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ANTIMICROBIAL AGENTS

Priority of Invention

This application claims priority to United States Provisional Application Number
61/613,903, filed 21 March 2012. The entire content of this provisional application 1s hercby

incorporated by reference herein.

Background of the Invention

The emergence of Multidrug Resistant (MDR) bacterial pathogens (e.g. methicillin-
resistant Staphylococcus aureus (MRSA), Acinetobacter baumannii-calcoaceticus complex
(ABC), etc.) has increased concems as to the adequacy of current antimicrobials and pathogen
treatment methods. The lethality of such pathogens, particularly MRS A, has often led to
treatment methods that are experimental or would otherwise normally be avoided 1n standard
clinical practice. For example, the antibiotic colistin was traditionally considered too
nephrotoxic and neurotoxic for clinical use, but 1s nevertheless used to treat many MDR
bacterial infections due to a paucity of available active drugs. The growing threat from MDR
pathogens highlights a critical need for additional antimicrobials. In this connection, there 1s a
pressing need for new antibiotics that exhibit novel mechanisms of action or that are able to
circumvent known resistance pathways.

Elements of the bacterial cell division machinery present appealing targets for
antimicrobial compounds because (1) they are essential for bacterial viability, (1) they are widely
conserved among bacterial pathogens, and (ii1) they often have markedly different structures than
their eukaryotic homologs. One such protein that has been i1dentified as a potential target 1s the
FtsZ protein. During the division process, FtsZ, along with approximately 15 other proteins,
assemble at mid-cell into a large cell division complex (termed the divisome), ultimately
facilitating cell cytokinesis. More importantly, FtsZ 1s widely conserved among many bacteral
strains.

International Patent Application Publication Number WO 2007/107758 discusses certain

compounds of the following formula:

O
R1\ NH
XX ,
I
O\|/R3
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wherein W, R}, R?, and R° have the values defined in the application; the compounds are
reported to have antibiotic activity. Unfortunately, certain of the compounds discussed 1n this
publication have solubility properties that may severely limit their use as pharmaceutical agents.
Accordingly, there remains a need for antibacterial compounds that have physical properties (e.g.
solubility) that make them useful as pharmaceutical agents.

Summary of the Invention

Applicant has identified a series of antibiotic compounds that are highly soluable and that
can be formulated for administration as antibiotic agents. Accordingly, in one embodiment the

invention provides a compound of the invention which is a compound of formual (I):

O R4
R’ R®
T B
H N\
W R5 R7 |
W P
OWRZ*
R* R? D

wherelin:

R' is hydrogen or 1, 2 or 3 optional substituents;

W is CR? or N;

R?is absent (e.g. when W is N), hydrogen, or an optional substituent, R” is hydrogen,
methyl, or fluoro, and R” is hydrogen, (C,-Cg)alkyl, (C2-Cg)alkenyl, (C»-Cg)alkynyl, (Cs-
Csg)cycloalkyl, aryl, or 5-6 membered heterocyclyl, wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, or heterocyclyl may be optionally substituted with one or more R

or R? and R” taken together are -CH,-, -CH,-CH,-, -O-, -O-CH;-, -CH;0-, -O-CH;-CH>-,
or -CH,-CH>»-0-;

or R%is absent (e.g. when W is N), hydrogen, or an optional substituent, and R* taken
together with R* is cyclopropyl, cyclobutyl, azetidine, or =CH-N(R®),; wherein the cyclopropyl,
cyclobutyl, and azetidine can optionally be substituted with (C;-Cs)alkyl;

R’ is ~(AIKm~(Z)p-(ALK*)-Q;

Z is -0-, -S-, -S(0)-, -SO,-, -NH-, -N(CHz)-, -N(CH,CH3)-, -C(=0)-, -OC(=0)-,

-C(=0)0-, or an optionally substituted divalent monocyclic carbocycle or heterocyclic radical
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having 3 to 6 ring atoms, or an optionally substituted divalent bicyclic heterocyclic radical
having 5 to 10 rning atoms;

Alk' is optionally substituted (C;-Cg)alkylene, (C,-Cy)alkenylene, or (C1-Ce)alkynylene
radical, which may optionally terminate with or be interrupted by -O-, -S-, -S(O)-, -SO,-, -NH-,
-N(CH3)-, -N(CH>CH3)-;

AlK® is optionally substituted (C;-Cg)alkylene, (C,-Cg)alkenylene, or (C;-Cg)alkynylene
radical, which may optionally terminate with or be interrupted by -O-, -S-, -S(0O)-, -SO,-, -NH-,
-N(CH3)-, -N(CH>CH3)-;

Q 1s hydrogen, halo, cyano, or hydroxyl, or an optionally substituted monocyclic
carbocyclic or heterocyclic radical having 3 to 7 ring atoms, or an optionally substituted divalent
bicyclic heterocyclic radical having 5 to 10 ring atoms;

the bond represented by ---- is a double bond, R” is hydrogen or methyl, and R® is absent:
or the bond represented by ---- is a single double bond, R* is H, optionally substituted divalent
monocyclic carbocycle, or heterocyclic radical having 3 to 6 ring atoms, and R” is hydrogen;
wherein each optionally substituted divalent monocyclic carbocycle, or heterocyclic radical
having 3 to 6 ring atoms of R* is optionally substitutes with one or more (e.g. 1, 2, or 3)
substituents independently selected from (C;-Cg)alkoxy, halo, hydroxy, cyano, nitro, amino,
methylamino, dimethylamino, carboxy, (C;-Cg)alkoxycarbonyl, aminocarbonyl, (C;-
C¢)alkanoylamino, or tetrazole;

R® and R are each independently hydrogen, (C,-Cg)alkyl, (C,-Cg)alkenyl, (C,-
Cs)alkynyl, or a heterocyclic radical having 3 to 6 ring atoms, or R® and R’ together with the
nitrogen to which they are attached form a 5 or 6 membered heterocyclic ring (e.g. a aziridino,
azetidino, morpholino, thiomorpholino, piperazino, pyrrolidino imidazoyl, or piperidino ring),
which ring is optionally substituted with one or more groups independenﬂy selected from (C;-
Ce)alkyl; wherein any (C,-Cg)alkyl of R®and R’is optionally substituted with one or more (e.g.
1, 2, or 3) substituents independently selected from (C;-Ce)alkoxy, halo, hydroxy, cyano, nitro,
amino, methylamino, dimethylamino, oxo (=0), carboxy, (C;-C¢)alkoxycarbonyl,
aminocarbonyl, (C;-Cg)alkanoylamino, aryl, or tetrazole; and wherein any aryl or heterocyclic
radical having 3 to 6 ring atoms of R® and R’ is optionally substituted with one or more (e.g. 1,2,
or 3) substituents independently selected from (C;-Cg)alkyl, (C,-Ce)alkoxy, halo,
trifluoromethyl, trifluoromethoxy, hydroxy, cyano, nitro, tetrazole, carboxy, (C;-
Ce)alkoxycarbonyl, or a (C,-Cy)alkyl that is optionally substituted with one or more (e.g. 1, 2, or
3) substituents independently selected from (C;-Cg)alkoxy, halo, hydroxy, cyano, nitro, tetrazole,

carboxy, (C;-Cg)alkoxycarbonyl, amino, methylamino, dimethylamino, or oxo (=0);
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each R" is independently R', OR®, -C(=0)R®, -OC(=0)R®, -C(=0)OR®, -N(R),,
NRC(=0)RY, -C(=0)N(R®),, -NR°C(=0)OR", -OC(=0)N(R"),, -C(=0)N(R®)-N(R)C(=0O)R",
-NHC(=0)NHRY, -NHS(0)2R, -S(0)¢2RY, -OS(0)¢2R?, -OP(=0)(OR®),, or -P(=0)(OR)y;

each R® is independently H or (C;-Cg)alkyl,;

each RY is optionally substituted and is independently selected from (C;-Ce)alkyl, (Ca-
Ce)alkenyl, (C,-Cg)alkynyl, aryl, aryl(C;-C¢)alkyl, 4-10 membered heterocyclyl and
heterocyclyl(C;-Cg)alkyl;

~each R" is independently selected from H, (C;-Cg)alkyl, (C,-Ce)alkenyl, (C2-Ce)alkynyl,
aryl, aryl(C,-Cs)alkyl, 4-10 membered heterocyclyl and heterocyclyl(C;-Ceg)alkyl, wherein each
(C1-Ce)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, aryl, aryl(C,;-Cg¢)alkyl, 4-10 membered heterocyclyl
and heterocyclyl(C,-Ce)alkyl is optionally substituted;

each R' is optionally substituted and is independently selected from aryl and 4-10
membered heterocyclyl; and

m, p, and n are each independently O or 1, provided that at least one of m, p, and n1s 1;

or a salt thereof. It 1s understood that when the bond represented by ---- 1s a double bond,
the hydrogen on the attached nitrogen in formula (I) 1s absent.

The invention also provides a method for treating a bacterial infecﬁon In a mammal
comprising administering to the mammal an effective amount of a compound of formula ] or a
pharmaceutically acceptable salt thereof.

The invention also provides a composition comprising a compound of formula [, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable vehicle.

The invention also provides a compound of formula I or a pharmaceutically acceptable
salt thereof for the prophylactic or therapeutic treatment of a bacterial infection.

. The invention also provides a compound of formula I or a pharmaceutically acceptable
salt thereof for use in medical treatment.

The invention also provides the use of a compound of formula I or a pharmaceutically
acceptable salt thereof for the preparation of a medicament for treating a bacterial infection in a

mammal.

The invention also provides processes and intermediates disclosed herein that are usetul

for preparing compounds of formula I or salts thereof.
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Detalled Description

The following definitions are used, unless otherwise described: halo is fluoro, chloro,
bromo, or i0do. Alkyl and alkoxy, etc. denote both straight and branched groups but reference to
an 1ndividual radical such as propyl embraces only the straight chain radical (a branched chain
1somer such as isopropyl being specifically referred to.

As used herein, the term "(C,-Cyp)alkyl" wherein a and b are integers refers to a straight or
branched chain alkyl radical having from a to b carbon atoms. Thus when a is 1 and b is 6, for
example, the term includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-
butyl, n-pentyl and n-hexyl.

As used herem the term "divalent (C,-Cyp)alkylene radical" wherein a and b are integers
refers to a saturated hydrocarbon chain having from a to b carbon atoms and two unsatisfied
valences. The term includes, for example, methylene, ethylene, n-propylene and n-butylene.

As used herein the term "( C,-Cyp)alkenyl” wherein a and b are integers refers to a straight
or branched chain alkenyl moiety having from a to b carbon atoms having at least one double
bond of either E or Z stereochemistry where applicable. The term includes, for example, vinyl,
allyl, 1- and 2-butenyl and 2-methyl-2-propenyl.

As used herein the term "divalent (C,-Cy)alkenylene radical”" means a hydrocarbon chain
having from a to b carbon atoms, at least one double bond, and two unsatisfied valences. The
term includes, for example, -CH=CH- (vinylene), -CH=CH-CH,-, -CH,-CH=CH-, -CH=CH-CH
»-CH;-, -CH=CH-CH,.CH,.CH;-, -CH=CH-CH=CH-, -CH=CH-CH=CH-CH,-,
-CH=CH-CH=CH-CH,-CH,-, -CH=CH-CH,-CH=CH-, and—CH=CH-CH,-CH,-CH=CH-.

As used herein the term "(C,-Cyp)alkynyl" wherein a and b are integers refers to straight
chain or branched chain hydrocarbon groups having from a to b carbon atoms and having in
addition at least one triple bond. This term would include for example, ethynyl, 1-propynyl, 1 -
and 2-butynyl, 2-methyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-hexynyl, 3-hexynyl,
4-hexynyl and 5-hexynyl.

As used herein the term "divalent "(C,-Cp)alkynylene radical” wherein a and b are
integers refers to a divalent hydrocarbon chain having from a to b carbon atoms, and at least one
triple bond. The term includes, for example, -C=C-, -C=C-CH,-, and -CH,-C=C-.

As used herein the term "carbocycle” includes both aryl and cycloalkyl.

As used herein the unqualified term "aryl" refers to a mono- or bi-cyclic carbocyclic

aromatic radical. Illustrative of such radicals are phenyl and naphthyl.
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As used herein the term "cycloalkyl" refers to a monocyclic or bridged monocyclic
saturated carbocyclic radical having from 3-8 carbon atoms and includes, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and
bicyclo[2.2.1]hept-1-yl.

As used herein the unqualified term "aryl" refers to a mono- or bi-cyclic carbocyclic
aromatic radical. Illustrative of such radicals are phenyl and naphthyl.

As used herein the unqualified term "heteroaryl" refers to a mono-, or bi-cyclic aromatic
radical containing one or more heteroatoms selected from S, N and O, and includes radicals
having two such monocyclic rings, or one such monocyclic ring and one monocyclic aryl ring,
which are fused or directly linked by a covalent bond. Illustrative of such radicals are thienyl,
benzthienyl, furyl, benzfuryl, pyrrolyl, imidazolyl, benzimidazolyl, thiazolyl, benzthiazolyl,
thiazolopyridinyl, isothiazolyl, benzisothiazolyl, pyrazolyl, oxazolyl, benzoxazolyl, isoxazolyl,
benzisoxazolyl, isothiazolyl, triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pyridazinyl, triazinyl, indolyl and indazolyl.

As used herein the unqualified term "heterocyclyl” or "heterocyclic" includes "heteroaryl”
as defined above, and in addition means a mono-, or bi-cyclic non-aromatic radical containing
one or more heteroatoms selected from S, N and O. Illustrative of such radicals are pyrrolyl,
furanyl, thienyl, piperidinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, pyrazolyl,
pyridinyl, pyrrolidinyl, pyrimidinyl, morpholinyl, piperazinyl, indolyl, morpholinyl, benzfuranyl,
pyranyl, 1soxazolyl, benzimidazolyl, methylenedioxyphenyl, ethylenedioxyphenyl, maleimido
and succinimido groups. ' .

Unless otherwise specified in the context in which it occurs, the term "substituted" as
applied to any moiety herein, means substituted with up to four compatible “optional
substituents,” each of which independently may be, for example, (C,-Cg)alkyl, (C,-Cg)alkenyl,
(C2-Cg)alkynyl, (Cy-Cs)alkoxy, hydroxyl, hydroxy(C;-Ce)alkyl, mercapto, mercapto(C;-Ce)alkyl,
(C1-Ce)alkylthio, halo, fully or partially fluorinated (C;-Cs)alkyl, fully or partially fluorinated
(C1-Cs)alkoxy, tully or partially fluorinated (C,-Cs)alkylthio, nitro, cyano, oxo, phenyl, phenoxy,
monocyclic heteroaryl or heteroaryloxy with 5 or 6 ring atoms, -COOR”-, -COR”-, -OCOR"-,
-SO,R"-, -CONR”R"-, -SO,NR”R"-, - NR*R®-, -OCONR"R"-, -NRPCOR"-, -NRECOORA-,
-NR®-SO,0R?-, or -NRA*CONR*RE., wherein R* and R® are independently hydrogen or a (C;-
Ce)alkyl group or, in the case where R” and R” are linked to the same N atom, R* and R® taken
together with that nitrogen may form a cyclic amino ring. Where the substituent is phenyl,
phenoxy or monocyclic heteroaryl or heteroaryloxy with 5 or 6 ring atoms, the phenyl or

heteroaryl ring thereof may itself be substituted by any of the above substituents except phenyl
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phenoxy, heteroaryl or heteroaryloxy. An "optional substituent" or "substituent" may be one of
the foregoing specified groups.

As used herein the term "salt" includes base addition, acid addition and quaternary salts.
Compounds of the invention which are acidic can form salts, including pharmaceutically
acceptable salts, with bases such as alkali metal hydroxides, e.g. sodium and potassium
hydroxides; alkaline earth metal hydroxides e.g. calcium, barium and magnesium hydroxides;
with organic bases e.g. N-methyl-D-glucamine, choline tris(thydroxymethyl)amino-methane, L-
arginine, L-lysine, N-ethyl piperidine, dibenzylamine and the like. Those compounds (I) which
are basic can form salts, including pharmaceutically acceptable salts with inorganic acids, e.g.
with hydrohalic acids such as hydrochloric or hydrobromic acids, sulphuric acid, nitric acid or
phosphoric acid and the like, and with organic acids e.g. with acetic, tartaric, succinic, fumaric,
maleic, malic, salicylic, citric, methanesulphonic, p-toluenesulphonic, benzoic, benzenesulfonic,
glutamic, lactic, and mandelic acids and the like. For a review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties, Selection, and Use by Stahl and Wermuth (Wiley-VCH,
Weinheim, Germany, 2002).

The term “solvate’ 1s used herein to describe a molecular complex comprising the
compound of the invention and a stoichiometric amount of one or more pharmaceutically
acceptable solvent molecules, for example, ethanol. The term “hydrate’ is employed when said
solvent 1s water.

In one embodiment of the invention the compound of formula (I) is a compound of
formula (Ia):

R] I ¥ R®

\I/ R3
R? (Ia)

wherein:

R is hydrogen or 1, 2 or 3 optional substituents;

W is CR® or N;
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R?is hydrogen or 1, 2 or 3 optional substituents, and R is hydrogen, methyl, or fluoro; or
R® and R* taken together are -CHy-, -CH,-CIH;-, -O-, -0-CH,-, -CH,0-, -0-CH,-CH,-, or
-CH,-CH,-0O-;

R is Ak )m-(Z)p-(Alk),-Q;

Z 1s -O-, -S-, -S(0)-, -SO;-, -NH-, -N(CHj3)-, -N(CH,CH3)-, -C(=0)-, -OC(=0)-,
-C(=0)0-, or an optionally substituted divalent monocyclic carbocycle or heterocyclic radical
having 3 to 6 ring atoms, or an optionally substituted divalent bicyclic heterocyclic radical
having 5 to 10 ring atoms;

Alk' is optionally substituted (C1-Ce)alkylene, (C,-Cg)alkenylene, or (C;-Cg)alkynylene
radical, which may optionally terminate with or be interrupted by -O-, -S-, -S(O)-, -SO,-, -NH-,
-N(CHz3)-, -N(CH,CH3)-;

AlK? is optionally substituted (C,-Cg)alkylene, (C,-Cg)alkenylene, or (C;-Ce)alkynylene
radical, which may optionally terminate with or be interrupted by -O-, -S-, -S(0O)-, -SO,-, -NH-,
-N(CH3)-, -N(CH,CH3)-;

Q 1s hydrogen, halo, cyano, or hydroxyl, or an optionally substituted monocyclic
carbocyclic or heterocyclic radical having 3 to 7 ring atoms, or an optionally substituted divalent
bicyclic heterocyclic radical having 5 to 10 ring atoms;

the bond represented by ---- is a double bond, R* is hydrogen, and R’ is absent; or the
bond represented by ---- is a single double bond and R* and R’ are each hydrogen;

R® and R’ are each independently hydrogen, (C1-Ce)alkyl, or benzyl, or R® and R’
together with the nitrogen to which they are attached form a aziridino, azetidino, morpholino,
thiomorpholino, piperazino, pyrrolidino or piperidino ring, which ring is optionally substituted
with one or more groups independently selected from (C;-Ce)alkyl; wherein any (C,-Ce)alkyl of
R® and R is optionally substituted with one or more (e.g. 1, 2, or 3) substituents independently
selected trom (C;-Cg)alkoxy, halo, hydroxy, cyano, nitro, amino, methylamino, dimethylamino,
0x0 (=0), carboxy, (C;-Ce)alkoxycarbonyl, aminocarbonyl, (C;-C¢)alkanoylamino, or tetrazole;
and wherein any benzyl of R® and R’ is optionally substituted with one or more (e.g. 1, 2, or 3)
substituents independently selected from (C,-Cyg)alkyl, (C;-Ceg)alkoxy, halo, trifluoromethyl,
trifluoromethoxy, hydroxy, cyano, nitro, tetrazole, carboxy, (C;-C¢)alkoxycarbonyl, or a (C,-
C4)alkyl that 1s optionally substituted with one or more (e.g. 1, 2, or 3) substituents
independently selected from (C;-Cg)alkoxy, halo, hydroxy, cyano, nitro, tetrazole, carboxy, (C;-
Ce)alkoxycarbonyl, amino, methylamino, dimethylamino, or oxo (=0); and

m, p, and n are each independently 0 or 1, provided that at least one of m, p, and nis 1;

or a salt thereof.
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In one embodiment of the invention the compound of formula (I) is a compound of

formula (Ib):

R4
R6
-
RO R
Ra RP
O\I/R3
R? (Ib)

wherein:
R® and R® are independently fluoro or chloro, or one of R® and R® is hydrogen while the
other 1s fluoro or chloro; or a salt thereof.

In one embodiment of the invention the compound of formula (I) is a compound of

formula (Ic):

O

R4
R6
P
AN H--- NC
| R
R5
N P
O\I/ R
R? (Ic).

In one embodiment of the invention R® and R* are hydrogen.

In one embodiment of the invention R? is hydrogen or an optional substituent, R* is
hydrogen, methyl, or fluoro, and R* is (C;-Ce)alkyl, (C,-Cg)alkenyl, (C,-Ce)alkynyl, (C;s-
Cs)cycloalkyl, aryl, or 5-6 membered heterocyclyl, wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, or heterocyclyl may be optionally substituted with one or more R.

In one embodiment of the invention R? is hydrogen, R* is hydrogen, methyl, or fluoro,

and R is (C1-Ce)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (C5-Cg)cycloalkyl, aryl, or 5-6 membered
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heterocyclyl, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or heterocyclyl may be
optionally substituted with one or more R®.

In one embodiment of the invention R® and R taken together are -CH;-, -CH,-CH,-, -O-,
-O-CH;-, -CH;0-, -O-CH;-CH;-, or -CH;-CH;-O-.

In one embodiment of the invention R? is hydrogen or an optional substituent, and R*
taken together with R” is cyclopropyl, cyclobutyl, or =CH-N(R"),.

In one embodiment of the invention R” is hydrb gen, and R* taken together with R? is
cyclopropyl, cyclobutyl, or =CH-N(R"),.

In one embodiment of the invention R? is hydrogen or an optional substituent, and R*
taken together with R” is =CH-N(R;.

In one embodiment of the invention R? is hydrogen, and R” taken together with R” is
=CH-N(R"),.

In the radical R’ p may be 0, and m and/or n may be 1. Alternatively, pmay be 1, and Z
may be an optionally substituted carbocyclic or heteroaryl radical having 3 to 6 ring atoms or an
optionally substituted bicyclic carbocyclic or heteroaryl radical having 5 to 10 ring atoms, which
is linked to the -(Alk'),- part of R’ and to the (AlK), -Q part of R’ via ring carbon or nitrogen
atoms.

Examples of divalent radicals Z in this embodiment include those selected from the

following, in either orientation:

/
Vina

e 7\ T,
%D_ § %l S };I\/o\> 3 ;%Q %/ES\}% D
N T N v\
JOEI) T 0

/ ’ N :21:7
H o

10
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/[
S/N N/N N NN AN

F N7 SN

In another alternative embodiment p is 1, and Z is an optionally substituted monocyclic

non-aromatic carbocyclic or heterocyclic radical having 3 to 6 ring atoms or an optionally
substituted bicyclic non-aromatic carbocyclic or heterocyclic having 5 to 10 ring atoms, which is

linked to the (Alk")y- part of R3 and to the —(Alkz)n—Q part of R3 via ring carbon or nitrogen
atoms. Examples of Z radicals, which are optionally substituted, in this embodiment include

those selected from the following, 1n either orientation:

11
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BN ?N/ﬁ o
s N A N ;LQQ I

In the compounds with which the invention 1s concerned, and 1n any of the subclasses or
embodiments of such compounds discussed above, Q may be hydrogen. However Q may also be
a radical selected from any of the divalent Z radicals specifically identified above but with one of
the unsatisfied valencies thereof satisfied with hydrogen or an optional substituent.

In the compounds with which the invention 1s concerned, and 1n any of the subclasses or
embodiments of such compounds discussed above n and/or m may be 0. In all compounds and
classes of compounds with which the invention 1s concerned, 1t i1s typical that the radical Rs,
when fully extended, does not exceed the length of an unbranched saturated hydrocarbon chain
of 14 carbon atoms, ie does not exceed about 16 Angstroms. For example, that length may be
equivalent to that of an unbranched saturated hydrocarbon chain of from 6 to 12, or 9 to 12
carbon atoms, ie from about 6 to about 14, and from about 10 to about 14 Angstroms
respectively.

In the compounds with which the invention is concerned, Alk' and Alk” when present,
may be, for example, optionally substituted straight chain (C,-Ce¢)alkylene, (C,-Cg)alkenylene, or
(C,-Cg)alkynylene radicals, each of which may optionally terminate or be interrupted by -O-, -S-,
-S(0)-, -SO;-, -NH-, -N(CH3)-, -N(CH;CH3)-, -C(=0)-, -OC(=0)-, or -C(=0)0O-.

Any additional optional substituents R' and any optional substituents present in Alk’ |
Alk*, Z, and QQ may be selected from, for example, methyl, -OCH;, -CF;, -OCF3-, ethyl,
cyclopropyl, oxo, hydroxyl, fluoro, chloro, bromo, cyano, acetyl, amino, methylamino,

dimethylamino, acetylamino, carbamate, -CONH,, -COOH, and -CH,OH-.

12
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Compounds of formula (Id) per se, and salts, hydrates or solvates thereof constitute a

distinct aspect of the invention:

(1d)
wherein:

W is CR? or N;

R® is hydrogen or 1, 2 or 3 optional substituents, and R”is hydrogen, methyl, or fluoro; or
R® and R” taken together are -CH»-, -CH,-CH,-, -O-, -O-CH,-, -CH,0-, -O-CH,-CH>-, or
-CH»-CH»-0O-;

R and R are independently fluoro or chloro, or one of R and R® is hydrogen while the
other 1s fluoro or chloro;

R’ is a radical selected from:

JJ{//&N O N
o\N/>_ - QEN/>- g_ %—'—E:}_ ? and Qﬁi I :/>7 g_

in which any vacant ring position is optionally substituted; and

Q has any of the values defined herein, wherein any unsubstituted ring carbon is
optionally substituted;

or a salt thereof.

In compounds (Ie) it is currently preferred that W be =CH- and R; be hydrogen.

In compounds (Ie) Q 1n radical R3 may be hydrogen or optionally substituted phenyl.

13
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In a particular subset of compounds (Ie), R3 is optionally substituted quinolin-2-yl,
benzothiazol-2-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, oxadiazol-3-yl, oxadiazol-5-yl, oxazol-
2-yl, oxazol-4-yl, oxazol-5-yl or thiazolopyridin-2-yl.

Optional substituents which may be present in R3 in the compound per se aspect of the
invention include methyl, -OCH3, -CF;, -OCF3, ethyl, cyclopropyl, oxo, hydroxyl, fluoro, chloro,
bromo, cyano, acetyl, amino, methylamino, dimethylamino, acetylamino, carbamate, -CONH,,
nitro, -COOH and -CH,OH.

In one embodiment of the invention the compound of formula (I) is a compound of

formula (Ie):
RC O R4
R6
R® R’
R3 RP
OX R3
R? R? (Te)
wherein:

R® and R are independently fluoro or chloro, or one of R® and R is hydrogen while the
other 1s fluoro or chloro; or a salt thereof.
In one embodiment of the invention the compound of formula (1) is a compound of
formula (If):
O

R4
R6
XN N---1+—N"
H N\
l R5 R7
N =
OW RS
2 2'
R R (If)

or a salt thereof.

14
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In one embodiment of the invention the compound of formula (I) is a compound of

formula (Ig):
RS O R4
R6
N N---+—N""
| " "R
W R
s Re
OW R3
2 2
R R (Ig)
wherein:

R? and R® are independently fluoro or chloro, or one of R® and R® is hydrogen while the
other 1s fluoro or chloro; and

R is a radical selected from:

XX X0 S S
Qr— Q_ o S
P N ) QL/>_§_ §L/> Q

in which any vacant ring position is optionally substituted;

or a salt thereof.

In one embodiment of the invention R* is hydrogen, methyl, or fluoro, and R* is (C;-
Celalkyl, (C2-Ce)alkenyl, (C,-Cg)alkynyl, (C3-Csg)cycloalkyl, aryl, or 5-6 membered heterocyelyl,
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or heterocyclyl may be optionally
substituted with one or more R".

In one embodiment of the invention R? and R” taken together are -CH,-, -CH,-CH>-, -O-,
-O-CH;-, -CH»0-, -O-CH;,-CH»-, or -CH,-CH,-O-.

In one embodiment of the invention R* taken together with R is cyclopropyl, cyclobutyl,
azetidine, or =CH-N(R"),; wherein the cyclopropyl, cyclobutyl, and azetidine can optionally be
substituted with (C;-Cg)alkyl.

15



CA 02868002 2014-095-19

WO 2013/142712 PCT/US2013/033343

In one embodiment of the invention R® and R’ are each independently hydrogen or
methyl, or R® and R together with the nitrogen to which they are attached form a aziridino,
azetidino, morpholino, piperazino, pyrrolidino or piperidino ring, which ring is optionally
substituted with one or more groups independently selected from (C1-Cg)alkyl.

In one embodiment of the invention:

R3
R? R2
1s selected from:
Me
S O—%- NS N O-
—' M am o
CI/@N Cl Z N O—% S>~M(e
Me N O-% Br_ _0O Br
O
S N O. o N 0
g
F3C FC

F,C
S O_?g Me N O-—j
\
c/ﬁ N J‘ ane AN l S>\/
—N |
\ N~

16
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In one embodiment of the invention:

is selected from:

O R4 6
gt
H R5 R7

1s selected from:

/
/ sV \ \ /\\
M S ~N /N A /\N/\\ ~ /=N
N \ N O N N—
o FaC
O)\NH
LNC SRR M J\\‘;—q\,/\I\]
N N N N
. H o)f\ H o H |

0BG B,
7R

17
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In one embodiment of the invention the compound of formula (I) is selected from:

Cl N F N\
0 0
/ /N | / d
N F y /N
C N\ N F N\
o H o H
NS O F NS, O F
N N
| — ~N )\ and | — ~N )\
s %
Cl N F N 0O Cl N F N\ N~
o H o H

and salts thereof.

In one embodiment of the invention the compound of formula (I) is selected from:

S ® F
jonsn S g
Cl N F N\
S H

In one embodiment of the invention the compound of formula (I) is selected from:

NS O F
N
I />_/ /
/N
C|/L;[N F N \
O H

In one embodiment of the invention, when a group is optionally substituted it can be

and salts thereof.

and salts thereof.

substituted with one or more (e.g. 1, 2, 3, or 4) substituents, each independently selected from
(C1-Celalkyl, (C,-Ce)alkenyl, (C,-Ceglalkynyl, (C;-Celalkoxy, hydroxyl, hydroxy(C;-Ceg)alkyl,
(C1-Ce)alkylthio, halo, trifluoromethyl, trifluoromethoxy, nitro, cyano, oxo, phenyl, phenoxy,
-COOR", -COR?, -OCOR", -SO,R?, -CONR"R", -SO,NR”R®, - NR*R®, -OCONR"R?,
-NRBCORA, -NR°COOR?, -NRB-8020RA, and -NRACONRARB, wherein R” and R® are
independently hydrogen or a (C1-Cg)alkyl group or, in the case where R and R® are linked to
the same N atom, R* and R® taken together with that nitrogen may form a aziridino, azetidino,

morpholino, piperazino, pyrrolidino or piperidino ring; and further wherein any phenyl or

18
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phenoxy 1s optionally substituted with one or more groups independently selected from (C;-
Ce)alkyl, (C2-Cg)alkenyl, (Co-Ce)alkynyl, (C;-Ce)alkoxy, hydroxyl, hydroxy(C;-Ce)alkyl, (C;-
Ce)alkylthio, halo, trifluoromethyl, trifluoromethoxy, nitro, cyano, phenyl, phenoxy, -COOR”,
-COR?, -OCOR?, -SO,R*, -CONR”R”, -SO,NR”R"-, -NR*R", -OCONR"R®, -NRPCOR",
-NR®COOR?, -NR®-SO,0R*, and -NR*CONR”R®. It is to be understood that an oxo
substituent may only be present when the valency of the substituted group allows.

In one embodiment of the invention, when a group is optionally substituted it can be
substituted with one or more (e.g. 1, 2, 3, or 4) substituents, each independently selected from
(C1-Ce)alkyl, (Co-Cg)alkenyl, (C,r-Celalkynyl, (C;-Cg)alkoxy, hydroxyl, halo, trifluoromethyl,
trifluoromethoxy, nitro, cyano, -COOR?”, -CORA, -OCOR”, -CONR”R®, -NR”R®, and
-NRPCOR*, wherein R* and R® are independently hydrogen or a (C;-Cg)alkyl group or, in the
case where R”* and R” are linked to the same N atom, R* and R® taken to gether with that
nitrogen may form a aziridino, azetidino, morpholino, piperazino, pyrrolidino or piperidino ring.

 Specitic examples of compounds with which the invention is concerned include those of
the Examples herein.

It will be appreciated by those skilled in the art that compounds of the invention having a
chiral center may exist in and be isolated in optically active and racemic forms. Some
compounds may exhibit polymorphism. It is to be understood that the present invention
encompasses any racemic, optically-active, stereoisomeric, or polymorphic form, or mixtures
thereof, of a compound of the invention, which possess the useful properties described herein, it
being well known 1n the art how to prepare optically active forms (for example, by resolution of
the racemic form by recrystallization techniques, by synthesis from optically-active starting
materials, by chiral synthesis, or by chromatographic separation using a chiral stationary phase).

Specific values listed below for radicals, substituents, and ranges, are for illustration
only; they do not exclude other defined values or other values within defined ranges for the
radicals and substituents.

Specifically, (C;-Cg)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, 1so-butyl, sec-
butyl, pentyl, 3-pentyl, or hexyl; (Cs;-Ce)cycloalkyl can be cyclopropyl, cyclobutyl, cyclopentyl,
or cyclohexyl; (C;-Cg)alkoxy can be methoxy, ethoxy, propoxy, isopropoxy, butoxy, iso-butoxy,
sec-butoxy, pentoxy, 3-pentoxy, or hexyloxy; (C-Cg)alkoxycarbonyl can be methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, or
hexyloxycarbonyl; aryl can be phenyl, indenyl, or naphthoyl; and heteroaryl can be furyl,

1midazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrrolyl,

19



CA 02868002 2014-095-19

WO 2013/142712 PCT/US2013/033343

pyrazinyl, tetrazolyl, pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide), indolyl,
benzimidazole, 1soquinolyl (or its N-oxide) or quinolyl (or its N-oxide).

In one embodiment the invention provides a compound selected from compounds of
formula I and salts thereof having a minimal inhibitory concentration against MSSA of less than
about 8 pg/ml (see Test C below).

In one embodiment the invention provides a compound selected from compounds of
formula I and salts thereof having a minimal inhibitory concentration against MSSA of less than
about 4 pg/ml.

In one embodiment the invention provides a compound selected from compounds of
formula I and salts thereof having a minimal inhibitory concentration against MSSA of less than
about 2 pg/ml.

In one embodiment the invention provides a compound selected from compounds of
formula I and salts thereof having a minimal inhibitory concentration against MSSA of less than
about 1 pg/ml.

In one embodiment the invention provides a compound selected from compounds of
formula I and salts thereof having a minimal inhibitory concentration against MSSA of less than
about 0.5 pg/mil.

Generally, compounds of I as well as synthetic intermediates that can be used for
preparing compounds of formula I, can be prepared as illustrated in the following Schemes. It is
understood that variable groups shown in the Schemes below (e.g. Rl, R2, and R? ) can represent
the final corresponding groups present in a compound of formula I or that these groups can
represent groups that can be converted to the final corresponding groups present in a compound
of formula I at a convenient point 1in a synthetic sequence. For example, in the Schemes below,
the variable groups can contain one or more protecting groups that can be removed at a
convenient point 1n a synthetic sequence to provide the final corresponding groups in the
compound of formula I.

The preparation of the various N-substituted 2-ethylidenebenzamides can be
accomplished by reaction of a primary benzamide with the dimethyl acetal of the appropriate N-
substituted formamide as outlined in Scheme 1. Heating is generally required. The desired

products were formed in yields that ranged from 85-90%.
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NS MeQ R S
O\ / MeO~C—N-R® O\ / R
R, NH. 2 N RS
O O
HyCO F DMFDME HsCO F CH,
- —— //\N’

\
4 K CH
| X S O F
XS O F DMFDME h LCHs
_ y 85 °C Cl N GH
ol N F NH, O 3
O

.

Scheme 1. General method and specific approach used to prepare Examples 1 and 2

One general method for the formation of N-[N,N-dimethylaminomethyl]benzamides

involves the heating of the primary benzamide in the presence of formaldehyde and the

appropriate amine with heating as illustrated in Scheme 2.

R A
1\_ R? =
04 HCHO, HNC g ] _{o \ / X
R3_< > . /N
R NH, R N ps
O o H
CH;
- /\N,
F NH, H,O : THF (2:1) F qu bHs
o 85 °C O
R’ Xo-8 O F
XS O F HCHO, H\K _g [y R
U % > PN F N
cl” F N F NH, H,0 : THF (2:1) JdH F
O 65 °C

Scheme 2. General method and approach used to prepare Examples 3,4, 5 and 6

An alternative method for the preparation of N-[N,N-dimethylaminomethyl]benzamides

1s outlined in Scheme 3. The N-substituted 2-ethylidenebenzamides that can be formed as

outlined in Scheme 1 can be reduced to dihydro derivatives. This was found to work in very

high yield for the preparation of Example S.
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R‘l\ R1
O\ / 7 O \_
R [H,] N\ // R7
R3—< /~N 2 . R3_< /'\N/
R N  ps R, N R
O O H
H3CO F /CH3 NaBH4, EtOH H3CO o /CH3
F N//\N‘ ] F N/\N‘
0 CH3 0 H CH3
XS, O F R? X._S O F
O 7
>_/ / ™~ R
M / /\N NaBH4, EtOH I / /\N’
Ci N F N g8 = cl” NF TN F N s
H H R
O O

Scheme 3. An alternative general method and specific methods that have been used to

prepare the N-|[N,N-dimethylaminomethyl]benzamides Examples S and 6.

By binding to FtsZ, the compounds of the present invention inhibit the ability of the
protein to hydrolyze GTP. This inhibition of FtsZ GTPase activity, in turn, inhibits the ability of
the protein to polymerize into Z-rings, as Z-ring formation requires GTP hydrolysis as an energy
source for driving the reaction. Since the Z-ring serves as the scaffold for recruitment of all
other proteins that comprise the divisome complex, inhibition of Z-ring formation by the
compounds of the present invention also results in a corresponding inhibition of divisome
protein recruitment.

The compounds of the invention are useful to treat bacterial infections including
infections by Gram-negative bacterial strains, Gram-positive bacterial strains and multiple drug-
resistant bacterial strains

In one embodiment compounds of the present invention may be administered as a
composition used to treat and/or prevent a bacterial infection wherein the bacterial cell uses
polymerized FtsZ protein, or a homolog thereot, to facilitate cytokinesis. To this end,
compounds of the present invention may be administered to treat Staph Infections, Tuberculosis,
Urinary Tract Infections, Meningitis, Enteric Infections, Wound Infections, Acne, Encephalitis,
Skin Ulcers, Bed Sores, Gastric and Duodenal Ulcers, Eczema, Periodontal disease, Gingivitis,
Halitosis, Anthrax, Tularemia, Endocarditis, Prostatitis, Osteomyelitis, Lyme Disease,

Pneumonia, or the like.
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The compositions can, 1f desired, also contain other active therapeutic agents, such as a
narcotic, a non-steroid anti-inflammatory drug (NSAID), an analgesic, an anesthetic, a sedative,
a local anesthetic, a neuromuscular blocker, an anti-cancer, other antimicrobial (for example, an
aminoglycoside, an antifungal, an antiparasitic, an antiviral, a carbapenem, a cephalosporin, a
flurorquinolone, a macrolide, a penicillin, a sulfonamide, a tetracycline, another antimicrobial),
an anti-psoriatic, a corticosteriod, an anabolic steroid, a diabetes-related agent, a mineral, a
nutritional, a thyroid agent, a vitamin, a calcium-related hormone, an antidiarrheal, an anti-
tussive, an anti-emetic, an anti-ulcer, a laxative, an anticoagulant, an erythropieitin (for example,
epoetin alpha), a filgrastim (for example, G-CSF, Neupogen), a sargramostim (GM-CSF,
Leukine), an immunization, an immunoglobulin, an immunosuppressive (for example,
basiliximab, cyclosporine, daclizumab), a growth hormone, a hormone replacement drug, an
estrogen receptor modulator, a mydnatic, a cycloplegic, an alkylating agent, an anti-metabolite, a
mitotic inhibitor, a radiopharmaceutical, an anti-depressant, an anti-manic agent, an anti-
psychotic, an anxiolytic, a hypnotic, a sympathomimetic, a stimulant, donepezil, tacrine, an
asthma medication, a beta agonist, an inhaled steroid, a leukotriene inhibitor, a methylxanthine, a
cromolyn, an epinephrine or analog thereof, dornase alpha (Pulmozyme), a cytokine, or any
combination thereof. '

The term “prodrug” as used herein refers to any compound that when administered to a
biological system (e.g. a mammal such as a human) generates the drug substance, i.e. active
ingredient, as a result of spontaneous chemical reaction(s), enzyme catalyzed chemical
reaction(s), photolysis, and/or metabolic chemical reaction(s) or by some other process. A
prodrug 1s thus a modified (e.g. covalently modified) analog or latent form of a therapeutically-
active compound. A prodrug may also be an active metabolite or therapeutically-active
compound 1tself. The invention also provides prodrugs of compounds of formula (I).

By way of example a prodrug may generate the active inhibitory compound during
metabolism, systemically, inside a cell, by hydrolysis, enzymatic cleavage, or by some other

process (Bundgaard, Hans, “Design and Application of Prodrugs™ in A Textbook of Drug Design

and Development (1991), P. Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood Academic

Publishers, pp. 113-191; Tranoyl-Opalinski, I., Fernandes, A., Thomas, M., Gesson, J.-P., and
Papot, S., Anti-Cancer Agents in Med. Chem., 8 (2008) 618-637). Enzymes which are capable
of an enzymatic activation mechanism with the prodrug compounds of the invention include, but
are not limited to nitroreductase, proteases (e.g. serine proteases such as prostate specific antigen
(PSA), amidases, esterases, microbial enzymes, phospholipases, cholinesterases, and

phosphases).
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Processes for preparing compounds of formula I are provided as further embodiments of
the invention.

In cases where compounds are sutficiently basic or acidic, a salt of a compound of
formula I can be useful as an intermediate for isolating or purifying a compound of formula I.
Additionally, administration of a compound of formula I as a pharmaceutically acceptable acid
or base salt may be appropriate. Examples of pharmaceutically acceptable salts are organic acid
addition salts formed with acids which form a physiological acceptable anion, for example,
tosylate, methanesulfonate, acetate, citrate, malonate, tartrate, succinate, fumarate, benzoate,
ascorbate, o-ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also be formed,
including hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts. Salts may be obtained
using standard procedures well known in the art, for example by reacting a sufficiently basic
compound such as an amine with a suitable acid affording the corresponding anion. Alkali metal
(for example, sodium, potassium or lithium) or alkaline earth metal (for example calcium) salts
of carboxylic acids can also be made.

Pharmaceutically suitable counterions include pharmaceutically suitable cations and
pharmaceutically suitable anions that are well known 1n the art. Examples of pharmaceutically
suitable anions include, but are not limited to those described above (e.g. physiologically
acceptable anions) including Cl, Br, I', CH3SO5", HPO4, CF3SO5, p-CH3C¢Hy SO5, citrate,
tartrate, phosphate, malate, fumarate, formate, or acetate.

It will be appreciated by those skilled in the art that a compound of the invention
comprising a counterion can be converted to a compound of the invention comprising a different
counterion. Such a conversion can be accomplished using a variety of well known techniques
and materials including but not limited to ioh exchange resins, 10n exchange chromatography
and selective crystallization.

The compounds of formula I can be formulated as pharmaceutical compositions and
administered to a mammalian host, such as a human patient in a variety of forms adapted to the
chosen route of administration, i.e., orally or parenterally, by intravenous, intramuscular, topical
or subcutaneous routes. For oral administration the compounds can be formulated as a solid
dosage form with or without an enteric coating.

Thus, the present compounds may be systemically administered, e.g., orally, in
combination with a pharmaceutically acceptable vehicle such as an inert diluent, excipient or an
assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules, may be
compressed into tablets, or may be incorporated directly with the food of the patient's diet. For

oral therapeutic administration, the active compound may be combined with one or more
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excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions and preparations should contain at
least 0.1% of active compound. The percentage of the compositions and preparations may, of
course, be varied and may conveniently be between about 2 to about 90% of the weight of a
given unit dosage form. The amount of active compound in such therapeutically useful
compositions 1s such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also contain the following: binders
such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such
as magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or
a tlavoring agent such as peppermint, oil of wintergreen, or cherry flavoring may be added.
When the unit dosage form 1s a capsule, it may contain, in addition to materials of the above
type, a liquid carrier, such as a vegetable o1l or a polyethylene glycol. Various other materials
may be present as coatings or to otherwise modify the physical form of the solid unit dosage
torm. For instance, tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar
and the like. A syrup or elixir may contain the active compound, sucrose or fructose as a
sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such as
cherry or orange flavor. Of course, any material used in preparing any unit dosage form should
be pharmaceutically acceptable and substantially non-toxic in the amounts employed. In
addition, the active compound may be incorporated into sustained-release preparations, particles,
and devices.

The active compound may also be administered intravenously or intramuscularly by
infusion or injection. Solutions of the active compound or its salts can be prepared in water,
optionally mixed with a nohtoxic surfactant. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols, triacetin, and mixtures thereof and in o1ls. Under ordinary conditions of
storage and use, these preparations contain a preservative to prevent the growth of
microorganismes.

The pharmaceutical dosage forms suitable for injection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the active ingredient which are
adapted for the extemporaneous preparation of sterile injectable or infusible solutions or
dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form should
be sterile, fluid and stable under the conditions of manufacture and storage. The liquid carrier or
vehicle can be a solvent or liquid dispersion medium comprising, for example, water, ethanol, a

polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and the like),
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vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the formation of liposomes, by the maintenance of the required
particle size in the case of dispersions or by the use of surfactants. The prevention of the action
of microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example, sugars, buffers or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compound in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a powder of the active ingredient plus any
additional desired ingredient present in the previously sterile-filtered solutions.

For topical administration, the present compounds may be applied in pure form, i.e.,
when they are liquids. However, it will generally be desirable to administer them to the skin as
compositions or formulations, in combination with a dermatologically acceptable carrier, which
may be a solid or a liquid.

Usetul solid carriers include finely divided solids such as talc, clay, microcrystalline
cellulose, silica, alumina, nanoparticles, and the like. Useful liquid carriers include water,
alcohols or glycols or water-alcohol/glycol blends, in which the present compounds can be
dissolved or dispersed at effective levels, optionally with the aid of non-toxic surfactants.
Adjuvants such as fragrances and additional antimicrobial agents can be added to optimize the
properties for a given use. The resultant liquid compositions can be applied from absorbent
pads, used to impregnate bandages and other dressings, or sprayed onto the affected area using
pump-type or acrosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty
alcohols, modified celluloses or modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly to
the skin of the user.
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