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NOVEL ANTIBACTERIAL COMPOUNDS AND METHODS OF MAKING AND USING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
This application clamms priority to Unued States provisional patent application Ser. No.

62/175,079, filed June 12, 2015, the disclosure of which 1s mcorporated by reference herem n its enfirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This mvention was made with government support under Grant No. 2P20GM 103430 awarded by

National Institutes of Health. The government has certamn rights m the invention.

BACKGROUND OF THE INVENTION

Methods for the growth -inhubition and destruction of bacteria have long been a key arca of study
towards the improvement of human health. Numerous antibactenal agents have been designed and
manufactured, but many are now exhibiting decreased efficacy due to mucrobial resistance. The Centers
for Discase Control estimates that at least a quarter of a million illnesses and 23,000 deaths over the past
year in the U.S. were due 1o antibiotic resistance. A report published in 200¢ by the Alliance for the
Prudent Use of Antibiotics (APUA) estimated that over $20 billion dollars per vear is consumed by
healthcare costs to treat antibiotic-resistant infections. Although these figures could be improved by
addressing the misuse and overuse of antibiotics in the clinic, an understanding of the mechanisms by
which bacteria develop resistance and designing drugs to circumvent these s essential for the treatment of
mulions of infections.

There are three general molecular mechamisms that confer antibiotic resistance. The first 1s the
mchision of ¢fflux pumps into the membrane of the bacterta. These pumps prevent the accumulation of
mtracellular-acting antibiotics such as protein svithesis inhibitors by actively pumping them out of the
cvioplasm. Efflux pumps are generally adapted from existing membrave pumps used either to move
Hipophilic molecules n and out of the bacteria or rapidly expel naturally produced antibiotics meant to
destroy neighboring bacterta. Drugs such as tetracvelines and ervithromycins frequently fail to reach
therapeutic concentrations duc to expulsion through efflux pumps.

A second method used by bacteria is to either destroy or modify the chevucally relevant features
of the antibiotic. This can nclude the cleavage of bonds within the antibiotic or chemical modification of
groups on the antibiotic.

The third most method of resistance does not act on the inhibitor at all. but instead modifies the
target of inhibition. By reprogramming the target structure, bacteria can reduce the efficacy of the

antibiotic while retatning the inherent function of the target. Further, bactena develop mto colomies that
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adhere to a surface within a dense extracellular matnix consisting of DNA,| proteins, and polysacchandes,
known as a biofilm. Biofilms are pervasive in implanted medical devices and damaged tissae, leading to
unresolved miections.

Though plagued bv numerous resistance 13sues, cell wall-acting antibiotics are the most prevalent
mhibitors of bactenal growth, such as penicillin. In particular, potent antibiotics target the synthesis of
peptidoglycan, a key component of the bactenal cell wall. Peptidoglvean resists mternal turgor, mediates
cell growth and division, defines the shape of the cell, and helps to anchor proteins and glycoproteins to
the cell wall.

Peptidoglycan consists of the aminoglveosides N-acetylglucosamine (GleMAc) and N-
acetyimuramic acid (MarNAc) hinked in alternating chatns through B-(1-4) bonds. In Bacillus sublifis,
cach individual chain is between 50 and 250 disaccharide units. These linear glycan chains are cross-
finked by short and variable peptide strands. The D-lactoyl group of MurNAc is amidated by a
tetrapeptide m the mature macromolecule. Cross-linking of these peptides allows for the formation of a
mesh-ike matnix that surrounds the cell.

The cell wal has been a prominent target largely due to its absence in mammalian cells.
fnhibitors designed for cell wall synthesis ideally only affect bacterial infections and do not damage host
cells. Ofthe large nuraber of cell wall synthesis inhibitors currently being developed and marketed,
almost all fall mto two major classes: B-lactams and macrocyclic polvpeptides.

B-Lactams comprise penicitling and cephalosporins use a reactive warhead (a four-membered
factam ring}) to bind irreversibly to bactenial transpeptidases mvolved i assembly of the cross-bridge
peptide chawns within the peptidoglyean. Bactenia eraploy enzymes calied P-lactamases to destroy the
warhead, opemng the lactam ring and rendering the antibiotic meffective.

Macrocyclic polypeptides mclude compounds like vancomycin. Vancomyein acts by tying up the
peptide substrates used by transpeptidases and prevents their use as building blocks. Vancomycin's
target, though, 1s the hughly variable peptide cross-bridge that is readily modified by bactena, thus
preventing binding of vancomycin and elimunating its potential activity. Additionally, macrocyclic
polypeptide drugs pose a sertous problem fo synthetic chemusts, doe to their complexity.

Presently, there are no successful anttbiotics that target the natural recyching of the peptidoglycan.
This hvdrolvtic breakdown and remodeling of the coll wall 1s carried out by a set of bacienial enzymes
termed “autolvsing” that are heavily imphcated m peptidoglyean maturation, cell separation and
expansion, motility, cell-wall turnover, and protein secretion. Within a single gencration of bactenal
growth, 30% of the peptidoglycan layer is removed and recycled by the activity of autolysins.

During vegetative growth of Bacillus subtilis, for cxample, two major enzymes present i the cell

wall are involved with the autolytic activity occurring within the peptidoglvean: N-acetvimuramovi-L-
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alamne amidase {(amidase) and endo-P-N-acetylghicosanumdase (GicNAcase). These enzyvmes are
encoded by the ZyfC and LyiD genes respectively and are regulated by the oD transcription factor.
Despite their substantial expression and cell-wall localization during exponential growth, neither of these
enzymes is individually crocial to the survival or even proper cell-wall turnover of the cell. Furthermore,
the double-knockout mutant of LytC/LyvtD had no reduction in cell separation and mcomplete reduction n
cell-wall tarnover. The muteal compensatory nature of autolvtic enzymes complicates any attempts (o
develop avtolysin inhibitors as antibiotics.

Several compounds have some mhibitory activity against purtfied autolysins but all have failed to
exhibit any bactenostatic or bactericidal effect. The P-hexosaminidase inhibitor, NAG-thiazoline, was
only a weak binder of LT and had no effect on the viability of . coli. Analogues of 2-acctamido-2-
deoxynojirimyein were not active i vive even at 1 mM. Targeting autolysin enzymes that which act on
the tvariant glycan chain may drastically reduce the potential for development of resistance.

There 15 a need 1n the art to 1dentify novel compounds that can be used to treat or prevent
bacterial infections i a subject. Treatment with such compounds should be efficacious and prone o

minimal resistance build-up, or no resistance at all. The present invention addresses and meets this need.

BRIEF SUMMARY OF THE INVENTION
The mvention provides a compound of fornwla I, or a salt or solvate thereof:

0 R3 R4

2 0 (I}, wherein in compound L.

R, is selected from the group consisting of aryi and heteroaryl, wherein the arvl or heteroaryl
group is optionally substituted with 1-3 substituents ndependently selected from the group consisting of
Ci-Co alkyl, OH, O(C;-C; alkyl), F, CL, Br, I, NO,, ~-C(=0)H, ~-C(=0)OH, -C(=0(C;-Cq alkyl), -
CEOINH,, -CEOINH(C-Co alkyly, and ~C=0N(C-Co alky I C-Co alkyl);

R. 15 selected from the group consisting of {-Cs alkyl, C5-Cs cveloalkyl, alivl, propargyvl,
homopropargyl, arvl, heteroaryi, arylalkvl, and heteroaryialkyl, wheremn the atkyl, cycloalkyl. aryl,
heteroaryl, arvlatkyl or heteroarvlalkvl group is optionally substituted with 1-3 substituents independently
selected from the group consisting of C;-Cy alkyl, OH, O(C-C; alkyly, F, CL, Br, I, NG, -C{=0)H. -
C{=0)OH, -C(=0)0(C-C; alkyl), -C(=0)NH,, -C(=0)NH(C-C; alkyl), and -C{(=0N(C,-Cs alkyIHCy-Cs
alkyl);

R; 15 selected from the group consisting of Ci-Cy cycloalkyl, arvl and betercarvl, wherein the

cycloalkvl, aryl or heteroaryl group 1s optionally substituted with 1-3 substituents mdependently selected
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from the group consisting of C,-C alkyl, OH, O(C-Cq alkyl), F, CL, Br, [, NO,, -C(=0iH, -C(=0)0H, -
CEOG(C-Cg alkyl), -C=0INH,, -CEOINHC-Cq alkvl, and -CEOINCC-Co alkvB(C-Co alkvl),

Ra 15 selected from the group consisting of £-Cs alkyl, 5-Cs cycloalkyl, arvlatkyi and
heteroarylalkyl, wherein the alkyl. cycloalkyl, arvialky! or hetercarylalkyl group is optionally substituted
with -3 substituents independently selected from the group consisting of C-Ce alkyl, OH, O{C-Cy
atkyl), F, CL Br, I, NO,, -C(=0)H, -C(=0)0H, -C(=0){C,-C¢ alkvl), -C(=0)NH,, -C{=MNH(C-(¢
atkyl), and -C(=0IN{C,-C; alkv){C-Cq alkyl}; and

K515 Hor methyl.

In certain embodiments, m R, has at least one substituent ortho to the carbonyl group « selected
from the group consisting of U-Cy alkyl, OH, O(C,-Cy alkyl), F, CL, Br, [, NG, -CEOH, -C=0Y0H, -
CEOGIC-Co allyl), -CEOINH,, -CEOINRC-Cq allvl), and -CEOIN(C-Co alkv(C-Co alkyl). In
other embodiments, at least one substituent ortho to the carbonyl group @ is selected from the group
consisting of C-Cy alkyl, OH, O(C-Cq alkyl), F, €1, Brand I In vet other embodiments, R, is selected
from the group consisting of phenyl, o-iodophenyl, o-bromophenyl, o-chlorophenyl, o-flucrophenvl, o-
methoxyphenyi, p-iodophenyi, p-bromophenyl, p-chlorophenyl, p-fluorophenyl! and p-methoxyphenyl. In
vet other emnbodiments, R; is selected from the group consisting of C-C alkyl, Cs-C cvcloalkyl, allvl,
propargyl, homopropargyl, phenvl, heteroarvl, arvl-(CH;)1 -, and heteroarvl-(CH, ), .-, wherein the atkyl,
cvcloalkyl, phenvl, heteroaryl, arvl-(CH,),.,-, or heteroarvl-(CHa) o -group 1s optionally substituted with
1-3 substituents independently selected from the group consisting of C-Cy alkvl, OH, O(Ci-C¢ allkyly, F,
Cl, Br, I, and NG;. In vet other embodiments, R, 1s sclected from the group consisting of C-C; alkyl, Cs-
Cs cycloalkyl, allyl, propargyl, homopropargyl, phenvl, o-odopbenyl, o-bromophenyl, o-chloropbenyl, o-
fluorophenyl, o-methoxyphenvl, p-iodophenyl, p-bromophenyl, p-chlorophenyl, p-fluorophenyi, p-
methoxyphenvl, benzvl, Ph(CH, )~ Ph,CHCH,-, and Ph{CH;}CH-. In vet other embodiments, Ry 1s
selected from the group consisting of Cs-C cycloalkyl, phenyl, o-iodophenyl, o-bromophenyl, o-
chiorophenyl, o-fluorophenyl, o-methoxypbenyl, p-iodophenyl, p-bromophenyl, p-chlorophenyl, p-
fluorophenyl, and p-methoxyphenyl In vet other emboduments, Ry is selected from the group consisting
of C-Cq atkyvl, C5-Ce evcloalkyl, benzyl, and phenvi<(CH;}-, wherein the alkyl, cycloalkyl, phenyt or
benzyl group is optionally substitated with -3 substituents independently selected from the group
consisting of C-Cy alkyl, OH, O(C,-Cq alkyhy, F. €1, Br, and 1

In certain embodiments, the compound of the wnvention 1s selected from the group consisting of:
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OH

)n=2~5

and

(5 |

fgalla feala (n=2), fga¥Fa (n=3) , fgaGa (n=4), fgaHa (n=5).

The compounds of the invention have shown antibacterial activity against a variety of Gram-

postive and Gram-negative bacteria including, but not limuted to, B. subnllis Lyt | 8. preumoniae, C.
10 difficile, and & aureuns.

In certain embodiments, the compound of formula 1 1s selected from the group consisting of feke,
fokb, rgba. fgoa, foka, fgna, fobb, fega and febe. In one embodiment, the compound 15 fgke, fgkb,
rgha, fgoa, fgka or fgna. These compounds have antibacterial activity against B, subfillis Lyt G. In
another embodiment, the compound is fgke, fgbb, or fghe, These compounds have antibactenial activity
agamst 8. pneumoniae. In vet another embodiment, the compound is fgba or fega. These compounds
have antibacierial activity against S. gurens. In another embodiment, the compound s fgaa, which has
antibacterial activity against C. difficile.

In certain embodiments, the salt of compound 1 is an acid addition salt and is selected from the
group consisting of sulfate, hydrogen sulfate, hvdrochloric, hydrobromic, hydriodic, nitric, carbonic,
sulfuric, phosphoric, formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic, tartaric, citric,
ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic, anthranilic, 4-hydroxybenzoie,

15 phenviacetic, mandelic, embonic {pamoic), methancsulfonic, cthancsulfonic, benzenesulfonic,

9
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pantothenic, trifluoromethancsulfonic, 2-hvdroxyethanesulfonic, p-toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, algime, B-hydroxybutync, salievhic, galactaric and galacturonic acid,
and any combinations thereof. In other embodiments, the salt 1s a base addition salt and 15 selected from
the group consisting of calcturn, magnesium, potassiunt, soduyg, ammonuyy, zing, a basic anuse salt, and
anv combinations thercof, wherein the basic amine is selected from the group consisting of tricthylanne,
dizsopropylethylanune, trimethvlamine, NN -dibenzyvlethylene-diamine, chloroprocaine, choling,
diethanolamine, ethylencdiamine, meglumine, procaine and any combinations thergof.

The mvention also provides pharmaceutical compositions comprising at least one compound of
the mvention and a pharmaceutically acceptable carrier. In cerfain emboduments, the compositions
further comprise at feast one additional antibacterial agent. In other embodiments, the at least one
additional anttbacterial agent comprises at least one agent selected from the group consisting of
amoxicilhin, azithromyein, biaxin, biocef, cefaclor, cimoxacin, ciprofloxacin, chindamycin, dorvx, emgel,
enoxacin, fortaz, gatifloxacin, levofloxacin, linezolid, maxaguin, moxifloxacin, neomven, ofloxacin,
peniciiling nfampin, sparfloxacin, streptomyein, sulfatnim, tetracvehing, trovafloxacin, vancomycin and
zotrime. i vet other embodiments, the compound and the agent are co~-formulated in the composition.

The mvention further provides a method of inhibiting a N-acetylglucosaminidase in a cell
comprising contacting the cell with a compound of the invention.. In certain embodiments, cell is a
bacterium, a fungus or a cancer cell. Tn yet other embodiments, the N-acetylglucosamimdase comprises
an autolysin,

The invention also provides a method of inhibiting a N-acetviglucosaminidase in the cvtosol of a
cell. o certain embodiments, the method comprises contacting the N-acetylglucosarminidase with at least
one compound of the mvention. In other embodiments, the N-acetylglucosaminidase 1s derived from a
bacterium, a fungus or a cancer cell. In vet other embodiments, the N-acetyvlglucosanunidase comprises
an autolysin.

The mvention further provides a method of treating or preventing a bacterial jufection 1n a subject
comprising admimstering to a subject in need thereof a therapeutically effective amount of at least one
compound of the invention, thereby treating or preventing a bacterial infection 1n the subject.

In vet another embodiment, the subject s further adnunistered at least one additional anttbactertal
agent. In cortam embodiments, the at least one additional antibacterial agent comprises at least one agont
selected from the group consisting of amoxicilim, azithromycin, basin, hocet, cefaclor, cmoxacin,
aprofloxacin, chindamycin, doryvx, emgel, enoxacin, fortaz, ganfloxacin, levofloracin, linezolid,
maxaquin, moxifloxacin, neomycin, ofloxacin, penicilling rifampin, sparfloxacin, streptomycin, sulfatnm,
tetracycling, trovafloxacin, vanconmycin and zotrmm. In cortam embodiments, the compound of the

mvention and the agent are co-admimistered to the subject. In other embodiments, the compound of the

10
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mvention and the agent are co-formulated.

In other embodiments, the compound 15 administered to the subject by at least one route selected
from the group consisting of intravenous, oral, inhalational, rectal, vaginal, transdermal, intranasal,
buccal, sublingual, parenteral, mtrathecal, miragastrical, ophthalmic, pulmonary and topical routes. In
certain embodiments, the subject 1s a mammal. To other embodiments, the mammal 1s a human.

In one embodiment of the methods of the imvention described above, the bacterium 1s Gram-
positive. In another embodiment, the Gram-positive bacterium is selected from the group consisting of
Streptococeus sp., Staphylococeus sp., Enterococcus sp., Corynebacterium sp., Listeria sp., Clostridium
sp. and Bacillus sp. In vet another embodiment, the Gram-positive bacterium 1s Clostridium difficile
{also currently known as Peproclostridium difficile), Streptococcus preumoniae, Staphylococeus aureus,
vancomycin micrmediate resistance S. aurens (VISA), Enferococeus faecalis, vancomycin resistant
enterococct (VRE), Streprococcus pyogenes, Bacillus anthracis, Corynebacterium diphtheria ot Bacillus
cereus,

In one embodiment of the methods of the mvention described above, the bacterium 1 Gram-
negative. In another embodiment, the Gram-negative bacterium is selected from the group consisting of
Salmonella sp., Escherichia sp., Kiebsiella sp., Acinetobacter sp., Pseudomonas sp., Vibrio sp. and
Enterobacter sp. 1o vet another embodiment, the Grani-negative bacterium is Salmonella enterica,
Salmonella typhii, Escherichia coli, Klebsiella preumonine, Acinetobacier baumannii ot Pseudomonas
aerigenosa.

In one embodiment of the method of treating or preventing a bacterial infection m a subject
described above, the compound is fgke, fgkb, rgba. fgoa, fgka or fgna and the bacteria is B. subrillis Lvt
G, In another embodiment, the compound 1s fgke, fgbb, or fgbe and the bacteria 18 8. preumoniae. Tn
vet another embodiment, the compound 1s fgba or fgga and the bacteria is S, aurens. In still another
embodiment, the compound s fgna and the bacteria 1s C. difficile.

In another embodiment, the methods of the mvention further comprise procuring the at least onc
compound of the invention.

The mvention further provides a prepackaged pharmaceutical composition comprising at least
one compoundd of the invention, or a salt or solvate thereof and an instructional material for use thereof.
In certain emabodiments, the mstructional matenal comprises nstructions for preventing or treating a
bacterial infection m a subject. Tn other emboduments, the prepackaged pharmaceutical composition
farther comprises an applicator.

Other aspects, embodiments, advantages. and features of the present invention will become

apparent from the following specttication.

t
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BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of various embodiments of the mvention will be better
understood when read in conjunction with the appended drawings. For the purpose of itlustrating the
mvention, there are shown in the drawings certain specific embodiments. It should be understood,
however, that the invention 1s not linuted to the precise arrangerents and mstrumnentalities of the
embodiments shown in the drawings.

Fig. 1 1s an lustration of the structure of peptidoglycan i a Gram-positive bacterium. See
Tortora, G. J., Funke, B. R & Case, C. L. Microbiology: An fntraduction. (Benjamin Camnungs, 2010).

Fig. 2 is an iltustration of autolysins in B. subtilis and point of activity within peptidoglycan.

Fig. 3 is a graph illustrating fluorescence values measured over time at 250 pM inhibitors for B.
subfilis.

Fig. 4 1s a bar graph illustrating fluorcscence readings m the resazurin assay at 60 munutes {250
uM 1shibitor).

Fig. 5 is a bar graph illustrating fluorescence readings n the resazunin assay at 60 minutes {250
uM inhibitor) for multiple runs (Run 10 red; Run 20 bloe: Run 3 green).

Fig. 6A is an image illustrating serial dilution resazurin assav for fgke, fgka, fgoa, and rgba.
Identical experiments: Plate 1. top left. and Plate, 2 top right. Fig. 6B 1s an image illustrating results of a
single concentration whole-cell; resazurin assav.

Fig. 7 is a table tllustrated selected MIC values for compounds of the invention against Gram-
posttive pathogens.

Fig. 8 15 a series of graphs dlustrating the finding that fgke treatment results i UDP-MurNAc-
pentapeptide accumulation m B. subdilis. Ugi-denived terumal alkynes target peptidoglycan
synthesis/metabolism. B. subfilis was grown to mid-exponential phase (0.D gy ~0.6) and all cultures
treated with Chloramphenicol {Cm) (130 mg/mb) for 15 nun. Cultures were then exposed to
vanconycin (Van) (8 mg/mL) or fghke (dx MIC) for 1 h. Nucleotide sugars were extracted with hot water
and separated by CI8-RP-HPLC. (*) denotes retention time of UDP-MurNAc-pentapeptide.

Fig. 9 13 a graph ilhestrating inhibition of LviG (GHT73) from B. subiilis by fgka. The assay
involved in vitre GlcNAcase mhubttion of B subtilis LytG by fgka, as measured using turbidometric
assays with purified peptidoglycan (Horsburgh, ef af., 2003, Biochenustry 42:257).

Figs. 10A-10B ilustrate weak mhabition of other GH73 members by selected compounds of the
mvention: inhbition of Flgd (GH73) from the Gram-negative pathogen Salmonella enterica by fgba (Fig.
10A) and Bl.fgba (Fig. 10B). Activity was measured as described in Herlihev, ef ol 2014, J. Biol Chem
289(45):31029.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions
Unless defined otherwise, all technical and scientific torms used hercin have the same meaning as

conumonly understood by one of ordinary skill 1o the art to which this ivention belongs. Although any

(4]

methods and matenals stmilar or equivalent to those described herein can be used in the practice or
testing of the present invention, the certain specific methods and materials are described.

Asused herein, cach of the following terms has the meaning associated with it in this section.

The articles a7 and “an” are used herein to refor to one or to more than one {(7.e.. to at least one)
of the granvnatical object of the arficle. By way of example, “an element” means one clement or more
10 than one element.

“About” as used herein when referring to a measurable value such as an amount, a temporal
duration, and the like, ts meant to encompass variations of £20% or £10%, more advantageously +5%,
gven more advantageously £1%, and still more advantageously +0.1% from the specified value, as such

variations are appropriate to perform the disclosed methods.

(4]

A discase or disorder is “alleviated™ if the severity of a sympiom of the discase or disorder, the
frequency with which such a sviaptom is experienced by a patient, or both, is reduced.

In one aspect, the terms “co-administered” and “co~aduunistration” as relating to a subject refer
to adminustering to the subject a compound of the invention or salt thereof along with a compound that
may also treat the disorders or diseases contemplated within the invention. In one embodiment, the co-
20 administered compounds are administered separately, or in any kind of combination as part of a single
therapeutic approach. The co-adnunistered compound may be formulated in any kind of combination, as
mixtures of solids and liquids under a vaniety of solid, gel, and hqwd formulations, and as a solution.

Asused herein, the term “composition” or “pharmaceutical composition” refers to a mixture of at

least one compound useful within the invention with a pharmacestically acceptable carrier. The

U

pharmaccutical composition facilitates administration of the compound to a patient or subject. Multiple
techniques of administering a compound exast in the art including, but not limited to, intravenous, oral,
acrosol, parenteral, ophthalmic, pubmonary and topical administration.

A “disease” as used herein 15 a state of health of an animal wherein the amimal cannot maintain
homeostasis, and wherein if the disease is not ameliorated then the animal’s health continues to
0 deterorate.

A “disorder” as used herein in an animal 18 a state of health in which the animal is able to
maintain homeostasis, but in which the animal’s state of health is legs favorable than it would be in the
absence of the disorder. Left untreated, a disorder does not necessarily cause a further decrease o the

animal’s state of health.
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As used heremn, the term “DMSO” refers to dimethy] sulfoxde.

As used herein, the terms “effective amount,” “pharmaceutically effective amount” and
“therapeutically effective amount” refer fo a nontoxic but sufficient amount of an agent to provide the
desired biological result. That result may be reduction and/or alleviation of the signs, symptoms, or
causes of a disease, or any other desired alteration of a biological system. An appropnate therapeutic
amount 1n any individual case may be determined by one of ordinary skill in the art using routine
experimentation.

As used herein, the term “GleNAC” refers to N-acetylglucosaminge.

As used herein, the term “GNT reters to a GleNAg tnazole.

As used herein, the term “Gram-positive bacteria” are bacteria that give a positive result in the
Gram stain test. Gram-positive bacteria take up the crystal violet stain used in the tost, and then appear (o
be purple-colored when seen through a microscope. Gram-positive bacterial include Srreprococcus sp.,
Staphylococeus sp., Enterococcus sp., Corynebacterium sp., Listeria sp., Clostridium Sp. and Bacillus sp.
Examples of Gram-positive bacteria include Clostridium difficile (also currently known as
Peprociosiridium difficile}, Streptococcus preumoniae, Staphylococcus aureus, vancomycein intermediate
resistance S. aureus (VISA), Enterococcus faecalis, vancomycin resistant enterococct (VRE),
Streptococeus pyogenes, Bacillus anthracis, Corynebacterium diphtheria and Bacillus cereus.

As used herein, the term “Gram-negative bacteria” are a group of bactenia that do not retain the
crystal violet stain ased in the Gram staining method of bacterial differentiation. Gram-negative bacteria
mchude Salmonella sp., Escherichia sp., Klebsiella sp., Acinetobacter sp., Pseudomonas sp., Vibrio sp.
and Enferobacter sp. Examples of Gram-negative bacteria wiclude Salmonella enterica, Salmoneila

typhii, Escherichia coli, Klebsiella preumoniae, Acinetobacter bauwmannii and Pseudomonas
qerugenosd.

“Instructional material,” as that term 1s used herein, includes a publication, a recording, a
diagram, or any other medium of expression that can be used to comuunicate the usefulness of the
composttion and/or compound of the invention m a kit. The instructional material of the kit may, for
example, be affixed to a container that contains the compound and/or composttion of the mvention or be
shipped together with a container that contains the compound and/or compositton. Alternatively, the
mstructional material may be shipped soparately from the container with the infention that the recipiont
uses the mstructional material and the compound cooperatively. Delivery of the mnstructional matenal
may be, for example, by physical delivery of the publication or other medium of expression
communicating the usefulness of the kit, or may alternatively be achieved by electronic transmussion, for
cxample by means of a computer, such as by clectronic mail, or download from a wehsite.

The terms “patient,” “subject” or “individual” are used interchangeably herein, and refer to any

i4

SUBSTITUTE SHEET (RULE 26)



(4]

(4]

[N
U

53

WO 2016/201288 PCT/US2016/036972

amimal, or cells thereof whether in vitre or in situ, amenable to the methods described herem. In a non-
himiting embodiment, the patient, subject or individual 15 a human,

As used herein, the term “pharmaceutically acceptable” refers to a material, such as a carricr or
diluent, which does not abrogate the biological activity or properties of the compound, and ts relatively
non-toxic, i.¢., the material mav be adrmwustered to an ndividual without causing undesirable biological
cffects or interacting in a deleterious manner with any of the components of the composition tn which it is
contained.

As used herein, the language “pharmaceutically acceptable salt” refers to a salt of the
adminstered compounds prepared from pharmaceutically acceptable non-toxic acids, meluding inorganic
acids, organic acids, solvates, hydrates, or clathrates thergof,

As used herein, the term “pharmaceutically acceptable carnier” means a pharmaceutically
acceptable material, composifion or carricr, such as a liquid or solid filler, stabilizer, dispersing agent,
suspendmg agent, diluent, excipient, thickening agent, solvent or encapsulating material, mvolved in
carrying or transporting a compound usefel within the invention within or to the patient such that it may
perform its intended function. Typically, such constructs are carried or transported from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier is “acceptable” m the sense of
being compatible with the other ingredients of the formulation, including the compound useful within the
mvention, and not mjurious to the patient. Some examples of materials that may serve as
pharmaceutically acceptable carriers include: sugars, such as lactose, glucose and sucrose; starches, such
as corn starch and potato starch; cellulose, and 1ts derivatives, such as sodiom carboxvimethy! cellalose,
ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa
butter and supposttory waxes; oils, such as peanut 01}, cottonseed o1l, safflower o1l, sesame oil, olive o1,
corn ot and soybean oil; glveols, such as propvlene glveol; polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; esters, such as cthyl oleate and ethyl laurate; agar; buffering agents, such as
magoesium hydroxide and aluminum hydroxide; surface active agents; algmic acid; pvrogen-free water;
isotonic saling; Ringer’s solution; ethyl alcohol; phosphate butfer solutions; and other non-toxic
compatible substances employed 1n pharmaceutical formulations. As used heremn, “pharmacentically
acceptable carrier” also includes any and all coatings, antibacterial and antifungal agents. and absorption
delaying agents, and the like that arc compatible with the activity of the compound useful within the
mvention, and are phvsiologically acceptable to the patient. Supplementary active compounds may also
be mcorporated into the compositions. The “pharmaceutically acceptable carricr” may further inclade a
pharmaceutically acceptable salt of the compound usetul within the invention. Other additional

mngredients that may be included m the phammaceutical compositions used in the practice of the invention
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are known m the art and deseribed, for example in Remington’s Pharmaceutical Sciences (Genaro, Ed.,
Mack Pablishing Co., 1985, Easton, PA}, which s incorporated heremn by reference.

ER TS

The term “provent,” “proventing” or “prevention,” as used herein, means avoiding or delaying the
onset of symptoms associated with a discase or condition 1n a subject that has not developed such
symptoms at the time the admunistering of an agent or compound commences.

Asused herein, the term “procure” or “procuring” as relating {o a subject in need of being
administered a therapeatically active compound refers to the act of synthesizing, packaging, prescribing,
purchasing, providing or otherwise acquiring the compound so that the subject may be administered the
compound.

By the term “spectfically bind” or “specifically binds,” as used herein, 1s meant that a first
molecule preferentially binds to a second molecule {e.g., a particular receptor or enzyme), but does not
necessartly bind only to that second molecule.

A “therapeutic” treatment 1s a treatment administered 1o a subject who exhibits signs of
pathology, for the purpose of dimirushing or eliminating those signs.

As used herein, the term “treatment” or “treating” 1s defined as the application or administration
of a therapeutic agent, i ¢, a compound of the invention (alone or m combination with another
pharmaceutical agent). to a patient, or application or administration of a therapeutic agent to an isolated
tissue or cell hine from a patient (e.g., for diagnosis or ex vivo applications), who has a condition
contemplated herein, a symptom of a condition contemplated herein or the potential to develop a
condition contemplated herein, with the purpose to cure, heal, alleviate, relieve, alter, remedy, amehiorate,
improve or aftect a condition conternplated berein, the svmptoms of a condition contemplated herein or
the potential to develop a condition contemplated herein. Such treatments mav be specifically tatlored or
modified, based on knowledge obtained from the field of pharmacogenomics.

As used herein, the term “altkyl” by itself or as part of another substituent means, unless
otherwise stated, a straight or branched chain hyvdrocarbon having the sumber of carbon atoms designated
{i.e., C-Cy means one to ten carbon atoms) and mcludes straight, branched chain, or cychic substituent
groups. Examples include methyl, ethyl, propvl, isopropyl, butyl, isobutyl, tert-butyl, pentyvl, neopentyl,
hexyl, and cyclopropylmethyl. Certain specific examples mehude (C-Cylalkyl, such as, but sot imited to,
ethyl, methyl, 1sopropyl, 1sobutvl, n-pentyvl, n-hexyl and cyelopropvlmethvl,

As used herein, the term “cyvcloalkyl,” by itself or as part of another substituent means, unless
otherwise stated, a cyehic chain hydrocarbon having the number of carbon atoms designated (i.e., Cs-C
means a cyclic group comprising a ring group consisting of throe to six carbon atoms) and includes
straight, branched chain or cyclic substituent groups. Examples mclude cyclopropyl. cvelobutyi,

cvclopentyl, cyclobexyl, cycloheptyl, and cyclooctyl. Certain specific examples include
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{Cs-Cerevcloalkyl, such as, but not bmited to, cyclopropyvl, cvclobutyl, cvclopentyl and cvclohexyl

As used herein, the term “alkenvl,” employed alone or 1n combination with other terms, means,
uniess otherwise stated, a stable mono-unsaturated or poly-unsaturated straight chain or branched chan
hvdrocarbon group having the stated number of carbon atoms. Examples mclude vinyl, propenvl {or
allvl), crotyl, 1sopentenyl, butadienyl, 1 3-pentadienyl, 1,4-pentadienyl, and the higher homologs and
isomers. A functional group representing an alkene is exemplified by -CH,-CH=(H,.

As used herein, the term “altkynvl,” employed alone or in combination with other terms, means,
unless otherwise stated. a stable straight chain or branched chain hydrocarbon group with a triple carbon-
carbon bond, having the stated nurnber of carbon atoms. Non-hmiting examples include ethynyl and
propynyl, and the higher homologs and isomers. The term “propargylic” refers to a group exemplified by
-CHp-(=CH. The term “homopropargyvlic” refers to a group exemplified by -CHCH,-C=CH. The term
“substituted propargylic” refers to a group exemplified by -CR,~-C=CR. wherein each occurrence of R is
independently H, atkyl, substituted atkvl, atkenyl or substituted alkenyl, with the proviso that at least one
R group is not hydrogen. The term “sabstituted homopropargylic” refers to a group exemphified by -
CR,CR,-C=CR, wherein each occurrence of R is independently H, atkvl, substituted alkyl, alkenyl or
substituted alkenyl, with the proviso that at least one R group is not hydrogen.

As used herein, the term “substituted alkyl,” “substituted cycloalkyl,” “substituted alkenyl” or
“substituted alkynvl” means alkyl, cvcloalkyl, alkenvl or alkynyl, as defined above, substituted by one or
more substituents selected from the group consisting of halogen, -OH, alkoxy, tetrahydro-2-H-pyranyl, -
NH,, -N(CH,),, (F-methyl-imidazol-2-vl), pyridin-2-vl, pyndin-3-vl, pynidin-4-yi, -C{=0)0H,
trifluoromethyl, -C=N, ~-C(=0)0(C-Cjalkyl, -C(=O0WNH,, ~-C(=0NH(C-Cylalkyl, -CEOINC-
Cajalkyl)y, -50,NH,, -C(=NH}NH,, and -NO,, advantageously containing one or two substituents selected
from halogen, -OH, alkoxy, -NH,, nfluoromethyl, -N{CHjs),, and -C{(=0}0OH, more advantageously
selected from halogen, alkoxy and -OH. Examples of substituted alkyls inclade, but are not limited to,
2.2-difluoropropyl, 2-carboxyveyclopentyl and 3-chloropropyl.

As used heremn, the term “alkoxy” emploved alone or in combination with other terms means,
unless otherwise stated, an alkyl group having the designated number of carbon atoms, as defined above,
connected to the rest of the molecule via an oxvgen atom, such as, for example, methoxy, ethoxy, |-
propoxy, 2-propoxy {isopropoxy) and the higher honologs and isomers. In certain embodiments, alkoxy
mcludes (C,-Cslalkoxy, such as, but not hmited to, ethoxy and methoxy.

As used herein, the term “halo” or “halogen” alone or as part of another substituent means, unless
otherwise stated, a fluorine, chlorine, bromine. or wdine atom, advantageousty, fluorine, chlorne, or
broming, more advantageously, fluorine or chlorme.

-

As used herein, the term “heteroalkyl” by itself or i combination with another term means,

e
-~

SUBSTITUTE SHEET (RULE 26)



(4]

[N
U

53

WO 2016/201288 PCT/US2016/036972

unless otherwise stated, a stable straight or branched chain alkvl group consisting of the stated mumber of
carbon atoms and one or two heteroatoms selected from the group conststing of O, N, and §, and wherem
the nitrogen and sulfur atoms may be optionally oxidized and the nitrogen heteroatom may be optionally
quateroized. The heteroatom(s) may be placed at any posttion of the heteroalkyl group, ncluding
between the rest of the heteroalkyl group and the fragment to which it 1s attached, as well as attached to
the most distal carbon atom in the heteroalkyl group. Examples melude: -O0-CH,-CH,-CH;, -CH,-CH,-
CH,-OH, -CH,-CHy-NH-CH;, -CH,-5-CH,-CH;, and -CH,CH-S(=03-CH;. Up to two heteroatoms may
be consecutive, such as, for example, ~-CH,-NH-OCH;, or ~-CH,-CH;-5-8-CH;.

As used herein, the term “heteroalkeny!” by itself or in combination with another term means,
unless otherwise stated, a stable straight or branched chain monounsaturated or poly-unsaturated
hvdrocarbon group consisting of the stated number of carbon atoms and one or more heteroatoms selected
from the group consisting of O, N, and 8, and wherein the nitrogen and sulfur atoms may optionally be
oxidized and the nitrogen heteroatom may optionally be quatemized. Up to two hetercatoms may be
placed consecutively, Examples include -CH=CH-0O-CH,, -CH=CH-CH,-OH, -CH,-CH=N-OCH;, -
CH=CH-N{CH;)-CH;, and -CH,-CH=CH-CH,-SH.

As used herein, the term “aromatic” refers to a carbocycle or heterocycle with one or more
polyunsaturated rings and having aromatic character, 7.e. having (40+72) delocalized O (pt) electrons,
where n is an integer.

As ased herein, the term “arvl” employed alone or in combination with other terms, means,
uniess otherwise stated, a carbocyelic aromatic system containing one or more rings {typically one, two or
three rings) wherein such rings mav be attached togetber in a pendent manser, such as a bipheovl, or may
be fused, such as naphthalene. Examples include phenyl, anthracyl, and naphthyvl. In certain
embodiments, arvl inchides phenyl and naphthyl, i particular, phenyl.

As used herein, the term “aryl-(C)-Csjalkyvl” means a functional group wherein a one to three
carbon alkyl chain 15 attached to ap aryl group, e.g., -CH,CHy-phenvl or -CHs-pheny! (benzvly. Examples
mcluded aryl-CHy- and aryl-CH{CH;}-. The term “substituted arvl-{(C-Cs)alkyl” means an arvl-(C,-
Cialkyl fanctional group 1 which the aryl group 1s substituted. Specific examples mchide substituted
aryi{CH,)-. Stmilarly, the term “hetercaryi-(C-Csatkyl” means a functional group wherein a one to
three carbon alkyvlene chain 15 attached to a heteroarvi group, e.g.. ~-CH;CHy-pyridyl. One embodiment s
heteroaryi-(CH,)-. The term “substituted heteroaryl-(C;-Cslalkyl” means a heteroarvl-{C-C;)atky]
functional group in which the heteroaryt group 1s substituted. Specific examples inclade substitoated
heteroaryi-(CH,)-.

Asused herein. the term “heterocyele” or “heterocyelyvl™ or “heterocyelic” by #self or as part of

another substituent means, uniess otherwise stated, an unsubstituted or substituted, stable, mono- or multi-
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cvchic heterocyclic ring svstem that consists of carbon atoms and at least one heteroatom selected from
the group consisting of N, G, and S, and wherein the nitrogen and sulfur hetercatoms may be optionally
oxidized, and the nitrogen atom may be opticnally quatemized. The heterocychic system may be attached,
unless otherwise stated, at any heteroatom or carbon atom that affords a stable structure. A heterocycle
may be aromatic or non-aromatic in nature. In one embodiment, the heterocycle s a heteroaryl.

As used herein, the term “heteroarvl” or “heteroaromatic™ refers to a heterocycle having aromatic
character. A polyeyclic heteroarvl may include one or more rings that are partially saturated. Examples
inchude tetrahvdroquinoline and 2.3-dihvdrobenzofurvl

Examples of non-aromatic heterocveles include monocycelic groups such as azindine, oxirane,
thitrane, azetidine, oxetane, thictane, pyrrolidine, pyrroline, imudazoling, pyrazolidine, dioxolane,
sulfolane, 2,3-dithydrofuran, 2,5-dihvdrofaran, teirahydrofuran, thiophane, piperidine, 1,2,3.6-
tetrahydropyridine, 1,4-dihvdropyridine, piperazine, morpholine, thiomorpholine, pvran, 2.3-
dibvdropyran, tetrahvdropyran, §,4-dioxane, 1,3-dioxane, homopiperazine, homopipenidine, §,3-
dioxepane, 4,7-dthydro-1,3-dioxepin and hexamethylencoxide.

Examples of heteroaryl groups include pyridyl, pyrazinvi, pyrimidinvt {such as, but not limited
to, Z- and 4-pvrimidinyl), pyridazinyi, thienyl, furyl. pyvrrolyl, inidazolvl, thiazolyl, oxazolyl, pvrazolvl,
isothiazolyl. 1,2.3+triazolvl, 1.2, 4-triazolvl, 1,3 4-tnazolyl, tetrazolvl, 1,2 3~thiadiazolyl, 1,2.3-
oxadiazolyl, 1,3 4-thiadiazolvl and 1.3,4-oxadiazolyl.

Examples of polycyclic heterocycles include indolyt {(such as, but not hmuted to, 3-, 4-) 3-, 6~ and
T-indolyly, indolinvl, quinolvl, tetrahydroguinolvl, isoquinolyl (such as, but not limited to, 1- and 5-
isoquinolyl), 1,23 4-tetrabvdroisoquinolvl, cinnolinyl, quinoxaliny! {such as, but not limited to, 2- and 5-
quinoxahinyl), quinazolinvl, phthalazinvl, 1 8-naphthynidinyl, 1,4-benzodioxanyl, coumarin,
dihvdrocoumarin, 1,S-naphthyridingl, benzofurvl (such as, but not limited to, 3+, 4+, 5-, 6~ and 7-
benzofurvl), 2, 3-dihvdrobenzofuryl, 1,2-benzisoxazolyl, benzothienyl (such as, but not limited to, 3-, 4-,
5-, 6-, and 7-benzothienvl), benzoxazolyl, benzothiazolyl {such as, but not limuted to. 2-benzothiazolyl
and 3-benzothiazolvly, purinyl, benzinudazolyl, benziniazolvl, thioxanthinyl, carbazolyl, carbolinyl,
acnidimvl, pyrrolizidinyl, and quinohzidinvl.

The aforementioned histing of heterocyclyl and heteroaryt moictics s intended to be
representative and not nuting,

As used herein, the term “substituted” means that an atom or group of atoms has replaced
hydrogen as the substituent attached to another group.

For aryl, arvi-{(C-Cslalkyl and heterocyelyl groups, the term “sabstituted” as applied to the rings
of these groups refers to any level of substitution, for example, mono-, di-~, {ri-, tctra-, or penta-

substitution, where such substitution 15 permitted. The substituents are independently selected, and
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substitution may be at any chenmically accessible position. In one embodiment, the substituents vary
number between one and four. In another embodiment, the sobstituents vary in number between one and
three. In vet another embodiment, the substituents vary in number between one and two. In vet another
embodiment, the substituents are independently selected from the group consisting of Cysatkyl, -OH, Cy
atkoxy, halo, amino, acetamido and nitro. As used herein, where a substituent 1s an alkyl or alkoxy group,
the carbon chain may be branched, straight or cyclic, in particular, straight.

In this disclosure, “comprises,” “comprising,” “conftaining” and “having” and the like can have
the rcaning ascribed to them i US. Patent law and can mean “includes,” “including” and the like;
“consisting essentially of " or “consists essentially” likewise has the meaning ascribed 1o U.S. Patent law
and the term 1s open-ended, allowing for the presence of more than that which is recited so long as basic
or novel characteristics of that which s recited is not changed by the presence of more than that which is
recited, but excludes prior art embodiments.

Throughout this disclosure, various aspects of the invention can be presented in a range format, It
should be understood that the description in range format 1s merely for convenience and brevity and
shouold not be construed as an inflexible limitation on the scope of the invention. Accordingly, the
description of a range should be considered to have specifically disclosed all the possible sub-ranges as
well as individual numerical values within that range. For example, description of a range such as from |
to 6 should be considered to have specifically disclosed sub-ranges such as from | to 3, from 1 to 4, from
1to §, from 2 to 4, from 2 10 6, from 3 to 6 etc., as well as individual numbers within that range, for

example, 1,2, 2.7,3,4, 5, 5.1,53,55, and 6. This applics regardless of the breadth of the range.

The mvention 1s based, at least in part, on the unexpected 1dentification of novel small molecule
mhibitors of N-acetylglucosaminidases. In certain embodiments, the compouands of the mvention mhibit
bacterial autolysins.

In ove embodiment, the compounds of the invention are active against Gram-positive bacteria. In
another embodiment, the Gram-positive bacterium 1s selected from the group consisting of Streptococcus
sp., Staphylococeus sp., Enterococeus sp., Corynebacterium sp., Listeria sp., Clostridium sp. and Baciilus
sp. In vet another embodument, the Gram-posttive bacternum 1s Clostridium difficiie (now
Peptocilostridium difficile, Streptococcus pneumoniae., Staphylococcus aureus, vanconycin ntermediate
resistance S aurens (VISA), Enterococcus faecalis, vancomyen resistant enterococet {VRE),
Streptococeus pyogenes, Bacillus anthracis, Corynebacterium diphtheria or Bacillus cereus.

In another embodiment, the compounds of the invention are active against Gram-negative
bacterta. In another embodiment, the Gram-negative bacterum 1s selected from the group consisting of

Salmonella sp., Escherichia sp., Klebsiella sp., Acvinetobacter sp., Pseudomonas sp., Vibrio sp. and
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Fnterobacter sp. o vet another embodiment, the Grant-negative bacterium 18 Salmonella enterica,
Salmonella typhii, Escherichia coli, Klebsielia pneumoniae, Acinetobacter baumannii or Psendomonas
aerugenosa.

In one embodument, compounds of formula | fgke, fgkb, rgha, fgoa, fgka and fgna are effective
agamst B subfillis Lyt G. Tn another embodiment, compounds of formula [ fgke, fgbb and fgbe are
active against 8. preumonice. In vet another embodiment, compounds of formula { are fgha and fgga
and are active against 5. qureus. In still another embodiment, the compound of formula { ts fgna and is
active against C. difficile.

As demonstrated herein, the compounds of the mvention inhibit GleNAcases, such as bactenal
GleNAcases. For example, compound Bi.fgba (Scheme 1) mbubits the GleNAcase LytG, and has

concentration-dependent bacteriostatic activity in the bactenal strain 5. subtilis.

Scheme 1. Bl.fgba

In certain embodiments, the compounds of the mvention exhibit whole-cell antibiotic activity. In
other embodiments, the compounds modulate an extracellular enzyme, do not contain a reactive warhead
susceptible to cleavage, and their target docs not act on highly vanable substrates. Without wishing to be
limited by any theory, the molecular resistance mechanisms of efflux pumps, rapid chemical inactivation,

and target substrate modification may be meffective against the compounds of the mvention.

Compounds and Compositions
The mvention includes a compound of formula L, or a salt or solvate thereof

0 R3 R4

Ra 0 {1y, wherem m compound [

R, 18 selected from the group consisting of arvl and heteroarvl, wherein the arvl or
heteroaryl group 1s optionally substiteted with 1-3 substituents independently selected from the group
consisting of Ci-Cg alkyl, OH, O{(C;-Cg alkyly, F, C1, Br, |, NO,, -C(=0)}H, -C(=0)OH, -C(=0)YO{(C-Cs
atkyl}, -C=0INH,, -C(=0)NH(C -, alky!), and -C(=0)N(C,-C; alkvl}{Cy-Cs alkyl);

Ry 15 selected from the group consisting of C,-Cy alkvl, -Gy cycloalkyl, allyl, propargyl,

21

SUBSTITUTE SHEET (RULE 26)



(4]

[N
U

2

WO 2016/201288 PCT/US2016/036972

homopropargyl, arvl, heteroarvl, arvialkyl, and heteroarvialkyl, wherem the alkvl, cycloalkyl, arvl,
heteroarvi, arvialkvl or hetercarvlalkyl group 1s optionally substitisted with 1-3 substituents independently
selected from the group consisting of {;-C; alkyl, OH, O((,-C; alkyly, F, CL Br, I, NO,, -C(=0)H. -
C(=0}0H. ~-C(=0)X{C;-C;s alkyl), -C(=0)NH,, ~-C=0)NH(C-Cs alkyl), and -C=0)N(C,-Cs alky -y
atkyl;

Ru s selected from the group consisting of Ci-Cs evcloalkyvl, arvl and heteroaryl, wheremn
the evcloalkyl, aryl or heteroarvi group is optionally substituted with 1-3 substituents independently
selected from the group consisting of C;~Cy alkyl, OH, O{(C-Cs alkyl), F, Cl, Br. 1, NO,, -C(=0)H, -
CEOOH, -CEOO(C-Ca alkyl), -C(=0)NH,, -C(=0)NH(C,-Cs alkyl), and -CEOIN(C-Cs alky T -Co
atkyly;

Ry is selected from the group consisting of €~ alkvl, C5-Cq cvcloalkyl, arylalikvl and
heteroarvialkyl, wherem the alkyl, cycloalkyl, arvialkyl or hetercarylalkyl group is optionally substituted
with 1-3 substituents independently selected from the group consisting of C-Cy alkyi, OH, O(C,-C;

alkyly, F, (L, Br, I, NO,, -C(=0MH, -C(=0)0H, -C=0Y0(C,-Cy alkvl, -C(=03NH,, -Cli=MNH(C-(
alkyly, and -C{=0WN{C-C; alkv{C-Cq alkvl}; and

Rs1s H or methyl.

In certain embodiments, in Ry has at least one substituent ortho to the carbonyl group « s selected
from the group consisting of C1-Cs alkyl, OH, O(C-Cq alkyl), F, CL, Br, [, NO,, -C(=0)H, -C(=0)0H, -
CEGO(C-Cg alkyl), -Cl=0NH,, -C{E=0NH(C-Cq alkvly, and -CEON(C-Co alkv(C-Co alkyl). In
other embodiments, at least one substituent ortho to the carbonvl group « 1s selected from the group
consisting of C;-C alkyl, OH, O(C;-Cq alkyl), F, C1, Brand I In vet other embodiments, R 1s selected
from the group consisting of phenyl, o-1odophenvl, o-bromophenyl, o-chlorophenyl, o-fluorophenyl, o-
methoxyphenvl, p-iodophenyl, p-bromophenyl, p-chlorophenyl, p-fluoropheny! and p-methoxyphenyl.

In certain embodiments, R, is selected from the group consisting of {4-C; alkyl, {5-Cy cycloalkyl,
allyl, propargvl, homopropargyl, phenvl, beteroaryl, aryl-{CHaz}i0-, and heteroarvl-(CHz)io-, wherein the
atkvl, cveloalkyl, phenvi, heteroarvl, aryl-(CHa)io-, or heteroarvi-(CHy) 2-group 1s optionally substituted
with 1-3 substituents independently sclocted from the group consisting of U-Cy alkyl, OH, O(C-C
atkvl), F, CL, Br, L, and N{,. In other cmbodiments, R; is selocted from the group consisting of C-C4
atkvl, Cs-Co cycloalkyl, allyl, propareyl, hemopropargyl, phenvl, o-edophenyl, o-bromophenyl, o-
chlorophenyl, o-fluorophenyl, o-methoxyphenyl, p-iodophenyl, p-bromophenyl, p-chlorophenyl, p-
fluorophenyl, p-methoxyphenyl, benzyl, Ph{CH,),-, Ph,CHCH,-, and Ph{CH;)CH.

In certain embodiments, R; 15 selected from the group consisting of Cs-Ce cycloalkyi, phenyl. o-
odaphenvl, o-bromophenyl, o-chlorophenyl, o-flucrophenyi, c-methoxvphenvl, p-iodophenyl, p-

bromophenyl, p-chlorophenyl, p-fluorophenyl, and p-methoxyphenyl,
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In certain embodiments, R, 1s selected from the group consisting of C-Cy alkyl, C5-Cs cvcloaliy],
benzyl, and phenvl-{(CH, ), wherem the atkvl, cycloalkyl, phenyl or benzvl group is optionally
substituted with 1-3 substituents independently sclected from the group cossisting of C4-Cy alkyl, OH,
O(C;-Cy alkyl), F. €1, Br. and L

In certain embodiments, the compound of formula (1) 15 selected from the group consisting of:
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The compounds of the invention have shown antibacterial activity against a vanety of Gram-

postive and Gram-negative bactena including, but not imited to B. subtillis Lvt, 8. preumonia, C.
10 difficile, and S aureus.

In certain embodiments, the compound of formula 1 is selected from the group consisting of fgke,
fokb, rgba, fgoa, fgka, fgna, febb, foga and febe. In one embodiment, the compound 18 fgke, fgkb,
rgba, feoa, feka or fena. These compounds have antibactenal activity against B. subsillis Lvt G. In
another embodiment, the compound is fgke, fgbb, or fgbe. These compounds have antibactenal activity
against 8. preumoniae. In vet another embodiment, the compound is fgba or fgga. These compounds
have antibacterial activity against & aqureus. In another embodument, the compound is fgna, which has
antibacterial activity aganst C. difficile.

In certain emboduments, the salt of compound | 1s an acid addition salt and 15 selected from the
group consisting of sulfate, hydrogen sultate, hydrochlonc, hydrobromic, hvdriodic, nitric, carbonic,
sulfuric, phosphoric, formic, acetic, propionic, succinic, glveolic, gluconic, lactic, malic, tartarie, citric,
ascorbic, glacuronic, maleic, fumaric, pyruvic, aspartic, glutanuc, benzoic, anthranbic, 4-hydroxybenzoic,

15 phenyvlacetic, mandelic, embonic (pamoic), methanesulfonic, ethancsuifonic, benzenesalfonic,
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pantothenic, trifluoromethancsulfonic, 2-hvdroxyethanesulfonic, p-toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, algime, B-hydroxybutync, salievhic, galactaric and galacturonic acid,
and any combinations thereof.

In cortain embodiments, the salt 1s a base addition salt and 1s selected from the group consisting
of calcium, magnesium, potassium, sodium, ammonium, zing, a basic anmine salt, and anv combinations
thercof, wherein the basic amine 18 selected from the group consisting of tricthylaming,
dissopropylethylamine, trimethylamine, NN -dibenzylethvicene-diamine, chioroprocaine, choling,
dicthanolamine, cthylencdiamine, meglumine, procaine and any combinations thergof

The mvention further provides a pharmaceuntical composition comprising at least one compound
of the invention and a pharmaceutically acceptable carner. In certain embodiments, the composition
further comprises at least one additional antibacterial agent. In other embodiments, the at least ong
additional anttbacterial agent compriscs af least one agent sclected from the group consisting of
amoxicillin, azithromyein, biaxin, biocef, cefaclor, cinoxacin, ciprofloxacin, chndamycin, doryx, emgel,
enoxacin, fortaz, gatifloxacin, levofloxacin, lingzolid, maxaguin, moxifloxacin, neomyein, ofloxacin,
penicillin, rifampin, sparfloxacin, streptomycin, sulfatrim, tetracycline, trovafloxacin, vancomycin and
zotrim. i vet other embodiments, the compound and the agent are co-formulated in the composition.

The compounds of the mvention may possess one or more stereocenters, and each stereocenter
may exist independently in etther the {R) or () configuration. In one embodiment, compounds described
herein are present in optically active or racemic forms. The compounds deseribed herein encompass
racemtc, optically-active, regiotsomeric and stereoisomertc forms, or combinations thereof that possess
the therapeutically uscful propertics described herein. Preparation of optically active forms 1s achioved
anv suitable manner, including by way of non-hmiting example, by resolution of the racemic form with
recrystallization technigues, synthesis from optically-active starting matenals, chiral syathesis, or
chromatographic separation using a chiral stationary phase. In one embodiment, a mixture of one or more
isomer is utilized as the therapeutic compound described herein. In another embodiment, compounds
described herein contain one or more chiral centers. These compounds are prepared by any means,
including stereoselective synthesis, enantioselective synthesis and/or separation of a mixture of
enantiomers and/ or diastercomers. Resolution of compounds and isomers thereof is achieved by anv
means including, by way of non-hmiting example, chenucal processes, enzymatic processes, fractional
crystallization, distillation, and chromatography.

The methods and formulations described herein include the use of N-oxades (if appropniate),
crystalline forms (also known as polymorphs), solvates, amorphous phases, and/or pharmaceutically
acceptable salts of compounds having the structure of any compound of the jovention, as well as

metabolites and active metabolites of these compounds having the same type of activity. Solvates mmclude
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water, cther {e.g., tetrahvdrofuran, methvl tert-butyl ether) or alcohol {e.g., ethanol) solvates, acetates and
the hike. In one embodiment, the compounds descnbed herein exist in solvated forms with
pharmaceutically acceptable solvents such as water, and ethanol. In another embodiment, the compounds
described herein exist in unsolvated fom.

In one embodiment, the compounds of the mvention exast as tautomers. All tautomers arc
mchded within the scope of the compounds recited herein.

In one erabodiment, the compounds of the nvention exist as polymorphs. All polymorphs are
inchrded within the scope of the compounds recited hercin.

In one embodiment, compounds described herein are prepared as prodrugs (see for example
Hacker, ef al., Pharmacology: Principles and Practice. Academie Press, hun 19, 2009, pp. 216-217). A
“prodrug” is an agent converted into the parent drug in vive. In one embodiment, upon in vivo
administration, a prodrug s chemically converted to the biologically, pharmaccutically or therapeutically
active form of the compound. In another embodiment, a prodrug 1s enzymatically metabolized by one or
more steps or processes fo the bislogically, phammaceutically or therapeutically active form of the
compound.

In certain embodiments, sties on, for example, the aromatic ring portion of compounds of the
invention are susceptible to various metabaolic reactions. Incorporation of appropriate substituents on the
aromatic ring structures may reduce, minimize or eliminate this metabolic pathway. Accordingly, in one
embodiment, a prodrug 1s created by methods well known 1n the art, by which the appropnate substituent
to decrease or climinate the susceptibility of the aromatic ring to metabolic reactions 15 added, by way of
example only, a deutcrium, a halogen, or an atkvl group.

Compounds described herein also include sotopically-labeled compounds wherein one or more
atoms 1s replaced by an atom having the same atomic number, but an atomic mass or mass mumber
different from the atomic mass or mass nomber usually found in nature. Examples of 1sotopes suitable for
inclusion in the compounds described herein include and are not limited to *H, *H, ''C. *C. ¢, "L, ¥F,
B BN BN B0, Y0, B0, P, and S, In one embodiment, isotopically-labeled compounds are
useful m drug and/or substrate tissue distribution studies. In another embodiment, substitution with
heavier 1sotopes such as deuteriom affords greater metabolic stability {for example, mcereased i vive half-
fife or reduced dosage requirements). In vet another embodiment, substitution with positron emitting
isotopes, such as "'C. °F, ¥Q and PN, is useful in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy. Isotopically-labeled compounds are prepared by any suitable
method or by processes using an appropriate isotopically-labeled reagent in place of the non-labeled

reagent otherwise cmployed.
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In one embodiment, the compounds described herein are labeled by other means, including, but
not limited to, the use of chromophores or Hluorescent moietics, biohuminescent labels, or

chemtluninescent labels.

Synthesis

The compounds described herein, and other related compounds having different substituents, are
synthesized using techniques and matenials described herein and techniques known in the art sach as
those described, for exaraple, i Fieser & Fieser's Reagents for Organic Synthesis, Volumes [-17 (John
Wiley and Sons, 1991); Rodd’s Chenustry of Carbon Compounds, Volames 1-3 and Supplements
{Elsevier Science Publishers, 1989); Organic Reactions, Volames 1-40 (John Wiley and Sons, 1991},
Larock's Comprehensive Organic Transformations (VCH Publishers Inc., 1989), March, Advanced
Organic Chemistry 4" Ed.. (Wiley 1992); Carey & Sundberg, Advanced Organic Chemistry 4th Bd.,
Vols. A and B (Plenum 2000, 2001}, and Green & Wuts, Protective Groups i Orgame Svothesis 3rd Ed.,
{(Wiley 1999} (all of which are incorporated by reference for such diselosure}. General methods for the
preparation of compounds as described herein are modified by the use of appropriate reagents and
conditions, for the introduction of the various moieties found in the formula as provided herein.

Compounds described herein are synthesized using any suitable procedures starting from
compounds that are available from coromercial sources, or are prepared using procedures described herein
or known in the art.

In one embodiment, reactive functional groups, such as hvdroxyl, aming, immo, thio or carboxy
groups, are protected in order to avoid thewr unwanted participation 1n reactions. Protecting groups are
used to block some or all of the reactive moiweties and prevent such groups from participating in chemical
reactions antil the protective group 1s removed. In another embodiment, each protective group 1s
removable by a different means. Protective groups that are cleaved under totally disparate reaction
conditions fultill the requirerent of differential removal.

In one embodiment, protective groups are removed by acid, base, reducing conditions (such as,
for example, hydrogenolysis), and/or oxidative conditions. Groups such as trity], dumethoxytrityl, acetal
and -butyldimethvisilyl arc acid labile and are used to protect carboxy and hvdroxy reactive moieties
the presence of amino groups protected with Chz groups, which are removable by hydrogenolysis, and
Fmoc groups, which are base labile. Carboxvlic acid and hydroxy reactive moietics are blocked with base
labile groups such as, but not limited to, methyl, ethyl, and acetyl, in the presence of amines that are
blocked with acid labile groups, such as t-butyl carbamate, or with carbamates that are both acid and base

stable but hvdrolyticallv removable.
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In one embodiment, carboxylic acid and hydroxy reactive motetics are blocked with
hvdrolyvtically removable protective groups such as the benzvl group, while amine groups capable of
hvdrogen bonding with acids are blocked with base labile groups such as Fmoc. Carboxyvlic acid reactive
moietics are protected by conversion to simple ester compounds as exemplified berein, which mclude

5 conversion to alkyl esters, or are blocked with oxidatively-removable protective groups such as 2.4~
dimethoxy benzyl, while co-existing amino groups are blocked with fluoride labile silyl carbamates.

Allvl blocking groups are usehul in the presence of acid- and base- protecting groups since the
former are stable and are subsequently removed by metal or pi-acid catalvsts. For example, an allyl-
blocked carboxylic acid 1s deprotected with a palladium-catalyzed reaction n the presence of acid labile ¢~

10 butyl carbamate or base-labile acetate amine protecting groups. Yet another form of protecting group is a
resin to which a compound or intermediate is attached. As long as the residue is attached to the resin, that
functional group s blocked and docs not react. Once released from the resin, the functional group is
available to react,

Typically blocking/protecting groups may be selected from;
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Other protecting groups, plus a detatled description of techniques applicable to the creation of
protecting groups and their removal are described 1o Greene & Wuts, Protective Groups in Organic
Synthesis, 3nd Ed., John Wilev & Sons, New York, NY, 1999, and Kocicoskt, Protective Groups, Thieme
Verlag, New York, NY, 1994, which are incorporated herein by reference for such disclosure.

20 The compounds of the invention may be prepared according to the general methodology
Hlustrated in the svnthetic schemes described below. The reagents and conditions deseribed herein may
be modified to allow the preparation of the compounds of the invention, and such modifications are
known to those skilled in the art. The scheme mcluded herein are intended to llustrate but not limit the

chemustry and methodologies that one skilled in the art mayv use to make compounds of the mmvention.
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Salts

The compounds described hercin may form salts with acids, and such salts arc included n the
present invention. In one embodument, the salts are phammaccutically acceptable salts. The temm “salts”
embraces addition salts of free acids that are useful within the methods of the invention. The term
“pharmaceutically acceptable salt”™ refers to salts that possess toxicity profiles within a range that affords
etitity in pharmaccutical applications. Pharmaceutically unacceptable salts may nonetheless possess
propertics such as high crvstallinity, which have utility i the practice of the present invention, such as for
example ntility n process of svnthesis, purification or formulation of compounds usctul within the
methods of the invention.

Suitable phammaceutically acceptable acid addition salts may be prepared from an inorganic acid
or from an organic acid. Examples of inorganic acids mclude hydrochloric, hydrobromic, hvdriodic,
nitric, carbomc, sulfuric (including sulfate and hydrogen sulfate), and phosphoric acids (including
hydrogen phosphate and dihydrogen phosphate). Appropriate orgamc acids may be selected from
aliphatic, cycloaliphatic, aromatic, araliphatic, heterocvelic, carboxylic and sulfonic classes of organic
acids, examples of which include formic, acetic, propionic, suceinic, glveolic, gluconic, lactic, malic,
tartaric, citric, ascorbic, glucuronic, maleic, malonic, saccharin, fumaric, pyruvic, aspartic, glutamic,
benzoic, anthranihic, 4-hvdroxybenzoic, phenvlacetic, mandelic, embonic {pamoic), methanesulfonic,
ethancsulfonic, benzencsulfonic, pantothenic, trifluoromethanesolfonic, 2-hydroxyethanesulfonic, p-
toluenesulfonic, sulfanilic, cvelohexylaminosulfonic, stearnic, alginie, B-hydroxybutyric, salicylic,
galactanic and galacturonic acid.

Suitable phammaceutically acceptable base addition salts of compounds of the invention melude,
for example, metallic salts mehuding atkali metal, alkaline earth metal and transition metal salts such as,
for example, calcium, magnesium, potassium, sodium and zinc salts. Pharmaceutically acceptable base
addition salts also mnclude organic salts made from basic ammes such as, for example, N.N-
dibenzylethylene-diamine, chloroprocaine, choline, diethanolamine, ethvlenediamine, meglunine
{N-methylglucamine) and procaine. All of these salts may be prepared from the corresponding compound

by reacting, for example, the appropnate acid or base with the compound.

Methods

The invention provides a method of inhibiting a N-acetviglucosaminidase in a cell. In certain
embodiments, the method comprises contacting the cell with at least one compound of the mmvention. In
other cmboduments, the cell ts a bacterium, a fungus or a cancer cell. In yet other emboduments, the N-

acetylglucosaminidase comprises an autolysin,
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The mvention also provides a method of inlubiting a N-acetyiglucosaminidase in the cvtosol of a
cell. In cortain embodiments, the method comprises contacting the N-acetylglicosaminidase with at least
one compounid of the wvention. In other embodiments, the N-acetviglucosaminidase 1s dertved from a
bacterium, a fungus or a cancer cell.

The mvention further provides a method of treating or preventing a bacterial infection in a subject
m need thercof, In certain embodiments, the method comprises administenng a therapeutically effective
amount of at least one compound of the invention to the subject.

In one embodiment of the methods of the invention described above, the bacterium 1s Gram-
posttive. In another embodiment, the Gram-positive bacterium 1s selected from the group consisting of
Streptococceus sp., Staphylococeus sp., Enterococcus sp., Corvaebacterium sp., Listeria sp., Clostridinm
sp. and Bacillus sp. In vet another embodiment, the Gram-positive bacterium is Clostridium difficiie
{also currently known as Peproclostridium difficile), Strepiococeus pneumoniae, Staphviococcus aureus,
vancomyein miermediate resistance S. aurens (VISA), Enferococcus faecalis, vancomyein resistant
enteroeocet (VRE), Streptococcus pyogenes, Bacillus ambiracis, Corynebacterium diphtheria or Bacillus
cerens.

In one embodiment of the methods of the invention described above, the bacterium 1s Gram-
negative. In another embodiment, the Gram-negative bacterium is selected from the group consisting of
Salmonella sp., Escherichia sp., Klebsiella sp., Acinetobacter sp., Pseudomonas sp., Vibrio sp. and
FEnterobacter sp. In yet ancther embodiment, the Gram-negative bacterium s Salmonella enterica,
Salmonella typhii, Escherichia coli, Klebsiella preumonice, Acinetobacier baumannii or Pseudomonas
aerugenosa.

In yet other embodiments, the subject 1s further admmistered at least one additional antibacterial
agent. In vet other embodiments, the at least one additional antibactertal agent comprises at least one
agent sclected from the group consisting of amoxicillin, azithromycin, biaxin, biocef, cefaclor, cinoxacin,
ciprofloxacin, clindamvein, doryx, emgel, enoxacin, fortaz, gatifloxacm, levotloxacm, linezolid,
maxaquin, moxifloxacin, neomycin, ofloxacin, pemcilling rifampin, sparfloxacin, streptomycein, sulfatrim,
tetracyeline, trovafloxacin, vancomycin and zotrim.

In certain embodiments, the compound of the invention and the additional agent are separately
adounistered to the subject. In other cabodiments, the compound and the agent are co-admmistered to
the subject. In yet other emboduments, the compound and the agent are co-formulated. In vet other
embodiments, the compound is administered to the subject by at least one route sclected from the group
consisting of intravenous. oral, inhalational, rectal, vaginal, transdermal, intranasal. buccal, sublingual,
parcnteral, intrathecal, miragastrical, ophthalouc, pulmonary and topical routes. In yet other

embodiments, the subject 1s a mammal. In vet other embodiments, the mammal s a human. In vet other

(42
(s

SUBSTITUTE SHEET (RULE 26)



(4]

(4]

[N
U

53

WO 2016/201288 PCT/US2016/036972

embodiments, the method further comprises procuring the at least one compound of the mvention for the

subjoct.

Kits

The mvention includes a kit comprising a compound of the mvention, an applicator, and an
mstructional material for use thereof. The instructional material included n the kit comprises instructions
for preventing or treating a disorder or disease contemplated within the invention in a subject. The
mstructional material recites the amount of, and frequency with which, the compound of the mvention
should be administered 1o the subject. In certain embodiments, the kit further comprises at least one

additional antitbacterial agent.

Combination Therapies

In certain embodiments, the compounds of the mvention are useful n the methods of the
invention in combination with at least one additional agent useful for treating or preventing bacterial
infection. This additional agent may comprise compounds identified herein or compounds, e.g.,
commercially available compounds, known to treat, prevent or reduce the svmptoms of bacterial
infection.

Non-limuting examples of additional agents contemplated within the mvention include
amoxicilling azithromycin, biaxin, biocef, cefaclor, cmoxacin, ciprofloxacin, clindamycin, doryx, emgel,
enoxacin, fortaz, gatifloxacin, levotloxacin, linczolid, maxaguin, moxifloxacin, neomycin, ofloxacin,
peotciliin, rifampin, sparfloxacin, streptoraycein, sulfatiim, tetracycline, trovafloxacin, vancomycin and
zotrim,

A synergistic effect may be calculated, for example, using suitable methods such as, for example,
the Sigmoid-E.,, equation (Holford & Scheiner, 19981, Clin. Pharmacokimet. 6. 429-453), the equation of
Loewe additivity (Loewe & Muischnek, 1926, Arch. Exp. Pathol Pharmacol. 114: 313-326) and the
median-effect equation (Chou & Talalay, 1984, Adv. Enzyme Regul. 22:27-55). Fach equation referred
to above may be apphied to experimental data to generate a corresponding graph to aid m assessing the
effects of the dmig combination. The corresponding graphs associated with the cquations referred to

above are the concentration-¢ffect curve, 1sohologram curve and combination index curve, respectively.

Administration/Desage/Formulations
The regimen of administration may affect what constitutes an effective amount. The therapeutic
formulations may be adminstered to the subject cither prior to or after the onset of a diseasc or disorder

conteraplated 1o the invention. Further, several divided dosages, as well as staggered dosages may be
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admunstered daily or sequentially, or the dose may be continnously infused, or may be a bolus injection.
Further, the dosages of the therapeutic formulations may be proportionally imcreased or decreased as
indicated by the exigencics of the therapeutic or prophylactic situation.

Admiunustration of the composttions of the present mvention to a patient, in particular a mamnal,
more particularly a human, mayv be carned out using known procedures, at dosages and for periods of
time effective to treat a disease or disorder contemplated in the invention. An effective amount of the
therapeutic compound necessary to achieve a therapeatic effect may vary according to factors such as the
state of the discase or disorder n the pationt; the age, sex, and weight of the patient; and the ahility of the
therapeutic compound to treat a disease or disorder contemplated in the mvention. Dosage regimens may
be adjusted to provide the optimum therapeutic response. For example, several divided doses may be
administered daily or the dose may be proportionally reduced as indicated by the exigencies of the
therapeutic situation. A non-himuting example of an effective dose range for a therapeutic compound of
the mvention s from about 1 and 5,000 mg/kg of body weight/per day. One of ordinary skill in the art
would be able to study the relevant factors and make the determination regarding the effective amount of
the therapeutic compound without undue experimentation.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of this
invention may be varied so as to obtain an amount of the active ingredient that is effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of administration, without
being toxic to the patient.

In particular, the sclected dosage level depends upon a variety of factors including the activity of
the particular compound emploved, the time of admimistration, the rate of excretion of the compound, the
duration of the treatment, other drugs, compounds or matenials used m combination with the compound,
the age, sex, weight, condition, gencral health and prior medical history of the patient being treated, and
hike factors well, known in the medical arts.

A medical doctor, e.g., physician or veterinanan, having ordmarv skill 1n the art may readily
determine and prescribe the effective amount of the pharmaceutical composttion required. For example,
the physician or veterinarian could start doses of the compounds of the mvention emploved i the
pharmaceutical composition at levels lower than that required in order to achieve the desired therapeutic
effect and gradually increase the dosage until the desired effect 1s achigved.

In particular embodiments, it 1s especially advantageous to formulate the compound m dosage
pnit form for case of adnunistration and wniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the patients to be treated: each unit containing a
predetermined gquantity of therapeutic compound caleulated to produce the desired therapeutic ctfect

association with the required pharmaceutical vehicle, The dosage unit forms of the invention are dictated
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by and directly dependent on (a) the unique charactenistics of the therapeutic compound and the particular
therapeutic effect to be achieved, and (b} the limitations mherent in the art of compoundingAormulating
such a therapeutic compound for the treatment of a disease or disorder contemplated in the mvention.

In one embodunent, the compositions of the invention are formulated using one or more
pharmaceutically acceptable excipients or carricrs. In one embodiment, the pharmaceutical compositions
of the invention comprise a therapestically effective amount of a compound of the invention and a
pharmaceutically acceptable carrier.

The carrier may be a solvent or dispersion medium condaining, for cxample, water, cthanol,
polyol {for example, glycerol, propvlene glycol, and liquid polyethylene glveol, and the hike), suitable
mixtores thercof, and vegetable oils. The proper flaidity may be mamtained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. Prevention of the action of microorganisms may be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it is advantageous to include isotonic agents, for example, sugars,
sodium chloride, or polvalcohols such as mananitol and sorbitol, in the composition. Prolonged absorption
of the injectable compositions may be brought about by mchiding m the composition an agent which
delavs absorption, for example, aluminum monostearate or gelatin,

In one embodiment, the compounds/compositions of the invention are administered to the patient
in dosages that range from one to five times per day or more. In another embodiment, the compositions
of the invention are administered to the patient i range of dosages that include, but are not hmited to,
once every day, everv two, days, every three davs to once a week, and once everv two weeks. It 15 readily
apparent to one skilled in the art that the frequency of admistration of the varnous combination
compositions of the invention varies from ndividual to mdividsal depending on many factors including,
but not hinuted to, age, discase or disorder to be treated, gender, overali health, and other factors. Thus,
the mvention should not be construed to be limited to any particular dosage regime and the precise dosage
and composition to be administered to any patient is determined by the attending physical taking all other
factors about the patient into account.

Compounds of the mvention for admmistration may be in the range of from about | Cg to about
10,000 mg, about 20 Ug to about 9,500 myg, about 40 [lg to about 9,000 mg, about 75 [g to about 8,500
mg, about 150 g to about 7,500 mg, about 200 g to about 7,000 mg, about 3050 [lg to about 6,000
mg, about 500 Ug to about 5,000 mg, about 750 Jg to about 4,000 mg, about | mg to about 3,000 mg,
about 10 mg to about 2,500 mg, about 20 mg to about 2.000 mg, about 25 mg to about 1,500 mg, about

30 mg to about 1,000 mg, about 40 mg to about 900 mg, about 30 mg to about 800 mg, about 60 mg to
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about 750 mg, about 70 mg to about 600 mg, about 80 mg to about 500 mg, and any and all whole or
partial increments thercbetween.

In some embodiments, the dose of a compound of the invention 1s from about | mg and about
2,500 mg. In some emboduments, a dose of a compound of the 1uvention used 10 compositions described
herein 1s less than about 10,000 mg, or less than about 8,000 mg, or less than about 6,000 mg, or less than
about 5,000 mg, or less than about 3,000 mg, or less than about 2,000 mg, or less than about 1,000 mg, or
fess than about 500 mg. or less than about 200 mg, or less than about 30 mg. Similatly, in some
embodiments, a dose of a sccond compound as described herein is fess than about 1,000 mg, or less than
about 800 mg, or less than about 600 mg, or less than about 300 mg, or less than about 400 mg. or less
than about 300 mg, or less than about 200 mg, or less than about 100 mg, or less than about 50 mg, or less
than about 40 mg, or less than about 30 mg, or fess than about 25 mg, or less than about 20 mg, or less
than about 15 mg, or less than about 10 mg, or less than about 5 mg, or less than about 2 mg, or less than
about 1 mg, or less than about 0.5 mg, and any and all whole or partial increments thereof,

In one embodiment, the present wvention 1s directed to a packaged pharmaceatical composition
comprising a container holding a therapeutically effective amount of a compound of the invention, alone
ot in combination with a second pharmaceutical agent; and instructions for using the compound to treat,
prevent, or reduce one or more symptons of a disease or disorder contemplated in the invention.

Fornwlations may be employed in admixtures with conventional excipients, 7.e., pharmaceutically
acceptable organic or morganic carrier substances suitable for oral, parenteral, nasal, intravenous,
subcutancous, enteral, or any other suitable mode of adnunistration, known to the art. The
pharmaceutical preparations may be sterilized and if desired muxed with auxiltary agents, e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure buffers,
coloring, flavoring and/or aromatic substances and the ke, They may also be combined where desired
with other active agents, e g., other analgesic agents.

Routes of adsunistration of any of the compositions of the investion include oral, nasal, rectal,
mtravaginal, parenteral, buccal, sublingual or topical. The compounds for use in the invention may be
formulated for admumstration by any suitable route, such as for oral or parenteral, for example,
transdermal, transmucosal {e.g., sublingual, lingual, (transjbuccal, (transjurcthral, vaginal {e. g., trans- and
perivaginallvy, (intrajnasal and (transjrectal), mtravesical, intrapulmonary, iniraduodenal, miragastrical,
mitrathecal, subcutaneous, intramuscular, wtradenmal, mtra-artenal, miravenous, mtrabronchial,
inhalation, and topical administration.

Suitable compositions and dosage forms include, for example, tablets, capsules, caplets, pills, gel
caps, troches, dispersions, suspensions, solutions, syrups. granules, beads, transdermal patches, gels.

powders, pellets, magmas, lozenges, creams, pastes, plasters, lotions, discs, supposttories, liquid spravs
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for nasal or oral admuustration, dry powder or aerosolized formulations for inhalation, compositions and
formulations for intravesical admimstration and the ke, It should be understood that the formulations
and composttions that would be usetul in the present invention are not himited to the particalar
formulations and corsposttions that are described herein.

Oral Administration

For oral application, particularly suitable are tablets, dragees, liquads, drops, suppositories, or
capsules, caplets and gelcaps. The compositions intended for oral use may be prepared according to any
method known inthe art and such compositions may contain one or more agents sclected from the group
consisting of mert, non-toxic pharmaceutically excipients that are suitable for the manufacture of tablets.
Such excipients inchude, for example an inert diluent such as lactose; granulating and disintegrating
agents such as cornstarch; binding agents such as starch; and lubricating agents such as magnesium
stearate. The tablets may be uncoated or thev may be coated by known technigues for elegance or to
delay the release of the active ingredients. Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with an nert diluent,

For oral administration, the compounds of the invention may be in the form of tablets or capsules
prepared by conventional means with pharmaceutically acceptable excipients such as binding agents (e.g..
polyvinvipvrrolidone, hvdroxypropylcelinlose or hvdroxvpropyvimethylicellulose); fillers (e.g., corpstarch,
lactose, microcrystalline cellulose or calcium phosphate); lubricants {(e.g., magnesium stearate, talc, or
silicay; disintegrates {e.g., sodium starch glycollate}; or wetting agents {e.g., sodium lauryl sulphate). I
desired, the tablets may be coated using suitable methods and coating materials sach as QPABRY ™ film
coating systers available from Colorcon, West Pont, Pa. {e.g., OPADRY™ QY Type, OYC Type,
Organic Enteric OY-P Type, Aqueous Enteric OY-A Tvpe, OY-PM Type and OPADRY™ White,
32K 18400). Ligud preparation for oral admiunstration may be 1n the form of sohutions, syrups or
suspensions. The liquid preparations may be prepared by conventional means with pharmaceutically
acceptable additives such as suspending agents {e. g, sorbitol svrup, methyl cellulose or hvdrogenated
edible fats); emulsifving agent {e.g., lecithin or acacia); non-aqueous vehicles {e.g., almond oil, oilv esters
or ethy! alcohol); and preservatives {e.g., methyvl or propyl p-hvdroxy benzoates or sorbic acid).

(ranulating techniques arg well known in the pharmaceutical art for modifying starting powders
or other particulate materials of an active ingredient. The powders are typically muxed with a binder
material into larger permanent free-flowing agglomerates or granules referred to as a “granulation.” For
example, solvent-using “wet” granulation processes are gencrally charactenzed n that the powders are
combined with a binder material and moistened with water or an organic solvent under conditions

resulting in the formation of a wet granulated mass from which the solvent may then be ¢vaporated.
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Melt granulation generally consists in the use of materials that are solid or senu-solid at room
temperature {7.e. having a relatively low softening or meliing point range) to promote granulation of
powdered or other materials, essentially in the absence of added water or other liquid solvents. The low
melting solids, when heated to a temperature i the melting point range, liquefy to act as a binder or
granulating meduun. The hguefied sohd spreads itself over the surface of powdered matenals with which
it 1s contacted, and on cooling, forms a solid granulated mass tn which the initial materials are bound
together. The resulting melt gramulation may then be provided to a tablet press or be encapsulated for
preparing the oral dosage form. Melt granulation improves the dissolution rate and bioavailability ot an
active (i.e. drug) by forming a solid dispersion or solid solution,

U.S. Patent No. 5,169,645 discloses directly compressible wax-containing granules having
mnproved flow properties. The gramules are obtained when waxes are admixed in the melt with certain
flow improving additives, followed by cooling and granulation of the admixture. In cortain embodiments,
onlv the wax itself melts in the melt combination of the wax{es) and additives(s), and in other cases both
the wax{¢s) and the additives(s} melt.

The present invention also includes a multi-laver tablet comprising a laver providing for the
delaved release of one or more compounds of the jovention, and a further layer providing for the
immediate release of a medication for treatment of a disease or disorder contemplated in the invention.
Using a wax/pH-sensitive polymer mix, a gastric insoluble composition may be obtained 1 which the
active ngredient is entrapped, ensuring its delaved release.

FParenteral Administration

As used berein, “parenteral admunistration” of a phanmaceutical composition mcludes any route
of administration characterized by physical breaching of a tissue of a subject and administration of the
pharmaceutical composition through the breach 1 the tissue. Parenteral administration thes mcledes, but
is not limtted to, administration of a pharmaceutical composition by mjection of the composition, by
application of the composition through a surgical mcision, by application of the compasition through a
tissue-penetrating non-surgical wound, and the like. In particular, parenteral administration 1s
contemplated to mclude, but is not limited to, subcutancous, miravenous, intraperitoneal, inframuscular,
intrasternal injection, and kidney dialytic mfusion techniques.

Formulations of a pharmaceutical composition sutiable for parentoral adnunistration comprise the
active ingredient combined with a pharmaceutically acceptable carrer, such as sterile water or sterile
sotonic saline. Such formulations may be prepared, packaged. or sold in a form suitable for bolus
administration or for continuous administration. Injectable formulations may be prepared, packaged, or
sold m unit dosage form, such as in ampules or 1n multidose containers containing a preservative,

Formulations for parenteral adnunistration include, but are not linuted to. suspensions, solutions,
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emulsions in oily or agueous vehicles, pastes, and implantable sustained-release or biodegradable
formulations. Such formalations may further comprise one or more additional mgredients including, but
not limited to, suspending, stabilizing, or dispersing agents. In one embodiment of a formulation for
parenteral admuustration, the active mgredient is provided in dry (i.e., powder or granular} form for
reconstitution with a suitable vehicle {(e.g., stenile pyrogen-free water) prior to parenteral admimstration of
the reconstituted composition.

The pharmaceutical compositions may be prepared, packaged, or sold in the form of a stenide
injoctable agueous or oily suspension or solution. This suspension or solution may be formulated
according to the known art, and may compnse, 1 addition to the active ingredient, additional ingredients
such as the dispersing agents, wetting agents, or suspending agents described herein. Such stenle
mjectable formulations may be prepared using a non-toxic parenterally-acceptable diuent or solvent, such
as water or 1,3-butanediol, for example. Other acceptable diluents and solvents include, but are not
hinuted to, Ringer’s solution, 1sotonic sodium chionide solution, and fixed oils such as synthetic mono- or
di-glycerides. Other parentally-adounistrable formudations which are useful include those which
comprise the active ingredient in microcrvstatline form, in a liposomal preparation, or as a component of
a bindegradable polymer systen. Compositions for sustained release or implantation may comprise
pharmaceutically acceptable polvmeric or hydrophobic materials such as an eowlsion, an ion exchange
resin, a sparingly soluble polvmer, or a sparingly soluble salt.

Topical Administration

An obstacle for topical administration of pharmaceuticals is the stratum corneurn layer of the
epidernus. The stratum comeum 5 a bighly resistant layer comprised of protein, cholesterol,
sphingolipids, free fatty acids and various other lipids, and ncludes comified and hiving cells. One of the
factors that limit the penctration rate {flux} of a compound through the stratum corecum is the amount of
the active substance that can be loaded or applicd onto the skin surface. The greater the amount of active
substance which is applied per unit of arca of the skin, the greater the concentration gradient between the
skin surface and the lower lavers of the skin, and in tum the greater the diffusion force of the active
substance through the skin. Therefore, a formulation contaimng a greater concentration of the active
substance 1s more fikely to result in penetration of the active substance through the skin, and more of &,
and at a morc consistont rate, than a formulation having a lesser concentration, all other things being
equal.

Formulations saitable for topical administration include, but are not limited to, liguid or
semi-liquid preparations such as limiments, lotions, oll-in-water or water-in-oi1l emulsions such as creams,
ointments or pastes, and solutions or suspensions. Topically administrable fornmulations may, for

example, comprise from about 1% to about 10% (w/w} active ingredient, although the concentration of
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the active mgredient may be as high as the solubility bimit of the active ingredient i the solvent,
Formulations for topical adnunistration may further comprise one or mose of the additional mgredients
described herein.

Enhancers of permeation may be used. These materials mcrease the rate of penetration of drugs
across the skin. Typical enbhancers in the art include ethanol, glycerol monolaurate, PGML (polvethylene
glveol monolaurate}), dimethylsulfoxide, and the like. Other enhancers mclude oleic acid, olev] aleohol,
cthoxydiglveol, laurocapram, alkanccarboxylic acids, dimethylsulfoxide. polar lipids, or N-methyl-2-
pyrrolidone.

(e acceptable vehicle for topical delivery of some of the compositions of the invention may
contain liposomes. The composition of the Hposomes and their use are known in the art (for example, see
Constanza, U.S. Patent No. 6,323,219},

In altemative embodiments, the topically active pharmaceutical composition may be optionally
combined with other imgredients such ag adjuvants, anti-oxadants, chelating agents, surfactants, foaming
agents, weiling agents, emnidsifying agents, viscosifiers, buffering agents, preservatives, and the like. In
another embodiment, a permeation or penetration enhancer is included in the composition and is effective
in tnproving the percutaneous penetration of the active ingredient into and through the stratura comeum
with respect to a composition lacking the permeation enhancer. Various permeation enbancers, including
oleic acid, oleyl alcohol, ethoxydighycol, laurocapram, alkanecarboxvlic acids, dimethvlsulfoxide, polar
lipids, or Nemethyl-2-pyrrolidone, are known to those of skill i the art. In another aspect, the
composition may further comprise a hydrotropic agent, which functions to increase disorder in the
structure of the stratwn comeun, and thus allows mcreased transport across the stratum corneum.
Various hvdrotropic agents such as 1sopropyl alcohol, propylene glyeol, or sodium xylene sulfonate, are
known to those of skill in the art.

The topically active pharmaceutical composition should be applied in an amount effective to
affect desired changes. As used berein “amount effective” shall mean an amount sufficient to cover the
region of skin surface where a change 1s desired. An active compound should be present in the amount of
from about 0.0001% to about 15% by weight volume of the composition. In particular, it 1
advantageously present i an amount from about 0.0005% to about 5% of the composition; more
particularly, i 1s advantageously present in an amount of from about 0.001% to about 1% of the
composition. Such compounds may be synthetically-or naturally denved.

Buccal Administration

A phamaceutical composition of the invention may be prepared, packaged, orsold ina

formulation suitable for buccal admimistration. Such formulations may, for example. be in the form of

tablets or lozenges made vsing conventional methods, and may contam, for example, 0.1 to 20% (w/w) of
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the active ingredient, the balance comprising an orally dissolvable or degradable composition and,
optonally, one or more of the additional ingredients described horem. Alternately, formulations suitable
for buccal administration may comprnse a powder or an acrosolized or atomized solution or suspension
comprising the active mgredient. Such powdered, acrosolized, or acrosolized formulations, when
dispersed, preferably have an average particle or droplet size o the range from about 0.1 to about 200
nanometers, and may further comprise one or more of the additional mgredients described herein. The
examples of formudations descitbed herein are not exhaustive and i 1s understood that the mvention
includes additional modifications of these and other formulations not described berein, but which are
known to those of skill i the art,

Rectal Administration

A pharmaceutical composition of the invention may be prepared, packaged, orsold ina
formulation suttable for rectal administration. Such a composition may be in the form of, for example, a
suppository, a retention enema preparation, and a solution for rectal or colonie imigation.

Suppostiory formulations may be made by combining the active ingredient with a non-trritating
pharmaceutically accoptable excipiont which is solid at ordinary room temperature {7 e., about 20°C) and
which 1s liquid af the rectal temperature of the subject (e, about 37°C in a healthy human). Suitable
pharmaceutically acceptable excipients include, but are not hmuted to, cocoa butter, polyethylene glyeols,
and various glveenides. Suppository formulations may further comprnise various additional mgredients
including, but not limited to, antioxidants, and preservatives.

Retention enema preparations or solutions for rectal or colonic urigation may be made by
combining the active ingredient with a pharmaceutically acceptable hiquid camier. As s well known m
the art, enema preparations may be administered using. and may be packaged within, a delivery device
adapted to the rectal anatomy of the subject. Encma preparations may further comprise various additional
ingredients inchuding, but not lunted to, antioxidants, and preservatives.

Additional Admivistration Forms

Additional dosage forms of this invention include dosage forms as deseribed in U.S. Patents Nos.
6,346,475, 6.488.962; 6,451,808, 5,972,389, 5,582,837 and 5,007,790, Additional dosage forms of this
mvention also include dosage forms as desenbed in U8, Patent Applications Nos. 20030147932,
20030104062; 20030104053, 20030044466, 20030039688, and 20020051820, Additional dosage forms
of this invention also include dosage forms as deseribed 1 PCT Applications Nos. WO 03/35041, WO
03/35040; WO 03/35029, WO 03/35177, WO 03/35039; WO 02/96404;, WO 02/32416, WO (01/97723;
WO 017356544, WO 01/32217, WO 98/55107, WO 98/1 1879, WO 97/47285. WO 93/18735; and WO
90/11757.
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Controlled Release Formulations and Drug Delivery Systems

In one embodiment, the formulations of the present invention may be, bet are not himited to,
short-term, rapid-offsct, as well as controlled, for example, sustained release, delayed release and puisatile
relcase formulations.

The term sustamed release is used n s conventional sense to refer to a drug formulation that
provides for gradual release of a drug over an extended period of time, and that may, although not
necessartly, result in substantially constant blood levels of a drug over an extended time period. The
period of time may be as long as a month or more and should be a release which is longer that the same
amount of agent administered in bolus form,

For sustained release, the compounds may be formulated with a suitable polymer or hydrophobic
material which provides sustained release properties to the compounds. As such, the compounds for use
the method of the invention may be administered in the form of microparticles, for example. by injection
or i the form of wafers or discs by implantation,

In one embodiment of the invention, the compounds of the mvention are administered (o a
patient, alone or in combination with another pharmaceutical agent, using a sustained release formulation.

The term delaved release 15 used herein in its conventional sense to refer to a drug formulation
that provides for an initial release of the drug after some delay following drug administration and that
may, although not necessarily, includes a delay of from about 10 munutes up to about 12 hours.

The tenm pulsatile release is used herein in its conventional sense to refer to a drug formudation
that provides release of the drug in such a way as to produce pulsed plasma profiies of the drug after drug
adnunistration,

The term immediate release s used m its conventional sense to refer to a drug formulation that
provides for release of the drog immediately after drug admmistration.

As used herein, short-term refers to any period of time up o and including about 8 hours, about 7
hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours, about 2 hours, about 1 hour, about 40
minutes, about 20 minutes, or about 10 minutes and any or all whole or partial increments thercof after
drug administration after drag administration.

As used herein, rapid-offset refers to any period of time up to and mchuding about 8 hours, about
7 hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours, about 2 hours, about 1 hour, about 40
mmutes, about 20 nunutes, or about 10 minutes, and any and all whole or partial mcrements thereof after
drug administration.

Dosing
The therapeutically effective amount or dose of a compound of the present invention depends on

the age, sex and weight of the patient, the current medical condition of the patient and the progression of a
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discase or disorder contemplated i the invention. The skilled artisan 1s able to determine appropnate
dosages depending on these and other factors.

A suitable dose of a compounid of the present invention may be in the range of from about 0.01
g to about 5,000 mg per day, such as from about 0.1 mg to about 1,000 mg, for example, from about 1
mg to about 500 mg, such as about 5 mg to about 250 mg per day. The dose may be administered in a
single dosage or in multiple dosages, for example from 1 to 4 or more times per day. When multiple
dosages are used, the amount of each dosage may be the same or different. For example. a dose of | mg
per day may be administered as two 0.5 rog doses, with about a 12-hour mterval between daoses.

It 1s understood that the amount of compound dosed per day may be administered, in non-limiting
examples, every day. every other day, every 2 days, every 3 days, every 4 days, or every § days. For
example, with every other day administration, a 5 mg per day dose may be mitiated on Monday with a
first subsequent 3 mg per day dose administered on Wednesday, a second subsequent 5 mg per day dose
administered on Friday, and so on,

In the case wherein the patient’s status does mmprove, upon the doctor’s discretion the
administration of the mhibitor of the invention is optionally given continuously; alternatively, the dose of
drug being administered is temporarily reduced or temporarily suspended for a certamn length of time (f.e.,
a “drug holiday”™). The length of the drug boliday optionally varies between 2 days and 1 vear, including
by wav of exarople only, 2 days, 3 days. 4 days, 3 days, 6 davs, 7 days, 10 days, 12 days, 15 davs, 20
days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days, 250 days,
280 days, 300 days, 320 days, 350 days, or 365 days. The dose reduction during a dmug holiday includes
from 10%-~100%, includmg, by way of example only, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 6%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.

Once improvement of the patient’s conditions has occurred, a maintenance dose 1s administered f

V0]

necessary. Subsequently, the dosage or the frequency of admunistration, or both, is reduced, as a function
of the disease or disorder, to a fevel at which the improved disease s retained. In one embodiment,
patients require mitermittent treatment on a long-term basis upon any recurrence of svmptoms and/or
mfection.

The compounds for use in the method of the mvention may be formudated in anit dosage form.
The torm “unit dosage form” refers to physically discrete vnits suitable as unitary dosage for paticots
undergoing treatment, with cach unit contaming a predetermuned guantity of active matenial calenlated to
produce the desired therapeutic effect, optionally in assoctation with a suitable phanmaceutical carrier.
The unit dosage form may be for a single datly dose or one of multiple daily doses {e.g.. about | to 4 or
more times per day). When multiple daily doses are used, the untt dosage form may be the same or

different for each dose.
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Toxicity and therapeutic cfficacy of such therapeutic regimens are optionally determined n ecll
caltures or experimental animals, incloding, but not limited to, the determuination of the LDs (the dose
fethal to 50% of the population) and the EDs; {the dose therapeuatically effective m 50% of the
population). The dose ratio between the toxic and therapeutic offects 1s the therapeutic index. which is
expressed as the ratio between LDsy and EDsq. The data obtained from cell culture assays and ammal
studies are optionally used in formulating a range of dosage for use in human. The dosage of such
compounds hies advantagesusly within a range of circulating concentrations that include the EDsp with
minimal toxicity. The dosage optionally varies within this range depending upon the dosage form
emploved and the route of administration utilized.

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, munerous equivalents to the specific procedures, embodiments, claims, and examples
described herein. Such equivalents were considered to be within the scope of this invention and covered
by the clatms appended hereto. For example, it should be understood, that modifications i reaction
conditions, including but not limited to reaction times, reaction size/volume, and experimental reagents,

such as solvents, catalysts, pressures. atmospheric conditions, e.g., nitrogen atmosphere, and

,
reducing/oxidizing agents, with art-recognized altematives and using no more than routine
experimentation, are within the scope of the present application.

It is to be understood that wherever values and ranges are provided herein, all values and ranges
encompassed by these values and ranges, are meant to be encompassed within the scope of the present
mvention. Morcover, all values that fall within these ranges, as well as the upper or lower limits of a
range of values, are also contemplated by the present application.

The following exaraples further illustrate aspects of the present invention. However, they are m

no way a limitation of the teachings or disclosure of the present invention as set forth herein.

EXAMPLES
The mvention 1s now described with reference to the following Examples. These Examples are
provided for the purpose of tllustration only and the mvention should in no way be construed as being
fimited to these Exampiles, but rather should be construed to encompass any and all vartations which

becorae evident as a result of the teaching provided hercin,

Materials and Methods
Compounds were purchased from standard suppliers and used without further purification. Thin
layer chromatography was carried out on Merck silica gel 60 F234 precoated glass plates. Spots were

detected by UV light and mmmersion in p-anisaldehyde stam or potassium permanganate stain,
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Evaporation of solvents was performed under reduced pressure at 30-40 °C. NMR spectra were recorded
on Bruker Avance I HD Ascend 600 MHz and Broker Avance Ultra-Shicld 400 MHz. 'H, °C, CO8BY,
HSOC and “C-DEPTI35 were referenced to residual solvent peaks. The coupling constants are given in
tHz} and chemical shifts in [ppm]. Electrospray ionization (ES1) and fast atom bombardment (FAB) mass
spectra were obtained using JEOL IMS-600H double focusing magnetic sector mass spectrometer for
HRMS and Thermo LCQ Deca XP Max ion trap mass spectrometer with Shimadzu HPLC system for
LRMS in positive mode. The Ugt products as well as the glvcosyl triazoles may exist as mixtures of
rotamers (and diastercomeric mixtures in the case of the tnazoles), resulting in multiple peaks in the
NMR spectra. Compounds may also exist as mixtures of cis/trans amide 1somers, resulting in multiple

peaks m the NMR spectra. Partial assignments are provided.

General Procedure for Ugi Reaction:

A 0.1 M solution of each reactant (anune, aldehyde, acid and isocyamide) in MeOH was prepared.
Amine (5.0 mL) and aldehyde (5.0 mL) were stirred in a capped scintillation vial for 30 min, at 35-40°C
maintained using a dniled out aluminum block. Isocyanide (5.0 mL) was added to this solution and the
reaction nuxture was stirred for additional 20 minutes at 50°C. Lastly the acid (5.0 mbL of 0.1 M) was
added and the reaction mixture was continuously stirred at 55°C for 3-5 h. The progress of the reaction
was monitored by TLC using UV-light and p-anisaldehvde or potassiom permanganate for visualization.
Upon consumption of the starting materials and complete prodact formation according to TLC, the
solvent was reroved 77 vacuoe and the crade product was dried under high vaceam. An NMR and ESI-
LRMS were obtamed of the crude product. Depending on purity of the crude product, it was either taken
forward to the next reaction or it was purified using an acid/base extraction. In case of mcomplete
reaction, the solvent was removed in vacuo and the residue was dried under high vacuum for at least 30
minutes to ensure that all methanol was evaporated. The dried residue was dissolved 1n 30 mL of ethyl
acctate. The organic laver was then extracted with | M HCL Hy(), saturated NaHCO;, H,O and brine
{2x). The organic layver was dricd with Na,SO,, the solvent was evaporated in vacuo and the residue was

dried under high vacuum.

General Procedure for ‘Click’ Reaction:

The reactions were run using stock solutions of the 2-N-acetylamido-2-deoxy-§-D-
ghucopyranosyl azide (Hong, et of., 2007, §. Am. Chem. Soc. 129:10966-7), the catalyst system and the
solvent mixture.

For a 20 mg scale of (1) {0.081 mmeol): The Ugi-derived dipeptide (0.11 numol, 1.3 ¢q.) was
dissolved 1 a 111 MeCN/H,0 solution (4.05 mL, 26 mM). To this solution CuSO,H,0 (10 ull of 0.8M

46
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CuSOpH0 m HO, 10 mol%, 8.10 wmol) and Cu-powder (10.00 pL of a 5.7M Cu powder suspension m
H,(3, 0.06 mmol, 0.7 eq.) was added. Lastly 1 (71 uL of a 1.1M solution in H., 0.08 mmol} was added
and the reaction was stirred at 45°C n a capped scintillation vial in an aluminum block wntil TLL showed
completion. At 4 hours 1mto the reaction, an additional 5 ul. of both the CuSO4H,( and Cu-powder
solutions were added.

For the TLC the following solvents could be applied: 5:1 DCM/MeQH, 3:1 DCM/MeOH or 2: 1
DCM/MeOH. For visualization of the TLC pranisaldehyde stain or potassium permanganate stain was
used.

After completion of the reaction 3-4 spatulas of CupriSorb™ and H,0 (2-3 mL} were added and
the mixture was slowly stirred at room temperature overnight. The content was carefully transferred to a
new scintitlation vial, avoiding the CupriSorb™ beads. MeOH was used for rinsing the CupriSorbt™
beads and the reaction vial and the MeCN/H,O solvent mixture was removed using a centrifan. The
residue was dissolved m 20:1 DCM/MeOH (1-2 mL} and punfied with a silica-plug.  After approximately
two test tubes i which the unreacted dipeptide was collected, the solvent was switched to 5.1
DOM/MeOH m order to elute the product. Collected fractions were tested with ESE-MS and TLC for any
residual alkyne (20:1 DCM/MeOH, potassium permanganate stain) or 1 (5:1 DCM/MeOH, p-
anisaldehvyde stain or potassivm permanganate stain}. Clean product fractions were collected, the solvent

residue was removed i vacuo and the product was dried under high vacuum,

Antimicrobial Testing:

1. Bacterial Strains and Growth Conditions

Bacillus subtilis ATCC 11775 was plated on agar from a 20% glycerol stock solution stored at -
80°C. Inoculated plates were then mncubated at 37 °C under aerobic conditions for 16 hours. Smgle
cultures were transferred to Nutrient Broth (NB) and cultured for 16 hours under the same conditions.
Samples of first passage cultures that exbibited growth were transferred again to fresh NB media and
cultured for 6 hours under identical conditions. Second passage cultures were standardized to 0.D . qoomm =
1.0,

2. Antimicrobial Screening Assay

The resazurin nucrotiter assay procedure described by Palomino and coworkers was used for
assessing antincrobial activity (Palomino, ef al., 2002, Antimicrob. Agents Chemother. 46:2720-2722).
The assay was performed in LB broth. Resazurin sodnom salt powder was prepared in distilied water and
filter sterilized at 0.001% (w/v) for MIC assays and at 0.01% (w/v) for single concentration assays.
Conpounds were first screened in MIC assays o assess whether growth mhibition was dependent on

mhibitor concentration, The plates were incubated for 30 min under aerobic conditions. Growth controls

I
=N
~
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containing no inhibitory compound, sterility controls without inoculation, and controls containing a
known antibictic, chloramphentcol, were also included. The mnoculum was prepared from second
passage cultures in Nutrient Broth (NB) and standardized to O D go0um = 1.0 and the wells moculated with
a 1:20 dilution. Serial two-fold dilutions of cach compound in 100 ul of medium were prepared direcily
i 96 well plates at concentrations ranging from 250 M to 7 pM. After incubation 30 ul of resazurin
solution was added to cach well and incubated for 30 min. A change in color from blug to pink mdicated
reduction of resazurin, and therefore bacterial growth., Minimum mhbubitory concentration (MIC) was
determined as the lowest drug concentration that prevented the color change from bluc to pink. Inhibition
was quantified by observation of color change. Later studies were carried out at a single inhibitor
concentration of 250 uM. The plates were incubated for 4 h vnder acrobic conditions with the same
controls. Afier incubation 30 ub of resazurin solution was added to each well and incubated for 60 min.
Intubition was quantified by fluorescence readings from plate reader SAFIRE, Firmware: V 2.20 08/02
Safire. Excitation wavelength set to 560 nm, enussion wavelength set to 390 nm. Well contaning dye
and non-inoculated cells was used as gain set. Plates were held at 37 °C and fluorescence measurements
were taken at 0, 5, 10, 20, 30, and 60 min after addition of dve. Lower fluorescence values correlate to

greater degrees of inhibition.

Example 1: Ugt Reaction Products.

e o
. g 1 \ ( Z 51
FNE NG L
3 7 ; 1 2 7 - *
a\\g.f N T, 4 W 20 fzf\(gﬁ} b\\_\gﬂ f,?\\g P f«(j\f{,fs\ N;é’&‘é\_‘zﬁﬁj?\ N
I | e 26 I | 20 2%
2 7% ngba ;}* 14
ooy 19 ity oba
L) ]
24, 23 2., &
2 25

ngba: Yield: 171 mg (88%, 0.44 mmol}, vellow solid. 'H NMR (400 MHz, Acctone-dq) §{7.85-7.78
(m); 7.59-6.94 (m, 5H, aromatic, NH-18)|. [5.01 {(dd. /=174, 2.6 Hz); 4 90-4.69 (m); 456 (dd, /= 17 .4,
2.9 Hzy, 3.74-3.62 (m), 2H, 13}, [4.90-4.69 (m); 3.74-3.62 (m), 1H, 12}, 3.35-3.05 (m, 2H, 22}, 2.73-2 57
{m, 1H, 21}, 2.23-2.07 {m, 1H, 18}, [1.94-0.95 {m); 0.95-0.83 (m}, SH, 20,19, 24 23, 26}, 1 94-0.95 {m,
4H, 28,27}, 0.95-0.83 (m, 3H, 28) ppm.
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ogha: Yield: 191 mg (88%, (.44 mmol}, vellow solid. 'H NMR (400 MHz, Acetone-ds) 517.78 (dd, /=
7.6, 1.9 Hzy, 770-756 {m), 7.52-729 (m); 726 {dd, /=75, 1. THz), 718 {dd, /=73, 2.0 Hz}. 4H,
aromaticl, [5.04 (dd,./ =174, 2.6 Hz}; 4 90-4.75 (m); 459 (d. J=2.5 Hz}; 458-4.56 (m); 455(d, /=
25Hz 453(d, J=25Hz): 375361 (m), 2H, 131, [4.90-4.73 (m); 3.75-3.61 (m), 1H, 12}, 3.35-3.05
{m, 2H, 24}, 2.74-2.56 {m, 1H, 21}, 2.22-2. 13 {m, 1H, 14), [1.80-0.98 {m); 0.96-0.81 (m), 14H, 17,18,
22,23, 25,26, 27, 0.96-0.81 (m, 3H. 28) ppm.

{H H
ISNPN 520 Do
BENATN W 2. s A5
N N - !
N NN TS eRIN N B, L6 L NS & N X R
7 g 4 oy 28 SH NN , AN -~
N AR A A O B
5N pgha o 13 qgha
4 AN 2
vy R
|
2. 2% A 2
24 24

pgha: Yield: 179 mg (93%, 0.47 mmol), vellow solid. 'H NMR (600 MHz, Chloroform-d) § [9.61 (d,.J=
1.4 Hzy; 8.07-8.03 (m}; 7.62 (d, J = 8.2 Hz}. 6.97-6.89 (m), 4H, arematic], 6.97-6.89 {m, 4H, NH-19),
[4.44-4.25 (m); 4.04-3.90 (m), 3H, 11, 12}, [3.87 (s); 3.85 (s}, 3H, 29,3 24 (q, /=67 Hz, 2H 23), 232
(s, 1H, 20), 2.09-1 99 (m. 1H, 13), [1.83-1.62 (m); 1.38-1.12 (m), 6H, 21, 22 24}, 148 {p, /=71 Hz, 2H,
25y, 1.38-1.12 {m, 2H, 26}, 1.04-0.84 (m, 7TH, 16, 17, 27) ppm.

ggba: Yield: 176 mg (91%, 0.46 mmof), yellow solid. "H NMR (600 MHz, Acetone-dg) §17.43-7.14
{m}; 7.08-6.97 (m), 5H, 2, 3,5, 7, NH-19], {4.86-4 40 (m}; 4.28-4 15 (m}; 3.97-3.89 {m}; 2H, 12| [4.86-
440 (). 365(d,J=110Hz), 1H, 11]. 382 3H, 29}, 3.33-3.08 (m, 2H, 23}, 2.64-2.52 (m, 1H, 20},
2.19-2.08 (m, IH, 13}, {1.81-1.59 (m); 1 30-1.14 (m}; 1.08-0.95 (m); 0.85-0.66 (m), 10H, 16, 17, 21, 22,
24], 1.56-1.45 (m, 2H, 25), 144-130 (m, 2H, 26), 091 (t, /=73 Hz, 3H, 27) ppm.
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fhba: Yield: 205 mg (88%, 0.44 mmol), yellow solid. 'H NMR (400 MHz, Acetone-d;) 3 [8.18-7.71 (m);
757-701 (m), 4H,2, 3,5 8], 7.57-7.01 (m. 1H, NH-18), 5 19350 (m, 3H, 12, 13}, 3.43-3.04 (m, 2H,
20y, 2.81-2.45 (m, 2H, 14, 19), 1.86-1.09 (m, 12H, 21, 22, 24, 15, 26, 27), 1. 10-0.61 (m, 3H, 23) ppm.

5
fiba: Yield: 39 mg (25%, 0.125 mmol), vellow solid. "H NMR (600 MHz, Acetone-d,) 8 [8.01-7.88 {m);
T80-707 (), OH, 1.3, 6,7, 16, 17, 21, 22, 24|, 7.80-707 {m, 1H, NH-19), [6.25 {s}; 6.04 (s); 5.62 (s);
5.39-5.13 (m), 1H, 11}, 4.62-3.72 (m, 2H, 12), 3.37-3.09 {m, 2H, 23), {2.24-2.13 {m); 2.04-1.94 {m}, 1H,
201, 11.56-1.41 {m); 1.39-1.32 {m), 2H, 2581, [1.39-1.32 (m}; 1.32-1.20 {m), 2H, 26}, 0.93-0.83 (m, 3H, 27}
10 ppm.
2z CH .
fﬁz\f 122?5;"%} 27 g "?Sé%H 207 7 R
5%, -8 \S/N\ﬂf LN " 23\35,«3\ oHy Ei%?fi\gffi! o ;ii\ ngg\gﬁ’?fﬁ“ggﬁgf
IS et o119
? 1}5’ . 17 xeba ® e e
21, &R é?z?\ 213
24 24

rgba: Yield: 171 mg (96%. 0.48 mmol), vellow solid. "H NMR (600 MHz, Acetone-dg) §[8.09-8.02 (m);
7.64-7.00(m), 5SH, 2,3,4.5, 7], 7.64-7.00 {m, 1H, NH-19}, 490-4 40 (ny, 1H, 11}, [4.90-4 40 (m); 4.21-
4.13 ¢m); 4.02-3.78 (m), 2H, 12], 3.29-3.12 {m, 2H, 23}, 2.89-2.55 (m, 1H, 28), 2.25-2.09 (m, 1H, 13},

15 [1.83-1.58 {m); 1.30-0.96 (m}, 10H, 16,17, 21, 22, 24|, 1.55-1.43 (m, 2H, 25), 1 35 (h. /= 7.2 Hz, 2H,
26), 091 (t, /=74 Hz 3H 27).

febd: Yield: 296 mg (54%, 0.54 mmol), vellow solid. "H NMR (600 MHz, Chloroform~d) 8 8.79 (s, 1H,
NH-19), [8.31-8.22 (m); 7.88-7.65 {m); 7.47-732 (m); 7.16-7.10 (m}, 11H, 1, 2, 4, 7, 25, 28-33} 5.23-

30
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513 (. 1FL 1), [4.53 ¢, J = 185 Hz): 3.80 (d. J = 18.8 Hz), 2H, 121, 2.37-2.27 (m, 1H, 13).2.18 (s,
1HL, 20), [2.03-1.69 (m); 1.47-1.31 (m); 1.23-1.09 (m}: 0.92-0.77 {m). 10H, 16, 17. 21, 22, 24] ppm.

35-‘“34\

Poa3

"
A e 96, 31,
SENA
dn 6 NO 14 20 24, 220
TN ne eg g

! ! 18

o .13

15716 fokd

18, .20

22

fled: Yield: 275 mg (46%, 0.46 mmol), vellow solid. 'H NMR (600 MHz, Chloroform-d) 8 [8.41 (d, J =
2.0 Hzy, 7.89-7 .85 (m}; 7.82-7.79 (m); 7.79-7.75 (m}; 7.62-7 58 {m}; 7.45-7 41 (m}; 7.39-7 35 (m}; 7 24~
720 (o), 714-T10(m), FHHL 1,2, 4, 7,23, 26-31, 353 (d, J=11 1 Hz, 1H, 11}, 323t J=118,36
Hz, 1H, 12),3.01 (det, J =115, 34 Hz, 1H, 13), [2.02-1 30 (m}); 1.24-0.75 (m), 20H, 15, 16, 19, 26, 22,
32-36] ppm.

N

10 Example 2: Click Reastion Products.

21~22
C—ot N\
20 23
\
19504
o
O O
oH R
e _
6 ?fﬁ’“\ N AT 16
‘ Q . 12 H 15 GHy
Hoﬂ§?5j\/m\ 41011 31 17
\3"’" %7 9 /25 Bl.ngba
/MH 31'0 2|6
o= 29 27 |

Blagba: Yield: 47 mg (91%, 0.074 mmol), white solid. "H NMR (600 MHz, Methanol-d,) 5 8. 40-7.90
{m, 1H, 9), 7.82-7.15 (m, 5H, 24, NH-31, 21, 23, 22}, 5.89-5.67 {m, 1H, 1}, [5.48-4.88 (m}; 4 48-4 41
(m}, 2H, 11], 4 83-4 49 (m, 1H, 12), 435-4.02 (m, 1H, 2}, [3.94-3 84 (m), 3.80-3.61 {m), 2H, 6}, 3.80-
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36 {m, 1H, 3),3.61-346 (m, 3H, 4, 5, 12}, 3.36-3.04 (m, 2H, 14). 2.39-1 99 (m, 1H, 25), 1 98-1.76 (m,

3H, 8), [1.76-1.54 (m); 1.29-0.99 {m): 0.50-0.52 (m), 10H, 38, 26, 29, 27, 28], 1.54-1 43 (m, 2H, 15},

1.42-1.29 (m, 2H, 16}, 0.99-0.91 {m, 3H, 17) ppm. C NMR (151 MHz, Methanol-d4) § [174.99,
172.01, 17194, 17149, 170.35-7, 13, 18], 135.49 (18), [131.64, 130.81, 130,65, 130,51, 13043, 12991,
129.85, 129.64, 129.33, 128.86, 128 42, 128.20, 12789, 127,85, 127.64, 127.11, 127.02, 126.96- 21-24],
[130.32, 130.13- 19, 26], 122.19 (9), [86.82, 86.61, 86.44- 1], [79.99, 79.88, 79.76- 4 or 5], [74.82, 74 44,
74 30, 74.20- 3. | 70.20, 70.06, 70.03- 4 or 5], 68.22, 67.035. 67.02- 12], [61.25, 61.07- 6], [55.78, 55.73,
5538, 54.93. 54.90- 2], [41.65, 39.06- 11], [38.74, 38.68, 38.53- 14], [37.92. 37.81, 37.50, 37.30, 36 68-
251, [31.31, 31.10, 30.96. 30.90, 30.83, 30.76, 30.59, 30.09- 15], [29.25, 29.14. 26.02, 25.72, 25.68,
25.39, 25.55,25.33, 25.18, 25.07, 25.02- 26-30], [21.56, 21.38, 21 34, 21.29- 8], [19.93. 19.81- 16],
[12.76, 12.71, 12.69- 17] ppm. ESI{+}-HRMS (m/z); Calcd for CxoHsCINGG, [M+H} 635.2955, found

6350946,
2 T~99
Brwzo \\23
19%24
y o~
-~ - ‘
6 ?w” /N\Q,fsx 4. 16,
0 - NH CH.
Hoﬁgimsw \ f,»N\ 10 11 Blogha 17 3
S3TA T 9 25,
NH 30 26
== ?.is; 2[?
SN 29, .2
gHﬁ 28 Bi.agba

Blogba: Yield: 45 mg (81%, 0.066 mumol), white solid. "H NMR (600 MHz, Mgthanol-dy) § 8.52-5.02
(m, 1H, 9), 8.02-6.92 (m, 5H, 24, 31, 21, 23, 22), 5.99-5.59 {m, 1H, 1), [5.53-4.95 {m}; 4.51-4 42 (m, 2H,
11),4.78-453 (m, 1H. 12), 437-3.99 (m. 1H, 2}, {3.99-3.85 (m). 3.83-3.63 {m), 2H, 6], 3.83-3.63 {m, 1H,
3),3.64-340 (m, 3H, 4, 8, 12), 332-3.02 (m, ZH, 14). 2.42-2.08 (m, 1H, 28}, {2.07-1.97 (m); 1.76-1.52
(m), 1.25-1.02 (m}; 0.92-0.34 (m), 10H, 38, 26, 29, 27, 28], 1.96-1.77 (m, 3H, 8), 1 49 {p, /=75 Hz, 2H,
15), 1.46-125 (m, 2H, 16, 1.01-0.91 {m, 3H, 17). "C NMR (151 MHz, Mcthanol-d;) 5 [173.47, 173.03-
7,83, 18] [139.15, 123,56, 120 44- 10, 19, 20, [134.66, 13439, 13242 13210, 132.04, 130.66, 130.66,
12997 12939, 12919, 129.09, 129.00, 128.90, 128.78- 5, 21-24], |88.36, 88,14, 87 99- 1], [81 52,

32
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81.4%, 8140, 81.28- 4 or 51, [76.75, 7635, 75 84, 75.74- 3], [71.76, 71.55- 4 or 5], [69.72. 68 51, 65.06-
121, [62.81. 62.60- 6], [37.28. 56.88, 56.46- 2], [40.33, 40.25- 141, [40.21, 40.11- 11], [39.48, 39.38,
39.11, 38.88, 38.26- 25], [33.32, 33.26, 32.67, 32.48. 32.36, 32.34, 32.32, 32.17, 31.63, 30.93, 30.78- 15],
[27.57,27.20, 27.16.27.10, 26.82, 26.72, 26 61- 26-301, [23.09, 22 95, 22.85. 22.82- 81, [21.52, 21 45.
21.37-16], [14.28, 14 23, 1420~ 17} ppm. ESI(H)-HRMS (m/2): Caled for CsoFlesBINQ- [M+H]+
679.2449, found 6792445,

H.O
%
o
2~y
7 A\
20 23
\ /
793224
=1
"
G"f N%N\ N . . 16
,ﬂﬁﬁ%} 0 1 1 {ome 12 Blpgba . (Hs
HO a2 o\ PN 11 | 31 17
TR 25
N eV
/ 3l0 2{6
=7 29 27
7 \§H3 \28" Bipgba

BLpgba: Yield: 33 mg (65%, 0.053 mmol), white solid. 'H NMR (600 MHz, Methanol-d) 5 8.36-7.66
(m, 2H. 9, NH-31), 7.53-7.27 (m, 2H, 20, 24), 7.01 (d, /= 8.2 Hz, 2H, 21, 23), 5.85-5.75 (m, 1H, 1),
5.53-4.56 (m, 3H, 11, 12), 4.39-4.09 {m. 1H. 2), [3.99-3.87 (m}: 3.82-3.65 (m), 7H, 6], 3 87 (s, 3H, 32).
3.82-3.63 (m, 1FL 3),3.62-3.51 (m. 2H, 4. 3), 3.28-3.11 (m, 2FL, 14), 2.17 (dd, J= 32.6, 16.8 Hz, 1H, 25),
179 (s, 3HL 8), [1.75-1.62 (m); 1.35-1.03 (m): 0.90-0.59 (m), 10H, 30, 26, 29, 27, 28], 1.58-1.45 (m, 21,
15). 1.44-135 (m, 2H, 16), 0.98 {q.J = 7.4 Hz, 3H, 17) ppm. "C NMR (151 MHz, Methanol-dy) 3
[175.43. 17335, 17210, 172.02- 7, 13, 18], [162.56, 162.46- 221, 129.82 (26, 24), 129.35 (10}, 129.32
(19), 124.15 (9), 115.12 (21, 23), [87.97, 87.92- 1], §1.23 (4 or 5), 75.64 (3). [71.44, 71 41- 4 or 3],
[62.42, 62.39- 6], [56.98, 55.96- 2], [55.88, 55.86- 321, [40.17, 40.05- 14], 39.18 (25), [32.34, 32.31- 15],
[27.24, 26.89, 26.87, 26.72- 26-30], [22.78, 22.66- 8]. [21.22, 21.19, 21.07- 16}, [14.12, 14.10- 17] ppm.
ESI(+)-HRMS (m/2): Caled for CsHygNOs [M+H]+ 631.3377, found 631.3449,
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Bl.ggba: Yield: 41 mg (80%, 0.065 mmol), white solid. "H NMR (600 MHz, Methanol-#y) & 8 5

(m, 1H, 9). [8.39-7.75 (m); 7.65-6.77 (m), LH. NH-31], 7.63-6.77 (m, 4H, 21-24), 5.89-5.67 (m, 1H. 1),
[5.30-4.92 (m): 4.55-4.36 (m), 2H, 11], [4.85-4.36 (m): 3.66-3.60 (m), 1H, 12]. 4.31-3.98 (m, 1H, 2),
[3.96-3.88 {m): 3.78-3.66 (m), 2H. 6], 3.87-3.79 (m, 3H, 32), 3.78-3.66 (m, 1FL 3). 3.60-3.40 (m, 20, 4,
5),3.37-2.99 (m, 2H, 14), 242-2.11 (m, 1H, 25), {2.11-1.95 (m): 1.76-1.00 {m); 0.88-0.49 (m), 1H, 15,
16, 26-30]. 1.95-1.76 (m, 35, 8). 1.00-0.86 (m, 3H, 17) ppm. PC NMR (151 MHz, Methanol-ds) &
[173.40, 17333, 17329, 173.00- 7, 13, 18], 156.59 (26), 135.18 (1), [132.17, 132.04. 129.72, 129 29,
12337, 122,05, 121.95, 112.77, 112.57- 9, 21-24], 126.89 (19), 88.11 (1), [81.41, 81 31, 81.16- 4 or 5],
{76‘045 75.66, 75.55- 31, 71.48 (4 or 5), 68.28 (12), [62.47, 62 44- 6], [57.29, 56.95, 56.58, 56.40- 2],

[36.23, 56.17- 32, 40.41 (14), [40.28,39.99- 11}, [39.41, 39.25, 38.71, 37.94- 28], [32.45, 32.42- 15},
[31.75,31.64, 3091, 27.48, 27.16, 26 .94, 26.67, 26.59- 26-30]. [22.86, 22.68, 22.65- 81, {21.29, 21.22,

21.17- 16]. [14.16, 14.10- 17) ppm. ESH+)-HRMS (mz): Caled for CuHuNOg [M+HJ+ 631.3377,
found 6313442,
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Bl.fhba: Yield: 42 mg (73%. 0.059 mumol), white solid. "H NMR (600 MHz, Methanol-dy) & [8.37-7.98
(m}, 7.84-7.65 (m), 2H, 9, NH-36], [7.97-7.87 (m); 7.533-7.06 (o), 4H, 21-24}, 5.93-5.71 (m, 1H, 1),
[5.53-5.39 (m); 5.25-4.92 {m}; 4.47-4.39 (m}, 2H, 11}, [4.79-4 47 (m); 3.68-3.49 (m), 1H, 12}, 4.38-4.07
{m, 1H, 2}, |3.96-3 87 {m}); 3.82-3.68 {m), 2H, 6], 3.82-3.68 (m, 1H, 3}. 3.68-3.49 {m, 2H, 4, §), 3.39-3.04
(m, ZH, 14), 2.94-2.537 (o, 1H, 28). [2.03-1.85 (m); 1.75-1.00 (m); 0.93-0. 81 (m), 12H, 18, 16, 26-29],
1.84-1.76 {m, 3H, 8), 1.00-0.94 (m, 3H, 17) ppm. “C NMR (151 MHz, Methanol-d,) 5 {173.89, 172.91,
172.24-7,13, 18], [141.25, 140.86, 14044, 132 11, 13184, 13171, 129.63, 12946, 129,12, 128.60- 19,
10 19,21-24}, 123.73 (9),[93.39, 93.02- 20|, [88.28, 87,90, 87.54- 1], [81.48, 81.32, 81.16-d or 5],{76.93,
76.30,75.73,75.63, 7538~ 31, |71.68, T1.38- 4 or 5}, [68.67, 67.09, 64 43- 12}, {62.68, 62.45- 6], |57 36,
5711, 56.56,56 45, 5627~ 21, {42.36,42.33, 41 81, 41 58~ 25}, [40.34, 40.31- 11}, [40.16, 40.04~ 14],

A4 |

[32.93,32.54, 32.40, 32,37, 32.18, 32.15, 31 68, 31.61, 31.04, 30.93, 3048, 26.34, 26.15, 26.04, 25 93,
2583, 25.73, 25.60- 15, 26-291, [22.99, 22.89, 22 81, 22.70- 8}, [21.42, 21.30-16], [14.15, 14.09, 14.07-
15 17} ppm. ESKH)-HRMS (m’): Caled for Coobiy NG, [MHH]+ 713 2081, found 713.2153,

SUBSTITUTE SHEET (RULE 26)



WO 2016/201288 PCT/US2016/036972

P A
7R
i“"‘fw_g{}
\ /}33
/19:::24
) Retiva]
™ Mﬂi ﬁ
e’"ﬂL‘ N
4 6\ Tw \\ /N\.?Ex’w\ xw\mxm\ o
L 10 ¥ 3
HGHZD'}‘:;_E*Q&\:‘ X’N\gjj 71 * Bi.ggba 7
TN 25
/NH 07 26
TN 29%? 2T e
gHz, 28

BLfiba: Yield: 34 mg (92%, 0.075 mmol), white solid. "H NMR (600 MHz, Methanol-d;} § 8.19-7.03
{m, 10H, 21-24, 26-38), [6.11-53.99 (m); 5.50-5.40 (m); 524-5.21 (m), 1H, 12], 5.79-5.60 {m, 1H, 1),
[5.11-4.90 (m), 4.84-4.78 {(m), 4.52-4 19 (m}), 2H, 11}, 4.18-3.96 (m, 1H, 2}, [3.96-3 .86 {m); 3.80-3.69
{(m}, 2H, 6], {3.80-3.69 (m}; 3.69-3 39 (m}, 1H, 3], 3.58-3.45 (m, 2H. 4, 8}, 3.29-3.09 {m, 2H, 14}, 2.01-
1.72 {m, 3H, 8), 1.64-1.20 {m. 4H, 15, 16), 0.91 (t,.7 =74, 2.6 Hz, 3H, 17y ppm. PC NMR (151 MHz,
Methanol-dy) 6 [173.70, 173 52, 173.37, 17318, 171.60- 7, 13, 18], {142 83, 142 71- 19}, [140.95,
140.76, 132,10, 132.06, 131.86, 131 47, 131.26, 131,17, 130.25, 130,12, 130.00, 12995, 129.82 12954,
10 12951, 128,94, 128.44, 128 36- 21-24, 26-36], 136.52 (25), [135.05, 134.95- 18, [124.23, 123.56,
123.24- 9], 193.63,93.47- 20], [87.99, 87.78, 8743 1], [81.28, 81.20, 81 . 16- 4 or 5], [76.47, 75.74,
75.36- 31, |71.58, 7140, 71.37-d or 5], [67.73, 6573- 12, |62.61, 62.50, 62.42- 6], {57 27, 56.50- 7},
14180, 41.56- 11}, [40.50, 4027, 40 13~ 14, [32.21,32.10- 15], {23 .00, 22.92, 22 84, 22.79- 8] , [21.22,
2116, 2110, 21.08- 16], [14.11, 14.05, 13.99- 17} ppm. ESI{(+}-HRMS (m/z): Caled for C3oHuING,
15 [MHH}+ 7211768, found 721.1836.
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Bl.rgha: Yicld: 39 mg (80%., 0.065 mmol), white solid. "H NMR (600 MHz, Methanol-d;) 5 8.37-7.66
{m, 2H, 9, 31}, 7.60-7.29 (m, SH, 20- 243, 5. 87-570 {m, tH, 13, [5.27-4 92 (m}; 3.81-3.62 (m}, 1H, 12},

5 [5.27-492 (m), 4.79-4 47 {m), 2H, 11}, 437-4.10 {m, 1H, 2). [3.94-3.85 (m); 3.81-3.62 (m}. 2H. 6}, 3 81-
362 (m, 1H. 3),3.62-3.49 (m, 2H. 4. 5), 3.25-3.09 (m, 2H. 14), 2.23 (1, /=506 Hz, 1H. 25), |1 87-1.79
{m}); 1.74-1.44 (m); 1.33-0.98 (m}; 0.93-0.55 (m), 10H, 26-36], 1.77 (t,/=13.7 Hz, 3H, 8), 1.74-1 44 (10,
YH, 15), 1.43-1.33 (m, 2H, 16), 0.96 (q, /= 7.3 Hz, 3H, 17) ppm. "C NMR (151 MHz, Methanol-dy) &
17336 (7,13, 18}, {133 .88, 131.06, 130,94, 12991, 12988, 12785, 125.15-9, 106, 19-24], 88.09 (1},

10 8128 {der S} 75.68(3), 7150 (4 or 5}, 69.13 (12), 62.46 (6), |57 07. 56.20- 21, 14426, 43.71- 11}, 40.15

{14), 39.16 (28), 32.34 (18}, |27.13, 26 89, 26 86- 26-30], {22.78, 22 67- 8], [21.21, 21 18- 16], 14.07 (17)
ppm. ESKH-HRMS (m/2): Caled for CoHuyNgG, [MHH+ 601327, found 601.3344.
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fgea: 'H NMR {600 MHz, Acetone-dg) 8 7.97-7.06 {m, 9H. aromatic), [7.03 (brs), 6.96 {brs), 1H, NH-
251 15.28(d, J=10THz}, S25(d,J=110Hz}, 513 (d, J=148),497(d, J=15.0Hz); 489 (d, /=
171 Hzy 479 (bry; 463 {d, J= 154 Hzy, 439 {bry, 428 {br), 2H, 26], [3.79{d, /= 105 Hz). 3.70{d. J =

A Hzy, TH 1], 334-3.05 (m, ZH, 16). 1.98-1 94 (m, 1H, 13), 1.94-0.67 (m, 17H, 16, 17,18, 19, 28,
21,22.23,24). PCNMR (151 MHz, Acetone) 8 [172.6, 172.2, 1707, 170.1 -8, 12]. [144.1, 143.2, 138 4
-4, 271, 11411, 1408, 1407, 1312, 131.0, 130.8, 1300, 1294, 1292 1289, 1288, 128 72, 128.67,
1280, 1275, 1273-4,2,3,6,28,29,30, 31,32, 938 (5),[690,678-11], {510,479, 471-26],396
(16).37.7(13),(334,325,322,32.1,316,31.0,305,304,303,27.1,26.89,26.85,26 8,267,165,
264,263,262,21.0,209,20.5-17, 18, 20, 21, 22, 23, 24|, 14.1 (19). FAB-HRMS (mZz/: caled. For
CoatisIN,G, + H: 533.1665, found 533.1655.

fgia: "H NMR (600 MHz, Acctonc-ds) 8 [8.10-7.75 (m); 7.59-7.09 (m). 4H. aromaticl, [7.59-7.09 (m);
7.00 {brs}; 6.94 (brg); 1H, NH-23], [6.17-6.08 (m); $.85-5.60 {m), 1H, 12], [531-5.25 (m); 5.19-5.05
(m}. 4.95-4.53 (m}, 2H, 22], [5.19-3.05 (m}; 4.95-4 53 (m}; 3.71-3 37 {m), 1H, 13}, 4.48-3.76 (m, 2H,

113, 3.28-3.05 (m, 2H, 24}, [2.37-2.13 (m); 1.83-0.37 (m}, 17H, 15, 16.17, 18, 19, 25, 26. 27], 1.99-1.84
(m, 1H, 14}, "CNMR (151 MHz, Acetone) 3 {172.1, 1715~ 8, 20], 144.0 (4), [142.2, 140.5, 140.1,
132.0,131.0,130.6, 1290, 1289, 1286 -1,2,3,6], [136.6, 1336, 1339 -12]. 1174, 116.4-22], 109.1
(5).180.0, 684,671,624 -13],[49.3,46.8 - 11], [39.4, 36.9-24], {33(13 32.4,32.2,32.1,31.2,30.9,30.3,
287, 286,271,269, 2684, 2676,267,266,265,264,26.2, 261,257,210, 20.8-14, 15, 16, 17, 18§,
19,125,261, 14.1 (27). FAB-HRMS /m/zj: caled. For CopH; NG, + H: 4831509, found 483.1507
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fgja: 'H NMR (600 MHz, Acctone-dy) & [7.94-7 82 {m); 7.53-7.38 {m}; 7.34-7.10 {m), 4H, arematic},
756 (brs), 7.34-7 10 (m); 6.98-6 91 (m), 1H, NH-28], [4.67 (d, /=111 Hz); 426 {(brs}; 3.62-3 58 (m},
TH, 18], [3.84-3.75 (m); 3.57-3.49 (m); 3.47-3.35 (m}); 3.33-3.02 (m), 4H, 21, 25}, {2.36-2.29 (m}); 2. 16~
2.08 {m); 194-1.89 (m), IH, 11], 1.89-0.59 (m, 28H, 13, 14, 15,16, 17, 22, 23, 24, 26, 27, 28, 29, 36},
BC NMR (151 MHz, Acetone) 5 [172.1, 1713, 170.8, 1702, 169.6-8, 18], | 144.1, 1438, 143.4-4],
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11409, 140.6, 140.3, 131.0, 130.5, 1300, 128.9, 1288, 1287, 128.6, 1278.5-1, 2, 3, 6], [94.0, 93 .1-5},
(684, 67.0,62.9 39.1-16], [47.1, 446,44 4,39.5,393-21, 25}, [38.6,37.2, 36.8-11}, [33.2, 32.44, 32 40,
323,32.2,316,31.2,310,3039, 30,35, 28.6,28.2, 280,279,272, 2703, 2697, 2674, 26.69, 263,
26.4,234,229,21.0,208-22, 23,26, 27,28, 28], [14.2, 14.08-24, 308]. FAB-HRMS {m/z): caled. For
CosHsolNL, O, + H: 3272135, found 52721235,

foka: H NMR (600 MHz, Acetone-ds) 8 [8.32 (s); 7.93-7.87 (m); 6.88 (s), 1H, NH-28}, [7.93-7 87 (m),
753-749 (m); 731 {dd, /=77, 1.6 Hz); 725-7.15 (m), 4H, avomatic], 336 (d. /=111 Hz 1H, 11).
3.33-3.08 (m, 3H, 21, 28), 2.83-2.73 (m, 1H, 12}, 2.02-036 (m, 27H, 13, 14, 15, 16, 17, 22, 23, 24, 26,
27,28,29,30). C NMR (151 MHz, Acetone) 5 [172.8, 172.3-8, 18], 144.3 (4), [140.4, 131.1, 129.4,
1269-1,2,3,6],93.1 (8),69.5 (11), 62.2 (25),39.4 (21), 37.0 (12), {32.70, 32.69, 32.53,32.46, 322,
31.9,31.6,31.5,31.43,31.38,30.3,27.04,26.99,269,26 81, 2677,267,26.6,265,262,255,21 .0,
20.8-13, 14,15, 16,17, 22, 23, 26,27, 28, 29, 38, 14.1 (24). FAB-HRMS (m/z); caled. For CosHy0 NG,
+H: 5251973, found 5251971,
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fgla: "H NMR (600 MHz. Acctone-ds) 8 [8.02-7.82 (m); 7.59-7.08 (m); 6.79-6.73 (m), 9H, aromatic],
[7.39-7.08 (my; 7.02 (brs), 1H, NH-21}, [4.87-4.52 (m}: 3.69-3.65 (m}, 1H, 12]. [4.07-3.92 {(m}); 3.80-
371 {m); 3.64-3.55 (m}); 3.42-3.15 {m}); 3.15-2.94 (m}; 2.78-2.57 {m), 4H, 14, 26}, 3 42-3 15 (m, 2H, 22),
[2.38-2.06 {m}; 2.05-0.76 {m), 17H, 14, 15, 16, 17, 18, 23, 24, 25]. “C NMR (151 MHz, Acctone-dg) 5
P72, 169.6-8,19], {1439, 1437, 1406, 1404, 1403, 1397 139.6-4,27], {1312, 1311, 130.7, 129 81,
12977, 1293, 1292, 1290, 128 84, 128.81, 12879, 1285, 1272, 126 9, 126.8-1, 2, 3, 6, 28, 29, 38, 31,
321, 93.8(5),167.0,624-12], [49.0,46.4-11, 261,393 (22),39.1 (13}, [38.6,37.3,37.0, 369,364, 34 §,
34.5,33.0,32.4,32.3,322, 3162, 3095, 30,40, 30.38, 30 35, 27.2, 27.00, 2696, 26 67, 26 65, 26.4, 263,
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21.0,208-14, 15,16, 17, 18,23, 24}, 14.1 (25). FAB-HRMS (mz): caled. For CoHasINGs + H:
547.1822, found 547.1815.

fgma: "H NMR (600 MHz, Acctone-ds) & [8.07-7.02 (m); 7.02-6.93 (m); 6.80-6.62 {m), 1H, NH- 28],
[8.07-7.02 (m); 7.02-6.93 (m); 6.80-6.62 (m}, 6.57-6.39 (m), 14H, aromatic}, 4.65-4.60 (m, 1H, 26},
[4.33-4.26 (m); 4. 14 {(brd}; 3.63 (d, J= 10.2 Hz}; 3.533(d, /= 103 Hz), IH, 11}, 4 11-3.87 (m, 2H, 25},
3.35-3.01 (m, 2H. 21), 2.39-2.22 (m. 1H. 12), 2.03-0.42 (m, 17H. 13, 14, 15, 16,17, 22, 23, 24). "C
NMR (151 MHz, Acctone) 6{172.8, 1727, 170.7, 170.3-8, 18], [143.6, 143.5, 14342, 14337, 1429,
142.8-4,27, 28], [141.2, 1403, 1398, 131.3, 131.0, 130.9, 130.0, 1299, 1297, 129.6, 12951, 12945,
1294, 12934, 12927, 129.24, 129.16, 129.11, 129.07, 128.96, 128.91, 128.82, 128.75, 1285, 1273,
12740, 127.37, 127.2, 126 9-1, 2, 3, 6, 29, 38, 31, 32, 33, 34, 35, 36, 37, 38], [93.9, 92.7-8}, 69 (11},
[56.4, 55.7-25], [50.5, 50,4, 50.1-26], [39.6, 39.5-21], {38.3, 37.2-12}, [32.9,32.43,3240,32.1, 31.3,
312,309,304, 27.04, 26,97, 26,6, 26.5,26.3,26.2, 20.9, 20,8 - 13, 14, 15,16, 17, 22, 23], 14.1 (24).
FAB-HRMS (m/z}: caled. For CoHoIN, O, + H: 623 2135, found 623 2127,
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fena: 'H NMR (600 MHz, Acetone-dg) 5 [8.63 (br s); 8.14-6.76 (m), 1H, NH-26], 8.14-6.76 (m, 4H,
aromatic), 3.63-3.48 ¢m, 1H. 10), 3.32-3.11 {m, 2H. 21), 2.71-2.60 {m, 1H, 11), 220-0.52 {m. 26H, 12,
13, 14, 15, 16, 22, 23, 24, 26, 27, 28). “C NMR (151 MHz, Acetone) 3 ]173.3, 173.2, 168.9, 166.4-8,
18], 146.6 (4), [142.2, 141 1, 140.3, 133.9, 132.0, 1311, 131.0. 129.10, 128.98, 128.6, 127.7-1, 2, 3, 6],
[96.8, 96.7 - 5], 72.5 (10), 50.3 (25), [39.45, 39.33, 3920 - 211, 37.1 (11), [30.9, 14.3, 13.8-26, 27, 28],
[32.6,32.5,32.4,31.7,31.1,30.3, 28.6, 272, 27.0, 26.9, 26.8, 26.7, 26.6, 26.5, 26 4, 25.7, 20.9, 20.8,
20.7-12,13, 14, 15, 16, 22, 23, [14.5, 14.1-24]. FAB-HRMS (m’z): caled. For CosHysIN,O, + H:
499.1822, found 499.1816

fgoa: 'H NMR (600 MHz. Acetone-dq) 8 [8.33 (brs); 7.98-7.90 (m); 7.35-7.29 {m); 7.23-7.15 (m), 1H,
NH-20], [7.98-7.90 (m): 7.58-7.49 (m); 7.35-7.29 (m); 7.23-7.15 {m), 4H, aromatic], 3.80-3.63 (m, 1H,
25). 3.35-3.22 (m, 1H, 1), {3.35-3.22 (m); 3.22-3.08 (m), 2H, 211, 2.82-2.75 (m. 1H, 11), 2.03-0.55 (m.
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23H. 13, 14, 15, 16, 17, 22, 23, 24, 26, 27). “C NMR (151 MHz, Acetone) 6 [172.6, 172.5-8, 18], [144.3
-4}, [1405, 1312, 1294, 126.9-1,2, 3, 61. 93.2 (5). 68.3 (10), 33.5 (25), 30.4 (21), 36.9 (11), [32.7,
32.51,32.48,32.4,32.2, 31.51, 3146, 31.4, 304, 28.6, 272, 27.0, 26.9. 26.81, 26.79, 26.72, 26.68. 26.63,
2658, 76,5, 264,257,218, 21,5, 21.0. 20.9. 20.82, 20.78, 20.7. 205, 20.1, 14.5-13, 14, 15, 16, 17, 22,
23], [21.8, 20.5-26, 27}, 141 (24). FAB-HRMS (m/z): caled. For CoaHiIN.O, + H: 4851665, found
485.1658.

28,
HyC. L CHy 2;; Sor
"? 27 7 2% ‘ {
30
| Sas= 0
IS - by ol
NTE T o A
! | s g “f: 7’5 21, .23
S b N - N T P NS N - N N
NN N T ey o Ny T T e
| | @ 24 ] 0 &4
o A3 Q@  t2
b ;‘3_.- ﬁf.? & {3# \‘?’
fgpa 53
14, & 4, 18 fgqa
RS 15

fgpa: 'H NMR (600 MHz, Acetone-dg) & [7.94-7.82 (m}); 7.52-7.38 (m); 7.33-7.10 (m), 4H, aromatic],
[7.56 (brs), 7.38-7.09 (m}); 6.94 (m), 1H, NH-283], [4.68 (d, /= 11.1 Hz}; 426 (br ¢}, 1H, 16}, [3.91-3.78
(m}; 3.64-3 .55 (m}; 3.52-3.39 {m}; 3.34-3.13 (m}; 3.13-3. 06 (m), 2H, 25}, 3.34-3.13 (m, 2H, 21), [2.32
(d,./=12.0Hz); 2.13-2.08 (m), 1H, 11}, 2.00-0.53 (m, 26H, 13, 14, 15,16, 17, 22, 23, 24, 26,27, 28, 29).
BCNMR (151 MHz, Acctone) 8 [172.3, 171.0, 170.9, 1702, 169.7-8, 181, 143.9 (4), [141.0, 140.7,

1404, 1311, 1306, 129,41, 129.0, 128.9, 128.8-1, 2, 3, 6], 93.2 (8), 62.9 (18), [45.7, 43.1-25], [39.6,39.4-
281,369 (11),36.6 (27),{393,38.6,37.6,373,37.2,370,333,326,324,323,313,312, 311, 30.52,
3047 279,273,272, 271,269, 26.81,26.76,26.6,26.5,23.23,23.19,23.1,23 .0, 211, 21.0-13, 14,
18, 16,17, 22,23, 26}, {22.7,22.42, 2237, 22 3-28, 29|, 142 (24). FAB-HRMS (m/z): caled. For

CoaHan NG, + H: 5121900, found 5131973,

fgga: "H NMR (600 MHz, Acctone-de) § [7.72-7.66 (m); 7.47-6.56 {m), 9H, aromatic], 7.47-6 56 {m.
TH, NH-20), [4.70 (brs); 4 44-4 40 {m), TH, 111 3.34-302 (m, 2H, 210, [2.24-2.15 (m); 1.80-0.77 (m),
17H, 13, 14, 15,16, 17,22, 23, 241, 2.04-1.93 (m, 1H, 12). "C NMR (151 MHz, Acetone) & {178.4,
171.5-8, 18], [143.9, 94 2-4,5,25], {1399, 1305, 1304, 1300, 129.5, 1292, 128 5,128 2-1, 2, 3, 6, 26,
27,28,29, 301,605 (31),395(21), 371 (12), {325,324, 31.1.30.7,304,303,27.1,263,26 4, 263,
26.2,20.8-13, 14,15, 16, 17,22, 23], 141 (24). FAB-HRMS (m/z): caled. For CosH; [N G, + H:
5191509, found $19.1523,
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fgra: TH NMR (600 MHz, Acctone-d) & [8.30 (br s); 8.10-7.05 (m), 1H, NH-20], 8.10-7.05 (m, 9H,
aromatic), [5.73-5.58 (m); 5.03-4.79 (m), 1H, 25}, {3.90-3.71 {m}; 3.51-3.09 {m), IH, 18} {3.51-3.09
{m}); 2.98-2.91 (m), 2H, 21}, 2.72-2.56 (m, 1H. 11}, 2.01-0.56 (m, 20H. 13, 14, 15,16, 17, 22, 23, 24, 26).
5 MCNMR (151 MHz, Acetone) 8 [172.9, 172.7, 170.8-8, 18], [142.9, 139.0-4, 271, [141 4, 140.9,
13981318, 1315, 131.1, 1304, 1298, 1297, 1295, 12933, 12929 1292, 1291, 128.9, 1283, 12862
12855 1284, 1281, 127 8-1, 2, 3, 6, 28, 28, 38, 31, 32}, 94.4 (5), [69.3, 68 5-18], [60.0, 59.6-25], [39.5
39321}, 36.8(11),{32.6,32.5,32.3,31.9,31.41,3136,31.3, 305, 27.04,2696,26.85, 268,267,
26.5,264,262,2096,2093, 208, 194, 19.1-13, 14, 15, 16, 17,22, 23], 17.6 (26). 14.1 (24). FAB-
10 HRMS (m/z): caled. For CoHs:IN-O, + H: 5471822, found 5471825,

)

>

fota: 'H NMR (600 MHz, Acetone-dg) 8 [7.71 (d. .J= 7.9 Hz}; 7.49-7.27 (m); 7.23-7.18 (m); 6.94-6.91
{m}, ¢H, arematic], [7.49-7.37 (m).; 7.37-7.31 (m), I1H, NH-20}, {481 (brs); 458 (d, /= 1.0 Hz), IH.
16}, 13.30-3.24 (m); 3.20-3 13 (m), 2H, 21], [2.16-2.08 (m); 1.98-1.93 (m); 1.78-1.59 (m); 1.17-1.04 (m),

15 10H, 13,14,15,16,17], 1.92-1.84 (m, 1H, 11}, 1.59-1.50 {m, 2H, 22), 1 44-1.36 (m, 7H, 23). 092 (t, 7=
74 Hz, 3H, 24). PCNMR (151 MHz, Acetone) 3 [171.2, 170.9-8, 18], [143.7, 133.7, 1153, 94.1-4, 5,
25,281 {14001, 14000, 1324, 130.7, 1295, 1291, 128.3-1, 2, 3, 6, 26, 27, 29, 30}, 67.0 (18}, 30,6 (21},
37.2(11),132.4,31.0,305,303,27.0.26.4, 263, 208-13, 14, 15,16, 17, 22, 23], 14.1 (24). FAB-
HRMS ¢(m/z): caled. For Costly(CHNOG, + H: 5531119, found 5531120,
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foua: 'H NMR (600 MHz, Acctone-ds) 8 [7.72-7.67 (m); 7.61-7.56 (m); 7.44-7.39 (m); 7.35-7 30 (m};
721715 (m); 7.06 (br s}; 6.98-6.85 (m); 6.75-6.67 {m}). 8H, aromatic], [7.44-7.39 (m}); 7.35-7. 30 {(m),
TH, NH-281, [4.71 (brs); 445 (¢, J=11.1 Hz), 1H, 18], 3.69¢s, 3H, 323, 3.32-3.14 {m, 2H, 21}, {2.28-

208 {m); 1.99-0.57 (m), ISH. 11, 13, 14, 15, 16, 17, 22, 23, 24). "C NMR (151 MHz, Acetone) 51717,
159.7-8, 181, [144.2, 1337, 1155, 04.1-4, %, 25, 28], [139.9, 131.6, 130.6, 129.4, 128.2, 1216, 115.3,

N

1147, 114.2-1, 2, 3,6, 26,27, 29, 30}, 67.7 (10), 556 (32}, 39.6 (21, [39.2, 37.1, 325, 31.1, 30.6, 30 4,
27.1,26.5,26.3, 262, 20.8-13, 14, 15, 16, 17, 22, 23], 37.0 (11), 14.1 (24). FAB-HRMS (m/z): caled. For
CosHiIN,O5 + H: 549, 1614, found 549.1624,
10
Seva 'H NMR (600 MHz, Acetone-agg) 8 [7.86 - 6.90 (m); 6.59 - 6.47 (m), OH, 1, 2, 3, 6, NH-21,
25,26, 28, 291, [4.78 (brs); 455 (d, /= 10.9 Hz), 1H, 11], 3.33 - 3.08 (m, &H, 21}, [2.12 (s);
2.00-0.81 (m), 17H, 13, 14, 15, 18, 17, 22, 23, 24].

15 “CNMR (151 MHz, Acetone-dg) § 1711 (7,18), 143.7 (4, 18), [140.0, 139.1, 1383, 132.8, 130.7, 129.5.

0.
1283 -1,2,3,6,25,26,28, 291, 116.5 (27), [94.1,93.5 - 8], 43.1 (11), [39.6,39.3 - 21], 372 (12),
[32.43,32.39,31.0,30.6, 30.4, 27.0, 264, 26.3, 26.1, 20.8 - 13, 14, 15, 16, 17, 22, 23] 14.1 (24).
FAB-HRMS fm/2): caled. For CosHyN, 0, + H: 645.0475, found 643.0476.
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Fewa "H NMR (600 MHz, Acetone-ds) 8 8.18 6 47 (m. 9. 1, 2, 3, 6, NH-28, 25, 26, 28, 29). [4.85 (br

S, TH): 4.63 (/= 11.0 Hz): 3.89 (). 3.83 - 3.78 m): 3.72 - 3.67 ), HEL 11], 332 - 3.12 {m, 2H. 21},
[2.16-2.07 (m); 2.00 - 0.81 (m). 13, 14, 13, 16, 17, 22, 23, 24}.

BONMR (151 MHz, Acetone-dg) 8 {1721, 171.0 -7, 18]. [143.5, 141.9 - 4, 10,27}, 140.1. 131.4, 130.9
1296, 128.4,127.1, 126.1, 1133, 113.0 ~ 1,2, 3, 6, 25, 26, 28, 29]. 125.9 (31), [67.0. 63 9. 52.7. 52,0 -
111, [39.6, 39.4, 393 - 21}, [43.2, 42.0, 3 4373 -12].41.6,40.7,37.3,32.5, 324, 31.0, 30.7, 306,
30.3,30.3,27.0, 26.9, 26 44, 2639, 26.35,26.2.26.1, 20.8, 20.7, 20.6 - 13, 14, 15, 16,17, 22, 23], [14.1,
14.0 - 24].

FAB-HRMS /m/zj: caled. For CagHyoFs5IN, O, + H: 587 1382, found 587 1381

foxa "HNMR (600 MHz, Acetone-d) 5 [7.75 ~ 6.90 {m); 6.66 — 6.48 (m), 91 1, 2, 3, 6, NFH-20, 25, 26,

28, 291, [4.80 (brs); 4.62 — 4 48 (m): 3.66 — 3.52 (m), 1H, 11], 3.30 - 3.13 (m, 2H, 21), [2.18 = 2.07 (m):
1.9% - 0.50 (m), 170, 13, 14, 15, 16, 17, 22, 23, 24].

B0 NMR (151 MHz, Acetone-ds) § [177.0, 171.0, 167.0 - 7,18}, [143.7, 121.6 - 4, 18],

(1400, 133.0, 1327, 132.3, 132.2, 1307, 129.5, 1283 — 1,2, 3, 6, 25, 26, 28, 261, 115.8 (27). 94.0 (5),
431 (11), [39.6,39.3 - 211, [37.2, 37.2 - 121, [32.4, 32.4, 31.0, 30.8, 30.7, 30.5, 30.4, 27.1, 47.04, 26,98,
26.3.26.42,2639,26.3,76.1, 20.8, 20.7, 20.6 - 13, 14, 15, 16,17, 22, 23], [14.1, 14.03, 13.99 - 24]

FAB-HRMS (n/z): caled. For CosHoBriN, O, + H: 597.06614, found 399.0597.
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MO-62 'H NMR (600 MHz, Acctone~ds) §7.90 - 6.79 (m. 13H, 1, 2, 5, 6, NH-20, 25, Zf,z 28,29, 31,
32,33, 34, 35), 6,62 (brd.J = 1.7 Hz, 2H, 1, 2,5, 6, 25, 26, 27, 28, 20, 31, 32, 33, 34, 35), 473 - 4 40
(m, EH, 11), 3.34 - 3.11 (i, 2H, 21), [2.34 - 2.07 (m): 2.01 - 0.76 (m), 17H, 13, 14, 15, 16, 17, 22, 23,

24].

BCNMR (151 Mz, Acetone-di) 5[172.5, 169.5 - 7, 18], [141.1, 139.2, 137.7, 135.0, 131.0, 1297,
1277 - 3,4,10,30], {1304, 1302, 130.1. 130.0, 129.8, 129.6. 12033, 126,35, 129.1, 128.9, 128.6.
128.3,128.3, 1282, 1279, 1274~ 1, 2,5, 6, 25, 26, 27, 28, 19, 31, 32, 33, 34, 351, 49.5 (1), [39.5. 394,
39321, (37.2,37.1 - 12}, [32.4,30.9, 30.8, 30.7, 30.6. 30.4. 27.13, 27.07, 2641, 26 38. 26.3. 261,
208.20.7 - 13,14, 15,16, 17, 22, 23], [14.1, 14.0 - 24].

FAB-HRMS (m/z): caled. For Gy HaNO, + H: 4692855, found 4692853,

MO-93 'H NMR (600 MHz, Acetone-ds) 5 8.33 ~ 8.21
34,35,36,37), 3.78 - 3.48 (m. [H, 21), g"’37_ 3.3{ (
161, [3.14(d, 7= 11.1 Hz): 3.11 - 3.04 (my, 1H, 113, 2,
13, 16,17, 22, 23, 24, 25, 26,27, 28, 29, 30, 31).

(. 1H, NH-20), 790 - 7.00 (. 9H, 1,2, 5,6, 33,
$3.26 (1t J= 12.0, 3.6 Hz): 3.11 - 3.04 (m), 1H,
75 - 2.50 (m, 1H, 12), 1.99 - 0.24 {(m, 30H, 13, 14,

BCNMR (151 MHz, Acetone-dg) 8 1733, 173.1, 1718, 1711 =7, 18], {141 2. 141.0, 139.8, 138 8,
1383, 138.0 - 3,32], {1308, 130.7. 130.1, 1299, 129.7, 12951294, 1292, 1286, 1284 1272,1269,
1267 - 1,2, 5, 6,33, 34, 35, 36, 37]. [70.0. 69.4 - 111, [61.9, 61.2 - 16], [48.7. 48.0 - 21|
36.9-12],336,334,332.330,323, 31 8. 3164, 31.56, 31.5. 313, 31.2.31.1, 306,30 4,
2706, 27.04, 2696, 26 9. 26.5. 26.7. 26.6, 26 A8, 26,46, 26,4 26.30. 26,26, 25.0, 75,6, 15 3
25,1233, 144~ 13, 14, 15, 16, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31

37.2,
7
i.

-
3
12

2
, 253,252,

FAB-HRMS (/) caled For CHyuN,O, + H: 501.3481, found 5013483,
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MO-64 'H NMR (600 MHz, Acetone-dg) & [£.60 (br ), 8.35 — 8.19 (m), 11, NH- zag 7.78 - 6.83 (m.
13H, 1,2, 5, 6, 33, 34, 36, 37, 40, 41, 42, 43, 441, 3.80 ~ 3.43 {m, 1H, 21), |3.40 - 3.27 (m); 321 (. J =
119,36 Hz): 3.18 - 3.06 (m). 1HL 16 3 18— 3.06 (m, 1L 11), 2.77 — 2.64 (m, 1. 12). 1.98 — 0.4 {m,
0H, 13, 14, 15, 16, 17, 22, 23, 24, 25, 26, 27, 28, 29, 38, 31).

B NMR (151 MHz, Acetone) §[173.6, 1732, 171.8, 171.0 -7, 18], [138.20, 158.18, 157.9, 157.7 - 35,
391, 11389, 138.4, 138.1, 138.0, 136.1, 136.0 - 3, 4,32}, [131.7, 131.3, 130.9, 130.8, 130.7, 130.5, 130.0,
1298, 1295, 1285, 1284, 1273, 1269, 124.6, 124 5, 121 9, 120(1)9 139.97 1194, 1193, H&ﬂ 1171 -1,
2,5,6,33, 34,36, 37, 40, 41, 42,43, 441, [70.0, 693 - 11}, [61.9,61.2 - 10], [48.8, 48.0 - 21}, { 7.3
37.L,370-12],133.6,33.4,33.1,31.84,31.76,31.7, 3154, 31 531.31.3,31.2,30.6,30.4, 2712, 27 (

06.
270,769, 2684, 2677, 26.7. 26.6. 26.5. 264, 26.4. 26.29. 26,27, 26.2, 259, 25 6. 255, 253,252, 25.

1
- 13, 14, 15,16, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31].
FAB-HRMS (m/z): caled. For CsoHgN,O4 + H: 393.3743, found 5933751,
a7 9%
oo,
Moy
¥ z i
i 29 25
A
A T 2 4. 2 HC.
L “5 i ‘Iil’ 18 22 14 o 25
b i
R \ﬁf \7{} Cow g By !? 113 _NH 1’9
Sy e
LIS N ' "\?f ~45717 g
T ka I | |
.”r\ ,,15 2\ ‘;?’4 f,'!O 0 rgea
20 37 HC CHy
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reka LH NMR (600 MHz, Acctone-d6) 8 8.53 (s. [H. 16), 7.53 ~ 745 (m, 3H, 1, 2. 4), 745 - 7.39 (m.
7H. 3, 6). 3.54 - 3.46 (m, 1H, 24), 337 (4, 7= 11.0 Hz, 1L, 10}, 3.34 - 3.09 (m, 2L 19), 2.70 (m, 1 =
143, 12.9 Hz, 1H, 11), 1.92 — 1.53 {m. [3H), 1.53 - 1.46 {m, 2FL 21), 143 — 1.35 {m. 2H, 22), 1.34 -
0.93 (m, 6H), 0.94 (1. J = 7.3 Hz, 3H, 23).

130 NMR (151 MHz, Acetone) 5 173.88 (7). 173.06 (7), 138.73 (12), 130.46 (3), 129.47 (1. 2, 4}, 126.91
(3, 6), 69.57 (10}, 61.99 (24), 39.15 (19), 36.80 (11), 32.39, 31 84, 31.49 31.38. 30.23,30.10, 29.97,
20.84, 2071, 29.58, 29.43. 27,13, 27.07, 26 80. 26.76. 26.61, 26.30, 25.63 (21). 20.74 (22). 20.62, 14.02
(23), 13.98,

rgoa |H NMR (600 MHz, Acctone-dg) § 8.56 (s, 1H, 17), 752 - 739 {m, 5H, 1,2, 3. 4, 6), 3.98 (m. |

103, 3.37-3.27 (m, 2H, 13, 18), 3.18 = 3.08 {m, 1H. 18), 2.75 - 2.67 (m. 1H, 14), 191—164(111 60, ,,0
21,22, 23, 24), 154 — 145 (m, 2H, 19), 1.44— 135 (m, 2H, 25), 1.29— 119 (m, 6H, 11, 12, 20,21, 22,
23,24). 1.09(d, J = 6.8 Hz. 3H, 11, 12), 105~ 0.97 {m. 1H. 20, 21, 22, 23, 24}, 0.94 (1, ] = 7.3 Hz, 3H,
26).

HC‘\J‘\/ER(ESIMH; Acetone) 8 173.72 (7. 13), 173.17 (7, 15), 13872 (5). 13043 (1. 2.3, 4,6, 129.50
(1,2,3.4.6).. 12697 (1.2.3.4.6), 6834 (13). 53.33 (10). 39.12 (18), 36.70 (14), 32.37(19). 31.42 (20,
243, 31.34 (20,243, 27.05 (z L23).26.79 (21,22, 23}, 26.76 (21, 22, 23), 2144 (11, 12), 20.75 (1.
‘)

12,253, 2072 (11, 12,25 1 {26).
rgke:
24
et .
2}5 2|a
P N N - P
T R4 18 ] 17 18
21 | |
: N 10 12 1%
2 hN ~~“;/'4‘\ PR L EN RAAN PRA N
~3” 8 Tyt TNH 13
| | 1
e B Ny
18 2 31
NG

[rgke]
Yield: 140.9 mg (0.33 mmol, 66%)

'H NMR (600 MHz, Chloroform-d) § {8.72 (d, J = 5.2 Hz) NH major: 8.54 (d, J = 5.2 Hz) NH minor,
1HL, 7.49 - 735 (m, SH) aromatice, [3.81 (m) 12 major; 3.72 o) 12 minor, 1HL 358 (11, 7=12.0,32
Hz) 19 minor; 348 (tt, J=12.0, 3.2 Hz) 19 major, [H[ {338(d. /=109 Hz} 9 major; 3.19(d. /=109
Hz} 9 minor, 1H}, [2.76 {gt, /= 11.4, 3.2 Hz) 20 major; 2.46 (g, / = 11 4, 3.2 Hz) 28 miner, 1H|, 199~
0.85 {m, 30H) 13, 14, 15,16, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31

BC NMR (151 MHz, Chloroform=d) § [173.36, 172.26 (7, 18}, 137 30 (4), 129.77 (1), 128.66 (3, 5),
126.02 (2, 6). 69.18 (9), 61.48 (19), 47.31 (12), 35.60 (26), [32.80, 32.59, 31.59, 3122, 30.99, 3051,

o
he
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35,2596, 2503, 2583, 25.67. 25.49, 24.79, 24 47, 2440 (13, 14, 15, 16, 17, 22, 23, 24, 25, 26, 27,

B

frgnal
Yield: 96.2 mg (0.26 mmol, 52%)

10 'H NMR (600 MHz, Chioroform-d) 8 9.11 (s, 1H) NH, [8.08 — 7.50 {m) aromatic miner; 7.50 - 7.35 (m)
aromatic major, SHJ, 16.00 (s) 19 minor; 3.25 {g, J = 6.5 Hz} 19 major, 2H], {530 (d, /=43 Hz} 18
minor; 3536 (d. =98 Hz) 1&¢ major, H], [2.51 {qg./= 11 Hz) 13 major; 2.16 (s} 13 minor, 1H], 195 -
.88 {m, 26H) 14, 15, 16, 20, 21, 22, 23, 24, 25, 15,27
BC NMR (151 MHz, Chioroform-dy 3 [175.15, 174.1

8. 169.44, 165.69 (7, 12)1, [141.28, 133.91 (4)].
[130.48, 130.06, 12979, 129.03, 12858, 12786 (1, 2, 3, 5, 6)

15 } Y1 [78.63, 72.30 (18)], [59.88, 59.77 (i1}],
[40.49, 35.95 (13)]. 39.28 (19), [31.96, 31.79, 31.72, 30.94, 29.78 (14, 15, 16}, [31.50, 27.60, 26.60,
26.40, 2637, 26,32, 26 29, 20.51, 20,34 (28, 21, 23, 24, 25, 26, 27)} [14.13, 14.03 (22)}.

20 ggke

il
Y
[
)_,f e .. A8 /;33\,\
et 18 ) A1
| A I R N
2, e N0 12 a0
,‘33 \E/“ -\T_x NH \23’
i 1
L0 o
He™ 18 1% 207 o
14
N |
Pl

lagke]
Yield: 110.0 mg (024 mmol, 48%)

25 'H NMR (600 MHz, Chloroform-d) § [£.58 (d, /= 7.1 Hz) NH minor; 8 48 (dd, J = 7.1 Hz) NH major,
1H}, 737 — 6.87 (m, 4H) arematic, [3.97 (3} 14 minor; 3.90 {s) 14 minor; 3.79 (d, /= 3.5 Hz} 14 major,
12 major, 4H], [3.82 (d, /=35 Hz) 12 major, 14 major; 3.7} (m} 12 minor, 1H}, [3.56{t,/= 119 Hz)
16 minor; 3.26 (m) 16 major; 244 {t, /=109 Hz} 16 minor, 1H], [3.35(d. J=11.1 Hz) 9 miner; 331
{d. /=112 Hz) 9 major; 3.17 (d../= 10.9 Hz} 9 minor, 1H], [2.83 {m)} 17 major; 2.62 (m) 17 minor,
1H]. 2.19 - 0.66 (m, 30H) 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 36, 31, 32, 33.

(98]
o]
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BC NMR (151 MHz, Chloroform-) & [172.39, 172.15, 171.11, 170.92 (7, 18L. [155.30, 154. 62 (3)].
[130.26, 130.00, 12739, 125.80, 121.13, 120.86, 111.02. 110.80 (1, 2, 5, 6)], [127.36, 127.26 (4)], [69.20,
68.91 (9)], [61.58, 61.16 (16)], [55.37, 55.27 (14)]. 47.26 (12}, [36.03, 35.97 (1T)], [32.91, 32.67, 32.62,
3260, 3157, 31.54, 31.00, 31.06, 31.00, 30.67. 30.60, 30.46, 26.49, 26.40, 26.08. 26.04, 26.01, 25,95,
2588, 25.81. 2576 25.72, 25 66, 25 57. 24 89, 24.86, 24 32, 24 41 (19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33)].

ngkc
N
2.‘{. \‘}‘g
N 2. 18 3
g 12 Q R
3 1
2 & N wm_ W
3 B8 T “h 28
Ch {8 IR
? LY b
FCl

fnglkel
Yield: 157.9 mg (0.34 mmol, 69%)

'H NMR (600 MHz, Chloroform-d) & [8.35 {s) NH major; 8.30 (s} NH minor, 1H], 742 (m, 1H) 2,732
{m, 2H} (1, 6}. {7.20 () 5 major; 7.10 (m} S minor, 1H|. 3.77 {m, 1H) 17, {341 (d. /=111 Hzg 11
minor; 335 (d, /= 11.1 Hz) 11 major, 1H], 3.19 (m, 1H) 12, 2 81 {m, 1H} 14, 2.18 - 0.80 (m, 30H) 18,
19,28,21,22,23,24,28,26,17, 28,29, 30, 31, 32,

BCNMR (151 MHz, Chloroform-d) 8 [171.90, 170.33 (8, 13)]. 137.353 (3). 130.91 (4), [130.33, 130.29
(1)L [130.24, 130.19 (21 [127.59, 127.40 (6)]. [127.1L, 12632 (S)], 69.35 (11), [62.14, 6181 (12}],
[48.05, 47.72 (AT)], [36.73, 36.23 (14)], [33.40. 33.15, 33.11. 32.94, 31.90, 31.72. 3142, 31.27, 3121,
30.94, 30.88, 26.70, 26.66, 26.31, 26.25. 26.17, 26.15, 26.10, 26.02, 25.97, 25.93, 2581, 25.08, 24.99,
24.97 (18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 36, 31, 32)].

ogke:
.
(.
P 2. 8 3
1 s 12 0 a2 3p
| I
N | NP N L pld
¥ 88 H N b
| | 15
Br O
7 10 213' :.z]?
M. 2
25

fogke]
Yield: 182.5 mg (0.36 mmol, 72%)
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H NMR (600 MHz, Chloroform-d) 5 [8.37 {s) NH major: 830 (s) NH miner, 1H], 7.60 (ddd J=8.1,
41, L1 Hz IR 2,735(d. J=75, L1 Hz IH)6, 725Gd, /=78, 1L.7Hz, 1H} L {7.18{dd. /=76, | 7
Hz) & major; 7.07 (dd. J=7.6, 1.7 Hz) 8§ minor, 1H}, 3.77 (m, 1H) 17, [3.41 (d, /= 11.2 Hz) 11 minor;
334{(d, J=11.0 Hzj 11 major. 1 Hz|, {3.24 {m} 12 miner; 317 (tt. J = 11.7, 3.6 Hz} 12 major, 1H],
[2.88 {m) 14 minor; 2.80 {(gt, J = 11.5, 3.3 Hz} 14 major, HHE 229 - 0.78 (m, 30H) 18, 18, 20, 21, 22,
23, 24,25,26,27, 128,29, 38, 31, 32.

BC NMR (151 MHz, Chioroform-d) & [171.79, 171.02 (8, 13)], [139.64, 13946 (4)], 13343, 133.41
()L [130.46, 130.37 (D)L [128.06, 127.92 (6)], 1126.99, 126.48 (5)L. 119.80 (3), 69.33 (11). 61.82 (12),
14818, 47.73 (IT)], [36.81, 36.19 (14)], [33.45. 33.29, 33.20. 32.95. 31.97, 31.75, 31.64, 31.43, 30.95,
30.83, 26.69, 26.66, 2631, 26.26, 26.14. 26.12. 25.99. 25.97_25.80, 25.09, 25.06, 24.97 (18, 19, 20, 21,
22,23, 24, 25,26, 27, 28, 29, 30, 31, 32)1.

fhka;

1 R 11 Q
I 18
P N . U A N
3 77 B i NH 1T CHy
[ i 14 19
| 0 RN
25 g 28 ’29
} /
72
|fhkal

Yield: 131.0 mg (0.27 mmol, 53%)

'H NMR (600 MHz, Chloroform-d) 8 [8.37 (s) NH major; 8.11 (s} NH minor, 1H], 7.85 (dd, /=8.0 Hz,
THY 2,738 (d, J=T75 11 Hz 1Hy6, 713(dd, J=76, 16 Hz 1H} 5,709 (1d, /=77, 1.6 Hz, 1H} 1,
344(d, J=113Hz IH) 16,332 (m, 1H) 13,330 -318 {m, 2Hy 16, 3.14 (3t, /= 11.8, 3.7 Hz, 1H) 11,
199078 (m, 25H) 17, 18,19, 20, 21, 22, 23, 24, 26, 27, 28, 29.

BCNMR (151 MHz, Chloroform-d) 3 [173.27, 172.53 (7, 12)1, 143.52 (4), 139.83 (2), 130,49 (1}, 128.58
(63, 12598 (8}, 92.93 (3), 68 47 (18}, 6182 (31), 3948 (163, 3941 (13), [32 32 3210, 31.48, 31 20,
30.62,26.11,25.78,25.52, 2521, 2506, 20.67, 1418 (17, 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 29)}

fhke:
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o
0 1}&

A, 24 AT N
17 g 1 O 31 29
| | 15 |
NN | NURAE N N
37 78 1o N i
f "

i o 3

s ] a3 "25
i §
% {
2428

ffhke]
Yield: 179.6 mg (0.33 mmol, 67%)

5 'H NMR (600 MHz, Chioroform-d} & [8.36 (d, /= 7.8 Hz) NH major; 8.12 (s) NH miner, 1H], 7.85 (dd,
J=80, L1 Hz 1H)2, 738 (td. J=75, 1.1 He, IH) 6, [7.12 (dd, J =76, 1.6 Hz) 5 major;, 702 {d, J =
75 Hz} 5 munor, 1H], 7.09 (m, 1H) 1, 3.78 {(m, IH 16, [3.47 (s} 18 minor; 341 (d,J =112 Hz} 18
mwajor, IH], 330 (m, I 13, 313 (&, J=118,37 Hz? iHy 11, 198 - 080 (m, 28H) 17, 18, 19, 28, 21,
23,24,25,26,27,128,29, 39, 31.
10
BCNMR (151 MHz, Chioroform-d) & [172.52, 1 26 (7, 1), 143.64 (4), [139.91, 139.81 (2}, {13045,
130 32 (1}, 12856 (6), 126,08 (5}, 93.12 (3}, 68.65 ( #), 61.79 (113, 4836 (16) 39.32 (13}, {33.59,
321, 3213, 3152, 31.10, 30.49, 26.13, 26. OO 2 78, 2554, 25.26,25 14, 2507, 25.00 (17, 18, 19, 20,
ZH 25, 24, 25, 26, 2"." 28,29, 30, 31)].
15
tgka:
RN
» s
28, W7
‘\ﬁ.v 0
R
G o M T
A N e e T ok,
g, b LT E
B
m.Hs T
i E
B, 1
\-_ia.x
ftekal
20 Yield: 138.6 mg (0.35 mmol, 71%)

"H NMR (600 MHz, Chioroform-d} & 8.53 (s, IH) NH, 3.60 (¢, J = 119, 3.6 Hz) 6, [3.26 (m. 1H) 11

3.09 (m, THY 111 3.19 (. J=10.6 Hz, 1H) 5, 2.63(q.J= 117, 11.1 Hz, 1H) 8, [2.42 (d, /= 14.0 Hz, 1H)

1:2.16 (4. J= 140 He, 1H) 1], 1.87 - 0.66 (m, 36H) 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 25, 26,
25 27,28
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B¢ NMR (151 MHz, Chloroform-d) § [173.64, 173.35 (2, T, 69.15 (55, 59.85 (6), 46.41 (1}, 38.73 (11),
35.96 (8). 31.63 (22), 30.16 (23, 24, 25), [31.57, 31.49, 31 44, 3124, 30.85, 30.65, 30.16, 26.37. 26.14,
25.96, 25.93, 24.96, 20,16, 20.02 (12, 13, 14, 15, 16, 17, 18, 19, 26, 21, 26, 27)], 13.71 (28).

toke:
N
:ein* 18
2 47 %
ST -~ ™~
L O 0 28
| |
Ha? L NP SN N 27
- U S NH
HL™ | ! | 9
2% CHy, O A
24 4 12 16
B, . 1
14

gk}
Yield: 154.5 mg (0.37 mmol, 74%)

"H NMR (600 MHz, Chloroform-d) 5 8.55 (d, J= 8.2 Hz, 1H) NH, 3.69 (m, 1H) 11, 360 tt, J=12.0, 3.6
Hz, 1H) 6,316 (4.7 = 10.8 Hz, 1H) 5, 2.66 (g, /= 1 1.6 Hz, 11D 8, [244 (4, J= 137 Hz, I 1 2.13(d,.J
= 13.9 Hz, 1H) 1, 1.87 - 0.66 {m, 39H) 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29,
30,

5C NMR (151 MHz, Chloroform- a) 51173.94, 172.78 (2, T, 69.63 (5), 60.25 (6), 47.65 (11), 46.72 (1),
36.24 (8), [33.12, 33.06, 31.58, 31.22, 30.90, 26 72,2648, 2634, 26,29, 26.25. 25.96,25.29, 24.90, 24 81
(12,13, 14, 15, 16,17, 18, 19, m,z;,)},m 78 (22), 30.54 (23, 34, 25).

ugke:
20,
2[1' 19
B 22 18 )
7 g 18 O 32" a0
I i pl‘ 17 | |
NP1 SN N I - I .
\"’\,sr‘ \\?,‘ 8 - -~ \INH 2&
| i H
F G 18
13 % a3” a7
#.
-
fughe]

Yield: 171.9 mg (0.39 mmol, 78%)

'H NMR (600 MHz, Ch iomfmm-d) 8837(d, J=648 He, IH) NH, [785(dd, /=3.0, 1.2 Hz) 2 minor;
739¢dad, J=88.46.39, 1.8 Hz) 2 major, 1H]. 7.21 (m. 2H) 5,6. 7.11 (m, 1H) 1. [3.78 (m) 12 major;
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3.68 (m) 12 sumer, 1H], [3.55 (m) 18 minor; 331 {tt, J= 118, 3.9 Hz} 18 major; 244 (1, J = 11 .8 Hz}
18 minor, 1H]. [3.36(d, /=212 Hz} 9 major, 3.15 (m)} 9 minor, 1H], {2.78 (m) 16 major; 2.63 (m) 16
minor, 1H|, 2.27 - 0.66 (n, 30H) 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 38, 31, 32.

U NMR (151 MHz, Chioroform-d) 8 [172.21, 168.74 (7, 18)], [139.89, 13129, 130.46. 128.63, 126.78,
126.18, 124.95, 11632 (1, 2, 5, 6)], 69.57 (9), 62.07 (15, 47.75 (12), [36.32, 36.23 (16)], [33.23, 32.93,
3223, 31.86. 31.36, 31.11, 30.90, 30.82, 30.03, 26.74, 26.69, 26.79. 2627, 26.20. 26.15, 26.13, 26.09,
2598, 25352531, 25.10, 24 77 (18, 19, 26, 21, 22, 23, 24, 25, 26, 27, 28, 29, 38, 31, 32).

B NMR (565 MHz, Chloroforn-d) & {11435, 116.86 (13)]

veke:
18
!f \’la
6 21 17 30
\\% \1‘5,»' 0 g
H | | % l 1’!ﬂ
T/“\ﬁx’N\T/’ \ g
F~—2——F O 14
B | BB ow mw
F |
23 b
pg”
fvekel

Yield: 131.0 mg (027 mmol, 33%)

'H NMR (600 MHz, Chioro{bim—d’} S [8.52 (s} 11 minor; 827 {d, J = 8.1 Hz} 11 major; 8.05 (s} 11
miner, 1H], [774(d, J=78Hz) 2 major; 772 (d, J= .9 Hz) 2 minor, 1H}, 760 (t, /=73 Hz, [H) 6,
7544, J=77Hz 1)1, 733(d, J=75Hz) S major; 717 (d, /=76 Hz) S minor, 1H]. 3.84 -3.64
{m, 1H} 12, [3.56 (m)} 15 punor; 312 (tt. /=11 4. 3 8 Hz) 15 major; 2.45 (m) 15 miner, 1H], 342 (d,J
=11.7 Hz} 9 miner; 3.35 (d, J= 11.1 Hz) 9 major; 3.17(d, /= 11 4 Hz} 9 miner 1H| [285{(d. J=115
Hz} 14 minor; 2.77 {qt, /= 11.5, 3.3 Hz, 1H)} 14 major; 2.62 (m) 14 minor, 1H], 2.02 - 0.63 {(m. 30H)
17, 18,19, 28, 21, 22, 23, 24, 25, 26, 27, 28, 29, 38, 31.

BC NMR (151 MHz, Chioroform-d) § [171.6
136.31 (1, 2, 5, 631, 124.96 (3), 123.15 (32).
3148, 31.09, 30.84, 30.80, 26.75, 26.65, 26.
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31).

57, 170.67 (7, 10)], 136.10 (4), [132.31, 12983, 127.47,
(69.37. 61.84, 4828, 36.13 (3, 12, 14, 15)], 33.16. 32.54
34, 26,32, 2628, 26.04. 25,99, 2579, 25.10 (17, 18, 19, 20,

YE NMR (565 MHz, Chloroform-d) & 59.17 (33, 34, 38)

faga:
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G 3

ffagaj

"H NMR (600 MHz, Chloroform-d) & [Missing NH peak], [7.71 - 6.77 {m. 9H) (1, 2, 3, 6, 23, 24, 25, 26,
DL 4ded, J=121Hz, 1H) 9, 335(q, /=69 Hz, ZH) 17. 246 (s, 1H) 13, 1.63 - 0 84 (m. 13H) 14,
15,18, 19, 20.

U

10 faaAa:

i | 1

Q 18

3HC CHa

W O

{faaAa]
'H NMR {600 MHz, Chloroform-d} 6 [Missing an aromatic peak], [7.73 - 6.75 (m, 10H} 1, 2, 3, 6, 23, 24,
15 27,29}, 446¢d, J=109Hz, 1H)9,335¢q, J=65Hz, 2H) 17,246 (s, 1H) 13, 1 61 — 1.53 (m, ZH) 18,

140 (m, 2H} 19, 1.09(d, J=65Hz, 3H) Id or 15, 101 (d, /=66 Hz, 3H} 14 0r 15,093 (1, /=74 Hz,
3H) 20,

20 Example 3: Additional Synthetic Procedures.

tert-buty! {2-cyclohexyl-2-(2-ivdo-N-{prop-2-yn- I-yilbenzamidcjacetyinaphthalen-2-yljcarbamate
(EM67):
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| //0 | /
Boc,0, DMAP 0
N N - N
N N

0 fgbd TEA, DCM 35nC 0 ‘Boc

EM67

A two-necked flask was charged with fgbd (100 mg, 0.18 mmol) in dry BCM (2 mL) under
nitrogen atmosphere. To this was added tricthylamine (25 4 ub, 0.18 mmol), DMAP (22 mg, 0.18
mmol), and Boc,O (119 mg. 0.55 mmol). The reaction mixture was stirred for 7h at 25°C. An additional
5 3 cquivalents of Boc,O (119 mg, 0.535 mmol) were added to the flask. The reaction was stopped afier 21
h. Volatiles were then removed in vacuo and the crude product was purified using a stlica plug with 3:1
hexanes/EtOAc. Yield 118 mg (99%, 0.18 mmol}, yellow oil.
ESI(+)-LRMS {m/z}. Caled for Ci3HssIN,O4 [MAH 65116, found 651.56, 67328 [M+Na+].

10
2-cyclohexyl-2-{2-iodo-N-{prop-2-yn-I-pi}benzamideiacetic acid (EM68a):

.
I Z
R0 mem O]
OH
o)

THF-H,0 (4:1), rt
EM67 EM68

EM67 (7.5 mg, 0.012 mmol) was dissolved in THF-H,0 (4.1, 1 mL). LiOH-H,0 (1.8 mg, 0.042

mmol} was added and the mixture was stirred at room temperature. After 3 d the reaction was complete
15 by TLC (3.1 hexanes/EtOQAc and 5.1 DCM/MeOH) and the reaction was quenched with 1 M HCI (1 mL).
The product was extracted 3x with DCM (0.3 mL), dried over Na,804, and the solvent removed in vacuo.

Crude vield 6.5 mg (0.015 mmol, excess mass). Product was not purified.

2-cyciohexyl.2-{2-iodo-N-{prop-2-yn~1-ylbenzamidojacetic acid (EM75):

Z /
I 4 [ Z4
/0 LIOH, (H,0,) /0
N N > N OH
0

EM67 EM68

EM67 (118 mg, 0.18 mmol) was dissolved in THF-H,0 (4:1, 10 mL). LiOH-H,0 (23 mg, 0.54
mmol} and Hy(; (30% wiv, 98 uL., 0.98 mumol) were added and the mixture was stirred at room

temperature. After 3 h the reaction was complete by TLC (3:1 hexanes/EtOAc and 5.1 DCM/MeOH) and
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the reaction was quenched with | M HCE(3 mL). The product was extracted 3x with DCM (2 mL), dried

over Nap50y, and the solvent removed in vacuo. Yield: 39 mg (51%, 0.092 mmoel}, vellow solid.

o oM
1 ,-”{ r,fgf 20

7 57 1T g
| | E |
4?{: RN /_,MN\\ - 14
,?,-f“’ \Egl, ” \OH
O -~ 1.3\
167 17
E |
21 22
23

"H NMR (600 MHz, Methanol-d;) § 7.98-7.88 (m, 1H, 7), 7.53-
716 (m, 3H, 1, 2, 4), [4.88-477 (m}; 3.75-3.66 (m), 1H, 11}, [4.68-4.35 (m}); 4.17-4.02 (m}; 3.81 (4, /=
18.6 Hzy, 2H, 121, 2.72-2.58 (m, 1H, 28, 2.29-085 (m, 11H, 13, 16, 17, 21. 22, 23} ppm. ESI(+)-LRMS
{m/zy. Caled for CygHpING; [M+H}+ 426 05, found 426 7.

Example 4 Chemical Synthesis

As demonstrated herein, the compounds of the mvention inhubit bacterial GleNAcases. For
example, compound BLfgha inhibits the GleNAcase LvtG, and has concentration-dependent
bacteriostatic activity in the bacterial strain B. subtifis. This compound has exhibited a minimum
inhibitory concentration (MIC) of 63 uM in whole cell assays.

In order to identify a more potent GlcNAcase inhibitor, analogs of Bl.gha were prepared.
Specifically, seven compounds were synthesized, each involving a small modification to the Bl.fgba
structure: five with altcrnate substituents off of the benzoic acid moicty, and two with alterate
substituents off of the aldehyde. The sugar and tnazole linker were kept constant across all compounds.

In addition to a second-generation library of compounds, alternate routes to obtain the dipeptide
Ugi-derived compounds were explored. In particular, synthetic routes that allow for the modification of
the 1socyanide substituent bevond the limited sumber of isocyanides commercially available were
explored. A new route to ntroduce varied functionahity at the C-terminus of the dipeptide was thus
mvestigated.

As described herein, a library of GicNAc triazoles {(GNT s as well as dipeptides without a sugar
moiety were tested 10 whole-cell conditions against 8. suf#ilis using a resazurip microtiter assav. These
data were used both to ¢valuate the relative mhubttory capabilities of the compounds as well as determine

MIC values in vive.
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Ugi Synthesis

Terminal alkynes were prepared using the Ugt four-component condensation reaction. The Ug
condensation 1s a onc-pot reaction that combines an acid. an amine, an aldchyde, and an isocvanide to

5 form a dipeptide. The general Ugi reaction utihized 1s shown in Scheme 2. Tn certain non-limiting

embodiments, propargyvlamine and n-butyl isocvanide were held constant for all Ugi-denved compounds.
The first four Ugt compounds synthesized held all aspects of the {eba structure (Scheme 3) constant while
varving the substituent on the benzyl ring of the acid. The last two Ugt compounds nstead vared only
the aldehyde substituent while retaining the 10dobenzoic acid. The svathetic schemes and final structures

10 of non-limiting Ugt compounds are ilustrated in Scheme 4.

=
0 0 0.1 M in MeOH 0
/\/\ —_—
///\NHZ + R1)1\H + NC * R2 OH 3"411,13 RZ\H/N\HJ\”/\/\
0 R

H
0 fgba

15
Scheme 3. fgha.

~J
~

SUBSTITUTE SHEET (RULE 26)



4

WO 2016/201288

prns

PCT/US2016/036972

G !
i o
Ao i
H Y N
EORS R SN ™ Ny
W § \ =
3 .
S st
{
3
N
)
p
:
Y 38

M

\,s.
e =
Khad { 5
T A \'\“\3\‘§ P N
g TN
i N
oy e .
AL by
N 3
H H
N 3
}, 2
N
SN
- N -~
o \\‘. RN
Rt
i
3
i
‘.ﬁ.\v Q g & 3
" *{ 2Y . R 8 ~ o
: B e AN T TN
PN \ﬁi}‘ N R & . N
::»{
. ' g
=N S5
H
H
H
H
i,
~
& 4
:‘3\ IR gt‘.. N
g hice i ,;%
. 1 A ¥ N ~
£ AN Y ~ N S N
b
£
§.§
o
N o
& N SN

Scheme 4. Synthesis of Ugt compounds; varied substituents highlighted 1o red.

As a non-linuting procedure, tirst, the aldehyde and propargylanune were reacted for 30 munutes

at elevated temperature to form the imine wtermediate. The n-butyl 1socyanide was then added, followed
by the benzoic acid after another 20 minutes. Al reagents were used ina 11 rabo. The reaction was run
to completion according to TLC. Products were analyzed with 'H- and COSY NMR. Generally,
products were pure enough to be used directly 1 the click reaction with the GleNAc-azide. In certain

embodiments, an acid/base extraction was used to purify the compound.

The compounds depicted in Schemes 5-6 were also prepared using the Ugt reaction.
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GNT Synthesis
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Ternunal alkyne Ugt products were then coupled to 1-azido-N-acetylglucosanume (1) using the

click reaction. The general scheme for the click process 1s shown i Scheme 7.

R
/él;/ //O OH O§/\ i 9
0 CuS0,, Cu-powder N=N N
HO Ns + R N > ' NN
i YN MeCN :H0 (1:1),45°C HORG (LHN\/\/ LM
o’k

5 Scheme 7. General synthesis of GNT products.

The redox couple of Cu(0) powder and Cu(ll) sulfate was used to catalyze the anide-alkvne
coupling. The terminal alkyne was used i excess to ensure that all of the azide was consumed.
Unreacted alkyne could then be casily removed using a sifica plug following the reaction. Thus, no

10 column chromatography was necessarv for purification. Copper was removed from the reaction mixture
prior to silica plug purification using commercially available copper chelating resin. The synthetic

schemes and final structures are shown n Schemes 8-9
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Peptide hydrolysis route

An alternate method to achicve vanable terminal amide moicties was pursued. Instead of
constructing the dipeptide hackbone stepwise, the Ugt reaction was used. Once the produet was isolated.
the N-termimal secondary amide was selectively hydrolyzed to vield an acid. The acud was then converted
to an amine of choice through peptide coupling or left as an acid or ester. It should be noted that removal
the C-terminal amide moiety after the Ugt reaction 1s complete 1s done in the presence of a second amide.
A number of “convertible isocvanides” such as Gilley’s indole-isocvanide or Pirrung’s ortho-substituted
phenvlisonitriles allow for the ready removal of the secondary amide using mild conditions, though these
isocyanides are synthesized themsehves through multi-step processes. Using exclusively commercially
avatlable starting materials and reagents, the acid derivative of fgba (EM68) was successfully
synthesized.

Two fgha derivates, fgbd and fgkd, were synthesized through the Ugt reaction utilizing 2-
napthylisocvanide in place of n-butvlisocyanide as llustrated in Scheme 12, 2-Napthvhisocyanide proved
to be poorly soluble in the methanol solvent because of the large nonpolar aromatic structure. Both
products were purified via column chromatography to remove starting matenial remaming after
incomplete reaction. Without wishing to be lumited by any theory, the highly conjugated ring system of
2-napthvlisocyanide may mprove the capability of the amine to act as a leaving group during hyvdrolysis,

through stabilization of the intermediate charge on the nitrogen. Under basic conditions, a negative
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charge may be transiently formed on the nitrogen as it leaves, but this should be delocalized by resonance

throughout the large conjugated aromatic system.

0 o}
’ NG 54%
M+ + LY o
|

fabd

OO e @«Q

Scheme 12, Ugi reaction synthesis of fobd and fokd

fgkd

fgbd was subjected to acidic hydrolysis conditions (1:1 3 N HCVIHF, 50 'C, 24 h). Using ESI-
MS, masses correlating to a mixture of single and double hydrolysis products were observed, with little
apparent specificity for cleavage of one pepiide bond over the other. Selective cleavage was attempted by
first adding tert-butvioxycarbony! to the secondary anude followed by basic hvdiolysis conditions as
shown in Scheme 13, Basic hydrolysis was performed using lithium hydroxade, both with and without
hvdrogen peroxide. Both conditions were successtil, though the reaction proceeded to completion in 3
hours with addition of H,0, and required 3 days without it. No hydrolysts of the Z-1odobenzoic acid
substituent was observed and the reaction went cleanly to completion. This facile and selective
modification of the C-terminal amide moicty provides access to a wide range of substituents, either
through esterification of the acid group or amide couplings, and circamvents the need for convertible

isocyamdes.

/ |
0 o A
©§f /. Boc,0, DMAP @[ﬁ ok, (HZOZ) N

OH

TEA,DCM 35°C THF- HgO (4:1),nt o

fgb
gbd EM67 EM68

Scheme 13, Svnthesis of fgba acid derivative
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Procedure for Suzuki Coupling to make MO2, MO3, MO4

A mixture of an 1odide Ugt substrate (1 equiv), a boronic aad (1.5 cquiv), a degassed 2 M
aqueous solution of Na,COx (3 equivy and Pd{PPhs), (2 mol%) in equal parts toloene and water was
heated at 100°C m a sealed vial in the microwave for 10 b, The reaction progress was monitored by TLC
by mserting a capillary tube through a vent needle. The reaction mixture was cooled to room temperature
and extracted with saturated brine solution, dried with NaSQy, and concentrated in vacuo. Finally, the
residuc was subjected to flash Si10; column chromatography (eluent: EtOAc/hexanes) to yield the produact

in approximately 70% vield.

Example 8: Resazurin in vive Assay

Selected compounds of the invention were assayed for antibiotic activity. The initial screens
were performed against whole cells, and not purified enzymes, in order to climinate those compounds that
did not reduce bacterial growth

Compounds were tested in vivo for their capacity to inhibit B. subrilis growth. In order to
determine growth mhibition, a resazann whole-cel] assay was used (Kuhn, ef ol | 2014, Medchemcomm
5:1213-1217). Bretly, second-passage bacteria were incubated with inhibitor i a 95-well plate for four
hours. then resazurin dve was added and color/ fluorescence change was observed. The resazurin is
naturally a blue color, but with reductive species produced during bacterial growth, 1t is reduced to
resorafin, which appears pink. Resorufin 1s also fluorescent and can be measured by a plate-reader.

Bl.agba Bl.ogba Bl.pgba, Bl.ggba, BLihba, Blfiba showed no sigmificant growth inhibition
at 125 uM. Tested compounds are exerplified 1o Scherse 4. In an vutial set-up, each compound was
evaluated at the single concentration of 250 pM 1n triphicate. Growth controls containing no mhibitory
compound, steribity controls withoet inoculation, and controls containing a known antibiotic,
chioramphenicol, were also included. After incubation of the bacteria with the inhibitors for four hours,
resazurin dye was added and the plate was immediately placed m a plate reader. Fluorescence of cach
well was measured at 590 nm at 0, 5, 10, 20, and 60 mn after addition of the dve. A higher growth rate
of bacteria produces more resorafin and thus more floorescence. Lower fluorescence therefore indicates
better growth whibition.

Several compounds exhibited significant antibactenial activity. At a single concentration of
mhibitor, 1t was also possible to qualify the relative inhibitory activity by comparning the fluorescence
between any two wells. At 230 uM, a wide range of fluorescence values were observed after 60 minutes
as opposed to an “on or off” fluorescence reading for cach compound. This indicates that the more active

mnhibitors measurably reduced fluorescence more efficiently than less active mhibitors, even when
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evaluated at one concentration. In certain embodiments, 1t may be possible to wdentify potent inhubitors
exclusively by single-concentration flusrescence analysis.

Floorescence was further evaluated as it developed over time. After 60 munutes of mcubation
with dye, all the fluorcscence values contimued to increase even at the end-point tune, without signs of
saturation. Without wishing to be limited by any theory, while 60 minutes was enough time to observe
resolution of the compounds” inhibitory efficacy, additional ncubation time may yield even further
resolution espectally at low fluorescence values. Due to the constantly inercasig fluorescence, the gamn
of the plate reader bad 1o be lowered for cach consecutive reading. Thus, in order to compare
fluorescence values over time, the factor by which the measured fluorescence was greater than the
background fluorescence of only the dve at cach mdividual time point is reported. The graphs of the
fluorescence over time and at 60 minutes are given in Figs. 3-4, respectively. A reproduction of the plate
is iflustrated m Fig. 6B, with sclected compounds outlined in red. Table 1 illustrates the wdentity of each
of the plate wells. and Table 2 illustrates the fluorescence values for cach well at 60 nunutes. Fig. 5

tlhustrates fluorescence values at 60 minutes.

Table 1. Muumum mlubitory concentration (MIC) of several diamide compounds against Gram-positive

OTZaniSms.

Compound 5. gureus {ug/mi) | P difficile {(ug/mi} |  S. pneumonige | B. subtilis {ug/mL}
{ng/mL)

fgba 2.81 - - -

fgaa 3.64

fgbb - - 3.62 -

febe - - 3.56

fena - 17.52 - -

fgka - . - 11.53

fgke - - - 1.65
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Table 2. Fluorescence values of simgle concentration whole-cell resazurin assay at 60 mm.

PCT/US2016/036972

R\ \ \\\' \\ \\\\s T NRHRs T R _ R R ik
\ \5\\ &\\\\\\:\\k\\\“\\\& vy JOTHE B8 | anewy TR ATISR VIS asm
\ 1288 12800 39N 20770 Saeet | 25ow 2048 | BN2P eRRE o
\\ 1ITY 609 | 30887 40082 4125 | 36903 G237 W8 4200
\ = LR e s e L
\ 1378 79 | 41888 81ive 401wt | _-2_ )

\ 28843 0 1358 | IMTE @2 408 \‘\\‘ MM WY T
§\\ ASET  SAT4E  DENR 308 2088 3WES

Compounds fgke, fgkb,

shown by the smallest values of fluorescence.
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Scheme 14, GNT and Ugi-derived compounds used in resazutin microtiter assay.
In one aspect, as for the mclusion of aromatic substituents aside from the benzovl moiety. fhgb,
5 compound with aromatic groups on all substituents of the dipeptide exhibited lower activity. fgla, foma,

fora, and fgta also contained large aromatic amine substituents and exhubited poor activity compared to

aliphatic denivatives. As single aromatic groups were sequentially replaced by aliphatic groups (primarily
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cvclohexyl), the etficacy of the resulting conmpounds uniformly increased. The trend was ilustrated in the
sequence. fbab, fegh, feqedghd, fgkafeke. Within this overall trend, modification of the amine
component appeared to have a more substantial effect on efficacy, compared to modification of the
isocyanide component. In addition, the specific aliphatic groups utilized both for the isecvanide and
amine moieties had sigmificant impact. Tnclusion of cyclohexyl groups generally appeared to exhibit the
greatest improvement, while longer and less branched aliphatic groups were less effective. This was
tHustrated in the sequence: feba, fepa. fena/feoa. feka. In particular, a secondary carbon immediately
adjacent 1o the nitrogen of the amine component appears to be advantageous. While the sugar moicty
may contribute to the specificity of the mhibitor, its presence decreases efficacy m comparison to the
dipeptide alone. This was iHustrated in the disparity between Bhrgba and rgba.

In order to verify our results, the 230 uM single-concentration resazurin assay was repeated twice
more. The cumulative results are plotted in Fig. 5. Though some deviation was observed among runs, the
results were within the predicted range of ervor. The four most potent inhibitors fgke, fgka, fgoa, and
rgha demonstrated the lughest degree of hibitory activity across all three runs,

Using the four most potent inhibitors fgke, fgka, fgea. and rgba. a serial dilution resazurin assay
was pertormoed in which each mlubitor was sequentially dituted across a 96-well plate beginning at 250
uM and halving in concentration down to 7.9 uM. Each dilution was ron in triphicate. Each well
contained a total of 100 pL of liquid, including DMSO with dissolved compound, LB broth, and 40 pL of
cells (a 1:20 dilonon). Growth controls containing no inhibitory compound, sterility controls without
moculation, and controls containing a known antibiotic, chloramphenicol, were also included. At this
point, plates were incubated at 37 °C for 4 bours under acrobic conditions, but due to experimental error
plates were only incubated for 30 minutes. After imcubation, resazunn solution was added to each well
and plates were mcubated. A change m color from blue to pink indicated reduction of resazarin, and
theretore bacterial growth. Minimum inhibitory concentration (MIC) was determined as the lowest drug
concentration that prevented the color change from blue to pink. The fluoresconce was again quantificd
by a plate reader, and two identical plates were run simultanecously. Images of the resulting well plates
along with a able indicating the layout of the plates are shown in Fig. 6. Even without a quantitative
analysis, it is very clear from the color change from blue to pink at which concentration each compound
bocame too dilute. rgba oxhibited an MIC of 250 pM. fgea mlubited bacteral growth downto a
concentration of 62.5 uM. feke and fgka inhibited growth down to the lowest concentration of 7.9 pM.

The disclosures of cach and every patent, patent application, and publication cited herein are
hereby incorporated herein by reference in their entirety.

Although the invention has heen disclosed and described with reference to speetfic cmbodiments,

it 1s apparent that other embodiments and vanations of this 1ovention may be devised by others skilled in
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the art without departing from the true spinit and scope of the mvention. The appended claims are

mtended to be construed to inchude all such embodiments and equivalent variations.
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CLAIMS

What i1s claimed:

L A compound of formula 1, o1 a salt or solvate thereof:

0 R; Ry

(1), wherein i compound 10

R, 1s selected from the group consisting of arv! and heteroaryl, wheren the arvi or heteroaryl group 18
optionally substituted with 1-3 substituents independently selected from the group consisting of
C-Cy alkyl, OH, O(C)-Cy alkyl), F, CL Br, {, NO,, -C(=0}H, -C(=0)0H, -C(=0}0{C,-C¢ alkyl),
-C{=0)NH,, -C(=0)NH(C,-C; alkvl), and -C(=0IN(C,-C alkvI}C-Cs alkyl);

R, 15 selected trom the group consisting of C,-Cg alkvl, T5-Cy eveloalkyl, allyl, propargyl,
homopropargyl, arvl, heteroarvl, arvialkyl, and heteroarviatkyl, wherein the alkyl, cyveloatkvi,
arvi, heteroaryl, arvialkyl or heteroarvialkyl group 1s optionally substituted with 1-3 substituents
mdependently selected from the group consisting of C-Cy alkyl, OH, O(C,-C; alkyl), F, CL By, {,
NGOy, -C(=0)H, -C(=0)OH, -C{=0)X(C;-C; alkyl), -CEOINH,, -CEOINRC -Ce alkyl), and -
Ce=0IN(C-Co alkyH(C-Cs alkyl):

R; is selected from the group consisting of C5-Cs cviloalkvl, arvi and heteroarvl, wherein the cycloalkyl,
aryl or heteroaryl group is optionally substituted with 1-3 substiuents independently selected
from the group consisting of C,~Cq alkvl, OH, O(C,-Cq alkvly, F, CL, Br, I, NO,, -C(=0)H, -
C(=0)0H, -CEOYXC -G, atkyl), -C(=0)NH,, -Ci=0NH(C-C, alkyl}, and -C{=0)N(C;-C
alky}{C;-Cs alkyl);

R, 15 selected from the group consisting of C1-Cq alkyl, C5-Cy eycloalkvl, arviatkyl and heteroarvialkvl,
wherein the alkyl, cycloalkyl, arvialkyl or heteroarviatkyl group 1s optionally substituted with 1-3
substituents dependently selected from the group consisting of C,-Cg alkyl, OH, O{C,-C alkvl),
F. (1, By, L, NO,, -C(=0H, -C(=0j0H, -C(=0)0{C-C; alkyl), -CEOINH,, -C(=0)NH(C-C
alkyl), and -C{=0YN(CG-Cy alky i) C-Cy alkyl); and

Rsis H or methyl.

2. The compound of claim 1, wherein in R, has at least one substituent ortho to the
carbonyl group ¢ selected from the group consisting of C;-C alkyl, OH, O{C-Cy alkyly, F, CL Br, L
NG,, -CEOH, -CEOOH, -CEOO(C-C alkvly, ~CEOINH,, -C(=0INH(C,-C; alkyl), and -
CEOMN(C-Cy alkvD(C,~Cs alkyl).
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3. The compound of claim 2, wherein at least one sabstituent ortho to the carbonyl

group a 1s selected from the group consisting of C;-Cg alkyl, OH, {C-Cq alkyl), F, Cl, Brand L

4. The compound of claim 1, wherein R, 15 selected from the group consisting of
phenyvl, o-iodophenyl, o-bromophenyl, o-chlorophenyl, o-fluorophenyl, o-methoxyphenvl, p-iodophenvl,

p-bromophenyl, p-chiorophenyl, p-fluorophenyt and p-methoxyphenyl.

3. The compound of claim 1, wherein Ry 1s selected from the group consisting of
Ci-Cg alkyl, C5-Co cyeloalkyl, allvl, propargyl, homopropargyl, phenvl, heteroarvl, arvl-(CHy)y 2, and
heteroaryi-(CH,}..-, wherein the alkyl. cycloalkyl, phenyl, heteroaryl, aryi-{CH;}, .-, or heteroaryl-
(CH,),.;-group is optionally substituted with 1-3 substituents mdependently selected from the group
consisting of C-C; alkyl, OH, O(C;-Cq alkyl), F, C1, Br, [, and NG,

6. The compound of elaim 5, wherein R, is selected from the group consisting of
C-Cy alkyl, Cs-Cy cycloalkyl, allvl, propargyl, homopropargvl, phenvl, o-iodopheny!, o~-bromophenyvl, o-
chiorophenyl, o-fluorophenyl, o~-methoxypbenyl, p-iodophenvl, p-brormophenyl, p-chiorophenyl, p-
fluorophenyl, p-methoxyphenvl, benzyl, P{(CH,),-, PhoCHCH,-, and PR{CH;)YCH-.
7. The compound of claim 1, wherein R; is selected from the group consisting of
Cs-C cycloalkyl, phenyl, o-1odophenyl, o~-bromophenyl, o-chlorophenyl, o-tfluorophenyl, o-

methoxyphenyl, p-iodophenyl, p-bromophenyl, p-chlorophenyl, p-fluorophenyl, and p-methoxyphenyl

8. The compound of claim 1, wherein Ry is selected from the group consisting of
-G alkyl, C5-Cs cycloalkyl, benzyl, and pbeny!-{(CH: )o-, wherein the alkyl, cycloalkyl, phenyl or beazyl
group 1s optionally substituted with 1-3 substituents mdependently selected from the group consisting of

Ci-Ce alkyl, OH, O(C-Coalkyiy, F, CL Broand L

9. The compound of claim 1, which s selected from the group consisting of
Ph
I ( O I J o | ((o\/
N N TN N NN ();rN NN
0 H o} H 5 H
foca foia fgja
o2
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| N
o H 0
S and
5
foabla fgaba (n=2), fgaFa I (n=3), fgaGa (n=4), fgaHa (n=5}.
10, The compound of clamm 9, which is selected from the group consisting of fgke,

fokb, rgba, fgoa, fgka, fzna, febb, fega and febe.

11 The compound of claim 10, wherein the compound 1s fgke, fgkb, rgba, fgoa,
fgka or fgna.

12, The compound of claim 10, wherein the compound 1s fgke, fgbb, or fghe.

13. The compound of clamm 10, wherein the compound is fgha or fgqga.

14, The compound of claim 10, wherein the compound s fgna.

15. The compound of claim 1, wherein the salt of compound 1 1s an actd addition salt

and 1s selected from the group consisting of sultate, hydrogen sulfate, hydrochlonc, hydrobromic,

hvdrodie, mitric, carbonic, sulfurie, phosphoric, formic, acetic, propionic, succinic, glveolic, gliconic,
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tactic, malic, tartanic, citric, ascorbic, glucuronic, maleic, fumaric, pyruvie, aspartic, glutamic, benzoic,
anthramlic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic {pamoic), methanesulfomc,
ethanesutfonic, benzenesulfonic, pantothenic, triffuoromethanesulfonic, 2-hydroxyethanesulfonic, p-
toluencsulfonic, sulfanilic, cyclohexylannnosulfonic, stearic, alginic, B-hydroxybutyric, salicylic,

galactaric and galacturomic acid, and any combinations thereof.

16. The compound of clamm 1, wherein the salt s a base addition salt and is selected
from the group consisting of calctm, magnesium, potassium, sodiim, ammonium, zing, a basic amine
salt, and any combinations thercof, wherein the basic amine is selected from the group consisting of
tricthylamine, ditsopropylethvlamine, trimethylamine, NN -dibenzylethylene-diamine, chloroprocaine,

choline, dicthanolamine, ethylenediamine, meghimine, procaine and any combinations thereof.

17. A pharmaceutical composition compnising a compound of anv one of claims 1-16

and a pharmaceuatically acceptable carrier.

18. The pharmaceutical composition of clatm 17, further comprising at least one

additional antibacterial agent.

19, The pharmaceutical composition of claim 18, wherein the at least one additional
antibacterial agent comprises at least one agent selected from the group consisting of amoxicillin,
azithromvcin, biaxan, biocef, cefaclor, cinoxacn, ciprofloxacin, chndamycin, dorvx, emgel, enoxacin,
fortaz, gatifloxacin, levofloxacin, linezolid, maxaquin, moxifloxacin, ncomyein, ofloxacin, penicillin,

rifampin, sparfloxacin, streptomycin, salfatrim, tetracycline, trovafloxacin, vancomyein and zotrim.

20 The pharmaceutical composition of claun 18, wherein the compound and the at

least one antibactenial agent are co-formulated in the composttion.

21 A method of inhibiting a N-acetviglocosaminidase i a cell, the method

comprising contacting the coll with a compound of any ong of claims 1-16.

22. A method of inhibiting a N-acetylghicosaminidase in the cytosol of a cell, the

method comprising contacting the N-acetyighucosaminidase with any one of claims claim 1-16.

23, The method of claim 21 or claim 22, wherein the N-acetylglucosaminidase is

9%
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derived from a bacterium, a fungus or a cancer cell.

24, The method of claim 23, wherein the N-acetylglucosaminidase comprises an
autolvsin.
25, A method of treating or preventing a bacterial infection m a subject comprising

administering to a subject in need thereof a therapeutically effective amount of a compound of any one of

claims 1-16, thereby treating or preventing a bacterial infection i a subject.

26. The method of any one of claims 21, 22 and 23, wherein the bacteriurn 15 Gram-

positive.

27, The method of claim 26, wherein the Gram-positive bacterium is selected from
the group consisting of Strepiococeus sp., Staphylococeus sp., Enterococcus sp., Corynebacterium sp.,

Listeria sp., Clostridium sp. and Bacillus sp.

28. The method of claim 27, wherein the Gram-positive bacterwum is Clostridium
difficile, Streptococcus pneumoniae, Staphylococcus aureus, vancomycin infermediate resistance S
aureus (VISA), Enterococcus faecalis, vancomyein resistant enterococct (VRE), Streptococcus pyogenes,

Bacilfus anthracis, Corynebacterium diphtheria or Bacillus cereus.

29, The method of any one of claims 21, 22 and 25, wherein the bacterium 1s Gram-
negatve,
30. The method of claim 29, wherein the Gram-negative bacterium is selected from

the group consisting of Safmoneila sp.. Escherichia sp., Kiehsiella sp. | Acinetobacter sp., Pseudomonas
= = > > >

sp., Vibrio sp. and Enterobacter sp.
31 The method of claim 30, wherein the Gram-negative bacterturm 13 Salmonelia
enterica, Salmonella typhii, Escherichia coli, Klebsiella pneumoniae, Acinetobacter bawmnannii or

Psendomonas ACrUgenosd.

32. The method of claim 25, wherein the subject is further admunistered at least one

additional antibacterial agent.
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33. The method of claim 32, wherein the at least one antibactenial agent comprises at
feast one agent selected from the group consisting of amoxicillin, azithromycin, biaxin, biocet, cefaclor,
cinoxacin, ciprofloxacin, clindamyein, doryx, emgel, enoxacin, fortaz, gatifioxacin, levofloxacin,
finezolid, maxaquin, moxitioxacin, neomycin, ofloxacin, penictlin, nfampin, sparfloxacin, streptomycin,

sulfatrim, tetracyelne, trovafloxacin, vancomyein and zotnni.

34 The method of clamm 32, wherein the compound and the at least one antibactenial

agent are co-administered to the subject.

35. The method of claim 34, wherein the compound and the agent are co-fornmudated.

36. The method of claim 23, wherein the compound is administered to the subject by
at least one route selected from the group consisting of mtravenous, oral, inhalational, rectal, vagmal,
transdermal, mtranasal, baccal, subhingual, parenteral, intrathecal, miragastrical, ophthalmic, pulmonary

and topical routes.

37 The method of claim 25, wherein the compound is fgke, fgkb, vgha, fooa, fgka

or fgna and the bacteria 1s B. subfillis Lvt G.

38. The method of claim 25, wherein the compound 1s fgke, febb, or fghe and the

bactena is 8. priewmoniae.

39. The method of claim 25 wherein | the compound is fgba or fgga and the bacteria
is 8 qureus.

40. The method of claim 25, wherein, the compound 1s fgna and the bactena s
difficile.

41. The method of claim 25, wherein the subject 1s 2 mammal.

42, The method of claim 37, wherein the mammal is a human.

43. A prepackaged pharmaceutical composition comprising a compound of anv one

of claims 1-16, or a salt or solvate thercof and an mstructional material for use theroof

44. The prepackaged pharmaceutical composition of claim 43, wherein the

100
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mstructional material comprises mstructions for preventing or treating a bacterial mfection 1o a subject.

45. The prepackaged phammaceutical composition of claim 43, further comprising an

applicator.

101
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