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SUBSTITUTED HYDROXAMIC ACID COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application No.
5 61/866.823, filed August 16, 2013, and U.8. Provisional Patent Application No. 61/867,933,

filed August 20, 2013, both of which are incorporated herein by reference in their entireties.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with United States government support awarded by NiH
Grant Nos. GM051310, AI355588, and Al0%4475. The United States government has certain
1} rights in this invention.

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to substituted hydroxamic acid compounds, and in particular, to
such compounds that inhibit UDP-3-C-(R-3-hydroxydecanoyl)-N-acetylgiucosamine
IS  deacelylase (LpxC), and to methods of using such compounds to treat Gram-negative
bacterial infections.

Description of the Related Art

Antimicrobial resistance is increasing and becoming alarmingly common. This

problem is compounded when bacterial strains are resistant to muitiple antibacterials. There
20 clearly is a need for new antibacterials, particularly antibacterials with novel mechanisms of
action.

The gene fpxC encodes the enzyme uridyidiphospho-3-O-(R-hydroxydecanoyi}-N-
acetylglucosamine deacetylase (LpxC). This enzyme is invoived in the synthesis of lipid A,
the lipid moiety of lipopolysaccharide, which is an essential component of all Gram-negative

25  bacteria. Commercially useful LpxC inhibitors wouid need to both inhibil the enzymatic
activity of LpxC from a variety of bacteria and defeat the resistance mechanisms of Gram-
negative bacteria.

SUMMARY OF THE INVENTION
30 ih a broad aspect, the disclosure encompasses the compounds of formula |, shown
below, pharmaceuticai compositions containing those compounds and methods of using

such compounds to ireat and/or prevent bacterial infections.
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Thus, one aspect (embodiment 1) of the disciosure provides compounds of formula |:

R R
/Q\ N/RQ
——— X j
R0 ox 0 Ry
D

|
or a pharmaceutically acceptable salt thereof, wherein
Q, Y, B, and X independently represent CH or nitrogen, provided that at least two of Q, Y, D,
and X are CH;
each R is independently hydrogen, or C+-Cg alkyl, or two R groups form =0;
R is -C=C-R., aryi optionaily substituted with Rg, heterocaryl optionally substituted with R,, or

heterocyciyl optionally substituted with Rg;

Ry
“g“’“”i‘“”’Rm

R, is Riv

Rj is hydrogen or C,-C; alkyl;

R, is C4-C; alky! optionally substituted with R;, aryl optionally substituted with Rg, heteroaryl
optionaily substituted with Rg, or heterocycly! optionally substituted with Rg;

each Rjs is independently hydragen, or C;-Ce alkyl;

each Ry is independently selected from the group consisting of halogen, -NQG,, -CN, C;-Cq
alkyl, C4-Cs haloalkyl, -NH., -NH(C4-Cq alkyl), -N(C4-C; alkyl),, -OH, C+-Cq¢ alkoxy, Ci-
Cs haloalkoxy, aryl, aryl{C.-C; aikyi), heteroaryl, hetercaryl(C,-Cs alkyi), heterocyciyl,
and heterocyclyl(C:-Cg alkyl), wherein each alkyl, aryl. heteroaryil, or heterocyclyl
maiety is optionally substituted with one or more Ryy;

each Ry is independently selected from the group consisting of halogen, -NH;, -NH(C+-C;
alkyl), -N(C,-Cy alkyl),, -OH, C,-C; alkoxy, and C.-C; haloalkoxy;

each Ry is independently selected from the group consisting of halogen, -NQO,, -CN, C:-C;
alkyl, C:-Cs haloalkyl, -NH., -NH(C1-C¢ alkyl), -N(C:-Cs alkyl),, -OH, C+-C¢ alkoxy, Ci-
Ce haloalkoxy, -SH, -5(C,-C; alkyl), oxo, hydroxy(C+-Cs alkyi), alkoxy(C4-Cq alkyi),
amino(C,-Cg alkyl), ~-CH-NH(C-Cs alkyl), -CH-N(C+-Cq alkyl),, -CONH;z, ~-CON(C+-Cs
alkyl), -CON(C+-C¢ aikyl),, -CONH-OH, -CONH-NH., -~COH, -CO:H, -COy(C+-Cs
alkyl), ~-OCO(C4-Ce alkyl), -NHCO{C+-Cq aikoxy), -NHCO(C+-Cs
alkyl), ~-NHCONH,, -NHCONH(C,-C; alkyl), -NHC(=NH)NH., -NH-S(C)..-(C+-Cs
alkyl), -NH-S(Q);.z-aryl, -NH-5(O)ss-heteroaryl, aryl(C+-Cs alkyl), hetercaryl(C,-Cs
alkyl}, heterocyclyl{C+-Cs alkyl), -CH,-NHCONH,, -CHNHCONH{C-Cs; alkyi),
and -CH,-OCO(C4-C5 atkytl);
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R¢ is C+-Cy alkyl, aryl, aryl(C,-Cq alkyt), hetercaryl, hetercaryl(C+-Cs alkyl). heterocyciyl, or
heterocyciyl{C+-Cq alkyil), wherein each alkyi, aryl, heteroaryl, or heterocyclyl moiety is
optionally substituted with one or more Ry;;

Rio is independently selected from the group consisting of halogen, -NG,, -CN, C4-Cs alkyi,
C1-Cs haloalkyl, -NH,, -NH{C:-Cs alkyi), -N(C;-Cs alkyl),, -OH, C,-Cs alkoxy, C-Cs
haloalkoxy, oxo, -CONH,, -CON(C:-Cs alkyl), -CON(C,-C¢ alkyl),, -CONH-
0OH, -CONH-NH,, -CQ,H, and -CO,(C4-Cg alkyl);

R4y is C4-Cg alkyl;

each Ry is independently selected from the group consisting of halogen, -NO,, -CN, Ci-Cs

10 alkyl, C4-Cs haloalkyl, -NH,, -NH(C1-Cq alkyl), -N(C+-Cs alkyl)z, -OH, C,-Cq atkoxy, Ci-

C¢ haloalkoxy, -SH, -S(C+-Cs alkyl), oxo, hydroxy(C+-Cs alkyl), alkoxy(C:-Ce alkyi),
amino{C4-C¢ alkyl), -CONH,, -CON(C.C; alkyl), -CON{C:-Cs alkyl),, -CONH-
OH, -CONH-NHj, -COH, -CO;H, -CO»{C1-Cq alkyl), -OCO(C+-Ce alkyl), -NHCO(C+-Cq

(94

alkoxy), -NHCO(C:-Cq alkyi), -NHCONH;, ~-NHCONH(C+-Cq
15 alkyl), -NHC(=NH)NH;, -NH-5{O))»-(C+-Ce alkyl), -NH-S(O)a-aryl, and -NH-S{O);.o-
heteroaryl.

Another aspect {(embodiment 1-A) of the disclosure provides compounds of formula 1:

R R

AQ R,

2
ol

BN N
]
X

sanmmmmass 3]
Rim== ‘*’\Df;
!

A

K}

2¢ or a pharmaceutically acceptable salt thereof, wherein
Q. Y, D, and X independently represent CH or nitrogen, provided that at least two of Q, Y, D,
and X are CH;
25 each R is independently hydrogen, or C4-Cq alkyl, or two R groups form =0;
R+ is ~-C=C-R; or aryl substituted with Rg;

Rg
T

25 Rpis  Ri
R3 is hydrogen or C4-Cq alkyl;
R. is heterocyclyl{(C4-Cq alkyl) optionally substituted with one or more Ry;;
each Rs is independently hydrogen, or C4-C; alkyl;
each Rs is independently selected from the group consisting of aryl, aryl{C4-Ce alkyl),
30 heteroaryt, heteroaryKC-Cq alkyi), heterocyclyl, and heterocycly{C-Cq  alkyl),
wherein each alkyl, aryl, heteroaryl, or heterocyclyl moiety is optionally substituted

with one or more Ryy;
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R¢ is C+-Cy alkyl, aryl, aryl(C,-Cq alkyt), heteroaryl, heteroaryl(C+-Cs alkyl). heterocyciyl, or
heterocyciyl{C+-Ce alkyi), wherein each alkyi, aryl, heteroaryl, or heterocyclyl moiety is
optionally substituted with one or more Ry;;

Ry is independently selected from the group consisting of halogen, -NG,, -CN, C4-Cs alkyi,
C1-Cs haloalkyl, -NH,, -NH{C,-Cs alkyi), -N(C;-Cs alkyl),, -OH, C,-Cs alkoxy, Ci-Cs
haloalkoxy, oxo, -CONH,, -CON{(C:-Cs alkyl), -CON(C,-C¢ alkyl),, -CONH-
0OH, -CONH-NH,, -CQO,H, and -CO,(C4-Cg alkyl);

R4 is hydrogen or C-C; alkyl;

each Ry is independently selected from the group consisting of halogen, -NO;, -CN, C:-Cs
alkyl, C4-Cs haloalkyl, -NH,, -NH{(C4-Cq4 alkyl), -N{C+-C; alkyl),, -OH, C+-Cq alkoxy, Ci-
C¢ haloalkoxy, -SH, -S(C+-Cs alkyl), oxo, hydroxy(C+-Cs alkyl), alkoxy(C+-Ce alkyi),
amino{Cq-C¢  alkyl), -CONH,, -CON(C.C; alkyl), -CON(C:-Cs alkyl),, -CONH-
OH, -CONH-NHj,, -COH, -CO;H, -CO»{(C1-Cq alkyl), -OCO{C,-C¢ alkyl), -NHCO(C+-Cq

alkoxy), -NHCO(C+-Cq alkyi}, ~-NHCONH., -NHCONH(C+-Cq
alkyl), -NHC(=NH)NH,, -NH-S{0)y.,-(C+-Cq alkvl), -NH-S(O)s-aryl, and -NH-S{O)y.o~
heteroaryi,

provided the compound is nof:
N-(4,4-difluoro-3-hydroxy-1-(hydroxyamine)-3-methyi-1-oxobutan-2-yi)-4-{(4-
(morpholinomethylphenyl)ethynyhbenzamide;
N-(4,4-difluoro-1-{hydroxyamino)-3-methoxy-3-methyi-1-oxobutan-2-yi)-4-({4-
(morpholinomethyl)phenyi)ethynyhbenzamide;
N-(3-amino-4,4-difluoro-1-{hydroxyamino }-3-methyl-t-oxobutan-2-yi)-4-{{4-
(morpholinomethyl)phenyi)ethynyhbenzamide;
N-(3-acetamido-4,4-difluoro-1-{hydroxyamine)-3-methyl-1-oxobutan-2-yi)-4-({4-
(morpholinomethyl)phenyt)ethynylbenzamide; or
N-(4,4-difiucro-1-(hydroxyamino)-3-methyk-3-(3-methylureido)- 1-oxobutan-2-yi)-4-((4-

{morpholinomethyl)phenyi)ethynyl)benzamide.

Another aspect (embodiment 65) of the disciosure provides compounds of formula ii:

SN
=z
|
/
&
{
&
7

(nd) =

0-5

or a pharmaceutically acceptable salt thereof, wherein
X3 represents —Chy-, «(CHy)z-, -(CHy)s-, —C{OINH,-, or —C{O)NH-CH:-;
X4 represents CH or NRys;
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Rz is hydrogen or C4-Cg alkyi;

each Ry, is independently selected from the group consisting of halogen, -NO,, -CN, C:-C;
alkyl, C4-C¢ haloalkyl, -NH,, -NH(C1-Cg alkyt), -N(C:-C; alkyl),, -OH, C,-Cg alkoxy, Ci-
C¢ haloalkoxy. -SH. -5(C;-Cs alkyl), oxo, hydroxy(C+-Ce alkyi), alkoxy{C.-Cs alkyi),
amino(C+-Cs  alkyl), -CONH;, -CON(GC:-Cs alkyl), -CON(C4-Cg¢ alkyl),, -CONH-
OH, -CONH-NH:, -COH, -CO,H, -CO:(Ci-Cs alkyl), -OCO(C,-Cs alkyl), -NHCO{C:-Cs
alkoxy), -NHCO(C:-Cq alkyi), -NHCONH,, -NHCONH(C+-Cq
alkyl), -NHC(=NH)NH,, -NH-S(0);-(Cs-Cs alkyl), -NH-S(O)o-aryl, -NH-S(O).o-
heteroaryt, aryl, aryl{C-Cqs alkyt), heteroaryl, heteroary{C,-C¢ alkyl), heterocyciyl, and

(94

10 heterocyclyl{(C+-Cs alkyl), wherein each alkyi, aryt, heteroaryl, or heterocyclyt moiety is
optionaily substituted with one or more Rs;
Ry is C4-Cq alkyi ar -S(0),-(C4-Cq alkyi), wherein each alkyl moiety is optionailly substituted
with one or more Ras;
R33 is independently selected from the group consisting of halogen, -NO;, ~-CN, C4-Cq aliyl,
15 C+-C¢ haloalkyl, -NH., -NH(C:-Cq alkyl), -N(C+-C¢ alkyl),, -OH, C-C; alkoxy, C4-Cq
haloalkoxy, oxo, -CONH:, -CON(C:-Cg¢ alkyi), -CON{C,-Cs aliyl),, -CONH-
OH, -CONH-NH;, -CO,H, and -CO,(C4-Cg alkyl);
Ry is hydrogen or C+-Cs alkyl;
each Rjs is independently selected from the group consisting of halogen, -NO,, -CN, C;-C;
20 alkyl, C4-Cs haloalkyl, -NH,, -NH(C,-C¢ alkytl), -N{C:-Csq alkyl);, -OH, C+-C; alkoxy, Cs-
Cs haloalkoxy, -SH, -5(C-Cs alkyl), oxo, hydroxy(C:-Cs alkyi), alkoxy(C+-Ce alkyi),
amino(C,-Cs alkyl), ~CONH,;, -CON(C+-Cs alkyl), -CON(C4-Cq alkyl),, ~CONH-
OH, -CONH-NH;, -CCH, -COH, -C04(C-C; alkyl), -OQCO(C4-Cs alkyt), -NHCO(C+-Cs

alkoxy), -NHCO(C+-Cs alkyl), -NHCONH,, -NHCONH(C+-Cs
25 alkyl), -NHC(=NH)NH;, -NH-8(Q)..-(C+-C;s alkyl), -NH-S(O)yz-aryl, and -NH-$(O),..-
heteroaryl.

Another aspect (embodiment 108) of the disclosure provides compounds of formula
Hi:

or a pharmaceutically acceptable salt thereof, wherein

X4 represents CH or N;
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each Ry is independently selected from the group consisting of halogen, -NQ,, -CN, C;-C;
alkyl, C1-Cg haloalkyi, -NHz, -NH(C1-Cq atkyl), -N(C1-Cq atkyl),, -OH, C1-Cs alkoxy, and
C4-Cs haloalkoxy;
Rar
“§ Ras

Roisis R

(7]

Rz is hydrogen or C4-Cg alkyl;

Ry is C4-Cg alkyl or -5(0),-(C+-Cq alkyl), wherein each alkyl is optionally substituted with one
or more groups independently selected from the group consisting of
halogen, -NG,, -CN, C;-Cq alkyl, C1-Cy haloalkyl, -NH,, -NH(C-Cs alkyl), -N(C+-Cs
alkyl),, -OH, C.-C; alkoxy, C4-Cg haloalkoxy, -SH, -S(C+-Cq alkyl), oxo, hydroxy(Cq-Cs

10 alkyl}, alkoxy(C-Cs alkyi}, amino(C:-Cs alkyl), -CONH;, -CON{C1-Cs alkyi}, -CON{(C;-
Ce alkyl),, -CONH-OH, -CONH-NH,, -COH, -CO,H, -C0:{C:-Cq alkyl), ~-OCO{C1-Cs
alkyl), -NHCO(C,-C; alkoxy), -NHCO(C4-Cg alkyl), -NHCONH;, -NHCONH{C:-Cs
alkyl), -NHC{=NHNH;, -NH-S(0)0.o~(C+-Cs alkyl), -NH-S(O)o.o-aryl, and -NH-S(C)o.o-
hetaroaryi;

15 Ry; is independently selected from the group consisting of halogen, -NO;, -CN, C4-Cq alkyl,
C+-Ce haloalkyi, -NH,, -NH(C:-C¢ alkyi), -N{C:-C; alkyl),, -OH, C,-Cs aikoxy, Ci-Cq
haloalkoxy, oxo, -CONH., -CON{C:-Cs alkyl), -CON(C:-Ce¢ alkyl)s, -CONH-
OH, -CONH-NH_, -CO,H, and -C03;{C4-C;¢ alkyl); and

Ry is hydrogen or C4-C; alkyl.
20 The disciosure also provides synthetic intermediates that are useful in making the
compotnds of formula | or formula i or formula il

The disclosure also provides methods of preparing compounds of the disclosure and
the intermediates used in those methods.

The disclosure also provides pharmaceutical compositions comprising a compound of

25 formula | or a pharmaceutically acceptable salt thereof and at least one pharmaceutically

acceptabie carrier, solvent, adjuvant or diluent.

The disclosure also provides methods for inhibiting UDP-3-0O-(R-3-hydroxydecanoyl)-
N-acetylglucosamine deacetylase (LpxC), and methods of treating Gram-negative bacterial
infections.

30 The disclosure further provides a compound or pharmaceutical composition thereof in

a kit with instructions for using the compound or composition.
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DETAILED DESCRIPTION OF THE INVENTION
in one embodiment, the disclosure provides compounds of formuia | wherein R; is of

formuia:

Rys Rog
F\ig(&i{j;;;,l
Eze Rig

S Ry is selected from the group consisting of hydrogen, halogen, C.-Cs alkyt, C4-Cq
haloalkyi, -NH;, -NH(C:-Cys alkyl), -N(C4-Cq alkyl),, -OH, C4-Cy alkoxy, C4-Cq
haloalkoxy, -SH, -S{C+-Cy alkyl), hydroxy(C,-Cq alkyl), alkoxy(C4-Cq4 alkyl), amino(C-
Ce alkyl), -NHCO(C4-Cs alkyl), -NHCONH,, -NHCONH(C:-Cs alkyl), -OCO(C4-Cq
alkyl), and -NHCO(C;-C; alkoxy);

10 Ry is selected from the group consisting of hydrogen, halogen, C4-Cs alkyl, C4-Ce
haloalkyi, -NH;, -NH(C.-G; alkyl), -N{(C,-Cs alkyi),, -OH, C;-Cs alkoxy, C+-C;
haloalkoxy, -SH, -3{C,-Cs alkyl), hvdroxy(C:-Cs alkyl), alkoxy{C,-Ce alkyi), and
amino{C-Cg alkyl),

Rz is G1-Cs alkyl or C4-Cq haloalkyl; and

15 Ry is -CONH,, -CON(C+-Cs alkyl), -CON(C+-Gs alkyl),, ~CONH-OH, ~-CONH-NH,, -CO;H,

or ~-CO(C+-Cs alkyl) (Embodiment 2).

Particular ambodiments based on formula t include those of Embodiment 3, ie.,

compounds of Embadiment 2 wherein Ry is C4 haloalkyl. Other embodiments are those

20 where Ry is —CHyF, ~CHF;, or —CF;. (Embodiment 4) In still other embodiments based on
smbodiment 2, Ry, is ~CHF,. (Embodiment 5)

Particular embodiments based on formula t include those of Embodiment §, ie.,

compounds of Embodiment 2 wherein Ry is C:-Cs alkyl. Other embodiments are those

where Ry is methyl. (Embodiment 7)

N
(94

Ancther embodiment of the invention, i.e., Embodiment 8, encompasses compounds
of any of embodiments 2-7 where Rys is hydrogen, halogen, C,-Cg alkyl, or C,-C¢ haloalkyl.

In stili other embodiment based on formula | include those of Embodiment 9, ie.,
compounds of Embodiment 8 wherein Rys is hydrogen or C4-Cq alkyl. Other embodiments are
those where Ry is hydrogen. {(Embodiment 10) [n still other embodiments based on
30 embodiment 8, Rys is C+-Cs alkyl. (Embodiment 11) In Embodiment 12, which is based on
formuda | and embodiment 8, the compounds are those wherein Rqg is methyl.

in another embodiments based on formuia |, the compounds of embodiment 2 are

those wherein Rys is methyl, and Ry is —CHF,. (Embodiment 13)
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in Embodiment 14, which is based on formula |, the compounds of embodiment 2 are
those wherein Rys is hydrogen, and Ry is -CHF .

Another embodiment of the invention, i.e., Embodiment 15, encompasses compounds
of any of embodiments 2-14 where R;, is selected from the group consisting of -NH, -NH(C;-
Ce alkyh, -N(C-Cg alkyl),, -OH., C:-C¢ alkoxy, Ci-Cs haloalkoxy, -SH, -S(C:-Cs
alkyl), -NHCO(Cs-Cq alkyl), -NHCONH,, -NHCONH(C:-Cs alkyl), -OCO(C,-C¢ alkyl),
and -NHCO{C,-Cq alkoxy).

in still other embodiment based on formuia | include those of Embodiment 16, ie.,

(94

compounds of Embodiment 15 wherein Roy is selected from the group consisting
16 of -NH,, -NH(C:-Cs alkyi), -N(C+-Cg alkyi)., -NHCO(C+-Cs alkyl), -NHCONH,, -NHCONH(C-
Ce alkyl), and -NHCO{C+-Cs alkoxy). Other embodiments are those where Rgs is -NH,.
{Embadiment 17}
in Embodiment 18, which is based on formula { and embodiment 16, the compound is
where Ry is -NHCO(C.-Cy alkyl), -NHCONH,, -NHCONH(C-C¢ alkyl), ar -NHCO(C+-Cq
15  alkoxy). Other embodiments are those where R:. is —~OH or C:-C; alkoxy. (Embodiment 19)
Yet other embodiments are those where R, is —~OH. (Embodiment 20)
Another embodiment of the invention, i.e., Embodiment 21, encompasses compounds
of any of embodiments 2-20 where Ry is -CONH-OH, -CONM-NH;, or -CO:H.
in Embodiment 22, which is based on formula | and embodiment 21, the compound is
20 wherein Ryg is -CONH-OH.
Particular embodiments based on formula | include those of Embodiment 23, i.e.,

compounds of Embodiment 2 whergin R, is of formula:

OH F,HC | OH
1y A
CH, NHOH CH,y NHOH

Embodiment 24, which is based on formula |, provides compounds wherein
25 Ry is Cy-Cq alkyl, aryl(C4-Cq alkyl), or heteroaryl{(C4-Cq alkyl), wherein each alkyl, aryl, and
heteroaryl moiety is optionally substituted with one or more Ry;;
Ri is -CONH,, -CON(C+-C; alkyl), -CON(C+-C¢ alkyl)s, -CONH-OH, -CONH-NH;, -CO:H,
or -CO,(C+-Cs alkyl); and
R«1 is C4-Cg alkyl.
30 in embodiment 25, which is based on formula | and embodiment 24, Ry is methyl.
in other embodiments based on formuia | and embodiments 24 and 25, the disclosure
provides for compoundsd wherein R ~-CONH-OH or -CONH-NH.. (Embodiment 26)
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in yet other embodiments based on formula | and embodimenis 24 and 25, the

disciosure provides for compounds wherein

R¢ is benzyl, optionally substituted with one or more Ry;; and

each R;; is independently selected from the group consisting of halogen, C+-C; alkyl, C:-Cs
haloalkyi, -NH., -NH{C:-Cy; alkyl), -N(Cs-Cs alkyd)., -OH, Ci-Cs alkoxy, C:-Cp
haloalkoxy, -SH, -S{C+-C¢ alkyl), hydroxy(C+-Cs alkyi), alkoxy{C-Cs alkyl}, amino(C;-
C; alkyl), -OCO(C4-Cg alkyl), -NHCQO(C4-Cq alkoxy), -NHCO(C4-Cq alkyl),-NHCONH,,
and -NHCONH(C,-Ce alkyl). (Embodiment 27)

Other embodiments are those where Ro is C1-Ce alkyi, optionally substituted with one

(94

1% or more Ry... (Embodiment 28) in still other embodiments hased on embodiment 8, Ry, is
independently selected from the group consisting of halogen, C4-Cg alkyl, C4+-Cq
haloalkyt, -NH., -NH(C-Cs; alkyl), -N(C-Cs alkyl),, -OH, C.:-Cs; alkoxy, C+-Cq
haicaikoxy, -SH., -8(C1-Cs alkyl), oxo, hydroxy(C-Cs alkyl), alkoxy(C;-Cs alkyl), amino(C+-Cq
alkyl), -CONH,, -CON(Cs-Cs alkyl), -CON(C4-C¢ alkyl),, -CONH-OH, -CONH-

15 NH,, -COH, -COyH, -CO(C-Cs alkyl), -NHC(=NH)NH,, -OCO{C:-Cq alkyl), -NHCO(C+-Cq
atkoxy), ~-NHCO(C,-C; alkyh),-NHCONH,, and -NHCONH(C+-C; alkyl). (Embodiment 29)

Embodiment 30, which is based on formula | and any preceeding embodiment,
provides compounds wherein R; is hydrogen or methyl. In embodiment 30-1, Ry is
hydrogen. in embodiment 31, R; is methyl.

20 Embodiment 32, which is based on formula | and any preceeding embodiment,
provides compounds wherein two R groups form =C.

In ancther embodiment based on formula | and any preceeding embodiment, the
compound is wherein R is -C=C-R,. (Embodiment 33} in Embodiment 34, which is based
on formula | and embodiment 24, R, is -C=C-R,4, and Ry is aryl optionally substituted with Rg,

25  or heteroaryi optionally substituied with Rs. In yet other embodiments based on formula | and
embodiment 34, the disclosure provides for compounds wherein R, is aryl optionally
substituted with Rs. (Embodiment 35)

in another embodiment based on formula | and any preceeding embodiment, the

compound may be represented by the formula:

<\_~“ e o 2
RBM \._7/ N"Ra

30 RZ . (Embodiment 36)
In stilf other embodiments based on formula |, Ry is selected from the group
consisting of halogen, -CN, C4-Cs atkyl, C4-Cs haloalkyi, -NO,, -NH;, -NH(C+-Cs atkyl), -N{C-
Ce akyl)., -OH, C4C¢ alkoxy, -CONH;, -COH, -COyH, -NHCO(C;-Cs
alkyl), -NHCONH;, -NHCONH(C-C; alkyl), and ~-NH-3(0)y.~(C+-C; alkyt). (Embodiment 37}
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in embodiment 38, which is hased on formula | and embodiment 37, Ry is selected
from the group consisting of -NH., -NH{C.-Cs alkyl), -N(C-Ce alkyl);, -NHCO(C:-Cs
alkyi), -NHCONH,, -NHCONH(C-C; alkyl), and -NH-S(O )y ~(TC4-Ce alkyt).

in embodiment 39, which is based on formula 1, R; is selected from the group

(94

consisting of -NH;, -NH(C:-Cs alkyl), or -N(C:-Cs alkyl).. In other embodiment, which is based
on formula i, Rs is -NH,. (Embodiment 40)

in embodiment 41, which is based on formula i, R; is selected from the group
consisting of hydroxy(C4-Cs alkyl), amino(C,-Ce alkyl), -CHx-NH(C4-Cs alkyl), ~-CH;-N(C:-Cg
alkyl),, heteroaryl{C+-Ce alkyl). heterocyclyl(C+-Cs alkyl), -CH:-NHCONH,, and -CH--
16 NHCONH{C,-C; alkyl).

Embodiment 42, which is based on formula | and embodiment 36, provides
compounds wherein Ry is selected from the group consisting of amino(C+-C; alkyl), ~-CHy-
NH(C1-Ce alkyl), -CH-N(C1-Cs alkyt),, -CH-NHCONH,, and -CH,-NHCONH(C:-Cs alkyt).
Other embodiments are those where R; is selected from the group consisting of

15  halogen, -NG,, -NH,, -NH(C:-C¢ alkyl), -N{C:-Cs alkyl),, -OH, C:-Cs alkoxy, and C:-Cg
haloaikoxy. (Embodiment 43)
Embodiment 44 based on formula | or any preceeding embodiment provides

compotunds of formula:

20 in Embodiment 44-1, which is based on formula | or any preceeding embodiment, the

compound may be represented by the formula:

QO

N—Rs
25 R

G-,

Embodiment 46 which is based on formula |, provides compounds of formula:

-10-
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Particular embodiments of Formula | include those of Embodiment 47, ie.,
compounds of any one of embodiments 1-32 where R, is aryl optionally substituted with Re,
or hateroaryt optionally substituted with Rg.

5 in yet other embodiments based on formula | and embodiment 47, the disclosure
provides for compounds wherein R, is aryl optionally substituted with Rs. {(Embodiment 48)
Such compotunds may be of formula:

O

/R:}
A e R
Re & 2 (Embodiment 49)

Embodiment 50, which is hased on formula | and embodiment 49, provides
1% compounds wherein Rg is selected from the group consisting of halogen, -NGC;, -CN, C;-Cs
alkyl, C4-C¢ haloatkyl, -NHz, -NH(C+-Cs atkyl), -N(C.-Cs alkyl);, -OH, C4-C; alkoxy, and C:-Cs
haloalkoxy.
Embodiment 51, which is also based on formula | and embodiment 49, provides
compounds wherein wherein Rq is selected from the group consisting of aryl, aryi(C+-Cs
15 alkyl}, heteroaryl, hetercary{C,-C; alkyl), heterocyclyl, and heterocyclyl{C,-Cs alkyt), wherein
each alkyl, aryl, heteroaryl, or heterocyclyl moiety is aptionally substituted with onhe or mare
R
in one embodiment based on formula | and embodiment 51, the compound is wherein
Rs is aryl or aryl(C,-C; alkyl), wherein aryl is opticnally substituted with one or more Ry,.
20 (Embodiment 52) In Embodiment 53 based on formula | and embodiment 51, the compound
is wherein Rs is heteroaryl or heteroaryl(C+-Cs alkyl), wherein heteroaryl is optionally
substituted with one or more R;;. In yet another embodiment, the compounds is wherein R;
is heterocycly! or heterocyclyl (C4-Cs alkyl), wherein heterocycly! is optionally substituted with

one or more Ry;. (Embodiment 543 Embodiment 55, which is based on formula | and

ho
W

embodiment 51, provides compounds wherein Rg is unsubstituted heterocyciyl or
unsubstituted heterocyciyt (C+-Cg alkyl).

Particular embodiments of Formula | include those of Embodiment 56, ie.,
compounds of embodiment 51 where Rg is heterocyclyl{C:-C; alkyl), wherein heterocyclyt is
optionally substituted with one or more Ry,. Embodiment 57 is where Ry is unsubstituted
30 heterocyclyl(C+-Cs alkyl), and Embodiment 58 is where R; is unsubstituted heterocyclyl(C+
altkyt).

-11-
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Particular embodiments of Formula | include those of Embodiment 56, ie.,
compounds of embodiment 54-57 wherein the heterocyclyl is selected from the group
consisting of azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl. morpholinyl, hormopiperazinyl,
homopiperdinyl,  diazepanyl, imidazolidinyl, 2 3-dihydro-1H-imidazoi-4-yl.  1.4.5,6-
tetrahydropyrazin-2-yl, 2,3,4,7-tetrahydro-1H-1,4-diazepin-1-yl, 1,4,5 6-tetrahydropyridin-3-yi,
4 ,5-dihydro-1H-pyrrol-3-yl, and 3,4-dihydro-2H-1,4-oxazin-6-yl. in another embodiment, the
heterocyclyl is piperidinyi, piperazinyl, or morpholinyl. (Embodiment 6C)

in embodiment 61, which is based on formula | and embodiment 49, the compounds
is where R; is morpholinyl-CHa-.

Embodiment 62 based on formula | or embodiment 1 or 49 provides compounds of

formuia:
o/\\ /=N
' W\ , ) \
LK 7 T
Ro

wherein the morphaolinyt moiety is optionally substituted with one or more Ry;.
in Embodiment 63, which is based on formula t and embodiment 62, the compound

may be represented by the formula:

wherein the morphaolinyt moiety is optionally substituted with one or more Ry;.
Particular embodiments based on formula i include those of Embodiment 66, i.e.,

compounds of embodiment 65 wherein R4 is absent. Such compounds may be represented

\ XS\/X47<\
5.
§ P Rg@ 22

Other particular embodiments based on formula i include those of Embodiment 66-1,

by formuia:

i.e., compounds of embodiment 65 wherein Ry, is independently selected from the group
consisting of halogen, -NQO3, -CN, C,-Cs alkyt, C+-Cs haloalkyl, -NH;, -NH(C-Cs altkyl), -N{C-
Cs alkyl),, -OH, C+-Cg alkoxy, C4-C¢ haloalkoxy, -SH, -5(C:-Cs aliyl), oxo, hydroxy{C+-Cg
alkyi), alkoxy(C.:-Cs alkyl). amino{(C.-Cs; alkyl), -CONH,, -CON{C-Cs alkyl), -CON{(C-Cq
alkyl)., -CONH-OH, -CONH-NH;, -COH, -CO,H, -CO«{C-Cs¢ alkyl), -OCO{C+-Ce
alkyl), -NHCO{(C-Ce alkoxy), -NHCO{C,-Cg¢ atkyl), -NHCONH, -NHCONH(C:-Cq
alkyl), -NHC{=NH)NH,, -NH-S(O).~(C-Cs alkyl), -NH-S{O);.-aryl, and -NH-5{O)y.,-

-12-
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hatercaryl.  Yet other particular embodiments based on formula Hl include those of
Embodiment §6-2, i.e., compounds of embhadiment 65 wherein Ry, is independently selected
from the group consisting of haiogen, -NG;, -CN, C+-C; alkyl, C;-Cs haloalkyl, -NH,, -NH{C-
Ce alkyl), -N(C:-Cs alkyl),, -OH, C+-C; alkoxy, C;-Cg haloalkoxy, oxo, hydroxy(Cq-Cg alkyl),

(94

alkoxy{C+-Cs alkyl), and amino{C:-C. aikyl), Yet other parsticular embodiments based on
formula Hf include those of Embodiment 66-3, i.e., compounds of embodiment 65 wherein Rs4
is independently selected from the group consisting of aryl, aryl{Cs-Cs alkyil), heteroaryl,
heteroaryl{C.-Cg alkyl), heterocyclyl, and heterocyciyl{(C+-Cq alkyl), wherein each alkyl, aryl,
heteroaryl, or heterocyclyl moiety is optionally substituted with one or mare Rs.

16 Another embodiment of the invention, i.e., Embhodiment 67, encompasses compounds

Rs7
g‘g“Re‘s

of embodiments 65, 66, 66-1, 66-2, or 66-3 where Rag moiety is of formula:

R4 is selected from the group consisting of hydrogen, halogen, Cq-Cq alkyl, C-GCs
haloalkyi, -NH;, -NH{C:-Cs alkyl), -N{(C:-Ce alkyil)., -OH, C:-Cs alkoxy, Ci-Cs
5 haloalkoxy, -SH, -8{C+-C; alkyl}, hydroxy(C,-Cg alkyi), alkoxy(C,-Cq alkyl), amino{C;-
Ce alkyl), -NHCO(C1-Cs alkyl), -NHCONH., -NHCONH(C:-Cs alkyi), -OCO{C+-Cs
alkyl), and -NHCO(C+-C; alkoxy);
R4 is selected from the group consisting of hydrogen, halogen, C4-Cg alkyl, C4-Cs
haloalkyl, -NH:, -NH{C.:-Cs alkyl), -N(Ci-Cs alkyi),, -OH, C-GCs; alkoxy, C:-Cs
20 haloalkoxy, -SH, -S{C-Cs alkyl), hydroxy(C+-Cs alkyl), alkoxy{C+-Cs alkyl), and
amina{Cq-Cq alkyl),
Ra4s is $4-Cg alkyl or C4-C; haloalkyi;
Rs3s is “CONHy, -CON(C:-Cs alkyl), -CON{C+-C¢ alkyl)z, -CONH-OH, -CONH-NHz, ~COzH,
or -C0y(C+-Cs alkyl); and
25 Ry is hydrogen, Ci~Cg alkyt.

Particular embodiments based on formula it include those of Embodiment 68, ie.,

o

compounds of Embodiment 67 wherein R:; is Cq haloalkyl. Other embodiments are those

where Ry is —CH,F, —CHF;, or —CF3. (Embodiment 69) In stili other embodiment based on

formuia H include those of Embodiment 70, i.e., compounds of Embodiment 69 wherein R.; is
30 —-CHF,.

-13-
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Other emhodiments based on embodiment 67 are those where Ry; is Cq-Cy alkyl.
(Embodiment 71) In still other embodiments based on embodiment 87, R4: is methyl.
{(Embodiment 72}

in Embodiment 73, which is based on formula it and any embodiment 67-72, the

(9]

compounds are those wherein Rq, is hydrogen, halogen, C-Cs alkyl, or C1-Cs haloalkyi.

In another embodiments based on formula i, the compounds of embodiment 73 are
those wherein Ry, is hydrogen or C,-C¢ alkyil. (Embodiment 74) in Embodiment 75, which is
based on formula ll, the compounds are those wherein Ry, is hydrogen. Another embodiment
of the invention, i.e., Embodiment 78, encompasses compounds of where R.. is C4-Cq alkyl.
10 In still other embodiment based on formula Il include those of Embodiment 77, ie.,

compounds of Embodiment 76 wherein Rs, is methyl.

in Embodiment 78, which is based on formula tf and embodiment 67, the compound
is where Ry, is methyl, and Ry is ~CHF,

in Embodiment 79, which is based on formula [t and embodiment 67, the compound

15  is where Ry, is hydrogen, and Ry3 is -CHF),.

Another embodiment of the invention, i.e., Embodiment 83, encornpasses compounds
of any of embodiments 67-79 where R, is selected from the group consisting
of -NH;, -NH(C-C;s alkyl), -N(C+-C; alkyl),, -OH, C+-C¢ alkoxy, C4-Cq haloalkoxy, -SH, -S(Cy-
Cs alkyl), -NHCO(C,-Cg alkyl), -NHCONH,, -NHCONH(C-C; alkyl), -OCO(C+-Cs; alkyl),

20 and -NHCO(Cy-C;; alkoxy). Yet other embodiments are those where Ry, is selected from the
group consisting of -NH,, -NH{C:-Ce¢ atkyl). -N(Ci-Cs  alkyl),, -NHCO(C:-Cs
alkyi), -NHCONH,, -NHCONH(C-C; alkyl), and -NHCO{(C4-Cs atkoxy). (Embodiment 81)

Another eambodiment of the invention, i.e., Embodiment 82, encompasses compounds

of any of embodiments 66-81 whera R, is -NH;. In Embodiment 83, which is basad on
25 formula H and embodiment 82, the compound is wherein Ry is -NHCO{C.-Cy
alkyl), -NHCONH,, -NHCONH(C -C; alkyl), or -NHCO{C1-Cq alkoxy).

Particular embodiments based on formula H include those of Embodiment 84, ie.,
compounds of Embodiment 80 wherein Ry, is —OH or C4-Cq alkoxy. Embodiment 85, which is
based on formuia Hi, provides compounds wherein R4, is —OH.

36 Particular embodimentis based on formula li include those where Ry is -S{0):~(C+-Cs
alkyl), wherein alkyl moiety is optionally substituted with one or more R.y. (Embodiment 86)

In Embodiment 87, which is based on formula [l and embodiment 86, the compound
is where Rj7 is -S(0);-CH;.

in embodiment 88, which is based on formula if and any one of embodiments 65-87,
Riz is -CONH-OH, -CONH-NH., or -CO,H. In other embodiments based on formula Hl and
embodiment 88, the disclosure provides for compoundsd wherein R3; ~-CONH-OH.
{(Embodiment 83)

(23
(9]
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WO 2015/024010 PCT/US2014/051459

in yet other embodiments, e.g., Embodiment 90, based on formula il and any one of
embodiments 65-89, the disclosure provides for compounds wherein Ry is hydrogen. Other
embodiments are those where Ry, is C1-Cg alkyl, or Ry is methyl. (Embodiment 1)

in still other embodiments based on formula i and embodiment 65 or 66, the

Ra7
TR
S moiety R3o is of formula:
OH FoHOW /OH
el e
H  NHOH H  NHOH NHOH H NHOH H NHOH |
QOH FoHC OH F,C OH
¢ 4
CH; NHOH, CHy NHOH,O? CHy NHOH‘(Embodiment 923
in still other embodiments based on formula i and embodiment 65 or 66, the moiety
Ra7
SR
Rag is of formula:
0 O
i
N0 ;fo o
10 H NHOH o CH NHOH.(EmbOdiment 93)

Particular embodiments based on formula i include those of Embodiment 94 i.e.,

compounds of any one of embodiments 65-93 wherein X, represents CH of formula:

Compounds of any one of embodiments 65-93 and formula I also include those

where X, reprasents NR3; and Ry is hydrogen of formuia:

: Xf\/
Rz();_\ = @ R?RA

0-5 . (Embodiment 95)

-156-
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in other embodiments, e.g., Embodiment 96, based on formula ff and any one of
embodiments  65-95, the disclosure provides for compounds wherein  X;
represents -CH;-, -(CHy)z-, or -(CHy)s-.
in some embodiments,—X;-CH,-X,~ moiety is: ~(CHy)-, -(CHy)-. or -(CH3)s-.
5 (Embodiment 97). Particular compounds of embodiment 87 are those wherein —X;-CH.-
X4~ moiety is -(CH:);- (Embodiment 98);, or those  wherein —X;-CH,-X3- moisty
is ~(CHy)s- (Embodiment 99); or those wherein —X;-CH;-Xs- moiety is ~(CH,)s- (Embodiment
100).
in some other embodiments-X;-CH,-Xs- moiety is: ~(CHo)lNH-,  -(CHy)NH-,
16 or ~(CH:);NH-. (Embodiment 101). Particular compounds of embodiment 101 are those
wherein —X;-CHz-Xs- moiety is ~{CH,).NH- (Embodiment 102); or those wherein —~X;3-CH,-
X4~ moiety is -(CH,):NH- (Embadiment 103).
Compounds of any one of embodiments 65-85 and formula il alsc include those
where Xz is -C(O)NH,-, or ~C(O)NH-CH,-. (Embodiment 104) Particular compounds of
15 embodiment 104 are those wherein —X;-CHz-X4- moiety is -C(Q)NH-(CH,).- (Embodiment
105), or those wherein —X~-CH3-Xs~ moiety is -C(OINH,~CH,-NH-, or -C(O)NH,-(CH,),~
NH- (Embodiment 106).
Particular embodiments based on formula i include those of Embodiment 109, i.e.,
compounds of embodiment 108 wherein the compound is not N-hydroxy-2-methyi-2-
20 (methylsulfonyl)-4-(2-ox0-4-(phenyiethynypyridin-1(2H)-yl)butanamide.
Compounds of any one of embodiments 108 and 109 and formuia {ii also include

those where X, represents C and R,; is hydrogen of formula:

0O

Rfr;

AT

P g

{R%¢) ) .
0-5 . {(Embodiment 110}

Embadiment 111, based on any one of embodiments 108-110, provides for

25 compounds of formula:

N
m\—Rzz

in Embodiment 112, which is based on formula il and any one of embodiments 108-

111, the compound is whera Ry7 is -5(0)~-CH3.

-16-
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fn embodiment 113, which is based on formula it and any one of embodiments 108-
112, Rue is ~CONH-OH, -CONH-NH,, or -CO:H. In other embodiments based on formula il
and embodiment 113, the discilosure provides for compoundsd wherein Rys ~CONH-OH.
(Embodiment 114)

in yet other embodiments, e.q., Embodiment 115, based on formula lif and any one of
embodiments 108-114, the disclosure provides for compounds wherein Rus is hydrogen.
Other embodiments are those where Ryg is C1-Cg alkyl, or Ry is methyl. (Embodiment 116)

in still other embodiments based on formuia il and any one of embodiments 108-112,

Ry is of formula:

\(‘%/D ~H=0
I
H NHOH or CHy NHOH. (Embodiment 117)
Particular embodiments based on formula il include those of Embodiment 118, i.e.,
compounds of embodiment 108-117 wherein R, is absent.
in other particular embodiments based on formula [l include those of Embodiment
118, i.e., compounds of embodiment 108-117 wherein R, is selected from halogen, -OH, C-
Ce alkoxy, and C,-C;s haloaikoxy.
In one embodiment, the disclosure provides compounds of Embodiment 1-A wherein

R is of formula:

Ros Rys

R%iH

:23 R

Ry is selected from the group consisting of hydrogen, halogen, C.-Cs alkyl, C4-Cq
haloalkyi, -NH;, -NH(C:-Cs alkyl), -N(C4-Cs alkyl)y, -OH, C:-Cs alkoxy, C:-Cg
haloalkoxy, -SH, -8(C:-Cs alkyl), hydroxy(C,-Cg alkyl), alkoxy(C4-Cg alkyl), amino(C-
Cs alkyl), -NHCO(C,-Cs alkyl), -NHCONH,, -NHCONH(C.-C; alkyl), -OCO(C-Cq
alkyl), and -NHCO(C-Cs alkoxy);

Ros is selected from the group consisting of hydrogen, halogen, Ci-Cq alkyl, C,-Cg
haloalkyl, -NH;, -NH(C.-C; alkyl), -N{(C,-C¢ alkyi),, -OH, C;-Cs alkoxy, C:-C;
haloalkoxy, -SH, -3{C,-C¢ alkyl}, hydroxy(C+-Cs alkyl), alkoxy{C,-Ce alkyl}, and
amino{C,-C; alkyl};

Rz is G1-Cs alkyl or $4-Cq haloalkyl; and

Ri is -CONHz, -CON(C+-Cs alkyl), ~CON(C+-Cs alkyt)y, ~CONH-OH, ~CONH-NH,, -COzH,
or -CO(C+-C, alkyl) (Embodiment 121).
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Particular embodiments based on Embodiment 1-A include those of Embodiment
122, t.e., compounds of Embodiment 122 wherein Ry is C: haloalkyl. Other embodiments
are those where Rz is —CH,F, —-CHF,, or -CF;. (Embodiment 123) In stili other

embodiments based on embodiment 2, Ry, is —CHF ;. (Embodiment 124)

(94}

Particular embodiments based on embodiment1-A include those of Embodiment 125,
i.e., compounds of Embodiment 121 wherein R is C;-Cs alkyl. Other embodiments are
those where Ry, is methyl. (Embodiment 126)

Another embodiment of the invention, ie., Embodiment 127, encompasses
compounds of any of embodiments 121-126 where Rys is hydrogen, halogen, C.:-Cq alkyl, or
1% C4+~Cg haloaikyt.

in still other embodiment based on embodiment 1-A include those of Embodiment
128, ie., compounds of Embodiment 127 wherein Ry is hydrogen or Cs-C; alkyl. Other
embodiments are those where Ry is hydrogen. (Embodiment 128)  In still other
embodiments based on embodiment 127, Rgs is Cy4-Cy alkyl. (Embodiment 138) In
t5 Embodiment 131, which is based on formula | and embodiment 127, the compounds are
those wherein Rys is methyl.
in another embodiments based on Embodiment 1-A, disclosure encompasses
compounds of embodiment 121 wherein Ry s is methyl, and Rzs is -CHF .. (Embodiment 132)
in Embodiment 133, which is based on Embodiment 1-A, the disclosure
20  encompasses compounds of embodiment 121 wherein Rys is hydrogen, and Ry is -CHF».
Another embodiment of the invention, ie., Embodiment 134, encompasses
compounds of any of embodiments 121-133 where R;, is selected from the group consisting
of -NH,, -NH(C+-C¢ alkyl), -N(C-Cs alkyl),, ~OH, C4-Cs alkoxy, C1-Cq haloalkoxy, -SH, -S(Cs-
Ce alkyl), -NHCO(C-Cs alkyl}, -NHCONH;, -NHCONH(C,-C; alkyl), -OCO(C+-Cs alkyi),
25  and -NHCO(C4-C; alkoxy).
in stilt other another embodiment based on Embodiment 1-A, the disclosure
encompassas compounds of Embodiment 135, i.e., compounds of Embodiment 134 wherein
R.,: is selected from the group consisting of -NH; -NH(C.-Cs alkyl), -N(C,-Cs
alkyi)y, -NHCO(C-Cq alkyl), -NHCONH,, -NHCONH(C-C; alkyl), and -NHCO(C-Cy alkoxy).
30 Other embodiments are those where Ry4 is ~-NH,. (Embodiment 136)

in Embodiment 137, which is based on Embodiment 1-A and embodiment 135, the
disciosure encompasses compounds where Ray4 is -NHCO(C+-Cs
alkyl), -NHCONH;, -NHCONH(C/-Cs alkyl), or -NHCO(C+-Cs alkoxy). Other embodiments are
those where Ry is —~OH or C4-Ce¢ alkoxy. (Embodiment 138) Yet other embodiments are
those where Ry, is —~OH. (Embodiment 139)

(23
)
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Another embodiment of the invention, ie., Embodiment 140, encompasses
compounds of any of embodiments 1-A, 121-139 where Ry is -CONH-0OH, -CONH-NH;,
or ~-CO-H.

in Embodiment 141, which is based on Embodiment 1-A and embodiment 140, the
disciosure encompasses compounds wherein Ry is -CONH-OH.

Particular embodiments based on Embodiment 1-A include those of Embodiment

142, i.e., compounds of Embodiment 121 wherein R is of formuia:

FoHC | -NH, FHC. | OH
1w 1
H NHOH of W NHOH

Embodiment 143, which is based on Embodiment 1-A and any preceeding
embodiment, provides compounds wherein Rz is hydrogen or methyl. in embodiment 143-1,
Rz is hydrogen. in embodiment 144, R; is methyl.

Embodiment 145, which is based on Embodiment 1-A and any preceeding
embodiment, provides compounds wherein two R groups form =Q0.

in another embodiment based on Embodiment 1-A and any preceeding embodiment,
the disclosure encompasses compounds wherein R, is -C=C-R;. (Embodiment 148) in
Embodiment 147, which is based on Embodiment 1-A and embodiment 146, R; is -C=C-R,,
and R, is aryl optionally substituted with Rs, or heteroaryl opticnally substituted with Ra. in yet
other embodiments based embodiment 147, the disclosure provides compounds wherein R;
is aryl optionaily substituted with Rs. (Embodiment 148)

Pariicular embodiments of Embodiment 1-A include those of Embadiment 149, ie.,
compounds of any one of embodiments 120-145 where R, is aryl optionally substituted with
Rs, or heteroaryi optionally substituted with Re.

in yet other embodiments based on embodiment 149, the disclosure provides
compounds wherein R, is aryl optionally substituted with R;. (Embodiment 150} Such
compounds may be represented by the following formula:

o
.»RS

@:—ﬁ\ N
A R
Re = 2 (Embodiment 151)

Embodiment 152, which is based on embodiment 1-A and embodiment 151, provides
compounds wherein R; is selected from the group consisting of halogen, -NO;, -CN, C;-Cs
alkyi, C1-Cg haloalkyl, -NH,, -NH{C4-C; alkyl), -N(C,-Cq alkyl),, -OH, C4-Cs alkoxy, and C4-Cq

haloalkoxy.
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Embaodiment 153, which is also based on embodiment 1-A and embodiment 151,
provides compounds wherein Rg is selected from the group consisting of aryi, aryl{C:-Cs
alkyl), heteroaryl, heteroaryli{(C4-C; alkyl), heterocyclyl, and heterocyciyl{(C4-Cq alkyl), wherein
each alkyl, aryi, heteroaryl, or heterocyclyl moiety is optionally substituted with one or more
Raz.

(94

in one embodiment based on embodiment 153, the disclosure encompasses
compounds wherein R is aryl or aryl(Cq-Cq alkyl}, wherein aryl is optionally substituted with
one or more R.,. (Embodiment 154) In Embodiment 155 based on embodiment 153, the
disclosure encompasses compounds wherein Rg is hetercaryl or heteroaryl(C+-Cs alkyt},

1% wherein heteroaryl is opticnally substituted with one or more Ry;. iIn yet another
embodiment, the disclosure encompasses compounds wherein Rq is heterocyclyl or
heterocyciyl (C+-Cq alkyl), wherein heterocyclyi is aptionally substituted with one or more Ry;.
(Embadiment 156) Embodiment 157, which is based on embodiment 153, provides
compounds wherein R is unsubstituted heterccyclyl or unsubstituted heterocyclyl (C+-Cg

15 alkyi).

Particular embodiments of Formuia { include those of Embodiment 158, ie.,
compounds of embodiment 153 where Rg is heterocyclyl(C1-Cg alkyl), wherein heterocyciyl is
optionally substituted with one or more Rq,. Embodiment 159 is where R¢ is unsubstituted
heterocychyl(C,-Cs alkyl), and Embodiment 160 is where R is unsubstituted heterocyciyl{C-

20 alkyi).

Particular embodiments of Formuia | include those of Embodiment 161, ie..
compounds of embadiment 156-160 wherein the heterocyclyl is selected from the group
consisting of azetidinyi, pyrrolidinyl, piperidinyi, piperazinyl, morpholinyl, homopiperazinyi,
homopiperdinyi, diazepanyl, imidazolidinyl, 2,3-dihydro-1H-imidazoi-4-yi, 1,4.5,6-

25  tetrahydropyrazin-2-yl, 2,3 4,7-tetrahydro-t1H-1.4-diazepin-1-yt, 1.4,5,6-tetrahydropyridin-3-yi,
4,5-dihydro-1H-pyrrol-3-yl, and 3,4-dihydro-2H-1,4-oxazin-6-yl. in another embodiment, the
heterocyclyl is piperidinyi, piperazinyl, or morpholinyl. (Embodiment 162)

in embodiment 163, which is based embodiment 153, the disclosure encompasses
compounds where R; is morpholiny-CH;-.

36 Embodiment 164 based on embodiment 1-A or 153 provides compounds of formula:

Y [

A K/

wherein the marphaolinyt moiety is optionally substituted with one or more Ry;.
in Embodiment 165, which is based on embodiment 164, the disclosure

encompasses compoundsrepresented by the formuia:
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)

wherein the morphalinyt moiety is optionally substituted with one or more Ry;.

Therapeutics Applications

5 The invention provides methads of treating Gram-negative bacterial infections, the
method comprising administering to a subject in need of such treatment an effective amount
of one or more compounds of the invention Particular Gram-negative bacteria are
Pseudomonas  aeruginosa, Stenotrophomonas  maltophilia, Burkholderia  cepacia,
Alcaligenes xylosoxidans, Acinetobacter, Enterobacteriaceae, Haemophilus, Neisseria

10 species, Franciselia tuiarensis, Yersinia pestis, Burkholderia pseudomallei, Burkholderia
mallei, Rickettsia prowazekii, Coxieila burnetti, Campylobacter jejuni, Shigella, Moraxella
catarrhalis, and Chiamydia trachomatis. In one embodiment, the Gram-negative bacteria is
Neisseria gonorrhoeae. in ancther embodiment, the Gram-negative bacteria is
Acinetobacter Baumaiiii.

15 Specific enterobacteriaceae is selected from the group consisting of Serratia,
Proteus, Kiebsiella, Enterobacter, Citrobacter, Salmonella, Providencia, Morganelia,
Cedecea, Edwardsiella, f£scherichia coli, Enterobacter cloacae, and Enterobacter
aerogenes.

in another aspect, the invention provides methods for inhibiting a deacetylase

20 enzyme in Gram-negative bacteria, the method comprising contacting the bacteria with an

effective amount of one or more compounds of the invention. A specific deacetylase enzyme

is LpxC.

Pharmaceutical Compositions

in anocther aspect, the present disclosure provides compaositions comprising ane or

25  more of compounds as described above with respect to formula | and an appropriate carrier,

excipient or diluent. The exact nature of the carrier, excipient or diluent will depend upon the

desired use for the composition, and may range from being suitable or acceptable for

veterinary uses to being suitable or acceptable for human use. The composition may
optionally include one or more additional compounds.

36 When used to treat or prevent such diseases, the compounds described herein may

be administered singly, as mixtures of one or more compounds or in mixture or combination

with other agents useful for treating such diseases andior the symptoms associated with

such diseases. The compounds may also be administered in mixture or in combination with
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agents useful o treat other disorders or maladies, such as steroids, membrane stabilizers,
5L0O inhibitors, leukotriene synthesis and receptor inhibitors, inhibitors of IgE isotype
switching or IgE synthesis, IgG isotype switching or IgG synthesis, f}-agonists, iryptase

inhibitors, aspirin, COX inhibitors, methotrexate, anti-TNF drugs, retuxin, PD4 inhibitors, p38

wh

inhibitors, PDE4 inhibitors, and antihistamines, to nhame a few. The compounds may be
administered in the form of compounds per se, or as pharmaceutical compositions
comprising a compound.

Pharmaceutical compaositions comprising the compound(s) may be manufactured by
means of conventional mixing, dissoiving, granulating, dragee-making levigating, emulsifying,
G  encapsulating, entrapping or lyophilization processes. The compositions may be formulated

in conventional manner using one or maore physiologically acceptable catriers, diluents,
axcipients or auxiliaries which facilitate processing of the compounds into preparations which
can be used pharmaceuticaily.
The compounds may be formulated in the pharmaceutical composition per se, or in
t5  the form of a hydrate, solvate, N-oxide or pharmaceutically acceptable sait, as previously
described. Typically, such salts are more soluble in agueous soiutions than the
corresponding free acids and bases, but salts having lower solubility than the corresponding
free acids and bases may also be formed.
Pharmaceutical compositions may take a form suitable for virtually any mode of
24 administration, including, for example, topical, ocular, oral, buccal, systemic, nasal, injection,
transdermal, rectal, vaginal, etc., or a form suitable for administration by inhalation or
insufflation.
For topical administration, the compound(s) may be formulated as soiutions, gels,
ointments, creams, suspensions, etc. as are well-known in the art. Systemic formulations
25 include those designed for administration by injection, e.g., subcutaneous, intravenous,
intramuscular, intrathecal or intraperitoneal injection, as well as those designed for
transdermal, transmucosal oral or pulmonary administration.
Useful injectable preparations include sterile suspensions, solutions or emuisions of
the active compound(s} in aqueous or oily vehicles. The compositions may aiso contain
30 formulating agents, such as suspending, stabilizing and/or dispersing agent. The
formulations for injection may be presentad in unit dosage form, e.g., in ampules or in
muitidose containers, and may contain added preservativas. Alternatively, the injectable
formulation may be provided in powder form for reconstitution with a suitable vehicle,
including but not limited to sterile pyrogen free water, huffer, dextrose solution, etc., before
35  use. To this end, the active compound(s) may be dried by any ari-known technique, such as

lyophilization, and reconstituted prior to use.
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For transmucosal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are known in the art.
For oral administration, the pharmaceutical compositions may take the forrn of, for

example, lozenges, tablets or capsules prepared by conventional means with

(9]

pharmaceutically acceptable excipients such as binding agents {e.g., pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methyicellulose), fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.qg., potato starch or sodium starch glycolate); or
wetting agents (e.g., sodium lauryl sulfate). The tablets may be coated by methods well
1% known in the art with, for example, sugars, films or enteric coatings.

Liquid preparations for oral administration may take the form of, for example, elixirs,
solutions, syrups or suspensions, or they ray be presented as a dry product for constitution
with water or other suitable vehicle before use. Such liquid preparations may be prepared by
conventional means with pharrmaceutically acceptable additives such as suspending agents

15 {e.g., sorbitol syrup, celiulose derivatives or hydrogenated edible fats); emulsifying agents
{e.g., lecithin or acacia); non-agueous vehicles {e.g., almond oii, oily esters, ethyl alcohol,
cremophore'™ or fractionated vegetable oils); and preservatives {e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer saits,
preservatives, flavoring, coloring and sweetening agents as appropriate.

20 Preparations for orai administration may be suitably formulated to give controlled
release of the compound, as is well known.

For buccal administration, the compositions may take the form of tablets or lozenges
formulated in conventional manner.

For rectal and vaginal routes of administration, the compound(s) may be formulated

25 as solutions {for retention enemas) suppositories or ointments containing conventional
suppository bases such as cocoa butter or other giycerides.

For nasal administration or administration by inhalation or insufflation, the
compound(s) can be conveniently delivered in the form of an aerosol spray from pressurized
packs or a nebulizer with the use of a suitable propellant, e.g., dichiorodifluorormethane,

3G trichlorofluoromethane, dichlorotetrafiuoroethane, fiuorocarbons, carbon dioxide or other

suitable gas. in the case of a pressurized aerosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges for use in an inhaler
or insufflator (for example capsules and cartridges comprised of gelatin) may be formulated
containing a powder mix of the compound and a suitable powder base such as lactose or

starch.

(23
(9]
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For ocular administration, the compound{s) may be formuiated as a solution,
emuision, suspension, etc. suitable for administration to the eye. A variety of vehicles
suitable for administering compounds to the eye are known in the art.

For prolonged delivery, the compound(s) can be formulated as a depot preparation

(94

for administration by implantation or intramuscular injection. The compound{(s) may be

formulated with suitable polymeric or hydrophobic materials {(e.g., as an emuision in an

acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, e.g., as a

sparingly soluble sait. Alternatively, transdermal delivery systems manufactured as an

adhesive disc or patch which slowly releases the compound(s) for percutaneous absorption

1% may be used. To this end, permeation enhancers may be used to facilitate transdermai
penetration of the compound(s).

Alternatively, other pharmaceutical delivery systems may be employed. Liposomes
and emuisions are weli-known examples of delivery vehicles that may be used to deliver
compound(s). Certain organic solvents such as dimethyisulfoxide (DMS0O) may also be

15  employved, although usually at the cost of greater toxicity.

The pharmaceutical compositions may, if desired, be presented in a pack or
dispenser device which may contain one or more unit dosage forms containing the
compound(s). The pack may, for example, comprise metal or plastic foil, such as a blister
pack. The pack or dispenser device may be accompanied by instructions for administration.

20 The compound(s) described herein, or compositions thereof, will generally be used in
an amount effective to achieve the intended resuit, for exampie in an amount affective to
treat or prevent the particular disease being treated. By therapeutic benefit is meant
eradication or amelioration of the underlying disorder being treated and/or eradication or
amelioration of one or more of the symptoms associated with the underlying disorder such

25  that the patient reports an improvement in feeling or condition, notwithstanding that the
patient may still be afflicted with the underlying disorder. Therapeutic benefit also generally
includes halting or slowing the progression of the disease, regardless of whether
improvement is realized.

The amount of compound(s) administered will depend upon a variety of factors,

30 including, for example, the particular indication being treated, the mode of administration,
whether the desired benefit is prophylactic or therapeutic, the severity of the indication being
treated and the age and weight of the patient, the bioavailability of the particular
compound(s) the conversation rate and efficiency into active drug compound under the

selected route of administration, etc.

(23
)

Determination of an effective dosage of compound(s) for a particular use and mode of
administration is welil within the capabilities of those skilled in the art. Effective dosages may

be estimated initially from in vitro activity and metabolism assays. For example, an initial
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dosage of compound for use in animals may be formulated to achieve a circulating blood or
serum concentration of the metabolite active compound that is at or above an ICs, of the
particular compound as measured in as in vifro assay. Calculating dosages o achieve such

circulating blood or serum concentrations taking into account the bhiocavailability of the

(94

particular compound via the desired route of administration is well within the capabilities of

skilled artisans. Initial dosages of compound can also be estimated from in vivo data, such as

animal models. Animal models useful for testing the efficacy of the active metaboiites to treat

or prevent the various diseases described above are well-known in the art. Animal modeis

suitable for testing the bioavailahility and/or metabolism of compounds into active metabolites

16 are also well-known. Ordinarily skilled artisans can routinely adapt such information to
determine dosages of particular compounds suitabie for human administration.

Dosage amounts wilt typicatlly be in the range of from about 0.0001 mg/kg/day, 0.001
mg/kg/day or 0.01 mg/kg/day to about 100 mgikg/day, but may be higher or lower,
depending upor, among other factors, the activity of the active matabolite compound, the

15  bioavailability of the compound, its metabolism kinetics and other pharmacokinetic
properties, the mode of administration and various other factors, discussed above. Dosage
amount and interval may be adjusted individually to provide plasma levels of the
compound(s) and/or active metaboiite compound(s} which are sufficient to maintain
therapeutic or prophylactic effect. For example, the compounds may be administered once

20 per week, several times per week (e.g., every other day), once per day or muitiple times per
day, depending upon, among other things, the mode of administration, the specific indication
being treated and the judgment of the prescribing physician. in cases of local administration
or selective uptake, such as local topical administration, the affective local concentration of
compound(s) and/or active metabolite compound{(s) may not be related to plasma

25  concentration. Skilled artisans will be able to optimize effective local dosages without undue

axperimentation.

Definitions
The following terms and expressions used herein have the indicated meanings.
Terms used herein may be preceded and/or followed by a single dash, “", or a
30 double dash, “=", to indicate the bond order of the bond between the named substituent and
its parent moiety; a single dash indicates a single bond and a double dash indicates a double
horid. in the absence of a single or double dash it is understood that a single bornd is formed
hatween the substituent and its parent moiety; further, substituents are intended to be read

“left to right” unless a dash indicates otherwise. For example, Ci-Cealkoxycarbonyioxy

o
U

and -OC(0O)C-Cealkyl indicate the same funclionality; similarly arylalkkyl and -alkylaryi

indicate the same functionality.
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The term “alkenyi” as used herein, means a straight or branched chain hydrocarbon
containing from 2 to 10 carbons, unless otherwise specified, and containing at least one
carbon-carbon double bond. Representative examples of alkeny! include, but are not limited

to, ethenyi, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyi, 2-heptenyl, 2-

(94}

methyi-1-heptenyi, 3-decenyl, and 3,7-dimethylocta-2,6-dienyl.

The term “alkoxy” as used herein, means an alky! group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Representative examples of alkoxy
include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, and hexyloxy.

10 The term “alkyl” as used herein, means a straight or branched chain hydrocarbon
containing from 1 to 10 carbon atoms uniess otherwise specified. Representative examples
of alkyt include, but are not limited to, methyl, ethyl, n-propyl, iso-propyt, n-butyl, sec-butyi,
iso-butyi, tert-butyl, n-pentyi, isopentyl, neopentyl, n-hexyl, 3-methythexyl, 2,2-dimethylpentyl,
2.3-dimethyipentyi, n-heptyl, n-octyl, n-nonyl, and n-decyl. When an “alkyl” group is a linking

15 group between two other moieties, then it may also be a straight or branched chain;
examples include, but are not limited to -CHy-, -CH,CHy-, -CH,CHCHC(CH;)-
, ~CHCH(CHCH,)CH -

The term "alkylene” refers to a bivalent alkyl group. An "alkylene chain” is a
polymethyiene group, i.e., -(CH,).~, wherein n is a positive integer, preferably from one to six,

20 from one to four, from one to three, from one to two, or from two to three. A substituted
alkyiene chain is a polymethylene group in which one or more methylene hydrogen atoms is
replaced with a substituent. Suitable substituents include those described below for a
substituted aliphatic group. An alkylene chain also may be substituted at one or more
positions with an aliphatic group or a substituted aliphatic group.

25 The term “atkynyl” as used herein, means a straight or branched chain hydrocarbon
group containing from 2 to 10 carbon atoms and containing at least one carbon-carbon triple
bond. Representative exampies of alkynyl include, but are not limited, to acetvienyi, 1-
propynyl, 2-propynyl, 3-butynyl, 2-pentynyl, and 1-butynyl.

The term “aryl,” as used herein, means a phenyl {i.e., monocyclic aryl), or a bicyclic

30 ring system containing at least one phenyl ring or an aromatic bicyclic ring containing only

carbon atoms in the aromatic bicyclic ring system. The bicyclic aryl can be azulenyi,

naphthyl, or a phenyl fused to a monocyclic cycloalkyl, a monocyclic cycloalkenyi, or a

monocyclic heterocyclyl. The bicyclic aryl is attached to the parent molecular moiety through

any carbon atom contained within the pheny! portion of the bicyclic system, or any carbon

(23
)

atom with the napthyl or azuleny! ring. The fused monocyclic cycloalkyl or monocyclic
heterocycly! portions of the bicyclic aryl are optionaily substituted with one or two oxo and/or

thia groups. Representative examples of the bicyclic aryls inciude, but are not limited to,
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azulenyl, naphthyi, dihydroinden-1-yi, dihydroinden-2-yl, dihydroinden-3-yi, dihydroinden-4-yi,
2,3-dihydroindol-4-yi, 2, 3-dihydroindol-5-yl, 2,3-dihydroindol-6-yi, 2,3-dihydroindol-7-yi, inden-
1-yi, inden-2-yi, inden-3-yi, inden-4-yl, dihydronaphthaien-2-yl, dihydronaphthaien-3-yi,
dihydronaphthalen-4-yl, dihydronaphthalen-1-yi, 5,6,7,8-letrahydronaphthalen-1i-yi, 5.6.7,8-

(9]

tetrahydronaphthalen-2-yi, 2,3-dihydrobenzofuran-4-yl, 2 3-dihydrobenzofuran-5-yi,
2,3-dihydrobenzofuran-6-vi, 2, 3-dihydrobenzofuran-7-yl, benzoldi{1,3]dioxol-4-yi,
benzo[d][1,3]dioxol-5-yl, 2H-chromen-2-on-5-yl, 2H-chromen-2-on-6-yi, 2H-chromen-2-on-7-
yl, 2H-chromen-2-on-8-yl, isoindoline-1,3-dion-4-yl, isoindoline-1,3-dion-5-yi, inden-1-on-4-yi,
inden-t-on-5-yi, inden-t-on-6-yl, inden-1-on-7-yl, 2.3-dihydrobenzofb}{1,4]dioxan-5-yl, 2.3-
1% dihydrobenzolb][1,4]dioxan-6-yi, 2H-benzo[bl[1.4Joxazin3(4H)-on-5-yi, 2H-
benzofbi[1,4Joxazin3{4H)-on-6-yi, 2H-benzoibjf1,4joxazin3{4H)-on-7-yl, 2H-
benzo[bi[1,4]oxazin3(4H)-on-8-yl, benzo{dloxazin-2(3H)-on-5-yl, benzo[dloxazin-2(3H)-on-6-
yl, benzol[dloxazin-2(3H)-on-7-yi, benzo[dloxazin-2(3H}-on-8-yi, quinazolin-4(3H)}-on-5-yi,
quinazolin-4(3H)-on-6-yl, guinazolin-4(3H)-on-7-yl, quinazolin-4(3H)-on-8-yl, quinoxalin-
15 2{1H)-on-5-vi, quinoxalin-2(1H)-on-6-yi, quinoxalin-2(1H)-on-7-yl, quinoxatin-2(1H)-on-&-yi,
benzofdithiazol-2{3H)-on-4-yl, benzo[djthiazol-2(3H)-on-5-yl, benzo[d}thiazoi-2(3H)-on-6-yi,
and, benzoldjthiazol-2{3H)-on-7-yl. In certain embodiments, the bicyclic aryl is (i) naphthyl or
(i) a phenyl ring fused to either a 5 or 6 membered monocyclic cycloalkyl, a 5 or 6 membered
monocyclic cycloalkenyl, or a 5 or 6 membered monocyclic heterocyclyl, wherein the fused
20 cycloalkyl, cycloalkenyl, and heterocyclyl groups are optionally substituted with one or two
groups which are independently oxo or thia.

An "aralkyl" or "arylatkyl" group comprises an aryl group covalently attached to an
alkyi group, either of which independently is optionaily substituted. Preferably, the aralkyl
group is aryl{C,-Ce)alkyl, including, without limitation, benzyl, phenethyl, and naphthyimethyl.

25 The terms “cyanc” and “nitrile” as used herein, mean a -CN group.

The term “cycioaikyi” as used herein, means a monocyclic or a bicyclic cycloatkyl ring
sysiem. Monocyclic ring systems are cyclic hydrocarbon groups containing from 3 to 8
carbon atoms, where such groups can be saturated or unsaturaied, bul not aromatic. In
certain embodiments, cycioalkyl groups are fully saturated. Examples of monocyclic

30 cycloalkyls include cyclopropyl, cyclobuiyl, cyclopentyl, cyclopentenyi, cyclohexyi,
cyciohexenyi, cycloheptyi, and cyclooctyl. Bicyclic cycloalky! ring systems are bridged
monocyclic rings or fused bicyclic rings. Bridged monocyclic rings contain a monocyclic
cycioaikyl ring where two non-adjacent carbon atoms of the monocyclic ring are linked by an

alkyiene bridge of between one and three additional carbon atoms {i.., a bridging group of

(23
(9]

the form ~{CH,),~, where w is 1, 2, or 3). Representative examplas of bicyclic ring systems
include, but are not limited to, bicyclof3.1.1]heptane, bicyclo[2.2.1]heptane,

bicyclo[2.2 2joctane, bicycio[3.2.2Jnonane, bicyclo[3.3.1lnonane, and bicycio{4.2.1inonane.

27~
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Fused bicyclic cycloalkyl ring systems contain a monocyclic cycloalkyl ring fused to either a
phenyt, a monocyclic cycloalkyl, a monocyclic cycloalkenyt, a monocyclic heterocyclyi, or a
monocyclic heteroaryl. The bridged or fused bicyclic cycloalkyl is attached to the parent

molecular moiety through any carbon atom contained within the monocyclic cycioalkyl ring.

(9]

Cycloalky! groups are optionally substituted with one or two groups which are independently
oxo or thia. in certain embodiments, the fused bicyclic cycloalkyl is a 5 or 6 membered
monocyclic cycloalkyl ring fused to either a phenyl ring, a 5 or 6 membered monocyclic
cycloaikyl, a 5 or 6 membered monocyclic cycloalkenyl, a 5 or 6 membered monocyclic
heterocyclyl, or a 5 or 6 membered monocyclic heteroaryl, wherein the fused bicyclic
10 cycloalkyl is optionally substituted by one or two groups which are independently oxo or thia.

The term “halo” or “halogen” as used herein, means -Ci, -Br, -l or -F.

The terms "haloaliphatic”, "haloaikyi", "haloalkeny!" and "haloatkoxy” refer to an
aliphatic, alkyl, alkenyl or alkoxy group, as the case may be, which is substituted with one or
more halogen atoms.

15 The term “heteroaryl,” as used herein, means a monocyclic heteroaryl or a bicyclic
ring system containing at least one heteroaromatic ring. The monocyciic heteroaryl can be a
5 or 6 membered ring. The 5 membered ring consists of two double bonds and one, two,
three or four nitrogen atoms and optionally one oxygen or suifur atem. The 6 membered ring
consists of three double bonds and one, two, three or four nitrogen atoms. The 5 or 6
20  membered heteroaryi is connected o the parent molecular moiety through any carbon atom
or any nitrogen atom contained within the heteroaryl  Representative examples of
monocyclic heteroaryl include, but are not limited to, furyl, imidazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, oxazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyrazoiyl, pyrroivi,
tetrazolyl, thiadiazolyl, thiazolyi, thienyl, triazolyl, and triazinyl. The bicyclic heteroaryi
25  consists of a monocyciic heteroary! fused to a phenyl, a monocyclic cycloaikyl, a monocyclic
cycioaikenyl, a monocyclic heterocyclyt, or a monocyclic heteroaryl. The fused cycloalkyl or
heterocycly! portion of the bicyclic heteroaryl group is optionally substituted with one or two
groups which are independently oxo or thia. When the bicyclic heteroaryi contains a fused
cycioaikyl, cycloalkenyi, or heterocyclyi ring, then the bicyclic heteroaryl group is connected
30 to the parent molecular moiety through any carbon or nitrogen atom contained within the
monocyclic heteroaryl portion of the bicyclic ring system. When the bicyclic heteroaryl is a
monocyclic heteroaryi fused {0 a benzo ring, then the bicyclic heteroaryl group is connected
to the parent molecular moiety through any carbon atom or nitrogen atom within the bicyclic

ring system. Representative examples of bicyclic heteroaryt include, but are not limited to,

(23
(9]

benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl, benzoxathiadiazolyi,
benzothiazolyl, cinnolinyl, 5,6-dihydroquinoiin-2-yl, 5,6-dihydroisoquinolin-1-yl, furopyridinyi,

indazolyl, indolyt, isoquinalinyt, naphthyridinyt, quinolinyl, purinyl, 5,6.7,8-tetrahydroquinolin-
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2-yi, 5,6.7,8-tetrahydroquinolin-3-yl, 5,6,7 .8-tetrahydroguinolin-4-yi, 56.7,8-
tetrahydroisoquinolin-1-yi, thienopyridinyl, 4.5,6,7-tetrahydrobenzofc}{1,2,5joxadiazolyl, and
6,7-dihydrobenzo(c}{1,2,5]oxadiazol-4(SH)-onyl. In certain embodiments, the fused bicyclic

hetercaryl is a 5 or 6 membered monocyclic heteroaryl ring fused to either a phenyl ring, a 5

(9]

or § membered monocyciic cycioaikyl, a 5§ or 6 membered monocyciic cycioaikenyl, a 5 or 6
membered monocyckic heterocyclyi, or a 5 or 6 membered monocyclic heteroaryi, wherein
the fused cycloalkyi, cycioalkenyl, and heterocycly! groups are optionally substituted with one
or two groups which are independently oxo or thia.
The terms “heterocyclyl” and “heterocycloalky!” as used herein, mean a monocyclic
1% heterocycle or a bicyclic heterocycle. The monocyciic heterocycle is a 3, 4, 5, 6 or 7
membered ring containing at least one heteroatom independently selected from the group
consisting of O, N, and S where the ring is saturated or unsaturated, but not aromatic. The 3
or 4 membered ring contains 1 heteroatom selected from the group consisting of O, Nand S.
The 5 membered ring can contain zero or ong double bond and one, two or three
15  heteroatoms selected from the group consisting of O, N and S. The 6 or 7 membered ring
contains zero, one or two double bonds and one, two or three heteroatoms selected from the
group consisting of O, N and S. The monocyclic heterocycle is connected to the parent
molecular moiety through any carbon atom or any nitrogen atom contained within the
monocyclic heterocycle. Representative examples of monocyclic heterocycle include, but are
20 not limited to, azetidinyl, azepanyl, aziridinyl, diazepanyi, 1,3-dioxanyi, 1,3-dioxolanyi,
1,3-dithiolanyt, 1,3-dithianyl, imidazolinyl, imidazolidinyl, isothiazolinyl, isothiazolidinyl,
isoxazotlinyl, isoxazolidinyl, morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazolinyi,
oxazolidinyl, piperazinyt, piperidinyl, pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrolidinyi,
tetrahydrofuranyl, tetrahydrothienyi, thiadiazolinyi, thiadiazolidinyi, thiazolinyl, thiazolidinyi,
25  thiomorpholinyl, 1,1-dioxidothiomorphalinyt (thiomorpholine sulfone), thiopyranyi, and
trithianyl. The bicyclic heterocycle is a monocyclic heterocycle fused to either a phenyt, a
monocyclic cycloalkyl, a monocyclic cycioalkenyl, a monocyclic heterocycle, or a monocyclic
heterocaryl. The bicyclic heterocycle is connected to the parent molecular moiety through any
carbon atom or any nitrogen atom contained within the monocyclic heterocycle portion of the
30 bicyclic ring system. Representative examples of bicyclic heterocyclyls include, but are not
limited to, 2,3-dihydrobenzofuran-2-yl, 2,3-dihydrobenzofuran-3-yi, indolin-1-yi, indolin-2-yi,
indoiin-3-yl,  2,3-dihydrobenzothien-2-yi,  decahydroquinolinyl,  decahydroisoguinolinyi,
octahydro-iH-indolyl, and octahydrobenzofuranyi. Heterocyciyl groups are optionally

substituted with one or two groups which are independently oxo or thia. in certain

(23
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embodiments, the bicyclic heterocyclyl is a 5 or 6 membered monocyciic heterocyclyl ring
fused to phenyt ring, a 5 or 6 membered monocyclic cycloalkyl, a 5 or 6 membered

monocyclic cycloalkenyl, a 5 or 6 membered monocyciic heterccyclyl, or a 5 or 8 membered
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monocyclic heteroaryf, wherein the bicyclic heterocyclyl is opticnally substituted by one or
two groups which are independently oxo or thia.

The term “nitro” as used herein, means a -NQO, group.

The term "oxo” as used herein means a =0 group.

The term “saturated” as used herein means the referenced chemical structure does

(9]

not contain any multiple carbon-carbon bonds. For example, a saturated cycloalkyl group as
defined herein includes cyclohexyi, cyclopropyl, and the like.
The term "substituted”, as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a specified substituent, provided that the
1% substitution results in a stable or chemically feasible compound. The term "substitutable”,
when used in reference to a designated atom, means that attached to the atom is a hydrogen
radical, which can be replaced with the radical of a suitable substituent.
The phrase "one or more” substituents, as used hergin, refers to a number of
substituents that equals from one to the maximum number of substituents possible based on
15  the number of available bonding sites, provided that the above conditions of stability and
chemical feasibility are met. Unless otherwise indicated, an optionally substituted group may
have a substituent at each substitutabie position of the group, and the substituents may be
either the same or different. As used herein, the term "independently selected” means that
the same or different vaiues may be selected for multiple instances of a given variable in a
20 single compound.
The term “thia” as used herein means a =S group.
The term “unsaturated” as used herein means the referenced chemical structure
contains at ieast one multiple carbon-carbon bond, but is not aromatic. For exampie, a
unsaturated cycloalkyl group as defined herein includes cyclohexenyl, cyclopentenyi,
25  cyclohexadienyt, and the like.
it will be apparent to cne skilled in the art that certain compounds of this disclosure
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the
scope of the disclosure. Unless otherwise stated, structures depicted herein are also meant
to include all stereochemical forms of the structure; i.e., the R and § configurations for each
30 asymmetric center. Therefore, single stereochemical isomers as well as enantiomeric and
diastereomeric mixtures of the present compounds are within the scope of the disclosure.
Both the R and the S stereochemical isomers, as well as all mixtures thereof, are included
within the scope of the disciosure.

“Pharmaceutically acceptabie” refers to those compounds, materials, compositions,

(23
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and/or dosage forms which are, within the scope of sound medical judgment, suitable for
contact with the tissues of human beings and animais without excessive toxicity, irritation,

allergic response, or other problems or complications commensurate with a reasonable
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benefit/risk ratic or which have otherwise been approved by the United States Food and
Drug Administration as being acceptable for use in humans or domestic animals.
“Pharmaceutically acceptable salt” refers to both acid and base addition salts.

“Therapeutically effective amount” refers to that amount of a compound which, when

(94

administered to a subject, is sufficient to effect treatment for a disease or disorder described
herein. The amount of a compound which constitutes a “therapeuticaily effective amount” will
vary depending on the compound, the disorder and its severity, and the age of the subject to
be treated, but can be determined routinely by one of ordinary skill in the art.
“Modulating” or “modulate” refers to the treating, prevention, suppression,
1% enhancement or induction of a function, condition or disorder. For exampile, it is believed that
the compounds of the present disclosure can modulate atherosclerosis by stimulating the
removal of cholesterol from atherosclerotic lesions in a human.
“Treating” or “treatment” as used herein covers the treatment of a disease or disorder
described herein, in a subject, preferably a human, and includes:
t5 i. inhibiting a disease or disorder, i.e., arresting its development;
it. relieving a disease or disorder, i.e., causing regression of the disorder;
iti. slowing progression of the disorder; and/or
iv. inhibiting, relieving, ameliorating, or slowing progression of one or more symptoms of
the disease or disorder
20 “Subject” refers to a warm blooded animal such as a mammal, preferably a human, or
a human child, which is afflicted with, or has the potential to be afflicted with one or more
diseases and disorders described herein.
“ECs," refers to a dosage, concentration or amount of a particular test compound that
elicits a dose-dependent response at 50% of maximal expression of a particular response
25  thatis induced, provoked or potentiated by the particular test compound.
“1Csq” refers to an amount, concentration or dosage of a particular test compound that

achieves a 503% inhibition of a maximal response in an assay that measures such response.

Methods of Preparation

The compounds of the present disclosure may be prepared by use of known chemical

30  reactions and procedures. Representative methods for synthesizing compounds of the
disclosure are presented below. It is understood that the nature of the substituents required

for the desired target compound often determines the preferred method of synthesis. Al
variable groups of these methods are as described in the generic description if they are not

specifically defined below.

35  @General procedure
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Those having skill in the art will recognize that the starting materials and reaction
conditions may be varied, the sequance of the reactions altered, and additional steps
empiloyed to produce compounds encompassed by the present disclosure, as demonstrated

by the following examples. Many general references providing commonty known chemical

(94

synthetic schemes and conditions useful for synthesizing the disclosed compounds are
available (see, e.g., Smith and March, March's Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, Fifth Edition, Wiley-Interscience, 2001; or Vogel, A Textbook of
Practical Organic Chemistry, including Qualitative Organic Analysis, Fourth Edition, New
York: Longman, 1378).

10 Starting materials can be obtained from commercial sources or prepared by well-
established literature methods known to those of ordinary skill in the art. The reactions are
performed in a solvent appropriate to the rsagents and materials employed and suitable for
the transformations being effected. It will be understood by those skilled in the art of organic
synthesis that the functionality present on the molecuie should be consistent with the

15  transformations proposed. This will somatimas require a judgment to modify the order of the
synthetic steps or to select one particular process scheme over anothear in order to obtain a

desired compound of the disclosure.

in some cases, protection of certain reactive functionalities may be necessary to

achieve some of the above transformations. In general, the need for such protecting groups

20 as well as the conditions necessary to attach and remove such groups will be apparent to
those skilled in the art of organic synthasis. An authoritative account describing the many
alternatives to the trained practitioner are J. F. W. McOmie, "Protective Groups in Organic
Chemistry", Plenum Press, London and New York 1973, in T. W. Greene and P. G. M. Wuts,
“Protective Groups in Organic Synthesis", Third edition, Wiley, Naw York 1999, in "The

25 Peptides"; Volume 3 (editors: E. Gross and J. Meienhofer), Academic Press, London and
New York 1981, in "Methoden der organischen Chemie", Houben-Weyl, 4 sup.th edition, Vol.

1541, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheit, "Aminosauren,
Peptide, Proteine”, Verlag Chemie, Weinheim, Deerfield Beach, and Basel 1982, andjor in
Jochen Lehmann, "Chemie der Kohlenhydrate: Monosaccharide and Derivate”, Georg

3¢  Thieme Verlag, Stuttgart 1974. The protecting groups may be removed at a convenient

subsequent stage using methods known from the art.

LC/MS analysis is conducted on an Agilent 1200 HPLC with a quadrupole mass

analyzer. LC chromatography used an Agitent XDB-C18 column (4.6x50 mum, 1.8 ym) with a
water/facetonitrile (each with 0.2% (v/v) formic acid) gradient at a flow rate of 0.5 mi/min.

35  HRMS analyses are performed at the Duke MS Center. Thin-layer chromatography (TLC) is

performed on Sigma-Aldrich plates with a fluorescent indicator. Proton ('H) and carbon (*C)
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NMR spectra are recorded at 300 and 75 MHz, respectively, on a Varian Spectrometer.
Chemistry shifts (8) are reported in parts per million (ppm) referenced to 'H {TMS at 0.00),
“C (DMSO at 39.55, CDCl; at 77.0, and CD;0D at 49.0). Column chromatography is

conducted using either silica gel (Silicycle 40-64 um) or prepacked RediSep columns

94

(Teledyne isco Inc,, Lincoln, NE) on an Isco CombiFiash Rf instrument. All moisture-sensitive
reactions are carried out using dry solvents and under a slight pressure of ultra-pure quality
argon. Glassware is dried in an oven at 140°C for at least 12 h prior to use, and then
assembied quickly while hot, sealed with rubber septa, and allowed to cool under a stream of
argon. Reactions are stirred magnetically using Teflon-coated magnetic stirring bars.
16 Commercially availabie disposabie syringes are used for transferring reagents and solvents.

The disclosures of all articles and references mentioned in this application, including

patents, are incorporated herein by reference in their entirety.

EXAMPLES
15 The preparation of the compounds of the disclosure is illustrated further by the

following examples, which are not {o be construed as limiting the disclosure in scope or spirit

to the specific procedures and compounds described in them. in all cases, uniess otherwise

specified, the column chromatography is performed using a silica gel solid phase.

Exampie 1

]
i
ff//
e
20 HoN
4-((4-aminophenyi)buta-1,3-diynyl)-N-(3-hydroxy-1-(hydroxyamino)-2-methyl- 1-oxobutan-2-
yhibenzamide
NH,CBn HCI ~
HOy,, IMNaOH  HOs,_-CHs Epé piEa. HOBT HOz, ~Chy
o THF, MPOH MES A p
H.CV87CO,-Bu 1t 24 Hay co,H  DCM.rt H,C & “C(O)NHOBR
Ny N - N3
1 2 3

25
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3
4

Azido alcohol fwas hydrolysed using agueous NaOH to give azidocarboxylic acid 2,
which was converted info O-benzyl protected hydroxamate 3 using standard EDC coupling

conditions. Upon hydrogenolysis, using palladium over activated carbon as catalyst,

(943

hydroxamate 3 was transformed into amino alcohol 4. Reaction of this amino alcoholwith
pentafiuorophenyl (PFP) ester afforded 4-((4-aminophenyl)buta-1,3-diynyi)-N-(3-hydroxy-1-

{hydroxyamino)-2-methyl-1-oxobutan-2-yi)benzamide.

10  Example 2
OH

Hggc\f,\

I N
O

N-(4,4-difluoro-3-hydroxy-1-{hydroxyamino)-2,3-dimethyl-1-oxobutan-2-yi)-4-((4-
(morpholinomethyliphenyl)ethynybenzamide

15 Examples 3-28
Additional compounds are prepared substantially according to the procedures

described above:

Example Compound Structure
Neo.
Otrm
H
0 N\’g/" "OH
R oo
3 &

(J

(25.35)-4,4-difluoro-N,3-dihydroxy-3-methyl-2-((3-{4-
{phenylethynyl)phenyl)propyhamino)butanamide
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4 7

()

4 4-difluoro-N,3-dihydroxy-2,3-dimethyl-2-({3-(4-
{phenyiathynyi)phenyl)propyllamino butanamide

O X e
43 O n\/\r\j%(n'ou
0 H o

N-(2-((4 ,4-difluoro-3-hydroxy-t-(hydroxyamino)-2,3-dimethyl-1-
oxohutan-2-ylaminojethyi)-4-(phenylethynyilbenzamide

O A 2t
Qi L
N\/\N N"OH
) H o
N-(2-({{25.3S)-4 4-difluoro-3-hydroxy-1-(hydroxyamino)-3-

methyi-1-oxobutan-2-yiyamino)ethyi)-4-
{phenyilathynyilbenzamide

Ol

o
i N
O NN "OH
H H

N-{({4.4-diftuorc-3-hydroxy-1-(hydroxyamino)-2, 3-dimethyf-1-
oxobutan-2-ylJamino)methyl}-4-(phenylethynyhbenzamide

[e]

;%FZH
0 H
O NN N.oH
H H

)
8 Z

N-{{({(2S,38)-4 4-difluoro-3-hydroxy-1-(hydroxyamino)-3-methyl-
1-oxohutan-2-yhamino)methyi)-4-(phenylethynyf)benzamide

OH_
CF i
o} "
N
C K
9 o]

N-(5,5-difluoro-4-hydroxy-3-(hydroxycarbamoyi)-3.4-
dimethyipentyi}-4-(phenylethynyi}benzamide
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Iz
e
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/
C
I

10 Z

(

N-(5,5-diftuora-4-hydroxy-3-(hydraxycarbamoyt)-4-
methyipentyt}-4-(phenylethynyl)benzamide

o
o) gzt
H
N
Yy
H
o

11 Z

(J

N-(4-(hydroxyamino}-3-(methyisuifonyi}-4-oxobutyl)-4-
{phenylethynyi}benzamide

o
Nhe
i3

Q
H
N
ﬁ 8]
C
12 4

N-{4-(hydroxyamino)-3-methyl-3-(methyisuifonyl)-4-oxabutyl}-4-
(phenyiethynyi)benzamide

13
G
N-hydroxy-2-{methyisulfonyl)-5-(4-
{phenyiethynyl)phenyl)pentanamide
i4

N-hydroxy-2-methyl-2-(methylsuffony!}-5-(4-
(phenylethynylhiphenyl)pentanamide
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15

[e]

\g//o

®

N-hydroxy-2-(methyisulfonyl)-6-(4-
(phenyiethynyilphenyl)hexanamide

16

o}

~ g//o

®

N-hydroxy-2-methyi-2-(methyisulfonyl)-6-(4-
{phenytethynyl)phenyhhexanamide

17

A o
S
H
NS
OH
0

N-hydroxy-2-methyi-2-(methyisuifonyl)-7-(4-
(phenyiethynyl)phenyi)heptanamide

18

% \9//0
S
H
NQ
OH

0
N-hydroxy-2-(methylsuifonyi)-7-(4-
(phenyiethynyilphenyl)heptanamide

18
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F { OH
(0]
O ” NHOH
O

18.1 HN(), O o

N-(4 4-difluoro-3-hydroxy-1-(hydroxyamino)-3-methyl-1-
oxobutan-2-yl)-4-((4-(piperazin-1-
yimethyl)phenyl)ethynyhbenzamide

g\'\;,Oh

,f\/ﬁ\ o NHOH
Y
~ Z )
N E/ Xy
20 !\/”:‘1\/L\/

N-((28,35)-4 4-difiuoro-3-hydroxy-1-(hydroxyamino}-3-methyl-1-
oxobutan-2-yl)-4-((4-(piperazin-1-
ytmethyl)phenyl)ethynyl)benzamide

F OH
O
O ” NHOH
O

Z
20.1 Y O

N-(4 4-difluoro-3-hydroxy-1-(hydroxyamino)-3-methyl-1-
oxobutan-2-yl)-4-{((4-((4-methylpiperazin-1-
yhmethyhphenyllethynybbenzamide

21 o™ Z

N
N-((25.35)-4 .4-difluorc-3-hydroxy-1-(hydroxyamino)-3-methyi-1-
oxobutan-2-yi)-4-(5-morpholinopenta-1.3-divn-1-vl)benzamide

- F

o OH

NHOH

Iz

21.1 Z

O
NP
N-(4 4-difluoro-3-hydroxy- 1-(hydroxyamino)-3-methyl-1-
oxobutan-2-yi)-4-(5-morpholinopenta-1,3-diyn-1-yi}benzamide
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. F
N oH
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PN JLN, _NHOH
XN O
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N-((23,38)-4.4-difluoro-3-hydroxy-1-(hydroxyamino)-3-methyi-1-
oxobutan-2-y1-4-(5-morpholinohexa-1,3-diyn-1-y)benzamide

F
F

o OH

NHOH

Iz

Z
22.1 0 7 ~

N-(4 4-difluoro-3-hydroxy-1-(hydroxyamino)-3-methyl-1-
oxobutan-2-yl)-4-(5-morpholinohexa-1,3-divn-1-yi}benzamide

4-fluoro-N, 3-dihydroxy-2,3-dimethyi-2-({4-({4-
{morpholinomethyi)phenyl)ethynyilbenzylamino)butanamide

O F

(35)-4-fluoro-N,3-dihydroxy-2,3-dimethyl-2-{(4-{(4-
(morpholinomethyi)phenylethynyilbenzyhlaminobutanamide

Q F

(3S)-4 4-difluoro-N,3-dihydroxy-2, 3-dimethyi-2-((4-{(4-
{morpholinomethyi}phenyllethynyilbenzyhaminolbutanamide

23

24

25
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Q F
C %*

4 4-difluoro-N,3-dihydroxy-2,3-dimethyl-2-((4-((4-
(morpholinomethyi)phenyl)ethynyilbenzyhamino)butanamide

oL,
pa

(38)-4-fluoro-N, 3-dihydroxy-2,3-dimethyi-2-((3-(4-((4-
(morpholinomethyi)phenylethynyl)phenyl)propyl)amino)butana
mide

4-fluoro-N,3-dihydroxy-2,3-dimethyt-2-((3-(4-((4-
(morphalinomethyl)phanyl)ethynyilphenyl)propyllaminohutana
mide

O :

(35)-4 . 4-diftuoro-N,3-dihydroxy-2, 3-dimethyl-2-((3-(4-((4-
(morpholinomethyi)phenyliethynyl}phenyl)propyl)amino)hutana

mide
SRS

25.1

26

264

27

\\ £

Qi

274 4
4,4-difluoro-N,3-dihydroxy-2,3-dimethyi-2-((3-(4-((4-
(morpholinomethyi)phenylethynyl)phenyl)propyl)amino)butana
mide

40~
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ZT

V4
V4

28

OH
(3S)-2-((4-((1H-pyrazoi-4-yhbuta-1,3-diyn-1-yl}benzyi}amino)-4-
flucro-N, 3-dihydroxy-2,3-dimethylbutanamide

H
N
N, |
\
X
X onF
H
N
28.4
NH
O bH

2-({4-((1H-pyrazol-4-yhbuia-1,3-diyn-1-yhbenzyliamino}-4-
fluoro-N,3-dihydroxy-2,3-dimethylbutanamide

H
N
N |
X
X
29
O bu
(38)-2-((4-{(1H-pyrazol-4-yijbuta-1,3-diyn-1-yi}benzyhamino)-
4 4-difiuoro-N,3-dihydroxy-2,3-dimethylbutanaimide
H
/N
Ny |
A
A onF
n F
28.1
NH
o bu

2-((4-((1H-pyrazol-4-yhbuta-1,3-diyn- 1-yl}benzyl)amino)-4 ,4-
diffucro-N, 3-dihydroxy-2, 3-dimethylbutanamide
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Example 30
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N-hydroxy-2-methyl-2-(methyisuifonyl}-4-(2-oxo-4-(phenylethyny)pyridin-1(2H)-

yhbutanamide

(9]

Example 31: Biological Examples

Protein purification

Plasmids encoding wild-type £. coli LpxC, P. aeruginosa LpxC {residues 1-299) with

a 408 mutation, and A. aeoficus LpxC lacking the eight C-terminal amino acids and
containing a C181A mutation (1-274) are prepared following established procedures. An E.

10 coli LpxC construct iacking the C-terminal five amino acids (1-300) is prepared by using the
QuikChange site-directed mutagenesis kit (Stratagene) from the full-length £. cofi LpxC
gene. LpxC proteins are overexpressed in BL21(DE3)STAR cells (Invitrogen) grown in LB
media and purified using anion-exchange (Q-Sepharose Fast Flow, Amersham) and size
exclusion (Sephacryt S-200 HR, Amersham) chromatography. Purified proteins are
concentrated and buffer-exchanged into 25 mM HEPES, pH 7.0, with 100mM KCl and 0.1
mM ZnSO.. For the EclpxC proteins, 2mM dithiothreitol is added to all the purification

[
(9]

buffers. All proteins samples for enzymatic assay and crystalicgraphy are stored at -80°C.

Enzvmatic inhibition Assay
LUDP-3-0-[(R)-3-hydroxymyristoyl}-N-acetylglicosamine and [a-*PJUDP-3-C-[(R)-3-

20 hydroxymyristoyl}-N-acetylgiucosamine are prepared as previously described. Assays of

LpxC activity are performed at 30 °C in 25 mM sodium phosphate, pH 7.4, 1 mg/mL bovine
serum albumin, 100 mM KCl and 2 mM DTT, in the presence of 5 yM substrate and 0.2 nM
EclpxC, uniess noted otherwise. 10% DMSO is included and heid constant in assay
mixiures. Initial velocities are calculated from the linear portion of reaction progress curves
25 (<10% conversion of substrate to product).

Ky and Vi, values are determined by varying the substrate concentration from 0.5 to
50 yM. Data is analyzed using an Eadie-Hofstee plot and by a nonlinear curve-fitting
program (KaleidaGraph, Synergy Software); the resultant values are nearly identicai within

experimental errors. To determine a K, value, the compound concentrations are varied from
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12.5 pM to 15 nM, or from 0.8 pM o 51 nM. Fractional activity (u/uy) versus the compound

concerntration is plotted and fitted to calculate a " value using the Morrison eguation:

1 e L e e JUEL + [T+ K2 - 4 EL (1,
W 2AE),

where u; is the initial velocity of the reaction in the presence of the inhibitor, u¢ is the initial
velocity of the reaction in the abserice of the inhibitor, [E}y is the total enzyme concentration,

and [i}y is the totai inhibitor concentration. A K value is calculated using:
K, =K/(1+[81/K,). where [S] is the substrate concentration. All measurements are

done in triplicates.

Construction of £. coli W3110PA

P. aeruginosa IpxC is used to replace £. coli chromosomal fpxC. A linear PCR

product containing the P. aeruginosa ORF with flanking sequences cortaining 33 bps of DNA
compiementary to the upstrearn 5’ region of £. coli ipxC and 45 bps of DNA complementary
to the downstream 3’ region of E. coli [pxC, is amplified from a plasmid carrying P.
aeruginosa IpxC using primers pa-LpxC-5' (5-TCG GTT GGA TAG GTA ATT TGG CGA
GAT AAT ACG ATG ATC AAA CAA CGC ACC TTG AAG AAC ATC-3") and pa-LpxC-3' (5-
GTG CCA GAT TTG CCA GTC GAA TTT TAT ACG ACA GTA TAA ATG TCG CTA CAC
TGC CGC CGC C-3"). This PCR product is gel purified and then electroporated into £, coli
DY330 cells, which carry A-red recombinases, using a Bio-Rad Gene Pulser il set to 2.5 kV,
25 4, and 400 (. While DY330 cannot stivive on the LB/agar plate supplemented with 15
wgimb of the compound of disclosure, cells wherein £. coli IpxC replaced with P. aeruginosa
ipxC can survive on this media. Transformants are therefore selected directly using the
compound of disclosure without introducing a closely linked resistance cassette for a different
antibiotic marker. Genomic DNA from resistant colonies is isclated, and the region around
IpxC amplified with primers 300-up-ipxC (5-ACA AAC GTC CTG AAA TCA CTC TGG TG-3')
and 300-down-lpxC {(5-TCC CTA ATA AGA GAT GCG GCC AGA A-3’), and seguenced with
primers pal.pxC-361-5" (5-GAG CAG GAA GCT GCC AA-3") and pal.px(C-581-3" (5-GTA
CTC GAT GTC GCG CA-3'). One clone in which PalpxC had reptaced chromosomal EclipxC
is selected and grown at 30 °C. This strain is used to generate P1vir lysate, which is used
transduce chromosomal PalpxC into the chromosome of £. cofi W3110. Transduced celis are
plated on LB/agar containing 15 ug/mbL of the compound of disciosture and 10 mM sodium
citrate. The resulting colonies are purified 3 times on this media. Genorhic DNA from
resistant colonies is isolated, and the region around fpxC is amplified with the primers 300-
up-ipxC and 300-down-IpxC, and sequenced with palpxC-361-5" and palpxC-581-3’. The

colony that harbored the P. aeruginosa fpxC knock-in is named as W3110PA.
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Minimum {nhibitory Concentration {MiC)

MICs are determined according to the NCCLS protocol using 86-well plates. Briefly,
diluted bacterial cells (10° cells/mL) are added into each well of the 96-weli plates containing
LB medium with 5% DMSQO and various concentrations of the compound of disclosure. After
incubation of the plates for 22 hours at 37 °C, [4,5-dimethyithiazol-2-yi}-2,5-
diphenyitetrazolium bromide solution (MTT) is added (final concentration, .2 mg/mi) and
incubated at 37 °C for another 3 hrs. MIC is determined as the lowest concentration of an
antibiotic that prevented color change {yellow to purple).

The antibiotic activities of several exemplary compounds useful in the methods of the
disclosure are evaluated by measurements of minimum inhibitory concentrations {(MICs)
using wild-type E. cofi (W3110), P. aeruginosa (PAO1), F. novicida U112 (FNUT12), and
modified £. coff strains with the native {pxC gene replaced by that of R. Jeguminosarum
(W3110RL) or P. aeruginosa (W3110PA).

Compounds of the invention have MIC values generally ranging from about 0.01

ug/mi to about 400 pg/mi. Representative resulis are also iliustrated in Table 1.

Table 1
Example | E. cofi E. cofi PZ E. cofi E. coii
No | Wa110 | W3110RL aCTUGIOSE | W3T10PA | W3TIONG FNu112
) 018 15 15 0.03 0.144 06
0.13 >50 6.25 6.25 50 6.25
2 625 50 50
3 6
18 >4 >5 25
20 =1 31 0.05
71 046 158 35
7, = 5 =
3B <078 <078 <078 25

Additional resuits of minimum inhibitory concenirations (MiCs) using V. cholera (P4),
8. typhimurium (LT2), and K. pneumonia (438186) are showin in Table 2
Table 2

Exampie No. Y. cholera (P4} S. typhimurium (LT2} | K. pneumonia (43816}

1 0.03 0.144 0.6

The antibiotic activities of several exemplary compounds useful in the methods of the
disclosure are evaluated by measurements of minimum inhibitory concentrations (MICs)
using two N. gonorrhoeae strains: FA19 {a drug-sensitive strain) and 35/02 {drug-resistant

strain.) FA1S is an isolate from uncomplicated infection and was lyophilized in 1962. 35/02
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displays intermediate-level resistance to extended spectrum cephalosporins such as
ceftriaxone (MIC = 0.12 ug/ml) and cefixime (MIC = 0.28 pg/mi) and high-level resistance (o
penicillin {(MIC = 6 pg/mi). The strain is being sequenced to elucidate the mechanisms

involved in high-level chromosomally mediated resistance.

Disk Diffusion Assay

An assay was peformed on two strains of Acinefobacter Baumanniii antibiotic
susceptible strain (Sus. A.h. Isolate), and multidrug-resistant strains (MDR A.b. isolate). The
activity was aiso peformed on twa N. gonorrhoeae strains: FA18 {a drug-sensitive strain) and
35/02 (drug-resistant strain.}) 2 pg of compound is added per disc, which is 6 mm in
diameter. Activity is measured as the diameter (in mm) of the growth inhibition.

it is understood that the exampies and embodiments described herein are for
illustrative purposes only and that various maodifications or changes in light thereof wili be
suggested to persons skilied in the art and are to be incorporated within the spirit and
purview of this application and scope of the appended claims. All publications, patents, and

patent applications cited herein are hereby incorporated herein by reference for all purposes.
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What is claimed is:

1. A compound of the formula:
R R
/QQT}YLN,Rz
R1 — II:\ - X fl?:a

or a pharmaceutically acceptable salt thereof, wherein

Q, Y, D, and X independently represent CH or nitrogen, provided that at least two of Q, Y, D,
and X are CH;

each R is independently hydrogen, or C4-Ce alkyl, or two R groups form =0;

R1 is -C =C-Ry, aryl optionally substituted with Rs, heteroaryl optionally substituted with Rs, or
heterocyclyl optionally substituted with Re;

Ros

R24i§|2.{6

3

Rz is 15 Rio -

R3 is hydrogen or C4-Cs alkyl;

R4 is C1-Cs alkyl optionally substituted with Ry, aryl optionally substituted with Rg, heteroaryl
optionally substituted with Rg, or heterocyclyl optionally substituted with Rg;

each Rg is independently selected from the group consisting of halogen, -NO2, -CN, C4-Ce
alkyl, C4-Cs haloalkyl, -NHa, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)2, -OH, C4-Ceg alkoxy, Cs-
Cs haloalkoxy, aryl, aryl(C+-Cs alkyl), heteroaryl, heteroaryl(C+-Ce alkyl), heterocyclyl,
and heterocyclyl(C1-Cs alkyl), wherein each alkyl, aryl, heteroaryl, or heterocyclyl
moiety is optionally substituted with one or more Riy;

each Ry is independently selected from the group consisting of halogen, -NHz, -NH(C+-Cs
alkyl), -N(C+-Ce alkyl)2, -OH, C4-Ce¢ alkoxy, and C4-Cs haloalkoxy;

each Rg is independently selected from the group consisting of halogen, -NOa, -CN, C4-Ce
alkyl, C4-Cs haloalkyl, -NHa, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)2, -OH, C4-Cg alkoxy, Cs-
Cs haloalkoxy, -SH, -S(C4-Cs alkyl), oxo, hydroxy(Cs-Cs alkyl), alkoxy(C1-Cs alkyl),
amino(C4-Cs alkyl), -CH2-NH(C4-Cs alkyl), -CH2-N(C+-Cg alkyl)2, -CONH>, -CONH(C1-
Cs alkyl), -CON(C+-Cs alkyl)z, -CONH-OH, -CONH-NH,, -COH, -COzH, -CO2(C1-Ce
alkyl), -OCO(C1-Cs alkyl), -NHCO(C+-Cs alkoxy), -NHCO(C1-Ce
alkyl), -NHCONH_, -NHCONH(C+-Cs alkyl), -NHC(=NH)NH,, -NH-S(0O)02-(C+-Cs
alkyl), -NH-S(O)o-2-aryl, -NH-S(O)o-2-heteroaryl, aryl(C+-Cs alkyl), heteroaryl(C+-Cs
alkyl), heterocyclyl(C+-Cs alkyl), -CH2-NHCONH, -CH2-NHCONH(C+-Cs alkyl),

and -CH,-OCO(C+-Cs alkyl);
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Rio is -CONHz, -CONH(C1-Cs alkyl), -CON(C4-Cs alkyl)2, -CONH-OH, -CONH-NH;, -CO2H,
or -CO2(C+-Cs alkyl);

each R is independently selected from the group consisting of halogen, -NO, -CN, C;-Ce
alkyl, C4-Cs haloalkyl, -NH,, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)z, -OH, C4-Cs alkoxy, C+-
Cs haloalkoxy, -SH, -S(C+-Cs alkyl), oxo, hydroxy(Ci-Ce alkyl), alkoxy(C1-Cs alkyl),
amino(C4-Cs alkyl), -CONH,, -CONH(C+-Cs alkyl), -CON(C+-Cs alkyl)2, -CONH-
OH, -CONH-NHz, -COH, -COzH, -CO(C+-Cs alkyl), -OCO(C4-Cs alkyl), -NHCO(C+-Ce
alkoxy), -NHCO(C;-Cs alkyl), -NHCONH,, -NHCONH(C+-Cs
alkyl), -NHC(=NH)NH,, -NH-S(0O)0-2-(C+-Cs alkyl), -NH-S(O)oz-aryl, and -NH-S(O)o-2-
heteroaryl;

R24 is selected from the group consisting of hydrogen, halogen, C4-Cs alkyl, C1-Cs
haloalkyl, -NH>, -NH(C1-Cs alkyl), -N(C1-Cs alkyl)2, -OH, C+-Cs alkoxy, C+-Cg
haloalkoxy, -SH, -S(C+-Cs alkyl), hydroxy(C4-Cs alkyl), alkoxy(C1-Cs alkyl), amino(Cs+-
Cs alkyl), -NHCO(C;-Cs alkyl), -NHCONH2, -NHCONH(C+-Cs alkyl), -OCO(C1-Cs
alkyl), and -NHCO(C+-Ceg alkoxy);

R2s is selected from the group consisting of hydrogen, halogen, C4-Cs alkyl, C1-Ce
haloalkyl, -NH., -NH(C+-Cs alkyl), -N(C+-Cs alkyl)2, -OH, C4-Cs alkoxy, C1-Cs
haloalkoxy, -SH, -S(C4-Cs alkyl), hydroxy(Cs-Ce alkyl), alkoxy(C+-Cs alkyl), and
amino(C+-Ce alkyl); and

R is C1-Cs alkyl or C4-Cg haloalkyl.

2. A compound according to claim 1, wherein R is Cq haloalkyl; or Razs is —CHaF,
—CHF3, or —CFj3; or Rgs is —CHF2, or Ry is C4-Ce alkyl; or Ras is methyl.

3. A compound according to claims 1 or 2, wherein Ras is hydrogen, halogen, C4-Ce
alkyl, or C1-Cs haloalkyl; or Rys is hydrogen or C+-Cg alkyl; or Ras is hydrogen; or Ros is C+4-Cs
alkyl; or Ros is methyl.

4. A compound according to any one of claims 1-3, wherein Rqg is -CONH-OH, -CONH-
NH2, or -CO2H; or wherein Ryg is -CONH-OH.

5. A compound according to claim 1, where Rz is of formula:

OH F,HC.| OH
@] O
JI7

CH5 NHOH CH, NHOH

6. A compound according to any one of claims 1-14, wherein two R groups form =0.
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7. A compound according to any one of claims 1-5, wherein R1 is -C=C-Rg.

8. A compound according to claim 7, wherein Rs is aryl optionally substituted with Rg, or
heteroaryl optionally substituted with Rg; or wherein R4 is aryl optionally substituted with Rg;

or wherein R4 is phenyl optionally substituted with Rg.

9. A compound according to claim 8, wherein Rg is selected from the group consisting of
halogen, -CN, C+-Cs alkyl, C1-Cs haloalkyl, -NOg, -NHa, -NH(C1-Cs alkyl), -N(C+-Cs

alkyl)z, -OH, C+-Cs alkoxy, -CONHz, -COH, -CO2H, -NHCO(C1-Cs

alkyl), -NHCONHz, -NHCONH(C+-Cs alkyl), and -NH-S(0O)o.2-(C1-Cs alkyl).

10. A compound according to claim 8, wherein Rs is selected from the group consisting of
halogen, -NOa, -NHa, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)z, -OH, C4-Cs alkoxy, and C+-Cs

haloalkoxy.

11. A compound according to any one of claims 1-5, wherein Ry is aryl optionally
substituted with Rs, or heteroaryl optionally substituted with Re; or wherein R is aryl

optionally substituted with Re; or wherein R1 is phenyl optionally substituted with Re,

12. A compound according to claim 11, wherein R is selected from the group consisting
of halogen, -NO,, -CN, C4-Cs alkyl, C1+-Cs haloalkyl, -NHz, -NH(C+-Cs alkyl), -N(C1-Cs

alkyl)2, -OH, C+-Cs alkoxy, and C+-Cs haloalkoxy; or wherein R is selected from the group
consisting of aryl, aryl(C+-Ce alkyl), heteroaryl, heteroaryl(C+-Cs alkyl), heterocyclyl, and
heterocyclyl(C+-Cs alkyl), wherein each alkyl, aryl, heteroaryl, or heterocyclyl moiety is
optionally substituted with one or more Ri2; or wherein Rg is heterocyclyl(C+-Cs alkyl),

wherein heterocyclyl is optionally substituted with one or more Ri2.

13. A compound according to any one of claims 1-12, wherein each Q, Y, D, and X

independently represents CH.

14. A compound according to claim 1 that is:
4-((4-aminophenyl)buta-1,3-diynyl)-N-(3-hydroxy-1-(hydroxyamino)-2-methyl-1-oxobutan-2-

yhbenzamide;
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N-(4,4-difluoro-3-hydroxy-1-(hydroxyamino)-2,3-dimethyl-1-oxobutan-2-yl)-4-((4-

sae¥

(morpholinomethyl)phenyl)ethynyl)benzamide;

N{

Q

o]

N\H
OH:

S
O\) O S A
N onf
NH
O bu:

Y4

ZT

4
74

ZT

or pharmaceutically acceptable salts thereof.

15. A pharmaceutical composition comprising a compound according to any one of

claims 1-14 and a pharmaceutically acceptable carrier, solvent, adjuvant or diluent.

16. A method of treating Gram-negative bacterial infections, the method comprising

administering to a subject in need of such treatment an effective amount of one or more

compounds according to any one of claims 1-14.

17. A method according to claim 16, wherein the Gram-negative bacteria is

Pseudomonas aeruginosa, Stenotrophomonas maltophilia, Burkholderia cepacia,

Alcaligenes xylosoxidans, Acinetobacter, Enterobacteriaceae, Haemophilus, Neisseria

species, Francisella tularensis, Yersinia pestis, Burkholderia pseudomallei, Burkholderia

mallei, Rickettsia prowazekii, Coxiella burnetti, Campylobacter jejuni, Shigella, Moraxella

catarrhalis, or Chlamydia trachomatis.
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18. A method according to claim 17, wherein Enterobacteriaceae is selected from the
group consisting of Serratia, Proteus, Klebsiella, Enterobacter, Citrobacter, Salmonella,
Providencia, Morganella, Cedecea, Edwardsiella, Escherichia coli, Enterobacter cloacae, and

Enterobacter aerogenes.

19. A method of inhibiting a deacetylase enzyme or LpxC in Gram-negative bacteria, the
method comprising administering to a subject in need of such treatment an effective amount

of one or more compounds according to any one of claims 1-14.

20. A method according to claim 19, wherein deacetylase enzyme is LpxC.
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