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ANTHRAQUINONE ANALOGS

This application clanns prionity to US. Appheation 61/372.330 filed on

Auvgust 11, 2010

BACKGROUND OF THE INVENTION

{0061} Molecules contanmung naphthoquinone and anthraqumone scatfolds have
been used fo develop mumerous therapeutics due to thelr nwportant biologieal and
pharmaceutical activities.  For example, | 4-naphthogquinong derivatives have been
studied for their diverse biological activities wchuding uses as antibacterial, antifungal,
antimalanal,  antitumor agents, or bemng emploved as mbibitors agamnst vitamin K
dependent carboxylase, protemn kinase, coenzyme (Q, and even as growth stimmilator for
hifidobacteria.  Anthraqumones, which bear the structural core of anthracychine, have
also been used as antibiotics or anticancer agents. Naphthoguinone and anthraguinone
are known to uncouple nutochondria oxidative phosphorviation leading to mechanistic
mvestigations m therr redox chemistry and related applications, such as the use as new
material for photocells.

[0002] A number of representative naphthoguinones and anthraquinones and thew

associated activities ave illustrated below.
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The above Hlustrated representative naphthoguinones and

anthraquinones may be antimicrobial, anticancer, or both. A constant and

persistent problem i the field of antimicrobials and anticancer agents is the

emergence of resistance to known compounds. Novel antimicrobials and

anticancer agents are needed to solve the problem resistance.
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BRIEF SUMMARY

0003} The present discloswre provides a solution 1o persistent and emerging
resistance in the Delds of antinucrobial and anticancer agents. Generally, the present
disclosure relates to anthragumone anslogs, methods for synthesszing anthraqumone
analops, and methods for killing or inhibiting growth of one or more tvpes of calls using
anthraquinone analogs. The anthraquinone analogs describad herein can be synthesized
using a simphified protocol described hersin.  Optionally, the synthesis methods
deseribed herein may include choosing an appropriate leaving group for selectively
producing  D-alkyl-1H-naphthe{2 3-dfjiriazole-4.9-diones  or 2-atkyl-2H-naphtho|2 3-
diriazole-4 9-diones.  According to the present disclosure, anthraguinone analogs can
include vartous functional groups that affect their ability to kill or inhibit the growth of
various cell types. For example, some anthraquinone analogs disclosed heremn have
antimicrobial activity wihile seemingly similar compounds demonstrate anticancer
activity but lesser antimicrobial activity.

{0004} In one embodiment, a chemical composition that mclades a cationie

anthragunone analog of Formula I is disclosed.

Formula |

[0005] According to the present embodiment, R and R are each one of a saturated,

unsaturated, substituted, unsubstitaled, straight chain, branched cham, cyclic, aromatic,
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or an arvl group having from | to 20 carbon and/or hetere chamy atems, the hetero cham
atoms bemng selected from the group consisting of oxvgen, nitrogen, sulfur, or
phosphorus, and combmations thersof.  According the presemt embodiment, sugars,
saccharides, carbobydrates, and the like are speaifically excluded from the possible
structures for R and R R and R’ may be the same or they may be different. A" is a
COWHEr on,

joou6] In another embodiment, a method for synthesizing an anthraquinone analog
of Formula H (1.e., a {-alkvi-1H-naphthof2 3-dltriazole-4.9-dione) or Formula M {ie a
2-alkyl-2H-naphthol2, 3-djnazole-4 9-dione} or a pharmaceutically accepiable salt

thereof s disclosed.

8] O
N
\\ 3 :\\ /A\ AN
\\f/ & f;f \RN A
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Fornmla Formala [l

[0007} The method includes forming a reaction mixture that includes a
napthoquinone starting material, a3 sodum azide compound, and an R-Z i an organic
solvent {e.g., a polar organic solvent such as dimethyl formanude, DMF), and heating
the reaction mixture to a temperature i a range of about 1007 C 1o about 140° C for a
period of time sufficient to yield the anthraguinone anglog of Formula I or Formula 1L

In a subsequent step, an R’ group may be added to the compound of Formula H or Hl to

form an onie species {e.g., a compound of Formula ).
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joues] R 15 selected from the group counsisting of a saturated, unsaturated,
substituted, unsubstituted, straight cham, branched chamn, cyvelic, aromatic, or an aryl
group having from | to 20 carbon andior hetere cham atoms, the hetere chamn atoms
bemy selected from the group consisting of oxygen, nitrogen, sulfur, or phosphorus, and
combinations thereof,  According the present embodiment, sugars, saccharides,
varbohydrates, and the hike ave specifically excinded from the possible structures for R
Z is a leaving group selected from the group consisting of chloride, iodide, bromide,
tosylate, mesvlate, wifluoroacetate, and combinations thereof.  According to one
gmbodiment of the present invention, Z can be selected in order to favor coupling of the
R group to the | position (i.e., Formula I or to the 2 position (1.e., Formula 1)

0009}  In yet another embodiment, the present invention mcludes a method for
inhibiting  growth of a cell.  The method mcludes contacting the cell with a
pharmacologically  effective dose of the chemical composition of & catiome

anthragquinone analog of Formula T or a pharmaceutically acceptable salt thereof.

Q Rn
)
- N

T T M
= N
YOA

O R

Formulsg I

{0010} According to the present embodiment, R and R are each one of a saturated,
unsaturated, substituted, unsubstitated, straight chain, branched cham, cyclic, aromatic,
or an aryl group having from 1 to 20 carbon andfor hetero chain atoms, the hetero cham

atoms bewmg selected from the group consisting of oxvgen, nitrogen, sulw, or
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phosphorus, and combmations thereof.  According the present embodument, sugars,
saccharides, carbobydrates, and the like are specifically excluded from the possible
structures for R and R R and R' may be the same or they may be differsnt. A" s a
counter on,

jouii} Compounds of Formula { are effective against cells selected from the group
vonststing of cancer cells, gramenggative bactenia, gram-positive bacteria, fungl and
combinations thereof,

0012}  These and other objects and features of the present tnvention will become
more fully apparent from the following description and appended claims, or may be

learned by the practice of the invention as set forth hereinafler.
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DETAILED DESCRIPTION

L INTRODUCTION

{0013} Generally, the present disclosure relates to anthraquinone amalogs, methods
for synthesizimg anthraqumone analogs, and wmethods for kitling or mhbibiting growth of
one or more types of cells wsmyg anthraguinone anadogs. The anthragquinone analogs
described herewn can be symhesized wsing a sumplified protocol described herem.
Optionallv, the synthesss methods described herein may include choosing an
appropriate leaving group tor selectively producing b-alkyl-1H-naphthol2 3-dlnazole-
4.9-cdiones or 2-alkyi-2H-naphthof2 3-dtriazole-4,9-diones.  Accordmg to the present
disclosure, anthraquanone analogs can melede vanous fonctional groups that affect thew
abnlity to Jall or inhibut the growth of various cell types. For example, some
anthragumone analogs disclosed herein have antimucrobial activity while seemmgly

simifar compounds demonstrate anticancer activity but lesser antimicrobial activity.

It ANTHRAQUINONE ANALOGS

{3014} in one embodmment, a chenucal composition that wmoludes a cationic

anthragumnone analog of Formala I 1s disclosed.

Formula 1
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jO0 15} According to the present embodimant, R and R’ are each a functional group
selected  from the group consising of a setwrated, unsetwrated,  substituted,
unsubstituted, straight chain, branched chain, or cyclic, aliphatic group or an aromatic,
oran aryt group having from 1 to 20 carbon andfor hetero chan atoms, the hetero cham
atoms being selected from the group consisting of oxvgen, nitrogen, sulfur, or
phosphorus, and combinations thergof.  According the presemt embodiment, sugars,
saccharides, carbohydrates, and the like are specifically excluded from the possible
structures for R and R'. R and R" may be the same or they may be different.

jo0ie} As used herewn, the term “aliphatic” is meant to refer to a hydrocarbon
motety, such as an alkyl group, that can be straight or branched, saturated or
unsaturated, andfor substituied or unsubstituted, which has twenty or less carbons or
hetero atoms m the backbone. Adduonally, an aliphatic can include 20 or less carbons
or hetero atoms i the backbone. An aliphatic group may comprise moiteties that are
linear, branched, cyvche andfor heterocyclic, and contam functional groups such as
ethers, ketones, aldehydes, carboxylates, and the bke. Exemplary aliphatic groups
inctude but are not linited to substituted andfor unsubstituted groups of methyd, ethyvl,
propyl, butyl, pentvl hexyl heptvl octyl, nonyl decyl, undecyl, dodecyl, midecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, alkyi
groups of higher munber of carbons and the Iike, as well as 2 -methylpropyl, 2-methyi~
4-ethvibutyl, 2 4-diethvipropyl, 3-propyibutyl, 2.8-dibutvidecvl, 6,6-dimethyloctyl, 6-
propyl-6-butyloctyl, 2-methyibuyl, 2-methylpentyl, 3-methylipentyl, 2-ethythexyl, and
the like. The terms aliphatic or alkyl also encompasses alkenyl groups, such as vinyl,

allyl, aralkyl, alkenyl, and alkvoyl groeps.
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j0017} Substitutions within an aliphatic group can wclude any atom or group that
can be tolerated in the aliphatic moiety, mcladmg bot ot imited to halogens, selfiwg,
thiols, thioethers, thivgsters, amings {primary, secondary, or tertiary), amides, ethers,
esters, aleohols, oxygen, and the ke, The shiphatic groups can by way of example also
comprise modifications such as azo groups, keto groups, aldehyde groups, carbonyl
groups, carboxy! groups, nitro, nitrose or nitrile groups, heterocveles such as imdazole,
hydrazine or hydroxylanuno groups, tsocyanate or cvanate groups, and sulfiw
containing groups such as sulfoxide, sulfone, sulfide, and disulfide. Additionally, the
substitytions can be via single, double, or triple bonds, when relevant or possible.

{0018}  Further, aliphatic groups may also comain hetero substitutions, which are
substitutions of carbon atoms, by hetero atoms such as, for example, nitrogen, oxygen,
phosphorous, or sulfur. As such, a hinker comprised of g substituted aliphatic can have
a backbone comprised of carbon, mitrogen, oxveen, sulfur, phosphorous, andfor the like,
Heterocychic substitutions refer to alkyl rings having one or more hetero gtoms.
Examples of heterocychie moteties mchude but are not hmited to morpholine, imidazole,
and pyrrofidino.

{0019} Az used berem, the termr “aromatic” 15 meant to refer to molecale 15 one m
which electrons are free 1o oycele around circular or eyelic arrangements of atoms, which

ely and doubly boaded to one another. More properly, these bonds

3

are alternately sm
may be seen as a hybrid of a single bond and a double bond, sach bond in the ring being
identical to every other.

{0020} Suitable examples of aromatic and arvl R and R’ groups inchude, but are not
hinuted to, benzene, phenyl, benzyl, toluene, toluyl, xyilene, and the ke, The aromatic

group can alse include hetero atoms so as to be a hetero aromatic such as pvridine,
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furan, tetrabydrofuran, and the ke, Also, an aromatic can be a polveyelic aromatic
sach as naphthalene, anthracene, phenanthrene, polyeyche aromatic hydrocarbons,
indole, quinchine, wsoquinoline, and the hke. The term “arvl” refers {o any functional
group or substituemt  derved From a smmple aromatic ning, be #t phenvl, thiophene,
indobyl, ete. For instance, examples of Ceaarvl groupy include phenvl (Gl indenyl
{Co). naphthvl (Cho), fluorenyl {Ch:), anthracyl {Cyy). and phenanthryl (Cy) In the
above mentioned arvl groups, unless otherwise stated, one or more hydrogen atoms may
optionally be replaced by other substituent groups. For example, anyl groups may be
substituted by the following substituents groups: OH:; NO;; ON; NH;; halogen, for
example fluoring or chlorine; optionally substituted Crwalkyl, for example methyl,
ethyl, or propyl; optionally substituted ~OC; zalkyl, for example ~OMe, ~QEt, ~COOH,
~LOO0-Calkvl, for example ~COOMe or ~COOEL, or ~CONH..

{0021} As can be seen, the cationic anthraquinone analog of Formula | includes a
charge on the triazole ring. Even though the charge is shown on g single nitvogen, the
charge is actually delocalized due 1o resonance of the double bonds. In order to balance
the charge, the chemical composttion can further mclude a counter 1on AL Sustable
examples of counter ions mchude, but are not muted to, tniflate {CFR0), Quoride (F7),
chioride {C), bromude {BY), iodide (I}, acetate (CH;COO), nutrite (NG, hydrogen
carbonate (HCOy), dibwdrogen phosphate (HPOy), hydrogen sulphate (HSOy),
hydroxide (OH), hydrogen sualphite (HS50:), nitrate (NOY), carbonate (COy™), sulfate
{8047, and combinations thereof. In one embodiment, the counter jon may be a
pharmaceutically acceplable counter ion such as, but not hmited to, chlonde or

bromude. Addiional counter sons that can be ncluded n the chenuical composition to

10
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balance the charge of the catione anthragquinone analog arg known to persons having
skill in the art,

je22} In one embodiment, R of the cationic anthraquinone analog is an alkyl
group.  Suitable examples of R alkyl groups mclude methyl, ethyl, propyl, butyvi,

pentyl, combinations thereof, and the like. In a specific example, R’ is a methy! group.
0023} In one embodiment, R' of the cationic anthraquinone analog s a mathyl
group and R is selected from the group consisting of CHy, CHCH;, CHACHRCH:,

CH #* {{\H >1 CH 1. (H>{C H ;g_}aa CH;;, CH \{CH @ } i t?CH;K CH * {{\H \} t.;CH G benzy ! .

OO
—_M T\

1. METHODS FOR SYNTHESIZING ANTHRAQUINONE ANALOGS

. and combinations thereof

{0024} The synthesis of anthragquinone analogs generally requires multi-step
processes. In contrast, the present disclosure provides for a concise one-pot divergent
svithesis of I-alkyl-1#- and Z-alkyl-2H-naphthof2 3-dhriazole-4 9-diones, both of

which can be viewed as analogs of anthraguinone fused with 1.2 3-triazole 1s reported

herent,

‘ O O

7 NSN‘S E B E\
= R~Br Za —N, P =N
S QO - Qe
~ solven R , ~n SN ;
N e - N N -~ N
¥ 120°C /\ﬂ i T

O O

teatkyl-1H- 2-alkyl-2H-

naphthotriazole-4,9-dione  naphthotriazole-4, 9-dione

11
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jO025] in another embodiment, a method for synthesizmg an antlwaguinone analog
of Formula # (ve., a fealkyl-1 H-naphthol 2 3-dfinazole~-4 9-dione) or Fornmda Hi {12 a

2-glkyl-2H-naphtho[2 3-dlniazole-4 9-dione} or a pharmaceutically acceptable salt

thereot s disclosed.

Fornula 1 Formula 1
0026} The method includes formung a reaction muxture that includes a

napthoquinene starting matenal, a sodium azde compound, and an R-Z in an wrganic
sobvent {e g . a polar orgame solvent such as dimethy] formamude, DMF), and heating
the reaction mixiure {0 a temperature i a range of about 100° € to about 130° C for a
period of time sufficient to yield the anthraguinone analog of Formula I or Formuala 11,
wherein the R group is selectively coupled 1o a 1 position or a 2 position on the
anthragumone anglog of Formula I or Formula L

[0027} An example of a divergent synthesis pratocol for synthesizing l-alkyvi-15-
naphthof 2, 3-dliriazole-4, 9-diones of Formula 1 and 2-alky-2H-naphthof2 3-djtnazole-

4 S-diones of Formula 111 15 illusttated below.

12
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t-atkyl-1H- 2-alkyl-2H-
naphthoiriazole-4,9-dione naphthotriazole-4 9-dione

[0028] R is selected from the group consisting of a saturated, unsaturated,
substituted, unsubstiiwted, strasght chatn, branched chain, cvelic, aromatic, or an aryl
group having from 1 o 20 carbon and/or hetero cham atoms, the hetero cham atoms
being selected from the group consisting of oxygen, mtrogen, sulfor, or phosphorus, and
combmations thereof. £ is 3 leaving group selected from the group consisting of
chloride, wdide, brontde, tosvlate, mesylate, trifluoroacetate, and combinations thersof,
{0029} Suttable examples of orgame solvents mclude, bot are not hmited to,
dichloromethang  (DCM]),  tetrahydrofran  (THF), ethyl  acelate,  acetone,
dimethyviformanude (DMF), acetonitrile {MeCN), dimethy! sulfioade (DMSOY), fornue
acid, pentanol, rn-butanol, isopropanol, n-propanol, ethanol, wethanol, 1.4-dioxane,
toluene. and the hike. In one embodiment, the polar organic solvent s dimethyl
formannde (DMF).

0030} in one embodiment, the reaction mixture further includes an additive such
as, but not linmited to, a quaternary ammoninm compound.  Without bemng tied to one
theory, it is believed that the quaternary amumnonium compound encourages the
formation of at least some of the compounds of Formula II and Il by acting a phase-
wransfer catalyst.

0031} Suitable examples of guaternary ammonium compounds that can be used n

the methods  desortbed  bherein  inchide tetrabotvlammonnen dodide and

13
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tetrabutylanunonium bisulfate.  Additional suntable examples of quaternary anymonum
compoands mchide, but are not bmuted to, benzvirethyvlammonmm  chlonde,
wetramethvlammonium chlonde, tetramethvlammontum odide, tetramethyvlammoniam
bronude, tetraethviammonium  hydroxide,  benzylromethyvlammonnun hvdroxade,
dimethvidioctadecviammonium  chlonde,  dodecvlirimethyvlammonium  chonide,
wunethyiphenylammoniam chiorde, tetrabutylammonium bromude,
tetrabutylanunonm chloride, tetrabutylammonmm hvdroxide, tetrapropylanumonium
chionde, benzvltributylammonium chlonde, and combinations thereof.

032} Both l-alkyl-1H- and 2-alkyl-2H-alkyviated naphtho|2 3-dlriazole-4,9-
diones are completely insoluble m aqueous media making these two classes of
compounds generally unsuitable for biological evaluation. One feasible approach for
improving the solability of these compounds i« to convert them nto cationie compound
via alkvation of the N-3 of the triazole motif. The N-3 i« labeled above as position 3 in
Formulas 1T and 1L

[6033] Az such, i one embodiment, the method further inclades coupling an R
groap to a 3 posiion of the anthraquinone analog of Formula I or Formala 1 to form a
cationic anthraqoinone analog. In the case of compounds of Formula II, adding an R' to
the N-3 position results i the formation of a compound of Formuda I Compounds can
be alkvlated by a general procedure as follows: To a solution of starting material {e.g.,
about 0.03 g) in toluens {e.g., about 10 mL), MeOT{ {4 equiv.) was adided. The reaction
mxture was stirred at 100°C for 24 hours. After completion of the reaction, the sobvent
was removed and the cnude product was loaded with a short column packed with
Dovwex 1N resm {CU form). The column was ehuted vith MeOH (ca. 20 ml). After

removal of the solvent, the product was obtamed as brovwnish solid

14
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While the procedure described above relates specifically to methvlation, essentially the
same procedure can be ased for other alkyl groups. In one embodiment, the R' group is
ong of a saturated, unsaturated, substituted, unsubstituted, straight chain, branched
cham, cvelic, aromatic, or an aryl group having from 1 to 20 carbon andfor hetero cham
atoms, the hetero chain atoms being selected from the group consisting of oxvuen,
nitrogen, sulfur, or phosphorus, and combinations thereof. In a specific embodiment, R

is a methyl group. Results of methylation are iHlustrated in the table below {Table 1)

15
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Table 1: Svnthesis Scheme 1.

Q
1 foluene
DR

+
RN

, L T /I}\NEN

Me

PCT/US2011/046794

0 Me

Dowex 1X-B

(Crorm) . 1 LN\\N

NN e
s 0 R ‘ R 4a-h 0
T oty
Compound R Product | Yield (%)
2a CH; 4a R14%
2b CHLCH;, 4b 82%
2e CHA(CHCH; 4¢ 84
2d CH{CH 1:CH; 4d 84%
e CHACH ) CH; 4e Q9
2f CH:A{CH: 1sCH; 41 88%
2g CHA(CH O H: du 43%
2h Bn 4h 83%

{0034} Compounds of Formula 11 or Formula [T can be alkvlated with alky! groups

nther than methy! using the geveral procedurs sHlustrated below.

16
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THO, pynidine

R'OH _loluene. 1t | paTts {used without purification)

G . O =3 3 Rc
A 1L tﬁﬁg‘; o j,JL\ ;_,%; Dowex 1X-8 (,,JL\ :g\g
i\ l 5 N 1005%C |»|\ \L IE' \"\N (Cf*ﬂlﬂﬂ} [I :l\ E \\N
~ \ﬂ/ -"‘LmN . :(,:,’e'r" ) *n""“L\“N;’ S \{;f-’/ W B N
i 3
Ta-h O R O R O R
T Faormula 1V oF

Two such analogs have been prepared with R'=ethyl and R'=octyl in 50% and 38%
overall vields, respectively.

{0035} The synthesis of compound 41 began with a Boce-protected 1-{4-{N-tert-
butoxycarbonylpiperidimy - | Hnaphtho[2 3-dimazole-4 9-dione (21} (Scheme 2}
During the methylation step, the by-product TIOH also triggered the deprotection of
Boce group and provided the deswred product followmyg ion-exchange. The synthesis of
41 started with the svnthesis of 2-picolyl ande followed by cycloaddion. The resulting
cycloadditon product 21 can be converted 1o the corresponding cationte adduct 4§ via

atkylation with MeQTE

17
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Scheme 2

0036} While the specific examples shown herein illustrate the cationic analogs of
Formula H and Formaula 1 having either a THO (1e., triflate or CF:80y) or CF counter
ion, one will appreciate that a number of connter ions are possible.  As such. in one
gmbodiment, the cationic anthraguinone analog includes a counter ion selected from the
groap consisting of wiflate (CF:SOY), fluonde (F7), chlonide (CI), bromide (Br), iodide

{1, acetate (CHCOOT), nwrite (NOYY, hydrogen carbonate (HCO5), dihydrogen
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phosphate (H:PQy), hvdrogen sulphate (HSQ4), hvdroxide {OH), hydrogen sulphite
{HSOR), nitrate {NOy), carbonate {‘(_‘.();Ef}, sulfate {S{'};;g':}, and combmations thereof
o037} It was found that the leaving group £ in the R-Z starting matenial could be
selected to favor synthesis of I-atkyi-1#H-naphtho[2 3~dlirnazole-4 9-diones or 2-alkyi-
2H-naphtho{2 3/ nazole-4.9-diones.  In order to mvestigate this phenomenon, the
synthesis protocol described herein was employed using pentyl group as the R group t©
he incorporated. Various leaving groups including bromide, chloride, tosylate (TsQ),
mesvlate {(MsQ), and tifluoroacetate (CFCOy), were mvestigated (Table 2}

jO038} From the ratio of 2d/3d determined by 'H NMR, it is apparent that better
leaving groups (Br) favor the formation of I-alkyvi-14-naphthol2 3-dltriazole-4.9-
diones while poor leaving groups (MsQ and CF;CO;) prefer the formation of 2-alkyl-
2H-naphtho]2, 3-dltngzole-4 9-diones,  Use of tetrgbutvlammomum iodide {TBAD
improved the overall yvield of compounds where the leaving group is likely stabilized by
the additive,

{00391 Therefore, i one embodiment the method of the present mvention mclades
usmg a leaving group selected from the group conststing of chlonide, 1odide, or bronude
m order to faver the formation of anthraqunone analogs of Formule 1 In another
embodiment, the method inchudes asing a leaving group selected from the group
consisting of tosylate, mesylate, or tritlooroacetate m order to favor the formation of

anthraquinone anatous of Formaula 11
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Table 2, The ratio of 2d¢/3d

0 P ?
o | NaN; AN J\ N N N
e o { h \Y e
Y s L I
: sleaving groups - Ny N Y
S : | 3
* Y DMF, 120°C | h
L0 GsHig 2 O
t O 2d 3d
Leaving group {X)Addiive | TH: 2H ratio {2d/3d) | Overall vield
Pentyl bronude, TRAI TA2- 100 8%
Pentyl bronude 5.00:1.00 75%
Pentvi chlonde, TBAL 127 0 1.40 76%%
Pentvi chlonde 102100 99%%
Pentyl tosylate 1580 1.00 7%
Pentyl mesvlate 1.17:1.00 29%
Pentvi triflooroacetate 100 1.06 38%,

IV, ANTIMICROBIAL AND ANTICANCER ACTIVITIES

j0040]  The anthraquinone analogs described hergin can be used to kill or mhibit
growth of a cell, to treat cancer or an mfection due to a parasite, gram-negative {G-)
hacteria, a gram-positive {G+) bacteria, fungt, and combinations thereof. In this regard,
the mventon provides a method of nhibiting growth of a cell. The method mchades
contacting the cell with a pharmacologically effective dose of the chenucal composition

of a casonre anthraqumone analog of Formala L
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Formula |

{0041} R and R’ are each one of a saturated, vnsaturated, substiiuied, unsabstituted,
straight cham, branched chain, cvclie, aromatic, or an aryl group having from 1 to 20
carbon andfor hetero cham atoms, the hetero cham atoms being selected from the group
vonsisting of oxygen, nitrogen, sulfur, or phosphorus, and combinations thereof R and
R’ may be the same or different.

[0042] A" shown in Formula I is a counter won. Suitable examples of counter ions
include, but are not limited to, wiflate (CF:8057), fluonide {F), chlonde {C), bromude
{Br), iodide (1), acetate (CHRCOO), nitnte (NOY), hydrogen carbonate (HCOY),
dibvdrogen  phosphate  (HaPOy), hydrogen sulphate {(HSOy), hvdroxide (OH),
hydrogen sulphite (HSOy), nitrate (NOY), carbonate (CO7), sultate (SO, and
combinations thereof. In one embodiment, the counter ton mayv be a pharmaceutically
acceptable counter 1on such as, but not linuted to, cidonide or bromide.

[0043]  Compounds of Formula 1 were tested for thew activity against a variety of
gram-posttive (G and gramenegative (G-) bacterm mcluding Escherichia coli {G-,
American Type Culture Collection (TATCCTY 23922y, Ntaphyvlococcus arens (G,
ATCC 258923), Klehsiella prepmonte (G-, ATCC 13883), Pyendomonas aeruginosa
{G~, ATCC 27853, Myveobacteriion smegauniy (G, ATCC14468), Metlucillin-resistant

A aurens (G, ATCC 33391) (MRSA). vancomyem-resistant Frterococens foecalis
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{G+, ATCC 51299} (VRE), and F. foecalis (G, ATCC 29212) Similar cationic
compoands,  such  as  benwyldimethyihexadeoviammonnem  chlonde (BDO),
hexadeovipyridimum bromude (HPB), hexadecylrmethylammonium bromide (HTB),
and climically used antibiotics were emploved as controls.

j0044] The MIC was determined by a procedure as follows: A solution of selected
hacteria was noculated in Trypticase Soy broth at 35°C for 1 - 2hrs. ARer which, the
hacteria concentration was found, and diluted with broth, if necessary, to an absorption
value of 0.08 to 0.1 a1 625 mm. The adjusted inccutated mediam (100 L) was diluted
with 10 mb broth, and then applied to a 96-well microtilier plate {50 ul). A sertes of
sofutions (50 pL each mn 2-fold dilution) of the tested compounds was added to the
testing wells. The 96-well plate was meunbated at 35°C for 12 ~ 18 hys. The minimum
intubitory concentration {MIC) 15 defined gs the minimum concentration of compound
needed to mnbubit the growth of bacteria. The MIC results are repeated at least three
tmes,

[0045] The results of the MIC studies with each of the compounds are summarized

below i Tables 3a and 3b.
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Table 3a: Minmmum Inhibitory Concentration {MIC)Y

. s S ) .o N ; =
S awrens® | K. preumoniae 5. qureus

Compounds » . | ‘
(G-} (G {(G-) (MRSA, G+)

Neomyem 4 I 2 128

Kanamyaomn 2-4 1-2 0.5-1 125-230

Vancomyem | > 250 1 > 250 0.5-1
Anukacin i 0.5-1 1 16
BDC ND? 2-4 ND I
HPB ND 2-4 ND 4
HIB i 0.5-1 i 2
da 32-64 4§ &4 4§
b 16-32 1-2 3264 1-2
de 16-32 2-4 32-64 1-2
4d 8-16
de 8 .032-0.064 8-16 0.5-1
41 24 0.032 2 0.25-0
4g 0.5-1 | 0.125-025 2-4 0.25-0.5
4h 8~i6
4i 32-64 2-4 64 2-4

&3
tu
o
T

?

Bk
o 2
¥
ot
>
jowl
At
[
it

4 16-32 24 16-32 E)

/YL ! S I M : I DI s AT Al F B Lo B UL 4, 7% . P ST ]
“Unit gg'ml, 7 Escherichia coli {ATCC 25922), © Staphvlococcus aureus (ATCC
25923), ¢ Kiebsiella pneumoniae (ATCC 13883), © Staphvlococcus aurens (ATCC

33591) (MRSA),{ ND: Not Determined,
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Table 3b: Minimum Inhibitory Concentration (MICY

Compounds

P aere j:,?i' BOSE f

M. smegmaris®

PCT/US2011/046794

E. faecalis®

E. faccalis’

(G-} (G} {1} {(VRE, Gt}
Neomyein 64 NDY 16-32 125-250
Kanamvom 125-250 -2 ND ND
Vancomyeimn > 250 ND 1-2 128
Amikacin 025 Q.25 32-64 = 250
BDC ND ND ND ND
HPB ND ND ND ND
HTB 16-32 i 2-4 4-8
49 125 32-64 =250 125-250
4b =250 16-32 250 250
4¢ »250 16 =230 =230
4d 2250 8-16 =250 125-250
4e =250 i 125250 125-250
4 i6 i 4-8 4-8
dg »250 2-4 2-4 4-8
4h 125-2534 B-16 =250 =250
4i 64 i6 >256 >250
4§ >250 16 2250 2250

Uit pgfml, ’ Pseadomonas aeraginess (ATCC 278353), * Mycobacterium smegmatis

(ATCC14468), * Enterococeus faccalis (ATCC 29212), ' E. faccalis (ATCC51299)

(VRE), ! ND: Not Determined.
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0046} in general, these compounds are much more active agamst G+ bagteria than
G- bhactenia. From the mummmum indibitton concentration (MIC) generated from
vompounds with Hagar alkyl groups, some of the compounds are surpnsingly effective
agamst, w particudar, the G+ bactenia. For example, agamst S qureny and MRSA | the
MICs for de, 4f and 4g ave lower than all the controls enploved. The MIC™s of 4¢ and
4 are even m nud-nanomolar range. Compounds with non-hinear alkyl groups, 4h (Bn),
4i {d-piperidinyl}, and 4 {2-picolyl) ave less active than those with linear atkyl groups.
0047}  As such, in one embodiment, the method of inhibiting growth of a cell
further comprises contacting a G+ bacteria with a compound of Formula I having an
R=methyl and an R=CH{CH}CH;z, wherem the pharmacologically effective dose is in
a range from about .03 pg/mi to about | pg'ml In another embodiment, the method of
intubiting growth of a cell fuwther comprises contacting a G- bacteria with & compound
of Formula I having an R'=methy! and an R selected from the group consisting of
CH(CH0CHy and CHA(CH)oCH,, wherein the pharmacologically effective dose is
in a range from about 8.03 ug/mi to about 4 pgiml.

[0048] A relatively clear strocture~-activity relationship (SAR) can be deduced from
the compounds with linear atkyl groups. The antibactenial activity shghtly increases as
the mumber of carbon of the alkyvl group moreases and significant antibacterial activity
emerges as the cham length reaches etght carbons {octyl group, de), and such high
activity remains even with sixteen carbons (hexadodacyl group, 42). Nevertheless,
compound de (C8) has different antibacterial profile as compared to compounds 4f
{C12) and 4p {C16) paricularly against G- bacteria and £ Joecalls. The former
compound, 4e shovws high antibacterial activity selectively toward G-+ bactenia except £.

Jaecalis., Compounds wiath shorter hinear alkyl cham than de also display symdar
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antibacterial profile as de. The latter two compounds, 41 and 4g manifest rather broad
antibacterial activity agamst G- and O+ strams comparable o the commonly used
cationic control, HTR.

00349} Enterococet are facultative anaerobic organmisms that can thrive m both
oxyeen-rich and oxygen-deficient environmenis. The lack of activity of de against £
faecaliz 1s particularly interesting since it imphies that de and compounds with shorter
alkyl chains (da-d) have a different antibacterial mode of action from 4f and 4g.
Commercially available cationic antibacterial agents, such as HTB, carry a hpophilic
atkyl chain with length around twelve to sightzen carbons, which often lowers the
solubility of these agents in aqueous media.  The shorter chain length of 4e is
potentially advantageous since it can be quite soluble m aqueons media unbke HTB.
Figlly, all the catonic compounds mcluding HTB are not very activity aganst F.
aeruginosa, which 1s known to exert drup resistance via lowering s membrane
permeability.

{0050} Two structural motifs are expected to be responsible for the observed
antibactertal activity: the cationic snthraquinone analog and the alky groups at the N-1
postiion. As mentioned previously, the neutwal I-alkvi-1H-naphtho{2 3-djirazole-4.9-
diones, compound 2a-1 are insoluble m aqueous media makmg it difficult to evatuate the
antibactertal activity of these compounds.  1-alkyl-1H-naphtho{2 3-d{triazole-4.9-
diones with carbohydrates attached to the N-1 position enables these compounds to
have moderate to excellent solabihity in aqueous media. However, these conmpounds are
largely wmactive agammst £ celi {(ATCC 23922) amd S ewrens (ATCC 259233
Therefore, the cationic form of the anthragquinons analog is thought to be important for

the observed antibacterial activity. The chamn-length of the hnear alkyl groups also

26



WO 2012/021409 PCT/US2011/046794

plays umporiant role as evidenced by the observation of nummal antibactenal activity
with shorter alkyl groap chain lengths and an increase m antibactenial actevity from C3
o 16,

{0051 Commonly used antiseptic quaternary ammonium compounds often contam
linear hipophilic allkyl chans (C12-C18). The amphiphilic property of these cationic
agents allows the molecules to exert their anubacterial activity by disrupting the
bacterial membrane. Since compound e {{8) exerts excellent antibacterial activity as
compared to 41 and 4g, membrane disruption that is related to the lipophilicity of the
commercally used cationic antiseplic ggenis may not offer a sole explanation for the
observed activity of de. Without being tied to one theory, it is speculated that the
observed antibactenial activity 1s & combination of the cationic nature and the alkyl
groap each contribute to the exceptionally high antibactenigl activity of de via an
anknown mode of action, which seems to be specific toward G+ bacteria. Noticeable
antibacterial activities, which are also specific toward G+ bacteria for compounds with
shorter atkyl chaing {(d4a-d, C2-C8) mphies that the cationic anthraguinone motety plays
an important role in the antibactenial sctivity of these compounds.  As the chain length
extended to €12 and €16, the tncreased hipophilicity of 4f and 4g begins to exent broad
antibacterial activity.

[0052]  The selectivity of certamn embodiments disclosed herewn against G+ bacteria
may provide for additional applications. For example, it may be possible to employ
compound de as antibactenial agent and avoid Closiricdivm difficile mtection {CHE). €
difficile 15 a Gb anaerobic bacterium and is the most significant cause of
pseadomenthranons cobitis, a severe nfection of the colon, often appears after normat

gut flora is eradicated by the use of anubiotics following surgery. Many associated
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deaths have been reported, especially among the eldedly. The presence of benebicial
hacteria within our miestines 1 necessary 1o help the buman body develop property and
to remain healthy, Since compound 4e is less active against (- bacteria, it may be

possible to selectively “kill” pathogenic G+ bacteria and avoad CDE

0853} Some compounds of Formula 1 are also effective anbicancer agenis.
Although, to a cenain extent, the anticancer activity is the reverse of antibacterial
activity. That is, compounds of Formula I with shorter and/or non-linear R groups were
found 1o have greater anticancer activity, whereas these compounds showed
considerably less anubacterial activity relative to longerfinear chain lengths in the
stady discussed herein.
[0054]  As such, i one embodiment, the method of inhibuting growth of a cell
further comprises contacting a cancer cell type {e.g., Leukema, Non-Small Cell Long
Cancer, Colon Cancer, Melanoma, etc) with & compound of Formula I having an
R'=methyl and an R selected from the group consisting of CHi, benzyl, and
VAW

\_____f , wherein the pharmacologically effective dose 1s in a range from abowt
0.1 up/mi to about 1.0 pg'ml. Compounds of Fornwila | baving an R'=methyl and an R
selected from the group consisting of CH{CH;RCH;, CHy{CH)CH: and

CHA{CH1CH; show appreciably less anticancer activity.

{0055} It s nteresting to note that the data showing that a compound of Formula 1
having R and R'=methy! 1s not particularly effective against G+ or G- cells suggests that

this compounds s not merely toxic to hving cells.  Ratber the observed anticancer
activity proceeds by an unknown mechanism that s due to & wugue physiological

characteristic of the cancerous colls themselves,
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0056} Tha present vention may be embodied m other specific forms without
departing from s spirit or essential charactenistics. The described embodiments are to
be considered in all respects only as lustrative and oot restrictive.  The scope of the
invention 18, therefore, mdicated by the appended claims rather than by the foregomg
description.  All changes which comg within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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CLAIMS
What ts clawned 1
i A chemucal composition, comprising a catiomic anthraquinone analog of
Fornuda §:
D Rl
‘\Ni
g
‘“\ \Q
| »;
= N

Formula |

wharein:

R and R' are cach one of a saturated, unsaturated, substituted,
unsubstituted, siraight chain, branched chain, cyelie, aromatic, or an aryl group
having from 1 to 20 carbon andfor hetero chamn atoms, the hetero cham atoms
being selected from the group consisting of oxvgen, nitrogen, sulfur, or
phosphorus, and combinations thereof,

wherein R and R' may be the same or different; and

A- 15 3 counterion,
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2. The chenucal composttion of clamm 1, wheresn the counter 1on s selected
from the group consisting of wiflate {CFSOyY), fluoride (F), chlonde (C), bromide
(B}, sodide (1), acetate (CH;COQ7), nutnte (NO7), hvdrogen carbonate (HCOY),
dihyvdrogen phosphate  (H:POs), hydrogen sulphate {HSOW)  hydroxide (OH7)L

hydrogen sulphite (HSOY), mitrate (NOy7), carbonate {C(){}'}? sulfate (‘S()f'}? and

combinations thereofl

3. The chenucal composition of claim 2, wherein the counter ion is
chloride.
4. The chemical composition of clatm 1, wherem R' 15 selected from the

group consisting of methyl, ethyl, propyl. butyl, pentyl, and combinations thereofl

S. The chemical composition of claim 1, wheremn R’ 1s a methyt group.
6. The chemical composition of claim 1, wherein R 15 a methy! group and R

1s selected from the group consisting of CHy, CHOHL, CH(CH: BOH:, CHACH RCH;,

—L{NH
CH;}{CH ir(\Hx . {:Hg {CH :t}! (‘4CHS\ (H 3_( CHH\! 1 .-;CH 3. 'benzy L .

\ﬂ&w}

. and combinations thereof,
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7. The chemical composition of clamm 1, wherem R’ 15 selected from the
group consisting of methyl, ethyl, propyl, botyl, peatyl, and combmations thereof, and
wherein R i selected from the group consisting of CHy, CHCH:, CHL{CH,1RCH;,
CHH{CHD:CH:, CHACHRCH:, CHCHoeCHs, CH{CH1CH;, benayd,

OO

/ . N—" and combinations thergot,

.""v
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8. A method for synthesizing an anthraquivone analog of Formuda I or

Formuda I or a pharmaceutically acceptable salt thereof, the method comprising:

O Q
N A
N = =N\
B N—R
Y - N H,—» =y
\ 1
O R 0
Formula T Formula {11

formung 2 reaction wixwre that nchudes a napthogumone starting
malerial, a sodinm azide compound, and an R-Z m an organic solvent,
wherein Z 18 a leaving group selected from the group consisting
of chlorde, 1odide, bromude, tosylate, mesyiate, tniflooroacetate, and
combinations thereof, and
wherein R 1s selected from the group consisting of a satarated,
unsaturated, substituted, ansubsistuted, straight chain, branched cham,
cychic, aromatic, or an aryl group having from 1 to 20 carbon andior
hetero cham atoms, the hetero cham atoms being selecied from the group
consisting of oxygen, nitrogen, sulfur, or phosphorus, and combinations
thereof]
heating the reaction nuxture to a lemperature m a range of about 80° C w
about 140° C for a pertod of time sufficient to vield the anthraguinone analog of
Formuls 1T or Formula HI, wherein the R group s selectively coupled 1o a |
position or a 2 position on the anthraquinone analog of Formula 11 or Formwla

HL
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g, The method of claim 8, wheremn R 1s selected from the group consisting

of CHy, CHCH,, CHAOH: RCH, CHACH hCHy, CHACH: CHs, CHACH1CH;,

SN =
m<\““/mﬁ %\N J

CHA{CH) 1 CHG, benzyl, ) . and combinations thergof.
10, The method of clanm 8, wherein the solvent 15 selected from the group

consisting of dimethyl formamide (DMF), 1 4-dioxane and toluene.

1. The method of claim &, wherein the reaction muxture further includes a
quaternary  ammonnmm  compound  selected  from the  group  consmsting of
tetrabutvlammonium odide, tetrabutvlammonium bisulfate, benzvitriethylammonium
chioride, tetramethylammonium chioride, tetramethylammonium todide,
tetramethylammonium bromide, tetragthylammonmm hydroxide,
benzyltrimethylammontum hydroxide,  dimethyldioctadecylanunomum  chionde,
dodecyltnimethylammonium choride, wimethylphenylammomuam chionide,
tetrabutylammonivm bromide, tetrgbutylammonium  chloride,  tetrabutylammonium
hydroxide, tetrapropyviammoeniun chloride,  benzyitribuivlanunonium chlonde, and

combinations thereof.

12, The methed of claim 8, further comprising coupling an R’ group o a 3
position of the anthraquinone analog of Formula Il or Formula HH to form a cationic
anthraqumone analog. wheren the R' group 1 one of a satwated, unsaturagted,
substituted, unsubstituted, straight chain, branched chain, cvelic, aromatic, or an arvl

group having from 1 to 20 carbon andior hetero chain atoms, the hetero chain atoms
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bemng selected from the group consisting of oxygen, atrogen, sulfur, or phosphorus, and

combinations thareof

13, The method of clamm 12, wherem the cationie anthraquione analog
meludes a counter 1on selected from the group conssting of tniflate (CF.SOY), fluonde
(F7), chlonde (CF), bromude (Br), iodide ('), acetate {CH:COO7}, wmtrite (NORD,
hvdrogen carbonate (HCQY), dihvdrogen phosphate (H:POL) hvdrogen sulphate
(HSOL), hydroxide (OF), hydrogen sulphite (HSO5 '), nitrate {(NOY), carbonate {037,

sulfate (SO, and combinations thereof

4. The methed of clamm §, wherain having the leaving group be one of
chioride, 1odide, or bromude favors formation of the anthraguinone analog of Formula

.

15, The method of claim &, whergin having the leaving group be one of
tosvlate, mesylate, or trifluoroacetate favors formation of the anthraquinone analog of

Formulg 11
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6. A method for inhibiting growth of a cell, comprising:
contacting the cell with a pharmacologically effective dose of the
chemical composttion of a cattorne anthraqumone analog of Formwula 1 or a

pharmaceutically acceptable salt thereof!

~rd

11

Z\ /52“
.

m/"

Formula |

wharein:

R and R' are cach one of a saturated, unsaturated, substituted,
unsubstituted, siraight chain, branched chain, cyelie, aromatic, or an aryl group
having from 1 to 20 carbon andfor hetero chamn atoms, the hetero cham atoms
being selected from the group consisting of oxvgen, nitrogen, sulfur, or
phosphorus, and combinations thereof,

wherein R and R' may be the same or different, and

whearetn A s & counter 10,

17, The method of claim 16, wherein the cell is selected from the group
vonsisting of a cancer cell, a gram-negative bacterium, a gram-positive bacterium, a

fungus, and combinations thereof,

18, The method of claim 16, wherein R’ is a methyl group and R 15 selected

from the group consisting of CHy CHCH; CHH{CHCH;, CHL{CH):CH;,
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VAW

CH;‘. { QH >} rCH N CH;; {CH }; i)CH kn (H> {C H ﬂ i ;;CH 3, hen ¥ { , \mf ’

. and combinations thereof.

19, The method of claim 16, further comprising contscting 8 gram-positive
bacteria with a compound of Formula T having an R=methy! and an R=CH{CH.:)};CH;,
whergin the pharmacologically effective dose s in a range from about 0.03 gg'ml o

about | yg'ml

20, The method of clanm 16, further conprising contacting a gram-negative
bacteria with a compound of Formala I having an R'=methy! and an R selected from the
group consisting  of  CHiCH:3aCH:  and  CHH{CH.CH:, wherein  the

7

pharmacotogically effective dose 18 1 a range from about 0.03 pwg/mi to abowt 8 yg/ml.

21 The method of clam 16, further comprising contacting a cancer cell with

a compound of Formula  having an R=methyl and an R selected from the group

consisting of CHj, benzyvl, and \_/
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