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SUBSTITUTED HYDROXAMIC ACID COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of US. Provisional Patent Application No.
5 §1/866,823, filed August 16, 2013, and U.8. Provisional Patent Application No. 81/867 933,

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

STATEMENT RECARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with United States government support awarded by NiH
Grant Nos. GM(O51310, Al055588, and Al084475. The United States government has certain

16 rights in this invention.

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates {o substituted hydroxamic acid compounds, and in particular, {o
such  compounds that inhibit  UDP-3-0-(R-3-hydroxydecanoyi}-N-acetylglucosamine
15 deacstylase {Lpx(C}, and to methods of using such compounds to treat Gram-negative

bacterial infeclions.

Description of the Related Ast

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 lpxC encodes the enzyme uridvidiphospho-3-O-(R-hydroxydecanayi}-N-
acslylglucosamine deacetylase (LpxC). This snzyme is involved in the synthesis of lipid A,
the linid molety of lipopolysaccharide, which is an essential component of all Gram-negative

25 bacleria. Commerciaily useful LpxC inhibitors would nesd fo both inhibit the snzymatic
activity of LpxC from a variety of bacteria and defeat the resistancs mechanisms of Gram-

negative bacteria.

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

such compounds to treat and/or prevent baclerial infections.
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Thus, one aspect (embodiment 1) of the disclosure provides compounds of formula |

R R
/Q\ N,R?
e K] ;
R X Ry
D

or a pharmaceutically acceptable sali thereof, wherein
5 QY. D, and X independently represent CH or nitrogen, provided that at lsasttwo of Q, Y, D,
and X are CH;
each R is indepsndently hydrogen, or C1-Cs alkyl, or two R groups form =0;
R, is ~-C=C-R,, aryl optionally substituted with R, heteroaryt oplionally substituted with R, or

heterocyclyl optionally substituted with Ry;

Ry
Fre
10 Ryis Ryt
R; is hydrogen or C,-Cg alkyl;
R4 is C4-Cs alkyl optionally substituted with Ry, aryl optionally substituted with R,, heleroary!
optionally substituted with Rg, or heterocyciyl optionally substituied with Rg;
each R; is independently hydragen, or C-Cg alkyl;
15 each Rg is independently selected from the group consisting of halogen, -NG,, -CN, C+-Cq
alkyl, C1-Cs haloaliyl, -NH,, -NH(C-Cq alkyl}, -N{C4-C; alkyly,, -OH, C4-Cq alkaxy, G-
Ce haloalkoxy, arvl, aryl{C.-Cy alkyl), heteroaryl, heteroaryl{C,-Cs alkyl), heterocycelyi,
and hsterocyclyi{C.-Cq alkyl), wherein each alkyl, aryl, hetsroaryl, or hetsrocyclyl
maoisty is optionally substituted with ane or more Rqy;
24 each Ry is indepsndently selected from the group consisting of halogsn, ~NH,, ~NH{C+Cs
alkyhy, ~N{C,-C; alkyl),, -OH, C.-C;s alkoxy, and C-C; haloalkoxy,;
each Ry is independently selscisd from the group consisting of halogen, -NO,, -CN, Ci-Cq
alkyl, Ci-Go haloalkyl, -NH., -NH(C-Cg alkyl), -N{C.-Cs alkyly,, -OH, G4-Ce alkony, Cr-
Ce haloalkoxy, -SH, -8{C-Cs alkyl), oxo, hydrony{C-Cs alkyh), alkoxy(C-Co alkyiy,

25 amino{C4-Cg atkyl), ~-CH-NH{C,-Cs aliiyl), ~CHo-N{C -Gy alkyl)s, -CONH,, -CON{(C4-C;
alkyl), -CON{C1-Cs alkyl)z, -CONH-OH, -CONH-NH., -COH, -COoH, -CO«AC:-Ce
alkyl),  -OCO(C+Cs  alkyh,  -NHCO(C~Ce  akkoxy),  -NHOO(C:-Cs

alkyl), -NHCONH,, -NHCONH({C,-Cs alkyl), -NHO(=NH}NH,, -NH-S(0l}-(C:-Cs
alkyl), -NH-S(O).-aryl, -NH-S(O)o-heteroaryl, aryl{C:-Cs aliyl), hsteroaryl{C:-Cs

30 alkyl}, heterocychyl{C+-Cs  alkyl), -CH-NHCONH,, -CH-NHCONH(C-Cs alkyl),
and -CH-OCO(C4-Cy atkyl);
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Rg is C4-Cy alkyl, aryl, arvi{C,-Cq alkyl), heteroaryl, heteroaryl{C4-Cqs alkyl), heterocyclyl, or
heterocyclyl{C-Ce alkyl), wherein sach alkyl, aryl, heteroaryl, or heterocyclyl moisty is
optionally substituted with one or more Ray;

R.o is independently selected from the group consisting of halogen, -NG,, ~-CN, C-Cs alkyl,
C1~Cs haloalkyl, -NH,, -NH{C:-Cy alkyl), -N{C-Cs alkyl), -OH, C41-Cs alkoxy, C4-Cs
haloalkkoxy, oxo, -CONH,, -CON{C-Cs alkyl), -COMNGC-Cy  alkyl), -CONH-
OH, ~CONH-NH,, -CO.H, and -CO,{C4-C; alkyly;

Ry is C4-Cg alkyl;

each Ry is independently selected from the group consisting of halogen, -NO,, -ON, C:-Cs

16 alkyl, C1-Cs haloaliyl, -NH,, -NH(C-Cq alkyl}, -N{C4-C; alkyly,, -OH, C4-Cq alkaxy, G-

Ce haloalkoxy, -SH, -8{C,-Cs alkyl), oxo, hydroxy(Cs-Cs alkyl}, alkoxy({C:-Ce alkyl},
amino{Cq-Ce  alkyl), -CONH,;, -CON(C-Cp alkyl), -CON{Ci-Cs alkyl),, -CONH-
OH, -CONH-NHy, -COH, -CO3H, -CO{C-Cq alkyl), -OCO{C4-Cp alkyl), -NHCO(C-Cq

o

alkoxy), -NHCO{C-Cq alkyl), ~-NHCONHS;, ~-NHCONH{C-Cq
15 allyl), -NHC(=NHMNH;, -NH-S(O).o-{C+-Cs alkyh), -NH-S(O)-aryl, and -NH-5(0)0-
heteroaryl.

Anocther aspect {embodiment 1-A) of the disclosure provides compounds of formula I

R R

/Q ~ R’?
2 N =
i

X R

[4%]

CJ\\
[d

24 or a pharmaceuticaily accepiable salt thereof, wharein
G, Y, D) and X independently reprasent CH or nifrogen, provided that at least two of Q, YV, D,
and X are CH;

each R is independently hydrogen, or C-Cg atkyl, or bwo R groups form =0,

3
5 R is ~C=C-R; or aryl substituted with Ry;
Ry
“é“}"ﬁm

25 Ryis Ryg

R; is hydrogen or C4-Cg alkyl;

R, is heterocyclvi{C4-Cq alkyl) optionally substituted with one or more Ryy;

asach Rs is independently hydrogen, or G4-Cg alkyi;

gach Rs is independently selected from the group consisting of aryl, aryl{C:-Ce alkyl),
30 heteroaryl, heteroaryl{C4-Ce  alkyl), heterocyclyl, and heterocyclyl{C-Cq  alkyl},

wherein sach alkyl, aryl, heteroaryl, or hsterocyclyl molety is optlionally substituted

with one or more Rqy;
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Rg is C4-Cy alkyl, aryl, arvi{C,-Cq alkyl), heteroaryl, heteroaryl{C4-Cq alkyl), heterocyclyl, or
heterocyclyl{C-Ce alkyl), wherein sach alkyl, aryl, heteroaryl, or heterocyclyl moisty is
optionally substituted with one or more Ray;

R.o is independently selected from the group consisting of halogen, -NG,, ~-CN, C-Cs alkyl,
C1~Cs haloalkyl, -NH,, -NH{C:-Cy alkyl), -N{C-Cs alkyl), -OH, C41-Cs alkoxy, C4-Cs
haloalkkoxy, oxo, -CONH,, -CON{C-Cs alkyl), -COMNGC-Cy  alkyl), -CONH-
OH, ~CONH-NH,, -CO.H, and -CO,{C4-C; alkyly;

Ry is hydrogen or C-C; alkyd,

o

each Ry is independently selected from the group consisting of halogen, -NO,, -ON, C:-Cs

16 alkyl, C1-Cs haloaliyl, -NH,, -NH(C-Cq alkyl}, -N{C4-C; alkyly,, -OH, C4-Cq alkaxy, G-
Ce haloalikoxy, -GH, -8{C+Cy alkyl), oxa, hydroxy(C,-Cs alkyl), alkoxy(C-Cg alkyl),
amino{Cq-Ce  alkyl), -CONH,;, -CON(C-Cp alkyl), -CON{Ci-Cs alkyl),, -CONH-

OH, -CONH-NHy, -COH, -CO3H, -CO{C-Cq alkyl), -OCO{C4-Cp alkyl), -NHCO(C-Cq

alkoxys}, -NHCO{C -Gy alkyiy, -NHCONH., ~NHCONH{C+-Cq
5 allyl), ~NHC(ENHINH,, -NH-S(0)o-{C+-Ce alkyl), ~-NH-S{O)oarvl, and ~-NH-5(0O).o~
heteroaryl,

provided the compound is not
N-{4,4-difluorc-3-hydroxy-1-(hydroxyamino -3-methyl-1-oxcbutan-2-y-4-{{(4-
{morpholinomethyhphenyhethynyhbenzamide;
20 N4 4-difluoro-1-(hydroxyamino}3-methoxy-3-methyl-1-oxobutan-2-y}-4-{(4-
{morpholinomethyhiphenyhsthynyhbenzamide;
N-{3-amino-4,4-diflucro-1-{hydroxyamino }-3-methyl-1-oxobutan-2-yi}-4-{{4-
{morpholinomethyhiphenyhsthynyhbenzamide;
N-(3-acetamido-4 4-diflucro-1-(hydroxyamina)-3-methyl-1-oxobutan-2-yh-4-({4-
25 {morpholinomethyhiphenybethynylibenzamide; or
N-{4 4-difiuoro-1-{hydroxyamino}-3-methyh-3-(3-methylureido)-1-oxcbutan-2-yh-4-{{4-

{morpholinomsthyhphenyhethynyhbenzamide.

Another aspect {embodiment 85) of the disclosurs provides compounds of formula

Roy

X3 X <

BN Z 474\
:/: \> o O Ry 38
(R?"j/ — P 3
0-5

30 i
or a pharmaceutically acceptable sali thereof, wherein
X5 represents —CHy-, ~(Chy)e-, -(CHy ), —~C{OWNHy-, or ~C{OINH-CHy-;

Xy reprasents CH or NRag;
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Rz is hydrogen or C4-Cg alkyl;

each Ry is independsntly selected from the group consisting of halogsn, -NO,, -CN, C:-Cs
alkyl, ©-Cq haloalkyl, -NH,, -NH{C-C4 alkyl), -N{C-C; alkyl),, -OH, C,-C; aliioxy, G-
Ce haloalkoxy, -SH, -8{C,-Cs allkyl), oxo, hydroxy(C-Ce alkvl), alkoxy(C,-Cs alkyl),
amino{Cq-Cs  alkyl), -CONH;, -CON(C-Cs alkyl), -COMN(Ci-Ce alkyl), -CONH-
OH, -CONH-NH,, ~COH, -COH, ~CO{C4-Cy alkyi}, -OCO(C,-Cs alkyl), -NHCO{C-Cs
alkoxy}, -NHCO{C:-Cs alkyl), -NHOONH,, -NHOONH(C,-Cq
alkyl), -MHC{=NHINH,, -NH-S(O) ~Ci-Cs  alkyl), -NH-S{Ojo-aryl, -NH-5(O).o-
heteroaryl, aryl, aryl{C4-Cq atkyl), heteroaryl, heteroaryl{C4-Ce alkyl), heterocyclyl, and

o

10 heterocyelyl{C+-Cs alkyly, wherein each alkyi, aryl, heteroaryl, or heterocyclyl molety is
optionally substituted with one or more Rss;
Ry is C-Cg alkyl or -S{0O)-{C4-Cq alkyl), wherein each alkyl moiety is optionally substiluted
R3s is independently selected from the group consisting of halogsn, -NO;, -CN, C-Cq alkyl,
15 C1-Ce haloalkyl, -NM., -NH{C-Cq alkyl), -N{C.-Cq alkyl),, ~-OH, Ci-Ce alkoxy, C1-Ce
haloalkoxy, oxo, -~CONH; -~CON{C~Cy alkyl), -CON{C,-Cs alkyl), -CONH-
QOH, -CONH-NH,, ~-COH, and -CO(C-Ce alkyl);
Ry is hydrogen or C-Cs alkyl;
each R is independently seleclted from the group consisting of halogen, -NG,, -CN, Gi-Cq
20 alkyl, C4-Cq haloalkyl, -NH,, -NH{C-Cy alkyl), -N{C,-Cg aliiyl)y, ~OM, C4-Ce alkony, Cy~
Cs haloalkoxy, -8H, -8{C-Cs alkyl), oxo, hydroxy(Ci-Cs alkyl), alkoxy(Ce-Cs alkyl},
amino{C+-Cs  alkyl), -CONH,, -CON(C+-Cs alkyl), -CON(Ci-Ce alkyl),, -CONH-
OH, -CONH-NH;, -COH, -COgH, -COHGC-Cy alkyl), -OCO(C-Cs alkyl), -NHOCO(C+-Cs

alkoxy}, ~NHCO(C+-Cs alkyl}, -NHCONH,, ~-NHCONH(C-Cs
25 alkyl), -NHC(=NH)NH;, -NH-8(O).2-(C+-Cs alkyl), -NH-S{O)-aryl, and -NH-S(O)q.o-
heteroaryl.

Another aspeact {embodiment 108) of the disclosure provides compounds of formula

O
PR »«*R’
</ \>~————————————mx § oot -
: /{_..._ L\xfj Ras
RQ«;
05

kit i

or a pharmaceutically acceptable salt thereof, wherein

X4 represents CH or N
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gach Ry is independsntly selected from the group consisting of halogsn, -NQG,, -CN, C.-Cs
alkyl, C-Cq haloalkyl, -NH,, ~-NH{(C1-Cq alkyl), -N{C1-Cq alkyl)s, -OM, C:-Cs alkoxy, and

4G haloalkoxy;

s isis RZQ

2z 18 hydrogen or $-Cg alkyl;

(]
E S

o7 18 Ci-Cg alkyl or -8{0)-{C+-Cg alkyl), wherein each alkyl is optionally substituted with one
or more groups independently selected from the group consisting of
halogen, ~NG,, -CN, C-Cq alltyl, C-Cy haloalkyl, -NH,, -NH{C,-C; allkyl), -N{C:-Cs
alkyll,, ~OH, C-Cs alkoxy, C4-Cg haloalkoxy, -8H, -S{C-Cq alkyl}, oxo, hydroxy{C -Gy

10 alkyl}, alkoxy(Ci-Gs altkyl}, amino{C-Ce alkyl), ~-CONM,, -CON{C+-Cs alkyl}, ~-COMN{Cy-

Cg alkylyy, -CONH-OH, -CONH-NH,, -COH, -COH, ~-CO{C,-Cs alkyh), -OCO{C-Ce

alkyly, -NHCO(C4-Cq alkoxy), -NHCO(C-Cg alkyl), -NHCONH,, -NHCONH{C:-Cs

altkyl}, -NHC(=NHNH,, -NH-5{0).~{C+Cs alkyl), -NH-3{O).o-aryl, and -NH-5{C.o-
heteroaryi;

i5 Ry is independently selaected from the group consisting of halogen, -NO,, ~-CN, C-C4 alkyl,

C4-Ce haloalkyl, -NH,, -NH{C+-Cg alkyl), -N{C+-C¢ alkyl)y, -OH, -G alkoxy, C4-Ce

haloalkoxy, oxo, -CONH;, -CON{C+Cs alkyl), -CON{C.-Cs aliylls, -CONH-

OH, -CONH-NH_, -COyH, and -CO,{C-C; alkyly; and
Ry is hydrogen or C1-Cs alkyl.

24 The disclosure also provides synthetic intermediales that are useful in making the
compounds of formula | or formula | or formula L

The disclosure also provides msthods of preparing compounds of the disclosure and
the intermedialss used in those msthods,

The disclosure also provides pharmaceutical compositions comprising a compound of

25 formula | or a pharmaceutically acceptable salt thereof and at least one pharmaceutically
acceplable carrier, solvent, adjuvant or diluent.

The disclosure also provides methods for inhibiting UDP-3-0O-(R-3-hydroxydecanayi)-
N-acetylglucosaming deacetylase {LpxC), and methods of freating Gram-negalive bacterial
infections.

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

a kit with instructions for using the compound or compaosition.
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DETAILED DESCRIPTION OF THE INVENTION
in ong embodiment, the disclosure provides compounds of formula | wherain Re is of

formula;

Ros Ro
Rz4j{j§:ﬁ
% Rig

5 Ry I8 selectasd from the group consisting of hvdrogen, halogen, C-Cs alkyl, C-Cq
haloalioyl, -NH;, -NH{C.«-Cg alkyl), -N(C-Ce alkyl)y, -OH, Ci-Cs alkoxy, C4+-Cg
haloalkoxy, -SH, -8{C+-Cs alkyl), hydroogy(C4-Cq alkyl), alkoyy{C4-Cy alkyl), amino{C-
Ce alkyl), -NHCO(C,-Cs alkyh), -NHCONH,, -NHCONM{C-Cq alkyl), -OCO{C+-Ce
alkyl), and ~-NHCO{C,-Cs alkoxy)y,;

10 Ry is selecled from the group consisting of hydrogen, halogen, Ci-Ce alkyl, C-Ce
haloalkyl, -NH;, -NMH(C«C; alkyl), -N{C-Cy alkyl),, -OH, C4-Cs alkoxy, C+Cs
haloalkoxy, -SH, -3{C-Ce alkyl), hydroxy(C-Cs alkyl), alkoxy{C-Ce alkyl), and
amino{C-Cq alkyl);

Ry is G4-C; alkyl or C4-Cg haloalkyl; and

15 Ry is -CONH,, -OON(C-Gs alkyly, -CON{C+-Gg alkyl)y, ~CONH-OH, -CONH-NH,, -COpH,

ot -CO{C4-Ce alkyh) (Embodiment 2.

Particular embodiments based on formula | include those of Embodiment 3, e,

compounds of Embadiment 2 wherein Ry is C4 haloalkyl.  OGther embadiments are those

20 where Ry is —CHLF, ~CHF;, or —CF5. (Embodiment 4) In still other embodiments based on
embodiment 2, Ry is ~CHF,. (Embodiment 5)

Particular embodiments based on formula | include those of Embodiment G, ie.,

compounds of Embodiment 2 wherein Ry is Ci-Cs alkyl.  Other embaodiments are those

where Ryg is methyl. (Embodiment 7)

NS
o

Another 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 C4-Cq haloalkyl,

in still other embodiment based on formula | include those of Embodiment 8, te.,
compounds of Embodiment 8 wherein Ry is hydrogen or C4-Cg alkyl. Other embodiments are
thase where Ry is hydrogen. {Embodiment 10) In still other embodiments based on
30 embodiment 8, Ry is $4-Cs alkyl. (Embodiment 11) In Embodiment 12, which is based on
formula | and embodiment 8, the compounds are those wherein Rgg is methyl

in another embodiments based on formula 1, the compounds of embodiment 2 are

those whersin 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 whesrein Ras is hydrogen, and Rog is -CHF,.

Ancther smbodiment of the invention, Le., Embodiment 15, encompassas compounds
of any of embodimenis 2-14 wheare Ry, Is selected from the group consisting of -NH,, ~-NH{Cy-
Ce  abkyh, -N{C-Ce alkyl),, -OH, G.-C¢ akoxy, Ci-Cs haloalkoxy, -SH, -8{C:-Cs
alkyl), -NHCO(C4-Ce alkyl), -NHCONH,, -NHCONH{C,-Cs alkyl), -OCO{C-Ce alkyl},
and -NHCO{C4-Cs alkoxy}.

in still other embodiment based on formula | include those of Embodiment 186, ie.,

o

compounds of Embodiment 15 wherein Ry is selected from the group consisting
10 of -NH,, -NH{C+-Cg alkyl), -N{C-Cq alkyl)y, -NHOO(C -Gy alkyl), -NHCONH,, -NHCONH{C-
Cs alkyl), and -NHCO{C-Cs alkoxy). Other embodiments are those where Rgs is -NH,.
{(Embodiment 17}
in Embodiment 18, which is based on formula | and embodiment 18, the compound is
where Ry is -NHCO(C:-Cy alkyl), -NHCONH,, -NHCONH(C-Cs alkyl), or -NHCO{C:-Cq
15 alkoxy). Cther embodimenis are those whers Ray is ~OH or C.-Cy alkoxy. (Emboediment 19)
Yet other embodiments are those where Ry, is ~OH. (Embodiment 20)
Ancther embodiment of the invention, Le., Embodiment 21, encompasses compounds
of any of embodiments 2-20 where Ry is ~-CONM-OH, ~-CONM-NH,, or ~-CO:H.
in Embodiment 22, which is based on formula | and embodiment 21, the compound is
20 whersin Ry is ~CONH-0OH.
Particular embodiments based on formula | include those of Embodiment 23, ie.,

compounds of Embodiment 2 wherain R is of formula:

OH FoHC | OH
AWy 1w
CH, NHOH CHy NHOH

Embodiment 24, which is based on formula {) providss compounds whearsin
25 Ry is C-Cs alkyl, anyi{C-Cq alkyl), or heteroaryl{C-Cp alkyl), whersin each alkyl, aryl, and
hetaroaryl moiety is optionally substituted with one or more Ry,
Ry is -CONH,, -CON(C-Ce alkyl), -CON(C+-Cg alikylye, ~CONH-OH, -CONH-NH;, -COxH,
or ~C0{C4-Cs alkyh); and
Raq is G-Cg alkyl.
30 in embodiment 25, which is based on formula | and embodiment 24, Ry is methyl
in other embodiments based on formula | and embodimentis 24 and 25, the disclosure
provides for compoundsd wherein Ry ~-COMNH-CH or ~-CONH-NH,. (Embodiment 26)
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In yel other embadiments based on formula | and embodiments 24 and 25, the

disciosure provides for compounds wharein

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

sach Ry is independently selected from the group consisting of halogen, C-Cg alkyl, C4-Cs
haloalkyl, -NH,, -NH{C-Cs alkyly, -N(C-GCs alkyle, -OH, C-Ge alkoxy, GG
haloalkoxy, -8H, -S{C+-Ce alkyl), hydroxy{C-Gs alkyl), alkoxy{C-Cs alkyl), amino{Gi-
Ce alkyh), ~OCO{C-Cg alkyl), -NHCO(C4-Cs alkoxy), -NHCO(C-Cs alkyh),-NHCONH,,
and -NHCONH({C-Cg alkyl). (Embodiment 273

Other embodiments are those where Ro is $1-Cs alkyd, oplionally substituted with one

o

14 or more Ry, {(Embodiment 28) In siili other embodiments based on embodiment 8, Ry is
independently selected from the group consisting of halogen, C-Cg alkyl, C4+-C4
haloalkyl, -NH;, -NH{C-Cs alkyl), -NC-Cp alkyly,, -OH, C-Cp alkkoxy, CiCe
haloalkoxy, -SH, -8(C-C;y alikyl), oxo, hydroxy{C,-Cs alkvl), alkoxy(C,-Cs alkvl), amino{C-Cq
alkyll, -CONH,, -CON(C4-Cs alkyl), -CON{C-Cq allyly,, -CONH-CH, -CORNH-

15 Nby, -COH, ~-COxM, -CO{C1-Cs alkyl), -NHC{=NMHINMH,, -OCO{C:-Ce alkyl), ~NHCO{C:-Cq
alkoxy), -NHCO(C4-Cs alkyl),-NHCONH,, and ~-NHCONH{C~C; alityl). (Embodiment 28)

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

20 Embodiment 32, which is based on formula 1 and any preceeding embaodiment,
provides compounds whersin two R groups form =G,

in another 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 embaodiment 24, Ry is -C=G-Ry, and Ry is aryi optionally substituted with Rg,

25  or heteroaryl optionally substituted with Ry, In vet other embodiments based on formula | and
smbodiment 34, the disclosure provides for compounds wherein R, is aryl optionally
substituted with Rs. (Embodiment 35)

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

compound may be represented by the formula:

J— = O
Rg/\{m”// TN N-Ra

30 Ry . {(Embodiment 36)
in still other embodiments based on formula 1, Ry is selected from the group
consisting of halogen, -CN, Ci-Cs aliiyl, C4-Cg haloalkyl, -NG,, -NH,, -NH(C-Cs alkyl), -N{Cy-
Ce  alkyl,, -OH, GG alkoxy, -CONH; -COH, -COH, -NHCO{(C:-Cs
alkyl}, -NHCOONH,;, -NHCONH{C-C;s alkyl), and -NH-3{0)yo-(C4-Ce alkyl). {(Embodiment 37}
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in embodiment 38, which is based on formula | and embodiment 37, Ry is selected
from the group consisting of -NH., -NH{C,-Cy alkyl), -NGC-Cy alioyl),, -NHCO{C-Cs
alkyt), -NHCONH,, ~-NHCONM{C-C; alkyh), and ~-NH-8{O)y ~(C4-Cq alkyl).

in embodiment 39, which is based on formula |, Ry is selected from the group

o

consisting of -NH,, -NH{C.-Cs alkyh), or -RN{C,-Cs alkyl). In other embodiment, which is based
on formula |, Ry is ~-NH,. (Embaodiment 40}

in embodiment 41, which is based on formula |, Ry is selected from the group
consisting of hydroxy{C+-Ce alkyh), amino(C,-Cg alkyl}, -CH-NH{C-Cq alkyl), ~-CH-N{C,-Cs
alkyl),, heteroarvl{Cq-Cs  alkyl), heterocycly{C-Cs  alkyl), -CH-NHCONH,, and -CHo-
10 NHCONH(C,-C, alkyl).

Embodiment 42, which is based on formula | and embodiment 36, provides
compounds wherein Ry is sselected from the group consisting of aming{C,-Ce aliyl), -CHy-
NH{C1-Cq alleyl), -CH-N{C1-Cy alkyl)y, -CH-NHCONH,, and -CH-NHCONH(C4-Cy alkyl).
Other embaodiments are those where Ry is selected from the group consisting of

15  halogen, -NG,, ~NH,, -NH(C-Ce alkyl), ~-N{Ci-Cs alkyl)y, ~OH, C:-Cs alkoxy, and C+Cq
haloalkoxy. (Embodiment 43)
Embodiment 44 bhased on formula | or any precseding embodiment provides

compaounds of formula:

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

compotind may be repressnted by the formula:

Ny
£

3
4
A

K

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

-0~
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Particular embodiments of Formula | include thoss of Embodiment 47, e,
compounds of any ong of embodiments 1-32 where R,y is aryl optionally substituted with Re,
or heteroary! optionally substituted with Re.

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

O

zRS
e R
Re & 2 (Embodiment 49)

Embodiment 50, which is based on formula | and embodiment 49, provides
10 compounds wherein Rs is selected from the group consisting of halogen, -NO;, -ON, C:+-Cs
alkyl, C1-Cs haloalkyl, -NH,, -NH(C-Cs alkyly, -N{C-Cg alkyl),, -OH, C-Cs alkoxy, and C:+-Cs
haloatkoxy.
Embodiment 51, which is also based on formula | and embodiment 49, provides
compounds wherein wherein Rg is selected from the group consisting of aryl, arvi{Cy-Cs
15 alkyl), hetercaryl, hetercarvl{Cy-Ce alkyl), heterocyclyl, and heterocyelyl{C-Cp alkyl), wherein
each alkyl, aryi, heteroaryl, or hetaerocyclyl moiety is optionally subslituted with one or more
R
in one embodiment based on formula | and embodiment 51, the compound is wherein
s is aryl or arvl{C-Cq alkyh), wherein aryl is oplionally substiited with one or more Ko,
20 (Embodiment 52) In Embodiment 53 based on formula | and embodiment 51, the compound
is wherein Rg is heleroany or heteroarnvi(C-Ce alkyl), wherein helercaryl is oplionally
substituted with one or more Ry, In yet another embodiment, the compounds is wherein R,
is helerocyclvi or heterocyelyl {C4-Cg alkyl), wherein hetercoychyl is oplionaily substituted with

one of more Ry, (Embodiment 54) Embodiment 55, which is based on formula | and

Nl
W

ambodiment 51, provides compounds wherein Re is unsubstifuted hesterocyclyt or
unsubstituted heterocyelyl (C4-Cq alkyl).

Particular embodiments of Formula | include those of Embodiment 56, ie.,
compounds of embodiment 51 where R is hetsrocyclyl{C,-Cs alkyl), whersin hetsrocyciyl is
optionally substituted with one or more Ry, Embodiment 57 is whers Rg is unsubsiituled
30 hsterocychvi{T4-Cq alliyl), and Embodiment 58 is where Rg is unsubstituted heterccychyl(C4

alkyi).

-1t~
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Particular embodiments of Formula | include those of Embodiment 56, ie.,
compounds of embodiment 54-57 wherein the heterocyelyl is selected from the group
consisiing of azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, homopiperaziny,

homopiperdingg,  diazepanyl,  imidazolidingl, 2 ,3-dihydro-1H-imidazol4-yi, 1.4,5,6-

o

tetrahydropyrazin-2-vi, 2,3,4,7-tetrahydro-1H-1,4-diazepin-1-yi, 1,4,5 6-tstrahydropyridin-3-vi,
4, S-dihydro-1H-pyrrol-3-vi, and 3 4-dihydro-2H-1,4-oxazin-6-yl.  In ancther embodiment, the
hetercoycivl is piperiding, piperazinyd, or morpholinyl, (Embodiment 60)

in embodiment 81, which is basaed on formula | and embaodiment 49, the compounds
is where Rg is morpholinyl-CHa-.
16 Embodiment 62 based on formula | or embodiment 1 or 49 provides compounds of

formula:

O f 3

wherein the maorpholinyl moiety is oplionally substituted with one or more Ry,
in Embodimeant 83, which is basead on formula | and embaodiment 82, the compound

15 may be reprasented by the formula:

wherein the maorpholinyl moiety is oplionally substituted with one or more Ry,
Particular embodiments based on formula H include those of Embodiment 86, i.e.,

compounds of embodiment 85 wherein Ry, s absent. Such compounds may be represented

RN X3\/X4;<
5.
f - R3Q~ 38

Other particular embodiments basad on formula | include those of Embodiment 66-1,

20 by formula:

i.e., compounds of embodiment 65 wherein Ry is independently selected from the group
consisting of halegen, -NQ;, -CN, G-Cs alkyl, C-Cs haloalkyl, -NH,, -NH(C-Cs alkyh), -N{C+-
25 Cs alkyly, -OH, GGy alkoxy, C1-Gs haloalkoxy, -SH, -8{C,-C; alkyl), oxo, hydroy{C-Cy
alkyl), alkoxy(C.-Cs alkyl), amino{C-Cs alkyl}, -CONH,, -CON{C-Cs alkyl), -CON{C+-Cq
alkylle, ~CONH-OH, -CONH-NH,, -COH, -COM, -CO{C-Cs alkyl), -OCO{C+Ce
alkyl), ~NHCO{C-Ce  alkoxy), -NHCO{C-Cy  alkyl), -NHCONH, -NHCONM(C-Cq
alkyl), -NHC{=NHNH,, -NH-S{O)}{C+Cs alkyl), -NH-S{O)-aryl, and -NH-S{O)..

-7~
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hetercaryl.  Yet other particilar embodiments based on formula Il include those of
Embodiment 66-2, i.e., compounds of embodiment 85 wherain Ry is independently selecied
from the group consisting of halogen, -NO,, -CN, C-Cg alkyl, C;-Cs haloallopl, -NH,, ~-NH{C4-
Ce alkyl), -N{C:-Cs alkyl),, ~OH, C-Cs alkoxy, Ci-Cy haloalkoxy, oxo, hydroxy(C~Cy alkyl),

o

alkoxy(C-Cq alkyl), and amino(C-Cs alkyl), Yet other particular embodiments based on
formuia l include those of Embodiment 86-3, i.e., compounds of embodiment 685 whersin Rag
is independently selected from the group consisting of an, aryi{C-GCe alkvl), heteroaryl,
hetercaryl{C4-Cs alkyl}, helerooyelyl, and helercoyoll(C-Co alkyl), wherein each akkyl, aryi,
heteroaryl, or heterocyclyl moiety is optlionally substituted with one or mare Ras.
16 Another embodiment of the invention, Le., Embodiment 87, encompasses compounds
Rs7
g"E"Re‘a
of embodimenis 85, 86, 86-1, 66-2, or 66-3 whers Rag motety is of formula;
e Ry
Rmi%s
:z?z Rae
R4 Is selected from the group consisting of hydragen, halogen, C-Cq alkvl, C-GCs
haloalkyl, -NH,, -NH{C-Cs alkyl), -N(C-Cs alkyl)e, -OH, Ci-Ce alkoxy, GG
15 haloalkoxy, -8H, -S{C-Cq alkyl), hydroxy(C~-Cs alkyl), alkoxy{C-Cs alkyl), amino{C-
Ce alkyl), -NHCO(C-Ce alkyl), -NHCONH,, -NHCONH({C,-Cs alkyl), -OCO{C-Cs
alkyl}, and -NHCO{C-Cq alkoxy);
R4 Is selected from the group consisting of hydrogen, halogen, C-Cs alkyl, Ci-Cs
haloalkyl, -NH,, ~NH{C.-Cs alkyl), ~-N(Ci-Cq alkyl),, -OM, C-Cs alkoxy, C4-Cs
24 haloalkoxy, -SH, -8(C-GCs alkyl), hydroxy(C+-Cs alkyl), alkoxy{Cyi-Cs alkyl}, and
amina{C-Cq alkyl);
Rz is 4Gy alkyl or C4-Cs haloalkyi;
Rss is ~CONH,, -CON{C+-Cs alkyl), -CON{C4-Cs alkyl)y, -CONH-OH, -CONH-NH,, -COH,
or -G Gu{C+-Cs alkyl); and
25 Ry is hydrogen, C-Cg alicyl,

Particular embodiments based on formula I include those of Embodiment 68, ie.,
compounds of Embodiment 67 wherein Raz is €y haloalkyl. Other embodiments are those
where Ry is ~CHF, —CHF,, or ~CF;. {(Embodiment 89) In still other embodiment based on
formuia | include those of Embodiment 70, Le., compounds of Embodimsant 68 wherein Ruz is

30 —CHF,.

13~
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Other embodiments bassd on embodiment 67 are those where Ry is C-Gg atkyl
{(Embodiment 71) In still other embodiments based on embodiment 67, Raz is methyl
{Embodiment 72}

in Embodiment 73, which is based on formula | and any embodiment §7-72, the

o

compounds are those wherein Rap is hydrogen, halogen, C4-Gs alkyl, or C4-Gs haloalkyl.
in another embodiments based on formula i, the compounds of embodiment 73 are
those whersin Ry is hydrogen or C-Ce alkyl (Embodiment 74) In Embodiment 75, which is
based on formula ll, the compounds are those wherein Ry is hydrogen. Another embodiment
of the invention, L.e., Embodiment 76, encompassas compaunds of where Rup is C4-Cs alkyl
10 in stil other embodiment based on formula I include those of Embodiment 77, ie.,
compounds of Embodiment 76 wherein Ry, is methyl.

in Embodiment 78, which is based on formula I and embodiment 67, the compound
is where Ry, is mathyl, and Ry, is —-CHF,

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

15 is where Ry, is hydrogen, and Rus is ~-CHF,.

Anocther embodiment of the invention, Le., Embaodiment 8(, encompasses compounds
of any of embodiments 67-79 where R, is ssiscled from the group consisting
of -NH,, ~-NH{C.-Cs alkyl), -N(C1-Cs alkyl)e, ~-OH, C-Cq atkoxy, C-Gs haloatkoxy, -8H, -S{Cy-
Cs alkyl), -NHCO(C-Cp alkyl), -NHCONH,, ~NHCONH(CCs alkyl), -OCO(C+-Cs alkyl),

20 and -NHCO({C-C;s alkoxy). Yet other embodiments are those where Ry, is selected from the
group consisting  of  -NH,  -NH{GC-Ce  atkyl), -NGC-Cs  alkylh, -NHOO{G+Cs
alkyl}, -NHOONH,, -NHCONH(C-C; alkyl), and -NHCO{C1-Gs alkoxy). (Embodiment 81}

Ancther ambodiment of the invention, Le., Embodiment 82, encompasses compounds

of any of embodiments 66-81 where Ry is -NH;. In Embodiment 83, which is based on
25  formuia I and embodiment 82, the compound s wherein Ry is  -NHCO{C-Cy
alkyl}, -NHCOONH,, -NHCONH{C-C; alkyl), or -NHCO{C1-Cq atkony).

Particular embodiments based on formula H include those of Embodiment 84, ie.,
compounds of Embodiment 80 wherein Ry, is —~OH or C-Cs alkoxy. Embodiment 85, which is
based on formuia U, providss compounds wherain Ry, is ~OHL

30 Particular embodiments based on formula §f include those where Ryr is ~S{0)~{C:~Cs
alkyl}, wherein alkyl moiety is optionally substituted with ons or mors Ry, (Embodiment 86}

in Embodiment 87, which is based on formula I and embodiment 86, the compound
is where Rsy s -5{0)-CHs.

In embadiment 88, which is based on formula i and any one of embodiments 65-87,
Rag is -CONH-OH, -CONH-NH;, or -COH.  In other embodiments based on formula H and
embodiment 88, the disclosure provides for compoundsd wherein Riy ~CONH-OH,
(Embaodiment 89)

(43
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in yst other embuodiments, e.g., Embodiment 80, based on formula Il and any one of
embodiments 65-89, the disclosure provides for compounds whersin R is hydrogen. Other
embodiments are those where Ry, is C-Cp allyl, or Ry is methyl. (Embodiment 1)

in still other embodiments hased on formula H and embodiment 65 or 68, the

Ra7
SR
S moiety R3o is of formula:
OH FZHC\/OH
T
H o NHOH H  NHOH NHOH H NHOH H NHOH
OH FoHC OH F.C OH
NN S N
CH; NHOH, CHjy NHOH , Of CHj NHOH {Embodiment 92)
In still other embodiments based on formula Il and embodiment 85 or 66, the molety
Ra7
TR
Rag is of formula:
0o .
i
N0 ;fﬁ o
10 H  NHOH o CHy NHOH {Embodiment 93)

Particular embodiments based on formula  include those of Embodiment 84 Le,

compounds of any ong of embodimenis 65-83 wherein X, represents CH of formula:

Compounds of any one of embodiments 65-03 and formula U also include those

where X, represents NRs; and Rg; is hydrogen of formula:

HooR
Xy N T
W S 7(\
& \}mm-_--ﬂ Q rY, Ra
(R 3
0-5

. {Embodiment 35)

15~
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In other embodimeants, e.g., Embodiment 86, based on formula H and any one of
embodiments 65-85, the disclosure provides for compounds whersin X
represants -CHy-, ~(CHy)e-, or ~(Cho s~

in soms embodiments,—X-CHe-X~ moiely  is: ~{CHye-, ~{CHy)e-, or ~(CHy)s-

o

{Embaodiment 97). Particular compounds of embodiment 97 are those wherain —X3-CHo-
X4~ moiety 8 -{CH:)s- (Embodiment 98);, or those  whersin —X-CHy-Xe- moisty
i5 ~{CHa)y- {(Embodiment 89}, or those wherein —Xg-CHo-Xs- molety is ~{CHy)s- {(Embaodiment
100}
In some other sembodiments,—X;-CH-Xoe- moiety st ~(CHplNH-  (CHpkaNH-
10 or {CHyNH-. (Embodiment 101). Particular compounds of embaodiment 101 are those
wherein —X;-CHy- X maoialy is ~{CHy)NH- (Embodiment 102); or those wherein —X3-CHy-
Xy~ moiety is -(CHy)eMNH- (Embuodiment 103).
Compounds of any one of embodiments 65-85 and formula § also include those
where X; is -C{ONH,-, or ~C(ONH,-CH,-. (Embodiment 104) Particular compounds of
15 embodiment 104 are those wherein —X-CHe-Xo- moilsly is ~-C{ONMHA(CH, Y- (Embodiment
105}, or those whersin —X-CHo-X- moiety is ~C{OWNH-CHo-NH-, or ~C{ONH~{(CHy )~
NH- (Embodiment 108},
Farticular embodiments based on formula | include those of Embodiment 109, e,
compounds of embodiment 108 wherein the compound is not N-hydroxy-2-methyi-2-
20 {methylsulfonyi-4-(2-oxo-4-(phenviethynylipyridin-1{ZH}vhbutanamide.
Compounds of any one of embodiments 108 and 108 and formula i also include

those whare X, represents C and Ry is hydrogen of formula:

Q

R’)‘}

/ \ H “/U\\N/N\\/’ e

P g

(RY) ) .
0-5 . {(Embodiment 110}

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

25  compounds of formula:

(R

0-5
i Embodiment 112, which is based on formula il and any one of embodiments 108-

111, the compound is where Ryy is -B(0),~CH;.

16~



o

10

30

WO 2015/024010 PCT/US2014/051459

in embodiment 113, which is based on formula il and any one of embodiments 108-
112, Roe is ~CONH-OH, -CONH-NH,, or -CO:H. In othar embodiments based on formula i
and embodimant 113, the disclosure provides for compoundsd wherein Ry ~CONM-OM.
{Embodiment 114)

in yet other embodiments, e.q., Embodiment 115, based on formula [ and any one of
embodiments 108-114, the disclosure provides for compounds wherein Ry s hvdrogen.
Other embodiments are those where Ryg is C-Cq alkyl, or Ryg is methyl. (Embodiment 116)

in still other embodiments based on formula Il and any one of embodiments 108-112,

Roo is of formula:

\%)/O 20
A
Mo ONHOH o CHy NHOH enotiment 117)
Particular embodiments based on formula H include those of Embodiment 118, ie,,
compounds of embodiment 108-117 wherein R, is absent.
in other particular embodiments based on formula H include those of Embodiment
118, i.e., compounds of embodiment 108-117 whesrein Ry, I8 selected from halogen, -OH, Cy-
Ce alkoxy, and C,-Cs haloalkoxy.
in ong embodiment, the disclosure provides compounds of Embodiment 1-A whersin

R, is of formula;

Ros Rys
RmiH
‘ 40

Ry I8 selectasd from the group consisting of hvdrogen, halogen, C-Cs alkyl, C-Cq
haloalio, ~NHy, -NM(C+Ce alkyl), -N(C-Cy alkyi), -OM, Ci-Cs alkoxy, C4-Cq
haloalkoxy, ~SH, -8(C:-Cs alkyl), hydroa(C-Ce alloyl), alkoxy{C4-Cy alloyl), amino{Cy~
Ce alkyl), -NHCO(C,-Cs alkyh), -NHCONH,, -NHCONM(C.-Cy alkyl), -OCO{C+Ce
alkyhy, and ~-NHCO{C4-C; alkoxy),

Ros is selected from the group consisting of hydrogen, halogen, C.-Cq alkyl, C-Cq
haloalkyl, -NH;, -NMH(C«Cs alkyl), -N{(C-Cy alkyl)y, -OH, C4-Cs alkoxy, C+Cs
haloalkoxy, -SH, -3{C-Ce alkyl), hydroxy(C+-Cs alkyl), alkoxy{G,-Ce alkyl}, and
amino{C-Cg alkyl;

Ry is G4-C; alkyl or C4-Cg haloalkyl; and

Ry s -CONH,, -CON(C+-Cs aliyl), -CON{C+-Cs alicylyy, ~CONH-OH, -CONH-NH,, -COgH,
of -CO{C4-Ce alkyl) (Embodiment 121).
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Particular embodiments based on Embodiment 1-A include those of Embodiment
122, te., compounds of Embodiment 122 wherein Ry is G, haloalkyl. Other embodimenis
are those where Ry is —~CHF, —CHF, or -CF; (Embodiment 123) In still other

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

o

Particular embodiments based on embodiment1-A include those of Embodiment 125,
i.e., compounds of Embodiment 121 wherein Roe is Gi-Cs alkyl. Other embodiments are
thase whesre Ry is methyl (Embodiment 126)

Another embodiment of the invention, ie., Embodiment 127, encompasses
compounds of any of embadiments 121-126 where Rys is hydrogen, halogen, C.-Cg alkyl, or
16 GG halnaikyl,

In still other embadiment based on embadiment 1-A include those of Embadiment
128, ie., compounds of Embodiment 127 wherein Ry is hydrogen or GG alkyl. Othsr
embodimenis are those where Ry is hydrogen. (Embodiment 129)  In still other
embodimenis based on embodiment 127, Ry is C-Ce alkyl. {(Embodiment 130) In
5 Embodiment 131, which is basad on formula | and embodiment 127, the compounds are
those wherain Rys is methyl.
in ancther embodimenis based on Embodiment 1-4, disclosurs encompasses
compounds of embodiment 121 wherein Rys is methyl, and Ry 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..
Ancther embodiment of the invention, e, Embodiment 134, encompasses
compounds of any of embodiments 121-133 where Rg4 is selected from the group consisting
af -NH,, -NH{C,-Cg alkyl), -N(C-G; alkyl)y, -OH, C4-Cs alkoxy, C1-Cs haloalkoxy, -8H, -S{Cq-
Ce alkyl), -NHCO{C,-Cs alkyl), -NHCONH;, ~NHCONH(C+Cs alkyl), -CCO(C+-Cs alkyi),
25  and -NHCO(C,-C; alkoxy).
in still other ancther embodiment based on Embodiment 1-A, the disclosure
encompassas compounds of Embodiment 135, i.e., compounds of Embodiment 134 whersin
Ry is selscted from the group consisting of -NH;, -NH{C.-Cs alkyl), -N{C-Cs
alkylly, -NHCO{C-Cy alkyl), ~NHCONH,, ~-NHCONH{(C/-C; alkyl}, and -NHCG{C-C; alkoxy).
3G Other embodiments are those where Ry, is ~-NH,. (Embodiment 136)

in Embodiment 137, which is based on Embodiment 1-A and embodiment 135, the
disclosure encompasses compounds where Rog is NHCO{C4-Cs
alkyl}, -NHCONH,;, ~NHCONH{C-Cs alkyl), or -NHOOX(C -G alkoxy). Other embodiments are
thase whers Roy is ~OH or G-Cs alkoxy. (Embodiment 138} Yet other embodiments are
those where Ry, is ~OH. (Embaodiment 139)

(43
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Ancther embodiment of the invention, le., Embodiment 140, encompasses
compounds of any of embodimenis 1-A, 121-138 where Ry is ~-CONH-OH, -CONH-NH,,
ot ~COH.

in Embodiment 141, which is based on Embodiment 1-A and embodiment 140, the
disclosure encompasses compounds wherein Ry is -CONH-0OH.

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

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

FoHC N, FoHC | OH
g 1y
H o NHOH o 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,
R is hydrogen. In embodiment 144, R; is methyl

Embodiment 145, which is based on Embodiment 1-A and any preceeding
embaodiment, provides compounds wherein two R groups form =0,

in another embodiment based on Embodiment 1-A and any preceeding embodiment,
the disclosure encompasses compounds wherein Ry is -C=C-Ry. (Embodiment 146) In
Embodiment 147, which is based on Embadiment 1-A and embadiment 146, Ry is -C=C-R,,
and Ry is aryl oplionally substituted with Rs, or heteroaryl aptionally substituted with Ra. In yet
other embodiments based embodiment 147, the disclosure provides compounds wherein R.
is aryl optionally substituted with Rg. {(Embodiment 148)

Particular embodiments of Embodiment 1-A include those of Embodiment 140, ie.,
compounds of any one of embodiments 120-145 where R, is aryl optionally substituted with
Rs, of hetercary! 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
compotinds may be reprasented by the following formula:

O
zRS

@x—i\ N
A R
Re F 2 (Embodiment 151)

Embaodiment 152, which is based on embodiment 1-A and embodiment 151, provides
compounds wherein R; is selected from the group consisting of halogen, ~-NG,, -CN, C+G;
alkyi, C4-Cq haloalkyl, -NH,, ~-NH{C,-Cs allyl), -N(C4-Cg alkyl)y, ~-OH, C~Cy alkoxy, and Ci-Cs

haloalkoxy.
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Embodiment 153, which is also based on embodiment 1-A and embodiment 151,
provides compounds wherein Fg is selected from the group consisting of andd, aryl{C+-Cs
alkyl}, heteroaryl, hetsroaryli{(C4-Cs alkyl), heterocyclyl, and heterocyciyl{C-Cq alkyl), wherein
sach alkyl, aryl, hetsroaryl, or heterocyclyl molety is optionally substituted with one or mors
R

o

in one smbodiment based on embodiment 153, the disclosure encompasses
compounds wherein Rg is aryl or arvi{C,-GCs alkyl}, wherein aryl is oplionally substituled with
one or more Ry, (Embodiment 154) In Embodiment 155 based on embodiment 153, the
disclosure sncompasses compounds wherein Rg Is heteroaryl or heteroaryi(C+-Cs alkyl),

10 wherein hetercaryl is optionally substituted with one or more Ry in vet another
embodiment, the disclosure encompasses compounds wherein Rg is heterocychl or
heterocyclyl {C4-Cq alkyl), wherein heterocyelyl is optionally substituted with one or more Ro,.
{(Embodiment 156) Embodiment 157, which is based on embodiment 153, provides
compounds wherein Ry is unsubstituted heterocyclyl or unsubstituted heterocyclyl {C4-Cq

15 alkyl).

Particilar embodiments of Formula | include those of Embodiment 158, e,
compounds of smbodiment 153 where Rg is heterocyelyl{C,-Cq alkyl), wherein heterocyelyl is
optionally substituled with one or more Ry, Embaodiment 158 is whers Re is unsubstituted
heterocyohl{C-Cs alkyh), and Embodiment 160 is where Rg is unsubstituted heterocyelyKC,

20 alkyi)

Particular embodiments of Formula | include those of Embodiment 161, ie.,
compounds of embadiment 156-160 wherein the heterocyclyl is selected from the group
consisting of azetidinyl, pyrrolidinyl, piperidinyi, piperazinyl, morpholinyl, homopiperaziny,
homopiperdiny, diazepanyl, imidazolidinyl, 2, 3-dihydro-1H-imidazoi-4-yi, 1,4,5,6-

25  tetrahydropyrazin-2-yl, 2,3.4,7-tetrahydro-1H-1,4-diazepin-1-yi, 1,4,5,6-tatrahydropyridin-3-vi,
4, 5-dihydro-1H-pyrrol-3-yl, and 3,4-dihydro-2H-1 4-oxazin-6-yl. In ancther embodiment, the
heterooychyl is piperiding, piperazinyl, or morpholinyl. (Embodiment 162)

in embodiment 183, which is basad embodiment 153, the disclosure encompasses
compounds where Ry is morpholinyb-CHe-.

30 Embodiment 164 based on embaodiment 1-A or 153 provides compounds of formula:

N [

ks

wherein the maorpholinyl moiety is optionally substituted with one or more Ry,
in Embodiment 165, which is based on ambodiment 164, the disclosure

ancompassas compoundsrepresented by the formula:

20~
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>

wherein the maorpholinyl moiety is optionally substituted with one or more Ry,

Therapeutics Applications

5 The invention provides methods 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 Paricular Gram-negative bacleria are
Pseudomonas  aeruginosa,  Stencofrophomonas mallophilia,  Burkholderia  cepacia,
Alcaligenes xylosoxidans, Acinelobacter, Enlerobacteriaceae, Haemophilus, Neisseria

10 species, Francisella tularensis, Yersinia pestis, Burkholderia pseudomallel, Burkholderia
rmallei, Rickeltsia prowazekii, Coxiella burnetfi, Campyviobacter jejuni, Shigella, Moraxella
catarrhalis, and Chiamydia frachomatis. In onse embodiment, the Gram-negative bacteria is
Neisseria gonorrfiveae. in another embodiment, the Gram-negative bacterls i
Acinetobacter Batimannii.

15 Specific entercbacleriaceas is selected from the group consisting of Serratia,
Proteus, Klebsielia, Enterobacter, Citrobacter, Salmoneila, Providencia, Morganelia,
Cedecea, FEdwardsiella, Fscherichia coli, Enterobacter cloacae, and Enterobacter
aerogenas.

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

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.

Pharmaceuytical Compositions

In ancther aspect, the pressnt disclosure provides compositions comprising one or

s
Y

maore of compounds as described above with respect 1o formula | and an appropriate carrier,
exciplent or diluent. The exact nature of the carrier, aexcipient or diluant will depend upon the
desirad use for the composition, and may range from being suitable or acceptable for
valerinary uses o being suitable or acceptable for human use. The composition may
optionally include ons or more additional compounds.

30 When used o treat or prevent such diseases, the compounds described herein may
be administerad singly, as mixtures of one or more compounds or in mixture or combination
with other agenis useful for treating such diseases and/or the symptoms associaled with

such diseases. The compounds may also be administered in mixture or in combination with

-2
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agents useful fo treat other disorders or maladies, such as steroids, membwane stabilizers,
SLO inhibitors, leukotriens synthesis and receplor inhibitors, inhibitors of IgE isotyps
switching or IgE synthesis, IgG isotype swiltching or IgG synthesis, f-agonists, tryplase
inhibitors, aspirin, COX inhibilors, methotrexale, anti-TNF drugs, refuxin, PD4 inhibitors, p38
inhibitors, PDE4 inhibitors, and antihistamines, to name a few. The compounds may be
administered in the form of compounds per se, or as pharmaceutical compositions
comprising a compaound.

Pharmaceutical compaositions comprising the compound(s) may be manufactured by
means of conventional mixing, dissolving, granulating, dragese-making levigating, emulsifying,
ancapsulating, entrapping or lvophilization processes. The compositions may be formulated
in conventional manner using one or more physiclagically acceptable carriers, diluents,
axcipients ar auxiliaries which facilitate processing of the compounds inte preparations which
can be used pharmaceutically.

The compounds may be formuiated in the pharmaceutical composition per se, or in
the form of a hydrats, sobvate, N-oxide or pharmaceutically acceptable sall, as previously
described. Typically, such salts are more soluble in agueous solutions than the
corresponding free aclds and bases, but salls having lower solubility than the corresponding
free acids and bases may also be forme

Pharmaceutical compositions may take a form suitable for virtually any mode of
administration, including, for example, topical, ocular, oral, buccal, systemic, nasal, injection,
transdermal, rectal, vaginal, elc., or a form suitable for administration by inhalation or
insufflation.

For topical administration, the compound{s) may be formulated as solutions, gels,
ointments, creams, suspensions, sic. as are well-known in the art. Systemic formulations
include those designed for administration by injection, e.g., subcuiansous, intravenous,
inframuscular, 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 agquecus or oily vehicles. The compositions may also contain
formulating agenis, such as suspending, siabiiizing andfor dispersing agsent. The
formuiations for injeclion may be presented in unit dosage form, e.g., in ampules or in
muitidose containers, and may contain added preservatives. Alternatively, the injectable
formuiation may be provided in powder form for reconstitution with a suitable vehicle,
including but not limited to sterile pyrogen free water, huffer, dexirose solution, etc., before
use. To this end, the active compound{s) may be dried by any ari-known technique, such as

ivophilization, and reconstituted prior to use.

.
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For transmucosal administration, penetrants appropriate to the barrier t© bs
permeated are used in the formulation. Such penetrants are known in the arl.
For oral administration, the pharmaceutical compositions may take the form of, for

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

o

pharmaceutically acceptable excipients such as binding agenis {e.g., pregelatinised maize
starch, polyvinyipyrrolidone or hydroxypropyl  methyicellulose), fillers (e.g., laciose,
microorysiallineg cellulose or calclum hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants {e.q., potalo starch or sodium starch giycolate); or
wetting agents {e.g., sodium lauryl sulfate). The tablets may be coaled by methods well
10 known in the art with, for exxample, sugars, films or enteric coatings.

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

15 {e.g., sorbitol syrup, cellulose derivatives or hydrogenated sdible fals); emulsifying agents
{e.g., lecithin or acacia); non-agusous vehicles (e.q., almond oll, oily esters, ethyl alcochol,
cremophore’™  or fractionated vegeiable olls), and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,
preservatives, flavoring, coloring and sweetening agents as appropriale.

20 Freparations for oral administration may be suilably formulaled o give conirolled
release of the compound, as is well known.,

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

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

25  as solutions (for retsntion enemas) suppositories or ointments containing conventional
suppository bases such as cocoa butter or other glycerides.

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

30 trichlorofluoromethane, dichlorotetrafiuorosthane, fluorocarbons, carbon dioxide or other

suilable gas. in the case of a pressurized aerosol, the dosage unit may be determined by
providing a valve o deliver a melerad amount. Capsules and carlridges for use in an inhaler
or insufflator (for example capsules and carlridges comprised of gelatlin) may be formulated

containing a powder mix of the compound and a suitable powder base such as laciose or

(43
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starch.
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For ocular administration, the compound(s}) may be formulaled as a solution,
emulsion, suspension, etc. suitable for administration 1o the eye. A variely of vehicles
suitable for administering compounds to the eve are known in the art.

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

o

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

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

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

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

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

10 may be used. To this end, permeation enhancers may be used {o facilitate transdermal
penetration of the compound(s).

Alternatively, other pharmaceutical dslivery systams may be emploved. Liposomes
and emulsions are well-known examples of delivery vehicles that may be used to dsliver
compound(s). Certain organic solvents such as dimethyisulfoxide (DMSO) may also be

15 emploved, although usually af the cost of greater toxicity.

The pharmaceutical compositions may, if desirsd, be presented in a pack or
dispenser device which may confain 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 0 achiave the intended resull, for example in an amount affective to
freat or prevent the particular disease being treated. By therapsutic benefit is meant
aradication or amelioration of the underlying disorder being treated and/or eradication or
ametlioration 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 underlving disorder. Therapeutic benefit also generally
includes halting or slowing the progression of the disease, regardless of whether
improvemsant is realized.

The amount of compound(s) administeraed will depend upon a variely of faclors,

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

selected route of administration, elc.

(43
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Determination of an effective dosage of compound({s) for a particular use and maode of
administration is wall within the capabiiities of those skilled in the art. Effective dosages may

be estimated initially from in vifro activity and metabolism assays. For example, an inilial

ey,
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dosage of compound for use in animals may be formulated to achieve a circulating bload or
serum concenifration of the melabolite 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 bioavailability of the

o

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

skilled arlisans. Initlal dosages of compound can also be estimated from in vivo dala, such as

animal maodels. Animal models useful for testing the efficacy of the aclive metabolites o treat

or prevent the various diseases deascribed above are well-known in the art. Animal modeils

suitable Tor testing the bicavailahility and/or metabolism of compounds into active metabolites

10 are also well-known. Ordinarily skilled artisans can routinely adapt such information o
determine dosages of particular compounds suitable for human administration.

Dosage amounts will typically be in the range of from about 0.0001 mg/kg/day, 0.001
mgfkgiday or 0.01 molfkg/day to aboul 100 mglkg/day, bul may be higher or lower,
depending upon, among other factors, the activity of the active meiabolite compound, the

15  bicavailability of the compound, ils metabolism kinstics and other pharmacokinetic
propstiies, the mode of administration and various other factors, discussed above. Dosage
amount and interval may be adjusted individually o provide plasma levels of the
compound(s) and/or aclive mestabolite compound(s} which are sufficient o 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 multiple times per
day, depending upon, among other things, the made of administration, the specific indication
being trested and the judgment of the prescribing physician. In cases of local administration
or selective uptake, such as local topical administration, the effective local concentration of
compound(s) and/or active metabolite compound(s) may not be related to plasma

25  conceniration. Skilled artisans will be able to optimizs effective local dosages without undus

axperimentation.

Definitions
The following terms and expressions used herein have the indicated meanings.
Terms used herein may be preceded andfor followed by a single dash, “7, or a
30 double dash, “=", to indicate the bond order of the bond beiween the named substituent and
its parent moiety; a single dash indicates a single bond and a double dash indicates a double
bond. in the absence of a single or double dash it is understood that a single bond is formed
betwsen the substituent and #s parent moiety; further, substitusnis are intanded to be read

“left 1o right” unless a dash indicates otherwiss. For example, Cq-Cealkoxycarbonylony

(98]
[

and -OC{O)C-Cealkyl indicate the same funclionality; similarly arvialkyl and —alkylanyd

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

o, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentsnyl, 5-hexsnyl, 2-heptenyl, 2-

o

methvi-t-heplenyl, 3-decenyl, and 3,7-dimethyiocta-2Z,8-dienyl.

The term “alkoxy” as used herein, means an alkyl 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 unless otherwise specified. Represantative examples
of alkyl include, but are not limited to, methyl, ethyl, n-propyl, iso-prapyl, n-butyl, sec-butyl
iso-butyi, tert-butyl, n-pentyi, isopentyl, neopentyl, n-hexyl, 3-methythexyl, 2,2-dimsthylpentyl,
2.3-dimsthyipsntyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. When an “alkyl” group is a linking

15 group bebwesn two olher moletiss, then i may also be a straight or branched chain;
examples include, but are not limited io -CHy, -CHCHy-, ~CHCHCHC{CH;)
, ~CHCH{CHCH )CH -,

The term Talkiylene™ refers to a bivalent alkyl group. An "alkylene chain” is a
polymethyiene group, Le., -{CHy)-, wherein nis a positive integer, preferably from one {o six,

20 from one to four, from one fo three, from one to two, or from two to three. A substituted
alkyiene chain is a polymsthylene 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 alkvlene chain also may be substiiuted at one or more
pasitions with an aliphatic group or a substituted aliphatic group.

25 The term “alkynyl” 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. Represeniative sxamples of alkyny! include, but are not limiled, to acetvienyl, 1-
propynyl, 2-propynyl, S-bulynyl, Z-pentynyl, and 1-bulynyl,

The term "aryl)” as used hersin, means a phenyl {ie., monocyalic aryl), or a bicyclic

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

carhon atoms in the aromatic bicyclic ring system. The bicyclic aryl can be azulenyl,

naphthyl, or a phenyl fused o a monocydlic cycloalkyl, a monocyclic cycloalkenyl, or a

monocyclic heterocychyl. The bicyclic anyl is attached to the parent melecular moiety through

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

(43
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atom with the napthyl or azulenyl ring. The fused monocyclic cycloalkyl or monocyclic
heterooyclyl portions of the bicyclic aryl are oplionally substituted with one or two oxo andfor

thia groups. Repressniative sxamples of the bicyclic aryis include, but ars not limited to,
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azulenyl, naphthyl, dihydroinden-1-yi, dihydroinden-2-yl, dihydroinden-3-yi, dihydroinden-4-yi,
2, 3-dihydroindol-4-yl, 2 3-dihydroindol-5-yi, 2,3-dihydroindol-g-yi, 2,3-dihydroindol-7-yi, inden-
1-yl, inden-Z-yl, inden-3-yi, inden-4-yl, dihydronaphthalen-2-yl, dihydronaphthalen-3-vi,
dihydronaphthalen-4-yl, dihydronaphthalen-1-yl, 5,6,7,8-tetrahydronaphthalen-1-yi, 5,6,7,8-

o

tetrahydronaphthalen-2-vi, 2, 3~dihydrobenzofuran-d-yi, 2. 3-dihydrobsnzofuran-5-vi,
2,3-dihydrobenzofuran-8-yi, 2 3-dihydrobenzofuran-7-vi, benzofdi{1,31dioxob-4-yi,
benzofdl[1,3ldioxol-5-yl, ZH-chromen-2-on-5-yl, ZH-chromen-2-on-6-yi, 2H-chromen-2-on-7-
yi, 2H-chromen-2-on-8-yl, iscindoline-1,3-dion-4-yi, isoindoline-1,3-dion-5-yl, inden-1-on-4-y,
inden-t-on-5-yl, inden-t-on-6-yl, inden-t-on-7-yl, 2 3-dihydrobenzofbl{1 4)dioxan-5-yl, 2.3-
16 dihydrobenzobl1 4]dioxan-6-vi, 2H-benzofbi[1 4loxazin3(4H)-on-5-yi, 2H-
benzafbi[1, 4loxazind{4H-orn-6-yi, 2H-benzolbi1,4loxazin3{(4H)-on-7-yl, 2H-
benzafblf1 4loazind{4Hon-8-yl, benzoldioxazin-2(3H)-on-5-yl, benzoidioxazin-2(3H}-on-6-
yl, benzoldioxazin-2(3H}-on-7-yl, benzoldjoxazin-2{3H}-on-8-yl, quinazolin-4(3H)-on-5-yi,
quinazolin-4(3H}on-6-yl, quinazolin-4(3H)-on-7-yl, quinazolin-4(3H}on-8-yl, quinoxalin-
15 2{iH}ron-5-yl, quinoxalin-2{1kH)}on-6-vl, quinoxalin-2{1Hron-7-yl, quinoxalin-2{1k}-on-8-yi,
benzojdithiazol-2(3H)on-d-yl, henzofdithiazol2(3Hyon-5-yl, benzo[dithiazol-2(3H}-on-6-yl,
and, benzo[djthiazol-2(3H)-on-7-yl. In certain embodimenits, the bicyclic aryl is (i) naphthyl or
(i} a pheny! ring fused 1o etther a2 5 or 6 memberad monocyclic cycloalkyl, a 5 or 6 membsred
maonoeyolic cycloalkenyl, or a 5 or 6 membered monocyclic heterooyclyl, 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 "arylalkyl” group comprises an aryl group covalently aftached to an
alkyi group, either of which independently is optionally substifuted. Preferably, the aralkyl
group is anyl{G-Celalkyl, including, without fimitation, benzyl, phenethyl, and naphthyimethyl.

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

The term “cycloalkyl” as used herain, means a monacyclic or a8 bicyclic cycloalkyt ring
system. Monocyclic ring systems are cyclic hydrocarbon groups conlaining from 3 o 8
carbon atoms, where such groups can be saturated or unsaturated, but not aromatic. In
certain embodiments, cycloalkyl groups are fully saturated. Examples of monocyclic

30 cycloalkyls  include cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cycichexenyl, cycloheptyl, and cyclooctyl.  Bicyclic cycloalkyl ring systems are bridged
monocyclic rings or fused bicyclic rings. Bridged monocyclic rings contain a monocychic
cycioalkyl ring where two non-adjacent carbon atoms of the monocydlic ring are Hinked by an

alkylene bridge of between one and three additional carbon atoms (i.e., a bridging group of
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the form -(CHy)-, where w is 1, 2, or 3). Representative examples of Bicydlic ring systems
include, but are not limited o, Dbicyclof3.1.1theptane, bicyclo[2.2 1]hepiane,

bicyclo]2.2 2loctane, bicycin[3.2.2lnonane, bicyclol3. 3. 1lnonane, and bicycinl4.2.1inonane.
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Fused bicyclic cycloalkyl ring systems contain a monacyclic cvcloalkyl ring fused to either a
shenyl, a monocyclic cycloalityl, a monocyclic cycloalkenyl, a monocydlic heterocyelyl, or a
monocyclic hetercaryl. The bridged or fused bicyelic cycloalkyl is atiached to the parent

molecular moisty through any carbon atom contained within the monocyalic cycloalkyl ring.

o

Cycloalky! groups are optionally substituted with one or two groups which are independsntly
oxe or thia, In certain smbodiments, the fused bicydlic cycloalkyl is & § or & membered
monocyelic oycloalkyl ring fused to sither a phenyl ring, a8 & or 6 membered monocyclic
cycioalkyl, a § or 6 membered monocyclic oycloalkenyl, a 5 or 6 membsred monocyclic
heterooyclyl, or & § or & membered monocyclic hetercaryl, wherein the fused bicyclic
10 cycloalkyl is optionally substituted by one or two groups which are independently oxo or thia.

The term “hale” or *halogen” as used hersin, means -Cl, -Br, -l or -F.

The terms "haloaliphatic”, "haloaikyl", "haloalkenyl” and "haloalkoxy” refer to an
aliphatic, alicyl, alkenyl or alkoxy group, as the cass may be, which is substituted with one or
maore halogen atoms.

15 The term “heteroaryl,” as used herein, means a monocyclic heteroary! or a bicyclic
ring system conlaining at lsast one helercaromatic ring. The monocyclic heteroaryl can be a
5 or 8 membered ring. The 5 membered ring consists of two double bonds and one, two,
three or four nitrogen atoms and optionally one oxygen of sulfur atom. The 6 membered ring
consists of three double bonds and one, two, three or four nitrogen atloms. The 5 or §
20 membered heteroaryl is connected 1o the parent molecular moiely through any carbon atom
or any nitrogen atom contained within the heteroaryl. Representative examples of
monocyclic hetercaryl include, but are not limited to, furyl, imidazolyl, isoxazoiyl, isothiazolyl,
oxadiazolvl, oxazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinvl, pyrazolvl, pyrrolvi
tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, and triazinyl. The bicyclic heteroaryl
25  consists of a monocyclic hetercary! fusad to a phanyl, & monocyclic cycloalkyl, a monocyclic
cycloalkenyl, 8 monocyclic hetsrocyelyl, or a monacyclic hetercaryl. The fused cycloalkyl or
heterooychyl portion of the bicyclic heteroaryl group is optionally substituted with one or two
groups which are independently oxo or thia. Whan the bicyclic heteroaryt contains a fused
cycloalkyl, cycloalkenyl, or heterooyclyl ring, then the bicyclic hetercaryl group is connected
30 to the parent molecular moisty through any carbon or nifrogen atom confained within the
monocyclic hetercaryl portion of the bicyclic ring system. When the bicyclic heteroarnyl is a
monocyclic heteroaryl fused o a benzo ring, then the bicydlic heteroaryt group is connecled
to the parent molecular moiety through any carbon atom or nitrogen atom within the bicyclic

ring system. Representative examples of bicyclic heternaryt include, but are not limited o,

(43
(]

benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl,  benzoxathiadiagzoly,
benzothiazobyl, cinnolinyl, 5,6-dihydroquinclin-2-yl, §,6-dihydroisoquinolin-1-yl, furopyridiny,

indazolyl, indolyl, isoquinolinyt, naphthyridinyt, quinolinyl, purinyl, 5,67 8-1etrahydroquinolin-

kY
s
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2=y, 5.6,7 8-tetrahydroquinolin-3-vi, §,6,7 B-tstrahydroguinolin-d-vi, 56,78
tetrahydroisoquinolin-t-yi, thienopyridinyl, 4,5,6,7-tetrahydrobenzofcli1,2,5loxadiazolyl, and
6,7-dihydrobsnzolcl1,2,5loxadiazol-4{5H)}-onyl.  In certain embodiments, the fused bicyclic

hetercaryl is a § or § membered monocyclic heleroaryl ring fused to either a phenylring, 2 &

o

or § memberad monooydclic cyclealkyl, a § or 6 membsred monocyclic cycloalkenyl, a Sor 6
membered monocyclic heterocyelyl, or a b or & membered monooyclic heleroand, whersin
the fused cycloalkyl, cycloalkenyl, and heterocyclyl groups are optionally substituted with one
or two groups which are independently oxo or thia.
The terms “heterocyclyl” and “heterocycloalkyl” as used herain, mean a monocyclic
1 heterocycle or a bicyclic heterocycle. The monocyclic 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 unsaturatsd, but not aromatic. The 3
or 4 membered ring contains 1 hetercatom sslected from the group consisting of O, Nand S.
The 5 membered ring can coniain zero or ong double bond and one, two or three
15 heterocatoms selecled from the group consisting of O, N and 8. The § or 7 membered ting
confains zero, one or two double bonds and one, two or thres heteroatoms selectad from the
group consisting of O, N and 8. The monocyclic heterocycle is connected o the parent
molecular moiely through any carbon atom or any nifrogen atom contained within the
monocyclic heterocycle. Representative examples of monocyclic heterocycle include, hut are
20 not fimited to, azelidinyl, azepanyl, aziridinyl, diazepanyl 13-dioxanyl, 1,3-dioxolanyl,
1,3-dithiolanyl, 1,3-dithianyl, imidazolinyl, imidazolidinyl, isothiazolinyl, isothiazolidiny,
isoxazaolinyl, isoxazolidinyl, morpholinyl,  oxadiazolinyl, oxadiazolidinyl, oxazolinyi,
oxazolidinyl, piperazinyt, piperidinyl, pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrolidinyd,
tetrahydrofuranyl, tetrahydrothienyi, thiadiazolinyl, thiadiazolidinyl, thiazolinyl, thiazolidiny,
25  thiomorpholinyt, 1, 1-dioxidothiomorpholinyl  (thiomorpholine  sulfone), thiopyranyl, and
frithianyl. The bicyclic heterocycle is a monocydlic heterocycle fused to either a phenyl, a
monocyclic cycloalloyl, a monocyclic cycloalkenyl, a monocyclic heterocyels, or a monocyctic
hetercaryl. The bicyclic heterocycle Is connectad fo the parent molecular moiety through any
carbon atom or any nitrogen atom contained within the monocyclic heterocysle portion of the
30 bicydlic ring system. Representative examples of bicyclic heterocyclyls inciude, but are not
limited to, Z,3-dihydrobenzofuran-Z-yl, 2, 3-dihydrobenzofuran-3-vi, indolin-1-yl, indolin-2-vi,
indolin-3-yl,  23-dihydrobenzothien-2-vl, decahydroquinolinyl,  decahydroisoquinoling,
octahydro-iH-indolyl, and octahydrobenzofuranyl.  Heterocychyl groups are oplionally

substituted with one or two groups which are independently oxo or thia. In ceriain
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embodiments, the bicyclic heterocyclyl is a 5 or 6 membered monocyclic heteracychyl ring

fused to phenyl ring, @ § or 6 membered monocyclic cycloalkyl, & § or 6 membered

monocyclic cycloalkenyl, a 5 or 8 memberad monocyclic helerocyclyl, or a 5 or 6 membered
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monocyclic hateroaryl, wherein the bicyclic heterocyclyl is optionally substituted by one or
two groups which are independently oxo or thia.

The term “nitro” as used hersin, means a -NO, group.

The tsrm “oxo” as used herein msans a =0 group.

The term “saturated” as used herein means the referenced chamical structure doses

o

not contain any multiple carbon-carbon bonds. For example, a saturated cycloalkyl group as
defined herein includes cyclohexyl, cyclopropyl, and the like.
The ferm "substituted”, as used herein, means that a hydrogen radical of the
designated molety is replaced with the radical of a specified substituent, provided that the
14 substitution results in a stable or chemically feasible compound. The term "subsiitulable”,
when used in reference to a desighated atom, means that atached 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 hersin, refers o a number of
substituents that equals from one 1o the maximum number of substituents possible based on
15  the number of available bonding siles, provided that the above conditions of stability and
chemical feasibility are metl. Unlsss otherwise indicaled, an optionally substituted group may
havs a subsiituent at each substitutable 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 values may be selecled for multiple instances of a given variable in a
20 single compound.
The term “thia” as used herein means a =8 group.
The ferm “unsaturated” as used hersin means the referenced chemical structure
contains at least one multiple carbon-carbon bond, but is not aromatic. For exampie, a
unsaturated cycioalkyl group as defined herein includes cyclohexenyl, cyclopentenyi,
25 cyciohesxadienyl, and the like.
it wilt be apparent o one skilled in the art that csrtain compounds of this disclosurs
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the
scope of the disclosure. Unlass otherwise stated, structures depicted hersin are also meant
o include all stereschemical forms of the structure; Le., the R and § configurations for each
30 asymmelric center. Therefore, single stereochemical isomers as well as enantiomeric and
diastereomeric mixiures of the present compounds are within the scope of the disclosure.
Both the R and the & stersochemical isomers, as well as all mixiures thereof, are included
within the scope of the disclosure,

“‘Pharmaceutically acceptable” refers to those compounds, materials, compositions,

(43
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andfor dosagse forms which ars, within the scops 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

-30-
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benefit/risk ratio or which have otherwise bsen approved by the Uniled States Food and
Drug Administration as being acceptable for use in humans or domsstic animals.
“Pharmaceutically acceptable salt” refers to both acid and base addition salts.

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

o

administered o a subject, is sufficient to effect treatment for a disease or disorder described
herein. The amount of a compound which constifutes a “therapeutically effective amount” will
vary depending on the compound, the disorder and its severity, and the age of the subject o
e treated, but can be determined roulinely by one of ardinary skill in the art.
‘Modulating” or “modulate” refers 1o the fireating, prevention, suppression,
14 enhancement or induction of a function, condition or disorder. For example, i is believed that
the compounds of the present disclosure can maodulate atherosclerosis by stimulating the
removal of cholasterol from atherosclerotic lesions in a human.
“Treating” or “treatment” as usad hersin covers the treatment of a diseases or disordar
described herein, in a subject, preferably a human, and includes:
5 i. inhibiting a disease or disorder, i.e., arresting its development;
ii. relieving a disease or disorder, f.e., causing regression of the disorder;
iii. 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 o 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 inducsad, provoked or potentiated by the particular test compound.
050" refers to an amount, concentration or dosage of a particular test compound that

achievas a 50% 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 undersicod 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 gsneric dascription if they ars not

specifically defined below.

35 General procedure

31
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Those having skill in the art will recognizs that the starting materials and reaction
conditions may be varied, the sequence of the reactions sllered, and additional steps
employad to produce compounds encompassead by the present disclosure, as demonstrated

by the following examples. Many general references providing commonly known chamical

o

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 Chemislry, including Qualilative Organic Analysis, Fourth Edition, New
York: Longman, 1978}

10 Starting materials can be oblained from commercial sources or prepared by well-
established lilerature methods known {o those of ordinary skill in the art.  The reactions are
performed in a solvent appropriate to the reagents and materials employed and suitable for
the transformations being effecied. It will be undersiood by those skilled in the ant of organic
synthesis that the functionality present on the molecule should be consistent with the

15  transformations proposed. This will sometimes require a judgment to modify the order of the
syntheatic steps or 1o select one particular process schems aver anothsar in order to obtain 8

desired compound of the disclosure.

In some cases, protection of cerfain reactive funclionalities may be necsssary 1o

achisve same of the above transformations. In general, the naed for such protecting groups

26 as well as the conditions necessary 0 attach and remove such groups will be apparent to
those skilled in the art of organic synthssis. An authoritative account describing the many
alternatives to the trained practitioner are . F. W, McDOmis, "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, New Yorlk 1928, in "The

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

15/, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheil, "Aminosauren,
FPeplide, Proteine”, Verlag Chemie, Weinheim, Deerfield Beach, and Basel 1882, and/or in
Jochen Lehmann, "Chemie der Kohlenhydrate: Monosaccharide and Derivate”, Georg

30 Thieme Verlag, Stutigart 1974, The protecting groups may be removed at a convenient

subsequeant stage using methods known from the art.

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

analyzer. LC chromatography used an Agilent XDB-C18 column (4.6x50 mm, 1.8 ym) with a
water/acetonitrile {each with 0.2% {(v/v} formic acid) gradient at a flow rate of (.5 mb/min.

35 HRMS analyses are performad at the Duke M8 Center. Thin-layer chromatography (TLC) s

performed on Sigma-Aldrich plates with a fluorescent indicator. Proton ('H) and carbon (PC)
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NMR spectra are recorded at 300 and 75 MHz, respectively, on a Varian Specirometer.
Chemistry shifts (8) are reported in parts per million (ppm) referenced to 'H (TMS at 0.00),
BCO(OMSO at 39.55, CDCl at 77.0, and CD;0D at 49.0). Column chromatography is
conducted using either silica gel (Silicycle 40-64 pm) or prepacked RediSep columns
{Teledyne Isco Inc,, Lincoln, NE)} on an Isco CombiFilash Rf instrument. All moisture-sensitive
reactions are carried out using dry solvents and under a slight pressure of ulira-pure quality
argon. Glassware is dried in an oven at 140°C for af least 12 h prior to use, and then
assembied quickly while hot, sealed with rubber septa, and allowed o cool under a stream of
argon. Reactions are stired magnetically using Teflon-coated magnetic stirring bars.
Commercially available disposable syringes are used for transferring reagents and solvents.
The disclosures of all articles and references mentionad in this application, including

patents, are incorporated herein by reference in their entirety.

EXAMPLES

The preparation of the compounds of the disclosure is lllustrated further by the
following examples, which are not to be construed as limiting the disclosure in scope or spirit
to the spacific procedures and compounds described in them. In all cases, unless otherwise

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

Example 1

o
//

iog

4-{{4-aminophenyllbuta-1,3-diynyl}-N-{3-hydroxy-1-{hydroxyamino}-2-methyl-1-oxobutan-2-

HoN

yhbasnzamide

NH,OBn HO! -
HOp, CHs  2MNaOH  HOs CHs epé miea Hopt MO ~CHs
g A g ‘ | : g
o THF, MeOH o S N ,
HL B TCOBY 1t 24 H.gc\‘N Co,H  DOM 1t H;;C\\N C{OINHOBR
3 3 3
4 2 3
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MeQOH - '
(40 psi} HC C{OINHOH

-

H s Pd-C H O”h
g
Ny
4

Azido alcohol fwas hydrolysed using aqusecus NaOH to give azidocarboxvlic acid 2,

which was converted info O-benzyl prolecled hydroxamate 3 using standard EDRC coupling

o

conditions.  Upon hydrogenolysis, using pafladium over activated carbon as calalyst,
hydroxamate 3 was transformed into amine alecchol 4. Reaclion of this amino alccholwith
pentafluorophenyl (PFP) ester afforded 4-{{4-aminophenyhbuia-1,3-diynyh-N-{3-hydroxy-1-

{hydroxyamino)-2-methyi-1-oxobutan-2-ylibenzamide.

10 Example 2
HE,C o OH

J\ S‘OH
A E[i\?\g
O\j

N-{4 4-difiuoro-3-hydroxy-1-(hydroxyamine)-2, 3-dimethyl-1-oxobutan-2-yi}-4-({4-

{morpholinomethyliphenyhethynyhbenzamide

15  Examplss 3-28
Additional compounds are preparad substantially according to the procedures

described abovs:

Example Compound Structure
Mo,
Obrm
H
O NTH(N'OH
L
3 4

(J

{25,354 4-difluoro-N, 3-dihydroxy-3-methyl-2-((3-(4-
{phenviethynyliphenyhpropyhaminobutanamide
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b
j%(ﬂ
O N "OH
H

4 4-diftuoro-N,3-dihydroxy-2, 3-dimethyl-2-({3-(4-
{phenviethynvhiphenyhpropyhamino butanamide

O A e
5 O HwN\/E(H.OH
) H o

N-{2-{(4 4-difluoro-3-hydroxy-1-{hydroxyamine}-2,3-dimethyl-1-
oxohutan-2-yliaminoathyi}-4-(phenylethynybbenzamide

S :

N R
SUIh
8 No~n N.on
) H o

N-{2-{{{25,38 )4 4-diflucro-3-hydroxy-1-(hydroxyamino)-3-
methyi-1-oxcbutan-2-ylaminao)ethyi}-4-
{phenviethynvhbenzamide

o
o %Fdi
O NN N-on
H H

MN-{{{4.4-diftuorc-3-hydroxy-1-{hydroxyamino)-2, 3-dimethyl-1-
oxobutan-2-yllaminoimsthyl-4-{phenyiethynyhbenzamide

s

NN ‘OH
H H

o]

4 4

& Q A
N-{{{25,38 4 4-difluoro-3-hydroxy-1-(hydroxyamino}-3-methyl
1-oxobulan-2-yhaminoimethyi}-4-{phenviathynylibsnzamide

OH_
CF,H
> 9y
N
SR
g O

N-(5,5-diflunro-4-hydroxy-3-{hydroxycarbamoyi}-3.4-
dimethyipentyh-4-(phenylethynyibenzamide
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OH
CFoH
5 :
H
) N
® I
10 O &

N-(5,5-difluoro-4-hydroxy-3-{hydroxycarbamoyl)-4-
mathyipentyi-4-(phenylethynyiibenzamide

O

N0

<

G .
H
NQ
O N/\)\W Ok
H
G
) /

N-{(4-(hydroxyvamino}-3-(methylsulfonyl}-4-oxobutyly-4-
{phenviethynvhbenzamide

Q

N //Q
S

Q
H
N
ﬁ (B]]
O
12 F

MN-{4-(hydroxyamino}3-methyl-3-(methyisulfonyl}-4-oxobutyl)-4-
{phenviethynyhbenzamide

13
G
N-hydroxy-Z2-{methvisulfonyl}-5-{4-
{phenviethynyliphenylpentanamide
% \ES?//O
14 g
OH

o]
N-hydroxy-2-methyl-2-(methyisulfony!}-5-(4-
{phenylethynyliphenylipentanamide
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15

.0
\S//
H
N\
OH
® y
gl

N-hydroxy-Z-{methyisulfonyl)-6-(4-
{phenvisthynyliphenybhexanamide

16

%0
\S//
H
N<
OH
® !
ol

N-hydroxy-2-methyl-2-(methylsulfony}-6-(4-
{phenylethynyliphenybhexanamide

17

X So
s
H
No
OH
0

N-hydroxy-2-methyl-2-{methyisulfony)-7-(4-
{phenvlethynvliphenvhheptanamide

18

% \(I?//O
S
H
N<
OH
(0]

N-hydroxy-2-{methylsulfonyi)-7-(4-
{phenvlethynvliphenylheptanamide

18
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F { OH
o}
O m NHOH
o}

19.1 HU O o

N-{4 4-difluora-3-hydroxy-1-{hydroxyamino}-3-methyl-1~
oxobutan-2-ylr4-{{4-(piperazin-1-
vimethyhphenyhethynyhbenzamide

P Lo
/\,ﬂ\ /\T( NHOH

/

20 \;\{’\\ J\/j/

N—((ES,SS)—4,4 cisﬂuc:ro 3-hydroxy-1-{hydroxyamino}-3-methyl-1-
oxobutan-2-yh-4-{{4-{piperazin-1-
vimethylphenyhathynylibsnzamide

i OH
o}
N NHOH
O o

20.1 Y O

N-(4 4-difluoro-3-hydroxy- 1-(hydroxyamine }-3-methyl-1-
oxobutan-2-yi)-4-{{4- (\1 methylpiperazin-1-
yhimethyhphenyhethynyhbsenzamide

24 o/\N 44

N-{(25,38}-4 4-diffucro-3-hydroxy-1-(hydroxyamino - 3-methyi-1-
oxobutan-2-yh-4-(5-morpholinopenta-1,3-divn-1-vlibsnzamide

- F
OH

NHOH

21.1 o™ 7

N
N-{4 4-difluoro-3-hydroxy-1-(hydroxyamino }-3-methyl-1-
oxobutan-2-yh-4-(5-morpholinopenta-1,3-diyn-1-ylibenzamide
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& OH
C‘ :,
PN JJ\N. NHOH
N H
LRy o
O/\\\E /r”/{;/
22 K,N\g o

=z

({23,384 d-diflucro-3-hydroxy-1-(hydroxyamine }-3-methyi-1-
oxobutan-2-yh-4-(5-morpholinohsxa-1,3-diyvn~-1-yilbenzamide

= F
OH

NHOH
=
22.4 O 4 ~

N-{4 4-difluora-3-hydroxy-1-{hydroxyamino}-3-methyl-1~
oxobutan-2-yh-4-(5-morpholinochexa-1,3-diyn-1-yiibenzamids

.

4-fluoro-N, 3-dihydroxy-2, 3-dimethyl-2-{4-{{4-
{morphalinomethyliphenyllethynyhibenzylhlaminobutanamide

O F

\

23

24

(38}-4-fluoro-N,3-dihydroxy-2, 3-dimethyk-2-({4-{{4-
{morpholinomethyl)phenyhethynybbenzyhamino}butanamide

Q F

(38)-4 4-difluoro-N 3-dihydroxy-2, 3-dimethyb-2-({(4-{(4-
{morpholinomethyiiphenylethynybbenzyhaminobutanamide

25
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0 F
® {L

4 4-difluoro-N 3-dihvdroxy-2, 3-dimethyil-2-({(4-((4-
{morphalinomethyl)phenvijethynybbenzybamina)butanamide

SEU
e

(33)-4-fluora-N 3-dihydroxy-2, 3-dimethyi-2-((3-{4-({4-
{morpholinomethyliphenyliethyniyhiphenyhpropyllamino)butana
mide

4-fluoro-N,3-dihydroxy-2, 3-dimethyl-2-((3-(4-{{(4-
{morpholinomethyliphanyliethynyhphenyhpropylhaminobutana
mide

O :

(3534 4-diffuoro-N 3-dihydroxy-2 3-dimethyl-2-({3-{4-({4-
{morpholinomethyliphenyhethynyhphenyhpropylhiamino)butana
mide

SN

25.1

26

26.1

a7

F

Qi

27 1 4,
4 4-difluoro-N, 3-dihydroxy-2, 3-dimethy-2-{{3-(4-{{4-
{morpholinomethyliphenyliethyniyhiphenyhpropylaminohbutana
mide
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ZT

V4
4

28

\

OH

(38)-2-{(4-({1H-pyrazol-4-yhibuta-1,3-diyn-1-yDbenzyhamino)-4-
fluoro-N, 3-dihydroxy-2, 3-dimethylbutanamide

H
N
N
\
X
X OHF
H
N
28.1
NH
O bH

2-{{4-{{1H-pyrazol-4-yhbuta-1,3-diyn-1-yhbenzyhamino)-4-
fluoro-N, 3-dihydroxy-2, 3-dimethylbutanamide

H
N
NG |
A
X
28
O by
{383-2-{{4-{(1H-pyrazol-d-yvhibula-1, 3-diyn-1-yhbenzyhamino)-
4 4-difiuoro-N 3-dihydroxy-2, 3-dimethylbutanamide
H
/N
N |
A
A ouF
H F
28.1
NH
Y

2-{(4-({{1H-pyrazoi-4-yhibuta-1, 3-diyn-T-yhibenzyhamino)-4,4-
diffuorg-N, 3-dihydroy-2, 3-dimethylbutanamide
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Example 30
Ué/\§\\ﬂ/N\OH
s O
vfﬁ’/
B
o

N-hydroxy-2-methyb2-(methylsufony-d-(Z2-oxo-4-{phenyisthynyiipyridin-1{(2H)-

yhbutanamide

o

Example 31; Bislogical Examples

Protein purification

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

a C408 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 £

10 cofi LpxC construct lacking the C-lerminal five amino acids (1-300) is prepared by using the
QuikChange site-directed mutagenesis kit (Siratagene} from the fulllength £ coff LpxC
gene. LpxC proteins are overexpressed in BL2ZT(DEIISTAR cells {Invitrogen) grown in LB
media and purified using anion-exchange (Q-Sepharose Fast Flow, Amersham) and size
exclusion (Sephacryt $-200 HR, Amersham) chromatography. Purified proteins are

i5 concentrated and buffer-exchanged into 25 mM HEPES, pH 7.0, with 100mM KCI and 0.1
mM ZnS0,. For the EclpxC proteins, 2mM dithiothreitol is added to all the purification

buffers. All proteins samples for enzymatic assay and crystaliography are siored at -80°C.

Enzymatic inhibition Assay
LDP-3-0-f(R)-3-hydroxymyristoyll-N-acetylglucosamine and [a-*PIUDP-3-C-{{R)-3-

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

LpxC activity are performed at 30 °C in 256 mM sodium phosphate, pH 7.4, 1 mg/mlL bovine
serum albumin, 100 mM KCl and 2 mM DTT, in the presence of & yM substrate and 0.2 nM
EclpxC, uniess noted otherwise. 1% DMSO is included and held constant in assay
mixtures. Initial velocitiss are calculated from the linsar portion of reaction progress curves
25 {<10% conversion of subsirate o product).

Ky and Vigvalues are determined by varying the subsirate conceniration from 0.5 to
50 puM. Data is analyzed using an Eadis-Hofsise plot and by a nonlinear curve-fitting
program (KaleidaGraph, Synergy Software); the resullant values are nearly identical 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/ug) versus the compound

concentration is plotted and fitted to caloulate a K value using the Morrison equation:

V.
Ui

¥ ({E], +{{], + K77y~ \/(El +{7L + Kf”’)2 -4 EL[,
Yy 2AE],

where u; is the inifial velocity of the reaction in the presence of the inhibitor, uy is the initial
velocity of the reaction in the absence of the inhibitor, [Ely is the total enzyme concentration,
and [y s the iotal inhibilor concentration. A K value is calculated  using:
R, =K"/(1+{81/ K, where [3] is the substrale concentration. All measurements are

done in triplicates.

Construction of £, colif W3T10PA

P. aeruginosa IpxC is used io raplace E. cofi chromosomal jpxC. A linear PCR

product containing the P aeruginosa ORF with flanking sequences containing 33 bps of DNA
complementary {o the upstream 5 region of £ coli IpxC and 45 bps of DNA complementary

3 5

o the downstream 3 region of £ cofi jpxC, is amplified from a plasmid carrying P
aeruginosa lpxC using primers pa-LpxC-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 slectroporated into £, coli
DY330 cells, which carry A-red recombinases, using a Bio-Rad Gene Pulser I set o 2.5 kV,
25 4F, and 400 Q. While DY330 cannot survive on the LB/agar plate supplementad with 15
aa/mb of the compound of disciosure, cells wherein £, coff lpxC replaced with P. asruginosa
ipxC can survive on this media. Transformants are therefore selected directly using the
compound of disclosure without introducing a dlosely linked resistance cassette for a different
antibiotic marker. Genomic DNA from resistant colonies is isolated, and the region around
ipxC amplified with primers 300-up-ipxC (5-ACA AAC GTC CTG AAA TCA CTC TGG TG-37)
and 300-down-ipxC (5-TCC CTA ATA AGA GAT GCG GCC AGA A-3), and sequenced with
primers pablpxC-361-5 (5-GAG CAG GAA GCT GCC AA-3) and palpx(C-581-3" (5-GTA
CTC GAT GTC GCG CA-3). One clone in which PalpxC had replaced chromosamal EclpxC
is selected and grown at 30 °C. This strain is used {o generate Plvir lysate, which is used
transduce chromosomal PalpxC into the chromosome of £, cofi W3110. Transduced cells are
plated on LB/agar containing 15 wg/mb of the compound of disclosure and 10 mM sodium
citrale. The resulting colonies are purified 3 limes on this media. Genomic DNA from
resistant colonies is isolated, and the region around fpxC is ampiified with the primers 300-
up-foxC and 300-down-ipxC, and sequencad with palpxC-361-5" and pal.pxC-581-3’. The

colony that harbored the P. geruginoss fpxC knock-in is named as W31T10PA,
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Minimum Inhibitory Concentration (MIC)

MICs are dstermined according to the NCCLS protocol using 96-well plates. Briefly,
diluted hacterial calis (10° cells/ml) are added into each well of the 96-well 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-dimethylthiazol-2-yi}-2,5-
diphenylistrazofium bromide solution (MTT) is added (final concentration, 0.2 mg/ml) and
incubated at 37 °C for ancther 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 £, coli (W3110}, P. aeruginose (PACT), F novicidg U112 (FNUT1Z), and
modified £ coli strains with the native fpxC gene replaced by that of R leguminosarum
{(W3110RL) or P. aeruginosa (W3110PA).

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

ug/mi to about 400 yg/mi. Representative resulls are also iliustrated in Table 1.

Table 1
Example | E. cofi E. coli PZ E. coli E. coli
Noi | Wat10| WB110RL ACTUGIOSS | W3T10PA | W3TIONG FNUT12
) RE 15 15 0.03 0144 06
0.13 >50 6.25 6.25 50 §.25
2 625 50 50
3 6
15 57 3B 58
20 =i 37 0.05
71 046 75 5§
22 >4 5 »5
W <078 <078 <078 75

Additional results of minimum inhibitory concentrations (MICs) using V. cholera (P4),

S, typhimuriam (LT2), and K. pneumonia {43876 are showin in Table 2
Table 2

Example No. V. chofera (P4} S, typhimurum (LT2} | K pnewmnonia (43816}

1 (.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. gonorrhoesae strains: FA1S {a drug-sensitive strain) and 35/02 {drug-resisiant

strain.} FA19 is an isolate from uncomplicated infection and was lyophilized in 1862, 35/02
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displays intermediats-level resistance to extended spectrum cephalosporins such as
ceftriaxone (MIC = 0.12 pg/ml) and cefixime (MIC = 0.28 ug/mi) and high-level resistance (o
peniciliin (MIC = 8 ug/mi). The slrain is being sequenced o elucidate the mechanisms

involved in high-level chromosomally mediated resistance.

Disk Diffusion Assay

An assay was peformed on two sirains of Acinefobacfer Baumannil, antibiolic
susceptible strain (Sus. A.b. Isolate), and mullidrug-resistant strains (MDR Ab. isolate). The
activity was also peformed on two N. gonorrhoeae strains: FA1S (a drug-sensitive strain) and
35102 (drug-resistant strain.} 2 pg of compound is added per dise, which is & mm in
diameter. Activity is measured as the diamester {in mm) of the growth inhibition.

it is undersicod that the examples and embodimsnis described hersin are for
Hustrative purposes only and that various maodifications or changes in light thereof will be
suggested o persons skilled in the art and are o 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
KQ%NIRZ
nnnnnnnn ] i

R™—" _x R
ol 3

or a pharmacsutically acceptable sali thereof, wherein
5 Q,Y, D, and X independently represent CH or nitrogen, provided that at leasttwo of O, Y, D,
and X are CH;
each R is independently hydrogen, or C-Cq alkyl, or two R groups form =0,
R, is -C=C-R,, aryl optionally substituled with R, heteroaryl optionally substituted with Rg, or

heterocyciyl optionally substituted with Rg;

10 Ryis Ry
R; is hydragen or C-Cg alkyl;
Ry is C4-Cy alkyl optionally substituted with R, aryl optionally substituted with R;, heteroaryl
optionally substituted with Rg, or heterocyclyl optionally substituted with Rg;
each R; is independently hydragen, or C.-Cg alkyl;

i5 each Ry is independently selected from ths group consisting of halogen, -NOG,, -CN, C-Cy
alioyl, C1-Cs haloalkyl, Ny, -NH{C-Cy alkyl), -N(C1-Cy alkyl)s, -OH, C1-Cq alkooty, s~
Ce haloalkoxy, aryl, aryl{C,-Cy alkyl), heteroaryl, heteroarvl{C,-Cq alkyl), heterocyclyl,
and hetsrocyclvl{C/-Cs alikyl), whersin each alkyl, aryl, hetercaryl, or heterocyclyl
moiety is optionaily substituted with one or more Ry,

20 each Ry is independently selected from the group consisting of halogen, -NH,, ~-NH{C-C;
alkyly, -N(C,-Csg alkyl),, -OH, C,-Cg alkoxy, and C-C; haloalkoxy;

esach R; is independently selectad from the group consisting of halogen, -NG;, -CN, C+-Cs
alkyl, C4-Cg haloalkyl, -NH;, -NH(C+-Cg alkyl}, -N{C4-C¢ alkyll,, -OH, G4-C¢ alkoxy, Cy-
Cq haloalkoxy, -SH, -S(C4-Cs alkyl), oxo, hydroxy(C4-Cs alkyl), alkoxy{C-Cs alkyl},

25 amino{C-Cs alkyl), -CHo-NH(C+-Cs alkyl), -CHo-R{C+-Cs alkyl)s, -CONH;, -CON{C+-Cs
alkyly, -CON{C-Cq alkyl)y, -CONH-OH, -CONH-NH,, -COH, -CO:H, ~-CO»{C+-Cq
alkyly, -OQCO{C4-Ce alkyl}, -NHCO{C-C; atkoxy), -NHTCG{C+-Cs
atkyl), -NHCONH;, -NHCONH{C-Cs alicyl), -NHC{=NHNH;, -NH-S(0)o~C1-Cs
alkyl}, -NH-S(O)pp-aryl, -NH-S(O)-hetercaryl, arvli{CCe alkyl), hetercaryl{C,-Cs

30 alkyl), heterocyclyl(Ci-Cy alkyl), ~-CHa-NHCONH,, ~CH-NHCONM(C/-Cy alkvl},
and ~-CH-OCO{C,-Cy alkyl);
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R is C1-Cg alicyl, arvl, arvi{C,-Cq alkyl), heteroaryl, heteroaryi{C-Cq alkyl}, heterocyelvl, or
heterocyclyl{C-Ce alkyl), wharein sach alityl, aryl, hetaroaryl, or helerooyelyl molety is
optionally substituted with one or more Ray;

R. is independently selscted from the group consisting of halogen, ~-NO;, -CN, $-Cg alkyl,
C1~Cs haloalkyl, -NH,, -NH{C:-Cs alkyl), -N{C,-Cs alkyh,, ~-OH, C:-Cs alkoxy, C~Cs
haloalkoxy, oxo, -CONH,, -CON(C-Cs alkyl), -CON{C-Cs alkyl)y, ~-CONM-

OH, ~CONH-NH,, -CO.H, and -CO,{C4-C; alkyly;

Ry is C4-Cg alkyl;

each Rz is independently selected from the group consisting of halogen, -NO,, -CN, C4-Cs

10 alkyl, C4-C; haloalkyl, -NH,, -NH(C+-Cs alkyl), -N(C4-Cq alkyl)s, ~-OH, C4-Cq alkoxy, Cs-

Ce haloalkoxy, -SH, -5{C,-Ce alkyl}, oxo, hydroxy{C+-Ce alkyh), alkoxy{C4-Cq alkyl},
amino{C4-Cq alkyl), -CONH,, -CON{(C/-C; alkyl), -~CON(C-C; alkyl)s, -CONH-

OH, -CONH-NH,, -COH, -COzH, -CO{C-Cq alkyl), -OCO{C-Cg alikyl), -NHTCO{C4-Cs
alkoxy}, -NHCO(C-Cs alkyl), -NHCONH,, -NHCONH(C,-Cq

o

5 allyl), ~-NHC(=NHINH;, -NH-S{0Q)%.o-(C1-Cq alkyl), -NH-S{O)p-aryl, and -NH-8{0);o-
heteroaryl.
2. A compound according to claim 1, wherein R, is of formula:
Ros

Roa
RZ‘@iCH 5
:&‘a Rio

R.. is selected from the group consisting of hydrogen, halogen, C-Ce alkyl, C+-Ce
20 haloalkyl, ~NH,, -NH(C+-C; alkyl), -N{C4-Cs alkyl)y, ~-OH, C4-Cq alkoxy, C4-Cg
haloalkoxy, ~SH, -S{C-Cg alkyly, hydroxy(C-GCs alkyl), alkoxy{C-Ce alkyl), amino(Cy-
Ce alkyh), -NHCO{C-Cq atkyl), -NHCONH,, -NHCONH{G-Cs alkyl), ~0CO(C-Cs
alkyl}, and -NHCO(C+-Cs alkoxyy;
Rys is selected fram the group consisting of hydrogen, halogen, Ci-C; alkyl, C4-Cg
25 haloalkyl, -NH,, -NH(C+-Gs alkyl), -N(C4-Cg alkyl),, -OH, C4-Cq alkoxy, C1-Cs
haloalkoxy, -SH, -5{C4-Ce alkyl), hydroxy(C-Cs alkyl), alkoxy({C4-Cs alkyl), and
aming{C-Cq alkyl);
Ry is ©4-Cq alkyl or G4-Cp haloalkyl; and
Rip is ~CONHM,, ~-CON{C/-Cq alkyl), ~-CON{C-Cg alkyily, ~CONH-OH, ~-CONMH-NH,, ~-COH,
30 or ~C0O{C4-Cs alkylh).

3. A compound according to claim 2, wherein Ry is G, haloaltkyl

4, A compound according to claim 3, wherein Ry is ~CH,F, ~CHF,, or -CF.
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5. A compound according to claim 4, wherein Ry is -CHF,.

8. A compound according (o claim 2, wherein Ry is C,-C; alkyl.

7. A compaound according to claim 6, wherain Ry, is methyl

8. A compound according to any one of claims 2-7, whersin Rys is hydrogen, halogen,

5 CCpalkyl, or C-Cy haloalkyl.

8. A compound according to claim 8, where Rys is hydrogen or G-Cg alkyl,

10. A compound according o claim 9, where R.s is hydrogen.

11. A compound according to claim 8, where Ras is C4-Cs alkyl

12. A compaound according to claim 11, where Ryg is methyl.
10 13. A compound according to claim 2, whersin Rys is methyl, and Ry is ~CHF,.
14. A compound according to claim 2, wherein Rys is hydrogen, and Ry is -CHF,.

15. A compound according to any one of claims 2-14, wherein Ry, is selected from the
group consisting of -NH,, -NH{(C,-Cs alkyl), -N(C,-Cs alkyl)e, -OH, C,-Cs alkoxy, C-Cs
haloalkoxy, ~-8H, -8(C.-C;s alkyl), -NHCO{C4-Cp alkyl), -NHCONM,, ~-NHCONM{C-Cq

15 alkyl), -CCO{C-Cs alkyl), and ~NHCO(C-Cq atkoxy).

168. A compound according to claim 15, wherein Ry is selected from the group consisting
af -NH,, -NH(C-Gs alkyl), -N{C1-Cq alkyl), -NHCO{C1-Cp atkyl), -NHCONH,, -NHCONH{C4-
Ce alkyl), and -NHCO{C1-Cg alkkoxy).

17. A compound according to claim 16, wherein Ry, is ~-NH..

20 18, A compound according o claim 16, wherein Ry, is -NHCO(C -Gy
alkyh), -NHCONH,, ~-NHCONH{C-Cq alkyhy, or -NHCO{C-Cg alkoxy).

19, A compound according to claim 15, wherein Ry is ~OH or C4-Cs alkoxy.
20, A compound according o claim 18, wherein Ry, is —-OH.

21, A compound according to any one of claims 2-20, wherain Ry is -CONH-
25  OH, ~=CONH-NMH,, or -COH.
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22. A compound according to claim 21, wherein Ry is -CONH-OH,.

23. A compound according to claim 2, where R; is of formula:

OH FoHC. | OH
iy AWy
CHy NHOH CH, NHOH

24, A compaound according to claim 1, wherein

Rg is Ci-Cg alkyl, aryl{Ci-Cq alkyh), or heleroary{ C,-C; alkyl}, wherein each alkyl, aryl, or
heteroaryl moiety is oplionally substituted with one or mare Ry,

Rig is -CONH,, ~CON{C/-C; alkyly, -CON(C-C; alkyl)y, -CONH-OH, ~-CONH-NH,, -COH,
or ~CO{C4-Cy alkyhy; and

Ry is C1-Cs allyl

25. A compound according to claim 1 or 24, wherein Ry is methyl.

26. A compound according t0 any one of claims 24-25, wherein Ry ~-CONH-OH
or ~-CONH-NH,.

27. A compound according to any one of claims 24-26, wherein

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

each Ry; is independently selected from the group consisting of halogen, C4-Cq aliyl, C4-Cs
haioalkyl, -NH,, -NH{C-Cs alkyl), -N{C1-Cs alkyl)e, ~OH, G4-Cs alkoxy, C1-Ce
haloalkoxy, -SH, -S{C4-Cq alkyl), hydroxy({C,-Cg alkyl}, alkoxy{C-Cq alkyl}, amino{C-
Cg alkyl), ~-OCO{C1-Cq alkyly, -NHCO{C1-Cg alkoxy), -NHCO{C-Cg alkyh),-NHCONH,,
and -NHCONH(C-Cq alkyl).

28. A compound according to any one of claims 24-27, wherein Ry is C-Cq alkyl,

optionally substituted with one or more R,

29, A compound according to any one of claims 24-28, wherein Ry, is independently
salected from the group consisting of halogen, C4-Cs alkyl, C+-Cs haloalkyl, -NH,, -NH(C4-Cq
alkyly, -N{C4-Cy alkyl);, -OH, C.-C;y alkoxy, C-C; haloalkoxy, -SH, -5(C-C; alkyl), oo,
hydrone{C-Cq alkvl), alkoxy{C1-Cq alkyl), amino{C-Cg alkyl), -CONH,, ~-CON{C-Cs

alkyl), -CON{C4-Cq alkyl),, -CONH-OH, ~CONH-NH,, ~-COH, -COxH, -COx{(C4-Cq

alloyl), ~-NHC{=NEDNH,, -OCO{C-Cq alkyl), -NHCO{C-Cs alkkoxy), -NMHCO{C:-Cs
alkyl},~-NHCONHM,, and ~-NHCONH{C-Cq alkyl).
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30. A compound according to any one of claims 1-29, wherein R; is hydrogen.

31, A compound according to any one of claims 1-29, wherein R, is methyl.

32. A compound according to any one of claims 1-31, wherein two R groups form =0,
33. A compound according to any one of claims 1-32, whersin R, is ~-C=C-R..

34, A compound according to claim 33, wherein Ry is -C=C-Ry, and Ry is aryl oplionally

substituted with Ra, or heteroaryi optionally substituted with Rs.
35. A compound according to clainy 34, whersin Ry is aryl optionally substituted with R,

38. A compound according to claim 35, wherein the compound is of formula:

<\ n e e o a
RB/U \_7 R
R

37. A compound according o claim 38, wherein Ry is selected from the group consisting
of halogen, ~CN, C,-Cs alkyl, Gi-Cs haloalkyl, ~-NOy, -NH., -NH{C-Ce atkyl), -N{C+-Cs

alkyi),, -OH, C4-Cs alkoxy, -CONH,, -COH, -COH, ~-NHCO(CC4

alkyl), -NHCONH,, -NHCONHM(C-C; alkyl), and -NH-3{Q)0.-{C-Cs alkyl).

38. A compound according to claim 38, wharein R; is selected from the group consisting
of -NH,, -NH(C,-Cs alkyl), -N(C1-Cq alkyl);, -NHCO(C1-Cp altkyl), -NHCONH,, -NHCONH(C4-
Ce alkyl), and -NH-8(O)o~(C+-Cs alkyl).

39. A compound according to claim 38, wherein R; is selected from the group consisting
of -NH,, -NH{C-Cs alkyl), or -N{C-Cs alkyll.

44, A compound according o claim 39, wherein Ry is -NH,.

41. A compound according to claim 36, wherein R; is selected from the group consisting
of hydroxy(C-Cq alkyl), amina{C4-Cs alkyl), ~-CH-NH{C-Ce alkyl), ~-CH-N{C,-Cs alkyl),,
heteroaryl{C.-Cs alkyl), heterocyelyl(C4-Cq alkyl), -CHa-NHCONH,, and ~-CH,-NHCONH{C-Cq
alkyi).

42, A compound according to claim 38, wherein Ry is selecied from the group consisting
of amino{Cq-Cq alkyl), -CH-NH(C1-Cg alkyl), -CHz-N(C1-Cq alkyl)y, -CH-NHCONH,,
and -CHy-NHCONH(C1-Cs alkyl).
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43. A compound according to claim 36, wherein R is selected from the group consisting
of halogen, -NG,, -NH,, -NH{C-C; alkyl), -N{C-Ce alkyl),, -OH, CG-Ce alkoxy, and Cq-Ce

haloalkoxy.

44, A compound according to claim 1 or 38, wherein the compound is of formula:

poeene poeeen O
R

45, A compound according to claim 44, wherein the compound is of formula:

= @—4

48. A compound according to claim 44, wherein the compound is of formula:
<\ /;} = \ Y
NH,

47. A compound according to any one of claims 1-32, wherain Ry is aryl optionaily

R';

substituted with R, or heteroaryi optionally substituted with Rs.
48, A compound according to claim 47, wherein R, is aryl optionally substituted with R,.

44, A compound according o claim 48, wherein the compound is of formula:

50. A compound according o claim 49, wherein B, is selected from the group consisting
of halogen, ~-NG,, -CN, C-Cq alkyl, C-Cy haloalkyl, -NH,, -NH{C~-Cq alkyhy, -N{C -Cs
alkylls, -OH, C:-Cs alkoxy, and C4-Cq haloalkoxy.

51, A compound according o claim 49, wherein R, is selected from the group consisting
of aryl, aryi{C-Cy alkyl), heteroaryl, heteroaryl{C1-Ce atkyl), heterocylyl, and heterocychyl{Cs-
Ce alkyl), wherein each alkyl, aryl, heteroaryl, or heterocyclyl moiety is optionally substituted

with one or mors R,
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52. A compound according to claimy 51, whersin Rg is aryl or arvi{C-Ce alkyl), wherein

aryl is optionally substituted with one or more R,

53. A compound according fo claim 51, wherein R, is heteroaryl or heteroaryl{C,-Cs

alkyh), wherein heteroaryl is optionally substituted with one or more Ry;.

54, A compound according to claim 51, wharein Ry is heterocyciyt or hetsrocyclvl (Cr-Ce

alkyh), wherein heteracyclyl is optionally substituted with one or more Ry,

55, A compound according fo claim 81, wherein Rg is unsubstitutsd heterocycivi or

unsubstituted heterocyelyl (C-Cq alkvl).

58. A compound according to claim 51, wherein R, is heterocyclvi{C,-Cg alkyl), wherein

heterocyclyl is aptionally substituted with one or more Rq,.

57. A compound according fo clalm 58, wherein Rg is unsubstituted helerocyclyi{Cs-Cs

alkyi).
B58. A compound according o claim 57, wherein R, is unsubstituted heterocyclyl{C, alkyl.

58. A compound according to any one of claims 54-88, whersin the haterooyclylis
selected from the group consisting of azetidinyl, pyrrolidiny, piperidinyl, piperazinyl,
morpholinyd, homopiperazinyd, homopiperdiny, diazepanyl, imidazolidinyl, 2,3-dihydro-1H-
imidazol4d-yi, 1,4,5 6-telrahydropyrazin-Z2-yl, 2,34, 7-tetrahydro-1H-1, 4-diazepin-1-yl, 1,4,56-
tetrahydropyridin-3-yi, 4,5-dihydro-1H-pyrrol-3-vi, and 3,4-dihydro-2H-1,4-oxazin-6-yi.

60. A compound according to claim 59, wherein the heterocyclyl is piperidinyl,

piperazinyi, or morpholinyt.
61. A compound according o claim 49, wherein R, is morpholinyl-CHy-.

82. A compaound according to claim 1 or 49, wherein the compound is of formula:

wherain the morpholinyl moiely is optionally substituted with one or mors Ry,

63. A compound according to claim 62, wherein the compound is of formula:
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wherein the morpholinyl moiely is optionally substituted with one or more Ry;.

84, A compound according to claim 1 that is:

4-{{4-aminophenyllbuta-1,3-diyny!}-N-{3-hydroxy-1-(hydroxyamino}-2-methyl-1-oxobutan-2-
5 vibenzamide;

N-{4 4-difiuoro-3-hydroxy-1-(hydroxyamino -2, 3-dimethyl-1-oxohulan-2-y-4-{(4-

{morpholinomsthyhphenyhethynyhbenzamide;
N
SACW SAe
S OHT A oHF
oo O
N N
N

/
S

P

ZT

l\{H
OH

oQN RN

—
Vi
V4

I\{H
10 °  on ;

or pharmaceutically acceplable salts thersof.

685, A compound of the formula:

Rar

or a pharmaceutically acceptable salf thereof, wherein
X; represents ~CHy-, ~{(CHy)om, (CHy -, —C{OWNH,-, or ~C{ONH-CH,-;
X4 reprasents CH or MRy,
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Rz is hydrogen or C4-Cg alkyl;

each Ry is indspendently selected from the group consisting of halogen, -NG,, -CN, C4-Cs
alkyl, C+-Cy haloalleyl, -NH,, -NH(C-Cq alkyl}, -N{C~Cq alieyl),, ~OH, C-Cy allioxy, G-
Ce haloalkoxy, ~8H, ~8(C4-Cq atkyl), oxo, hydroxy(C.-Cs alkyh), alkoxy{C,-Cs alkyl),
amino{C -G alkyl), ~CONH,, ~CON(G/-Cs alkyl), ~CON{C-C¢ alkyll, -CONH-
OH, -CONH-NH,, -COH, -COuH, -CO{(C1-Cs alkyl}, -OCO{C,-Cs alkyh), -NHCO(C+Ce
alkoxy), ~-NHCO(C-C; alkyi), -NHCONH,, ~-NHCONH{C,-Cq
alkyly, -NHCE=NHINH,, -NH-8{0).o-(C1~Cs alityl), ~NH-S{O ) s~aryl, -NH-8(O g~
heteroaryl, aryl, arvi{C,-Cs alkyl), heteroaryl, heteroaryl{C,-Ce alkyl), heterocyclyl, and
heterocyelyl{C+-Cs alkyl), wherein each alkyl, aryl, heteroaryl, or helerocyclyl moiety is
optionally substituted with one or more Rss;

Ry is C4-Cq alkyl or -5{O)-{C+-Cq alkyl), wherein each alkyl moiely is optionally substituted

R is independently selected fram the group consisting of halogen, -NO;, -CN, C4-C; alkyd,
C1-Ce haloalkyl, -NH., -NH(C.-Cq alkyl), -N{C:-Cq alkyl), ~OH, C-Ce alkoxy, C4-Cq
haloalkoxy, oxo, ~CONH,, -CON{C,-Cq alkyl}, ~-CON{C~Cy alkylly, ~CONH-
QOH, -CONH-NH,, ~-COH, and -CO(C-Ce alkyl);

Ry is hydrogen or C-Cs alkyl;

each Rgs is independsntly selected from the group consisting of halogen, -NQ;, -CN, C-Ce
aliiyl, C.-Cp haloalkyl, -NH,, -NH{C-Cg alkyl), -N{C-Cg alkyl)e, -OM, C-Cg alkoxy, Cs-
Cs haloalkoxy, -SH, -S(C1-Cs alkyl), oxo, hydroxy(C-Cs alkyl), alkoxy{C-Ce alkyl},
amino{C-Cs alkyl), -CONH,, -CON(C-Cs alkyl), -CON{C-Cyg alkyl)y, ~CONH-
OH, ~-CONH-NH,, ~-COH, -COH, -COy(C1-Cs alkyl), -OCO(C4-Cs atkyl), -NHCO(C-Ce
alkoxy}, -NHCO{C-Cg alkyl), -NHCONH,;, -NHCONH(C,-C,
alkyl}, -NHC{E=NHNH,, -NH-S{0)0.0-{C1-Cp aliyly, -NH-8{C)pp-arvi, and -NH-S(O)yo-

heteroaryl.

68. A compound according to claim 85, wharein Ry, is absent of formula:

-
37

67. A compound according to claim 65 or 66, wherein Rag moiety is of formula:
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2 Ry
?72 Rqa

R4, is selected from the group consisting of hydragen, halogen, C4-Cq alkyl, C4-Cg

haloalkyl, -NH,, -NH(C+-Gs alkyl), -N(C4-Cg alkyl),, -OH, C4-Cq alkoxy, C1-Cs
haloalkoxy, ~SH, ~S{C-C, alkyl), hydroxy(Ci-Cs atkyl), altkoxy{C -G, alkyly, amino{Ci-
e alkyl), -RHCO(C-Cq atkyl), -NHCONH,, -NHCONH{(C,-C; alkyl), -OCO{C4+-Cq
alkyl), and -NHCG{C4-Cs alkoxy),;

Ry, is selected from the group consisting of hydrogen, halogen, C.-C; alkyl, Ci-Cs

haloalkyl, -NH,, -NH{C.-Cs alloyl), -N{C1-Cs alkyl)e, -OH, C1-Cs alkoxy, C1-Cs
haloalkoxy, -8H, -8{C-Cs alliyl), hydroxy(C,-Cs alkyl), alkoxy(C,-Cs allkyl), and
amino{G,-Cg alkyl};

Rys is G4-Cq alkyl or C4-Cg haloalkyi;
Rsg is ~CONHM,, ~CON(C-C; alkyh), -CON{C -G alkyi)y, ~CONH-OH, ~-CONH-NH,, ~-COzH,

or ~C0{C4-Cs alkyh); and

Rsg is hydrogen, C4-Cq alkyl.

58.

72.

73.

A compound according to claim 67, whserein Ry; is G4 haloalkyl.

A compound according to claim 68, wherein Ry is —CHF, ~CHF,, or —~CF;.

A compound according to claim 69, wherein Ry; is ~CHF,.

A compound according to claim 87, wherein Ry; is C-Cs alkyl

A compound according to claim 67, wherein Ry is methyl

A compound according to any one of claims 67-72, wheraein Ry, is hydrogen, halogen,

C1-Cs alkyl, or Cs-Cy haloalkyl,

74.

-~
’(.;'1

77.

78.

A compound according to claim 73, where Ry, is hydrogen or C-Cg alkyl,

A compound according to claim 74, where Ry, is hydrogen.

A compound according to claim 74, where Ry is C-Cs atkyl

A compaound according to claim 76, where Ry is methyl.

A compound according to claim 67, wherein Ry is methyl, and Ry is —CHF..
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79. A compound according to claimy 67, wherein Ry, is hydrogen, and Ry is -CHF;.

ad. A compound according to any one of claims 87-79, wherein R, is selected from the
group consisting of ~NHp, -NH{C,-Cs alkyl), -N(C,-Cs alkyl)y, -OM, C4-Cs alkoxy, Ci-Cs
haloalkoxy, -SH, -8{C4-Cg alkyl), -NHCO(C+-Cs alkyl), -NHCONH,, ~-NHCONH{C4-Cq

alkyl}, ~OCO{C,-Cs alkyl), and ~-NHCO{C-C; atkony).

81. A compound according to claim 80, wharein Ry, is selected from the group consisting
of -NH,, -NH(C,-Cs alkyl), -N(C1-Cq alkyl);, -NHCO(C1-Cp altkyl), -NHCONH,, -NHCONH(C4-
Ce alkyl), and -NHCO({C-Ce alkoxy).

82, A compound according to claim 81, wherein Ryq is -NH,,

83. A compound according to claimy 82, wherein Ry, is -NHCO(C4-Cs
alkyl), -NHCONH,, -NHCONH(C-Cq alkyl), or -NHCO{C -G, alkoxy).

84, A compound according fo claim 80, wherein Ry is —~OH or C1-Cs alkoxy.
85. A compaound according to claim 84, wherein Ry, is —OH.

86, A compound according to claim 85 or 68, where Rs; is ~-S{0O)~{C-Cs alkyl), wherein

alkyl moiety is oplionally substituted with one or more Rq..
87. A compound according to claim 86, where Ry7 is -S(0O),-CHa.

a8. A compound according 0 any one of claims 65 -87, wherein Ry, is -CONH-
OH, “CONH-NH., or ~-COyH.

89. A compound according o claim 88, wherein Ras is -CONH-OH.

90. A compound according to any one of cleims 65 -89, wherein Ry, is hydrogen.

1. A compound according to any one of claims 65 -89, wherein Ry is methyl
Rg?
e Ras
92. A compound according to claim 65 or 66, where Rag is of formula:
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TRV g M\Q\@

H  NHOH H  NHOH NHOH 4 NHOH 4 NHOH
OH FHC OH F,C OH

N N

CH, NHOH CHj, NHOH or CHj NHQH_

Ray
e

83. A compound according to claim 85 or 66, where Rag moiety is of formula:

0O O
\;:,Q \%90

S

4 ,f/ g_H

H NHOH)DF CHy NHOH

5 84, A compound according to any one of claims 85-93, wherein X, reprasents CH of

formula:

95, A compound according to any one of claims 65-93, wherein X, represents NRy; and

Ras is hydrogen of formula:

X, N fo
I S -
( i P Rag
Rq4
10 0-5

496. A compound according o any one of claims 65-95, wherein X3

reprasents ~CHy~, ~(CHz)p-, or ~{CHy)s-

a7, A compound according to any one of claims 85-94, where —X3-CHy-X- moiety
is: -{CHo)s~, -(CHoam, 08 ~{(CHods-.

15 a8, A compound according to claim 97, wherein —Xg-CHy-X- moiety is «{CHy -,
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89. A compound according to claim 97, wherein —X5-ClHy-Xu- moialy is -(CHz)e-.
100, A compound according to claim 97, wherein —G-CHe-X- moisty is «{CHa s~

101, A compound according fo any one of claims 65-84, where —X3-CHo-X,- moiety
i -{CHo}oNH-, «(CHy)sNH-, or «{CHylNH- .

102, A compound according to claim 101, wharein —X-CHo-X4~ moiety is «{(CH, o NH-.
103. A compound according to claim 101, wherein —X-CHo-X,- moiety is -(CH;)sNH-,

104. A compound according t0 any one of claims 85-95, wherein X; represents -C{ONH-,
or ~C{ONH-CH2-.

105. A compound according to any one of claims 65-94, where —X3-CHo-X - moiety
is: ~C{OMNHo~{(CHo o

106. A compound according to any one of claims 65-84, where —X,-CH,-X,- molety
i5: ~C{OWNH-CHy-NH-, or ~-C{OINH~{CH2)o-NH-,

107. A compound according to claim 65 that is:

?%FzH O%FzH
O H o O H o] \\ OHGFZH
7 7 QYN \/Q(H
O O N "OH
. . H .

(o] [o]
o e o e
P . P .
N N OH N N OH
X e O H H o O H H %
O i Z Z
Y o (O @
(o] [s] , !
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V4
(O

or pharmacsutically acceptable salis thereof.

5 108, A compound of the formula:

/m = Q\x/”} Réa

(Ro)

or a pharmaceutically acceptable salf thereof, wherein

0-3

Xy represents CH or N;
esach Ry, is independently selected from the group consisting of halogen, -NG,, -CN, C4-Ce
10 alkyl, C4-Cg haloaikyl, -NH,, -NH{C,-C¢ alkyl), -N{C-C; alkyl),, -OH, C4-C¢ alkoxy, and
C4-C; haloalkoxy;

Rpisis  Roo

Rz is hydrogen or $4-Cp alkyl;

Rar is G1-Cs alkyl or -S{0)-(C+-Cs alkyl), wherein each alkyl is optionally substituted with one
or more groups indepeandently selected from the group consisting of
halogen, -NG,, -CN, -G alkyl, C4-Cs haloalkyl, -NH,, -NH{C -G alkyl}, -N(C+-Cq
alkyl)y, -OH, C1-Cg alkoxy, C4-Cs haloalkoxy, -SH, -8(C+-Cs alkyl), oxo, hydroxy(C-Cs
alkyl), atkaxy(Cq-Cs alkyl), amino{C4-Cg alkyl), ~-CONH,, ~-CON(C,-Cs alkyl), -CON(C4-
Cg alkyl),, ~CONH-OH, -CONH-NH;, -COH, -COyH, -CO{C4-Cq atkyl), -OCO{C4-Cs
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alkyly, -NHCO{C-C;s alkoxy), -NHCO{C:-C; alkyl), -NHCONH,, -NHCONH{(C-Cq
alkyl), -NHC{ENHINH,, -NH-8{O)o~{C1-Ce alliyl), ~NH-8{O)o~arvi, and -NH-S(0O)y.o-
hetercaryt;

R is independently selscted from the group consisting of halogen, ~NO;, -CN, $-Cg alkyl,
C1~Cs haloalkyl, -NH,, -NH{C:-Cs alkyl), -N{C,-Cs alkyh,, ~-OH, C:-Cs alkoxy, C~Cs
haloalkoxy, oxo, -CONH,, -CON(C-Cs alkyl), -CON{C-Cs alkyl)y, ~-CONM-

OH, ~CONH-NH,, -COH, and ~-CO,{C-C; alkyly; and

Ry is hydrogen or C-C; alkyl.

o

109. A compound according to claim 108 that is not N-hydroxy-2-methyl-2-
18 {methyisulfonyl}-4-{2-oxo-4-{phenylathyrylipyridin-1{2H)-yhbutanamide.

110. A compound according o claim 108 or 109, wherein X, represents { and Ry is

hydrogen of formula:

o

I\ ”/ﬁ\N/\\/R‘ZZ

S S

111, A compound according to claim 108 or 109, whersin X represents C and Ry is

15 hydrogen of formula:

4
(Rzﬁ/)bm

112, A compound according to any one of claims 108-111, where Ry is ~S{0)-CHa.

113, A compound according to any one of claims 108112, wherein Ry is -CONH-
OH, ~CONH-NH,, or -CGoH.

20 114. A compound according to claim 113, wherein Ry is ~CONH-OH.
115. A compound according to any one of claims 108-114, wherein Ry is hydrogan.
118. A compound according to any one of claims 108-114, wherein Ry is methyl.

117. A compound according to any one of claims 108-112, whare Ry, is of formula:

-5~
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\Q/O \990
7T o 0

0 A4
é;..; NHOH g CHy NHOH

118. A compound according to any one of claims 108-117, where Ry is absent.

119. A compound according to any one of claims 108-117, where Ry is sslectad from

halogen, -OH, C.-Cs alkoxy, and C-Cg haloalkoxy.

120, A compound of the formula:
R R
"Q:\\W%\NIRZ
Ry :i\ X ?;\
ol ®

or a pharmaceutically acceptable salt thereof, wherein

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

each R is independently hydrogen, or C-Cs alkyl, or two R groups form =0,

Ry is -C=C-R, or aryl substituted with Rg;

R,is Reyy

R; is hydragen or C-Cg alkyl;

R4 is heterocyelv{C1-Cs alkyl) optionally substituted with one or more Ry

each R; is independently hydragen, or C.-Cg alkyl;

each R; is independently selected from the group consisting of aryl, arvl{C+-Ce alkyl),
heteroaryl, hateroanl(C,-Cs alkyl), hetarocyelyl, and heterocyclyi{C4-Ce alkyh),
wherain each alkyl, aryl, hetercaryl, or heterocyelyl molety is optionally substituted
with one or more Rys;

Ry is C-Cg alkyl, aryl, arnvi{C,-Cs alityl), heleroaryl, heleroaryi{C,-Cs allkyl), helerocyalyl, or
heterocyolyl{C4-Cy alkyl), whersin each alkyl, anyl, helercaryl, or heterocyclyvi molely is
optionally substituted with ohe or more Ry,

R is independently selected from the group consisting of halogen, -NO;, ~-CN, C4-C; alkyi,
C4-Ce haloalkyl, -NH;, -NH(C4-Cs alkyl), -N(C-Cs alkyl),, -OH, C+-Cs alkoxy, C-Ce

K1~



WO 2015/024010 PCT/US2014/051459

haloalkoxy, oxo, -CONH,, -CON{(C,-C, alioyl), -CON{(C+-C; alkyl}., -CONH-
OH, ~CONB-NH,, -COM, and -CO{C1-Cq alkyl);

Ry is hydrogen or C-Cy alkyl;

sach Ry, is independently selected from the group consisting of halogen, -NO,, -CN, C-Cq
alkyl, C4-Cq haloalkyl, -NH., -NH(C-Cq alkyl), -N{C-Cs alkyl),, ~-OH, C-Cs alkoxy, Gs-
Ce haloalkoxy, -BH, -5{C-C alkyl), oxo, hvdroxy(C:-Cs alkyh), alkoxywi{Ci-Cs alikyl},
amino{C,-Cg alkyl), ~CONH,, ~CON(G,-C; alkyl), ~CON{C-Cp alkyll, -CONH-
OH, -CONH-NH,, -COH, -COH, -CO{C4-Cs alkyl}, -OCO{C,-Cs alkyh), -NHCO{C4+-Cs
alkoxy), ~-NHCO(C-Cs alkyi}, -NHCONH;, -NHCONH(C-Cq

10 altkyl), -NHCGENHINH,, -NH-8(O)o-{(Ci-Ce alikyl), -NH-S{O)o-aryi, and -NH-S(C)g o~

heteroaryi,

o

provided the compound is nob
N-{4,4-diffuoro-3-hydroxy-1-(hydroxyamino}-3-methyk-1-oxobutan-2-y-4-{{(4-
{morpholinomethylphenyhethynyhbsnzamide;
15 N-{4 4-difiucro-1-(hydroxyamino-3-methoxy-3-methyi- t-oxobutan-2-yi}-4-{{4-
{morpholinomethyhphenyhethynyhbenzamide;
N-{3-amino-4,4-difluoro-1-(hydroxyamino }-3-methyl-1-oxobutan-2-y-4-{(4-
{morpholinomethyhphenyhethynyhbenzamide;
N-(3-acetamido-4 4-diflucro-1-(hydroxyaminoe)}-3-methyi-1-oxobulan-2-yh-4-({4-
20 {morpholinomethyhphenyhethynyhbenzamide; or
N-{4 4-difiucro-1-{thydroxyamine-3-methyh-3-(3-methylureido)-1-oxcbutan-2-yh-4-{{4-

{morpholinomethyhiphenyhsthynyhbenzamide.

121, A compound according to claim 120, wharein R, is of formula:
Fos Rys
R?-’*,j;H
:%i Rig

25 R4 is selected fraom the group consisting of hydrogen, halogen, C+-C; alkyl, C4-Cy
haloalkyi, -NH,, -NH{C+-Cs alkyl), -N{C+-Cs alkyl)s, -OH, C4-Cs alkoxy, G-Cs
haloalkoxy, -SH, -5{C -G, aliyl), hydroxy(C-Cs alkyl), alkoxy{C-Cp alkyly, amino{Cy-
Cg alicyly, -NHCO{C-Cq alkyl), -NHOONH,, -NHCONH{C-C¢ alkyt), -OCO{C+-Ce
alkyl), and ~-NHCO{C4-Cs alkoxy),;

30 Ry is selected from the group consisting of hydrogen, halogen, C,-Cs allvl, Ci-Cs
haloalkyl, -NH,, -NH({C-Cs allyl), -N(C-C; alkyl)e, -OH, C-C;s alkoxy, C-Cs
haloalkoxy, -8H, -8{C-Cs alliyl), hydroxy(C,-Cs alkyl), alkoxy(C,-Cs allkyl), and
amino{G,-Cg alkyl};

Ros is G4-Cg alkyl or C4-Cg haloalkyl; and

62~
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Ry is ~CONH,, ~CON{C-C; alkyl), -CON{C.-C; alkyi),, -CONH-OH, ~-CONH-NH., -COH,
or “COQ(C";“C@ aikyi)

122, A compound according to claim 121, wharein Ry is Cy haloatkyl.

123. A compound according to claim 122, wherein Ry is ~CHoF, ~CHF,, or ~CFs.
124. A compound according to claim 123, wherein Ry is ~CHF..

125. A compound according o claim 121, wherein Ryg is C1-Ce alkyl.

126. A compound according to claim 125, wharein Ry is methyl.

127. A compound according to any one of claims 121-128, wherein Rys Is hydrogen,

halogen, C4-G;s alkyi, ar C+-C; haloaikyl

128. A compound according to claim 127, where Rys is hydrogen or G- alkoyl

129, A compound according to claim 128, where Rys is hydrogen.

130. A compound according to claim 127, whare Rog is G-C aliyl.

131, A compound according to claim 134, whare Ras is methyl.

132. A compound according to claim 121, whersin Rz is methyl, and Ry is ~GHF,.
133. A compound according to claim 121, wherein Ry is hydrogen, and Ry is <CHF,.

134. A compound according to any one of claims 121-133, wherein Ry is selected from
the group consisting of -NH;, ~-NH{C-Ce atkyl), -N{C1-Ce alkyl)e, -OH, C1-Cg alkoxy, C4-Cs
hainalkoxy, -SH, -8{C4-Cg alkyl), -NHOO(C+-Cs alkyl), -NHCONH;, -NHOONH{C1-Cq
alkyl}, -OCO{C-Cq alkyl), and -NHCO{C-C; atkoxy).

135. A compound according to claim 134, wharein Ry, is ssiscted from the group
consisting of -NH,, ~-NH{C-Cy alkyl), -N{C+-Cq alkyl}y, -NHTCO{C,-Css
alkyl}), -NHCONH;, ~-NHCONH(C-Cg alkyl), and -NHCO({C4-Cs alkoxy).

136. A compound according to claim 135, wherein Ry, is -NH,.

137. A compound according to claim 135, wherein Ry, is -NHCO(C4-Cq
alkyl), -NHCONH,, -NHCONMH(C-Cq alkyl}, or -NHCO{C,-C, aliioxy).

53~
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138. A compound according o claim 135, whersin Ry, is ~OH or G-Cs alkoxy.
138. A compound according to claim 138, wherein Ry, is ~OH.
140. A compound according to any one of claims 121-1398, wherein Ry, is -CONH-

CH, ~CONH-NH,, or -CO-H.

141.

142.

FoHC

147.

A compound according to claim 140, whsrein Ry is -CONH-OH.

A compound according to claim 121, where R; is of formula:

NH, FoHC. | OH
0 § O
NHOHM of W NHOH

A compound according to any one of claims 120-142, wherein R; is hydrogen.

A compound according to any one of claims 120-143, wherein R; is meathyl.

A compound according (o any one of claims 120-144, wherein two R groups form =0.
A compaound according to any one of claims 120-145, wherein Ry is -C=C-R,.

A compound according to claim 146, wherein Ry is ~-CEC-Ry, and R, is aryl optionaily

substitited with Ry, or heteroaryt optionally substituted with Rs.

148.

149.

A compound according to claim 147, wherein R, is aryl aptionally substituted with R..

A compound according (o any one of claims 120-145, wherein R, is aryl optionally

substitutad with R, or heteroaryl optionally substituted with Re.

150.

151.

152,

A compound according o claim 148, wherein R, is aryl oplionally substituled with Re.

A compound according to claim 150, wherein the compound is of formula:

{/ \>’“me LN N
- Tz Fizz

A compound according to claim 151, wherein Rg is sslected from the group consisting

of halogen, -NG;, -CN, C;-Cs alkyl, C-Cq haloalkyl, -NH,, -NH{C4-Cg alkyly, -N{C-Cs
alkyi)s, ~-OH, C-Cs alkoxy, and C,-Cs haloatkoxy.

64~
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153. A compound according to claim 151, wherein R is selected from the group consisting
of aryl, aryi{(C,-Cs alkyl), heteroaryl, heteroaryl{C4-Cq alkyl), heterocyelyl, and heterocyciyl{C.-
Cs alkyl), whersin each alkyl, aryl, hetercaryl, or heterocyclyl maoiety is optionally substituted

with one or more Rie.

154. A compound according to claim 153, wherein Rg is aryl or aryi{C4~Cs allyl), wherein

aryl is optionally substituted with one or more Ras.

155, A compound according to claim 153, wharein Rg is heteroaryl or heteroaryi{C4-C,

alkyl), wherein heleroaryl is oplionally substituted with one or more Ry,

158, A compound according to claim 153, wherein R, is heterocyciyl or heterocyelyl {C4-Cs

alkyh), whersin heterocyclyl is optionally substituted with one or more Ry,

167, A compound according to claim 153, wherein R; is unsubstituted heterocyclyl or

unsubstituied heterocyelyl (C-Cs alkyl).

158. A compound according fo claim 1583, wherein R, is heterocyclyl{C4~Cs alkyl), wherein

heterocychyl is oplionally substituted with one or more Ry..

158, A compound according to claim 153, wharein Rg is unsubstituted heterocychyi(C4-Ce
alkyi).

1680, A compound according to claim 153, wherein R, is unsubstituted heterocyclyl(C,
alkyi).

161. A compound according to any one of claims 158-160, wherein the heterocyclyl is
selected from the group consisting of azstidinyt, pyrrolidinyt, piperidinyl, piperazinyi,
morpholinyl, homopiperazinyl, homopiperdiny, diazepanyl, imidazolidinyl, 2,3-dihvdro-1H-
imidazol-4-vl, 1,4 5 6-lelrahvdropyrazin-2-yl, 2,3,4,7-tetrahydro-1H-1,4-diazepin-1-yl, 1.4,5,6-
tstrahydropyridin-3-yi, 4,5-dihydro-1H-pyrrol-3-vl, and 3,4-dihydro-2H-1,4-oxazin-6-yl.

162. A compound according to claim 161, wherein the heterccyciyl is piperidiny,

piparazinyi, or morpholinyl.
163. A compound according to claim 153, wharein Rg is morpholinyb-Ch-.

164, A compound according to claim 120, wherein the compound is of formula:

55~
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O \
XY

N-Rg

o,

R

s

wherain the morpholinyl moiely is optionally substituted with one or mors Ry,

165. A compound according o claim 164, wherein the compound is of formula:

5 wherein the morpholinyl moiely is optionally substitled with one or more Ry,

1686. A compound according fo claim 120 that is:

A NHOH - J\\/iﬁ( NHOH
H j/\ I
FLOH
NJ:,H,NHOH

NHOH

g :
or pharmaceutically acceplable salts thereof,

167. A pharmacsutical composition comprising a compound according to any one of

claims 1-168 and a pharmaceutically accspiable carrisr, solvent, adiuvant or diluent.

168. A mesthod of trealing Gram-nagative bacterial infections, the method comprising
10 administering to a subject in need of such freatment an effective amount of one or more

compounds according to any one of claims 1-168.

169. A method according to claim 168, wharein the Gram-negative bacteria is
Pssudomonas asruginosa, Stenotrophomonas maliophilia, Burkholderia cepacia,
Alcaligenes xylosoxidans, Acinetobacter, Enterobacleriaceae, Haemophilus, Neisseria

{5 species, Francisella tularensis, Yersinia pastis, Burkholderia pssudomaliel, Burkholdaria

66~
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mailei, Ricketisia prowazekii, Coxiella burnetili, Campylobacier jejuni, Shigella, Moraxella

catarrhalis, or Chiamydia trachomatis.

170, A method according to claim 189, wherein Enterobacteriaceae is selacled from the
group consisting of Sesratia, Proteus, Klebsielia, Enterobacter, Citrobacter, Salmonelia,
Providencia, Morganeila, Cedecea, Edwardsiella, Escherichia coli, Enterobacter cloacae, and

Enterobacter asrogehes.

171. A msthod of inhibiting a deacetylase enzyme in Gram-negative bacteria, the method
comprising administering o a subject in need of such treatment an effective amount of one or

more compounds according o any one of claims 1-168.

172. A method according to claim 171, wherein deacetylase enzyms is LpxC.

57~
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