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SACCHARIDE ANALOGS AND AGENTS FOR THE DIAGNOSIS AND
THERAPY OF BACTERIAL INFECTIONS
CROSS REFRENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Provisional Applications
62/052,548S, filed on Scptember 19, 2014, and 62/068,984, filed on October 27, 2014, the
contents of which are hereby incorporated in their entirety.

BACKGROUND

The diagnosis and therapy of bacterial infections remains a ceotral challenge
medicine. Infections are currently diagnosed by using blood cultures or tissuce biopsy;
however, these methods can only detect late stage infections that are challenging to freat,
and alse cannot detect bacterial drug resistance. A major Himitation preventing the effective
treatment of bacterial infection 1s an mability to fmage infoctions i vivo with accuracy and
sensitivity. Consequently, bacterial infections can be diagnosed only after they have
becore systematic or have caused significant anatornical tissue darmage, a stage at which
they are challenging to treat owing to the high bacterial burden. Although countrast agents
have been developed to tmage bacteria, their chinical impact has been minimal because they
are unable to detect small nurabers of bacteria in vivo and cannot distinguish infections
from other pathologics such as cancer and inflammation. There is a need for the
development of contrast agents that can image small numbers of bacteria accurately i vivo.

Bacteria can utilize glycogen, starch, and aniylose as carbon sources. Prior to
transport through the cell vaembrane, these polysaccharides are hydrolyzed by the
extracellular g~amylase into smaller maltodextrins, maltose and tsomaltose. The maltose
ABC importer {type 1) of Escherichia coli cnables the bacteria to feed on maltose and
maltodextrins (Bordignon et al., Mol Microbiol,, 2016, 77(6):1354-1366). Although,
maltohexaose contrast agents have been developed to image bacteria, they are hydrolyzed
by the serum amylase. There is a great need for the development of more stable targeting
agents that can diagnose and treat the bacterial infections.

Murthy et al. report oligosaccharides conjugates for targeting bacteria. See
WO/2012/097223.

Hindsgaul reports the preparation of thio galactosides as toxin inhibitor bactericides,
virucides, and fungicides. US Patent 5,932,554

Zeng et al. veport a process for selective reruoval of saccharide thioacetyl protective

group. UN Patent 103554105,
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Gottschaldt et al. report the synthesis of sugar-substituted polypyridine metal
complexes and their use as diagnostic, visualization, or therapeutic agents in the treatment
of discase. DE Patent 102007032799,

References cited herein are not an admission of prior art.

SUMMARY

This disclosure relates saccharide analogs such as thiomaltose-based analogs for
targeting bacteria and related uses. In certain embodiments, the disclosure relates to
methods of transferring a molecule of interest into bacteria comprising mixing bacteria with
a non-naturally occurring conjugate, wherein the conjugate coraprises a thiomaltose-based
analog and a molecule of interest under conditions such that the conjugate is transported
across the bacterial cell wall, In certain embodiments, the molecule of interest can be a
tracer or an antibiotic.

In certain cmbodiments, the disclosure relates to a compostiion comprising a tracer
molecule conjugated to thiol bridging saccharides. In certain embodiments the tracer
melecule 18 a posttron-cnutting radionuclide. In certain embodiments, the positron-emitting
radionuchide 1s selected from carbon-11, vitrogen-13, oxygen-15, fluorine-18, rubidium-82,
and strontium-82. In certain embodiments the tracer is a fluorescent molecule. In certain
embodiments, the fluorescent molecule s a fluorescent dye. Tn certain erobodiments, the
thiol bridging saccharide is thiomaltose-perylene.

With regard to any of the conjugates disclosed berein, the saccharides can be a
polysaccharide of greater than 2, 3, 4, 5, or 6 sugar oligomers bridged by one or more thiol
linkages which arc typically isolated or substantially purified. In some embodiments, the
polysaccharide comprises glucose oligomers, e.g., maltohexaose, a polysaccharide with 6
glucose oligorers. Typically, the glucose oligomers are linked by a thiol bridging alpha
1-»4,1.¢., 1 t0 4, covalent bond. In certain embodiments, the disclosure contemplates
thiomaltose-based analog of glucose oligomers and/or 2-deoxyglucose oligomers wherein
one ot more of the glucose monomers are substituted with a posttron-emitting radionuclide

In certain embodiments, any of the compounds or saccharide analogs disclosed
herein or derivatives can be optionally substituted with one or more, the same or different,
substituents.

in certain embodiments, the disclosure relates to an antibiotic conjugated to a

saccharide analog disclosed herein. In certain embodiments, the antibiotic is selected from

[
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the group comprising suifonamides, carbapenems, peniciiling, diaminopyrimidines,
quinolones, beta-lactam antibiotics, cephalosporins, tetracyclines, notribenzenes,
aminoglycosides, macrohide antibiotics, polypeptide antibiotics, nitrofurans,
nitroimidazoles, nicotinin acids, polyene antibistics, imidazoles, ghycopeptides, cyclic
lipopeptides, glycyleychines, and oxazolidinones. In certain ersbodiments, the antibiotic is
selected from dapsoune, paraaminosalicyclic, sulfanilamide, sulfamethizole,
sulfamethoxazole, sulfapyridine, trimethoprim, pyrimethamine, nalidixic acid, norfloxacin,
ciproflaxin, cinoxacin, enoxacin, gatifloxacin, germfloxacin, grepatioxacin, levofloxacin,
iomefloxacin, moxifloxacin, ofloxacin, pefloxacin, sparfloxacin, trovatloxacin, amoxicillin,
ampiciilin, azlocitlin, carbenicillin, cloxacillin, dicloxacillin, flucloxacillin, hetaciliin,
oxacillin, mezlocillin, penicillin G, pentcillin V, piperacillin, cefacetrile, cefadroxil,
cefalexin, cefaloglycin, cefalonium, cefaloridin, cefalotin, cefapirin, cefatrizine, cefazaflur,
cefazedone, cefazolin, cefradine, cefroxadineg, ceftezole, cefaclor, cefonicid, ceforanide,
cefprozil, cefuroxime, cefuzonam, cefinctazole, cefoteta, cefoxiting cefeapene, cefdaloxime,
cefdinir, cefditoren, cefetamet, cefixime, cefmenoxime, cefodizime, cefoperazone,
cefotaxime, cefotiam, cefpimizole, cefpiramide, cefpodoxime, cefteram, ceftibuten,
ceftiofur, ceftiolen, ceftizoxime, ceftriaxone, cefoperazone, ceftazidime, cefepime,
moxolactam, imipenem, ertapenem, meropenerm, azirconam, oxytetracycline,
chlortetracycline, clomocyclive, demeclocycline, tetracycline, doxycycline, lyrecychue,
meclocychine, methacycline, minocycling, rolitetracycline, chloramaphenicol, amikacin,
gentarnicin, framycetin, kanamycio, neomicin, neomycin, netilmicin, streptomycin,
tobramycin, azithromycin, clarithromycin, divithromyein, erythromycin, roxithromycin,
telithromycin, polyrayxin-B, colistin, bacitracin, tyrothricin, notrifurantoin, furazolidone,
metronidarole, tinidazole, isoniazid, pyrazinamide, cthionamide, nystatin, amphotericin-B,
hamycin, miconazole, clotrimazole, ketoconazole, fluconazole, rifampacin, Hincomycin,
clindamyein, spectinomycin, chloramphenicol, clindamycin, colistin, fosfomycin,
ioracarbef, nitrofurantoin, procain, spectinomycin, tinidarole, ramoplanin, teicoplanin, and
VancomyCin.

In certain embodiments, the disclosure relates to a method of transferring a molecule
of mterest into bacteria comprising mixing bacteria with a non-naturally occurring
conjugate under conditions such that the conjugate is transported across the bacterial cell
wall wherein the conjugate corprises a saccharide analog and a molecule of intercst.

in certain embodiments, the disclosure relates to an imaging method comprising a)

administering 4 tracer molecule conjugated to a saccharide analog to a subject; and b}

L3
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scanning the subject for a physical property of the tracer molecule. In certain ernboditaents
the imaging method further coraprises the step of detecting the physical property of the
tracer molecule and creating an tmage highlighting the location of the tracer molecule i the
subject.

In certain cmbodiments, the disclosure relates to a method of treating or preventing a
bacterial infection comprising administering an effective amount of an 1solated conjugate o
a subiect in need thereof wherein the isolated conjugate compriscs an antibiotic and a
saccharide analog. o certain exobodiments the isolated conjugate 15 admmnistered n

combination with another antibiotic.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates saccharide analogs, ¢.g., thiomaltose-based analogs designed to
image bacterial infections. Left side: illustrates bacteria internalized PET contrast agent (1)
with an '*F derivatized maltodextrin probe (MDP) (1} through the maliodexirin transporter
(2). ¥F-thiomaltose is designed to image bacteria in vive by targeting the maltodextrin
transport pathway. '°F-thiomaltose is internalized by bacteria. Maltodexirin transporters
are not present in marnmalian cells and "*F-thiomaltose-based analogs therefore have high
specificity for bacteria over mammalian cells. Right side: illustrates imaging bacterial
infections in implanted device due to robust accumulation of '*F- MDPs, Systemic
injection {(4) of *F-MDPs can be used to image bacterial implant infections and generate an
imaging agent that can diagnose early stage bacterial implant infections at the site of
implant (3}.

Figure 2 Synthesis of thiomaltose-perylene: a) NaOCHs, MeOH, 55%. b) THO,
DUM-Pyridine, 63%. ¢) TEA, DMF, 38%. d) NaOCH:z, MeOH, 83%. ¢) Pyridine, Ac2(3,
78%. f) NHoNH2. HOAc, DMF, §1%. ¢} Trichloroacetonitrile, DBU, DCM, 97%. h)
Azidopropanol, TMSOTE, DCM, 63%. 13 1. alkyne-perylene, Cul, DIPEA, DMF; 2. LiOH,
MeQOH, HZO, 65% in two steps

Figure 3 Synthesis of SF-thiomaltose: 2) 2, Cul, BIPEA, DMF. b} 1. KUF, CH:CN,
110°C; 2. NaOH, HO.

Figure 4 schematically Ulustrates the retrosynthesis of thiomaltose.

Figure 5 schematically iHhustrates the synthesis of the glucose building block.

Figure 6 schematically iHustrates the synthesis of the galactose building block.

Figure 7 schematically iHustrates the synthesis of the galactose building block.

Figure 8 schematically iHustrates the synthesis of the galactose building block.
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Figure 9 schematically iHustrates glycosylation.

Figure 10 schematically illustrates the synthesis of perylene-thiomaltose.

Figure 11 shows uptake of thiomaltose-perylence in Mitb cells. Thiomaltose-perylene
{50 uM), and uptake was measured using a plate reader (fluorescence intensity at 410/480).

Figure 12 shows a table of uptake of thiomaltose-perylene in Salmonella and
pseudomonas cells.

Figure 13 shows uptake studies in bacterial and mammalian celis. Bacteria (E coli}
and macrophages were incubated with thiomaltose-perylene (20 uM) for 2 hours. Celis
were washed 3 times with PBS. Cells were lysed using they lysis buffer. The fluorescence
intenstty from bacteria and mamralian cells was measured by plate reader at 410/480 and
the background of lysis buffer was subtracted. The protein content was analyzed by BCA
assay. The uptake of thiomaltose-perylene in bacteria was 98 fold higher than in
macrophages.

Figure 14 shows data indicating that thiomaltose 1s resistant to maltase hydrolysis.
Maltose is hydrolyzed completely in 3 hours, whereas thiomaltose is less than 1%
hydrolyzed.

Figure 15 illustrates certain embodioents of the disclosure.

Figure 16 illustrates certain embodiments of the disclosure.

Figure 17 illustrates certain embodiments of the disclosure.

Figure 18 ilhustrates certain embodiments of the disclosure.

Figure 19 shows data indicating that the thiomaltose-radezolid inhibits bacterial
growth. E. Colt were grown in a 96 well plate, starting at an G, of 0.05. Thiomaltose —
radezolid was added to the bacteria, and the bacteria were shaken at 37C between 1-24
hours. The .. of the bacteria was then measured and normalized to untreated bacteria
1Cso at 24 hours 1s approximately 0.5 nmicromolar.

Figure 20 illustrates certain embodiments of the disclosure.

Figure 21 illustrates certain embodiments of the disclosure.

Figure 22 illustrates certain embodiments of the disclosure.

Figure 23 shows data indicating TM-R can effectively kill P. aeruginosa. TM-R and
free radezolid were incubated with P. acruginosa for 24 hours. OD600 were used to
determine the bacteria growth.

Figure 24 illustrates certain embodiments of the disclosure.

Figure 25 ilhustrates certain embodiments of the disclosure.
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DETAILED DESCRIPTION

Before the present disclosure is described in greater detatl, it is to be understood that
this disclosure 18 not limited to particular embodiments described, and as such can, of
course, vary. it is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and 1s not intended to be limiting, since the
scope of the present disclosure will be Himited only by the appended claims.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skl in the art to which this
disclosure belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described.

All publications and patents cited in this specification are herein incorporated by
reference as if cach individual publication or patent were specifically and individually
indicated to be mcorporated by refercnce and are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited. The citation of any publication 1s for its disclosure prior to the filing
date and should not be construed as an advussion that the present disclosure 1s not entitled
to antedate such publication by virtue of prior disclosure. Further, the dates of publication
provided could be different frovo the actual publication dates that can need to be
independently confirmed.

As will be apparent to those of skill in the art apon reading this disclosure, cach of
the individual embodiments described and tllustrated herein has discrete components and
features which can be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirit of the present
disclosure. Any recited method can be carried out in the order of events recited or 1n any
other grder that is logically possible.

Embodiments of the present disclosure will emiploy, unless otherwise indicated,
technigues of medicime, organic chermstry, biochemistry, molecular biology, pharmacology,
and the like, which are within the skill of the art. Such techniques are explained fully in the

Hterature,

Targeting Bacteria
A central problem i imaging bacterial infections is to develop targeting strategies

that can deliver large quantitics of imaging probes to bacteria. This has been challenging
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because typical imaging probes target the bacterial cell wall and cannot access the bacterial
intracellular volume. Although numerous contrast agents have been developed to image
bacteria, their clinical irapact has been rmnimal because they arc unable to detect small
numbers of bacteria in vivo, and cannot distinguish infections from other pathologies such
as cancer and inflammation. Within certain embodiments, the disclosure relates to a
thiomaltose-based 1maging probe which can detect bacteria in vivo with a sensitivity two
orders of magnitude higher than previously reported, and can detect bacteria using a
bacterta~specific mechanism that is independent of host response and secondary
prathologies.

o certain embodiments, the thiomaltose-based 1maging probe is composed of &
fluorescent dye conjugated to a thiomaltose-based analog and is rapidly internalized through
the bacteria~specific maltodextrin transport pathway, endowing the thiomaltosc-based
imaging probes with a unique combination of high sensitivity and specificity for bacteria.
Certain thiomaltose-based tmaging probes selectively accumulate within bacteria at
millimolar concentrations, and are a thousand-fold more specific for bacteria than
mammalian cells. Furthermore, thiomaltose-based imaging probes can image as few as 1§
colony-forming units o vivo and can discriminate between active bacteria and
inflammation induced by either lipopolysaccharides or metabolically inactive bacteria.

Contrast agents that are robustly interpalized through the bacteria-specific
maltodextrin transporter and can tmage bacterial infections in vivo with traproved
sensitivity and specificity (see figures 11-14). Thiomaltose-based imaging probes can
deliver millimolar concentrations of imaging probes into bacteria, making it possible to
image low nurmbers of bacteria. Thiomaltose-based imaging probes also have high
specificity for bacteria because mammalian cells do not express the maltodextrin transporter
and cannot internalize contrast agents conjugated to thiomaliose-based analogs (figure 13).
Thiomaltose-based imaging probes are typically composed of o (1-4)-thiol linked ghicose
oligomers. Because thiomaltose-based imaging probes are typically hydrophilic and
membrane impermeable, they are efficiently cleared from uninfected tissues in vivo, leading
to a low background. Furthermore, the lumen of intestinal tissues or the outer layers of the
skin are pot permeable to ghucose oligomers. Thiomaltose-based imaging probes delivered
systemically should therefore not be internalized by the resident bacterial microflora present

in healthy subjects.
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Conjugates, Derivatives, and Related Compounds

in certain embodiments, the disclosure relates to compounds of formula

e

Formula

or salts thereof wherein,

(3 is a polysaccharide comprising a 1 to 4-thiol or oxygen linkage such as
thiomaltose;

E is a linking group; and

(3 is a tracer, a drug, an antibiotic, an azide group, or other molecule of
mterest.

in certain embodiments, (2 1s a thiomaltose-based analog comprising glucose, a
glucose
derivative, and/or a substituted ghicose oligomer.

In certain embodiments, E contains a triszole posttioned between linking groups
such as the
following groups alone or in combination, methylene, ethylene, ether, amine, amide, ester,
carbonyl, thiol, dithiol, thiolester, aromatic, heteroaromatic, or saturated or unsaturated
hydrocarbon groups.

In certain embodiments, E can be represented by a formula:

 —(CR 'Ry, (CRPR™H)(CRR Y}A____g

wherein the symbol § resents the point of attachement to § and G;
Y p

miis0,1,2,3,4,5,6,7,8 9, 10,11, 12, 13,14, 15, 16, 17, 18,19, 20, 21, 22, or

| ]
(&S]

pis0,1,2.3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 1§, 19,20, 21, 22, or 23,

R’ R™ R and R7? are at each occurrence individually and independently
hydrogen, halogen, alkyl, alkoxy, or hydroxyl;

X!, X% and Y is each occurrence individually and independently -0-, -8-, -8-8-, -
NH-, {C=0)--NH{C=0)-, (C=0NH- -O(C=0)-, {C=0)0-, -S{(C=0}-, {C=0)5-, -SO-, -
S0z, - NHSO2-, -SONH-,-(CH2CH20)6~,-(CH2 )i, a disubstituted carbocycelyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;

q can be 1 to 1600;
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rcan be 1 to 22

in certain embodiments, E can be connected to Q via the the anomeric carbon at the
reducing end of the polysaccharide

In certain embodiments, the disclosure relates to compounds of formula I with

Formula A

Formula 1A

or salts thereof wherein,

A is independently O or § at cach occurrence;

nis2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, or 15;

E is a linking group, for instance as defined above;

G 1s a molecule of interest such as a radionuchide, fluorescent moiety, an antibiotic,
or an azide group;

R1, R2, R3, and R4, ar¢ cach individually and independently a protecting group,
hydrogen, alkyl, halogen, nitro, cyano, hydroxy, armno, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,
alkylsulfonyl, arvlsulfonyl, carbocyelyl, aryl, or heterocyclyl, wherein each R1, R2, R3, and
R4 arc optionally substituted with one or more, the same or different, R5;

RS is alloyl, halogen, wiro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkkoxy, alkylthio, alkylamino, {alkylamino, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heteroeyelyl, wherein R3 is optionally
substituted with one or more, the same or different, R6; and

R6 15 halogen, nitro, cyano, hydroxy, trifluororncthoxy, trifluoromethyl, aroine,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethvl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamino,
acetylamino, Nmethylcarbamovl, N-cthylcarbamoyl, N,N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

cthylsulfinyl, mesyl, ethylsulfouyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,

9
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N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisutfamoyl, N-rocthyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

In certain embodiments, A must be S at least once or all of A are S,
In certain embodiments, n is 5 or 6 or more, or n 18 3 or 4 or more.

In certain embodiments, R2, R3, and R4 are hydrogen or alkanoy! optionally

substituted with R5.

In certain embodiments, R1 is hydrogen, halogen, or hydroxy substituted with a

protecting group.

In certain embodiments, R1 is '°F.

Io certain embodiments, E is triazole positioned between linking groups such as the

following groups alone or in combination, ether, amine, amide, ester, carbonyl, thiol,

dithiol, thiolester, aromatic, heteroaromatic, or hydrocarbon groups.

~

In certain embodiments, G is '*F

Certain embodiments include compounds of Formula 1A-1:

Q
)
R R (IA-1),

Wherein A is either S or O, and A’ is O, provided that at least one A is 8.
In certain embodiments, n” 1 or 2, n” 18 5 or 6 or more, or '’ is 3 or 4 or more.

In certain embodiments, R%, R, and R? are hydrogen or alkanoy] optionally
3 9 i ferd - o

substituted with RS.

Tu certain embodiments, R s hvdrogen, halogen, or hydroxyl, optionally substituted
$ g ¥ Y b

with a protecting group.

In certain embodiments, R is °F.

E is a linker, and in certain embodiments, E can be represented by a formula:

:

(R R X CRARIX )y (CRR"Y ) e §

wherein the symbol § represents the point of attachement to A’ and G;

w80, 1,2,3,4,5,6,7,8,9, 10,11, 12,13, 14, 15,16, 17, 1§, 19, 20, 21, 22, or

pis0,1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23,

16
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R, R R’ and R™ are at each occurrence individually and independently
hydrogen, halogen, alkyl, alkoxy, or hydroxyl;
X!, X% and Y is each occurrence individually and independenily -O-, -S-, -S-8-, -

NH-, 4C=0 -NH(C=0)-, (C=0WH- -0(C=0)-, AC=010-, -8(C=0)-, (C=()8-, -80-, -

S0z, - NHSO2-, -SONH--(CH2ZCH20 )¢-,-(CH2 ), a disubstituted carbocyclyl, a di-
substituted arvl, a disubstituted heterocyclyl, or absent;

g can be | to 10600;

N

rcan be 11022,

In certain embodiments, E is triazole positioned between linking groups such as the
10

following groups alone or in combination, ether, amine, amide, ester, carbonyl, thiol,
dithiol, thiolester, aromatic, heteroaromatic, or hydrocarbon groups.

In certain embodiments, G is '°F.

Certain embodiments include thioglycoside compounds of Formula 1A-2

1) E 2 B

(1A-2),
i35 Wheremn RI-R4, v, E and G are as defined above. In certain embodiments, R2, R

~
3

and R%are each hydrogen, and R is either hydroxyl, hydrogen or balogen, preferably F

In certain embodiments, the disclosure relates to compounds of formula T with
formula IB

{CRR"¥)m e CRRY P

Formuls IB

or salts thereof wherein,

Ais O or S at cach occurrence provided A must be S at least once or all of A are 5
nis2,3,4,56,7,8 9,10, 11,12, 13, 14, or 15;

I
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mis1,2,3,4,56,7,8 9 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or
24,

pis0,1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23,

R’ and R” are at cach occurrence individually and independently hydrogen, halogen,
alkyl, alkoxy, or hydroxyl;

X and Y are at cach occurrence individually and 1ndependently -0O-, -S-, -S-5-, -NH-
. {C=0)--NH(C=0)-, (C=NH- -O{C=0})-, (C=0)D-, -S{C=0}-, -(C=0)8-, -50-, -8C7, -
NHSO2-, ~-SO:NH-«CH2CH20)-,~(CH2)-, & disubstituted carbocyclyl, a di-substituted
aryl, a disubstituted heterocyclyl, or absent;

g ecanbe T to 1000;

rcan be 1 to 22;

G 1s a radionuchde, fluorescent raciecule, an antibiotic, or an azide group;

R1, R2, R3, and R4, are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyi,
alkoxy, alkylthio, altkylamine, (alkylhamino, alkylsulfinyl, alkylsulfonyl, arvisulfonyl,
carbocyclyl, aryl, or heterocyclyl, wherein cach R1, R2, R3, and R4 are optionally
substituted with one or more, the same or different, RS;

RS is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl,
carbamovl, alkoxy, alkylthio, alkylamivo, (alkylhamine, alkylsulfinyl, alkylsolfonyl,
arylsulfonyl, carbocyclyl, aryl, or heterocycelyl, wherein RS is optionally substituted with
one or maore, the same or different, RS; and

R& is halogen, nitro, cyano, hydroxy, triflucromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbarnoyl, mercapto, sulfamoyvl, methyl, cthyl, methoxy, ethoxy, acetyl,
acetoxy, methylamine, thylamine, dimethylamino, dicthylamino, N-methyi-N-ethylamino,
acctylamino, Nmethylcarbameoyl, N-cthylcarbamoyl, N, N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyi,
cthylsulfinyl, mesyl, ethylsulfonyl,
rocthoxyearbouyl, ethoxycarbouyl, N-methylsulfamoyl, N-ethylsulfaraoyl, N,N-
dimethylsulfamoyi, N,N-dicthylsulfamoyl, N-methyl-N-ethylsulfamoyl, carbocyclyl, arvi,
or heterocyclyl.

In certain embodiments, X or Y 18 a di-substituted 1,2,3-triazole.

In certain embodiments, the compound of Formula IB can be represented by the

compound of Formula IB-1:

12
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A=—(CR R X ) g (CR PR —(CRRYY) —G

12

(IB-1)
or salts thercof wherein,

As O or S at each occurrence provided A must be S at least once or all of A are S
ATis O

n181,2,3,4,5,6,7,8 910,11, 12, 13, or 14;

mis0,1,2,3,4,5,6,7,89, 10,11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, or

pis®, 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23;

R R7L R and R are at each occurrence individually and independently
hydrogen, halogen, alkyl, alkoxy, or hydroxyh

X' is in each occurence absent;

X? and Y are at each occurrence individually and independently -O-, -8-, -8-S-, -
NH-, {C=0)--NH{C=0}-, (C=O)NH- -O(C=0}-, (C=0)0-, -5{C=0}-, -(C=0)S-, -80-, -
SOa, - NHSO:2-, ~SOC2NH- ~{CH2CH2O0)g-,-{(CH2 ), a disubstituted carbocyelyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;

g ecanbe T to 1000;

rcan be 1 to 22;

G is a radionuchde, fluorescent raoolecule, an antibiotic, or an azide group;

R1, R2, R3, and R4, are cach individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamaovl,
alkoxy, alkylthio, atkylamine, (alkylhamino, alkylsulfinyl, alkylsulfonyl, aryisulfonyl,
carbocyelyl, aryl, or heterocyclyl, wherein cach R1, R2, R3, and R4 are optionally
substituted with one or more, the same or different, RS,

RS 1s alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl,
carbamovl, alkoxy, alkylthio, alkylamino, (alkylhamine, alkylsulfinyl, alkylsulfonyl,
arylsulfonyl, carbocyclyl, aryl, or heterocycelyl, wherein RS is optionally substituted with
one or maore, the same or different, RS; and

R© is halogen, nitro, cyano, hydroxy, trifluoromethoxy, triflugromethyl, amino,
formyl, carboxy, carbaroyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acctoxy, methylamine, thylamino, dimethylamino, dicthylamino, N-methyl-N-cthylamino,

13
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acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N N-dimcthylearbarsoyl, N,N-
diethylcarbamoyi, N-methyl-Nethylcarbamoyl, methyithio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl,
methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl, N-ethylsuifamoyl, N,N-
dimethylsulfamoyl, N N-dicthylsulfamoyl, N-methyl-N-cthylsulfamoyl, carbocyelyl, aryl,
or heterocyclyl,

In certain embodiments, X7 is a di-substituted 1,2,3-triazole, in other embodiments,
Y is absent, and in certain preferred embodiments, X? is a di-substituted 1,2,3-triazole and
Y is absent.

In soroe embodirsents, G can be the followmg:

y— {

(2 R
U N R
N
W g O,,,RS
R'ia) G o)

wherein the symbol § represents the point of attachement to E;

Uis Nor CRY;

Wis N or CRY;

Z 1s a carbocyclic or heterocyclic ring;

R7 is alkyl, carbocyclyl, or arvl, wheren R’ is optionally substituted with one or
more R or R7 and R form a heterocarbocyclic ring optionally substituted
with RM:

R* is hydrogen, alkyl or alkanoyl;

R%1is a hydrogen or halogen:

R'% is hydrogen, alkoxy, amino, or alkyl;

R is hydrogen, alkoxy, or halogen; and

R1%is hydrogen;

R!¥ is in each occurrence independently selected from halogen, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy, carbamoyl, mercapte,
sulfamoyl, methyl, cthyl, methoxy, ethoxy, acetyl, acetoxy, methylamine, ethylamino,
dimethylamino, diethylamino, N-methyl-N-cthylamino, acetylamine, Nmethylcarbamovl,
N-ethylcarbamoyl, N,N-diracthylearbarooyl, N, N-diethylcarbamoyl, N-rocthyl-N-
cthylcarbamoyl, methylthio, ethylthio, methylsulfinyl, ethylsulfinyl, mesyi, ethylsulfonyl,
methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl, N-cthylsulfamoyl, N,N-

dimethylsulfaroyi, N,N-diethylsalfarnoy], N-methyl-N-ethylsulfamoyl, carbocyclvl, aryl,

14
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or heterocyelyl. In certain preferred erabodiments, R7 18 eyclopropyl or phenyl, optionally
substituted by one or more fluorine atoms.

In certain embodiments, £ can have the formula:

R‘ES 13
3 R

ik 13
R l ' 13 an R
R MME Rm

S0

5 O O

'i YR":;

TV or

13 113
ROR

wherein the symbol § represents the point of attachement to E or or the guinolone
fragment and R is as defined above. In preferred embodiments, RY is in each case
independently selected from hydrogen, methyl, or cthyl.

10 In some embodiments, { can be the following:

wherein the symbol § represents the pomt of attachement to E;

R7 is hydrogen, alkyl, carbocyclyl, or aryl, wheren R7 is optionally substituted with
0ne or

15 more, the same or different RY;

R R, R and RY! are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl,
alkoxy, alkylthio, alkylamino, (alkyDamino, alkyisulfinyl, alkyisulfonyl, arvisulfonyl,
carbocyelyl, aryl, or heterocyclyl, wherein each R¥, R?, R'Y, and RY are optionally

20 substituted with one or more, the same or different, RY;
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R is acctylamino, hydrogen, alkyl, halogen, cyano, hydroxy, amino, roercapto,
formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkylthio, alliylamine, (alkyipamino,
alkylsulfinyl, alkyisulfonyl, arylsuifonyl, carboeyelyl, aryl, or heterocyclyl optionally
substituted with one or more, the same or different, R

R¥ is halogen, nitro, cyano, hydroxy, trifluoromcethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, wercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamino,
acetylamino, Nmethylcarbamoyl, N-cthylcarbarmoyl, N,N-dimethylcarbamoyl, N.N-
dicthylcarbamoyl, N-methyl-N-cthylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
cthylsulfinyl, mesyl, ethylsulfouyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N.N-dimethyisulfamoyl, N N-diethyisulfamoyl, N-methyl-N-
ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

It certain preferred embodiments, R1? is acetylamino.

In certain embodiments, G can be:

g -(CHWF, wherein x canbe 1,2, 3,4, 5,6, 7or 8,

wherein the symbol % represents the point of attachment to E.
For embodiments in which G is -{CH2)x'F, it is preferred that pis 0.
In certain embodiments, the disclosure relates to compounds of formula [ with

formula IC,

16
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Formuila IC

or salts thereof wherein,

nis2,3,4,56,7,8,9,10, 11,12, 13, 14, or 15;

A 18 O or S at each occurrence provided A must be S at least once or all of A are S;

E is a linking group;

Qis N in the ring of Z, or N 18 an aming or alkylaminoe group attached to the 2 ring;
or Q15 O of an oxygen attached to the 7 ring, whereiun the Z ring can be optionally
substituted with onc or more, the same or different, R13;

UisNorCRIL;

Wis N or CRY;

Z 15 a carbocyvelic or heterocyehic ring;

R1, R2Z, R3, and R4, are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyi,
alkoxy, alkylthio, atkylamine, (alkylhamino, alkylsulfinyl, alkylsulfonyl, arvisulfonyl,
carbocyelyl, aryl, or heterocyclyl, wherein cach R1, R2, R3, and R4 are optionally
substituted with one or more, the same or different, RS;

R3S is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, allkylthio, alkylamino, {alkylamino, allyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocycelyl, wherein RS is optionally
substituted with one or more, the same or different, R6;

R& is halogen, nitro, cyano, hydroxy, triflucromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbarnoyl, mercapto, sulfamoyvl, methyl, cthyl, methoxy, ethoxy, acetyl,
acetoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,
acctylamino, Nmethylcarbamoyl, N-cthylcarbarmoyl, N, N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyi,
cthylsulfinyl, mesyl, cthylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisulfamoyl, N-rocthyl-N-
ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl

R7 is alkyl, carbocyciyl, or arvl, wheren R7 1s optionally substituted with one or

17
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rore, the same or different R13; or R7 and R11 form a heterocarbocyclic ring optionally
substituted
with R13;

R¥ is hydrogen, alkyl or alkanoyl,

R% 15 a4 hydrogen or halogen;

R 19 is hydrogen, alkoxy, aroine, or alkyl;

R11 is hydrogen, alkoxy, or halogen; and

R12 is hydrogen;

R13 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbaroyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,
acctylamino, Nmethylcarbamoyl, N-cthylcarbarmoyl, N, N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-N-¢thylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
cthylsulfinyl, mesyl, cthylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N.N-dimethyisulfamoyl, N N-diethyisulfamoyl, N-methyl-N-
ethylsuifamoyl, carbocyclyl, aryl, or heterocyelyl.

In certain embodiments, E 5 {CR'R”X)m-{ CR'R7Y }p- wherein

mis1,2,3,4,5,6,7,8 9,10 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or

pis®, 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23;

R’ and R” are at cach occurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyl;

X and Y are at cach occurrence individually and independently -O-, -S-, -S-8-, -NH-
, (C=0)-, -NH{C=0)-, {C=O)}NH- -O{(C=0}-, {C=00-, -S{C=0)~, (C=(S-, -S0-, -80;,
- NHSO;z-, -SONH-, (CH2CH20 )¢, ~(CHz ), a disubstituted carbocycelyl, a di-substituted
aryl, a disubstituted heterocyelyl, or absent;

qcan be 1 to 1000; and

v can be 1 to 22,

In certain embodiments, the disclosure relates to compounds of formula [ with

formula 103,

I8
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(CRE"m  {CRR™Y)p

Formula 1D
or salts thereof wherein,
UisNor CR11;
W is N or CR9;
A is O or § at each occurrence provided A must be S at least once or all of A are §;
nis2,3,4,5,6,7,8,9 10, 11, 12, 13, 14, or 15;
mis1,2,3,4,5,6,7,8 9, 10,11,12, 13, 14,15, 16, 17, 18,19, 20, 21, 22, 23, or

p1s0,1,2,3,4,5,6,7,8,9, 10,11, 12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, or 23,

R’ and R” are at cach occurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyl;

X and Y are at cach occurrence individually and independently -O-, -8-, -5-8-, -NH-
, L C=00, SNH{C=0)-, (C=0NH- -O(C=0)-, {T=0)0-, -S{C=0)-, (C=0)8-, -SO-, -50:,
~ NHSO2-, -SOoNH-, (CH2CH2O -, ~{CH2)~, a disubstituted carbocyelyl, a di-substituted
aryl, a disubstituted heterocyclyl, or absent;

¢ can be 1 to 1060¢;

rcan be 1 1022,

R1, R2Z, R3, and R4, are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl,
alkoxy, alkylthio, atkylamine, (alkylhamivo, alkylsulfinyl, alkylsulfooyl, aryisulfonyl,
carbocyclyl, aryl, or heterocyclyl, wherein cach R1, R2, R3, and R4 are optionally
substituted with one or more, the same or different, RS;

R3S is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, altkoxy, allcyithio, alkylaminoe, (alkylamino, alkylsulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein RS is optionally

substituted with one or more, the same or different, R6;
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R6 15 halogen, nitro, cyano, hydroxy, trifluororncthoxy, trifluoromethyl, aroine,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethvl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylanmino, dimethylamino, diethylamino, N-racthyl-N-cthylamino,
acetylamino, Nmethylcarbamoyl, N-cthylcarbamoyl, N,N-dimethylcarbamoyl, NN~
dicthylearbarmnoyl, N-methyl-N-methylthio, cthylthio, methylsultinyl, ethylsuifinyl, mesyl,
cthylsulfonyl, macthoxycarbounyl, ethoxycarbooyl, N-methylsulfarooyl, N-ethylsulfamoyl,
N,N-dimethylsulfamoyl, N, N-dicthylsulfamoyl, N-methyl-N-ethylsulfamoyl, carbocyclyl,
aryl, or heterocyelyl;

R7 is alkyl, carbocyclyl, or aryl, wheren R7 1s optionally substituted with one or
roore, the same or different R13; or R7 and R11 form a heterocarbocyclic ring optionally
substituted with R13;

RS 1s hydrogen, altkyl or alkanoyl;

R9 is a hydrogen or halogen;

R10 1s hydrogen, alkoxy, araino, or alkyl;

R11 is hydrogen, alkoxy, or halogen: and

R12 is hydrogen;

R13 15 halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, cthyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamine, dimethylamino, dicthylarmno, N-methyl-N-ethylamino,
acetylamino, Nmethylcarbamoyl, N-cthylcarbamoyl, N, N-dimethylcarbamoyl, N,N-
diethylcarbamoyl, N-methyl-Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisutfamoyl, N-rocthyl-N-
ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

In certain embodiments, the disclosure relates to compounds of formula I with

formula IF,

. E--»N/t\:}/\z
N

\;—-‘N

{

Formula IF
or salts thereof wherein,
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nis2,3,4,5,6,7,8,9, 10, 11, 12,13, I4, o1 15;
As O or S at each occurrence provided A must be S at least once or all of A are S
E 1s g linking group; for example, of formula

In certain embodiments, E can be represented by a formula:

:

(CR;& R"‘i X1 )nf(CR‘zR"ZXZ)W(CRaR”Y}p““““‘" %

wherein the symbol § represents the point of attachement to A and the triazole

w80, 1,2,3,4,5,6,7,8,9, 10,11, 12,13, 14, 15,16, 17, 1§, 19, 20, 21, 22, or

pis0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23,

R'L R”H R’2 and R™? are at each occurrence individually and independently
hydrogen, halogen, atkyl, alkoxy, or hydroxyl;

X! is each occurrence individually and independently -0-, -8-, -8-S-, -NH-, -(C=0)-
~NHC=0)-, (C=0NH- -O(C=0)-, {C=03)0-, -5(C=0)-, {C=0)S-, -80-, -S02, - NHSO2-,
-S5O NH--(CH2CH2O0)¢-,-(CH2 ), a disubstituted carbocyclyl, a di-substituted aryl, a
disubstituted heterocyelyl, or absent;

X? and Y are at each occurrence individually and independently -O-, -8-, -8-S-, -
NH-, {C=0)--NH{C=0}-, (C=O)NH- -O(C=0}-, (C=0)0-, -5{C=0}-, -(C=0)S-, -80-, -
SO, ~ NHSO2-, ~SONH- ~{CH2CH2O0 )g-,~{CH2 )i, a disubstituted carbocycelyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;

g ecanbe T to 1000;

rcan be 1 to 22;

R1, R2, R3, and R4, are cach individually and 1ndependently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl,
alkoxy, alkylthio, atkylamine, (alkylhamivo, alkylsulfinyl, alkylsulfooyl, aryisulfonyl,
carbocyclyl, aryl, or heterocyclyl, wherein cach R1, R2, R3, and R4 are optionally
substituted with one or more, the same or different, RS,

R35 is alkyl, halogen, nitro, cyano, hydroxy, amine, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, altkoxy, allcyithio, alkylaminoe, (alkylamino, alkylsulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein RS is optionally
substituted with one or more, the same or different, R6;

Ré6 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, cthyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamine, dimethylamino, dicthylarmno, N-methyl-N-ethylamino,
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acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N N-dimcthylearbarsoyl, N,N-
diethylcarbamoyi, N-methyl-Nethylcarbamoyl, methyithio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
Ne-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-dicthyisuifamoyl, N-methyl-N-
cthylsulfamoyl, carbocycelyl, aryl, or heterocyelyl;

R7 is hydrogen, alkyl, carbocyclyl, or aryl, wheren R7 1s optionally substituted with
one or
more, the same or different R13;

R8, R9, R10, and R11 are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamaovl,
alkoxy, alkylthio, atkylamine, (alkylhamino, alkylsulfinyl, alkylsulfonyl, aryisulfonyl,
carbocyelyl, aryl, or heterocyclyl, wherein cach R8, R9, R10, and R11 arc optionally
substituted with one or more, the same or different, R13;

R12 1s acetylamino, hydrogen, alkyl, halogen, cyano, hydroxy, amine, mercapto,
formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkylthio, alliylamine, (alkyipamino,
alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyelyl, aryl, or heterocyclyl optionally
substituted with one or more, the same or different, R13;

R13 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbaroyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamino,
acetylamino, Nmethylcarbamoyl, N-cthylcarbarmoyl, N,N-dimethylcarbamoyl, N.N-
dicthylcarbamoyl, N-methyl-N-¢thylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
cthylsulfinyl, mesyl, cthylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N.N-dimethyisulfamoyl, N N-diethyisulfamoyl, N-methyl-N-
ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

In certain embodiments, E is {CR'R"X)u-{ CR'R”Y )p- wherein

mis1,2,3,4,5,6,7,8 9,10 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or

pis90,1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23;

In certain embodiments, E s «{(CHam~ wherein o is is 1, 2, or 3.

R’ and R” are at cach occurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyl;

X and Y are at each occurrence individually and independently -O-, -8+, -5-5-, -NH-

, (C=0)-, -NH(C=0)-, (C=0)NH- -O(C=0)-, (C=0)0-, -S(C=0}-, (C=0)5-, -SO-, -S>,
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- NHSOo-, -50:NH-, -(CH2CH20)g-, -(CH2)e, a disubstituted carbocyclyl, a di-substituted
aryl, a disubstituted heterocyclyl, or absent;

g can be | to 1000; and

rcan be 1 to 22,

N

In certain cmbodiments, the disclosure relates to compounds of formula T with

formula IG,

Formula IG

10 or salts thercof wherein,
nis2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15;
A1 O or S at each occurrence provided A woust be § at least once or all of A are §;
E is a linking group; for example a formula:

§ e (CRTRY X (ORPRX ) —( CRRY o §

is wherein the symbol % represents the poiat of attachement to A and tnazole;

nis0,1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15,16, 17, 18,19, 20, 21, 22, or

pis(h 1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, or 23;
R, R R’ and R™ are at each occurrence individually and independently
20 hydrogen, halogen, alkyl, alkoxy, or hydroxyl;
X} is each occurrence individually and independently -O-, -8-, -8-S-, -NH-, -(C=0}-,
NH(C=0)-, (C=0)NH- -O{C=0)-, ~(C=0)0-, ~S(C=0}-, {C=0)5-, ~-50-, -50, - NHSOz-,
-S5O NH--(CH2CH2O0)¢-,-(CH2 ), a disubstituted carbocyclyl, a di-substituted aryl, a

disubstituted heterocyclyl, or absent;

25 X? and Y are at each occurrence individually and independently -O-, -S-, -8-S-, -
NH-, {C=0)- -NH{C=0)-, (C=0WNH- -O(C=0}-, (C=()0-~, -S{C=0)~, (C=(3}S-, -80-, -
SO, ~ NHSO2-, ~-SONH- ~{CH2CH2O0 )g-,~{CH2 )i-, a disubstituted carbocyelyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;
¢ can be 1 to 1060¢;
30 rcan be 1 1022,
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(3 1s an tracer, a drug, an antibiotic, an azide group, or other molecule of interest;
R1, R2, R3, and R4, are each individually and independently

| C=0YOCHAC=0)alkyl, -O(C=0)OCH(C=0alkyl, hydrogen, alkyl, halogen, nitro,

cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkyithio,

N

alkylamino, {alkylzamine, alkvisulfinyl, slkylsulfonyl, aryvisulfonyl, carbocyclyl, aryl, or

heterocyelyl, wherem each R1, R2, R3, and R4 are optionally substituted with oue or more,

the same or different, RS;
R35 is alkyl, halogen, nitro, cyano, hydroxy, amino, roercapto, formyl, carboxy,
alkanoyl, carbamoyl, atkoxy, alkyithio, alkylamino, (alkyl:amine, alkyisulfinyl,

10 alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyelyl, wherein RS 1s optionally
substituted with one or more, the samge or different, R6;

Ré6 18 halogen, nitro, cvano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamovl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylarnine, dimethylamine, dicthvlamine, N-methyl-N-ethylamine,

{5  acetylamino, Nmethylcarbamoyl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-Nethylcarbamoyl, methylithio, cthylthio, methylsulfinyi,
ethylsuifinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N,N-dicthyisulfamoyl, N-methyl-N-
ethylsuifamoyl, carbocyclyl, aryl, or heterocyelvl;

20 R7 is {(C=0C)YOCH0{C=0alkyl, hydrogen, alkyl, halogen, nitro, cyane, hydroxy,
amino, mercapto, formyl, carboxy, alkanoyl, carbaroyl, alkoxy, alkylthio, alkylamine,
{alkyl}zamino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyelyl, aryl, or beterocycelyl,
wherein R7 is optionally substituied with one or more, the same or differcnt, R13;

R13 is hydrogen, alkyl, halogen, cyane, hydroxy, amino, mercapto, formyl, carboxy,

25 alkanoyl, carbamoyl, alkoxy, alkyithio, alkylamuno, (alkylzamine, alkylsulfinyl,
alkylsulfonyl, arvisulfonyl, carbocyelyl, aryl, or heterocyciyl optionally substituted with one
or more, the same or different, R14;

R 14 is halogen, nitro, cyano, hydroxy, trifuororethoxy, trifluoromwethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, cthoxy, acetyl,

30 acetoxy, methylamino, ethylamino, dimethylamuno, dicthylamino, N-roethyl-N-cthylamino,

acetylamino, Nmethylcarbamoyl, N-cthylcarbamoyl, N,N-dimethylcarbamoyl, N,N-

dicthylearbarmoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethyvlthio, racthylsultinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyli,
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N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisutfamoyl, N-rocthyl-N-
ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.
In certain embodiments, E 18 {CR'R"Xn-(CR'R7Y )y whercin
mis1,2,3,4,56,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or

A
b3
&

pis0,1,2,3,4,56,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23;

In certain embodiments, E 15 «(CHz - whereinmis is 1, 2, or 3.

R’ and R” are at cach occurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyl;

10 X and Y are at each occurrence individually and independently -O-, -S-, -S-5-,
“NH-, ~{C=0), -NH(C=0)}-, (C=0)NH- -{C=0)-, {C=(0-, -8{C=0)}-, (C=0)S~, -S0-,
-S5O, - NHSO-, -SOoNH-, {CHCH2O )¢, {(CH2)e-, a disubstituted carbocyclyl, a di-
substituted aryl, a disubstituted heterocyciyi, or absent;

q can be 1 to 1000; and

i3 rcan be 1 to 22,

In certain embodiments, the disclosure relates to compounds of formula [ with

formula 1H,

20 Formula IH
or salts thereof wherein,

nis2,3,4,5,6,7,8,.9 10,11, 12,13, 14, or 15,
Ais O or S at cach occurrence provided A must be S at least once or all of A are 5
E is a linking group;
25 R1, RZ, R3, and R4, are each individually and independently independently
{C=0YOCHA{C=0lkyl , -O{(C=0)OCH{C=0)alkyl, hydrogen, alkyl, halogen, nitro,
cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkyithio,

alkylamino, (alkylpamino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

[\
(&3]
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heterocvelyl, wherein cach R1, R2, R3, and R4 are optionally substituted with onc or more,
the same or different, RS;

R35 18 alkyl, halogen, nitro, cyano, hydroxy, amino, raercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkyithio, allcylamine, (alkylzamine, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocycelyl, aryl, or heterocyclvl, wherein RS is optionally
substituted with one or more, the same or different, R6;

Ré6 is halpgen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, racthoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamine,
acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N, N-dirsethylcarbarooyl, N,N-
diethylcarbamoyi, N-methyl-Nethylcarbamoyl, methyithio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesvl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
Ne-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-dicthyisuifamoyl, N-methyl-N-
cthylsulfamoyl, carbocyelyl, aryl, or heterocyelyl,

R7 is hydrogen, allkyl, halogen, nifro, cyano, hydroxy, amine, mercapto, formyl,
carboxy, alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamine, (alkylpamine, alkylsulfinyl,
alkylsuifonyl, arvilsulfooyl, carbocyelyl, aryl, or heterocyclyl, wherein R7 is optionally
substituted with onc or more, the same or different, R13;

R&, R9, R10, and R11 are each individually and mdependently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amineo, mercapto, formyl, carboxy, alkanoyl, carbamoyi,
alkoxy, alkylthio, alkylamino, (alkyhzamino, alkylsulfingl, alloylsulfonyl, aryisulfonyl,
carbocyclyl, arvl, or heterocyclyl, wherein each R, R9, R18, and R11 are optionally
substituted with one or more, the samc or different, R13;

R12 is acetylamino, hydrogen, alkyl, halogen, cyano, hydroxy, amine, mercapto,
formyl, carboxy, alkanoyl, carbarnoyl, alkoxy, alkylthio, alkylamine, (alkyipamino,
alkylsulfinyl, alltyisulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyelyl optionally
substituted with onc or more, the same or different, R13;

R 13 is hydrogen, alkyl, balogen, cyano, hydroxy, anuno, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, (alkylyamino, alkylsulfinyl,
alkylsulfonyl, arvisultonyl, carbocyelyl, aryl, or heterocyciyl optionally substituted with one
or more, the same or different, R14;

R 14 is halogen, nitro, cyano, hydroxy, tritftuoromcthoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethvl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylaminoe,
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acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N N-dimcthylearbarsoyl, N,N-
diethylcarbamoyl, N-methyi-N-cthylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsuifinyl, mesyl, ethylsulfonyl, methoxycarbonyl, cthoxycarbonyl, N-methylsulfamoyl,
Ne-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-dicthyisuifamoyl, N-methyl-N-
cthylsulfamoyl, carbocyelyl, aryl, or heterocyelyl.
Io certain embodiments, E 18 -(CR'R72Om~-(CR'R7Y )p- wherein
misl,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, or

pis,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, or 23,

In certain embodiments, 18 -(CH2jm- wherein misis 1, 2, or 3.

R’ and R” are at each oceurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyh

X and Y are at cach occurrence individually and independently ~(3-, -S-, -8-8-,
-NH-, {C=0}-, -NH(C=0)-, (C=0)NH- -O{(C=0)-, {C=0)0-, -S{C=0}-, (C=0)5-, -50-,
=Sz, - NHSOz-, -SONH-, «CH2CH20)-, -(CHz2)-, a disubstituted carbocyelyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;

g can be 1 to 1000; and

rcan be 1 to 22

In certain embodiments, the disclosure relates to compounds of formula T with

formula IK,

Sl

..f‘

Formula IK
or salts thereof wherein,

mis 2, 3, or4,;

R1, R2, R3, and R4, arc cach individually and independently
~OC=0YOCH O C=(alkyl, bydrogen, alkyl, halogen, nitro, cyano, hydroxy, amino,
mercapto, formyl, carboxy, alkanoyl, carbamovl, alkoxy, alkylthio, alkylamino,

{alkyl}zamino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyelyl, aryl, or beterocycelyl,
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wherein cach R, R2, R3, and R4 are optionally substituted with onc or more, the same or
different, RS,

R35 18 alkyl, halogen, nitro, cyano, hydroxy, amino, raercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkyithio, allcylamine, (alkylzamine, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocycelyl, aryl, or heterocyclvl, wherein RS is optionally
substituted with one or more, the same or different, R6;

Ré6 is halpgen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, racthoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamine,
acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N, N-dirsethylcarbarooyl, N,N-
diethylcarbamoyi, N-methyl-Nethylcarbamoyl, methyithio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesvl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
Ne-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-dicthyisuifamoyl, N-methyl-N-
cthylsulfamoyl, carbocyelyl, aryl, or heterocyelyl,

R7 is «{(C=0Y3CH20{C=0alkyl, hydrogen, alkyl, halogen, nitro, cyano, hydroxy,
amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkyithio, alicylamine,
{alkylparono, alkylsultinyl, alkyisulfonyl, arylsulfonyl, carbocyelyl, aryl, or heterocycelyl,
wherein R7 is optionally substituted with one or more, the same or different, R13;

R&, R9, R10, and R11 are each individually and mdependently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, amineo, mercapto, formyl, carboxy, alkanoyl, carbamoyi,
alkoxy, alkylthio, alkylamino, (alkyhzamino, alkylsulfingl, alloylsulfonyl, aryisulfonyl,
carbocyclyl, arvl, or heterocyclyl, wherein each R, R9, R18, and R11 are optionally
substituted with one or more, the samc or different, R13;

R12 is acetylamino, hydrogen, alkyl, halogen, cyano, hydroxy, amine, mercapto,
formyl, carboxy, alkanoyl, carbarnoyl, alkoxy, alkylthio, alkylamine, (alkyipamino,
alkylsulfinyl, alltyisulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyelyl optionally
substituted with onc or more, the same or different, R13;

R 13 is hydrogen, alkyl, balogen, cyano, hydroxy, anuno, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, (alkylyamino, alkylsulfinyl,
alkylsulfonyl, arvisultonyl, carbocyelyl, aryl, or heterocyciyl optionally substituted with one
or more, the same or different, R14;

R 14 is halogen, nitro, cyano, hydroxy, tritftuoromcthoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethvl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylaminoe,
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acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N N-dimcthylearbarsoyl, N,N-
diethylcarbamoyl, N-methyi-N-cthylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsuifinyl, mesyl, ethylsulfonyl, methoxycarbonyl, cthoxycarbonyl, N-methylsulfamoyl,
Ne-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-dicthyisuifamoyl, N-methyl-N-
cthylsulfamoyl, carbocyelyl, aryl, or heterocyclyl.
In certain embodiments, the disclosure relates to compounds of formula T with

formula IL,

Ry-0 A N>\N
o 1 n OQJ/J

R,

Formaula IL
or salts thereof wherein,

nis2,3,4,5,6,7,8,9,14, 11, 12, 13, 14, 0r 15;
A is O or § at each occurrence provided A must be S at least once or all of A are §;
E is a inking group; for cxaraple a formula:

f —(CR 'R (CRPRDE -—(CRR! Y;ﬂ___.§

wherein the symbol § represents the point of attachement to A and imidazole;

miis0,1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, or

N2
(7S]

pis0,1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, or 23;

R’ R7E R’ and R are at each occurrence individually and independently
hydrogen, halogen, alkyl, alkoxy, or hydroxyl;

X! is each occurrence individually and independently ~O-, -8, -8-8-, -NH-, -(C=0}-,
-NH(C=0)-, (C=0)NH-, -O{C=0)-, (C=0)0-, -S{C=0)}-, (C=0)5-, -SO-, -802, -NHSOz-,
“SONH-, {CH2CH20)¢-,~{(CHz ), a disubstituted carbocyelyl, a di-substituted aryl, a
disubstituted heterocyclyl, or absent;

X?and Y are at each ocourrence individually and independently -O-, -S-, -8-8-,
NH-, «(C=0}- -NH(C=0)-, ({(C=0NH-, -G{C=0}-, {C=0)0-, -S(C=0}-, -{(C=)8-, -80-~,
-502, - NHSO:2-, -SO:NH-, (CH2CHZO)q-, -(CH2)r-, a disubstituted carbocycelyvl, a di-
substituted aryl, a disubstituted heterocyelyl, or absent;

g can be 1 to 1000;

[\
Bel
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rean be 1 to 22;;

R1, R2, R3, and R4, are cach individually and independently
| C=0)YOCH0{(C=0)alkyl, -O(C=0YOCH0(C=0)alkyl, hydrogen, alkyl, halogen, nitro,
cyano, hydroxy, amino, mercapto, formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkyithio,
alkylamino, {alkylzamine, alkvisulfinyl, slkylsulfonyl, aryvisulfonyl, carbocyclyl, aryl, or
heterocyelyl, wherem each R1, R2, R3, and R4 are optionally substituted with oue or more,
the same or different, RS;

R35 is alkyl, halogen, nitro, cyano, hydroxy, amino, roercapto, formyl, carboxy,
alkanoyl, carbamoyl, atkoxy, alkyithio, alkylamino, (alkyl:amine, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein RS is optionally
substituted with one or more, the samg or different, R6; and

Ré6 18 halogen, nitro, cvano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamovl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylarnine, dimethylamine, dicthvlamine, N-methyl-N-ethylamine,
acetylamine, Nmethylcarbamoyl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-
dicthylcarbamoyl, N-methyl-Nethylcarbamoyl, methylithio, cthylthio, methylsulfinyi,
ethylsuifinyl, mesyl, ethylsulfonyl, methoxycarbonyl, cthoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N, N-dicthylsulfamoyl, N-methyl-N-
cthylsulfamoyl, carbocyclyl, aryl, or heterocyelyl

In certain embodiments, E 18 {(CR'R"X - {CR’RY )y~ wherein

mis1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or

pis0,1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, or 23;

in certain embodiments, E is «(CHz - wherein misis 1, 2, or 3.

R’ and R” are at each occurrence individually and independently hydrogen, alkyl,
halogen, or hydroxyl;

X and Y are at cach occurrence individually and independently -0, -8+, -8-8-,
-NH-, {C=0)-, -NH{C=0}-, (C=0)NH-, -O{C=0)}-, {C=0)3-, ~-S{C=0}-, {C=0)5-, -50-,
=S, - NHSO-, -SOaNH-, {(CH2CH20 ), ~«(CH2 ), 2 disubstituted carbocycelyl, a di-
substituted aryl, a disubstituied heterocyelyl, or absent;

q can be 1 to 1000; and

rean be 1 to 22,

In certain embodiments, the disclosure relates to compounds of formula [ with

formuls IK,
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Ry
TR R
- 1 S O \N
R, O[CH2}m-N
1 f
0,
Foermula K

or salts thereof wherein,

mis 2, 3, or4;

R1, R2, R3, and R4, are each individually and independently ~
O(C=0)OCHO(C=0)alkyl, hydrogen, alkyl, halogen, nitro, cyano, hydroxy, aming,
mercapto, formyl, carboxy, alkanovl, carbamoyl, alkoxy, allylthio, alkylamino,
(alkylparino, alkylsultinyl, alkyisulfonyl, arylsultonyl, carbocyclyl, arvl, or heterocyelyl,
wherein each R1, R2, R3, and R4 are optionally substituted with one or more, the same or
different, RS,

RS is alloyl, halogen, wiro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, (alkylyamino, alkylsulfinyl,
alkylsuifonyl, arvisulfonyl, carbocyelyl, aryl, or heterocyclyl, wherein R3 is optionally
substituted with onc or more, the same or different, R6; and

R6 is halogen, nitro, cyano, hydroxy, tafluororncthoxy, trifluoromethyl, armno,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethvl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylanmino, dimethylamino, diethylamino, N-racthyl-N-cthylamino,
acetylamino, Nmethylcarbamovl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-
dicthylearbarsoyl, N-methyl-Nethylcarbamoyl, methylthio, cthylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyli,
N-ethylsultamoyl, N N-dimethylsulfamoyl, N N-diethyisulfarosoyl, N-methyl-N-
ethylsulfaroyl, carbocyclyl, aryl, or heterocyelyl.

In certain embodiments, the disclosure relates to a composition comprising a

compound of formula I

ARy
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Formuia 1

or derivatives thereot wherein,

A8 O, NH, S or a dircet bond to RE;

R1, RZ, R3, R4, RS, Ro, and R7 are, the same or different, hydrogen, hydroxy,
mcreapto, halogen, amino, alkyl, alkoxy, tracer, *F optionally substituted with a protecting
group or optionally substituted with one or more, the same or different, R9;

R8 is E-G, wherein E is a linking group; G is an tracer, a drug, an antibiotic, an
azide group, or other molecule of interest; or

R¥ is a protecting group, hydrogen, alkyl, halogen, nitro, cyano, hydroxy, amino,
mercapto, formyl, carboxy, alkanovl, carbamoyl, alkoxy, alkylthio, allylamine,
(alloyD)Zamino, alkylsulfinyl, allcyisulfonyl, arylsuifonyl, carbocyelyl, arvl, or heterocyclyl,
wherein RS 1s optionally substituted with one or more, the same or different, R9;

R9 is alkyl, halogen, nitro, cyano, hydroxy, amine, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkyithio, alkylaminoe, (alkyl)2amino, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally
substituted with one or more, the same or different, R10;

R10 is alkyl, halogen, nitro, cyano, hydroxy, amino, raercapto, formyl, carboxy,
alkanoyl, carbamoyl, altkoxy, alkylthio, alkylamino, (alkylj2amine, alkyisulfinyl,
alkylsulfonyl, arylsalfonyl, carbocycelyl, aryl, or heterocyclyl, wherein R180 1s optionally
substituted with one or more, the same or different, R11;

R11 is alkyl, halogen, nitro, cyano, hydroxy, amino, raercapto, formyl, carboxy,
alkanoyl, carbamoyl, altkoxy, alkylthio, allcylaminoe, (alkyl2amino, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carboeyelyl, aryl, or heterocyclvl, wherein R11 1s optionally
substituted with one or more, the samg or different, R12;

R12 is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, altkoxy, alkylthio, allcylaminoe, (alkyl2amino, alkyisulfinyl,
alkylsulfonyl, aryisulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R12 is optionally
substituted with one or more, the same or different, R13; and

R13 is halogen, nitro, cyang, hydroxy, trifluoromethoxy, trifluoromethyl, aming,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, racthoxy, ethoxy, acetyl,
acetoxy, methylamino, cthylamino, dimethylamino, dicthylamino, N-methyl-N-cthylamino,
acetylaming, Nmethylearbamoyl,

N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl, N-methyl-

Nethylcarbarnoyl, methylthio, ethylthio, methylsulfinyl, ethylsulfinyl, mesyl, cthylsulfonyl,
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racthoxycarbounyl, cthoxycarbonyl, N-methylsulfamoyl, N-ethylsulfarnoyl, N N-
dimethylsulfamoyl, N.N-diethvisulfamoyl, N-methyl-N-ethylsulfamoyl, carbocyclyl, aryl,
or heterocyclyl.

In certain embodiments, R1, R2, R3, R4, RS, R6, and R7 are, the same or different
-HC=0YOCH ({(C=0)alkyl, hydrogen, hydroxy, mercapto, halogen, amino, alkyl, alkoxy,
tracer, °F optionally substituted with a protecting group or optionally substituted with one
or more, the same or different, R9.

In certain embodiments, the disclosure relates to compounds of formula H with

formula [1A,

Formula [IA

or derivatives thereof wherein,

A 18 O, NH, 8§ or a direct bond to R¥;

R1, R2,R3, R4, R5, R6, and R7 are, the same or different, hydrogen or a4 protecting
Broup;

R& 18 E-G, wherein E is a hnking group; G is an tracer, a drug, an antibiotic, an
azide group, or other molecule of interest; or

RE is a protecting group, hydrogen, alkyl, halogen, nitro, cyano, hydroxy, amine,
mercapto, formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino,
(alkylparnino, alkylsultinyl, alkyisulfonyl, arylsultonyl, carbocyclyl, arvl, or heterocycelyl,
wherein RE is optionally substituted with one or more, the same or different, R9;

R 15 alleyl, halogen, mitro, cyano, hydroxy, amine, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkkoxy, alkylthio, alkylamino, {alkylamino, alkyisulfinyl,
alkylsulfonyl, arylsultonyl, carbocyclyl, aryl, or heteroeyelyl, wherein RO is optionally
substituted with one or more, the same or different, R10;

R10 is alkyl, halogen, nitro, cyano, hydroxy, amingo, mercapto, fornyl, carboxy,

alkanoyl, carbamoyl, alkoxy, allkylthio, alkylamino, {alkylamino, allyisulfinyl,
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alkylsulfonyl, arylsulfonyl, carboeyelyl, aryl, or heterocyclvl, wherein R10 1s optionally
substituted with one or more, the same or different, R11;

R11 is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkyithio, allcylamine, (alkylzamine, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carboeyelyl, aryl, or heterocyclvl, wherein R11 1s optionally
substituted with one or more, the same or different, R12;

R12 is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamaoyl, altkoxy, alkyithio, alkylamine, (alkylzamine, alkyisulfinyd,
alkylsulfonyl, aryisulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R12 is optionally
substituted with one or more, the same or different, R13; and

R13 is halogen, nitro, cyano, hydroxy, triffucromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbameoyl, mercapto, sulfamoyl, methyl, ethyl, mcthoxy, cthoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,
acetylaming, Nmethylearbamoyl,

N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl, N-methyl-
Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyl, cthylsulfinyl, mesyl, ethylsulfonyl,
methoxycarbonyl, ethoxycarbonyl, N-rocthylsulfamoyl, N-cthylsulfamoyl, N,N-
dimethylsulfamoyi, N,N-dicthylsulfamoyl, N-methyl-N-cthylsulfamoyl, carbocycelyl, aryi,
or heterocyclyl,

R1,R2, R3, R4, RS, R6, and R7 are, the same or different, hydrogen or -
{(C=0YOCUCH{C=0)alkyl.

Pharmaceuntical Formulations

Within certain embodiments, the disclosure contemplates compounds and
conjugates disclosed herein in pharmaceutical composttion, optionally as a
pharmaceutically acceptable salt, in combination with a pharmaceutically acceptable
excipicnt. Pharmaccutical corpositions of the compounds of this application, or
derivatives thereof, can be formulated as sohitions or lyephilized powders for parenteral
administration. Powders can be reconstituted by addition of a suttable dilucnt or other
pharmaceutically acceptable carrier prior to use. The liquid formulation is generally a
buffered, isotonic aqueous sohution. Examples of suitable diluents are normal isotonic saline
solution, 5% dextrose in water or buffered sodium or amwoouniure acetate solution. Such
fornwlations are especially suitable for parenteral administration but can also be used for
oral admimstration. Excipients, such as polyvinyipyrrolidinone, gelatin, hydroxycellulose,

acacia, polyethylene glycol, mannitol, sodium chloride or sodium citrate, can also be added.
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Alternatively, these corapounds can be encapsulated, tableted, or prepared in an
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid
carriers can be added to enhance or stabilize the composition, or to facilitate preparation of
the composition. Liguid carriers include syrup, peanut oil, olive otl, glycerin, saline,
alcohols or water. Solid carriers include starch, lactose, calcium sultate, dihydrate, terra
alba, magnesium stearate or stearic acid, tale, pectin, acacia, agar or gelatin, The carrier can
also include a sustained relcase material such as glyceryl monostearate or glyceryl
distearate, alone or with a wax. The pharmaceutical preparations are muade following the
conventional techniques of pharmacy invelving milling, mixing, granulation, and
compressing, when vecessary, for tablet forms; or mailling, mixiog and filling for bard
gelatin capsule forms. When a liquid carrier 1s used, the preparation can be in the form of a
syrup, elbar, emulsion, or an aqueous or non-aqueous suspension. Such a liquid
formulation can be administered directly p.o. or filled into a soft gelatin capsule.

The pharmaceutical compositions of the application can be in the form of a sterile
injectable preparation. Formulations suitable for parenteral administration inchide aqueous
and non-aqueous isotonic sterile injection solutions which can contain antioxidants, buffers,
bactertostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which can include
suspending agents aud thickening agents,

In some cases, protective groups can be introduced and finally removed. Certain
"protective groups” such as an N-acetyl group, can be incorporated and revoain as part of the
desired compound. Suitable protective groups for amino, hydroxy and carboxy groups are
described in Greene et al., Protective Groups in Organic Synthesis, Second Edition, John
Wiley and Sons, New York, 1991, Standard organic chemical reactions can be achieved by
using a number of different reagents, for exaraples, as described in Larock: Comprehensive
(rganic Transformations, VCH Publishers, New York, 1989,

Radip-labeling a small molecule, such as a compound of the present application,
usually involves displacement of a suitably activated precursor with a radiocactive woiety in
a compatible reaction media. In the case of *F-labeling, the ['*Ffluoride attachment to the
precursor occurs via nucleophilic substitution of a leaving group, such as mesylate, tosylate,
bromide, 1odide or dizzonium salt, or nitro group. Depending on the compound, the
preparation of a radio-labeled compound generally consists of at least two steps. The first
step involves the preparation of radiolabeling precursor, in which various functional groups

have been appropriately protected and g proper leaving group has been incorporated. The

[8)
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second sequence then involves the radio-labeling, and removal of the protecting group as

known in the art

Terms

As used herein, "alkyl” mcans a noneyelic straight chain or branched, unsaturated or
saturated hydrocarbon such as those containing froro 1 to 10 carbon atoms, while the term
“lower alkyl" or “C1- 4 alkyl” has the same meaning as alkkyl but contains from 1 to 4
carbon atoms. The term "higher alkyl” has the same meaning as alkyl but contains from 7
to 20 carbon atoms. Representative saturated straight chain alicyls include methyl, ethyl, n-
propyl, n-butyl, n-peotyl, n hexyl, n-septyl, n-octyl, n-nouyl, and the like; while saturate
branched alkyls include isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl, and the like.
Unsaturated alkyls contain at least once double or triple bond between adjacent carbon atoms
{referred to as an "alkenyl"” or "alkynyl", respectively). Representative straight chain and
branched alkenyls inchude cthylenyl, propylenyl, 1-butenyl, 2- butenyl, isobutylenyl, 1-
pentenyl, Z-pentenyl, 3 -methyl- 1-butenyl, 2-methyl-2-butenyl, 2,3~ dimethyl-2-butenyl,
and the like; while representative straight chain and branched alkynyls inclade acetylenyl,
propynyl, -butynyl, 2-butynyl, T-pentynyl, 2-pentynyl, 3- methyl-1-butyoyl, and the like.

Non-aromatic mone or polycyclic alkyls are referred to herein as "carbocycles” or
“carbocyclyl” groups. Representative saturated carbocycles include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and the like; while unsaturated carbocycles inchade
cyclopentenyl and cyclohexenyl, and the like.

"Heterocarbocyeles” or heterocarbocycelyl™ groups are carbocyeles which contain
from 1 to 4 heteroatoms independently selected from nitrogen, oxygen and sulfur which can
be saturated or unsaturated (but not aromatic), monocyclic or polyeyclic, and wherein the
nitrogen and sulfur heteroatorns can be optionally oxidized, and the nitrogen heteroatom can
be optionally quaternized. Heterocarbocycles include morpholinyl, pyrrolidinonyl,
pyrrolidinyl, piperidinyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahydropynidinyl, tetrahydroprivaidinyl, tetrabydrothiophenyl,
tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl,
and the hike.

"Aryl" means an aromatic carbocyclic monocyclic or polycyclic ring such as phenyl
or naphthyl. Polycyclic ring systems can, but are not required to, contain onc or ra0Te NON-

arpmatic rings, as long as one of the rings is aromatic.
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As used herein, "heteroaryl” refers an aromatic heterocarbocycle having 1 to 4
heteroatoms selected from nitrogen, oxygen and sulfur, and containing at least 1 carbon
atorm, mcluding both mono- and polycyelic ring systems. Polycyelic ring systems can, but
are not required to, contain one or more non~-aromatic rings, as long as one of the rings is
arornatic. Representative heteroaryls are furyl, benzoturanyl, thiophenyl, benzothiophenyl,
pyrrolyl, mdolyl, 1seindolyl, azaindolyl, pyridyl, quinolinyl, 1soquinolinyl, oxazolyl,
isooxazolyl, benzoxazolyl, pyrazolyl, imidazolyl, benzimidazolyl, thiazolyl, benzothiazolyl,
isothiazolyl, pyridazinyl, pyrivudioyl, pyrazinyl, triazinyl, cinnolinyl, phthalazinyl, and
quinazolinyl. It is contemplated that the usc of the term "heteroaryl” includes N-alkylated
derivatives such as a T-methylinudazol-3-yi substituent.

As used herein, "heterocycle” or "heterocyciyl” refers to mono- and polyeyclic ring
systerns having 1 to 4 heteroatoms sclected from nitrogen, oxygen and sulfur, and
containing at least 1 carbon atom. The mono- and polycyclic ring systems can be aromatic,
non-gromatic or mixtures of aromatic and non-aromatic rings. Heterocycle includes
heterocarbocycles, heteroaryls, and the like.

"Alkylthio" refers to an alkyl group as defined above attached through a sulfur
bridge. An exarople of an alkylthio 18 methylthio, (e, -5-CHa).

"Alkoxy" refers to an alkyl group as defined above attached through an oxygen
bridge. Examples of alkoxy incluade, but are not limited to, methoxy, ethoxy, n-propoxy, i-
propoxy, n-butoxy, s-butoxy, t-butoxy, n- pentoxy, and s-pentoxy. Preferred alkoxy groups
are methoxy, ethoxy, n-propoxy, i- propoxy, n-butoxy, s-butoxy, t-butoxy.

"Alkylamino” refers an alky!l group as defined above attached through an amino
bridge. An cxample of an alkylamino 1s methylamino, (i.c., -NH-CHs).

"Alkanoyl"” refers to an alkyl as defined above attached through a carbonyl bride
(i.c., {(C=0}alkyl).

"Alkylsulfonyl” refers to an alkyl as defined above attached through a suifonyl
bridge (i.c., -S{=0)2alkyl} such as mesyl and the like, and "Arylsuifonyl” refers to an aryl
attached through a sulfonyl budge (.e., - S(=0raryl}.

"Alkylsulfinyl” refers to an alkyl as defined above attached through a sulfinyl bridge
{iL.e. -S(=0)alkyl).

The term "substituted” refers to a molecule wherein at least one hydrogen atom is
replaced with g substituent. When substituted, one or more of the groups are "substituents.”
The molecule can be multiply substituted. In the case of an oxo substituent ("=0"}, two

hydrogen atoms arc replaced. Exaraple substituents within this context can include halogen,
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hydroxy, alkyl, alkoxy, nitre, cvane, oxo, carbocyclyl, carbocycloalkyl, heterocarbocyclyl,
heterocarbocycloalkyl, arvl, arvlalioyl, heteroaryl, heteroarylalkyl, -NRaRb, -NRaC(=0ORb
~NRaC{(=0NRaNRb, -NRaC(=0)ORb, - NRaSO2Rb, -C(=0)Ra, -C(=0)0ORa, -
C{=0NRaRb, ~-OC{=0)NRaRb, -ORa, -SRa, -SORa, - S(=012Ra, -O5(=0)Ra and -

%

S(=010ORa. Ra and Rb n this context can be the same or different and independently
hydrogen, halogen hydroxyl, alkyl, alkoxy, alkyl, amino, alkylamune, dialkylaminoe,
carbocyclyl, carbocycloalkyl, heterocarbocyelyl, heterocarbocycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl.

The term "optionally substituted,” as used herein, means that substitution 18 optional
and therefore it 1s possible for the designated atom to be unsubstituted.

As used herein, the terms "prevent” and "preventing” include the prevention of the
recurrence, spread or onset. It 1s not intended that the present disclosure be limited to
complete prevention. In some embodiments, the onset is delayed, or the severity of the
disease 18 reduced.

As used herein, the terms "treat” and "treating” are not limited to the case where the
subject (¢.g., patient) is cured and the discase is cradicated. Rather, embodiments, of the
present disclosure also conternplate treatment that merely reduces symptoms, and/or delays
disease progression.

As used herein, the term "combination with™ when used to describe administration
with an additional treatment means that the agent can be administered prior to, together
with, or after the additional treatment, or a corabination thereof

As used herein, "salts” refer to derivatives of the disciosed compounds where the
parcut corpound is modified making acid or base salts thercot. Examples of salts melude,
but are not limited to, mineral or organic acid salts of basic residues such as amines,
alkylamines, or dialkylamines; alkali or organic salts of acidic residues such as carboxylic
acids; and the like. In preferred embodiment the salts are conventional nontoxic
pharmaceutically acceptable salts including the gnaternary ammonium salts of the parent
compound formed, and nou-toxic inorganic or organic acids. Preferred salis include those
derived from inorganic acids such as hydrochloric, hydrobromie, sulfuric, sulfamic,
phosphoric, nitric and the like; and the salts prepared from organic acids such as acetie,
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic,
hydroxymaleic, phenylacetic, glutamie, benzoic, salicylic, sulfanilic, 2- acetoxybenzoic,

fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 1sethionic, and the like.
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"Subject” refers any animal, preferably a human patient, livestock, rodent, monkey
or domestic pet.

As used herein, the term “dertvative” refers to a structurally similar compound that
retaing sufficient functional attributes of the identified analog. The derivative can be
structurally similar becaunse it is lacking one or more atoms, substituted, a salt, i different
hydration/ondation states, or because one or more atoms within the wolecule are switched,
such as, but not limited to, replacing an oxygen atom with a sulfur or nitrogen and hydrogen
or replacing an amino group with a hydroxyl group or vice versa. The derivative can be a
produg. Derivatives can be prepare by any varicty of synthetic methods or appropriate
adaptations presented in synthetic or organic chemistry text books, such as those provide in
March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structare, Wiley, 6th
Edition (2007) Michael B. Smith or Domino Reactions in Organic Synthesis, Wiley (2006)
Lutz F. Tietze hereby incorporated by reference.

As used herein, the term “saccharide” refers to sugars or sugar derivatives,
polyvhydroxylated aldehydes and ketones, ¢.g., with an erapirical formula that approximates
Cm{HZO)n, i.¢., wherein m and n are the same or about the same. Contemplated
saccharides inchude, e.g., maltose, 1somaltose, and lactose with an empirical formula of
CI12H22011. The term s intended to encompass sugar monomers, oligomers, and
polyraers. The terms oligosaccharide and polysaccharide are used nterchangeably, and
these saccharides typically contain between two and ten monosaccharide units, or greater
than ten monosaccharide units. In certain embodiments of the disclosure, the saccharide is a
dextrin, maltodextrin, or cyclodextrin. Dextrins are mixtures of polymers of D-glucose
units linked by a-{1—4) or a~(1—6) glycosidic bonds, Maltodextrin consists of D-ghucose
units connected in chains of variable length. The glucose units are primarily Hnked with
a{ 1—4} glycosidic bonds. Maltodextrin is typically composed of a mixture of chains that
vary from three to nincteen ghicose units Jong. Maltose is a disaccharide formed from two
units of glucose joined with an a(1-—4}bond. Isomaltose has two glucose molecules linked
through an a{1—6) bond. In certain embodiments, the disclosure conteraplates eyclic and
non-cyclic polysaccharides. Typical cyclodextring contain a number of ghicose monomers
ranging from six o eight units in 4 ring, such as alpha cyclodextrin; a six merbered sugar
ring molecule; beta cyclodextrin, a scven sugar ring molecule; and gamma cyclodextrin, an
cight sugar ring molecule.

The term “thiomaltose” and “thiomaltose” analogs refers to maltose, saccharides, or

polysaccharides, whercin one or more to the sugar units are connect by 4 bridging thiol. In

L2
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certain embodiments, the sugar untts are glucose bridged by thiol through a 1—4 and
or 16 bond.

As used herein, the term “conjugate” or “conjugated,” and the like refer to molecular
entities being linked together through covalent bonds. Conjugation can be accomplished by
directly coupling the two molecular entities, ¢.g., creating an ester or amide from a hydroxyl
group, amino group, and a carboxylic acid. Conjugation can be accorophished by ndivectly
coupling the two molecular entities, ¢.g., instituting a linking group such as a polycthylene
glycol. Corgugation can be accomplished by modifying the molecular eotities with
chemical groups that react with one another, e.g., alkyne-functionalized entity with an
azide-functionalized entity or the reduction of thiol groups on individual entities to form a
disulfide bond.

“Positron ermssion foraography (PET) refers to an iruaging technique that produces
a three-dimensional image by detecting pairs of gamma rays emitted indirectly by a
positron-emitting radionuclide tracer. Three-dimeunsional truages of tracer concentration
within the area are then constructed by computer analysis. A radipactive tracer is
administered to a subject ¢.g., into blood circulation. Typically there is a waiting period
while tracer becomes concentrated in arcas of interest; then the subject is placed 1n the
imaging scanner. As the radioisotope undergoes positron emission decay, it emits a
positron, an antiparticle of the cleciron with opposite charge, until it decelerates to a point
where it can interact with an clectron, producing a pair of {gamma) photons moving in
approximately opposite divections. These are detected in the scanuing device. The
technique typically utilizes simultancous or coincident detection of the pair of photous
roving in approximately opposite direction {the scanner typically has g built-in shight
direction-crror tolerance). Photons that do not arrive in pairs (i.e. within a timing-window)
are typically ignored. One typically localizes the source of the photouns along a straight hine
of coincidence (also called the line of response, or LOR). This data is used to generate an
image.

The term "radionuchde” or "radivactive isotope” refers to 1sotopes exhibiting
radicactive decay (i.¢., cmitting positrons) and radiolabeling agents comprising a
radicactive isotope (e.g., [11Cmethane, [V'Clearbon monoxide, [M'Clearbon dioxide,

[ Clphosgene, [HClurea, [M'Cleyanogen bromide, as well as various acid chlorides,
carboxylic acids, alcohols, aldehydes and ketones containing carbon-11). Such isotopes are
also referred to in the art as radioisotopes or radionuclides. Radioactive isotopes are named

herein using various commeonly used cornbinations of the name or symbol of the clement
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and its mass number {¢.g., "*F, F-18, or fluorine-18). Exernplary radicactive isotopes
include 1-124, F-I8 fluonde, C-11, N-13, and O-15, which have half-lives of 4.2 days, 110
minutes, 20 minutes, 10 minutes and 2 minutes, respectively. The radioactive isotope s
preferably dissolved tn an organic solvent, such as a polar aprotic solvent. Preferably, the
radioactive 1sotopes used in the present method inchude F-18, C-11, 1-123, 1-124, 1-127, 1-
131, Br-76, Cu-64, T¢-9%m, Y-90, Ga-67, Cr-51, Ir-192, Mo-99, Sm-153 and TI-201. Other
radicactive isotopes that can be employed include: As-72, As-74, Br-75, Co-35, Cu-61, Cu-
67, Ga-06k, Ge-68, 1-125, 1-132, In-111, Mu-52, Pb-203 and Ru-97.

Other methods of preparing radiolabeled ligands are well known in the art. Example
of such methods are disclosed in, for example: 1) Jewett, D M. (1992} A Simple Synthesis
of [M'CIMethyl Triflate Appl. Radiat. Isot. 43, 1383-1385; 2) Crouzel, C. Langstrom, B,
Pike, V. W, and Coenen, H. H. {1987} Recommendations for a practical production of
[MChmethyl iodide Appl. Radiat. Isot. fnt. J. Appl. Instrum. Part A 38, 601-603; Dannals, R.
F., Ravert, H. T,; 3) Wilson, A. A. (1990) Radiochemustry of Tracers for Neurotransmitter
Receptor Studies. In: Quantitative Imaging: Neuroreceptors, Neurotransmitters, and
Enzymes. (Edited by Frost), §. J. Wagner Jr, H. N. pp. 19-35, Raven Press, New York; 4}
Jewett, D. M, Mavnger, T. 1, and Watkins, G. L. (1991) Captive Solvent Methods for Fast
Simple Carbon-11 Radicalkylations. In: New Trends in Radiopharmaceutical Synthesis,
Quality Assurance and Regulatory Control (Edited by Eroran, A. M.} pp. 387-391. Plenum
Press, New York; 5) Marazano, C., Maziere, M., Berger, (., and Comar, D, (1977)
Synthesis of methyl iodide-.3up.11C and formaldehyde-11C. Appl. Radiat. Isot. 28, 48-52;
6} Watkins, G., Jewett, D, Mulholland, G., Kitbourmn, M., and Toorongian, §. (1988} A
Captive Solvent Method for Rapid N-[HClMethylation of Secondary Amides Application to
the Benzodiazepine, 4'-Chlorodiazepam (ROS-4864) Appl. Radiat. Isot. 39, 441-444; and 7}
Wilson, A. A., DaSilva, J. N, and Houle, S. {1996} In vivo evaluation of [''C] and [PF]-
iabeled cocaine analogs as potential dopamine transporter ligands for positron emission
tomography Nucl. Med. Biol. 23, 141-146. The subject matter of all references cited herein
are jncorporated herein by refereuce 1o their entivety.

As used herein, a “linker” refers to any molecular configuration that joins molecular
meicties. It mchudes molecules with covalent and non-covalent juteractions. A prefer
iinker is a polymer, 1.2, molecule with repeated linking moictics. The linked moicties can
be identical in structure or vary, ¢.g., copolymers.  Linking polymers include, but are not
limited to, biological polymers, polyethylene glycols, hydrocarbon chains, alkylacrylates,

alkylacrylamides, amides, csters, polypeptides, and derivatives thereof
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A “protecting group” refers to those motetics that are introduced into a molecule by
chemical modification of a functional group in order to obtain chemoselectivity in a
subsequent chemical reaction or to facilitate purification. Protecting groups can be
categorized by the reaction conditions and/or reagents that are used to remove them such as
acid labile protecting groups, basc labile protecting groups and hydrogenation reraovable
protecting groups. For example, acid labile protecting groups, such as tBu or Bog, typically
decompose when exposed to strong acidic conditions providing a hydrogen substituent in
place of tBu or Boc protecting group. Acetyl esiers aund thioesters of alcohols and thiols are
examples of base labile protecting groups. Additional examples of protecting groups
include, but are not imited to, 4-methoxy-2,3,6~trimethyiphenyDsulfonyl (Mir), 2,2,5,7,8-
pentamethyl-chroman-6-sulphony! (Pme), tosyl {Tos), mesitylenesulfonyl (Mts), 4,4'-
dimethoxybenzhydryl (Mbh), 2,4.6-trimcthoxybenzyl (Troob), tripheyimethyl (Trt), 9-
flnorenylmethyloxycarbonyl {fmoe), tert-butyl {(tBu), benzyl (Bzl), t-butoxymethyl ether
{Bum), (2,4-dinitrophenol) Dnp, benzyloxymethyl (Bom), benzyloxycarbonyl (2}, 2-chloro-
benzyloxycarbonyl {CIZ), t-butyloxycarbony! (Boc), formyl (CHO) or 2-
bromobenzyloxycarbonyl (BrZ) and heterocycles such as succinimide, maleimide, and
phathalimide. Protecting groups can be in the form of derivatives, e.g., having one or more

substituents.

EXAMPLES
The following exarples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the assay, screening,
and therapeutic mcothods of the disclosure, and are not intended to limit the scope of what

the claimed embodiments.

Synthesis of thiomaliese-peryiene

In order to test the specificity of thiomaltose for bacteria, a thiomaltose derivative
iabeled with the fluorescent dye was synthesized, perylene (15}, using an azido-thiomaltose
{14} as the synthetic intermediate. The procedure used for the synthesis of thiomaltose-
perylene (15} is shown in Figure 2. Azido-thiomaltose (14) was first synthesized by lewis
acid promoted glycosylation between the thiomaltose imidate donor (13} and
azidopropanol, Thiomaltosc-perylene was then synthesized by conjugating the perylene

dye onto azidothiomaltose {14) via the click reaction, followed by deprotection of the acetyl
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protecting groups using lithium hydroxide. Synthetic details for the synthesis of

thiomaltose (10}, azidothiomaltose {14) and thiomaltose-perylene (15} are provided.

Synthesis of thiomaliose (18}

To a stirred solution of a-D-glucopyranose, 4-5-(2,3,4,6-tetra-O-acetyl-B-D-
ghucopyranosyl)-4-thio-1.2,3,6-tetrabenzoate 9 (1.0 g, 10 vamol) in anhydrous CH2OH (15
mb} was added NaOCH;3 (100 mg, 20 mmol) under an atmosphere of No at room
teraperature, and the reaction was stirred at oo teraperatare for 12 howrs. The reaction
mixture was neutralized by adding acidic DOWEX resins, filtered, and concentrated in
vacua. The resulting residue was re-dissolved in DMF (10 mL), and precipitated by adding
ether (100 mL). The precipitated powder was coliected and dried in vacuo to afford the
product 18 (300 mg, 83%) (¢ and B mixture). 'H NMR (D20, 400 MHz): 8 {(ppm) 5.01 (4,
3J(HHY= 102 Hz, 0.6H), 482 (d, 3JHH)y =48 Hz, TH), 433 (d, 3/ (H.H} = 3.6 Hz,
0.4H), 3.71-3.74 (m, ZH), 3.67-3.63 (m, 3H), 3.5-3.49 (m, 2H), 3.43 (dd, 3/ (H H)=10.2
Hz, 1H}, 3.26-3.21 {m, 3H), 3.0-2.98 (m, 1H), 2.83-2.85 {m, 1H}. 13C NMR (D20, 160
MHz): 8 {ppm} 95.8, 91.5, 852, 851, 85.1, 81.2, 80.0, 79.6, 78.5, 779, 77.8, 77.0, 76 .8,
758,74.3,74.1,73.7,73.1,70.8,62.8, 627, 62.2,61.5,48.1, 47.5. MS (MALDI) w/z
Found: 381.79, calculated: CizHnOi05Na [M+Na+] 381.08.

Synthesis of azidothiomaltose (14)

To a stirred solution of thiomaltose timidate 13 (0.16 g, 0.2 vowol) and 3-
azidopropanol (0.1 g, 1.0 mumol) in dry DOM (5 mL) was added 4A M.S. The mixture was
stirred under nitrogen at § °C for 1 hour. TMSOT (45 ul, 0.20 mmol) was then added and
the mixture was stirred at § °C for 2 hour. The reaction was quenched with EisN and
concentrated in vacuo. The residue was dissolved in BEtOAc¢ (20 mL) and washed with water
{5 mL x 2} and brine (10 mb). The organic phase was dried over NazSOu, filtered and
evaporated to dryness in vacuo. The residue was purified by flash column chromatography
on silica gel (hexane/EtOAc, 1:1) to afford 14 (92.6 rog, 63%). 'H NMR (400 MHz,
CDCI3): 6 (ppm) 5.89 (d, 1 H, ./ = 5.8 Hz, 1-H (o thiol linkage}), 5.28-5.21 {m, 2H), 5.06
{(1H, m), 4.95 (1H, m), 4.78 (1H, m), 4.65 (1H, m}, 446 (1H. 4,/ =86 Hz, I-H (), 4.33
{18, m}), 4.25-4.20 2H, m), 4.11 (IH, m), 3.89 {(1H, m), 3.58-3.63 QH, m), 3.35 CH, ¢, /=
6.0 Hz, CH2), 297 (2H, ¢, /=60 Hz, CH2), 2.12-1.99 (5, 21 H, CH3}, 1.83 (2H, m, CH2).
I3CNMR (1006 MHz, CDCI3Y: & {ppm) 170.5, 170.4, 170.2, 169.9, 169.8, 169.5, 169 4,
100.3,82.4, 76,7, 75.7, 727, 72.5, 70.3, 70.1, 69.7, 68.6, 67.9, 66.3, 63.6, 61.5, 47 .9, 43.7,
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289,208, 20.7, 20,6, 20.6, 20.5, 20.4. HRMS (MALDI) m/z Found: 758 2089, calculated:
758.2054 for CooHaiN3Oh7SNa [M+Nal+.

Synthesis of thiomaliese-perylene (158)

To a stirred solution of 34 (15.0 myg, 0.02 mmol) and alkyne functionahized perylene
dye (13.0 mg, 0.04 mmol} in DMF (3 mL) was added Cal (8.2 mg, 1.0 umol} and DIPEA
(1.2 mg, 0.01 mmol). The mixture was stirred at roon temperature for 12 hours under
nitrogen and the solveot was removed in vacuo. The residue was dissolved i DCM (10
i} and washed with water (5 mL x 2} and brine (5 mL). The organic phase was dried over
NazS04, filtered and evaporated to dryness in vacuo. The residue was dissolved 1o CH20H
{5 ml}, and agueous LiOH (1.0 M, 2 mL} was added into the reaction mixture under
nitrogen. The reaction mixture was stirred at room temperature for 24 hours. The mixture
was then neutralized with Dowex 30W resin, filtered and concentrated in vacuo. The
residue was purified by HPLC to afford 15 (10.0 mg, 63% in two steps). 'H-NMR (400
MHz, BMSO-d6): o (ppm) 7.85-7.76 (m, 3H, Aromatic), 7.72 (d, 1H, /= 8.0 Hz, ArH},
7.51(d, 1H, 7= 8.0 Hz, ArH), 7.39 {(s, IH, triazole}, 7.21 {d, 2H, /= 8.0 Hz, ArH), 7.13-
7.03 (m, 4 H, ArH), 596 (d, 1 H, J= 6.0 Hz, I-H’ (o thiol hnkage), 4.96-4.91 (2H, m), 4.71
{m, 2H, ArCH20), 4.55 (s, 2H, CH2-C=C), 445 (d, 1H, /=84 Hz, I-H (§)), 3.78-3.71
{SH, m), 3.69-3.67 (2H, my, 3.43-3.31 (8H, m), 3.22-3.20 (m, 3H), 2.91-2.89 {m, 1H), 1.91
(2H, m). 13C NMR (100 MHz, DMSO-d6): 8 (ppm) 1433, 1348, 133.1, 132.8, 131.9,
1317, 1300, 1289 128.5,127.9, 127.9, 1267, 126.5, 126.1, 123.7, 123.6, 120.1, 120.0,
120.0, 119.5, 103.6(1-C (B}), 97.8 (1-C {u thiol linkage}), 81.5, 79.1, 77.3, 76.9, 75.7, 73.8,
73.1,72.8, 70.6, 68.1, 64.3, 62.0, 48.7, 47 .9, 28.5. HRMS (MALDI) ro/z Found: 784.2543,
calculated: 784.2516 for CseHasN30118Na [Af+Nal+.

Thiomaltose has high specificity for bacteria over mammalian cells
Thiomaltose-perylene has high specificity for bacteria over mammalian cells. The
uptake of thiomaltose-perylene was investigated in £ .coli and in Raw 264.7 murine
macrophages. A 500 ul suspension of £ .coli {0.D=0.6} was incubated with 20 pM
thiomaltose-perylene for 2 hours. The bacterial cells were washed in PBS and lysed. The
fluorescence intensity of the sample was measured and normalized to the protein content.
Similarly, 10° macrophage cells were incubated with 20 uM thiomaliose-perylene for 2
hours and the cells were lysed. The specificity of thiomaltose-perylene for bacteria was

deterrained by comparing the fluorescence intensity in bacteria versus macrophages,
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normalized to intracellular protein content. Figures 13 indicates that thiomaltose-perylene
has high specificity for bacteria, as the uptake of thiomaltose-perylene was 98 fold higher in

bacteria when compared to marmraalian cells.

Thiomaltose is stable to maliase

Thiomaltose is stable to maltase hydrolysis. The stability of thiomaltose and
maltose was investigated in the presence of maltase. Thiomaltose and maltose were
incubated with 10 units of maltase, which is an enzyme that breaks maliose mto two glacose
molecules. The hydrolysis kinetics of thiomaltose and maltose was determined by
quantifying the glucose released from thiomaltose or maltose hydrolysis. Figure 14
demonstrates that thiomaltose is orders of magnitude more stable to maltase hydrolysis than
maltose. For cxample, the half-lifc of maltose 1s approximately 30 minutes, under these

conditions, whereas thiomaltose had negligible hydrolysis after 3 hours.

Synthesis of **F-thiomaltose

One can synthesize *F-thiomaltose (17), following the general procedure shown in
Figure 3. Brefly, one converts azido-thiomaliose (14) into a brosylate precursor (16) via a
click reaction with pent-d-yn-1-yl 4-bromobenzenesuifonate (2). One obtains *F-
thiomaltose (17} by reacting the precursor {16} with K'°F, followed by deprotection of the
acetyl protecting groups with aqueous NaQH. One can purify intermediates by flash
columin chromatography on silica gel and characterized by NMR and HRMS, and one can

purify PF-thiomaltose by HPLC.

Synthesis of thiomaliose-metronidazole TMM (14)

Oue can conjugate metroinadazole to thiomaltose and generate TMM (See Fig. 20).
To a stirred solution of thiomaltose ymidate 9 (100 mg, 0.13 momol) and metronidazole 12
(43 mg, 0.26 mmol} in dry DCM {5 mL) was added 4A M.S. The mixture was stirred under
nitrogen at 0 °C for 1 hour. TMSOTE (10 pk, 0.044 mumol) was then added and the mixture
was stirred at 0 °C for 2 hour. The reaction was quenched with Hi3N and councentrated in
vacuo. The residue was dissolved in EtOAc (20 mL) and washed with water (5 mL x 2) and
brine (10 mL). The organic phase was dried over NaZS04, filiered and evaporated to
dryness in vacuo. The residue was purified by flash column chromatography on silica gel
{hexane/EtOAc, 1:1) to afford 13 (53 vug, 52%). 1H NMR (400 MHz, CDCI3): 8 (ppry
7.95 (s, 1H), 5.87 (4, 1H), 5.28-5.16 {m, ZH), 5.07 (t, 1H) 4.98-4.94 {(m, 1H), 4.74 (1, 1H),
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4.64-4.56 {m, 2H}, 4.39-4.32 (ra, 3H), 4.24-4.08 {m, 6H), 3.86 (1, 1H), 3.59 (¢, 1H}, 2.95 (4,
TH), 2.46 (s, 3H), 2.14-1.95 (im, 21H}. ESI-MS w/z Found: 8372286, calculated: R36.2284
for C32H44N30I19S [M+H+

TMM 14 was synthesized by deprotection of 13 with NaOH. To a stirred solution of
13 (40 mg, 0.005 mumol) in MeOH (2 mb) and water (0.5 mL) was added NaOH (40 mg,
1.0 mmol). The roxtare was stirred overnight and puritied by HPLC to afford TMM (8.1
mg, 27.6%). TH NMR (400 MHz, D20} 6 (ppm) 8.39 (s, 1H}, 5.50 (4, IH), 4.24-4.15 {m,
3H), 4.04-3.95 (o, 2H) 3.86-3.83 (m, 4H), 3.74-3.94 (m, 15H), 3.26 (, 2H), 3.05 (1, 2H),
2.67 (s, SH), 2.56 (1, 2H). MALDI-MS m/z Found: 514.6, calculated: 512.1544 for
CIRH3ON3IO12S [M+HH.

TMM is effective at killing Glardia

Methods for evaluating ECSO measurements in Giardia were established. Giardia
cells were cultured i 96 well microtiter plates in anacrobic BD Bio-Bags (Becton
Dickinson). Growth was assayed with a MoxiZ coulter counter {Orflo Technologies). The
TMM and metroinadazole stock solutions contained DMSO to improve solubility. Giardia
growth n 96 well plates with various volumes of TYDK media 10 and DMSO
concentrations were cvaluated over several days at 37°C. Cells grew more consistently in
higher volumes of moedia and noted reduced growth in BMSO concentrations above §.25%.
Culture volumes of 180ul (10,000 celis/mL starting concentration)} and the DMSQ
concentrations at or below 0.1% were used. Growth was evaluated after 48 bhours., The 48
hour time point allows several cell cycles of log phase growth, but stops before maximum
densities of | x 10° cells/mL are reached TMM has an EC50 of 1.53 uM while
roetronidazole has an EC50 of 1.7 uM mdicating that TMM 1s at least as good as
roetronidazole but appears more potent, thas demonstrating that thiomaltose conjugation

does not interfere with the efficacy of metronidazole.

Synthesis of thiomaltese-radezolid (TMR) (14)

The synthesis of a conjugate of thiomaltose and radezohd (TMR) 1s illustrated in
Fig. 22. The synthesis of TMR is described below. To a stirred solution of 12 (8.0 mg,
0.02 mmol) and 13 (8.8 mg, 0.02 romol) in DMF (2 mL) was added DIPEA (50 uL) and
Cul (0.1 mg, 0.53 umol), atter stirring for 24 h, the solvent was removed in vacuo. The
crude product was purified by HPLC to afford thiomaltose-radezolid (TMR, 14) (12.0 rag,
71%). TH NMR (400 MHz, D20): 8 {(ppm)y 8.06 (s, 1H), 7.56-7.33 (m, 6H), 7.21 (d, 1H},
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5.60(d, IH), 4.51 (1, 2H), 4.40 (s, 1H) 4.33-4.20 (1o, 4H), 4.11 (1, 1H), 3.92 (d, 2H), 3.85-
3.70 {m, 7TH}, 3.60-3.33 (m, 8H), 3.22-3.11 {m, 2H}, 2.84 {s, 2H}, 2.70 {t, 1H}, 2.18-2.07
(m, 2H}, 1.98 (5, 3H), 1.34-1.27 (m, 2H). ESI-MS mv/z Found: 837.3122, calculated:
837.3135 for CITHSOFNOOI3S [M+H]+.

TMER is more effective at killing P. aeruginesa than free radezolid

The efficacy of radezolid can be increased by conjugating it to thiomaltose. P.
acruginosa (Sx10°CFUs) were incubated with various concentrations of either radezolid or
TMR and the MIC was determined via absorption measurements. The P. acruginosa strain
used 1o this experiment was a clinical 1solate, resistant to multiple antibiotics, obtained from
a blood stream infection. Figure 23 shows data indicating that TMR is 1-2 orders of
magnitude more cffective at killing pseudorsonas than free radezolid. For example, a 0.5
uM concentration of TMR causes a 3% reduction in P. acruginosa growth, whereas free
radezolid had no efficacy up to a 10 uM concentration. Thus TMR is able to improve the

efficacy of radezolid, presumably by enhancing its transport into GNB.
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CLAIMS

What is claimed 1s:

i. A compound having the formula:

or a salt thereof,

wherein,

RY R%, RY, and RY, are each individually and independently hydrogen, alkyl,
halogen, nitro, cyano, hydroxy, armino, mercapto, formyl, carboxy, alkanoyl, carbamoyl,
alkoxy, alkylthio, alkylamine, (alkyhpamino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl,
carbocyclvl, arvl, or heterocyelyl, wherein each RY, R%, R, and R* are optionally substituted
with one or roore, the same or different, R>;

R is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamaoyl, altkoxy, alkyithio, alkylamine, (alkylzamine, alkyisulfinyd,
alkylsulfonyl, arylsuifonyl, carbocyclyl, aryl, or heterocyclyl, wherein R® is optionally
substituted with one or more, the same or different, R

RS is halogen, nitro, cvane, hydroxy, triflucromethoxy, triffucromethyl, amino,
formyl, carboxy, carbameyl, mercapto, sulfamoyl, methyl, ethyl, macthoxy, cthoxy, acetyl,
acetoxy, methylaming, thylamine, dimethylamino, diethylamino, N-methyl-N-ethylamine,
acetylaming, N-methylcarbamoyl, N-ethylearbamoyl, N,N-dimethylearbarmoyl, NN-
diethylcarbamoyl, N-methyi-N-cthylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-gthylsulfamoyl, N,N-dimethylsulfamoyl, N,N-diethyisulfaroyl, N-methyl-N-
ethylsuifamoyl, carbocyclyl, aryl, or heterocyelyl;

As O or S at each occurrence provided A must be S at least once or all of A are S

AisQor S

E 1s g linking group; and

G is a radionuchide, fluorescent molecule, an antibiotic, or an azide group.

2. The compound according to claim 1, wherein E is:
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§ el CRIR X (CRERKE Y (CRRY ) oo §

wherein the symbol % represents the point of attachement to A’ and G;
nis i, 2,3,4,5,6,7,8 9,10, 11, 12, 13, or 14,
mis0,1,2,3,4,5,6,7,89, 10,11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, or

pis®, 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23;

R R7L R and R are at each occurrence individually and independently
hydrogen, halogen, allkyl, alkoxy, or hydroxyl

X, X7 and Y are at each occurrence individually and independently -O-, -S-, -S-8-, -
NH-, {(C=0)- ~-NH{C=0})-, (C=OINH- -O(C=0}-, (C=0)-, -S{(C=0)-, {(C=0)8-, -80-, -
SO, - NHSO-, -SONH--{CH2ZCHZO)-,-(CHz ), a disubstituted carbocyclyl, a di-
substituted aryl, a disubstituted heterocyclyl, or absent;

q can be 1 to 1000; and

reanbe 1 to 222

3. The corapound according to claim 1 or claim 2, wherein A’ 1s O,

4. The corupound according to any of claims 2-3, wherein X is in each case absent.
5. The corpound according to any of claims 2-3, wherein X? is a hetrocyclic ring.
6. The corupound according to any of clairs 2-5, wherein X% is a triazole ring.

7. The compound according to any of ¢laims 1-6, wherein R, R, and R* are in cach

case hydrogen.

S. The compound according to any of claims 1-7, wherein R! is independently selected

fromH, OH, or F.

9. The compound according to any of claims 1-8, wherein G is selected from
{CH2)F, whereinx canbe 1,2, 3,4, 5,6, 7or &,

o, 7

/ R
=z oA
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wherein the symbol é represents the pomt of attachement to E;
Uis Nor CRY,
W is N or CR*;

Z 1s a carbocyclic or heterocyclic ring;

R7 is alkyl, carbocyelyl, or arvi, wheren R7 is optionally substituted with one or
more, the same or different RY; or R7 and R form a heterocarbocyclic ring optionally
substituted with R'%;

R® is hydrogen, alkyl or alkanoyl;

R”is a hydrogen or halogen;

R s hydrogen, alkoxy, amino, or alkyl;

R is hydrogen, alkoxy, or halogen;

R is hydrogen;

R¥ is halogen, nitro, cvano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, wercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acctoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-cthylamino,
acetylamino, Nmethylcarbamoyl, N-cthylcarbarmoyl, N,N-dimethylcarbamoyl, N.N-
dicthylcarbamoyl, N-methyl-N-¢thylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
cthylsulfinyl, mesyl, cthylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N.N-dimethyisulfamoyl, N N-diethyisulfamoyl, N-methyl-N-
ethylsulfamoyl, carbocyclvl, arvl, or heterocyelyh

RY is hydrogen, alkyl, carbocyclyl, or aryl, wheren R’ is optionally substituted with
one or more, the same or different RY;

RYM RY, R and RY are cach individually and independently hydrogen, alkyl,

halogen, nitro, cyano, hydroxy, amineo, mercapto, formyl, carboxy, alkanoyl, carbamoyi,

[
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alkoxy, alkylthio, alkylamine, (alkylhamino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl,
carbocyelyl, aryl, or heterocyclyl, wherein each RY, RY5, R and RY are optionally
substituted with one or more, the same or different, R%;

R8s acetylamino, hydrogen, alkyl, halogen, cyano, hydroxy, amino, mercapto,
formyl, carboxy, alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, {(allylamino,
alkylsulfinyl, alkylsulfonyl, arylsulfouyl, carbocyclyl, aryl, or heterocyclyl optionally
substituted with one or more, the same or different, R*; and

R* is halogen, nitro, eyane, hydroxy, trifluoromethoxy, trifluoromethyl, aming,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, cthyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamine, dimethylamino, dicthylarmno, N-methyl-N-ethylamino,
acetylamine, Nmethylcarbamoyl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-
diethylcarbamoyl, N-racthyl-N-cthylcarbarnoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylisulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisutfamoyl, N-rocthyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

160 The compound according to claim 9, wherein Z 1s:
13,13

\,Uv 1

N N

1
R

mVWW‘ G

O

Z%
spottd

13

, OF

wherein the symbaol g represents the point of attachement to E or or the quanolone fragraeot
and R is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifuoromethyl, amino, formyl,
carboxy, carbamovl, mercapto, sultamoyl, methyl, ethyl, methoxy, cthoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylaming, Nmethylcarbarnoyl, N-ethylcarbamoyl, N N-dimcthylearbarsoyl, N,N-
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dicthylearbarmoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethyvlthio, racthylsultinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyli,
N-ethylsultamoyl, N N-dimethylsulfamoyl, N N-diethyisulfarosoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyelyl.

11, The compound according to claim 10, wherein RY s independently selected from

hydrogen, methyl, or cthyl.

12, The compound according to any of claims 2-11, wherein X! is in each case absent,

R, R”, R’L R R, R are in each case hydrogen and X7 s heterocycle,
13. The corupound according to any of claims 1-12, wherein X is:

3

14. The corpound according to any of clairos 2-12, wherein Y 1s absent.
1S. The compound according to any of clairos 2-14, whereinn’ 18 1, 2, 3, or 4.
6. A composition comprising a thiomaltose-based analog of the following formula:

A—R,

wherein,

A1s O, NH, S or a direct bond to R¥;

R1, R2, R3, R4, RS, R, and R7 are, the same or different, hydrogen, hydroxy,
halogen, alkyl, alkoxy, tracer, or °F,

R8 is E-G, wherein E is a linking group; and

G 1s a tracer, a drug, an antibiotic, an azde group, or other wolecule of 1uterest.

17.  The compaosition of claim 16 wherein, E is triazole positioned between linking
groups such as the following groups alone or in combination, ether, amine, amide, ester,

carbonyl, thiol, dithiol, thiolester, aromatic, heteroaromatic, or hvdrocarbon groups.

[
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18 A composition comprising a tracer ruolecule conjugated to a thiornaltose-based

analog.

19, The composition of claim 18, wherein the tracer molecule is a positron-emitting

radionuclide.

20.  The composition of claim 19, wherein the positron-cmitting radiomuclide 1s selected

from carbon-11, nitrogen-13, oxygen-15, fluorine-18, rubidivm-82, and strontiur-82.
k o

21, The compaosition of claim 20, wherewn the tracer molecule is fluorescent molecule.
22, The compaosition of claim 21, wherewn the fluorescent molecule 1s a fluorescent dye.
23, The compostition of any of claimas 16-22, wheren the thiomaltose-based analog is

greater than 2, 3, 4, 5 or 6 sugar oligomers.
3

24.  'The composition of claim 23, wherein the thiomaltose-based analog comprises

glucose oligomers.

25, The composition of claim 24, wherein the glucose oligomers are linked by an

a{ 14} glycosidic bond comprising thiol group.
26, A composition comprising an antibiotic conjugated to a thiomaltose-based analog.

27, The composition of claim 26, wherein the thiomaltose-based analog is greater than

2,3, 4, 5 or 6 sugar oligomers.

28, The compostition of claim 27, wherein the thiomaliose-based analog comprises
5 bl

glucose oligomers.

29. A method of trausferring a molecule of interest into bacteria corprising wixing
bacteria with a non-naturally occurring conjugate under conditions such that the conjugate
is transported across the bacterial cell wall wherein the conjugate comprises a thiomaltose-

based analog and a molecule of interest.

38.  The method of claim 29, wherein the conjugate is the compound of any of claims 1-

[
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31, Animaging racthod comprising a) administering a tracer molecule conjugated to a
thiomaltose-based analog as in any of claims 16-28 to a subject; and b} scanning the subject

for a physical property of the tracer molecule.

32, The imaging method of claim 31, further cormprising the step of detecting the
physical property of the tracer molecule and creating an image highlighting the location of

the tracer molecule in the subject.

33, A method of treating or preventing a bacterial infection comprising administering an
effective amount of an 1solated counjugate to a subject in need thereof wherein the isolated

conjugate comprises an antibiotic and an thiomaltose-based analog as in any of claims 16-

34, A compound having the following formula:

A—Ry

or derivative thereof wherein,

A1s O, NH, S or a direct bond to RE;

R1,R2, R3, R4, RS, R6, and R7 are, the same or different, hydrogen, hydroxy,
halogen, alkyl, alkoxy, tracer, or '%F,

R¥ is E-G, wherein E 1s a linking group; G is an tracer, a drug, an antibigtic, an
azide group, or other molecule of nterest; or

R8 is a protecting group, hydrogen, alkyl, halogen, nitro, cyano, hydroxy, amino,
mercapto, formyl, carboxy, alkanoyl, carbamovl, alkoxy, alkylthio, alkylamino,
{alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyelyl, arvl, or heterocycelyl,
wherein R¥ is optionally substituied with one or more, the same or different, R,

R9 is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,
alkylsulfonyl, arvisultonyl, carbocyelyl, aryl, or heterocyciyl, wherein R9 is optioually

substituted with onc or more, the same or different, Rig;

W
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R10 1s alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
alkanoyl, carbamoyl, alkoxy, alkyithio, alkylamino, (alkyl)2amino, alkyisulfinyl,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heteroeyelyl, wherein R10 1s optionally
substituted with one or more, the same or different, R11;

R11 1s alkyl, halogen, nitro, cyano, hydroxy, anmino, mercapto, formyl, carboxy,
atkanoyl, carbamoyl, alkoxy, alkyithio, alkylamino, {alkyl)2amino, alkyisolfiny,
alkylsuifonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R11 is optionally
substituted with one or more, the same or different, R12;

R12 is alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
atkanoyl, carbamoyl, alkoxy, alkyithio, alkylamino, {alkyl)2amino, alkyisolfiny,
alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R12 is optionally
substituted with one or more, the same or different, R13; and

R13 is halogen, nitro, cyano, hydroxy, triflnoromethoxy, triflucromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, cthyl, methoxy, ethoxy, acetyl,
acetoxy, methylamine, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,
acctylamino, Nmethylcarbamoyl, N-cthylcarbamoyl, N, N-dimethylcarbamoyl, N,N-
diethylcarbamoyl, N-methyl-Nethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
cthylsulfinyl, mesyl, cthylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,
N-ethylsulfamoyl, N N-dimethylsulfamoyl, N N-dicthyisutfamoyl, N-rocthyl-N-

ethylsuifamoyl, carbocyclyl, aryl, or heterocyelyl.

35.  The composition of Claim 34 wherein, E 18 triazole positioned between linking
groups such as the following groups alone or in combination, cther, amine, amide, ester,

carbonyl, thiol, dithiol, thiolester, aromatic, heteroaromatic, or hydrocarbon groups.
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Protein Conc. Perylene Conc. Peylene Conc.

Samples {mg/mi) (uM) (uM/mg protein)
0 0.46 0.10 0.22
0 0.41 0.10 0.25
Salmonella NaAzide
Typhimurium (Harvest +Perylene 0.45 1.15 2.55
Asso = 0.582) NaAzide
+Perylene 0.45 1.10 2.43
Perylene 0.47 1.22 2.62
Perylene 0.42 1.24 2.94
0 0.29 0.11 0.37
Pseudomonas ,
aeruginosa (Harvest 0 0.37 0.11 0.29
Asso = 0.492) Perylene 0.39 0.62 1.60
Perylene 0.28 0.83 2.99
FIG. 12
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