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“ANTIMICROBIAL COMPOUNDS, THEIR SYNTHESIS AND
APPLICATIONS THEREOF”

FIELD OF DISCLOSURKE:

The present disclosure relates to the field of medicinal chemistry and more particularly to
the development of antimicrobial compounds., The disclosure relates to the synthesis and
characterization of compounds comprising an aromatic radical and/or an aliphatic radical,
an alkyl amine and amino acid motety wherein said compounds exhibit antimicrobial

activity against various drug-sensitive and drug-resistant pathogenic microorganisms.,

BACKGROUND OF THE DISCLOSURE:

Bacterial infections are a major global health hazard affecting millions of people
worldwide. Many antibacterial drugs and articles have been developed over the years for
better treatment or prevention of bacterial infections. Bacterial resistance to conventional
antibiotics is one of the most serious problems facing world health today. Thus research
towards development of newer antibiotics is imperative. In the recent past only
Antimicrobial Peptides (AMPs) have shown some promise as potential antibiotics and
several of them are undergoing clinical trials. AMPs are sentinels of innate immune
systern of most species and are usually the first line of defense against any infection.
Naturally occurring AMPs are found to have a variety of medicinal properties e.g.
antibacterial, antifungal, antiviral, anticancer, antiplasmodial activities, While most of the
conventional antibiotics act by targeting intracellular organelles of bacteria, AMPs are
known to act primarily by causing lysis of the bacterial cell membrane. Consequently,
unlike in the case of conventional antibiotics, where even point mutations can render

them inactive, bacteria are slow to develop resistance against antimicrobial peptides.

Despite the advantages, no AMP has been approved for clinical use, although some are
undergoing clinical trials. The main reasons for these are their high i vivo toxicity,
liability towards proteases and their high cost of manufacture. Although most of the
natural AMPs are similar in their design, allowing facial amphiphilicity during

antimicrobial action, their major limitations lie tn the complexity of their synthesis.
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Consequently, substantial effort has been directed towards development of designs and

strategies to counter the problems faced by AMPs.

In consideration to the aforementioned limitations, the applicants of the instant disclosure
aim to arrive at antimicrobial compounds which are not only effective towards wild-type
bacteria, but also, towards multi drug-resistant bacteria, less toxic and cost effective. The
description herein will in detail illustrate the disclosure evidently describing the noted

features of the mveniion,

SUMMARY OF THE DISCLOSURE:

Accordingly, the present disclosure relates to a compound of formula It

Ry O s

| H

e e L o1 B N S

Formula-1
wherein,
R is an aromatic radical or aliphatic radical

R» is an aliphatic radical
Rj is a side chain of an amino acid; and

Y is selected from a group consisting of hydrogen,

NH

e NH,

and

o
'

[PAVaVaAV,
L —
O
s

wherein ‘n’ ranges from 1 to §,

Z is hydrogen or
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NH

g NH,

R, is a side chain of an amino acid.

A method of preparing a compound of formmla I as mentioned above, said method
comprising acts oft a) reacting aldehyde of aromatic radical or aliphatic radical with an
alky! amine to obtain a Schiff’s base, b) reducing the Schiff’s base to obtain a secondary
amine, ¢} reacting the secondary amine with a free acid group of tert-butoxy carbamate
protected amino acid or carboxylic acid group of the C-terminal of a peptide in which
other reactive functional groups are protected, d) followed by deprotection of the
protecting groups of the amino acid or the peptide to obtain the compound of formula [; a
pharmaceutically accepted salt of the compound as mentioned above; and a composition
comprising: the compound or the pharmaceutically acceptable salt as mentioned above

and a pharmaceutically acceptable excipient.

BRIEF DESCRIPTION OF ACCOMPANYING FIGURES:

The features of the present disclosure will become wmore fully apparent from the
following description taken in conjunction with the accompanying drawings. It is to be
understood that the drawings depict only several embodiments in accordance with the
disclosure, and is therefore, not to be considered himiting in its scope. The disclosure will
be described with additional specificity and detail through use of the accompanying

drawing:

Figure 1 represents Design and structure of compounds of Chloro-anthracene derivatives
(ACK serigs), Naphthalene derivatives (NCK series} and benzene derivatives (BCK

series).

Figure 2 represents the general synthetic scheme for the preparation of Chloro-

anthracene derivatives (ACK series).
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Figure 3 represents the general synthetic scheme for the preparation of Naphthalene

derivatives (NCK series).

Figure 4 represents the general synthetic scheme for the preparation of Benzene

derivatives (BCK series).

Figure S represents the general synthetic scheme for the preparation of Dec-CK-8.

Figure 6 represents the general synthetic scheme for the preparation of biphenyl

derivatives,

Figure 7 represents the general synthetic scheme for the preparation of quinoline

derivative,

Figure 8 represents the general synthetic scheme for the preparation of Anthracene

derivatives.

DETAILED DESCRIPTION OF THE DISCLOSURE:

The present disclosure relates to a compound of formula I:

Ry, O Ry
Ry N C CH=— Ny
Formula-1
wherein,

R; is an aromatic radical or aliphatic radical

R, is an aliphatic radical

R3 is a side chain of an amino acid; and

Y is selected from a group consisting of hydrogen,
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NH
“’i‘% NH,
and
o R
gLQ } it
n

wherein ‘n’ ranges from | to 5,

Z is hydrogen or
NH

g NH,

R, is a side chain of an amino acid,

In an embodiment of the disclosure the aromatic radical of Ry is selected from a group

consisting of but not limited to:
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In another embodiment of the disclosure the aliphatic radical of Ry is selected from a

group consisting of but not limited to the following:
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and

wherein,

Q can be halogen; cyano; nitro; amino; hydroxyl; or alkoxy;

m is an integer ranging from 1 to 20,

PCT/IB2013/061090

In vet another embodiment of the disclosure the aliphatic radical of R 1s selected from a

group consisting of but not limited the following:

H,C

Hy
C

5

el

and
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wherein,
Q is halogen; cyano; nitro; amino; hydroxyl; or alkoxy;

p is an integer ranging from 1 to 20,

In still another embodiment of the disclosure the aromatic radical of Ry is selected from a

group consisting of but not limited to the following:

X1
» " r -
S L%Z ¥1 nlan %4

OO\ OO0
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O
’ ~  and

Wherein,

X1 is

C
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T
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wherein,
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Rs is selected from a group consisting of but not limited to the

following:
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and

wherein,

7 1s an integer ranging from 1 to 20,
R s a side chain of an amino acid; and

V7 is selected from a group consisting of hydrogen,

NH

= NH,

and

-

[ P

b
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-

wherein, ‘s’ ranges from 1 to 5

wherein, Z 1s hydrogen or

10
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NH

g NH,

In still another embodiment of the disclosure the aliphatic radical of Ry is:

4

Wherein,
‘t’ ranges from 1 to 20

G
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| !
O N 6 e N

wherein,

Rs is selected from a group consisting of but not limited to the following:

11
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and

wherein,
(J can be halogen, cyano, nitro, amino, hydroxyl or alkoxy;

T is an mteger ranging from | to 20,
R 18 a side chain of an amino acid; and

V is selected from a group consisting of hydrogen,

MNH

g NH,

and

o
e

<L

SN
e —
o
C

-

wherein's’ ranges from | to 5

13
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wherein, 7 is hydrogen or
NH

g NH,

In still another embodiment of the disclosure R is selected from a group consisting of’

and

g

%

Rv is
Hz
HSC C
o

wherein ‘p’ ranges from 1 to 13;
Rj is the side chain of L-lysine

Y is hydrogen.

In still another embodiment of the disclosure R, is selected from a group consisting of:

wherein ‘m’ ranges from {-11.

R 18 selected from a group consisting of:

14
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HQ
H,C—0C
o]

wherein ‘p’ ranges from 1-11.

R is the side chain of L-lysine
Y is hydrogen.

In still another embodiment of the disclosure Ry is

H. Ha
HiC

wherein ‘m’ is 9.

Rz is

Hz
H,C——C
o

wherein ‘p’ 15 7.

The disclosure further relates to a method of preparing a compound of formula [
wherein, said method comprises acts of!
a. reacting aldehyde of aromatic radical or aliphatic radical with an alkyl amine
to obtain a schiff’s base;
b. reducing the schiff’s base to obtain a secondary amine; and
c. reacting the secondary amine with a free acid group of tert-butoxy carbamate
protected amino acid or carboxylic acid group of the C-terminal of a peptide
in which other reactive functional groups are protected, followed by
deprotection of protecting groups of the amino acid or of the peptide to obtain

the compound of formula L

15
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in still another embodiment of the disclosure in the method as mentioned above, wherein
in the said method alkyl amine is C;-Cy aliphatic amine preferably C,-Cy4 aliphatic

amine,

The disclosure further relates to a pharmaceutically accepted salt of the compounds as

mentioned above,

The disclosure further relates to a composition comprising: the compounds as mentioned
above or the pharmaceutically acceptable salt of the compounds as mentioned above and

a pharmaceutically acceptable excipient.

In an embodiment of the disclosure, in the composition as mentioned above, the
pharmacentically acceptable excipient is selected from the group consisting of sugar,
starch, cellulose, malt, gelatine, talc, cocoa butter, suppository wax, otl, glycol, ester,
agar, buffering agent, alginic acid, pyrogen-free water, isotonic saline, Ringer’s solution,
alcohol, lipid, surfactant, coloring agent, releasing agent, coating agent, sweetening agent,
flavouring agent, perfuming agent, preservatives, antioxidants and their derivatives, or

any combination thereof.

In vet another embodiment of the disclosure, the compounds, the pharmaceutically
accepted salt or the composition as mentioned above is used in treatment of disease

caused by pathogenic microorganism.

In still another embodiment of the disclosure the compound, the pharmaceutically
accepted salt or the composition as mentioned above is used in treatment of discase
caused by pathogenic microorganism, wherein the pathogenic microorganism is a

bacteria.

In still another embodiment of the disclosure the compound, the pharmaceutically

accepted salt or the composition as mentioned above is used in treatment of discase

16
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caused by bacteria, wherein the bacteria is a gram positive bacterium or a gram negative

bacterium, or a combination thereof,

In still another embodiment of the disclosure the compound, the pharmaceutically
accepted salt or the composition as mentioned above is used in treatment of discase
caused by bacteria, wherein the bacteria is a drug sensitive bacterium or a drug resistant

bacteriumm, or a combination thereof,

In still another embodiment of the disclosure the compound, the pharmaceutically
accepted salt or the composition as mentioned above is used in treatment of disease
caused by a drug-sensifive bacterinm, wherein the drug sensitive bacterium is selected
from a group consisting of S aurens, E. faccium, E. coli and P. aeruginosa, or any

combination thereof

In still another embodiment of the disclosure the compound, the pharmaceutically
accepted salt or the composition as mentioned above is used i treatment of disease
caused by drug-resistant bacteria, wherein the drug-resistant bacterium is selected from a
group consisting of vancomycin-resistant 7. faecium, methicillin-resistant 8. aurens and

K. pneumoniae, or any combination thereof,

The present disclosure relates to the development of antimicrobial compounds which are
potent against various drug-sensitive and drug-resistant pathogenic microorganisms. The
disclosure further relates to the preparation of said antimicrobial compounds which

mimic the properties of antimicrobial peptides and are also non-toxic.

The antimicrobial compounds of the present disclosure comprises an aromatic radical
and/or an aliphatic radical, an alkyl amine and an amino acid group, wherein the aliphatic

radical or alkyl amine comprises varying alkyl chain length.

In a preferred embodiment of the present disclosure, the antimicrobial compounds
comprise an aromatic radical, allkyl amine and an amino acid group, wherein said alkyl

amine has a varying alkyl chain length.

17



WO 2014/097178 PCT/IB2013/061090

In an embodiment of the present disclosure, the amino acid is selected from a group
comprising cationic, anionic, polar uncharged, hydrophobic and aromatic amino acids, or

any combination of amino acids thereof.

In another embodiment of the present disclosure, the cationic amino acid is selected from

lysine arginine, histidine or a combination thereof

In another embodiment of the present disclosure, the anjonic amino acid is selected from

aspartic acid or glutamic acid, or a combination thereof,

In another embodiment of the present disclosure, the polar uncharged amino acid is
selected from a group consisting of serine, threonine, cysteine, asparagine and glutamine,

or any combination thereof.

In another embodiment of the present disclosure, the hydrophobic amino acid is selected
from a group consisting of alanine, valine, leucine, isoleucine and methionine, or any

combination thereof

In another embodiment of the present disclosure, the aromatic amino acid is selected
from a group consisting of phenylalanine, tyrosine, tryptophan and histidine, or any

combination thereof

In another embodiment ot the present disclosure, the amino acid is cationic, preferably L-

lysine.

In yet another embodiment of the present disclosure, the antimicrobial compounds
comprise an aromatic radical and/or aliphatic radical, alkyl amine and a peptide, wherein

the aliphatic radical or alkyl amine comprises varying alkyl chain length.

In another embodiment of the present disclosure, the peptide is a dipeptide, a tripeptide or

a polypeptide.

18



WO 2014/097178 PCT/IB2013/061090

In an embodiment of the present disclosure, the aromatic radical is preferably selected
from a group comprising but not limited to phenyl, benzvi. naphthalenvi, anthracenyl,
pyridyl, quinoyl, isoquinoyl, pyrazinyl, guinoxalinyl, acridinyl, pyrimidinyl, guinazolinyl,
pyhdazinyl, cinpolinvl, ifmidarolyl, benzmmidazolvl, purinyl, indolyl, furanyl
benzofuranyl, isobenzofuranyl, pyrrolyl, indolyi, isomdolyvl, thiophenyl, benzothiophenyl,
pyrazolvl, mdazoivl, oxarolyl, benzoxazolyl, isoxazeolyl, benzisoxazolyl, thiaxolyl
guanidino,  benzothuazolvl radicals or any combination thereof, wherein the aromatic
radical is linked to an alkyl radical at either ortho or meta or para position or any
combination of positions thereof, and wherein said alkyl! radical is either a methyl or an
ethyl motety. The structural representation of the said aromatic radicals is iHustrated as

follows:

19



WO 2014/097178 PCT/IB2013/061090

speleesises
5 00 00

e e oatee)
dn . Oy Oy

20



WO 2014/097178 PCT/IB2013/061090

In an embodiment of the present disclosure, the aliphatic radical is an alkyl chain of
varying length, wherein the length of alkyl chain ranges from about C; to about Cy. In a
preferred embodiment, the length of the alkyl chain ranges from about Cs to Cu. In a
more preferred embodiment, the length of the alkyl chain ranges from about Cs to Cie.

The general representation of the said aliphatic radical is ilfustrated as follows.

wherein, ‘n’ ranges from C; to Ty, preferably from C, to Cy, more preferably from Cs to

Cig.

In an embodiment of the present disclosure, the amino acid can be selected from a group
consisting of but not limited to alanine {Ala), arginine {Arg), asparagine {Asn), aspartic
acid {Asp), cysteine (Cys), ghutamic acid (Gl glmtamine (Ging, glveine (Gly), histidine
{His}, homorysteme (Hey), homoserine {Hse), isclencine {lie), leucine {Lew), lysine
{Lvs), methionine {(Met}, norieucine (Nlg), norvaline {(Nva), omithine (O,
penicilianine (Pen), phenylalanine (Phe), proline {(Pro}, serine {Ser}, tyrosine {Thr),
threonine  {Trp). wyptophan (Tvry, wvaline (Val}, pvroglutanmic acid {(pGLUJ,
dinitrobenzylated lysine (dop-LYS), phosphorviated threonine (pTHR), phosphoryiated
serine (pSER), phosphorviated tyrosine (pTYR), cittulbime (CIT), N- mothylated alanine
(mme-ALAY, NM-methylated soleucine (nme-1LE), MN-methylated lencine (vroe-LEU}, N-
methylated phenvialanine (nme-PHE), Nomethylated valine {(mme- VALY, MNamethylated
serine (nme-S3ER}, MNomethviated threomine Gune-THR), N- methylated tyrosme {(nme-
TYR}, alpha amino-butvhe acid (alpha-ABA)Y, isc-aspartic acid {is0-ASP), acetylated

fysine {Ac-LY S}, 2-methyl alamine (2-Me-ALA} and oxamic Acid (OX A}

In another embodiment of the present disclosure the side chain of the amino acid
wentioned above can be selected from H-, CHy, HN=C{H - NHA{CH bs-, HaN-CO-
CHye, HOOC-CHg-, HS-CHy-, HoN-CO-{CHg e, HSH{CHydoe, HOOC {THz)p-, CH;-
CH-{CH{CH -, {CH R CH-OH -, HoN-{CH -, CH-5-{TH3),-, Phenyl-CHae, HO-UHy-,
CHR-CH{OH)-, 4-OH-Phenvi-CHo-, CH3-CHECH;)-,

21
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- D= A
NH N s

dertvatives therent

, and

In an exemplary embodiment of the present disclosure, the side chamn of the compounds

as mentioned above, s —CH»-CH;-CH;-CH;-NH,, the said amino acid is L-Lysine.

In an exemplary embodiment of the present disclosure, for compounds comprising
anthracene or chloroanthracene as an aromatic radical, the alkyl chain length of the alky]

arpine ranges from about Cp-Cg.

In another exemplary embodiment of the present disclosure, for compounds comprising
naphthalene as an aromatic radical, the alkyl chain length of the alkyl amine ranges from

about Cg-Cho.

In yet another exemplary embodiment of the present disclosure, for compounds
comprising benzene as an aromatic radical, the alkyl chain length of the alkyl amine

ranges from about C4-Cia.

In an embodiment of the present disclosure, the compounds with 9-Chloroanthracene as
an aromatic radical is referred herein as ACK, wherein 10-Aminomethyi-9-
chloroanthracene moiety in the compound forms the hydrophobic core, having attached
thereto, through the N atom, an L-lysine moiety and an alkyl chain comprising 2-10
carbon ators (illustrated in figure 1). Further, the ACK with a varying alkyl chain carbon
length is designated a number with respect to the length of the carbon in the alkyl chain.
For instance, ACK comprising ethyl as alkyl chain is referred as ACK-2. Similarly, ACK
comprising butyl chain is referred as ACK-4, ACK comprising hexyl chain is referred as

ACK-6, ACK comprising octyl chain 1s referred as ACK-§ and ACK comprising decyl

22
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chain is referred as ACK-10. Further, all the said compounds with varying alkyl chain

length are evidently illustrated in Figure 1.

In another embodiment of the present disclosure, compounds with naphthalene as an
aromatic radical is referred herein as NCK, wherein Aminomethy! naphthalene moiety in
the compound forms the hydrophobic core, having attached thereto, through the N atom,
an L-lysine motety and an alkyl chain comprising 4-12 carbon atoms (1llustrated i Figure
1). Further, the NCK with a varying alkyl chain carbon length is designated a number
with respect to the length of the carbon in the alky! chain, For mstance, NCK comprising
butyl as alkyl chain is referred as NCK-4. Simlarly, NCK comprising hexy] chain is
referred as NCK-6, NCK comprising octyl chain is referred as NCK-8, NCK comprising
decyl chain is referred as NCK-10 and NCK comprising dodecyl chain is referred as
NCK-12. Further, all the compounds with varying alkyl chain length are evidently

ilfustrated in Figure 1.

In vet another embodiment of the present disclosure, compounds with benzene as an
aromatic core is referred herein as BCK, wherein Aminomethyl benzene moiety in the
compound forms the hydrophobic core, having attached thereto, through the N atom, an
L-lysine moiety and an alkyl chain comprising 4-14 carbon atoms (illustrated in Figure
1). Further, the BCK with a varying alkyl chain carbon length is designated a number
with respect to the length of the carbon in the alikcyl chain. For instance, BCK comprising
butyl as alkyl chain is referred as BCK-4. Similarly, BCK comprising hexy! chain is
referred as BCK-6, BCK comprising octyl chain is referred as BCK-8, BCK comprising
decyl chain is referred as BCK-10, BCK comprising dodecy! chain is referred as BCK-12
and BCK comprising tetradecyl chain is referred as BCK-14. Further, all the compounds

with varying alkyl chain length are evidently illustrated in figure 1.

The present disclosure addresses some of the problems of the prior art without
compromising on the antimicrobial efficacy of the naturally occurring AMPs. The
compounds disclosed herein involve simple design, facide synthetic methodology and

cheap starting materials.

23
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In an embodiment, one significant feature of the compounds of the instant disclosure is

i
1
¥

the incorporation of the N-disubstituted or tertiary amide bond, which contributes

significantly to the abiotic nature of the design,

The disclosure further relates to a method of synthesizing various compounds as provided
herein, wherein the method comprises acts of reacting aldehydes of aromatic radical or
aliphatic radical with alkyl amine {carbon length varyimg from about C; to Cy, preferably
from about C; to Cu4). The aldehyde forms a Schiff’s base, which is then reduced by
Sodium borohydride to form secondary amines. Salts of these secondary amines are
coupled to free acid group of amino acid(s) [wherein the functional groups of amino acid
{apart from carboxylic group) is protected by tertiary butyl carbamate group or Boc]
using  O-Benzotriazole-N, NN N -tetramethyl-uroniwm-hexafluorophosphate  (HBTU)
coupling chemistry, Finally the tertiarybutyl carbamate groups are deprotected using
Trifluorcacetic acid to obtain the compounds defined by formula 1. The compounds
obtained are purified by purification technigues (preferably HPLC) and characterized

using NMR, IR and Mass-Spectrometry.

In an embodiment, the salt forms of the compounds of the present disclosure are also

disclosed.

In some embodiments, a pharmaceutically acceptable salt of the compounds of the
present disclosure with a pharmaceutically acceptable mineral acid or organic acid
include hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric
acid, and the like, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid,
oxalic acid, p-bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic
acid, acetic acid, trifluoroacetic acid, salicylic acid, terephthalic acid and the like.
Examples of such pharmaceutically acceptable salts are the sulfate, pyrosulfate, bisulfate,

i
1
¥

sulfite,  bisulfite, phosphate,  monohydrogenphosphate,  dihydrogenphosphate,
metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, trifluoroacetate,
propionate, decanoate, caprylate, acrylate, formate, isobutyrate, caproate, heptanoate,
propiolate, oxalate, malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-

1,4-dioate, hexyne-1,6-dioate, henzoaie, chlorobenzoate, methylbenzoate,

24
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dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate,
ghydroxybutyrate, glycollate, tartrate, methanesulfonate, propanesulfonate, naphthalene-
1- sulfonate, naphthalene-2-sulfonate, mandelate, chloride, bromide, iodide, salicylate, 4-
aminosalicylate,  phosphomycin  ((—)}-(1R,25}-(1.2-Epoxypropyl)phosphonate}  and
terephthalate and the like.

In some embodiments, a pharmaceutically acceptable salt of the compounds of the
present disclosure are with a pharmaceutically acceptable organic acid such as
hydrobromic acid and the pharmaceutically acceptable salt may be bromide. It should be
recognized that the particular counterion forming a part of any salt of this invention may
not be of a critical nature, so long as the salt as a whole is pharmacologically acceptable
and as long as the counter ion does not contribute undesired qualities to the salt as a

whole.

In another embodiment, the compounds or salts thereof of the present disclosire are
employed to arrive at compositions optionally along with pharmaceutically acceptable
excipients. Said composition is formulated to dosage forms in order to treat infection or
disease caused by pathogenic microorganism. Further, the excipients are selected from a
group comprising sugar, starch, celluiose, malt, gelatin, talc, cocoa butter, suppository
wax, oil, glycol, ester, agar, buffering agent, alginic acid, pyrogen-free water, isotonic
saline, Ringer’s solution, alcohol, lipid, surfactant, coloring agent, releasing agent,
coating agent, sweetening agent, flavouring agent, perfuming agent, preservatives,

antioxidants and their derivatives, or any combination thereof.

In some embodiments, substrates may be coated with the compounds or compositions of
the present disclosure. Examples of substrates that may be coated with the antimicrobial
compositions include, but are not limited to personal care products, healthcare products,
household product, food preparation surfaces, food packaging surfaces, medical devices,
wound dressings, surgical staples, membranes, shunts, surgical gloves, tissue patches,

prosthetic devices, wound drainage tobes, blood collection and transter devices,
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tracheotomy devices, intraocular lenses, laboratory devices, textile products, and painted

surfaces.

The compounds or compositions of the present disclosure are administered separately or
m combination with any other drug or therapeutic agent. Examples of other therapeutic
agents and/or drugs that are administered with the compounds and/or
formulations/compositions of the present disclsoure include, but are not limited to, beta
lactam antibiotics, such as penems, penams, cephems, carbapenems, oxacephems,

carbacephems, and monobactams, or other antibiotics such as cycloserine and

fosfornycin. The other therapeutic agent need not be an antibiotic.

The compounds or compositions of the present disclosure are administered to the subject
in a therapeutically effective amount, wherein the subject is preferably a human, in an
amount ranging from about (.25 to about 2 grams per day. The compounds or
composttions of the present disclosure are administered in a single daily dosage or in
multiple doses per day. Other periodic treatment protocols or alternate dosage regime are
also adopted to overcome the infection or the disease caused by the microorganism. The
treatment protocol may require administration over extended periods of time, e.g., for
several days or for from about one to six weeks. Further, the therapeutically effective
amounts of the compounds or compositions of the present disclosure discussed above are
merely exemplary, the amount per administered dose or the total amount administered
will depend on factors such as the nature and severity of the infection, the age and general
health of the patient, the tolerance of the patient to the compounds or
compositions/formulations of the present disclsoure and the microorganism or

microorganisms involved in the infection.

The compounds or compositions of the present disclosure are used to form contact-killing
coatings or layers on a variety of substrates including personal care products (such as
toothbrushes, contact lens cases and dental equipment), healthcare products, household
products, food preparation surfaces and packaging, and laboratory and scientific
equipment. Further, other substrates include medical devices such as catheters, urological

devices, blood collection and transfer devices, tracheotomy devices, intraccular lenses,
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wound dressings, sutures, surgical staples, membranes, shunts, gloves, tissue patches,
prosthetic devices {e.g., heart valves} and wound drainage tubes. Still further, other
substrates include textile products such as carpets and fabrics, paints and joint cement. A

further use is as an antimicrobial soil fumigant.

Enteral administration of the compounds or compositions of the present disclosure is
preferably administered at a dosage of from about 0.01 mg/kg to about 100 mg/kg, more
preferably from about 2 mg/kg to about 50 mg/kg, and most preferably from about 5

mg/kg to about 30 mg/keg.

Parenteral administration of the compounds or compositions of the present disclosure is
preferably administered at a dosage from about 0.01 mg/kg to about 100 mg/kg, more
preferably from about T mg/kg to about 30 mg/kg, and most preferably from about 5

mg/kg to about 25 mg/ke.

Topical administration of the compounds or compositions of the present disclosure is
P

preferably administered at a dosage from about 0.000001% to about 20%, more
preferably from about 0.001% to about 15%, and most preferably from about 0.025% to

about 10%.

Inhalational administration of the compounds or compositions of the present disclosure is
preferably administered at a dosage from about 0.0001 mg to about 25 mg, more
preferably from about 0.01 mg to about 15 mg, and most preferably from about 0.1 mg to

about 10 mg.

In an embodiment, the compounds or compositions of the present disclosure are used for
the treatment and prevention of infectious diseases, such as diseases caused by a variety
of microorganisms including but not limited to Gram-positive bacteria, Gram-negative
bacteria, mycobacteria, filametous fungi, yeast, protozoa and the like including parasites
and viruses. Skilled artisans will appreciate that the compounds of present disclosure will

be subjected for treatinent against a variety of other microorganisms and diseases,
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In another embodiment, treatment includes preventing a disease or condition from
occurring in a subject which may be predisposed to the disease but has not yet been
diagnosed as having it. In some other embodiments, tfreatment includes inhibiting the
disease or condition, i.e. arresting its development; relieving the disease or condition, i.e.
causing regression of the condition; or relieving the conditions caused by the disease, i.e.

symptoms of the disease.

In an embodiment, compounds or composition of the present disclosure exhibits
significant antibacterial activity against wild-type bacteria (drug sensitive bacteria) such
as Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and Enterococcus
Jaecium and drug resistant bacteria such as Methicillin resistant S gurens (MRSA) and

Vancomycin resistant . faecium (VRE).

In another embodiment, ACK, NCK and BCK series of compounds or composition
exhibit significant antibacterial activity against wild-type bacteria (drug sensitive
bacteria} such as Staphylococcus aurens, Pseudomonas aervuginosa, Escherichia coli and
Enterococcus faecium and drug resistant bacteria such as Methicillin vesistant 8. aureus

{(MRSA} and Vancomycein resistant £. faecium (VRE).

In yet another embodiment, the minimum inhibitory concentration of ACK compounds or
composttions with an alkyl carbon length of ethyl to decyl ranges from about 2.2pg/ml to
about 7ug/ml, wherein the compounds ACK-6 and ACK-10 exhibit the effective

minimum inhibitory concentration in the range of about 2 ug/ml to about 2.5 pg/mi.

In still another embodiment, the minimum inhibitory concentration of NCK compounds
or compositions with an alkyl carbon length of butyl to dodecyl ranges from about
>100pg/mli to about 2.5pg/ml, wherein the compounds NCK-10 and NCK-12 exhibit the
effective minimum inhibitory concentration in the range of about 2.5 pg/ml to about 3

ug/mi,

In still another embodiment, the minimum inhibitory concentration of BCK compounds
or compositions with an alkyl carbon length of butyl to dodecy] ranges from about

>100ug/ml to about 2.7ug/ml, wherein the compounds BCK-12 and BCK-14 exhibit the
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effective minimum inhibitory concentration in the range of about 2.5 pg/ml to about 3

ug/mi.

The compounds or compositions of the present disclosure are effective against The
Gram-posttive  and  Grame-negative  cocel which  mclude, but are not  limited
10, Aerococcus, Enpterccoccus, Halococous, Leuconostoc, Micrococcus, Mobifuncus,
Moraxella catarrhalis, Neiszeria (nchudmg N gonorvheas and N
meningiridisy, Pediococcus,  Pepiosivepfococcus,  Staphylococeus species (includmg &
aureus, methicdin-resistant & aureus, coagulase-negative S gurens, angd 8
raprophviicusy, Streptococeus species {includimg S pyvogenes, S agalactioe, 5 haovis, §.
priesmoniae, 8. mutans, S sanguis, N equi, 8. equinuz, 5. thermophilus, 5. morbilicrum,

| hansenii, 5. pleomorphus, arvilus), ¢ eilionella
S 5. pl whus, andy. Y, and Veiflonell

The compounds or compositions of the present disclosure are effective against the Gram-
posttive and Gran-negative straight, curved, helical/vibrieid and bravched rods inchude,
but are not hmited to,dcetchacter, Acinerobacter, Actinobaciilus equuli, Aeromonas,
Agrobacterivm,  Alcaligenes,  Aguaspivillum,  Aveancbacteriuvm fiaemolyticum,
Baciffus species (nchuding B corews and B anthracis), Racterpides species (ucluding B

fragiliny, Bartonello, Bordetella species {inchuding 8. pertussisy, Srochothrix, Brucelia.
Burkiiolderice  cepacia,  Calvematobacterium  granwiomatis,  Campylobacier species
{inchading O jejuniy, Copaocytophaga,  Cadobacter, Chromobacterium violaceum.
Citrobacter,  Clostridivm species (nchuding O perfringens, €. tetand and O
difficile), Comamonas, Curtnbacterivm, Fdwardsiella, Eikenella, Enterohacier, Erwinia,

Erysipelothriz.  Escherichia species  {(including £ coliy, Flavobacterium species

{inchuding £. meninosepricum), Francisella species {inchuding £
fuslarensing, Fusobacierium (inchuding £, nuclearum), Gardnerelfla species {inchuding &

vaginalizy, Ghiconobacter,  Haemophilus species (neluding A influenzae and H.
ducreyi}, Hafnia, Helicobacter(mchuding A pyloriy, Herpetosiphon, Kiebsiella species

{mchudimg K prevmonioe), Kiuwvvera, Lactobacillus, Legionella species  {including L.

preumophiila}, Leptotrichia, Listeria species {mchuding L.
monocyingenesy, Microbacterium, Maorganella, Nitrobacrer, Nitrosomonas.
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Pastenrella species  (inchiding P sndiociday, Pectinatus, Porphyromonas  gingivadis,
Proteusspecies (including P mirabificy, Providencia, Fseudomonas species {including £
aeruginosa, P omallei, P. pseudomaiiei andP. solanacearum)y, Ralmella, Renibacterium
safmoninarum,  Safmonella,  Servatia,  Shigella,  Spirillum,  Streprobacilius species
(inciuding 8. maonififormizy, Vibric species (including V. cholerae and V.
vadnificusy, Wolinella,  Xanthobacrer,  Xenorhabdus,  Yersinia spocies  {inchuding V.

pestis and Y. enterocoliticay, Zanthomonas and Symomonas,

The compounds or compositions of the present disclosure are effective against sheathed
bagteria which inciude, but are not tmited to, Crenothriz,
Lepothrix and Sphaerorilus. The sulfim-oxidizing bactenia nchide, but are not hnuted
t0, Beggiatoa, Gallioneila, Sulfolobus, Thermothrix, Thiobacillus species {(inchluding T
fervoxidansy, Thiomicrospive and Thissphiaera. The sulfur or sulfate-reducing bactena
melnde,  but are not hmited o, Desudfobacter,  Deswdffobulbus,  Desulfococous,

ke

Desulfomaonas, Desulfosarcing, Desulfotomacidum, Desulfovibric and Desulfiromonas.

The compounds or compositions of the present disclosure are effective against fungi
which include, but are not lumited to, Acremonium, Aspergillus, Blastomyces species
{inchuding 8. dermatitidis), Candida species  (including C.  albicans}, Ceratocysiis,
Chaetomium, Coccidioides species (inchading C. immitis), Cryptococcus neoformans,
Epidermophyton, Fusarium species (including F. oxysporum), Gongronella,
Histoplasma species  (including H. capsulatum), Hormonea,  Malassezia  furfur,
Microsporum, Mycosphaerella  fijiensis, Paracoccidiodes brasiliensis, Penicillium,
Preumocystis carinii, Pythium, Rhizoctonia, Rhodotorula, Saccharcmyces, Sporothrix
schenckii, Torula, Trichoderma, Trichophyton species (inchading 7.

mentagrophyies and T rubrum) and Trichothecium.

The compounds or compositions of the present disclosure are effective against parasites
which include, but are not hmited to, Acanthamoeba species, Ascaris fumbricoides,
Babesia, Balamuthia, Balantidium, Blastocystis species  including B, hominis,

Chilomastix, Cloworchis sinensis, Cryptosporidium parvum, Cyclospora, Dientamoeba
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Jragifis, Diphyllobothrium, Echinococcus, Endolimax, Entamoeba species (including £.
histolytica), Enterobius species (including £, vermicularisy, Giardia lamblia, hookworms
(inchuding Necator, Ancylostoma, and Unicinaria), Hymenolepsis, Todamoeba, Isospora,
Leishmania,  Mansonella,  Microsporidia, Microsporidium, — Naegleria  fowleri,

COnchocerca, Plasmodium (including P. falciparum, P. vivax, P. malariae,and F. ovale, P.

berghei, P veelii), Schistosoma (including S. haematobium and §.
mansoni), Strongvloides species (including S. stercoralis), tapeworms

(inchuding Taenia species), Toxoplasma (including 7. gondii), Trichinella (including 7
spiralisy, Trichomonas vaginalis, Trichuris species including T trichiura, Dirofilaria,
EBrugia, Wuchereria, Trypanosoma, Vorticella, FEimeria species,Hexamita species

and Histomonas meleagidis.

The compounds or compositions of the present disclosure are effective against virnses
which include, but are not limited, to adenovirus, arborviruses (inchuding hanta virus),
astrovirus, coronavirus, cytomegalovirus, enteroviruses (including coxsackieviras A},
Epstein-Barr virus, hepatitis A virus, hepatitis B virus, herpes viruses {including herpes
simples virus or H3V), human immunodeficiency virus (HIV), buman papilloma virus,
human T-cell leukemia virus, influenza virns, mummps virus, Norwalk viruses, orbivirus,
parainfluenzae viruses, parvovirus BI9, poxviruses, Rabies virus, respiratory syncytial
virus, rhinovims, rotavirus, Rubella virus, varicella-zoster virus, vesicular stomatitis
virus, cauliflower mosaic virus, cowpea mosaic virus, cowpox virus and rabbit

myxomatis virus.

In an embodiment, the description herein provides definition to specific terms in order to
>

clearly and concisely describes the subject matter of the claimed invention.

The singular forms “a” “an” and “the” include plural referents unless the context clearly
dictates otherwise. Approximating language, as used herein throughout the specification
o o
and claims, may be applied to modify any quantitative representation that could
permissibly vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term such as “about” s not to be limtted to the
o

precise value specified. Unless otherwise mdicated, all numbers expressing quantities of
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ingredients, properties such as molecular weight, reaction conditions, so forth used in the
specification and claims are to be understood as being modified in all instances by the
term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained by the present invention. At
the very least each numerical parameter should at least be construed in light of the

number of reported significant digits and by applying ordinary rounding techniques.

As used herein the term "aliphatic radical” refers to an organic radical having a valence of
at least one comprising a linear or branched acyclic or non-aromatic cychic armray of
atoms, The non-aromatic cyclic aliphatic radical may comprise one or more noncyclic
components, For example, a cyclohexylmethyl group (CeHiiCHy-) is a cycloaliphatic
radical which comprises a cyclohexyl ring (the array of atoms which is cyclic but which
is not aromatic) and a methylene group (the noncyclic component). The array of atoms
comprising the aliphatic radical may include heteroatoms such as nitrogen, sulfim, silicon,
selenium and oxygen or may be composed exclusively of carbon and hydrogen. For
convenience, the term "aliphatic radical” is defined herein to encompass, as part of the "
linear or branched acyclic or non-aromatic cyclic array of atoms " organic radicals
substituted with a wide range of functional groups such as alkyl groups, alkenyl groups,
alkynyl groups, haloalkyl groups, conjugated dieny! groups, alcohol groups, ether groups,
aldehyde groups, ketone groups, carboxyvlic acid groups, acyl groups, for example
carboxylic acid derivatives such as esters and amides (including secondary amides,

tertiary amides), amine groups, nitro groups, amino acids, peptides and the like.

For example, the 4-methylpent-1-yl radical is a (¢ aliphatic radical comprising a methyl
group, the methy! group being a functional group which is an alkyl group. Similarly, the
4-nitrobut-1-yl group is a Cy4 aliphatic radical comprising a nitro group, the nitro group
being a functional group. Again, the prop-1-enyl radical (CH;CH=CH-) is a C; aliphatic
radical comprising an alkenyl group. Examples of non-aromatic cyclic radicals mclude
but are not himited to steroids such as cholesterol and ergosterol. An aliphatic radical may
be a haloalkyl group which comprises one or more halogen ators which may be the same

or different. Halogen atoms include, for example; fluorine, chlorine, bromine, and iodine.
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Aliphatic radicals comprising one or more halogen atoms include the alkyl halides
trifluoromethyl, bromodifluoromethyl, chlorodiftuoromethyl, hexafluorcisopropylidene,
chloromethyl, difluorovinylidene, trichloromethyl, bromodichloromethyl, bromoethyl, 2-
bromotrimethylene (e.g. -CH>CHBrCHj,-), and the like. Aliphatic radicals comprising one
or more alkenyl groups may include octadec-9-enyl radical
{(CH3(CH,yCH=CH(CH;)}yCH>-), which is a Cy¢ aliphatic radical comprising single
alkenyl group and octadec-9,12-dienyl radical
{CH3(CHuCH=CHCH,CH=CH(CH;)7CH,-), which 1s a Cys aliphatic radical comprising
two alkenyl groups. Further examples of aliphatic radicals nclude methyl (i.e., -CHj),
methylene (i.e., ~CHy-), ethyl(-CoHs), butyl (-CaHo), hexyl (-CsHi3), octyl (-CsHyy), decyl
(CiHap), dodecyl (-CipHps), tetradecyl (-CiyHyo) , allyl (CH,=CHCH,-}, propargyl
(CH=CCH,-), aminocarbonyl (i.e., ~-CONH;), carbonyl, 2,2-dicyanoisopropylidene (1.e., -
CHyC(CNRCHy-), formyl (e, -CHO), hydroxymethyl (i.e. - CHoOH), mercaptomethyl
(i.e., -CH;SH), methvlthio (i.e., -SCH;), methylthiomethyl (ie., - CHaSCH;), methoxy,
methoxycarbonyl  (ie.,, CH;0CO-), wmtromethyl (ie, -CHNG»), thiocarbonyl,
trimethylsilyl (e, (CH;3)Si-), t-butyldimethylsiyl, 3-trimethyvoxysilypropyl (ie,
{(CH;0)SiCHCHRCHy-), vinyl, vinylidene, and the like. By way of further example, a
C1-Cyp aliphatic radical contains at least one but no more than 10 carbon atoms. A methy]
group {i.e., CHs-} is an example of a C, aliphatic radical. A decyl group (i.e., CHy{(CHy)o-

) is an examiple of a Cy¢ aliphatic radical.

As used herein, the term "aromatic radical” refers to an array of atoms having a valence
of at least one comprising at least one aromatic group. The array of atoms having a
valence of at least one comprising at least one aromatic group may include heteroatoms
such as nitrogen, sulfur, selenium, silicon and oxygen, or may be composed exclusively
of carbon and hydrogen. As used herein, the term "aromatic radical” includes but is not
fimited to phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and biphenyl radicals.
As noted, the aromatic radical contains at least one aromatic group. The aromatic group is
mvariably a cyclic structure having 4n+2 "delocalized” electrons where "n" is an integer
equal to 1 or greater, as illustrated by phenyl groups (n=1), thienyl groups (n=1), furanyl

groups (n=1), naphthyl groups (n=2), azulenyl groups (n=2), and anthraceney] groups

33



WO 2014/097178 PCT/IB2013/061090

(n=3). The aromatic radical may also include nonaromatic components. For example,
benzyl (CgHsCHy-), naphthyl-1-methyl (CyoH,CH;-), anthracenyl-1-methyl (CysHoCHy-)
are aromatic radicals, which comprise a phenyl ring, a naphthyl ring, an anthraceny! ring
(the aromatic group) respectively and a methylene group (the nonaromatic component).
Similarly a tetrahydronaphthy! radical is an aromatic radical comprising an aromatic
group {CgHi) fused to a nonaromatic component ~(CHj)-. For convenience, the term
"aromatic radical” is defined herein to encompass, as a part of “an array of atoms having
a valence of at least one comprising at least one aromatic group” organic radicals
substituted with a wide range of functional groups such as alkyl groups, alkenyl groups,
alkynyl groups, haloalkyl groups, haloaromatic groups, conjugated dienyl groups, alcohol
groups, cther groups, aldehyde groups, ketone groups, carboxylic acid groups, acyl
groups, for example carboxyvlic acid derivatives such as esters and amides (including
secondary amides and tertiary amides), amine groups, nitro groups, amino acids, peptides
and the like. For example, the 10-Chloro-9-methylanthraceny! radical is a Cyo aromatic
radical comprising a methyl group and a chloro group, the methyl group and chloro group
being two functional groups which are an alkyl group and a halogen group respectively.
Similarly, the 4-methviphenyl radical is a C; aromatic radical comprising a methyl group,
the methy! group being a functional group which is an alkyl group. Similarly, the 2-
nitropheny! group is a Oy aromatic radical comprising a nitro group, the nitro group being
a functional group. Aromatic radicals include halogenated aromatic radicals such as 4-
triftuoromethylphenyl,  hexafluoroisopropylidene  bis  (4-phen-i-vioxy) {iLe., -
OPhC(CF1),PhO-), 4-chloromethylphen-1-vi, 3-trifluorovinyl-2-thienyi, 3-
trichloromethylphen-1-yl (ie., 3-CCLiPh-), 4-(3-bromoprop-1-yhphen-1-yl (ie., 4-
BrCH,CH,CH,Ph-), and the like. Examples of aromatic radical include but are not
limited to, tocopherol and tocotrienol. Further examples of aromatic radicals include 4-
altyloxyphen-1-oxy, 4-aminophen-1-yl (i.e., 4-H,;NPh-), 3- aminocarbonylphen-1-vyi (i.e.,
NH,COPh-), 4-benzoylphen-i-yl, dicyanomethylidenebis (4-phen-l-vioxy) (ie., -
OPhC{CNYPhC-), 3-methylphen-i-yl, methylenebis (4-phen-1-yloxy) (ie., -
OPhCHLPhO-), 2-ethylphen-1-yl, phenviethenyl, 3-formyl-2-thienyl, 2-hexyl-5-furanyl,
hexamethylene-1,6-bis (4-phen-1-yloxy) (i.e., -OPh{CH,)sPhG-), 4-hydroxymethylphen-
-yl (e, 4-HOCH>Ph-), 4-mercaptomethylphen-i-yl (e, 4-HSCH;Ph-), 4-
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methylthiophen-1-yl (i.e., 4- CH38Ph-), 3-methoxyphen-1-yl, 2-methoxycarbonylphen-1-
vioxy {e.g. methyl salicyl), 2- nitromethylphen-1-yl (e, 2-NO.CH,Ph), 3-
trimethylsilylphen-1-yl, 4-tbutyldimethylsilylphenl- 1-yl, 4-vinylphen-1-yl. vinylidene
bis (phenyl), and the like. The term "a C3-Cyy aromatic radical" includes aromatic radicals
containing at least three but no more than 10 carbon atoms. The aromatic radical 1-
mmidazolyl (C;HoN»-) represents a (3 aromatic radical. The benzyl radical (C;Hy-)

represents a Cr aromatic radical.

Aromatic radicals also include the following radicals
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and

wherein,

T is an mteger ranging from | to 20,
R 1s a side chain of an amino acid; and

V is selected from a group consisting of hydrogen,

NH ﬁ Tf’
% C C Z
% NH; H _E s
and

wherein, *s” ranges from | to 5

X

>

Z

wherein, Z is hydrogen or

NH

g NH,

As wsed herein, the fermn “amine acid” s a compound comprising both amine and

carboxy] functional groups. The carbon atom next to the carbonyl group of a carboxyl
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fimctional group is called the alpha-carbon. Amino acids with or without a substitution on
the aipha- carbon are referred to as alpha amino acids. In aming acids that have an amino
group and a carbon chain attached to the alpha-carbon, the carbons are labelied m order
as alpha, beta, garoma, and so on from the carbonyi carbon. An amino acid which has the
amino group attached to the heta or ganuma-carbon is referred to as heta or ganuna aming

acid respectively, and so on.

An alpha anvoo acid is an amine acid which bas amno and carboxylate groups honded to
the same carbon (the alpha carbon). The aipha carbon is one atom away from the

carboxylate group. An alpha amuno acid has a structure of Structure L

FLMOHR COOH

Structure |
Examples of alpha amino acid inclade, withoot himitation, alanine (Ala), arginine {Arg},

asparagine {(Asn}, aspartic acid {(Asp), cysteine ({ya),

glutamic acid {Glu), ghitamine
{GIny, glyeine (Gly), histidine (His), homooysteine (Hey), homoserine (Hse), 1soleucine
(lie}, leucine (Lew), tvsine {(Lys), methionine (Met}, norleucing (Mle}, norvaline (Nva),
ornithine {{Orn), penicillamine (Pen), phenylalanine (Phe), proline {Pro}, serine {Ser},
tyrosine {Thry, threonine (Trp), tryptophan {Tyr), valine {Val), pyroglutamic acid
(pGLU}, dinitrobenzyiated lvsing (dop-LYS}, phosphorviated threonine (pTHR),
phosphorylated serine (pSER), phosphorviated tyrosine {pTYR), citrulline (I}, A-
methylated alanine (nme-ALAY, Nemethylated isoleucme (nme-ILE), N-methylated
ieucine {nme-LEU}, M-methvlated phenylalanine (nme-PHE), N-methyvlated valine (nme-
VALY, N-methylated serine (ome-SER), AN-methylated threonine {(nme-THR), N-
raethylated tyrosine {(ome-TYR), aipha amimo-butyhe acid {alpha-ABA)Y, isc-aspartic acid
{130-ASP), acetviated bysine {Ac-LYS). Z-methyl alanine (Z2-Me-ALA)Y and oxamic acid

{OXA).

The term “side chain” as used herein with reference to amino acids refers to a chemical

group which is attached to the a-carbon atom of an amino acid, the side chain is unigue
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for each type of amino acid, and typically does not take part in forming the peptide bond
in a naturaily occurring protein or polypeptide. For example, R' in structure I represents
the side chain of an amino acid wherein: R’ is selected from the group consisting of
substituted  and unsubstituted  imidazolyl, substitiied and unsubstituted guaniding,
substituted and unsubstituted carboxyl, substituted and unsobstituted carboxamide,
substituted and unsubstituted alkyl, substituted and unsubstituted cycloalkyl, substitined
and unsnhstituted heterooyeloalkyl, substitiied and unsubstituted alkoxyl, substitnied and
unsphstituted  alkyvithio, subsiitnied and  unsubstitited  alkylamine, sobstiuted and
unsubstituied alkylearbonyi, substituted and unsubstituted perfluorcalkyd, substituted and
unsuhstituted  alloyl hahide, substituted and unsobstituted arvl, and substituted and

unstibstitoted heteroaryl groups.
The “side chain” R’ is selected from the group consisting of but not linited to H-, CHa,
HMN=C(MH - NHA(CHz o, FRN-CO-CUHp-, HOOC-CHzr, HS-CHz-, HaN-CO-(CHo b,

HE-{CHz)p-, HOOO- (UHop-, CH-CHo-OHICH ), (CHRpUH-CHa-, HMNC(CH -, CHi-
3-{CHz),, PhenybCH-, HO-CHy-, CH-CH{OH -, 4-OH-Pheny CHy-, CH-CH{CH ),

—CHQ—Q> Oﬁ NH
N N e N

derivatives thereof, For exammple, the side chain of L-Lysine is ~CH,CH,CHCHy-INH,

, and

the side chain of L-Phenvialanine is —~CH»-Ph and the side cham of L-aspartic acid is -
CH,-COQOH.

A beta amine acid s an amine acid which has an amino group bonded to the beta carbon
which is the second carbons away from the carboxviate group. Examples of beta amino
acid include, withowt lmitation, beta-alanine {(J-Ala). beta- arginine {(B-Arg). beta-
asparagine (B-Asn), heta-aspartic acid {B-Asp), beta-cvsteine (B~ Cys), beta-ghitamic acid

{(B-Gin}, beta-glutamoine (B-Gin), beta-histidine (B-His), beta- isolevcine {B-He), beta-
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lencine {B-Len), beta-lysine {§-Lys}, beta-methionine (B-Met), beta-phenyialanine (§-
Phe), beta-proline (f-Pro), beta-sering {B-Ser), beta-tyrosine (- Thr}, beta-threonine (B-

Trp}, beta-trvptophan (§-Tyr) and beta-valine (§-Val).

A gamuma amino acid is an amino acid which has an anuno group bonded o the gamima
carhon which is the third carbons away from the carboxylate group. Examples of gamma

amino acid mchide, without Hmtation, gamma-ghatamic acid {y- GLU.

Furthermore, amino acids can be modified synthetically, for example amino groups may
be guadinylated, acylated, alkylated, or arylated; aromatic groups may be halogenated,
nitrosylated, alkylated, sulphonated, or acylated. These modifications are meant to be
ilhustrative and not comprehensive of the types of modifications possible. Modification of
the amino acids would likely add to the cost of synthesis and therefore not preferred. The
tables | and H below list the genetically encoded amino acids (Table 1) and non-limiting
examples of non-conventional/modified amino acids {Table 1) which can be used with

the present invention.
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Table I: list of genetically encoded amino acids

7
)

TABLE |

PCT/IB2013/061090

Amno acid

Three-Letter Abbreviation

One-letter Symmbol

Adanine
Arginme
Asparagine
Aspartic acid
Cysteine
(litamine
CHutamice acid
Glveme
Histidine
Isolencine
Leueine
Lysine
Methionine
Phenvlalanine
Proline

Serine
Threonine
Tryptophan
Tyrosine
Valine

Al
Arg
Asn
Asp
Cys
Gin
Gilu
Gily
His
lie
Len
Lys
et
Phe
Fro
Ser
Thr
Trp
Tyr
Vil

Table II; list of non-conventional/modified amino acids

Non-conventional amino acid Code Non-conveniional amino acid Coile
Gramigobutyric acid Abu L-N-methvlalanine Nmala
a-arnino-g-methvlbatyrate Mgabu L-N-miethylarginine Nimarg
aminocyelopropane-carborylate Cpro L-N-methylasparagine Nrnasn
arminoisobutyric acid Aib L-N-rethylasparic acid Ninasp
antinonerbomyl-carboxylate Noarh L-Numethyleysteine Nineys
Cyelohexvialanine Chexa L-N-methylplotamine Nmgin
Cyclopentylalanine Cpen L-N-methylglutamic acid Ninglu
D-afanine Dl L-N-methylhistidine Nmbis
D-argimue Drarg I -N-methyliscdlencine Nmile
Deaspartic acid Drasp L-N-methyl{eucine Nmien
D-cystoine Doys L-N-mmethy Hysine Nmlvs
D-glutarnine Dgln L-N-methylmethionine Nnet
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D-ghutamic acid
D-histidine

D-isoleucine

D-leucine

D-lvsine

D-methionine
1/1~ornithing
D-phenylalanine
D-proline

D-serine

D-threonine
D-{ryptophan

D-tyrosine

D-valine
D-a-methytalanine
D-c-methylarginine
D-c-methylasperagine
D-ce-methyfaspartate
D-a-methvicysteine
D-c-methylglutamine
D-c~methylthistidine
D-a-methylisolencine
D-a-methyHeucine
D-o-methytiysine
D-a-methyimethionine
D-c-methylornithine
D-c-methyiphenvlalanine
D-u-methylproline
D-o-methylserine
D-a-methyithreonine
D-ce-methyftryptophan
[-ct-methyltyrosine
D-i-methyivaline
D-c-methylalnine

- -methylarginine
D-u-methylasparagine
D-c-mnethylasparatate
D-a-methylcysteine
D-N-hethylieucine
D-N-methyllysine
N-methyleyvelohexvlalanine
D-N-methylornithing
N-methylglycine
N-methylamineisobutyrate
N-{1-methvipropyhglycine
N-{2-methyipropyhelycine
N-(2~methyiprepyhglveine
D-N-methyltryptaphan
D-N-methyltyrosine
D-N-mmethvlvaline
v-aminabutyric acid
L-t-hutvlglveine
L-¢thylglveine
L-homophenylalanine
L-a-methylargimine
L-a-methylaspartate
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Pyl
Dihiis
Dile
Bisu
Dlvs
Dmiet
Bilom
Dphe
Dpro
Pser
Dhe
Drp
Dityr
Dval
Pmala
Dimnarg
Dirnasn
Dmasp
Dmeys
Pmigln
Pthis
Dmuile
Diilen
Polys
Promet
Dmom
Dophe
Prapro
Phiniser
Dhothr
Dmntrp
Dmty
Pmval
Dinrala
Domarg
Duimasn
Duumnasp
Pameys
Darndeu
Damlys
Nmchena
Pmimorn
Nala
Wiaib
Nile
Mile
Nieu
Dot
Domftyr
Dumval
Craln,
Thig
Eig
Hphe
Marg
Masp

PCT/IB2013/061090

L-N-methylnorlencine
L-N-methylnorvaline
L-N-methylornithine
L-Nemethylphenylalanine
1-N-methylproling
T~-N-methylserine
{-Nemethylthreonine
L-N-methyltrvptophan
L-N-methyltyrosine
L-N-methylvaline
1-N-methvlethyiglveine
L-N-methyl-t-butylglycine
L-nerleucine

L-norvaline
a-methyi-aminoisobatyrate
g-methyl-v-aminobutyrate
g-methylovelohexylalanine
ce-methyloyelopentylalanine
«-methyl-a-napthylalanne
a-methyipenicillamine
N-(deaminobutyDglycine
N-(2-amunoethyDglveine
N-{3-aminopropyDglycine
N-aminc-a-methyibutyrate
¢-napthylalanine
N-benzylglycine
N-(2-carbamylethy Dglveine
N-{earbamylmethyjglyeine
N-(2-carboxyethylelyoine
N-{carboxymethyl)glveine
N-cyelobutylglyeine
N-cyeloheptylglycine
N-cvelohexyiglveine
N-gyelodeeylglveine
N-gycledodeclghveine
N-eyeleoctvlglyeine
N-cyelepropylglyeine
N-cveloundecyiglveine
N-{2.2-diphenylethyl)glveine

N-{3, 3-diphenylpropy liglyeine

N-(3-indolytyethyl) glycine
N-methyl-y-aminobutyrate
D-Nemethylhmethionine
N-methylovelopentylalanine
D-Nomethylphenylalanine
D-N-methylproline
D-Ne-methylsering
D-Nemethylserine
D-N-methylthreonine
N-{1-methyviethylislveine
N-methyla-napthylalanine
N-methyipenicillammne
N-{p-hvdroxyphenyliglycine
N-{thiomethyhglycine
pencillamine
L~a-methylalanine

Nmmnle
Noinva
Nmmom
Nuphe
Nmpro
Nrsar
Nmthr
Nmitrp
Nmtyr
Nval
Nmefg
Nt
Nle
Nva
Maib
Wgabu
Mchex
Mopen
Manap
Mpen
Neglu
Naeg
Norn
Nmaak
Anap
Nphe
Nglin
MNasn
Nglu
Nasp
Nebut
Nchep
Nchex
Nedee
Nedod
MNeoet
Nepro
Neund
Nbhin
Nbhe
Nhtrp
Nmgat
[Dnmm
Nrepe
Dmpt
Dnmypt
Dnnge
Dunmse
Dumth
MWwva
Nmang
Nmper
Nhtyr
Neys
Fen
Mala
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L-ce-methylcysteine Meys Lra-mmethylasparagine Masn
L-a-methylgluamine Mgln L-a-methvl-t-butylglveine Mtbug
L-ce-methythistidine Mhis L-methylethylgiycine Metg
L-u-methyhisoleucine Mile L-c-methylghitamate Mgl
D-N-methvlglutamine Dnrngln L-o-methyvlhomo phenvialanine  Mhphe
D-M-methylglutamate Pinmgla N-{2-methyithioethybiglycine MNmet
D-N-methylhistidine Dnrnhis N-{3-gnanidinopropylighyeine Narg
D-N-methylisclevcine Dumile N-{{-hydroxyethyDglyeine Nthr
-N-methyllencine Dnmieu Nethydroxyethylglyeine Nser
D-N-methyvllbysine Drunlys N-{imidazolviethvDiglveine Nlus
N-methyleyelchexydalanime Ninchexa N-(3-dolvivethyDelvolne Nhtrp
D-N-methylomithine Pnmorn N-methvl-y-aminobutyrate Nmgabu
N-methylglyeine Nala D-N-methyhmethionine Dinminet
N-methylaminoisobntyrate Wntaib N-methyleyelopentylalanine Nmepen
N-{1-methvipropyl)slyeine Nile D-Numethyfphenyiatanine TDnmphe
N-(2-methvipropyljglveine leu D-N-methylproline Dinmpro
D-N-methyltryptophan Pinmtip D-Nemethylserine Dnnser
-N-methyltyrosine Donafyr D-N-methylthreonine Domithe
D-N-methylvaline Prunval N-{l-methylethylglveine Nwal
y-aminobufyric acid Ciabui N-methyla-napthylatanine Nmanap
L--butylglyeine Thug N-methvlpenicillamnine Nmpex

As used herein the term “peptide” refers (o a compound consisting of two ot more anino
acuds Hnked 1 a chain, the carboxyl group of each acid being joned {o the amino group

of the next by a bond of the type ~OC-NH-,

As used herein the term “dipeptide” as used herein, refers to a peptide composed of two
amino acids. For example, the dipeptide Arg-Phe is a dipeptide of arginime and

phenylalanine.

As used herein the term “tripeptide” as used herein, refers to a peptide composed of three
amino acids linked together by two peptide bonds. For example, the tripeptide Arg-Phe-
Gly is a tripeptide of arginine, phenylalanine and glycine which are linked by two peptide

bonds.

As vsed herein the term “polypeptide” as used herein, refers to a peptide composed of

more than three amino acids linked together by more than two peptide bonds.

As used herein, the term “amide bond” refers to the bond between an organic acid and an

organic amine and can be represented by the structure 11
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O
//ﬂ\\ Ry

Ry

Ry

Structure-il
Wherein, if R; can be an aromatic or aliphatic radical, R, can also be an aromatic or
aliphatic radical, R; is H or an aromatic or an aliphatic radical. The amide bond is a
secondary amide bond when R; is H. The amide bond is a tertiary amide bond if R; is an

aliphatic radical or an aromatic radical.

The term "pharmaceutically acceptable salt" as used herein, refers to salts of the
compounds that are substantially non-toxic to living organisms such that it could be
effectively used for the treatment of a subject. For example, the pharmacokinetics and
pharmacodynamics properties of a pharmaceutically acceptable salt may be suitable for
m-vivo usage. Typical pharmaceutically acceptable salts of the compounds of the subject
invention include those salts, which are prepared by reaction of the compounds of the
present invention with a pharmaceutically acceptable mineral acid or organic acid. Such

salts are classified as acid addition sakis.

The term "treatment” as used heremn includes any treatment of a condition or disease in a
subject and includes: (i) preventing the disease or condition from occurring in a subject
which may be predisposed to the disease but has not yet been diagnosed as having it; (i)
inhibiting the disease or condition, i.e. arresting its development; relieving the disease or
condition, i.e. causing regression of the condition; or relieving the conditions caused by

the disease, i.e. symptoms of the disease.

The term “effective amount” as used herein is a concentration at which an active
ingredient optimally performs it intended use. For example, it is an amount that is
effective to prevent a disease or condition from occurring in a subject and/or inhibit the
disease or condition, i.e. arrest its development; relieve the disease or condition, i.e. cause

regression of the condition; or relieve the conditions caused by the disease.

46



WO 2014/097178 PCT/IB2013/061090

The term “hydrophobic” as used herein to describe a compound of the present invention
or a substituent thereon, refers to the tendency of the compound or substituent thereon to
lack an affinity for, to repel or to fail to absorb water, or to be immiscible in water. The
term “hydrophobic”™ is not meant to exclude compounds or substituents thereon that are

not completely immiscible in water.,

For the purpose of the present invention, the terms “lipophilic” and “hydrophobic” may

be used interchangeably.

Herein throughout the phrase, “pathogenic microorganism” is used to describe any
microorganism which can cause a disease or disorder in higher organism such as
mammals in general and humans in particular. The pathogenic microorganism may
belong to any family of organisms, such as, but not limited to prokaryotic organisms,
eubacteriom, archaebacterium, eukaryotic organisms such as yeast, fungt, algae, protozoa

and other parasites.

“Drrug resistant bacterium”™ as used herein is a bacterium which is able to survive
exposure to at least one drug. In some embodiments the drug resistant bacterium is a
bacterium which is able to survive exposure to a single drug or multiple drugs. Examples
of drug resistant bacterium include but are not limited to vancomycin resistant bacterium

or methicillin resistant bacterium.

The present disclosure is further illustrated by the following examples. The following
examples are provided for illustrative purposes only and are not intended to limit the

scope of the disclosure.

Materials emploved for arriving at the examuples of the instant disclosure:

The solvents employed herein are of reagent grade and are distilled and dried prior to use
wherever required. The reagents emploved herein are purchased from Sigma-Aldrich,
5.D. Fine, Merck and Spectrochem. They are used in the experiments described in the

examples herein without further purification.
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Analytical thin layer chromatography (TLC) is performed on E. Merck TLC plates pre-
coated with silica gel 60 Fiss (250 pm thickness). Visualization is accomplished using
UV light and fodine. Column chromatography is performed on silica gel (60-120 mesh).
HPLC analysis is performed on a Shimadzu-LC 8A Liquid Chromatograph instrument
(C18 column, 10 mm diameter, 250 mm length) with UV detector monitoring at 254 nm.
Nuoclear magnetic resonance spectra are recorded on Bruker (AV-400) 4060 MHz
spectrometer in deuterated solvents. Infrared (IR} spectra of the solution of the
compounds (in Chloroform or Methanol) are recorded on Bruker IFS66 V/s spectrometer
using NaCl srystal. Optical density is measured by Tecan InfinitePro series M200

Microplate Reader.

Microorganisms and Culture Conditions: Bactenial strains, 8. awrens (MTCC 737) and

E ocoli (MTCC 443) are purchased from MTCC (Chandigarh, India). MRSA (ATCC

33391, Psewdomonas aeruginosa (ATCC 4676), [I-lactamase producing and drug-
resistant Klebsiella preumonia (ATCCT00603), Enterococcus faecium (ATCC 19634)
and vancomycin resistant Enterococcus faecium {ATCC 51559) are obtained from ATCC

(Rockville, MD, USA).

E. coli is cultured in Luria Bertani broth (10 g of tryptone, S g of yeast extract, and 10 g
of NaCl in 1000 mL of sterile distilled water {(pH -7) while §. aureus, Pseudomonas
aeruginosa (ATCC 4676) and MRSA are grown in Yeast-dextrose broth (1 g of beef
extract, 2 g of yeast extract, 5 g of peptone and 5 g of NaCl in 1000 mL of sterile distilled
water). For all Enferococcus faecium, Brain Heart Infusion broth (BHI) is used. For solid
media 5% agar was used along with above mentioned composition. K. preumonia was
grown in nutrient media (3 g of beef extract and 5 g of peptone in 1000 mL of sterile
distilled water). The bacterial samples were freeze dried and stored at -80°C. 5 ul of these
stocks were added to 3 mL of the nutrient broth and the culture was grown for 6 h at

37°C prior to the experiments,
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EXAMPLES:

The following examples provide details concerning the synthesis, properties, activities,
and applications of the compounds of the present disclosure. It should be understood the
following is representative only, and that the disclosure is not limited by the details set

forth in these examples.

EXAMPLE 1: Svmnthesis Of BOC-LYS(BOO-0OH

Lysine hydrochloride (about 5 g, 27.3 mmol) 1s dissolved in 50 ml HyO and to it NaHCO,
(6.9 g, 82.1 mumol) is added and stirred. To this, Di-r-butylpyrocarbonate (Boc,0) (7.16 g,
65.5 mmol) m 50 ml Tetrahydroforan (THF) is added at a temperature of about 0°C. The
sohution is stirred at room temperature (20°C to 35°C) and atmospheric pressure (1 atm)
for about! 2 hrs. After about 12 hrs, 7.16g, 65.5 mmol of Boc,O is added again and stirred
for about 12 hrs at room temperature (20°C to 35°C). At the end of the reaction, THF is
removed under reduced pressure and the agueous layer is washed with diethyl ether to
remove organic impurities. Then the aqueous layer is acidified to pH 4-5 using citric acid
sphution. Then the aqueous layer is extracted with Dichloromethane (DCM). The organic
laver is then washed with brine, dried over anhydrous Na;SOs. This BCM layer is
removed under reduced pressure to obtain BOC-LYS (BOC)-OH with a yield of about
90%.

("H NMR: 8 5.6 (d, 1F), 4.9 (s, 1H), 4.15 (t, 1H), 3.09 (d, 2H), 1.8 (m, 1H), 1.67 (m, 1H),
1.54-1.32 (22H). [M+Na]" obsd. = 369.2137 (calc. = 369.2002)

EXAMPLE 2 : svnthesis of ACK compounds

Example 2.4 Svnthesis of  Ne-alkvi-18-Aminomethvil-S-chloroanthracene

hvdrochloride {compounds 2a-2¢) as furnished in Fioure 2

About 0.5 g, (2.08 mmol) of 10-chloro-9-anthraldehyde and about 2.08 mmol alkyl
amines are dissolved in about 20 ml of 1:1 muxture of dry chloroform and methanol,
followed by stirring at room-temperature (under Nitrogen atmosphere) for about 6 hrs.

The resulting clear solution is then cooled to a temperatore of about O C, and about 0.142
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g {3.75 mmol} Sodium borohvydride is added to the cooled solution. The solution is
allowed to attain room temperature and stirred overnight. Then the solvents in the
solution are evaporated under reduced pressure (not to dryness) and diluted with about
30ml of diethyl ether. To this, about 20 ml of 2N NaOH is added and stirred for about 15
minutes, After separation from the NaOH layer, the organic layer is subsequently washed
with water (x2), brine and dried over MgSQ.. The volatiles are then evaporated under
reduced pressure and the residue is dissolved in minimumn volume of methanol. To this
about 3 ml of 4N HCI 1s added and instantaneous formation of precipitate is observed.
The volatile components are comapletely removed and the precipitate is dissolved in about
S ml of ethyl acetate (about 5 drops of methanol is added to dissolve the precipitate
completely). To this hexane is added to obtain pure crystals of the target compound (V-
alkyi-10-Aminomethyl-9-chloroanthracene hydrochloride) (Vield: >75%). These crystals
are filtered, dried and subsequently characterized using 'H NMR, IR and Mass

spectrometry.

The characterized profile of N-alkyl-10-Aminomethyi-9-chloroanthracene hydrochloride

1s Ulustrated below:

N-gthyl-18-aminomethyl-9-chloroanthracene hydrochloride (Za): TH-NMR (CDCL)
o/ppm: 10.0 (s, Ar-CHp-NH-CoHs ZH), 8.52 (d, ArH, 2H), 8.35 (d, AvH, ZH), 7.70 (L,
ArH, 2H), 7.61 (t, ArH, 2H), 4.9 (s, Ar-CH-NH»-, 2H), 2.75 (d,-NH,-CH,-CH, 2H),
1.24 (t, -NH-CH-CH;, 3H); HRMS (nv/z): [M+H] obsd. = 270.1052 (cale. = 270.1050).

N-butyl-1¢-aminemethyl-9-chloreanthracene hydrochleride (2b): 'H-NMR (CDCly)
S/ppnt: 9.9 (s, Ar-CHy-NH-CaHg 2H), 8.52 (d, ArfH, 2H), 838 (d. ArH, 2H), 7.72 (1, ArH
2H), 7.62 {t, ArH, 2H), 4.97 (s, Ar-CH,-NH;-, 2H), 2.65 (d, -NH»-CH,-C:H4, 2H), 1.73
{m, -NH»-CH,-CH>-CoHs, ZH), 118 (q, -NH>-C Hs-CH-CH;, 2H), 0.74 (¢, -NH>-CiHe-
CH;, 3H); HR-MS (m/z): [M+H] obsd. = 298.1337 (calc. = 298.1357).

N-hexyi-10-aminomethyl-9-chloroanthracene hydrochloride (2¢) 'H-NMR (CDCL)
Sfppt: 9.9 (s, Ar-CHo-NH-CsHia, 2H), 8.52 (d, Arf, 2H), 8.38 (d, ArH, 2H), 7.72 (4,
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1,74 (t,-NH»-CH-CH-CaHo, 2H), 1.18-1.0 (m, -NH»-CoHs-(CHo)-CHs, 6H), 0.74 (, -
NH-CsHio-CHy, 3H); HR-MS (m/z): [M+H] obsd. = 326.1670 (calc. = 326.1676).

N-gctyl-10-aminomethyl-9-chloroanthracene hydrochleride (2d): 'H-NMR (CDCL)
d/ppm: 9.9 (s, Ar-CH,-NH-CgHyp 2H), 8.52 (d, Arfd,_2H), 8.38 (d, ArH, 2H), 7.72 (1,
ArTH, 2H), 7.62 (1, AtH, 2H), 4.97 (s, Ar-CH,-NH»-, 2H), 2.64 (d,-NH,-CH-CoHy, 2H),
1.74 (1,-NH2~-CH3-CH-CeHia, 2H), 1.2-1.0 (m, -NHy-CoHs~(CH)s-CH;, 10H), 0.79 (¢, -
NH3-C7H 4-CH;, 3H); HR-MS (m/z): [M+H] obsd. = 354.1960 (cale, = 354.1983).

N-decyi-10-aminomethyl-9-chioreanthracene hydrochloride (Ze): 'H-NMR (CDCly)
dppm: 9.9 (s, Ar-CHo-NF-CioHzy, 2H), 8.52 (d, Arfd, 2H), 838 (d, ArH, ZH), 7.72 (1,
ArH, 2H), 7.62 (t, ArH, 2H), 4.97 (5, Av-CH-NHa-, 2H), 2.64 (d, -NH-CH,-CoHye, 2H),
1.74 (t, -NH-CHo-CH~CgHar, 2H), 118-1.0 (m, -NH»-CoHs-(CH ) »-CHs, 14H), 0.82 (¢, -
NH-CoH5-CH;, 3H); HR-MS (m/z): [M+H] obsd. = 382.2273 (cale, = 382.2296).

Exampie 2.2: Svnthesis of Beoc-Lyvs{Bocl-N-alkvi-16-Aminomethyl-9-

chioroanthracenc {compounds 2{-21) as furnished in Fizure 2

To a stirred solution containing about 0.2 g {0.58 mmol) of Boc-Lys(Boc}-OH in about 7
ml of 5:2 DMF/CHCL, about 250 pl (1.44 mmol) of N N-Diisopropylethylamine
(DIPEA) is added at temperature of about 0°C. To this solution about 0.22¢, 0.58 mmol
of HBTU is added. This muxture is stured for about 5 munutes at about 0°C and
subsequently, about 048 wmmol  N-alkyl-10-Aminomethyl-9-chloroanthracene
hydrochloride is added. The mixture is again stirred at about 0°C for about 30 minutes
and subsequently at room temperature for about 24 hrs. At the end of about 24hrs, CHCl;
is evaporated under reduced pressure and the resulting solution is diluted to 2 times its
original volume by addition of ethyl acetate. This mixture is subsequently washed with
0.5 M KHSO4, H,O (x3) and brine. After passage through anhydrous Na,SO,, the volatile
components are evaporated under reduced pressure and the residue is purified using

column  chromatography  (only CHCL) to  obtain  Boc-Lys(Boc)-N-alkyl-10-
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Aminomethyl-9-chloroanthracene with an yield of about 65% to about 90%. The purified

compound is subsequently characterized using 'H NMR, IR and Mass spectrometry.

The characterized profile of Boc-Lys(Boc)-N-alkyl-10-Aminomethyl-9-chloroanthracene

is illustrated below:

Boc-Lys(Boc)-N-ethyl-10-Aminomethyl-9-chloroanthracene (28 'H-NMR (CDCL)
S/ppm: 8.61 (d, ArH, 2H), 8.29 (d, ArH, 2H), 7.60 (m, ArH, 4H), 6.05 (d, Ar-CH'H*-

[CH-CH - CH - CH-CHy-NH-COO-C{CH;);: -NH-COO-C{CH s Lys(boc),, 24H), 1.03
(t,-CH»-CH; of R group, 3H). FT-IR (cm'l): 3354 {carbamate N-H str.}, 3085 (sp2 C-H
str), 2967-2867 (sp® C-H str), 1704 (C=0 str. of carbamate), 1643 (C=0 str. of tertiary
amide), 1517-1450 (aromatic C=C str.), HRMS (n/z): [M+H]' obsd. = 598.3043 (cale. =
598.2969).

Boc-Lys(Boe)-N-butyl-10-Aminomethyi-9-chloroanthracene (2gn "H-NMR (CDCh)

S/ppm: 8.61 (d, At 2H), 8.29 (d, ArH, 2H), 7.60 (m, ArH, 4H), 6.08 (d, Ar-CH'H*-
N(R)Lys(boc),, 1H), 542 (d, a-NH-Boe of Lys(hoc), 1H), 529 (d, Ar-CH'H’-
N{R}Lys{boc), 1H), 4.56 (m, Lys{e-NH-Boc)-a-NH-boc and o-CH of Lys(boc) 2H)
3.1-2.81 (3-CH; of Lys{boc); and Ar-CHa-N{-CH-CHa)Lys{boc), 4H), 1.62-1.3 (-CO-
[CH-CH - CH - CH-CHp-NH-COO-C(CH )3 -NH-COO-C(CH; )3 Lys(boe),  and  ~CHj-
CH-CoHs of R group, 26H), 1.0 (m,~CoHa-CH-CHy of R group 2H), 0.63 (4,-CiHe-CH;
of R group, 3H). FT-IR (om™): 3354 (carbamate N-H str.), 3083 (sp® C-H str.), 2967-
2867 (S‘p‘3 C-H str.), 1711 (C=0 str. of carbamate), 1631 (C=0 str. of tertiary amide),
1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+K] obsd. = 664.4545 (calc. =
664,292,

Boc-Lys(Boe)-N-hexyl-10-Aminomethyl-9-chloroanthracene (2hy: 'H-NMR (CDCl)
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N{R)Lys(boc),, 1H), 4.56 {m, Lys(e-NH-Boc)-a-NH-boc and o-CH _of Lvs{bock,, 2H}
3.1-2.81 (3-CH> of Lys(boc), and Ar-CH,-N{(-CH,~CH;)Lys(boc),, 4H), 1.63-1.3 (-CO-
[{CH-CH -CH-CH~CHp-NH-COO-C(CH3);1-NH-COO-C{CH;); of Lys(boc), and —CHo-
CH-CaHy of R group, 26H), 1.05 (in,—CoHy-CH-CiHy of R group 2H), .94 {mm,—C Hy-

(carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 (sp° C-H sir.), 1705 (C=0 str. of
carbamate), 1634 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.}. HR-M3
(m/z): [M+H] obsd. = 654.3619 (calc. = 654.3668).

Boc-Lys(Boc)-N-octyl-10-Aminomethyl-9-chlorcanthracene (2i): 'H-NMR (CDCly)
ofppm: 8.61 (d, Axld, ZH), R8.29 (d, Arf, 2H), 7.60 (m, AtH, 4H), 6.08 ({d, A},‘—CfiﬂHz—
N{R) Lys(boch, 1H), 542 {d, a-NH-Boc of Lys(boc), 1H), 5.29 (d, Ar-CH'H -
N(R)Lys(bock, [H), 4.56 (m, Lys{(e-NH-Bocl-a-NH-boc and o-CH _of Lys(boc)h, 2H)
3.1-2.81 (6-CH> of Lys{boch and Ar-CH-N(-CH-CHj)Lys(boc),, 4H), 1.63-1.28 (-CO-
[CH-CH-CH-CH~CHp-NH-COO-C(CH;);31-NH-COO-C(CH;); of Lys(boc); and —CHo-
CH-CeHys of R group, 26H), 1.18 {(m, —CoHy-CH>-CsHyy of R group, 2H), 1.12-0.87 (-
CiHr-(CH2)~CHs of R group, 8H) 0.73 {1, -C/Hy4-CHof R group, 3H). FT-IR (cm"):
3354 (carbamate N-H str.), 3085 (sp” C-H str), 2967-2867 (sp” C-H str.), 1696 (C=0 str.
of carbamate)}, 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.}. HRMS
(w/z): [M+H] obsd. = 682.3897 (calc. = 682.3981).

Boc-Lys(Boc}-N-decyl-18-Aminomethyl-9-chioroanthracene (2j): "H-NMR {(CDCly)
Sfppm: 8.61 (d, AtH, 2H), 8.29 (d, ArH, 2H), 7.60 (m, AtH, 4H), 6.08 (d, Ar-CH'H™-
N(R)Lys(boc),, 1H), 542 {d, o-NH-Boc of Lys(bocy, [H), 529 {4, Ar-CH'H-
N{R)Lys(boc},, 1H), 4.56 {(m, Lys (e-NH-Boc)-a-NH-boc and a-CH _of Lys(boc), ZH)
3.1-2.81 (8-CH, of Lys{boc), and Ar-CH,-N(-CH,-CHj)Lys(boc),, 4H), 1.62-1.28 (-CO-
[CH-CH -CH ,-CH,-CH»-NH-COO-C(CH;);-NH-COO-C(CH;); of Lys(boc), and —CH;-
CH>-CsHy7 of R group, 26H), 1.31-0.8 (CH»-CHo-CsfH 7 of R group, 17H). FT-IR {cm’
Y: 3334 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 {sp- C-H sir.), 1704 (C=0

str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C sir.).
HRMS (m/z): [M+H] obsd. = 710.4220 (calc. = 710.4294).
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Example 2.3: Svanthesis of Lys-N-alkvi-10-Aminomethvi-9-chloroanthracene

trifluoroacetates {compounds 2k-20) as furnished in Fisure 2

About 0.35mmol of Boc-Lys(Boc)-N-alkyl-10-Aminomethyl-9-chloroanthracene is
dissolved in about 5mi DCM and subsequently CF3COOH (50% by volume) is added
and stirred at room temperature. The reactions are monitored by TLC until complete
removal of starting material is observed. All the volatile components are removed by
evaporation under pressure, and the product is purified by reverse phase HPLC using
0.1% Trifluoro acetic acid (TFA) in water and acetonitrile (0-100%) as mobile phase,
C18 columm (10mm diameter, 250 mm length) as stationary phase and UV detector at
270 nm wavelength is used. Afier drying the compounds i freeze drier, they are

characterized by 1H NMR, IR and mass spectrometry.

The characterized profile  of  Lys-N-alkyl-10-Aminomethyl-9-chloroanthracene

trifluoroacetate is illustrated below:

Lys-N-ethyl-16-Aminomethyl-9-chloreanthracene trifluercacctate 2k, ACK-2):
TH-NMR (2:0) 8/ppm: 8.48 (4, Arf, 2H), 8.13 (d, AtH, 28), 7.71 (m, ArH, 4H), 5.82 (4,
Ar-CH'H-N(R)Lys, 1H), 5.16 (d, Ar-CH'H-N(R)Lys, 1H), 4.4 (t, a-CH of Lys, 1H),
3.0 (m, e-CH, of Lys, 2H), 2.67 (m, Ar-CH»-N(CHCH;iLys, 2H), 1.81 {m, yv-CH; of
Lys, 2H), 1.50 (m, 8-CH> of Lys, 2H), 1.28 (m, B-CH'H” of Lys, 1H), 1.16 (m, B-CH'H’
of Lys, 1H), .92 (t, N-CH-(H; of B, 1H). FT-IR { ent): 3414 (primary amine N-H str.),
3089 (sp” C-H str.), 2967-2867 (sp’ C-H str.), 1678 (C=0O str. of tertiary amide), 1517-
1450 (aromatic C=C str.). HR-MS (mv/z): [M+H]' obsd. = 398.1976 (calc. = 398.1999).

Lys-N-butyi-1¢-Aminomethyl-9-chloreanthracene trifluoroacetate (21, ACK-4):

TH-NMR (D,0) 8/ppm: 8.58 (d, Arf, 2H), 8.24 (d, AtH. 2H), 7.71 (m, ArH, 4H), 5.92 (4,
A-CHH-N(R)Lys, 1H), 5.28 (d, Ar-CH'H-N(R)Lys, 1H), 4.4 (t, a-CH _of Lys, 1H),
3.0 (m, e-CH) of Lys, 2H), 2.67 {(m, Ar-CHo-N(CHACH L H3)Lys, 2H), 1.85 (m, v-CH>

CHo-N(C3Hs(CH s hys, 3H). FT-IR {ero'y: 3414 (primary amine N-H str.), 3089 (sp” C-H
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str.), 2962-2867 (sp® C-H str.), 1678 (C=0 str. of tertiary amide), 1517-1450 (aromatic
C=C sir.). HR-MS (m/z): [M+H] obsd. = 426.2283 (calc. = 426.2312).

Lys-N-hexyl-16-Aminomethyl-9-chloroanthracene trifluoroacetate 2m, ACK-6):

TH NMR (D,0) o/ppm: 8.23 (d, ArH, 2H), 7.94 (d, ArH, 2H), 7.49 (m, ArH, 4H), 5.60 (d,
Ar-CHHAN(R)Lys, 1H), 5.03 (d, Ar-CH'H-N(R)Lys, 1H),4.23 (t, o-CH of Lys, 1H),
278 (m, e-CH, of Lys, 2H), 2.7-2.23 (m, Ar-CHo-N(CH CsHy)Lys, 2H), 172 (m, v-CH>
of Lys, 2H), 1.52 (m, 8-> of Lys, 2H), 1.41-1.19 (B-Ci> of Lys, 2H) 1.0-0.7 (Ar-CH»-
FT-IR {cm™): 3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2967-2867 (sp” C-H
str.), 1678 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z):
[M+H]' obsd. = 454.2595 (cale. = 454.2625).

Lys-N-octyl-10-Aminomethyi-9-chloroanthracene trifluoreacetate (2n, ACK-8):

'"H NMR (D,0) 8/ppm: 8.04 (d, AcH, 2H), 7.94 (d, ArH, 2H), 7.35 (m, Atf, 4H), 5.46 (d,
Ar-CHHP-N(R)Lys, 1H), 5.09 (d, Ar-CHH-N(R)Lys, 1H), 4.17 (t, «-CH of Lys, 1H),
2.82 (m, e-CH, of Lys, 2H), 2.57-2.29 (m, Ar-CHo-N(CHCsHy)hys, 2H), 1.73 (m, y-
CHoof Lys, 2H), 1.52 (m, 8-CH of Lys, 2H), 1.40-1.15 (B-CH: of Lys, 2H), 1.0-0.1 {Ar-
CHp-N(CHa(CH s CH3)ys, 15H). FT-IR {em™'): 3414 (primary amine N-H str.), 3089
(sp” C-H str.), 2967-2867 (sp’ C-H str.), 1678 (C=0 str. of tertiary amide), 1517-1450
(aromatic C=C str.). HR-MS (m/z): [M+H] obsd. = 482.290 (calc. = 482.293).

Lys-N-decyl-10-Aminomethyi-9-chloroanthracene trifluorsacetate (2o, ACK-10}:

TH NMR (CD;0D) &/ppm: 8.52 (d, AtH, 2H), 848 (d, ArH, 2H), 7.8-7.5 (ArH and Lys-
e-NH>, 6H), 6.04 (d, Ar-CH'H-N(R)Lys, 1H), 5.54 (d, Ar-CH' B-N(R)Lys, 1H), 4.3 (1,
a-CH of Lys, 1H), 3.0-2.8 (e-CH, of Lys and Ar-CH»-N(CH,CoHyo)Lys, 4H), 1.9-1.7 (y-
CHy of Lys, 2H), 1.6-0.8 (B-CH- of Lys, &-Cf, of Lys and Ar-CHy-N(CH-(CH )
CHpLys, 23H). FT-IR (cm"“): 3414 (primary amine N-H sir.), 3089 (31}2 C-H str.), 2967-
2867 {sp’ C-H str.}, 1678 {C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.).
HR-MS (m/z): [M+H] obsd. = 510.3259 (cale. = 510.3251).
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EXAMPLE 3 : Svnthesis of NCK compounds as furnished in Fisure 3

The compounds represented in the NCK series follow a similar protocol of preparation as
the compounds mentioned in the ACK series {as illustrated in Figure 5). The only
difference is that the starting aldehyde used to couple with the alkylamines is

Naphthaldehyde.

Example 3. 1: Svymthesis of N-alkvi-1-Aminomethvinaphthalene hvdrochlorides

{campounds 3a-3e) as furnished in Fioure 3

About 0.5 g (3.2 muol) of 1-Naphthaldehyde and about 3.2 mmol of alkyl amines are
dissolved in about 20 ml of dry methanol and stured at room-temperature {onder
Witrogen atmosphere) for about 6 hrs. The resulting clear solution is then cooled to a
temperature of about 0°C. To the cooled sohition, about 0.218g (5.76 mmol) of Sodium
borohydride is added. The solution is allowed to attain room temperature and stirred
overnight. Then the solvents in the solution are evaporated under reduced pressure (not to
dryness) and diluted with diethy] ether. To this, about 20 ol of 2N NaOH is added and
stirred for about 1S minutes. After separation from the NaOH layer, the organic layer is
subsequently washed with water (x2), brine and dried over MgS04. The volatile
components are then evaporated under redoced pressure and the residue is dissolved in
about Zmlof methanol. To this, 3 mi of 4N HCl is added and mnstantaneous formation of
precipitate is observed. The volatiles components are completely removed and the
precipitate is dissolved i minimum volume of ethyl acetate (a few drops of methanol is
added to dissolve the precipitate completely). To this, hexane is added to obtain pure
crystals of N-alkyi-T-Aminomethylnaphthalene hydrochlorides with an yield of about
75%. These crystals are filtered, dried and subsequently characterized using 'H NMR, IR

and Mass spectrometry.

The characterized profile of N-alkyl-1-Aminomethyinaphthalene hydrochlorides is

ilhastrated below:
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N-butyl-1-aminomethyinaphthalene hydrechloride (3a): 'H NMR (CDCL) 8/ppne: 9.9
(s, Ar-CH>-NH-C4Ho, 2H), 8.12 (d, ArH, 1H), 7.85 (m, Arfd, 3H), 7.64 (t, ArH, 1H),
7.52 {q, Ardd, 2H}, 4.5 (s, Ar-CH»-NH,-, 2H}, 2.77 {m, -NH»-CH»-CsH, 2H), 1.83 (m, -
NH-CH»-CH-CoHs, 2H), 1.29 (m, -NH»-CoHa-CH-CH,, 2H), 0.82 (1, -NH»-CiHe-CHj,
3H). HR-MS (m/z): [M+H] obsd. = 214.1567 (calc. = 214.159).

N-hexyl-1-aminomethylnaphthalene hydrochloride (3b): 'H NMR (CDCL) 8/pput: 9.9
(3, Ar-CHo-NH-CeHys, ZH), 8.12 (d, Arfn{.n 1H}, 7.85 (m, AcH, 3H), 7.64 (t, AcH, 1H),

CH;, 3H). HR-MS (n/z): [M+H} obsd, = 242.1889 (ca,c, = 242,1903)0

Loctyl-1-aminomethylnaphthalene hydrochloride (3c): 'H NMR (CDCh) 8/ppnt 9.9
(s, Ar~-CHp-NH-CeHyy, 2H), 8.12 (d, Acdd, 1H), 7.85 (m, A, 3H), 7.64 (t, ArH, 1H),
750 {q, AvH, 2H), 4.5 (5, Ar-CH>-NHo-, 2H), 2.75 (&, -NH-CH-CsHyi, 2H), 1.85 (g, -
NH-CHo-CH-CsHis, 2H), 1.3-1.1 («NH-CoHs-(CHL)s-CH3, 10H), 0.82 (t, NH-CoH -
CH;, 3H). HR-MS (m/z): [M+H] obsd. = 270.252 (calc. = 270.2216).

N-decyl-1-aminomethylnaphthalene hydrochloride 3d): '"H NMR (CDCl) 8/ppnt: 10
(s, Ar-CHp-NH-CoHyy, 2H), 812 (d, ArH, 1H), 7.85 (m, Ard, 3H), 7.64 (t, ArH, 1H),
7.51 (q, ArH, 2H), 4.5 (5, Ar-CH»NHj-, 2H}, 2.75 (t, -NH,-CH-CsHyy, 2H), 1.85 (g, -
NH-CHyp-CH~CsHys, 2H), 1.3-1.1 (+NH-CoHs-(CH ) -CH3, 14H), 0.82 (t ~NH-CrHi
CH;, 3H). HR-MS (m/z): [M+H] obsd. = 298.2541 (calc. = 298.2535).

N-dodecyl-1-aminemethylnaphthalene hydrochloride (3e): 'H NMR (CDCL) d/ppn:
10 (s, Ar-CH»-NH»-CgHyq, 2H), 8.12 (d, AvH, 1H), 7.85 (m, ArH, 3H), 7.64 {t, ArH, 1H),
7.51 (g, ArH, 2H), 4.5 (s, Ar-CH,-NH,-, ZH), 2.75 {t, -NH»-CH-CsHy;, 2H), 1.85 (q. -
NH-CHo-CHL-CeHys, 2H), 1.3-11 (-NH-CoHs~{(CHJ5-CH, 18H), 0.82 (¢, ~NH»~C7H -
CH;, 3H). HR-MS (m/z): [M+H]" obsd. = 326.2839 (calc. = 326.2R4%).
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Example 3.2: Svnthesis of Boc-Lvs{Boc)-N-butvi-l-Aminomethvinaphthalenes

{compounds 31-31) as furnished in Visure 3

To a stirred solution containing about 0.42 g, 1.2 mmol of Boc-Lys(Boc)}-OH in about 7
ml of 5:2 DMF/CHCl,, about 522 pb (3 mmol) of N N-Diisopropylethylamine (DIPEA)
is added at a temperature of about 0°C. To this sohution, about 0.46 g, 1.2 mmol of HBTU
is added. The mixture is stirred for about 5 minutes at a temperature of about (°C and
subsequently about 1 mmol of N-alkvi-1-Aminomethyinaphthalene hydrochlornide is
added to it. The mixtare is again stirred at a temperatore of about 0°C for about 30
minutes and subsequently at room temperatore for about 24 hrs. At the end of 24 hrs,
CHCl; 1s evaporated under reduced pressure and the resulting solution is diluted to about
2 times s original volume by addition of ethyl acetate. This mixture is subsequently
washed with 0.5 M KHSO,;, HoO (x3) and brine. After passage through anhydrous
NazSOy, the volatile compounents are evaporated under reduced pressure and the residue is
purified using column chromatography (only CHCL) to obtain Boc-Lys(Boc)}-N-butyl-1-
Awminomethyinaphthalenes with a yield of abouwt63% to about90%. The purified

compound is subsequently characterized using 'H NMR, IR and Mass spectrometry.

The characterized profile of Boc-Lys(Boc)-N-butyl-1-Aminomethylnaphthalenes  is

tlustrated below:

Bec-Lys(Boc)-N-butyl-1-Aminomethylnaphthalene (3f): 'H NMR (CDCL) &/ppn:
8.0-7.74 (AtH, 3H), 7.60-7.34 (ArH, 3H), 7.31-7.14 (ArH, 1H), 5.5-5.0 ( Ar-CHH’-
N{R}Lys{boc), and g-NH-Boc of Lys(boc),, 2H), 4.75-4 .40 (ApCH]_iiz -N{R}Lys{boc),,
Lys {e-NH-Boc)-a-NH-boc and o-CH of Lys(boch, 3H}, 3.40-3.0 (5-CH,; of Lys(boc),
and Ar-CH-N{(-CH-CiHyLys(boc},, 4H), 1.72-1.12 (-CO-[CH-CH-CH-CH - CH,-NH-
COO-C(CH;):-NH-COO-C(CH3); of Lys(boc), and —CHy~(CH,)-CHy of R group,
28H), 0.84 (m, Ar-CH-N(-CsHe-CH)Lys(boc),, 3H). FT-IR ety 3331 (carbamate N-
H str), 3085 (sp” C-H str.), 2975-2865 (sp® C-H str.), 1709 (C=0 str. of carbamate), 1643
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]
obsd. = 542.3641 {(calc. = 542.3594).
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Boc-Lys(Boe)-N-hexyl-1-Aminomethylnaphthalene (3g): 'H NMR (CDCL) &/ppm:
8.0-7.74 (AtH 3H), 7.60-7.34 (ArH, 3H), 7.31-7.14 {(AtH 1H), 5.5-5.0 { Ar-CH'H-
N(R)Lys(boc), and o-NH-Boc of Lys(boc), 2H), 4.75-440 (Ar-CH'H-
N{R)Lys(boc),Lys (e-NH-Boc)-a-NH-boc and a~-CH of Lys(boch, 3H), 3.40-3.0 (6-CH,
of Lys{boc), and Ar-CH,-N(-CH-CsH;)Lys(boc),, 3H), 1.72-1.12 (-CO-[CH-CH,-CH -
R group, 32H), 0.84 (m, Ar-CHo-N(-CsHio-CH)ys(boc),, 3H). FT-IR (em™): 3331
{carbamate N-H sir.), 3085 (sz C-H str.), 2967-2867 (31}3 C-H sir)), 1709 (C=0 str. of
carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.}. HR-M3
(m/z): [M+H] obsd. = 570.3954 (cale. = 570.3907).

Boc-Lys(Boec)-N-octyl-1-Aminomethylnaphthalene (3h): 'H NMR (CDCL) &/ppm:
8.0-7.74 (ArH, 3H), 7.60-7.34 (ArH, 3H), 7.31-7.14 (ArH, 1H), 5.5-5.0 (Av-CHH-
N(R)Lys(boc), and a-NH-Boc of Lys(boc)z, 2H), 4.75-4.40 (Ar-CH H-N(R)Lys(boc),
Lys (e-NH-Boc)-a-NH-boc and o-CH of Lys(boch, 3H}, 3.40-3.0 (6-CH; of Lys(boc),
and Ar-CHy-N{-CH-CsHiiLys(boc)s, 4H), 1.72-1.12 {(-CO-[CH-CH-CH-CH-CHs-
NH-COO-C(CH;)3-NH-COO-C(CH3); of Lys(boc), and ~CH:~(CH,)6-CHs of R group,
36H), 0.84 (m, Ar-CHp-N{-C7H4-CHz)Lys{boc),, 3H). FT-IR (cm’l}: 3331 {carbamate N-
H str.), 3085 (sz C-H str.}, 2967-2867 (S‘p3 C-H str.), 1709 (C=0 str. of carbamate), 1640
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z); [M+H]
obsd. = 598.4246 (calc. = 598.422)

Boc-Lys(Boc)-N-decyl-1-Aminomethvlnaphthalene (3i): 'H NMR (CDCL) 8/ppm: 8.0-
774 (ArH, 3H), 7.60-7.34 (ArH, 3H), 7.31-7.14 (ArH, 1H), 5.5-5.0 (Ar-CH'H’-
N(R)Lys(boc}, and a-NH-Boc of Lys(boc), 2H), 4.75-4.40 (Ar-CH' H-N{R)Lys(boc),
Lys {e-NH-Boc)-a-NH-boc and «-CH _of Lys(boc). 3H), 3.40-3.0 (8-CH; of Lys(boc),
and Ar-CHp-N(-CH:-CsHy)Lys(boc),, 4H), 1.72-1.12 (-CO-[CH-CH,CH,-CH,-CH;-

40H), 0.84 (m, Ar-CHo-N(-C7H 1~CH L ys(boc),, 3H). FT-IR (cm'l): 3331 (carbamate N-
H str), 3085 (sp” C-H str.), 2967-2867 (sp” C-H str.), 1709 (C=0 str. of carbamate), 1640
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]
obsd. = 625.445 {(calc. = 625.4455)
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Boc-Lys(Boe)-N-dodecyl-1-Aminomethylnaphthalene (3§): 'H NMR (CDCL) &/ppm:
8.0-7.74 (ArH, 3H), 7.60-7.34 (ArH, 3H), 7.31-7.14 (AtH, 1H), 5.5-5.0 (Ar-CH'H*-
N(R)Lys(boc): and a-NH-Boc of Lys(boc), 2H), 4.75-4.40 (Ar-CH'H>-N(R)Lys(boc),,
Lys (s-NfA-Boc)-a-NH-boc and o-CH of Lys(boc), 3H), 3.40-3.0 (3-CH; of Lys{boc),
and Ar-CH,-N(-CH,-CsHi)Lys(boc),, 4H), 1.72-1.12 (-CO-[CH-CH,-CH-CH»-CH>-

44H), 0.84 (m, Ar-CHo-N(-C7H4-CH 33 Lys(boch, 3H). FT-IR (cm"j}: 3331 {carbamate N-
H str.), 3085 (sp” C-H str.), 2967-2867 (sp” C-H str.), 1709 (C=0 str. of carbamate), 1640
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]"
obsd. = 654.4842 (calc. = 654.4846)

Example 3.3: Lys-N-alkvi-l-Aminomethvinaphthalene triflyoroacetates (compounds

3k-30) as furnished in Ficure 3

About 0.7 mmol Boc-Lys {(Bocl-N-alkyi-1-Ammomethylnaphthalene compound s
dissolved in about Smil of DCM and subsequently CF,COOH (50% by volume) is added
and stirred at room temperature. The reactions are monitored by TLC until complete
removal of starting material. All the volatile components are removed by evaporation,
and the product is purified by reverse phase HPLC using 0.1% Trifluoro acetic acid
(TFA) in water and acetonitrile ((-100%) as mobile phase. Ciz column (10mm diameter,
250 mm length) as stationary phase and UV detector at 270 nm wavelength is used. After
drying the compounds in freeze drier, the compounds were characterized by "H NMR, IR

and mass spectrometry.

The characterized profile of Lys-N-alkyl-Aminomethylnaphthalene trifluorcacetate is

ithustrated below:

Lys-N-butyi-1-Aminomethylnaphthalene triflusreacetate {3k, NCK-4):

2.84 (d, s-CH of Lys, 2H), 2.04-1.10 (B-CH of Lys, v-CH> of Lys, 5-CH> of Lys and

---------------------- 7 ]
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Ar-CHy-N(CHA(CH2),CHA)Lys, 10H), 0.85 (m, Ar-CH-N(C:HsCHi)Lys, 3H). FT-IR
(cor'): 3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2967-2867 (sp’ C-H str.),
1678 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.}. HR-MS (ny/z): [M+H]"
obsd. = 342.26729 (calc. = 342.2545).

Lys-N-hexyi-1-Aminomethylnaphthalene triflusroacetate 3L, NCK-6):
'H NMR (D,0) &/ppro: 7.87-7.5 (AtH, 2H) 7.5-7.0 (AtH, 5H), 5.14 {4, Ar-CH'H-
N(R)Lys, 1H), 4.48 (d, Ar-CH' H-N(R)Lys, 1H) 4.37 (m, 0-CH_of Lys, 1H), 3.21-2.7

\erdomitiz \dmliniiL L Er A S EE AT oA Y (e T3

(primary amine N-H str.}, 3089 (sp” C-H str.), 2967-2867 (sp” C-H str.), 1678 {C=0 str.
of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (w/z): [M+H] obsd. =
370.2849 (cale. = 370.2858).

Lys-N-petyl-1-Aminomethyinaphthalene triflusroacetate 3m, NCK-8):

TH NMR (D:20) 8/ppm: 7.71-7.5 (AtH, 2H) 7.44-6.91 (ArH, 5H), 5.0 (4, Ar-CHH-
N{R)Lys, 1H), 4.4 (d, Ar-CH'H' SN{RLys, 1H) 4.29 (m, «-CH of Lys, H), 3.18-2.59
{Ar-CHo-N{CH(CH ), CH3}oys and e-CH of Lys, 4H), 1.87-1.60 {(d, v-CH; of Lys. 2H},
1.60-1.02 (B-CH; of Lvs. 8-CH; of Lvs and Ar-CH-N{CH,CHCyH 53 ys, 6H), 0.85 (m,
Ar-CHo-N(CoHs(CH L CH)ys, 10H), 0.56 (m, Ar-CH-N{C-H . CHs)Lys, 3H). FT-IR
(cm"’): 3414 {primary amine N-H str.}, 3089 (sp?‘ C-H str.}), 2967-2867 (sp3 C-H str},
1678 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]"
obsd. = 398.3228 (calc. = 398.3171).

Lys-N-decyl-1-Aminomethylnaphthalene triflusroacetate (3n, NCK-103:
"H NMR (CDH:OD) &/ppnv 8.2-7.8 (ArH, 3H) 7.7-7.3 (AtH, 4H), 5.6 (d, Ar-CHH*-
N(R)Lys, 1H), 4.7 (d, Ar-CH'H-N(R)Lys, 1H) 4.4 (m, a-CH of Lys, 1H), 3.6-2.59 (Ar-

e AP W R R S P~ e )
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" 3414 {primary amine N-H str.}, 3089 (sp2 C-H str.}, 2967-2867 (sp3 C-H str.), 1678
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (nv/z): [M+H]
obsd. = 426.3458 (calc. = 426.3484).

Lys-N-dodecyl-1-Aminomethylnaphthalene triflusroacetate (3o, NCK-12):

'H NMR (CDOD) &/ppm: 8.2-7.8 (ArH, 3H) 7.7-7.3 (AtH. 4H), 5.6 (d, Ar-CH'H"-
N{R)Lys, 1H), 4.7 (d, Ar-CH'H-N{R)Lys, 1H) 4.4 (m, a-CH of Lys, 1H), 3.6-2.59 {Ar-
CH-N{CHACH),CHs)Lys and e-CH, of Lys, 4H), 2-1.8 (d, v-CH, of Lys, 2H), 1.70-1.4

(NHQ'\J(CZHS((j}f_”}\fc"}{_})}‘y\, igH), 0.8 (m AI‘-CHTN(CvaC]i::)Ly%, 3H) FT-IR (\‘]Ti
l): 3414 (primary amine N-H str.), 3089 (sp2 C-H str.), 2967-2867 (sp3 C-H str.), 1678

(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]"
obsd. = 454.3793 (calc. = 454.3797).

EXAMPLE 4 : Synthesis of BCK compounds as furnished in Fioure 4

The compounds represented in the BCK series follows a similar protocol of preparation
as mentioned in the preparation of the ACK and NCK series (illustrated in figure 6). The
only difference is that the starting aldehyde used to couple with alkylamines is

Benzaldehyde.

Example 4.1: Svathesis of N-alkvi-l-Aminomethvibenzene hvdrochlorides

{compounds 4a-41) as furnished in Figure 4

About 0.5 g, 4.7 mmol of Benzaldehyde and about 4.7mmol of alky! amines (4.7 mmol)
are dissolved in about 10 mi §:1 mixture of dry chloroform and methanol, and stirred at
room-temperature {under Nitrogen atmosphere) for about 6 hrs. The resulting clear
solution is then cooled to a terperature of about 0°C, and to it about 0.32 g (8.46 rumol)
of Sodium borohydride is added. This solution is allowed to come to room temperature
and stirred overnight. Then the solvents in the solution are evaporated under reduced
pressure {not to dryness) and diluted with diethyl ether. To this about 20 ml of 2N NaOH

is added and stirred for about 15 minutes., After separation from the NaOH layer, the
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organic layer is subsequently washed with water (x2}, brine and dried over MgSQ,. The
volatile components are then evaporated under reduced pressure and the residue is
dissolved in minimum volume of methanol. To this, sbout 3 mi of 4N HCl is added and
imstantaneous formation of precipitate is observed. The volatile components are
completely removed and the precipitate is dissolved in minimum volume of ethyl acetate
{a few drops of methanol is added to dissolve the precipitate completely). To this, hexane
is added to obtain pure crystals N-alkyl-I-Aminomethylbenzene hydrochlorides with a
vield of about 75%. These crystals are filtered, dried and subsequently characterized

nsing "H NMR, TR and Mass spectrometry.

The characterized profile of N-alkyl-1-Aminomethylbenzene hydrochlorides is illustrated

below:

N-butyl-1-aminomethylbenzene hydrochloride (4a): "H NMR (CDCl) 8/ppro: 9.87 (s,
Ar-CHz-NH--CiHo, 2H), 7.6 (d, ArH, 2H), 7.39 (m, ArH, 3H), 4.02 (s, Ar-CHy-NH»-
ZH), 2.79 (t, -NH-CH,-C3Hy, 2H), 1.82 (m NH-CHo-CH-CoHs, 2H), 1.4 ((NH»-C:Hy-
CH,-CH;, 2H), 0.82 (t, -NH»-C3He-CHs, 3H). HR-MS (m/z): [M+H] obsd. = 164.1430
{calc. = 164.1439).

N-hexyl-1-aminomethylbenzene hydrochloride (4b): 'H NMR (CDCL) d/ppm:  9.85
(s, Ar-CH-NH-CeHia, 2H), 7.6 (4, ArH, 2H), 7.39 (m, ArH, 3H), 4.02 (s, Ar-CH»-NH;
2H), 2.77 (t,-NH-CH-CsHy, 2H), 1.84 (m, -NH-CH,-CH»-CaHy, 2H), 1.25 (m, -NH;-
CoHy-(CHo -CH;, 6H), 0.84 (1, -NH»-CsHio-CH;, 3H). HR-MS (/z): [M+H] obsd. -
192.1777 (calc. = 192.1747}.

N-petyl-1-aminomethylbenzene hydrochloride (de): 'H NMR (CDCly) d/ppm: 9.87 (s,
Ar-CHy-NH,-CeHys, 2H), 7.6 (d, ArH, 2H), 7.39 (m, Ar#, 3H), 4.02 (s, Ar-CH>-NH,-,
2H), 2.77 (m, -NH2-CH,-CsHys, 2H), 1.84 (m, -NH-CH-CH-CeH s, 2H), 125 (m, -
NH-CoHs-(CH)s-CH,, 10H), 0.84 (t, -NH-C-H,4-CH;, 3H). HR-MS (m/z): [M+H]
obsd. = 220.2122 {(cale. = 220.206).
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N-deeyl-1-aminomethylbenzene hydrochloride (4d): 'H NMR (CDCly) 8/ppm: 9.87 (s,
Ar-CH,-NH -CgHys, 2H), 7.6 (d, ArH, ZH), 7.39 (m, Arf, 3H), 4.02 (s, Ar-CH-NH»-,
2H), 2.77 {(m, -NH;-CH:-C/Hys, 2H), 1.84 (m, -NH»-CH-CH>-CeHys, 2H), 1.25 (m, -
NH-CoHs-(CH,)s-CHa, 14H), 0.84 (1, -NH»-CyH4-CH;, 3H). HR-MS (nwv/z): [M+H]
obsd. = 247.2122 (calc. = 247.23).

N-dodecyl-1-aminomethylbenzene hydrochioride (4e): 'H NMR (CDCls) 8/ppm: 9.87
(s, Ar-CH,-NI-CgHys, 2H), 7.6 (d, Arf, 2H), 7.39 (mm, Arf, 3H), 4.02 (s, Ar-CH)>-NH;-,
2H), 2.77 (m, -NH>-CH-CiH s, 2ZH), 1.84 (u, -NH-CH-CH-CeHys, 2H), 125 (m, -
NH-CoHs-(CH)5-CHs, 18H), 0.84 (t, -NH-C-H4-CH;, 3H). HR-MS (w/z): [M+H]

obsd. = 276.2693 (calc. = 276.2691).

N-tetradecyl-1-aminomethylbenzene hydrechioride (46): 'H NMR (CDCL) 8/ppm
9.87 (s, Ar-CH:-NH»-CsHis, 2H), 7.6 {d, AxHL, 2H), 7.39 (m, Arld, 3H), 4.02 (s, Ar-ClD-
NHz-, 2H), 2.77 (m, -NHz-CHp-CoHis, 2H), 1.84 (m, ~-NH:-CHp-CHy-Celis, 2H), 1.25
(m, -NH>-CoHs-(CHp)s-CHs, 22H), 084 (t, -NH:-CH4-CHia, 3H). HR-MS (m/z):
[MAH] obsd. = 304.3006 (calc. = 304.3004).

Example 4.2 Svathesis  of Boc-Lvs{Boo)-N-alkvi-1-Aminomethvibenzenes

{compounds 4o9-41) as furnished in Fisure 4

To a stirred solution containing about (.49 g, 1.4 mmol of Boc-Lys{Boc)}-OH in about 8
ml of 6:2 DMF/CHCL; |, about 611 plb (3‘51 mmol} of N, N-Dhisopropylethylamine
(DIPEA) is added at a temperature of about 0°C. To this solution about 0.53 g, 1.4 mmol
of HBTU is added. This mixture is stirred for about 5 minutes at 0°C and subsequently
about 1.17mmol of N-alkyl-1-Aminomethyibenzene hydrochloride is added. The mixture
is stired at a temperature of about 0°C for about 30 winutes and subsequently at room
temperature for about 24 hrs. At the end of 24hrs, CHCl; is evaporated under reduced
pressure and the resulting sohution is diluted to 2 times its original volume by addition of
ethyl acetate. This mixture is subsequently washed with 0.5 M KHSO., H,O (x3) and
brine. After passage through anhydrous Na»SO,, the volatile components are evaporated

under reduced pressure and the residue is purified using colwmn chromatography (only
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CHCly) to obtain Boc-Lys(Boc)-N-butyl-1-Aminomethylbenzenes with an vield of about
65% to about 97%. The purified compound is subsequently characterized using 'H NMR,

IR and Mass spectrometry.

The characterized profile of Boc-Lys{Boc)-N-butyl-1-Aminomethylbenzenes  is

iflustrated below:

Boc-Lys(Boc)-N-butyl-1-Aminomethylbenzene (dg): 'H NMR (CDCL) d/ppo & 7.2

CHp-(CHz)-CHs of R group, 28H), 0.8 (m, Ar-CH-N{-C3Hg-CHijLys(boc),, 3H). FT-IR
(cont): 3354 (carbamate N-H str.), 3085 (sp® C-H str.), 2967-2867 (sp° C-H str.), 1704
(C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C

str.), HR-MS (m/z): [M+H]" obsd. = 492.3677 (calc. = 492.3437).

Boc-Lys(Boe)-N-hexyl-1-Aminemethylbenzene (4h): 'H NMR (CDCL) $/ppme 7.2
(ArF, 3H), 7.15 (d, ArH, 2H), 5.5 {m, Lys {(e-NH-Boc)}-u-NH-boc, 1H), 4.97-4.56 (Ar-
CH'#-N(R)Lys(boc), and o-CH__of Lvs(bocy, 3H), 444 (d, Ar-CH'H-
N{R)Lys(boc),,1H) 3.4-2.9 (8-CH, of Lys{bock, and Ar-CH-N(-CH,-CsH;)Lys{boc),,
4H), 1.8-1.2 (-CO-[CH-CH,-CHCH~CH»-NH-COO-C(CH )3 -NH-COO-C(CH;); of
Lys{boc), and ~CH-(CH},~CH; of R group, 32H), 0.8 (m, Ar-CHy-N{-CsHjo-
CH:Lys(boch, 3H). FT-IR {cm™): 3354 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-
2867 (S‘p‘3 C-H str.), 1711 (C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide),
1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H] obsd. = 520.387 (calc. = 520.375)

Boc-Lys(Boc)-N-ectyl-1-Aminemethylbenzene (4i): 'H NMR (CDClLy) d/ppm: 7.2
(AtH_3H), 7.15 (d, ArH, 2H), 5.5 (m, Lys (e-Nf-Boc)-a-NH-boc, 1H), 4.97-4.56 (Ar-
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CHy~(CHi6-CH; of R group, 36H), 0.8 {(m, Ar-CH-N(-CyH14-CH;)Lys(boch, 3H). FT-
IR (em™): 3354 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 (sp’ C-H str.), 1704
(C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C
str.). HR-MS (mv/z): [M+H]  obsd. = 548.3842 (calc. = 548.4063)

Boc-Lys(Boc)-N-decyl-1-Aminomethylbenzene (4j): 'H NMR (CDCL) d/ppm: 7.2
(AtH_3H), 7.15 (d, ArH, 2H), 5.5 (m, Lys (e-Nf-Boc)-a-NH-boc, 1H), 4.97-4.56 (Ar-
CH'H-N{R)Lys(boc), and a-CH of Lys(boc), 3H), 4.44 (d, Ar-CH'H-N(R)Lys(boc),

CHy-(CH15-CHs of R group, 40H), 0.8 (m, Ar-CHo-N(-C7H 4-CH)Lys{boc), 3H). FT-
IR (em™): 3354 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 (sp’ C-H sir.), 1704
(C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C

str.), HR-MS (m/z): [M+H]" obsd. = 576.4376 {calc. = 576.4376)

Boc-Lys(Boe)-N-dodecyl-1-Aminomethylbenzene (4k): 'H NMR (CDCL) 8/ppm: 7.2
(ArH,_3H}, 7.15 (d, ArH, 2H), 5.5 (m, Lys {(e-Nf-Boc)-a-NH-boe, 1H), 4.97-4.56 (Ar-
CH'H-N(R}Lys(boe) and a-CH of Lys(boch, 3H), 4.44 (d, Ar-CH'F-N(R}Lys(boc),
1H) 3.4-2.9 (6-CH; of Lys(boc), and Ar-CHp-N{-CH-CsHip)Lys(boc),, 4H), 1.8-1.2 (-
CO-[CH-CH,-CH»CH-CHy-NH-COO-C(CH ;)5 1-NH-COO-C(CH3); of Lys(boc), and —
CHy-(CH,j5-CH; of R group, 44H), 0.8 (m, Ar-CHo-N(-CoH14-CH3)Lys(boc),, 3H). FT-
IR (cm™): 3354 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 (sp® C-H str.), 1704
(C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C
str.). HR-MS (m/z): [M+H]" obsd. = 604.4678 (calc. = 604.4689)

Boc-Lys(Boe)-N-tetradecyl-1-Aminomethylbenzene (41): 'H NMR (CDCL) 8/ppm: 7.2
(ArH, 3H), 7.15 (d, AvH, 2H), 5.5 (m, Lys {(e-NH-Boc)-u-NH-boc, 1H), 4.97-4.56 (Ar-
CH'H-N(R)Lys(boc), and a-CH of Lys(boc),, 3H), 4.44 (d, Ar-CH'H>-N(R)Lys(boc),
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IR (cm™): 3354 (carbamate N-H str.), 3085 (sp” C-H str.), 2967-2867 (sp® C-H str.), 1704
(C=0 str. of carbamate), 1643 (C=0 str. of tertiary amide), 1517-1450 (aromatic C=C
str.). HR-MS (m/z): [M+H]" obsd. = 632.5005 (calc. = 632.5002)

Example 4.3: Svnthesis of L vs-V-alkvi-iI-Aminomethvibenzene trifluoreacetates

{compounds dim-4r) as furnished in Fioure 4

About 0.7mmol of Boc-Lys(Boc)-N-alkyl-i-Aminomethylbenzene compound  is
dissolved n about 5 ml DCM and subsequently CF;COOH (50% by volume) is added
and stirred at room temperature. The reactions are monitored by TLC until complete
removal of starting material. All the volatile components are removed, and the product is
purified by reverse phase HPLC using 0.1% Trifluorcacetic acid (TFA) in water and
acetonitrile (0-100%) as mobile phase. Ciz column (10mm diameter, 250 mm lengthjas
stationary phase and UV detector at 270 um wavelength is vsed. After drving the
compounds in freeze drier, the compounds are characterized by "H NMR, IR and mass

spectrometry.

The characterized profile of Lys-N-alkyl-T-Aminomethyibenzene trifluoroacetate is

tlustrated below:

Lys-N-butyl-I-Aminomethyibenzene trifluorsacetate (dm, BCK-4}:

TH-NMR (D,0) 8/ppm: 7.36-7.09 (Arf, 5H) 4.63 (t, 1H), 4.53-4.29 (2H), 3.36-3.08 (Ar-
CHo-N{CHA{CH: 3, CHadLys, 2H), 2.94-2.87 ({m, e-CH; of Lys, 2H), 1.90-1.3 (B-CH, of
Lvs, v-CH; of Lys, 8-CH, of 1ys and Ar-CHy-N{CHCHCoHs)Lys, 8H}, 1.10 (m, Ar-
CH,-N{CoHoCHYCHyLhys, 2H), 0.72 (t, Ar-CHp-N{CsHeCH33Lys, 3H). FT-IR (cm‘l):
3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2067-2867 (sp’ C-H sir.), 1678 (C=0
str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (nv/z): [M+H]" obsd. =
292.2369 (calc. = 292.2389).

Lys-N-hexyl-1-Aminomethylbenzene triflusroacetate (4n, BCK-6):
TH-NMR (1:0) &/ppm: 7.36-7.09 (AtH, SH) 4.63 (¢, 1H), 4.53-4.29 (2H), 3.36-3.08 {Ar-
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CHo-N(CoHU(CHo)sCH)Lys, 6H), 0.72 (t, Ar-CHop-N(CsHoCHs)ys, 3H). FT-IR (em™):
3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2967-2867 (sp® C-H str.), 1678 (C=0
str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]" obsd. =
320.2732 (cale. = 320.2702).

Lys-N-sctyi-1-Aminomethylbenzene triflusroacetates (4o, BCK-8):
TH-NMR (1,0) 3/ppm: 7.36-7.09 (ArH, SH) 4.8 (d, 1H), 4.6 {4, 1H) 4.53-4.3 (2H), 3.36-
3.08 (Ar-CHo-N{CHACHpCHALys, 2H), 2.94-2.87 ((u, e-CH- of Lys, 2H), 2.1-1.3 (B-

IR (cm"i): 3414 (primary amine N-H str.), 3089 (spz C-H str.), 2967-2867 (sp3 C-H str.},
1678 (C=0 str, of tertiary amide), 1517-1450 (aromatic C=C str.), HR-MS (m/z); [M+H}"
obsd. = 348.3016 (calc. = 348.3015).

Lys-N-decyl-1-Aminomethylbenzene trifluorcacetates (dp, BCK-10):
CH'H-N(R)Lys, 1H) 44 (m oCH_of Lys. 1H) 1H), 3.632 {Ar-CHo-
N{CHACH LR Lys, 2H), 2.94-2.87 ((m, - CH, of Lys, 2H), 2.0-1.4 (B-CH, of Lys, v~
CH, of Lys, 5-CH> of Lys_and Av-CHo-N{CHCHLCeHi5)Lys, §H), 1.4-1.2 (Ar-CHp-
N{CH(CHsCHys, 14H), 0.84 (t, Ar-CHo-N(CH s CH)ys, 3H). FT-IR (em™):
3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2067-2867 (sp° C-H str.), 1678 (C=0
str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]" obsd. =
376.3317 (calc. = 376.3328).

Lys-N-dedecyl-I-Aminomethyibenzene trifluoroacetates (4q, BCK-12):

TH-NMR (CD;0OD) 8/ppm: 7.5-7.2 (ArH, 5H) 4.8 (t, Ar-CH H*-N(R)Lys, 1H), 4.6 (d, Ar-
CH'H-N(R)Lys, 1H) 44 (m, o-CH of Lys. 1H) 1H), 3.632 {(Ar-CHy-
N(CHACH R)Lys, 2H), 2.94-2.87 ((m, e-CH, of Lys, 2H), 2.0-1.4 (B-CH, of Lys. y-
CH, of Lvs. 8-CH; of Lys and Ar-CH»-N(CH>CH CeHjs)Lys, 8H), 1.4-1.2 (Ar-CH>-
N(CoHW(CH)CH)Lys, 18H), 0.84 (t, Ar-CH»-N(C/HCHy)Lys, 3H). FT-IR (cm™):
3414 (primary amine N-H str.), 3089 (sp” C-H str.), 2067-2867 (sp’ C-H str.), 1678 (C=0
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str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (w/z): [M+H]" obsd. =
4043628 (calc. = 404364 1),

Lys-N-tetradecyl-1-Aminomethyibenzene trifluorsacetates (4r, BCK-14):

TH-NMR (CD:0D) 8/ppm: 7.36-7.09 (ArH, 5H) 4.6 (¢, 1H), 4.53-4.3 (2H), 3.36-3.08 (Ar-
Lys, v-CHo of Lvs, 5-CH, of Lys and Av-CHy-N(CHCHLCqHLys, 8H), 1.36-0.97 (Ar-
CHo-N(CoHy(CH 2 sCHy)Lys, 22H), 0.84 (t, Av-CHo-N(C/HCHpLys, 3H). FT-IR (em’
1): 3414 (primary amine N-H str.), 3089 (spz C-H str.), 2967-2867 (sp3 C-H str.), 1678
(C=0 str. of tertiary amide), 1517-1450 (aromatic C=C str.). HR-MS (m/z): [M+H]"
obsd. = 432.3954 (calc. = 432.,3954).

Example 5.1: Synthesis of N-octvidecan~1-aminivm chloride (5h) as furnished in

Figure 8

About 0.5g, 3.87mmol of Octylamine and about 0.73g, 4.65mmol of decanal are
dissolved in about 20ml of dry methanol and stitred at room-temperatiwe (under
Nitrogen atmosphere) for about 6 hrs. The resulting clear solution is then cooled to a
temperature of about 0°C, and to this about 0.3g, 7.74mmol of sodium borohydride is
added. This is allowed to come to room temperature and stirred overnight. Then the
solvents are evaporated under reduced pressure (not to dryness} and diluted with diethyl
ether. To this about 20ml 2N NaOH 1s added and stirred for about 15 minutes. After
separation from the NaOH layer, the organic layer is subsequently washed with water
{(twice}, brine and dried over MgS0,. The organic layer is then evaporated under redoced
pressure and the residue is dissolved in 2mL methanol. To this about 3mi of 4N HCl is
added and instantaneous formation of precipitate is observed. The solvents are
completely removed and the precipitate is dissolved in 4mL minimum volume of ethyl
acetate {a few drops of methanol is added to dissolve completely). To this hexane is
added to obtain pure crystals of N-octyldecan-1-aminium chloride with a yield of about

62%). These crystals are filtered, dried and subsequently characterized using 'H NMR.
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"H NMR (CDCL) 8/ppm: 9.5 (s, Cably-NH-CioHar, 2H), 3.0 (m, R CH»NH,-CHo-R,
4H), 1.84 (m, R*-CH»CH,-NH-CHy- CH>-R, 4H), 1.4-1.1 (5. R “CH-CHy-NH,-CHo-
CHy-R, 24H), 0.84 (t, CH;-R*--NH,-R-CH;, 6H).

Example 8.2: Svnthesis of Boe-Lys{Boc)-N-octviaminedecane (5¢) as furnished in

Figure 3

To about 0.68g, 1.4mmol of Boc-Lys{Boc)}-OH i 6:3 DMF/CHCL(% mL), about 860
nl, 4.92 mmol N, N-Diisopropylethylamine (DIPEA) () is added at temperature of about
0°C. To this solution is added about 0.75 g, 1.97 mmol HBTU (). This reaction mixture is
stirred for about 5 minutes at temperature of about §°C and subsequently 0.5g, 1.64 mmol
N-octyldecan-1-aminium chloride () is added. The mixture is stirred at a temperature of
about 0°C for about 30 minutes and subsequently at RT for about 24 hrs. At the end,
(CHClis evaporated under reduced pressure and the resulting solution is diluted to 2 times
its original volume by addition of ethyl acetate. This mixture is subsequently washed with
about 0.5 M KHSO4, HoO (thrice) and brine. After passage through anhydrous NazSO.,
the organic layer is evaporated vnder reduced pressure and the residue is purified using
colomn chromatography (only CHCL) to obtain Boc-Lys(Boc)-N-octylaminodecane
with a yield of about 72%. The purified compound is subsequently characterized using 'H

NMR, IR and Mass spectrometry.

Boc)y-o-NH-boc, and a~-CH of Lys(boch, 2H), 3.5-3 (6-CH; of Lys(boc); and R*-CH-N(-
CHo-RyLys(boch, 6H), 1.7-1.2 (-CO-[CH-CH-CH - CH»CH»-NH-COO-C(CH1)2}-NH-
COO-C(CH3); of Lvs(bocy, and —CHx-(CH2js~CHs of R group and —CHo~(CHjs-CHs, of
R® group, 52H), 0.8 (the terminal CH; of alkyl chains, 6H). FT-IR (cm'): 3437
(carbamate N-H str.), 2928-2863 (sp” C-H str)), 1670 (C=0 str. of carbamate), 1523
(C=0 str. of tertiary amide). HR-MS (m/z): [M-+H]' obsd. = 398.4089 (calc. = 398.411)
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Example 5.3: Svuthesis of Lvs-V-octviaminodecane (8d, Dec-CK-8) as furnished in

Figure S

Boc-Lys(Boc)-N-octylaminodecane is dissolved in DCM and subsequently CFyCOOH
{50% by volume) is added and stirred at RT. The reactions are monitored by TLC until
complete removal of starting material. All the volatile components are removed and the
compound is dried overnight in a high vacuum oven. Then the compound is characterized

by "H NMR, TR and mass spectrometry.

"H-NMR (CD:0D) 8/ppm: 4.3 (0-CH; of Lys, 1H), 3.7-2.8 (3-CH, of Lys and R*-CH-

pul P = S0 )

NGCH-R)Lys, 6H), 1.9-1.2 B-CH of Lyvs, v-CH» of Lvs, 6-CH> of Lys and —CHy-
(CHLj6-CH; of R group and —CH-(CHL)5-CHs, of R group, 34H), 0.8 (the terminal CH;
of alky! chains, 6H). FT-IR {cnt™"): 3350 (carbamate N-H str.), 2912-2847 (sp” C-H str)),
1702 (C=0 str. of carbamate), 1630 (C=0 str. of tertiary amide). HR-MS (m/z): [M+H]
obsd. = 598.5152 {calc. = 598.5159).

Example: 6.3 Svathesis  of compound  N-alkvi-Aminomethyl  biphenvi

hvdrochiorides) as furnished in Fisure &:

About 0.5 g (2.74 mmole) of biphenvicarboxaldehyde and about 2.74 mmole of alkyl
amine are dissolved in about 10 ml of dry methanol This mixture is stirred at RT for
about 6 hours. The resulting clear solution is then cooled to a temperature of about 0°C,
To this about 0.183 g (4.93 mmole) Sodiimm borohydride, about is added and stirred for
about 12 hours. Solvent is evaporated under reduced pressure. About 20mL of Diethy]
ether and about 10mL of 2N NaOH are then added and stirred for about 15 min. After
separation from the NaOH layer, the organic laver is subsequently washed with water.
The volatiles are then evaporated under reduced pressure. To this about 3 mi of 4N HCl is
added and instantaneous formation of precipitate is observed. The volatiles components
are completely removed and the precipitate is dissolved in 4ml of ethyl acetate (a few
drops of methanol are added to dissolve completely). Hexane is added to obtain pure
crystals of N-alkyl-Aminomethyl biphenyl hydrochlorides) with an yield of about 75%.

These crystals are filtered, dried and subsequently characterized using 'H NMR.
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N-butyl-1-aminomethylbiphenyl hydrochloride (a3 'H NMR (CDClL) 8/PPM
9(s,2H), 7.4-7.6(9H), 4(s, 2H), 2.8(d.2H), 1.9(m,2H), 1.4(q.2ZH), 0.9(1, 3H).

N-hexyl-1-aminomethylbiphenyl hydrochloride (3b): 'H NMR (CDClLy) 8/PPM 9,
2H), 7.4-7.6(9H), 4(s, 2H), 2.8(d,2H), 1.9(m,2H), | .4(q.6H), 0.9, 3H)LIR {cm™)

N-Oetyl-1-aminomethylbiphenyl hydrechloride (5¢): '"H NMR (CDClLy) 3/PPM 9(s,
2H), 7.4-7.6(9H), 4(s, 2H), 2.8(d.2H), 1.9(m,2H), 1.4(q.10H), 0.9(t, 3H).IR (cm™)

Example 6.2: Svanthesis of Boco-Lyvs(Boe)-N-alkvi-i-Aminomethvibiphenvis  as

furnished in Fioure &

About 0.29 g of Boc-Lys-(Boc)OH (0.7 mmole) i1s dissolved in about 7ml of 2:5
CHCL/DMF. About 342 ul of DIPEA (2.1 wmole) and about 0.32 g of HBTU (0.8
mmole) are added. This mixture is stirred for about 5 minutes at teraperature of about §°C
and about 0.214 ¢ (leqv) of secondary amines of Biphenyls is added. This mixture is
stirred at room temperature for about 18 hrs, Chloroform and DMF are evaporated onder
reduced pressure. About 60 mi of cthyl acetate is dissolved and washed with KHSO,
This compound is again washed with saturated Na;CO; and subsequently dried by
passing through Na;50,. Ethyl acetate is evaporated under reduced pressure. The final
compound s purified using column chromatography to obtain a vield about 68% to about

90%. The purified Boc-Lys(Boc)-N-alkvl-i-Aminomethvibiphenyls are subsequently

characterized using 'H NMR.

Boc-Lys(Boc)-N-Butyl-1-Aminomethylbiphenyl

'H NMR (CDCly) 8/PPM 7.4-7.6(9H), 5.4(D,1H), 4.8(L1H), 4.2(s,2H), 3.3(q,2H),
3(q.2H), 1.2-1.9(m,29H), 0.9(t,3H)

Boc-Lys(Boe)-N-hexyl-1-Aminomethylbiphenyl

"H NMR (CDCly) 8/PPM 7.4-7.6(9H), 5.4(D,1H), 4.8(t1H), 4.2(s2H), 3.3(q,2H),
3(q.2H), 1.2-1.9(m,33H), 0.9(t,3H)

Boc-Lys(Boc)-N-octyl-1-Aminomethyibiphenyl:
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"H ONMR (CDCL) 8/PPM 7.4-7.6(9H), 5.4(D,1H), 4.8(t1H), 4.2(s2H), 3.3(d,2H),
3(q.2H), 1.2-1.9(m,37H), 0.9(t,3H)

fxample 6.3: Synthesis of Lys-N-alkviaminomethvibiphenvl as furnished in Ficure 6

Boc-Lys(Boc)-N-alkylaminomethylbiphenyl s dissolved in DCM and subsequently
CF;COOH (about 50% by volume)} is added and stired at RT. The reactions are
monttored by TLC until complete removal of starting material, All the volatile
components are removed and the compound 15 dried overnight in a high vacuum oven.

Then the compound is characterized by "H NMR.

Lys-N-Butyl-1-Aminomethylbipheny! (Compound 63}
"H NMR (1,0) 8/PPM 7.4-6.7(SH), 4.5-4 (4H), 3.1-2.6 (4H), 2-0.7(14H), 0.6(t, 3H)

Lys-N-hexyl-1-Aminomethylbiphenyl (Compound 6b)
YH NMR (D,0) 8/PPM 7.4-6.7(9H), 4.5-4 (4H), 3.1-2.6 {4H), 2-0.7(18H), 0.6(t, 3H)

Lys-NV-octyl-I-Aminomethylbiphenyl (Compound 6¢)
YH NMR (D,0) 8/PPM 7.4-6.7(9H), 4.5-4 (4H), 3.1-2.6 (4H), 2-0.7(22H), 0.6(t, 3H)

Exampile: 7.1 Swvathesis of compound ~N-{guineolin-d-vimethvDhexan-1-amine

hvdrochlorides{Compound 7a) as furnished in Figure 7

About 0.2 ¢ (1.27 mmole) of 4-Quinolincarboxaldehyde and about 1.27 mmole of alkyl
amine are dissolved in about 10 ml of dry methanol This mixture is stirred at RT for
about 12 hrs. The resulting clear solution is then cooled to a temperature of about 0°C. To
this about (.068 g (1.8 mmol) sodium borohydride, is added and stirred for about 12
hours. Solvent is evaporated under reduced pressure. About 20mbL of Diethyl ether and
about 10mL of 2N NaOH are added and stirred for about 15 min. After separation from
the NaOH laver, the organic layer is subsequently washed with water. The volatiles are
then evaporated under reduced pressure. To this about 3 ml of 4N HCI is added and
instantaneous formation of precipitate is observed. The volatile components are
completely removed and the precipitate is dissolved in 4ml of ethyl acetate (4 drops of

methanol are added to dissolve completely). Hexane is added to obtain pure crystals of
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the N-alkyl-4-Aminomethylquinolinyl hydrochloride with an vield of about 70%. The

crystals are filtered, dried and subsequently characterized using 'H NMR.

N-{guinelin-4-vimethvhhexan-1-amine hydrochioride: H NMR (D5,0) 3/PPM 9.2
{(1H), 8.4-8(5H), 5.1{(2H), 3.3(ZH), 1.8(2ZH), 1.5-1.3(6H), 0.9(3H)

Example 7.2: Svnthesis of Boce-Lys(Beo)-N-(guinolin-4-vimethvDhexan-1-amine

{Compound 7b) as furnished in Figure 7
About 0.33 g of Boc-Lys-(Boc)OH (0.79 mmol) 1s dissolved in about lml of 2:9
CHCL/DMEF. To this solution, about 420 yl of DIPEA (2.3 mmol) and about 0.36 g of

HBTU (0.9 mimol) are added. This mixture is stirred for about 5 minutes at temperature
of about 0°C and about 0.25 g {0.79 mmol, legv) of secondary amines of Biphenyls is
added. This mixture is stirred at room temperature for about 18 hrs. Chloroform and
DMF are evaporated under reduced pressure. About 60 ml of ethyl acetate is dissolved
and washed with KHSO, .This compound is again washed with saturated Na,CO; and
subsequently dried by passing through Na,50,. Ethyl acetate 1s evaporated under reduced
pressure, The final compound is purified using column chromatography to obtain a yield
of about 68% to about90%. The purified compound is dried and subsequently

. . 1
characterized using H NMR.

Boc-Lys(Boe)-N-hexvl-d-Aminemethylgquineline: 'H NMR (CDCL) 8/PPM 8.8(1H),
IS(ITH), 7.9(1H), 7.8-7.5(2H), 7.1{IH) S2(IH), 4.9(1H), 4.7(1H), 3.5-3(4H), 1.8-
1.2(32H), 0.9CGH)

Example 7.3: Svnthesis of Lys-AN-hexvi-N-{guinolin-4-vimethvhhexan-i-amine

hvdrochiovides (Compound 7¢) as furnished in Ficure 7

Boc-Lys(Boc)-N-hexyl-4-amimomethylquinoline is dissolved in DCM and subsequently
CF,COOH (about 50% by volume) is added and stirred at RT. The reactions are
monitored by TLC until complete removal of starting material. All the volatile
components are removed and the compound is dried overnight in a high vacuum oven.

Then the compound is characterized by 'H NMR.
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Lys-N-hexyl-4-Aminomethylquinoline: H NMR (D20y §/PPM B9(1H), B.2(2H),
8(1H), 7.8-7.5(2ZH), 5.4(1H), S.I5(IH) 4.0(1H), 3.6-3.4(2H), 3(2H), 2.1-1.0(14H),
0.8(3H)

Example 8.1: Svnthesis of N-octvi-9-Aminomethvlanthracene hvdrochioride

{compound 8a) as furnished in Ficure 8

About 0.5 g, (2.4 mmol) of 9-anthraldehyde and about 2.42 mmol octylamine are
dissolved in about 20 ml of 1:1 mixture of dry chlorotorm and methanol, followed by
stirring at room-temperatore (under Nifrogen atmosphere) for about 6 hrs. The resulting
clear solution is then cooled to a temperature of about 0'C, and about 0.165 g (4.356
mmol) Sodium borohydride is added to the cooled solution. The solution is allowed to
attain room temperature and stirred overnight. Then the solvents in the solution are
evaporated under reduced pressure (not to dryness) and diluted with about 30ml of
diethyl ether. To this, about 20 ml of 2N NaOH is added and stirred for about 15 minutes.
After separation from the NaOH layer, the organic layer is subsequently washed with
water (x2), brine and dried over MgSO.. The volatiles are then evaporated under reduced
pressure and the residue is dissolved in minimuom volume of methanol. To this about 3 ml
of 4N HCI is added and instantaneous formation of precipitate is observed. The volatile
components are completely removed and the precipitate is dissolved in about 5 ml of
ethyl acetate (about 5 drops of methanol is added to dissolve the precipitate completely).
To this hexane is added to obtain pure crystals of the target compound (N-octyl-9-
Awminomethylanthracene hydrochloride) {Yield: >67%). These crystals are filtered, dried

and subsequently characterized using "H NMR.

The characterized profile of N-octyl-9-Aminomethyvlanthracene hydrochloride is

tlustrated below:

N-petvi-9-Aminomethvianthracene hydrochloride (8a): 'H-NMR (CDCL) 8/ppm: 9.7
(2H), 8.51 (1H), 8.38 (2H), 8.0 (2H), 7.6 (2H), 7.5 (2H), 5.1 (2ZH), 2.68 (2H), 1.74 (2H),
1.2-1.0 (10H), 0.79 (3H)

Example 8.2: Svithesis of Boc-Lvs{Boc)-N-gctvi-Y-Aminomethvianthracene

{compound 3b} as furnished in Fisure 8
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To a stirred solution containing about .46 g (1.34 mmol) of Boc-Lys(Boc}-OH in about
7 ml of 5:2 DMF/CHCl, about 585 pl (3.36 mumol} of N N-Diisopropylethylamine
(DIPEA) is added at temperature of about 0°C. To this solution about 0.51g, 1.34 mmol
of HBTU is added. This mixture is stirred for about 5 minutes at about 0°C and
subsequently, about 0.4 g, 1.12 mmol N-octyl-9-Aminomethylanthracene hydrochloride
is added. The mixture is again stirred at about 0°C for about 30 minutes and subsequently
at room temperature for about 24 hrs. At the end of about 24hrs, CHCl; is evaporated
under reduced pressure and the resulting solution is diluted to 2 times its original volume
by addition of ethyl acetate. This mixture is subsequently washed with 0.5 M KHS0,,
H>O (x3) and brine. After passage through anhydrous NapySQy, the volatile components
are evaporated under reduced pressure and the residue is purified using column
chromatography {only CHCly) to obtam Boc-Lys(Bo¢)-N-octyl-9-
Aminomethylanthracene with an vield of about 75%. The purified compound is

subsequently characterized using 'H NMR, IR and Mass spectrometry.

The characterized profile of Boe-Lys(Boc)- N-octvi-9-Aminomethvlanthracene is
iltustrated below:

Boe-Lys(Boe)-N-octyl-9-Aminsmethylanthracene: 'H-NMR (CDCl) 8/ppm: 8.5 (1H),
8.2 (2ZH), 8 (4H), 6.08 (1H), 546 (1H), 532 (1H), 4.56 (2H) 3.1-2.7 (4H), 1.69-0.75
(39H). HRMS (nv/z): [M+Na]' obsd. = 670.4224 (calc. = 670.4196).

Exampile 8.3: Svnthesis of Lvs-N-octvi-9-Aminomethvianthracene trifivorcacctate

{compound 8¢) as furnished in Ficure 8

About 0.35mmol of Boc-Lys{Boc)-N-octyl-9-Aminomethylanthracene is dissolved in
about Sml DCM and subsequently CF3COCH (50% by volume) is added and stirred at
room temperature. The reactions are monitored by TLC until complete removal of
starting material i3 observed. All the volatile components are removed by evaporation
under pressure, and the product is purified by reverse phase HPLC using 0.1% Trifluoro
acetic acid {TFA) in water and acetonitrile (0-100%) as mobile phase, C18 colunm
(10mm diameter, 250 mm length) as stationary phase and UV detector at 270 nm
wavelength is used. After drying the compounds in freeze drier, they are characterized by

1H NMR, IR and mass spectrometry.
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The characterized profile of N-octyl-8-Aminomethylanthracene trifluoroacetate is
illustrated below:
Lys-N-petyl-9-Aminomethylanthracene triflusroacetate:

"H NMR (DMSO-de) d/ppm: 8.7 (1H), 8.5-8.1(8H), 7.9-7.5 (6H), 6.0 (1H), 5.4 (1H), 4.18
(1H), 3.0-2.7 (1H), 1.73-0.71{24H). HR-MS (m/z): [M+H]" obsd. = 4483322 (calc. =
448.3328).

While preferred embodiments has been illustrated and described above, it has to be
however understood that similar procedure without departing from the spirit and scope of
the present disclosure is being employed for the synthesis of other compounds of Formula
I {apart from ACK, NCK and BCK series), wherein aldehydes of other aromatic radical
or aliphatic radical with appropriate substituents defined in the embodiments are made to
react with alkylamine (carbon length varying from Cl to C20, preferably C2 to C14). The
aldehyde forms a Schiff’s base, which is then reduced by Sodiwm borohvdride to form
secondary amines. Salts of these secondary amines are coupled to the free acid group of
amino acid [wherein the functional groups of amino acid {apart from carboxylic group) is
protected by tertiary butyl carbamate group or Boc] using O-Benzotriazole-N NN N -
tetramethyl-uronium-hexafluorophosphate  (HBTU) coupling chemistry., Finally the
tertiarybutyl carbamate groups are deprotected using Trifluoroacetic acid to obtain the

respective compounds. The compounds obtained are later purified and characterized.

Further, it is to be understood that apart from the synthesis of aforementioned
compounds, the salt forms of said compounds can be arrived by following known
procedures of the art. Such procedures of salt preparation are within the scope of the

present disclosure and do not require any extraordinary technical effort.

EXAMPLE 9. ANTIBACTERIAL ACTIVITY OF COMPOUNDS OF THE
PRESENT DISCLOSURE

Antibacterial activity is reported as Minimurn Inhibitory Concentration (MIC), ie. the
lowest concentfration of the antimicrobial agent that will mhibit the growth of
a microorganism after overnight incubation. Water-soluble ACK, NCK and BCK series

of compounds are assaved in a modified micro-dilution broth format. Stock solutions are
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made by serially diluting the compounds using autoclaved Millipore water. Bacteria, to
be tested are grown for about 6 hrs in the suitable media containing ~10° cfi/mL
(determined through dilution plate technique by spread plate method), which is then
diluted to 10° cf/mL using nutrient media. 50 pL of serially diluted compound is added
to a 96 well plate containing 150 uL bacterial solutions. Two controls are made; one
containing 150 pL of media and 50 ul of compound and the other containing 200 yL of
bacterial solution. The plate 1s then incubated at 37 °C for a period of about 24 hrs and
MIC data is recorded by measuring the O.D. value at 600 nm using a Tecan InfinitePro
series M200 Microplate Reader. MIC value is determined by taking the average of
triplicate O.D. values for each concentration and plotting it against concentration using
Origin Pro 8.0 software. The data is then subjected to sigmoidal fitting. From the curve,
MIC value is determined, as the point in the curve where the O.D. is similar to that of
control having no bacteria. The MIC values and errors of independent experiments are

reported as average and standard deviation of triplicates.

The antimicrobial activities of the compounds of present disclosure are determined
against a variety of bacteria by evaluating thetr Minimum Inhibition Concentrations
(MIC). The compounds are active against both gram-positive and gram negative bacteria
at micro molar concentrations comparable to the chinically approved conventional

antibiotics.

RESULTS

Activity of compounds of ACK series

The compounds of ACK series exhibit antimicrobial activity against druog sensitive
bacteria and drug resistant bacteria. The ACK series are active against Saurens at a
concentration below 1lpg/ml, wherein ACK-4, ACK-6, ACK-8 and ACK-10 exhibit
most effective MIC value of about S3ug/mil, 2.4pg/ml, 2.2ug/mi and 7.1pg/ml,

respectively.
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The compounds of ACK series are active against £ faecium at a concentration below
13.6ug/ml, wherein ACK-4, ACK-6, ACK-§ and ACK-10 exhibit most effective MIC

value of about 4.5pg/ml, 3.3ug/ml, 2.5pg/ml and 4.9ug/ml, respectively.

The compounds of ACK are active against E.cofli at a concentration below 26pg/ml,
wherein ACK-4, ACK-6 and ACK-8 exhibit most effective MIC value of about 4.8pg/ml,

3.5ug/ml and 2.9ug/ml, respectively,

The compounds of ACK series are active against P.aeruginosa at a concentration below
Hpg/ml, wherein ACK-2, ACK-~4, ACK-6 and ACK-8 exhibit most effective MIC value

of about 4pg/mi, 1 .9pg/ml, L.6ug/mi and 3.8ug/mi, respectively,

The compounds of ACK series are active agamst methicillin-resistant S.gureus at a
concentration below 2ipg/ml, wherein ACK-4, ACK-6, ACK-8 and ACK-10 exhibit
most effective MIC value of about 63pg/ml, 2.8ug/ml, 23ug/ml and 4.6ug/ml,

respectively.

The compounds ACK series are active against vancomycin-resistant £ jaecium at a
concentration below 7.2pg/ml, wherein ACK-4, ACK-6, ACK-8 and ACK-10 exhibit
most effective MIC value of about 53pg/ml, 52pg/ml, 3ug/ml and 5.6pg/mi,

respectively.

The ACK series are active against K. pnewmonia at a concentration below 31pg/mi,
wherein ACK-4, ACK-6, ACK-8 and ACK-10 exhibit most effective MIC value of about

{7ug/ml, 16pg/ml, 4.3pg/mi and 7.6ug/ml, respectively,

Agtivity of compounds of NCK series

The compounds of NCK series exhibit antimicrobial activity against drug sensitive

bacteria and drug resistant bacteria,

79



WO 2014/097178 PCT/IB2013/061090

The NCK series are active against S.aureus at a concentration below 20ug/mi, wherein
NCK-8, NCK-10 and NCK-12 exhibit most effective MIC value of about 6.3ug/ml,

2.5ug/mi and 3ug/ml, respectively.

The compound of NCK series are active against . faecium at a concentration below 34
pg/ml, wherein NCK-8, NCK-10 and NCK-12 exhibit most effective MIC value of about

5.5 pg/ml, 3.5 ug/ml and 1.6 ug/ml, respectively.

The compounds of NCK series are active against E.cofi at a concentration below
25pg/mi, wherein NCK-8, NCK-10 and NCEK-12 exhibit most effective MIC value of

about Spg/ml, 4 pg/ml and 3.1 pg/ml, respectively.

The compounds of NCK series are active against P aeruginosa at a conceniration below
1ug/ml, wherein NCK-6, NCK-8, NCK-10 and NCK-12 exhibit most effective MIC

value of about Hpg/ml, S4ug/ml, Spg/ml and 3. 2pg/ml, respectively.

The compounds of NCK series are active against methicillin-resistant S.awrens at a
concentration below 65pg/ml, wherein NCK-8, NCK-10 and NCK-12 exhibit most

effective MIC value of about 4.4pg/ml, 2.6pg/ml and 2.7pg/ml, respectively.

The compounds of NCK series are active against vancomycin-resistant £ faecium at a
concentration below S54pg/ml, wherein NCK-&, NCK-10 and NCK-12 exhibit most

effective MIC value of about 7pg/ml, 1.6ug/ml and 3.4pg/mi, respectively.

The compounds of NCK series are active against K prnewmonia at a concentration below
100ug/ml, wherein NCK-8, NCK-10 and NCK-12 exhibit most effective MIC value of

about 13ug/mi, 5.8pg/ml and 4pg/ml, respectively.

Activity of compounds of BCK series

The compounds of BCK series exhibit antimicrobial activity against drug sensitive

bacteria and drug resistant bacteria.
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The BCK series are active against S.aureus at a concentration below 46pg/mi, wherein
BCK-10, BCK-12 and BCK-14 exhibit most effective MIC value of about 5.7ug/ml,

2. 7ug/ml and 3.1ug/ml respectively.
Hg Hg P >

The compounds of BCK series are active against £ faecium at a concentration below
60ug/ml, wherein BCK-10, BCK-12 and BCK-14 exhibit most effective MIC value of

about 6.5ug/mi, 2.6ug/ml and 2pg/mi, respectively.

The compounds of BCK series are active against E.cofi at a concentration below
S1ug/mi, wherein BCK-10, BCK-12 and BCK-14 exhibit most effective MIC value of

about 6.5ug/mi, Spg/ml and 3.1pg/ml, respectively.

The compounds of BCK series are active against P.aeruginosa at a concentration below
60pg/mi, wherein BCK-10, BCK-12 and BCK-14 exhibit most effective MIC value of

about 4pg/ml, 4pg/ml and 2.8pg/ml, respectively.

The compounds of BCK series are active against methicillin-resistant S.gureus at a
concentration below 100pg/ml, wherein BCK-10, BCK-12 and BCK-14 exhibit most

effective MIC valoe of about 15.7ug/ml, 2.9ug/mi and 2.5ug/ml, respectively.

The compounds of BCK series are active against vancomycin-resistant E.faecium at a
concentration below 100ug/ml, wherein BCK-10, BCK-12 and BCK-14 exhibit most

effective MIC value of about 5.8ug/ml, 3 3ug/ml and 2.5pg/ml, respectively.

The compounds of BCK series are active against K preumonia at a concentration below
100ug/ml, wherein BCK-10, BCK-12 and BCK-14 exhibit most effective MIC value of

about 3tpg/ml, 2.8ug/ml and 4pg/mi, respectively.

Agctivity of compounds of Dec-CK-8

The compound Dec-CK-8 is active against all bacteria at a concentration below 5.6ug/ml.
Doy

It shows best activity against MRSA and . faecium at a concentration of 3ug/ml

81



WO 2014/097178 PCT/IB2013/061090

1

The above said antibacterial activity data is illustrated in table 3, as further described
below.

EXAMPLE 10: HAEMOLYTIC ACTIVITY

Erythrocytes are 1solated from freshly drawn, heparanized human blood and re-suspended
to 5 vol% in PBS (pH 7.4). In a 96-well microtiter plate, 150 ul of erythrocyte suspension
is added to 50 pl of senally diluted compound. Two controls are made, one without
compound and other with 50 pl of | vol% solution of Triton X-100. The plate is
incubated for about 1 hr at a temperature of about 37°C. The plate is then centrifuged at
3,500 rpm for about 5 mun, 100 pl of the supernatant from each well is transterred to a
fresh microtiter plate, and absorbance at S40mm is measured. Percentage of hemolysis is
determined as (A ~ AQ)/(Atotal -A0) x 100, where A is the absorbance of the test well, AD
the absorbance of the negative controls {(without compound), and A total the absorbance

of 100% hemolysis wells (with Triton X-100}, when absorbance is read at 540nm.

Toxicity studies of the compounds are carried out on freshly drawn human RBCs.
Toxicity of the antimicrobial compounds of the present disclosure is defined by their
HCsy values illustrated in Table 3, i.e. the concentration of compound at which 50% of
the blood cells are lysed. Haemolytic studies conducted herein illustrates that the
antimicrobial compounds provided by the instant disclosure are selective towards drug
sensitive bacteria and drug resistant bacteria over human RBCs, thus establishing the

non-toxicity of the present compounds.

In an embodiment, HCsy values for the compounds in the ACK series ranges from about

64ug/ml to about 118ug/ml.

In another embodiment, HCsp values for the compounds in the NCK series ranges from

about S4pg/ml to about 508ug/ml.
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In yet another embodiment, HCs5o values for the compounds in the BCK series ranges

from about 45pg/ml to about 325pg/ml

In yet another embodiment, HCs, values for Dec-CK-8 1s 82pg/ml.

Table 3: In-vitro antibacterial and haemolvtic activity of the compounds of present

disclosure
Minimum Inhibitory Concentration (jig mL™)
c d Drug sensitive bacteria Dirug resistant bacteria HCs0
OEPOHRE =g E P MRS VRE K iéif%)
auren  faeciy  coli  aeruginos A pretimoni
g m a G
ACK-2 t 13.6 25 4 21 7.2 31 118
ACK-4 53 4.5 4.8 1.9 .3 53 17 91
ACK-6 24 33 35 1.6 2.8 5.2 16 82
ACK-8 2.2 2.5 2.9 38 2.3 3 4.3 64
ACK-10 7.1 4.9 26 i 4.6 5.6 7.6 7
NCK-4 >106 >100 >0 >100 >100  >100 >100 >100
0 0
NCK-6 20 34 25 i1 65 54 100 508
NCK-8 6.3 5.5 S 5.4 4.4 7 13 60
NCK-10 2.5 35 4 3 2.6 1.6 5.8 54
NCK-12 3 1.6 3.1 3 2.7 3. 4 56
BCK-4 >100 >100  >10 >100 >100 \H],)a >100 >100
0 0
BCK-6 >100 >100 >10 >100 >166  N.D. >100 >100
0 0
BCK-§ 46 60 51 60 >100  >100 >100 325
BCK-10 5.7 6.5 6.5 4 15.7 5.8 31 95
BCK-12 2.7 2.6 S 4 2. 33 2.8 45
B(CK-14 3.1 2 3.1 2.8 2.5 2.5 4 50
Dec-CK-8 3.1 3 3.1 4.2 3 33 5.6 82
6a 60 - - - - - -
6b 75 . - - . . - .
6¢ 1.3 - - - - - - -
3¢ 22 - - - 3.6 - - 42

The present disclosure therefore provides for various compounds (Formula 1) and
synthesis of the same. Further, from the description above, it is evidently established that
the said compounds possess significantly improved antimicrobial properties along with
additional advantages such as noun-toxicity. The said compounds can be used in various
pharmacentical and non-pharmaceutical applications, particularly as agents for treatment

of antimicrobial infections as well as microbial biofihms.
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We Claim:

i. A compound of formula [:

Ry, O Ry
E H
Ry e N e e e
Formula-l
wherein,

R is an aromatic radical or aliphatic radical
R» is an aliphatic radical
R; is a side chain of an amino acid; and

Y is selected from a group consisting of hydrogen,

NH
%’Z’L NH,
and
o R,
I
s A

-
et

: H—
s | In

wherein ‘n’ ranges from 1 to 5,

Z i3 hydrogen or
NH

QLL NH,

R4 is a side chain of an amino acid,
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2. The compound as claimed in claim |, wherein the aromatic radical of R; is

selected from a group consisting of!

50
ST

cecoatee)
OO OO0

/\/

. \
SO NG " TR

”@Oﬂi
Chﬂ,@a

A\

SN

4
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3. The compound as claimed in claim 1, wherein the aliphatic radical of R, is

selected from a group consisting of the following:

o
o

and

wherein,
Q is halogen; cyano; nitro; amino; hydroxyl; or alkoxy;

m is an integer ranging from 1 to 20,

4. The compound as claimed in claim 1, wherein the aliphatic radical of R, is

selected from a group consisting of the following:

SE
o

and
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wherein,
(¥ is halogen; cvano; nitro; amine; hydroxyl; or alkoxy;

p is an integer ranging from 1 to 20,

5. The compound as claimed i claim 1, wherein the aromatic radical of Ry 1s

selected from a group consisting of the following:

X1
? > l b
Y X1 A %1

%

— — ~ '111 )
X1
O
’ ~  and %
XA X1
Wherein,
Xi 18
. ] )
R E Rg
% CH g e G e o
wherein,

R is selected from a group consisting of the following:
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and

wherein,

1 is an integer ranging from 1 to 20,
R 1s a side chain of an amino acid; and

V is selected from a group consisting of hydrogen,

NH

%2"’(» NH;

and

O
gl

pran

SRANS
e —
O
O

[

wherein, ‘s’ ranges from 1 to 5

wherein, Z is hydrogen or
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6.

NH

%LL NH,

PCT/IB2013/061090

The compound as claimed in claim 1, wherein the aliphatic radical of Ry is:

H-
C" é

R

Wherein,

X4

‘t ranges from 1 to 20
X} 18

O
Rs H Rg

E H
CH =N Grommomen G Hrmer N

wherein,

Rs is selected from a group consisting of the following:
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and

wherein,
Q 1s halogen, cyano, nitro, amino, hydroxyl or alkoxy;

ris an integer ranging from 1 to 20,
R s a side chain of an amino acid; and

V is selected from a group consisting of hydrogen,
NH

W N,

and

G

2L

T 1

[V aV VAVl
R —
O

]

wherein ‘s’ ranges from 1 to 5
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wherein Z is hydrogen or

NH

% NH;

7. The compound as claimed in claim 1,wherein R, is selected from a group

consisting of:

and

R’g is

H,
HyCtC
p

wherein ‘p’ ranges from | to 13;
Rj; is the side chain of L-lysine

Y is hydrogen.

8. The compound as claimed in claim 1,wherein R, is selected from a group

consisting of:

Hy
HyCt—C
m

wherein ‘m’ ranges from 1-11.

R; is selected from a group consisting of
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HQ
H,C—0C
D

wherein ‘p’ ranges from 1-11.

R is the side chain of L-lysine
Y is hydrogen.

The compound as claimed in claim [, wherein Ry is

H. Ha
HiC

wherein ‘m’ s 9.

Rz is

Hz
H,C——C
o

wherein ‘p’ 15 7.

Rj is the side chain of L-lysine

Y is hydrogen

10. A method of preparing a compound of formula [ as claimed in claim 1, said
method comprising acts of:
d. reacting aldehyde of aromatic radical or aliphatic radical with an alkyl amine
to obtain a schiff’s base;
e. reducing the schiff’s base to obtain a secondary amine; and
f. reacting the secondary amine with a free acid group of tert-butoxy carbamate
protected amino acid, followed by deprotection of protecting groups of the

amino acid to obtain the compound of formula .

11. The method as claimed in claim 10, wherein the alkyl amine is C-Cy aliphatic

amiine,
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i2.

i4.

i6.

7.

The method as claimed in claim 10, wherein the alkyl amine is C»-Cy4 aliphatic

amiine,

. A pharmaceutically accepted salt of the compound of any of the claims 1-9.

A composition comprising: the compound of any of claims 1-9 or the
pharmaceutically acceptable salt of claim 13; and a pharmaceutically acceptable

excipient.

. The composition of claim 1[4, wherein the pharmaceutically acceptable

excipient is selected from the group consisting of sugar, starch, cellulose, malt,
gelatine, tale, cocoa butter, suppository wax, oil, glycol, ester, agar, buffering
agent, alginic acid, pyrogen-free water, isotonic saline, Ringer’s solution,
alcohol, lipid, swrfactant, coloring agent, releasing agent, coating agent,
sweetening  agent, flavouring agent, perfuming agent, preservatives,

antioxidants and their derivatives, or any combination thereof,

The compound of claims 1-9, the pharmaceutically accepted salt of claim 13 or
the composition of any of the claims 14-15 for use in treatment of disease

caused by pathogenic microorganisim.

The compound, the pharmaceutically accepted salt or the composition of claim

16, wherein the pathogenic microorganism is a bacteria.

. The compound, the pharmaceutically accepted salt or the composition of claim

17, wherein the bacteria is a gram positive bacterium or a gram negative

bacterium, or a combination thereof,
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i9.

20.

The compound, the pharmaceutically accepted salt or the composition of the
claim 18, wherein the bacteria 15 a drug sensitive bacterium or a drug resistant

bacterium, or a combination thereof,

The compound, the pharmaceutically accepted salt or the composition of the
claim 19, wherein the drug sensitive bacterium is selected from a group
consisting of 8. aureus, E. faecium, E. coli and P. aeruginosa, or any

combimation thereof

. The compound, the pharmaceutically accepted salt or the composition of the

claim 19, wherein the drug resistant bacterium is selected from a group
consisting of vancomycin-resistant £, faecium, wethicillin-resistant S. aureus

and B-lactam resistant K. preumoniae, or any combination thereof.
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