N,N-DIHALOGENATED AMINO ACIDS AND DERIVATIVES 1. FIELD OF
THE INVENTION The present invention relates to bactericidal, antibacterial,
anti-infective, antimicrobial, sporicidal, disinfectant, antifungal and antiviral
compounds and compositions on the basis of amino acids and their
derivatives that have the ability to release halogen and to new uses of these
compositions in therapy. In another variation, the present invention relates to
active bactericidal, antibacterial, anti- infective, antimicrobial, sporicidal,
disinfectant, antifungal and ant|V|raI compounds and composmons and to
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starting materials for the preparation of the halogenated amino acids include 1-
amino-1-methylethanesulfonic acid, 2-amino-2-methylpropanesulfonic acid, 1,1-
dimethyl-2-amino-2-carboxy-ethanesulfonic acid, aminotrimethylene phosphonic
acid, 2-amino-5-phosphonopentanoic acid, aminoethylphosphonic acid diesters,
such as the diethylester,1-amino-1-methylethane phosphonic acid, 1-amino-2-
methylethane phosphonic acid, 1-amino-2-methylpropane phosphonic acid, leucine
phosphonic  acid, = 4-amino-4-phosphonobutyric ~ acid, (£)  2-amino-5-
phosphonovaleric acid, (+)2-amino-5-phosphonovaleric acid, d,l-2-amino-3-
phosphonopropionic acid, 2-amino-8-phosphonooctanoic acid, alanine boronic acid,
-alanine boronic acid or leucine boronic acid and their salts.

These starting materials may be used in form of their esters or salts. The

lower alkyl esters of the phosphonic acids are the preferred esters for the preparation



1 of the dihalo aminophosphonic acids of the invention and their derivatives.
The term halogen as used herein includes chloro, bromo and iodo. The
starting materials for the N-halo- or N,N-dihalo amino acids are generally
known compounds or may be prepared by known methods. These materials
are described in Tetrahedron: Asymmetry 1997, 8 (13), FEMS Microbiol.
Lett., 70, 23-28 (1990), Synth. Commun. 2725-2731 (1994), FEMS Microbiol.
Lett. 108, 225-230 (1993), Neurosci. Lett. 21: 77-92 (1981), Br. | Pharmacol.
75, 65, and for example, in Prof. R. Noyori Nobel Lecture "Asymmetric
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properties.
The invention also relates to a number of new N, N-dihalogenated amino
acids and their derivates with bactericidal, antibacterial, anti-infective, sporicidal,

antimicrobial, antifungal, and antiviral properties.

2. BACKGROUND OF THE INVENTION

A body’s immune cells, the neutrophils and macrophages that are known for
their abilities to clear infection can generate reactive oxygen metabolites that destroy
microorganisms and normal or neoplastic (cancerous) cells and modulate
inflammatory responses.

Neutrophils can be activated as a response to inflammatory stimuli, bacterial
infection and / or other membrane changes. As a result, they produce super oxide
radicals such as: HOO, O, and OH. Chloride ion (Cl) at physiological
concentrations of 100-150 mM is oxidized by H,0,, which is catalyzed by
myeloperoxidase (an enzyme within the neutrophils) to form hypochlorous acid

(HOCI) and HCI.



(HOCI) and HCI. 2 Physiological generation of HOCI is tightly regulated
through feedback inhibition by an intricate network of biochemical signals.
HOCI is generated at a concentration of 2 x 10 7 M per 10 6 activated
neutrophils. This quantity of HOCI is estimated to kill approximately 150 x
106 E. coli bacteria. Once HOCI is produced, it degrades rapidly by reacting
with multiple oxidizable substrates within the complex cell system. Thus, the
concentrations of reactive oxygen-metabolites are expected to fall to
undetectable levels within hours. However, it has been demonstrated that
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3. DESCRIPTION OF RELATED ART
German Patent Application 4041703 W. Gottardi describes alkali metal salts

of N-chlorotaurine. The application mentions that it has not been possible to isolate
N-chlorotaurine as a pure substance but only in the form of a diluted solution when
it is prepared in situ. Later work established that N-chlorotaurine could be prepared
as described below. The German patent application also describes the preparation of
pure alkali metal salts of N-chlorotaurine in crystalline form. It also discloses the
use of these salts as disinfectants and bactericides in medicinal applications to
humans. The German application describes the preparations of the alkali metal salts
by the reaction of taurine with an alkali metal chloramide, such as N-chlorobenzene
sulfonamide sodium (Chloramine-B) or N-chloro-4-methyl-benzene sulfonamide
sodium (Chloramine-T). Chloramine-B and Chloramine-T are listed in the Merck

Index, Thirteenth Edition, 2001, Entries 2084 and 2085 on page 356.



sodium (Chloramine-T). Chloramine-B and Chloramine-T are listed in the
Merck Index, Thirteenth Edition, 2001, Entries 2084 and 2085 on page 356.
3 W00222118 W. Gottardi et al. describe N-chlorotaurine, in particular in the
form of its sodium salt as useful for the treatment of fungal infections, such as
acute or chronic Rhinosinusitis or other fungal infections such as Otitis,
Dermatitis, Bronchititis, diverse forms of pneumonia, such as Pneumocystis
carinii, the fungal infections of sex organs, such as Colpitis, Endometritis,
Balnitis, fungal infections of the gastrointestinal tract, such as Stomatitis,
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SUMMARY OF THE INVENTION It is understood that an R/(Ier;t or, feature

of fﬂ%"ﬁ?&gb?ﬁs?ﬁl?é?ﬁf’oﬁ Méﬂ]l\g with a molar absorptivity of 332.9 M "cm™. These
values are from Gottardi, W.; Nagl, M. Arch. Pharm. Med. Chem. 2002, 9, 411-421.

NCT has a maximum absorbance at 252 nm with a molar absorptivity of 415 Mem
1.

Juan M. Antelo et al., J. Chem. Soc., Perkin Trans. 2, 2000, 2109-2114
described the general acid-base catalysis in the reversible disproportionation reaction
of N-chlorotaurine. The authors also describe the preparation of solutions of N,N-
dichlorotaurine by disproportionation of N-chlorotaurine at pH 2-2.5 and the
stability of N,N-dichlorotaurine at pH = 1.88. The loss of N,N-dichlorotaurine was
less than 5% after 100 hours.

SUMMARY OF THE INVENTION

It is understood that any aspect or feature of the present invention whether
characterized as preferred or not characterized as preferred may be combined with
any other aspect or feature of the invention, whether such other feature is
characterized as preferred or not characterized as preferred. For example, a feature

described as preferred, for example a pH range, or a specific pH for a particular



characterized as preferred or not characterized as preferred may be
combined with any other aspect or feature of the invention, whether such
other feature is characterized as preferred or not characterized as preferred.
For example, a feature described as preferred, for example a pH range, or a
specific pH for a particular 4 composition (for example, certain N,N-dihalo
amino acids of a specific formula) may be combined with another
composition (N,N-dihalo amino acids of another specific formula) without
deviating from the present invention. This statement also applies to any
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from 1 to 13, or R1 and R together with the carbon atom to which they attach
fortH a (C3-C6)cycloalkyl ring; Y is hydrogen, lower alkyl or NH2 or -NHa12;
and-Li8 WiRogER a0 dYBwEr alkyl; and Xis hydrogen, -COOH, -CONH2,
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-N bladi2igpeaeps o, NediialasRiimal &idspuiidr &iok the carbon atom to which they
attach form a (C;-Cg)cycloalkyl ring; Y is hydrogen, lower alkyl or -NH, or -NHal,;
and Z is hydrogen and lower alkyl; and X' is hydrogen, -COOH, -CONH,, -SOsH, —
SO,NH;, -P(=0)(OH), or -B(OH),. If R is a divalent cycloalkylene radical n will
not exceed the integer 11. Thatis, n may be 0, 1,2,3,4,5,6,7,8,9, 10, 0r 11. In
other words the amino acid including the acidic group X’ will have up to 16 chain
atoms. In the divalent cycloalkylene radical or in the divalent radical —(CH,),— one
hydrogen may be substituted with —-NHal,. While the N,N-dihaloamino acids of the
invention may contain up to 3 -NHal, groups, N,N-dihaloamino acids with 1 or 2 —
NHal, groups are preferred. Most preferred are N,N-dihaloamino acids with 1 —
NHal, group. This group may be in alpha-, beta-, gamma-, delta-, epsilon-, etc. to
omega- position of the acidic groups R' (if R' is —COOH) or X'.

Derivatives of the compounds of formula I include pharmaceutically

acceptable salts, esters with lower alkanols, lower alkanoyl derivatives of the -NH,



NHal2 groups are preferred. Most preferred are N,N-dihaloamino acids with
1 - NHal2 group. This group may be in alpha-, beta-, gamma-, delta-,
epsilon-, etc. to omega- position of the acidic groups R1 (if R1 is -COOH) or
X. Derivatives of the compounds of formula | include pharmaceutically
acceptable salts, esters with lower alkanols, lower alkanoyl derivatives of the
-NH2 5 group attached to the carbon atom to which the substituent X is
attached. The term "lower" in this respect includes residues with 1 to 6,
preferably 1 to 4 carbon atoms. In a preferred embodiment R is a carbon
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or a derivative thereof. In the formula Hal is halogen selected from the group
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carbon atom to which th%y attach form

3 to about 6, 3 to about 4.8, about 3 to 4.5, or 3.5 to 4.5, or at about 3.5.

The present invention also provides new bactericidal, antibacterial, anti-
infective, antimicrobial, sporicidal, disinfectant , antiviral and antifungal
compositions which include an N,N-dihalo-amino acid of the formula (II)
Hal,N-C(R'R°)-(CH,),-C(YZ)-X

or a derivative thereof.

In the formula Hal is halogen selected from the group consisting of chloro,
bromo and iodo; R is hydrogen, lower alkyl and the group -COOH; R’ is hydrogen
or lower alkyl, or R' and R° together with the carbon atom to which they attach form
a (C3-Ce)cycloalkyl ring; n is 0 or an integer from 1 to 3; Y is hydrogen, lower alkyl,
—NH, or -NHal,; and Z is hydrogen and lower alkyl; and X is -COOH, -CONH,, —
SO3H or -SOgNHz.

Derivatives of the compounds of formula II include pharmaceutically
acceptable salts, esters with lower alkanols, lower alkanoyl derivatives of the —-NH,

group attached to the carbon atom to which the substituent X is attached. The term

“lower” in this respect includes residues with 1 to 6, preferably 1 to 4 carbon atoms.



a (C3-C6)cycloalkyl ring; nis 0 or an integer from 1 to 3; Y is hydrogen, lower
alkyl, NH2 or -NHal2; and Z is hydrogen and lower alkyl; and X is -COOH,
-CONH2, - SO3H or -SO2NH2. Derivatives of the compounds of formula Il
include pharmaceutically acceptable salts, esters with lower alkanols, lower
alkanoyl derivatives of the -NH2 group attached to the carbon atom to which
the substituent X is attached. The term "lower" in this respect includes
residues with 1 to 6, preferably 1 to 4 carbon atoms. 6 The pharmaceutically
acceptable salts of compounds of formula (1), (Il), (Ill) or (IV) include salts
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Rem ngton's P armaceutlca Sciences, 1/t Mack Publishing Company,
Eastofue guchopscqsbagiig é@l%eméh@khlfﬂdel?éamﬁ@é@mﬁlzaﬁf@ntah@os@hs

Puhlished by Merek Resiearehb@baiatorigsoRIMIRION QhiMerck ¢ekosdNiedn
pages MISC-22 and MISC-23, the dlsclosures of which are hereby

in c@%@ﬁ‘%ﬁfﬂ?réf}éﬁlﬁ?ﬂlfﬂ‘mﬁr E‘r‘ﬁ"i‘f&%yp hosphates, maleates, acetates, lactates
and the like.

Lists of suitable salts are found in Remington's Pharmaceutical Sciences,
17th ed., Mack Publishing Company, Easton, Pa., 1985, p. 1418 or The Merck
Index, Thirteenth Edition, 2001, Published by Merck Research Laboratories
Division of Merck & Co., Inc. on pages MISC-22 and MISC-23, the disclosures of
which are hereby incorporated by reference in their entirety.

The pharmaceutically acceptable acid addition salts of the —NH, group
attached to the carbon atom to which substituent X is attached include salts among
others with hydrochloric, sulfonic, phosphoric, nitric acid, benzenesulfonic,
toluenesulfonic, methanesulfonic acid, camphorsulfonic acid and other acids.

Further derivatives of the compounds of formula (I), (II), (II), or (IV)
include esters of the groups —COOH or —SO;H with lower alkanols and lower
alkanoyl derivatives of the amino group attached to the carbon atom to which

substituent X or X’ is attached.



The pharmaceutically acceptable acid addition salts of the -NH2 group
attached to the carbon atom to which substituent X is attached include salts
among others with hydrochloric, sulfonic, phosphoric, nitric acid,
benzenesulfonic, toluenesulfonic, methanesulfonic acid, camphorsulfonic
acid and other acids. Further derivatives of the compounds of formula (1), (I1),
(1), or (IV) include esters of the groups -COOH or -SO3H with lower
alkanols and lower alkanoyl derivatives of the amino group attached to the
carbon atom to which substituent X or X' is attached. 7 Further derivatives of
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the benzyloxycarbanyl (CBZ group), or derived from biphenylalkyl halo
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tertiatyelytylibalgtasb EI@S,' igroup, the allyloxycarbonyl group or other protecting
groups derived from halocarbonates such as (C¢ - Cjp)aryl lower alkyl carbonates
(such as the N-benzyloxycarbonyl group derived from benzylchlorocarbonate), such
as the benzyloxycarbonyl (CBZ group), or derived from biphenylalkyl halo
carbonates, or tertiary alkyl halo carbonates, such as tertiary-butylhalocarbonates, in
particular tertiary butylchloro-carbonate, or di(lower)alkyldicarbonates, in particular
di(t-butyl)-dicarbonate, and the phthalyl group.

The term "composition" as used herein, refers to various forms of the
compounds or compositions of the present invention, including solids such as
powders, mixtures of powders and the like, emulsions, suspensions as well as
solutions.

In one aspect, the compositions and their uses include known N,N-dihalo-
amino acids or their derivatives. In another aspect the compositions and their uses
include new N,N-dihaloamino acids or their derivatives. In either instance the

compositions may be maintained in acidic form, that is at a pH below 7, for example



particular tertiary butylchloro-carbonate, or di(lower)alkyldicarbonates, in
particular di(t-butyl)-dicarbonate, and the phthalyl group. The term
"composition” as used herein, refers to various forms of the compounds or
compositions of the present invention, including solids such as powders,
mixtures of powders and the like, emulsions, suspensions as well as
solutions. In one aspect, the compositions and their uses include known
N,N-dihalo- amino acids or their derivatives. In another aspect the
compositions and their uses include new N,N-dihaloamino acids or their

defivaiREds M RRePGHStehcdHe2 o abEBSitichA Hhalpdimatheesh afidc
forgg, thattis @ 22 BHSINW: 5. 5ab xamPie) B 6.8, dhat ispat &F Rbbleiweder

ab 2 to about 7, that js at.a pH . range petween 2.0to 6.8, 2.5t06.5, 2.5t0
oM HSIE R pA o e B B P A B, TR b P bt

circumStandestohep bk maypbleakewt helolhSkehat &aaﬁla P g e ohabouin3
10 4567 35195074 PHPAUASTORKEY I MANERH A, e

composition is acidic. The selection of the pH will depend on many factors,
incoeRHty te of Pt c@éa&ﬁa@ﬁélwemdoﬁwaré‘%rmﬁ@laeiarmﬁ@meihmtw&ﬁhirn
ViVﬂ}egﬁSﬂ)E%t@ﬁ ther k!!a‘ﬁﬁ}ilfcén weated (li@riﬁﬁé@rf]ifm'?s \Aﬂ;ﬂ@ﬁh%ﬁhﬁéﬁt@ﬁtm&
cause acteria, yeast, fungi or viruses), the site of the infection (for
eI AR S RO ey VYOS i O oy
targetdissvie dargngan) (lih arseve rityanf theganfastiony threasgnbitivityeofythoé the

patigntefcyln %H%[R?(y%%%ec &Hgng%%position, the solutions of the invention
NI . !

contain N,N-dihaloamino acids in the concentration range of 0.1 to 100
millimolaf{ranyhen aspagthibe sesperasiiencshspesditimnil e idoteptiensantain
physielegitaiikalensces Ehe Nehnditalearming acids 1dibferisiabificaniy. from

HOC1 because they maintain an oxidizing potential with significant.
bactericic}BI %&msag)ﬁat)}gﬁﬁgvposmon will be 1sotonic and physiologically

balanced.

The N,N-dihaloamino acids differ significantly from HOCI because they
maintain an oxidizing potential with significant bactericidal activities, and yet they
are less toxic than HOCI. N,N-dihaloamino acids are also stable enough to diffuse
some distance before oxidizing susceptible target molecules. The low molecular
weight N,N-dihaloamino acids of the present invention with n=0 or an integer up to
5 are more hydrophilic molecules.

Surprisingly, it has been found that, while the N,N-dihalo-amino acids of the
invention have strong bactericidal, antibacterial, anti-infective, antimicrobial,
sporicidal, disinfectant, antifungal and antiviral, they have low cytotoxicity.

In a further aspect the compositions of the invention are stabilized to meet
the requirement of being useable as compositions for the treatment or prevention of

bacterial, microbial, spore, fungal and viral infections or contaminations.



are less toxic than HOC1. N,N-dihaloamino acids are also stable enough to
diffuse some distance before oxidizing susceptible target molecules. The low
molecular weight N,N-dihaloamino acids of the present invention with n=0 or
an integer up to 5 are more hydrophilic molecules. Surprisingly, it has been
found that, while the N,N-dihalo-amino acids of the invention have strong
bactericidal, antibacterial, anti-infective, antimicrobial, sporicidal, disinfectant,
antifungal and antiviral, they have low cytotoxicity. In a further aspect the
compositions of the invention are stabilized to meet the requirement of being
useable 48 #ntisbarsHistisrstrilirattmehthsrGorapention isPiexitedihy, storing
migrehishsR@ienfundal RBELMER) iR CHONS AuEONIEIRALIQRDHI B NtaNIRes]
aspect th stabi\(i}iz tion of the compositjon_is provided by storing the
oSO A e B A b e GBS QB contro
bacterial, Tindcpaisial;, spyentofupigaldenchiraldcfedtio neopcitdaswations:lddee

preseinveNtionRrovides pRRatnass ﬂf*f"" compositions which include an
N,N-diﬁaﬂo mino acid of the formula (lFII) A-C(R1R2)R(CH2)n C(YZ)-X'or a

dervatRihBebr) a8 Hyd¥fogen or Hal2N- wherein Hal is halogen selected

fropy theegkaupPec@RsistiNg af Rleses PR AaI2ndedRI RIS 18 C AR CaReRd
single bond or a divalent %%2—?6)c5écloalk Ienec{adical with three to six,

cafbdh HoMISUR IO Hi FsovBPBIRVIENG R o G 20T a9 finele
lovbendlikyd divREnand: RR)teglethieylendtindivaloaitbahratoorsibo cmtbioh dloeys Rtaish

for - [ ing:.ni o] f t c Y
BT SRL ST I LR SO SRR ety
antyighsyarbgealorc O OPichai@xprchd o, (S62NKlpi=DH O ) Gran
-B(REDG- /19 aodivalentd GRafetiayslralkurie sadical, nowilNiet exeged the

integer 11. In other words the amino acid including the acidic %roup X will

halERRe8 TR AforharOBtis A s itHE BV E:co)EydoalkiiéHe

-P(=0)(OH), or -B(OH),. If R is a divalent (C3-Cg)cycloalkylene radical n will not
exceed the integer 11. In other words the amino acid including the acidic group X'
will have up to 16 chain atoms. Optionally, in the divalent (C3-Cg)cycloalkylene
radical or the divalent radical -(CH;),—, one hydrogen may be substituted with —
NHal,. While the N,N-dihaloamino acids of the invention may contain up to 3 —
NHal, groups, N,N-dihaloamino acids with 1 or 2 —NHal, groups are preferred.
Most preferred are N,N-dihaloamino acids with 1 -NHal, group. This group may be
in alpha-, beta-, gamma-, delta-, epsilon-, etc. to omega- position of the acidic
groups R' (if R' is -COOH) or X'.

Derivatives of the compounds of formula III or IV (described below) include
pharmaceutically acceptable salts, esters with lower alkanols, lower alkanoyl
derivatives of the —-NH, group attached to the carbon atom to which the substituent
X or X' is attached. The term “lower” in this respect includes residues with 1 to 6,

preferably 1 to 4 carbon atoms.
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radical or the divalent radical -(CH2)n , one hydrogen may be substituted with
- NHal2. While the N,N-dihaloamino acids of the invention may contain up to
3 - NHal2 groups, N,N-dihaloamino acids with 1 or 2 -NHal2 groups are
preferred. Most preferred are N,N-dihaloamino acids with 1 -NHal2 group.
This group may be in alpha-, beta-, gamma-, delta-, epsilon-, etc. to omega-
position of the acidic groups R1 (if R1 is -COOH) or X. Derivatives of the
compounds of formula 11l or IV (described below) include pharmaceutically
acceptable salts, esters with lower alkanols, lower alkanoyl derivatives of the

-NH2 grolipraieferied 1B pRainspbdh iatbrRonid R HESlsHstRd apd DAY X R
attagbed flone tesm, HoneprdRHYS espactinekidesiasidlyesmwitod faeforably
preferably 1 to %car;i)on atoms. 10 In a preferred embodiment R is a carbon
catb3rSil&ih 58 and i is 0 or an integer from 1 to 7, more preferably 0 or
an integeinfronotheto &spactd mostipreferablyitB draarrintégerdnobactetdl3. dnti-

angier; AsheehASomROSiinn Mt RAGE GIAal, AHBACKEHA ARt IRGHYS,

antimicrobial, sporicidal, disinfectant, antl'fun%al and antiviral activity is
pravitéds ¢ sramsitg amNddiparsaitsialdlst iprapdidiia (1v)
HafiZDNNGIRIRZ)(BE M €ty X)-X or a derivative thereof; wherein Hal is
halogen selected from the group. consisting o[ﬁchloro, bror{gﬁi nd iodo; R1 is
nydroger? WY AR oF G M COR; KONt By P RICaFe 122
togeiirtingtftakl earoonatomdtivhiRh iheydraacH dermatk (CaC Gepotoalkyl
fn gbgﬁ;%@ﬁs%m%eggﬁa?k'ﬂlkﬁa 2 Yo lRAYRREER. JOWSH aliswl oF Nt uRd
Z is hydrogen and lower alkyl; and X is-COOH, -CONH2, SO3H or
-S@AIMHPIBA Eervaridedeihgnse it O fromnteecy fsup téhdistinghyfirogen,
pharmacaulicallnaccariahiensatbeasiarsovithdryenalkanols;@or lawsKH,,
alkanoyl derivatives of the -NH2 group attached to the carbon atom tq which
the_§ i?ﬁéﬁpzNH2; said derivative being selected from the group consisting of
pharmaceutically acceptable salts, esters with lower alkanols, and lower alkanoyl
derivatives of the —-NH, group attached to the carbon atom to which the substituent
X is attached.

In another aspect, the above-described composition comprising a new N,N-
dihaloamino acid of the formula (IV) is one in which R' is hydrogen, or lower alkyl;
nis 0, 1 or 2; Y is hydrogen or lower alkyl; Z is hydrogen and lower alkyl; and X is
—SOsH or —SO,NH,; or a derivative thereof; said derivative being selected from the
group consisting of pharmaceutically acceptable salts or esters with lower alkanols.

In a further aspect, the above-described compositions comprising a new N,N-
dihaloamino acid of the formula (IV) are ones in which wherein Y and Z are
hydrogen; X is —SOsH; said derivative being selected from the group consisting of
pharmaceutically acceptable salts.

In another aspect, Hal is chloro.

The preferred derivatives are pharmaceutically acceptable salts.
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X is attached. In another aspect, the above-described composition
comprising a new N,N- dihaloamino acid of the formula (IV) is one in which
R1 is hydrogen, or lower alkyl; nis 0, 1 or 2; Y is hydrogen or lower alkyl; Z
is hydrogen and lower alkyl; and X is SO3H or -SO2NH2; or a derivative
thereof; said derivative being selected from the group consisting of
pharmaceutically acceptable salts or esters with lower alkanols. In a further
aspect, the above-described compositions comprising a new N,N-
dihaloamino acid of the formula (IV) are ones in which wherein Y and Z are

hydrogen e Usosedatbedttivatiis BibRh ampetiipioctiee fhsutpllowing
copsisphehdf Rhammaceivticalyeaccepiahieaalis. vamnathe-aspaat idalisup

chloro.. The preferred derivatives are pharmaceutically acceptable salts. 11
o SRR A5 BRSBTS HEIORE Heowing
compounsVediehtienZaliviinibdrdefirseid derivative being selected from the

group c%%ggﬁgl&]‘opp@%%g%%?ﬁtg&ﬁggtable salts and esters with lower
alkanols: N,N-dichloro-2,2-dimethyltaurine;’N,N-dichloro- 1,

1,2,2-tetrBiefiyeainiAed; dnabyl Y- 2, 2-dimethyltaurine; N,N-dibromo- 1,
1,2 2-tetrametipiéaiying 2 Dlihdiiedatruring; N,N-dichloro-2-methyltaurine;
N,N-dichloro-%,z,%,3-tetramethyl-B-alanine;

N,N-dichidrd-3' 840 Ihomotaurine; N,
N-dichlord2Nrdgthipk@2amertgdethdme sulfonic acid; and

o S g, oo
N,N-dichloro-3,3-dimethylhomotaurine;
N, N-dichloro2-methyl-2-amino-ethanesulfonic acid; and
N,N-dichloro-2-amino- 1-methyl-ethanesulfonic acid,
N,N-dichloro aminotrimethylene phosphonic acid;
N,N-dibromo 2-amino-5-phosphonopentanoic acid;
N,N-dichloro aminoethylphosphonic acid diesters, such as the diethylester;
N,N-dichloro 1-amino-1-methylethane phosphonic acid;
N,N-dichloro 1-amino-2-methylethane phosphonic acid;
N,N-dichloro 1-amino-2-methylpropane phosphonic acid;
N,N-dichloro leucine phosphonic acid;
N,N-dichloro 4-amino-4-phosphonobutyric acid;
() N,N-dichloro 2-amino-5-phosphonovaleric acid;
N,N-dichloro (+)2-amino-5-phosphonovaleric acid;
N,N-dichloro d,l-2-amino-3-phosphonopropionic acid;
N,N-dichloro 2-amino-8-phosphonooctanoic acid;
N,N-dichloro leucine boronic acid or

N,N-dichloro-f-alanine boronic acid

or a pharmaceutically acceptable salt or ester thereof.
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N,N-dibromo 2-amino-5-phosphonopentanoic acid; N,N-dichloro
aminoethylphosphonic acid diesters, such as the diethylester; N,N-dichloro
1-amino-I-methylethane phosphonic acid; N,N-dichloro
1-amino-2-methylethane phosphonic acid; N,N-dichloro
1-amino-2-methylpropane phosphonic acid; N,N-dichloro leucine phosphonic
acid; N,N-dichloro 4-amino-4-phosphonobutyric acid; () N,N-dichloro
2-amino-5-phosphonovaleric acid; N,N-dichloro
(+)2-amino-5-phosphonovaleric acid; N,N-dichloro
d,|-2-amifd-BWheisprsao phs piemecaitions MayeaRedidigein comprising an N,N-
2-imineafrpb asRheMAe Esaneis @cidinNMH ALV IeHG NG BRIGHS AEi6heY in
N,N-di gl?oro-(S- lanine boronic acid or a pharmaceutically acceptable salt or
est‘@?’fﬁ’ &of. Cfg) 1% another aspect, the compositions described herein
comprisifg anoMgX-adpleato &minongeidtahtheffohminacfi)iofHuithd) ooifiM)ses a
th%ﬁﬁ%&%@ﬁk‘(&%ﬁE%CQBﬁﬁlLL,nca\MEPh Hal is chloro. In another aspect, the

co

positions of the invention further comprises a pharmaceutically

acceptablde2h9ePhTHE PhBSRBNIEIBT Bofemie 48l dh i nsRRbiBAdN Y Fe

comngaﬁgcwt{&@daﬁaqmﬁmgm:émmm&ﬁé@ﬁm} GaIpoR @égamﬁ wém'y*lsnic
m )€ aCyCIlIC Or CycCliC naving at least two yaroxyl groups attached to two
A Balbh Mo STttty ereht cafbon dfoms uch a

2-amhiyiend £lyydrodyametbrghdiy d-propethel HioB-prepanitaljcdiethyténé ddyicdkne
1,2, qi ygeroh.dieth ine, i )l Similar dj

Sl s N R
bofeHIBWRdSh R P AIcAERs Y ofambiaientipRances the stability of the boronic or

phosphonic acids of the invention.

Again, all the features, characteristics and ranges described for the invention,
in any aspect, whether described as of interest or as particular or not, may be
combined with each other. For example, a substituent of interest in the formulae
depicted herein may be combined with another more broadly defined, not
emphasized substituent described herein. For example, the substituent X being —
SO;H may be combined with substituents Y or Z other than hydrogen.

Processes for the Preparation of N.N-Dihalo-amino Acids and Derivatives

The N,N-dihaloamino acids and derivatives are prepared by the reaction of
the amino acid or a derivative thereof from which the halogenated amino acids are
produced with a halogen source under reaction conditions which lead to the
replacement of two hydrogen atoms at the -amino group of the amino acid with two
halogen atoms, that is chloro, bromo or iodo atoms. These processes are known to
chemists skilled in the art.

In one aspect of the invention, the amino acids that are used as starting
materials include taurine, homotaurine, [3-alanine, ornithine and y-glutamic acid, and

Yv-aminobutyric acid (GABA), 1-amino-1-methylethanesulfonic acid, 2-amino-2-
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Again, all the features, characteristics and ranges described for the invention,
in any aspect, whether described as of interest or as particular or not, may be
combined with each other. For example, a substituent of interest in the
formulae depicted herein may be combined with another more broadly
defined, not emphasized substituent described herein. For example, the
substituent X being - SO3H may be combined with substituents Y or Z other
than hydrogen. Processes for the Preparation of N,N-Dihalo-amino Acids and
Derivatives The N,N-dihaloamino acids and derivatives are prepared by the

redBHON DORKE BTG aditlbr Q'delivins thdreamiron? wHRM YHahrBssgEEted

aming, acifls aees. Produgesh it ainalasRM SRHECShbIHIBhie astion ¢anditions
which lead ‘g the replacement of two hydrogenftoms at the -amig%gérl?ctj of
the RS BRI RIS HifogdN Gtofls, that iS%Chiord BB of 160 4tdrms.

Thmmmﬂs);ﬁssahe{ﬂmmm torchemasts ikislﬂend}icmmemmﬂquhglmﬁhomt
the, inyGRNQD, R ANINR. RIS HakareH5gs ﬁ%é@fﬁl%@éﬁ%ﬁﬁlﬁéﬁ%‘df&? 1-

taurine, homotaurine, O-alanine, ornithine and y-glatamic acid, an

y-ainesutyeByAit rs HBDIoNIS it - amEpr/ s E B aryIs PResiehonic acid,
2-aminRs2- 3 msihyipropanesyifonicap butyri id, ($)2-amino-5-
1,1-dimeth;%—%-amino-2-carboxy-ethanaé%lglsf§fﬁgoauc%jr,,lcanda(ié)ther(s.) F?)rrnTno
exBRPRROIPNNSIim At erd A HENBAOHRR PN BY Yidesisitsagid.  d.1-2-amino-3-
anminesghphgspponepeManok Acith 8- fiosplich @mninate d GRS )bELiRed. In
epoxypropyl)phaosphonic acid (or aminated fosfomycin), :

SR RL Ao SR SR MM LB as IR A s or st
1-dmimothentstivylethahewshodphenieracidiht - phmiptousicnaetdyy bethhinepreferred

ph9&9&%&0tﬁ@?ﬂre%é@iﬂﬁﬁ%?'{ﬁkem&%ﬂﬁ%%&@%ﬁfé%i?h@qiﬁ’veﬁ%!dﬁ“aﬁd their

phosphonic acid, 4-amino-4-phosphonobutyric acid, ()2-amino-5- _
phoePrBHEvaleit st EBingnMBISINA oY ShEHRTaFE ERY Mg, LOTRSHRBIY.
phespheroprapignie peith@d yamind-Sphasphenogcianaiaasid Nayniter of
usad, J&&%"&E‘?&%?Paer%%éﬂlen‘?eerééﬂryt'Q\%iﬁgﬁ%e,?@%x@%\élg%&% o IOk Rf their
esters or salts.
The following non-exclusive halogen sources may be used to produce the
N,N-dihaloamino acids and their derivatives: HOCI or its salts (for example, NaOCl
or KOCI), N-haloarylsulfonamide salts, wherein the aryl group contains from 6 to 15
carbon atoms with 1 or 2 aromatic rings, 6 to 10, or 6 to 8, carbon atoms and one
aromatic ring, such as N-halobenzene-sulfonamide or N-halo-4-
alkylbenzenesulfonamide, wherein the alkyl group is lower alkyl from 1 to 4
carbons, methyl or ethyl. @ The N-halobenzene-sulfonamides or N-halo-4-
alkylbenzenesulfonamides are often used in form of their salts, for example, alkali
salts, for example, their sodium or potassium salts. The most frequently used
reagents will be N-chlorobenzenesulfonamide and N-chloro-4-methyl-
benzenesulfonamide in form of their sodium salts, because they are readily

commercially available. Other non-limiting halogen releasing agents or sources may

be HCIO,, N-chloro-succinimide or N-bromosuccinimide, N-iodosuccinamide, Cl,,
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In another aspect, the lower alkyl esters of the phosphonic acids are the
preferred esters for the preparation of the halo phosphonic acids of the
invention and their derivatives. All these starting materials are either
well-known, commercially available, or may be prepared by well-known
methods of preparation. A number of the starting materials are commercially
available, for example from Sigma-Aldrich. The following non-exclusive
halogen sources may be used to produce the N,N-dihaloamino acids and

their derivatives: HOCI or its salts (for example, NaOCI or KOCI),
N-Ratokryhiomdaainide shnwearhdieln Hidsarrgidopiebntaaenttorcd f5 those

caflen iatamsamith Jools 2oatomBiia g st thtdhtor 6 to 8, carbon atoms and
one aron(é tic ring, such as N-halobenzen -sulfﬁn migi‘% rN-B 0-4- |
alkylbenzeNEsuHEM S wWitEHelh (e ST gBUBS 1owet B HERe'2" 1o
carhbag-mretiygtlon-eiipgtatiiiecN - Ralaberehersukondmid 2starasdiatadrine,
alkylbenzenesulionamides.ars, pansssaimof fper sals, for example,
alkali"salts, tor example, théir sodium or potassium salts. The most
frequentyf usedmrdenydnts Widl hddgesiorusiseitkenesoifo haledde ahgously for

N-chlaraafametiheREnRe RSN AR N INELRILREK SORIMWE iSlccules

because they are readily commercially available. Other non-limiting halogen

rel85dfigPatRssts uEsurkEs Phaysle O R r s RERIHiGR 6f N-IN-
N-aeinesussinimidedNdadrsiaaisnidss G, inlthEeahgldhionylchloride,
phosgen%mlfegm PC15, an chlorjr@éirggea ent suchias thase used 'in

e a

swimming pool%?tocrotr:%% ihatons o r?tsgﬁg}ﬁearcarﬁfﬁglg%ilgil%%lr%l%6“
méterialspaciuere of 2tdinvethythypdetalirthe, plese/®, Antetnéinye gl hhp gteeprred,

2’%QMHQJ&%H%%;@BﬁﬁHthXg%HQ@ in the art. See for example Yuan,

2,2,3,3-tetramethyl-(3-alanine, and 3,3-dimethylhomotaurine. If one molecule
of thehatbgllRvsotiFrisse I EdstE ondhsibyeh, TaBGHAReKZrdr FQsPhepittifgids:
anRe:ahibe armine aowy o deniviavemolecule@t leagt wevnelaadeSopfitbe

halgn. SouiGe Al De HegnMore deRISOHNE RISPAAUAN Bob B ), 907-
12; A Versatile Route to Substituted Organophosphonic Acids, J. Am. Chem. Soc.,
1990, 31, 2933; G. M. Kosolapoff, The Synthesis of Phosphonic and Phosphinic
Acids, Organic Reactions, Vol. 6 (1951), and references cited therein.

The boronic acid starting materials and their esters are available
commercially from, for example, Acros Organics (Fischer Scientific) or Ryscor
Science, Inc. (Raleigh, North Carolina), among other companies, or may be prepared
according to procedures known to one skilled in the art. See for example, Webb, K.
S. and Levy D. Tetrahedron Lett. 1995, 36, 5117; Suzuki, A. Pure Appl. Chem.
1994, 66, 213; Miyaura, N. and Suzuki, A. Chem. Rev. 1995, 95, 2457-2483;
Suzuki, A. J. Organometallic Chem. 1999, 576, 147-168; Kamatani, A. and
Overman, L. E. J. Org. Chem. 1999, 64, 8743-8744, Yang, W.; Gao, S.; Wang, B.
“Boronic Acid Compounds as Potential Pharmaceutical Agents” Med. Res. Rev.

2003, 23, 346-368, and references cited therein and Brown, H.C.; Midland, M. M.;
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dihaloamino acids and their derivatives are set forth in the examples. When
not commercially available the phosphonic acid starting materials for the
preparation of the compounds of the present invention may be prepared
according to procedures well known to one skilled in the art. See for example
Yuan, C. et al, New Strategy for the Synthesis of Functionalized Phosphonic
Acids, Heteroatom Chem. 1997, 8 (2) 102-122; Yuan, C., et aL, New
strategy for the Synthesis of Functionalized Phosphonic Acids, Pure Appl.
Chem. 1996, 68(4), 907- 12; A Versatile Route to Substituted
oranophdsphoniecAdiay 3. RrsachStissis. viggBeranes' 29alsy dntgyscience:
Koselaneffk TivgsSynthesis of Phosphonic and Phosphinic Acids, Organic

Reactiorrlgj Vol. 6%951), ﬁnd references cited therein. The Oroé]}ﬁ cidh .
starting nTABAATE BndHHEH Botkts B e PAGHTADIRY CoiHm iy iR sty their
exanplidpActes @rganicseffaischeerSerendifisleeoRyses) Solehics, tikcracemic

(RalpigR N, CarQling, 2Mend ANRLERTRAVISS. PLMAY é%‘%eﬁﬁ,eﬁ?fﬁf{ SS,

according to procedures known to one skilled in the art. See for example,
Wébb, IR, gcafd 8 PIPTedhdiiving dhe 1998 riemELYre; Gty 3R ORIP e
ApiliiteheiholiR9 % L8 24 3idviiyaurshiN ofnilatdrddiioMe G @BInRANdsL 99he
95, 2457-2483; Suzuki, A. J. Organometallic Chem. 1999, 576, 147-168;
Kal SISO ROAAE SUBHINE, TR g C oG 988CH2 B9 587 Y Shg,
W.diaoeSneWMamg bB. istBoed nisikcipkCompouwels asoRatemtibt art. Because
Phar fl ents: : - 6- .references
e e R T R e B ERAE I
"OR§Hic SOHEHEEES. vigBbYEResStoVildieInteschensedilewenastiedl 9y 5 taking

Compaiids secardingiiathapiesentinventioecanalsedncihdetigified by
individual stereocisomers (enantiomers and diasteregisomers) as well as the

radOMIB A INRABPE S b RFE EE R P HREAP AL A ST Seh S thefitre
R, &ffREc&Sn RBpHR, etcnorayldalpdefeatagtioy tredting: bnajisomygiicabiixture

Wit!l]lea rr]eso(ﬁﬂggrlllyof stereoisomers of compounds from their racemic mixture can be
found in Jean Jacques Andre Collet, Samuel H. Wilen, Enantiomers, Racemates and
Resolutions, John Wiley & Sons, Inc. (1981) and references cited therein.

A typical reaction scheme to prepare the N,N-dihaloamino acids can be

depicted as follows:

HCl
HoN—C(R'R?)~(CH)iC(YZ)—X + 2NaOCI —— Clb,N—C(R'R)-(CHp);C(YZ)-X + CI' + H*

in which Rl, R2, n, X, Y and Z have the above-described meanings.

The amino acid starting material is dissolved in a lower alkanol (for example,
methanol or ethanol) and made acidic. To this solution an aqueous NaOCI solution
is added. The reaction results in the chlorination of the amino group and the
precipitation of sodium chloride. The solvent is evaporated at low temperatures, for

example, below 30 °C and a residue is obtained. The residue is taken up in a solvent
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active resolving agent to form a pair of diastereoisomeric compounds. The
diastereoisomeric compounds may be separated and the optically pure
enantiomer or diastereomer may be isolated using procedures well known in
the art. Because diastereomers have distinct physical properties (such as
the melting points, boiling points, solubilities, reactivity, etc.), they can be
readily separated by taking advantage of these dissimilarities. The
diastereomers can be separated by chromatography or, preferably, by
separation or resolution techniques based upon differences in solubility. A
moted deadiidbdiederpinoreif el dschni e acipp vaabies pby ahe b urGHdH Vwith
StefROIABHAESI6WEPARMINGshiem HigilideeRINMIIHACANIRE JQUNday be
Jean Jacques Andre Collet, Samuel H. Wilen, I%dnant' glgc(s Racemates and
RARSRIEIEY Ty e e P A A R oK ces cited therein. A
typical reActionisghenhe togneparddieniNatihdoammedoidd céaOBe as the
deml%ggngﬁrjggggyﬁ: 1-1IC1 H2N-C(R1R2)-(CH2)rPYZ)-X + 2NaOC1 10
CI2N-C(R1IR2)-{CH2)rC(YZ)-X + C1 + H' in which R1, R2, n, X, Y and Z
have the Aptsvelde sthddar et StrHe28iNind AclafswarmrgrinBesaricts 49,

dissalveshjinmisuienakanol (R RXAIRy MRYIaRGlRuIaNabad mada,
acldic, O,t IS SO ution_an agueous Na solution 1 aaqadeaq.. ere ction
e CRHTBR ARBET o R GRS BB Enaraie! e iishbAn i

chlatidd1; NeHsONeh 8 (3: By d pbiasikd @t dbw Gaghpsratunedsiuiochexannpldg iesiow
30 resi is.ohtained. Theyesidue. i ' n
e o R ML ac ey
witthlgfideaquebyis IGvhemalkdisar pHage. SivRilary- 47N 1eDinaing- et aidng
mayihec arerakesi vy seastingedieeminmacis SRS MeigtiRhwite HQGbyi,
Accordingly, the bromo analogs may also be prepared with NaOBr as the
ha%gIéIria 60&@(@&[_ chemlstry:gHypotaurme—taurme oxidation by chlorite. J. Phys.

Chem. A. 1998; 102:9838-9846).

The reactions are shown in equations 1-6:

2 C10; + H,NCH,CH,S-SOsH — CINHCH,CH,SO;H + SO4* + CI' + H*
ey

Bunte salt N-chlorotaurine

N-chlorotaurine disproportionates to form N,N-dichlorotaurine and taurine in acidic
solution:

2 CINHCH,CH,SOsH — CLNCH,CH,SOsH + NH,CH,CH,SOsH
2

N,N-dichlorotaurine Taurine

ClO; + H,NCH,CH,SO.H + H" — H,NCH,CH,SOsH + HOCI

3)
Hypotaurine Taurine

HOCI can rapidly oxidize the remaining hypotaurine to taurine:

17



According to J Marcinkiewicz et al 2000 (J of Inflammatory Research 49,
280-289) NNDCT (N,N-dichlorotaurine) may be synthesized in solution by
reacting HOCI with taurine at pH 5. NNDCT also can be generated in the
oxidation of Bunte salt (H2NCH2CH2S-SO3H) (Chinake et al.
Oxyhalogen-sulfur chemistry: kinetics and mechanism of the oxidation of a
Bunte salt 2-aminoethanethiolsulfuric acid by chlorite. Phys. Chem. Chem.
Phys. 2001; 3:4957-4964) and hypotaurine (H2ZNCH2CH2SO2H) by chlorite
(Cl02) (Martincigh, B. S.; Mundoma, C.; Simoyi, R. H.; Antioxidant chemistry:
HypotauHRCtaurinE:D¥dkEsh ¥Y-Ehlorite—). BEYSHERESOAL 10061 + H'
10¢49838-9846). The reactions are shown in equations 1-6: 2 C102- +
H2NCH2CH2S-SO3H -* CINHCH2CH2SO3H + 5042 + CI- + H (1) Bunte
salCRREIIBFAERR AN IRE Lp RSrttiP e s ortionates to form
N,N-dichigmtaurine ang\temyaie,8oagidic  sgjutiaHACINECKBEH2SO3H, 6
C12NCH2CH2S0O3H + NH2CH2CH2SO3H (2) N,N-dichlorotaurine Taurine
C102- + H2NCH2CH2SO02H + H™ -* H2NCH2CH2SO3H + HOCI (3)
Hypotaurinehiphlyring did ©@idiidoms a pioiy] oxidize shé-celorahyipg doyipetautineNto
tayingsdid HQC! + H2NCH2CH2SO2H -* H2NCH2CH2SO3H + Cl- + H (4)
or oxidize hypotaurine to N-chlorohypotaurine: HOCI + H2NCH2CH2SO2H -*
CIHNCHZAtMIs o 26| BENGHGCH,.SOoH — CLNCHL,CH,SO3;H + H,O + HCI

(6)

The compounds with at least one lower alkyl group attached to the carbon
atom to which the amino group is attached are more stable dihalogenated amino
acids.

These compounds may be prepared as follows:
OBu-t
O~ CH,

C\ 1. MeSO,CI, Etz;N HSC></
CH,Cl, SO4H
HN 3
>(\ > HoN

OH 2. HCI, Dioxane
CHy 3. Na,SO3, Water

HsC

Tet. Let. 1996, 37(40), 7319-7322

CH3 CH3

H;C
3 HOCI HaC
SOzH ' SO;H
HoN

Cl,N

Desired Molecule
Derivatives of the N,N-dihalo-amino acids may be prepared by protecting the

amino group with an amino-group protecting agent as disclosed herein, for example,
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(5) In highly acidic conditions, HOC! oxidizes N-chlorohypotaurine to N, N-
dichlorotaurine. HOCI + CIHNCH2CH2SO2H -* C12NCH2CH2SO3H + H20
+ HC! (6) The compounds with at least one lower alkyl group attached to the
carbon atom to which the amino group is attached are more stable
dihalogenated amino acids. These compounds may be prepared as follows:
OBu-t 1. McS02C1, Et3N H3C CH3 H~ CH2C12 ~~~~S03H OH HZN H3C
2. HCI, Dioxane CH3 3. Na2S03, Water Tet. Let. 1996, 37(40), 7319-7322
CH3 Fi3C CH3H CHOC! ON 3 Y-111 SO3H SO3H HZN CIZN Desired
MArsdarapeiatioasy brirerRoNdaikE6 lsiinatiaeidslnagbeyphspiorartign of
PratRGlinG thecrAGRmOvaTH mﬁ&tb&@mﬁaﬁr@ummmﬁt&gf@g@am with a

dlsclosed ]lgirein 1;or e mple 1F for the benzl%pxg%?gnc}/l %%B%)e

defRSHVE YOI B‘if 5 lé“ HEnIccRIGABE WHRK D

comertddhinbcbsutidmaimidesd foe msahmgé)vmhlallfonamlde may be converted to
the group -SO,NH,. Thereafter the protecting group may be removed by methods
known per se to chemists skilled in the art. A comprehensive list of suitable
protecting groups that may be used may be found in T.W. Greene, Protecting
Groups in Organic Synthesis, 3rd edition, John Wiley & Sons, Inc. 1999.

Pharmaceutically-acceptable salts of the compounds of the invention may be
prepared by reacting the free acid or base forms of these compounds with a
stoichiometric or greater amount of the appropriate base or acid in water or in an
organic solvent, or in a mixture of the two; generally, for example, non-aqueous
media like ether, ethyl acetate, ethanol, isopropanol. The salts of the invention may
also be prepared by ion exchange, for example.

Salts may also be prepared by reacting the N,N-dihaloamino acids in other
manners known per se including a method analogous to the method described in
German Patent Application 4041703 W. Gottardi.

The sodium salts of the N,N-dihaloamino acids may be converted into the
lower alkyl esters by reacting the sodium salt with a lower dialkyl sulfate, such as
dimethyl or diethyl sulfate in the presence of sodium bicarbonate.

The amides in which the substituent X or X' is -CO,-NH,; are produced in a
manner well-known to chemists skilled in the art.

Methods of Use for the N,N-dihaloamino acids and Derivatives

The N,N-dihaloamino acids and their derivatives are antimicrobial agents
which kill microbes at relatively low concentrations and can be tolerated by
eukaryotic cells at significantly high concentrations. This range of therapeutic
activity and favorable therapeutic index is absolutely critical considering the

physiological role of chloramines in the destruction of pathogens in vivo. For an
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lower alkyl amine, such as methylamine. Similarly, the sulfonyl chloride may
be reacted with benzylamine, and the resulting benzylsulfonamide may be
converted to the group -SO2NH2. Thereafter the protecting group may be
removed by methods known per se to chemists skilled in the art. A
comprehensive list of suitable protecting groups that may be used may be
found in T.W. Greene, Protecting Groups in Organic Synthesis, 3rd edition,
John Wiley & Sons, Inc. 1999. Pharmaceutically-acceptable salts of the
compounds of the invention may be prepared by reacting the free acid or

badBtiisierebist fhiedectdidgo apelcthithtiasuiorerivthefithaligre skét ampuAthst
theappreprRie hasarelacid vttt 3 igpRisisalvenhug! iRcdomixture

of the two; generally, for example, non-aqueous media like ether, ethyl
G T B e

prepa_lredm iommp(lxdndmgé,. Forrm)_damﬁl)e, $H}ts(ﬁiay(alsb\behpvephneﬂ)_bywing
re%%?&&i&ﬁ‘ea%ﬁ'%Pa%ﬁﬂyﬁl?oﬁc'%d&&thﬁﬁs MARNRES KRAWILRE & INEkINg
a method analogous to the method described in German Patent Application
40201bI e, GeteardisUTEE S BRRATREARs B gite NDNTHRRIb ditiHecHerddnetigebe

copyareddataheniavelalfedestars Ry eactingtheisaitosaiavitpiRdawer
dialkyl sulfate, such as dimethyl or diethyl sulfate in thegesence of sodf'um

diethyl
bicArbSHat A e S HTHNTR HHIMAHRR S BSHEEr XISYAH AR ZSH n
produdiee formubmgmnnanwetisknavive tandhemisis iskidgo antih es axiniptethibdsiof

US9 1](19,[d eei%é\é,_%? %%%}Hi‘ Qnggfglat%%do %%ﬁgﬁ% &H%N&%ﬁ?ﬁ@saelg 8‘%’1;{}85%

acids and their derivatives are antimicrobial agents which kill microbes at
rel&@ledinp W0 nenatiatidhsrasirdary baneyaphteidusy Ytk Wetivsl$ad -1,
significantlyArgh icaneetratiopsibiféano eirkthe preMicractivityaan@ cinia
favarable therapeutic index is absolutely. critical considering the physiological

rol &8P dAtatARIELIh e HESE b AGH PRBEE RS PPORRSIS BB 4pp tegful for

the treatment of fungal infections, such as acute or chronic Rhinosinusitis or other
fungal infections such as Ofitis, Dermatitis, Bronchititis, Pneumonia’s such as
Pneumocystis carinii, the fungal infections of sex organs, such as Colpitis,
Endometritis, Balnitis, fungal infections of the gastrointestinal tract, such as
Stomatitis, Oesophagitis, Enteritis, or fungal infections of the urethra, such as
Pyelonephrititis, Ureteritis, Cystitis, or Urethritis. Furthermore, the compositions
described herein have antimicrobial activity against many other microorganisms,
including Escherichia coli, Listeria monocytogenes, Staphylococcus aureus,
methicillin-resistant S. aureus (MRSA), Pseudomonas aeruginosa, Lactobacillus,
yeast, vancomycin-resistant enterococcus, molds, and spores, including spores of
anthrax. In particular, the solutions of the present invention may be useful in the
treatment of several different strains of Bacillus anthracis. Vancomycin-resistant
bacteria, MRSA, and others are easily destroyed by the compositions of the present

invention.
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antimicrobial product that is applied to tissues such as ophthalmic, skin or
any other sensitive areas its safety and efficacy cannot be compromised.
Thus, use of such product(s) in humans for treating infections is supported
by our positive results. The compounds of Formulae (1) , (1), (lll), or (IV) have
the following potential areas of application: contact lens cleanser, bacterial
inactivation, ophthalmic, general surgical preparation, surgical instrument
disinfection, medical device and instrument disinfection, dental instruments
disinfection and application in food sanitation including disinfection of surface
areas. THay e @RIoAIBeTUIOh RradtyRRLRSHnibFati dh PR sb demethoe Edthe
poigtialiy adiuvaii)s ascaampashmiswitheviricidabafient, fanihe sifdlsting of
inactivation of botg %‘gNA and %A.classes oLviruses includir\Lg Hl%shegati(}is
A, PEEBRARE ry "SRy s Ulers, AN LRI EEY- 17 19BRP. 2V SRR, Woun
infdeenza@indtpara-infllenzRsuifoges) pisondesonises)adnd, vacginidisiifegi(as a
Magtek{RLfauiises) A AR Ry ERE somaounds e AR selhienche
treatment of fungal infections, such as acute or chroniC Rhinosinusitis or
otHefurliRg ATimrebagins s dh BN DeatitRsIUBYOR Hifms) FapRy A ShiErS
SCU Th/é’g% Ee&diémﬁf:)_(ﬁtiﬁlé&]ﬂa{is t?ﬁcfuélﬂg_6#5&61&60119n;ﬁa%%ﬁﬁﬁtﬂ[@@“?e@@ﬁbnaéf

olpitis,. Endometritis, Balnitis, fungal infections of the gastrointestinal tract,
suéﬁ%lagt‘c?ﬁ%‘aﬁ?is%"é%%%’b‘ﬁa‘&itf’éfl RE it B r TR AT THIA R ioNE of fHBIcction
uretititungaithaspPy etanephrititi b diteteiitisyQistitisoos Oretthritisliseases that
FuphammereidhmcomRRRIRns: deseriRediberelp g ApuisroRielasiviy
against many other microorganisms, including Escherichia coli, Listeria
MOHeE tEHain e d Iees hg s clikidu raeiBodnsetrpeine -rekis tist Slwiaregs the
(MRRAioR $5Ugppianas-as i os thd At Rl ¥ @@ required.

vancomycin-resistant enterococcus, molds, and spores, including spores of
anthrax. IHPAREEFAOTHES B OF e BrebBRERRIEN TS B st
thecntre@inebd of seversddife’enthstrikotuabBaciltumiaptArac®)0 mg of active

VAN SIS, Ractara MR SARIE PSR A 628 I IRRIOYEI Ry,
the ompositions o the present invention.
In certain instances the composition may contain 0.1 to 100 mM of active ingredient.
Dosages in other applications would be adjusted to the surface area depending on

where the antimicrobial activity is required and the severity of infection.

The Compositions of the Invention

In one aspect the compositions in form of solutions are osmotically balanced,
and have minimal cytotoxicity.

In another aspect the compositions described herein have a therapeutic index
of about 1000 to about 5,000, defined by the ratio of their 50% inhibitory
concentration cytotoxicity index (ICsp) at one hour against both L929 mouse lung
epithelial cells and primary human fibroblasts to their Minimum Bactericidal

Concentration against Escherichia coli ATCC 11229 at 37 °C for one hour.
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20 In a further aspect of the invention, there is provided a method for the
treatment of various medical conditions selected from the groups consisting
of promoting wound healing, reduction of pathogens in open wounds, wound
decontamination, ocular disinfection or decontamination, oral disinfection,
antifungal therapy, ophthalmic, oral surgery and dentistry, otology
applications, reduction of pathogens in pulmonary infections, reduction of
pathogens in bums, lavage, reduction of infectious load in organs for
transplantation, reduction of bacterial load in autologous or artificial tissue
transplanBsigtscolsl epsHRRsEiI eintieiiyeicti dras)tiore At BeRtBEBioAthDfSE

cystasiRrosis propthessdigeases tRaturredugapRiciling iireatineahehidrabial
infections, treatmentP f skin dise ses and tissue rﬁﬁ%‘ ir.and regeneration,

WHREPPFAEER SEF & es H.%]fhﬁp SO S VS S aﬁﬁwﬁwé‘&ﬁé
solwt:mm‘so lthmsﬁm«ivbreﬂetraaﬂmenigstmqw}@dm'gm tiesagetésr(eige pre- and

'Q{C 30 &% %ﬁ%&%ﬁl@&%&{ﬁef’g 25 SOHALE 1610 Jughh ?o'ﬂ&@ﬁs or

qutlon containing 2 to 200 mg of active ingrédient where
thef%cﬂwmwbo@énth% XD applfBtivhe W R9PYrARRRENEay UBF Bt

in%@ﬁﬁﬁ%lﬁé&&ﬂﬁﬂ%&iﬂ&% TRvHasItakY Q}&ﬁ@f&goaﬁm\{mfcﬁ@twmﬁ grediantty
osages in other ations would be ad usted to.the surfac rea
b iR S A S A AR

mfeemmnofr hef Gothpesiians oithed mrehmwglnnaneasmnpnﬂmtcommmmt_ss
in form.Qf 89'%'35%”@%[1%8??‘8& '%(P%ll%&c% Q”Qe é‘h%ﬂn %P‘f&é’&%%k%&ty-

In another aspect the compositions descrlbe erel ave a therapeutic

indexfase aivelud 1o el ipoat 9 cotcdistine dasietie hisfidnest tHelks gogny anti-

inhibitery. CONGBMIRNIAN RtaxiGinindepit-afdRt ane Rerhaaaist Bethe
L929 mouse lung, eplthellal cells and primary human fibroblasts to their

MifIHY BRAYE AR QAR 8 5H5H S gainst Escherichia coli ATCC 11229 at

37 C for die &wanipositions of the invention which comprise N,N-dihaloamino acids of
the formulae (I), (I), (IIT) or (IV) and their derivatives may be incorporated into a
variety of applications, including bandages or wound dressings. The compositions
in form of physiologically balanced, acidic solutions may be used in combination
with specially designed bandages in a wound treatment protocol. The specialized
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bandage may include an opening or “window” through which topical treatment
materials such as the solution of the present invention may be applied.

Also disclosed herein is an article of manufacture comprising the
composition of the invention packaged in a container. Surfaces of the container
which are in contact with the composition of the invention are made of material
which is not reactive with an oxidizing agent.

The stability of a solution of N,N-dihaloamino acids and their derivatives
permits the use of different forms of packaging that would be practical for use by

patients. The solution may be packaged in several single-use 30 ml amber glass

bottles with Teflon-lined screw caps and sealed with tape to ensure gas tightness. In
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21 Because the compositions of the present invention are nontoxic and have
antibacterial properties, they are useful in any application in which
antimicrobial properties are desirable. Such applications include, without
limitation, treatment of wounds, bums, and canker sores; irrigation; cleaning
of tissue sites (e.g., pre- and post-operative); ophthalmic applications (e.g.,
in contact lens cleaning solutions or for irrigation of the eye before, during, or
post ophthalmic surgery); for dermatological applications, psoriasis; and
numerous agqgéi)cations which are readily apparent to one skilled in the art.

ApPic ARSALalRDSTHESUIBY el hfRASALSS iPetigReion P PritBB Pt Pr in a
surfaeesl iRchidingi resslicak espirMensWERFUMEHS KleVisasqr fpgduinithaut
limjting to meat, fruits, vegetables) and food contact %rfaces including ttlhe
eliPRFaEE A &fét%oﬁ“f}%\eétéﬁaﬁ’ fo¥iith ‘.’U’Pﬁﬁ?@%ta?{sy UHE: infSEiRTe™ these
compqslét@dmseusadsin@igméamaqm@iﬁmimamith@ fmntinosiiésr.tff mlﬁeth@nirpv.eititiom
haye mipinal o.ng side .eﬁg%_%a%opﬁ CORASIONS REMSGIVENNNN WiED e
comprise N,N-dihaloamino acids of the formulae (1), (I1), (Ill) or (IV) and their
defRRANAES AR YAPESi ARSFISFRRSER IS & VirhHefpbiapislitations, 1hmting loss

bapglagas st WRHNE dregsingsdiE iR campeskionse indornefPpysivlegicalix
balanczld, acidic solutions may. be used .in combincﬁlt%&)n with specia

I
deZIgRES baPHEY_L a TS X Pitatd h%hgg‘é’&faﬁ%%ta“éé{vﬁlﬁﬁege
mayinsiuce af opemnirgdowiviindowgotizrough whiohmtopiecafitrdapreintt, NN-

majerials ngcal\& Ihe s eIHyﬁg,%f the present invention may be applied. Also
disclosed herein is an article of manufacture comprising the composition of

the inventibPhpaskessddicnAudontatheic Bigpratdyeitife Banbantrediictingle in

coptactonifihthe compasitionithednyantion aremagefldnatariale wbieh ia
not reactive with an oxidizing agent. The stability of a solution of .

N, RIS SR B e AAD Wil Avat0e,s cpRiratif LR Sidifertiferent
formotuafepackagiaglethadrwbellddoredrapfitiedtionsugae Bisclosed herein. In some

applications, for example, the solution of the invention may be stored in single-use
30 mL, optionally disposable containers. In one aspect the present composition may
be stored as powder together with pharmaceutically accepted excipients under inert
gas at room temperature.

The compositions of the invention may include the following
pharmaceutically acceptable carriers: sodium chloride to attain isotonicity, buffers,
stabilizers, solvents, flavoring agents (in case of oral or nasopharyngeal
administration and food industry), preserving agents, diluents, extenders and other
auxiliary substances or excipients. Specific examples of pharmaceutically
acceptable carriers and excipients that may be used are described in Remington: The
Science and Practice of Pharmacy, A. Gennaro, ed., 20th edition, Lippincott,
Williams & Wilkins, Philadelphia, PA; Advances in Pharmaceutical Sciences
(David Ganderton, Trevor Jones, Eds., 1992); Advances in Pharmaceutical Sciences

Vol 7. (David Ganderton, Trevor Jones, James McGinity, Eds., 1995), the
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patients. The solution may be packaged in several single-use 30 ml amber
glass bottles with Teflon-lined screw caps and sealed with tape to ensure
gas tightness. In 22 one aspect, the same solution may be packaged in a
250 ml amber glass bottle or in a 250 ml non-reactive plastic bottle.
However, up to 5 liter bottles may be used, because such larger volumes are
practical for treatment of burns. Storage in these receptacles ensures
long-term stability required for the uses of the compositions described herein
in detail. For example, a solution of N,N-dichlorotaurine within the

corissinvase Pt arieh des drrspresdinarsia iahstb FaTiYa refigReEto MAIRT 2
havgi@aessilofaanorewhianidshé of Md\-dichioretaurine plopment=Qiafiar ar
period of three months. Atfdditio?:lﬁlly, %%ick ing ma inélude a dual chamber
sySEEHTiviehe gm%mn A IIRISSATRER CoRTRRNAR: B8R APERE AN
praductinMi-adihalommitienasic enits sdnblatiregubownecdspest]thle sotutitms
Of NG REESEN '{A\_&?%g%ﬂlé@%ﬂeslﬁi%?edslgb?%{iﬂl SR CANAIPELE JANBIRRY

aspect, the solutions of the invention may be sgored_ln single-use c%htal_ners
of VersusdiffEtadtgionss buitRURANCI98 e ATRRIHIY G P hrs/ernrakergm

suitapledor the flesirestanplieations asidisRRpRehAreiRuiatt® PRirmaceutical
applications, for e>_<bample the solution oféh,e invention may be stored in

SingIREIS e S AR SRR HESBs At RORISTAIL. TS Llde Y, the
prebent-chmpisitioemdnalrefecsteredtas fhowiaetd. together with

h ) - inert ' _
S T A

ph&Qtdcautibanyritasanieasdaiaras sbdtiudn epldngeees aritinthsotehibiy or

buifgfsios'@RliZzRrN-apeRtSnHavRINRG BRI (iBncase of oral or
nasopharyngeal administration and food industry),_preser\_/in% agents,

diluents, SRt BABRSEIALSRY SOBLHAME? audpdhi<capatitiens
exafmple snot pharmageuticaller aeoeptainle carfiarsantRxcipienis thatnnmayy
bec%%?aqna{r%rg%fﬁéip?od 1'&%%@'%@& (-)rfjpl%e composition of the N,N-dihaloamino
acid. In case of 100%, the composition may be applied in the form of a powder
without any carrier substance. A typical range of the composition will include 0.1 to
95% by weight of the composition of the N,N-dihaloamino acid, for example, 0.1 to
50%, or 0.1 to 10%, for example, 0.5 to 5%. In solutions, usually a lower
concentration of the N,N-dihaloamino acid will be applied. For example, a
concentration of 1 to 2% may be appropriate in case of a rinse or spray.
In case of nasopharyngeal application a catheter for nasal application
containing a 1% solution of the N,N-dihaloamino acid or its salt with a pH of 3.5 to
5 may be used for several weeks using about 10 to 15 ml of the solution for each
treatment. After each treatment the rinsing solution will be suctioned off.

Specific methods for using the compositions of the invention

In one aspect, the compositions of the invention are administered or used

topically.
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Science and Practice of Pharmacy, A. Gennaro, ed., 20th edition, Lippincott,
Williams & Wilkins, Philadelphia, PA; Advances in Pharmaceutical Sciences
(David Ganderton, Trevor Jones, Eds., 1992); Advances in Pharmaceutical
Sciences Vol 7. (David Ganderton, Trevor Jones, James McGinity, Eds.,
1995), the 23 disclosures of which are incorporated herein in their entirety. In
general, water, a suitable oil, saline, lower alcohols, and glycols such as
propylene glycol or polyethylene glycols may be suitable carriers for
solutions. In one aspect solutions contain the active ingredient in a water
soluble off Bydeidifs et %forbmerfé?m,iﬂyﬁ%nﬁlpﬂéga@ 8584t ifoljettag 2
withusiitalle sliakilizivghageptsoand inaceseany: Rufferdsuhsiancesitations
addition, s Iutioris Iﬂﬁﬁy contain g[reservatives, ggjch as benzalkonium . d
chiBHaE AR S proEVIPS abdn®Kh A BRibrSBURRST S TgHfn provides a
phartiadeisticht casrieest arevdescsibedivy RemingionsuFhexSpiemogr@ndound
Pragife.ctdisimAey Ao ahove HiRtisd Sendaithrsleranag ARD ol
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as IHOctE ot eleapripaitatians el shynretioay HuiRvem ey wiphthg mic
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0.5 to 5%. In solutions, usually a lower concentration of the N,N-dihaloamino
acRPRISe M O RS RIACS ESHEEN A TRSH B1dL {oookmaRsaamples
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a Ctﬁgggtg{tefg iRage lr%%l\gvcaay?cqe entitled "Is there a role for quorum signals in
bacterial biofilms?" by S. Kjelleberg, and S. Molin, PMID: 12057677 (PubMed-
indexed for MEDLINE).

The solutions of the invention may be effective in reducing bacterial load
thus improving wound healing. The solutions could be well tolerated, improve the
granulation of wound tissue, reduce the need for debridement compared to prior art
solutions with patients reporting less pain during their treatment.

Oral Care

The acidic solution of the invention may be used to treat canker sores (mouth
ulcers) or cold sores by rinsing the affected area. For example, the solution can be
used by soaking the cold sore 3-4 times a day, each time with 2-3 applications, and
putting the solution in contact with the sore for 20-30 seconds. The solution may
also be used as a mouth rinse for dental and mouth hygiene and to control infection.

In this instance, the solution may be used as a gargling solution to fight throat
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containing a 1% solution of the N,N-dihaloamino acid or its salt with a pH of
3.5to 5 may be used for several weeks using about 10 to 15 ml of the
solution for each treatment. After each treatment the rinsing solution will be
suctioned off. Specific methods for using the compositions of the invention In
one aspect, the compositions of the invention are administered or used
topically. 24 The acidic solutions of the present invention may be used in
treating a number of patients with deep wounds, which do not respond to
usual medications and locally applied treatments. In one aspect, the present
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thus improving wound healing. The solutions could be well tolerated, improve
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to préatyalitd opened and closed several times.

The physiologically-balanced, acidic solution of the invention may be used
for the treatment of ocular disinfection or decontamination. In addition, it may be
used as a replacement for silver nitrate in the disinfection of the eyes of neonates.

The solutions of the present invention may be used for the cleaning eyes in
adults and in pediatrics. For example, various viral infections, bacterial or fungal
infections, or pathogenic agents may be effectively treated with the solution of the
present invention. Non-limiting examples of pathogenic agents that could be
successfully treated with the solution of the present invention include chlamydia
trachomatis, gonorrhea as well as other bacterial, fungal, and viral infections.

The reader will see that the solution of the invention has applications in the
treatment of many different types of wounds, including, without limitation, diabetic
ulcers, gangrene, venous ulcers, decubitus ulcers, pressure ulcers, wounds due to
bites, acute trauma wounds, surgical wounds and burns. The composition of the

invention is also useful as an irrigation solution, for example, during dental,
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solutions with patients reporting less pain during their treatment. Oral Care
The acidic solution of the invention may be used to treat canker sores (mouth
ulcers) or cold sores by rinsing the affected area. For example, the solution
can be used by soaking the cold sore 3-4 times a day, each time with 2-3
applications, and putting the solution in contact with the sore for 20-30
seconds. The solution may also be used as a mouth rinse for dental and
mouth hygiene and to control infection. In this instance, the solution may be
used as a gargling solution to fight throat 25 infection. The solution may be
appfidedarthltadnplsTRicRtete kb frersorPospidifit Helyeripn salution
capddsrs Receampsavesaltimesatiay Aeaoidingd0.ad palientgineassRad
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fungal infections may be effectively treated with the solution of the present
invention. Non-limited examples of infections that may be effectively treated using
the solution of the present invention include anthrax spores present in the lungs, and
the reduction of pneumonia causing bacteria in the lungs, including strep bacteria
and the like.

Methods of Using the Solutions of Invention in Gynecology:

The composition of the present invention may be used for the treatment of
gynecological infections, such as urinary tract infections and the like. For example,
various microorganisms, yeasts (e.g., Monilia, Candida albicans, etc), bacterial
infections, HSV-2, HIV or other pathogenic agents may be effectively treated with
the solution of the present invention. Optionally, the application of the solutions of
the present invention can be used with other medications for the treatment of
gynecological infections. For example, use as a lavage of birth canal in pregnant

female patients with suspected venereal diseases, and potentially as bathing and
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adults and in pediatrics. For example, various viral infections, bacterial or
fungal infections, or pathogenic agents may be effectively treated with the
solution of the present invention. Non-limiting examples of pathogenic
agents that could be successfully treated with the solution of the present
invention include chlamydia trachomatis, gonorrhea as well as other
bacterial, fungal, and viral infections. The reader will see that the solution of
the invention has applications in the treatment of many different types of
wounds, including, without limitation, diabetic ulcers, gangrene, venous
ulcgpangiagupintien Riepabisredghirafisichish Wolindis e teppitel hattitel yrafiina
wwgﬂ&&mg&eﬂam@ma@mhumamﬂm g¢gypposition of the invention is also
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disieetives propervéshokkine solution may be noted. Reduction of Pathogens

in Pulmonary Infections: The solution of the present invention may be used

for the reductlon of pathogens in pulmonary infections. For example, various
i IR e, e effectively treated with the
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be effectively treated using the solution of the present invention include
anﬁ.ﬁge(r)épl&ecgcﬁ:'regérﬂrﬁ]\zeﬂte he]g%evglro@ment of surgical site infections, that

frequently lead to prolonged hospitalizations and, occasionally, in death. The use of

a solution of the present invention in place of saline could substantially reduce the
risks of such infections especially in the case of gastric surgery and of prolonged
operations, where the rate of infections may be as high as 10%.

Method of Use for Disinfection of Medical Devices and Surgical Implements

The solution of the present invention may be used for the reduction of
pathogens on the surfaces of medical devices and surgical implements to
prevent infection to the patient on whom the implements and devices are used,
or in whom they are implanted.

The solution may also be used for the reduction or elimination of infections
that occur at the entry ports of catheters and shunts that are particularly prone to
such infections.

Method of Use for Surface Disinfection

The solution of the present invention may be applied directly or through

delivery from a device that creates a mist (aerosolization) to the surfaces of a room,
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the reduction of pneumonia causing bacteria in the lungs, including strep
bacteria and the like. Methods of Using the Solutions of Invention in
Gynecology: The composition of the present invention may be used for the
treatment of gynecological infections, such as urinary tract infections and the
like. For example, various microorganisms, yeasts (e.g., Monilia, Candida
albicans, etc), bacterial infections, HSV-2, HIV or other pathogenic agents
may be effectively treated with the solution of the present invention.
Optionally, the application of the solutions of the present invention can be
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from such surfaces and implements to the food.

Method of Use as an Antimicrobial Preservative

The compounds of the present invention may be used as a means of ensuring
that microbes cannot survive in solutions intended for use in injection, infusion or
for use in the eye by incorporation of an appropriate amount of such compound into
the solution at the time of manufacture.

Method of Use as an Antimicrobial

The solution of the present invention may be used as a means of safely and
rapidly disinfecting the hands of surgeons and nurses to reduce the risk of
transporting infectious agents into an operating theatre. Additionally, solution of the
present invention may be used to eliminate the infectious agent from the skin of
patients (pre and post operative) in the area of a surgical incision.

Method of Wound Care
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operations, where the rate of infections may be as high as 10%. Method of
Use for Disinfection of Medical Devices and Surgical Implements The
solution of the present invention may be used for the reduction of pathogens
on the surfaces of medical devices and surgical implements to prevent
infection to the patient on whom the implements and devices are used, or in
whom they are implanted. The solution may also be used for the reduction or
elimination of infections that occur at the entry ports of catheters and shunts
that are particularly prone to such infections. Method of Use for Surface
DisinfectiB#iTHe stfgtisa BPmdpeeseitsntahtiotipgay Bedppidddne &ty tet
thraughnselivery Jrgspsaisievicadpalsereatesmacmist {aRiaselizationri0yth6out
surfaces of a room, 28 vehicle interior or other such largely confined space
in SPG&PISEGICE Y eliminate infectious pathogens that may be suspected
to be pre3batsdhsacihfathappkodtionniy boulskdhesultdte:degamtaminatel or
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rooms, vehicles and other surfaces where biological warfare agents have
be&dispersed. Wistind dhiysehoyan presiitgProer ShfbeyeTie soligon dfithe
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moist and free of contaminating germs. The wound site is then wrapped with wound
dressings as is standard in the art. The solution may also be used to clean a wound
by pouring it directly on the wound site to remove any necrotic tissue by a
mechanical procedure, and also as a cleanser or irrigant.

The patient may also make use of a “wound care kit” provided by NovaCal
which permits the patient to periodically pour the solution of the present invention
onto the wound site without having to remove the dressing. This kit provides ease-
of-use, portability and dramatically reduces exposure of the wound to / from re-
infection. The wound care kit includes a package containing the solution of the
invention and bandaging material. Often the kit contains a package containing the
solution of the invention and a specialized bandage for use in combination with the
solution. The specialized bandage keeps the skin surrounding the wound dry while
the wound is treated. Further, the bandage may be applied in a physician’s office or
at a hospital, with the patient continuing care at home; may be applied and used at
home under the instructions of a physician; or for minor injuries, the wound care kit

may be used as an “over the counter” treatment by the patient alone.
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Method of Use as an Antimicrobial Preservative The compounds of the
present invention may be used as a means of ensuring that microbes cannot
survive in solutions intended for use in injection, infusion or for use in the eye
by incorporation of an appropriate amount of such compound into the
solution at the time of manufacture. Method of Use as an Antimicrobial The
solution of the present invention may be used as a means of safely and
rapidly disinfecting the hands of surgeons and nurses to reduce the risk of
transportlng |nfect|ous agents into an operating theatre. Additionally, solution
i A 8¥5may be used to eliminate the infectious agent from
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wound

The Dual-Chamber may consist of two syringes or pouches. To make
NNDCT solution with a concentration of 3.2 mM at pH 3.5, for example, chamber A
is filled with 12.8 mM NaOClI solution, chamber B is filled with 3.3 mM taurine
dissolved in acidified 1.8 % of saline solution. The acidity of the solution in

chamber B is adjusted with 1 M HCI so that when the solutions in two chambers are

31



by pouring it directly on the wound site to remove any necrotic tissue by a
mechanical procedure, and also as a cleanser or irrigant. The patient may
also make use of a "wound care kit" provided by NovaCal which permits the
patient to periodically pour the solution of the present invention onto the
wound site without having to remove the dressing. This kit provides ease-
of-use, portability and dramatically reduces exposure of the wound to / from
re- infection. The wound care kit includes a package containing the solution
of the invention and bandaging material. Often the kit contains a package
comtBipArfathRE st R B dReV Y ERtRoPr ahd RISPEctanIds Harbagasorugdin
combinatigsatbog sslutiontibhaspprialired Bandagarkeepsdbeeskincidic
surrqundin ﬁ%]ﬁ nd dry while the wound is treated. Further, the bandage
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insér)%g&gsl of a physician; or for minor injuries, the wound care kit may be
used as an "over the counter” treatment by the patient alone. 30 Packaging
forMethathof, Sspatiather aspect of the invention, the solutions of the
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To make 1 liter of 1.6 mM of NNDCT in 0.9% NaCl solution at pH 3.5, add
8.6 g of NaCl into a 1000-ml volumetric flask, then add 500 ml Millipore water into
the flask to dissolve the salt. Add 2 ml of 1 M HCI into the NaCl solution, followed
by adding 22 ml of 0.158 M NaOCl. Mix the solution. Then add 0.267 g of taurine
into the flask and fill the volumetric flask up to the mark with Millipore water. Stir
the solution for 5 minutes.

NNDCT has a maximum absorbance at 300 nm with a molar absorptivity of
370 M'cm™. When OCI solution (pH 9.5) was added into the taurine solution, N-
Chlorotaurine (NCT) (CIHN-CH,-CH,-SOs3") was the only product formed.

H,N-CH,-CH,-SOsH + OCI" — CIHN-CH,-CH,-SO5" + H,O

NNDCT and NCT are spectrophotometrically distinguishable. NCT has a maximum
absorbance at 252 nm. The yield of NNDCT was calculated from its absorbance at
300 nm. This preparation method gives a yield of 91 % of NNDCT. Iodometric
titration gives a [,/NNDCT ratio of 2. This suggests that NNDCT retains the two
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NNDCT on Site AB C The Dual-Chamber may consist of two syringes or
pouches. To make NNDCT solution with a concentration of 3.2 mM at pH 3.5,
for example, chamber A is filled with 12.8 mM NaOCI solution, chamber B is
filled with 3.3 mM taurine dissolved in acidified 1.8 % of saline solution. The
acidity of the solution in chamber B is adjusted with 1 M HCI so that when
the solutions in two chambers are 31 mixed either in a common delivery tube
or in a mixing chamber C, the reaction will give desired NNDCT
concentration and pH value. Since Taurine is stable in acidic solution, and
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NNDCT is not volatile. A solution of 1.47 mM in 0.9% saline at pH 3.5 was
filled in two glass bottles. One bottle was capped tightly and another was capped
loosely. There was no difference in the concentration of NNDCT in two bottles
after 4 weeks at room temperature.

Isolation of the pure powder form of NNDCT and storage under inert
atmosphere provides a more stable source for NNDCT. Additionally, reformulation
of the solid matrix of NNDCT in a pill format assists in the stabilization of NNDCT.
This pill formulation has been selected to prevent decomposition while providing
ease of use in the intended pharmaceutical application (contact lens disinfections,
other application).

Example 2
Antimicrobial Activity
Bactericidal Activity:

To determine the bactericidal activity, we used Escherichia coli (ATCC
11229). The bacterial culture was diluted in sterile saline to prepare inocula.
Various test articles were transferred to individual tubes already containing 1.0 x 10°

to 2.0 x 10° Colony Forming Units (CFU)/mL bacteria and mixed by gentle
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the solution for 5 minutes. NNDCT has a maximum absorbance at 300 nm
with a molar absorptivity of 370 M-1 cm 1. When OCI solution (pH 9.5) was
added into the taurine solution, N- Chlorotaurine (NCT)
(C1HN-CH2-CH2-S03-) was the only product formed. H2N-CH2-CH2-SO3H
+ OCI- -* C1HN-CH2-CH2-S0O3 + H20 NNDCT and NCT are
spectrophotometrically distinguishable. NCT has a maximum absorbance at
252 nm. The yield of NNDCT was calculated from its absorbance at 300 nm.
This preparation method gives a yield of 91 % of NNDCT. lodometric titration
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One bottle was cappe tlélhty and another was capped loosely. There was
no iffé8fcaalnehat caresmtPatidey s NMD e ih 2 DB\BYitlesharrst anypdisry vat

rogmitRiesAtHsRcdaRiRlanafdhepweenrowder formofNNRCED and, strrage
under inert atmosphere provides a more stable source for NNDCT

Ad«Eﬁ%H&Tl9np§?&(ﬁmfg‘ﬁ8ﬁcentratlon range between 0.000149 to 1.49 mM at 24 hrs,

whereas the effective antimicrobial concentration range for HOCl commenced at

0.016 at 60 min and at 0.0016 mM at 24 hrs. At pH 3.5 NNDCT was better or as

effective against E. coli as HOCI.

In these studies for the first time we have demonstrated (in parallel) the
bactericidal and cell toxicity profiles of N-Chloramines as compared to various test
articles. Both N-Chlorotaurine (NCT) and N, N-Dichlorotaurine (NNDCT) were
synthesized in 0.9% physiological concentration of NaCl with controlled pH
according to procedures described above. These solutions were tested for their
physicochemical properties before analyzing their biological activities. Diluted
solutions of NCT and NNDCT are colorless and isotonic and display exceptionally
rapid antimicrobial activity. Production of these oxidants appears to be pH-
dependent. NCT is formed exclusively in alkaline pH, whereas NNDCT is formed
in acidic pH.

Comparative antimicrobial assays using NNDCT in the solution of the

present invention at pH 5.0 and 3.5 and NCT at pH 9.5 demonstrated a bacterial (E.
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of the solid matrix of NNDCT in a pill format assists in the stabilization of
NNDCT. This pill formulation has been selected to prevent decomposition
while providing ease of use in the intended pharmaceutical application
(contact lens disinfections, other application). Example 2 Antimicrobial
Activity Bactericidal Activity: To determine the bactericidal activity, we used
Escherichia coli (ATCC 11229). The bacterial culture was diluted in sterile
saline to prepare inocula. Various test articles were transferred to individual
tubes already containingﬁl.o x 105 to 2.0 x 105 Colony Forming Units

(Creyllipgetarignen@nbad 18? dedtrcas NG ancPihér invain YAt
37 e farsloamd4 tsursidini g Akemp e driiCor N NI@s Re3s b e mpared

condjtions, \%lgi could he produced in vivo if the test artjcles were used as
B Bk MR AT R BTHG S ra edmeciately.after
the designat®dbdeqdoBuréntinvenwitivput the addition of a neutralizer, and

ind :WII‘JUI thy-with adaitiLﬁ of neutratizet lai’fiu"t' T hus; (‘M'ﬂ -y SL
removel urﬁter ‘or24 héurs 3xoo°slﬂ(r:¢la¥im S a%sdcg a%%%’lates vvCeLpég?m )
incubaédlat 37®aand thé numibiem¢ bacteriesobeiencounted by divett

colORYNGOEt 0 fEImeTate {ie| SWYVRG bacteria ggfgh U7/ML. PoSigye growt

contrals were made wijth sterile 0.9% saline. All test articles were tested

thre\XHREST Thelfasults were|tabhiPieals to | showthéE¥bmparison 8136

anfmgcreiial piastivepaseReNEe@intatditACF, NNDCT and 0.9% saline at
various pH levels. At pH 3.5 NNDCT showed an effective antimicrobial
concentration range between 0.0149 to 1.49 mM at 60 min, and an effective
antimicrobial cotoantistibnaanige detvikdbng0t000 10 tmly. 4eeraMat@drhtion
wheigandhe pllesilye ApHINGioRRlCanc A AOnIANIR I HORer s tess
commenced at 0.016 at 60 min and at 0.0016 mM at 24 hrs. At pH 3.5
NNDameabsahga™BYIRST on an equal concentration basis by a factor of 1000 fold.

Example 3
Cytotoxicity Assay:

Cytotoxicity was assessed by a colorimetric assay system, initially described
by Scudiero et al., using 3'—(phenylamino—carbonyl)—3,4—tetrazolium—bis (4-methoxy-
6-nitro) benzene sulfonic acid hydrate (XTT), ProCheck™™ cell viability assay
(Evaluation of a soluble tetrazolium/formazan assay for cell growth and drug
sensitivity in culture using human and other tumor cell lines described by Scudiero
DA, Shoemaker RAH, Paul KD, Monks A, Tierney S, Nofziger TH, Currens MJ,
Seniff D, Boyd MR. Cancer Res. 1988 Sep 1;48(17):4827-33). Similar approaches
for determining the cell viability are used by other investigators. Three cell types
were used: mouse lung epithelial cells (L929), primary human skin fibroblast and
primary human keratinocyte cells cultured in Dulbecco Modified Eagle’s Medium
and Keratinocyte defined medium with corresponding growth factors plus
antibiotics. Cells were trypsinized and counted under the microscope and seeded at

1000-t0-2000 cells per well of a flat-bottom 96-well plate. Cells were allowed to
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effective against E. coli as HOCI. In these studies for the first time we have
demonstrated (in parallel) the bactericidal and cell toxicity profiles of
N-Chloramines as compared to various test articles. Both N-Chlorotaurine
(NCT) and N, N-Dichlorotaurine (NNDCT) were synthesized in 0.9%
physiological concentration of NaCl with controlled pH according to
procedures described above. These solutions were tested for their
physicochemical properties before analyzing their biological activities. Diluted
solutions of NCT and NNDCT are colorless and isotonic and display

exEEPHGHAMPighbM 3htifichiatattiitye ProgI mdiar tae senyriehang cells

apRea sife-aavithi ridgPargant NedHsf madexelwsivelye BudidlnedRi Test
whereas NNDCT is formed in acidic pH. Comparative antimicrobial assays

usHYNRIBET Wﬂ%&%&%éﬁ@ﬂth@%?@é‘rﬁ%&%ﬂéﬁ wldptlin' Al %ﬂ50§ﬁd

NGl pbtd-Sotleregnstiated aqipgieriatbils waceliydding efficianaysabaout
300 fold greater for NNDCT at @H 3.5 over NNDCT at pH 5.0 and 1000 fold

highY 3G SHIIERE Of NINS¢aSh Bl SXRASFIIHRSJ b AT SopIFess
Within tRe L MiNCAXRRE uERsliMeatcd 7 viail Taolgdl )ofl able- lneai’szlBI&tes were

I Tonicity Ph | St M / L) NCT
cIoRF B4 Hoto COTon DA S NN A B3 LBEEH B e S 5
NNDCEtiead Bzﬁllsm@qmz selutibfrQHLB6dilyIBGtisiing Miiatuh. Battetiaiced.
Coacl?ntratﬁgr}ﬁrhgagratl oblal ath‘]tIVI'[X aapd k|| gwb% grje th,JopIyCWEre dified
ep

concentration ependent {also Increase ’by lowering
NGTcibieass, piathetichdiowl lishin WNDOTT clvalopeerl w,@fn@émmdo n\bagi@w a

faciog of HOQ0 Kl Ghm EX@MBIErShce wavelength at 750 nm using Molecular Device

ThermoMax Plate reader, blanking the plate on the medium-only assay blank wells.
Untreated cells receiving XTT reagents-only served as positive cell proliferation
control.

When cell inhibitory concentration toxicity index (CClsp) was determined
(measured as 50% of cells still alive), CCl5oof NNDCT was at 7 mM and showed a
substantially higher cell viability of Primary Human Skin Fibroblasts in the XTT
Assay than for Clsy of HOCI (IC5y = 0.8 mM), betadine (IC5p = 0.01 mM) or OCI’
(ICsp = 0.66 mM). Similar results were attained in the XTT Assay performed on
mouse lung epithelial cells (L929) where more than 90% viability for NNDCT was
observed at a concentration of 7 mM versus substantially less than 50% viability for

OCI at concentrations of 0.6 mM and betadine at concentrations of 0.02 mM.

Cytotoxicity and Therapeutic Index

NNDCT has been subjected to rigorous in vitro safety testing using United
States Pharmacopoeia’s standard cell assay (mouse lung epithelial cells, L.929), as
well as primary human skin cells. We discovered that NNDCT has a very low cell

toxicity index in both cell types: Primary human fibroblast and 1929 cells as
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Cytotoxicity Assay: Cytotoxicity was assessed by a colorimetric assay
system, initially described by Scudiero et al., using
3-(phenylamino-carbonyl)-3,4-tetrazolium-bis (4-methoxy- 6-nitro) benzene
sulfonic acid hydrate (XTT), ProCheckTM cell viability assay (Evaluation of a
soluble tetrazolium/formazan assay for cell growth and drug sensitivity in
culture using human and other tumor cell lines described by Scudiero DA,
Shoemaker RAH, Paul KD, Monks A, Tierney S, Nofziger TH, Currens MJ,
Seniff D, Boyd MR. Cancer Res. 1988 Sep 1;48(17):4827-33). Similar
ap PPBREFES O sE wseRTg the st ia Bty hradBeydopotheinmiesthsiags.
Thtﬁﬁ&@L'ﬁUf@&éN%@mbSGdhéﬁOlééE sttg:ﬁpithaﬁal £eSj0: 9&ShedPhiMAIRDCT
an skin

nd man nocyte. cells cult
R R e RALR et S P8 i R el
co nte&gmndm@po(/\lﬂ) fwhtdnsqoﬂe@a@h@tbﬂo&an@eﬂ& waretrypginizaéeractiby
Z‘}%{tétia‘gtt g&%&ﬁ? H?l' IARFQ %89%@?%9%@@ 5000:Q- %99911%%'5389&}’*’%?“

6-well p ate eIIs were allowéd to 35 grow over-night at 3

Nekoereptagen Nk r@ﬁﬁ%ﬂ?&%@%éﬁﬁwé@%ﬁ campajgere rﬁ‘?§éﬂ3@@th“#€sh
medisHbCan handeft in&adikegfdiasus codsieemedia. Test articles were
prepared as 2-fold dilutions and 200 ItL was added into each set of 4- wells
(total volume per well = 250 ItL). Cells were exposed to test articles for 60
mifTaltlesdm teSpenaiyreof mMvhiadiabely Bitesritid b x gosechtimienteQUBAiciand
fro%g%égnyg% as removed and cells were fed with 250 ItL of fresh media.
Plates were incubated at 37 C for 18-20 hours. The following dav media was
removBethduetin ahd rdblaceMBith (xeomty \Weller Gretnlmedia BEdhtendiHg
107T0QUKN BT -Teageny.; Celis wegg,gcubated ungigp,growth condijghns (5%
CO2 at 37 C humidified incubator), protected from light, until color
developSHt was| acRidved. AbsOrbance Was redd at 450 nm witR¥&ference
W

b

aveygibnat 750 nm using Molecular DeVvice ThermoMax Plate reader,
ankin%épnee plate on4Re mediunt8ily assay blarkdwells. 7

* Minimum Bactericidal Concentration (MBC)

b Therapeutic Index and © Primary human skin fibroblast cells.

Application of NNDCT as safer topical disinfectant particularly in
ophthalmic, chronic non-healing wounds and burn patients could be a great
advantage, because use of other disinfectants with major toxic side effects is highly
discouraged by healthcare authorities. Since food safety is also a major health issue,
the application of NNDCT as a broad disinfectant can be extended to food industry.
Example 4

As an example, the procedure for the preparation of 2-(dichloroamino)-2-
methylpropanesulfonic acid (also referred to herein as N,N-dichloro-2,2-

dimethyltaurine) is described as follows:
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Untreated cells receiving XTT reagents-only served as positive cell
proliferation control. When cell inhibitory concentration toxicity index
(CC150) was determined (measured as 50% of cells still alive), CC150 of
NNDCT was at 7 mM and showed a substantially higher cell viability of
Primary Human Skin Fibroblasts in the XTT Assay than for CI50 of HOCI
(IC50 = 0.8 mM), betadine (IC50 = 0.01 mM) or OC1 (IC50 = 0.66 mM).
Similar results were attained in the XTT Assay performed on mouse lung
epithelial cells (L929) where more than 90% viability for NNDCT was
obS&Rdd AN eBh Cé rratiBle 3 MeRNPIRR SRR WidtartidINPragkiiplanbo s lla,

viagility. fruirABEdrah ceneeniwignBs gk d6732l) and betadine at concentrations
of Q.02 mM r%)%/bo oxicit arlg Therapeutic Inde Nr\gCT hﬁ; been supjecﬁed
to Aol TAiths B&‘f%‘i‘gﬁsél W usinty URIEE State?d PhafitstBoeis’'s =
standavsytelbassayit(ittoseiong epitivblidticells, U928n@3-mehyhs prispanyl,

hu in.cel ) disgoyer ! N T /STY, O ¢ Xicity}
S L om v AT T O e

coRip&rddgotHRr Bntidepaeiesda rablagedioe aherpsd iRl drrs otiithe sshem
belgiyie ke Pavidenenedingryparseugelitoxicity was a major concern,

NNDC onstrated to be cell compatible with a much safer toxicity profile.
1 RER 11 OB R B MBS e ratio of
coffcemtriationtoteséited h;_Mtbé 2sdiajraoaelisdirR vitehgiptoiexicityfariéCisd)in

R tericidal trati M t
5 0D o AL & S S0 A 7 For MO S PRGN o

redpektithery 1T 2)! Malbleor Satemieieytef NiskitudisBDhadbrorall Add 2 ml

ConcenraioniMBte)rand Shespestisladey satafroddctpbl INBLaNRadmL)

ICIso (pg/mL) T.1. on HF® NNDCT 3.5 0.29 1442 4972 o
Mix the solation. Then add 0.355 g of 2-amino-2-methylpropanesulfonic acid into

the flask and fill the volumetric flask up to the mark with Millipore water. Stir the
solution until the reaction is completed as indicated for example by UV or NMR.

We have prepared N,N-chlorinated ornithine, N,N-dichloro homotaurine and N,N-
dichloro alanine. All these dichloro compounds have very similar UV spectra
(Amax= ~ 300 nm) and molar absorptivities.

Procedure for preparing the dichloro-amino acid compounds

Into an acidic HOCI solution, a stoichiometric amount of amino acid or their salt
(powder) is added (the molar ratio of HOCI : amino acid = 2:1). Then the mixture
solution is stirred for about 15 minutes. The pH of the resulting solution is lower
than the pH of the starting HOCI solution. The product is identified and the
completion of the reaction is followed by an UV-vis spectrophotometer. The pH of
the solution is adjusted with hydrochloric acid or sodium hydroxide solution to the
desired pH value. The concentration of the solution is determined on UV
spectrophotometer by using the corresponding molar absorptivity at the Ama. A

more detailed procedure is described in the following example.
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HOCI 3.5 0.16 47 297 Povidone 4.2 0.38 2.5 7 lodine a Minimum
Bactericidal Concentration (MBC) b Therapeutic Index and "Primary human
skin fibroblast cells. Application of NNDCT as safer topical disinfectant
particularly in ophthalmic, chronic non-healing wounds and burn patients
could be a great advantage, because use of other disinfectants with major
toxic side effects is highly discouraged by healthcare authorities. Since food
safety is also a major health issue, the application of NNDCT as a broad
disinfectant can be extended to food industry. Example 4 As an example, the
procedite foPtrRApREdaliEToh O P2 NbirtHrirarniHe ot §AbtBpanesulfonic
acuéglﬁomiﬁ%eﬁmmmnmm gﬂﬁ{ni@mvaﬁa gimesthyltaurine) is

descr ws: 37 Ste nthesi
g T s e WP promRRSpfomic. MW
TetrdhdadﬁOmLceﬂﬂerHQIQ@&uﬂ@n 7i840p 71323 the solution for about 15 minutes.
2 A2y NGRASUNSTE I3 BERPATAY RUAEAUSAR Bfion. Tk

hy roxyisobutyronitrile (acetone cyanohydrin) to

1-dAvi rﬁ@ﬁztm@tﬁf/lﬂ?«[ﬁhbﬁ%ﬁhmluf@MDWleﬂbebr@iﬁé@tﬂﬂﬂ%tﬁ%%b?ﬁ@ﬂf@éﬂ%

megylatiemanden0yalof the protecting group, the hydrochloride obtained

was allowed to react with sodium sulfite to give

2-afind-2- methylpropanesulfonic acid. Step 2. Chlorination of

2-axdjne-dpethylpeopanesuléonie dicidiep Q mwakedtditer P WaHMNIGH or HCL.

2-$tichl§roamino)-2-methylpropanesuIfonic acid in 0.9% NacCl solution at pH
.5, 8.6 g of NaCl into a 1000[[-]Jml volumetric flask, then add 500 ml

MiRppre Wateprimtedthe flasiero dissohrenthes shilt. ¢uidetmtion of the dichloro

Homotaurine (the molar absorptivity is 329.0 M'cm™, see the attached table).

Table
Molar Absorptivities of N,N-Dichloro- and N,N-dibromo- Amino Acid Compounds

Compounds Amax (nmM) e (M'cm™)
N,N-dichloro taurine 302 3329%
N,N-dichloro homotaurine 303 329.0°

N,N-dichloro B-alanine

301 327.6°
N,N,N',N'-tetrachloro 4 d
300¢ 241%
ornithine
N,N-dibromo taurine 241 2713, 2708°
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of 1 M HCI into the NaCl solution, followed by adding 22 ml of 0.158 M
NaOCI. Mix the solution. Then add 0.355 g of
2-amino-2-methylpropanesulfonic acid into the flask and fill the volumetric
flask up to the mark with Millipore water. Stir the solution until the reaction is
completed as indicated for example by UV or NMR. We have prepared
N,N-chlorinated omithine, N,N-dichloro homotaurine and N,N- dichloro
alanine. All these dichloro compounds have very similar UV spectra (X,,,ax -
300 nm) and molar absorptivities. Procedure for preparing the dichloro-amino

acidsiHgb A oM et amc keiidls daCheieiBitetiic dnidit of

anminoaeid, . thedsalin, (Powes)sisnadde ditbeanglag;satin, of, HO43 :7amjne:
aciéi?: 2:1). Then the mixture solution is stirred for about 15 minutes. The pH
of %"esulting solution is lower than the pH of the starting HOCI solution.
Thedetathistdsndbistifiety.and the completion of the reaction is followed by an

Ui spacirenalamelet oF DRaHeh NS AR i Aciusted with

hydrochloric acid or sodium hydroxide ‘sofution to the desired pH value. The
concentration of the solution is determined on UV spectrophotometer by
usipghthgcorresponding molar absorptivity at the X,,,ax. A more detailed
procedure. is described in the following example. 38 Example 5: Prep,arin%é
A

liter of 0.05MBFDIcHISHS 45RSERIARR KEIHBRO SR A UPHE9RIY FIHEFS
M N@M%dﬁﬁ@%mﬂlha@ﬂk’ﬁs.S_Thps@aﬁtddic&%agapfiskﬁdmrh@mmmémp
(S%%'“éﬁn%“ﬁéﬁ‘ﬁg'}ﬁ%oﬁﬁfs%ﬁ%g'ﬁnﬁ"‘{}{créa%gdl-éighﬂ’?égnﬂ}f O&&%QAH%OQHQ
step 1. Stir the solutiontor about 15 minutes. Step 3. Take an aliquot of
sokfisanigmhapdhatermikare G toldHotiGL Teeket R iy Wapessi 2ot (e

dilysessoketion e idantibmhanroduets W hANKNIBEBRR aRMKIREWIE able

attached table). Step 4 Adjust the pH of the solution resulted in step 2 to the
d eé‘?rlé)defﬁlﬂvm‘? %@%Ife able to go through normal cell proliferation cycles

as compared to untreated control cells in our XTT assay.
Example 7

NNDCT solutions with a concentration of 1.49 mM at pH 3.0, 3.5, 4.0, and
5.0 were prepared. The spectra and the concentrations of the solutions were
measured on the UV-vis spectrometer. The results showed that the spectrum and the
concentration of NNDCT solution did not change in the pH range from 3.0 to 5.0.
Preparation

Add 8.8 g NaCl, 2 ml of 1.0 M HCI, and 0.278 g of taurine into a 1000-ml
volumetric flask, followed by adding about 800 ml of deionized water into the flask.
Shake the flask to dissolve NaCl and taurine powders. Then add 22 ml of 0.15M of
the NaOCl solution into the flask. Fill the flask up to the mark with deionized water.
Stir the solution with a magnetic stirring bar for 5 minutes. The concentration and
the pH of the resulting solution were measured on a UV-vis spectrometer and a
freshly calibrated Beckman pH meter. This solution has a concentration of 1.49 mM

and a pH value of 3.85.
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Step 5 Repeat the procedure in step 3 to measure the concentration of the
dichloro Homotaurine (the molar absorptivity is 329.0 M-1crn 1-, see the
attached table). Table Molar Absorptivities of N,N-Dichloro- and
N,N-dibromo- Amino Acid Compounds Compounds Mnax (nm) E (M-1cm 1)
N,N-dichloro taurine 302 332.9 a N,N-dichloro homotaurine 303 329.0°
N,N-dichloro 0-alanine 301 327.6¢ N,N,N',N'-tetrachloro 300" a 241" a
ornithine N,N-dibromo taurine 241 271T, 27080 39 a Gottardi, W.; Nagl, M.
Arch. Pharm. Pharm. Med. Chem. 2002,9,411-421. b Thomas, E.; Bozeman,
P.;158fral B ANNP CRinglueom amye hbm 3 £0957a7 prerdisd 2093 2 bt BiMed in
thip stugly o8l hesrdien ShdoMeIRrkalia &f eNAINAIALAQSM tTRTIHAINGH of
Example 6. The results of our discovery provide support for antimicrobial
actiity ?t%é(f‘ in 0.9% saline at pH 3.5. These antimicrobial activities
wete0detehiN&IDIT belsonsidetalpl iB.36 pidluamgevanoiparebsed a 250-ml
SigQifieaniody NCHE3TNd KR GURFIKAIN.AR b BIPISHIBEMR e The
contrast, cell toxicity was seen at a 1000- told higher range in the mM range.
WéisHalef thistsRINDCT théated cells were able to tolerated the treatment

and be aBlgdguae hpvalnerpral sallpkelifesaiar EY&!8Similar manner within
the pH range of 3 to 5. All solutions show stability if properly stored as shown by
their UV spectra.
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as compared to untreated control cells in our XTT assay. Example 7 NNDCT
solutions with a concentration of 1.49 mM at pH 3.0, 3.5, 4.0, and 5.0 were
prepared. The spectra and the concentrations of the solutions were
measured on the UV-vis spectrometer. The results showed that the spectrum
and the concentration of NNDCT solution did not change in the pH range
from 3.0 to 5.0. Preparation Add 8.8 g NaCl, 2 ml of 1.0 M HCI, and 0.278 g
of taurine into a 1000-m1 volumetric flask, followed by adding about 800 ml
of deionized water into the flask. Shake the flask to dissolve NaCl and
tadridBowders. Then add 22 ml of 0.15M of the NaOCI solution into the
flask. Fill the flask up to the mark with deionized water. Stir the solution with
a nhagneticcstinpiorgtioarctonsinmg uteS, Ntdéhaloacemniratio nfahdfdheupHIof the

resulting solution were mg@&qﬁ)w%]\é%/(iﬁ%m)meter and a freshly

calibrated Beckman pH meter. This s as a concentration of 1.49 mM
and a pHoValderigravgshaaert.00 ml of NNDCT solution above (pH = 3.85) was

pipetted iRtR iR 0y aRMKBIHr PANTI of 1.0 M HCI solution was added to
this solution and stir. The fin(ﬁ% pH of this solution is 3.0. 100 m| of NNDCT
i

solution With P& SBIH; SRS S s R B KER Y503 ml of
5.0 M NaBH soldtioncurasnadiged tonthis sdivtientand stikyEhe rdifiad] pHitlof this
solution is 4.851§94qg(g&sc gg vga}%gg pH values were prepared in a similar
manner within tRe pH range of 310 5. All solutions show stability if properly

stored asRsHplriiogethiventlspeetihe SO@aRROH;

R’ is lower alkyl; or

R' and R° together with the carbon atom to which they attach form a (Cs-
Ce)cycloalkyl ring;

nis 0 or an integer from 1 to 13;

Y is hydrogen, lower alkyl, -NH, or —-NHaly;

Z is hydrogen or lower alkyl; and

X' is selected from the group consisting of —-SO3;H, —SO,NH; and -
P(=0)(OH).;

if R is a divalent cycloalkylene radical n is O or an integer up to and
including 11, said divalent radical R or divalent radical -(CHj),-
being optionally substituted with -NHal,;

said derivative being a pharmaceutically acceptable salt, ester with lower
alkanols, or lower alkanoyl derivative of the -NH, group attached to

the carbon atom to which the substituent X is attached.

2. The composition of Claim 1, wherein R is a carbon carbon single bond and n

is 0 or an integer from 1 to 7.
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1. A composition comprising an N,N-dihaloamino acid of the formula (1)
A-C(R1IR)R(CH2)n C(YZ)-X' (I) or a derivative thereof; wherein A is
hydrogen or Hal2N-; Hal is halogen selected from the group consisting of
chloro and bromo; R is a carbon carbon single bond or a divalent
cycloalkylene radical with three to six carbon atoms; R1 is hydrogen, lower
alkyl or the group -COOH; R is lower alkyl; or R1 and R together with the
carbon atom to which they attach form a (C3- C6)cycloalkyl ring; nis O or an
integer from 1 to 13; Y is hydrogen, lower alkyl, -NH2 or -NHal2; Zis
hydrogenl&f RSP EHSH, A rtdairs lsehseearthiorhNHthgteupito ASid fiAgsTses |
-SO3H, -§Q2MNiHR1ap&ugs(=0)(OH)2; if R is a divalent cycloalkylene radical n
is 0 or an integer up to and including 11, said divalent radical R or divalent
radical -(CH2)n being optionally substituted with -NHa12; said derivative
beig a pHareragesiioallyfddoepthblesalt AesteNWith lower alkanols, or lower
alkanoyl derivative of the -NH2 group attached to the carbon atom to which
the substituent X is attached. 2. The composition of Claim 1, wherein R is a

carbon catsarPSPRIiEBLAdAHE A Whan Halitteljerdrom 1 to 7. 42 3. The

composition of Claim 1 wherein the N,N-dihaloamino acid comprises 1 or
2-NHal2 groups.
Ig. T‘%e cgmposition of Claim 1 wherein said derivative is a pharmaceutically

acceptable salt.

7. The composition of Claim 1 said composition having a concentration of the
N,N-dihaloamino acid or its derivative between 0.1 to 100 mM and a pH

range between about 3 to about 4.8.

8. A composition comprising an N,N-dihaloamino acid of formula (IV)
HalbN-C(R'R?)-(CH,),-C(YZ)-X (IV)

or a derivative thereof;

wherein Hal is halogen selected from the group consisting of chloro or
bromo;

R'is hydrogen, lower alkyl or the group -COOH;

R? is lower alkyl; or

R'and R? together with the carbon atom to which they attach form a

(C5-Cg)cycloalkyl ring;

n is 0 or an integer from 1 to 3;

Y is hydrogen, lower alkyl or -NH,; and

Z is hydrogen or lower alkyl, and

X is selected from the group consisting of —SOs;H,—SO,NH,, -P(=0)(OH),
and -B(OH),;
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4. The composition of Claim 1 wherein A is -NHal12. 5. The composition of
Claim 1 wherein Hal is chloro. 6. The composition of Claim 1 wherein said
derivative is a pharmaceutically acceptable salt. 7. The composition of Claim
1 said composition having a concentration of the N,N-dihaloamino acid or its
derivative between 0.1 to 100 mM and a pH range between about 3 to about
4.8. 8. A composition comprising an N,N-dihaloamino acid of formula (V)
Hal2N-C(R1R2)-(CH2)n C(YZ)-X (IV) or a derivative thereof; wherein Hal is
halogen selected from the group consisting of chloro or bromo; R1 is
hydrogers2i@wei iyt Beittiesglesisd fomdia srrup icorsivEP SRR HIRICBlRIR2
together with th@c@@ﬂa@ﬁfﬁi@me@ewm Ibﬁyéalmmiipﬁﬂu @o\fﬁa@ﬁ)@wloalkgl
ring; nis O or an integer from 1 ' Yis r n, lower alkyl or -NH2; an
18 hyciogen o TBAER SR s SUEER O e TSt o
-SO3H,-SO2NHERs sitstDD )R awacheB(OH)2; 43 said derivative being
selected from the group consisting of pharmaceutically acceptable salts,

esters with lower alkanols, and lower alkanoyl derivatives of the -NH2 group
attdched ThesereaeBANRbRA G e he IOSRPQEHOX GRAtEehad. 9. The

compositiafacdainh Bywbeigibthagamposition comprises a
10.  The composition of Claim 8 having a pH range between about 2 to about 7.

11. The composition of Claim 8, said composition being isotonic and

physiologically balanced.

12.  The use of an effective amount of a composition of Claim 1 in the
preparation of a composition for disinfection by controlling or preventing the

growth of bacteria, microbes, spores, fungi or viruses.

13.  The use of Claim 12, wherein the pH of the composition is between about 2
to 7.
14. The use of Claim 12, wherein said N, N-dihalo amino acid or derivative

thereof is prepared in sifu.
15. The use of Claim 12, wherein the material to be treated is selected from the

class consisting of food, animal feed, surgical instruments, surgical

equipment, medical devices and equipment used for such purposes.
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pharmaceutically acceptable carrier. 10. The composition of Claim 8 having a
pH range between about 2 to about 7. 11. The composition of Claim 8, said
composition being isotonic and physiologically balanced. 12. The use of an
effective amount of a composition of Claim 1 in the preparation of a
composition for disinfection by controlling or preventing the growth of
bacteria, microbes, spores, fungi or viruses. 13. The use of Claim 12, wherein
the pH of the composition is between about 2 to 7. 14. The use of Claim 12,
wherein said N, N-dihalo amino acid or derivative thereof is prepared in situ.

151Fhe uSeBROIIhsalocihErsiThh &ravateri v Bt R Ateticld erdctsihifomn
the classigpnsisting afifead sanimalierdicsergigalHpsrumeotshsutdieslic
equipment, medical devices and equipment used for such purposes. 44 16. A
et Bt i e e i gy
amino-ethamnestifdorpaaidpidMdicilahoNINvathipk@uaimirdetiiphogsuitomic
acid; N NaghgbloreaninaRImeERaP ASRAARIG AN ABIPRAZ
amino-5-phosphonopantanoic acid; N,N-dichloroaminoeth '?phosponlc. acid
diesters; fMcharchiargrp-aripidylathansphasphnpisiisish AbNreligbleront Romino-2-
dichloro-hamyRodamptiyiaihanashospheniaiacide Nihslickiasaid -minoNe-
methylpropanephosphonic acid; N,N-dichloro-!equcine hosphonic acid; N,N-
dichloro-AlSHAHS 23 PHRSARORSEI R R BER 20, (ERINIGIorarAigiB-5-
phosphopavglesisoasishi NA R aroh{tie-aminarbaphpspidoavalesic acid;
N,N-dichlgrg-d,l-2-amina;3-phosphonopropionic acid; N,N-dichloro-2-
v VB et i e S SR S
N, N-dichlonn(33gthaipebhostioacidid MNaNdivdtivel¢tha rebbr saidaderivattive
N,N-dichloro-f-alanineboronic acid, or a derivative thereof, said derivative
being selected from the group consisting of pharmaceutically acceptable salts

and esters with lower alkanols.
17. The composition of Claim 8 in stabilized form.

18. The use of an effective amount of an N,N-dihaloamino acid of Claim 8 in the
preparation of a composition for controlling or preventing the growth of

bacteria, microbes, spores, fungi or viruses.

19. The use of a compound of formula (I) of Claim 1 in the preparation of a
composition for the promotion of wound healing, reduction of pathogens in
open wounds, wound decontamination, reduction of pathogens in burns,

treatment of skin diseases, or tissue repair and regeneration.

20. The use of a compound of formula (I) of Claim 1 in the preparation of a

composition for treating ocular disinfection or decontamination, oral
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being selected from the group consisting of pharmaceutically acceptable salts
and esters with lower alkanols. 17. The composition of Claim 8 in stabilized
form. 18. The use of an effective amount of an N,N-dihaloamino acid of Claim
8 in the preparation of a composition for controlling or preventing the growth
of bacteria, microbes, spores, fungi or viruses. 19. The use of a compound of
formula (I) of Claim 1 in the preparation of a composition for the promotion of
wound healing, reduction of pathogens in open wounds, wound
decontamination, reduction of pathogens in burns, treatment of skin
diseasesdisiiesiny rapiingabithegendrsishionol muogas 5t RrEBMBOUNd of
formula (et @aimbinihedpieramtionad & sempaositiondsniteaing ocular
disinfection or decontamination, .oral 45 disinfectign, antifungal therapy, .
reductiort GBI CHE TR DO AT S i RN oF RIELHOAE Yo
in organsaforatnanéplantation, reduction of bacterial load in autologous or
artificial tissue transplantation in a mammal. 46
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