is 1-4.

26. The cationic dye multimer of claim 11, which has formula (6):
NH
m 2D
(6)

n;is 0-5, and n; is 1-5.

, wherein each of D1 and D2 is a cationic dye moiety,

27. The cationic dye multimer of claim 11, which has formula (7):

o
G St
( ny NH
N NH
H 2
L dm
(7) , wherein each of D1 and D2 is a cationic dye moiety,

n;is 0-5, and n; is 1-5.

28. The cationic dye multimer of claim 11, which has formula (8):

O
Cot D>
(3
L NHp | ™
(8) , wherein each of D1 and D2 is a cationic dye moiety, n;

is 0-5, and n, 1s 1-5.
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29. The cationic dye multimer of claim 11, which has formula (9):

0O
N )n1
\W
(9) 2

and n; independently are 1-5.

, wherein each of D1 and D2 is a cationic dye moiety and n;

30. The cationic dye multimer of claim 11, which has formula (10):

H,N
0
2 D W
H
Q n
NH,

(10) , wherein each of D1 and D2 is a
cationic dye moiety and n is 1-6.
31. The cationic dye multimer of claim 11, which has formula (10a):

H>N

NH,

(10a)
wherein n is 1-6; Ry, Ry, Ri, Ry, Rs, and Rg independently are absent or independently are
selected from —NH,, —NHR, —NR,, —OH, —O, —NHCOCH;, —NHCOR, —OCHs;,
—OR, —C,Hs, —R,—CgHs, —NO,, —NR3', halo, trihalide, —CN, —SOs;H, —COOH,

—COOR, —CHO, and —COR, wherein R is C1-C6 linear or branched alkyl.
449



WO 2015/116707 PCT/US2015/013334

32. The cationic dye multimer of claim 11, which has formula (11):

(11) , wherein each of D1 and D2 is a cationic dye moiety; /; and
L, independently are 1-4; n is 1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl,

optionally substituted with halo or C1-C6 linear or branched alkyl; for each independent instance

of Ry and Ry, Ry and Ry (1) independently are H or CHjs, or (2) Ry and Ry are SO or

0]
JL \ Cd
S , or (3) two of CRy Ry, are }(:\}7-, and, for each independent instance of R,; and Ry,

0O
R,z and Ry; (1) independently are H or CH3, or (2) R,z and Ry, are S or £ , or (3) two of

\ ’
CRaszz arc }{\/‘HL .

33. The cationic dye multimer of claim 11, which has formula (11a):

H-C N\ CHs; H5C /N CHs;
| . |
HoN N* NH HN N* NH,
R R 5
AN

b2R

. //D2 Ra::{ I R I2 EJ\ R
1 \/\ b1 n a2 /\/ 6
R3 R4

(11a)

, wherein /7 and 1,
independently are 1-4; n is 1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl, optionally
substituted with halo or C1-C6 linear or branched alkyl; for each independent instance of Ryq and

O
- 0
Ryp1, Ry1 and Ry (1) independently are H or CH3, or (2) Ry and Ry, are ~ Tor 7+ ¢, or(3)

\ Cd
two of CR,1Ryp; are }7-/\}1, for each independent instance of Ry; and Rpz, Ra2 and Ry, (1)

o)

| 2% o X
independently are H or CHs, or (2) Ra2 and Ry are “* <~ or “¢ <7, or (3) two of CR,2Ry,; are
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2N : .
; R1, Ry, Rs, Ry, Rs, and Rg independently are absent or independently are selected from
—NH;, —NHR, —NR;, —OH, —O", —NHCOCH;, —NHCOR, —OCH3;, —OR, —C,Hs5,
—R,—C¢Hs, —NO,, —NR;', halo, trihalide, —CN, —SOs;H, —COOH, —COOR, —CHO, and
—COR, wherein R is C1-C6 linear or branched alkyl.

34. The cationic dye multimer of claim 11, which has formula (12):

RC1 Rd1 RCZ Rd2
1 2
Ra1 I IRb2
Rb1 ! n Razz

(12)
wherein each of D1 and D2 is a cationic dye moiety; [;, L5, n, 0;, and 0, independently are
1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl, optionally substituted with
halo or C1-C6 linear or branched alkyl; for each independent instance of R,y and Rp;, Ryg

O
| 508 o 2
and Ry; (1) independently are H or CHs, or (2) Ry and Rpg are “* ¢~ or 7+ ¢, or (3) two

N
of CR,y1Ry; are }LL/\)"-, for each independent instance of Ry, and Ry2, Raz and Ry (1)

O
- 32 o X
independently are H or CHj3, or (2) R,y and Ry, are “= ¢~ or = ¢, or (3) two of

\ Cd
CRa2Ry; are "1{\}&, for each independent instance of Rg and Rgi, Rer and Rqp (1)

O
- - R0 o
independently are H or CHs, or (2) Rer and Rgp independently are “+ ¢~ or “* <, or (3)

\ 4
two of CR¢1Rq; are }1/\}&, for each independent instance of R¢z and Rgz, Re2 and Rga

0]
.
(1) independently are H or CHs, or (2) Rz and Ry, independently are * ; or % f‘ , Or

\ .
(3) two of CR;Ry; are j”-/\}t‘
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35. The cationic dye multimer of claim 11, which has formula (12a):

HsC N CHs, HsC N CHs
7 N
HoN N* /M(TNH N5 N* NH,

N 02N
RZ /ij " R R " R5|\J\
177 al b2 [ _R
\,\ R l4 R I2 /\/ 6
Rj n a2 R4
(12a)

wherein I3, I, n, 01, and 0, independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl,
or heterocyclyl; for each independent instance of Ry; and Rpi, Rag and Ry (1)

O
- 50 o X
independently are H or CH3, or (2) Ry and Ry are “* ¢~ or "= <7, or (3) two of

\ Cd
CR,1Ry are }'7—/\/‘77’-, for each independent instance of R,z and Ry, R,z and Ry, (1)

O
| 32 o 3
independently are H or CH3, or (2) Ryz and Ry are “+ ¢~ or = <7, or (3) two of

\ -
CRa2Ry; are }{\}L‘, for each independent instance of Rg and Rgi, Rer and Rqp (1)

O
. - S0 o B
independently are H or CHs, or (2) R¢; and Rgp independently are “*= ¢~ or “* <, or (3)

N4
two of CR¢1Rq; are }{\}1, for each independent instance of R¢z and Rgz, Re2 and Rga

O
A
(1) independently are H or CH3, or (2) R¢2 and Rq; independently are O or S , Or

(3) two of CR2Rg; are }1/\}{, Ry, Rz, R3, Ry, Rs, and Rg independently are absent or
independently are selected from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH3;,
—NHCOR, —OCH3;, —OR, —C,Hs, —R,—C¢Hs, —NO,, —NR3;, halo, trihalide,
—CN, —SO;H, —COOH, —COOR, —CHO, and —COR, wherein R is C1-C6 linear or

branched alkyl.
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36. The cationic dye multimer of claim 11, which has formula (12b):

RC1 Rd1 RCZ Rd2
NH HN/Mo\
; 2
Ra1 I IRb2
Rot '’ Raz
n
(12b) , in which each of D1 and D2

is a cationic dye moiety; /5, I, n, independently are 1-4; 0;, and 02 independently are 1-8;

ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl; for each independent instance of

R,1 and Ry, Ry and Ry (1) independently are H or CHs, or (2) Ry and Ry are * f‘ or
O

JL \ td
S , or (3) two of CR, Ry are }LL/\;%‘, for each independent instance of R,z and Ry,

O
| 04 o
R,z and Ry, (1) independently are H or CHj3, or (2) R,z and Ry, are ~ Tor 7t ¢, or(3)

\ Cd
two of CRy:Ry; are ’i{\}’-, for each independent instance of R¢; and Rai, Rer and Ry

O
A
(1) independently are H or CH3, or (2) Ry and Ry are S or ¥ , or (3) two of

\ Cd
CR i Ra1 are ;71/\)9-, for each independent instance of Re; and Raz, Re2 and Rax (1)

O
| 32 o ¥
independently are H or CHj3, or (2) Rz and Rgz are "% ¢~ or "= <7, or (3) two of CRRa2

Y
are ;777-/\/‘5'- .

37. The cationic dye multimer of claim 11, which has formula (13):

GO~ Ay

(13) 7

, wherein each of D1 and D2 is a

cationic dye moiety and # is 0-6, and n; is 1-4.
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38. The cationic dye multimer of claim 11, which has formula (14):

H

(14) , in which each of D1, D2,
and D3 is a cationic dye moiety, n is 0-6, n; is 1-4, nb is 0-6, and np; is 0-6.
39. The cationic dye multimer of claim 11, which has formula (15):
\N - \N/ \N/ \N/
(15) , wherein cach of D1, D2,
and D3 is a cationic dye moicty, » and nb independently are 0-6, and n; and np; independently

are 1-4.

40. The cationic dye multimer of claim 11, which has formula (16):

(16) , wherein each of D1, D2, and D3 is a
cationic dye moiety; n and nb independently are 0-6; n; and n; independently are 1-4; for each

independent instance of Ry1 and Ry, Ra1 and Ry (1) independently are H or CH3, or (2) Rap and

O
N A N
Ry are SO or ¥ , or (3) two of CRy1Ry; are }{\}1, and, for each independent instance

of Ry2 and Ry, Ry and Ry (1) independently are H or CHs, or (2) Raz and Ry, are SO or

O
by N
% 9}{, or (3) two of CR,2Ry,; are /‘25-/\}&
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41. The cationic dye multimer of claim 11, which has formula (17):

(17) , wherein each of D1, D2, and

D3 is a cationic dye moiety; k; is 2-10; k; is 2-10; for each independent instance of R,y and Ry,

0O
| R o ¥
R.1 and Ry (1) independently are H or CHs, or (2) Ry; and Rpq are “* ¢~ or “+ ¢, or (3) two of

\ td
CR,1Ry; are }'1/\/‘177-, and, for each independent instance of R, and Rpz, Ry and Ry (1)

O
| G o
independently are H or CHj3, or (2) R,; and Ry, are ~ “or 7t ¢, or (3) two of CRy,;Ry,; are

NY

42. The cationic dye multimer of claim 11, which has formula (18):

H H /\},O
N\/\%o/\%o\/\u‘/.%o \/\fo ”b\/\u neb
(18) , wherein ecach of D1, D2,
and D3 is a cationic dye moicty, » and nb independently are 0-6, and n; and np; independently

are 1-4.

43. The cationic dye multimer of claim 11, which has formula (19):

NH,
O In nby @
0 nbo

(19)

, wherein cach of DI,
D2, and D3 is a cationic dye moiety, n; and m,; independently are 0-5, and n, and ny;

independently are 1-5.
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44. The cationic dye multimer of claim 11, which has formula (20):

o) b0
L
., NH ( o, NH
NJ\NHZ NJ\NHz
H | | H b,

ny

(20)

, wherein each of D1

and D2 is a cationic dye moiety, n; and np; independently are 0-5 and n; and nb; independently

are 1-5.

45. The cationic dye multimer of claim 11, which has formula (21):

no

(21)

nb2

, wherein each of D1, D2, and D3 is a

cationic dye moiety, #; and n;; independently are 0-5 and n; and nb; independently are 1-5.

46. The cationic dye multimer of claim 11, which has formula (22):

o

HN

Ceox
Ch

HN

QN

(22)

0]
I 08 D
)I711nb1
\

, wherein cach of D1, D2, and D3 is a

cationic dye moiety, ny, ny, n;;, and nb; independently are 1-5.
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47. The cationic dye multimer of claim 11, which has formula (23):

(23)
, wherein ecach of D1, D2,

and D3 is a cationic dye moiety and # and nb independently are 1-6.

48. The cationic dye multimer of claim 11, which has formula (24):

(24) , wherein m is 2; each of D1, a first D2, and a second
D2 is a cationic dye moiety; /; and I independently are 1-4; ring A is aryl, heteroaryl,
cycloalkyl, or heterocyclyl, optionally substituted with halo or C1-C6 linear or branched alkyl;

for each independent instance of Ra; and Ry, Rai and Ry (1) independently are H or CH3, or (2)

O
M S
R,1 and Ry, are * éss or % *’f , or (3) two of CR,1Ry; are }{\}L‘, and, for each independent

instance of R,z and Ry, Raz and Ry (1) independently are H or CHs, or (2) Raz and Ry, are

o)

jiyﬁ‘ or BLJ\; , or (3) two of CR,2Ry,; are }{\}’:
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49. The cationic dye multimer of claim 11, which has formula (24a):

HSC:C:[N\ji:[CHS HSC:CINQCHS
H>N N* NH N* NH,

HN
R
N R4 I f\R m
1k\/‘v\ b1 n Raz2 /\//\’J 8

Ry Rj Ry Rs

(24a) , wherein m is 2; I; and 1,
independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl, or heterocyclyl, optionally

substituted with halo or C1-C6 linear or branched alkyl; for each independent instance of Ryq and

)

| 32 o 3
Ry1, Ra1 and Ry (1) independently are H or CHs, or (2) Ry and Ry are ™+ ¢~ or 7= ¢, or (3)

\ 4
two of CR,1Ry; are }7-/\}5-, for cach independent instance of R,z and Ry, Raz and Ry, (1)

0]
independently are H or CHs, or (2) R,; and Ry, are 3”- 5{ or % f‘f , or (3) two of CR,;Ry,; are
\ .
"771/\)9-; Ri, Rz, R3, Ry, Rs, and Rg independently are absent or independently are selected from
—NH,, —NHR, —NR;,, —OH, —O", —NHCOCH;, —NHCOR, —OCH;, —OR, —C,Hs,
—R, —C¢Hs, —NO,, —NR;", halo, trihalide, —CN, —SOs;H, —COOH, —COOR, —CHO,
and —COR; and R is C1-C6 linear or branched alkyl.

50. The cationic dye multimer of claim 11, which has formula (25):

Re1 Ra Re2 Rd2
Cor > ot N e~ o2 D
Ras I 4}-\—{'/&2 m
Rb'] ! B Razz
n
(29) , wherein m is 2; cach of D1, a

first D2, and a second D2 is a cationic dye moiety; /;, 2, n, 01, and o0, independently are 1-4; ring
A is aryl, heteroaryl, cycloalkyl, or heterocyclyl, optionally substituted with halo or C1-C6 linear
or branched alkyl; for each independent instance of Ra1 and Ry, Rai and Ry (1) independently
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O

JL \ 4
are H or CHj3, or (2) Ry and Ry, are * f‘é or % \’; , or (3) two of CR,; Ry are }{\/H‘, for each
independent instance of R, and Rp;, R,z and Ry, (1) independently are H or CHs, or (2) R, and

O
z J\ A
Ry, are S or ¥ ,or (3) two of CRy2Ry; are }{\;LLL, for each independent instance of Req

and Rgi, R and Rgp (1) independently are H or CHs, or (2) Re; and Rgy independently are S

O
JJ\ \ L
or ¥ , or (3) two of CR1 Ry are }7-/\}&, for each independent instance of Rz and Rz, Rez

O
- - S0 o
and Ry, (1) independently are H or CH3, or (2) Re; and Rg; independently are “+ ¢~ or 7+ <, or

\ 4
(3) two of CR2Rg; are }'1/\}1

51. The cationic dye multimer of claim 11, which has formula (25a):

HsC N CH; HsC N CHs

e, |, X

H2N N+ N/Mo,’\NH HN 02N N+ NH2
/L/Rz H H R\Q\

Ri— J Ra1 Rp2 E

\,\ l1 - I2

R3 n a2 R 4

(25a)

wherein m is 2; I3, I3, n, 0;, and 02 independently are 1-4; ring A is aryl, heteroaryl, cycloalkyl,
or heterocyclyl, optionally substituted with halo or C1-C6 linear or branched alkyl; for each
independent instance of Ryp and Ry, Ra1 and Ry (1) independently are H or CHs, or (2) Ry and

O
Mo G N
Ry are SO or ¥ ,or (3) two of CR,1Ry,; are }{\}L‘, for each independent instance of Ry,

0]
| e oy
and Ry, Ry and Ry; (1) independently are H or CH3, or (2) R, and Ry are “= ¢~ or “+ ¢, or

\ ”
(3) two of CR2Ry; are }1/\}5-, for each independent instance of R¢; and Rgp, Rep and Ry; (1)

o)

- - S0 o B
independently are H or CHs, or (2) R¢; and Rgp independently are “= ¢~ or “* <, or (3) two of
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CRc1Rq; are ; for each independent instance of Re; and Rgz, Re2 and Rq; (1)
O

- - 20 o ¥
independently are H or CHs, or (2) Re; and Rg; independently are “* ¢~ or "> <, or (3) two of

CRuRy; are }LL/\}{, Ry, Ry, R;, Ry, Rs, and Rg independently are absent or independently are
selected from —NH,, —NHR, —NR,, —OH, —O", —NHCOCH;, —NHCOR, —OCH;,
—OR, —C,Hs, —R, —C¢Hs, —NO,, —NRy', halo, trihalide, —CN, —SO;H, —COOH,
—COOR, —CHO, and —COR; and R is C1-C6 linear or branched alkyl.

52. The cationic dye multimer of claim 11, which has formula (26), (27), (28), (29), (30),

(31), or (32):

H,N
(0]
H H - -
7 N N 'N\/\N/
H H
L (0]
/
HN
L
O NH
. . y "
‘/N N ’N\/\N/
H H
© )nx
ny A
- — N T
| NH, |V L O _l ny
(26) (27) (28)
I_/
O/
O @]
( m bl
T NH_ ny
(29)
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L L
(I) H\H/NH g
0 ( Y7x NH 0
( nx L ( nx I
———NH_|ny L o 4, T = Ny
(30) (31) (32) , wherein D is a cationic dye

moiety, nx is 0-5, ny is 1-5, and L is absent or L is a linker selected from linker (a.1), linker
(a.2), linker (b.1), linker (c.1), linker (c.2), linker (d), linker (e.1), linker (f.1), linker (f.2), linker
(g.1), linker (g.2), linker (h.1), linker (h.2), linker (i.1), linker (i.2), linker (j.1), linker (j.2), linker
(k), linker (1.1), linker (1.2), is linker (m.1), linker (n.1), linker (n.2), linker (o), linker (p), linker
(q), linker (r), and linker (s).

53. The cationic dye multimer of claim 11, which has formula (33):

‘ g
'.' NH
NH

g

NH

O
L o) NH,
NH o NH
o NH
NH
NH,
(33) , wherein each of D1, D2, D3, and D4 is a cationic dye

moiety and L is absent or L is a linker selected from linker (a.1), linker (a.2), linker (b.1), linker
(c.1), linker (c.2), linker (d), linker (e.1), linker (f.1), linker (f.2), linker (g.1), linker (g.2), linker

(h.1), linker (h.2), linker (i.1), linker (i.2), linker (j.1), linker (j.2), linker (k), linker (L.1), linker
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(1.2), is linker (m.1), linker (n.1), linker (n.2), linker (0), linker (p), linker (q), linker (r), and

linker (s).

54. The cationic dye multimer of claim 11, which has formula (34):

2L
HN

(34) , wherein each of D1, D2, and D3 is a
cationic dye moiety and L is absent or L is a linker selected from linker (a.1), linker (a.2), linker
(b.1), linker (c.1), linker (c.2), linker (d), linker (e.1), linker (f.1), linker (f.2), linker (g.1), linker
(g.2), linker (h.1), linker (h.2), linker (i.1), linker (i.2), linker (j.1), linker (j.2), linker (k), linker
(1.1), linker (1.2), is linker (m.1), linker (n.1), linker (n.2), linker (o), linker (p), linker (q), linker
(1), and linker (s).

55. The cationic dye multimer of claim 11, which is

N
cl
HoN NS NSNS N NH,
cl H ~
N

56. A pharmaceutical composition comprising a conjugate of any of claims 1-10 or a
cationic dye multimer of any of claims 11-55.

57. A population of repair cells to which are bound one or more cationic dye multimers
of any of claims 11-55.

58. The population of claim 57, wherein the repair cells are mesenchymal stem cells
(MSCs).
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59. The population of claim 57, wherein the repair cells are chondrocytes.

60. The population of any of claims 57-59, wherein the repair cells are in an aqueous
suspension.

61. The population of any of claims 57-59, wherein the repair cells are in a sheet.

62. A method of repairing an injured joint, comprising depositing in the injured joint the
population of any of claims 57-61.

63. The method of any of claims 62, further comprising visualizing the population by
means of detecting the cationic dye multimer.

64. A method of repairing an injured joint, comprising depositing in the injured joint a
population of repair cells, wherein cartilage at the articular injury site comprises a cationic dye
multimer of any of claims 11-55.

65. The method of claim 64, further comprising visualizing the articular injury site by
means of detecting the cationic dye multimer.

66. The method of any of claims 62-65, wherein the repair cells are MSCs.

67. The method of any of claims 62-65, wherein the repair cells are chondrocytes.

68. The method of any of claims 62-67, wherein the repair cells are in an aqueous
suspension.

69. The method of any of claims 62-67, wherein the repair cells are in a sheet.

70. The method of any of claims 62-69, further comprising incubating the population of
repair cells with a differentiation medium prior to depositing the population in the injured joint.
71. The method of claim 70, wherein the repair cells are MSCs and wherein the

differentiation medium comprises TGFp.

72. A cationic dye which comprises a linker.

73. The cationic dye of claim 72, wherein the cationic dye is selected from the group
consisting of safranin-O, toluidine blue, azure A, azure B, azure C, acridine orange, acriflavine,

and methylene blue.
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74. The cationic dye of claim 72 or 73, wherein the linker is selected from the group

consisting of linkers (a), (a.1), (a.2), (b), (b.1), (¢), (c.1), (¢.2), (d), (e), (e.1), (), (f.1), (£2), (g),

(2.1, (g.2), (), (h.1), (h.2), (©), (1.1), (1.2), (), (-1), (.2), (&), (D), (L.1), (1.2), (m), (m. 1), (n), (n.1),

(n.2), (0), (p), (q), (1), and (s), as defined in claim 19.

464



