
ANTIBACTE~,AGENTS 

This applicatioil clairlls bene:fit of priority tO the following US Provisional Patent Applications, 

serial no. 60/438,523, filed January 8, 2003; serial no. 601466,974, filed April 30, 2003; and serial no. 

60/520,211 filed Nov~ber 13, 2003; each ofwlllch is incorporated herein by reference in its entiretY 

. for any purpose. 

FIELD OF TBE INVENTION 

. This invention pertains ·generally to treating infections caused by gram-negative bacteria. More 
. . I ' 

specifically, the invention crescnoed herein pertains to treating gram-negative infections by inhibiting 

activityofUDP-3-0-(R-3-hydroxydeeanoyl)-N-acetylglucosamilie deacetylase (LpxC). Tile present 

inventiun provides small !llolecule.inlnmtors ofLpxC, phannaceutical formulations containing such 

inlnbitoi:s, methods of treating patients with such pharmaceutical formulations, and. to methods of 
preparing such plwmaceulical formulations and inhibitors, The inhibitors can be used to treat Gram-. ' . . 

negative infections of patients alone ·and in combination with other antioacteriafa 

BACKGROUND OF THE INVENTION. 

Over fue past several deeades, the frequency bf antimicrobial resistance and its asoociation with 

serious infection~ diseases have increl!Sed at alarming rates. The increasing prevalence of resistiuice 

among nosocoIDi~ l palliogens i8 particUlarly disconeerting. Of the o~er 2. milli0n nos~6omial infectio.llS 

occurring each }<em in: the United States, 50 to 60% are caused by antimicrObial-resiStiint strains of 

bacteria. This.high rate ofre.listatlce increases the moi:biclitY, mortality, and costs associated wlth 

nosocomial llifections: Tu. tlie United States, nosoeomial infections are thciught to oontn"bute to 0r 

cruise more than 77,000 deaths per year and cost approximately·$5 to $10 billion annually .. Am0t;1g· 

Gram-positive organisms, the mostimportant resistant pathogens are methicillin- ( ox11C11liu-) resistant 

Staphylococcus aureus, Jl-Iactam.,resistant and multidrug-resisllint pneumococci; and vancomycin:• 

resistantenterocoeci.. Important causes of Gram-negative resistance include extended-spectrum 6-

lactamases (ESRLs) mKlebsiella pneumoniae, Escherichia ooli, and Proteus mirabilis; high-level· 

tbird-generation cephalosporin (Amp C) 1:1-Jactamase resistance among Enteiobacter species and 

Citrobacter freundii, and multidrug-resistanee genes oboorved in Pseudomonas aeruginosa, 
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Acinetobacter, and Stenotrophomonas maltophilia. (Jones RN 2001 Chest 119 (supplement), 397S­

. 404S: Resistance patterns among nosocomial pathogens: Trends over the past few yearn.) 

The problem of antibacterial resistance is compounded by the existence of bact<irial strains . . . 

." resistant to multiple antibacterials. For example, Pseudomonas aerugin(>Sa isolates resistant to 

fluoroquinolones are virtually _all resistant to additional antibacterials (Sahm DF et al 2001 

Antimicrobial Agents and Chemotherapy45, 267-274: Evaluation of cummt activities of 

flnoroquinolones against gram-negative bacilli using centralized in vitro testing and electronic 

surveillance.) 

Thus there is a need for new antibacterials, pm:ticularly antibacterial.s with novel nltchanisrns 

of action. Most of the antibacterial discovery effort in the pharmaceutical industry is aimed at 

development of drugs effuctive against gram-positive bacteria. However, there is also a need for new 

gram-negative antt"bacterials. Gram-negative bacteria are in g~eral more resistant t6 a large number. 

of antibacterials and chemotherapeutic agents than are gram"positive bacteria. A suriey of recently 

reported antibacterials of natural origin showed that over 90"/ci laclred activity against Escherichia ooli, 

although they were active against gram-positive bacteria. The outer membrane of gram-negative 

bacteria contributes to this intrinsic resistance by acting as an efficient permeability barrier, because 

the narrow porin channels limit the penetration of hydrophilic solutes and the low fluidity of the 

lipopolysaceharide leaflet slows down the inward ·diffusion oflipophili~ solutes. A sec0nd mechanism 

contributes to the intrinsic resistance of gram-negative bacteria, Recent studies showed that multiple 

drug efflux pumps, sometimes with unusually broad specificity, act as this second fttctor to create the 

general intrinsic resistance of gram-negative bacteria. When 1heir exµressio)l levels are ".levated as a 

consequence of physiological regulation o_r genetic alteration, they can frequently produce impressive 

levels of resistance to a wide variety of antimicrobial agents. (Nikaido H 1 ~98 Clinical Infectious 

Disea;res 27(Suppl l), 832-41: Antibacterial resistance caused by gram"negative multidrug efflux 

pumps.) 

Hfatorieally, most development of antimicrobial agents has been relatively empirical ·Active 

compounds have generally been found via screening soil, sewage, water, and other natunil substances · 

to detect antimicrobial-producing organisms, or by screening various chemical c·onipounds. Once a 
. . 

leading-candidate has been found and its chemical structure determined, a series of analogs is made to 

identify an optimal compound for.further clinical development. A more rational ap!lroach involves the 

defi.nillg of new targets, such as genes or enzymatic functions, responsible for a crucial cellular 
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essential activity. Once this has been done, inhibitoi;s or blockers of the function or gene product can 

be developed. 

Jn order to identify potential targets fur novel gram-negative antibacterial agents, studies aimed 
- -

at identifying-all essential and important genes in Pseudomonas aemginosa have been performed. 

Among the essential genes identified was IpxC, that encodes tlle enzyme uridyldiphospho·3·0-(R­

hydroxydecano:Yl)-N·acetylglucosamine deacetylase (LpxC). This enzyme is the first committed step 

in tlle synthesis oflipid A, the lipid moiety oflipopolysaccharide; that is an essential component of all 

gram-negative hacteria. It therefore is an attr;i.ctive. target for novel antibacterials. In order to be useful 

as antt'bacterial agents, LpxC :inJii_bitoi;s would not only have to inhibit tbe enzymatic.activity ofLpxC 

from a variety of ba~a. btrt woµld have to defeat tbe intrinsic resistance mechanisms of gram-. . . . . . . . . . . . . . . ·. . -

negative bacteria, as descn'bed above: they would have to penetrl,l.te the outer membrane and be 

relatively UllSUSC!lJ'tible to ~ultidrug efflux pumps. 

Researchers have .identified a few compounds with antibacterial activity that target lipid A 
( ·· biosynthesis.WO 97f42179to Patchett et al. discloses compounds of the formula: 

· X-On 

·R1~/ ' . . ' . ' . ' y· . , 

NHOR4 

Tue compounds possess activity against certain gram.negative organisms, for example 

EscOO:ichia coli, bUt are not active against other medically important gram-negative bacteria, for 

example Psei.iciolllonas aeruginosa. S~bsequent studies have fo~d that the primary reason for their 

( inactivity against particular, medically important gram-negative bacteria is their poor abtlity to inhibit 

P _ aeruginosa LpxC; effiux py the major m~ltidrug efflux pump or inability to penetrate the outer 

\, 
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' membrane were not the critical factors. 

. Jackman et al., iuJ.Biol.Chem. (vol. 275, no. 15, April 14, 2000, pps, 11002-11009), discuss 

1he mechanism of lipid A biosynthesjs in the context of gram-negative bacteria and discloses a new 

·class ofhydroxamafe-containing inhibitors _ofLpxC. Wyckoff et al., in Trends in Microbiology- (vol. 

6, no. 4-, April 1998, pps. 154-159), discuss the role of.LpxC in lipid A biosynthesis and its role in 
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regu.lallon. Wyckoff et al. disclose a few oxazoline hydroxamie acids fuat inln'bit bacterial growth. 

Howewr, Wyckoff et al. also discllSS the shortcomings of the awilable deacetylase inhibitors as 

bactericidal agents against Pseudomonas and that more worlc is needed to be done in the area. 

Thus, an increasing need exists .for LpxC inhibitors that have activity as bactericidal agents 

against gram-negative bacteria, It is, accordingly, an object. of this invention to provide compounds and 

combinations of such compounds for use in fue preparation of antibacterials and other pharmaceuticals 

capable of inhibiting Gram-negative bacterial infections; 

U.S. Patent PuhlicayonNo. 2001/0053555 (U.S. Patent Application Serili.l No. 08/958,638) 

published December 20; 2001, corresponding to WO 98/f8754 publi.ShMMay 7, 1998 discloses a 

combinatorial librazy ofhydroxylamine, hydroiami<;acid, hydroxyure'a and hydrozjrlsulfonamide. 

compounds purported tribe potentially useful as inhibitors of metalloproteases. U.S. Patent No. 

6,281,245, ~continuation in part of U.S. 08/958,638 claims a method of inhibiting a defurillylase 

enzyme by ~dmir!istering one of the hydrox:ylamine compounds fioiit the combinatorili.l library as 

disclosed in U.S. Patent Publication No. 200110053555 and the corre'sponding WO 98/18754. Related 

· to the above disclosed patent publications iS WO 99/57097, published November 11, 1999, ~ 

discloses a method _of solid phase synthesis of the hydroxylamine b'brary of compounds.WO 00/61134 

(to British Bioteeh Pharmaceuticals Limited), published Oetober 19, 2000, discloses compounds of the 

furmula below:. 

A 

The compoullds ar~ useful as antimicrobial agents that are believed to have bactericidal activity . . . 

· at least in part ID intracellulai inln'bition of bacterial polypeptide d):iformylase; 

Jn an earlier to British Biotech Pharmaceuticals Limited. WO 99/39704, published Angust 12, 

1999, compounds of the formula below are disclosed: 
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The compounds are useful as antimicrobial agents useful against gram-negative and gram positive 

; bacteria. 

Recently, De Novo Pharmaceuticals LID disclosed in WO 02/50081, published June 27, 2002, 

antibacterial and antiprotozoal agents hliving the formulae shown below: 

R1 I 
Ra 

I 
·~y~ z 

N""-./R4 
z s 

/~ 
R2 0 R2 

· The patent publication discusses that the antJ.oacterial activity. is due, at least in part, to intracellular 

inlnOition of bacterial polypeptidf> deformylase. 

SUMMARY OF THE INVENTION. 

The present invention provides novel compounds, phan:naceutical foimulations includllig the 
. , . ,. . 

compounds, methods ofinlnbit4ig UDP-3-0-(R-3-hydcoxydecanoyl)-N-acetyiglucosamine deaeetylase 

(LpxC), and methods of treating gram-negative bacrerial infections. 

In 0116 embodiment, the present invention provides com~unds of fonnula I: 

A 

E,~D,G,,..Y,x_..B,Nx7~H2)rr"Q 
f 
~ 

I 

or stereoisom~ pharma:Ceutically acceptable salts, esters, and prodrugs thereat wherein 

E is al>sent or selected :from the group consisting of 

(!) H, 

(2) substituted or unsubstituted C1-C6-alk:yl, 
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(3) substituted or unsubstituted C2-Ci;~alkenyl, 

(4) substituted or unsubstituted C:!-C,;-alkynyl, 

(5) substituted or unsubstituted aryl, 

(6) substituted or unsubstituted heterocyc]yl, and 

(7) substituted or UllSUbstituted heteroaryl; 

Lis absent or selected :from the.~up coDBiSting of 

(!) substitUted or l!!lsubstituted C 1-C6-alkyl, 

(2) -(NH)o.r{CH2)rNR3L- (CH2)r, 

(3) -(NH)o.1-C(RI\ R21-)-NR3L---C(R1\ R2L)-, 

(4) ---C(R1\ R~O---C(R1\R~, 

(5) --{CH2)rNR3t ---C(R1L, R2L)-CONH-(CH2)<-, 

(6) ---CO---C(RIL, R?1-)-NHC0-, 

(7) -CONH-. ' 
(8) -NHCO-, 

wherein 
Rn,,, R2L, and R3L are fudependellfly selected from the group ronSisting of , . 

(a) H, 

(b) substituted or unsubstituted C1-C6-alkyl, 

(c) Ci-Cu-alkyl substit:uted wi1h aryl, 

(d) · C1-C6-alkyl substituted with heterocyclyl, and 

. . (e} C1-C6-alkyl substituted with heteroaryl, 

. or.R1L and R3L, together with the atoms to which they are attached can·fcirm a Sllbstituted or 

unsubstituted heterocyclic ring, having :from 3 to 8ring atoms, wherein 1-2 riiig a'toms <lfthe 

beterQcyclic ring system are selected from N, 0 and S; 

j is an integer of 0-4; 

k is a,ninteger of0-4; 

Dis absent or selected :from.the group oonsisting of 

(1) substituted or unsubstituted C3-Cs-cycloalkyl, 

(2). substituted or unsubstituted aryl, 

(3) substituted or unsubstituted heterocyclyl, and 

(4) substituted or unsubstituted heteroaryl; 

G is absent or selected from the group consisting of 

(1) --{CH2).--0--{CHz}r, 
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(2) -(CH2)rS-(CH2)n 

(3) -(CH2)rNRg-(CH2)1, 

(4) -C(=O)-, 

(5) -NHC(=O}-, 

(6) ..:.C(=O)NH~, 

(7) -(CH2);NHCH2q=O)NH-, 

(8) --CsC-, 

(9} --Cee--CsC-,, and 

(10} . --O=C-; 

wherein 

Rg is Hor substituted or unsubstituted C!-C6-alkyl; 

i is an iuterger of 0-4; 

Y is selected from the group consisting of 

( (1) substituted or µnsubstituted C3-Cs-cycloalkyl, 

c 

(2) . substituted or unsubstituted aryl, . 

(3} . sqbstituted or unsubstituted heterocyclyl, and ' 

( 4) substituted or unsubstituted heteroaryl; · 

X is selected from the group consisting of 

(1) -(C=O)-, 

(2) -C1-Co-alkyl-(C=O}-, 

(3) -C2-C6-alkenyl-{C=O)-, 

(4) --C2-C,;-alkynyl-{C=O)-, and 

(5) --CHr; 

or when Bis absent, X and A, together with the atoms to which they are aURched can form a 

heterocyclic ring, having from 5 to 8 ring atoms, wherein 1-2 ring atoms of the hererocyclic 

ring syswm a're selected from N, 0 and S; 

B is a absent or 

R1b 

' _,,.N'f::(CH2Jq-( 
R2b O 

wherein :R_lb ~ R2
b, are independently selected from the group consisting of 

(a) H, 

(b) substi1llted orunsubstitured C1-C;;-allcyl, . 
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( c) substituted or uruiubstituted .C2-C6·alkenyl, 

( d) substituted or unsubstituted C2-C6-afkynyl, 

( e) sub~tituted or unsubstituted aryl, 

(f) substituted or unsubstituted heterocyclyl, 

(g) substituted. or unsubstituted hetcroaryl, 

(h) C1-C;-alkyl substitured with azyl, . 

(i) C1-C;-alkyl substituted with. heterocyclyl, and 

G) C1-C6·alkyl substitUted with heteroaiyl, 

or R1
b and R2

b, together with the atoms to which they are attached can form a substituted or 

unsubstituted heterocyclic ring, having from 5 to 8 ring atoms, wherein 1-2 ring atOms ofthe 

heterocyclic ring system are selected from N,Q md S; 

q is.an integer of 0-4; 

Ra is Hor substituted or unsubstituted C1-C6-alkyl, 

or R3 and A, together with the atoms to which they are attached cai1 fonn a substitute,ror ( ·) 

unsubstituted 3-10 membered cycloalkyl or a heterocyclic ring system, wherein the 

heterocyclic ring system may have from 3 to 10 ring atoms, with 1 to 2 rings being in the ring 

sys~ and contain from 1-4 Jieteroatoms selected.from N, 0 and S; 

Rt is Hor substituted or unsubstituted. Ci-4-alkyl, 

or Rt and A, together with the atoms to which they are attached can funn a substituted or 

wisubstituted heterocyclic ring, having from 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

. heterocyclic ring· system are selected from N, 0 and S; 

n is an integer of0-6; 

A is selected frorn the group. consisting of 

(1) H, 

.(2) . -{CH2}.C(R10,R2j(CH2).0R3
", 

(3) -{CH2).C(R1a,R2a)N(R4a,R5•),. 

(4) -'{CH2),C(R1",R2")N(R4.)COR38
, 

(5) -{CH2),C(R18,R23)NHCON(R4
', Rs"), 

(6) -(CH2),c(R1•,R2a)NHC(=NH)N(R4", Rs}, 

(7) -CH(R"',R2j, 

(8) -C-=CH, 

(9) -(CH2)rC(R1',R2")CN, 

(10) -{CH2}rC(R1•,R2•)C02R33, and 
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(11) --(CHz),C(Rla, Rza)CON(R4a, R5"), 

wherein R1a; R"', R3", R4", and R5
" are independently selected from the group consisting of 

(a) H, 

(b) substimted or unsubstituted C 1·C5-alkyl, 

(c) substitllted or unsubstituted aryl, 

(d) substitllted or unsubstituted hetcrocyclyi, 

(e) substimted or unsubstituted heteroazyl, 

(f) C 1 ·C6-alkyl substituted with aryl, 

(g) C1-C6-alkyl substituted with.heterocyclyl, and 

(h) C1-C6-alkyl substituted.with heteroaryJ. 

or R4" and R,5• together with the .N atom.to which they are attached can fonn a 

substituted or unsubstitured heterocyclic ring, having from 5 to 8 ring atoms, wherein 1-2 ring 

atoms of the heterocyclic ring system are selected from N, 0 and 'S; 

r Is an integer of 0-4; 

s is an integer of 0-4; 

Q is absent or selected from the group consisting of 

(I) -C(=O)N(Ri, Ri), · 

(2) -NHC(=O)N(Ri, ~), 

(3) -N(OH)C{=b)N(Ri, R2), 

(4) -CH(OH)C(=O)N(Ri, R2), 

(5) -CH[N(R2q, R34)]C(=O)N(Ri, Rz), 

(6) -CHRtqC(=O)N(Ri, Rz), 

(7) -COzH, 

(8) -C(=O)NHSOiR4Q, 

(9) -S()zNHz,. 

(10) -N(OH)C(=O)R1q, 

(11) -N(OH)SO:i,R4Q, 

(12) -NHS02R4q, 

(13) -SH, 

(14) -CH(SH)(CHa)o..1C(=O)N(Ri, Rz), 

(15) :...CH(SH)(CH2)0-1C02H, 

(16) -CH(OH){CH2)o.1COzH, 

(17) ' -CH(SH)CH:iC02R Iq, 
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(18) -CH(OH)(CH2)SO;iNH2, 

(19) -CH(CH2SH)NHCOR1q, 

(20) -CH(CH2SH)NHSOzR4<1, 

(21) -CH(CH2SR5q)C02H, 

(22) -CH(CH2SH)NHSOzNH2, 

j 
(23) -CH(CH20H)CcnJI, 

(24) -CH(CH20H)NHSO:iNlI2, 

l (25) -C(=O)CH2C02H,. 
,\ 

(26) -C(=O)(CH2)0.1CONH2, · ! 

. (27) -OSOiNliR5q, 

. (28) -SO;iNHNH2, 

1 (29) -P(=O)(OH)z, 

I 
l~> ·I 

I (30) N ( 

lN, ,,N 
(31) N ·,and 

yN 
,'N 

(32)' N-N . 
' 

wherein 

. R1 is selected -from the group <;onsisting of 

(1) H, 

(2) -OH, 

(~) -QC ,.o-alkyl, 

(4) -N(R2q, R3'l), and ( 
' 

(5) substituted or unsubstitured C1-6-alkyl; 

R2 is selected from the group consisting of 

(1) H, 

(2) substituted or unsubstituted C1-C6-alkyl, 

(3) substituted or unsubstituted C2-C6-aikenyl, 

(4) substituted or unsubstituted C2-Cralkenyl, 

(5) substituted or unsubstitured aryl, 
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(6) substituted or unsubstituted heterocyclyl, 

(7) substituted or unsubstituted heteroaryl, 

(8) C1-C6-alkyl substituted with acyl, 

(9) C1-C6-alkyl substituted with heterocyclyl, aud 

( 10) C 1-C6-alkyl substituted with heteroaryl, 

or R1 and R2
, together with the N atom to which they are attached can fonrt a substituted or . - ,-__ " 

unsulistituted heterocycllc ring, having from 3 to 10 ring atoms, wherein 1-4 ring atotns of the 

, heterocyclic ring system are selected from N, 0 and S, 

or R2 andR4
, together with the N atoms to which they are atfuched can form a substituted or 

unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring atoms of the 

heterocyclic ring system are selected from N, 0 and S; 

R 1q, R2q, R3q, R4q, and R5q are selected from Hor C1-C6 alkyi, 

wherein.ll is absent, qr E, L,, G, and B are absent, or E, L, and G are absent, or E, L, and B are absent, 

or E, L, b, G, and B. are. 11bsent.. 

In one aspect, the invention provides a method of i:ribibiting a deacetylase enzyme in a ·gram" 

negative bacteria, thereby affecting bacterial growili, comprisiug administering' to a patient in need of 

such inlul>ition a compound of formula i 

In another aspect, the invention provides a method of iuluoiting LpxC, 1hereby modulating the 

virulence of a bacterial infection, oompris_iug administering to ~patient in need of such inlnoition a 

compound of formula 1 

In another aspect; the invention provides a method :fur ifea:ting a subject with a gram-negative 

bacterial infection comprisiug administering to the l!Ubject in need thereof an anttoacteJ:ially effective 

amount of a compound of formula I with .a pharmaceutically acceptable carrier. In. a prefutred 

embodiment of the method of trea1ment, the subject is a mammal and in &OUll;l embodiments, a human. 
. ' . - . ' 

( fa .another aspect, the invention provides a method of administering an inlnoitmy amount ofa 

compound of formula I to fermentative or non-fennentative gram-negative bacteria. In a preferred 

embodiment of the method of administering an inhibitory amount of a compound af fonnula I to 

ferrnentative or non-fennentative gram-negative bacteria, !he griun-negative bacteria are selected from 

the' group consisting of Pseudomonas aeruginosa, Sreltotrophomonas maltophila, Burkholderia cepacia, 

Alcaligenes xylosoxidans, Acinetobacter, Enterobacteriaceae, Haemophilus, and Neisseria species. 

In another embodiment, the invention provides a method of administering an inlnl>itory amount 

of a compound of formula Ito gram-negative bacteria, such as Enterobacteriaceae which is selected 
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from the group consisting of organisms such as Serratia, Proteus, Klebsiella, Enterobacter, Citrobacter, 

Salmonella , Providencia, Morganella, Cedecea, and Edwardsiella species and Escherichia coli. 

Another embodiment of the invention provides a pharmaceutical composition comprising an 

effeytive amount of a compound ofFonilula I with a pharmaeeutically acceptable carrier thereof. 

Pharmiroeutical formulations according to the present mvention. m,.-e PI()".1ded which include any 

of the compounds described above in combmation with a ·pharmaceutically ~cceptable carrier. 
' - ,,' -

Another embodiment of the invention provides a method of co-administering the compound of 

fonnula I with other fberapeutic agents that are selected for theii; particular us.efulness against the 

condition that is being treated. 

For example, the compound of formula I iS useful in combination with Other anti-baeterial 

agents. The compound of fonnula I augments the·sensitivity of gram-negative bacteria to existing 

classes of antibacterials. Combinations· of tlie presently disclOstid compounds with other anticbacterial 

agents are within the scope of the invention. Such anti-bacterial agents include, but are :hot limited to, 

erythromycin, ri:fiunpicin, N.alidixic acid, ca:rbeniciilin, bacitracin, cycloserfue, fosfottiycill, and 

vancomycin. 

DE'I'.AILIID DESCRIPTION 

The present mveii.tion prm>ides novel c0mpounds, methods. tor inhibit.ills r:,pxc in gram:-. 

negative bacteria, and novel ~ethods for treating ba~al infections. The compounds provided herein 

can be fonnulated into phannaceutical :fonnulations and medicaments that are useful in the methods of . 

the invention. The invention also provides for the use ofthe compounds in preparing medfoamentS 

and phannaceutical formulations, for~ ofthe compounds in inhibiting I.pxC, and :fot use of the 
compounds in treating bacterial infections in a subject. 

The following abbreViatioris and definitions are used throughout this application: 
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"LpxC" is.an abbreviation that stand$ fur UDP-3-0-(R-3-hydroxydecanoyl)-N­

acetylglucosa1nine deacetylase. 

Generally, reretence to a certain element such as hydrogen or II is meant to include aU isotopes 

of that element For example, if an R group is defined to include hylfrogen or.H, it also inclrn:les 

deuterium and tritiiim. 

The phrase "alkyl" refers to alkyl groups that" do not contain heteroatoms. Thus the phrase 
. '· ' ' .· . ' ' . · . .-. ' . '· ' . . 

includes straight chain alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 

no~l, decyl, u'ndecyl, dodecyl and the like. The phras~ also includ~ branched chain isomers of 

straight chain alkyl groups, including but oot limited to, the followuig tMt are provided by way of 

example: -CII(CH3)2, -CH(CH3)(CH2CH3), -CH(CH2CH3)2, 

-C(CHa)>. -C(CHzCH3)3,-CH2CH(CH3)2, -CH2CH(CH3)(CH2Cll3),~CH2CH(CH2CH3)2, 

-CH2C(CH~)J, -CH2C(CH2CH3)3, -CH(CH3)CH(CH3)(CH2CH3), -CH2CH2CH(CH3)2, 

-CHzCH2CH(CH;)(CH2CH3), -OH2CH2CH(CH2CH3)2, -CH2CH2C(CH3)3, 

-CHiCH2C(CH2CH3)3, -CH(CH3)CH2CH(CH3)2, -CH(CII3)CH(CH3)CH(cH3):i, 
' ' . . 

-CB(CH2CH3)CH(CH3)CH(CH3)(CH2CH3), and others. The phrase also includes cyclic alk;yl groups 

such as cycfopropyl, cycfobutyl, ~yclopentyl, cyclohexyl; cycloheptyl, imd cyclooctyl and such rings 

substituted with straight arid branched chain an..,Y1 groups as de:fuied above. Thus the phrase alkyl 

groups iliJ<lUdes primary alkyl groups, secondary alkyl groilps, and tertiary alkyl groups. Pniferred alkyl 

groups inclrn:le straight llI!d branched. chain alk;yl groups and cyclic alk;yl ·groups having 1 to 12 carbon 

atoms. 

· The phrase "substituted alkyl" refers to an alkyl grotrp as d~fined aboye in which one or more 

bonds til a carbOn(s) orhydrogen(s) are repiaeed by a bond to non-Jiydrogen and non-carbon atoms 

such as, but not limited to, a halogen aiom such as F, Cl, Br,and l; an oxygen atom in groups such li.s 

. hydroxyl groups, alkoxy groups, azyloxy groups, and ester groups; a sulfur atom in groups such as thiol 

( groups, alkyl and azyl sulfide groups,. sulfone groups, sulfonyl groups, and snlfoxide groups; a nitrogen . . . 
atom in groups such as amines, amides, alkylamines, dialkylamines, arylamines, alkyiarylamines, 

diacylamines, N-Qrides, imides, and enamines; a silicon atom in groups such as in trialkylsilyl groups; 

dialkylazylsilyl groups, alkyldiazylsilyl groups, and triarylsilyl groups; arid other heteroatoms in various 

other groups. Substituted alkyl groups also include groups in which one or more bonds to a carbon( s) 

or h~drogen(s) atom is replaced by a higher-order bond (e.g., a double- or triple-bond) to a heteroatom 

. such as oxygen in oxo, carbonyl, carboxyl, and ester groups; nitrogen in groups such as imines, 

oximes, hydrazoru:s, and nitriles .. Substituted alkyl groups further include alk;yl groups in which one or 
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more bonds to a carbon(s) or hydrogen( s) atoms is replaced by a bond to an aryl, heterocyclyl group, or 

cycloall')'l group. Preferred substituted alley~ groups inciude, among others, alkyl groups in which one 

or more bonds to a carbon or hydrogen atom is/ate replaced by. one or more bonds to fluorine atoms. 

Another preferred substituted alkyl group is the trifluoromethYt group and other alkyl groups that 

contain the trifluoromethyl group. Other preferred substituted alkyl groups include those in which one. 

or more bonds to a carbon or hydrogen atom is replaced by a bond to an oxygen atom such that the 

substitunXI alkyl grouP contains a hydr~:A.)'l, alkoxy, or· azyloxy group. Still. other p~ferred substituted 

alkyl groups include aJkyl groups that have an amine, or a substituted or unsubstituted alkylamine, 

dialkylamme, azylatnine, (alkyl)(azyl)anrine, diarylamine, heterocyclylamine, diheterocyclylamine, 

( alkyl)(heterocyclyl)arirlne, or { aryl)(heter0cyclyl)amine gr00p. 

The phrase "alkenyl" refers to straight and branched chain and cyclic groups such as those 
. . . . 

described with respect to alkyl .group~ as defined above, except that at least one do)lble bond exists · 

between two carbon atoms. Examples include, but are :uot lin1ited to vinyl, . . . 

-CH=C(H)(CH3), -CH--C(CH3)i, -C(CH3)~(H)~ -C(CJ;l3}=C(H)(CHJ), -C(CH2CHa)=CH2; 

cyclohexenyl, cyclopentenyl, cycloliexadienyl, butadienyl, pentadienyl, and hexadienyl among others. · 

The phrase "substituted alkenyl" has the same meaning with respect to alkenyl groups that su!Jstituted 

alkyl groups had with respect to ~bstitUted alkyl groups. A substifuted alkenyl group includes . 

alkenyl groups in which a non-carbon or non-hydrogen atom fa bonded to a carbon double bonded to 

another carbon and those in which one of the no.n-carbon or non-hydrogen atoms is bonded to a carbon 

not involved in a double bond to another carbon. 

The phrase '.'aikypYl" refers to straight aJ1d.bnuiched chain groups such as those described, with 

respect to a!k:yl ipu:ups as defined above, l"Xcel;l.t that at least one triple bond exists between two carbon 

atoms. &amples. include, but are not limited to -C-=C(H), -e..G(CHJ), -O=C(CHJCB;i), . . 

-C(H2)C...,=CQJ.), -C(H}iC..C(CH3),' and -C(H)2c..t{CHiCHJ) ~{Jllg others. The phrase "substituted• 

alkynyl" has the same meaning with ~pect to alky:uyl groups that substituted alkyl grcmps had with 

respect to unsubstituted alkyl groups. A substituted allcynyl gr()llP includes alkynyl groups in which a 

non-carbon or non-hydrogen arom is boniled. to a carbon triple bonded to another carbon and those in 

· whicha.no&carbon or non-hydrogen atom is bonded to a carbon not involve!lin a triple bond to 

another carbon. 

The phrase "heterocyclyl" refers to both arotlllrtic arid nonaromatic ring compounds incluiling 

monocyclic, bicyclic, and polycyclic ring compounds such as, but not limited to, quinuclidinyl, 

containing 3 or more ring members of which one or more iS a heteroatom such as, but not limited ro, 
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N, 0, and S. Although the phrase "unsubstituted heterocyclyl" includes condensed heter~cyclic rings 

such as benzimi<lazolyl, it does not include heterocyclyl groups that have other groups such as alkyl or 

halo groups bonded to one of the ring members as compounds such as 2-methylbenzimidazolyl are 

substituted heterocyclyl groups. Examples ofheterocyclyl groups include, but are not limited to: 

unsaturated. 3 to 8 membered rings containing 1 to 4 nitrogen atoms such as, but not limited to 

pyrrolyl, pyrrolinyl; imidazolyl, pyrazolyl, pyridyl, dihydropyridyl, pyrimidyl, pyrazinyl, pyridazinyl, 

triazolyl (e.g. 4H-l,2,4-triazolyl, IH-1,2,3-triazolyl, 2H-l,2,3-triazolyl etc.), tetrazolyl, (e;g. IH-
' . 

tetrazolyl, 2H tetrazolyl, etc.); saturated 3 to 8 IllJ:}filbered rings containing 1 to 4 nitrogen atoms such 

as, but not limited to, pyqolidinyl, imidazolidinyl, piperidinyl, piperazinyl; condensed unsaturated 

heterocyclic groups containing 1 fo4 nitrogen atoms such as, but not limited to, indolyl, isoindolyl, 

inoolinyl, indolizinyl, benzllni<lazolyl, quinolyl, isoquinolyl, indazolyl, benzolriazolyl; unsaturated 3 to 

· 8 membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but not limited 

to,.axazolyl; isoxazolyl, oiadiazolyl (e.g. l,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, etc.); 

saturated 3 to 8 membered rings containing I to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but 

not limited fo, lllorpho~yl; unsaturated condensed heterocycli~ groups ~ontaining I to 2 oxygen atoms 

and 1to3 iiifrogen atoms, frir exairiple, benzoxazolyl, ben:roxadiazolyl, benzoxazinyl (e.g. 2H-1,4-

benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing I tti 3 sulfur atoms and 1 to 3· 

nitrogen atoll1s such as, but not limited to, thiazolyl, lsotlnazolyl, tbiadiazolyl (e.g. 1,2,3-thiadiazolyi, 

1,2;4-thiiidiazolyl, 1,3,4-thiadiµolyl, 1,2,5-thiadiazolyl, etc.); saturated 3 to 8 membered rings 

containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited to, thiazolodinyl; 

saturated and unsaturated 3 to 8 membered rings containing I to 2 sulfur atoms such as, but not limited . .. 
to, thienyl, · dihrdrodithiinyl, dihydroditbionyl, tetrahydrothiophene, tetrahydrotbiopyran; uilsaturated 

condensed heterocyclic rings containing 1to2 sulfur atoms alid 1 to 3 nitrogen atoms such as, biit not 

limited to, b'enz0~lyl, benzothiadiazolyl, benzothiazinyl (e.g. 2H-l,4-benzotbiazinyl, etc.), · 

dihydrobenzothiazinyl (e.g. 2H-3,4-dµlydrobenzotbiazinyl, etc.), ui:l!>aturated 3 to 8 membered rings 

· containing o:X.ygen at0ms such as, but .ru:lt limited to fury!; unsaturated condensed heterocyclic rings 

·containing 1 to 2 oxygen atoms such as benzodioxolyl {e.g. l,3-benzodioxoyl, etc.); unsaturated 3 to 8 

membered rings containing an oxygen atom and 1 ·to 2 sulfur atoms such as, but not limited to, 

dihydrooxathiinyl;. saturated 3 to 8 membered rings containiTig 1 to 2 o>..-ygen atoms 'and I to 2 sulfur 

atoms such as l,4~oxathiane; unsaturated condensed rings containing 1to2 sulfur atoms such as 

benzothienyl, benzodithiinyl; and unsaturated condensed heterocyclic rings containing an oxygen atom 

· and 1 to 2 oxygen atoms such as benzoxathiinyl. Heterocyclyl group also include those described 

above in which one or more S atoms in the·ring is double-bonded to one or two oxygen atoms 
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(sulfoxides and sulfones). For example, heterocyclyl groups include tetrahydrotbiophene, ' 

tetrahydrothiophene oxide, and tetrahydrothiophene I, I-dioxide. Preferred heterocyclyl groups contain 

5 or 6 ring members. More prefei:ted heterocyclyl groups include morpho line, piperazine, piperidine, 

pyrrolidine, imidazole, pyrazole, 1,2,3-triazole, 1,2,4-tria.zole, tetrazole, thiomorpholine, 

fhiomorpholine in Which.the S atom of the fuiomorpholine is bonded.· to one or more O atoms, pyrrole, · 

homopiperazine, oxazolidin-2-one, pyrroJidin,,2.:one, ox:azole, quinuclidine, thiazale, isoxazole, furart, 

and tetrahydrofuran. ·. 

The phrase "substituted heterocyclyl" refers to a hetetocyclyl group as defined above in which · 

one offue ring members is bonded to a non-hydrogen atom such as desenoed above with respect to 

substituted alkyl groups and substituted aryl groups. Examples, include, but are not li:niited to, 2-

methylhenzimidazolyl, 5-methylhenzimidiizolyl, 5-cblorobenzthiazolyl, 1 ~lllethyl piperazinyl, and 2~ 
chlorop}'ridyl among others. 

The phrase "lllyi" refers to aryl groups that do not contain heteroa~ms. Thus the phrase 

includ~s. but is not limited io, groups such as phenyl, biphenyl, anthracenyl, naphllienyl by way of 

example. Although tbe phrase "unsubstituted aryl" includes groups ~ntaining condensed riogs such . 

as riaphtlialene, it does not include aryl groups that have other groups such as alkyl or halo groups 

bonded to one of the ring members; as aryl groups such as tolyl are considered herein to be substituted 

aryl groups as described below'. A preferred unsubstituted azyl group is phenyl. Unsubstituted aryl 

groups may be bonded to one or more carbon a~(s}, oxygen atom(s), nitrogen arom(s), and/or sulfur 
. 

atom(s) in the parent compound, however . 

. The phrase "substituted aryl group" has tbe Same. meaning with respect to unsubstj.tuted aryl .. . . . .. . 

groups that substituted alkyl groups had with respect .ro unsubstituted alkyl groups. Howevei, a 

substituted aryl group also includes aryl groups in which one .of the ar1>matic carbons is bonded. to one 
' . . . 

( i 

of the no11-cai:bon or non-hydrogen atoms described above and also includes a:ryl groups in which one 

or more aromatic carbons of the. aryl group is bonded to a substituted and/or unsubstituted alkyl, . ( 

alkenyl, or allcynyl gr(>up as defined herein. This. includes bonding arrangements in which two carbon 

aroms of an aryl group are bonded io two atoms of an· alkyl, alkenyl, or a!kynyl group to define a fused 

riog ~(e.g. dihydroMµhlhyl or tetrahydronaphthyl) .. Thus, the phrase "s!lbstituted aryl" includes, . . . . 

but is not limited to tolyl, and hydroxyphenyl among others. Preferred substituents include slraight 

and branched chain alkyl groups, -~, -C4JI,, -CH20H, -OH, -OCHJ; -OC2Hs, -OCF3, -CN, -N(h, -

C(hH, -CO:zCH3, -CONH2, rNH2, -F, -Cl, Br, -CF3, -N(CH3h, -NHS02CH3, -NHCOCH3. 
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· The term "heteroaiyl", as used herein, refers to a cyclic or bicyclic aromatic radical havii.ig 

from five to ten ring atoms in each ring of which one atoni of the cyclic or bicyclic ;ring is selected 

from S, 0 and N; zero, one or two ring atoms are additional heteroatoms independently selected from 

S, 0 and N; and the remaining ring atoms are carbon, the radical being joined to the rest of the 

molecule via any of the ring atoms, such as, for example, pyridyl, pyrazinyl, pyrinridinyl, pyrrolyl, 

pyrilzolyl, inridazolyJ, thiazolyl, oxazolyl, isOQxarolyl, thiadiazolyl, oxadiazolyl, thiophenyl; furallyl, 

quinolinyl, isoqninolinyl, and liaphihyridinyl, and the like . 

. The term "substituted heteroaryl" as used herein refers to a heteroaryl group as defined herein 

substitnted by independent replacement of one, two or three of the hydro~n atoms thereon with Cl, , 

Br, F, I, OH, CN, C1-C3-alkyl, C1-4-alkoxy, C1-Ci;-alkoxy substituted with aryl, haloalkyl, thioaikoxy, 

amino, alkylamino, dialkylamino, meroapto, nitro, carboxaldehyde, carboxy, alkoxycai:bonyl and 

carboxamide. In addition, any one substituent may be an azyl, heterriaryl, or heterocycloalkyl group. 

Preferred substituents include Straight and branched chain alkyl groups, -CH3, -C2Hs, -CH20H, -OH, -

OCH,, -OCzHs, -OCF3, ~cN, -N02, .,CQzH, -C02CH;i, -CONH2, -NH,, -F> -Cl, Br, -CF3, cN(CHl) z, -

NHS02CH,, -NHCOCH3. 

The tenn "biaryl" refers to a gtollp or substituent to which tWo aryl gtoups, which are not 

condensed to each other, are bound. Exemplary biaryl compounds ifu:lude, :for exampfo, 

phenylbenzene, diphenyldiazene, 4-methylthio-l ~phenylbenzene, pllenoxybenzene, (2- · 

phenylethynyl)benzene, diphenyl ketone, ( 4-phenylbuta-1,3-diynyl)benzene, phenylbenzylamine, 

(phenylmethoxy)benzene, and the like: Preferred optiona!ly8ubstitutedblaryl groups include: 2-

(phenylaniino )-N-[ 4-(2-phenylethynyl)poonyl]acetai:nide, ··1,4-diphenylbenzene, N•[ 4-(2-

phenylethynyl)phenyl]-2-[benzylamino ]acetamide, 2camino~N-[ 4-(2-

phenyiethynyl)phenyl]propanamide, 2-amino-N-[4-(2-phenylethynyljphenyl]acetaniide, 2-

( cyclopropylamino )-N-[ 4-(2-phenylethynyl)phenyl]acetamide, 2-( ethylamino )-N-[4-(2-

( phenylethynyl)phenyl]acetamide, 2{(2-methylpropyl)amino]-N-[4-(2- . 

. phenylethynyl)phenyl]ac:etamide, 5-phenyl-2H-benzo[ d] 1,3-dioxolene,~ 2-chloro-1-methoxy-4-

phenylbenzene, 2-[(irnidazolyhnethyl)amino J-N-[ 4-(2-phenyle1hynyl)phenyl]acetamide, 4-phenyl-l­

phenoxybenzene, N-(2-aminoethyl)[4-(2-phenyletb:ynyl)phenyl]carboxamide,.2-{[(4-

fluorophenyl)methyl]amino}-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-{[(4-

methylphenyl)methyl]arnino }-N-[ 4-(2-pbenylethynyl)phenyl]acetamide, 4-phenyl-I -
. . - . - ' .. 

(trifluoromethyl)benzene, l-butyl-4-phenylbenzene, 2-( cyclohexylarnino )-N~[ 4-(2-

phenylethynyl)phenyl]acetamide, 2-(ethyhnethylanrino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-
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(butylamino )-N-[ 4-(2-phenylethynyl)phenyl]acetamide, N-[ 4-(2cphenylethynyl)phenyl]-2-( 4-

pyridylamino )acetamide, N-[ 4-(2-phenylethynyl)phenyl]-2-( quinuclidin-3-ylamino )acetamide, N-[4-

(2-phenylefhynyl)phenyl]pyrrolidin-2-ylcarboxamide,.2-amino-3-methyl"N-[4-(2-

phenylethynyl)phenyl]butanamide, 4{4-phenylbuta-1,3-diynyl)phenylamine, 2{dimethylamino)-N-[4-

(4-phenylbuta-l ,3-diynyl)phenyl]acetamide, 2-( ethyl amino )-N{ 4-( 4-phenylbutac 1,3-

diynyl)phenyl]acetamide; 4-.ethyl-1-phenylbenzene, 1-(4-(2-phenylethynyl)phenyl]ethan-1-one, N-{l ~ · 
. . 

carbamoyl-2-hydroxYPffipyl)[ 4-( 4-phenylbuta-1,3-diynyl)phenyl]carboxatnide, N-[ 4-(2-. . . 
phenylethynyl)phenyl]propanamide, 4-methoxyphenyl phenyl ketone, phenyl-N-benzamide, (tert~. 

butoxy)-N-[(4-phenylphenyl)methyl]carboxamide, 2~(3-phenylphenoxy)ethanehydroxamic acid, 3, 

phenylphenyl propanoate, 1-( 4-ethoxyphenyl)-4-tnethox:yben.zene, and [4-(2-. 

phenylethynyl)phenyl]pyrrole. 

The term "heteroarylaryf' refers to' .a biaryl group where one bf the aryl groups. is a: heteroaryl 

group. Exemplary heteroarylaryl groups include,. for example; 2-phenylpyridine, phenylpyrrole; :>~(2- . · 

phenyletbynyl)pyridine, phenylpyrazole, 5-(2-phenyletbynyl)-1,3-dihydropyrimidllie-2,4-dione; 4- · ( \ 

phenyl-1,2,3-thiadi.azole, 2-(2-phenylethynyl)pyrazine, 2-phenyltbiophene, phenylimidazole, 3.(2• · 

piperazinylphenyl)furan, 3.(2,4-dichlorophenyl)-4-methylpyrrol6i ~ fue like. Preferred optionally 

substituted heteroarylaryl groups include: 5-(2-pheny!etilynyl)pyrjmidine-2.ylamine, I-methoxy-4-{2- .. 

thienyl)benzene, 1-methoxy-3-{2-tbienyl)penzene, 5-mefuyl-2-phenylpyrl_dine, 5-methyl-3- · 

phenylisox!!ZQle, 2-[3~( trlfluoromethyl)phenyl)furan,. 3-fluoro. 5-(2-furyl)-2-methoxy71-prop-2-

enylbenzene, (hydroxyimino)(5-phenyl(2-thienyl))mefuane, 5-[(4-methylpiperazinyl)methyl]-2-. ' ' . . ; . . . . . 

phenyltlriophene, 2-( 4-ethylphenyl)thiophene, 4-methylthio-1-(2-thienyl)blinzene, 2-(3-

nitrophenyl)thiophene, (tert-butoxy)-N-[ ( 5-phenyl(3-pyridyl) )metbyl]carboxamide, hydroxy-N-[ (5-

phenyl(3-pyridyl))methyl]amide, 2.(phenylmethylthio )pyridine, and benzyii:midazole .. 

The term "heteroarylbeteroaryl" refers to a biaryl group where both of fue aryi groups is a 

.heteroaryl group. Exemplliry heteroazylheteroaryl !µ'Oups include, for example, 3-pyridylimidazole, 2-

imidazolylpyrazine, and the like. Preferred optionally substituted heteroarylheteroaryl groups include: 

2-(4-piperazinyl-3-p~dyl)furan, diethyl(3-pyraziu-2-yl(4-pyridyl))amine, and dimefuyl{2-[2-(5· 

methylpyrazin-2-yl)ethynylJ(4-pyridyl)} amine. 

"Optionally substituted" refers to the optional rep~t of hydrogen with o~ or more 

monovalent or divalent iudicals. Optionally substituted groups include those descn'bed herem, for each 

group in which a distinct definition for substitution is supplied. Additionally, suitable substitution 

groups include, for example, hydroxyl, nitro, amino, imino, cyano, halo, thio, thioamido, amidino, 
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imidino, oxo, oxamidino, methoxamidino, imidino, guanidino, sulfonamido, carboxyl, fonnyl, alkyl, 

substituted alkyl, haloloweralkyl, loweralkoxy, haloloweralk.Oxy, loweralkoxyalkyl, alkylcarbonyl, 

arylcarbonyl; aralkylcarbonyl, hereroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, aminoalkyl, 

cyanoalkyl, benzyl, pyridyl, pyrazolyl, pyrrole, thiophene, irnidazolyl; and the like. 

Repre~tative substituted amidino and hererocycloamidino groups include, for example, those 

shown below. Thes6 amidino and heterocyc1oamidino groups can be fuii:he.r substituted as will be 

apparent to tho~e having skill in the. organic" and medic~ chemistry arts ill conjunction with the 
disclosure herein. 

Representative substituted alkylcarbonylamino, alkyloxycarbonylamino, 

aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those shown 

below. These groups can be further substituted as will be apparent to those having skill in the organic 

and medicinal chemistry arts in coitjunction with the disclosure herein. 

'NH 

0~t...,,o 
'NH I 'NH 'NH I I 

I N I OH o '· .. ~/N~. Oy o~ "- o~ ,..._v ~ ~ I" 
' , ' ' 

~ 'r - ('y oyv 
~N'-../ ,and OH 

Representative inWstituted aminocarbonyl groups includi, for example, those shown below. 

( . These can be further substitnted by heterocyclo groups ·and heteroaryl groups as will be apparent to 

those having skill in the organic and medicinal chemistry arts in conjunction with the disclosure 

hereiii. Prefered aminocarbonyl groups include: N-(2-cyanoetbyl)carboxamide, N-(3-

methoxypropyl)carboxmnide, N-cyclopropylcarboxamide, N-(2-hydroxy-isopropyl)carboxamide, 

methyl 2-carbonylamino-3-hydroxypropanoate, N-(2-hydroxypropyl)carboxamide, N-(2-hydroxy­

isOJl~opyl)carboxamide, N-[2-hydroxy-1-(hydroxyme!hyl)ethyl]carboxamide, N-(2-

'·. carbonylaminoethyl)acetamide, ·N-(2-(2-pyridyl)ethyl)calboxamide, N-(2~pyridylmethyl)carboxamide, 

N-(oxolan-2-ybnethyl}carboxamide, N-{4-hydroxypyrrolidin-2-yl)carboxamide, N-[2-(2-
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hydroxyethoxy)ethyl]carboxa:rriide, N-(4-hydroxycyclohexyl)carboxamide, N-[2-(2coxo-4-

imidazolinyl)ethyl]carboxamide, N-(carbonylaminomethyl)acetamide, N-(3-

pyiroiidifiylpropyl)carboxamide, N-[1-(carbonylaminomethyl)pyrrolidin-3-yl]acetanride, N-(2-

morpbolin-4-ylethyl)carboxamide, N-[3-(2-oxopyrrolidinyl)propyl]carboxamide, 4-methyl-2-

oxopipemzinecarbaldehyde, N{2-hydroxy-3-pyrroliclinylpropyl)carboxamide,.N-(2-hydroxy-3-

morpholin-4-ylpropyl)carboxamide, N-{2-[(5.cyano-2-pyridyl)amino]ethyl}carboxamjde, 3-
. -- -_ ·' . - ;-' -·- -- . ·- . ' ' . - _-· -

(dimethyl amino )pyrrolidinecarbaldebyde, N-[( 5-metilylpyrazin-2-yl)metltyl]carboxamide, .2.2.Zc 

trifluoro-N-(l-formylpyrrolidin-3-yI)acetamide, 

. yo 
yo yo yo yo yo yo 

"'1 "O HN\ HNl HNt· HNl HN yo yo N/ 
0 N~ ~x::H NH, , ,.,N,, OH, , I 

' , ' , _ N, ,and 

y 

0 
Representative substituted alkoxycarbonyl groups include, for example, those shown below. 

These alkoxycarl)onyl groups can be further substitlited as will be apparent to those having skill in the 

organic and medic:itial chemistzy arts in coajunction with the disclosure herein. 

Y .. 
O~)H 

-~ 
OH , 

);o ... ·. • . o . 
~N~ y OH (""o 

. ~0 and O~N.__} 

The term "protected" with :respect to hydroxyl groups, amine groups, and sulfhydryl groups 

refers to forms of these furu:tiOjlllijties fuat are protected from undesirable reaction with a protecting 

group known to those skilled in the art such as those set forth in Protective Groups in Organic 

Synthesis, Greene, T.W.; Wuts, P. G. M., John Wiley & Sons, New York, NY, (3rd Edition, 1999) that 
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can be added or removed using the procedures set forth therein. Examples of protected hydroxyl 

gr<;iups include, but are not limited.to, silyl ethers such as those obtained by reaction of a hydroxyl 

group with axeagent such as, but not limited to, t-butyldimethyl-chlorosilane, trimethylchlorosilane, 

triisopropylchlorosilane, triethylchlorosilane; substituted methyl and ethyl ethers such as, but not 

limited to methoxymethyl etlier, methythiomelhyl ether, benzyloxymethyl ether, t-butoxyme.thyl ether; 

2-methoxyethoxymethyl ether, tetrahydropyranyl ethers; 1-ethoxyethyl ethier, allyl ether, benzyl ether; 

esters such as, but not limited to, benzoylfonnate, formate, acetate, trichloroacetate, and trifluoracetate. 

Examples of prdtected amine groups include, but are not limited to, amides such as, fonnamide, 

acetamide, trifl:uorciacetamide, and benzamide; imides, such as phthalimide, and dithiosuccinimide; 

and others. Examples of protected sulfhydryl groups include, but are not limited to, thioethers such as 

S-benzyl thioether, and S-4-picolyl thioether; substituted S-methyl derivatives such as hemithio, ditbio 

and aminothio acetals; and others. 

A ''phann4ceutically acceptable salt" includes a salt with an inorganic base, organic base, 

( inorganic acid, organic acid, or basic or acidic amino acid. As salts of inorganic bases, the invention 

includes, for example, alkali metals such as sodium or potassium;· alkaline earth metals such as 

calcium and magnesium or aluminum; lll\dammonia. As salts of organic bases, the invention includes, 

for example, trimethylamine, triethylamine, pyridine, picoline, ethanolamine, diethiinolamine, and 

triefuanolamin!'l· AB salm of inorganic acids, the instant invention includes, for example, hydrochloric 

l 

' acid, hydroboric acid, nitric acid, sulfuric acid, and phosphoric acid. As salts of organic acids, the 

instant invention includes, for example, formic acid, acetic acid, tritluoroacetic acid, fumaric acid, 

oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, metha;nesulfonic acid, 

benzenesulfonic acid, and p-toluenesulfonic acid. As salts ofbasic amino acids, the instant invention 

includes, for example, arginine, lysine and ornithine. Acidic amino acids include, for example; . ' . . . 

aspartic acid and glutamic acid. 

' . AB used herein, the term ''pharmaceuucally acceptable ester" refers to esters that hydrolyze in 

vivo and include those that break down readily in the human body to leave the parent compound or a 

salt 1hereof. Suitable ester groups include, for example, those derived from phann~ceutically 

acceptable aliphatic carboxylic acids; particularly alkanoic, alkenoic, cycloalkanoic and alkanedioic 

acids, in which each alkyl or alkenyl moiety advantageously has not more than 6 carbon atoms. 

Representative examples of particular esteni include, but are not limited to, formates, acetates, 

·propionates, butyrates, acryiates and ethylsuccinates. 
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The term "pharmaceutically acceptable pro drugs" as used herein refers to those prodrugs of the 

C9ll1POunds of the present invention that are, within the scop~ of sound medical judgment, suitable for 

use in contact with 1lie tissues of humans and lower animals without undue to:ricity, irritation, allergic 

response, and the like, commensmate with a reasonable benefit/risk ratio, and effective for their 

intended use, as well as the zw'itt~onic forms, where possible, of the· compounds of the invention. 
. . 

The term "prodrog" refers to. compounds that are rapidly transfortned in vivo to yield the parent 

compound of the above formula, for example by hydrolysis in blood. ·A thmough discussion is 

provided in T. Higuchi and V. Stella, Pro-drugs a8 Novel Delivery Systems, Vol. 14 of the A:c.s. 
Symposimn Series, and in Edward B. Roche, ed,, Bioreversible earners in Drug Design, Ainerican 

Phannaceutical Association and Pergamon Press, 1987, both of which are incorporated her~ by 

reference. 

The term "antihac~al agenf' refers to agents synthesized or modified in the laboratozy that 

have either bactericidal or bacteriostatic activity. An "active" agent in d:ris context will inhibit the 

growth of P. aeruginosa and other gram-negative bacteria. The term "inhibiting the growth" indicates 

'that the rate of increase in the numbers of a PQpulation of a particular bacrerium is reduced. Thus, the 

I term includes situations in which the bacterial population increases but at a reduced rate, as well as ' 

· 1 . situations where the growth of the population is stopped, as well as situations where the numbers of 
' 

I 

l 
l 
i 

1he bacreria in the population are reduced or the population even eliminated. If an enzyme activity· 

assay is used to screen for inhibitors, one can make modifications in uptake/efflux, solubility, half-life, 

etc. to cotnpounds in order to correlate enzyme inhibition with growth inhibition. The activity of 

antibacterial agents is not necessarily limited to bacteria but may also encompass activity against 

parasites, vjrus, and fungi. 

The subject invention also includes isotopically-labeled LpxC inhibitors,-that are structurally 

identical to those disclosed above, but for fh.e fact that one or more atoms are replaced by an atom 

having an atomic mas8 or mass number different from the atomic mass or mass number usually found 

in nature. Examples of isotopes that can be incorporated into compounds of the invention include 

isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur~ fluorine and chlorine, such as 2H, 
3H, 13c, 14c, 15N, 180, 170, 31P, np, 35S, 18F and 36CI, respectively. Compounds of the present 

invention, prodrogs thereof; and pharmaceutically acceptable salts of said compounds and of said 

prodrugs that contain the aforementioned isotopes and/or other isotopes of other atoms are within 1he 

. scope of this invention. Certain isotopically labeled compounds of the present invention, for example 

i those into which radioactive isotopes such as 3H and 14C are inoorporated, are useful in drug md/or 
! 
! 
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substrate tissue distribution assays. Tritiated, i.e., 3H, and carbon-14, i.e., 14C, isotopes are partiClllarly 

preferred for their ease of preparation and detectability. Further, substitution with heavier isotopes such 

as deuterinm, i.e., 2H, may afford certain therapeutic advantages resulting from greater metabolic 

stability, for example increased. in vivo half-life or reduced dosage requirements and, hence; may be 

prefei:red in some circmnstances. Tuotopically labeled compounds of this invention and prodrugs 

thereof can genexally be prepared by carrying out known or .referenced procedures. and by substituting a 

readily a:vailable isotopically lab.eled reagent for a non-isotopically labeled reagent; 

The present invention provides novel compounds, phal:maceutical furmulations ineluding the 

compounds, methods of inln"biting uDP-3-0-(R-3-hydroxydecanoyl)-N-acetylglucosamine deacetylase · 

(LpX:C), and methods of treating grain-negative bacterial irifoctiollS. 

fn one embodiment, the present in~ention provides compounds offormulaI: 

A 
· l,...R3 · 

E,JSD'G/Y,x_,.B,N~(CH2)n/Q 
I 
~-

I 

or stereoisomers, pb;u:maceutically accep'tlible salts, esters, arid'prodrtigs 1hereof, wherein 

E is absent or selected from 1he group consisting of 

(1) H, 

(2) substituted or unsubstituted C1-C0-alkyl, 

(3) substituted or unsubstituted C2-C.-alkenyl, 

( 4) substituted or unsubstituted Ci-C.-alkynyl, 

( 5) substituted or unsubstituted aryl, 

( 6) substituted or unsribstituted heterocyclyl, and 

(7) substituted or unsubstituted heteroaryl; 

I. is absent or selected ftom the group consisting of 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

substituted or unsubstituted C1-Co-alkyi, 

~o-1-(Clh)rNR3L - (Clh)r-, 

-{NH)o..r-C(R1L; Rn,}-NR3L--C(R tL, Rn}-, 

-C(R IL, R2L}-O-C(R IL, R2L}-, 

-(CH:z}rNR3L-C(R1L, R21}-CONH-(CH2)r-, 

--CO--C(R1L, R21)-NHCO-, 
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(7) ...CONH-, . 

(8) --NHCO-, 

wherein 

R 1\ R_2L, and R3L are independently selected from the ~p consisting of 

(a) H, 

· (b) substituted or uilsubstitnted C1-C6"alkyl, ·· 

(c) C1-C6-alkylsubstituted With aryl, 

( d). . C 1-C6·alkyl substituted wifu heterocyclyl, and . 

( e) · Q 1-C6-alkyl substituted with heteroaryl, 

or R1L and R3
L, together with tlie atoms. to which they are attached c,an fonn a substituted or 

unsubstituted heterocyclic ring, having ftom 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected from N, 0 and S, 

j is an integerof0-4; 

k is an integer of 0-4; 

D is absent or selected froni the group consisting of 

(1) substituted or unsubstituted C3-Cs-cycloalkyl, 

(2) substituted or unsubstitut;ed11zyl, 

(3) substituted or unsubstituted heterpcyclyl, and 

(4) substituted or.unsubstituted heteroaryl; 

G is absent or selected from the group consisting of 

(1) -{CH:ik-O-(CH2)r-, 

(2) -{CH:!);-S-{CH2)1-, 

(3) -{CH2)r-NR.g-{C~)r-, 

(4) -C(=O)-, 

(5) -NHC(=O)-, 

(6). -C(=O)NH-, 

(7) -{CH2);NHCH2C(=O)NH.,-, 

(8) -C=C-, 

(9) -C,,,,C-O:=C-, and 

(10) -O=G-; 

wherein 

Rg is Hor substitnted or unsubstituted C1-C6·alkyl; 

i is an interger of0-4; 
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Y is selected from the group consisting of 

(1) substituted or unsubstituted C3-Cs-cycloalkyl, 

(2) substituted or unsubstituted aryl,. 

(3) sub.stituted or unsubstituted heterocyClyl, and 

( 4) · substituted or unsubstituted heteroaryl; 

X is selected from the group consisting of 

(1) -{C=O)-, 

(2) ..:.C1-C6-alkyl-{C=Q)-, 

(3) --C2-C6·alkenyl-(C=O}-, 

(4) -C2-C6·alkynyl-{C=O}-, and 

(5) -CH2-; 

or when B is absent, X and A, togeth& with the atoms to which they are attached can form a 

heterocyclic ring, having from 5 to 8 ring atomS, wherein 1-2 ring atoms of file heterocyclic 

ring system an) selected from N, 0 and S; 

B is a absent or 

R1b 
I . . 

,..,.NY-(CH2)q~ 
R2b 0 

wherein R1
h and R2h, are independently selected from the group consisting of 

(a) H, 

(b) substituted or unsubstituted C1-C6-alkyl, 

(c) substituted or unsubstituted C2-~-alkenyl, 

(d) substituted or unsubstituted Cz-C;;-alkyuyl, 

(e) substituted or unsubstituted aryl, 

(f) substituted or unsubstituted heterocycfyt, 

(g) substituted or unsubstituted heteroaryl, 

(h) C1-C6-alkyl substituted with aryl,,. 

(i) C1-C;-alkyl substituted with heterocyclyl, and 

(j) Cr-Ci-alkyl substituted wilh heteroaryl, 

or R1
.h and R2b, together with the atoms to which they are attached can form a substituted or 

unsubstituted heterocyclic ring, haVing from 3 to 8 ring atoms, wherein 1-i ring atoms of the 

heteropyclic ring system are selected from N, 0 and S; 
' 

q is. an integer of 0-4; 
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Ri is Hor substituted or unsubstituted C1-4-aikyl, 

or R3 and A, together with the atoms to which they are attached can fonn a substituted or 

unsubstituted 3-10 membered cycloall_-yl or a heterocyclic ring system, wherein 1he 

heterocyclic ring system may have from 3 to l 0 ring atoms, with 1 to 2 rirtgs being in the ring 

syStem and contain from 1-4 heteroatoms selected from N, 0 and S; · 

14 is Hor substituted or llllSUbstituted C1-C6-alkyl, 

or ]4and A, together with the atOms to which they are attached can form a substituted or 

unsubstituted heterocyelic ring, having from 3 to 8 ring atoms, wherein 1-2 ring ~toms of the 

heterocyclic ring system are selected from N, 0 a:ad S; 

n fa an integer of0-2; 

A is selected from 1he group consisting of 

(1) H, 

(2) -(CH2).C{R1a,R?")(CH2).0R33
, 

(3) -(CH2),c(R1a,w•)N(R4',Rs"), 

(4) -(CH2),C(R1',W")N(R4")COR311, 

(5) ;:{CH2),C(R 1' ,W")NHCON{R43, Jt'•), 
(6) -{CH2)..C(R1",R2")NHC(=NH)N{R4.,R5j, 

(7) --CH(R1
', R2a), 

(8) --CeCH, 

(9) -(CH2),C(R la, W')CN, 

(10) -(CH2)..C(R1",R2')C()2R3
', and 

(11) -(CHz),C(R10,R2')CN(R4',RSa}, 

wherein R1', R2a, R3a, R<ia, and Rs. are independe:ntly selected from the group consisting of 

(a) H, 

(b) . substituted or unsubstituted C1-C6-alkyl, 

( c) substituted or unsubstituted aryl, 

( d) substituted or unsubstituted heterocyclyl, 

( e) substituted or llllSubstituted heteroaryl. 

(f) C1-C6~alkyl substituted with aryl, 

(g) C1-C6-alkyl substituted With heterocyclyl, and. 

(h) C1-C0-alkyl substltuted with heteroaryl, 
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or R.43 and R5
' together with the N atom to which they an,; attached can form a 

substituted or unsubstituted heterocyclic ring, having from 3 to 8 ring atoms, wherein 1-2 ring 

atoms of the heterocyclic ring system are selected from N, 0-and S; 

r is an integer of 0-4; 

s is an integer of 0-4; 

Q is absent or selected from the group consisting of 

(1) -C('=O)N(Ri, R2), 

(2) -NHC(=O)N(Ri, Rz), 

(3) -N(OH)C(=O)N(Ri. R1), 

(4) -CH(OH)C('=O)N(Ri, Rz), 

(5) -CH[N(R2
q, R3'1)JC("'O)N(Ri. R1), 

(6) -CHR1'1C(=O)N(Rh R1), 

(T) -COzH, 

(8) -C('=O)NHSQiR4
q, 

(9) -S02NH2, 

(10) -N(OH)C(=O)R1
q, 

(11) -N(OH)S02R4q, . 

{12) -NHSOiR4q, 

(13) -SH, 

(14) -CH{SH)(CH2)o-1C(=O)N(Ri, Ra), 

(15) --CH(SH)(CH2)o-1C02H, 

(16) -CH(OH)(CH2)o..1CO:i.H, . 

(17) -CH(SH)CH2CO:iR1
q, 

. (18) -CH(OH)(CH2)SO:iNH2, 

(19) -CH{CH2SH)NHCOR tq, 

(20) -CH(CH2SH)NHSOiR4q, 

(21) -CH(CH2SR"l)C02H, 

(22) -CH(CHiSH)NHSO:iNHz, 

(23) -CH(CH20H)C02H, 

(24) -CH(CH20H)NHSOzNH2, 

(25) -C(=O)CH2COzH, 

(26) -C(=O)(CHz)o_1CONH2, 

(27) --OSOzNH.R5
q, 
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(28) 

(29) 

(30) 

(31) 

(32) 

-S02NHNIIi, 

-P('>'())(OH)2, 

't~> 
N 

R1 is selected from the group consisting of 

(1) -H, 

(2) -OH, 

(3) -OC1-6-alkyl, 

(4) -N(R2q, R3~, and 

(5) substituted or unsubstituted C 1.6-alkyl; 

R2 is selected from the group consisting of 

(I) H, 

(2) substituted or unsubstituted Ci-C6-alkyl, 

(3) substituted or un.substituted Ci-C6-alkenyl, 

(4) substituted or unsubstituted C2-C6-alkenyl, 

(5) substituted or unsubstituted aryl, 

(6) substituted or unsubstituted heterocyclyl, 

(7) substituted or unsubstituted heteroaryl, 

(8) C1-C6-alkyl substituted with aiyl, 

(9) C1-C6-alkyl substituted with hetetocyclyl, and 

(IO) C1-C6-alkyl substituted with heteroaryl, 

or R 1 and R2
, together with the N atom to which they are attached can form a sUbstituted or 

unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring atoms of the 

heterocyclic ring system are selected from N, O·and S, 

R1q, R2q, R3q, R4q, andR5q are selected fro~ Hor C1-C6 alkyl, 

wherein B is absent, or E, L, G, and B are absent, or E, L, and G are absent, or E, L, and B are absent; 

or E, L, D, G, and B are absent. 

In another embodiment, the present invention provides compounds of formula I: 
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or stereoisomers, pharmaceutically acceptable salts, esters, and prodtugs thereof, wherein 

E is absent or selected from-the group consisting of 

(1) H,. 

(2) substituted or unsubstituted C1-C6-alkyl, 

(3) substituted or unsubstituted aryl, 

( 4) substituted 0r unsubstituted heterocyclyl, and 

( 5) substituted or llllSUbstituted heteroaryl; 

1 is absent or selected from the group consisting of 

(1) -{CH2)rNR3
L- (CH:i)ir, 

(2) --C{RlL, R21i-NRlL-e(RlL, R2L)ir, 

(3) -C(R1\ R~r-O--C(R1L, RZL)k-, 

(4) -{CH2)J~NR3L-C(R1\ R21Jic--c:ONH--(CH2)1r, 

-(5) -CO-C(R1L, RZL}-NHCO-, 

(6) -CONH-, and 

(7) -NHCO-, 

wherein 

R IL, RZL, R3L are independently selected from the group consisting of . 

(a) H, 

(b) substituted or unsubstituted C1~-alkyl, 

(c) C1-C6-alkyl substituted with aryl, 

(d) C1-4-alkyi substituted with heterocyclyl, 

(e) C1~-alkyl substituted with heteroaryl, 

or R_IL and R 3L, together witlt the atoms to which they are attached can fbrm a substituted or 

u:wmbstituted heterocyclic ring, having from 5 to 8 ring atoms, Wherein 1-2 ring atomB of tlte 

heterocyclic ring system are selected from N, 0 and S; 

j is an integer of0-4; 

k is an integer of0-4; 

D is absent or selected from the group c011sisting of 



(1) substituted or unsubstituted C3-Cs-cycloalkyl, 

(2) · substituted or unsubstituted aryl, • 

(3) substituted or unsubstituted heterocyclyl, 

(4) substituted or unsubstituted heteroaryl, and 

G is absent or selected from the group consisting of 

(1) -C(=O)---, 

(2) -NHC(=O)---, 

(3) -C(=O)NH-, 

(4) -(CH2fiNHCH2C(=O)NH-, 

(S) -C-=C-,and 

(6) -C-=C-C=C-, 

wherein i is an interger of 04; 

Y is selected from the group consisting of 

(1) substituted or unsubstituted C3-Cs-eycloalkyl, ( l 

(2) substituted or unsubstituted aryl, 

(3) substituted or unsubstituted heterocyclyl, and 

( 4) substituted or unsubstilllted heteroaryl; 

Xis selected from the group consisting of 

(1) -(C--0)---, 

(2) -C1-C6-alkyl-(C=O)---, 

(3) ~-C5-alk:enyl-(C=O)---, 

(4) ~-C6-alkynyl-{C--O)---, and 

(S) -CHr; 

or when B is absent, X and A, together vvilh tlie atoms to which they are attached can form a 

heterocyclic ring, having from 5 to 8 ring atomS, wherem 1-~ ring atoms of the heterocycl:fc . ! 

· ring system are selected from N, 0 and S; 

B is absent or 

R1b 

_,,.Ni'.::(CH2Jq-{ 
R2b .. . O · 

wherein R1
h and R2

b are independently selected from the group consisting of 

(a) H 

· (b) substituted or unsubstituted C 1-C6-alky!, 
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( c) substituted· or unsiibstltuted C2-C6-alkenyl, 

( d) substituted or unsubstituted Ci-4-alkenyl, 

( e) substituted or unsubstituted my!, 

(f) substituted or unsubstituted heterocyclyl, 

(g) substituted or unsubstituted heteroazyl, 

(h) Ci-Ci;-alkyl substituted with aryl, 

· (i) C 1 c4-alkyl substituted with heterocyciyl, and 

(j) Ci-Co-alkyl substituted with heteroaryl, 

or R 10 and R2
b, together with the atoms to whj.ch lhl1Y are attached can fori11 a substituted 

or unsubstituted.heterocyclic ring, having from 5 to 8 ring atoms, wherein 1-2 ring atoms .ofthe 

heterocyclic ring system aie selected from N, 0 and S; 

q is an integer of 0-2; 

R3 is Hor substituted or unsubstituted Ct-C6-alkyl, 

or Ri and A, together ·w:ith the atoms to which they are attached can fomi a substituted or 

unsubstituted 3-10 membered cycloalkyl or a heteroc:Yclic ring system, wherein the 

heferocyclic ring system may have from 3 to 10 ring atoms, with 1 to 2 rings being in the· riµg 

system and contain froll), 1-4 hetematoms selected from N, 0 and S; 

&i is Hor substituted or unsubstituted C1-4-alkyl, 

or &iand A, together with the atoms to which they are attached can form a substituted or 

unsubstituted heterocyclic ruig, having from 5 to 8 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected from N, 0 and S; 

A is selected from the group consisting of 

(1) H, 

(2) -{C~),C(R18,R2i{CH2),0R3", 

(3) -{CH2),c(R1",R~N(R"",Rs.), 

(4) -{CH2),C(R1
", R2a)N(R4jCOR3

', 

(5) -{CH2),c(R1",R2")NHCON(R48,R5
"), 

(6) -{cFh)rG(R1a, R2")NHC(=NH)N(R48
, R~, 

(7) -CH(R1a, R~, 

(8) ~-cH, 

(9) -{CH2),c(Rta, Ria)CN, and 

(10) -{CH2).C(R1
', R2')C02R3

", 
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~erein Ria, Ria, R3
', R4a, and R5

•, are independently selected from the group consisting of 

(a) . H, 

(b) substituted or unsubstituted C1-C6-alkyl, . 

(c) C1-C6-alkyl substituted wiih. azyl, 

(d) C1-C6-alkyl substituted with heterocyclyl, and . 

(e) C1-C6-alkyl substituted with heteroaryl, 

or R"" and R5•, togelher with the N atom to which they are attached can form a 

substituted or unsubstituted het:erocyclic ring, having from. 5 to 8 riug atoms, wherein 1-2 ring 

atoms of the heterocyclic ring system are selected fro;in N, 0 <md S; 

· ris an integer of 04; 

Q is absent or selected from fue group consisting of 

(0 -C(=O}N(Ri, Rz), 

(2) -NHC(=O)N(Ri, Rz), 

(3) -N(OH)C(=:'O)N(Ri, R1), 

(4) -CH(OH)C(=O)J:{(Ri, R2), . 

(5) -CH{N(R2q, R~q)]C(=D)N(Ri. R2), and .. 

(6) --CHR1<!(:(=Q)N(RhR2), 

R1 is selected from the group consisting of 

(1) H, 

(2) QH, 

(3) OC1-6-alkyl, 

(4) N(R2q, R3q), and 

(5) substituted or unsubstituted C1.o-alkyl; 

Rz is selected from tlie group consisting of 

(1) H, 

(2) subStituted or unsubstituted C 1-C6-alkyl, 

(3) substituted or unsubstituted acyi, 

(4) substituted or unsubstituted heterooyclyl, 

(5.) substituted or unsubstituted heteroazyl, 

(6) . C1-C6·alkyl subStituted with aryl, 
(7) C1-C6-alkyl substituted with heterocyclyl, ·and 

(8) C1-C6-alkyl substituted with heteroazyl, 
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or R1andR2
, togetherwilhthe N atom to which fhey are attached can form a substituted or 

unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring atoms of lhe 

heterocyclic ring system are selected from N, 0 and S, 

R1q, R2q, and R3q are selected from Hor C1-C,, alkyl, 

wherein B is absent, or E, L, G, and B are absent, or E, L, and Gare absent, or E, L, and B are absent, 

or E, L, D, G, and B are absent. 

In another embodiment, the present im•ention provides compounds of formula II: 

or stereoisomers, pharmaceutically acceptable salts, estem, and prodrugs thereof; wherein 

( D-G-Y taken together, is selected from the group consisting of 

c 

R-o-ra-
' 

R-o-rO-
> 

R-0-0--
N ' 

R-o-rO-
' 

R-0-0-, 

R 

·~. 
Rh_ __ F\ _Rh_ __ F\ 

~~ . , , 

R}-N" - - F\. 

~ ..,.. , 

or 

~ . ' 
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&V . . ' 

H f"Y" 
v"B-

"'--Q-.-' . 

, 
Wherein 

, 

F,CO'JrY 

MeO~ 
' 

co-, . 

v,and 

FCJ)' 
' ' 

R is selected from lhe group consisting of-CH3, -C2Hs, -CHzOi!,-OH,-OCH3, -OC2Hs, -

OCF3, --CN, -N02, -COzH, -CQzCH3, -CONH:i, -NH2, -F, -Cl,-Br, -CF;, -N(CH3)i, ,.­

NHS02CH3, and-NHCOCHJ; 

X is selected from the group consiiiting of 

(1) -{C=:O)-, 

(2) -C1-Cu-alkyl-{C=O)-, and 

(3) -C2-Cu-alkenyl-{C=O)-. 

In another embodiment, the present invention provides compounds of furmula III: 
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or stereoisomers, phannaceutically acceptable Sl!lts, esters,· and prodrugs thereof, .wherein 

D-0-Y taken together, is selected from the group consisting of 

R-0-0- .-o-ra- ~ , , 
' 

R~' R-0-0-- R-o-rD-" , N- , 

R-o-ra- -0-0- ~ . , 
' , 

R R R 

' ·~ ~ ··o-=-o-- ~. 

. 

' ' ' 

R 

-~ 
. , 
R~ 

' 

~ " \='·· ~ ·~ 'LI'- .and 
' 

or 

~ff> df· JP dY "" . ' ' . . , HO , 

~ d(-· a& ~ H,C 
. ' 

H,C,N# Cf'Y· v6 H,c# , 
' ' CH, , 
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Wherein 

~ 0 
' 

~·· . , 

oY '· . 

F~O~ 
·~ 

Meo , 

,() 
F,C N 

. ' 

v,and 

· R is selected from the group consisting .of-CH3, --C2H5, --CH20H, --OH, -OCH3, ..:oc;H's, -
OCF3, -CN, -NOz,.--C02H, --COzCH3, --CONHz, -:Nii2> -F,.--Cl, -Br, --CF3, -N(CH3)z, -

NHSOzCH:i, and-NHCOCH3; 

X is selected from the groups consisting o'f 

(1) -{C~}-, 

(2) --C1-C.-alkyl-{i>Q}-, and 

(3) ~-C;;-allrenyl-{0=0}-. 

In another embodiment, the present invention provides compounds of formul~a IV: 

D,G,,...y'X-.-· N(NH-oH 
. . H 0 

IV 

or stereoisomers, ·pharmaceutically acceptable salts, esters, and prodrugs thereof, wherein 

D-G-Y taken together, is selected from the group consisting of 

36 



R-0-0-· . 
' 

~ . N ' 

( or 

( 

R "'i ,-(}­-{.J-' "-..!/ , 

R-0-0-
N ' 

R-0-0-
. ' 

···vU. 
, 

R-~ 
. ' 

R-o-rO-
' 

~~ .. - F\ 
n~ 

R 

b-==-0--, 

, 

~ u~~ :xY, . <:tr. 
. I , 
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l 
l 

co-
"' 0 ' 

·~ .B S , u,and 

· Wherein 

. R is selected .from the group consisting of-CH3, -Ci.Hs, -CH20H, -OH, -OCH3, -OC2Hs, -. . 
OCF3, -CN, -NOi, -COiH, -C02CH3, -CONH2; -NH:i, -F, -Cl, -Br, -CF,, -N(CH3) z, -

NHS02CH3, and-NHCOCH3; 

X ·is selected from the groups consisting of 

(1) -(C=O)-, 

(2) -C1-C6-alkyl-(C=O)-, and 

(3) -C2-C6-alkenyl-(C=O)-. 

In another embodiment, the present invention provides c?'llpounds of formula V: 

NH2 
D, ,,.,.Y, r~·~~ . 

G. X-Nlr-NH-OH 
H 0 

.V 

or stereoisomers, pharmaceutically acceptable salts, esters, and prodrugs 1hereof, wherein . 

D-G-Y taken together, is selected from the group consisting of 

. ..-Q-0--
. , 

~ 
' 

R~ 
' 

. ,,....;. ~· 
R~ L,, 

- ' 

R-0-0-
N ' 

-0-0-, 

R-o--ra--
' 

-0-=-0-, 
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l 

R 

b-=-0--, 

Rh - - F\ 
N~ 

R~ - A 

or 

, 

, 

H,~ 

('NJY 
o.,__) . , 

' 

R 

N~ 
' 

R 

R
n_ __ F\ 
~ 

R~ ~--v··· 

vV· 
' 

,CB 0-0 . 
, 

H~~ , ? , 

~ 

NH, 
# 

I " 
-<' 

, 

H !'I( 
0-~~ , 

.,.JO-, 

, 

, 

}-'i F\ 
~ 

R 

, 

~ , 
R~~ ' .. ~~ v-N- , and 

. 1"" fY 
CIJ:.)' ~ H,co~ 

F3CO~ 
·~ 
MeO ~ , 

·~ 
V-ef, 

() d 'an 

FCO~ 
' ' 

··~ 
if 

FCJ)' 
' ' 

' 
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Wherein 

R is selected from the group consisting of-CIIJ, -C2Hs, -CH20H, -OH, --OCII3, -OC2Hs, -

OCF3, -CN, -N02, -C02H,-C02CH3, -CONilz, -NH2, -F, -Cl, -Br, -CF3, -N(CHi) 2, -

NHS02CH;, and--NHCOCHi; 

~ is selected from the groups consisting of 

(1) -(C---0)-, 

(2) -C1-C6-alkyl-(C=O)-, and 

(3) -C2-C6-alkenyl-(C=O)-. 

In anotlier embodiment, the present inventionprovideS compounds of formula VI: 

· . ..p 

VI 

lj3C OH 

Ny~ .. NH-OH 

H~ 
0 

or stereoisomers, phannaceutically acceptable £alts, esters, and prodrugs thereof, wherein 

E is absent or selected from the group i;ousisting .of 

(1) H, 

(2) substituted or un8ubstifuted Ci-Ci,-alkyl, 

(3) substituted or unsubstituted acyi, 

( 4) substituted or unsubstituted heterocyclyl, and 

( 5) substituted or unsubstituted heteroaryl, 

or E.and R 3L, together with the atoms ~ which they are attached can form a substituted or · 

unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring.atoms of the 

heterocyclic ring system are selected from N, 0 and S, 

R lL, R3L are independently selected :from the group consisting of 

(1) H, 

(2) substituted or unsubstituted C1.C6-alkyl, 

(3) C1-C6-all")'l substituted with aryl, 

(4) C 1-C.-alkyl substituted with heterocyclyl, and 
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(5) C1-C6-alkyl substituted with heteroaryl, 

or R1
L and R3

L, togeiher with the atoms to which they are attached Cllll follll a substituted or 

unsubstitured heterocyclic ring, having from 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected from N, 0 and S. 

fu another emb<)diment, the present invention provides compounds of formula VII: 

R3L 0 ¢' 10 ·1 ~ E-N N ,.-:;. 
RIL H . 

vn 
( or stereoisomers, phannaceuticruly acceptable salts, esters, and prodrugs thereof, wherein 

Bis absent or selected from the group consisting of 

( 

(1) H,. 

(2) ,;mb~tuted or unsubstitllted C1-C;;-alkyl, 

(3) substituted or unsubstituted aryl, 

(4) substituted. or 1!113ubstituted heterocyclyl, and 

(5) substituted or unsubstituted heteroaryl, 

or E andR3L, togetherwithihe atoill!J to which they are attached can form a Substituted or 

UI!SUbstituted heterocyclic ring, having from 3 to 10 ring ato~, wherefu 1-4 ring atoms of the 

heterocyclic ring system are selected ftom N, 0 and S; 

R 1\ R3
L are independently selected from the group consisting of 

(I) . H, 

(2) substituted or uns~bstituted C1-Cv-alkyl, 

(3) C1-Co-alkyl substituted with aryl, 

( 4) C1-Cv-alkyl substituted with heterocyclyl, and 

(5) C1-Ci;-lilkyl substituted withheteroaryl, 

or R1r., and R_3L, together with file atoms to which they are attached can follll a substituted or 

unsubstituted·heterocyclic ring, having from 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected ftom N, 0 and S. 

In .another embodiment, the' present invention provides compounds of formula VIII: 
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VIII 

or stereoisomers, pharmaceutically acceptable salts, esters, and prodrugs thereof, wherein 

B is 'absent or selected from the group consisting of 

(I) H, 

(2) substituted or unsubstituted C1-Co-alk:yl, 

(3) substituted or unsubstituted aryl, 

( 4) substituted or unsubstituted heterocyclyl, and 

(5) · substituted or unsubstituted heteroaryl, 

. or B and R3L, together with the atoms to which they are ~ttached can form a substituted or 

Unsubstituted heterocyclic ring, having from 3 to l 0 ring atoms, wherein 1-4 ring atoms of the 

. heterocyclic ring system are selected from N, 0 and S; 

R IL, R3L are independently selected from the group consisting of 

(1) H, 

(2) substituted or unsubstituted C1-C6-a11_'Yl, 

(3) C1-C6-ali-yl substituted d aryl, . . 

(4) C1-C6-alk:yl substituted Withheterocyclyl, and· 

(5) C1-C6-alk:yl substituted with heteroaryl~ 

orR1L and R3L, together with the atoms to whlch fuey are ~hed <:an fo~ ~ sulistituted or 

unsubstitµted heterocyclic ring, having from 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected from. N, 0 and S. 

( ) 
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( 

o ~NH2 . H 
.N-OH 

H 0 

IX 

or stereoisomers, phatmaceutically acceptable salts, esters, and prodrugs thereof, wherein 

E is absent or selected from the group consisting of 

(1) H, 

(2) substituted or unsubstituted C1-C5·al1..-yl, 

(3) substituted or unsubstituted azyl, 

t4) substituted or unsubstituted heterocyclyl, and 

( 5) . · substituted or unsubstituted heteroaryl, 

or E and.R3L, together with.the atoms to which they are attached can form a substituted or 

. unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring atoms of the 

heterocyclic ring system are seJected from N, 0 arid S; 

R1
L, R3

L are independently selected from the group consisting of 

(1) H, 

(2) substituted or unsubstituted C1·C,;-alkyl, 

(3) Ci-4-alkyl substituted with azyl, 

(4) C1-C,;-alkyi substituted with heterocyclyl, and 

( 5) C 1-C5-alkyl substituted With heteroaryl, 

or R1L and. R3L, together wi:th the alnms to which they are attached can form a substituted or 

( . unsubstituted heterocyclic ril.lg, having from 3 to 8 ring atoms, wherein 1-2 ring atoms of the 

beterocyclic ri1.lg sysiem are selected from N, O and s; 
Iµ anolher embodi.nient, the present invention provides compound!> of formula X: 
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11-3L O 

1 
· ~ 4-

E-N, Jl ~ 
. f,, 'N 

RlL H 

x 

(J.3C\NH2 , H 
N-OH I N 

H 0 

or Stereoisom~s, pharmaceutically acceptable salts, esters, and prodrugs fhereof, wherein 

E is absent or selected from the group consisting of 

(1) . H, 

(2) 

(3) 

(4) 

substituted or unsubstituted C1-C6·alkyl, 

substituted or un5ubstituted aryl, 

substituted or unsubstituted heterocyclyl, and · 

( 5) substituted or unsubstituted heteroacyl, 

or E ·and R3
L. tpgether with the atoms.to which 1hey are attached can form a substitllred or 

unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-4 ring atbms of the 

heterocyclic ring system are selected ftilm N, 0 and S; 

R 1L, R3L are i;ndependently selected from 1be gr~up consisting .of 

(1) II, 

(2) substituted or unsubstituted C1-C5-alkyl, 

(3) C1-C•·alkyl substituted with azyl, 

1• (4) C1-C6-alkyl substituted withheterocyclyl, and 

(5) C 1-Co-alkyl substituted withheteroaryl, 

or R 1L and R3L, tOgetller with the atoms to whiCh they are atillehed can form a substitiited or 

unsubstituted·heterocyclic.ring; having.from.3 to 8 ring atoms, wherein 1-2 ring atOIDs of the 

heterocyclic ring system are selected from N, 0 and S. 

1n another embodiment, the present invention provides compounds Of formula XI: 

Y,X H,:x;NH-OH 
H 0 

. XI 
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c 

or stereoisomers, pharmaceutically acceptable salts, esters, and prod:mgs thereof, wherein 

Y-X taken together, is selected from the group consisting of 

~,J 

~. t/ 
Br , 

~ef 
CF, 

0 

cot' 
' 

0 

~·¢ 
' 

0 w v10-i 
0 ' 

H , 

, 

HCO~ ' . ' 

coJl 
' 

w-, 

0 

if ,and 

0 

~ 
. ' 

·~ 
' NH 

' " 

&. 
. ' 

In another embodiment, the present invention provides compounds of f01Il'.IUla XTI: 
H3C OH 

0 ·R2b . 0 y-.. H 

~ N)-(CHi)qjj_NH~N-..OH 
ilb .. 0 

XJI 

or stereoisomers, pharmaceutically acceptable salts, esters, and prod:mgs thereof, wherein 

R1b and R20 are independently selected from the.group consisting of 

(1) H, 

(2) substituted or unsubstituted C1-C6-alkyl, 

(3) substituted or unsubstituted C2-C6-alkenyl, 

( 4) substituted or unsubstituted Ci-C5-alkenyl, 

(5) substituted or unsubstituted aryl, 
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( 6) sub.stituted or unsubstituted heterocyclyl, 

(1) substituted or unsubstituted heteroatyl, 

· (8) C1-C6-alkyi substituted with aryl, 

(9) C1-CG-aik:yl substituted with heterocyclyl, and 

{fO) C1-Cu-alk:yl substituted with heteroaryl; 

q is an integer of 0-2; 

Jn another embodiment, the present invention provides compounds of fonnula XDI: 

0 A <(H ~2 

N~Nl(N'R1 
~ 0 

:xm 
orsrereoisomers, pharmaceutically acceptable salts, esters, and prodrugs thereof, wherein 

~is selected from the gioup consisting of 

(I) H, 

(2) substituted or unsubstifuted C1-C;;-aik:yl, 

(3) C1-C6-alk:yl substituted with aryl, 

(4) C1-Cn-alkyi substituted with heterocyclyi, and 

(5) C1-C6-a!kyl substituted with heteroaryl; . 

A is Hor -CH(CHl)OH-; 

R1 is H or sribstituted or unsubstituted C1.5-alkyl; 

~is selected from the group consisting of 

(1) H, 

(2) suilstituted or unsubstituted C1-C6--alkyl, 
' 

(3) substituted or unsubstituted ru:yl, 

(4) substituted or u11SUbstituted heterocyclyl, 
.. 

(5) substituted or unsubstituted heteroacyl, 

(6) C1-C6-aikyl substituted with ru:yl, 

(7) · C1-Cn-alkyl substituted .with heterocyclyl, 

(8) C1-Cu-aik:yl substituted with heteroacyi, 
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' 

( 

oi;R1 and R2 together with the N atom to which they are attached can form a substitute~ or 

unsuootituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-2 ring atoms of the 

heterocyclic ring system are selected from N, 0 and 8. 

In another embodiment, the present invention provides compounds offormUia Xrv: 
H 

ORN 
,,G, A ~-OH 

D Y N . I . 
~ 0 

XIV 

cir stereoisomers, phamiaceutically acceptable salts, esters, and prodrugs thereof, wherein 

D-0-Y taken together fa' selected from the group conilfating of 

-0-0- R-cv-0- R~ ' ' . 
' 

R-o-rO- R-0-0- ~ ' ' ' ' 

.R-o-re- -0-0- ~ , 
' 

' 

R~ . , R~ . IF . ,and 

(_ R~=-0-' 
. ' 

or 

~t:Y · ""fY 
.er~ · D'V 

" Br ' 
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HC~ 
' ' 

~ 
. ' 

Wherein 

W-
O ' 

CY, and 

w , 

~ 
FC)t_I ' , 

R is selected from the group consisting of-CH,, -C:ills, -CH20H,-OH, --OCH3, -OCiHs, -

OCFs, -CN, -N02' -C02H; -C02CH3, -CONH2, -NH2, .-F, -ci, -Br, -CF3, -N(CH3) 2, -

NHS02CH3, and-NHCQCH3; 

14 is selected from the group consisting·of 

(1) 

(2) 

(3) 

(4) 

(5) 

H, 

substituted or unsubstituted C1-C6·alkyl, 

C1-C6-allcyl substituted with ai:yl, . 

C 1-C6-allcyl substituted with heterocyclyl, and 

G1-C6-alkyl substituted with .heteroaryl. 
' 

In another embodiment, the present invention provides compounds of formula XV: 
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( 

xv 
or stereoisomers, pharmaceutically acceptable salts, esters, and prodrugs thereol wherein 

D-G-Y taken together, is selected from the group consisting of 

R-0-0- R-o-rO- ~ . , 
' R , 

R-o-ra-. R-0-0- R-cvO-N • . ' , , 

~ R-0-0- ~ , 
' 

' R R R 

~ ·~ ~ ~ 
' ' . , 

Rh_ - - F\ R· h -- - F'\ Rh - -o-· 
"~~~ ~ , - ' - ; 

}-'i - - F\ 
~ . , 

R~ , 
or 
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·I 
I 

I 
1 · •. 

. i. 

~' 
' 

~ . ' F:cr 
, <°:V 0 , 

LY F>C N 
' 

v 
' 

.N--, u,and 

Wherein 

R is selected from the group consisting of-CH3, .-ci,H5, -CH20H, -OH, -OCH3, -OCiH5, 

OCF,, -CN, -N02' -C!OiH,-C02cH» -CONH2, -NH2, -F, -Cl, -Br, -CF3, -N(CHJ)z, -

NHS02CH3, and-NHCOCH3; 

· In another embodiment, tlie present invention provides compounds of formula ::\..'VI: 

0 
G II H 

D" 'y/'-...~lrN'OH 
~ 0 
XVI 

1 · or stereoisomers, pharmaceutically acceptable salts, esters, and prodmgs thereof, wherein 
-1 j D-G-Y taken together, is selected from the.group consisting of 

"-0-0-, ;;-,, ~ 
~Lu - , R~ 
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I 

( 

R-o-r-0-
' 

R 

~ 
' 

R 

N~ 

'}--~, .. Fl 
~ 

R~ 
' 

·or 

' 

' 

HCJP 
' ' 

R-0-0-
N ' 

R-0--0---
' 

\--" - Fl 
N~ 

,-- ' 
R 

R
f-'\. __ F\ 
~ 

R~ -\d ----v-

uU 
. ' 

' 

' 

'}--~, F\ 
~ , 

h - - F\ 
~ 

' 
R--0---==-=-0-N- - - ~,1 ,and 

.,~ . . , 

~. Cl . 

HN~ 
' ' 

~(~? 
' N ' ' 

<OJC( 
0 , 
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"'1 w o:r ·Q" 
#!- "" "' F;lC,,,....._N,.,, 

' ' ' 

, 

. NH2 
Br.rQ-. t u,and ct ¢-

I "' ' 

Wherein 

R is selected from lJie group consisting of--cH3, -CJ!s. -CH20H, -OH, -OCH3, -OCzH5, -

OCF3, -CN, -N02, -C02H, -COzCH3, -CONH2, -Nliz, -F, -Cl, -Br, -CF3, -N(CH3) 2, -

NHSQzCH3, and -NHCOCH3; 

~is selected from the group consisting of 

(1) H, 

(2) substituted or unsubstitUted C1-C5-alkyl, 

(3) · Ci-C6-alkyl substituted with aryl. 

(4) C1:.C,~alkyl substimted with heterocyclyl, and 

(5) C1-C6-alkyl substituted with11eteroatyl; · 

In another embodiment; the present invention provides compounds of furmula XVII: 

D-G-Y~~NH-OH 
0 

:xvn 
or stereoiSomers, pharmaceutically acceptable salts, esters, and prodmgs thereof, w!Jerein 

i D-G-Y taken together, is seiected from the group consisting of 

R-0-0-
' ~ . . 

R-o--r-0-
' 

R-()-0-
' 

R-o-rO-
' . 

R-0-0-
' 
~~ • 
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R 

~ 
' 

or 

~/ ·vV ~ HO~ .H 
. . ' ' ' 

. ' 

( ·~cif o1?- ciffY ~;:;o-
' 

~ &tr .v6 ff ~ 
s H_.C.. " 

' ' ' CH, , 

l cf>- ~. ·b_v ·.~ ' , 
H,N , 

i 

,V ()'o~ ~·· F3COtr, 0 , 
' , 

~? (~? . I "' 
HJ:, - ' " ' ) N ' . ' ' ( 
~ oJF F,COV . w 

MeO ' ' 
'>. 

,. 
' 

~ ·ccr o:J-, F,cJ)" ' , 

, 

.,-10-- u, and ~ ~ 
, 

"" I ,, 
' ' 



Wherein 

R is selected from the group consisting of-CH3, --ciHs, -CH20H, -OH, -OCH3, -OCzHs, -

QCF3, -CN, -N02, -CQiH, -CQiCH3, ---CONH2, · -NH2, -F, -Cl, -Br, --CF,, -N(CH3) 2, -

NHS02CH,, and-NHCOcH3; 

fu one aspect, the invention provides·a method of inhibiting a deacetylase enzyme in a gram­

negative bacteria, thereby affecting bacterial growth, comprising administering to a patient in need of 

such inhibition a compound of formula 1 

fu another aspect, the invention provides a method of inhibiting LpxC, thereby modulating the 

virulence of a bacterial infuction, comprising administering to a patient in need of such inhibition a 

compound of funnula I: 

Jn some embodiments of the method of inhibiting LpxC lllling a compound of formula I, the ( 

IC50 value of the compound is less than or equal to 10 µM with respect to LpxC. In other such 

embodiments, the ICso value is less than or equal to 1 µM, is less than or equal to 0 .1 µM, is less than 

or equal to 0.050 µM, is leiis than cir equai to 0.030 µM, is less 1han or equal to 0.025 µM, or is less 

than or equal to 0.010 µM. 

In one aspect of the invention, me1hods for treating a subject comprising administering to 1he 

subject an anl:l"bacterially effective amowrt of a compound of formula I, together with a 

pharmaceutically acceptable carrier is provided. Jn a preferred embodiment of the meihod of treatment, 

·the subject is a mammal and some embodiments, a hmrum. 

In another aspect, the invention provides. a me1hod of administering an inhibitozy amount of a 

compound offonnula I to fenmmtative or non-femientative gram-negative bacteria. In a preferred 

embodiment of lhe method of administering fill inhibitory amowrt of a compound of formula I to 

rennentative or non-fermentative gram-negative bacteria, lhe gram-negative bacteria are selected from 

. the group c.onsisting of Psendomonas aernginosa, Stenotrophomonas maltophila, Burkholderia cepacia, 

Alcaligenes xylosoridans, Acinetobacter;Enterobacteriaceae, Haemopbilus, Neisseria species. 

Jn another embodiment, the invention provides a method of administering an inhibitory amount · 

of a. compound of furmula I to gram-negative bacteria, such as Enterobacteriaceae that is selected fram 

the group consisting of organisms such as Serratia, Proteus, Klebsiella, Enterobacter, Citrobacter, 

Salmonella, Providencia, Morganella, Cedecea, and Edwardsiella species and Esph~chia- coli. 
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·Another embodiment of the invention provides a pharmaceutical composition comprising an 

effective amount of a compound of Formula I with a pharmaceutically acceptable carrier thereof: 

Phannaceutical furmri!atioris according to the present invention are provided which include any 

of the cpnrpounds described above in combination with a pharmaceutically acceptable carrier. 

Another embodiment of the invention provides a method of C!Hldministering the compound of 

formula I with·other therapeutic agents that are selected for their particular usefulness against the 

condition that is being treated. 

For example, ·the compound offonnuial is useful in combination. with o1hei: anti-bacterial · 

agents. The compound offurmula I augments the sensitivity of gram-negative bacteria to existing 

classes of antibacterials. Combinations of the presently disclosed compounds with other anti-bacterial 

agents are within the scope of the invention. Such anti-bacterial agents include, but are not limited to, 

ezythtomycin, rifampicin, Nalidixic acid, carbenicillin, bacitracin, cycloserine, fosfomycin, and 

( vancomycin. 

c 

A further aspect of lhe hivention is the use efLpxC irihibitors for the treatment of an infection, 

particularly a bacte:ril!l infection. A bacterial in:fuction treated with the compounds of the invention can 

be a primary infection or a co-in:fuction .caused bya species ofbacteria and one or more additional 

infectious agents selected ftoin the group consisting of bacteria, virus; parasite and fungus. 

The term "treating", as used herein, refurs to reversing, alleviating, irihibiting the progress of, or 

prevelltmg the disorder or condition to which such tenn applies, .or one or more sjlmptoms of such 

disorder ot condition. The term "treatment", as used herein, refers 1o the act of treating, as ''treating" is 
'· 

defined immediately above.· 

The compounds of the invention can be used for treating eonditions caused by the bacterial 

production of endotoxin and, in particular, by gram-negative bacteria aud 'bacteria that use LpxC in the 

biosynthesis ofiipopolysaccharide {LPS) or endoto'xin. 

The compounds of the invention also are useful iu the conditions that are caused or exacerbated 
. ' 

by the bacterial production oflipid A aud LPS or endotoxin, such as sepsis, septic shoek, systemic 

inflammation, localized inflammation, chronic.obstructive pulmonary disease (COPD) and aeute 
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exacerbations of chronic bronchitis (AECB). For these conditions, treatment includes the 
. . 

administration of a compound of the invention, or a combination. of compounds of the invention, 

optionally with a second agent wherein the second agent is a second antibacterial agent or a second 
~ - ' . 

non-anttoacterial agent. 

For sepsis, septic shock, systemic inflammation, localized inflammation; chronic obstructive 

pulmonary disease (COPD) and acute exacerbati~ns of chronic bronchitis (AECB), preferred second 
' 

non-antibacterial agents include antiendotoxins including endotoxin receptor-binding antibodies, 

endotoxin-binding antibodies, antiCDI 4-binding protein antibodies antilipopolysaccharide-binding 

protein antibodies and tyrosine kinase inhibitors. 

In treatment of serious or chronic respiratory tract infections, the compounds of the present 

invention may also be used with second nolH!llll0acterial agents administered via inhalation. 

Preferred non-anttoll.Cterial agents used in this treatment include anti-inflammatory steroids, non.­

steroidal anti-in:flammatilry agents, bronchiodilator&, mucolytics, an.tr-asthma therapeutics and lung . . . 
fluid surfactants. In particular, the no~-aritibacterial agent may be selected from a group consistil1g of 

. ~lbuterol, salbuterol, budesonide, bi;clomethasone, dexamethasone; nedocromil, beclpmethilscnie, 

fluticasone, f!unisolide, triamcinolone, ibUJIIOfin, rofecoxib, naproxen, celecoxib, n.edocromil, 

ipratropium, metaproterenol, pirbuterol, salmeterol, broncbiodilators, mucolytics, calfuctant, beractant, 

poractant alfu, surfuxin·llnd pµlm.ozyme (also .called domase alfa). · 

The compounds of the invention can be used. alone 0r in combination with a second 

antibacterial agent for the treatment of a. serious or chronic respiratory tract infection including serious 

lung and nosocomial infections such as those caused _by Enterobacter aerogenes, Enterobacter cloacae, 

Escherichia coli, Klebsiella pi:ieumoniae, Klebsiella 0xytoi:a, Proteus mirabilis; Serratia marcescens, 

Stenoirophomonas maltophilia, Pseudomonas aernginosa, Burkholderia cepacia, Acinetobacter 

calcoaceticus, Alcaligenes xylosoxidans, Flavobacterium meningosepticum, Providencia stnartii and 

Citrobacter freundi, coinnlllnity lung :inftictions such as those caused by Haemophilus Influenzae, 

Legionella species, Moraxella catarthalis, Branhamellacatan:halis, Enterobacter species, Acinetobacter 

species, Klebsiella specieS, and Proteus species, and infections caused by other bacterial species such 

as Neisseria species, Shigella species, Salmonella species, Helicobacter pylori, Vibrionaceae and 
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B~rdetella species as well as the infectiorul is caused by a Brucella species, Flllllcisella tularensis 

and/or Y ersinia Pestis. 

When.used for treating Gram-negative bacteria, 1he compounds of1he present invention can be 

used to sensitize gram-negative bacteria to jhe effucts of a second agent 

When the compounds ofJhe present invention are used.in combination with a second 

antibacterial agent, non-limiting examples of antibacterial agents may be selected from the following 

groups: 

(I) Macrolides or ketolides such as erythromycin, azithromycin, clarithromycin and 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

telithromycin; · 

Beta-lactams iricluding peliicillin, cephaloi;porin, and Clirbapenems such as caxbapenem, 
imipenem, and meropenem; . 

Monobactams such as p~cillin G, penicillin V, melhicillin, oxacillin, cloxacillin, 
dii:loxacillin, nafcilliii, ampicillin, amo:iicil:lin, carbenicillin, ticarcillin, mezlocillin, 
piperacillin, azlocillin, temocillin, cepalo1hiu, cephapirin, cephradine; cephaloridine, 
cefazo !in, cefiunandole, cefuroxime, cephalexin, cefprozil, cefiwlor, loracarbef, cefuxitin, 
cefmetazole, cefotaximc, ceftizoxime, ceftriaxone, cefopera:Wne, cefutzidime, cefixime, 
ce:!podoxime, ceftibuten, cefdinir, ce:JPirome, i:cfupime, and astreonam; · 

Quinolones such as nalidixic acid, oxolinic acid, norlloxacin,: pcfloxacin, cnoxacin, 
ofloxacin, levofloxacin, ciprofloxacin, temafloxa_cin, lomefloxacin, fleroxacin, 
grepafloxacin, sparlloxacin, trovafloxacin, cliriaflbxacin, gattaoxacin, moicifloxacin, 
sitafloxacin, ganefloxacin, ~emilloxacin and pazufloxacin; · 

Antibacterial Sulfunamides and antibacterial sulphanilamides, including piira-aminobenzoic 
acid, sulfudiazinc, sulfisoxazole, sulfiunethoxazolc and sulfathalidine; · 

Aminoglycosides such as streptomycin, neomycin, kanamyc.in, paromycin, gentamicin, 
tobramycin, amikacin, netilmicin, spectinomycin, sisomicin, dibekalin and iscpamicin; 

· Tetracycline\l such as tetracycline, chlortetracycline, detneclocyclinc, minocyclin~, 
oxytetracycline, methacycline, dm1.')'cycline; 
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(8) Rifamycins such .. as rifumpicin (also called rifampin), rifapentine, rifa!)utin, 
.bezoxazinorifamycin and rifaximin; 

(9) Lincosamides such as lincomycin and clindamycin; 

(10) Glycopeptides such as vancomycin and teicoplanin; 

(11) Streptogramins such as quinupristin and daflopristin; 

(12) · Oxazolidinones such as linezolid; 

(13) Polymyxin, colistin and colymycin; 

{14) Trimethoprim and b<tcitracin;. 

The second antibacterial agent inay be adininistered in combination with the COD;J.poUiids of i:he 

·present inventions wherein the second antibacterial agent is administered prior to, simliltaneously, or 

after the compound or compounds of the present invention. When simultaneous administration of a 

compound ~f1he invention with a ~et:ond agent is desited and the route of.administration i~·1he same; . . . . . ' . 

1hen a oompound of the invention may be formulated with a second agent into the same dosage form. 

An example of a· dosage form containing ~ compound of the invention and 'a second agerit Is a iablet or 

a capslile. 

When used for treating a serious or chronic respiratory tract infections, the COD;J.pounds of the 

invention 'may be used alone or in c.~mbination wif:h a second antibacteri;tl agent administered via . 

·.inhalatio;m. In the case of inhalation, a preferred second antibacterial agent is selected from a group 

consisting of tobramycin, gentamicin, aztreonam, ciprofloxacin, polymyxin, colistin, colymycin, 

azithromycin and clarithromycin .. · 

Pharmaceutical Compositions 

Pharmaceutical compositions of the present invention comprise a therapeutically effective 

amount of a compound of the present invention formulated together with one or more. 

pharmaceutically acceptable carriers. As used herein, the term "pharmaceutically acceptable carrier" 
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means a non-toxic, inert solid, semi-solid or liquid filler, diluent; encapsulating material or formulation 

auxiliary of any type. Some examples of materials that can serve as pharmaceutically acceptable· 

carriers are sugars such as lactose, glucose and sucrose; starches such as com starch and potato. starch;· 

.cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose 

acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository 

WaJ,'.es; oils imch as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil; com oil and soybean 

oil; glycols; such a propylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering 

agenti such as magnesium hyd)-oxide and aluminum hydroxide; alginic acid; pyrogen-free water; 

isotonic saline; ~ger's oolutioil; ethyl alcohol, and phosphate buffer solutions, as well as oilier non­

toxic compatil:ile lubricants such as sodium lauryl sulfate and magnesium stearate, as well a.~ coloring . . . - . . 

agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents, preservatives and 

antioxidants can also be present in the composition, according to the judgment of the formulator. The 

pharmaceutical compositions ofiliis invention can be administered to hmnans and other animals 

orally, rectally, parenterally, intracisternally, intravaginally, intraperitoneally, topically (as by powders, 

ointments,· or drops), bucally, or as an oral or nasal spray, or a liq bid aerosol or dry powder formulation 

for inhalation. 

Liquid dosage fonns fur oral administration include pharmaceutically acceptable emulsions, 

mi~oemufaions, solutions, suspensions, syrups and elixirs. fu addition to the a¢ive compounds, the 

liquid dosage forms may coiltaill inert diluents commonly used in lhe art such as, for example, water or 

. other solvents, solubilizing agents and emulsifiers such ~s ethyl alcohOI, isopropyl alcohol, ethyl 

carlionate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, 

dimethylformamide, oils (in particular, cottonseed, ·groundnut, corn, germ, olive, castor, and sesame 

oils), glycerol, tetrahydrofurfiu:yl alcohol, polyethylene glyeols and futty acid esters of sorbitan, and 

.mixtures thereof. ' Besides inert dilueuts, the oral compositions can· also include adjuvants such as 

(_ ·wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perftiming agents. 

Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions may 

be formulated according oo the known art using suitable dispersing or wetting agents and suspending 

agents. The sterile injectable preparation may also be a sterile injectable solution, suspension or 

emulsion in a nontoxic pareuterally acceptable diluent or solvent, for example, as a solution in 1,3-

butanediol. Among the acceptable vehicles and solvents that may be employed are water, Ringer's 

solution, U.S.P. and isotonic sodium chloride solution. hi addition, sterile, fixed oils are 

conventionally employed as a solvent or suspending medium. For this purpose any bland fixed oil can 
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be employed including synthetic mono- or diglycerides. In addition, fatty acids sucb as oleic acid are 

used in the preparation of injectables. 

The iajectable formulations can be sterilized, for example, by filtration through a bacterial­

retaining filter, or by incorporating sterilizing agents in the fonn of sterile solid compositions that can 

be dissolved or dispersed in sterile water or other sterile iajectable medium prior to use. 

Jn order tO prolong the effect of a drug, it is often desirabie to slow the absorption offue drug 

from subdutaneolis or intramuscular injection. This may be accomplished by the use of a liquid 

, suspension of crystalline or amorphous material with poor water solubility. The rate of absorption of 

the drug then depends upon its rate of dissolution 1hat, in turn, may depend upon crystal size and 

crystalline furm. Alternatively, delayed absorption of a parenterally administered drug form may be 

accompl!'.>hed by dissolving or suspending the drug in an 011 vehicle. Injectable depot forms are made .. 

by forming microencapsule matrices of lhe drug in biodegradable polymers such as polylactide­

pol;glycolide. Depending upon the ratio of drug to po~er aod th~ nature of lhe particular polymer 

employed, the rate of drug release can be controlled. Examples of other biodegradable polymers .. 

include poly(orlhoesters) and poiy(anhydrides). Dep0t injectable formulations may also be prepared 

by entrapping the drug in liposom,es or microemulsions that are compatJ.'ble wilh body tissues. 

Compositions for rectal or vaginal administration are preferably suppositories that c~ be . . 

prepared bji mixing the compounds of fuis inv~tion wifu suitable non-irritating excipients or carriers 
" ' ' . ' 

such as eocoa butler, .polyethylene glyool or a suppository wax which are solid at ambient tempera~e 

but llquid at body temperature imd therefore melt in the rectum or vaginal cavity and release the active 

compound. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders, and 
' . . . . 

granules. Jn such solid dosage furms, the active compotmd•is mixed with at least one inert, 

pharmaceutically accevtable excipient or carrier such as sodium citrate or dicalcimn·phosphate and/or 

a) fillers or extenders such as starches, iactose, suerose, glucose, mannitoL, and silicic acid;b) binders 

such aS, for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and 

acacia, c) humectants such as glycerol, d) disintegrating agents such as agar-agar, calcium catbonate,. 

potatn or tapioca starch, alguuc acid, certain silicates, and sodium carbonate; e) sol~tion retarding 

agents such as paraffin, f) absorption accelerators such as quaternary anuuonium compounds, g) 

wetting agents such as, fur example, acetyl alcohol and glycerol m0110steµate, h) absorbents such as 

kaolin and bentonite clay, and i) lubricaots such as talc, calcium st.earate, magnesium stearate, solid 

• 
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polyethylene gfy'cols, sodium !amyl sulfute, and mixtures thereof. In the case of capsules, tablets and 

pills, the dosage form may also comprise buffering agentS. 

Solid compositions of a similar type may also be employed as fillers In soft and Jiard-Jilled 

gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight 

polyethylene glycols and the like. 

The solid dosage fomiS of tablets, dmgees, capsules, pills, and gmnules can be prepared with · 

coatings and shells such as enteric coatings and Other coatings well known iii the pharmaeeutical 
. . . 

formulating ai:t. They may optionally contain opacifying agents an~ can also be of a composition that 

they release the active ingi:edient(s) only, or preferentially, in a certain part of the intestinal tract, 

optlonally, in a delayed mariner.· Examples of embedding compositions that can be used include 

polymeric substances and waxes. 

Solid compositions of a similar type may also be employed as fillers in soft and hard-filled 

gelatin capsules using such ei;:cipients as lactose or n:illk sugai as well as high molecular weight 

polyethylene glycols and the like. 

The active compounds can also. be in micro-encapsulated fo~ with one or more excipienis as 
noted abov~. The solid dosage, forms of tablets, dmgees, capsules, pills, and granul~s can b~ prepa~ 
with coatings and shells such as enteric coatings, release controlling coatings and other coatings well 

lmown in the pharmaceutical furmulating art. In such solid dosage fonns the <tCtiVe compound may be 

admixed '\\1th at least one inert diluent such as sucrose, lactose or starch. Such dosage forms may also 

oomprise, as is normal practice, additi9nal subsrances other thall inert !Illu.ents,. e.g., tableting 

lubricants and other tabletiilg aids such a magnesium stearate and mierocrystalline cellulose. In the 

case of capsules, tablets and pills, the dosage fornts may also comprise buffering agents. They may 
. . 

optionally contain opacifying agents ·and can also be of a composition that they release the active 

ingredieµt(s) only, or preferentially, in a certain part of the intestinal tract, optionally, m·a delayed 

manner. Examples of embedding compositions that can be used include polymeric substances and 

waxes. 

Dosage"fonµs for topical or trans~ administration of a compound. of this invention include 

ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inha1ants or patches. The active 

component is admixed under sterile conditions with a pharmaceutically acceptable carrier aud any 

n~eded preservatives or buffers as may be required. Opliilialmic funnulations, ear drops, and the like 

are also contemplated as being within the scope of this invention. 
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The ointments, pastes, creams and gels may contain, in addition to an· active compound of 1his 

invention, excipients such as animal and vegetable fats, oils, waxe8, paraffins, starch, tragacantb, 

cellulose derivatives, polyethylene glycols,.silicones, bentonites, silicic acid, talc and zinc oxide; or 

mixtures 1hereof. 

Compositions of the invention may also be formulated for delivery as a liquid aerosol or 

i.nhalable dt:y powder. Liquid aer9sol fortnulations may be nebulized predominantly into particle sizes 
', . ·. ,• .. , . . . ·. . . . ,' ' 

that can be delivered m the terminal ~d respirat9I)' .bronchioles where bacteria reside in patients with . . ., ' . . ' . - •, . 

! bronchial infections, such as chronic broncNtis and pneumonia. Pathogenic bacteria are commonly 

i present throughout airways down to bronchi, bronchioli and lung parenchema, particularly in terminal 

and respiratory bronchioles.· During exacerbation of infection, bacteria can also be present in alveoli. . ·~ . . .•, . . . -

Liquid aerosol and inhalable dry powder formulations are preferably delivered throughout the 

endobronchial tree to the tenninill bro.nchioles and eventually m the .parenchymal tissue. 

Aero591ized fbnu.ulations of the invention may be delivered using an aero8ol forming device, 

such as a jet, vilJrating porous plate or ultrasonic nebulizer, preferably selected to allow the furmation 

I 
of a aerosol particles having with a mass medium average diameter predominantly betWeen l to 5 f.Ull. 

Further, the formulation preferably has balanced osmolarity ionic strength 3Jld chloride concentration, 

and the smallest aerosolizable volume able to deliver effective dose of the compounds of the invention 

to the site.of the in:fuction.' Additionally, the aerosolized formulation preferal;ily does not irnPair 
negatively the fuw:tionality of the airways and d(.'les not cause undesirable side effects. 

j 
j 

I 

l 
1 
I 

.I 
j 
I 
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· Aerosolization.devices suitable for administration of aerosol formulations of1he invention 

include, fur example; jet, vi°-rating porous plate, ultrasonic nebulizers and energized dt:y powder 

inhalers, that are able to nebulize the formulation of the invention into aerosol particle size 

predOminantly in the~ range from 1-5.µm. Predomfuantly in this application means !hat at least 

70% but preferably more than 90",1, of all ienerated aerosol particles ari; l to 5 µm range. A jet 

nebulizer works by air pressure to break a liquid solution into aerosol droplets. Vibrating porous plate 

nebulizers.work by using a some vacuum produced by a rapidly vi'brating porous plate to extrude a 

solvent droplet tlrrough a porous plate. An ultrasonic nebulizer works by a piezoelectric czystal that · 

shears a liquid into small aerosol drqplets. A variety of suitable devices are av8ilable, including, for 

example, AeroNeb and AeroDose vi'brating porous plate nebulizers (AeroGen, me., Sunnyvale, 

Califoruia), Sidestream7 nebulizcrs (Medic-Aid Lfi:l., West Sussex, England), Paci LC7 arid Parl LC 

Star7 jet nebulizers (Pari Respiratory Equipment, Inc., Richmond, Vrrginia), and Aerosonic (DeVilbiss 
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Medizmiscbe Produkte (Deutschland) GmbH, Heiden, Germany) and Ultra.Aire? (Omron Healthcare, 

Inc., Vernon Hills, Illlilois) ultrasonic nebulizers. 

Compounds of the invention may also be formulated for use as topical p0wders a:iid sprays 1hat 

can contain, in addition-to the coinpoilnds of this invention, excipients such as lactose, talc, silicic -

acid, aluminu:ni hydroxide, calcium silicates and polyamide powder, or mixtures of these ~bstuices. 

Sprays can additionally conll!in customary propellants such as chlorofluorohydrocarbons. 

Transdennal patches have the added advantage of providfog oontrolled delivery of a compound 

to the body. Such dosage forms can be made by dissolving or disjiensing the co-illp0und in the proper 

medium. Absorption enhiincers can also be used fo increase the flux of the compound_across the skin. 

The rate can be controlled by either providing a rate controlling membrane or by dispersing the 

compound in a polymer matrix- or gel. 

According to the 'methods of treatment of the present invention, bacterial in:fuctions _are treated 

or prevented in a patient such as a human or lower mammal by administering to the patient a 

therapeutically effective amomit of a compound of the invention, in such arnount8 and fur such time as- . _ 
' .. . . - '. ~~ .. ---

is necessary to achieve the desired result By a °'therapeuti~ally effective amount" of a compound of 

the invention is meant a sufficient amount of the compound to treat bacter:ifil infuct:i~ns, at a reasonable 

l;>enefit/risk ratio applicable to any medi,cal treatment_. It will be understood, however, that the totil 

daily usage of the compounds and compositions of the present invention will _be decided by the 

attending physician within the scope of sound medical judgment. The specific therapeutically effecti~e 

·dose level for any particular patient will depend upon a variety of fuetors including the disorder being 
- . 

treared and the severity of the disorder; fue activity of the specific compound employed; the specific 
' . . 

composition employed; the age,· body weight, gen\)1'81 health, sex and diet of the patient; the tllrui of 

administration, route of administration, and rate of excretion of the sp\lCifiC compound employed; the 

duration of the treatment; drugs used in combination or coincidental with the specific eompound 

( employed; and like :fuctorl> well known in the medical arts. 

The total daily dose of the compounds of this invention administered to a humau or other 

mammal in sfugle or in divided doses can be in amounts, :19r example, from 0.01 to 50 mg/kg body 

weight or more usually from 0.1to25 mg/kg b~weight. Single dose compositions may contain 

such amounts or submultiples 1hereof to make 111> the daily dose~ In general, treatment regimens 

· acconfing to the preseµt invention comprise administratiori to a patient in need of such treatment from 

about IO mg to about 2000 mg of the compound(s) of this invention per day in Single or multiple 

doses. 
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Methods of foxmulation are well known in the art and are disclosed, for example, in 

Remington: The Science and Practice of Pharmacy, Mack Publishing Company, Easton, Pa., 19th 

Edition (1995}. Phat:maceutical compositions for use in the:present invention can be in the form of 

sterile, non-pyrogenic liquid solutions or suspensions, coated capsules, suppositories, lyopbilized 

powders, transdennal patches or other forms known in the .art. 

A "kif' as used in the instant 11.pplieationincludea a eontainerfor <:ontafuing the pharmaceutical 

compositions and may also include divided containers such as a·divided bottle or a divided fuil packet. 

The container can be in any convention;tl .shape or form as known in the art tluit is :n:iade of a 

phannaceutically acceptable material, for example a paper or eardbQa:rd box, a glass or plastic bottle or 

jar, a resealable bag (for example, to hold a "refill" of tablets for placement into adifterent container), 

or a blistllr pack with individual doses fur pressing out of the pack: according to a therapeutic schedule, 

The contaiqer employed can depend on 1he exact dosage form involved, fur example a ·conventional 

cardboard box would not generaily be used to hold a liquid suspension. It ill feasible that more than . 

one container can be used together in a single package to market a single dosage form. For example, 
- .:__ '" -

tablets may be contained in a bottle that is in tum contained within a box. 

An eX:aI11ple of such a kit is a_ so-called blister pack. Blister packs are well known in the · 

_packaging industry and are being widely used f9I the packaging of pbii.rmaceutical unit. do~age fonns 

(tablets, capsules, and i:he like). Blister packs gep.erally consist of a sheet of relatively stiff material 

covered with a fuil ofa prefurably transparent plastic material. During the packaging process, recesses 

are formed in the plastic foil. The' recesses have the size and. shape of individual tablets or capsules to . . 

'be packed or may have the size and shape to accommodate multiple taJ?letii and/or capsules to be . . . . . 

packed. Next,. the tablets or capsules are placed ii"! the recesses accordingly and the sheet of relatively 
' 

stiff material is sealed against the plastic.foil at the race of the fuil that is npposite from the· direction in . 

which the recesses were formed. As a result, the tablets or capsules are individually sealed or 

collectively sealed, as desired, in the recesses between the plastic foil and the .sheet Pre:furably the 

strength of the sheet is such that the tablets or capsules can be removed ftom the blister pack by 

manually applying pressure on the recesses whereby an opening is formed in 1he sheet at the plaee of 

the recess. The tablet or capsule can then be removed via said operiing. 

It maybe desirable to.provide a written memory aid, where the written memory.aid is of the 

type containing information and/or instructions for tlie physician, pharmacist or other health care 

provider, or .subject, e.g., in the form of numbers next to the tablets or capsules whereby the numbers 

i;;orrespond with the days ofthe·regimen that the tablets or capsules so specified sl!ould be ingested or. 
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a card that contains the same type of infonnation. Another example of such a memory aid is a calendar 

:printed on the card e.g., as follows ''First Week, Monday, Tuesday," ... etc ... "Second Week, Monday, 

Tuesday, ... ti etc. Other variations of memory aids will be readily apparent. A "daily dose" .can be a 

single 1l!blet or capsule' or several tablets or capsules to be taken on a given day. When the kit contains 

separate compositions, a daily dose of one or more compositions of the kit can consist of one tablet or 

capsule while a daily dose of anolher .one or more compositions of the kit can consist of several tablets 

or capsules. 

Another Specific embodiment of a kit is a dispenser designed to dispense the daily doses one at 

a time in the order of their iritended use. Prefumbly, the dispenser is equipped with a memory-aid, so as 

to further facilitate compliance with the regimen. An example of such a memory-aid is a mechanical 

counter, that.indk.ates the.number of daily doses that has been dispensed. Another example of such a 
' memory-alJi is a battezy-powered micro-chip memory coupled with a liquid crystal readout, or audible 

reminder signal that, fur example, reads out the date that lhe last daily dose has been taken and/or 

reminds one when the next dose is to be mken. 

'llie kits of the present invention may also include, in. addition tO LpxC irihibitors, one or more 

additional phar.ml!ceutically active compounds. Preferably, the additional compound is another LpxC 

inhibitor or anotlier compound useful to bac1erial infections. The additional compounds may be 

administered in the same dosage form as the Lpx:C inlnlritor or 1n different dosage furms. Likewise, the 

additional compounds c1m;be administered atthe same time as the LpxC inlu'bitor or at different times. 

Compositions of t1ie present compounds may also be uSed in 'combination with other known 

antI'bacterial agents of similar spectrum to (l)S}nergistically enhance treaiment of severe Gram­

negative .jnfections covered by the spectrum of this compound· or (2) add coverage in severe hlections . ' 

in whlch mrutiple organisms are suspected in which another agent of a different spectrum may be 

required in addition to .this compound. Potential agents inolude ·members ot' the aminoglycosides, 

p~cillins, cephalosporinll, :flnoroquinolones, macrolides, glycopeptides, _lipopeptides and 

oxaZolidinones. The treatment can invoivt: administering a composition having both active agents ot 

administration of the inventive compounds followed by or preceded by administration of an additional 

active anttllacterial agent. 

Characterization and l'utification Methods 

Refurring to the examples that follow, compounds-0fthe pres.ent inve11tion were characterized · 

by high perfonnance liquid cihromatography (HPLC) using a Waters Milleninm chromatography 
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system with a 2690 Separation Module (Milford, Massachusetts). The analytical columns were 

Alltima C-18 reversed phase, 4.6 x 250 mm from Alltech (Deerfield, Illinois). A gradient elution was 

used, typically starting with 5% acetonitrile/95% water and progressing to· 100% acetonitrile over a 

period of 40 minutes. All solvents contained 0.1 % trifluoroacetic acid (1F A). Compounds were 

detected by ultraviolet light (UV) absorption at either 220 or 254 nm. HPLC solvents were from 

Burdick and Jackson (Muskegan, Michigan), or Fisher Scientific (Pittsburg, Peonsylvania). In some 

instances, purity was assessed by thin layer chromatography (TLC) using glass or plastic backed silica . . 
gel plates, such as, for example, Baker-Flex Silica Gel 1B2~F flexible sheets. TLC results were readily .. 
detected visually under ultraviolet light, or- by employing well known iodine vapor and other various 

staining techniques. 

Mass spectrometric analysis was performed on one of two LCMS instruments: a Waters : 

System_ (Alliance IIT HPLC and a Micromass .. ZQ mass spectrometer; Columni Eclipse XDB·C.18, 2.1 

x 50 mm; solvent system: 5-95.% (or 35-95%, or 65-95% or 95-95%) acetonitrile in water with 

0.05% TF A; flow rate 0.8 mllmin; molecular weight range 500" 1500; cone Voltage 20 V; column 

temperature 49°C) or a Hewlett Packard System (Series 1100 HPLC; Column: Eclipse XDB-C18, 2.1 
,_ .. ' . . . 

x 50 mm; solvent system: 1-95% acetonitrilein.water with 0.05%TfA; flow rate 0.4 mL(min;. 

molecular weight range 150-850; cone Voltage_50 V; column temperature 39°C). All masses are 

reported as those of the protonated parent ions. 

GCMS analysis was performed on a Hewlet Packard instnitllent (HP6890 Series gas · 

chromatograph with a Mass. Selective Detector 5973; injector volume:· 1 µL; initial column 

temperature: 5()°C; final column temperature: 25\)C; ramp time: 20 mui.utes; gas flow rate: 1 

nillmin; column: 5% phenyl methyl siloxane, Model #HP 190915-443, dimensions: 30.0 m x 25 m x 

0.25 m). 

Nuclear magnetic reioilance (NMR) analysis wiis performed with a Varian 300 Mhz NMR 

(Palo Alto, California). The spectral reference was either TMS or the knoWn chemical shift of th~ 

solvent. Some compound saniples were run at elevated temperatures (e.g. 7S0 C) to promote increased 

sample solubility. 

The purity of some of the invention compounds was assessed by elemental analysis (Desert 

Analytics, Tuscon, Arizona) 

Melting points were detemrined on a Laboratory Devices Mel-Temp apparatus (Holliston, 

Massachusetts). 
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Preparative separations were carried out using a Flash 40 chromatography system and KP-Sil, 
. . 

60A (Biotage, Charlottesville, Virginia), or by flash colwnn chromatography using silica gel (230-400 · 

mesh) packing material, or by HPLC using a C-18 reversed phase column. Typical solvents employed 

for the Flash 40 Biotage system and flash column chromatography were dichloromethane, methanol, 

ethyl acetate, hexane, acetone, aqueous hydroxyamine and triethyl amine. Typical soIVents employed 

fur the reverae phase HPLC were .varying concentrations of acetonitrile and water with 0.1 % 

trifluoroacetic acid. 

Compounds of the present :invention can be readily synthesized using the methods described 

. herein, or oilier methods, that are well known in the art. For example, the syntheSis ofhxdroxamic 

acids or similar scaffolds having a wide. variefy of substituents are comprehensively reviewed in Kline 

T, Andersen NH, Hw:Wood EA; Bowman J, Malanda A, Endsley S, Erwin AL, Doyle M, Fong S, 

. Harris AL, Mendelsohn B, Mdluli K, Raetz CR, Stover CK, Witte PR, Yabannavar A, Zhu S., "Potent, 

novel in vitro inhihltors of the Pseudomonaµ aeruginosa deacetylase LpxC," J Mid Chem 2002 Jul 

4;45(14):3112-29; Patchett, A. A., Nargund, R.; Chen, M.-H., Nishi, H. R., U. S. Patent 5,925,659, 

1999; Pimmg, M. C., Chau, J. H., "A Convenient Procedure for the Preparation of Amino Acid . . 
Hydroxamates from Esters," J. Org. Clten:i. 1995; 60, 8084-8085; Nhu, y:.., Patel, D. V., "A New and 

Efficient Solid Phase Synthesis ofHydroxamic Aeids," J. Org. Chem. 1997, 62, 7088-7089; Patel, D., 

Nhu, K.., "Methods for Solid-phase Synthesis of Hydroxy la.mine Compounds and Derivatives, and 

Combinatorial Libraries Thereof," PCT WO 98118754, 1998, Mellor, S. L., 1'4cGuire, C., Chau, W. C., 

''N-Fmoccaminoxy-2-chlortrityl Polystyrel.le Resin: A Facile Solid-phase Methodology fur the 

Synthesis ofHydroxamic Acids," TetraliedronLett., 1997, 38, 3311-3314; Khan, S. L, Grinsta.ff; M . 

. W.,," A: Facile and convenient Solid-phase Procedure fur Synthesizing Nucleoside Hydroxamic 

. Acids," Terahedron. Lett., 1998, 39, 8031-8034; Zhang, Y., Li, D., Houtman, J.C., Witiak, D. T.; 

Seltzer, J.,.Bertics, P. J., Lauhon, C. T., "Design, Combinatorial Chemical Synthesis, and in vitro 

( Characterization of Novel Urea Based Gelatinase Inhibitors," Bioorg. Med. Chem. Lett., 1999, 9, 

2823-2826: Ito, Y., Inubushi, Y., Zenbayashi, M., Tomita, S., Saegusa, T., "Synthetic Reactions by 

Complex Catalysts. XXXI, A Novel and Versatile Method of Heterocycle Synthesis," J. Am Chem . 

. Soc.; 1973., 95, 4447-4448; Ito, Y., Ito, I., Hirao; T., Saegus, T., "Synthetic Reactions by Complex 

Catalysts XXXV," Syn. Commun. 1974, 4, 97-103; Witte, H., Seliger, W., "Cyclische linidsaurester 

aus Nitrilen und Aminoalkoholen," Liebigs Ann. Ghem, 1974, 996-1009; Pattenden, G., Thom. S. M., 

"Naturally Occnrring Linear Fused Thiazoline-Thiazofo Containing Metabolites: Total Synthesis of(-) 
' 

. Didehydromirabazofo A, a Cytcitoxic Alkaloid from Blue-Green Algae," J. Chem. Soc. Perkin Trans 1, . 
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1993, 1629-1636; Boyce, R. J., Mulqueen, G. C., Pattenden, G., "Total Synthesis ofThiangazole, A 

Novel Naturally Occuniug HIV-1 In:hl'bitor from Polyangium sp .. " Tetrahedron, 1995, 51, 7321-7330; 

Galeotti, N., Plagnes, E.; Jou:in, P ., "Synthesis of Peptidyl. Aldehydes from Thiazolines," Tetrahedron. 

Lett. 1997, 38, 2459-2462; Ch;ireite, A. B., Chua, P ., "Mild Method for fue Synthesis of Thiazolines 

from Secondary and Tertiary Amides," J. Org. Chem., 1998, 63, 908·909; Bergeron, R. J., Wiegand, 

J., McManis, J. S., McCosar, B.H., Weimar, W.R., Brittenham, G. M.,Smith, R. E., "Effects ofC-4 

Stereochemistry and C-4' Hydroxylation on the Iron Clearing Efficiency and Toxicity of 

Desfurritbiocin Analognes," J. Med. Chen,. 1999, 42, 2432-2440; Raman, P., Razavik H., Kelly, J. W., 

"Titanium (IV)-mediated Tandem Deprotection-cyclodehydraticin of Protected Cysteine N-Amides: 

Biomimetic Synthesis ofThiazoline- and Thiazole-containing Heterocycles," Org .. Lt?tt., 2000, 2, 

3289-3292; Fernandez, X., Fellous, R., Dunach, E., "Novel Synthesis of 2-Titloazolines," Tetrahedron 

Lett., 2000, 41, 3381-3384. Wipf; P., Miller, C. P., Venkatraman, S., Fritch, P., ''C. Thiolysis of 

Oxazolinenes: A New, Selective Method for the Direct Conversion of Peptide ()Jcazolines into 

Thiazolines," Tetraltedro1i Lett., 1995, 36, 6395-6398, which are incorporated herein by reference. 

Tue syndiesisof other non-hydroxamates compounds 0r more generally zinc binding groups 

are revi.ewed in Pirrung, M. C., Tumey, L. N., Raetz, C.R. H., Jackman, J.E., .Snehala1ha, K.,_ 

McClerren, A. L., Fierke, C. A, Gantt, S. L., Rusche, K. M., " Inhlbition of the Anll'bacterial Target 

UDP-(3-0-acyl)-N-acetylglucosamine Deacetylase (LpxC): Tuoxazoline Zinc Amidase Inlnoitors 

Bearing Diverse Metal Binding Groups," Journal of Medicinal Chemistry (2002), 45(19),. 4359-

4370; Jackman, J.E., Fierke, C. A., Tumey, L. N., Pimmg, M., Uchiyama, T., Tahir, S. H., Hindsgaul, 

0 ., Raetz, C. R.. H., "Antibacterial agents that target lipid A biosynthesis in gram-negative bacteria: 

·inhibition of diverse UDP-3-0-(R-3-hydroxymyristoyl)-N-acetylglucosamitie deacetylases by substrate 

. analogs cont.aining ziuc binding motifs," Journal of Biological Chemistry (2000), 275(15), '11002-

ll 009; Btooks, C. D. W., Summem, J. B., "Modulators of Leukotriene Biosynthesis and Receptor . ' ' ., 

·Activation," JoumalofMedicinal Chemistry (1996), 39(14), 2629-2654; Jeng, A. Y.; De ( 

Lombaert, S., ''Endolklin converting enZ,,roe inhibitors," Current Phaimaceutical Design (1997), 

3(6), 597-614; Zask:, A..~ Levin, J. I., Killar, L. M., Skotnicki, J. S., "Inhibition of matrix 

metalloproteinases: strnclure based design," Current Pharmaceutical.Design (1996), ·2(6), 624-661; . . . 

-Skotnicki, J. S., DiGmndi,-M. J., Levin, J. I., Chemical and Screening Sciences, Wyeth Research, 

New York, NY, USA. Current Opinion iu Drug Discovezy & Developme;n (2003), 6(5), 742-759. 
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·Tue foregoing may be better understood by reference to tlle following examples, that are 

presented for illustration and not to limit the scope of the inventive concepts. 

EXAMPLES. 

The fo II owing are abbreviations used in 1he examples: 

AcOH: Acetic acid 

aq: Aqueous 

ATP: Adenosine triphosphate 

Boe: tert-butoxycarbonyl 

Boc-Thr(OBn)-OH 3-(R)-Benzyloxy-2-{S)-tert-butoxycarbonylamiuo-butyric acid. 

DAP or Dap: · 

DCM: 

DEAD: 

DIEA: 

DME: 

DMF: 

DMSO: 

. DPPA: 

EtsN: 

EDC: 

EDCI: 

EtOAc: 

EtOH: 

Fmoc: 
. 

Oly-OH: 

Diaminopropionate 

4-(Dicyanomethylene )-2-methyl-6-( 4-dime1hylaminostyryl)-

4H-pyran 

Diethyl azodicarboxylate 

. Diisopropylethylamine 

1,2-dimethoxyethane 

N,N-Dimetllylform.amide 

Dimethyl snlfoxide 

Diphenyl phosphoryl .azide 

Triethylamine 

N-(3-Dime1hylamiuopropyl)-N'-ethylcarbodiimide 

l-(3-dimeihylamiooproJ:ly1)3-!lthylcarbodiimide 

Ethyl acetate 

Ethanol 

9-fluorenylmethoxycarbony!. 

glycine 
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HATU: 0-(7-azabenzotriaazol-l-yl)-N,N,N'N'~etramethyluroniutn 

hexafluorophopbate 

HBTU: 2-(lH-benzotriazol-1-yl}-1,1,3,3-retramethyluronium 

hexafluorophosphate 

Hex: hexane 

HOBt: butyl alcohol 

HQBT: 1-Hydroxybenzotriazole 

HPLC: High Pressure Llquid Chromatography 

IC50 value: The concentration of an inhibitor that causes a 50 % reduction 

in a meru!ured activily .. 

iPiOH: Isopropanol 
/ 

) ' \ 
LC/MS: Liquid Chromatography/Mass Spectrometry 

LRMS: Low Resolution Mass Spectrometry 

MeOH: Methanol 

NaOMe: sodium methoxide 

um: Nanometer 

NMP: N-Methylpyrrolidone 

.j PPh3: tripheri.yl phosphine 

: 
RP~HPLC:. Reversed-phase high-pressiu:e Iiqµid chromatography 

RT: Room temperature 
L 

sat: Satimited 

TEA: Trlethylamine 

TFA: Tri±luoroacetic acid 

THF: Tetmhydrofuran 

Thr: Threonine 

11£: Thin Layer Chromatography 
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Trt-Br: Tert-bu1yl bromide 

Nomenclature for the Example compounds was provided using ACD Name version5.07 

software (November 14, 2001) available from Advanced Chemistry Development, Inc. Some of the 

compounds and starting materials were named using standard IUP AC nomenclature. 

Synthesis ofN-Aroyl Threonine Analogues and Formation ofHydroxamate 

Example 1: Synthesis of 3-bromo-4-fluoro-N-{(1S,2R)-2-hydroxy-1-[(hydroxyamino) 

carbonyl]propyl}benzamide (3). 

0 o~ o~ ¢H L-Thr-OMe·HCI ~ OMe NH20HoHCI .¢N HOH 

F EDCI, HOB!, OIEA 0 NaOMe, MeOH I"' Ho· 
F F 

Br DMF, r:t. 20 h Br o •c to r.t.: Br 
aq.HCI 

1 2 3 

Reagent MW Eq. g/ml mmol 

Benzoic acid (1) 219.02 1.0 2.152 g 9.83 

L-Thr-OMe-HCl 169.61 1.2 1.968 g 11.6 

EDCI 191.71 ·1.2 2.218 g . 11.6 

'HOBt 135.13 1.1 1.410 g 10.4 

DIEA 129.25 4.0 6.8mL 39.0 

DMF 60mL 

:Preparation of (2S,3R)-2-(3-bromo-4-tluoro-benzoylamino)-3-hydroxy-butyric acid methyl ester 

(2) 

Diisopropylethylamine (6.8 mL, 39.0 mmol) was added to a stirred solution of 3-bromo-4-

tluorobenzoic acid 1 (2.152 g; 9.83 mniol), L-threonine methyl ester hydrochloride (L968 g, 11.6 · 

mmolj, EDCI (2.218 g, 11.6 mmol) and HOBt (1.410 g, 10.4 mmol) in anhydrous DMF (60 mL) at 0 

°C under N2• The solution was stirred at 0 °C for 1 h and at room temperature for ,20 h. The solution 

was diluted with EtOAc (300 mL) and washed with 1.0 M HCI (2 x 80 mL), saturated NaHC03 (2 x 

80 riiL), H20 (4 x 80 mL), dried over MgS04, filtered and c:oncentrated in vacuo to give a colorless 

syrup which solidified on standing to afford 3.280 g (100%) of (2S,3R)-2-(3-bromo-4-fluoro-
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benzoylamino)-3-hydroxy-butyric acid methyl ester 2 as a white solid, mp 73-74 °C. MS(ES+) m!z 

333.9 (C12H13BrFJ'f04 +H requires 334.00). 

Preparation of3-bromo+fluoro-N-{(1S,2R)-2-b.ydroxy'~l-[(hydroxyamino)earbonyl) 

prnpyl}benzamide (3) 

¢~t-. Hf:lo 
F 

Br 2 

NaOMe,MeOH 
0°Ctor.t 

.' To a solution C>fhydroxylamine hydrochloride (66 m& 0.95 ~ol) in anhydrous MeOH (2.0 

mL) at O °C iinder N2 atmosphere was added sodium methoxidC (25 wt"/o in MeOH, 360 mg, 1.67 

mmo.l). A precipitate formed ~<ld:iately and lhe cloudy white solution ~as stirred for I 0 minutes at 

0 "C. A solution of methyl (2S,3R)-2-[(3-bromo-4-fluorophenyl)caibonylamino]-3-hydroxjbutanoate 

{2 ) (284 mg, 0.850 mmol) in MeOH (2.0 IDL) was added and _the reactl0n stirred 2 bat 0 ·c and then 

Wanned gradually to room temperature ovetnight (17 h total). Aqueous l.0 M HCI (10 mL) was ~dded .. 
and the solution extracted ·wi1h 4;1 chloroformlisopropyl alcohol (4 x 20 mL). The organic layers were 

. combined, dried over Na2S04 and concentrated to give a pink foam. The crude solid was tritu:rated 

with diethyl· ether (2 x 8 mL) and dried in vacuo to give 3-bromo-4-fluoro-N-{(1S,2R)-2-hydroxy-1~ 

((.]iydrox.}'llmino)carbonyl]propyl}benzamide 3 .as a white foam: mp 152-153 °C. Rf (10:1 

CHiCh/MeOH on silica gel)= 0.53. 

Preparation, of Hydroxamates 

! E:DU:nple 2: Synthesis of 4-benzoyl-N-{(1S;2R)~2-hydroxy-1-[(hydroxyamino) 

i earbonyl)propyl}benzamide 

. H 

--~ ~H~t;CH3 
~Ho 

0 

NH20H•HCI 

NaOMe,MeOH 
o •c to r.t. 
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Procedure: 

To a solution ofhydroxylamine hydrochloride (121 mg, 1.74 mmol) in anhydrous MeOH (2.0 

1nL) at 0 °C under N2 atmosphere was added sodium methoxide (25 wt"/o in MeOH, 680 mg, 3.14 

mmol). A precipitate was immediately observed and the cloudy white solution was stirred for 10 

minutes at 0 •c. A solution of methyl (2S,3R)-3-hydroxy-2-{[4· 

(phenylcarbonyl)phenyl]carbonylarnino }butanoate (1) (534 mg, 1.56 mmol) in MeOH (3.0 mL) was 

added and the reaction stined 3 hat 0 "C, then warmed gradually to ambient temperature overnight (18 _ 

h tntal). Aqueous _0.5 M HCl (20 mL) was added and the solution extracted wifu 5:1 

chloroform/isopropyl alcohol (4 x 40 mL). The organic layers were combined, dried over Na2S04 and 

' concentrated to give an orange foam. Purification by silica gel chromatography (increasing elua:nf 

polarity from 30:1 CH2Ch/MeOH to 15:1 CH2Cli/MeOH) afforded 228 mg (43%) of 4-berrioyl-N-
. ' 

{ (1S,2R)-2-hydroxy-1-[(liydroxyamino) carbonyl]propyl }benzamide. 

Example 3: Synthesis of (2R,~R).-3-hydroxy-1-{[4-(trifluoromethoxy)phenyl]carbonyl} 

pyrrolidine-2-carbohydroxamic acid 

Preparation of ((2R,3R)-3-hydroxy-1.-{14-(trifluoromethoxy)phenyl]carbonyl} pyrrolid_in-2-yl)­

N-(pbenybnethoxy)carboxamide (2) 

1 

Procedure: 

benzyJhydim)llamine • HCI 

HATU, HOB!, DIEA, DMF 
o•cto r.t. 

To a solution of (2R,3R)-3-hydroxy-1-{[4-(trifiuororuetboxy)phenyl] carbonyl}pyrrolidine-2-

carboxylic acid (I) ( 405 mg, 1.2 7 mmol), benzylhydroxylarnine hydrochlorid!il (243 mg, l.52 mmol), 

HATU (556 mg, 1.46 mmol), and HOBt (178 fife(, 1.32 nunol) in DI\.1F (HI mL) at 0 °C was added 

diisopropyletbylamine (710 µL, 4:07 mmol) wifu stirring. The cooling bath was removed after one 

hour and the reaction mixture stirred at ambient temperature for 18 h and then diluted with EtOAc 

(200 mL). The organic layer was washed with 1.0 MHCI (2 x 60 mL), sat. NaHC03 (2 x 60 mL) and 

H20 (5 x 60 mL), ·dried over MgS04 and concentrated to give 493 mg (92%) of ((2R,3R)-3-hydroxy~l-
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{[4-(trifiuoromethoxy)phenyl]carbonyl}pyrrolidin-2-yl)-N-(phenylmethoxy)carboxamide 

colorless oil that slowly crystallized upon standing. Rf (25:1 CH2Ch/MeOH) = 0.35. 

(2), 

· Prepartion of (lR,3R)-3-hydrox:y-1-{[4-(trifluoromethox:y)phenylj carbonyl}pyrroli!Jine-2-

carbohydroxamic acid (2) 

1 2 

Procedure: 

a 

To a solution of ((2R,3R)-3-hydroiy-l-{[4-(trifiooromethoxy)phenyl] carbonyl}pynulidin-2-

yl)-N-(phenylmethoxy)carboxamide (1) (143 mg, 0.337.mmol) in EtOH (10 mL) was added 20% 

Pd(OH)2'C·{50 mg). The. solution was purged with hydrogen gas (approx. 0.5 L from a 1 L balloon) 

and then stirred under an atmosphere of Hi (balloon pressure). TLC analysis showed no starting 

material after one hour. The sofotion was diluted with EtOAc (l_O mL) and filtered through celite, 

washing witli 20:i Et0AclE1:0H(50mL). The sobition.was concentrated and driedin vacuo to afford 

90 mg (80%) of (2R,3R)-3-hydroxy-l-{[4-(trifluorometho:1.-y)phenyl]carbonyl}pyrrolidlli.e-2~ 
Cll1bohydroxamic acid (2) as a sticky white foam: mp 64-65 °C. Rf(lO:l CH2C{z/Me0H) = 0.29. 

Synthesis of N-Be.nzyl Threonine Analogues by Reductive Amination 

Example 4: Synthesis of (28,3R)-3-hydrox:y-2-{[{4-phenylphenyl)oiethyljamino} 

butanehydroxamic acid (3). 

~H L·Thr·OMe·liCI d':K-• NH20H-liCI OH 
. 

NaOMe,MeOH NaBH(Oi\l;),. B,N "' 
1 

THF, r.t., 20 h 2 
o "C to r.t. 24 h; 

"" aq. HCI' 3 

Reagent MW Eq. g/ml mmol 

4-biphenylcarboxaldehyde 182.22 1.0 1.104 g 6.06 
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L-Thr-OMe-HCI . 169.61 1.0 l.030 g 6.07 

NaBH(OAc)3 211.94 1.4 1.800 g 8A9 

Et3N 101.19 2.0 !.70mL 12.1 

THF 25mL· 

Triethylamine (1.70 mL, 12.1 mmol) was added to a stirred suspension ofL-threonine methyl 

ester hydrochloride (1.030 g, 6.07 rnmol) and 4-biphenylcarboxaldehyde (1.l04'g, 6.06 mmol) in THF 

(25 mL). After 20 min, NaBH(OAc)lwas added and the suspension stirred for 20 h. The reaction was 

monitored by TLC (50:1 DCMJMeOH, Ri=0.4). The rea\)tion mixture was quenched with saturated 

NaHC03 (50 mL), extracted with EtOAc (2 x 120 mL}, dried over MgS04, filtered and concentrated to 

· give a yellow oil. Purification by silica gel chromatography (150:1 DCMJMeOH) afforded 1.220 g 

(67"/o yield, 98% pure) of (28, 3R)-2-[(biphenyl-4-ylmethyl)-amino]-3-hydroxy-butyric acid methyl 

ester 2 as a pale yellow oil. 

HPLC (260 mn, 34 min run) 14.2 min; LRMS(ES+) mlz 299.9 (CrnH21N03 +H requires 300.10). . ' . 

Compound 3 was 1hen :limned by fue addition ofNH20H ill MeOHJNaOMe at o•c, warming to 

ambienttemparture of the period of sever.ii hours. LCMS MH+ 301.15; 

General Methods for Making Phenyl-benzoic acids and Phenyl-benzoate esters( see Example 5 below) 

1 

NaOH 

Water,MeOH 

Pd (dppf)Cl2 3 

. THF I H20 (3:1 v/\t) 
Na2C03, RT : 
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Suznki Procedures Using Pd(dppt)Cl2-DCM Catalyst and a TRF/H20 Mixture 

Br p 
1 

Reagent 

BromoArene#l 

Boronic Acid #2 

Pd(dppt)Ch 

Y Cl
~ 2 

II. 
d B(OH)2 

Pd (dppf)Cl2 3 
THF I H20 (3:1 v/v) 
Na2C03, RT 

MW 

-300 

105.99. 

816.63 

EQ 

l 

1.2 

3 

0.1-0.2 

TIIF (3) (spaiged with argon for 5 min.) 

water(l) (sparged with argon for 5 min.) 

Standard Procedure 

4 

glml mmol 

lOOmg -0.33 

-0.40 

104m -0.99 

27~54mg -0.033-0.066 

0.25 ml 

1 eq aryl halide (1) was added to 1.2 eq'. (2) and Pd(dpp:t)Ch in THF, followed by addition of 

water and stirred 8 hou:ni at RT. Upon completion (usually over night}, the reactio~ are diluted with 

ethyl acetate (5-10 ml) and·water (1 ml). ·The organic layer is separated and. washed with NaHC03 

(2x3 ml}, water (1x3 ml), brine (lx3 ml), dried with Na2S<?4, filtered and concentrated in an 8 ml glass 

vial. The residue is dissolved in DMSO and injected on a preparatory HPLC reverse phase column to 

afford >80 % yield. 

Suzuki Procedures Using Pd(dppt)ClrDCM Catalyst and l}J'dF Solvent 

Br y Cl" 2 p d B(OHh 

Pd (dppf)Cl2 3 

1 
DMF, TEA. 
80-85 C, 12 h 

4 

16 

(; 
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.Reagent MW EQ g/ml ·mmol 

BromoArene #1 -500 1 20mg ~0.04 

Boronic Acid #2 -200 2 ...:14 mg -0.08 

Pd( dppf)Clz 816.63 0.25 · 1omg -0.01-0.02 

TEA 101.19 5 28µL -0.2 

DMF (dry & spa:rged with argon for 5 min.) 0.5ml 

Standard Procedure 

The hiloarene 1 and boromc acid 2 were weighed out and placed in the reaction flask. The 

DMF was spai:ged with argon for 5-10 minutes, followed by IBA, addition, and th~ reaction Wal! lightly 

bubbled with argon. The solid Pd(c;lppf)Clz catalyst was added in one portion. ·The vial was flushed 

with argon, capped tight and stirred or shaken· at -89 °C. Upon reaching completion (over night), the 

reaction was filtered and injected on a preparatory HPLC reverse phase column (80% yield). 

Synthesis of Methyl DAP Analogues 

Example 5: 3-(R)-Ami.no-2-(S)-[( 4'-ethyl-biphenyl-4-carbonyl)-awino]~butyl-hydroxamie acid (8) 

2 

DPPA, PPha. 
DEAD,THF; 
O"C-RT 

'~COzH 
5 \ IT\ _r=\ j> yN• -

\,,;T~~~e 

4 
EDC,HOBT,. 
DIEA,DCM, 
RT 

\_ fi__F\_J? lNHa 
\,d-~~-80Me 

7 

H,NOH, NaOMe 

MeOH,DCM,. 
30min.,RT 
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'Preparation of N-triphenylmethyl allo-threonine methyl ester (2). 

•HC1 

··y " ;t; !:I~ Me Trt-Br Tri- OMe 

DIEA, CHCls. H 0 

1 RT 
2 

Reagent MW EQ g/ml mmol 

'H-allo-Thr-OMe·HCl (1) 169.7 1.2 2.0g 12.0 

Trt-Br 323.24 1.0 3.23g 10.0 

DIEA 129.25 3.0 ';, 5.2 ml 30.0 

CHCh(chy) lOOml 

For similar-procedures see: . Righi, P .; Scardovi, N.; Marotta, E.; ten Holte, P.; Zwanenburg, B .. 

Organic Letters 2002, 4( 4), 4 97-500. 

A solution of trity1 bromide (3.2g; 1 O.Ommol) in CH Ch (40ml) was added dropwise to a stirred 

solution of alto-threonine methyl ester HCI salt(l) (2.0g, 12.0mmoI) and DJEA (5.2ml, 30.0mmol) in 

'CHC13 (60ml) at rt under N2• The reacti0n could be fullowed by1LC eluting with EtOAc(Hex (40:60) 

(RF=03). After stirring 12 b, the reaction was concmtrated to a brown oil. The crude product was 

.diluted wi1h EtOAc (I70ml) and washed with 0 .. 2 N citric acid (2x50ml), water (2x50ml), brine· 

(50ml), dried (Na2S04), filtered and concentrated under redoced pressure to yield 3.73g (85% yield, 

.95%pure) of a yellow solid. 

BPLC(220run, 4lmin. run) 30.90 min.; HPLC(220mn, l 7min. run) 14.86 min.; LCMS: 

LC(214nm) 3.06 min., MS(ES+) m/z 376.2 (QWiisN03 +H requires 376.18). 

Preparation of3-(R)-Azido-2-(S)-(trityl-amino)-bntyric acid Diethyl ester (3). 

"'r1, OH 

~ Trt,~~OMe DPPA, PPh3, 
Trt,N OMe 

DEAD, THF, 
0°C-RT 

H o . 
2 3 

Reagent MW Eq. g/ml mmol 
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Trt-allo-Thr-OMe (2) 375.46 LO 4J:i8 g 10.88 

PPb, 262.29 1.0 2.85 g 10.88 

DEAD(neat) 174.16 l.6 2.93ml 17.82 

DPPA 275.7 2.7 6.40ml 29.7 

THF (dry) 50ml 

For similarprooedmes see: Matsuda, A.; Yasuoka, J.; Sasaki, T.; Ueda, T. J.Med.Cheiu.1991, 

34, 999-1002. 

A solution of pme DEAD (2.9ml, 17.Smmol) in ·TIIF (5ml) was added slowly dropwise to a 

stirred solntion oftrt-allo-tlrreonine methyl ester (2) (4.lg, 10.9mmol) and PPh3 (2.9g, 10.9mmol) in 

THF (40ml) at 0 °C undeiN2• After 3 min., a solution ofDPPA (6.4ml, 29.7rinnol) in THF (5rn1) was 

added to the orange-yellow reaction solution at 0 °C. After 1 h,_ the reaction was allowed to warm to 

rt. After 40h, the reaction had reached compfotion by 1LC (HexanelDCM/EtOAc (64:20:16) 

(Rf=0.6)).and LCMS. The yellow solution was concentrated to give 18g of crude material that was 

purified by .column chromatography eluting with Hexane!EtOAc (88:12) giving 3.5g of 700/o pure 
. 

product after evaporation .. The product was purified again (to remove trityi aleohol and a croiyl side-

produ~t formed during the reaction by elimination) by colmnn chromatography eluting widi 

Hexane/DCM/EtOAc (76:20:4) giving 1.65g (38% yield) of a pale yellow oil after concentration and 

drying in vacuo. Note that the trityl protecting group would hydrolyze when exposed to TFA while 

mnning the sample on HPLC. 

Alternately, the reaction could be canied out in dry DCM. A reaction using 5.44g (14.5 mmol) 

of trt-allo-threonine methyl ester (2) in DCM (lOOml) with PPh3 (3.Sg, 14.5mrnol), pme DEAD 

(3.4ml, 21.8mmol) in DCM (5ml) and DPPA (6.3rnl, 24.0mmol) in DCM (lOml) were combined 

( following the procedme above. After 3 days, the reaction did not progress further by TI.C and LCMS. 

_After the same work up, 2.97g of the product was obtained in 51 % yield. 

HPLC(220nm, 4 lmin. run) 40.5 min.; HPLC(220inn, l 7mm. mri) 16.32 min.; LCMS: 

LC(214nm) 3.7 mm., MS(ES+) mfz 401.2 (0i.Jl2sN30z +Hrequires 401.15). 
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Preparation of 2-(S)-Amino-3-(R)-azido-bntyric acid methyl ester HCi Salt ( 4). 

;x; x; •HCI 
TFA 

TrkN OMe DCM, RT, H2N OMe 
H 0 2.5h 0 

3 4 

Reagent MW EQ g/ml mmol 

Trt-Azido-Thr-OMe (3) 400.47 Lo 4.79 g 11.98 

TFA 57ml 

CHCh (dry) 3 ml 

A solution .of Trt-AzidO-Thr-OM~ (3) (4.8g, 12.0mmol) was dissolved in a 95% TFA/DCM 
. . 

solution (60ml) at rt with stirring. After 2.5 h, the reaction was complete by LCMS. The bright yellow 

solution was· diluted with 0.5 N aq. HCl (300ml). The aqueous layer was extracted with DCM ( 

· (2x30ml) and then lyophilized to dryness. The white sqlid was dissolved in AcCN/water (50:50) 

(1 OOml) and again lyophilized to dryness tci produce a consistent powder and remove as much of the 

. TFA as possible. The azido-Thr'product (4), 2.26g (97% yield, 95% pure) of a white solid, •Was 

obtained as the HCl salt. 

HPLC(220nm, L!lmin. run) 7.91 min.; HPLC(220nm, 17min.run) 3.36 min; LCMS: 

LC(214:nin) 0.48 min., MS(ES+) m/z 159.3 (CsH10N402 +H requires 159.08). 

Preparation of 3-(R)-Azido-2-(S)-[(4'-ethyl-biphenyl-4-carbonyl)-amino)-butyric acid methyl 

ester (6) • 

4 

Reagent 

EDC,HOBT,. 
DIEA,DCM, 
RT 

Azido-Thr-OMe·HCl (4) 

Biphenyl Acid (5) 

HOBT 

MW 

194.62 

'126.27 

153 

· · oyNa 

~"J"fiOMe 
H 0 

6 

EQ g/ml mmol 

1.0 195mg 1.0 

1.0 226mg 1.0 

1.0 158mg 1.0 
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EDC·HCI 191.17 13 249mg 1.3 

DIEA 129.25 2.5 0.44ml 2.5 

lOml 

A EDC·HCI (249mg,, 1 . .3mmol). was added to a stirred colorless solution of azidocThr­

OMe·HCl (4) (195mg, 1.0mmol), HOBT (158mg, l.Ommol), 4'-Ethyl-biphenyl-4-carboxylic acid (5) 
' ' 

(226mg, 1.0mmol) and DIEA (0.44ml, 2.5mmo1) in DCM (lOml) at rt under N2• After 24 h, the 

reaction had reached completiiin by TLC (Hexane/Et()Ac (60:40) (Rl'=Q.3)) and I.CMS. The reaction . . . . . . 

was evaporated under reduced pressure to a brown tar. The crude product was dissolved in EtOAc 

(IOOml} and washed with 0.2N aq. HCl (2x50ml), aq. sat NaHC03 (50ml), brine (50ml), dried 

(Na2S04), filtered and concentrated under reduced pressure to yield a crude brown solid. The crude 

material was further purified by column chromatography eluting with Hexane/EtOAc (70:30) giving 

245mg (67% yield) of pure product after evaporation and drying in vacuo. 

( HPLC(220nm, 41mi:n. run) 33.87 min.; HPLC(220nm, 17min. run) 15.61 min; LCMS: 

c 

LC(214nm) 3.25min., MS(ES+)m/z 367.2(CwHi!:iN.4Qi +H requires 367.17). 

Preparation of 3-{R)-Amimi-2-(S)-[( 4'--ethyl-biphenyl-4-carbonyI)-amino ]·bntyrlc acid methyl 

ester (7). 

LO-O-Z1;oMe 
6 

Reagent · 

Biphenyl Azido-Thr ( 6) 

10%Pd/C 

Hi(gas) 

MeOH(dry) 

0 

MW 

366.41 

10% Pd/C, 

MeOH,RT,3h 

EQ 

1.0 

~~Me 
7 

gfml . mmol 

244mg 0.67 

200mg 

12" balloon 

lOml 

A solution ofbiphenyl azido-Thr methyl ester (6) (244mg, 0.671lllllol) in MeOH (lOml) was 

.made by sonicating until the milky precipitate cleared. After bubbling nitrogen through lhe reaction 

solution for 30 sec., 1 O"/o Pd/C was added in one portion. The reaction was stirred under nitrogen at . . 
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RT. The reaction was exp~sed to aspirator vaculllll to remove the nitrogen and then op~ned to the . 

hydrogen gas at balloon pressure (~l atm). The reaction stirred for 3h at which time the hydrogen was 

exchanged for nitrog('!n. The reaction was filtered through a pad of celite to remove the palladium. 

The celite pad was washed with MeOH (30ml). The combined fra~tions of MeOH were evaporated 

under reduced pressure and dried in vacuo to give 225mg (99.% yield) of pure produce (7) as a white 

solid. 

HPLC(220nm, 17min. run) 10.79 min.; LCMS: LC(214iµn) 2:21 min, MS(ES+) m/z 341.2 

(C:roH24N202 +H requires 341.18) . 

Preparation of 3-(R)-Amino-2-(S)-[ ( 4 '-ethyl-biphenyl-4-carbonyl)-amino ]-butyl-hydroxamic acid 
. . . ' 

(8) 

1 

. Reagent 

Amino-'Ilrr-OMe (7) 

H2NOH·HCl 

NaOMe 

MeOH(dzy) 

DCM(dzy)" 

OMe 

MW 

340.42 

69.49 

54.02 

H2NOH, NaOMe 

MeOH,DCM; 
30min .. RT 

EQ 

1.0 

10.0 

~12.0 

~J:? .. H'OH 

. .H 
8 

g/ml mmol 

225mg 0.66 

460mg 6.6 

-430mg 7.92 

7ml 

5ml 

To a stirred suspension of biphenyl-amino-Thr methyl ester Cf) (225mg, 0.6nnnol) and 

hydroxylainine HCl salt (460mg, 6.6mmol) in MeOH (7nil) and DCM (5ml) was added fresh solid 

NaOMe powder (430mg, 7.9?mriiol) in one portion. After stllrillg for 2 min. at rt under nitrogen, the 

pH of the reaetion on wet pH paper was approximately 7-8. The suspension had change from larger 

particles of white solid 1o a finely-divided milky consistency. The pH of the reaction was checked 

after adding small portions of NaOMe (50: 1 OOmg) and allowing 2 min. for the reaction to equilibrate. 

The pH of the reaction reached a stable 11-12 after the final portion ofNaOMe was added (250mg 

total). The reaction was i~tiated at pH 11 arid proceedCd quickly. After 30 min, the reaction reached 

85% completion as detennined by LCMS, and the reaction was placed in a -10 '.'C bath. The cold 

.mixture filtered over fine filter paper on a S!ichner funnel. The white residue was Wll!lhed with MeOH 
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(I 5ml). The organic fractions were collected and concentrated under reduced pressure to give crude 

product (750mg). The crude product (only one 150 mg portion) was dissolved in DMSO (lml), AcCN 

(1()0µ1) and waler (100µ1), passed through a Teflon eyringe filter, and the clear filtrate was injected on 

a preparative HPLC. The purification ni:ed a 20x50 mm Ultro 120 Cl8 column running a 22 ml/min 

2% gradient (AcCN/water, 0.1% TFA) for 16 min. The purified fractions were lyophilized to dryness. 

The product as the TFA salt was dissolved in AcCN/water (50:50) (5ml), IN aq. HCl (1 equivalent) 

and lyophilized again to give 11.5 mg of white powder as an HCl salt (23% yield), 

HPLC(220mn, 41min. mn) 19.31 min.; HPLC(220nm, 17min. run) 9.39 min; LCMS: 

LC(214nm) 1.98 min., MS('ES+) rn/z 342.2 (C19H23N3(); +H requires 342.17). 

Synthesis of 4'Benzamide Biphenyl Threonine Hydroxamic Acid 

Example 6: Biphenyl-4,4'-odicarboxyllc acid 4'-[(3-Boc-amino-propyl)-amide] 4-[((2R)-hydroxy-

( (lS)~hydroxycarbamoyJ-prop:f.l)-amide} (6), and 

c ·· .. 

Example 7: Biphenyl-4,4'-dicarboxylic acid 4'-[(3-amino-propyl)-amide] 4-[((2R)-hydroxy-(1S)­

hydroxycarbamoyl-propyl)-amide) {1) 
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~n ~n H02c-O-O-c02H 
N ~'oen 

H2N ~'OBn I "" H . 
BOP, DIEA, DMF, 18.h I ""' 

.,,-;:. 0 

1 H A 3 

0 

4 
BocH~NH2 I ""-' 

A 

~n ~ .. ~'OBn 
0 

.EDCI, HOBt, DIEA 5 DMF,24h 
·o 

;r;H , 
H,.Pd(OHh I "" N N'OH 

A H 0 
THF,MeOH 

16h 6 

;y TFA,DCM . 'OH 

2.5h H 
HzN~N 7 

Synthesis ·of (2S,3R)-2-amino-3-(phenytmethoxy)-N-{phenylmethoxy)bntanamide (1) 

Hp 1. BoONH2 • HCI p 
EDCI, HOBf:, !:I 

>loJl~H DIEA, CH2Cl2 CH3 : 0 ·. 

HzN~~-oU) 2. TFAICH2Cl2 
H 0 {1:1} o I ·.,,;::; 

3. aq. NaHCOs 
Boc--Thr(OBn)-OH · A 

Pr11cednre: 

To a Suspenjrion ofbenzylhydroxylamine hydrochloride (8.310 g, 52.06 nnnol), Boc-Thr(OBn)­

OH (14.01 g, 45.28 mmol), EDCl (10.01 g, 52.21 mmol), and HOBt (6.90 g, 51.06 nnnol) in CH2Cl2 . 

(300 mL) at 0 °C was added diisopropylethylamine (28.3 mL, 162 mmol) with stirring. The cooling 

ba1h was removed after one hour and the reaction mixture stirred at ambient temperature for 20 h and 

was then diluted wi1h CH2Cl2 (300 mL). The organic layer was washed with 1.0 M HCI (2 x 200 mL), 
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sat. NaHC03 (2 x 200 mL) and brine (200 mL), dried overMgS04 and concentrated to give 14.5 gofa 

wbite solid. The crude solid was treated with a solution of trifluoroacetic acid (90 mL) in CH2Ch (90 

mL) and stirred for 2.5 h. The reaction mixture was concentrated by rotary evaporation and then 

diluted with CH2Cl2 (600 mL). The organic layer was washed with sat. NaHC~ (2 x 200 mL), dried 

over MgS04 and concentrated t.o give a dark orange oil. Purification by silica gel chromatography · 

(50: 1 CH2Clz/MeOH) afforded (2S,3R)-2-anrino-3-(phenylmethoxy)-N-(phenybnethoxy) butanamide 

(A) (8.9 g,) as a pale yellow oil. Rf (50: I CH2Clz/MeOH on silica gel) = 0.2. 

Preparation of (1S,2R)-4'-(2-benzylox)'-1-benzyloxycarbamoyl-propylcarbamoyl)-biphenyl-4-

carboxylic acid (3). 

' Reagent MW Eq. g/mL mmol 

. Amine(l) 31438 LO Q.944 g 3.00 

Dicaibox}>fic acid (2) 242.23 1.9 1.360 g 5.61 

BOP 442.3 1.5, '2.007 g 4.54 

DIBA 129.25 3.3 1.7mL 9.76 

.DMF 200mL 

To a suspension of 4,4'-biphenyldicarboxylic ilcid 2 (1.360 g, 5.61 mmol) in DMF (180 mL) 

was added BOP (2.007 g, 4.54 mmol) and DIBA (1.7 mL, 9.8 mmol). A solution of(lS,2R)-2-amino-. ) 

3,N-his-benzyioxy-butyramide 1 (944 mg, 3.00 mmol) in DMF (20 mL) was .added and the reaction 

stirred for 18 h. The solution was diluted with EtOAc (250 mL) and washed with 1.0 M HCI (500 

mL). The aqueous layer was extracted with EtOAc (250 mL} and fue organic layers combined. The 

( organic layer was· washed. with 1.0 M HCI (250 mL), dried over MgS04, and concentrated to give a 

crude yellow solid. Purification by silica gel chromatography (60: l CH2Clz/MeOH) gave 210 mg · 

(IS,2R)-4'-:(2-benzyloxy-1-benzyloxycarbamoyl-propylcarbamoyl)-biphenyl-4-carboxylic acid 3; 

(13% yield) as a yellow solid. Rt= 0.80 (10:1 CH2Cl2/MeOH); LRMS (ES+) mlz 539.1 (C32H3oN206 

+ H requires 539.22). 
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Preparation ofbipbenyl-4,4'-dicarboxylic acid 4'-[(3-{Boc)-amino-propyl)-amide]-4-[(2R)­

benzyloxy-(1S)-beneyloxycarbamoyl-propyl}-amide] (5). 

Reagent MW Eq. g/ml; mmol 

Biphenylcarboxylic acid (3) 538.59 1.0 0.200 g 0.371 

Amine(4) .174.24 1.1 0.071 g 0.407 

EDCI 191.71 1.1 0.078 g 0.407 

HOBt 135.13 1.0 0.052 g 0.385 

DIBA 129.25 2.7 lgOµL 1.0 . 

DMF 2mL' 

To a sobrtion of biphenylcarboxylic acid 3 (200 mg, 0.3 71 mmol), EDCI (78 ~ng,-0.407 mmol), . 

and HOBt (52 mg, 0385 mmol) in DMF (1 mL) was added t-Butyl N-(3-aminopropyl)carbamate 4 (71 ( ) . 

mg, 0.407 mmol) and DIEA (180 µL, 1.0 mmol). The reaction mixture was stiUed24 h, diluted with 

EtOAc (150 mL), washed with 1.0 M HCl.{2 x 60 mL), saturatedNaHC03 (2 x 60 mL), H20 (3 x 60 

mL), dried ov~ MgS04 and concentrated .to give a crude white solid. Purification by silica gel 

chromatography (25:1 CH2Clz/MeOH) afforded 194 mg (75% yield) ofbiphenyl-4,4'-dicarboxylic acid . . 
4'-[(3-(Boc)-amino-propyl}-amide]-4-((2R)-benzylox:y-(1S)-benzylox:ycarbamoyl-propyl)-amide] 5 as 

a white solid. Rr,; 0.15 (50:1 CH2Ch/MeOH); LRMS (ES+) mlz 695.2 (Ciollu;N40, + H requires 

695.35). 

Preparation ofBiphenyl-4,4'-dicarbox:ylic acid 4'-1(3-Boc~amino-propyl)-amide] 4-{((2R)­

hydroxy-{1S)-hyd:roxycarbamoyl-propyl)-amide] (6). 

Reagent MW Eq. g/mL. mmol 

Biphenyl diamide (5) 694.82 1.00 0.190 g 0.273 

Pd(OH)i (20o/o/C) 106.42 0.15 0.020g 0.040 

H2(g) balloon 

THF 5.0mL 

MeOH 3.0.mL 
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A solution of dibenzyl-ptotected threonine hydroxamic acid 5 (190 mg, 0.273 mmol) in THF (5 

mL) and MeOH (3 mL) was charged with Pd(OH)i. (20o/o/C, 20 mg, 0.04 mmol) and stirred under a 

hydrogen atmosphere (balloon pressure) forl6 h. The crude mixture was filtered through a plug of 

celite eluting with. 2:1 MeOH/THF (15 mL) and. concentrated to give an orange syrup. Purification by. 

silica gel chrom.atography (5:1:1 THF/MeOH/CH2Cl2 afforded llO mg (78% yield) ofbiphenyl-4,4'­

dicarboxylic .acid 4'-[(3-Boc-amino-propyl)-amide] 4-[((2R)-hydroxy-(1S}-hydroxycarbamoyl-propy+)­

amide] as a white foam, mp 75-77 °C. Rr = 0.20 (10:1 CH2Cl2/MeOH); LRMS (ES+) mlz 515.4 

(Culi3~40, + H requires 515.26). 

!'reparation ofBiphenyl-4,4'-dicarboxylic acid 4'-[(3-amino-propyl)-amide] 4-[((2R)-hydroxy­

(1S)-hydroxycarbamoyl-propyl)-amide] (7). 

Reagent MW Eq. g/mL mmol 

Boe-protected amine ( 6) 514.57 1.00 0.080g 0.155 

TFA 3.0mL 

CikCh 3.0mL 

A flask containtug Boe-protected amine 6 (80 mg, 0.155 mmol) was treated with 50"/o 

TFA/CH2Ch (6.0 mL) and stirred for 2.5 h. The reaction mixture was concentrated by rotary . 

. evaporation to give a brown symp. Purification by RP"HPLC {C18 column, CH3CN gradient 5-70%, 

0.1% TFA, UV analysis 300 nm, 36 min) and lyopbilization of the collected fractions afforded 14 mg . . . . .. . . 

(21% yield) ofbi11henyl-4,41-dicarboxylic acid 4'-{(3-amino-propyl)-amide] 4-[((2R)-hydroxy-(lS)-

hydroxycaibamoyl-propyl)-amide] as a white solid. LRMS (ES+) mlz 415.3 (Ci1H26N405 + H requires 

415.20); RP-HPLC (300 nm, 36minrun)18.2 min. 

Example 8:. Synthesis. of· N-(2-(N-hydroxycarbamoyl)(2S)-2-{[4-(4-

ethylphenyl)phenyl]carbonylamino}ethyl)acetamide (4) 
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1. Plperidlne. DMF 

2. HATU, DIEA, NMP · 
4'-Ethyi-biphenyl-
4-carboxyHc acid 

3. TF A, water 

4 

H2N-O-Trt Resin, 
HATU, l:llEA, NMP 

Preparation of 3-Acetylamino-2-(9H-fluoren-9-ylmethoxycarbonylamino )-propionic acid (2). 

Re.agent MW 

Fmoc-DAP-H (1) 326.4. 

·Acetic anhydride 102.09 

Pyridine 79.1 

THF 

A°'J.0, pyridine 

THF. 

EQ 

1.0 

1.5 

20 

gfml mmol 

980mg ·3.0' 

425uL 4.5 

483uL 6.0 

2om1 

Acetic anhydride in THF (5ml) was added to a cloudy mixture of Fmoc-DAP-H (1) (980mg, 

3.0mmol) and pyridine (483uL; 6.0mmol) in THF (1511ll) with stirring .at rt. After 4 hours, the clear 

pale yellow solution had reacted completely by LCMS .. The reaction was evaporated under reduced 

pressure. The residue was dissolved in EtOAc (l50ml) and washed with O.IM NaHS04 (50ml), water 

(50ml), sat. brine (50ml), dried with Na2804, filtered and concentrated under reduced pressure to give 
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1.1 g of erode product as a· white solid. The erode product was purified by prep. HPLC to give 0.99 g 

(90% yield) of acyl-DAF (2). 

·' .Preparation of (2-Acetylamino-1-hydroxycarbamoyl-ethyl)-carbamic acid 9H-fluoren-9-ylmethyl 

i ester trityl resin (3). 

I 

l 

I 
I 
I c· 

Reagent· 

HzN-0· Trt Resin 

FmoC-DAP(Ae)-H (1) 

HATU 

DIIµ. 

NMP 

H,N-0-Trt Resin, 
HATU, DIEA, NMP 

MW 

368.4 

380 

129.25 

EQ 

1.0 

5.0 

5.0 

10.0 

3 

g/ml mmol 

l20mg 0.113 

980mg 0.564 

Q.146 g 0.564 

196ul 1.13 

1.7ml 

A solution ofFmoc-DAP(Ac)-H (1) (980mg, 0.56mmol);HATU (0.146g, o;56mmol) in NMP 

. (1. 7ml) was made. ·After 2 min, of shaking, the activated aci~ was added to the deprotected HzN-0-Trt 

Resin (120 mg, 0.113mmol) at rt with shaking. [Deprotection of the Fmoc group from the resin was 

accomplished uiling .20"/o piperizine in DMF ( 4ml} fui: 2 hours twice. The resin was drained and 

washed with DMF (2x5inl) and DCM (2x5ml).] After shakirig for 20 hours, the reaction was drained 

and washed with iJMF (2x5ml) and DCM (2x5ml). The resin was dried and used as is ill the next 

(~ reaction. 

Preparation of N-(2-(N-hydrol.'}'carbamoyl)(2S}-2-{[4-(4-ethylphenyl)phenyl] 

carbonylamiuo}ethyl)acetamide (4) 

Preparation of (2-Acetylamino-l-hydroxycarbamoyl-ethyl)-catbamic acid 9H-fiuoren-9-yhnethyl ester 

trityl resin (3). 
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Reagent 

Fmoc-DAP(Ac)-TrtResin (3) 

4'-Etbiphenyl 4-carboxy acid 

·HATU 

DIEA 

NMP 

1. Piperldlne, DMF 

2. BATU, DIEA, NMP 
4'-Ethyl-blpheny~ 
4-carboxylic acid 

3. TF A, waler 

MW EQ 

226.3 

380 

129.25 

LO 

5.0 

5.0 

10.0. 

The resin was treated with 20% piperizine in DMF ( 4ml) fur 2 hours twice. The resin was 

drained and washed with.DMF (2x5m1) and DCM (2x5ml). The resin was dried in vacud. A solution 

of 4'-Bthyi-biphenyl-4-ciirboxyiic acid (91mg, 0.4mm()l), HATIJ (152g, 0.4mmol) ·in NMP (1.0ml) 

was made. After 2 min. of shaking, 1he activated acid was added to the deprotected H-DAP(Ac)-Trt . 

resin (120' mg, O.l 13mmol) at rt with shaking. After shaking for 18 hours, the reaction .was drained 

and washed witll DMF (2x5ml) and DCM ('.?xSml) .. The resin was dried in. vacua. The product was 

cleaved from the resin through treatment with a solution of TFA (500uL); DCM (500uL) and water 

(SOuL)·for 25 min. The resin was filtered and washed with fresh DCM (2ml). The combined TF A and 

DCM fractions are evaporated under rednced pressure. The residue was diluted with CH3CN/w:ater 

(l: l) (1 Oml) and lyophilized. The crude product was purified by prep. HPLC. The crude product was 

dissolved in DMSO (lml), passed through a Teflon syringe filter, and the clear filtrate was injected on 

a preparative HPLC. Tue purification used a 20x50 mm IB1ro 120 Cl8 column running a 22 ml/min 

2% gradient (AcCN/water, 0.1 % TF A) fur 16 min. The purified fractions vvere lyqphilized 1:o dryness. . . 
The solid residne:was !yophilized again from CH3CN/water (I:l) (5ml) give 8.6 mg ofpUreproduct · 

(4) (-21 % yield). 

Example 9: Synthesis. of 4'-Ethyl-biph~nyl-4-carboxylic acid (1-hydroxycarbamoyl-2-

methanesulfonY1amino'-ethyl)-amide (3) 

90 

( 

( } 

' 



I 

I 
' ' 

( 

Prepara1ion o.f 4'-Ethyl-biphenyl-4-earl:io:x:ylic acid (2-amino-1-hydroxycarbamoyl-ethyl)-amide. 

trityl resin (2). 

1 

Reagent 

Biplwnyl-DAP(Alloc )-Trt Resin (1) 

Dimethyl barbituric acid 

Pd(PPh3)4 

PPh3 

DCM 

1. Dimethyl baroituric 
acid, Pd(PPh,)., 
Pl'h3,DCM 

MW EQ 
1.0 

156.14 10.0 

1135.6 l.O 

262.3 2.0 

2 

g/m1 mmol 

500mg 0.35 

600mg 3.5 

438 trig 0.35 

202mg 0.7 

11.0ml 

'· Pd(Ppba)4 (438mg, Q.35mmol) was added U) a vial containing biphenyl-DAP(Alloc)-Trt Resin 

(1) (500mg, 0.35mmol), Dimethyl bm:bituric acid (600mg, 3.5mmol) and PPh3 (438mg, 0.35mmol) in 

DCM (1 lml) at rt oode,r argon. The mixture Wl1s sparged with.argon and shaken for. 16 holll:ll. The 

bright yellow mixture was drained and.washed wi1h DMF (SxlOml) and DCM (8x10ml). The resin 

was dried in vacuo to give the deprotected DAP resin 2, .. 

· Prepar;ttion of 4'-Ethyl-biphenyl-4-:carbo::cylic acid (1-hydro:x:ycarbamoyi-2-methane 

suJfonylamino-ethyl)-amide (3). 

o~~-
. I 

1. MsCI, Lulidine, DCM 
H (N~ 

HO~N~( . 
. 0 H 2. TFA, water 

3 

Reagent MW EQ g/ml mmol 
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Biphenyl-DAP-Trt Resin (2) LO 160mg 0.11 

MethaD.esulfonyl chloride 114.55 lO.O 85uL 1.1 

Lutidine 107.16 15.0 190uL 1.6 

DCM 1.5 ml 

Methanesulfonyl chl,oride (85uL; 1.lnnnol) was added t6 a mixture of deprotected DAP resin 

(2) (160mg, O.llmmol) and lutidine (190uL, l.6mmol) in DCM (1.Sml). After shaking for 16 hours, 

the mixture was drained and washed with DMF (10x2ml) and DCM (5x2ml). The product was 

cleaved from the resin through treatmeht with TF A/water (4:1) (l .5ml). After shaking for 45 min., the 

TF A solution was collected from the resin by filtration, and the resin was washed with TFA (lml) arid 

TFA/water (1:1) (lOml). The combined TFA fractions were concentrated tinderreduceilpressure to a 

reddish-brown solid: The product, identified by LCMs, was purified by prep. HPLC Using a 20x50 

mm T.ntro. 120 Cl8 column running a '12 ml/min 4% gradient (AcCN/warer, 0.1% TFA) for 16 min. 

The purified fractiQns were lyophilized to dryness. The solid residue was lyophilized again from 

CHJCN/water (1 :1) (Sml) give 4 mg of pure product as a white solid (3) (-9% yield). 

Example. 111: Synthesis ot: 4'-Ethyl-biphenyl-4-carbo:xylic· acid [2-(3,3-diinethyl-ureido)-1-

hydroxycarbamoyl-ethyl]-amide (3) (Continued from compound 2 of Example 9 above) 

I """' A 2 

Reagent 

Biphenyl-DAP-TrtResin (2) 

Diinethy'lcarbamyl chloride 

Lutidine 

DCM 

1. Dimelhylcarbamyl 
chloride, lulldlne, DCM 

2. TFA. waler 

MW 

107.5 

107.16 

EQ 
1.0 

10.0 

20.0 

92 

3 .. 

g/ml mmol 

125mg 0.096 

103mg 0.96. 

225uL L92 

1.5 ml 

( ; 

( 



I 

Dimethyfoarbamyl chloride 003mg, 0.96mmol) was added to a mixture of deprotected DAP 

resin (2) (125mg, 0.096mmol) and lutidine (225uL, l.92mmol) in DCM (L5ml). After shaking at rt 

for 5 hours, the mixture was dramed and washed with DCM (5x2ml), DMF (5x2ml) and DCM 

(5ic2ml). The product was cleaved from the resin through treatment with TFA/water (4:1) (l.5ml). 

After shaking fur 45 min., 1he TF A solution was collected from the resin by filtration, and the resin 

was washed with TFA/water (1:1) (2ml). The combined TFA fractions were concentrated under 

redoced pressure to a reddish-brown solid. The product, identified by LCMS, was purified by prep. 
HPi.C using a 20x50 mm llitro 120 Cl8 column running a 22 ml/min 4% gradient (AcCN!water; O.i% 

TFA) for 16 min. The purified fractions were lyophilized to dryness. The solid residue was 

lyophilized again from CH3CNLwa1er (1:1) (5ml) give 5 mg ofpnre product as a white oolid{3) (-13% 

yield). 

Example 11: Synthesis of 4'-Ethyl-biphenyl-4-carbo:x:ylic acid [2-(2-amino-ethylamino)-1-

( hydro:xycarbamoyl-ethylJ-amide (2). 
~. 

( 

1 

Reagent 

Biphenyl-DM-hydrox:amate (1) 

Boc-amino-acetaldehyde 

NaB!llCN 

Acetic acid 

DCM 

MW 

327.4 

1
• H-C~'Boc 

NaBH.iCN, AcOH 
MeOH 

2.1M HCl 

EQ 

1.0 

159.19 4.0 

62.84 10.0 

60.05 20.0 

NaBH3CN (3.lmg, 0.05mmol) followed by acetic acid ((juL, 1.0mmol) were sequentially added 

to a stirred suspension of biphenyl-DAP-hydroxamate (1) (20mg, ·o.096mmol) and Boc-amino­

acelaldehyde (6.4mg, 0.4mmol) in MeOH (1.5ml) in a 4 ml vial The reaction was fullowed by 

LCMS. After stirring 12 hours, the cloudy reaction was only 50% complete. 'The reaction was 

concentrated under reduced pressure to a thick slurry that was dissolved in DMSO. The prodoct was 
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purified by prep. HPLC using a 20x50 mm Ultro 120 Cl8 coluIJ111 running a 22 mVmin 3% gradient 

(AcCN/water, 0.1 % TFA) for 16 min. The purified fractions were lyophilized to dzyness. The dried 

powder'was dissolved in CH3CN/water (1:1) (Im!) and IM HCl (700uL). After heating at 50 °C for 

75 min., the reaction mixture was again lyopliilized to dryness to produce 7.1 mg of product (2) as a 

2xHC1 salt white powder(~ 17% yield). 

Example.12; Synthesis of N-(1-(N-hydro:xYcarbamoyl)(1S,2R)-2-hydroxypropyl) [4-(2-

phenylethynyl)phenyljcarboxamide 

1. o--== 2 0 
0 ffOMe "" OH 

PdCl2(PPhlll, Cul, 
# 

,,-::- 1. H-Thr-OMe•HCI, 
Ef:iN,lHF 

"" 
HBTU, DlEA, DMF 

1 2. MeOH. NaOH 0 3 

~ o~ ON OMe H 

I "" 
NH20H•HCt. N N'OH 

,,-::- H 0 NaOMe,MeOH 
H· o 

# # 
I "" "" ,,-::- 4 

0 
5 

Preparation of 4-Phenylethynyl-benzoic acid (3) 

1. o--== 0 2 

"" OH ff oMe PdCl:z{PPhal2. cu• ""' I El,jN, THF 

I ""' 
# 

1 2. MeOH, NaOH 3 .&' 

Reagent MW EQ g/ml mmol 

IOdo-benzoate 1 262 1,0 20.0g 76.34 

Ethynyl-benzene 2 102 1.1 8.56 g 83.96 

PdCl2(PPh3)2 702 O.OJ2 0.65g 0.92 

Cul 190 0.024 0..35g 1.83 
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TEA IOI LS 
' 

THF (dry & sparged with argon for 5 min.) 

16ml 

110m1 

114.5 d=Q.726 

The 4-iodo-benzoic aeid methyl ester 1 (20.0g, 76.34mmol), ethynyl-benzene 2 (8.56g, 

83.96mmol), PdC12(PPh:ih (0.65g, 0.92mmol), and Cul (0.35g, l.83mmol) were mixed with THF 

(l l Otnl) in a round bottom under argon. The dry TIIF wa8 sparged with dry, oxygen-free argon for at 

least 5 min. immediately before use. The reaction was cooled to 10 °C and TEA (16ml) was added. 

The cooling bath was removed and the reaction was stirred atRT under argon. After 2.Sh, the reaction 

was diluted with EtOAc (400 ml) and the solids were filtered off through a pad of celite. The organic 

filtrate was washed with lM HCl (60ml), sat aq. NaHC03 (60ml), water (60ml), brine (60ml), dried 

wi:lh Na~O.i, filtered and concentrated under reduced press'nre. The crurle solid methyl ester was 

dissolved in MeOH (400ml), 6M NaOH (30ml) and water (50m1). The reaction was stirred at 70 °C 

until a clear solution was formed (about lh}. The reaction could be followed by· LCMS. The reaction 

( was cooled and diluted with water (500ml) and hexane (lOOmlf The pH was adjusted to pH 6-7. The 

white selid that fonned was collected and washed With water (3x60ml) and hexane (3x60ml). The 

solid 3 was dried in vacuo yielding I 7.3g (approx'imately quantitative ·yield in 99% purity). 

c 

' . . 
Preperation of 3-Hydroxy-2-(4-phenylethynylcbenzoylamino}-butyric acid methyl ester (4) 

0 

OH 

Reagent 

1. H-Thr-OMe•HCI, 
HBTU, DIEA. OMF 

MW 

4-Phenylethynyl-benzoic acid (3) 222 

Threonine methyl ester•HCl 169.65 

HBTU 380 

DIBA 12528 

DMF 

EQ 

1.0 

1.4 

LO 

2.5 

O yoH 
~"lr'OMe 

0 

4 

glml mn;tol 

L55g 7.0 

1.66 g 9.8 

2.66g 7.0 

3.05ml 17.5 

21 ml 



A solution of threonine (l.66g, 9.8nnnol) and DIEA (1.53ml, 8.8mmol) in DMF (lOml) was 

added to a stirred solution of 4-phenylethynyl-benzoic acid 3 (1.55g, 7.0mmol) and DIEA (l.53ml, 

8.8nimol) in DMF (l lml) at rt. After 12 h, the reaction was diluted with EtOAc (300ml) and washed 

with Q.5M HCl (2x60ml), sat. aq. NaHC03 (60ml), 50% diluted.brine (60ml), sat. brine (60ml), dried 

with Na2S04, filtered and concentrated uuder reduced pressure. Upon drying in vacuo, 2.34g of white 

solid.was obtained (awroximately quantitative yield in 99% purity). 

Preperation of' N-(2-Hydroxy-l-hydroxycarbamoyl-propyl)-4-phenylethynyl-benzamide (5) 

~Me 
0 

4 

Reagent 

Tolanoic-Thr-OMe (4) 

H2NOH·HCI 

·NaOMe 

MeOH(dry) 

DCM(dry) 

NH:,DH•HC~ 
NaOMe, MeOH .. 

MW EQ 

340A2 1.0 

69.49 10.0 

54.02 >11.0 

A solution of tolanoic-Thr methyl ester (4) (2.34g, 7.0mmol) in MeOH (20ml) and 

DCM (30nlI) was added to a cooled (-10 •c bath) suspension of hydroxylamine HCI salt (4.8lg, . . . ' . 

70.0mmol) and NaOMe (4.16g, 77.0mmol) in MeOH (30ml). Follow reaction by LCMS. After 

stirring for 2 hours, the reaction seems to stall at 50% completion. Add an additional I equivalent of . 

NaOMe (0.416g). After 3 hours, the reaction was 75% complete. Add an additional 0.5 equivalent of 

.NaOMe (0.21g). After 4 hours, the reaction was 90% complete. Add an additional 0.15 equivalent of 

NaOMe (0.064g) fur a total of 12.65 equivalents ofNaOMe. The pH of the reaction was between 11-

12 and had reacted about 95% completion. The reaction was diluted witll EtOAc (500ml) and washed 

with sat. aq. NaHC03 (2x60ml),, 50% diluted brine (60ml), sat brine {60ml), dried with Na2S04, 

filtered and concentrated under reduced pressure. The residue was dissolved in minimal DMA. The 
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product was purified by prep. HPLC using a reverse phase ffitro 120 CI8 column running a 2% 

gradient (AcCN/water, 0.1% TFA). The purified fractions were lyophilized to dryness. Tue product 

as the TF A salt was dissolved in AeCN/water (50:50) (80ml), IN aq. HCI (13 equivalent) and 

lyophilized again to give 1.3 g of white powder in 55% yield and >97% purity. 

Example ·13: Synthesis of 3-(R)-Amino-2-(S)-(3-phenylethynyl-benzoylamino)-butyl-hydi:oxamic 

acid (111) 

Preparation of 3-(R)-Azido-2-(S)-(3-phenylethynyi-benzoylamino)·butyric acid methyl ester (!)). 

~C02H 
5 

EDC,HOBT, 
DIEA.DCM, 
RT 

9 

The synthesis of compound 4 is described above. The tolanyl compound (9) was made by the . 

same procedures as fur compound (6). The product (9)was obtained in 92% yield (952mg). 

HPLC(220nm, 41min. run) 32.64 min.; HPLC(220nm, 17min. p.m) 15.08 min LCMS:. 

LC(214nm)3.Hi min., MS(ES+) m/z 363.l (CWH1sN4Q3 +II requires 363.14). 

Preparation.of3-(R)-Amino-2-(S)-(3-phenylethynyl-benzoylamino}hutyl-hydi:oxamic·acid (10) 

Reagent 

A:mino-Thr-OMe (9) 

1. PP!Ja, THF 

2. HaNQH, NaOMe 

MW 

362.38 

262.29 

Eq. 

1.0 

. 1.0 

97 

glml mmol 

726mg 2.0 

526mg 2.0 



NaOMe 

THF(dry) 

MeOH(dry) 

"69.49 

54.02 

10.0 

-12.0 

J.4 g 

l.3 g 

20ml 

20ml 

20.0 

24.0 

Triphenylphosphine (526ing, 2.0mmol)was added to a stirred solution oftolanyl-azido-Thr 

methyl ester (9) (726~g, 2.0mmol) at rt. After 3 days 1he reaction reached completion as judged by 

TLC (EtOAc/liex (2:1 )) and LCMS. · The reaction was concentrated under reduced pressure to give an 

ivoty colored solid. The cmde amino-phosphine was dissolved in MeOH (20ml) to give a pale yellow 
" . . 

solution. To the solutfon of amino-phosphine was added sequentially hydroxyi.a:mine HCI salt (1.4g, . " . 
20.0mmol) followed byJreslL solid NaOMe powder (l.3g, 24.0mmol) to make a milky pH 10 

suspenS:ion. After 36 h, the reaction was complete by LCMS. The reaction was evaporated under 

reduced pressure to give a yellow solid that was dried in vacuo. The crude product (2.75g) was 

triturated with e1her (3x50ml) to remove impurities (P(O)Ph3) and 1hen was dissolved in abs. EtOH 

(120ml) with sonication fur 15 min.. A :fine .white powder was suction filtered off. and the clear 

yellow ethanolic portion was concen1Iated to a small volume .. The crude product was dissolve.d in 

DMSO (8ml) and purified by preparative HPLC (Ultro 120 Cl8 75x300mm colunm) running a 

gradient (Ai::CN/Warer, 0.1% TFA) from 5 to 70"/o for 55 min.. The purified fractions were pooled 

together and lyopbilized to dryness. The product as the TFA salt was disSolved in AeCN/water (50:50) 

(lOOml), IN aq. HCl (1 equivalent) and lyopbilized agajn to give 325 mg of light yellow powder as the 

HCI salt (43% yield). 

_HPLC(220nm, 4lmin.run) 18.31 min.; HPLC(220nm, 17min.run) 9.11 min~ LCMS:. 

LC(214nm) 1.91 min., MS(ES+)m/z 338.l (C19H1~303 +H requires 338.14). 

98 

( 

{ 



I 

I 

c 

Synthesis of 4'-(N-Acylamino)-Tolan Dap Analogs 

Example 14: Synthesis of 4-({4-[(amiimaeetyl)amino)phenyl}ethynyl)-N-[(18)-1-(aminomethyl)-2-

(hydroxyamino )-2-oxoethyl]benzamide 

H~ 
1 

3 

Boc-Gly-OH 

EDCl,HOBt 
CH2Cl2, DMF 

24h 

L-Dap-(Boo)-OMe 

EDCI, HOBf; 
DIEA, DMF 

20h 

El3N, CH3CN, 22 h 

i. NH20H-HCI, NaOMe 
MeOH, THF, 0 °C 

BocHll! H 

2 

6 

(NHBoc 

!'('yOCHa 
H 0 . 

'H 

N ~~~HOH 
HAy . 
.. 0 

( · . Preparation of 2-N-Bo c-amino-N-( 4-iodo-ph~nyl)-acetamide (2). 

Boc-Gly-OH 0 

H2N-O-I BocHN~N-0-l 
EDCI, HOBt H ~ /, 
CH~l2, DMF 

1 24h 2 

Reagent MW Eq. g/ml mmol 

Boc-Gly-OH 175.19 1.00 1.752 g 10.0 

4-Iodoaillline (1) 219.03 1.04 2.290 g 10.4 



l 
l 

I 
l' 

I 
I 
i 

1 j . 

EDCI 

HOBt 

DCM 

DMF 

191.71 

135.13 

' . 

1.04 

1.00 

1.994 g 

1.351 g 

18mL 

lmL 

10.4 

10.0 

A solution ofBoc-Gly-OH (1.752 g, 10.0 mmol) in DCM (18 mL)"and DM.F (1 mL) was 

treated 'With EDCI (1.994 g, 10.4 mmol) and HOBt (1.351 g, 10:0 nunol). After stirring 15 min, 4-

iodoaniline 1 (2.290 g, 10.4 mmol) was added and the reaction monitored by TLC (25:1 DCM/M:eOH 

(Rr= 0.6)). After 24 h the solution was diluted with EtOAc (250 mL), washed with 1.0 M HCI (3 x 

100 mL), sat. NaHC03 (3 x 100 niL), brine (3 x 100 mL), dried over MgS04, filtered and concentrated 

ill vacuo to afford 2.900 g (77% yield) of a white solid. 

Preparafion of (2S)-3-N-Boo-amino-(4-ethynyl-benzoylaroino)-propionic acid methyl ester (4) . 

0 
L-Dap·(Boc)-OMe 

. ·~~:. ~H EDCl, HOB!, ,,,_I H 0 
4- DIEA. DMF ¢-" . 

20h 
3 4 

Reagent . MW Eq. g/mL nunol 

4-Ethynylbenzoic acid (3) 146.14 1.0 0.910 g 6.22 

H-Dap(Boc)-OMe-HCl 254.71 1.2 1.903 g 7.47. 

EDCI 191.71 1.2 l.432g 7.47 

HOBt 135.13 1.1 0.910 g 6.73 

DJEA 129.25 3.2 3.5mL 20.0 

DMF 50mL 

Triethylamine (3.5 mL, 20.0 mmol) was added tri a stirred solution of 4-ethynyibenzoic acid 3 

(910 mg, 6.22 mmol), H-Dap(Boc)-OMe hydrochloride (1.903 g, 7.47 mmol), EDCI (l.432 g, 7.47 

mmol), and HOBt (910 mg, 6.73 mmol) in DMF (50.0 mL). After stirring 20 h, the reaction mixture 

was diluted with EtOAc ( 400 mL), washed with 1.0 M HCl (2 x 100 mL), saturated NaHC03 (2 x 100 

mL), H20 (4 x 100 mL), dried over MgS04' filtered and concentrated in vacuo to give 2.140 g (99% 

yield) of a tan solid, mp= ll0-111 °C. LRMS (ES+) mlz 346.9 (C18HnN20s + Hrequires 347.10). 
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PdCl2(PPh3h, Cul 
4 + 2 ------'---

. EtsN, CH3CN, 22 h 

5 

To a suspension of methyl (2S)·3-[ (tert"butoxy)carbonylamino ]-2c[( 4-

ethynylphenyl)carbonylamino]propanoate (4) (200 mg, · 0.577 mmol) and 2-[(t~rt­

butoxy)carbonylamino]-N-(4-iodophenyl)acetamide (2) (476 mg, 126 mmol) was added Et3N (350 

µL, 2.5 mmol). The solution was purged :with a sj:ream ofN2 for several minutes and PdC!i(PPh3)2 

(20 mg, 0.02& mmol) and CuI qo.6 mg, 0.055 mmol) were added. The reaction mixture was stirred at 

ambient temperature for 22 h and then concentrated by rotary evaporation. The crude black residue 

was chromatographed twice by silica gel chromatography (30:1 CH2Ch/Me0H) to give 285 mg (83%) 

of methyl (2S)-3-[(tert-butoxy)carbonylamino )-2-( {4-[2-(4-{2-[(tert~ 

butoxy)carbonylamino )acetylamino }phenyl)ethYJJ.yl]phenyl}carbonylamino) propanoate (5) as a 

yellow fuam. 

i. NH20H-HCI, NaOMe 
MeOH, THF, 0 ·c 

6 

(N~~ 
N-"'("HOH 
H 0 

To a solution ofhydroxylamine hydi:ochloride (98 mg, 1.41 mmol) in MeOH (1.3 mL) at 0 °C 

was added 25 wt% NaOMe (460 mg, 2.13 mmol) .. Tue solution was stirred at 0 °C for 15 min and 

then charged with a solution of. methyl (2S)-3-[(tert-butoxy)carl~<mylamiuo)-2-( {4-[2-(4-{2-[(tert­

butoxy)carbonylamino]acetylamino} phenyl)ethynyl]phenyl}cadlonylamino) propanoate (4) (279 mg, 

0.469 mmol) in THF (I.5 mL) and :M:eOH (0.6 mL). The reaction was stirred at 0 °C for 30 min and at 
room temperature for 2.5. h. The reaction mixture was diluted with 4:1 CHChliPrOH (50 ml) and 
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· washed with 0.1 M HCI (30 mL). The layers were separated and the aqueous layer extracted once 

more with 4:1 CHCl:;/iPrOH (30 ml). The organic layers were combined, dried over Na2SO"' filtered 

and concentrared. The crude fl)sique ·was suspended in 10:1 CH2Clz/Me0H (4 nlL), filtered, and 

washed with 50: l CH:!Clz/MeOH (2 mL) and Bt20 (10 mL) to afford 180 mg (64%) ofN-(4-{2-[4-(N­

{ 1-(N-hydroxycaroamoyl)(l S)-2-[ (tert-butoxy)carbonylamino ]ethyl} carbamoyl) 

phenyl]ethynyl}phenyl)-2-[(tert-butoxy)carbonylamino]acetamide (6) as a white powder. 

, . To an oven-dried flask containing N-(4-{2-[4-(N-{l~(N-hydroxycarbamoyl)(lS)-2-[(tert-

j 

I 

I 

butoxy)carbonylamino]ethyl}carbamoyl)phenyl] ethynyl}phenyl)-2-[(tert­

butoxy)carbonylamino]acetamide (6) (130 mg, 0.218 mmol) was added I:l TFA/CH2Cl2 (2.5 mL). 

The resulting pi:Qk solution was stirred for 2 h and concentrated to give· a pink gum The cmde residue 

was rinsed with CH2Cl2 ( 4 mL), concentrated by rotny evaporation and dissolved in 1RF (2 mL) and 

MeOH (0.4 mL). A solution of 4 M HClin dioxane (200 µL) was added and the resulting precipitate 

fil:J;ered and washed with Et20 (iO mL) to · afford 90 mg of 4-( {4-

[ ( aminoacetyl)amino ]phenyl}et!zynyl)"N-[ (IS)- I-( aminomethyl)-2-(hydroxyamirio )-2-

oxoethyl]be~de. as a pale tan powder. · 

Reaction of Iodoanillne with Bromoacetyl Bromide 

0 

1. Br0Br 

benzene, l;~N (1 eq) 

2. morphollne (excess) 

3 

Bromoac"etylbromide 0 75 µL, 2.00 !lJID.Ol) was added dropwise over 5 minutes to a solution of 

4-iodoaniline (438 mg, 2.00 mmol) and EhN (280 µL, 2.00 mmol) in benzene (5 mL). The reaction 

was stirred 1 hour, treated with morpholine (1.0 mL, 11.5 mmol) and stirred overnight. The reaction 

mixture was diluted with EtOAc (200 mL), washed with aqueous 0.1 M KOH (50 mL), H20 {50 mL), 

dped over MgS04 and concentrated to give a yellow oil. Purification by silica gel chromatography 
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(100:1 CH2Gh/MeOH) afforded 630 mg (91%) ofN-(4-iodophenyl}2-morpholin-4-ylacetamide as a 

waxy tan solid·. This IJ!Oduct was converted to analogues in a similar manner as Example 14: 

Example A: .Preparation of 4-[4-(6-Chloro-pyrldin-3-yl}-buta-l,3-dlynyl)-benzoic ·acid methyl 

ester. 

EDC, HOAT, DMF 

1 
2 

o lN~2 
~-· 1~HOH 

Reagent MW EQ g/ml mmol 

H-DAP(Boc}OMe (1) 254 1.05 5.93 g 23.3 

4-lodo'-benzoic acid . 248 1.0 5.49g 22.2 

HOAT 136.1 1.02 3.08 g 22.6 

EDC 191.71 1.02 4.33g 22.6 

DIEA 129.25 2.5 9.1ml 55.1 

DMF 85m1 

DIEA (9.7ml, 55.lmmol) was added to a stirred soluti011 of 4-iodo-benzoic acid (5.49g; 

222mmol), HOAT (3.08g, 22.6mmol), EDC (4.33g, 22.6mmpl) in DMF (85ml). After 2 min., fue H­

PAP(Boc)-OMe (1) was added in one portion. After 12 hoilrs, the reaction was. foun4 complete by 

LCMS. The reaction was diluted wifu Etc>Ac/hexane (1:1) (500ml). The organic phase was washed 

with JN HCl (2x80ml), IN NaOH {2x80m1), water {2x80ml), sat. brine (80ml), dried with Na2S0<1, 
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filtered and concentrated under reduced pressure to give crude product. · The residue was :filtered 

tlirough a filter plug of silica eluting with EtOAclhexane (1:1). The fractions with product were 

evaporated to give 9 .3 g of product (3·tert-Butoxycarbonylmnino-2-( 4-iodo-benzoylamino )-propionic 

acid methyl ester) in 93% yield. This product was converted to analogues in a similar manner as the 

aforementioned Examples. 

j' Example 15: N-(1-{N-hydroxycarbamoyl)(1S,2R)-2-hydroxypropyl)(4-{2-[4-(morpholin-4-

! ylmetbyl)phenyl]ethynyl}phenyl)carboxamide (5) 

I 

2 

w ~YM• _-0-c_~ -/; _H_o -
~ H PdCl2(PPh,),,Cul 

H 1 Et,,N, THF, rt, 40 h H 

0 

/'.,,,,.,..,,,.,Me NH,OH •HCI 

4 

NaOMe,MeOH 
THf, 0-C tort 

3 

"yOH_ 

!fYM• 
H O ---NaBH(OAc), 

THF, rt, 20h 

I Preparation .of (2S, 3R)-2-(4-(4-formyl-phenylethynyl)-benzoylamino]-3-hydrox:y-butyrlc acid 

I 

I 
methyl ester (3). 

tr 
2 

~.~ ~o. PdC'2(PPh,)2, Cul 4' 
El3N, THF, rt, 40 h I "" 3 1 l:l ,,::, 

Reagent MW Eq. g/ml mmol 

Ethynylbenzene (1) 261.27 1.0 0.745 g 2.85 

4-Iodobenzaldeltyde (2) 232.00 1.4 0.902 g 3.89 

PdCh(PPh3)2 70L89 0.03, 0.070g 0.10 

Cul 190.44 0.06 0.034 g 0.18 -

Et3N 101.19 .2.3 0.90mL 65 

TilF '50mL 
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A solution of alk.yne 1 (745 mg, 2.85 mmol), 4-iodobenzaldehyde 2 (902 mg; 3.89 mmol), and 

Et3N (900 µL, 6.5 mmol) in THF (50 mL) was purged with a stream ofN2 for two minutes and then 

treated with PdCh(PPh3h (70 mg, 0.10 mmol) and Cul (34 mg, 0.18 mmol). The reaction mixture was 

stirred 40 h, coneentrated by rotary evaporation and purified by silica gel chro~tography ( 40: 1 

DCM/MeOII) to give 0.833 g (80% yield) of (28, 3R)-2-[4-( 4-formyl-phenyle1iiyiiyI)-benzoylaminQ]-

3-hydroxy-butyric acid methyl ester 3 as a pale yellow powder, mp= 143-144 QC. Rr = 0.3 (25:1 

DCM/MeOH); LR.MS (ES+) mlz 366.1 (GJH19NOs + II requires 366.13); HPLC (300 nm, 47 min) 

15.3 min. 

Preparation of (2S, 3R)-3-Hydroxy"2-[4-(4-morpholin-4-ylmetllyi-phenyletllynyl)­

benzoylamino]-butyrie acid methyl ester (4). 

3 

Reagent .MW 

Tolanylaldehyde (3) 365.38 

Morpholiile 87.12 

NaBH(OAc)3 211.94 

THF 

NaBH(OAc), 
THF,rt, 20h 

Eq. 

1.0 

l.3 

1.4 

ox: '-" N Me 
I,,, H < 

0 4 

glml mmol 

0.822g .2.25 

0.260mL 2.97 

0.670 g 3.16 

15ml 

( Sodium triacctox:YiJorohydride (0.670 g, 3.16 mmol) was added to a solution ofbenzaldehyde 3. 

(0.822 g, 2.25 mmol) and morpholine (260 µL, 2.97 mmol) in THF (15 mL) under Nz atmosphere and 

the 'reaction monitored by TI,C (25: 1 DCMl.MeOH, Ri=0.2). After stirring 4 h, the reaction mixture 

was quenched with saturated NaHC03 (150 mL), extruded with EtOAc (3 x 100 mL), dried over 

MgSO.i, filtered and conceutrated to give a yellow syrup. Purification by silica gel chromatography 

(35:1 DCMl.MeOH) afforded 0.844 g {86% yield) of 4 as a sticky white foam. 
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Preparation of (28, 3R)-N-(2-Hydroxy-1-hydroxycarbamoyl-propyl)-4-(4-morpholin-4-ylmethyJ,.. 

phenylethynyl)-benzamide (5). 

0 4 

Reagent 

Methyl ester (4) 

NII20H-HCI 

NaOMe (25 wt"/o) 

MeOH 

THF 

XOMe 
0 .. 

MW 

·NH20HoHCI 

NaOMe,MeOH 
THF, 0 •c to rt 

Eq. 

436.50 1.0 

69.49 3.0 

54.02 4.5 

~OH 
H 0 

0 5 

g/ml mmol 

0.829 g 1.90 

0.400 g 5.76 

1.860 g 8.60 

8mL 

3mL 

Sodium methoxide (25 vvt% in MeOH, 1.860 g, 8.60 mmol) was added to a stirred solution of . . 

hydroxylamine hy\itocbloride (400 mg; 5.76 ~ol) in 'anhydrous MeOH (S mL) at 0 °C under Nz 

atmosphere. After stixring 20 min, a solution of methyl ester 4 (829 mg, 1.90 mmol) in 1: 1 

MeOHJTHF (6 mL)was added and the reaction mixture stilled atO °C for 1 hand at room temperature 

for 4 h. The reaction was quenched with 1.0 M HCI (6 mL), concentrated by rotary evaporation to 

remove organic solvents, and diluted with DMSO (4 mL). ·Analytical RP-HPLC (CIB column, CH:iCN 

gradient 5-35%, 0.1% TFA, UV analysis 300 nm, 16 min) indicated a purity of 85% fur the crude 

product mixture. Purilication by preparati.Ve RP-HPLC and lyophilization of the collected fractions 

~ve 701 mg (81%) of5 as a fluffy white solid. LRMS (ES+) ml:i 438.1 (C2.ill21N30s + H requires 

438.20); RP-HPLC (300 nm, 16 min run) 8.7 min. 
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Resin Procedures for Synthesizing Tolanyl hydroxa:mates 

Example 16: Synthesis of 4-[(4-{[(benzylamino)acetyl]aJDino} phenyl)ethynylJ-N-{(1S,2R)-2-

hydroxy-1-[(hydroxyamino) carbonyl.Jpropyl}benzamide 

~-NHFmoc 

LuUdlne 

1. Plperdlne 

2.HATU · 

. fr x· O!Bu 

~/l'I/"'. .· 
O 

0 
NHFmoo . x: 

FmocHN · O 

PdCl2(PP"3)2, Cul, Et3N 
CH,CN, 22_h 

H yiauo 
9-Vlf"~N,,.-~ 

. 0 H 

1. Plperdlne 

0 

jl._,ar 
H 

80%TFAIH20 

w N. 
H 

1. Coupling to Ftnoc hydroxylamine resin 

NMP 

The resin was pre-swelled by adding DCM and shaking fur 30min. The resin was drained, 20% 

piperdine was added in DMF, the resin was shaken 1.25 hours, and finally drained and washed in 

2xDMF and 2xDCM. After draini!lg cmnplete!y, 20% piperdine in DMF was added to attain cleavage 
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in 1.25 hours. The resin was washed 4xDMF, 4xDCM and drained completely. In a separate flask, the 

amino acid {Fmoc-Thr tBu-OH, or Fmoc-DAP Boe-OH, 4 eq) was :mixed, HATU (4 eq), DMF (60 ml) 

and Hunig's (8 eq) base were added and stirred for 2-3 min. The :mixture was added to the resin and 

shaken 20-24 houIS. Subsequently, the resin was drained ·and run with a standard wash (IxDCM, 

4x:DMF and 4xDCM). The Fmoc was removed from the amino acid by adding 20% piperdine in DMF 

and shaken 1.25 hours, drained, and given the standard wash (lxDCM, 4xDMF·and 4xDCM). 

2. Coupling of 4-iodobenzoic acid to Amino Acid resin 

A mixture of 4-iodobenioic acid (4 eq), FI.BTU (4 eq), DMF (60 mi) was shaken for several 

minutes. Hllnig's base (8 eq) was subsequently added and the mixture was shaken further for 2-3 min. 

The pre-activated mixture was then added to ·the prepared Thr or DAP resin (Fmoc removed, 7.5g, 

5.775 mmol). The reaction iB shaken.12-16 hours followed by the standard wash (lxDCM, 4xDMF 

and4xDCM). 

3. Alkyne coupling on Resin 

To the 4~jodobenzoic resin (4 g, 3.08 mmol) was added 4-iu:ninophenylacety!ene (3 .eq), 

Pd(PPhl)zCiz (0.04 eq), CUI (0.08 eq) and THF (purged with Argo'n). After mixing for l min., TEA . . 
(4.5 eq) was added'and the reaction was shaken 12 hours at RT Under argon. 

4. Aniline coupling with bromoacety! chloride on Resin 

To aniline resin (4g, 3.08 mmol) was added DCM (30 ml) lutidine (10 eq) and shaken for I 

min. Bromoacetyl chloride (8 eq) in DCM (5 ml) was added slowly. After the addition, the slurry was 

shaken 'for 1.5 to 1.75 hours. Subsequent draining and a wash with.2xDCM, 4xDMF and 4xDCM was 

then P.erformed. 

5: Displacement with amines on Resin 

( ! 

To the bromoacety! resin (125 mg), was added NMP (1.5 ml) followed by amine (0.2 g or ml, ( 
.. 

ie excess) and the slurry was shaken for 12-16 hours at RT. To neutralize the salt, TEA was added. 

The imiQa.zole was heated af 38 °C for 24 h (in the case of anilines, they were heated at 38 °C foi 48 

h). The reaction :mixture was drained and washed 4xDMF and 4x:DCM. 

· 6. Cleavage from resin and deprotection of Tur tBu and DAP Boe 

The resin (125 mg) was soaked in TFA!Water (80:20 v/v) (1.5 ml) at RT for 45 mi.It Upon 

cleavage the solution was collected and 1he resin was washed with more TF A/water :mixture (0. 75 ml). 

To the TF A/product solution was addeii acetonitrile/waier solution (1: l v/v, lO ml) and pure water (2.5 
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ml). The mixture was frozen in liquid nitrogen for -15 min and lyopbilized. The dry residue was 

dissolved in the acetonitrile/water solution (1:1 vlv, 10 n;tl) again fullowed by addition of lM aq. HCI 

(1.2 eq per basic nitrogen), frozen, and lyophilized to a powder. 

Synthesis of 3'-Nitro-Tolan Threonine Hydroxamic Acid 

Example 17.: (1S,2R)- N-(2-hydroxy-l-hydroxycarbamoyl-propyl}-4-(3-nitro-phenylethynyl)­

benzamide 

+. 0 . 

FmocH~~~ 
0 

1 

to'b-1 4 
PdCl2(PPh3h, Cul 
EJ:aN, DMF, rt, 26 h 

ii. TFA, DCM 

i. 20% piperidlne/DMF 

ii. DIC, HOB!, DIEA 
DCM, DMF, 36 h 

~H ~ 
2 H 

5 

3 

yoH 

~~NHOH 
0 

+ 0 

·~ 

Prep?i"ation of {IS,2R)-N-(2-tert-bntoxy-1-hydroxycarbamoyl-propyl)-4~etliynyl-benzamide on 

hydroxylamine 2-chlorotrityl resin (3). 

Reagent -MW Eq. glmL mmol 

Fmoc-tln:eonine/resin (1) 0.70mmol/g 1.0 0.522 g 0,365 

4-Ethynyibenzoic acid (2) 146.14 3.0 O.l60g 1.10 

DIC 126.20 4.9 0.28mL 1.79 

HOBt 135.13 3.0 0.148 g 1.10 

DIEA 129.25 6.3 0.40mL . 2.30 

DCM l.OmL 

DMF 3.0mL 
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The resin 1 (0.522 g, 0.365 mmol, 0.70 mmol/g) was swelled in DCM (5 mL) for 2 h and 

drsined. The resin was treated with 20% piperidine in DMF (6 mL) for 1 hour, washed with DMF (4 x 

6 mL) and DCM (4 x 6 mL) and drained completely. hr a separate flask, 4-ethynylbenzoic acid 2 

(0.160 g, 1.10 mmol), DIC (0.280 mL, 1.79 nnnol), HOBt (0.148 g, 1.10 mmol) and DlEA (0.4 mL, 

2.30 mmol) were dissolved in DCM (l mL) and DMF (4 mL}, stirred 15 min and added to the resin. 

After shaking for 36 h, the mixture was drained, washed wifu DMF {4 x 6 mL) and DCM (4 x 6 mL) 

and dried in. vacuo to give 0.495 g of a yellow resin. 

Preparation of (1S,2R)- N-(2-hydroxy-1-hydroxycarbamoyl-propyl)-4-(3-':nitro-phenyfothynyl)­

benzamide (5). 

Reagent MW Eq. g/mL mmol 

Alkyn~ on resin (3) 0.70mmol/g 1.0 lOOmg 0.070 

1-Iodo-3-nitrobenzene (4) 249.01 5.0 87.l mg 0.350 

PdC!z(PPhi)z 701.89 0.2 10.0mg 0.014 

Cul 190.44 0.5 7.0mg 0.036 

Ef3N 101.19 15 150 µL 1.10 

D:MF 1.5mL 

Resin 3 (100 mg, 0.070 mmol) was swelled in DCM (2 mL) fur lh and drained. A solution of .. . . . . ' 

l-iodo-37nitrobenzene 4 (87.l mg, 0.350 mmol) and Et3N (150 µL, 1.10 mmol) inDMF (1.5 mL) was 

' purged with a stream ofN2 bubbles for two minutes and added to fue resin. After mixing for 5 min, 

I PdCl2(PPh3)i (10.0 mg, 0.014 mmol) and Cul (7.0 mg, 0.036 mmol) were added and the mixtuie 

( 

I shaken fur :i6 h. The resin was drained, washed with DMF-(3 x 2 mL), DCM (3 x 2 mL) and cleaved ( 

with 10% TFAIDCM (1.5 mL) for 20 min. The solution was collected and the resin was rinsed wifu 

additional 10% TFAJDCM (1.0 mL). The cleavage fractions were combined, treated with neat TFA 

(2.0 mL), stirred for l h at rt and concentrated by rotary evaporation to give a crude brown residue. 

Purification by RP-HPLC (Crn column, CH3CN gradient 5-65%, 0.1 % TF A, UV analysis 300 nm, 28 

min) and lyophilization of the collected fractions afforded 6.0 mg (22% yield) of (1S,2R)- N-(2-

hydroxy-l-hydroxycarbamoyl-propyl)-4-(3-nitro-phenylethynyl)-bertzamide as a· white foam. LRMS 

(ES+) mlz 384.2 (C19H11Ni06 + H requires 384.15); RP-HPLC (300 nm, 28 min run) 15.2 min. 
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Synthesis of 4'-Tritluoromethoxy-Tolan Dap Hydroxamic Acid 

Example 18: (IS)-N-(2-amlno-l-hydroxycarbamoyl-ethyl)-4-(4-trilluoromethoxy, 

phenylethynyl)~benzamide (5). 

H a:a 
_ j)tNHBoc 

FmocH r;f'-
. 1 0 \ 

4 

I. 20% piperldine/OMF 
II. DIC, HOB!, OIEA 

DCM, DMF, 36 h 

•• ~ #"!,_ p 
~OH 

2 

i. F3co-(}-f 
PdCl2(PPh3}.i, Cul 
Et,N, [)MF, rt, 24 h 

ii. TFA, DCM. 

~ H 0 
. 

3 . 

(4H2 
ONYHOH 

H 0 

5 

Preparation of (lS)-N-(2-(Boc)-amino-1-hydroxycarbamoyl-ethyl)-4-ethynyl-benz-amide on 

hydroxylamine 2-chlorotrityl resin (3). 

Reagent MW Eq. glmL mmol 

Fmoc--Dap/resin (l) 0.70 mmol/g 1.0 1.330 g 0;931 

4-Bthynylbenzoic acid (2) · 146.14 3.0 0.408g 2.793 

D~C 126.20 4.8 0.70mL 4.470 

HOBt 135.13 3.0 0.377 g 2.793 

DIBA 12925 6.2 1.0mL 5.7 

-DCM 10.0mL 

DMF 2.0 mL 

Th.e resin 1 (1.330 g, 0.931 mmol, 0.70 rnmol/g) was swelled in DCM (15 mL) for 2 hand 

drained. The resin was treated with 200/o piperidine in DMF (20 mL) for 1 hour, washed with DMF (3 

x 15 mL) and DCM (3 x 15 mL) and drained completely. In a separate flask, 4-ethynyibenzoic acid 2 

(0.408 g, 2.793 mmol),DIC (0.70 mL, 4.470 mmol), HOBt (0.377 g, 2.793 mmol) andDIBA(l.OmL, 
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· 5.7 mmol) were dissolved in DCM (IO mL) and DMF (2 mL), stirred 15 min and added to the resin. 

After shaking for 36 b, the mixture was drained, washed with DMF (3 x 15 mL) and DCM (3 x 15 

mL) and dried in vacuo 1lJ give l.290 g of a yellow resin. 

Preparation of (18)-N-(2-amino-1-hydroxyearbamoyl-ethyl)-4-(4-trifluoromethoxy­

phenylethynyl)-benzamide (5). 

Reagent MW Eq. g/mL mmol 

.AJkyne on resin (3) 0.70mmol/g LO 120mg 0.084 

4-CF30-iodobenzene (4) 287.99 4.0 96.8mg 0.336 . 
: PdCh(l'Ph3)2 701.89 .0.3 18.0mg 0.025 

Cul 190.44 0.5 8.0mg 0.042 

EtaN 101.19 13 150 µL LIO 

DMF 2.0mL 

Resin 3 (120 mg, 0.084mmol) waS'swelled in DCM (2 mL) for 1 hand drained. A solution ()f 

4-(trifluoromethoxy)iodobenzene 4 (96.8 mg, 0.336 mmol) and Et3N (150 µL, 1.10 mmol) in DMF 

(2.0 mL) was purged with a stream ofN2 bubbles for two minutes and add~ ta the resin; After mixing 

for 5 min, PdCl2(l'Ph3)z (18.0 mg, 0.025 mmol) and Cul (8.0 mg, 0.042 mmol) were added and the 

mixture shak~ for 24 h .. The resin was drained, washed with DMF (3 x 2 mL), DCM (3 x 2 mL) and 

cleayed with 10% TFNDCM (2.0 ml.) for 20 min. The solution was collectec;l and the resin was 

rinsed with additional IO% TFA!DCM (1.0 mL). The cleavage fractions were combined, treated with 

{ 
\ 

neat TF /\. .(3.0 mL), stirred for 1 h at rt and concentrated by rotary evaporation to give a crude brown 

residue. Purification by R;P-HPLC (Cts column, CH3CN gradient 5-55%, 0.1% TFA, UV analysis 300 . ( 

nm, 28 min) and lyophilization of the collected fractions affurded 9.0 mg (25% yield) of (IS)-N-(2-

l.lmint:r l -hydroxycarbamoy1-etby1}4-( 4-trifluoromethoxy-phenylethynyl)-benzamide as a white solid. 

LRMS (ES+) mlz 408.0 (C19H10F:;N304 + H requires·4Q8.ll); RP-HPLC (300 nm, 28 min run) 18.0 

min . 

. Example 19: Synthesis of N-(1-(N-hydroxycarbamoyl)(lS,2R)-2-hydroxypropyl)[4-(4-

phenylbuta-1,3-diynyl)phenyljcarboxamide 
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Reagent 

0 

OMe 

NaOH,MeOH 

0 YOH 

t'("-l(OMe 
H 0 

6 

MW 

Dibromovitiylbenzoi,c acid (2) 320 

Etbynyl-benzene 102 

Pd2dha3 915 

TMPP 352 

TEA 101 

DMF 

~Br -~3 
MeOlf""" Br 

. 0 2 

NH~H·Ha, 
NaOMe,MeOH 

BQ 

1.0 

l.4 

0.01 

0.04 

3.0 

5 

glml 

5.76g 

2.57 g 

l64m~ 

253mg 

7.5ml 

60ml 

Pdzdbas, 
PdGl2(PP_h3)z, 
El3N,DMF 

0 

OH 
H-Thr-OMe•HCl, : 
HBTU, DIEA, DMF 

~ N ~'OH 
0 ;r;H · 

I,,,;:; H 

7 

mmol 

is.o 
25.2 

0.18 (1% cat.) 

0.72 (4%) 

54.0 

degassed with argon 

The 4-(2,2-Dibromo-vinyl)-bellzoic acid methyl ester (2) was made by the method of Wang Shen and 

Le Wang in J.Org.Chem. 1999, 64, 8873-8879. 

A solution of 4-(2,2-dibromo-vinyl)-benzoic acid methyl ester (2) (5. 76g, 18.0rnmol), etbynyl­

benzene (2.57g, 25.2mmol), Pd2dba3 (164mg, 0.18mmol), tris(4-metboxyphenyl) phosphlne (TMPP) 

(i53mg, 0.72mmol) were dissolved in argon sparged (5 min.) DMF (60rnl). The reaction was sparged 
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with argon fod min. IBA (7.5ml, 54.0mmol) was added to the stirred reaction mixture that was then 

heated under argon at 85 °C for 3.5 hours. The reaction was found complete by LCMS. The reaction 

was cooled to rt and diluted with EtOAc/hexa:ne (l:l) (300ml). The organic phase was washed with 

IM HCI (2x50ml), IM NaOH (3x50ml), water (2x50ml), sat brine (50ml), dried with NaiS04, 

filtered and concentrated under reduced pressure to obtain 525g of erode product as an oil The oil 

was treated with approximately 20 ml of a solution of20% EtOAc/hexane that· was heated to dissolve 

·the residue. 'J:1le Wans of the flask were washed with the 20% EtOAc/hexane solution (5ml) that upon 

cooling gave 1.45 g ·of pure product (31 % yield) as a white solid. The balence of the crude reaction 

product was purified by flash chromatography usmg EtOAc (8%)/hexane as eluant. The pure fractions 

were evaporated and dried in vacuo to give addition product typically 25-30~ addition yield. 

4-(4-Phenyl-buta-1,3-diynyl)-benzoic acid methyl ester (4) was made according to the method of 

Wang Shen and Sheela A. Thomas in Org.Lett. 2000, 2(18), 2857-2860. 

Preparation of 4-( 4-Phenyl-buta-1,3-diynyl)-benzoic acid (5) 

A 3M aq. solution ofNaOH (20ml) was added to a stirred solution of methyl ester 4 (1.45g, 

5.6mmol) in MeOH (lOOml) at rt. The reaction solution was heated to reflux for 45 min. until the 

reaction turned clear. All of the starting material was gone by TLC and HPLC. The reaction was 

cooled to rt and some·MeOH (---50ml) was removed by evaporation under reduced pressure. -Water 

(I OOml) was added tO the mixture. Cone. HCl was added dropwise to 1he stirred solution until acidic 

by pH paper (jJH2). The white precipitate that formed· was collected by suction filtration. The solid 

was washed with water (3x20ml) and hexane (2x20ml) to give after drying 1.35 g of product acid 5 in 
' ' 

99"/o yield. 

( 

Subsequent conversion. of compound 5 to compound 7 was performed according to the method · ( 

described in Example 12 for the synthesis of N-(2-Hydroxy-l-hydroxycarbamoyl-prop:Yl)-4-

phenylethynyi-benzami,de (compound 5). LCMS MH+ 363.13. 

Example B: Synthesis of N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2-oxoethyl]-4-[4-(4-

aminophenyl)buta-1,3-dlynylJbeilzamide 
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Preparation of 2-{ 4-[ 4-( 4-Amino-phenyl}-buta-1,3-diynyl]-benzoylamino }-3-tert-

. butoxycarbonylamino-propionic acid methyl ester (2). 

1 
EOC, HOST, DMF 

2 

( Reagent MW EQ g/ml mmol 

H-DAP(Boc)-OMe 254 LOS 5.12g 20.1 

1,3-diynyl benzoic acid (1) 261:3 . LO 5.0 g 19.1 

HOBT 135.1 1.05 2.72g 20.1 

EDC 191.71 1.05 3.85 g 20.1 

DIEA 129.25 3.0 10.Sml 60.3 

DMF 80m1 

DIBA (10.5ml, 60.3mmol) was added to a stirred solution of 4-[ 4-( 4-Afilino-phenyl)-buta-1,3-. 

diynyl]-benzoic acid (1) (5.0g, 19.lmmol), HOBT (2.72g, 20.lmmol), EDC (3.85g, 20.lmmol) in 

DMF (80ml). After 2 min., lhe H-DAP(Boe)-OMe was added in one portion. After 12 houzs at rt, the 

reaction was fuund complete by LCMS. The :reaction wai; diluted withEtOAclhexane (4:1) (500ml). 

C .. The organic phase was washed with lNN~OH (2x80ml), water (2xli0~1), sat. brine(~), dried with 

Na2S04, filtered and concentrated under reduced pressure to give crude product. The residue was 

filtered through a filter plug of silica eluting with EtOAc/hexane (4:1). The ftactions with product 

were evaporated to give 8.02 g of product in 91% yield. 

Subsequent conversion of compound 2 tothe final hydroxamic acid (for example, EXample 892)was 

performed according to the method described in Example 12 for tlie synthesis of N-(2-Hydroxy-l­

hydroxycarbamoyl-propyl)-4-phenylethynyl-benzamide (compound 5). 
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Synthesis of 4-(Bnta-1,3-diynyl)-benzoic Acid (4) for making 1,3-diynyl analogues (such as 

Example 20 below) 

2 

-0-{CHa I "". CHa 
(CH3)sSi 11 

4 ""' PdCl,(PPh,.)2, Cul 
1 Et,N,CH3CN 4 3 

(CHa)z 
. 

o•ctort,33h 

0 
i. KOH, THF, H20 H 
ii. aq. HCI 

4 

]'reparation of 4-( 4-tfimethylsilanyl-bnta-1,3-diynyl)-benzoic acid methyl ester (3). 

2 

~Ha ,~ 

(CHalaSi II 
4 ""' PdCl;,.(PPhs);a. Cul 

1 EtaN. CHaCN 4-- 3 
o ·c to rt, 33 h 

(CH3)3Si 

Reagent MW Eq. g/ml mmol 

Methyl 4-iodobenzoate (2) 262.04 .· 1.0 4.510g l7.2 

Trime!]iylsilylbutadiyne (1). 122.24 2.5 5.240_g 42.8 

PdCh(PPh3)2 701.89 . 0.04 0.483 g 0.690 

Cul 190.44 0.08 0.262.g 1.37 

Et3N · 101.19 3.0 7.2.mL 52.0 

CH3CN 50mL 

·A solution of methyl 4-iodobeJlZ()ate 2 (4.510 g, 17.2 mmol), PdCh(Pl'b,)2 (483 mg, 0.690 

mmol), and CuI (262 mg, 1.37 mmol) in CJ:hCN (50 mL)was cooled to 0 °C underN2 atmosphere in 

the absence of light.· Triethylamine (7.2 mL,.52.0 mmol) was added, followed by trimethylsilyl-1,3-

butadiyne 1(5.240g,42.8 mmol) and the reaction stirred 3 h atO °C and 30 hat ambient temperature. 
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Removal of solvent by rotazy evaporation afforded a erode black residue that was purified by silica gel 

chromatography (95:5 hell'.anes/BtOAc) to give 3.450 g (79% yield) of 4-(4-trimethylsilanyl-buta-l,3-

diynyl)-benzoic acid methyl ester 3 as a brown solid, mp= 67-68 °C, 

· Preparation ~f 4-(bnta-1,3-diynyl)-benzoic acid (4) • 

0 

I ""' Hs· i. KOH, THF, H20 I ""' H 
,& 

4" 4" 
,& 

ii. aq. HCl # 3 4" 4 (CH3}.sSi H 

Reagent MW Eq. g/ml mmol 

Methyl ester (3) 252.34 LO 3.420 g 13.5 

KOH 56.11 4.9 3.700g 65.9 

H20 lOmL 

THF 26mL 

Potassium hydrotid~ (3.700 g, 65.9 mmol) was diSsotved in H20 (10 mL) and added to a . . 

solution of 4-(4-trimethylsilanyl-buta-1,3-diynyl)-benzoic acid methyl ester 3 (3.420 g, 13.5 mmol) in 

THF (26 mL) in the absence oflight After stirring 16 h, the reaction was qirenelied with 1.0 M HCI · 

. (120 mL) and the resulting precipitate was filtered, washed with .l:l hexanes/benzene (150 mL) and 

dried in vacuo to afford 2.100 g (91% yield, 9S% pure) of 4-(buta-1,3-diynyl)-benzoic· acid 4 as a 

brown solid, mp.>. 230 .°C. Although diyne 4 was fuund to be unstable at room temperature it could be 
i 

stored for several weeks at O °C with only small amounts of decomposition observed by '.ILC. Re= 0.2 

( (4:1 Hexanes/EtOAc); HPLC (300 nm, 28 min run) 16.0 min; LR.MS (ES+) 111/z 171.0 (C11H,;02 + H 

requires 171.04). 

Synthesis of a 3'-Nitrophenyl-Diacetylenic-Dap Hydroxamic Acid 

Example 20: N-(1-(N-hydroxycarbamoyl)(1S)-2--aminoethyl){4-[4-(3-nitrophenyl)buta-1,3-

diynyl]phenyl}carboxamide (6) 
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FmocHN,0J.f 
1 

i: 20% piperidine/DMF 

ii. Fmoc-Dap(Boc)-OH 
. HATU, DIEA, DMF 

I. 20% piperidine/DMF 

ii. ED,CI, HOB!, DIEA 
DCM, DMF, 36 h 

H-==-==-F\ ...... P --\doH p 
3 

02~f 
I. v 5 

PdCl2(PPh3)2, Cul 
.. Et3N, DMF, rt, 36 h 

ii. TFA, DCM 

NHBoc 

FmocHN~~'OJi 
2· 0 

4 

. (4H~oc 

~~ 
H 0 

0 Y
NH2 

HOH . 
H 

6 

Preparation ofFmoc-Dap(Boe}-NHOH on hydroxyl'.'-mine 2-chlorotr~tyl resin (:Z)~ 

FmocHN~ 
i. 20% piperidine/DMF 

il. Fmoc-Dap(Boc)-OH 
HATU, DIEA, DMF 

1 

. Reagent 'MW Eq. 

. Hydioxytamine resin (1) o. 77 =ollg 1.0 

Fmoc-Dap(Boc)-OH 426.47 3.0 

HAW 380.25 3.0 

DJEA 12915. 10:0 

DMF 

.. (NH~oca · 

FmocHN~'~ 
2 0 

g/mL mmol 

3.288 g 2.53 

3.175 g 7.44 

2.829 g 7.44 

4.3mL 24.7 

.35mL 

• A suspension of N·Fmoc-hydroxylamine 2-chlorotrityl resin (3.288 g, 2.53 mmol, 0.77 

mmol/g, Novabiochem) in DCM (40 mL) was shaken for 2 hand drained. The nisin was treated with 
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20% piperidine ·m: DMF (40 mL) for 1 hour, washed with DMF (2 .x 40 mL), treated a second time 

with 20% piper:idine in DMF (40 mL), washed wifu DMF (3 x 40 mL) and DCM (3x 40 mL) and 

drained completely. In a separate flask, Fmoc-Dap(Boc)-OH (3.175 g, 7.44 nunol), HATU (2.829 g, 

7.44 mmol) and DIEA (4.3 mL, 24.7 mmol) were dissolved in DMF (35 mL), stirred three minutes and 

added to the resin. After shaking for 48 h, the mixture was drained, washed with DMF (4 x 40 mL) 

and DCM (4 x 40mL) and dried in vacuo to give3.530 g of a yellow resin. 

Preparation of (S)-N-(2-N-Fmoc-amino-l-hydroxycarbamoyl-ethyl)-4-bnta-1,3-diynyl­

benzamid eon hydroxylamine 2-chlorotrityl resin (4). 

Y
e 

0. ~ 
H 

4 

Reagent MW Eq. gfmL · mmol 

Fmoc-Dap(Boc)/resin (2) 0.71 mmol/g 1.0 3.530 g 2.53 

Buf.adiynyl benzoic acid (3). 170.16 2.5 l.076 g 6.32 

EDCI 191.71 3.0 1.457 g 7.60 

HOBt 135.13. 3,0 1.048-g 7.75 

DIEA 129.25 5.0 2.2mL 12.6 

DCM 25mL. 

DMF SmL 

(. The resin 2 (3530 g, 2.53 mmol, 0.71 mmol/g) was swelled in DC¥ (40 mL) fur 2 h and 

drained. The resin was treated with 200/o piperidine in DMF (40 mL) for 1 hour, washed with D:MF (4 

x 40 · mL) and DCM ( 4 x 40 mL) and drained complelllly. fu a separate flask, 4-buta-1,3-diyn.yl-

. benzoic aeid 3 {l.076 g, 6.32 mmol), EDCI (1.457 g, 7.60 mmol), HOBt (1.048 g, 7.75 mttlol) and · 

DIEA (2.2 mL, 12.6 mmol) were dissolved in DCM (25 mL) and DMF (5 mL), stirred 45 min and 

added to the resin. After shaking for 48 h, the mixture was drained, :vashed with DMF (4 x 40 mL) 

and DCM (4 x 40 inL) and dried in vacuo to give3.35gofapale brown resin. 
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Preparation of (S)-N-(2-amino-1-bydroxycarbamoyl-ethyl)-4-[4-(3-nitro-phenyl)-bnta-1,3-

diynyl)-benzamide ( 6). 

0 2NV1 NH2 
NHBoo 

~1rNHOH 
·~ 

. "' I 5 
I ""' I. 

4 
,.-:; 

PdC~Pf'hs)2, Cul 

4 _4 
Et,,N, OMF, rt, 36 h 4· 

6 
IL TFA, DCM 

Reagent. MW Eq. g/mL mmol 

Diacetylene on resm ( 4) 0.77mmol/g 1.0 176mg 0.135 

1-Iodo-3-nitrobenzene (5) 249.01 3.5 118 mg 0.474 

PdCh(PP~)2 701:89 0.07 6.0mg 0.009 

Cul 190.44 0.38 10.0mg 0.052 

Et3N 101.19 10.6 200µL 1.43 

DMF 3.0mL 

Resin4 (176rilg, 0.135 mmol) was-swelled inDCM(3 mL) for 1 band drained. A solution of 

1-iodo-3-nitrobenzene 5 (118 mg, 0.474 mmol) and EtiN (200 µL, 1.43 mmol) in DMF (3.0 mL) was 

purged with a stream ofN2 bubbles for two minutes and added to the resin. After mixing for 5 min, 

PdCh(PPh3)2 (6.0 mg, 0.009 mmol)'and Cul (10.0 nfg, 0.052 mmol) were added and the mixture 

shaken for 36 h. The resin was diained, Wa.shed with DMF (4 x 3 mL), DCM (4 x 3 mL) and cleaved 

with 10"/o TFA/DCM (2 mL) for 20 min. · The solution was collected and the resin was rinsed with 
additional 10"/o TFAIDCM (2 mL). The cleavage fractions were combined, treated with neat TFA (4.0. 

mL), stirred for I h at rt and concelitrated by rotazy evaporation to give a crude brown residue. 

Pmification by RP-HPlC (C1s column, CH3CN gradient 5-65%, 0.1% TFA; UV analysis 300 run, 30 

·min) and lyophilization of the 'qollected fractions affOrded 12.0 mg (22%) of 470 as a white solid. 

LRMS (ES+) mlz.3.92.9 (C2oH16N40s + H requires 393.11); RP-HPLC (300 rnli, 30 min run) 14.9 min. 
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Synthesis of 4'-Benzamide Diaeetylene Dap Hy"1"oxamk Acid 

Example 21: N-((28)-amino-1-hydroxycarba:Qloyl-ethyl)-4-{4-[4-(2-amino-ethylcarbamoyl)­

phenyl]-buta-1,3-diynyl}-benzamide (3) . 

~ 
~~HT rt I. 
d 2 r 

# 
PdCl:l(Pf'h:i)s, Cul ~2 # # El,N, DMF, 60 h I "' 

3 j 

ii. TFA,DCM HN h 

Preparation ofN-((28)-amino-1-hydroxycarbamoyl-ethyl)-4-{4-[4-(2-amino-ethylcarbamoyl)­

phenyl]-buta-1,3-diynyl}-benzamide (3) 

Reagent MW Eq. glmL mmol 

Alkyne on resin (1) 0.77mmol/g 1.0 145mg 0.111 

4-Eihynylbenzamide (2) 430.54 2.6 124mg 0.288 

PdClz(PPba)l 701.89 0.3 21 mg 0.030 

Cul 190.44 1.0 22mg 0.110 

Et3N 101.19 6.5 IOOµL 0.72 

DMF 2.0mL 

. . 

Resin 1 (145 mg, 0.111 ntm~l) was swelled in bcM (2 lnL) for 1 hand drained. A solution·of 

4-ethynylbenzamide 2 (124 mg,_ 0.288 mmol) and Et3N (100 µL, 0.72 mmol) in DMF (2.0 mL) was 

( added and the resin agitated for 5 min. A mixture of PdCh(PPh3)2 (21 mg, 0.030 mmol) and Cul (22 

mg, 0.110 mmol) was added and 1he. resin was agitated fui: 60 h. The. resin was drained, washed with 

DMF (3 x 2 mL), DCM (3 x 2 mL) and cleaved with 10% TFA/DCM (1.5 mL} for 20 min. The 

solution was collected aud the resin was rinsed wifu additional 10"/o TFA/DCM (1.0 mL}. The· 

cleavage :fractions were combined, treated wifu neat TFA (2:0 mL), stirred for 1 h at rt and 

concentrated by rotary evaporation to give a crude brown residue. Purification by RP-HPLC (C18 

column, CH3CN gradient 5-55%, 0.1% TFA, UV analysis 300 nm, 26 min) and lyophilization of the 

collected fractions afforded 2.6 mg (5% yield) ofN-((2S)-amino-l-hydroxycarbamoyl-efuyl)-4-{4-[4-. . . . 
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(2-amino-efhylcarbamoyl)-phenyl]-buta-1,3-diynyl}-benzamide. LRMS (ES+) mlz 434.0 (C23H23Ns04 

+ H requires 434.19); RP-HPLC (300mn, 26 min run) 15.3 min. 

Synthesis ofN-(4-Butadiynyl-benzoyl]-Thr(tBn) on Resin (Continued to make Examples 22 and 
' . 

23) 

I. 20% piperldlne!OMF 

ii. Fmoc-Thr{OIBu)-OH 
HATU, DIEA, DMF 

I. 20% plpeficf111e/DMF 
H. EDCI, HOB!, DiEA 

DCM, DMF. 36 h 

+ 
FmocH~ 2 

0 

+ 
0 '10 H .. 

~Y'~ H 0 . 

4 

Preparation of (2S, 3R)-2-N-Fmoo-amino-3-tert-butoxy-N-hydroxy-bntyramide on 

hydroxylamine 2-chlorotrityl resin (l). 

.Reagent 

Hydroxylamine resin (1) 

Fmoe-Thr(tBu)-OH 

HA1U 

DIEA 

DMF 

i. 20% piperidine/DMF 
1 

ii. FmoO'Thr(OtBu)-OH 
HATU, DIEA, DMF 

:MW Eq. 

o.77mmollg 1.0 

397.50 3.0 

380.25 3.0 

129.25 10.0 

122 

glmL mtriol 

3.188 g 2.45 

2.927g 7.36 

2.798 g 7.36 

4.3mL 24.6 

40mL 

( 
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A suspension of N-Fmoc-hydroxylamine 2-chlorotrityl resin (3.188 g, 2.45 mmol, 0.77 

'mmol/g, Novabiochem) in DCM (40 mL) was shaken for 2 hand drained. The resin was treated with 

20% piperidine in DMF (40 mL) for 1 hour, washed with DMF (2 x 40 mL), treated a second time 

with 20% piperidlne in DMF (40 mL), washed with DMF (3 x 40 mL) and DCM (3 _x 40 .mL) and 

drained completely. In a separat.e flask, Fmoc-Thr(tBu)-OH (2.927 g, 7.36 mmol), HATU (2.798 g, 

7 .36 mmol) and DIEA ( 4.3 mL, 24.6 m.mol) were dissolved in DMF (40 mL), stirred three minutes and 

added to the resin. After shaking for 24 b, the mixture was drained, washed with DMF (4 x 40 rnL) 

I and DCM (4 x 40 mL) and dried in vacuo to give 3.500 g of a yellow resin. 

( 

c 

Preparation of 4-buta-1,3-diynyi"N-(2-tert-bntoxy-1-hydroxycarbamoyl-propyl)-benzamide on 

hydroxylamine 2-chlorotrityl resin (4). 

+ i. 20% plperidin.e/DMF + 
~ 

i. EOCI, HOB!, DlEA 

OM~ DCM, DMF, 36 h 
FmocHN I "' N . 

~o ""' 
H . 

0 ¢-' 
2 OH ¢-'. 4 3 H 

Reagent MW Eq. g/mL mmol-

Fmoc-tlrreonine/resin (2) 0.77mmol/g 1.0 2.030 g 1.56 

Butadiynyl benzoic acid (3) 170.16. 2.3 0.617 g. 3.63 

EDCI 191.71 2.8 0.834 g 435 

HOBt 135.13 2.8 0.588 g 4.35 

DIBA 129.2i 3.7 1.0mL 5.7 

DCM 15mL 

DMF 4mL 

The resin 2 (2.030 g, 1.56 mmol, 0.77 mmol/g) was swelled in DCM (20 mL) for 2 hand 

drained. The resin was treated with ZO% piperidine in DMF (20 mL) for 1 hour, washed with DMF (4 

. x 20 mL) and DCM (4 x 20 mL) and drained completely. In a separate flask, 4-buta-1,3-diynyl­

benzolc acid.3 (0.617 g, 3.63 mmol), EDCI (0.834 g, 4.35 mmol), HOBt (0.588 g, 4.35 mmol) and 

DIBA (1.0 mL, 5.7 mmol) were dissolved in DCM (15 inr.) and DMF (4 mL), stirred 45 min and 
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added to the resin. After shaking fur 36 h, the mixture was drained, washed with DMF (4 x 20 mL) 

and DCM (4 x 20 mL) and dried in vacuo to give 1.900 g of a pale brown resin. 

Synthesis ofDia:cetylenie Threonine Hydroxamic Acids 

Example·22: (2S,3R)-4•[4-(3-aminomethyl-ph:enyl)-buta-1,3-diynylJ-N-(2-hydroxy-1-

hydroxycarbamoyl-propyl)-benzamide (3). 

+ 
:o~ 

2 

L ~' 
PdCl,(PPh,},_ Cul 
Et.N, DMF, rt, 36 h 1 

i. TFA,DCM 

Reagent MW Eq. 

Diacetylene on resin (1) 0.77mmol/g 1.0 

3-Ioc,lobenzylamine HQ (2) 269.51 4.0 

PdCh(PPh3)2 701.89 0.2 

cru: 190.44 o.5 

Et:iN 101.19 23 

DMF 

o~H . HOH 
H , 

g/mL mmol 

100 ing 0.077 

83.0 mg 0.308 

11.0mg 0.016 

7.0 mg . 0.037 

250 µL 1.80 

l.5mL 

Resin 1 (obtained from previous synthesis) (100 mg, 0.077 nimol) was swelled in DCM (2 mL) 

for 1 h and drained. A solli.tion of 3-iodobenzylamine hydrochloride 2 (83.0 mg, 0.308 mmol) and 

Et:iN (250 µL, 1.80 mmol) in DMF (1.5 mL) was purged with a stream ofN2 bubbles fur two minutes 

and added to the resin. After mixing for 5 ~n, PdCh(PPli3)2 (11.0 mg, 0.016 mmol) and Clll (7 .0 mg, 

0.037 mmol) were added and the mix.ture 'shaken for 36 h. The resin was draine~ 'Washed-with DMF 

(4 x 2 mL), DCM (4 x 2 mL) and cleaved with 10% TFAIDCM (1.5 mL) for 20 min. The solution 

was collected and fue resin was rinsed with additional 10% 'IFA/DCM (1.5 mL), The cleavage . . . 

:fractions 'were comhilled, treated wifu neat TFA (3.0 mL), stirred for 1 hat rt.and concentrated. by 

rotary evaporation to give a crude brown residue. Parlficatlon by RP~HPLC (C18 column, CH3CN 

gradient 5-65%, o.1% 'IFA, uv analysis 300 nm, 28 min) and Jyophilization of the collected fractions 

afforded 4.3 mg (14%) of (2S,3R)-4-{4-(3-amin0Ir1etbyl-ph~nyl)-b~ta-1,3-diynyl]-N-(2-hydroxy-1-
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hydroxycarbamoyl-propyl)-benzamide as a white solid., LRMS (ES+) mlz 392.0 (C22H21N304 + H 

requires 392.15); RP-HPLC (300 nm, 28 min run) 10.0 min. 

Synthesis ofDiacetylenic Benzylamine Analogues 

Example 23: (IS, 2R)-N-2-hydroxy-1-hydroxycarbamoyl-propyl)-4-[4-(4-morpholin-4-ybnethyl­

phenyl)-buta-1,3-diyny1J..benzamide (4) 

+ 2 

o ~· " i-0-cHo 

I "' "' H 
1 

PdCl,{PPh3),. Cul , 

1 

!. 

NaCNBH;, (CH,O),CH 
MOH, THF, MaQH,44h 

U. TFA,DCM 

Et,N. DMF, rt, 48 h 

0 

H 

0 

Preparation of threonine diacetylenie benzaldehyde on resin (3). 

I "' ~.0 
A H O PdCl,(Pf!h,,)z, Cul 

p 
1Ji? Et,N. DMF, rt, 48 h 

I "' 
p 

# 1 3 
H A 

Reagent MW Eq. g/mL 

Diacetylene on resin (1) • 0.77 mmol/.g 1.0 LOOg 

4-Tudobenzaldehyde 232.00 4.0 715mg 

. PdCl2(PPhJ)i 701.89 0.07 40.0mg 

Cul 190.44 0.13 19.0mg 

Et3N 101.19 9.3 1.00mL 

DMF 20.0mL 
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3.081 

0.057 
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Resin 1 (1.00 g, 0.77 mmol) was pre-S-Welled in DCM (25 rnL) for 14 hand drained. A 

solution of 4-iodobenzaldehyde 2 (715 mg, 3.08 mmol) and Et3N {1.00 rnL, 7.17 rnmol) inDMF {20 

mL) was purged with N2 for two minutes and added to 1he resin. After mixing for 5 min, PdCh(Pl'h3)2 

(40.0 mg, 0.057 mmol) and Cul (19.0 mg, 0.100 mmol) were added and the reaction shaken for 48 h. 

The resin was drained, washed with DMF (4 x 20 rnL), DCM (4 x 20 rnL) and dried tn vac~o to give 

1J00 g of a dark yellow resin. 

Preparation of (IS, 2R)-N-2-hydroxy-1-hydroxycarbamoyl-propyl)74-[4-( 4-morpholin-4- · 

ylmethyl-phenyl)-buta-1,3-diynyl]-benzaniide (4). 

3 

0 

Rilagent 

,...... 
N ~· L °'--.,NH 

H NaCNBH,. (CH,OJ,CH 
AcOH, THF, MeOH, 44 h 

IL TFA;HCI' 

MW Eq .. 

Benzaldehyde on resin (3) · 0.77mmoVg 1.0 

Morpholine 87.12 6.0 

NaCNBH3 62.84 4.5 

Trimethyl orthoformate 106.12 6.5 

Acetic acid 60.05 123 

THF 

.MeOH 

mg/ill mmol 

188mg 0.141 

15 µL 0.860 

40mg 0.637 

IOOµL 0.914 

lOOµL i.750 

3.0mL 

1.0mL 

A solution of morpholine (75 µL, 0.860 mmol) and trimethyl ortliofbrmate (100 µL, ·o.914 

mmol) in TIIF (3.0 mL) was added ro a Teflon-lined screw-capped vial containing the resin-bound 

diacetyleuic benzaldehyde 3. The resin was agitated for 10 .min, treated successively with acetic acid 

(100 µL, 1.75 mrnol} and a solution of NaCNBH3 (40.0 mg, 0.637 mmol) in MeOH (1.0 mL) and 

shaken for 44 h. The resin was filtered, washed with D:MF (3 x 3 mL} and DCM (3 x 3 mL) and 

drained. Cleavage ·from the resin .was achieved by treatment with 10%TFAIDCM {2.0 mL) and, 

shaking 20 min. The solution was collected and the resin was rinsed with adiijtional 10% 1F AJDCM 
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(2.0 mL). The cleavage fractions were combined, treated with neat TF A (3.0 mL), stirred for 1 hat rt · 

and concentrat.ed by rotary evaporation to give a crude yellow residue. Purification by RP-HPLC (C18 

column, CH3CN gradient 5-35%, 0.1% TFA, lN analysis 300 nm, 18 min) and lyophilization of the 

collected fractions afforded 19.0 mg·{29%) of 472 as a fluffy yeUow solid. LRMS (ES+) m/z 462.0 

(Cu;H27N305 + Hrequires 462.10); HPLC (300nm,18minrun)10.3 min. 

Synthesis of 4'-Benzamide Diacetylene Threonine Hydroxamic Acid 

Example24: (l.S,lR}-N-(2-hydroxy-i-hydroxycai:pamoyl-propyl)-4-{4-[4-(2-amino­

ethylcarbamoyl)-phenyl]·buta-1,3-diynyl}-benzalDide (5) 

A~H 
. 

1 

2. 
H2N~HTrt 

EDCI, HOBt DlEA 
.DMF,24h 

l. 3, PdCl,(l'Ph,)z 

Cul, Et,N, DMF 
60h 

i. TFA,DCM 

.. 0 

Preparation of N-{2-trityl-amino-ethyl)-4-ethynyl-benzamide (3). 

Reagent MW Eq. glmL 

4-Ethynylbenzoic acid {1) 146;14 1.0 0.292 g 

N-Trityl ethylenediamine 302.41 1.3 0.810 g 

EDCI. 191.71 1.0 0.382 g 

HOBt 135.13 . 3.0 0.270g 

DIEA 129.25 4.0 1.40 rnL 

DMF .10.0 rnL 
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To a solution of 4-ethynylbenzoic acid 1 (292 mg, 2.00 mmol), EDCI (382 mg, 2.00 mmol),. 

and HOBt (270 mg, 2.00 mmol) in DMF (10 ml..) was added N-trityl efhylenediainine 2 (810 mg, 2.67 

· mmol) and DIEA (1.4 mL, 8.0 mmol). The reaction mixture was stirred 24 h, diluted with EtOAc (200 

mL), washed with0.5M HCI (60 mL), saturated NaHCO; (2 x 60 mL), H20 (4 x_60 rilL), dried over 

MgS04 and concentrated to give 836 mg.(97% yield) ofN-(2-trityl-amino-ethyl)-4-ethynyl-benzamide 

3 as a white solid, mp 50-51 °C. Rr= 0.40 (1:1 Hexanes/EtOAc). 

Preparation of (1S,2R)-. N-(2-hyqroxy-l-hydroxycarbamoyl-propyl)-4-{4-[4-(2-amino-. . 

· ethylcarbamoyl)-phenyl]-bnta-1,3-diynyl}-benzamide (5). 

Reagent MW Eq. g/mL mmol 

Alkyne on resin ( 4) 0.77 llllOOllg LOO 1_50mg 0.116 

4-Ethynylbenzamide (3) 430.54 3.00 151 mg · 0.350 

PdCh(PPh;)z 701.89 0.25 2lmg 0.030 

Cul 190.44 1.25 28mg 0.147 

Bt;N 101.19 9.50 150 µL 1.10 

DMF 2.0mL 

' ' 
Resin 4 (150 mg, 0.116 mmol) was swelled in DCM (2 mL) for 1 Ir and drained. A solution of 

'4-ethynylbenzamide 3 (151 mg, 0.350 mmol) and Et;~ (150 µL, LlO mmol) in DMF (2.0 mL) was 

added and the resin agitated fur 5 min. A mixture of PdCl2(PPha)2 (21 mg, 0.030 mmol} and CnI (:ZS 

mg, 0.147 mmol) was added and the resin was agitated for 60 h. The resin was drained, washed with 

DMF (3 x 2 mL), DCM (3 x 2 mL) and cleaved with 10% TFA/DcM (1.5 mL) for 20 min. The 

( 

· solution Wl\8. collected and tb,e resin was rinsed with additional 10% TFAIDCM (1.0 mL). The ( ' 

cleavage fractions were combined, treated with neat TFA (2.0 mL), stirred fur 1 h at rt and 

concentrated by rotacy evaporation to give a cmde brown residue. Pllrification_by RP-HPLC (C18 

colunin, CH3CN gradient 5-65%, 0.1 % TEA, IN analysis 300 nm, 26 min) and lyophilization of the 

collected ftactions affurded 2.0 mg (4% yield) of (1S,2R)-N-(2-hydroxy-1-hydroxycarbamoyl-propyl)-

4-{ 4-[ 4-(2.amino-ethylcarbamoyl)-phenyl]-buta-l,3-di:ynyl }-benzamide. LRMS (ES+) mlz 449 .1 

(Cz,µI2<tN40s + H requires 449.18); RP-HPLC (300 nm, 26 min run) 17.0 min. 
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Synthesis of 3'-Pyridine Diacetylene Threonine Hydroxamic Acid 

Example 25: N-((2R)-hydroxy-(1S)-hydro:cycarbamoyl-propyl)-4-{4-pyridin-3-yl-buta-1,3-

dlynyl)-benzamide (3) 

+ . OH 

~ ;c;NHOH L 2 

~~ 
,.,,, 
"" 0 
PdCl;i(PPh3)3, Cul ¢-· 

~ El;iN, DMf, 72 h 3 
1 ii. TFA, DCM 

Preparation ofN-((2R)-hydroxy-(1S)-hydroxycarbamoyl-propyl)-4·(4-pyridin-3-yl-buta-1,3-

diynyl)-benzamide (3). 

Reagent. MW Eq. g!mL mmol 

Alkrne on resin (1 )- 0.77mmol/g 1.0 142mg 0.109 

3-Ethynylpyridine (2) 103.12 3.4 .38 rog 0.368 

PdCh(PPh3)i 701.89 0.3· 22mg 0.031 

cur 19d.44 1.2 25mg 0.131 

· Bt3N 101.19 13 200µL 1.40 

DMF 2.0mL 

Resin 1 (142 mg, 0.109 mmol) was swelled in DCM (2 mL) for-I hand drained. A solution of 

3-ethynyipyridine 2 (38 mg, 0.368 mmol) and Et3N (200 µL, 1.4 mmol) in DMF (2 mL) Was added and 

the i:esm agitated for 5 min. A mixture of PdChQ'Ph3)2 (22 mg, 0.031 mmol) and cm (25 mg, 0.131 

mmol) was added~ the resin was agitated fur 72 h. Tu~· resin was drained, washed with DMF (3 x 2 

mL), DCM (3 x 2 mL) and cleaved with iO% 1FAIDCM (1.5 mL) for 20 min. The solution was 

collected and the resin was rinsed with additional l0% 'IF A/DCM (1.0 mL). '.I1te cleavage fractions 

were combined, treated with ·neat 'IF A (2.0 mL), stirred fur 1 h at rt and concentrated by rotary 

evaporation to give a crude brown residue. Purification by RP-HPLC (C1s column, CH3CN gradient 5-

65%, 0.1% TFA, UV analysis 300 nm, 24 min) and lyophilization of the collected fractions afforded 

4A mg (11 % yield) of N-((2R)-hydroxy-(lS)-hydroxycarbamoyl-propyl)-4-{4-pyridin-3-yl-buta-l,3-
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. diynyl)-benzamide. LRMS (ES+) mlz 364.0 (C20Hi1N304 + H requires 364.13); RP-HPLC (300 nm, 

24 min run) 11.2 min. 

Example 26; Synthesis ofN-(l{N-hydroxycarbamoyl)(lS,2R)-2-hydroxy propyl){4-[4-(6-

morpholin-4"yl(3-pyrldyl))buta-1,3·diynyl]phenyl} carb<ixamide (5) 

.~Br GI~ 
2 

MeOl ...,,.,· ~ 
1· 

4 

Reagent 

Dibromovinylbenzoic acid (1) 

2-Chloro-5~efhynyl-pyridine 

Pdzdba1 

TMPP 
TEA·. 

DMF 

1.Pd2dbaa. 
· PdCl2(Pf'ha)2, 

"' E1,N, DMF I 
" 

2. NaOH, MeOH 
Cl N 

1. MorphOrme, NMP 
9QC 

2. TFA. water 

~ 
I "'N 

.& Cl 

MW EQ 

320 J.O 

138 1.3 

915 0.01 

352 0.04' 

101 3.0 

0 

I "' 
¢' 

.& 

H H-Thr-NH-0-Trt-[Rinkj, 
DIC, HOBT, DIEA, DMF 

4 
3 

g/ml mmol 

9.6g 30.0 

5.43 g 39.0 

274mg 0.3 (1%cat.) 

422mg 1.2 (4%) 

12.s m:1 90.0 

90ml degassed Willi argon 

] Preparation.of 4-[4-(6-Chloro-pyridin-3-yl}-buta-1,3-diyn)'i]-benzoic acid methyl ester. 
' 

" 
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(Y'YBr 
MeO~ Br 

0 1 

c1~2 

1. Pd2dba3, 
PdCl2(PPfla),, 
EfeN, DMF 

2. NaOH,.MeOH 

0 

OH 

Cl 

4-[4-(6-Chloro-pyridin-3-yl)-buta-l,3-diynyl]-benzoic acid was made according to fue method of 

Wang Shen and Sheela A.. Thomas in Org.Lett 2000, 2(18), 2857-2860. 

A solution of 4-(2,2-dibromo-vinyl)-benzoic acid methyl ester (1) (9.6g, 30.0mmol), ethynyl­

pyridine (2) (5.43g, 39.0mmol), Pd2dba3 (274mg, 0.3mmol), tris(4-mefuoxyphenyl) phospbine (f.MPP) 

{422mg, I .2nnnol) were dissolved in argon sparged (:i i:µin.) DMF (60ml). The reaction was sparged 

(. with argon fur l min. TEA (l2.5rnl. 90.0mmol) was added to fue stirred reaction mixture fuat was 

(, 

then heated under argon at 85 "C :for 3 hours. The reaction was found complete by LCMS: The 

reaction was cooled to rt and diluted with EtOAcihexane (l:l) (500ml). ·.The organic phase was . 

. washed "1th IM NaOH {2xSOml), water (2x80ml), sat brine (80ml), dried with Na2S04, filtered and 

concentrated under reduced pressure to give crude product. The residue was filtered through a filter 

plug of silica eluting with EtOAc/hexane (1:1). The fractions with product were evaporated to give 

9.06 g of product in good purity (-96% pure). The marerial was taken on wilhout further purification. 

!'reparation of 4-[4-(6-Chloro-pyridin-3-yl)-buta~l,3-diynyl]~benzoic acid (3) 

A 6M aq. solution ofNaOH (15ml) was addoo to a stirred solution of 4-[4{6-Chloro-pyridin-3-

yl}buta-1,3-diynyl]-benzoic acid mefuyl ester. (9.06g, 30mmol) in MeOH (350ml) at rt. The reaction 

solution was heated to reflux for·3 hours. The reaction stayed a mixture and did not tum clear. · HPLC 

and LCMs indicated that the reaction was furming side products. The reaction was cooled to rt and 

some MeOH (~200ml) was removed by evaporation under reduced pressure. Water (400ml) was 

added to the mixture. Cone. HCI was added dropwise to the stirred solution until acidic by pH paper 

(pH2). The yellow precipitate that formed was .collected by suction filtration. TJ:ie solid .was washed 
. . . 

with water (3x20ml) and hexane (2x20ml) to give the crude product. BPLC indicated that fuere was 

approximately 40"/o product in the mixture. The crude reaction product was purified by flash 
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chromatography using EtOAc (8-10%)/hexane as eluant. The pure fractions were evaporated and dried 

in yacuo to give 4 .2 g of product 3 in 50% yi,eld. 

Preparation of (4-[4-(6cchloro-pyrldin-3-yl)-buta-l,3-diynylj-benzoylj-HN-Thr(OtBn)-

hydroxamic acid trityl resin ( 4) 

Cl 

I "" . OH 

,.p. d< 

3 

H-Thr-NH-0-Trt-[Rlnk], 
DIC, HOST, DIEA, DMF 

4 

4-(4-(6-Chloro-pyridin-3-yl)-buta-l,3-iliynyl]-benzoic acid (3) was coupled to a tert-butyl. 

protected tbreonine,,precloaded on hydrox:yiamine 2-chlorotrityl resin following tJie same procedure. as 

used for Example 26: . The coupling employed DIC and HOBT. [N-Fmoc-:hydro1cylamine 2-

ehlorotrityl resin was ptirehased from Novabioehem cat.# 01-64-0165.] 

Prepar;ition of .. N-(2-Hydro:x:y-1-hydroxycarbamoyl-propyl)-4-(4-(6-morpholin-4-yl-pyridin-3-

·y1)-buta-l,3-diynyl]-benzamide (5) 

4 

1. MorphofITTe, NMP 
soc 

2. TFA, water 

""N 
I d< 

I 
5 

A solution of moxpholine (300uL) in NMP (lml) was added to a vial containing the 2-

cloropyridine resin (4) (l50mg, 0.12mmol). The reaction mix~ was purged with argon and heated 

to 85-90 °C for 24 hours. The resin was drained and washed with DMF and DCM alternately several · 

times. The product was cleaved from the resin through treatment with a 'IF A/water solution (80:20) 
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(1.5ml) for 45 min. The resin was .filtered and washed with fresh 1FA/water solution (80:20) (0.5ml). 

The combined TFA and organic fractions were diluted with CH3CN/watcr (1:1) (lOml), water (2ml) 

and lyophil:ized. The crude product was purified by prep; HPLC. The crude product was dissolved in 

DMSO (lml), passed through a Teflon syringe filter, and the clear"filtrate was injected on a preparative 

[ HPLC. The purification used a 20x50 mm ffitro 120 CI8 column rurming a 22 ml/min 2% gradient 

(AcCN/water, 0.1% TFA) for 16 min. The purified fractions were lyophilized to dryness to give 2.2 

mg of pure product as the TFA salt (-32% yield). 

( 

Example 27: Synthesis of 4-[4-(4-Amino-phenyl)-buta-1,3-diynyl]-N-(i-hydro:ey-1-

hydroxycarbamoyl-propyl)-benzamide (4) 

+ 

1 

XIBu 
~d~)t 9' 

TFA,wa!er 

0 H I 
~ 
~ 

I "> 
3 n Nfi:i 

0 

}OH H 0 

HcYN'lf' N 
0 H. 

4 

DJC, HOBT. 
DIEA.DMF 

~ 
~ 

I "> 
# 

NH2 

( . Preparation of 2-{4{4-(4-Amino-ph\lnyl)-buta-l ,3-diynyl]-henzoylamino}-3-tert-butoxycarbonyloxy­

butyric hydroxamic acid trityl resin (3). 
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1 2 
HzN 

Reagent MW 

11-Thr(Boc )-NHO-Trt Resin (1) 

1,3-diynyl benzoie acid (2) 261.3 

HOBT 135,1 

DIC 126.2 

DIEA 129.25 

DMF 

DIC, HOBT, 
DIEA. OMF 

EQ 

LO 

1.4 

1.4 

1.4 

3.5 

3 

g/ml rnmol 

5.8 g 4.47 

l.64 g 6.25 

0.85 g 6.25 

0.98ml 6.25 

2.7ml 15.6 

50ml 

DIEA (2.7ml, 15.6mmol) was added to a stirred solution of 4-[4-(4-Amino-phenyl)-buta-l,3-

diynyl]-benzoic acid (2) (l.64g, 6.3IllDlol), HOBT (0.85g, 6.3mmol), .DIC (0.98ml, 6.3mnwl) in DMF 

(50ml). After 2 min., the Tur hydroxylamine resin (5.8g, 4.5mmol) was added in one portion. [N­

Fmoo-hydro:i..-ylamine 2-chlorotrityl resin was purchased from Novahiochem cat.# 01-64-0165.] After 

12 hours at rt, the reaction was found oomplete by LCMS. The resin was drained and washed with 

DMF and DCM, alternately 3 times each. The product on resin 3 ·was used as is in subsequent 

reactions without further treatment. 

Preparation of 4-[4-(4-Amino-phenyl)-buta-1,3-diynyl)-N-(2-hydro;xy-1-hydro:x:y carbamoyl­

prqpyl)-benzamide (4) 

TFA, water 

3 . 4 
NH2 

Reagent MW EQ g/ml mmol 
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1,3-diynyl benzoic Tlir Resin (3) 

TF A/water (80:2-0) 

1.0 120mg 

l.5ml 

0.09 

The product (4) (120mg, 0.09romol) was cleaved from the resin through treatment with a 

TF A/water solution (80:2!}) (1.5ml) for 45 min. The resin was filtered and wa~OO:l with fresh 

TFA!water solu):i.on (80:20) (0.5ml). The oombined TFA and organic fractions were diluted with 

CH3CN/water (1:1) (lOml), water (2.ml) and lyophilized. The crude product was purified by prep. 

HPLC. The crude product was dissolved in DMSO (lml), passed through a Teflon syringe filter, and 
the clear filtrate was injected on a preparative HPLC. The purification used a 20x50 mm Ultro 120 

C18 column l1llilring a 22 ml/min 2% gradient (AcCN/water, 0.1% TFA) for 16.min~ The purified 

fractions were lyophilized to dryness to give 2.2 mg of pure product as lhe TFA salt. The product (4) 

·was iyophilized again from CH3CN/warer with 10 equivalents ofHCl to remove most of the TFA to 

yield 2 mg of product as the HCl salt (-53% yeild). 

Example 28: Synthesis of 4-{4-[4-(2-Dimethylamino-acetylamino )-phenyl]-buta~l,3-diynyl}-N-(2-

hydroxy-l-hydroxycarbamoyJ..propyl)-benzamide (6) (Continued from compound 3 of Example 

27 above). 

3 

1.MeaNH,NMP 

2. TFA, water 

0 .-JlvBr 
GI 

Lutldine, DCM 

6 
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Preparation of 2-( 4-{4-[ 4-(2-Bromo-acetylamino )-phenyl]-buta-1,3-diynyl}-benzoylamino )-3-tert­

butoxycarbonyloxy-butyric acid hydroxamate trityl resin (5). 

0 XH3u 
tir0'~1µ 9' 

Cl~Br H 0 

~O"'Nlf N 9' 

Lutidine, DCM 0 H ""I 
0 H ::,,_I &..,' 

""" ~ 
~ 0 

3 I ""' N.JlvBr 
b 

NHz H 

Reagent MW EQ g/ml mmol 

Amino 1,3-diynyl benzoic Thr Trt Resin (3) LO 0.75 g 0.578 

Bromo-acetyl chloride 157.4 8.0 0.728g 4;62 

J:_.utidine 107 10.0 1.07ml 9.24 

DMF 6inl 

I I A solution ofbromo-acetyl chloride (0.75g, 0.58mmol) in DCM (2ml) was added to a mixture 

! of 2-{4-[4-(4-Amino-phenyl)-buta,.1,3-diynyl]-benzoylamino}-3-tert-butoxycarbqtiylox:y-butyric acid 

hydroxamate Trt Resin (3) (0.75g, 0.58mmol), luticline (1.lml, 9.2mmol) and DCM (4ml) at it with 

shaking. After shaking for 1.5 holll'.ll, the reaction was round complete by LCMS. The resin was 

' j drained and washed with DCM (2x10ml), DMF (3x10ml) and DCM (3:x10ml) again. The resin was 

· ! ·drained and dried in vacuo. The product on resin 5 was used as is in subsequent reactions without 

:! 
I 

I 

' 

I 

I 
I 
' ! 

further treatment. 

Preparation of 4-l4-[4-(2-Dimethylamino-acetylamino)-phenylJ-buta-1,3-diynyl}-N-(2-hydroxy-

1-hydJ:oxycarbamoyI.propyl)-benzamide (6). 

5 

1.MezNH,NMP 

2. TFA, wal\!r 

0 

N)l__,,Br 
H 

6 
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Reagent 

Bromo acetic Tur Trt Resin (5) 

Dimethyl amine 

NMP 

MW 

45.08 

EQ 

1.0 

g/ml 

125mg 

0.2 ml 

l.2ml 

mmol 

0.093 

excess 

A solution of dimethyl amine (0.2ml) in NM:P (l.2ml) was added to bromo acetic Tur Trt Resin 

(5) (125 mg, 0.09mmol) at rt with shaking. After shaking for 12 hours, the reaction was found 

complete·by LCMS. The resin was drained and washed with DCM (2x:!Oml), DMF (3x:l0ml)"and 

DCl'vf (3x:IOml) again. The product (6) was cleaved from the resin through treatment with a 

TFA!Wilter solution (80:20) (l.5ml) for 45 min. The resin was filtered and washed with fresh 

TFA/water solutionJ80:20) (O.Sml). The combined TFA and organic fractions were.diluted with 

CIDCN/water (1:1) (tOml);water (2ml) and lyophilized. The erode :product was purified by prep. 

( HPLC. The erode product was dissolved in DMSO (lml), passed through a Teflon syringe filter, and 

the clear filtrate was injected on a preparative HPLC. The purification .used a 20x:50 mm U1tro 120 

C18 column running a 22 rnl/miu 2% gradient (AcCN/water, 0 . .1% TFA}'for 16 min. The purified 

fractions were lyophilized to dryness to give 2 mg of pure product as the.TFAsalt (~3.7% yeild). 

( 

Example 29: Syllthesis of 4-{4-(4-(2-Amino-4-methyl-pentanoylamino}-phenyl]-buta-1,3-diynyl}­

N-(Z..hydroxy-1-hydroxycarbamoyl-propyl}-benzamide (1) (Continued from compound· 3 of 

Example 27 above) 

3 

1. Fmoc-L-Leu .. HATI.J, 
DIEA,DMF. 

2. Pipelidine, DMF 
3. TFA. water 

Reagent MW 

Amino 1,3-diynyl benzoic Thr Trt Resin (3) 

EQ 

1.0 

137 

7 

g/ml 

125mg 

mmol 

0.093 
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Fmoc-L-leuciue 

HA.TU 

DIEA 

DMF 

353.42 

380 

129.25 

4.0 

4.0 

8.0 

0.135 g 

0.146 g 

133 ul 

l.5ml 

0.384 

o.3s4 
0.768 

A solution of Fmoc-L-leucine (0.135g, 0.38nnnol), HATIJ (0.146g, 0.38mmol) in DMF 

(1.5ml) was made: After 2 min. of shaking, lhe activated acid was added to fue amino' 1,3-diynyl 

benzoic Thr Trt Resin (3) (125 mg, 0.09mmol) at rt with shaking. After shalOng for 36 hours, the 

reaction was drained and washed with DCM (2x4ml), DMF (3x4ml) and DCM (3x4ml) again •. The 

resin was treated wilh 20% piperfaine in DMF (4ml) fur 2 hours twice. The resin was drained and 

washed with DMF and DCM altemaJl?ly several times, The product was cleaved from ihe resin · 

through treatment with a TF A/water solution (80:20) (l.5ml) fur 45 min. The resin was filtered and 

washed with fresh 'IF Alwater solution (80:20) (0.5ml). The combined TFA and organic :fractions were 

diluted with CH3CN/water (1i1) (1 Oml), water (2ml) and lyopbilized. The crude product was purified . 

by prep. HPLC. The crude product was dissolved in DMSO (lml), passed through a Teflon: syringe 

filter, and the clear filtrate was injected on a preparative HPLC. The purification used a 20x50 mm · 

Ultro 120 C18 column running a 22 mltmin 2% gradient (AcCN/water, 0.1% TFA) for 1611lin. The 

purified :fractions weire Jyopbilized lo dryness to give 1.7 mg of pure product (J) as 1he TF A salt (-30% 

yield). 

Examples 30-1307. of Table 1 w.ere synthesized according to the synthetic schemes deseribed 

above. 
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Biological protoools and data 

· P. aeruguiosa LpxC Inhibition Assay 

The assay followed the genei:al method of Hyland et al (Journal of Bacteriology 1997 179, 

2029-2037: Cloning, expression and purification ofUDP-3-0-acyl-OlcNAc deacety!ase from . 

Pseudomonas aeruginosa: a metalloamidase of the lipid A biosynthesis pathway) and the radiolabeling 

procedure is according to Kline et al. supra. Briefly, samples were incubated with 2 nM P. aeruginosa 

LpxC and ISO nM [3H-Ac]-UDP-3-0-(R-3-hydroxydecanoyl)-GlcNAc ma total volume of 50 uL for 

90 mill at room temperature. Reactions were carried out in 96-well polypropylene plates. in 50 mM 

sodium phosi}fute buffer, pH 7.5, containing 1 mg/mL BSA. Reactions were stoj)ped by the addition of 

180 uL of a 3% suspension of activated cliarcoal powder in 100 mM sodium acetate, pH 7 .5. 

Supematants were clarified by centrifugation. Aportion of the clarifi&i supernatant, c~ntainingthe 

enzymatically released [3H]-acetate, was transferred to opaque white 96-well plates containing 

scintillation fluid. The radioai:tivity was measnred in a Perldn-El~er/W allac Tri!~ Micro beta 00unter. 

Control reactions to which 5 ~ EDTA had been added were included with each~ tO determine . 

noilspecific tritium release. 

Bacterb!.l Screens and CUitures 

Bacterial iSolates were cultivated from -70°C frozen stocks by two consecutive overnight 

passag!'S at 3.S°C in ambient air on 5% blood agar (Remel, Lenexa, KS). Clinical isolates tested were 

from a collection composed of isolates ooll.ected during clinical trials and reeent clinical isolates· 

obtained frorn various geographically diverse hospitals in the US. Qualify control and primary panel 

strains were from the American Type Culture Collection (ATCC; Rockville, MD), with the exception 

of P. aeruginosa PA0200, ~strain ~th a deletion of the mexABoprM genes that was received from . ~ . . . 

Dr. H. Schweizer. This strain does not express the principal mnltidrug efflux pump and is 

hypersuscepttllle to m~ny antibacterials. Strain Z61 (ATCC 35151) is also bypersuscepttole to 

antibacterials. It is thought that the hypersusceptibility of this strain is the result of increased · 

permeability of its outer membrane (Angus BL et al, Antimicrobial Agents and Chemotherapy 1.982 

21, 299-309: Outer membrane permeability in Pseudomonas aeruginosa: ·Comparison of a wild-type 

with an antibacterial-supersu~eptible mutant). 

139 



Susceptibility Testing 

Minimum Inhibitory Concentrations (MICs) were determined by the broth i:nicrodilution 

method in accordance with the National Committee for Clinical Laboratory Standards (NCCLS) 

guidelines. In brief, organism suspensions were are adjusted to a 0.5 McFarland standard to yield a 

final inoculum between 3x105 and 7xi 05 colony-forming units (CFU)/mL. Drug dilutions and inocula 

were made in sterile, cation adjusted Mueller-Hinton Broth (Remel). An inoculum volUm.e of 100 µl 

was ~dded to wells containing 100 µl of broth with 2-fold serial dilutions 9f drug .. All inoculated 

microdilution trays were incubated in ambient air at 35° C for 18c24 hours. Following incubation, 1he 

lowest con~entration of the drug that prevented.visible growth was recorded as 1he MIC. Performance 

of the assay was monitored by the use oflaboratory quality-contro~ strains against tobramycin, that has 

a defined MIC spectrum, in aecordance with NCCLS guidelines. 
. .\," . 

Efficacy in mo.use model of systemic Pseudomonas aeruginosa infection 

Female Balb/C' mice were injected intraperitoneally with 0.5 ml of~ bacterial suspension 

containing approximately lOO times 1he dose that would kill 5 0% of animal~ (l.D50) of P. aeruginosa 

strain PAOl or E. coli ATCC 25922. At one and five hours post infection, the test compound was 

injected intravenously in doses ranging from 5 mg/kg to 100 mg/kg, five mice per group. Mice were . 

observed for 5 days, and the dose of compound resulting in survival of 50% of mice (EDso) was 

· calculated. 

Drug Combination (Synergy) Studies 

I. . Principle 

Checkerboard experiments can be performed to assess potential interactions between primary . 

drug of interest (#1) and other related antibacterials (#2). P. aerugi.11osa ATCC 2 7853, S. auteus ATCC 

29213 and oilier organisms can be used as challenge straills as well as selected clinical isolates. Broth ( : 

microdilution format can be used to assess 1he activity of drug #1 and test compound alone and in 

combination. TwO.:fold dilutions of the two compounds to be tested (each bracketing the expected 

MIC value) are used. The fractional inhibitory concentration (FIC) was calculated as 1he MIC of 

compound #1 in combination with a second compound, divided by the MIC of compound #1 alone. A 

summation FIC ( LFIC) was computed for each drug combination as the sum of the individual FICs of 

compound #1 and #2. Synergy was defined as an [FIC $ 0.5, indifference as an LFIC between 0.5 and 
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4, and antagonism as D'IC > 4. The lowest D'IC was used fur the final interpretation of drug 

combination studies. , 

Interpretation of summation ( D'!C) 

a) Synergism, x S0.5 

b) fudifference, 0.5 <x ~ 

c) Antagonism, x > 4 

Table 2: Demonstrati~n of Antibacterial activity of Select Compounds .from Table 1 

Enzyme inhibitory activify · 

Compound ICso(nM) 

·Example# 

12 <IOOnM 

572 <lOOnM 

481 <lOOnM 

19 i<lOOnM 

516 <lOOnM 

280 <lOOnM 
. 

366 <100nM 

711 <lOOnM 

. 315 <lOOnM 

779 <lOOnM 

860 <lOOnM 

801 <lOOnM 

13 <lOOnM 
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Table 3: Antibacterial activity vs standard panel of organisms {MIC, µg/ml). 

MIC Key 

MIC's of 6.25 ugfml or less =A 

MIC's of greatet thJm 6.25 ug/ml to 50 ugfml = B 

. MIC's of greater than 50 ugfml = C 

Baeterlal main: )'. aeruginosa E.coli S. anreus hyper-permeable P. aernginosa 

27853. 25922 29213 J'. aerng. 35151 PA0200mexAB 

Compollild 

Example# 

12 A A c A A 

572 A A c . 
A A 

( 

481 A A c A A 

19 A A B A ·' A 
. 

516 A A c A A 

.280 A A c A A 

366 A A c A A 

777 A. A c A A 

315 A A c A A 

779 A A c A A 

860 A A c A ·A 

801 A A c A A 

13 A ' A c AA A 

142 



( 

(~ 

Table 4: Antibacterial activity vs cystic fibrosis isolates of Pseudomonas aernginosa (MIC, 

µglml). Strains have the following phenotypes: 3198 and 3236, sensitive to most antibacterials; 

2196, resistant to ciprofloxacin; 3224, resistant to ceftazidime; 3317, resistant to aztreonam; 1145 

and 3206, multi-drug resistant. MIC Key 

MJC's pf 6.25 ug/ml or less= A 

MIC's of greater than 625 ug/rnl to 50 ug/ml =B 

MIC's of greater fhan 50 ug/ml = C 
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Strain number: 3198 3236 2196 3224 3232 3317 1145 3206 

Phenotype: Sensitive Sensitive CiproR TobraR Ceftaz.R Aztr.R MDR MDR 

LpxC inhibitors 

12 A A B A A A A A 

481 A A A A A A A A 

19 A A A A A A A A 

516 A A A A A A A A 

280 A A B A A A A A 

366 A A A A A A A A 
... 
t 777 A A A A A A A A 

315 A .A A A A A A A 

779 A A A A A A A A 

801 A A A A A A A A 

13 A A A A A A A A 

Comparator antibacterials 

Tobramycin 2 0.5 2 64 1 2 8-32 64 

Aztreonam 1 0.5 1 1 1 64 >128 > 128 

Ceftazidime 2 0.25 2 2 64 4 >128 > 128 

Cefepime 4 2 2 8 2 8 >128 32 

Ciprofloxacin 1 G.06 >8 2 2 G.5 4 >8 

,~~ , . .......__, 



c 
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Table 5: Antibacterial activity vs non...cF clinical isolates of P. aeruginosa and vs other gram­

negaiive pathogens. Set 1: non-fermenting organisms. P. aer., P. aeruginosa; Acinet calc., 

Aclnetobaeter calcoaceticus; Alea!. xyL, Alcaligenes xylosoxidans; B. cep., Bnrkholderia cepacia; 

S. malt., Stenotrophomonas maltophilia 

MIC Key 

MIC's of 6.25 uglml or less= A 

MIC's of greater than 6.25 uglml to 5() ug/ml = B 

MIC's of greater than 5() ug/ml = C 
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Species: P. aer 27853 P. aer. PAOl P. aer 12307 . P. aer psa-6b Aclnet. calc. Alcal. xyl B. cepacla S. malt. 

LpxC inhibitors 

12 A A A A A A B A 

481 A A A A c c B c 
19 A A A A A B B B 

516 A .A ' A c c c c 
280 A A A A c B B B 

366 A A A B c A B B 

'777 A A B A B A' c 
315 A A A A c B A A .... 

~ 779 A A A c A A B 
801 . A A A B c B c 
13 A A A c A A B 

Comparator 
antibacterials 

Tobramycin 8 2 2 64' 64/>128 0.5 
Aztreonam 16 32 32 32 64 > 128/16 
Ceftazidime 4 64 16 1 8/4 1 
Cefepime 2 8 8 8 32/16 8/1 
Meropenem 0.5 0.25 4 0.5 4 64 
Pip/Tazo 4 >128 8 1 64 16 
Ciprofloxaoin 0.5 2 0.5 0.5 

·~ 



( 

c 

Table 6: Anti"bacterial activity vs non-CF clinical isolates of P. aeruginosa and vs other gram­

negative pathogens, continued. Set 2: enteric organisms. E. aer., Enterobacter aerogenes; E. 

clo., Enterobacter cloacae; E. coli, Escherichia coli; K. pneu., Klebsiella pneumoniae; K. oxy., 

Klebsiella oxytoca; P. mir., Proteus mirabilis; S. mare., Serratia marcescens. 

MIC Key 

MIC's of 6.25 ng/ml or less= A 

MIC's of greater than 6.25 ug/ml to 50 ug/ml = B 

MIC's of greater tban 50 ug/ml = C 
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Species: E. aer. E. clo. · E. coli 1619 E. coli2788 K.pneu. K. oxy. P. :mir . . S.marc. 

LpxC inhibitors 

12 c A A A A A A A 

481 c A A A A A A A 

19 A A A .A A A A A 

516 c B A B c c c A 

280 c A A A B c B B 

366 c A A A B B A A 
777 B A A A A A A A 

315 c A A A c c c B ,... 
;; 779 c A A A B B B A 

801 B A A A A A A A 

13 c A A A. A A A A 

Comparator 
antibacterials 

Tobramycin 64 0.06 16/64 0.06/2 64 1 . 2 2 

Aztreonam <=0.13 128/64 <=0.13/0.25 2 ·0.5 <=0.13 <=0.13 

Ceftazidime 32 0.25 > 128 0.25/<=0.13 8 0.25 <=0.13 ' 0.25 

- Cefepime <=0.13 4/<=0.13 <=0.13 8 <=0.13 <=0.13 <= 0.13 

Meropenem 2 <=0.06 0.25/0.13 <=0.06 0.13 <= 0.06 0.5 0.13 

Piptrazo 2 > 128 1 > 128 2 0.25 1 

Cipmfloxacin >8 0.015 2 0.03 0.06 0.03 0.03 0.25 
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Table 7: Drug Combination (Synergy) Studies Result 

Minimum Concentratfon (mg/ml) required to inhibit grouth ofE. coli 25922 

Etythromycin LpxC inluoitor 925 

LpxC inluoitor 925 only - 6.25 

Eryfhromycin only 128 -
LpxC inhibitor 925 2 0.78 

+erythromycin 

Each of the Example compounds cifTable 1 was synthesized and assayed as described above. 

Many of the Example compounds 1-1307 displayed an IC50 value ofless 1han 10 µM with respect to 

LpxC. Many offuese compounds displayed an IC so value ofless tbau or equal to I µIV{ or less than or 

equal to 0.1 µM. Many of these compou:t:ujs exhibited ICso values of kiss than or equal to 0.050 µM, 

less 1han or equal to 0.030 µM, less tbal1 or equal to 0.025 µM, or less than or equal to 0.010 µM. 

It should be understood that the organic compounds according to the invention may exhibit the 

phenomenon of tmtomerism. As the chemical structures within this specification can only represent 

one of the possible tautomeric forms, it should be understood that the invention encompasses any 

tautomeric form of the drawn structure. 
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Structure 

!faC OH Chiral 

¢~~~ 
H 0 

F 
F 

l;l3C:t;1 Chiral 

~ ~-OH 
.~ ~ 0 

"'" ll'X ""'"" 0~ H-oH 

0 

~:x;~~ Chiral 

lf.C OH Chiral 

~Nx;~-OH 
H 0 

~:x;~-00 ~;~ 

""' 
i Sa~ Chiral d OH 

H,C-o 

~C~H Chi~ ~-OH 
~ 0 

TABLE 1 

Name MH+ 

3,4-difluoro-N-{ ( 1S,2R)-2-hydroxy-l-
275.2 I (hydroxyamino )carbonyl]propyl} benzamide 

(2S,3R)-N,3-dihydroxy-2-[(4-
281.3 

phenylbutaooyl)anrlno ]butanamide 

' 

(2S,3R)-N,3-dihydroxy-2-( (4-[4· 
(methyloxy)phenyl]bU!anoyl}amino)hutanami 311.3 

de 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-5- 295_3 

phenylpentanamide 

(2B,4E)-N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbori.yl]propyl}-5- 291.3 

phenylpenta-2,4-dienamide 

(2B)-N-((1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl }-3- 265.3. 

phenylprop-2-enamide 
. 

(2S,3R)-3-hydroxy-2-( { (2E)-3-[ 4-
(methyloxy)phenyl]prop-2- 280.3 
enoyl}amino)butaooic acid 

(3R)-3-amino-N-((1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-5- 310.4 

phenylpentanamide 
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Ev•~-•e Structure Name Mil+ 

,,c/;x;"-'" ~;. (2E)-3-(4-fluorophenyl)-N-{(1S,2R)-2-
hydroxy-I-

283.3 0 [(bydroxyamino )carbonylJpropyl} prop-2-
A enamide 

38 

;x~'"-' (2E)-3-(3-bromophenyl)-N-{(1S,2R)-2-

0 
hydroxy-1-

344.2 
""" [(hydroxyamino)carbonyl]propyl}prop--2-
b eruiroide 

39 Br 

- ~"ff;r;n-OHC>l'" N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propy!}--4-{[(2- 372.4 

pheeylethyl)amino }methyl} benzamide 

40 

( lfo:x; Chlr.il N-{(IS,2R)-2-hydroxy-1-JY ~-DH 
~~ .. ~o. [(hydroxyamino)carbonyl]propyl}--4-{[(4- 400.5 

phenylbutyl)amino ]methyl} benzamide · 

41 

d:x; Chiral ~-OH 4-[(cyclopropylamino)methyl]-N-{(IS,2R)-2-

H 0 hydroxy-I- 308.3 

if [(hydroxyamino )carbonyl]propyl} benzamide 

42 

bt.;x; Ol!ral 4-[(hexylamino)methyl]-N'{(1S,2R)-2-
~ ~OH hydroxy-I- 352.4 H,C 

-~ 0 . 
[(hydroxyamino )carbonyl]propyl}benzamide 

43 

c 6~x; ChloM N-{ (1S,2R)-2-hydroxy-1-
. ~ ~-
er--~ 0 

[(hydroxyamino)carbonyl]propyl}--4-{[(2- 373.4 
pyridin-2-ylethyl)amino ]methyl} benzamide 

44 

v1:x;~-OH ~iral N-{(1S,2R)-2-hydrm .. ]'-l -

r [(hydroxyamino)carbonyl]propyl}-4-(4- 337.4 

H,C"NJ 
methy!piperazin-1-yl)benzamide 

45 

o~l;"-oH Chiral 
N-{(1S,2R)-2-hydro>.]'-l-

[(hydroxyamino)carbonyl]propyl}-4-(piperidin 336.4 
1-yhnelhyl)benzamide 

46 
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51 

52 

53 

54 

55 

Structure 

0 
~:x;j;!_OHChlral 

N I ,,, 0 

o w'~x; rural a~ ~ O ll-oH . 

I 

~d;c;~"""' 

r~~~~, 
. H 0 

. 

§ 

oi,c~ Chiral 

o···'ll_N ~-OH 
'° ~ H 0 0 .... . 

. 

~cx;H Chiral 
tf N-OH 

0 . 

~:x; Chiral 
l;!-oH 

~ 

NH.H 0 . 
' 

~ex; Chlral j;!.OH . 
~ ' .. a .. N . . .. 

·~ 
I "" 

. OH 

0 

"" 
,.,,,. 

Hp J) "' - -

Name MH+ 

l'!-{(1S,2R}-2-hydroxy-1-
[(hydroxyamlno )ca:rbonyl]propyl}-4- 338.4 

(morpholin-4-ylmethyl)benzamide 
•. 

l'!-{ ( 1S,2R)-2-hydroxy-1-
[ (hydroxyamino )carbonyl]propyl}+( {[3-(2-

.393.5 
oxopyrrolidin-1-

yl)propyl]amino }methyl)benzamide 

l'! -{ (1S,2R}-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}+{[(3- 386.5 . 
phenyiprl>pyl)amino ]methyl} benzamide 

(2S,5R}-l'!-{(1S,2R.}-2-hydroxy-1-
. [(bydroxyamino)carbonyl]propyl}-5- 308.3 

phenylpyrrolidine-2-carboxamide 
' 

(2R,5S)-l'!·{ (1S,2R)-2-hydroxy-1-
[(bydroxyamino)carbonyi]propyl}-5- 308.3 

phenylpyrroiidine-2-carboxamU:le 

. 

(2S,3R)-2-{[(3S)-3-amino-4-
phenylbutanoyl]amino }-N,3- 296.3 

dihydroxybutanatnide 

. 

(2S,3R}-2-{[{2S)-2-amino-4-
phenylbutanoylJamino }-N,3- 296.3 

clihydroxybu:taruunide 

l'!-{ (1S,2R)-2-hydroxy-1-
[(bydroxyamino )carbonyl]propyl }-6-(2- 337.4 

pyrrolidin-1-ylethyi)pyridine-3-carboxamide 

. 

2-{ [( 4'-ethyi-l,1 '-biphenyl-4-
yl)carbonyl]arnino }-3-hydroxy-3- 342.4 

methylbutanoic acid 

152 



I 
Examnle Structure Name Ml!+ 

#X00 2-{[ 4-( 4-eihylphenyl)phenyl]carbonylamino }-
356.4 

0 3-hydroxy-4-methylpentanoic acid 

HC 
56 . . . 

. - - ~ {[( 4'-elhyl- l ,1 '-biphenyl-4-
366.5 i;,c~o OH 

yl)carbonyl]amino }(thien-2-yl)acetic acid 

57 

·~ N-{2-{[(1, 1-dimethylethyl)oxy ]amino }-2-oxo· H . 

~N·~ .1-thien-2-ylethyl)-4'-ethyl-1,l '-biphenyl-4- 437.6 
J\C 0.0 b~ carboxamide 

CH, 

58 

( .,CH, 

rO~~i=N'cH, 3-( dimethylamino )-2-{[( 4'-ethyl-1,1 '-biphenyl-
341.4 

H,c <,.J.oo 0H 4-yl)carbonyl]amino }propanoic acid 

59 . . 

~~~~'OH~ 
. 4' -ethyl-N-{ (lS)-I-[ ( { (1S,2R)-2-hydroxy-I-
[(hydroxyamino)carbony!]propyl}amino)carbo 

456.6 
H,c U o nyl]-3-meihylbutyl}-l, 1 '-biphenyl-4-

carboxamide 
60 

~~?;u~H 
CMm 4'-ethyl-N-[(lS)-2-( {(1S,2R)-2-hydroxy-I-

[(hydroxyamino)carbonyl]propyl}amino)-2-
490.6 

oxo-1-(phenylmethyl)ethyl]-l,1 '-biphenyl-4-
carboxamide 

61 

c ... ~S-:~u~ Chi~ (28)-1-[( 4'-ethyl-1,1 '-biphenyl-4-yl)earbonyl]-
N-{(1S,2R)-2-hydroxy-l-

440.5 
((hydroxyamino)carbonyl]propyl}pyrrolidine-

0. OH 
2-carboxamide 

62 . . 

~~~~~Chlral 
4'-ethyl-N-[(lS)-2-( { ( 1 S,2R)·2-hydroxy-l-
[(hydroxya:mino)carbonyl]propyl}amino)-1-

480.5 
H,C ~ (lH-imidazol-4-ylrnethyl)-2-oxoethyl]-l,l'-

biphenyl-4-carboxamide 
63 

Chlral (38)-2-[( 4'-ethyl-1, l '-biphenyl-4-yl)carbonyl]· 

~~OH N-{(IS,2R.)-2-hydroxy-1-
502.6 

c ~- [(hydroxyamino)earbonyl]propyl}-1,2,3,4-
0 Oil tetrahydroisoquinoline-3-carboxamide 

64 
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Examnle Structure Name MB+ 

O-OJ-~¢~~-OH ~Ira\ 
(2S)-2-[(1,1 '-hiphenyl-4-ylacetyl)amino ]-N-

{(1S,2R}-2-hydroxy-J-
442.5 

[(hydroxyamino)carbonyl]propyl}-4-
methylpentaruwride 

65 

°'oJ~:x; c.1m (2S,3R)-2-( ((2S)-2-[(l,1'-hiphenyl-4-

· ~ ~-oH · ylacetyl)lunino J-3-pbenylpropanoyl} amino)- 476.5 
0 0 N,3-dihydroxybutanamide 

66 

~~~~OH~lral (2S,3R}-2· {[(28)-2-[( I, 1 '-hiphenyl-4-
ylacetyl)amino]-3-( 4-

492.5 
hydroxyphenyl)propanoyl]amino}•N,3-

dibydroxyhutanamide 
67 

0-0J~~OH """' 
(2S)-1-(1,l'-hiphenyl-4-ylacetyl)-N-((1S,2R)-

2-hydroxy-1-
426.5 

0 ~-Oil [(hydroxyamino)caibonyl]propyl}pyrrolidine-
2-carhoxamide 

68 
. 

°'oJ~~~H~lm 
(2S,3R)-2-{[(2S)-2-[(1; l '-biphenyl-4-
ylacetyl)amino]-3-(!H-imidazol-4-

466.5 
yl)propanoyl]amino }-N,3-

0 0 dihydroxybutaruunide 
69 

~~ ~Ira\ 
{2S)-2-[(1, 1 '-biphenyl-4-ylacetyl)amino ]-

, 11ac: OH 

· .· x;u-o" N-l-{{1S,2R)·2-hydroxy-1-
457.5 n ~ o [{hydroxyamino)calhonyl]propyl}pentanediam 

0 ide 
70 

0-o-1A::x:~~ Cfflm 

(3S}-3-[(1,1'-hiphenyl-4-ylacetyl)amino]-4-
( { (1 S,2R)-2-hydroxy-l-

444.5 n 
0 

a . [(hydroxyamino )carbonyl]propyl}amino )-4-
oxobutanoic acid 

( 
' 

71 

HP~~~ ~Ira\ 
(2S,4R)-l-[(4'-ethyl-l,l'-biphenyl-4-

yl)cmbonyl]-4-hydroxy-N-{(IS,2R)-2-hydroxy 
1- 456.5 

·o OH · [(hydroxyamino)cm:bonyl]propyl}pyrrolidine-

72 
2-carboxamide 

N-[(IS)-1-( aminomethyl)-2·{ { (1 S,2R}-2-

~··~:x;u~ ~~ hydroxy-I-
[(hydroxyamino)carbonyl]propyl}amino)-2- 429.5 

H,C ft O 
oxoethyl]-4'-ethyl·l,l'-biphenyl-4-

73 
cai:boxamide 
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I Examnle Structure Nam•» MH+ 

! ~\~HOO~ 4'-ethyl-N-{{l S)-1-[( {(lS,2R)-2-hydroxy-l -
[(hydroxyamino )carbonyl]propyl} amino )carbo 438.5 
nyl]but-3-ynyl)-l, l '-biphenyl-4-carboxamide 

74 

0-QJ Yf :x;~-o"°'~ (2S,3R)-2-( { (2S)-2-[{l, l '-biphenyl-4-
ylacetyl)amino ]propanoyl}arnino )-N,3- 400.4 

. ~ 0 
dihydroxybutanamide 

75 
' 

0-0J OH 
Qllral (2S,4R)-l-{l, l '-biphenyl-4-ylacetyl)-4-

~1=0H hydroxy-N-{ (! S,2R)-2-hydroxy-1-
442.5 

o N n [(hydroxyamino)carbonyl]propyl}pyrrolidine-
o 'oH 2-carboxmnide 

76 

( /:x:\~oH 
Clolra< 4'-ethyl-N-{(1R,2R)-2-hydroxy-1-

f(hydroxy{[{2-
416.5 OH hydroxyethyl)runino ]carbonyl}amioo )melhyi]p '!. ropyl}-1, l '-biphenyl-4-carboxamide 

77 
. 

~~~o~~ N-({2R,3R)-2-{[( 4'-efhyJ,. I,l '-bipheuyl-4-
yl)carllonyl]amino }-3-hydroxybutyl)-N- 442.5 

hydroxymotpholine-4-carboxamide 

78 

'!.#X:~lo-~~ . N-((2R,3R)-2-{[(4'-elhyl-l, l '-biphenyl-4-
yl)car:bonyl]arnino }-3-hydroxybutyl)-N- 455.6 

hydroxy-4-methylplp=ioe-1-carboxaruide 

79 

C. .. #:X:i~A '"'~ N-((1R,2R)-l-
{[[( cyclopropylamino }carbonyl](hydroxy)amin 

412.5 
o ]methyl}-2-hydroxypropyl)-4'-ethyl-1, l '-

~c "' biphenyl-4-carboxantlde 
-· 

80 

#:X:~~~v '"'m' 
4'-ethyl-N-{(IR,2R)-2-hydroxy-1-

f(hydroxy{[(pyridin-3-
463.5 

ylmethyl)amino]carbonyl}amino)methyl]proPY 
~c 

l}-l, l '-biphenyl-4-carboxamlde 
81 

~ "):/~'""' 
4'-ethyl-N-{(lR,lR)-2-hydroxy-I-

[(hydroxy{[(2-pyridin-2-
~/OH ylethyl)amlno Jcarbonyl}mnino }methy!Jpropyl} 

477.6 

I,l'-biphenyl-4-carboxamide 
82 
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ETI>nmle Structure Name M:II+ . 

#:X:{u-0-0 ~~ 
4'-ethyl-N-{ (1R,2R)-2-hydroxy-l -

[(hydroxy {[( 4-morpholin-4-
533.6 

"" 
ylphenyl)amino]carbonyl}amino)methyl]propy 

1}-l,l '-biphenyl-4-carboxamide 
83 

H;,O.x:: cnlml N-1--((2R,3R)-2-{[( 4'·ethyl-1, 1 '-biphenyl-4-

"~~. lo-tM\ .. yl)carbonyl]amino }-3~hydrox;ybutyl)-N-1- 483.6 
hydroxypiperidlne-1,4-dicarboxamide . 

84 

j 
'1 
j 

~~t . 
4'-efhyl-N-[2-(bydroxyamino)ethyl]-1,1'-

285.4 -""' biphenyl-4-carbo101mide . 
HC , 

.! 

I 85 
i 

o <j>H 

#"~"l"H, N-{2-[(arninocarbonyl)(hydroxy)arnino)ethyl} H 328.4 
""' 4'-ethyl-1, l '-biphenyl-4-carboxamide 

li,C . 

86 

0 'i*' 
N-{2-~~~Nl(NH, 

s [(aminocaibonothioyl)(hydroxy)arnino]ethyl}- 344.4 
"' H, 4'-cthyl-1,1'-biphenyl-4-carboxamide 

87 
' 

E~--,J"y"~""' 
N-{2-[( {[2-

I· 
( dimethylamino )ethyl]amino} carbonyl)(hydro 

399.5 . 0 CH, 
· xy)amino]ethyl}-4'-ethyl-l, l '-biphenyl-4-H;,C . •• 

carbox.amide 
88 I· 

O 'jlH 
N-{2-[ {[(2-~~-----Nl~~N cyanoethyl)amino]caibonyl}(hydroxy)amino]e 381.4 

thyl}-4'~ethyl- l ,l '-biphenyl-4-carboxamide 

89 

O OH . 

Hp#f("-'~ll_,,,...OH 4'-ethyl-N-[2-(hydroxy{[(2-
hydroxyethyl)amino ]cai:bonyl}amino )ethyl]- 372.4 

l,l '-biphenyl-4-catboxamide 

90 

p ~o N-(2-{[( 4' -ethyl-I, l '-biphenyl-4-
t('...-"y 

yl)carbonyl]amino }ethyl)-N- 398.5 0 

H, hydroxymorpholine-4-carboxamide 

91 
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Exanmle Structnre Name MB+ 

~~~a~ N-(2-{[(4'-ethyl-1,l'-biphenyl-4- · 
yl)carbonyl]amino }ethyl)-N-hydroxy-4- 411.5 

H,C methylpiperazine-1-carhoxamide 

92 

H,~~~~d~ N-1-(2-{[(4'-ethyl-l,1'-hiphenyl-4-
yl)carbonyl]amino) ethyl)-N~l- 439.5 

bydroxypiperidine-I,4-dicarboxamide 

93 

?N~~NC> N-(2-{({ 4'-ethyl-1,l '-biphenyl-4-
H 0 yl)carbonyl]amino }ethyl)-N- 382.5 

H,C hydroxypyrrolidine-1-carboxarnide 

94 

( 
0 OH 

~~~~"-<l. · N-{2-
m cyclopropylamino )carbonyl](hydroxy)amin 368.4 

H, o]ethyl }-4'-ethyl-l, l '-bipbenyl-4-carboxamide 

95 

~ 9" 
4'-ethyl-N-{2-[hydroxy{{[~ 

H, ~lf tl.--,,."" (methyloxy)ethyl]amino }carbonyl)amino ]ethyl 386.5 
}-1,1'-biphenyi-4-carboxamide 

96 

. ff n,,_,J"r1t....-fc.., 
N-{2~[( {[2- . 

(acetylamino )etbyl]amino }carbonyi){bydroxy) 
413.5 

~c 1. . amino ]ethyl}-4'-etbyl-1,1 '-biphenyl-4-
carboxamide 

97 
~ 

I c 
0 

Jn~i;,u~. 4'-ethyl-N-{2-[bydroxy{ {[3-(2-oxopyrrolidin-1 
yl)propyl]amino }carbonyl)amino ]ethyl}-1,1 '- 453.6 

blphenyl-4-carhoxamide 

98 

~ 9" 
4'-etbyl-N-[2-(bydroxy{[(3-

H, ~Nr~~OH 
bydroxypropyl)amino ]carbonyi}amino )ethyl]- 386.5 

1, l '-bipbenyl-4-carboxamide 

99 
. 

~~r1~.,.c ... 4'-ethyl-N-{2-[bydroxy( {[3-
(methyloi..'Y)propyl]amino }carbonyl)amlno Jeth 400.5 

H, yl}-1, l '-hiphenyl-4-carboxamide 

100 
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Examnle 

101 

102 

103 

104 

105 

106 

107 

108 

109 

Structure 

H,~~~a 
0 

.;,~",.._J .. r~"I() 

~~~z;,tLC 
H, 

/l(""-'rrit.o-o 
I\, 

OH 

~.----X~ 0 

H, 

"~~rl~D""' 

~U""J"All.,_,.,.....Ntt, 

"~~~~~" 

o "" ll,..,)J'.c.f:':,H, ... ~~.---.....•r ·f° 

Name MH+ 

N-(2-{[( 4'-ethyl-1,l'-biphenyl-4-
yl)carbonyl]amino}ethyl)-N-hydroxy-1,4'- 479.6 

bipiperidine-1 '-carboxamide 

4'-ethyl-N-[2-(hydroxy{[(2-pyridin-2-
ylethyl)am:ino ]carbonyl}amino )ethyl]-1, 1 '- 433.5 

bi:phenyl-4-carhoxamide 

4'-ethyl-N-[2-(hydtoxy{[(pyridin-3-
yhnethyl)amino]cm:bonyl)amino)ethyl]-1,1'- 419.5 

bipbenyl-4-carboxamide 

4'-ethyl-N-[2-(hydtoxy {[( 4-morpholin-4-
ylphenyl)amino ]carbonyl) amino )ethyl]-1, 1 '- 489.6 

biphenyl-4-carboxamide 

N-{2-{[(4'-ethyJ...l,l'-biphenyl-4-
yl)carbonyl]amiuo}ethyl)-N,3- 412.5 

dihydroxypiporidine-1-carboxarnide 

N-{2-[ {[(3-
I 

aminocyclohexyl)amino]carbonyl}(hydtoi.-y)a 
425.5 

mino]ethyl}-4'-ethyl-l,1'-biphenyl+ 
carboxamide 

N-{2-[ {[(2-
aminoethyl)amino ]carbonyl }(hydtoxy)amino ]e 371.4 

~I 

thyl}-4'-ethyl-1,1'-biphenyl-4-carboxarnide 

N-{2·[{[(3-
aminopropyl)amino]carbonyl}(hydroxy)amino 385.5 
]ethyl}-4'-ethyl-1,1 '-biphenyl-4-carboxamide 

1, 1-dimethylethyl 3{ {[(2-{[( 4'-ethyl-1, !'-
hi:phenyl-4-

485.6 
yl)carbonyl]amino}ethyl)(hydroxy)amioo]carh 

onyl}amino)propylcarbamate 
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Example Structure Name MlI+ 

~~~ff 4'-ethyl-N-{2-[( {(( 4-
fluorophenyl)methyl]amino} carbonyl)(hydrox . 436.5 

11,C y)amino ]efuyl}-1, 1 '-biphenyl-4-carboxamide 

110 

. ~ ?" er/'·.f.., 
N-(2-{[( 4' -ethyl-I, 1 '-biphenyl-4-

, ~~af4 " yl)carbonyl]amino }ethyl)-N-hydroxy-3-
493.5 

[(trifluoroacetyl)amino ]pyrrolidine-1-
carboxamide 

111 

... ~rr---J"1u9""' N-{2~[ {[(4-aminotbien-3-
yl)amino )carbonyl}(hydroxy)amino ]ethyl }-4'- 425.5 

ethyl-I, 1 '-biphenyl-4-carboxanride 

112 

( ~OH .., ~~·r~D" 4'-ethyl-N-(2-{hydroxy[(piperi~3-

ylamino )carbonyl)anrino }ethyl)-1,l '-biphenyl- 411.5 
4-carboxamide 

113 

0 OH 

~N~"l"'Q.. 4'-ethyl-N-(2-{hydroxy[(piperidin-4-
ylamino )carbonyl]amino }ethyl)-1,1 '-biphenyl- 411.5 

"' A' 4ccarboxamide 

114 

#Mu~ 4'-efuyl-N-{2-{bydroxy{[(piperidin-2-
· ylrnethyl)arnino ]cru:bonyl}amino )ethyl}-1,1 '- 425.5 

>\,C biphenyl-4-carboxmnide 

115 
., .. 

c ~~i~w" 4'-ethyl-N-[2-(hydroxy{[(piperidin-3-
0 yhnefuyl)amino]carbonyl}amino)ethyl]-1,1'- 425.5 

... biphenyl-4-carboxamide 

116 

#~~o-~ 3-amino-N-{2-{[(4'-ethyl-1,l '-biphenyl-4-
yl)carbonyl]amino }ethyl)-N- 397.5 

'1,0 byilroxypyrrolidine-1-eru:boxamide 

117 

~ ?" (] 

1,1-dimethylethyl 3-[( {[(2-{[(4'-ethyl-1, 1 '-

J('-"wr"_..._u~ biphenyl-4-
525.7 .. , yl)carbonyl]amino }ethyl)(hydroxy)amino ]carb 

onyl}amino )methyl]piperidine-1-caiboxylate 
118 

159 



j 

J 

I 
I 
I 

Examnle 

119 

120 

121 

122 

123 

124 

125. 

126 

127 

Structure 

?~_,,J]-·c:>-ur:"" 
ti~ H~C CH3 

?:x; .~· ll.,/'-!'H 
OH 

... 

~;i:;~;-~~ 
. OH 

?~x; 1 <>••• 
" ~ Qlt NH, 

H,C 

~ 0 ~-· ll_..-.1"'-tt~"" 
"" .. 

~~~i~~«m 

~ .~ P''""' ll,,-,. ~Gl\C 
b" 

"" 

.... ~L-i~™"' 

~"~~~~ .. 

Name MH+ 

1,1-<limethyletllyl 1-{[(2-{[(4'-efuyl-l,l '-
biphenyl-4-

497.6 
yl)carbonyl]amino }efuyl){hydroxy)amino }carb 

onyl}pyrrolidln-3-ylcarl:iamate 

4'-ethyl-N-[(IS,2R)-2-hydroxy-l-( {[2-
(hydroxyamino )etliyl]amino }carbonyl)propyl]- 386.5 

l,l'-biphenyl-4-carboxamide 

l N-{(1S,2R)-1-[( {2· 
[( aminocarbonyl)(hydroxy)amino ]ethyl}amino 

429.5 
)carl:ionyl]-2-hydroxypropyl}-4'-ethyl-1, 1 '-

biphenyl-4-carboxamide 

N-{(IS,2R)-l-[( {2-
[(aminocarbonothioyl)(hydroxy)amino]ethyl}a 

445.6 
mino )carbonyl]-2-hydroxypropyl}-4'-ethyl-l, l' 

/ .. 

( 

hiphenyl-4-carboxamide 

41-ethyl-N-[(l S,2R)-2-hydroxy-1-( {[2-
(hydroxy{[(2-

hydroxyethyl)amino]carbonyl}arnino)ethylJam 473.5 
ino }carbonyl)propyl]-l, 1 '-biphenyl-4-

carboxamide 

4'-ethyl-N-{ (lS)-6-hydroxy-l-[( lR)-1-
hydroxyethyl]-2, 7-dioxo-11-oxa-3, 6,8-

487.6 
triazadodec- l-yl}-l,l '-biphenyl-4-

carboxamide 

4'-e1ltyl-N-{ (lS)-6-hydroxy-l -[ (lR)-1-

hydroxyethyl]-11-methyl-2, 7-dioxo-3,6,8, 11-
500.6 

tetraazadodec-1-yl }-1, 1 '-hiphenyl-4-
ca¢oxamide 

4'-ethyl-N-{ (lS)-6-hydroxy-l-[ (lR)-1-
hydroxyethyl]-2, 7, 12-trioxo-3,6,8,11-

514.6 
tetraazatridec-1-yl}-l, l '-biphenyl-4-

carboxamide 

4'-ethyl-N-{(IS,2R)-2-hydroxy-l-[( {2-

I.hydroxy( {[3-(2-oxopyrrolidin-l-
yl)propyl)amino }carbonyl)amino ]ethyl }amino 554.7 

)caibonyl]propyl}-1, l '-biphenyl-4-
carboxamide 

160 



Ennmle Structure Name MH+ 

;:x;"~i~~~·~ 
N-{(1S,2R)-l-[( {2-[ {[(2-

cyanoethyl)amino ]carbonyl}(hydroxy)a:rni:no Je 
482.6 

" 
thyl}amino)carbonyl]-2~hydroxypropyl}-4'-

ethyl-I, l '-biphenyl-4-carboxamide 
128 

~;r:;u~~A-
N-{(1S,2R)-l-[( {2-

[[( cyclopropylanrino )carbonyl](hydrnxy)amin 
469.6 o. wU 

o]elhyl}amino)carbonyl]-2-hydroxyprnpyl}-4'-u, 
etbyl-1, l '-biphenyl-4-carboxamide 

129 

#:x;"""to ~'·' N-{2-[( (2S,3R)-2- {[( 4'-ethyl-1, 1 '-biphenyl-4-
yl)carbonyl]amino }-3-

483.6 H,O hydroxybutanoyl)arnino]ethyl}-N-
hydroxypyrrolidine-1-carboxamide 

130 

~c~•j ~'"' 
N-{2-[((2S,3R)-2-{[( 4' -ethyl-1,1 '-biphenyl-4-

yl)cru:bonyl]amino}-3-:to o .. O 
hydroxybutanoyl)arnino]ethyl}-N-

499.6 H, 
hydroxymorpholine-4-carboxamide 

131 

~o -

N-{2-[((2S,3R)-2-{[( 4'-elhyl-1, 1 '-biphenyl-4-

""' co.", yl)carbonyl]amino }-3-
512.6 

hydroxybutanoyl)arnino ]ethyl}-N-hydroxy-4-
methylpiperazine-1-carboxamide 

132 

H,~?)lv-{~ '"~ 
4'-ethyl-N-((1S,2R)-2-hydroxy-1-( {[2-

(hydroxy{[(pyridin-3-
' 520.6 

ylmethyl)amino )carbonyl}amino )ethyl]amino} 
carbonyl)propyl)-1, 1 '-biphenyl-4-carboxamide 

133 

~~~l~,S)'"" 
4'-elhyl-N-[(1S,2R)-2-hydroxy-1-( {[2-

(hydroxy{[(2-pyridin-2-
534.6 

ylethyl)amino ]carbonyl}amino }ethyl]amino }ca 
rbonyl)propyl}-1, l '-biphenyl-4-carboxanride 

134 

,.J~ .++f ·oH•-

~~HO 3-chloro-N-{(lS,28)-2-hydroxy-1-

ci I F !~-CH, [(hydroxyamino)carbonyl)propyl}-4- 357.7 
[ {1rifluoromethyl)oxy ]benzamide 

135 'YF 
~:x; ~ra 

d~ . ltoH N-{{IS,2R)-2-hydroxy-l-

yo 0 [(hydroi..-yaruino )carbonyl]propyl}-4-{[{3- 390.4 
nitrophenyl)methyi]oxy}benzamide 

136 o~o 

161 



Exarimle Structure Name MH+ 
. 

. 0 ll, ""'" 

~o" (4R)-2-(4-fluoro-3-prop-2-enylphenyl)-N- . 
hydroxy-4,5-dihydro-l,3-oxazole-4- 265.3 

carboxamide 

137 dH, 

dCx; C-1 3-fluoro-N-{ ( 1S,2R)-2-hydroxy-1-
F N .. !J.OH [(hydroxyamino)carbonyl)propyl}-4· 287.3 

H,C.0 0 (rneihyloxy)benzamide 

138 

dcx; c~• 
4-(but-3-enyloxy}N-{(IS,2R)-2-bydroxy-1-N ~'OH 309.3 H [(hydroxy.nnino )carbonyl]propyl} benzamide ·~o o 

139 . 

(j,C OH CW'31 

3-bromo-5-fluoro-N-{(IS,2R)-2-bydroxy-l· Fxf "X!~-oH . [(hydroxy.nnino)caibonyl]propy!};4-(prop-2- 392.2 
fi.zC~O 

enyloxy)benzamide 
r 

( 

140 

~:f.,'100- 4-fluoro-N-{(IS,2S)-2-hydroxy-l-
H . 

[(hydroxyaruino)carbonyl]propyl}-3-prop-2- 297.3 0 

enylbenzamide 
. 

141 CH, 

(j.C OH Chl<al 

-!t'x;:'~ N-{ (1 S,2R)·2-hydroxy-l-
H . [(hydroxy.nnino)carbonyl)propyl}-4-(prop·2- 363.3 ~c~ o . 

enyloxy}-3-(trifluoronieihyl)benzamide 
. 

142 

I 
.j tjaC. OH Chiral 

,C{Nx;!J.oH 
N-{(IS,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl}-4- 269.3 
H,C.0 O (metliyloxy)benzamide 

l 
! 
• 

143 

oOd';x;!J.OHC"~ N-{ ( 1S,2R)-2-hydroxy-l c . 

[(hydroxyamino)carbonylJpropyl}-3- 331.3 
I""" o . (phenyloxy)benzamide 

144 

\ F)(F !:i.C~ 
Chka! 

N-{(1S,2R)-2-hydroxy-1-
Fod~ ~-oH [(hydroxyamino)carbonyl]propyl}-4-

. 353.3 I ""' o (meihyloxy}-3-p 
[(trifluoronwthyl)oxy)benzamide H,C 

145 . 

162 
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I 
I 

( 

( 

Examnle 

146 

147 

148 

149 

150 

151 ... 

152 

153 

154 

Structure 

~ qilr3.l 

F d~t;[9 
F~O A H H 

F 

H Chiral 

~C~H 
F d~ .i,i.C( 

F~O &' H. 0 H 
F 

yJ':t;, ~· ~ N.OH 
. . . 

F O 

~ex; Chi rat 

·Fd~ . NHOH ·. 
[""" 0 . F . 

dcx; ~lml 
N ~'OH 
H 

H,C.
0 

O . . .. 

~~u~~ 
~ 'att 

I 
11,C 

~):;"~I~ 
'OH-

1<,C 

. 

(:}sC f:;l OH Chiral 

d~H N. N 
f H. . ·oH 

F ' -s F ··cH
2 

H Chiral 

H3Ci; d _ NHOH 
N H 
H 0 

Name MH+ 

N-{ ( 1 S,28)-2-hydroxy-1-
[(hydroxyamino)carlJonyl]propyl}-4- 323.2 

[(trifiuoromethyl)oxy]benzamide 

. 

N-{(JS,2R}2-hydroxy-1-
[(hydroxyamino)carlJonyl]propyl}-4- 323.2 

[(trifluoromethyl)oxy]benzamide 

N-{(1S,2R)-2'hydroxy-l-
. 

[(hydrox:yamioo )carbonyl]propyl }-4- 307.2 
(trifluoromethyl)benzamide 

3,4-difluoro-N-{(2R)-2-hydroxy-1-
275.2 

[ (hydroxyamino )carbonyl]propyl}benzamide 

. 

N-{ (IS,28)-2-hydroxy-l -
[(hydroi.-yamino)carbonyl]propyl}-4- 269.3 

(methyloxy)benzamide 

N-{(IS,2R)-2-hydroxy-l-
[(hydroxyamino)carbouyl]propyl}-4'-propyl- 357.4 

1,1 '-biphenyl-4-carboxamide 

N-{ (1 S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4'-propyJ.. 357.4 

1,l'-biphenyl-4-carboxamide 

N-{(IS,2R)-2-hydroxy-1-
[(4ydroxyamino)carbonyl]propyl}-4-

341.3 
[trifiuoro(metbylidene)-lambda-6--

su!fanyl]benzamide 

N-{(1S,2R)-2-hydroxy-l-
239.2 

[(hydroxyamino )carbony!]propy!} benzamide 

163 



i 
] ., 
' 

Examn)e. 

155 

156 

157 

158 

159 

160 

161 

162 

163 

Structure 
.. 

. 

d'i-o~HOH ~lral 

. ~~."~ 
?fl, 

!:! Chiral 
F 011,c:tr-OH 

# 
. NHOH 

NH .· 
~ 

H2C 

ti Chiral . H3;t;H 
ff

F o ·. • NHOH 

N H 0 
B -

0 

~NHOH 

H,~"'> Q . I ~ 
OH,C ~-

F 

Name 

N-((1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-1, 1 '­

biphenyl-4-carboxamide 

3-bromo-N-{ {1 S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-

(methyloxy)benzamide 

ll'ffi+ 

315.3 

348.2 

4-fluoro-N-{(1S,2R)-2~ydroxy-1-

[(hydroi<yamino)carbonyl]propyl}-3-(prop-2- 313.3 
enyloxy)benzamide 

2,3,5,6-tetrafluoro-N-{(1S,2R)-2-hydroxy-1-
[{lzydroxyamino )carbonyl]propyl}-4-prop~2- 351.3 

enylbenzamide 

3-fluoro-N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carhonyl]propyl}-5-

{trifluoromethyl)benZarmde 

4-bromo-2-fluoro-N-{(1 S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl} benzamide 

N-{{IS,2R)-2-hydroxy-1-
[(hydroxyamino )carhonyl]propyl }-4-

(phenyloxy)henzamide 

4-(dimethylamino)-N-{(1S,2R)-2.'hydroxy-1-
[(hydroxyamino )carhonyl]propyl} benzamide 

2-[3-fluoro-4-(mefuyloxy)-5-prop-2-
onylpbenyl}-N-hydroxy-4,5-dil:tydro-1,3-

oxazole-4-carboxamide 

164 

325.2 

336.1 

331.3 

282.3 

295.3 

( ' 
\ ' 

( 
' 



Examole 

164 

165 

166 

( 

167 

168 

169 

c 
170 

171 

172 

Structure 

,,,,,_ tcf o~HOH Chiral 

CH2 F JU ~~ yo . ' 
F 

~
c !j .OH. Chiral 

NHOH 
ti . 0 

H Chiral 
F 0H,Ci-OH 

~NHOH F~~Ho ~)l) 

Name Mii+ 

N-{ (1S,2R)-2-hydroxy-1-
[{hydroxyamino )carbonyl]propyl}-5-[3- 373.3 

(lrifluoromethyl)phenyl]furan-2-carboxamide 

4-{[(lE)-1,2-difluorobuta-l ,3.dienyl]oxy }-N-
{{IS,2R)-2-hydroxy-1- 343.3 

[(hydroxyamiuo)Carbonyl]propyl}benzamide 

N-{{1S,2R)-2-hydroxy-1-
[(hydroxyarnino)carbonyl]propyl}quinoline-2- 290.3 

carboxamide 

N-[2-(hydroxyaµrino )-1-(hydroxymethyl)-2-
oxoethyl]-1, l '-biphenyl-4-carboxamide 

N-{(1S,2S)-2-hydroxy-1- · 
[(hydro>.y.unino )carbonyl]propyl}-1,1 '­

biphenyl-4-carboxamide 

N-{ {I S,2R)-2-hydroxy-1-

301.3 

315.3 

[(hydroxyarnino )carbonyl]propyl}-2'-methyl- 329.4 
I, l '-biphenyl-4-carboxamide 

N-{{1S,2S)-2-hydroxy-1-
[{bydro>.J11!miuo )carbonyl]propyl}-4-

(trifluoromethyl)benzamide 

4-:fl:uoro-N-{(1S,2R)-2-bydroxy-1-
[{hydroxyamino)carbonyl]propyl}·3-

{lrifluoromethyl)benzamide 

N-{(IS,2R)-2-hydroxy-l­
[(hydroxyarnino )carbonyl]propyl }-4-{[(3-

nilrophenyl)oxy]methyl} benzamide 

165 

307.2 

325.2 

390.4 

I 



Example Structure Name MR+ 

~ Chhal 0 H N-[(lR)-2-(hydroxyarnino )-1-d N.OH F N (mercaptomethyl)-2-oxoethyl]-4- 325.3 + H 0 
F 0 [(trifluoromethyl)oxy]benzamide 

F 

173 

!:I Chiral 

0H3G.t'.-HH. N-{(1S,2R)-2-hydroxy-l-

odN H N.oH 
[ (hydroxyamino )carbonyl]propyl }-1,3- . 283.3 

(
0

1,,,, H O benzodioxole-5-carboxamide 

174 

H Chiral 

OH,c.:t;i N-{(1S,2R)-i-hydroxy-l-
~N R N.OH [(hydroxyamino )carbonyl]propyl }-6- 308.2 
F H 0 

(trifluoromethyl)pyridine-3-carboxamide 
F F 

175 
OH 

0 ~H N-{3-hydroxy-1-
dN N.OH [(hydroxyamino )carbonyl]propyl }-4- 323.2 

H. 0 
F 0 [(trifluoromethyl)oxy]benzamide 

176 
FXF 

. 

( i 

OH 

~;,~o" N-{3-hydroxy-1-
[(hydroxyaniino )carbonyl]propyl}-1,1 '- 315.3 

H 0 
biphenyl-4-carboxamide . 

177 
.0 

H Chiral 
H,C.t-H N-{(1S,2R)-2-hydroxy-l-

O - ~'OH 
~~H0 [ (hydroxyamino )carbonyl]propyl }-4- 345.4 

[hydroxy(phenyl)methyl]benzamide 
OH 

178 
H Chiral 

([;" N-{(1S,2R)-2-hydroxy-l-ff ii ~"OH 
0 0 [(hydroxyamino )carbonyl]propyl }-4~[ ( { 4-

429.4 
OD· . [( trifluoromethyl)oxy ]phenyl}oxy)methyl]benz 

F')(.F . amide 
179 

F 

( 

H Chiral 

. o"'c.t-~ 4-[( {4-bromo-2-
F ~N~ 'OH [(trifluoromethyl)oxy]phenyl}oxy)methyl]-N-)(Fl_,.,, HO 508.3 Jio { (1 S,2R)-2-hydro>..")'-l-

A 
[(hydroxyamino)carbonyl]propyl}benzamide 

180 B 

H Chiral 

~Ci;H 

~··™ 
N-{ (1 S,2R)-2-hydroxy-l-

0 [ (hydrm,")'amino )carbonyl]propyl}-3 '-nitro-1, l' 360.3 . "' 
A biphenyl-4-carboxamide 

181 o..N:o 

166 



Examole Structure 

182 

183 

184 

( 

185 

186 

( 

188 

189 

~N~~-oH 
H,c-oY.. o 

H,C CH, 

190 

Name 

4-broroo-N-{(1S,2R)-2-hydroxy-l-
[ (hydroxy amino )carbonyl]propyl} benzamide 

N-{ (1 S,2R)-2-hydro>.-y-1-
[(hydroxyarnino )carboizyl]propyl}-4'­

(rue!hyloxy)-l,l'-bipheoyl-4-carboxamide 

N-{(1S,2R)-2-hydroxy-l­
[(hydroxyamino)carbonyl]propyl}-4'­

[(trifiuoromethyl)oxy]-l,I'-biphenyl-4-
carboxmnide 

4'-( ethyloxy)-N-{ (l S,2R)-2-hydro>.-y-l -
[(hydroxyaruino )carbonyl]propyl }-1, 1 '­

biphenyl-4-carboxamide 

N-{(1S,2R)-2-hydroxy-l-

MII+ 

318.1 

345.4 

399.3 

359.4 

[(hydroxyamino)carbonyl]propyl}-4-{5-[{Z)- 364.4 
(hydroxy:imino )wethyl]thien-2-yl} benzamide 

3'-{ethyloxy)-N-{{1S,2R)-2-hydroxy-l­
[(hydroxyamino)carbonyl]propyl}-l,l'­

biphenyl-4-carboXannde 

(2R,3R)-N,3~dihydroxy-1-( { 4-

359.4 

[(trifluorollJethyl)oxy]phenyl}carbonyl)pyrroli 335.2 
dine-2-carboxamide 

N-[2-(hydroxyaroino )-1-(hydroxymetbyl)-2-
oxoethyl]-3-{l-methylethyl)-4- 297.3 

(methyloxy)benzamide 

N-[2-(hydroxyarnino )-1-(hydroxymethyl)-2-
oxoetbyl]-3-(1-methylethyl)-4-(prop-2- 323.4 

enyloxy)benzamide 

167 



Example 

191 

192 

193 

194 

195 

.j 196 

• 

197 

198 

199 

Structure , 

of 10.lOH O>l .. I 

0 - n'i& , 

i:X~ 

H Chiral 
!i,CfcOH 

~N~~'OH tJ-o H Ho 

cf
oH,ct~-oH Chiral 

~ HO 

,, 

1-1,C.N 

c..., 

~ltOHChi"" 
H >I 0 

Name 

N-[2-(hydroxyamino )-1-(hydroxymethyl)-2-
oxoefuyl)-4-(methyloxy)-3-propylbenzamide 

N-( (1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}4'­

(me!hyllhio)-1,l '-biphenyl-4-earboxamide 

5-bromo-N-{ ( 1S,2R)-2-hydroxy-l -
[(hydroxyamino )carbony!Jpropyl} thiophene-2-

carboxamide 

N-{( 1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-5-{ 4-

[(trifluoromethyl)oxy]phenyl}thiophene-2-
carboxamide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-1-

benzofuran.2-carboxamide 

N-{(1 S,2R)-2-hydroxy-1-

MII+ 

297.3 

361.4 

324.2 

405.4 

279.3 

, [(hydroxyainino)carbonyl]propyl}-5- 321.4 
phonylthiophene-2-carboxamide 

4'{dimethylamino)-N-{(1S,2R)-2-hydroxy-1-
[(hydrm..y.nnino)carbonyl]propy1}-l,l'· 358.4 

biphonyl-4-carboxamide 

(2S,3R)-N,3cdfuydroxy-2-[( { 2-
[( tritluoromethyl)oxy]phenyl}acetyl)amino ]bu 337 .3 

tanamide 

5-[4-{etbyloxy)phenyl]-N-{(IS,2R)-2-hydroxy 
1-[(hydroxyamino )carbonyl]propyl}thiophene· 365.4 

2-carboxamide 

168 
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J 
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I 
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! t 

I I 

I 

c 

( I 

Examole 

200 

201 

202 OH 

203 

205 

206 

207 

208 

' 

"" 
"" 

Structure 

OH,;t_lOH Chiral 

~ H 0 

oH,~'OH Cl>lml 

~ "o 
u] . . 
V-°"' 

. 

Name· . MH+ 

5-[3-( ethyloxy)phenyl]-N-{(l S,2R)-2-hydroxy 
1-[(hydroxyami.Uo )carbonyl]propyl} iliiophene- 365.4 

2-carboxiunide 

(4R)-N-hydroxy-2-{2'-[(trifluoromethyl)oxy]­
l, l '-biphenyl-4-yl}-4,5-diliydro-1,3-oxazole-4-

carboxamide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4'­

(hydroxymethyl)-1, 1 '-biphenyl-4-carboxamide 

N-{(!S,2R)-2-hydroxy-1-
[(hydroxymnino)carbonyl]propyl}-4-{5-[(4-

methylpiperazin..1-yl)methyl]thien-2-
yl} benzamide · 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxymnino )carbonyl]propyl}-4-{[4-
(methyloxy)phenyl]carbonyl}benzamide 

. N-{(1S,2R)-2-hydroxy-l-

367.3 

345.4 

433.5 

373.4 

[(hydroxyamino)carbonyl]propyl}-4-[(E}- 343.4 
phenyldiazenyl]benzamide 

(4R)-N-hydroxy-2-{4-(methyloxy)-3-
[(lriflooromethyl)oxy]plrenyl}-4,5-dihydro-l,3 3212 

oxazole-4-carboxamide 

4'-ethyl-N-{(1S,2R)-2-hydroxy-l-
. [(hydroxyamino)carbony!Jpropyl}-1,l'­

biphenyl-4-carboxamide 

N-{(1S,2R}2-hydroxy-l-

343.4 

[(hydroxyamino)carbonyl]propyl}-4'- 383.3 
( trifluorometlzyl)-1, 1'-biphfilzyl-4-carboxamide 

169 
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I 

I 
l 
I 

Enmnle 

209 

210 

211 

212 

213 

214 

215' 

216 

217 

H,C 

~ 

H,C.0 

Structure 

!\,Ct~.OH Chiral 

~ HO 

H,~~-oH Chiral 

~. H 0 

H Chiral 
ti,C.,...~H 

r("yo)lN~~-oH 
~ HHo 

0 

OHO~· CH3 

""' .. CH,, 
F,f ~~ ':lH . 
/'OJ() .· O OH. 

Name MH+ 

5-( 4_,,thylphenyl)-N-{ (1 S,2R)-2-hydroxy-l - . 
[(hydroxyamino )cai:bonyl]propyl} thi1:>phene-2- 349 .4 

carboxa:mide 

. 

N-{ ( 1 S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-5-[ 4- 351.4 

(rnethyloxy)pbenyl]tbiophene-2-carboxamide 

N-{(IS,2R)-2-hydroxy-l-
1 [(hydroxyamino)carbonyl]propyl}-5-[4- 367.5 
(methyllhio )phenyl]thi!:>pbene-2-carboxamide 

.. 

N-{(IS,2R)-2-hydroxy-l­
((hydroxyamino)carbonyl]propyl}-5-(3-
nitrophenyl)thiophene-2-carboxa:mide 

N-{ (1S,2R)-2-hydroxy-1- ' 

366.4 

[(hydroxyamino )carbonyl]propyl}.:4-oxo-4H- 3Q7 .3 
chromene-2-carboxamide 

. 

N-(1-((bydroxyamino )carbonyl]-1-
(ltydrmcymethyl)-2-niethylpropYl]-4- 351.3 

[(trifbwromethyl)oxy]benzamide 

N-[2-hydroxy-3-(hydroxyamino)-3-oxopropyl] 
I, 1 '-biphenyl-4-carboxa:mide 

1'4-{(IS,ZR)-2-hydroxy-1-

301.3 

[(hydroxyamino )carbonyl]propyl}-4-[(E)-2- 341.4 
phenylethenyl]benzamide 

N-{(IS,2R)-2-hydroxy-l­
[(hydroxyamino)carbonyi]propyl}-9H­

fluorene-2-carboxarnide 

170 

327.4 

( 



Examnle 

. 

218 

219 

220 

( 

221 

222 

223 

224 

225 

226 

HO 

·o 

HzC~O 

Structure 

_,,, 

o"'t1LOH Chh•I 

~ "o 

0 (OHH 

N/j(N.OH 
H 0 

CH, 

H Chi ml 

r~ 
!:f Chiral 

rJ~,t;~'OH 
~~ H HO 

Br 

17 ... 

H,;f:;h'OH Chhal 

~ Ho 

!j Wrol 

If" l tt 
IJ~~~-oH 

- i J . 

Name . MR+ 

4'-[( {(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl)propyl}amino )carbo 359.3 

. 

nyl]-l,1'-biphenyl-4-carboxylic acid 

. 

N-[2-(hydroxyamino )-1-(hydroxymefuyl)-2-
oxoethyl]-4{prop-2-enyloxy)-3-

propylbenzamide 

N-{(1S,2R)-2-hydroxy-l­
[(hydroxyamino)carbonyl]propyl}-4-

iodoben1.amide 

4'-hydroxy-Nc{ (1S,2R)-2-bydr<:rlq•-1-
[(hydroxyamino )carbonyi]propyl}-l, l '­

biphenyl-4-carboxamide 

6-bromn-N-{ (1S,2R)-2-bydroxy-1-

323.4 

365.1 

331.3 

. 

[ (hydroxyamino )carbonyl]propyl}pyridine-2- 319.1 
carboxamide 

N-{(l S,2R)-2-bydroxy-l-
[ (bydroxyamino )carbonyl]propyl }-6-

phenylpyridine-2-carboxamide 

4'-butyl-N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )earbony!J:propyi}-1,l '~ 

biphenyl-4-carboxamide 

316.3 

371.4 

4'-(l;l-dimethyiethyl)-N-{(1S,2R)-2-hydroxy-
1-[(hydroxyamino )carbonyl]propyl}-1, l '- 371.4 

biphenyl-4-carboxamide 

N-{ (1S,2R )-2-bydroxy-1-
[(hydroxyamino )carbonyl]propyl}-5-[3- 351.4 

(methyioxy)phenyl]thiophene-2-carboxamide 
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Examnie 

227 

i 
I 

228 

I 229 

230 

231 

232 

233 

234 

235 

Structure 

_ d;l?·o11""''"' 
~c~u.p __,__ 

0 

H, 

;I:;1tNH, Chlral 
~HO 

Name MH+ 

4'-[ ( { ( 1 S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}amino )carbo 411.3 
nyl]-l ,l '-biphenyl-4-yl dihydrogen pbo~phate 

N-ethyl-N'-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-l,1 '­

biphenyl-4,4'-d:iearboxamide 

N-[(IS,2R)-l-(hydrazinocarbonyl)-2-
hydroxypropyl]-4'-propyl-l, l '-bij>henyl-4-

carboxamide 

386.4 

356.4 

N-{(1S,2R)-2-hydroxy-l­
[(methylamino)carbonyl]propyl}-4'-propyl-l,l' · 355.4 

· biphenyl-4-carboxarnide 

N-[(1S,2R)-l -(hydrazinocarbonyl)-2-
hydroxYPropyl ]-4-(me1hyloxy)benzarnide 

(2S,3R)-2-[ (I, l '-biphenyl-4-ylsulfonyl}amino ]­
N,3-diliydroxybutanamide 

4-hydrooq•-N-{{1S,2R)-2-hydroxy-l­
[(hydroxyamino }carbonyl]propyl}benzamide 

3 '-cyano-N-{ (l S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-1, 1 '­

biphenyl-4-carboxamide 

! ,1-dimethyle1hyl ( {4{( { ( IS,2R)-2-hydroxy-l 

268.3 

351.4 

255.2 

340.3 

[(hydroxyamino)carbonyl]propyl}amino)caibo 369.4 
nyl]phenyl}oxy)acetate 

172 
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! 

I E:mmnle Structure Name MH+ 

I 

HC !;' H Chlrat 
(2S,3R)-2-[( !, 1 '-biphenyl-4-

o-Qi-:JY~-OH ylsulfonyl)(methyl)amino]-N,3- 365.4 
' .H O Cf!, d!11ydroxybutaruunide 

l 236 
. 

H Chiral 
N-{(l S,2R)-2-hydroxy~l-H,~ ~ij Ao "OH 

[(hydroxyamino)carhonyl]propyl}-3'-[(Z)-
388.4 

· (hydroJ..")'ilulno )me1hyl)-4'-{methylm.,-y)-1, l '-
H11C-o . biphenyl-4-carboxamide 

237 

H Chiral 

dd~1;10H N-{(lS,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4- 358.4 

N [(phenylcarbony!)amino ]benzamide 

238 

( 
J;-~ ;f 00 

N-hydroxy-2-[3-(1-me1hylefuyl)-4-{prop-2-

I "' o enyloxy)phenyl]-4,5-dihydro-1,3-oxazole-4- 305.3 
HzC~O . carboxamide 

239 ~C CH3 

~oOoo ~• . n:fiw:~.., 4'-butyl-N-{(1S,2R)-2-hydroxy-l-
[(methylamino)carbonyl]propyl}-1,l'-biphenyl 369.5 

4-carboxamide 

240 
Cl\, 

H Chfml 
. 

r~oo N-{ (IS,2R)-2-hydroxy-l-
~ H 0 [(hydroxyamino)earhonyl]propyl}-4-(5- 330.4 

""" mefuylpyridin-2-yl)benzamide 
fl,C 

241 

H Chiral 

c H~H 5-brorno-N-{(1S,2R)-2-hydroxy-1-s fl 

Br~N = N.OH [(hydroxyamino)cal.bonyl]propyl}pyridine-3- 319.1 
I "' H Ho · carboxarnide 

N 

242 

~;t" ~-· ' = ~'OH I 
N-{(1S,2R)-2-hydroxy-l-

N H [(hydroxyamino )earhonyl]propyl}-4-pyridin-3 316.3 H 0 
~ ylbei:izamide 

243 
N 

N-{(lR,2R)-2-hydroxy-l-

~~~""''~' [(hydroxyamino )carbonyl]propyl}-N'-

"" - . {(1S,2R)-2-hydroxy-l- 475.5 lf t-IH Htt 'OH 

" 0 [(hydroxyarnmo )carbonyl]propyl}-1,1 '-

244 
biphenyl-4,4 '-dicarboxam:ide 

173 



Structure 

245 

246 

247 

248 

I 
I 
I 

249 

N oHlC H ChllT>l 
((~ 'oH NJ\d),, H. 

M H N~OH 
0 

250 

251 

252 

253 

Name MR+ 

(2S,3R)-N,3-dihydroxy-2-[( { 4-[(E)-Z­
phenylelbenyl]phenyl }methyl)amino ]butanami 327.4 

de 

4-{[( 4-bromophenyl)sulf<:lnyl]amino }-N-
{ (1S,2R)-2-hydroxy-l - 473.3 

[ (hydroxyamino )carbonyl]propyl} benzamide 

1,1-dimethylethyl 4-( {4-[( {(lS,2R)-2-hydroxY: 
1-

[(hydroxyamino )carbonyl]propyl} amino )carbo 
nyl]phenyl} amino )-4-oxobutylcarbamate 

4-[(4-aminobut.auoyl)amino]-N-{(1S,2R)-2-

439.5 

. 

hydroxy-1- 339.4 
[(hydroxyamino)carbonyl]propyl}benzamide 

1, 1-dime!hylethyl {4'-[( {(1S,2R)-2-bydroxy-1-
[(hydroxyamino)carbonyl]propyl}amino)me111 430.5 

yi]-l,1 '-biphenyl-4-yl} methylcarbamate 

N-{ (1S,2R)-2-bydroxy-l -
[(hydroxyamino )carbonyl]propyl}-4-pyrimidin 317 .3 

5-ylbenzarnide 

1,1-dimethyle!hyl 5-{ 4-[( {(1S,2R)-2-hydroxy-

' 1-
[(hydroxyatuino )catbonyl]propyl}amino )carbo 

416.4 

nyl]phenyl}pyridJne..3-carboxylate 

5-{4-[( { (1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}amino)cai:bo. 360.3 

nyl]phenyl}pyridine-3-carboxylic acid 

(4S)-N-hydroxy-2-{4-(methyloxy)-3-
[(trifluoromethyl)oxy]phenyi}-4,5-dihydro-l,3 321.2 

oxazole-4-carboxamide 
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( 
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Example Structure 

254 

255 

256 

257 

258 

259 

260 

H f Cnlral 

d';ti~. 

HO~ 
261 

262 

Name 

(2S,3R)-2-( ([ 4'-(aminoffiethyl)-1, 1 '-biphenyl-4 
yl]methyl}amlno)-N,3-dihydroxybutanaruide 

(3S)-1-hydroxy-3-[(!R)-1-hydroxyethyl]-4-( {4 
[(E)-2, . 

phenylethenyl]phenyl}methyl)piperazine-2,6-
dione 

· {2S,3R)-N,3-dihydroxy-2-( {[4-

MII+ 

330.4 

367.4 

(prumylethynyl)phenyl]methyl}amino)butanm 325.4 
ide 

N-{3-aminopropyl)-N'-{(1S,2R)-2-hydroxy-1-
((hydroxyamino)carbonyl}propyl}benzene-1,4 339.4 

dicarboxrunide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino)earbonyl]propyl}-4-

(propanoylamino )benzamide 

1, 1-dimethylethyl 3-[( {4-[( {(1S,2R)-2-
hydroxy-l-

. [(hydroxyamino )cru:honyl]propyl }anlino )carbo 
nyl]phenyl}ca:rbonyl)amino]propylcarbamate 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4'­

(phenyloxy)-1, l '-bipbenyl-4-carboxamide 

N-[(1S,2R)-1-
( ( [ cyano(phenyl)methyl]amino }carbonyl)-2-
hydroxypropyl]-4'-hydrmcy-1, 1 '-bipbenyl-4-

carboxamide 

4'-{[2-{hydroxyamino)-2-oxoethyl]oxy}-N­
{(1S,2R)-2-hydroxy-1-

[ (hydroxyamino )ca:rbonyl]propyl}-1, l '­
biphenyJ-4-carl:roxamide 

175 

310.3 

439.5 

407.4 

430.5 

404.4 
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Example 

263 

264 

265 

266 

267 

268 

269 

270 

271 

Structure 
0 <::h!.<!11 

~~ 
~o 

L Chlrol 

.~%~~ 
~o 

. 

~t> " 
Qlira.1 

- JP 
/:I Ho 

HO 

~,N ~. 
i aural 

H N.OH o. 

~~~~ ~ 0 

"" 

°tj;~oo 
Chiral 

H HO 

I . 

ti Chiral 

C2 o~~~ ff~ R 'OH. 
0 

S N • 

H,C OH 

~N~~'OH 
· H 0 crO. A 

. 
h 

ctl:t"~ -~ HO ..,, 

"'4, 
F 

Name MH+ 

4'-( {((1S,2R)-1-
{((cyanomethyi)amino]catbonyl}-2-

466.5 
(propanoyloxy)propyl]amino }carbonyl)-I, I'-

biphenyl-4-yl propanoate 

4'-( {[(IS,2R)-1-
{[(cyanomethyl){pl:opanoyl)amino]carbonyl}-

522.6 
2-(propanoyloxy)propyi]amino}catbonyl)-1,l'-

biphenyl-4-yl propanoate . 

N-((1S,2R)-l-
{[( cyanornethyl)amino ]carbonyl }-2-

bydroxypropyl)-4'Cbydroxy-l, l '-bipbenyl-4-
354.4 

carboxami.de 

(2S,3S)-2-[(1, 1 '-biphenyl-4-ylmetbyl)amino ]-
301.4 

N,3-dibydtoxybutanmnide 

N-{2-hydroxy-1-[(hydfoxyamino)carbonyi]-2-
377.4 

phenylethyl}-l ,l '-blphenyl-4-catboxamide 

(2S,3R)-2-[(dlphenylacetyl)amino]-N,3-
329.4 

dihydroxybutanamide 

N-{(J S,2R)-2-hydro:1.'Y-I-
[(hydroxyamino)ca:rbonyl]propyl}-6- 362.4 

( 
[(phenylmethyl)thio ]pyridine-3-carboxamide 

N,3..dihydroxy-2-( {[ 4-: 
317.4 

(phenyloity)phenyl]methyl}amino)bu:tanarnide 

N-{ (1 S,2R)-2-hydroxy-J-
[{hydroxyamino )carbonyl]propyl}-2'-

399.3 
[(triflooromethyl)oxy ]-1, 1 '-biphenyl-4-

carboxamide 

176 



Examrne Structure Name MH+ 
H Chiral 

HOj:C'il 

~ '''(N'OH (2R,3S)-2-[(l,l '-biphenyl-4-ylmethyl)amino ]· 
l'.i H b N,3-<lihydroxybutanamidc 301.4 

"' A!' 

272 . 

H Chiral 

H~ 0 3 
· H 4·[ ( {(1S,2R)-2-hydroxy-1-

~l'.I Ft N.OH [(hydroxyamino )eaibonyl]propyl} amino )caroo 283.3 
HO O nyl]benzoie aeid 

273 
0 

H Chiral 

H,cf~c1=:~-oH 1,1-dimethylelhyl 4-[( {(1S,2R)-2.Jiydroxy-l-
i"' NH [(hydroxya:mino )earbonyl]propyl}amino )carbo 339.4 

0 H H 0 
nyl]beozoate 

0 

274 

( 
so Chl'31 

(4R)-4-{((4'-ethyl-l,l'·biphenyl-4-

~fl-,~ yl)earbonyl]amino }-5{lzydroxyamino )-5- 371.4 

H,C O r:F OH 
oxopentanoic aeid 

275 

~_rOH Cltlral 4'-ethyl-N-[(lR)-2-(hydroxyamino )-1-

~'~ (hydroxymethyl)-2-oxoethyl]-l,1 '-biphenyl-4- 329.4 
H, oJ-oH carbcruunide 

276 

~~Cit~ 4'-ethyl-N-[(l S)-2-(hydroxyamino )-1-
(hydroxymethyl)-2-oxoethyl]-1,l '-biphenyl+ 329.4 

.., 0 Ol-I carboxamide 

277 
... 

C. ~ Chlral 

r-0-0-<: . ll()I{. 
(2S)-1-[( 4'-ethyl-1, l '-biphenyl-4-yl)earbony!J-

355.4 
N,4-<lihydroxypyrrolidine-2-carboxamide 

H,,C .Q 0 

278 

~"'"'' 4'-ethyl-N-{(lS)-1-

~tJ [(liydro:icyamino )carbonyl]bnt-3-ynyl}-l, !'- 337.4 
H.tC O O OH biphenyl-4-carboxamide 

279 . 

~i=NH,~ral N-[ (lS)-1-(aminomethyl)-Z..(hydroxyamino )-2 
!;I oxoethyl]-4'-ethyl-l ,l '-biphenyl-4- 328.4 

~C O O bH carboxamide 

280 

177 
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1 
·1 

Example 

281 

282 

283 

284 

285 

286 

287 

288 

289 

Structure 

ti Chlral 

H 

Hc.y-OH 

~',"1;y~'OH 
~.~HO 

"' 
H,C 

V-oHChl<al 
~HO 

Name 

Ne{ (lS)-1-{(hydroxyamino )carbonyi]-2-
methylpropyl}-l, 1 '-biphenyl-4-carboxamide 

N-{(1S,2R)-2-hydrm .. 1'-1-

MH+ 

313.4 

[(hydroxyamlno)carbonyl]propyl}-N-methyl- 329.4 
l,1'-biphenyl-4-carboxamide 

4-efuynyl-N-{ (!S,2R)-Z-hydro>..JF-1-
[(hydroxyamlno )carbonyl]propyl} benzamide 

4-(1,3-benzodioxol-5-yl)-N-{(1S,2R)-2-

263.3 

hydroxy-1- 359.3 
[(hydroxyamino)carbonyl]propyl}benzamide 

. 

N-{(1R,2S)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propy!}-4'-propyl- 357.4 

1, 1 '-biphenyi-4-carboxamide 

2-{ {[3'-( ethyloxy)-1, 1 '-biphenyl-4-
yl]methy!}amino )-N,3-dihydroxylmtanamide 

N-{(1S,2R)-2-hydroxy-l-

345.4 

[(hydroxyamino)carbonyl]propyl}-3',4'- 375.4 
bis(methyloxy)-1, l '-biphenyl-4-carboxamide 

3'-formyl-N-{ (l S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} 4'- 373.4 

(methyloxy)-1,l'-biphenyl-4-cm:boxamide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl)propyl}-4-{4-{4-

[(((1S,2R)-Z-hydroxy-1- 523.5 
[(hydroxyamlno )carbonyl]propyl} amino )carbo 

nyl]phenyl} buta-i,3-diynyl)be112arnide 

178 

( I 



Examnle Structure Name MH+ 
. 

H Chlml 

~C6H if o ~OH (2S,3R)-2-( {[ 4'-( ethyloxy)-1, 1 '-biphenyl-4-
~Ho 

yl]methyl}amino)-N,3-dihydroxybutanamide 
345.4 

~C......_0 . 

290 

"'t" ""'"" 3'-cliloro~N-{(1S,2R)-2-hydro:>cy'-1-#N • ~'OH H'HO [(hydroxyamino)carbonyl]propyl}-4'- 379.8 .Cf 

tt,c.o 
(methyloxy)-l, l'-biphenyl-4-carboxarnide 

291 

~ y,c~ Chiral (1R,2R)-N-{(1S,2R)-2-hydroxy-l-
)l.N ~-OH [(hydroxyamino)carbonyl]propyl)-2- 279.3 

phenylcyclopropanecarboxamide 
, 

292 

( 
dcx; Chiral 

~ ~-OH N-{ (18,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-(lH- 304.3 0 . 

0 · .. pyrrol-l-yl)bem:amide 

293 
. 

~c\ Chiral ~ l:l-oH N-{ ( 1S,2R)-2-hydroxyc 1-
[(hydroxyamino)carbonyl]propyl}-4- 281.3 

A 
propylbenzarnide ·1-1,c . . 

294 

~~Chi~ N-{(1S,2R)-2-bydroxy-1-~-OH 
~ . [(hydroxyarnino)carbonyl]propyl}-4- 309.4 

f\,C pentylbenzamide 

295 . ' . 

( ~~· ~l~ N-{(1S,2R)-2-hydroxy-J-~-Oil 
. .0 [(hydroxyamino)carbonyl]propyl}-4- 351.5 

fl, . octylbenzamide 

296 

d~ ~-~-OH . . (2E)-N-{ (lS,2R)-2-hydroXy-1 • 
~ [(hydroxyamino )carbonyl]propyl }-3-( 4- 279.3 

"' methylphenyl)prop-2-enamide ' 
1-1,C 

297 

~~'""" (2E)-N-{ (IS,2R)-2-hydroxy-l-
f(hydroxyamino)carbonyl]propyl}-3-[4- 333.3 

F (tri:fluoromethyl)pheny!]prop-2-enamide 

298 
F F 

179 

I 



Examnle Structure Name MH+ /X" ... (2E)-3-(l,l'-bipbenyl-4-yl)-N-{(1S,2R)-2-N-OH 

J:j 0 hydroxy-I-
341.4 I ""' [(hydroxyamino )catbonyl]propyl} prop-2-

I "" 
&' 

enamide 
A' 

299 .. 

°'ru:x;~-OH 
Chlrol 

(2S,3R)-2-[(l,l '-bipbenyl-4-ylacetyl)amino ]- .329.4 
N,3-dihydroxybutanamide 

. H 0 

300 
. 

~ex; Chlral . ~-QH (2S,3R)-2-{[{2S)-2-amino-3~(1, l '-biphenyl-4-
J:j 0 yl)propanoyl]amino }"N,3- 358.4 

dihydroxybutanamide 

301 .. 

~~ .,. ~-OH (2S,3R)-2-{[(2R)-2-amino-3-(l, 1 '-biphenyl-4-

.j J:j yl}prcrpanoyl]amino}-N,3- 358.4 
I dihydroxybutanamide 

I 302 
. 

! 
NH, l;J,C:t::;' Chiral (3S)-3-amino-N-{ (1 S,2R )-2-hydroxy-l -

~~ 0 ~-0H. [(hydroxyamino)carbonyl]prcrpyl}-5- 310.4 
phenylpentanamide 

303 

ffcx; Ctilral H-OH N-{(IS,2R)-2-hydroxy-l-
fj ~ . [(hydrmqounino}carbonyl]propyl}-4- 344.4 

I 

er .. [(phenylamino)methyl]benzamide 

304 

QH ~:x;H-OH Chlml 
N-{ (1S,2R)-2.hydroJ<Y" 1- ( 

. [(hydroxyarnino )carbonyl]prcrpyl}-4- 358.4 " ' n 0 . {[(phenylmethyl)amino]metbyl}benza:mide 

i 
305 

I 
I 

~~~~-' 
4'-.etbyl-N-{(1S,2R)-2-bydroxy-l-[( {(1S,2R)-2 

l hydroxy-1-
444.5 

I 
H3C o ·((bydfoxyarnino )carbonyl]propyl} amino)catbo 

nyl]prcrpyl}-1, 1 '-biphenyl-4-carbaxamide 
306 

~:x; . °"'" (2S,3R)-2-[(1, 1'-bipbenyl-4-ylacetyl)a:mino ]-3-0-o-iX: u.OH . bydroxy-N-{ (1S,2R)-2-bydroxy-l- 430.5 
[(hydrm.-yamino )carbonyl]prcrpyl} butanamide 

i i 
i 307 

180 



Examnle Strnctqre Name MR+ 

~:v~~ 4-( 4-chlorophenyl)-N-{ (I S,2R)-2-hydroxy- l -
H O [(hydroxyamino )carbonyl]propyl} cyclohexane 355.8 

"' carboxamide 
Cl 

306 

I 
i· 

l 

~:~~~OH Chiral N-{ ( 1S,2R)-2-hydroxy-1-

o· [(hydroi..-yamino)carbonyl]propyl}-4-(!H- 305.3 N- . 
pyrazol-1-yl)benzamide v 

309 

(;!.~. Chiral 
N-{(!S,2R)-2-hydroxy-1-~N ~-oH 

[(bydroxyamino )carbonyl]propyl}-4- 324.3 ('N o 
morpholin-4-ylbenzamide oJ 

310 

( 
/;\>~H Chiral 

N-{ ( l S,2R)-2-hydroxy- I -~N N-OH 
0 [(hydroxyamino)carbonyI]propyl}-4-(1,2,3- 323.3 

~ thiadiazol-4-yl)benzamide 
s.N"N 

311 

J;!;x; Chi~ N-{(1S,2R)-2-hydroxy-l-
H,C..t{) ~ ):!_OH [(hydroxyamino )carbonyl]propyl} 4[( 4- 351.4 
~N methylpiperazin-1-yl)methyi]benzamide 

312 

~~ Chiral 
N-((1S,2R)-2-hydroxy-1-

~ ~-oH [(bydroxyamino)carbonyl]propyl}-4-(lH- 319.3 
'\..:N imidazol-1-ylmethyl)benzamide 

313 

( 
de OH Chiral (2S,4S)-N-{( 1 S,2R)-2-hydroxy-1-o ... , "'x;:n-oH [(hydroxyamino )carbonyl]propyl}-4- 306.3 

N H 0 phenylpyrrolidine-2-carboxamide 

314 

J'•Cx; Chiral 
4'-bromo-N-{(1S,2R)-2-hydroxy-1-

#~ ~.OH [(bydroxyamino )carbonyl]propyl}-1,l '- 394.2 
0 

biphenyl-4-carboxamide e 

315 

#;x;~.OHChlrnl 4'-bromo-N-{ (I S,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-1, !'- 394.2 

0 
biphenyl-4-carboxaruide -

316 
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Example 

317 

318 

319 

320 

321 

322 

323 

324 

325 

Stroc:tnre 

H,Cr°H Chiral 

~ttlf~.OH 

Name 

4'-bromo-N-{ ( lS,2R)-2-hydroxy-l -
[(hydroxyamino )carbonyl]propyl}-l, l '­

bipheny!-4-carboxamide 

(2R)-2-{[(4'-ethyl-l,l'-biphenyl-4-
yl)carbonyl]amino }-N-1-

hydroxypentanediamide 

(2S,3S)-1-[( 4'-ethyl-l,l'-blphenyl-4-
yl)carbonyl)-3-hydrmq'Pyrrolidine-2-

carboxylic acid 

(28,38)-N-[( l,l -dimethylethyl)oxy ]-1-[ ( 4'­
ethyl-1, l '-biphenyl-4-yl)carbonyl]-3-
hydroxypyn:ofuline·2-carboxamide 

(2S,3S)-1-[(4'·ethyl-1, l '-biphenyl+ 
.. yl)carbonyl]-N,3-dihydroxypyrrolidine-2-

carboxamide 

N-{(1S,2R)-2-hydrmcy-l-

MB+ 

394.2 

370.4 

340.4 

411.5 

355.4 

[(hydroxyamino)carbonyl]propyl}-4-[(4- 384.4 
nitrophenyl)ethynyl]benzamide 

N-{(1S,2R)-2-hydrm .. -y-l-
[(hydroxyamino )carbonyl]propyl}-4-{[ 4-(lH- 404.4 

pyrrol-1-yl)phenyl]ethynyl}benzamide 

N-{(1S,2R)-2-hydroxy-l-
.[(hydroxyamino)carbonyl]propyl}-4'-nitro-l,1' 360.3 

blphenyl-4-carboxamide 

(2S,3R)-N,3-dihydroxy-2-({[4'-(rnethylo:icy)-3' 
propyl-1,1'-biphenyl-4- 373.5 

yl]methyl} amino )butanarnide 

182 



Emmple Structure Name MH+ 

?x.~=· 4'-cyano-N-{ ( 1S,2R)-2-hydroxy-1-
~ HO [(hydroxyamino }catbonyl]propyl }-1, l '- 340.3 .& 

.., biphenyl-4-carboxa:mide 
N".' 

326 
.\:! Cilral 

~~o ~ 0---- iio ~-OH (2S,3R)-2-( {[ 4'-( ethyloxy )-4-(methy!oxy)-l,l '-

~ 
biphenyl-3-yl]methyl)amino)-N,3- 375.4 

dihydroxybutanamide 

327 "" H Chiral 

·~'t'.h 0" 2',5'-difluoro-N-{(1 S,2R)-2-hydroxy-1-
. I o [(hydroxyamino )carlJonyl]propyl}-1, 1 '- 351.3 

. "" biphenyl-4-carlJoxamide 

328 F 

c 
~Oiir.<l 

N-[(lS)-1-[(acetylamino)methyl]-2-

r-0-0-{-)::ij (hydroxyamino }2-oxoethyl]-4'-ethyl-l, I'- 370.4 
H_..C 00 OH biphenyl-4-carboxamide 

329 

~Nl-f,Chlral N-{(IS)-4-a:mino-1-

"c~o \H [(hydroxyamioo )carbonyl]butyl}-4 '-ethyl-1,l '- 356.4 
biphenyl-4-carlJoxamide 

330 

~ Ctllral 4'-ethyl-N-[(lS)-2-{IJydroxyamino )-1-(lH-

H,C-0-0-{x imidazol-5-ylmethyl)-2-oxoethyl]-l, 1 '- 379.4 
biphenyl-4-ca:rboxaniide 

. 

331 
, ... . 

c ~~-0,=· (2S,3R)-2-{[1-{l,l'-bjphenyl-4-
315.4 0 yl)ethyl]amino )-N,3-dihydroxybutanamide "" ..,, 

332 

~'°X;" ,_ N N-OH (2S,3R)-2-{[l-(1,1 '-bipbenyl-4-
329.4 H 0 yl)propyl]arnino }-N,3-dihydroxybutanamide "' -<' 

333 

~~'" N-oH 
(2S,3R)-2-{[ I·( 4'-brorno-1,1 '-biphenyl-4-~ 0 394.3 

""' yl)ethyl]amino}-N,3-dihydroxybutanamide 
. 

Sr 

334 

183 
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Examnle 

335 

336 

337 

338 

339 

340 

341 

342 

343 

Structure 

~·~ 
Chiral 

H,C 

~Yr·-~' 
"" 

"" 
H2 N Chiral 

d~\i-~-OH 
0 

O· 

Cl 

~';\~~· 

~\k.~-
H,c 

~\·~"'"' H 0 

""" . 

""' 
.& 

;~"~~ral 
H, 

r~"-H . 0 

""' 

Hi( Ch ha I 

?~·~ 

Name MH+ 

(2S,3R)-N,3-dihydroxy-2-{[l-( 4'-methyl-1,l '-
329.4 biphenyl-4-yl)ethyl)amino} butanamide 

N-[(lS)-1-( aminomelhyl)-2-(hydroxyamino )-2 
300.3 oxoethyl]-1, 1 '-biphenyl-4-carboxamide 

. . . 

N{(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
289.3 oxoethyl]-4-(lH-pyrrol-i-yl)benzamide 

N{( !S)-1-( aminomethyl)-2-(hydroxyamioo )-2 
oxoethyl]-4-( 4- 340.8 

cblorophenyl)cyclobexanecarboxamide 

.. 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
294.4 oxoefhyl]-4-pentylbenzamide 

(2E)-N-[(IS)-1-( aminomethyl)-2-
(hydroxyamino )-2-oxoe1hyl}3-(l, l '-biphenyl- 326.4 

4-yl)prop-2-enamide 

' 

(2S)-3-amlno-2-{[(4'-ethyl-l,1'-biphenyl-4-
314.4 yl)methyl]amino }-N-hydroi..-ypropanarnide 

(28)-3-amino-2-[(l ,l '-biphenyl-4- '286.3 
ylmethyl)amino]-N-hydroxypropanamide 

(2$}3-amino-2-{[l-(4'-bromo-l,l'-hiphenyl-4· 
379.3 

yl)ethyl]amino }-N-hydroxypropanarnide 

184 



I Example Sirocture Name MU+ 

I J'.( . Chiral 

od~lyti-oH (2S)-3-amino-N-hydroxy-2-{[l -( 4'-methyl-1, I' 
314.4 0 biphenyl-4-yl)ethyl]amino} propanamide . 

H,c 
344 . 

4'-ethyl-N-[(JS)-2-( { ( 1S,2R)-2-hydroxy-l -
I 

~~;r)"tt-oHC.I~ [{hydroxymiino )carbonyl]propyl} amino )-1-
430.5 

(hydroxymethyl)-2-oiroethyl}-J, I '-bipheny!-4-
carboxarnide 

345 

~~~~~.,-
4'-ethyl-N-{(lS)-2-( {(1S,2R)-2-hydroxy-l-

[{hydroxyamino )carbonyl]propyl}amino )-!-[{ 4 
506.6 

hydroxyphenyl)rriethyl]-2-oxoethyl}-l,l'-
"'" ~ 0 biphenyl-4-carboxamide 

346 . . 

( ~·~ 
(2S)-2-{[( 4'-ethyl-l,l '-biphenyl-4-

yl)carbony!]a:mino}-N-l-{(lS,2R)-2-
ij_O!I hydroxy-I- 471.5 

0 
H,c [(hydroxymiino )carbony!Jpropyl}pentanediam 

347 
ide 

HO~ ~l™ ( 48)-4-{[( 4'-ethyl-l ,l '-biphenyl-4-
yl)carbonyl]amino }-5-( {(l S,2R)-2-hydrmcy-1-

472.5 H,C~~ O:Y~H [(hydroxyamino )carbonylJpropyl} amino )-5-
oxopentanoic acid 

348 

~:x; ~I~ (3S)-3-{[( 4'-ethyl-1, I '-biphenyl-4-
yl)carbonyl]a:mino }-4-( { (1 S,2R)-2-hydroxy-l -

458.5 ..,~ci . 0 0 Ile. [(hydroxymiino)carbonylJpropyl}amino)-4-
oxobutanoic acid 

349 

c O-OJ-9; """' (3S)-2-(l,l'-biphenyl-4-ylacetyl)-N-{(1S,2R)-
2-hydroxy-1-

488.6 
. . NO~~ [(hydroxyamino )carbonyl]propyl}-1,2,3,4-

o OH tetrahydroisoqumoline-3-carboxmnide 
350 . 

. 

~x;lH_, 
4'-ethyl-N-[(lS)-2-( {(1S,2R)~2-hydroxy-l-

[ {bydroxyamino )carbonyl]propyl} amino )-1-
414.5 H,C~O O . methyl-2-oxoethyl]-1,l'-biphenyl-4-

carboxamide 
351 

0-oJ"~X~ <;,,., (2S,3R)-2-( {(2S}-3-amino-2-[(l,l'-bipMnyl-4-

N N o 
Ylacetyl)a:miuo]propanoyl}amino}-N,3- 415.5 

·o dihydroxybutanamide 

352 

185 
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Exa~nle 

353 

354 

355 

356 

357 

358 

' 
359 

360 

361 

Structure 

O-oJ);:x;~H~ra< 
~ 0 0 

°'oJ ~lral 

:x;~-OH 
H,N H 0 

~ ~lral ,ex; 
~-OH 

i; ,f ~ 
' 0 

HC~/NH, , "'"'I . 

""'I NJ .OH 

. 0 " 

H,C~/N 
. i()l 

. "' . WOH 
0 

0 

H,C~ HN)l.CH, 

::: I 6".oH 
0 

H,C~~H 
UH.OH 

. o 

&:x; Chiral p. ~-OH 
0 

N4- . 

H,N Chiral 

~~.\-~-OH 
0 

N~ .-

Name MH+ 

(28)-2-[ (1, l '-biphenyl-4-ylacetyl)amino ]-N-
{ (1 S,2R)-2-hydroxy-l-

424.5 [(hydmxyamioo )carbonyl]propyl}pent-4-
ynamide 

(2S,3R}-2-{[(2S)-2-amino-2-(l,l '-bipbenyl-4-
344.4 

yl)etbanoyl]amino }-N,3-dihydroxybutanamide 

(2S,3R)-2-{[ (2R)-2-amino-2-( 1, 1 '-biphenyl-4-
344.4 

yl)etbanoyl]amino}-N,3-dihydroxybutanauiide 

N-(3-aminopropyl)-4'-ethyl-N-[2- ( 
(bydtoxyamino )-2-oxoe_thyl]- l,1 '-biphenyl-4- 356.4 

carboxamide 

N'(2-cyimoethyl)-4'-ethyl-N-[2-
· (hydroxyamino)-2-oxoethyl]-l,l'-bipheuyl-4- 352.4 

carboxamide 

N-[2-( acetylamioo )ethyl]-4'-ethyl-N-[2-
~ydroxyamino )-2-oxoethyl]-l, l '-biphCllyl-4- 384.4 

carboxamide 

4'-ethyl-N-[2-(bydroxyamino)-2-oxoe!hyl]-N-
337.4 

prop-2-ynyl-l,l'-biphenyl+carhoxamide 
. 

. 

4-cyano-N-{ (1S,2R)-2-hydroxy-l -
264.3 

[(bydroxyamino )carhonyl]propyl} beru:amide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
249.2 

oxoethy!J-4-cyllnobenzamide 

186 



Example Strncture Name MH+ 
H;;C~~ Chila! 

oyo 
1,1-dimethylethyl (2S)-2-{[( 4-NH 

/~~~OH ethynylphenyl)carbonyl]amlno }-3- 348.4 
(hydroxyamino )-3:oiroptoPylcarbamate 

362 
1-1,cf'1.1-1, Clttral . 

o,,o l, 1-dimethylethyl (2S)-3-(hydroli:yamino )-3-

~~U.0tt 
oxo-2-[( {4-[{E)-2-

412.5 
phenylethenyl]phenyl} methyl)amino ]propylcar 

~ o. 

"' bamate 
363 

0 
H;,).OH Chlmr 

~ .,,1!'~"0H N-{(1R,2S)-2-hydroxy-1-
F N 0 ' [(hydroXYaminc )earbonyl]propyl }-3'- 383.3 
F (trifluoromethyl)-1, 1 '-biphenyl-4-carboxatnide 

364 

( 

H Chiral 

~k~" (2S,3R)-2-[{1,1'-biphenyl-4-ylmethyl)amino]-3 "' ~ - 286.3 HO hydroxybutanoic acid . "' ,.,, 
I"" 

365 

~:\,~oH=ral N-[(lS)-1-(ami.nomelhyl)-2-(hydroxyamino)-2 
324.4 H 0 oxoethyl}4-(pbooyle!hynyl)benzarnide 

366 
tt:icf\f.1:. aftml 

l, 1-dime!hylethyl (2$)-3-(hydroxyamino )-3-oyo 

?~U'OH oxo-2-( {[4-
424.5 

(phenylethynyl)phenyl]carbonyl}amino )propyl 
carbamate 

367 
-· 

c 
~H, Chiral 

ftN ~'OH N-[(lS)-1-(aminomefhyl)-2-(hydroxyamino )-2 
248.3 H 0 · mi:oethyl]-4-ethynylbenzamide 

H 

368 

~H, Chlral 

~ ~'OH N-[(lS)-1-(aminomethy!)-2-(hydroxyamino)-2 
248.3 ~ 0 oxoethyl]-4-ethynylbenzamide 

?" 
H . 

369 · "'ti Chlral 

?" N-{(JS,2R)-2-hydrozy-1-
~ il 'OH 

[(hydraXYamino)carbonyl}propyl}-4·{[4- 369.4 

~c.o 
(methyloxy)phenyl]ethynyl}benzamide 

370 

187 
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Examnle 

371 

372 

373 

374 

375 

376 

377 

378 

379 

Strueture 

~~~-
. 

. H;,C ~OH cti!raf 

~~u"OH U a 

~J_ . 

f\C ~ OH Chlral 

~n:fi""o" 
~ .· 

~~¢ ~ ... ,,,o..p:. 

"~~ . 

~~~~\ml 

Hpx; ~I 
0 . . IL,.. 

~no tt,C 

. 

tt,C~ -
U ":x;u.OH 
.~ 0 

~~:x;~~-

.... """" 
~~n\U-o" .., n 

Name MH+ 

(2S)-3-amino-N-hydroxy-2-[( {4-[(E)-2-
phenylethenyl]phenyl}methyl)amino}propana 312.4 

mide 

1, 1-dimethylethyl 2-{4'-[( {(1S,2R)-2-hydroxy-
1-

458.5 
[(hydroxyammo)carbonylJpropyl}amino)carbo 

nyl]-1,1'-biphenyl-4-yl}ethylcarbamate 

(2S,3R)-N,3-dihydroxy-2-[( {4'-[(2-pyrrolidin-
1-ylethy!)oxy]-l, 1 '-biphenyl-4- 414.5 
yl} methyl) amino )bntanamide 

, 
1,1-dimethyietbyl (lS)-4-( {[(1,1-

dime1hylethyi)oxy]carbonyl}amino )-1-( {[4-
( {4-[ ( { (1S,2R)-2-hydroxy-1-

668.8 
[(hydroxyamino )carbonylJpropyl} amino )carbo 
ny!Jphenyl }ethynyl)pbenyl]amino }carbonyl)b 

"'"lcarbamate 

4-{ 4-chlorophenyl)-N-[(lS)-2-( {(1S,2R)-2-
hydroXY-1-

426.9 
[(hydroxyamino )carbony!Jpropyl} amino )-1-
methy!-2-oxoethyl]cyclohexanecmboxamide 

4'-ethyl-N-[2-( {(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carl>onyl)propyl}amino)-2- 4-00.4 

oxoethy!J-l,l'-biphenyl-4-ca:rboxa:mide 

4'-ethy!-N-[3-( { (IS,ZR)-2-hydroxy-1- ( 
' 

[(hydroxyamino)carbonyi)propyl}amino)-3- 414.5 
oxopropyl]-1, l'-biphenyl-4-carboxamide 

4'-ethyl-N-[4-( { (1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} amino )-4- 428.5 

oxobutyi]-1, 1 '-hiphenyl-4-carboxamide 

N-(( !S)-2-{[(!S)-1-( aminomethyl)-2-
(hydroxyamino )-2-oxoe1hyl]arnino }-1-metltyl-

399.5 
2-0xoethyl)-4'-ethyl-l, 1 '-biphenyl-4-

carboxamide 

188 
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! 
{ 

( 

c 

E:mmnle 

380 

381 

382 

383 

384 

385 

386 

387 

388 

Structure 

"" Cblral 

~··~""OH 
""' n/( o 

~ ~ -
11,0 "a~\h-o:< 

"" "'"' ,..--e-&~n\"-°" 

. ~~ 
~~ 

HC 00 OH 
' 

~rat 
H,C~O ~OH 

,CH, 

rO-O-{i=~~. 
HG 00 OH 
' 

~"""""' 
H,~!O \H 

. ~,~1~1 

~~ 1-!aC 00 OH 

NHzChlral 

r-0--0-i~~ 
H3C 00 OH 

Name :MH+ 

N-(2-{[ ( lS)-1-( aminomethyl)-2-
(hydtoxyamino )-2-oxoethyl]amino }-2-

385.4 
oxoethyl)-4'..ethyl-1,1 '-biphenyl-4-

carboxamide 

N-(3-{[( lS)-1-( anrinomethyl)-2-
(hydtoxyamino )-2-oxoethyl]amino }-3-

399.5 
· oxopropyl)-4'-ethyl-1,l'·biphenyl-4-

carboxamide 

N-( 4-{[(lS)-1-{aminomethy!)-2-
(hydroxyamino )-2-oxoetbyl]amino }-4-

413.5 
oxobutyl}4'-:etliyl-1, l '-biphenyl-4-

carboxamide 

4'-efuyl-N-[1-[ (hydroxyamino )carbonyl]-2-
(mefuyloxy)propyl]-l,l'·biphen:yl-4- 357.4 

ca:rb=ide 

4'-ethy!-N-[(I S,ZR)-1-
[(hydroxyamino )carbonyl]-2-

357.4 
{methyloxy)propyl]-l,1'-biphenyl-4-

carboxamlde 

N-[1 ·[( dimetbylamino )methy!J-2-
(hydroxyamino )-2-oxoethyl]-4'-ethyl-1, 1 '- 356.4 

biphenyl-4-ca:rboxamide 

. 

N-{(lS)-3-cyano-1-
[{hydroxyamino)carboilyl]propyl}-4'-ethyl-1,1' 352.4 

biphenyl-4-carboxamide 

N-{(IS)-5-anllno-l-
[(hydroxyamino )carbonyl]pentyl}-4'-ethyl-l, l' 370.5 

biphenyl-4-carboxamide 

. 

1'<-{(lS)-3-amino-l-
[(hydroxyamino )carbonyl]propyl}-4'-ethyl-l, 1' 342.4 

biphenyl-4-carboxamide 

189 
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Examnle 

389. 

390 

391 
. 

392 

393 

394 

395 

396 

397 

S1rncture 

H 

H,Cr-0--0-{-0H 

#~ Nt;~-OH 
0 

""" HC 
' 

. }0"'~ 

"1r~ H,C~n ·. 

} Chiral NH,, 

" ~fl~~-oH 
l<,C 0 

~ Chim! NH, 

~;;~-OH 
... 0 

~\~~H~~ 

~ 
(N\Jl-oH 

~o H,C 0 

o ~ Chiral 

~~~~OH H, 
0 

& 

~ 
CN\rH-oH 

~o 0 

Name . MR+ 

4'-ethyl-N-hydroxy-1, 1 '-biphenyl-4-
242.3 

carboxamide 

4'-ethyl-N-{2-hydroxy-1-
[(hydroxyamino)ca:rbonyl]-2-methylpropyl}- 357.4 

l,l '-biphenyl-4-carboxamide 

N-[(2S)-2-{[( 4'-ethyl-1, 1 '-biphenyl-4-
yl)carbonyl]amino }-3-(hydroxyamino )-3- 441.5 

oxopropyl]morpllDJ:ine..4-carboxamide 

N-[(!S)-1-{[(aminocarbonyl)amino]methyl}-2 
(hydroxyamino )-2-oxoethyl]-4'-ethy!, 1, 1 '· 371.4 

biphenyl-4-carboxamide 

N-[(IS)-1-
( {[ amino(imino )methyl]ami.oo} methyl)-2-

370.4 
(hydroxyamino )-2-oxoethyl]-4'-ethyl-l, 1 '-

biphenyl-4-carbmmnide 

N-[(2S)-2-amino-3-(hydroxyamino )-3-
oxopropyl]-4'-ethyl-l, l '-biphenyl-4- 328.4 

carboxamide 

1-[ ( 4'-ethyl-1, 1 '-biphenyl-4-yl)carbonyl]-N-
354.4 

hydroxypiperazine-2-carboxamide 

( 

N-[(2S)-2-amino-3-(hydroxyamino)-3-
324.4 

oxopropyl]-4-(phenylethynyl)benzamide 

N-hydroxy-1-{[4-
(phenylethynyl)phenyl]ca:rbonyl)piperazine-2- 350.4 

carboxarnide 

190 
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I 
l 

( 

( 

Exanmle 

398 

399 

400 

4-01 

402 
. 

403 

404 

405 

406 

Structure 

~;r;~OH~I~ 
"a 

H,o 

0"'t'~ 
Chlra! 

\'!\ ~ 0 

h 

"" 
. ~c ~ OH Chlml 

0 ~~ 
·~U~o -011 

H,C 

~".t~-~ HO 

' 

("'\. 

~·x ~o~ 
~~ ""' 

u 0 ?~1,. 

~ti00 
0 

H, 

o fl~H Chiral 

~"CH, ~j_ 
H, OH NI\ 

. 

#~y~~ 
Chiral 

Ni.. 
' H 

H,C Oli 

Name Ml{+ ' 

N-{ (1 S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-[( 4- 409.5 

pentylphenyl)ethynyl]benzamide 

N-{{1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbony!Jpropyl}-4-{[3- 369.4 
(rnethyloxy)phenyl]ethynyl}benzamide 

4-[(3-fluoro-4-methylphenyl)ethynyl]-N- . 

{(lS,2R)-2-hydroxy-l- 371.4 
[(hydroxyamino )carbonyl]propyl} benzamide 

4-[(2,4-difluorophmyl)ethynyl]-N-{(1S,2R)-2-
hydrofy-1- 375.3 

[(hydroxyamino )carbonyl}propyl} benzarnide 

methyl {2E)-3-( ethylarmno)-2-{ {[4-
(phenylethynyl)phenyl]carbonyl}amino)but-2- 363.4 

' enoate 

1, I -dimethyl ethyl 4-{((2S)-3-(hydroxyamiao )-
3-oxo-2-({[4-

509.6 
(phenylethyoy!)phenyl]carbonyl}amino)propyl 

]amino }-4-oxobntylcarbamate 

N-(l-{N-hydroxycarbamoyl)-2-hydroxy-3-
methylbutyl)[4-(4- 371.4 

ethylphenyl)phenyl]carboxamide 

N-((1R,2R)-1-
{[(aminocarbonyl)(hydroxy)amino]methyl}-2--

372.4 
hydroxypropyl)-4'-ethy!- l ,l '-biphenyl-4-

carboxamide 

4'-ethyl-N-((1R,2R)-!-
{[ fonnyl(hydroxy)amino Jmethyl}-2- 357.4 

hydroxypropyl)-1, 1 '-biphenyl-4-oarboxamide 

191 
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407 

. 408 

409 

410 

411 

412 

413 

414 

415 

Stmcture 

/i:·~-~ H 0 

. 

I 
F 

~-,.,.t. "" 

~ 
0
,JH; Chiral 

~ QH ?,y 0 

0/1\ChiMI 

~ , ·oH 

~~~~'OH~lral 
fl,C ' . 

tl _k'1'H, Chiral 

~~~-:~·. 
H,C 

o~~ 

/•· H,C_,{" H . . ..,. 0 

\ 
"'"~ . l\C OH;. 

"'%1· Chl"'I o IL 
ff~~o OH 

H,N 

~i;~OH~~ 
"'~n "o. 

t..,., 

Name ·MH+ 

N-{ (1S,2R)-2-hydroxy-l -
[(hydroxyamino)carbony!Jpropyl}-4-{[4- 407.4 

{trifluorornethyl)phenyl]e1hynyl}benzamide 

1,1--0imelbylelhyl 2-{[(28)-3-(hydroxyamino)-
3-oxo-2-( {[ 4-

481.5 (phenylethynyl)phenyl]carbonyl} amino )propyl 
]amino }-2-oxoethylcarbamate 

N-({lS)-1 "{[(aminoacetyl)amino ]rnethyl}-2-
(hydroxyamino)-2-oxoethyl]-4- 381.4 

(phenylethynyl)benzamide 

. 

N.[(18)-1-{[( 4-aminobutanqyl)amino ]melbyl} 
2-(hydroxyamino )-2-oxoelbyl]-4- 409.5 

(phenylethynyI)benzamide 

N-{ (1 S,2R)-2-hydroxy-1-
[(hydroxyamino)Carbonyl]propyl}-4-pent-l- . 305.3 

ynylbenzamide 

N-{(1S,2R)-2-[(1,l--dimethylethyl)oxy]-l-
[(hydroxyamino)carbonyl]propyl}-4'-propyl- 413.5 

l, l '-biphenyl-4-cnrboxamide 

1,1-clirnethylethyl (18)-4-( {[(1,1-
dimethylethyl)oxy]carbonyl}amino )-1-{[(2-{4' 

[( {(IS,2R)-2-hydro>.-y-1-
672.8 

[(hydroxyatnioo )carbonyl]propyl}amino )carbo 

( I 

ny!J-1,1'-biphenyl-4-
vliethvllamino lcarbonvHbutvlcarbamate 

4'-(2-aminoethyl)-N-{(IS,2R)-2.hydroxy-I-
[ (hydroxyamino )carbonyl]propyl}-1, I'- 358.4 

biphenyl-4-carboxamide 

4'-(2-{[(28)-2,5-
diaminopermmoyl]amino}ethyl}N-{{1S,2R)-2 

472.6 
hydroxy-1-[(hydroxyamino )carbonyl]propyl}-

l, l '-biphenyl-4-carboxamide 

192 



Examn!e Structure Name MR+ 

?~·~ 4-( cyclo!wx-1-en-1-ylethynyl)-N-{ ( 1 S,2R)-2-
fl HO hydroxy-I- 343.4 A 

"" [(hydroxy amino )carbony!Jpropyl} benzamide 
. 

416 

r·~~- 4-(3,3-dimethylbut-l-ynyl)-N-{(IS,2R)-2-
HO hydroxy-!- 319.4 

·1-1,c • 
[(hydroxyamino )carbony!Jpropyl} benzamide 

417 
1-\,C CH, 

. 

. "'A(~Q~ N-{(lS)-1-{[(aminoacetyl)arnino]melhyl}-2-
[(2-{[(2S)-3-(hydroxyarnino)-3-oxo-2-( {[4-

z~ . (phenylelhynyl)phenyl]carbonyl}arni)lo )propyl 728.8 ? ~~ ]amino }·2-oxoelhyl)arnino ]-2-oxoelhyl}-4-ct g : 

418 (pheny!ethynyl}benzamide 

( 
~%1 ~~ 0 H 

4-[( 4-{[{28)-2,5-

o/""o~ diaminopenimloyl]amino }phenyl)eth}lnylJ-N-
468.5 

~ {(1S,2R)-2-hydroxy-1-

')_ . . [(hydroxyarnino )carbonylJpropyl} benzamide 
419 ""' . 

~;rt~ 4'-(2-aminoethyl)-N-{(lE)-l-
l(hydroxyarnino )carbonyl]prop-l-enyl}-1,1 '- 340.4 

. biphenyl-4-carboxamide 
H,N . 

420 

,6Drt"•~ ~- 2',4'-difluoro-N-{(1S,2R)-2-hydroi..-y-1-
N H 0 [(hydroxyarni)lo )carbony!Jpropyl}-1, l '- 351.3 

"' biphenyl-4-carboxamide 
.&' 

421 

c x· H 

"' N-[(IE}'l-formylprop-1-enyl]-4!-propyl-l,l'-

(' 
H 0 

biphenyl-4-carboxamide 
308.4 

. 

H,C ""' 422 

. 
o-=~-OH N-hydroxy-4-(pyridin-3-ylethynyl)benzamide 239.2 H 

423 

~t'""- 4-(3-hydroxy-3,5-dimelil}'lhex-l-ynyl)-N-
N "o {( l S,2R)-2-hydroxy-1- 363.4 . 

[(hydroxyamino)carbony!Jpropyl}benzamide 
H,C CH, 

424 

193 



Exa~le Structure Name MR+ 

Nax Chjral 
4'-ethyl-N-{ ( 1R,2R)-2-hydroxy-l -~~·\H [(hydroxyamino)methyl]propyl}-1,l'-biphenyl- 329A "" H 4-carboxamide 

' 
425 

'°Chiral 
4'-ethyl-N-{(1R,2R)-1-

~x:~b« [(hydroxymnino )methyl]-2-
419.5 

[(phenyll:nethyl)oxy]propyl}-l ,l '-biphenyl-4-
caI'boxamide 

426 
H,C 

. 

;xyOchl~ 4'-o!hyl-N-[(5R,6R)-3-hydroxy-6-methyl-2-
~ •, OH om-1,3-oxazimm..5-yl]-1, 1 '-biphenyl-4- 355.4 

"' carboxamide H, 
' 

427 

~:x:.1",___,~~,,"'"' 
N-((1R,2R)-1-{[{ {[2-

( dimethyla:mino )ethyl]amino} cru:bonyl)(hydro 
443.6 OH 

xy)arnino ]methyl }-2-hydroxypropyl)-4'-ethyl-

"' 1,1 '-biphenyl-4-carboxamide 

( 

428 .. . 

?X:i~~~"'·' 
N-((1R,2R)-l-{[ {((2-

cyanoethyl)amioo ]carbonyl} (hydroxy)amino] 
425.5 

methyl }-2-hydroxypropyl)-4'-ethyl-1, 1 '-
~ . 

biphenyl-4-carboxamide 
429 

HP oo Ull!l'll 4'-ethyl-N-(( 1R,2R}2-hydroxy-l-

~nt:i~ef {!hydroxy( {[3-(2-oxopyrrolidin-1-
497.6 

yl}propyl]amino} carbonyl)amino ]melhyl}prop 
yl)-l,l '-biphenyl-4-carboxamide 

430 

0 I'"' """" (IR,2R)-3-[( {[2-

r~""' ( dimetbylamino )ethyl] amino }carbonyl)(hydro 

~q~· xy)~o]-2-{[(4'-elhyl-1,l'-biphenyl-4- 557.7 ~.......,, "" 
yl)carbonyl]amino }-1-methylpropyl 2-

431 
(dlmethylarnino)ethylcarbamate 

( : 

>--~· """" (1R,2R}-3-( {[(2-

"'°X:. H cyanoethyl)amino ]carbonyl}(hydroxy)amino ]-

~cu~· 2-{[( 4'-elhyl-l, 1 '-biphenyl-4- 521.6 
yl)carbonyl]amino }-l -methylpropyl 2-

432 
cyanoethylcarbamate 

:;; N-{( IE)- l-[(E)-(hydroxyimino )melhyl}prop-1-
323.4 ~H N.00 enyl}-4'-'P'"opyl-l, I' -biphenyl-4-carboxamide 

. 

H,C 
433 

194 



.I 

I 
I 
~ 

l 
1 
l 
l 

( 

(_ 

Examvle 

434 

435 

436. 

437 

438 

439 

440 

441 

442 

Structure 

?:t•oe~• 
H H 0 

"" N 
d-

~"t'.·~-N H 0 . 
-"' 

p 

H:iC'NH 

,.CH:,Chira.I 

r-0-0-{-QcH, 
~c .o o ()fl 

- ~ ~· 
H,c~ U--OH 

rCH,Chl"' 

r-O-O-O~CH, 
~c O 0 OH 

r 
Chiral 

yd"t"-OH Cblral 
I' ~ 0 

H,C'M 

~t:~-OH 
a.1 .. 1 

y ~ H 0 

H,c·" 

"'"J ~ 
r--

Name ll-m+ 

N-{ (IS,2R)-2-hydroxy-l -
[(hydroxyamino )carbonyl]propyl}-4-{pyridin- 340.3 

3-ylethynyl)benzamide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyarnino )carbonyl]propyl }-4-(3- 306.3 
( methylamino )prop-1-ynyl]benzamide 

N-[(lS)-1-( ( dimethylamino )methyl]-2-
(hydroxyamino )-2:-0xoethyl]-4'-ethyl-1,l '- 356.4 

biphenyl-4-carboxmnide 

N-[l-(N-hydroxycarbamoylmethyl)(1R,2R)-2-
hydroxypropyl][ 4-( 4- 357.4 

· etbylphenyl)phenyl]caiboxamide 

. 

N-[(lS)-1-[( diethylamino )methyl]-2-
(hydroxyamino )-2-ox.oethyl]-4'-ethyl-l, l '- 384.5 

biphenyl-4-carboxamide 

. 
. . 

4-[(3-aminophenyl)ethynyl]-N-{(1S,2R)-2-
hydroxy-!- 354.4 

[(hydroxyamino )carbonyl]propyl} benzamide 

. . 

4-[3-(dimethylamino)prop-1-ynyl}N-{(1S,2R: 
2-hydroxy-1- 320.4 

[(hydroxyamino )carbonyl]propYl}boozamide 

4-[3-( dimethylamino )prop-I -yny!]-N-{ (IS,2R) 
2-hydroxy-1- 320.4 

[(hydroxyamino )carbonyl]propyl} benzamide 

4-( {4-[( aminoacetyl)amino]phenyl}ethynyl)-N 
{ (1S,2R)-2-hydroxy-1- 411.4 

[(hydroxyaminq)carbonyl]propyl}benzamide 
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443 

444 

445 

446 

447 

448 

449 

450 

451 

Structure 

~-t:·~.-fl HO 
F 

I 
. H,C 

. · ""' H,:r;~ Chiral 

~~o 
I ""' 

. ,,,; 

H,X~ Chiral 

~~' N'OH 
. 

,,,; 

. . CH, 

~·~~ 
H,C 

/":!;·~~-~ H 

H,N 

~~., ?j HO 

H,N . . 

~:t~Off~'"'' 
~ft 

OH,:r;~ Chiral 

ad~ ~'NH 
H,NAo 

~~--~ "o 
li,C 

0 . 

Name MH+ 

3'-lluoro-N-{(lS,lR)-2-hydroxy-1-
[{hydroxyamino)carbonyl]propyl}-4'-me!hyl- 347.4 

I, l '-biphenyl-4-carboxamide 

N-[(IS)-1-formyl-2-methylpropyl]-l, l'-
bi:phenyl-4~xamide 

282.4 

. 

N-{ (1 S)-1-[(E)-(hydroxyimino )methyl]-2-
297.4 

methylpropyl}-1, 1 '-biphenyl-4-mrboxamide 

. 

N-((IE)-1-{(E)-
[( aminocarbonyl)hydrazono ]methyl} prop-1- 365.4 

. 
· enyl)-4'-propyl-1, l '-biphenyl-4-carboxamide .. 

4-[( 4-amioophenyl)ethynyl]-N-{(1 S,2R)-2-
hydroxy-I- 354.4 

[ (hydroxyarnino )carbonyl]propyl} benzamide 

.. 

4-{[3-(aminome!hyl)phenyl]e!hynyl}-N-
{(IS,ZR)-2-hydroliy-l- 36B.4 

[ (bydroxyamioo )carbonyl]propyl} benzarnide 

. 

· N-(2-aminoe!hyl)~3-( {4-[( {(1$,2R)-2-hydroxy 
1-

425.5 
[(hydroxyamioo )carbonyl]propyl}amino )carbo 

c 
nyl]phenyl)elhynyl)benzarnide 

N-((18)-1-{(E)-
[(amioocarbonyl)hydrazono]methyl}-2- 339.4 

methylpropyl)-I,l '-biphenyl-4-carboxamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyarnino)carbonyl]propyl}-4-{[3- 410.4 

(propanoylamino )phenyl]elhynyl }benzamide 
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452 

453 

454 

455 

456 

457 

458 

459 

460 

Structure 

~~,. 

~~;:t;~.OH°'"' n ilo 

H}'I...,......., " 

' ,...OH Chiral 

~"~flOH 
Hp 

lf °"~ 
o~ N-oH 

~CliaChlra! 

-0-0-{ > tt 
~C orbH 

rCH:ictilta! 

"l-0-C)-{~fl 

~Chim! 

~c,-Q--Q-{}l 

. ~ii"CH,chlral 

~00 OH 

~ """" rO 
~~1l . 

0 0 OH 

Name MH+ 

N-{(1S,2R)-2-hydro:i.-y-l-
[(hydroxyamino)ca:rbonyl]propyl}-4-{[3-

438.5 (morpholin-4-
ylmethyl)phenyl]efuynyl}benzamide 

4-[(3-{[(2-
aminoethyl)amino ]metbyl}phenyl)efuynyl]-N-

411.5 
{(IS,2R)-2-hydroJ>.-y-l-

((hydroxyamino )carbonyl]propyl} benzamide 
I 

N-[(lR)-2-(hydroxyamino )-1-(hydroxymethyl' 
2-oxoethy!J-4'-propyl-l,l '-biphenyl-4- 343.4 

caiboxamide 

N-[l-(N-hydroxycarbamoylmethyl)(1R,2R)-2-
hydroxypropyl][4-(2- 353.4 

phenylethynyl)phenyl]carboxamide 

4'-ethyl-N-[(lR,2R)-l-
[(hydroxyamino)carbonyl]-2-

357.4 
( methyloxy)ptopyl]-l,l '-biphenyl-4-

caiboxamide 

4'-ethyl-N-[( IS} 1-[( ethylamino )methyl]-2-
(hydroxyamino )-2-oxoethyl]-1, 1 '-biphenyl-4- 356.4 

cai:boxamide 

4'-ethyl-N-[(1S}2-(hydroxyamino)-2-oxo-I-
( {[(2S)-pyrrolidin-2-

ylrilethyl]amino }methyl)ethyl]-1, l '-biphenyl-4 
411.5 

caiboxamide 

N-[(lS}l;[(etliylamino)methyl]-2-
(hydroxyamino)-2-oxoethyl]-4- 352.4 

(phenylethynyl)benzamide 

N-[ (lS)-2-(hydroxyamino )-2-oxo-1-( {[(28)-
pyrrolidin-2-ylmethyl]amino}methyl)ethyl]-4- . 407.5 

(phenylelhynyl)benzamide 
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I· 

461 

I 

462 
' 

463 

464 

465 

466 

467 

468 

469 

Structure 

t\,C Chlral 

' ' "{:?-'"'" 
~".~ 

~c o o 00 

' 

,J-c11:. Chiral 

~i=~ ' It 
1-f:.C 0 o OH 

P\P!ral 

·P 
H,c~i~bH 

"'{- ""''"' , CH, 

~~~ O o bH · 

,}-Qt\ rural 

~)=~bH 

. PH,,ch, ... 

~-$=\H 

· . ~,chiral 

~i=n·. 
0 0 ?14 

N:t\i am-at 
,...-' 

~~-)::~ .... 
0 Q OH 

c/~-

Name MR+ 
' 

. 4'-ethyl-N-((lS)-2-(hydroxyamino )-1-{((1-
methylethyl)amino}methyl}-2-oxoethyl)-l,1'- 370.5 

biphenyl-4-carboxamide . 

4'-ethyl-N-((lS)-2-(hydroxyamioo)-l-( {[2-
. (methylamino )ethyl]a:mino} methyl)-2- 385.5 

. oxoethyl]-1, 1 '-biphenyl-4-ca:rboxamlde 

4'-ethyl-N{(lS)-2-(hydroxyamino)-l-{[(1-
methylpiperidin-4-yl)a:mino ]methyl}-2- 425.5 
oxoethyl)-1,1 '-biphenyi-4-eaxboxamide 

N-((lS)-2-(hydroxyamino)-1-{((1- ( \ 

methylethyi)a:mino ]methyl}-2-oxoethyl)-4- 366.4 
(phenylethynyi)benzamide 

N-[(lS)-2-(hydroxyamino)-1-( {(2-
(methylamino)ethyl]amino}methyl)-2- 381.4 
oxoethyl]-4-(phenylethynyl)benzamide 

' 

N{ (1 S)-2-(hydroxyamino )-1-{[(l-
melhylpiperidin-4-yl)amino ]methyl}-2- 421.5 
oxoethyl)-4-(phenyletlrynyI)benzamide 

N-[(lS)-1-{[(2-arninoethyl)amino]methyi}-2- c 
(hydroxyamino )-2-<)xoethyl]-4- 367.4 

(phenylethynyl)benzamide 

N-[(1S)-1-{[bis(2-aminoethyl)anrino ]melhyl}-
2-(hydroxyamino)-2-oxoethyl]-4- 410.5 

(pbcnylclhynyl)benzamide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-( { 4-

481.5 
[(inorpholin-4-

ylacetyl)amino]phenyl}ethynyl)benzamide 
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Example Structure Nllllle Mil+ 

/'::!?~- N-{(IS,2R)-2-hydi:oxy-l-n o [(hydroxyamino)carbony!]propyl}-4-{[4- 410.4 
" (propanoylamino )phenyl]ethynyl} benzamide H,C~~ 

470 

/;!?~ 
Cl'1ral 

N-{(JS,2R)-2-hydroxy·l-

"o [(hydroxyanrlno )carbonyl]propyl}-4-( {4-
423.4 

. F;:.· [(trifluoromethyl)oxy]plrenyl}el!:rynyl)benzmri 
0 de 

F 

471 
. H,CrH,, c.t.lral 

y" I, 1 ·dimethy!ethyl (28)·3-(hydroxyamino )-3-

?~~"·°" 
oxo-2-{[(4-{[3-

495.5 
(propanoylamino)phenyl]ethynyl}pbenyl)carb 

"'c-a" ony!Jamino }propylcarbamate 
472 

H,Ct-1'1-\, Orlrnl 

c "'fo 1, 1-dimethylethyl (2S)-3-(hydroxyamino )-3-
NH 

1-\,Jl)'~'OH 
oxo-2·{((4-pent-l· 390.4 

ynylpheny!)carbonyl]amino }propylcarbamate 

473 
' 

~HY-a;~ N·[(IS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethy!J-4-{[3- 395.4 

"'"1! (propanoylamino)phenyl]ethynyl}benzarrrlde 

474 

~<~ .~'"" ~ lJ,OH N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
290.3 0 oxoethyl]-4-pent-l-ynylbenzamide 1-\,C 

475 

(_ 

H 

' dw~rNH, 
4-(phenyloxy)benzaldehyde 

272.3 Vo tbiosemicarbazone -
. 

476 H 
dN'~f(NH2 

Vo 0 4-(phenyloxy)benzaldehyde semicarj)azone 256.3 

I 
477 

H 

dN'~l(NH, 4-{[3-F00 S 
(trifluoromethyl)phenyl]oxy}benzaldehyde 340.3 

F "'! tbiosemlcarbawne 
"'-

478 

199 



'l 
·! 

I 
I 

1 

I 
i 

·1 

! 

i 
! 

Enmnle 

479 

480 

481 

482 
. 

483 

484 

485 

486 

487 

Structure 

?'t'..,_"~ ~ HO 

F 

F 

yd~.,.~ Jl ~ 
x 0 

.~\~-OH°"lm 

H,>-r Chi ... 

H,~U h-oH· 

~:\~-oH~lml 

~x:~OH cwm 

~ "'"" 
"~"-~ 

~-.-un/ 
"" 0 

r·~-HO ' 

I 

U "o ~:t"it~~ 

Name MH+ 

4-[(3,4-dif!uorophenyl)ethyoyl]-N-{(lS,2R)-2-
hydroxy-I- 375.3 

[(hydroxyamino )caroonyl]propyl} benzamide 

4-[(2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)ethynyl]-N-{ (I S,2R)-2-hydroXy-l- 373.3 

[(hydroxyamino)carbonyl]pxopyl}benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamioo)-2 
oxoelh:yl]-4-(4-phenylbuta-l,3- 346.4 

diyoyl)benzamide 

' 

N-[(IS)-l-{aminometb.yl)-2-(hydroxyamino)-2 
oxoethyl]-4'-propyl-1,l'-blphenyl4- 342.4 

car box.amide 

.. 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamioo)-2 
376.4 

oxoethyl]-1,l ':4', 1 "-terpheny14-ca:rboxamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino )caroonyl]propyl}-1, 1 ':4',l"- 391.4 

le!:phenyl4-carboxamide 

1,1-dimethylethyl (28)-2-[({4-[(4-{[( {[(l,1-
dimethylethyl)oxy )carbonyl} amino )acety!Jami 
no }pheoyl)ethyoy!Jphenyl}carbonyl)amino J-3-

596.6 

( I 

(hydroxyamino )-3-oxopropylcarbamate 

N-[(1S,2R)-1-(hydrazinoca:rbonyl)-2-
338.4 

hydroxypropyl]4-{phenylethyoyl)benzamide 

2-[(2S,3R)-3-hydroxy-2-( {(4-
(phenylethynyl)phenyl]carllonyl}amino )butane 381.4 

yl]hydrazinecarboxamide 
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Examnle Structure Name MH+ 

~'t•oo~' N-{ ( 1 S,2R)-2-hydroxy-l-
N H 0 [(hydroxyaruino )carbonyl]propyl}-4-[(2: 353.4 "" 

methylphenyl)ethynyl]benzamide ,, 
488 

"if,0rt100 - N-{( 1S,2R)-2-hydroxy-1-
~ H 0 [(hydroxyamino )carbonyl]propyl}-4-[(3- 355.4 ,, 

H hydroxyphenyl)ethynyl]benzamide 

489 . . 

;1; Chl"I 

/ lOH 
4-( {3-[(aminoacetyl)amino]phenyl}ethynyl)-N 

H,H--r" H . { (1S,2R)-2-hydroxy-l- · 411.4 
[(hydroxyamino )carnonyl]propyl} benzamide 

490 

( 
' H,,rlt_ CW\ 4-{[4-

/~·o oH ( {[(cyanomethyl)amino]acetyl}amino)phenyl] 
450.5 

~~~. 
ethyny!}-N-{(IS,2R)-2-hydroxy-l-

.. ((hydroxyamino )carbonyl)propyl} benzamide 
491 

o~ml 4'-ethy!-N-{ ( lS)-2-(hydroxyamino )-2-oxo-l -
[(tetrahydro-2H-pyran-4--O-O--t>=ij y!amino)methyl]ethyl}-1,1'-biphenyl-4-

412.5 

)i,C 0 O OH carboxamide 
492 

OCh!t.!il. N-{(lS)-2-(hydro:xyamino)-2-oxo-1-
[(tetrahydro-2H-pyran-4-

~i=~ ylamino )mctbyl]ethyl }-4-
408.5 

0 0 OH (phenylethynyl)benzamide 
493 

c H,:x; OU~ 4-[( 4-chlorophenyl)ethynyl]-N-{ (1S,2R)-2-~·~-OH hydro>.-y-1- 373.8 
Cl [(hydrnxyamino )carbonyl)propyl}benzamide 

494 

~:x; Cldral N-{(1S,2R)-2-hydroxy-l-
~ 0 ~-0H [(hydroxyamino )carlmnyl]propyl}-4-[(4- 353.4 

methylphenyl)ethynyl]benzarnide 

495 

H,:x; Chlral 

~"-OH 4-[(2-fluorophenyl)ethyny1]-N-{(1S,2R)-2-
H hydroxy-!- 357.4 

F 
[(hydroxyamino )carbonyI]propyl} benzamide 

496 
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497 

498 

499 

500 

501 
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502 

503 

504 

505 

Structure 

y-01:x;n-0Ha>ra1 
F 

F~;xf~·OH~ml 

r;x;: Clilra! 

~ ~~ 
~J 

if . 

.o--&~u--..... ,......._"..)." ..,. . 

~~ -~ ~ u ... 
c .)l 
-~~ . .. 

' 

~y~-· 

wJ~~:x;u--· 

~o.m 
"""" 0----~ . . 

~Uilr.ol 

"'""CJ~. 

Name MB+ 

4-[(3-fluorophenyl)ethynyl]-N-{(1S,2R)-2-
hydroxy-!- 357.4 

[(hydroityamino )carlionyl)propyl} benzamide 

4-[( 4-fluorophenyl)ethynyl)-N-{(I S,2R)-27 
hydroxy-1- 357.4 

[(hydroxyamino)carbonyl]propyl}benzamide 

4-[(4-
{[(cyclopropylamino)acetyl]amiuo}phenyi)ef:h 

ynyl]-N-{(l S,2R)-2-hydroxy-l • 
451.5 

[(hydroxya:mino )carbonyl)propyl}benzamide 

4-( {4-[( {[2-
( dimelhylamino )ethyl]amino }acetyl)amino ]ph 

482.6 
enyl}ethynyl)-N-{ (I S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzamide 

4-({4-[({[2-
(acetylamino )ethyl)amino} acetyl)amino )pheny 

496.5 
l}ethynyl)-N-{(1S,2RJ-2-hydroxy-1-

((hydroxyamino)carbonyl)propyl}benzamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-( {4-[( {[3· 

{2-oxopyrrolidin-1- 536.6 
yl)propyl)amino}acetyl)amino Jphenyl}elhynyl 

)benzamide 

N-{(l S,2R)-2-hydroxy-1-
((bydroxyamino)carbonyl]propyl}-4-{[4- ( 

( {[(pyridin-3- 502.5 
ylmethyl}amino)acefyl}amino)phenyl]ethynyl} 

benzamide 

N-{(IS,2R)-2-hydroxy-1-
((hydroxyamino )carbonyl]propyl}-4•{[ 4-( {((2-

pyridin-2- 516.6 
ylethyl)amino ]acetyl} amino )phenyi]ethynyl}b 

enzamide 

N-{(IS,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-[(4-{[(4-

494.6 
methylpiperazin-1-

yl)acetyl]amino }phenyl)ethynyl]benzamide 
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Examnle 

506 

507 

SOB 

509 

510 

511 

512 

513 

514 

Structure 

~~~ ""' 0-o 

~;x;u-rn'' 
~~J .• 

H,C~ ChW 

. J~rry·'" 
t;r~ . . .. 

~~ ~~ 

"dJ.n~. "". 

c:v~~ 
O'.'.,u~~ o . 

~· • ~:x;n-"'"' 
OJ_,.u.. . 

~-"""" (:;. . 

. , !\~ Ctllrti 

()J~o 

o-0'" 
~:;y -
~ "" 

Name MH+ 

4-( {4-[(l,4' -bipiperidin-1 '-
ylacetyl)amino Jphenyl}ethynyl)-N-{(l S,2R}2 

hydroxy-1- 562.7 

[{hydroxyamino )carbonyl]propyl)benzamide 

1-(2-{[4-{ { 4-[( { {1S,2R)-2-hydroxy-1-
[(hydroxyamino )carhonyl]propyl}amino )carbo 

522.6 
ny!Jphenyl}ethynyl)pheny!Jamino }-2-
oxoethyl)piperidine-4-carboxamide 

N-{ (lS,2R)-2-hydroxy-1-
((hydroxyamino )carbonyl]propyl)-4·[( 4-

{[(piperidin-3- 494.6 
ylamfuo )acetyl]amino }phenyl)ethynyl]benzam 

ide 

N-{ (1S,2R)-2-hydro:i..'Y-1-
.((hydroxyamino)catbonyl]propyl}-4-[(4-

{[(piperidin-4- 494.6 
ylmnino )aceiyl]amino }phenyl)ethynyl]benzam 

ide 

. .N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-{[4-

( {[(piperidin-2- 508.6 
ylmethyl)amino ]acetyl} amino )phenyl]ethynyl} 

benzamide 

N-{ (1S,2R)-2-hydroxy-1-
[{hydroxyamino)carhonyl]propyl}-4-{[4-

( {[(piperidin-3- 508.6 
ylmethyl)amino]acetyl}arnino)phenyl]e!hynyl} 

henzamide 
. 

4-[(4-{[(3-aminopyrrolidin-1-
yl)acetyl]amino)phenyl)ethynyl]-N-{(IS,2R)-

480.5 
2-bydroxy-1-

((hydro"-J'amino )carbonyl]propyl }benzamide 

4-( {4-[(azepan-1-
ylacety!)amino]phenyl}ethynyl)-N-{(1S,2R)-2 

hydroxy-I-
493.6 

[(hydroxyamino)carbonyl]propyl}benzamide 

N-{(1S,2R)-2-hy<lro:i..'Y-1-
[(hydroxyamino)carbon}1]propyl}-4-{[4-( {[(4-

moipholin-4- 572.6 
ylphenyl)amino ]acetyl} amino )phenyl]ethynyl} 

benzamide 
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516 

517 

518 

519 

520 

521 

522 

523 

Structure 

0 ~"'1tce« -
_...)1-)Ln 

~?,~~"-·. 
~ .o. ·. 

&-~~•On..,. 
. 

1-1.N ; • ChlW 

¥~~'".· 

?r -d_u~ u~, 

~ <H" 

-01-~ """" OJ-n-0' . 0 

""""" 
o~h"·'"-l..)l 0 •. 

·"";y Q.11"1 ~ ~~· ... ~u o .. 

. 

~~· Uvo~ 

.,, .• ......Vn . 

. 

Name MH+ 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-{(4-( {((2-

440.5 
hydroxyefuyl)amino ]acety!}amino )phenyl]ethy 

nyl}benzamide 

N-[(l S}-1-(arninomethyl)-2-(hydro:...-yamino )-2 
oxoethyl)-4-[(4- · 

{[( cyclopropylamino )acetyl]amino }phenyl)eth 
436.5 

ynyl]benzamide 

N-{(l S)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( { 4-[( {[3-(2-0xopyrrolidin- l-

521.6 
yl)propyl]amino}acetyl)amino]phenyl}ethynyl 

)benzamlde 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-[(4-{[( 4-methylpiperazln-1- 479.6 

yl)acetyl]amino}phenyl)ethynyl]benzamide 

N-[(lS)-l-{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {((pyridin-3-

487.5 
ylmethyl)amino ]acetyl}amino )phenyl]eflzynyl} 

benzamide 
. 

N-[(lS)-1-(aminomelhyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( {4-[(piperidin-1- 464.5 

ylacetyl)amino ]phenyl }elhynyl)benzamide 

4-{[4-({[(2-
· hj.droxyethyl)amino ]acetyl}amino )phenyl]e1hy 

455.5 
nyl}-N-{(1S,2R)-2-hydroxy-l-

((hydrox:yamino )ca:ibonyl]propyl} benzamide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyilmino )carbony!Jpropyl}-4-( { 4-[( {[2-

469.5 
(mefhyloxy)ethyl]amino}acetyl)aminoJphenyl} 

ethynyl)benzamide 

N-{(I S,2R)-2-hydroxy-l-
[(bydro:xyamino )carbonyl]propyl}-4-( { 4-

[( {methyl(2- 483.5 
(methyloxy)e1hyl]amino }acetyl)amino ]phenyl} 

e1hynyl)benzamide 
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Ei:amnle Structure Name MH+ 

zy-dX~~, 
..., 4-{[ 4-( {[[2-

( dimethylamino )ethyl](methyl)amino ]acetyl}a 
-~,..--'~R o mlno)phenyl]ethynyl}-N-{(JS,2R)-2-hydro».y-

496.6 

"' 1-[(hydroxyamino )carbol'.lyl]propyl} benzam:ide 
524 

~-SJ_~:x;u.,.-
4-{[4-( {[(3R)-3-( dimethylamino )pyrrolidin-1-
yl]acetyl}amino)phenyl]ethynyI}-N-{(lS,2R)-

508.6 
2-hydroxy-1-

[(hydro:xyamino)carbonyl]propyl}benzamide 
525 

·~-
4-{[ 4-( {[(38)-3-( dimethylamino)pyrrolidin-1-

H{J"'r "'(';H yljacetyl}amino)phenyl]ethynyl}-N-{(JS,2R)-
508.6 cJ~ 0 2-hydroxy-l-

[(hydroxyamlno )carbonyl]propyl} benzamide 
526 

c .. ..ts~~-,.,- 4-{[4-( {[(3R)-3-(acetylamino )pyrrolidin-1-
y1]acetyl}amino)phenyl]ethynyl}-N-{(1S,2R)-

522.6 
2-hydroxy-1-

[(hydro:xyamino)carbonyl)propyl}benzarnide 
527 . 

~;_~ ~;:y.,. ~"' 
4-{[ 4-( {[(3S)-3-(acetylamino )pyrrolidin-1 • 

yl]acetyl} amino )phenyl]ethynyl}-N-{( I S,2R)-
522.6 . 0 0 2-hydroxy-1-

[(hydroxyamino )ca:rbonyl]propyl} benzamide 
528 

9,lf,~Ot'l O'lkal 4-{[ 4-( {[(3R)-1-azabicyclo[2.2.2]oct-3-
- J!.., 

' ~ ' , U H i ylamino Jacetyl }amino )phenyl]ethynyl}-N-
520.6 

l:P " - {(1S,2R)-2-hydroxy-l- · 
[(hydroxyamino )carbony!Jpropyl} benzamide 

529 

c ~~m 4-{[ 4·( {[(3 S)-1-azabicyclot2.2.2]oct-3-

""" ylamlno ]acetyl}amino )phenyl]ethynyl}-N-
c:;.r·tt . 520.6 

{(1S,2R)-2-hydroxy-l-
[(hydroxyamino )catbonyl]propyl} benzamide 

530 

N-{(IS,2R)-2-hydroxy-I-

~-· 
[(hydro:xyamino)carbonyl]propyl}-4-( {4-n.,., 

a:.D [( {[(2R)-pyrrolidin-2- 494.6 
ylmethy!]amino} acetyl)amino ]phenyl}ethynyl) 

531 
benzam:ide 

N-{(1S,2R}2-hydroxy-l-

L;c; - [(hydroxyamino )carbonyl]propyl}-4-( {4-
~ n.o, 

G"'.'.,n.J- 0 [( {((28)-pyrrolidin-2- 494.6 
yhnethyl]amino}acetyl)arnino]phenyl}ethynyl) 

532 
benzamide 
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Examnle Structure. Name MH+ 

. w '"'" 4-{[4-({[(3-
• !:..,,.. 

""OHJir0"..,-0-'- • 
aminocyclohexyl)amino ]acetyl}amino )phenyl] 

508.6 ethynyl}-N-{ (1S,2R)-2-hydroxy..1-
[ (hydroxya:mino )carbonyl]propyl} benzamide 

533 

~:xr"·OH-
N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}-4-[(4-{[(3-
495.5 ·OJ hydroxypiperidin-1-

HO 

yl)acetyl]amino }pben:yl)efuynyl]benzamide 
534 

N-{ (1S,2R)-2-hydroxy-1-

~;y - [(hydroxyamino )carbonyl]propyl }-4-{[ 4·( {[{3-
~· 

~It morpholin-4- 538.6 
ylpropyl)amino ]acelyl}amino )phenyiJethyn:yl} 

535 benza:mide 

ti,Cx; a.t..J 
N-{(1S,2R)-2-hydrox-y-l-

~ U-- [(hydroxyamino)carbonyl]propyl}-4-{[4-( {[(2-
~ n 467.5 

.. u mefuylpropyl)amino)acetyl}amino)phenyl]eth 

( ) 

ynyl}benzamide 
536 

·~~'" 
4-[(4-

11-•• {[ ( ethyhimino )acetyl]amino }pben:yl)elhynyl]-

"·""'JL.i . N-{(1S,2R)-2-hydroxy-l-
439.5 . ! 

[(hydroxyamino)carbon:yl]propyl}benzaroide 
537 

I 

o~~?;~·~" 
N-{ (1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl}-4-{ {4-
479.5 

[(piperidin-1-
ylaceJyl)ami:no ]ph0nyl}elhynyl)bem:amide 

538 

.~~-'""' 
N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}-4-{[4-{{[(3-
469.5 

hydroxypropyl)amino ]acetyl }amino )phenyl]et 

( 

hynyl} benzamide 
539 

y; ~" 
N-{(1S,2R}-2-hydroxy-1-

~~ [(hydroxyamino)carbonyl]propyl}-4-( {4-[( {[3-

'1P'"'-"'-'"J G (mefuylmcy)propyl]amino}acetyl)amino]pheny 
483.5 

l}ethynyl)benzamide 
540 

tt..:y a"dml 
4-{[4-( {((2-

~n -
cyanoethyl)amino]acetyl}amino)phenyl]ethyn 

464.5 
·~~ yl}-N-{{IS,2R}2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 
541 
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Examnle Structure Name MR+ 

' N-{(1S,2R)-2-hydroxy-1-

~~~-o.- [(hydroxyamino )carbonyl]propyl )-4-{[ 4-( {[(2-
pyrrolidin-1- 508.6 a---" . ylethyl)amino ]acetyl}amino )phenyl]ethynyl }b 

542 
enzamide 

~~ Chiral N-{(JS,2R)-2-hydroxy-1-
~ u~ [(l:rydroxyamino)carbonyl]propyl}-4-[(4-{[(2-

~_). methyl-lH-imidazol-1-
. 476.5 

yl)acetyl]amino }phenyl)ethynyl]benzamide. 
543 

I 
~?r~'""~'a 

N-[(lS)-1-( aminomethyl),2-(hydwxyamlno )-2 
oxoethyl]-4-[( 4-

410.4 
tt,o·" {[(methylamino )acelyi]amino }ph<myl)ethynyl] 

benzainide 

I 544 
j 

( ~~v.~N-"" 
N-[(lS)-1-( aminomethyl)-2-{hydroxyamino )-2 

oxoethyl]-4-{[4-( {[(2-
452.5 

methylpropyl)amino ]acetyl}amino )phenyl Jeth 
ynyl) benzamide 

545 

~\u-~~ .. N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-( {4-[( {[2-

454.5 
ti.~~"> (methyloxy)elhy!]amino }acetyl)amino ]phenyl} 

ethynyl)benzamide ,. 
546 

~~Q!~ 
N-[(IS)-1-( aminomethyl)-2-(hydroxyamino )-2 

oxoethyl]-4-( { 4-[( {methyl[2-
468.5 ·~ (methyloxy)eihy!Jamino }acelyi}amino ]phenyl} ISC.~,. . 

ethynyl)benzamide 
547 

c ~u... "'~ 
N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 

oxoethyl]-4-{[4-( {((3- 454.5 ·~uu-a--& . hydroxypropyl)amino ]acetyl}amino )phenyl]et 
hynyl)benzamide 

548 

0 ,o-&?ru.,,-
. N-[(lS)-1-(aminomethyl)-2-(bydroxyamino)-2 

oxoethy1}4-{ {4-[( {[3-
4£8.5 

..,,•....-..)1--'i! . (methyloxy)propyl)amino}acetyl)aminoJp~ 

l}ethynyl)benzamide 
549 

~ ~~ 
N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 -a--& U-~ oxoethyl]-4-( {4·[( {[2-

0 0 467.5 -·"""--'ii ( dimethylamino }ethyl]amino} acetyl)amino ]ph "" . enyl}ethynyl)benzamide 
550 
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Examnle 

551 

552 

553 

554 

555 

. 556 

557 

558 

559 

Structure 

~"'"\tt•M~~ 
• ff 

¥-~ ............ " 
"" 

ll_,R\. ~ 
~U·® . . ' l ILJl.u . "° !(""' ' 

·~~u~'"~ 
~lj._.)I... 0 • 

~~~ ·~ 
0 

o~u~ . 

. 

....,.~vu 
"" 

~"~-

~~~ 
OJ 

0 II. ' ~ ~~ 

OJ-u~"" 

' -wOHQll>lf 
c;.J"~ 0 

~ ~·· .,.J.c.Ju.o--d -~ 

Name 

N-[(1$)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[[2-

(dimethyl amino )ethyl](metb.yl)amino ]acetyl}a 
inino )phenyl]ethynyl} benzarnide 

4-({4-[({(2-
( acetylamino )ethyI]amino }acetyl)amino Jphei:J.y 

l}ethynyl)-N-[(lS)-1-(aminomelhyl)-2-
(hydroxyamino)-2-oxoethyl]benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[(2-

cyannethyl)amino]acetyl}amino)phenyl]ethyn 
yl}benzamlde 

N-{(1$)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-({[(2-pyrrolidin-l-

ylethyl)amino ]acetyl}amfuo )phenyl]e!hynyl} b 
enzamlde 

N~[(lS)-1-( aminometbyl)-2-(hydroxyamino )-2 
oxoethyl],4-( {4-[([[4-

(dimetbylamino)butyl]amino}acetyl)amino]ph 
enyl}ethynyl)benza:mide 

N-[(1$)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4-[(llll)ipholin-4-

· y!acetyl)amino]phenyl} ethynyl)benzarnide 

N-{(lS)-1-(aminomethyl)-2-(hydroxyamino}-2 
oxoethyl]-4-( { 4-[( azepan-1-

ylacetyl)am:ioo]phenyl}ethynyl)benzamide 

N-[(18)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( {4-[(pyrrolidin-1-

ylacetyi)amino]phQl!y!}ethynyl)benzamide 

1-{2-[(4-{[ 4-( {[(l S)-1-( aminometb.yl)-2-
(hydroi..-yamino)-2-

oxoethyl]amino }carbonyl)phenyl]ethynyl}phe 
nyl)amino]-2-oxoethyl}piperidine-4-

carboxamide 
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MR+ 

481.6 

481.5 

449.5 

493.6 

495.6 

466.5 

. 

478.6 

450.5 

507.6 

/ 

' 

l ; 
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Example 

560 

561 
. 

562 

563 

564 

565 

566 

567 

568 

Structure 

H,ll etl1<¢ 

~ ~;.~-. oJ " 

.,,_,f" v-&"':Y-"'' 
b...JLn • 

~H"~' 
tt,n'OJ ,-OH 

. v-&":1r~~~ 
~v" 

~w•~ tt-~ 

,o .· 

·. . :y_,~~ 

v.,v~ 

6-v~~,.-

~"'~ n..., 

O...."...Jl 

0 II-"h "'" 
Qv~o 

Name MH+ 

4-{[4~({[(3R)-3-(acetylamino)pyrrolidin-1-

yl]acetyl}amino)phenyl]ethynyl}-N-[(lS)-1-
507.6 

(aminomethyl)-2-(hydroxyamiilo)-2-
oxoethyl]benzamide 

N-[(!S)-1-(aminometbyl)-2-(hydroxyamino)-2 
oxoetbyl]-4-{[ 4-( {[(3R)-3-

493.6 
( dimethylamino )pyrrolidin-1-

yl]acetyl} amino )phenyl]ethynyl} benzamide . 

N-[(IS)-l-(aminomethyl)-2"(hydroxyamino)-2 
oxoethyl]-4-[(4-{[(3-aminopyrrolidin-l- 465.5 

yl)acetyl]amino }phcnyl)ethynyl]benzamide 

Nc[(lS)-1-(aminomethyl}-2-{hydroxyamino)-2 
oxoeftlyl]-4-[( 4-{[(piperidin-3-

479.6 
ylamirm)aeetyl]amino}pheri.yl)ethynyl]benzam 

ide 

N-[(lS)-1-{aminomethyl)-2-{hydroxyamino)-2 
oxoethy!J-4~[ ( 4-{[ (piperidin-4-

479.6 
ylamino )acetyl]amino }phenyl)ethynyl]benzam 

ide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-{[4-( {[(piperidin-2-

. ylmethy!)amino ]aeetyl }amino )phenyl]ethynyl} 
493.6 

benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydro>..-yamino)-2 
oxoethyl]-4-{[ 4-( {[(piperidin-3-

493.6 
ylmethy!)amino ]acetyl} amino )phenyl]ethyny!} 

henzamide 

. 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoetbyl]-4-{[4-( {[(pyridin-2-

487.5 
ylmethy!)amino]acetyl}amino)phenyl]ethynyl} 

benzamide 

N-[(!S)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[ 4-( {[(pyridin-4-

ylmethyl)amino]acetyl}amino)phenyl]ethynyl} 
4a·r.5 

benzamide 

209 



Exanm\e Structure 
.. 

~II-"'"' 
. ~h 0 · a--

569 

. . ~"'•' 
~n. . ~__)_ er---- .. . . . 

570 
. 

• ~-. 11-<>tt 

~ 
571 ; 

~~u-~°"·' 
0 ~ h--'-tt . 0- . ·· . I . , 

: 

572 

QnJ"~~-
673 

~<>W . n ..... 
~~ . 

~ 

574 

. , o~Chlra< 

c~.o 
575 

'., w-~ artral 

-0..J.~~ ... 

576 

~;x;h ... =·· 
0 0 

0-IL)l 

577 

Name 

N-[(lS)-l-(aminomethyl)-2-{hydroxyamino )-2 
oxoethyl]-4-{[ 4-( {[(2-pyridin-2- . 

yle1hyl)amino ]acetyl}arnioo )phenyl]ethynyl}b 
enzamide 

N-[(!S)-l-(aminomethyl)·2-(hydioxyamino)·2 
oxoethyl]-4·{[4·( {[(2-p:yridin-3-

yle1hyl)amino ]acetyl}amino )phenyl]etbynyl} b 
enzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
· oxoethyl]-4-{[4-( {[(2-p:yridin-4-

ylethyl)amino ]acetyl}amino )phenyl]ethynyl} b 
enzamide 

N·[(lS)-1-( aminomethyl)-2-(bydroxyamino )-2 
oxoetbyl]-4-[( 4-

{[(phenylamino )acetyl]amino} phenyl)etbynyl] 
benzrunide 

N-[(lS)-1-(aminomethyl)-2-(hydro:eyamino)-2 
oxoethyl]-4-{[ 4-

( {[(phenylmethyl)amino]acetyl}amino )phenyIJ 
etlcynyl} benzamide 

. 

N-[(IS)-1-(aminomethyl)-2-(hydroxyamioo)-2 
oxoethyl]-4-{[4-( {((2-

phenyiethyl)arnino]acetyl}ainino)phenyl]ethyn 
yl}benzamide 

N-[(lS)-1-(aminomethyi)-2-(hydroxyamino)-2 
oxoethy!]-4-( { 4-((IH-imidazol-l-

· ylacetyl}amino ]phenyl}etlcynyl)benzamide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-( {4-[(lH-

imidazol-1-
ylacetyi)amino )phenyl} ethynyl)benzamide 

N-{(1S,2R)-2-hydroxy-1-
[ (hydroxyamino )=banyl]propyl}-4-(( 4-

{[(phenylamino)acetyl]amino}phenyl.)ethynyIJ 
benzaroide 
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MH+ 

501.6 

501.6 

501.6 

472.5 

486.5 

500.6 

447.5 

462.5 

487.5 

. 

. 

( 

i 
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Examnle Strud.u.re Name l\ffi+ 

i ~:x; ~ N-{(lS,2R)-2-hydroxy-l-
~ U-o• [(hydroxyamino )carbonyl]propyl}-4-{[4-( {[(2· 

~J 0 
515.6 

~ . pbenylethyl)am.inoJacetyl}amino)phenyl]ethyn 
yl}benzamide 

578 

~.,_;x:;u- GIW1 
N-{(1S,2R)-2-hydroxy-l-

~ ... [(hydroxyamino)carbonyl]propyl}-4-{[4-({[(3-
Q:.._,· . 0 phenylpropyl)amino }acetyl}amino )phenyl]ethy 

529.6 

nyl}benzanride 
579 

w -- 4-[(3-

?~ {[(aminoacetyl)amino]methyl}phenyl)ethynyl] 

...... ~~ . N-{(1S,2R}-2-hydroxy-1-
425.5 

[(hydroxyamino )earbonyl]propyl} benzamide 
580 

( ?~~,~~ 4-((2-aminopyrin:ridin-5-yl}ethynyl]-N-
11 il o· { (1S,2R)-2-hydroxy-l- 356.4 

H,N)!.. . 
[(hydroxy.imino )earbonyl]propyl} benzamide 

581 . . 

. H,:t.H Chiral 

/'~ 4-[(4-acetylphenyl)ethynyl]-N-{(1S,2R}-Z. 
H, . ~·Ho hydroxy-I- 381.4 

[ (hydroxyamino )carbonyl]propyl}benzamide 

582 
0 . 

QO~"J./)#'~ .... "'"' 
N-{(1S,2R}-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl}-4-[(4-{[( {2-
[4-(phenyhnethyl)piperazin-1- 613.7 

yl]ethyl}amino )acetyl]amino} phenyl)etbynyl]l 

583 
enzamide 

( ~~1 .. - 4-{[4-
( {[(aminoacetyl)arnino]acetyl}amino)phenyl]e 

468.5 
""l(H . thynyl}-N-{ (1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl} benzamide 
584 

. 

H,.c: t;; Oil aw~ 4-{[ 4-( {[ 4-(2-hydroxyethyl)piperazin-l-
. 

~OJ~u.,,. . yl)acetyl}amino)phenyl]elhynyl}-N-{(1S,2R)-
524.6 

2-hydroxy-1-
[(hydroxyamino)carbony!Jpropyl}benzamide 

585 

Qr{-Q----0-{'~ _, N-{(lS,2R}-2-hydroxy-l-
[ (hydroxyamino )caxbonyl]propyl}-4-( {4-

576.5 
~H O Ott [({{3R)-3-[(trifluoroacetyl)amino]pyrrolidin-l-
FF yl}acetyl)amino ]phenyl}ethyuyl)benzamide 

586 

211 



Exan>nJe Structure Name MH+ 

¥·0-0---0i~ ._ 
N-{(IS,2R)-2-hydroxy-1-

[ (hydroxyam:ino )carbonyl]pmpyl}-4-[( 4-
425.5 

. ~ . {[(methylamino )acetyl]amino }phenyl)ethynyl] 
OH 

benzamide 
587 

,.f """"' 
N-{ (1S,2R)-2-hydroxy-l-

<J~-t' [(hydroxyam:ino )carbonyl]propyl}-4-( { 4-
480.5 

,- " . 0 OH 
[{piperazin-1-

ylacetyl)amino )pbenyl}ethynyl)benzamide 
588 

N-{(1S,2R)-2-hydroxy-1- .. 

c;:u'i~~--· 
[(hydroxyamino)carbonyl]propyl}-4-{[4-

( {[{pyridin-2- 502.5 
ylmethyl)amino ]acetyl}arnino )pbenyl]ethynyl} 

589 
benzamide 

N-{ ( IS,2R)-2-hydro>.-y-l -
,-(. - [(hydroxyam:ino)carbonyl]propyl}-4-{[4-

. ~%C oij n .- - ~}:\. ( {[{pyridin-4- 502.5 
ylmethyl)arnino ]acetyl}amino )pbenyl]ethynyl} 

( 

590 
benzamide 

N-{(1S,2R)-2-hydroxy-1-

g'i~~ CMral 
[(hydroxyamino )carbonyl]pmpyl}-4-{[4-{ {[ (2-

pyridin-3- 516.6 
0 "" · ylethyl)amino)acetyl}amino)phenyl]ethynyl}b 

591 
enzamide 

SM~1=t~·· 
N-{(1S,2R)-2-bydroxy-1-

[(hydroxyamino )carbonyl]propyl}-4-{[ 4-( {((2-
pyridin-4- 516.6 

ylelhyl)amino)acetyl}amino)phenyl]ethynyl}b 

. 592 enzamide 
. 

03~~,.,~ 
4-( {4-[( {[(2-

fluoropbenyl)melhyl)arnino} acetyl)ami:nn )phe 
519.5 

nyl)elhynyl)-N-{(1S,2R)-2-hydroxy-1-
0 "" 

l ·' 

[ (hydroxyamino )carbonyl]propyl} benzamide 
593 . 

o(;-0-0-f'~ '"""' 
4-( {4-[( {[(2-

cblorophenyl)nietbYJJamino}acetyl)arnino]phe 
536.0 

nyl}elhynyl)-N-{(1S,2R)-2-hydroxy-1-
[(hydroxyam:ino )caihonyl]propyl} benzamide 

594 

~ni~1:°" - N-{(lS,2R)-2-hydroxy-l-
[(hydrm.)'amino)carbonyl]propyl}-4-[(4-{[( {[2 

531.6 H ~ (methyloxy)phenyl]methyl}amino)ace1yl]amin 
Cl\, 0 OH 

o} phenyl)ethynyl]benzamide 
595 

212 
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Examnle 

596 

597 

598 

599 

600 

601 

602 

603 

604 

Structure 

;-( <#!!ml 

o" n-0--0-f):\ .. 
• 

r{~~~ """' o" - "0 !\,. 
0 

q-n-0---Q{}t al"' 

0-"'· 

qn-0---0-{'i=cH <»• H I\., • ..... 

1~~~\ .. -

Qh~"-
F 0 Ott 

0-';' 

r{ "''"' 
9~~~\. 
F 

n ~ ... 
p~ o OH 

Hp 

0 ~~ 

p-r<H~t 
..,,..,"' 

Name Mii+ 

4-( {4-[({[(3-
flul)I"Ophenyl)metbyl]amino }acetyl)amino ]phe 

519.5 nyl}etbynyl)7N-{(1S,2R)72-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} benzamide 

4-( {4-[( {[(3-
chlorophenyl)methyl]amino }acetyi)amino ]phe 

536.0 
nyl }ethynyl)-N,{ ( 1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl} benzamide 

N-{ ( 1 S,2R)-2-eydroxy-1-
[(hydro:i.-yamino )carbonyl]propyl}-4-[( 4-{[( {[3 

531.6 
(methyloxy)phenyl.]methyl) amino )acetyl]amin 

o} phenyl)ethynyl]benzamide 

N-{ (1 S,2R),2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-( {4-[( {[(3 

515.6 
rnetbylphenyl)metbyl]amino} acetyl)amino Jphe 

nyl}ethynyl)benzamide 

N-{(IS,2R)-2-eydroxy-1-
[ (hydro:i..-ya:mino )carbonyl]propyl}-4-[( 4-{[( {[3 

569.5 
{ttifluoromelhyl)phenyl]methyl}amino )acetyl] 

amino}phenyl)ethyny!Jbenzamide 

N-{(1 S,2R)-2-hydroxy-l-
[(hYdroxyamino )carbonyl]propyl}-4-{[4-

({[({3- 585.5 
[( trifluoromethyl)oxy]phenyl)methyl)amino Jae 

etyl}amino )phenyl]ethynyl} benzamide 

4-({4.[({[(4-
flunrophenyl)melhyl]amino }acetyl)amino ]phe 

519.5 
nyl}ethynyl)-N-{(l S,2R}2-bydroxy-l-

[(hYdroxi'llilrino)carbonyl]propyl}benzamide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-( (4-[( {[{' 

515.6 
methylphenyl.]methyl]amino }acetyl)amino ]phe 

nyl}ethynyl)benzamide 

4-[(4-{[( {[4-
( dimethylamino )phenyl]methyl}amino )acetyl] 

544.6 
amino }phenyl.)ethynyl}N-{ (1S,2R)-2·hydroxy 
1-[ (hydroxyamino )carbonyl]propyl)b . -

213 
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Examnle Structure 

A "' .,.., ,pN ~nk 
" 

605 

01i~t" "'" 
.0 OH 

' 
606 

~(hl-=-D{i=r """ 
. o o~ , . 

607 

~~;:Q'm 
a· 

608. 

q-ni-0---0{14: "~ 
609 

-0-A ~""' -' nw - i=!l' 
. ~ ~ 

¢ "" 

610 

A ""'' 
,_qn-O--~ 

0 "" 

611 

~~~ 
a "" 

612 

"",...(}-r(O--Q-t~" ~~ 
"" It It -

•• 

613 

Name MR+ 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-[( 4-{[( {[4 

569.5 (1rifluoromcthyl)pbenyl]me1byl} ammo )acetyl] 
amino }phenyl)etbynyl]benzamide 

4-[( 4-{[( {[4-fiuo:ro-2-
(trifiuoromcthyl)pheny!]methyl}amino)acetyl] 

587.5 
amino }phenyl)ethynyl]-N-{ (1S,2R}2-hydroxy 
1-[(hydroxyamino )carbonyl]propyl}benzamide 

4-( {4-[( {[(2,4-
difinorophenyl)methyl]amino }acetyl)arnino ]pl 

537.5 
enyl}ethynyl)-N-{ ( l S,2R)-2-hydroxy-l -

[(hydroxyamino )carbonyl]propyl} benzamide 
.. 

4{ {4c[( {[(2,4- ( 
dichlorophenyl)methyl]a:mino }acetyl)arninojp 

570.4 
. henyl}ethynyl)-N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}benzamide 

.. 

4-{[4-( {[(2-. 
. fiuorophenyl)amino ]acetyl}amino )phenyl]ethy 

505.5 
nyl}-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 

4-{[ 4{ {[(4-
fluorophenyl)amino]acetyl}aIDino )phenyl]ethy 

505.5 
nyl}-N-{ (I S,2R)-2-hydroxy-l-

[(hydroxyamino)catbonyl]propyl}benzamide 

4{{4-[({[(3,5-
difluorophenyl)methyl]amino }acetyl)ainino ]pl 

537.5 
enyl}ethynyl)-N-{(l S,2R)-2-hydroxy-l-

[(hydroxyamino )catbonyl]propyl }benzamide 

4-{[4-( {[(4-
bromophenyl)amino ]acetyl}amino )phenyl]eth: 

566.4 
nyl}CN-{ ( 1 S,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 

4{ { 4-(( {[4-
( dimethylamino )phenyl] amino }acetyl)amino]p 

530.6 
benyl}ethynyl)-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )catbonyl]propyl} benzamide 
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' Examn>e Structure Name Mil+ 

~y-o.<W·• 
N-[(lS)-l-(aminomethyI)-2-(hydroxyarnjno)-2 

oxoethyl]-4-[(4-{((2S)-2-
410.4 

~ arnfuopropanoyi]amino} phenyl)etbynyl]benza 
mi de 

614 
: 

. "~~'"" N-[(lS)-1-( aminomethyl)-2-(hydroxyruni:tw )-2 

~~I oxoethyl]-4-((4-{[(2R)-2-
410.4 H,~ij aminopropanoyl]amino }phenyl)ethynyl}benza 

mi de 
615 . 

~:\tt-"''"' N-[ (lS)~ 1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[(4-{[(2S)-2-amino-4-

452.5 
methylpentanoyi]amino }phenyi)ethynyl]benza 

""" . mide 
I 

l ( 

616 . 

"'"\ "''"" 4{(4-{[(2S,3R)-2-amino-3-

~n "--OH hydroxybutanoyl]amino }phenyl)ethynyl]-N-
440.5 x .· ((IS)-I-{ aminometbyl)-2-(hydroxyamino )-2-

oxoetbyl]benzamide 
617 

~~JyH-oH<>'" 4-[(4-{[(2S)-2-a:mino-4-

~ .0 
cyanobutanoyl]amino }phenyl)ethynyl]-N-

449.5 
i- E. [(lS)-1-( amino:methyl)-2-(hydroxyruni:tw )-2-

'\. oxoethyl]benzamide 
618 

~~-' N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

"-"" oxoetbyl]-4-[(4-{[(28)-2,3-
425.5 

"" diaminopropanoyl]3lllino}phenyl)ethynyl]benz 
lN)\ 

amide 
619 

c d-~~H"OHCMml 
(2S)-N-(4-{[4-( {[(lS)-1-(aminomethyl)-2-

(hydroxyamino )-2-
436.5 

oxoethyl]amino }carbonyl)phenyl]etbynyl} phe 
n . nyl)pynolidine-2-carboxamide 

620 

d~:y-OH~ml 
{2S)-N-{4-{[ 4-{ {[(IS)-1-{ arninomethyl)-2-

(hydroxyamino)-2-
450.5 

N oxoethyl]amino}carbonyl)phenyl]etbynyl}phe 
nyl)piperidine-2-carboxamide 

621 

""' "'"' N-(4-{[ 4-( {[( iS)-1-{ aminometbyl)-2-

N~H~ (hydroxyamino )-2-
450.5 cf ' oxoetbyl]amino}caibonyl)phenyl]ethynyl}phe 

nyl)piperidine-3-ca:rboxamide 
622 
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623 

624 

625 

626 

I 

627 

628 

629 

630 

631 

Structure 

~tl-OH """" 
~n 

')'i 
~ 

-
H,N O>lml 

~\n~ 
H.,C , . 

~?r"-a~CNal 

F 

y&.w\~~H~l~I 

~ 

. 5\N ct"""" 

F~~\"-oH 

"';\.- Chlml 
Cl~~··O n-oH 

~~··' ~-OH 

~~. '"• 

~ 
~~~~ 

\. 

... ~??-~~ 
"""' 

Name MH+ 

4-[(4-{[(28)-2-amino-3-(lH-imidazol-4-
yl)propauoyl]amino }phenyl)ethyny!]-N-[(18)-

476.5 1-( aminomethyl)-2-(hydroxyamino )-2-
oxoethyl]benzamide 

N-[(l 8)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[( 4- 338.4 

melhylphenyl)elhynyl]benzamide 

N•[( 18)-1-(aminometbyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[(2- 342.3 

· fluorophenyl)ethynyl]benzamide 
I 

N-[( 1 S)-1-(aminomethyl)-2-(hydroxyarnino )-2 ( ) 

oxoethyl]-4-[(3- 342.3 
fiuorophenyl)ethynyl)benzamide 

. 

N-[(18)-1-{aminomethyl)-2-(hydrmq•amino}2 
oxoethyl]-4-[(4- 342.3 

fiuorophenyl)e1hynyl]benzamide 

N-[{lS)~l-(aminometbyl)-2-(hydroxyamino)-2 

oxoethyl]-4-[(4- 358.8 
chlorophenyl)ethynyl]benzamide 

4-[( 4-{[(2S)-2-amino-4-
methylpentanoyl]amino} phenyl)ethynyl]-N-

467.5 
{(I S,2R)-2-hydrox-y-l-

[(hydroxyamino )carbonyl]propyl}benzamide. 

4-[(4-{[(28)-2-amino-4-
cyanobutanoyl]arnino }phenyl)ethynyl]-N-

464.5 
{(IS,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl}benzamide 

4-[(4-{[(28)-2,3-
diaminoprnpanoyl]amino }phenyl)ethynyl]-N-

440.5 
{ (IS,2R)-2-hydr0>..-y-l-

[(hydroxyamino)carbonyl]propyl}benzamide 
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632 

633 

634 

635 

636 

637 

638 

639 

640 

Structure 

~~··' ll-0« 

ct~ 

uru/;f;"···~~· 

?~~o.~~ 
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N 

, M,ptet< dlt"at 

~~?U~°" 

·r~~o""'"' 
?~ ~ .. 

/:P~w• ~ H<> 

HO 
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. 

~J/";t'u ... ~'" 
0 

"-;t_H Ollia1 ""\ ?~ A 0 floH 

~~~~' 

/~'t"-°" aw• ~ "o 

~·~ . 

Name MH+ 

N-[4-( {4·[( {(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carnonyl]propyl}amino)cadm 

465.5 nyl]phenyl}ethynyl)phenyl]piperidiri.e-3-
cai:boxamide 

N-{(1S,2R)-2-hydroxy-l· 
[(hydroxyamino)carbonyl]propyl}-4-( {3-

481.5 [(morpbolin-4-
· ylacetyl)amino]phetzyl}ethynyl)benzamide 

N-{ ( 1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4·(pyrazin- 341.3 

2-ylethynyl)benzamide 

N-{ ( lS,ZR)-2-hydroxy-1-
[(hydroxyamino )-Oarbonyl]propyl}-4-( { 4-[( {[3-

(lH-imidazol-1- 519.6 
yl)propyl]amino }acetyl)arnino]pbenyl}ethynyl 

)benzamide 

N-((18)-2-(hydroxyamino )-1-{[( {[3-(lH-
imidazol-1-

489.5 
yl)propyl}amino}acetyl)amino]methyl}-Z. 

oxoethyl)-4-(phenylethynyl)benzamide 

4-( { 4-(( {(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}amino )carbo 383.4 

nyl]phcnyl}ethynyl)benzoic add 

N-(2-{[4-( {4-[( {(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}amino)<.1arbo 

559.5 
nyl}phenyl}ethynyl)phenyl]amino}-2-

oxoethyl)-1,3-benzodioxole-4-carboxamide 

4-( { 4-[((2R)-2-{((2R)-2,5-
dia:minopentanoyl]amino }-4-

phenylbntanoyl)amino}phenyl}ethynyl)-N- 629.7 
{(1S,2R)-2-hydroxy-l· 

[(hydroxyarnino )carbonyl]propyl}benzamide 

4-[(4-{[(2R)-2-amino-4-
pheny!butanoyl]amino} phenyl)ethynyl]-N-

515.6 
{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl} benzamide 
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I 

1 

I 
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Enmnle 

641 

' 

642 

643 

644 

645 

646 

647 

648 

649 

Structure 

~-..,.,.Jl 
i c 

~:ti~ /u• 0

" 

"",,_,_.tiJlt 

Jl.. yH, 01ra! 

~'Cl~ 

~~~·~ 
O'ti ' 

o~?Y"~~'"' 
a-v 

~:x; ~I 

0 
~-Cl-

0 
U-oH 

IL-'- ' er . 

00-~:t;u-~~ .. 

~?:;n-oo-0 0 

0 

"#'"'-' 

~,;~~-0 0 

Name MH+ 

4-[ ( 4-{[(28)-2-amino-3-
phenylpropanoyl]amino}phenyl)ethynyl]-N-

501.6 
{(1S,2R)-2-hydroxy-l-

((hydroxyamino)caibonyl]propyl)benzamide 
' 

4-{[4-( {[(2-
aminoethyl)amino ]aeetyl) amino )pheny!]ethyn 

454.5 
· yl}-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 

N-{ ( 1 S)-2-(hydroxyamino )-1-(( {[ methyl(I-
methylpiperidin-4-

492.6 
yl)amino ]acetyl} amino )methyl]-2-oxoethyl}-4 

(phenylethynyl)benzamide 

4-[(4- ( 
{[(cyclobntylamino)acetyl]amino}phenyl)ethy 

465.5 
nyl)-N-{ (1S,2R)-2-hydroxy-1-

[(hydroxyamino)catbonyl]propyl}benza:rnide 

4-[(4-
{[( cyclopentylamino )aeetyl)amino }phenyl)e!h 

479.5 
ynyl]-N-{ ( 1 S,2R)-2..bydroxy-l-

[ (hydroxyamioo )earbonyl]propyl} benzamide 
' 

4-[(4-
{[( cyclohexylamino )acetyl]amino }phenyl)ethy 

493.6 
, nyl]-N-{(IS,2R}-2-hydroxy-1-

f (hydroxyamino )carbonyl]propyl} benzamide 

4-[(4-
{[(cycloheptylamino)acetyl]amino}phenyl)eth 

507.6 
ynyl)-N-{(1S,2R)-2-hydroxy-l-

[(bydroxyamino )carbonyl]propyl} benzamide 

4-((4-
{[(eyelooctylamino)acetyl]amino}phenyl)ethy 

521.6 
nyl]-N-{(l S,2R)-2,hydroxy-1-

f(hydroxyamino)cru:bonyl]propyl}benzamide 

N-{ (1S,2R}-2-hydroxy-I -
[(hydrOllyamino)cru:bonyl]propyl}-4-[(4-

453.5 
{[{propylamino)acetyl]amino}phenyl)ethynyl] 

benzamide 
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Examnle Structure Name Mn+ 

4-[(4-
~'"" {[(hexylamino)acetyl]amino}phenyl)ethynyl)-n.~ 

495.6 
... ~n N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl} benza:mide 
650 

"'YnJ~°';\"-'" """ 
N-{ (1 S,2R)-2chyd:rmcy-1-

[(hydroxyamino )carbonyl]propyl}-4-{[ 4-( {[(1-
453.5 roethylefuyl)amiru> ]acetyl}amino )phenyl]ethyn ,, 

yl}benzamide 
651 

!\;r,:; 0.1.;ll 4-{[4-({[(l,l-

~nJu~"- dimetbylethyl)amino ]acetyl}amino )phenyl]eth 
467.5 ynyl}-N-{(1S,2R)-2-hyd:roxy-1-

j\C Cit,, 

[(hydroxyanrino )carbonylJpropyl} benzamide 
652 

c . w ~Im 4-{[4-

. ;..; 0 ~ff •Ott 
( {[ ethyl(roethyl)amino ]acetyl)amino )phenyl]et 

453.5 
"'~iCJl-u . hynyl}-N-{(1S,2R)-2-hydroxy-1-

[(hyd:roxyanrino )Cl!Ibonyl]propyl}benzarnide 
653 

~n~?;~"'~,., 
4-[(4-

{[(dietbylarnm,;)acetyl]amino}phenyl)ethynyl] 
467.5 

N-{ ( 1S,2R)-2..hydroxy-l -

I 
[(hyd:roxyamino )caroonyl]pi:opyl} benzamide 

654 

~-'""' 
4-{[4-({[(1,l-

. ~- dimethylethyl)(methy!)amino ]acetyl }amino )ph 
461.6 ".:..i enyl]ethynyl}-N-{(1S,2R)-2-hyd:roxy-1-~- N. . 

[(hyd:roxyamino )caroonyl]propyl} benzamide 
655 

(. w '""' 4-{[4-

~~o·OH ( {[ cyclohexyl(roethyi)amino]acetyl} amino )phe 
507.6 

nyljethynyl}-N-{(1S,2R)-2-hydroxy-1-
[ (hyd:roxyamino )carbonyl]propyl} benzamide 

656 

~~"--
4-{[4-( {[bis(l-

methy!ethyl)amino ]acetyl}amino )phenyl]ethyn 
495.6 ~ 0 0 

~~ . . . yl}-N-{(lS,2R)-2-hydroxy-l-
<H, [(hydroxyamino )carbonyl]propyl} benzaruide 

657 

~~n-~~~ 
4-{[4-

( {[( cyclobexyhnethyl)amino jacetyl}amino )phe 
507.6 

nyl]ethynyl}-N-{(lS,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} benzamide 

658 
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659 

660 

661 

662 

663 

664 

665 

666 

667 

Structure. 

. ~~U·o•-
Q:~ . 
"" 

~·~.m H JI.CH 

~· " u_)L 

~r'-~x:11. .. -· 

~-u ... 
'fo .· ' .. 

0 II-~ o;~ 

c(.V.~ 0 

. 0 ~ ~ ~~· 

~L\~ . 
. 

o:~~--

o:~~-.,~ .. , 

c:Cu.~~11. .. ~· .. 

Name MR+ 

4-{[4-({[(2,3-
dimethylcyclohexyl)amino)acetyl}amino)phen 

521.6 yl]ethynyl}-N-( ( 1S,2R)·2-hydroxy-1-
[(hydroxyaroino)carbonyl]propyl}benzamide 

4-{[ 4-( {[(1R,2R,4S)-bicyclo[2.2. l )hept~-
.. ylamino]acetyl}amino)phenyl]ethynyl}-N-

505.6 
{(1S,2R)-2-hydroxy-l-

[(hydroxyaroino)carbonyl)propyl}benzarnide 

4-[( 4-{[( {[(1S,2R,5S)-6,6-
dimethylbicyclo[3. l. l )hept-2-

yl]methyl}amino )acetyl]amino} phenyl)ethynyl 547.7 
]-N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzarnide 

N-{(1S,2R)-2-hydroxy-1- ( 
[(hydroxyamino)carbonyl]propy1}4-{[4-( {[4-

(trifluoromelhyl)piperidin-1-
547.5 

· yl)acetyl} amino)phenyl]ethynyl} benzamlde 

N-[( lS)-1-( aminomethyl)-2-(hydroxy.unino)-2 
oxoethyl]4-( {4{({[(2-

fluorophenyl)methyl]arnino }acetyl)amino Jphe 
504.5 

nyl}ethynyl)benzamide 

N-[(lS)-l-(aminomelhyl)-2-(hydroxyamino )-2 
<. oxoethyl]-4-( { 4-[( {[ (2-

· cblorophenyl)metbyl]arnino} acetyl)amino ]phe 
521.0 

nyl}ethynyl)bevzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoetlzyij-4-( { 4-[( {[(2-

500.6 
rnethylphenyl)methyl]amino} acetyl)amino ]phe 

( : 

nyl}ethynyl)benzamide 

N{(lS)-1-(aminornethyl)-2-(hydroxy.unino)-2 
oxoethy1]4-[(4-{[( {(2-

516.6 
(metbyloxy)pheny!]methyl}amino)acetyl]amin 

o} phenyl)ethynyl]benzamide 
.. 

N-[(lS)-1-( aminornethyl)-2-(hydroxy.unino )-2 
oxoethyl]-4-[( 4-{[( {[2-

554.5 
( trifluoromethyl)phenyl]methyl} amino )acetyl) 

amino }phenyl)ethynyl]benzamide 

220 



Examnfe Structure Name MH+ 

w ~M N-[( l S)-1-(an:rinomethyl)-2-(bydroxyamiuo )-2 -.v 0 oxoethyl]-4-{[4-( {[( {2-O::.,tt~ 0 .... 
[(trifluoromethyl)oxy ]phenyl} methyl)amino Jae 

570.5 

etyl}amino )phenyl]ethyuyl} benzamide 
668 

I 
.l 

I 

. ~~ - N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 
0 ~..Of.I oxoethyl]-4-( { 4-[( {[(3-

~l/~u" .. tluornphenyl)methyl]amino} acetyl)amino ]phe 
504,5 

nyl}ethyayl)benzamide 
669 

~ o~)rtt~.~m 
N-[ (IS)-1-( aminomethyl)-2-{hydroxyamino )-2 

oxoethyl]-4-( {4-[( {[(3-
521.0 

11...JLu . . chlnrophenyl)methyl]arnino} acetyl)amino ]phe 
. 

nyl}ethynyl)benzamide 
670 

( Q_ ~?.,,u--
N-[(lS)-1 {aminomethyl)-2-(hydroxyamino )-2 

oxoethyl]-4-( {4-[( {[(3-
500.6 nJ.. " methylphenyl)methyl]amino} acetyl)amino ]phe 

nyl }ethyuyl)benzamide 
671 

. 

~ ~~U-o,~~· 
N-[(lS)-l-(aminomethyl)-2-(hydroxyamiuo)-2 

oxoethyl]-4-[( 4-{[( {[3-
516.6 uJ.. ' (methyloxy)phenyl]methyl}amino)acetyl]amin 

o }phenyl)ethyuyl]benzamide 
672 

i;._,nJ..~~-°" °'~ 
N-[(lS)-1-(aminomethyl)-2-(hydroxyamiuo)-2 

oxoethyl]-4-[(4-{[( {[3-
554.5 

. (trifluoromethyl)phenyl]motbyl}amino)acetyl] 
amino} phenyl)ethynyl]benzamide 

673 

c Ho~ a-.r..i: 
N-[(lS)-l{aminometbyl)-2-(hydroxyamino)-2 

F}l~ . · . o . ~Ml oxoethyl]-4-{[4-( {[( {3-
0--uJ..u~ 0. [(triflnoromethyl)oxy ]phenyl }methyl)amino Jae 

570.5 

etyl} amino )pheny!Jethyuyl} benzami.de 
674 

~A-~ .. -
N-[(1 S)-l-( amlnmnethyl)-2-(hydroxyamino )-2 

oxoetbyl]-;4-( {4-[( {[ (4-
504.5 '-()...Jl..1 • fluorophenyl)methyl]amino }acetyl)amino ]phe 

nyl}ethynyl)benzamide 
675 

~~~?-ru,:·· 
N-[(lS)-l{aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-( {4-[( {[(4-
521.0 

chlorophenyl)methyl]amino }acetyl)amino ]phe 
nyl}ethynyl}beuzamide 

676 
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Examnle Str1<eture Name MH+ 

o~;\~: 
N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 

oxoethyl]-4--( {4-[( {[(4-
500.6 ""l'.J-,Jl...JL methylphenyl)methyl]amino }ace1yl)amino ]phe 

nyl}ethynyl)ben:wruide 

l 677 

"l~~ Qiko! 
N{(IS}l-(aminomethyl)-2-(hydroxyamino)-2 

~ u~ oxoethyl}4·[( 4-{[( {[ 4-
516.6 .......-0-.uJn, . . i • {methyloxy)phenyl]methyl}amino )acetyl]arnin 

i 
; 

I 

~ ! 
o}phenyl)ethynyl]benzaruide 

676 

~Q"" 
N•[(lS)-1-{atninomethyl}2-{hydroxyamino}2 - oxoethyl]-4·[( 4-{[( {[ 4-

554.5 'fo.., (ltiflnoromethyl)phenyl]methyl}amino )acetyl] u 
amino} phenyl)ethynyl]benzamide 

679 
. ' .. I 

..o-W-Q\rol N-[(lS}l-(aminomethyl)-2-(hydroxyarnino)-2 
oxoethyl]-4-[(4-{[{ {[ 4~(1, 1-

542.6 ~:fbJ~ . . dlmethylethyl)phenyl]methyl}arufuo)acetyl]am 
ino}phenyl)ethynyl]benzamide 

680 

N·[(lS)-l-{aminomethyl)·2-(hydroxyamino)-2 I 

~~~\u~,'"~ oxoethyl]-4-{ {4-[{ {[(IR}l-
500.6 

phenylefhyl]amino}acetyl)amino]phenyl}ethyr 
yl)benzamide 

661 

~U~~~·OO-
. N·[(lS)· 1 :C aminomethyl)-2-{hydroxyarnino )·2 

oxoethyl]-4{ {4-[{ {[(lS)-1-
S00.6 

phenylethyl]amino}acetyl)amino ]phenyl}ethyr 
yl)benzamide 

·~ . . 682 

~n CM..,. N{(lS} H aminomethyl)-2-{hydroxyamino )-2 

~u:iy~ .. oxoethyl]-4-{[ 4-
492.6 Q.)LJl • . ( {[( cyclohexylruethyl)amino ]acetyl}amino )iihe 

i 
nyl]ethycyl}benzamide 

663 . 

. 

I 
I 
I 

. ~~ -· N-[(18)-1-( aminomethyl)-2-(hydroxyamino)-2 

~ u~ oxoethyl]-4--((4-

duJu {[(eyclobutylamioo )acetyl]arnino }phenyl)ethy 
450.5 

nyl]benzamide 
684 

. O~OHClllr.:il N{(IS)-l-(aminomethyl)-2-(hydroxyamino)·2 
oxoethy1}4-[{ 4-

4{;4.5 d~ {[( cyclopentylamillo )ace1yl]amino }phenyl)eth 
ynyl]benzamide 

685 
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Examnle Structure ·Name MEI+ 

~~~-0*'"~ N-[(l S)-1-( aminometbyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[(4-

478.6 dJn o {[ ( cyclohexylamino )acetyl]amino }phenyl)ethy 
nyl]benzamide 

686 

~?,u.,.Q'"' N-[(lS)-1-( aminomethyl)-2-{hydroxyamino )-2 
oxoethyl]-4-[ ( 4-

492.6 ouJn 0 {[(cycloheptylamino)acetyl]amino}phenyl)oth 
ynyl]benzamide 

687 

l~O(~ N-[(!S)-l-(aminomethyl)-2-(hydroxyamino)-2 

!U-~-& 0 " 
oxoethyl]-4-[(4-

506.6 
0 {[( cyclooctylamino )acetyl]amino }phenyl)ethy 

nyl]benzamide 
688 

( 
~tj Ollut 

N-((lS)-l-(aminomelhyl)-2-(hydroxyamino)-2 

o~n\kM oxoethyl]-4-((4-
424.5 

;,,o..)I...) {[( ethylamino )acetyl]amino}phenyl)ethynyl]b 
'enzamide 

689. 

J~?-rkM-
N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-[(4-
438.5 

{[(propylamino )acety!]amino }pbenyl)ethynyl] ,!P.-JJ n 
benzamide 

690 

?-r -
N-[(IS)-1-( aminomethyl)-2-(hydroxyiunino )-2 

~ti~ oxoelhyl]-4-(( 4-
452.5 .,_....,!U- {[(butylamino )acetyl]amino }phenyl)ethynyl]b 

enzamide 
691 

( ~~~ 
N-[(!S)-l-(aminomethyl)-2-(hydro:xyamino)-2 . 

n- oxoethyl]-4-[(4- 480.6 
,.,,~J.n {[ (hexylamino )acetyl]amino }phenyl)ethynyl]b 

enzamide 
692 

I~ omd 
N-[(1 S)-1-(aminomethyl)-2-(bydroxyamino )-2 

~ u~ oxoethyl]-4-{[ 4-( {[( 1 ~ 

""-rvu methylethyl)amino ]acetyl}amino )phenyl]ethy.D 
438.5 

°" yl} benzamide 
693 ' 

""! - N-[(!S)-l-(aminomethyl)-2-(hydroxyamino)-2 
~--ytt-a< oxoethyl]-4-{[4-( {I(l, 1-

452.5 rt.~~Ju -0 dimethylethyl)amino Jacetyl}amino )phenyl]eth 
ynyl}benza:mide 

694 
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699 
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703 

Structure 

~.,o~;y~-
J-1,r.:~::Jl-~ 

~·\,~.,~"'' 
.,jJ. n • 

11,N _Wll'ill 

. ~~?t-~ 
2<: It 
" "' 

~~w 

~· 
. 

~:~°'-~..J.,i 0 

a::" 

'~~~'"~'~ 
7"'.)LJ-~ . • . 

~lyn~,-
~ ' 0 

o~ifd~~~-

'~~:~~-
' ' 

Name MH+ 

N-[(IS)-l-(aminomethyl)-2-(hydroxyarnino)-2 
oxoetbyl]-4-{[ 4-

438.5 
( {[ ethyl(methyl)amino]acetyl }amino )phenyl]et 

hynyl}benzamide 

N--[(ISH-(arninomethyl)-2-(hydro:i..y.unino)-2 
oxoethyl]-4-[(4-

452.5 
{[(diethyl amino )acetyl]amino}phenyl)ethynyl) 

benzamide 

N-[(1 S}-1-( aminomethyl)-2-(hydroxyamino )·2 
oxoethyl]-4-{[4-( {[( 1,1-

466.6 
dimelhylethyl)(methyl)amino ]acetyl} amino )ph 

enyl]ethynyl}benzamide 

N-[(IS)-1-(amin~thyl}-2-(hydroxyanrino)-2 

oxoethyl]-4-{[ 4-
492.6 

( {[ cyclolrel<yl(methyl)amino ]acetyl }amino )phc 
nyl]ethynyl} benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-; 
oxoethyl]-4-( { 4-[( {[2-(2-

518.6 
fluorophenyl)ethyl]amino }acetyl)amino ]pheny 

1 }ethynyl)benzamide 

N-[(!S}-l-(arninomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( { 4-[( {[2-(3-

518.6 
fluorophenyl)ethyl]amino }acetyl)amino ]pheny 

I }ethynyl}benzamide 

N-[(18)-1-(aminomethyl)-2-(hydrO:;..-yamino)-2 
oxoethyl]-4-( {4-[ ( {[2-( 4-

516.6 
fluoropheny!)ethyl]amino} acetyl)amino ]pheny 

1} ethynyl)benzamide 

N-[{l S)-1-( aminomethyl)-2-(hydroxyarnino )·2 
oxoethyl]-4-( {4-[( {[(1S,2R)-2-

512.6 
phenylcyclopropyl]amino }acetyl)amino ]pheny 

l}ethynyl)benzamide 

N-[(IS)-1-( amlnometbyl)-2-(hydroxyamino )·2 
oxoethy!J-4-( {4-[( {[(2,4-

522.5 
difluorophenyl)metbyl]amino J acetyl)amino ]pi 

enyl}ethynyl)benzamide 

224 



Examnle Structure Name MH+ 

~::y.,-
N-[OS)-1-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-({4-[( {[(2,4-
555.4 ·~H . . dichlorophenyl)methyl]anrlno} acetyl)arnino ]p 

0 

henyl}ethynyl)henzamide 
704 . 

. ~)rn~,-·· N-[(lS}-J-(aminomethyl)-2-(hydroxyamino)-2 
oxoe!hyl}-4-[( 4-{[( {[4-fluoro-2-

572.5 ~n .. (irifluoromethyl)phenyl]methyl} amino )acetyl] 
• arnino}phenyl)ethynyl]benzamide 

705 
. 

' ~~n-~~··· 
N-[(lS)-1-(aminomethyl)-2-(hydro>.)'amino)-2 

oxoethyl]-4-( {4-[( {[(2,5-
522.5 ~u . · • difluorophenyl)methyl]amino }acetyl)amino ]pl 

enyl}ethynyl)benzamide 
706 

( . ~~°'* 
N{(lS)-1-(aminomethyl}-2-(hydroxyamino)-2 

oxoethyl]-4-({4-[( {[(3,4-
522.5 •p .. _11J'.H. • difluorophenyl)methyl]amino} acetyl)amino ]pl 

enyi }ethyny!)benzamide 
707 

~h~--
N-[(lS)-1-(amfuomethyl)-2-(hydroxyamino)-2 

oxoethyl)-4-( { 4{( {[(3,4· 
555.4 c 0 

dichlorophenyl)methyl]amino) acetyl)amino Jp 
0 . 

henyl}ethynyl)benzamide 
708 

. 

".'.'"0--u....i~·-
N-[(lS)-1-(aminomethyi)-2-(hydroxyamino)-2 

oxoethyl]-4-( {4-[( {[(3,4-
514.6 

dimethylphenyl)methyl]amino} acetyl)amino ]p "" . 
henyl}ethynyl)benzamide 

709 
. 

( 0-~?rn-~=~ 
N-[(lS)-1-(aminomethyi)-2-(hydroxyamino)-2 

oxoethy!J-4-( {4-[( {[(3,5-
522.5 

difluorophenyl)methyl]amin<>}acetyl)amino]ph 
' enyl) ethynyl)benzamide 

710 

)J..,U-n~:y~ °'"' 
N-[(IS)-1-(amioomethyl)-2-(hydroxyamin<>)-2 

oxoethy!]-4-( {4-[( {[(3,5-
555.4 

. dichlorophenyl)methyl]amino} acetyl)amino Jp 
henyl}ethynyl)benzamide 

711 

:?- ~~~: .. N-[(18)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[( 4-{[( {[3,5-

622.5 uJ • 
bis(trifluoromethyl)phenyl]methyl}arnioo)acet ' 

y!Jamino }phenyl)ethynyl]benzamide 
712 
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Examule Structure Name MR+ 

~Q~ 
N·[( 1 S}-1:{ aminomethyl}-2-(hydroxyamino }-2 

)l~~ -
oxoethyl]-4{ {4-[( {((4-

531.5 nitrophenyl)methyl]amino }acetyl)amino ]phen 
yl}ethynyl)benzamlde 

713 

. . . N-Ol!<OI N-[(18}-l-( amin0J11ethyl}-2-(hydroxyamino)·2 

nJ~· •·Ott oxoethy!J-4-[( 4-{[(pyri<lin-2-
473.5 

([);·ft .. · .. ylaroino )aretyl]mnino }phenyl)ethyny!Jbenzam 
ide 

714 

L;\- ~~ N-[(lS)-l-( aminomethyl)-2-(hydroxymnioo )-2 
' r;tt-Y-n~ 11-oo 

oxoethyl]-4-[(4-{[(pyri<lin-3-
473.5 

ylanlino )acetyl]illtlino} phenyl)e1hynyl]benzam 
ide 

715 

~N- <::hl<al N-[ ( 18)-1-( aminomethyl}-2-(hydroxyaroino }-2 

tt-Y-~ft 0 -oH 
oxoethyl]-4-{[4{ {[(2-

490.5 O:_ . fluoropbenyl)arnino ]acelyl}amino )phenyl]cthy 
' nyl} benzamlde 

( 

716 

~~~CH"'™. N-[(IS)-1-( aminomethyl)-2-(hydroxyaroino )-2 

n • oxoethyl]-4-{[4-( {[(3-
490.5 7.. . · fluorophenyl)amino]acetyl} arniDO )phenyl]etby 

nyl}benzmnide 
717 . . 

" l\l ' Chill>: N-[(1S}-l -(aminomelhyl)-2{hydroxyaroino )-2 
- $'" .Jj~OH oxoethyl]-4-{[4-( {[(4-

H~li_J }{ ~' .. ·a. . 490.5 
fluorophenyl)amino]acetyl}amino )pbenyl]ethy 'P • -

nyl}benzamide 
718 . 

~~\ij-CH~"' 
N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-[(4-{[(pyridin-4-
473.5 

ylamino )acetyl]amino }phenyl)e!hynyl]benzam 
ide 

( 

719 

~~~-OH~"' 
N-[(lS)-1-(aminomethyl)-2-(hydroxyanrino)-2 

oxoethyl]-4~{[4-( {[(2,2,2-
478.4 ~ . trlfiuoroetbyl)amino ]acetyl}amino )phenyl]ethJ y ~ 

nyl} benzamide 
720 . 

~-
. N-{(IS,2R}-2-hydroxy·l· 

CJ.ft ~-OH [(hydroxyamino )carbonyl]propyl}-4-[ ( 4-
{[(pyridin-2- 488.5 

ylamino )acetyl)mnino} phenyl)ethynyl]benzam 

721 
ide 
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722 

723 

724 

725 

726 

727 

728 

729 

730 

Structure 

~;x;~,.~"' 
0-~ D 

. ~;x;: ""' 
~ "·°" o~...J.. . 

... ~O.!r.1 

0.oJ.~~u, 

~-p..,. 

'"0-0J.. . 

"':Y ~·· ·~ n~, VJ. . 
·P" .... 

~·.~~ 

l\0--.u...J.n . -~ 

~~'"~~ 
..,; 

. 

(\_n-J-~n..:- . 
~· 

~;x;:~.,'"~ 
v~ 

Name MH+ 

N-{ (1 S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-{(4-

{[(pyrldin-3- 488.5 
ylamino)acetyl]amino}pbenyl)ethynyl]benzam 

ide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-[(4-

{[(pyrldin-4- 488.5 
ylamino)acetyl]amino}phenyl)ethynyl]benzam 

ide 

N-{(1S,2R)-2-hydroxy-l-
[(bydroxyamino )carbonyl]propyl }-4-(( 4-{[( 4-

556.6 phenylpiperazin-1-
yl)acelyl]amino}pbenyl)cthynyl]benzamide 

4-{[ 4-( {[ 4-( 4-fhwrophenyl)piperazin-l -
yl]acetyl}amino)phenyl]ethynyl}-N-{(1S,2R)-

574.6 2-bydroxy-1-
·[(bydroxyamino)carbonyl]propyl}benzamide 

4-{[ 4-( {[(I-acetylpiperidin-4-
yl)(cyclopropyl)amino]acetyl}amino)phenyl]et 

576.7 hynyl}-N-{ ( 1S,2R)-2-hydroxy-1-
[(bydroxyamino)carbonyl]propyl}benzamide 

4-[(4-
{[(butylamino )acetyl]amino }phenyl)e1hynyl]-

467.5 
N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl}benzamide 

N-{(1 S,2R)-2-hydroxy-I -
[(hydroxyamino)carbonyl]propyl}-4-({4-

[( {[(lR)-1- 515.6 
· phenylethyl]amino }acetyl)amino ]phenyl}elhyn 

yl)benzamide 

N-{(IS,2R)-2-bydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-( {4-

[({[(lS)-1- 515.6 
phenyletbyl]aroino} acetyl)amino ]phenyl }e!byn 

yl)benzaroide 

4-{[4-
( {[ cyc!opropyl(methyl)amino]acetyl} amino )pl 

465.5 eny1Jethynyl}-N-{{IS,2R)-2-hydro>.-y-l-
[ (hydroxyamino )carbonyl]propyl} benzamide 

227 



i 
I 

I 
I 
! 
I 
I 
' 

i 

I 
I 

-Example 

731 

' 

732 

733 

734 

735 

736 

737 

738 

739 

Strueture 

0. II-~;c; -~ 
Q~~· 

K,~ O!!tal 

~ \1-ott 
v~~-CY' 

~~~~ott~m< 
CH, 

""..fn 
c>\ 

~~~-CH~~ 

- -!-1:.;r:; Ch!ml 

~ u-~ 0. 

"1C~ 

~~I~ H..,. 

X" . 

!'l::.;c;u Cfi!!il! 

c!n~ 0-
~u-~-

J} 

0H;,c:c;H-oH a.t:al 

o~H 0 ..,,.oJ'ij . 

Name l\1B+ 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamirio)carbonyl)propyl}-4-{[4-

({[methyl(phenylmethyl)amino]acetyl}amino) 
515.6 

phenyl]eihynyl} benzamide 
.. 

N-[(lS)-1-( aminomethyl)-2-(hydfoxyamino )·2 
oxoethyl}4~.{[4-

( {[ cyclopropyl(methyl)amino ]acetyl }amino )ph 
450.5 

enyl]ethynyl}benzamide 
. 

4-[(4-{[(2S)-2-
aminopropanoy!]amino }phenyl)ethynyl]-N-

425.5 
{(1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl} benzamide 

4-[(4-{[(2R)-2- I 
aminopropanoy!]amino }phenyl)ethynyl]-N-

425.5 
{ (1 S,2R)-2-hydroxy-1-

' 

[(hydroxyamino )carbonyl]propyl} benzamide 
. 

4-[(4-{[(2S)-2-amino-3-
methylbulllnoyl]amino}phenyl)ethynyl]-N-

. {(1S,2R)-2-hydroxy-1-
453.5 

[(hydroxyamino)carbonyl]propyl}benzamide 

4-[(4-{[(2S,3R)-2-amino-3-
hydroxybutanoyl]amino}phenyl)e'lhynyl]-N-

455.5 
{ (1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl} benzamide 

(28)-N-[4-( {4-[( {(IS,2R)-2-hydroxy-1-
[(hydroxyamino)earbunyl]propyl}amino)carbo 

451.5 
eyl]phenyl }ethynyl)phenyl]pyrrolidine--2-

carboxamide 

4-[(4-{[(2S)-2-amino-3-(1H-imidazol-4-
yl)propanoyl]amino }phecyl)ethynyl]-N-

491.5 
{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl} benzamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydi-oxyamino)earbonyl]prapyl}-4-[(4-

426.4 
{[(methyloxy )acetyl}amino} phenyl)ethynylJbe 

nzamide 

228 



Examnle Structure Name MR+ 

~::y-c"°'°' 
4-[(4-{[(2S)-2-m:nfuo-.3-

methylbutanoy!]amino}phenyl)etlcynyl)-N-
438.5 

"" - [(18)-1-( aminome!hyl)-2-{hydroxyanrlno )-2-
H.,rcH, oxoe1hyl)benzamide 

740 

l 
~';\~-,.~'"' 

N-[(IS)-1-( aruinomethyl)-2-(hydroxyamino )-2 
oxoefuyl]-4-{[ 4-( {[(3-

514.6 
~ phenylpropyl)amino]aceiyl}amino)phenyl]ethy 

! 
. nyl}benzamide 

741 
\ 

?~~' N-{(1S,2R)-2-hydroxy-l-
~ HO [(hydroxyamino)carbonyl)propyl}-4-(1hien-2- 345.4 

~ 
ylethynyl)benzamide 

742 

( "~~~~~-'" ~·· 
4-( {4-[((2S)-2-{[(2S)-2,5- ' 

dian:rlnopentanoyl]amlno }-3-
phenylpropanoyl)amino ]phenyl} ethynyl)-N- 615.7 " . . { (18,2R)-2-hydroxy-l-"'b 

743 
[(hydxoxyamino )carbonyl]propyl} benzamide 

~ OWa OH 
3,4-dihydroxy-N-[(28)-3-(hydroxyamiuo)-3-

~J)-1.0H 
oxo-2-( {[4-

460.5 . 

(phenylethynyl)phenyl]carbonyl}amino )propyl 
Jbenzamide 

744 

Yll""l·~- l,1-dimethylethyl 3-[(2-{[(23)-3-

?H~ 
(hydxoxyamino )-3-oxo-2-{ {[4-

• 538.6 
(phenylethynyl)phenyl]carbonyl}amino )propyl 
]amino }-2-{)xoethyl)amlno ]propylcarbamate 

745 . 

c 
Y•1 ""'"' 
~ ~"-°" N-[(l S)-2-(bydroxyamino )-1-( {[( 4-

~ 0 'ott ' methylpiperazin-1-yl)acetyl]amillD }methyl)-2- 464.5 
oxoethyl)-4-{phenylethynyl)benzamide 

746 
. 

~-
4-{[4-( {2-[(2-aminoe!hyl)am.ino]-2-

"" oxoethyl}oxy)phenyl]ethynyl}-N-{(1S,2R)-2-0 455.5 
,.,,...,,~f 

hydroxy-1-
0 [(hydroxyamino )carbonyl]propyl} benzamide 

747 
. 

~,y.- N-[(lS}l-(aminomethyl)-2-(bydioxyamino)-2 

" 0 
oxoe!hyl]-4-{[3- 353.4 

H, ( amioomethyl)phenyl]ethynyl} benzamide 

748 
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749 

750 

751 

752 

753 

754 

755 

756 

757 

Structure -"1°"' yo 

~-~ 0 

>~ 
0 

;;2 Olbl 

?" ~ 0 ._ 

Hr'~O . 

~ !I cm.. 

~ijJ"/~'t"~ 

~t1 ~ 
""·. ,.e/n•ou.,,,. 
.,\uJnJY" . 

/'t<.~ ~ "o 
,,,.~ 

y~~""' °""' 
?;;~-aH . 

H:,C ~ OH Chlral 

~":fl"-
H 

~N,,.r•.,,JtJ, 

?i;~oH~ 

?·~-

Name MR+ 

1,1-dimethylethyl (2S)-3'-(hydroxyamino )-2-
[( {4-[(4-{[2'-(hydroxyamino)-2-

513.5 oxoefhyl]oxy}phenyl)ethynyl]phenyl}carbonyl 
)amino]-3-oxopropylcarbamate 

N-[(lS)-1-(aminomethyl}-2'-(hydroxyamino)-2 
oxoethyl]-4-[(4-{[2-(bydroli;yamino)-2- 413.4 

oxoethyl]oxy}pbenyl)ethynyl]benzamide 

.. 

3,4-dihydroxy-N-(2-{[4-( {4-[( {(1S,2R)-2-
hydroxy-1-

[(hydroxyamino )carbonyl]propyl}amino )caibo 547.5 
nyl]pbenyl }ethynyl)phenyl]amino }-2-

oxoethyl)benzamide 
. . 

4-( {4-[( {[(2S)-2,5- ( 
dia:mmopentanoyl]amino} acetyl)amino ]phenyl 

525.6 
}ethynyl)-N-{ (1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl} benzamide 
.. 

4-[( 4-{[(2-
aminoethyl)amino]carbonyl}phenyl)ethynyl]-

425.5 
N-{(1S,2R)-Z..hydroxy-1-

[(hydroxyamino)carbonyl)propyl}beozamide . 
N-[(lS)·l-[( {[(3-

aminopropyl)anrino]acelyl}amino)methyl]-2-
438.5 

(hydroxyanrino )-2-oxoethyl]-4-
(phenylethynyl)benzamide 

. 

3-( {4-[( { ( 1 S,2R)-2·bydroxy-l- ( I 

((hydroxyamino )carbonyl]propyl}amino )caibo 383.4 
nyl]phenyl}ethynyl)benzoic acid 

4-{[4-( {[(3· 
aminopropyl)amino ]acetyl} amino )phenyl]ethy 

468.5 
nyl}-N·{(IS,2R)-2-bydroxy-l-

[(hydroxyamino )ca!bonyl]propyl} benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
326.3 

oxoethyl]-4-(pyrazin-2-ylethynyl)benzamide 

230 



· Examole Stnieture Name MB+ 

?H·0

--

4-( {3-[(4-
an:tlnobutanoyl)arnino]pbenyl}ethynyl)-N-

424.5 
~~ [(IS)-l-(arninomethyl)-2-(hydroxyamino)-2-

0 ?Xoethyl]benzamide 
758 

;:;"' o.kd N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 

~~ ~- OH 
oxoethyl]-4-[(4-{[(2S)-2,5-

453.5 
diaminopentanoyl)amlno}phenyl)ethynyl]benz ..., - amide 

759 

~yJ,~~ 
-

4-( { 2-[( arninoacetyl)amino ]phenyl}ethynyl)-N 
o . N a [(lS)-1-(aminomethyl)-2-(hydroxyamioo )-2- 396.4 

oxoethy!]benzamide 

760 

( ~~It~- N-[(lS)-1-(arninomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( { 4-(2-( ethylamino )-2- 409.5 

lj,C oxoethyl]phenyl}ethynyl)benzamide 

761 

r- 4-( {4-[( arninoacetyl)mlino J-3-
methylphenyl}ethynyl)-N-[(lS)-1-

""'..)_ - (ammomethyl)-2-(hydroxyamino)-2-
410.4 

C>I. oxoetbyl]benzamide 
762 

-

;?- Ch~ 
4-( { 4-[( aminoacefyl)amino Jphenyl}ethynyl)-N 

~U~ o OH 
[(lS}-l-(arninomethyl)-2-(hydroXyamillo}-2- 414.4 

oxoethyl]-3-f!uorobenzamide 

763 

( 
I?~~ N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 

~uJ../- 0 

oxocthyl]-4-{[4- 435.5 
({[(cyanomethyl)amino]acetyl}amino)phenyl] 

ethynyl} benza:mide 
764 

~~.~ [4-( {4-(( { (1S,2R}-2-hydroxy-l-
n o [(hydroxyamino)carbonyl]propyl}amino)carbo 397.4 

'" 
- nyl]pbenyl}ethynyl)phenyl]acetic acid 

765 

H,c...- """' /«°" 4-amino-2-( {[4-( {4-[( {(1S,2R)-2-hydroxy-l-
[(hydroXyamillo)carbonyl]propyl}arnino)carbo 

497.5 
ny!Jphenyl}ethynyl)pbeny!Jcarbonyl}amino)-4 

~~ oxobutanoic acid 
766 
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767 

768 

769 

770 

771 

772 

773 

774 

775 

Structure 

~:x; Chral ?n "-oo 
~'('o o 

. O"("NJ Oolral 

?;;o,~o 
0 . 

"" . 

"'('s~o"°"" 

?;;~-~ ~ 

?·~~~' 
~""""' o~~ 

.~~""OH I N 0 ·· 

. /:t"~-
... ~ 

/~:™®•. 
~ . 

. ·. ~-.,,~nJ.ft~ . 

";:i:;tt "'~ ·-dn, ~· 
vnJ.rrO-"' . 

Name l\ffi+ 

4-a:mino-2-[( {[4-( {4-[( {(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}amino)carbo 

527.5 nyl]phenyl}etl:tynyl)phenyl]oxy}acetyl)arnino] 
4-oxobutanoic acid 

N-((!S)-2-(hydroxyamino)-l-{[(morpholin-4-
ylacetyl)amino ]methyl}-2-oxoethyl)-4- 451.5 

(pheny!ethynyl)benzamide 

N-[(lS)-1-[({[(2,3-
dihydroxypropyl)thio]acetyl}amino)methyl]-2-

472.5 (hydroxyamino)-2-oxoethyl}4-
(phenyletl:tynyl)benzamide 

methyl (2S)-3-amino-2-( {[4- ( 
(phenyletl:tynyl)phenyl]carbonyl}amino)propa 323.4 

noate 

N-{ (!S)-2-(hydroxyamino )-2-oxo-l-[( {[(2-
phenylethyl)amino ]acetyl}amino )methyl]ethyl 485.6 

}-4-(phenylethynyl)benzamide 

. 

4-[( 4-{2-[(2-aminoethyl)amino ]-2-
ox:oelhyl}phenyl)ethynyl]-N-{(1S,2R)-2-

439.5 
hydroxy-!-

[(hy\huxyamino )carbonyl]propyl} benzamide 

4-[(4-{[(6-
aminohexyl)amino]carbonyl}phenyl)ethynyl]-

481.6 
N-{(lS,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzamide 

4-[4-{4-
{[( ethylamino )acetyl]ammo }phenyl)buta-1,3-

diynyl]-N-{ (1S,2R)-2-hydroxy-l-
463.5 

[(hydroxyamino )carbonyl]propyl} benzamide 

4-(4-(4-
{[( cyclopropylamino )acetyl]amino }phenyl)but 

475.5 
a-l,3-diynyl]-N-{ (lS,2R)-2-hydrox.y-l-

[ (hydroxyarnino )carbonyl]propyl}benzamide 

232 



Examnle Structure Name MB+ 

~;i:; Q;~ N-{(1S,2R)-2-hydroxy-l-
0 n [(hydroxyamino )earbonyl]propyl}-4-{ 4-{ 4-O"'-n~ 0 -

503.6 
[(piperidin-1-ylacetyl}amino ]phenyl} bnta-1,3-

diynyl)benzamide 
776 

I 
! 

tt.;x; c.rt.! N-{ (1 S,2R)-2-hydroxy-1-
~ u.~ n 0 [(hydroxyamino )carbonyl]propyl}-4-[ 4-( 4-

511.5 Ou.Ju {((phenylamino )acety!Jamino }phenyl)buta-1,3 
diynyl]benzamide 

777 

~:x; ~ 
N-{ (1 S,2R)-2-hydroxy-l-

~u- [(hydroxyamino )carbonyl]propyl}-4-{4-[4· 
. QuJ. , ( {[(phenylmethyl)amino ]acetyl }amino )phenyl] 

525.6 

buta-1,3-diynyl}benzamide 
778 

( ~~~- N-((1S,2R)-2-amino-1-
[(hydroxyamino)caibonyl]propyl}-4'-ethyl-1,1' · 342.4 

"' . 
biphenyl.-4-cru:boxamide 

779 . 

~·-
4-[(4-

ij.O!! {[(dimethylamino)acetyl]amino}phenyl)ethyny 
;i.,Cf~ l]-N-{ (1S,2R)-2-hydroxy-l -

439.5 

[(hydroxyamino)cru:bonyl)propyl}benzamide 
780 

!:'4;x; · O>lfllOI 
N-{(1S,2R)-2-hydroxy-1-

a H [(hydro:>.y.unino )carbonyl]propyl}-4-( { 4-
CJ.~ "°" [(pyrrolidin-1-

465.5 

ylacetyl)amino ]phenyl}ethynyl)benzmnide 
.• 781 .. 

c ·~~~ 
N-{(1S,2R)-2-hydroxy-1-

' o• [(hydroocyatnino)caibonyl]propyl}-4-[(4-
481.6 

~n.Ju {[(pentylamino )acetyl]amino} phenyl)ethynyl] 
benzamide 

782 

N-{(1S,2R)-2-hydroxy-l-

"";y ~" [(hydroxyamino)carbony!Jpropyl}-4-{(4-

V-,nJ.~ 0 -
({[(tbien-2- 507.6 

ylmethy!)amino ]acetyl}amino )phenyl]ethynyi} 

783 
benzamide 

' 
~??~-~~ 

4-([4-{ {((!H-benzimidazol-2-
ylmelhyl)amino]acetyl}amino)phenyl]ethynyl} 

541.6 ~nJ.n N-(( 1S,2R)-2-hydroxy-l-
((hydroxyamino )carbonyl]propyl} benzamide 

784 

233 



E:w:nnle Structure Name MH+ 

~~~ 
4-{[ 4-( {[(1-benzotbien-3- . 

II..,. ylmethyl)amino ]acetyl}amino )phenyl]ethynyl} a N-{(18,2R)-2-hydroxy-1-
557.6 

[(bydroxyamino )carbonyl]propyl} benzamide 
785 

9'-n~~7;n-... 
4-(4-{4-[{{[(2-

. fluorophenyl)methyl]amino} acetyl)arnino ]phe . 
543.6 

nyl}buta-1,3-diynyl)-N-{ ( 18,2R)-2-hydroxy-l · 

I 
I 

[(hydroxyamino)carbonyl]propyl}benzamide. 

l . 
786 

l . 

~~ .. 4-( 4-{4-[( {[(3· 

"""" fluorophenyl)methyl]amino }acetyl)amino ]phe. 
~ . nyl} buta-l ,3-diynyl)-N-{{18,2R)-2-hydroxy-l-

543.6 I 

[(hydroxyati:rino )carbonyl]propyl} benzamide 
787 

tN CHrol 
4-(4-{4-[({[(4-

'Rn.J.u-0-"'~" • "' 
fluorophenyl)methyl]amino }acetyl)arnino ]phe 

543.6 
nyl)buta-1,3-diynyl)-N-{(1S,2R)-2-hydroxy-1-

( 

[(hydroxyamino)carbonyl]propyl}benzamide 
788 . 

N ·{ (18,2R)-2-bydro:1.-y-l -
' ~~ tll'.INI [(hydroxyamino)carbonyl]propyl}-4-(4-{4-~ .,. 

i:'.;l .. A.1H . [({[(2- 539.6 

"" · methylphenyl)methyl]amino }acelyl)amino Jphe 

789 
nyl} buta-1,3-diynyl)benzamide 

N-{(1S,2R)-2-hydroxy-1-. w.-~ .lChydroxyamino)carbOnyl]propyl}-4-(4-{4-

_.n,~"·. [( {[(3- 539.6 
methylpbOOyt}methyl]amino}acetyl)aminoJphe 

790 
nyl} buta-1,3-diynyl)benzamide 

N-{ ( 18,2R)-2-hydroxy-1-

~y,.- [(hydroxyamino )carbonyl]propyl}-4-( 4-{4-
[( {[(4- 539.6 

methylphenyl)methyl]amino }acetyl)arnino ]phe 

791 
nyJ} buta-1,3-diynyl)benzamide 

N-{(18,2R)-2-hydroxy-l-

~7;u~.~·. [(hydroxyamino )c:u:bonyl]propyl}-4-{ 4-[4-

0 .. A .. JlH . 
( {[ (pyridin-2- 526.6 

ylmethyl)aniino]~cetyl}amino)phenyl]buta-1,3 

792 
diyn:yl}benzamide 

N-{(18,2R)-2-hydroxy-1-

~;t;n~.°'"' [(hydroxyamino )ca:rbonyl]propyl}-4-{ 4-( 4-
( {[ (pyridin-3- . 526.6 QH 

ylmethyl}arnino ]acetyl} amino )phenyl]buta-1,3 

793 
diynyl} benzarnide 
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Examnle Structure Name MR+ 

N-{(IS,2R)-2-hydroxy-l-
~H a.!"'1 [(hydroxyamino )carbonyl]propyl}-4-{4-[ 4-

~V~' Q u 0 ( {[(pyridin-4- 526.6 11.J-n yhne1hyl)amino ]acetyl} amino )phenyl]buta-1,3 

794 
diynyl} benzamide 

~?;u-.,~~ 
N-{(IS,2R)-2-hydroxy"l-

[(hydroxyamino)carbonyl]propyl}-4-[4-(4-

Q-.-11.J- {[( {[2- 555.6 .. .,,., {methy!oxy )phenyl]mefuyl}amino )acetyl]amin 

795 
o}phenyl)buta-1,3-diynyl]benzamide 

N-{(1S,2R)-2-hydroxy-l- I 

I 
~~u .• ,~™ [ (hydro>.-yamino )carbonyl]propyl}-4-[ 4-(4-

..Q.Ju.u • {[( {[3- 555.6 

"' (methyloxy)pheny!]methy!} amino )acetyl]amin 

796 
o }phenyl)buta-1,3-d:iynyl]benzamide 

( 
N-{(1S,2R)-2-hydroxy-l-

''.X: - [ (hydroxyamino )carbonyl]propyl}-4-[ 4-( 4-
°' ·~n U-~ °'QiiJ 0 •• 

{[({[4- 555.6 

' (methyloxy)phenyl]methyl}a:mino)acetyl]amin 

797 
o }phenyl)buta-1,3-diynyl]benzamide 

~;x;u ... - .4-{4-[4-( {[(2-

0 0 
fluorophenyl)amino )aceJyl}amino )phenyl)buta 

529.5 
cr:~n . l,3-diynyl}-N-{(IS,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl}benzamide 
798 

~xcm Q>IW 4-{4-[4-( {[(3-

711.J-n~~ ;"-'" flnorophenyl)amino ]aceJyl}a:mino)phenyl]buta 
529.5 .. l,3-diynyl}-N-{(1S,2R)-2-hydroxy-1-

[{hydroxyamino )carbonyl]propyl}benzamide 
799 

( ~'v··,-
4-{ 4-[ 4-( {[( 4-

p 0 flnorophenyl)amino )aceJyl}amino )phenyl]buta 
529.5 ,.oDn 1,3-diynyl}-N-{ (1 S,2R)-2-hydroxy-l -

({hydroxyamino)carbony!Jpropyl}benzamide 
800 

N-{(IS,2R)-2-hydroxy-1-w- [(hydroxyamino)carbonyl]propyl}-4-(4-(4-
Q:llJ-~N 0 ~ {[(pyridin-2- 512.5 

. ylamino )acetyl]amino }pheuyl)buta-1,3-

801 
diynyl]benzamide 

~;:r;~~~w 
N-{(IS,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}-4-(4-(4-

0-11.J-u 
{[(pyridin-3- 512.5 

ylamino )acetyl]amino }phenyl)buta-1,3-

802 
diynyl]benzamide 
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Examole structure Name MH+ 

~:xr ~~ 
N-{(1S,2R}-2-hydroxy-1-

~ »-~ [(hydroxyarn:ino}carbonyl]propyl}-4-[4-{4-

,cr»Jtt- N {[(pyridin-4- 51Z.5 
ylamino }acetyl]amino }phenyl}buta-1,3-

803 
diynyl]benzam:ide 

~,;~.,.-
4-[4{4-

{[( cyclohutylamino )acetyl]amino} phenyl}buta 
489.5 v 0 l ,3-diynyl]-N-{(1S,2R)-2-hydrox y-1-c:r . 

[(hydro:\y.mrino)carbonyl]propyl}henzamide 
804 

~:x;tt-oo'"""' 
4-[4{4-

{[( cyclopentylamino }acetyl]amino }phenyl)but 
503.6 »J a-l,3-diynyl]-N-{(1S,2R)-2-hydroxy-1-Cf 

[(hydroxyamino )carbonyl]propyl}benzamide 
805 

~7;»~-~ 
4-[4-(4-

{[( cyclohexylamino )acetyl]amino}phenyl)bu!a 
517.6 d-1-N • 1,3-diynyl]-N-{(IS,2R)-2-hydroxy-l-

. [(hydi:oxyamino )carbonyl]propyl} henzamide 
806 

dJ»~:x;~,,'"~ 
4-[4-(4-

{[( cycloheptylarn:ino )acetyl]ammo}phenyl)hut 
531.6 

a-l,3-diynyl]-N-{(1S,2R)-2-lcydroxy-1-
[(hydroxyamino)carbonyl]propyl}benzamide 

807 

~~»~·-' 
N-{ (IS,2R)-2-hydroxy-l -

[{hydroxyamino)carbonyl]propyl}-4-[4-( 4-
449.5 .,,,.»J . {[(me!bylamino )acetyl]arnino} phenyl)bula-1,3 

diynyl]henzamide 
808 

. 

~~~ 
N-{(1S,2R)-2-hydroxy-l-

~-<>< [(hydroxyamillo)carbonyl]propyl}-4-[4-(4-
• 477.5 

~ {[(propylamino )acetyl]amino} pheoyl)bula-1,3 

(1 

diynyl]henzamide 
809 

~·t'x.;1:1~ a.Ito! 
4-[4-(4-

{[ (hutylam:ino )acetyl]amino} phenyl}buta-1,3-
,,,___.__ll.J.u~ • diynyl]-N-{ (1S,2R)-2-hydroxy-l -

491.6 

[(hydroxyamino)carhonyl)propyl}benzamide 
810 . 

~""J:;u--
N-{(IS,2R)-2-hydroxy-1-

[Q!ydroxyamino)carbonyl]propyl}-4-[4-(4-
505.6 ~~ 0 {[(pentylru:nino )acetyl]amino }phenyl)buta-1,3-

diynyl]henzamide 
811 
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E:xamnle Structure Name MH+ 

.... x C>hl 
4-[4'(4-

~ n~" {[(hexylamino )acetyl]amino }phenyl)buta-1,3-I 519.6 ~u,J.. diynyl]-N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbony!Jpropyl} benzamide 

812 

--~N--
4-{4-[4-

( {[efuyl(methyl)amino ]acetyl} amino )phenyl]b 
477.5 uta-l,3-diynyl}-N-{(1S,2R)-2-hydroxy-l-

[(hyP,:oxyamino)carbonyl]propyl}benzamide 
813 

N-{(IS,2R)-2-hydroxy-1-

.~~~- [(hydroxyamino )carbonyl]propyl}-4-{4-[4-
({((1- 477.5 

""~--'- .. methylethyl)amiito ]acetyl} amino )phenyl]buta-

814 1,3-diynyl}benzamide 

N-{(I S,2R)-2-hydroxy-I- ' ( ~v ~~ [(hydroxyamino )carbonyl]propyl}-4-{4-[ 4-

~""" ({[(2- 491.6 ~It_). 
"' rnethylpropyl)amino ]acetyl}amino )phenyl]but 

815 a-1,3-diynyl} benzamide 

N-{ (lS,2R)-2-hydroxy-l -

~-
[(hydroxyamino)carbonyl]propyl}-4-{4-[4-11-"" 

'f-v ( {[(2,2,2- 517.5 
trifluoroe!hyl)amino]acetyl} amino )phenyl] but 

816 a-1,3-diynyl}be:tizamide 
. 

t;r;Jl.a. Q~ 4-{ 4-[4-( {[(2-

oo~Vn~ 0 
hydrm.-ye!hyl)amino ]acetyl}amiuo )phenyl]buta 

479.5 1,3-diynyl}-N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}benzamide 

817 

N-{ (IS,ZR)-2-hydroxy-l-

( ~;y-~- [(hydroxyamino)carbonyl]propyl}-4-(4-{4-

~ . [({[2- 493.5 
(methyloxy)ethyl]arnino}acetyl)amino]phenyl} 

818 
butac 1,3-diyny!)benzamide 

r;x;11... - 4-( 4-{4-[({[2-

,.,.,~~ .. ( dimethylamino )ethyl]amino }acetyl)amino ]ph 
506.6 

enyl}bula-1,3-diynyl)-N-{(IS,2R)~2:hydroxy-
~. 

1-[(hydroxyamino )carbonyl)propyl}benzamide 
819 

~?:;~-~~~' 
4-{4-[4-( {[(2-

cyanoetbyl)amino]acetyl}arrrino)phenyl]buta-
488.5 n • _....,u l,3-diynyl}-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl}benzamide 
820 
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Structure 
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~~ 
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Name MH+ 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4{4-{4-

489.5 
[ (pyrrolidin-1-ylacetyl)amino ]phenyl} buta-1,3 

diynyl)benzamide 

4-(4-{4-[(azepan-l-
ylacetyl)amino]phenyl}buta-1,3-diynyl)-N-

517.6 
{(IS,2R)-2-hydroxy-l-

[(hydroxyamino )cru:bonyl]propyl} benzamide. 

N-{ (I S,2R)-2-hydroxy- l-
[(hydroxyamino )carbonyl]propyl }-4-[ 4-( 4-{[( 4 

methylpiperazin-1- 518.6 
yl)acetyl]amino }phenyl)buta-1,3-

diynyl]benzantlde 

N-{ (I S,2R)-2-hydroxy-1- ( 
[(hydroxyamino )carbonyl]propyl}-4-( 4-{4-

505.5 
[(.morpholin-4-ylacetyl)amino]phenyl}buta-l,3 

diynyl)benzamide 
. 

4-{4-[4-
( {[cycfohex:yl(methyl)aminO]acetyl}amino )pm 

531.6 
nyl]bu!a-1,3-diynyl}-N-{ (I S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}benzamide 

N.((1S,2R)-2-hydroxy-l-
[(hydroxyamino )mubonyl]propyl }-4-( 4-{ 4-

[({[(IR)-1- 539.6 
phenylethyl]amino }acetyl)arnino )phenyl} buta-

1,3-diynyl)benzamide 
. 

N-{ ( 1S,2R)-2-hydroxy-l-
[(hydroxyamlno)cru:bonyl]propyl}-4-(4-{4-

[( {[(lS)-1- 539.6 
phenylethyl)ami.no}acetyl)arnino)phenyl}huta-

1,3-diynyl)benzamide 

N-{(JS,2R)-2-hydroxY-1-
[(hydroxyamino)carbonyl]propyl}-4-{4-[4-

({[(2- 539.6 
phenylethyl)amino Jacetyl} amino )phenyl]buta-

1,3-diynyl} benzantlde 

N-{(1S,2R)-2-hydroxy-1-
[(hydrox:yamino )carbonyl]propyl}-4-( 4-{ 4-

486.5 
[(IH-imidazol-1-ylacetyl)arnino ]phenyl} buta-

1,3-diynyl)bcnzamide 
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Exam11le Structnre Name· MH+ 

!\:x; QI<$ 
4-{ 4-[4-( {[(1R,2R, 4S}bicyclo[2.2.1 ]hept-2-

~~~ ylamino ]acefyl} amino )phenyl]buta-1,3-
iP-v~, 0 diynyl}-N-{(1S,2R)-2-hydroxy-1-

529.6 

[(hydroxyamirul)carbocyl]propyl}benzamide 
830 

. ~;i; - 4-{4-[4-

~ ~'" ( {[( cyelohexylmethyl)amino Jaeetyl} amino )phe 
OJJn . nyl]bnta-1,3-diynyl}-N-{ (1 S,2R)-2-hydroxy-1-

531.6 

[(hydroxyarnino)carbonyl]propyl}benzamide 
831 

~' Q>ral 

A~ 
N-[(lS)- l -{aminomethyl)-2-(hydroxyamino )-2 

H,c . ~ O OH 
. · oxoethylJ-4'-ethyl-2-fluoro-l, l '-biphenyl-4- 346.4 

carboxarnide 

632 

( ~-"""''"'' 4-( {4-[(aminoacetyl)amino]phenyl}ethynyl)-N 

~"o {(1S,2R)-2-hydroxy-1-
441.5 

' .,..J.. [(hydroxyamino)carbonyl]propyl}-3-

ft (methyloxy)benzamide 
633 

HFJ,OH Chiral 

_d~~OH 4'-ethyl-N-{(1S,2R)-2-hydroxy-l-
[(hydroxyarnino )carbonyl]propyl}-2- 373.4 

H,C (methyloxy)-1,1'-biphcnyl-4-carboxamide 
H,c 

834 

d'°t:" - N-{(1S,2R)-2-hydroxy-l-~ • N,OH 
HO [(hydroxyarnino)caibonyl]propyl}-3- 369.4 

0 {methyloxy)-4-(phenylethynyl)benzanllde 

835 

c /;to..- 4-[( 4-ethylphenyl)ethynyl]-N-{ (1S,2R)-2-
~ "o hydroxy-I- 367.4 

11, 
[(hydroxyamino )carbonyl]propyl} benzamide 

836 

r~~ N-{ {IS,2R)-2-hydroxy-l-
[ (hydroxyamino )carbonyl]propyl}-4-[( 4- 355.4 

IA 
bydroxyphenyl)ethynyl]benzamide 

HO 
837 

51 '"'"' o"(""s OH 

2-[(2-{[(28}3-{hydroxyarnino)-3-oxo-2-( {[4-r·oo (phenylethynyl)phenyl}carbonyl} amino )propyl 470.5 
]amino }-2-oxoethyl)thio )propanoic acid 

8313 
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Evmmnje Structure Name MR+ 

~"·~ 4-amino-2-[(2-{[(2S)-3-(hydroxyamino)-3-oxo r4." 2-( {[4-
(phenyiethynyl)phenyl]carbonyl} amino )propyl 496.5 

]amino }-2-oxoethyl)amino ]-4-oxobutanoic 

839 
acld 

~ ~ " 1,1-dimethylethyl 4-amino-2-[(2-{[(2S)-3-or. 'i<°"' 

~~OH~~ (hydroxyarnino )-3-oxo-2-( {[4-
552.6 

(phenylethynyl)phenyljcarbonyl} amino )propyl 
]arnino}-2-oxoethyl)amino].-4-oxobntanoate 

840 

~~ .. 
2,6-dihydroxy-N-[(2S)-3-(hydroxyamino)-3-

?";;~00 
oxo-2-( {[4-

461.4 
(phenylelhynyl)phenyl]carbonyl}amino )propyl 

]pyridine-4-carboxamide 
841 

/~- N-[(lS)-1-( aminqrnethyl}-2-(hydroxyamino )·2 

' 'P' 
oxoethyl]-4-[(4- 339.4 

aminophenyl)ethynyl]bonzamide ,., . . 

( 

'· 

842 

~~ N-[(lS)-1-( arninornethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[( 4- 352.4 

ethylphenyl)ethynyl]benzamide 

843 

~ ~· ~n .~-a" N-[(lS)-1-( arninornethyl)-2-(hydroxyamino )-2 
oxoethyl]-4{(4-ethylphenyl)ethyn}'l]-3- 370.4 

H, 
fluorobenzamide 

844 
.. 

('"' an N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 v ~-
,)L_) . H & "" oxoethyl]-4-( {4-[(3-

410.4 
i' (';(" aminopropanoyl)amino ]phenyl} ethynyl)benza 

( i 

""' R mide 
845 

.. 

I?~~ N-[(!S)-1-( aminornelhyl)-2-(hydroxyamino )-2 

~ •oo 
oxoethyl]-4-[(4-

... .,. . 0 {[( dimethylamino )acetyl]amino }phenyl)ethyn; 
424.5 

l]benzamide 
846 

/H-~~ 4-({4{(4-
aminobutanoyl)amino]phenyl}ethynyl)-N-

424.5 

""~~ 
[(1 S)-1-( aminornethyl)-2-(hydroxyamino )-2-

oxoethylJbenzamide 
847 
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Examole Structure Name MH+ 

~0*'1 
N-{(!S)-2-{hydroxyamino}-1-[( {[2-

~y~ (methyloxy)pbenyl]methyl) amino )methyl]-2- 444.5 
oxoethyl)-4-(phenylethynyl)benzamide 

848 

?~- N-[(l S)-1-f( diprop-2-enylamino )methylJ-2-
(hydroxyamino )-2-oxoethyl]-4- 404.5 

(phenylethynyl)benzamide 

849 

t:Sc>\rnn< 
oy-"ij N-[(lS)-2-{hydroxyamino)-1-( {[( {[2-

?~n~OH (methyloxy)phenyl]methyl}amino)acytyl]amin. 
501.6 

n " o}methyl}-2-oxoethyl]-4-
(phenylethynyl)benzamide 

850 

( 
y.-9""'" 

N-((IS)-2-(hydroxyamino }:!-{[ ( {[2-

~-:·· (methyloxy)phenyl]thio }acetyl)ainino ]methyl} . 504.6 
2-oxoethyl)-4-(pbenylethynyl)benzamide 

851 

?:y.-' (2S,3R)-3-amino-2-( {[4-
(phenylethynyl)phenyl]carbonyl}amino)butano 323.4 

"' ic acid 
A 

852 . 

I 

I 
I 
I . 

! 
I c 
I 

h ~~I 
N-[(lS}-l-(aminomethyl)-2-{hydroxyamino}-2 

. ~ u . .,. oxoethyl)-4-[4-( 4-
448.5 Z'.'J- .0- . {[( dhnethylamino )acety!Jamino} phenyl)buta-..,,. u . 

. 1,3-diynyl]be=ide 
853 

~~-
N-{(lS)-1-(llminotnethyl}-2-{hydroxyamino)-2 

oxoethyl)-4-[4-( 4-~~~" {[( ethylamino )acetyl]amino }phenyl)bura-1,3-
448.5 

diynyl]benzamide 
854 

I • .. H~O.lro! N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

v"J.~ oxoethyl)-4-[ 4-( 4-
460.5 

{[( cyclopropylamino )acytyl]amino }phenyl)but 
a-1,3-diynyl]benzamide 

855 . 

OJ.~?r~OM-
N-(( lS)-l -(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-( 4-{ 4-((piperld:in-l-
488.6 

ylacety!)amino )phenyl}buta-1,3-
diynyl)be.nzamide 

856 
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858 

859 

860 

861 
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863 

864 

865 

Structure 

"" -· dJ~n\n ... 

w ~ .. 
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O' 

. 

0-c;J~~~-· 

o'.QJ-~~~~ 

~t;~ .. ~·~ 
n ~ 0 

~RJ~??,,'"~ 

~ru~ ~ .. ,.. 
u~ 

"i/J-" 

Name MH+ 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl]-4-[ 4-( 4-

496.5 
{[ (phenyla:mino )acetyl]amino }phenyl)buta-1,3 

diynyl]benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethylJ+{ 4-[ 4-

510.6 
( {[(phenylmethyl)amino ]acetyl} amino )phenyl] 

buta-1,3-diynyl}benzamide 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino )-2 
oxoethyl]-4-[4-( 4-aminophenyl)buta-1,3- 363.4 

diynyl]benzamide 

N-{(1S,2R)-2-hydroxy-.l-
[(hydroxyamlno)carbony!Jpropyl}-4-[(4-

( 

{[(pyraziu-2- 489.5 
ylamino )acetyl]amino}phenyl)ethynyl]benzam 

ide 

N-{ (1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-[(4-{[( 4-

555.6 
phenylpi:peridin-1-

yl)acetyl]aruino }phenyl)ethynyl]benzamide 

4-{[4-( {[ 4-(2-f!uorophenyl)piperazin-l-
yl]acetyl} irmino )phenyl]ethynyl }-N-{ (1 S,2R)-

574.6 
2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl}benzamide 

4-{[4-[ {[(lS,4R)-bicyclo(2.2.l )hept-2-
ylamino]acetyl}amino)pheny!Jethynyl}-N-

505.6 
{(1S,2R)-2-hydroxy-l-

l. 

[(hydroxyamino )carbonyl]propyl}benzamide 

N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-( {4-

[( {[(1S,2S,3S,5R)-2,6,6-
547.7 

trimethylbicyclo[3.l.l]hept-3-
yl]amino}acetyl)amino]phenyl}ethynyl)benza 

mi de . 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-{[4-

( {[( tricyclo[3.3 .1.1-3, 7-]dec-1- 559.7 
yhnethyl)amino]acetyl}amino)phenyl]ethynyl} 

benzamide 
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Examnle Structure Name MH+ 

!'\C;c; Cloll•I N-{(l S,2R)-2-hydroxy-1-
~ u~ [(hydroxyamino )carbonyl]propyl}-4-{[4-( {[( 4-dJ. u me1hylcyclohexyl)amino ]acetyl} amino }phenyl 507.6 

"' Jethynyl} benzamide 
866 

N-{(lS,2R)-2-hydroxy-1-!'\:x; O.\ml [(hydroxyamino )carbonyl]propyl}-4-{[ 4-
~~ ,"·"'. ({[(2,2,2- 493.5 

trifluoroethyl)amino ]acetyl}amino )phenyljethy 

867 
nyl} benzamide . 

~;(:11-.;.~'~ 
4-( { 4-[( {[2-(2-

flnorophenyl)e!hylJarnino} acetyl)amino jpheny &---uJ. H • l}ethynyl)-N-{ (l S,2R)-2-hydroxy-1-
533.6 

. [(hydroxyamino )carbonyl]propyl} benzamide 
868 

( ~~™ 
4-( { 4-[( {[2-(3-

'."O"'-uJn 
fluorophenyl)etbyl]amino }acetyl)amino ]pheny 

533.6 
l}ethynyl)-N-{(IS,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 
869 

c;y-· 4-( { 4-[( {[2-( 4-
. ~ ~011 fluorophenyl)ethyl]amino }acetyl)amino jpheny 

533.6 '~~ l}ethynyl)-N-{ (I S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyI]propyl}benzamide 

870 

:N'-{(IS,2R)-2-hydroxy-1-
~ ~~ [(hydroxyamioo)carhonyl]propyl}-4-( {4-. ~ u~ 

~ .1, ·.·· [( {[(IS,2R)-2- 527.6 
phenylcyciopropyl]amioo }acetyl)amino ]pheny 

871 
l }ethynyl)benzamide 

c ~~;x;~ ... ~··· N-{ ( 1S,2R)-2-hydroxy-l-
[(bydroxyamino )carbonyl}propyl}-4-( (4-[( {[(2 · 

515.6 
rnelhylphenyl)methy!Jamino }acetyl)arniito ]phe ,,.., 

nyl}ethynyl)benzamide 
872 

~ux;H.m~·· N-{( 1 S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-[(4-{[( {[2 

569.5 
(trifluorornethyl)phenyl]rnefhyl}amino)acetyl] 

•' amino J phenyl)ethynyl]benzamide 
873 

~;r; ~~ 
N-{ ( 1 S,2R)-2-hydroxy-l-

0 ~ [(hydroxyamioo)carbouyl]propyl}-4-{[4-

9-:~ ({[({2- 585.5 
f, [(trifluorometliyl)oxy]phenyl}methyl)amino ]ac 

874 
etyl} amino )phenyl]ethyuyl} benzarnide 
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Name l\ffi+ 

4{ {4-[({[(4-
chlorophenyl)methy!Jamino}acetyl}amino ]phe 

nyl}ethynyl)-N-{(IS,2R)-2-hydroxy-l- 536.0 

[(hydroxyanrino)cru:bonyl]propyl}benzamide 

N-{ ( 1 S,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-[( 4-{[( {[4 

531.6 (methyloxy)phenyl]methyl}amino)acetyl]amin 
0} phenyl)ethynyl]benzamide 

4-[(4-{[( {[4-(1,1-
dimethyll'!fhyl)phenyl]nretllyl}amino)acetyl]am 

557.7 
ino} phenyl)efhynyl]-N-{ (1 S,2R)-2-hydroxy-i-
[ (hyclroxyamino )carbonyl]propyl} benzamide 

N-{ (1 S,2R)-2-hydroxy-l- ( 
[(hydroxyamino )catbonyl]propyl}-4-{ {4-[( {[(• 

546.5 
nitrophenyl)rrethyl]amino} acetyl)amino]phen 

yl}ethynyl)benzamide 

N-{(1S,2R)-2-hydroxy-l-
((hydroxyamino)carbonyl]propyl}-4-{[4-

({[({4- . 585.5 
· [(td.lluoromethyl)oxy]phenyl}methyl)amino]ac 

etyl} amino )phenyl]ethynyl} beozarnide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-[ ( 4-{[( {[ 4 

547.6 
(methy1lhio )phenyl]mefuyl} amino )acetyl]amin 

o} phenyl)ethynyl]benzamide 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyanrino )carbonyl]propyl}-4-{[4- ( .i 

({[({4- 601.6 
[(trifluoromeihyl)ttrio]phenyl}methyl)amino]a 

retyl}amino)phenyl]efuynyl}benzamide 
. 

N-{(1S,2R)·2-hyclroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-[(4-{[({[4 

579.6 
(methylsulfonyl)phenyl]methyl}amino)acetyl]a 

mioo }phenyl)eihyoyl]benzamide 

4{ {4-(( {[(2.5-
difluorophenyl)methyl]amino} acetyl)amino Jph 

537.5 
enyl}ethynyl)-N-{(1 S,2R)-2-hydroxy-I -

[ (hydro:x:yamino )carbonyl]propyl} benzamide 
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Name Mll+ 

4-( {4-[( {[(2,6-
difluorophenyl)methyI]amino} acetyl)amino ]ph 

537.5 
enyl}elhynyl)-N-{(1S,2R)-2-hydroxy-l-

[ (hydroxyamino )carbonyl]propyl }benzamide 

4-({4{({[(3,4-
difluorophenyl)methyl]amino} acetyl)amino ]pl 

537.5 
enyl} ethynyl}-N-{(1S,2R)-2-hydroxy"1-

[(hydroxyamino)carbonyl]propyl}benzamide 

4-( {4-[( {[(3,4-
dichlorophenyl)methyl]amino }acetyl)ammo ]p 

570.4 
henyl}ethynyl)-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzarnide 

4-({4-[({[(3,4-
dimethylphenyl)nlethyl]amino} acetyl)amino ]p 

529.6 
henyl} ethynyl)-N-{ (1 S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]pmpyl }benzamide 

4-({4-[({[(3,5-
dichlorophenyl)mothyl]amino} acefyl)amino ]p 

570.4 
henyl}ethynyl}-N-{(1S,2R)-2-hydroxy-l-

((h:ydroxyarnino)ca:rbonyl]propyl}brozamide 

4-(( 4-{(( {[3,5-
bis{trifluoromethyl)phenyl]rnethyl}amino)acet 

yl]amino}phenyl)ethynyl]-N-{(1S,2R)-2- 637.5 
bydroxy-1-

[(hydroxyanrino )carbonyl]propyl} benzamide 

N-{(1S,2R)-Z..hydroxy-1-
[(bydroxyamino)carbonyl)propyl}-4-({4-

[( {[(2,3,4- 555.5 
trifluorophenyi)methyl]amino} acetyl)amino]p 

hcnyl}ethynyl)benzamide 

N-{(1S,2R}-2-hydroxy-l-
[(hydrox:yamino)carbonyl)propyl}-4-({4-

[( {[(2,4,5- 555.5 
trifluorophenyl)methyl]amino}acetyl)amino]p 

henyl}ethynyl)benzamide 

N-{(IS,2R}2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-({4-

[( {[(3,4,5- 555.5 
trifluomphenyl)methyl]amino J acetyl)amino]p 

henyl}ethynyl)benzam:ide 
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Name MH+ 

N-[(lS)-l-(aminometliyl)-2-(hydroxyamino)-2 
oxoetliyl]-4-[(4-

{( (pentylamino )acetyl]amino }phenyl)eihynyl] 
466.6 

benzamide 

N-[(lS)-l-(aminomeihyl)-2-(hydroxyamino)-2 

oxoethyl]-4-{[4-( {[(thien-2~ 
492.6 

ylmeihyl)amino )aeetyl}amino )phenyl]ethynyl} 
benzantlde 

N-[(lS)'. 1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[( 4-{[( 4-phenylpiperidin-1- 540.6 

yl)acetyl]amino}phenyl)ethynyl]benzamide 

. 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
( 

oxoethyl]-4-[( 4-{[( 4-phenylpiperazin-1- 541.6 
yl)aeetyl]amino }phenyl)ethynyl]benzamide 

N-((1 S)-1-( aminomethyl)-2-(hydroxyainino )-2 
oxoethyl]-4-{(4-( { [4-(2-

559.6 
fluorophenyl)piperazin-1-

yl]aeetyl}amino )phenyl]ethynyl} benza:mide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[ 4-( {[4-( 4-

559.6 
fluorophenyl)piperazin-1-

yl]acetyl}amino )phenyl]ethynyl} benzamide 

4-{[4-( {[(l-acetylpiperidin-4-
yl)( eyc!opropyl)amino ]acetyl}amino )phenyl]et 

561.7 
hynyl}-N-[(lS)-I-(aminometliyl)-2-

(hydroxyamino)-2-oxoethyl]benzarnide 
. 

N-[(IS)-l-(aminomethyl)-2-(bydroxyamino)-2 
oxoethyl]-4-{[4-({[(2,3-

506.6 
dlmethylcyclohexyl)amino ]aeetyl} amino )phen 

yl]ethynyl} benzamide 

N-[(IS)-1-( aminomeihyl)-2-(hydroxyamino )-2 
oxoethyl}4-{( 4-( {[( IR,2R, 4S)-

bicyclo[2.2.!}bept-2- 490.6 
ylamino ]acetyl} amino )phenyl]ethynyl}benzan: 

ide 
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Name MB+ 

N-[(IS)- l -(anri:nomethyl)-2-(hydroxya:mino )-2 
oxoethyl)-4-[(4-{[( {[{1S,2R,5S)-6,6-

dimethylbicyclo[3. L 1 ]hept-2- 532.7 
y!Jmethyl} amino )acety!Jamino }pheny!)ethynyl 

]benzamide 

N-{(lS)-1-( aminomethyl)-2-(hydroxyamino }-2 
oxoetb.yl]-4-{[4-( {[{IS,4R)-bicyclo[2.2.l ]hept 

2- 490.6 
ylamino]acetyl}amino}phenyl]ethynyl}benzam 

ide 

N-[(1 S)-1-( aminomethyl}-2-(hydroxyamino)-2 
oxoethyl]-4-{ {4-[( {[(IS,2S,3S,5R)-2,6,6-

trimethylbicyc!o[3.l.l]hept-3- 532.7 
yl]amino}acetyl}amino]phenyl}ethynyl)benza 

mi de 

N-[(IS)-l-{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-{[4-( {[(tricyclo(33.l.l-3,7-]dec-

1- 544.7 
yhnethyl)amino ]acetyl} amino )phenyl]ethyny!} 

benzamide 

N-[(lS)-l{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl)-4-( {4-[( {[(2,6-

522.5 
difluoropbenyl)methyl)amino }acetyl)amino ]pl 

enyl}ethynyl)benzamide 

N-{(lS)-1-( amioomethyl)-2-(hydro>.-yamino )-2 
oxoethyl]-4-[(4-{[( {[4-

(methyltbio )phenyl]methy!}amino )acetyl]amin 
532.6 

o}phenyl)ethynyl]benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl)-4-[( 4-{f( {[ 4-

564.6 
(methylsulfonyl)pheeyl)methy!}amino )acetyl]a 

mino} phenyl)ethynyl]beozamide 
; 

N-[(lS)-l{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[( {4-

566.6 
[ (trifluoromethyl)1hio ]phenyl}meihyl)amino ]a 

cetyl}miino)pheeyl]ethynyl}benzamide 

N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[( {4-

570.5 
[(triflnoromethyl)oxy]phenyl}methyl)amino )ac 

etyl}amino)phenyl]e!hynyl}benzamide 
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N- MR+ 

N-[(18)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4-[ ( {[(2,4,5-

trifluorophenyl)methyl]amino }acetyl)amino Jp 540.5 

henyl} ethynyl)benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4:-[( {[(2,3,4-

540.5 
tri:lluorophenyl)methyl]amino }acetyl)amino Jp 

henyl}ethynyl)benza:mide 
. 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4-[( {[(3,4,5-

540.5 
trifluorophenyl)methyl]amino }acetyl)amino ]p 

henyl}ethynyl)benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydmxyamino )-2 ( -

oxoethyl]-4-( 4-{ 4-[(pyxrolidln-1-
ylacetyl)amino ]phenyl} buta-1,3-

474.5 

diynyl)benzamlde 
. 

N-[(IS)-1-(amino:methyl)-2-(hydroxyarnino)-2 
oxoethyl]-4-(4-{4-[(azepan-1-

502.6 
ylacetyl)amino ]phenyl} buta-1,3- . 

diynyl)benza:mide 

N·[(lS)-l-(aminomethyl)-2-(hydroxyamioo)-2 
oxoethyl]-4-( 4-{4-[(piperazin-l-
ylacetyl)amino ]phenyl} buta-1,3-

489.5 

diynyl)benzamide 

N-[(lS)-1-( aminmnethyl)-2-(hydro:q•amino )-2 
oxoethyl)-4-[ 4-( 4- {[( 4-methylpiperazin-l-

503.6 
yl)acetyl]amino} phenyl)buta· l j-

diynyl]benzamide 

N-[(lS)-1-{ aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( 4-{ 4-[(morpholin-4-

490.5 
ylacetyl)amino ]phenyl} buta-l,3-

diynyl)benzamide 

N-[( I S)-1-( aminomethyl)-2-(hydrm..-yamino )-2 
oxoethyl]-4-{ 4-[4-

( {[ cyclohexyl(methyl)amino ]acetyl}amino )phe 
516.6 

nyl]buta-1,3-diynyl}benzamide 
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Name MlI+ 

N-[(lS)-l-(aminomethyl)-2-(bydtoxya:mino)-2 
oxoethyl]-4-( 4-{4-[( {[(2-

528.6 
fiuorophenyl)mei:hyl]amino} acetyl)amino ]phe 

nyl}buta-1,3-diynyl)benzamide 

N-[(1S)-l-(aminomethyl)-2{hydroxyamino}-2 
oxoethyl]-4{ 4-{4-[( {[(3-

528.6 
fluoropheuyl)methyl]amlno }acety!)amino ]phe 

nyl} buta-1,3-diynyl)benzamide 

N-[(lS}-1-(aminomethyl)-2-(hydroX}'amino}-2 
oxoethyl]-4-( 4-{4-[ ( {[(4-

528.6 
fluorophenyl)methyl]amino} acetyl)amino}phe 

nyl} bnta-1,3-diynyl)benzamide 

N-[(1S)-l-(aminomethyl)-2{hydroxya:mino)-2 
oxoethyl]-4-( 4-{4-[( {[(2-

524.6 
methylphenyl)methyl]amino }acetyl)amino ]phe 

nyl} buta-1,3-diynyl)benzamide 

N-[(IS}-l-(aminomethyl)-2-(hydroxyamino}-2 
oxoethyl]-4{ 4-{4-[( {[(3-

524.6 
methylphenyl)methyl]amino }acety!)amino ]phe 

nyl}buta-1,3-diynyl)benzamide 

N-[(lS)-1-(aminomethyl}-2-(hydro:i..)'amino)-2 ' 
oxoethy!J-4-(4-{4-[( {[(4-

. methylphenyl)metliyl]amino} acetyl)amlno ]phe 
524.6 

nyl}buta-1,3-diynyl)benzamide 

N-[(1S)-1-(aminomethyl)•2-(hydroxyamioo)-2 
oxoethy!J-4-{4-[4-( {[(pyridjn-2- 511.6 

ylmethyl)amino ]acety!}amino )phenyl]bnta-1,3 
diynyl}benzamide 

N-[(lS}-l-(aminomethyl)-2-(hydroX}'allino)-2 
oxoelhyl]-4-{ 4-[4-( {[(pyridin-3- 511.6 

y!methyl)amino ]acetyl}amino )phenyl]buta-1,3 
diynyl} benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{4-[ 4-( {[(pyridin-4-

ylmethy!)amino]acetyl}amino)phenyl]bnta-1,3 
511.6 

diynyl} benzamide 

249 



I 
I 
' 

I 
.; 

'·\ '• 

I 
! 
; 

! 

\ 

Examn}e 

929 
I 

930 

931 

932 

933 

934 

935 

936 

937 

Structure 

IQ--
~)ru-oo"'~ 

""' 
. . . . H-
.QuJn~ ,·~ .. 
"". 

rR~~~™-

~·:y_'"~ 
IL). n • 

cc:; . 

?r O•~ o: 11-

uJ.~ "' q 
' 

, .·'~ j~) h_~HQhl, 

-' .. '"· ~ " ~ , 
.,A...J " 

oll).~v~ °"~ 

~'""' H-~ 

IL). y 

d3-n~H--

Name MR+ 

N-[(IS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[ 4-( 4-{[( {[2-

540.6 (me1hyloxy)phenyl]methyl}amino )acetyl]amin 
o }phenyl)buta-1,3-dlynyl]benzarnide 

N-[( 18)-1-( aminomethyl)-2-(hydrm .. -yamino )-2 
oxoethyl)-4-[4-( 4-{[( {[3-

540.6 
(methyloxy)phenyl]methyl} amino )acetyl]amin 

o}phenyl)buta-1,3-diyny!Jbenzamide 

N-[(1 S)-1-( aminomethyl)-2-(bydroxyamino )-2 
. oxoethyl]-4-[4-{4-{[({[4-

540.6 
(methy!oxy)pbenyl]methyl}amino)acetyl]anrln 

o}phenyl)buta-1,3-dlynyl]benzamide 
; . 

. 

N-[( 18)-1-(aminomethyl)-2-(hydroxyamino )-2 ( ' 
oxoethy!]-4-{ 4-[4-( {[(2-

514.5 
fluorophenyl)amino ]acety!} amino )pheny!]bnta 

1,3-dlynyl}benzamide 

N-[(l S)-l -{amino;,,.,thyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{4-[4{ {[(3-

514.5 
fluorophenyl)amino]acetyl}amino)phenyl]buta 

1,3-dlyny!}benzamide 

N-[(IS)-l'.{aminomeihyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{4-[4-({[(4-

514.5 
fluoropheny!)amino ]acetyl}amino )phenyl]buta 

1,3-diynyl} benzamide 

N-[(18)-1-(aminomethyl)-2-(bydroxyamino)-2 
oxoethyl]-4-[4-( 4-{[(pyridin-2-

497.5 
ylamino)acety!]amino} phenyl)buta-1,3-

dlynyl]benzamide 

. N-[(IS)-1-(aminomeihyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[4-( 4-{[(pyridin-3-

ylamino )acety!]amino }pbenyl)bnta-1,3-
497.5 

dlynyl]benzamide 

N-[(18)-1-{ aminometli.yl)-2-(hydroxyanrlno )-: 
oxoethyl]-4-[ 4-( 4-{[(pyridin-4-

497.5 
ylamino)ace!yl]amino}pbenyl)buta-1,3-

dlynyl]benzamide 
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Name MH+ 

N{(JS)-l-{aminomethyl)-2-{hydroxyamino)-2 
oxoeihyl]-4-[4-(4-

474.5 
{[( cyclobutylamino )acetyl]amino }pheuyl)buta 

1,3-diyuyl}benzamide 

N-[(lS)-l-{aminomethyl)-2-(hydroxyamino}-2 
oxoetbyl]-4-[4-(4-

488.6 
{[( cyclopentylamino )acetyl]amino }phenyl)but 

a-l,3-diynyl]benzamide 

N{(lS)-l-{aminomethyl)-2-{hydroxyamino)-2 
oxoethyl]-4-[ 4-( 4-

{[(cyclohexylamino)acetyl]amino}phenyl)buta 
502.6 

1,3-diynyl]bemamide 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl}-4·[ 4-( 4-

. 

{[( cycloheptylamino )acetyl]amiuo }phenyl)but • · 
516.6 

a-1,3-diynyl]benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoetbyl}-4-[ 4-( 4-

{[(:metb.ylamino)acetyl]amino}phenyl}buta-1,2 
434.5 

diynyl]bemandde 
. 

N-[(1S)cl-{ami:nomethyl)-2{hydroxyamino)-2 
oxoetbyl]-4-{4-(4· 

462.5 
{[(propylamino )acetyl]an\fno }phenyl)buta-1,3 

diynyl}benzamide . 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino)-2 
oxoeihyl]-4-[ 4-(4-

476.5 
{[(butylamino )acefyl]amino) phenyl)buta-1,3-

diynyl]benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethy!]-4-[ 4-{ 4-

490.6 
{[{pentylami:no )acetyl]amino }pheoyl)buta-1,3-

diynyl]benzamide 

N-[(lS)-1 {aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[4-(4-

504.6 
{[(hexy!amino)acetyl]amino}phenyl)buta-1,3-

diynyl]benzamide 
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..... ~ o.f«ll 
N-[(18)-1-( aminomethyl)-2-{hydroxyamino )-2 

~~00 oxoethyl)-4-{4-[4-" ' 462.5 0 

( {[ethyl(me1hyl)amino Jacetyl }amino )phenyl]b 
uta-1,3-diynyl} benzamide 

947 

l\~Jl-<m CJNJ 
N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

~·~" oxoe1hyl]-4-{4-[ 4-( {[(l-
462.5 

me1hylethyl)amioo ]acetyl} amino )phenyl]buta-
1,3-diynyl} benza:mide 

948 

. ~";\n~-
. N-[(!S}-1-(aminome1hyl)-2{hydroxyamino)-2 

oxoethyl]-4-{4-[4-( {[(2-
476.5 

~~ . methylpropyl)amino ]acetyl}amino )pheuyl]but 
a-1,3-diynyl}benzamide 

949 

~\"--
N-((IS)-1-(aminome1hyl)-2{hydroxyamino)-2 

oxoe1hyl}4-{4-{4-( {[{2-
464.5 

-~ 
hydroxye1hyl)amino]acetyi}a:mino)phenyl]buta 

1,3-diynyl}benzamide 
950 

' 

~h"--
N-[(18)-1-(amioomethyl)-2-(hydroi.,'Yamino)-2 

oxoe1hyl]-4-(4-{4-[( {[2-
478.5 ~ 0 (methyloxy)ethyl]amino }acetyl)amino ]phenyl} 

buta-1,3-diynyl)benzamide 
951 

~\tt-~~ 
N-[(lS}-1-(aminomethyl)-2-{hydroi.,·yamino)-2 

oxoethyl]-4-( 4-{4-[( {[2-
491.6 

?-:;:;--- ( dime1hy!amioo )e1hyl]amino }acetyl)amino ]ph 
enyl} buta-1,3-diynyl)benzamide 

952 

·~:v-~-
N-[(1S}-l-(aminome1hyl)-2{hydroxyamino)-2 

oxoe1hyl]-4-{ 4-{ 4-( {[(2-
473.5 

. _.,..._, cyanoe1hyl)amino]acetyl }amino )phenyl]buta-
1,3-diynyl}benzamide 

953 

. ~:\,~~~ 
N-[(1S)-1-(aminome1hy:l)-2{hydroxyamino)-2 

oxoe1hyf]-4-{4-[ 4-( {[(tbien-2-
516.6 RV " ylme1hyl)amino ]acetyl} amino )phenyl]buta-1,3 n . 

diynyl}benzamide 
954 

tyl~~c.i .. 1 
N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 

Qll)l"~~ 0 • 

oxoe1hyl]-4-( 4-{4-[( {[(lR)-1 • 
524.6 

phenylethyl]amino }aceiyl)amino ]phenyl} buta-

"' 1,3-diynyl)benzamide 
955 
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956 

957 

958 

959 

960 

961 

962 

963 

964 

Structure 

w ~ .. ~ .. , 
Oyvff..o-- • 

11,C -

~u 

~:\u-~~ 

""'J.n ·~ 

~?-r~-~~ 

"Joi\.- C!.lflj! 

0 " N~~·-

. 

~\n~°"· 
0-v . 

~;x;u.o. Ch~ 
0 0 

~·~·~ Ile"" 
0 ..,,,.r 

~:x;~OH<M~ 
r • HNJ . 

~x:"~~ 

Name MH+ 

N-[(lS)-1-( aminomethyl)-2-(hydroxyinnino )-2 
oxoethyl)-4-(4-{4-[( {[(18}-l-

phenylethyl]ami:tlo }acetyl)amino Jphenyl}buta-
524.6 

1,3..diynyl)benzamide 

N-[(lS)-1-( anrlnomethyl)-2-{hydroxyamino )·2 
oxoethyl)-4-{4-[4-( {[(2" 

524.6 phenylethyl)amino Jacetyl} amino )phenyl)buta-
1,3-diyeyl}benzamide 

N-[ (lS)-1-( aminomefuyl)-2-(hydroxyamino )-2 
oxoethy1]+(4-{4-[(1H-imidazol-1-

471.5 
ylacety!)amino ]phenyl} buta-1,3-

diynyl)benzamide 
. 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino}-2 
oxoethyl)-4· { 4-[ 4-( {[(1R,2R,4S)-

lricyclo[2.2.l]hept-2- 514.6 
ylamino ]acetyl} amino )pheny!]buta-1,3-

diynyl}benzamide 

N-[(lS)-1-( aminomethyl}-2-{hydroxyamino )· 2 
oxoefuyl]-4~ { 4-[ 4-

516.6 
( {[( cyelohexylmethyl}amino ]acetyl}ainino )ph< 

nyl]buta-1,3-diynyl}benzamide 

N-{(1S,2R}-2-hydroxy-l-
[(.bydroxyamino)carbonyl]propyl}-4-[(6- 423.5 

piperidin-l-ylpyridin.-3-yl)ethyeyl]ben:ramide 

N-{(lS,2R)-2-hydroxy-l -
[(hydroxyainino)carbony!Jpropy!}-4-{(6-(4-

438.5 
methylpiperazin-l-yl)pyridin-3-

yl]ethynyl}benzamide 

N-{(I S,2R)-2-hydroxy-l-
[(hydroxyamino)carlionyl]propyl}-4-((6- 424.5 

piperazin-l-ylpyridin-3-yl)ethynyl]benzamide 

4-[(6-azepan-I-ylpyridin-3-yl)ethynyl]-N-
{(1S,2R)-2-hydroxy;1. 437.5 

({hydroxyamino)carbonyl]propyl}benzamide 
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965 

966 

967 

960 

969 

970 

971 

972 

973 

Structure 

~:x;~-Chl~ 
Oil 0 

.. Q; ~·· ~ ~-OH . n 
Or. . 

~~;x;:~OH~ 

HO...,.-~ 

~:xt"~HCNoo 

~-il-oH 
\)!< • 

Hlc'u..:,.._~ 

iH,~QH t1 -·0!1131 

J/_1 ii 8 
" I u Hu· 

~~~ ~-ott . 

ff 

~:x;~ott-· 
0-u N 

~x;~-OHQlral 
0 

Cl 

Name MB+ 

4-{[ 6{ cyc!obutylamiuo )pyridin-3-yl]ethynyl}-
N-{ (I S,2R)-2-hydrOA'Y-l- 409.5 

[(hydrozyamino )carbonyl]propyl}benzamirle 

4-{[6-(cyclohexylamino)pyridin-3-y!Jethynyl}· 
N-{(IS,2R)-2-hydJ:oxy-1- 437.5 

[(hydroxymnino)carbonyl]propyl}benzamide 

4-{[6-(butylamino)pyridin-3-y!Jethynyl}-N-
{ (1 S,2R)-2-hydroxy-l - 411.5 

[(hydroxyamino )carbonyl]propyl} benzamide 

4-( { 6-{(2-hydroxyethyl)ru:nino ]pyridin-3· ( 
yl }ethynyi)-N-{ (lS,2R)-2-hydJ:oxy-l- 399.4 

[(hydroxyamino )carbonyl]propyl}benzamide 

4-[( 6-{[2-( dimethylamino )ethyl] amino }pyridin 
3-yl)ethynyl]-N-{(1S,2R)-2-hydroxy-l- 426.5 

[(liydroxyamino)carbonyl]propyl}benzamide 

N-{(!S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl}-4-( { 6-

445.5 
[(phenylmethyl)amino ]pyridin-3-

yl}ethynyl)benzamide 

4-[( 6-{[( 4-fluorophonyl)methyl]amino }pyridin \. 
3-yl)ethynyi]-N-{(lS,2R)-2-hydJ:o>.'Y-l- 463.5 

[(hydroxy.unino)carbonyl]propyl}benzamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-{[6-

432.4 
(pyridin-4-ylamino)pyridin-3-

yl]ethyiiyl} benzamide 

4-[(6-chloropyridin-3-yl)ethynyl]-N-{(1S,2R)-
2-hydroxy-1- 374.8 

[ (hydroxyamino )caibonyl]propyl}benzamide 

. 
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Exa~Ie Structure Name Mn+ 

""i':: 
O:!ra! 

yo 
1,1-dimethylethyl (28)-2-[( {4-[(4-

/H-°" ethylphenyl)ethynylJphenyl}carbonyl)amino ]- 452.5 
3-(hydrO";yainino)-3-oxopropylcarbamate 

974 11,C 

;? (Hral N-[(l S)-1-( aminomethyl)-2-(hydroxyainino )-2 

/~~ 
""~o .o 

oxoethyl]-4-{4-[4-( {[(IS)-1-(aminomethyl)-2-
(hydroxyamino)-2- 493.5 

oxoethyl]amino }caibonyl)phenyl]buta-1,3-

975 
>;,tt diynyl}benzamide 

~":!;._- N-{(IS,2R)-2-hydroxy. l-
~ H [(hydroxyainino)carbonyl]propyl}-4-{[4- 438.5 1 .. (mmpholin-4-

~. . ylmethyl)phenyl]e!hynyl}benzamide 
976 r 

( 
.~-

4-[(4-{[(2-
aminoethyl)amino]methyl}phenyl)ethynyl]-N-

411.5 
{(IS,2R)-2-hydroxy-l-

[(hydroxyainino )carbonyl]propyl}benzamide 
977 

?N;;;iw "'~ 4-({4-[((2S)-2-amino-5-

.,.;. . {[ amino(imino )methyl]amino }penlllnoyl)amin 
495.6 

o ]phenyl} e!hynyl)-N-[(l S)-l-(aminomethyl)-2 

~ (hydroxyainino)-2-oxoethyl]benzamide 
978 

7-r- (2S)-6-amino-2-( {[4-( {4-(( {(1S,2R)-2-
hydroxy-!-

[ (hydroxyainino )carbonyl]propyl}amino )catbo 511.5 
nyl]phenyl) ell:tyoyl)pheny!Jcarbonyl} amino )he 

979 xanoicacid ...., 

( .\~';!?--
(2S)-6-amlno-2-( {(4-( { 4-[ ( {( l S,2R)-2-

hydroxy-I-
[ (hydroxyainino )carbonyl]propyl}arnino )caroo 525.6 

"(" . . nyl]phenyl}ethynyl)phenyl]acetyl}anrino )hexa 

980 
noic acid 

o~~Ctiirat 

?·v~ . 5-{[(2S)-3-(hydroxyamino )-3-oxo-2-( {[4-
(phenylethynyl)phenyl]carbonyl} amine )propyl 438.4 

]amino}-5-oxopentanoic acid 

981 

~~ "'"'' N-(2-aminoethyl)-N'-[(2S}-3-(hydroxy-4mino)-'-""NH, .M 0 3-oxo-2-({[4-
480.5 ?ij o~ (phenylethynyl)phenyl]carbony!}amino)propyl 

]pentanediarnide 
982 I 
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Exanmle 

983 

984 

985 

986 

987 

988 

989 

. 

990 

991 

Structure 

~ CN"al 

?,C/o• 

?~-(~ .... 

°t:'?O~;m 

~"Jl~ott 

r-0 
p 

,,,,. 

Ii.ft c:;lra! 

-erd~~~-OH 
0 0 

~?ru~,-

"" Ctilr.il 

~"\,"·OH 
..,£ 0 

~~v-0·~ I" . 0 

•mJ . 

·~?ru-c"~ 

Name. MB+ 

N-[(lS}-l-{(2,6-dioxopiperldin-1-yl)methyl]-2 
(hydroxyamino)-2-oxoethyl]-4- 420.4 

(phenylethynyl)benzamide 

N,N'-bis[(2S)-3-(hydroxyamino )-3-oxo-2-( {[4-
(phenylethynyl)phenyl]carbonyl} amino )propy 743.8 

]pentanediamide 

N-((lS)-2-(hydroxyamino)-2-oxo-1-{[( {[(IS)-
1-

485.6 
phenyle!hyl]amino}acetyl)amino]me!hyl}ethyl 

)-4-(phenylethynyl)benzamide 

( 
N-{(IS)-2-hydroxy-l-

[(hydroxyamino)carbonyl]-2-methylpropyl}-4- 353.4 
(phenylethynyl)benzamide 

N-[(IS}-l..(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[ ( 6-piperidin-l-ylpyridin-3- 408.5 

yl)ethynyl]benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[( 6-moipholin-4-ylpyridin-3- 410.4 

yl)ethyuyl]benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 l 
oxoethyl]-4-{[6..( 4-methylpiperazin-l- 423.5 

yl)pyridin-3-yl]ethyuyl}benzarnide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[(6-piperazin-l-ylpyridin-3- 409.5 

yl)ethyuyl]benzamide 

N-{(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[(6-azepan-1-ylpyridin-3- 422.5 

yl)ethynyl]benzamide 
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992 

993 

994 

995 

996 

997 

998 

999 

1000 

Structure 

~~l•l 
-OH 

<>-u N- · 

0-
~:vOHC>"" 

;y- ~'~ 
~OH 

' 

. . ";\-11-0J' "'"' 
~"-o-_.o-l 0 

~'~"-~'~' H il 

I 

o~~~~~ 
u.•J 

' JY ..,. 

~~%~OH-~ 0 

.,,, 
oyd 

OH 

~:~ ... -' 
bOH 

;t1 Ohl 

~"5u/ "" °" 

Name MH+ 

N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[6-{ cyclobutylai:i:tino )pyridin-3- 394.4 

yl}ethynyl} benzamide 

N-[(IS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}-4-{[ 6-( cyclohexylam:ioo )pyridi:n-3- 422.5 

y!]ethynyl}benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{[6-(butylamino)pyridin-3- 396.5 

yl]ethynyl}benvunjde 

N-[(IS)-l-(aminomethy!)-2-(hydroxyamino)-2. 
oxoethylJ-4-[(6-{[2-

(methyloxy)ethyljamino}pyridin-3-
398.4 

yl)etbyny!]benzarnide 

N-{(l S,2R)-2-hydroxy-l-
[(bydroxyamino )carbony!Jpropyl }-4-{[4-

436.5 (iiiperidin-1- . 
ylmethyl)pbenyl]ethynyl}benzamide 

4-[(4-{[(2S)-2-amino-3-( 4-
aminophenyl)propanoyl]amino }phenyl)ethynyl 

516.6 
]-N-{(IS,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benza:mide 

4-((28)-2-amino-3-{[ 4-( { 4-[( {( 1S,2R)-2-
hydroxy-le 

[(hydroxyatnino )carbcmy!Jpropyl}aniino )carbo 545.6 
nyl]phenyl}ethynyl)phenyl]amino}-3-

oxopropy!)benzoic acid 

573.6 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbony!]propyl}-4-( { 4-[( {[1-

(hydroxymethyl)-2- 497.6 
methylpropyl]amino} acetyl)amino ]phenyl} eth 

ynyl)benzamide 
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Examnle Structure Name MR+ 

/~·~ 4-[4-(3-aminophenyl)buta-1,3-dfynyl]-N-. f:i HO 

{(1S,2R)-2-hydroxy-1- 378.4 

"·" [ (hydroxyamino )carbony!Jpropyl} benzamide 

1001 

~~-- 4-[ 4-(3-{[(2-
aminoethyl)ainlno]methyl}phenyl)buta-1,3-

435.5 ""-. diynyl]-N-{ (1 S,2R)-2-hydroxy-l-
H 

[(hydroxyamino )carbonyl]propyl} benzamide 
1002 

~/?ru~ ... 5-[( 4-{ [4-( {[ (lS)-1-( aminomethyl)-2-
(hydroxyamino)-2-

453.5 
oxoethyl]amino} carbonyl)phenyl]ethynyl}phe 

nyl)amino ]-5-oxopentauoic acid 
1003 

rtl "'"' N-(2-aminoethyl)-3-{4-[4-( {[(lS)-1-v 
fl t, OH ( arninomethyl)-2-(hydroxyamino )-2-

434.5 
H," 

w oxoethyI]amino} carbonyl)phenyI]bnta-1,3-
"U diynyl} benzamide 

( 

1004 

/1.- N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{ 4-[3-( aminomethyl)phenyl]buta- 377.4 

H,N 1,3-diynyl} benzamide 

1005 

v~- N-[ (1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 
~ 0 oxoethyl]-4-{4-[3-

416.4 
F (trifluoromethyl)phenyl]buta-1,3-

F diynyl} benzamide 
1006 

/N~~· N-[(lS)-l-(aminomethyl)-2-(hydroxyarnino)-2 
272.3 

oxoethyl]-4-buta-1,3-diynylbenzamide 

H 

i 

I 
I 

l : 

1007 
..., Clllrnl 

h"-oH N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

H, 
oxoethyl]-4--[ 4-(2-methylpheuyl)bnta-l,3- 362.4 

I 
diynyl]be.nzamide 

1008 . 

r- 4-(4-{4-[(3-. ., aminopropanoyl)amino ]phenyl} buta-1,3-
449.5 

..,.-J.~ 
diyoyl)-N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl} benzaruide 
1009 
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Examnle· Structure Name-- MH+ 

/::it-- 4-[4-(3-
{[( aminoacetyl)amino ]methyl}phenyl)buta,. l,3 

449.5 ..,..J,. . diynyl}-N-{(IS,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} benzamide 

1010 

r~- 4-( 4-{3-[( aminoacetyl)amino ]phenyl} buta-1,3-
di:ynyl)-N-{(1S,2R)-2-hydroxy-1- 435.4 

.... ~ . [(hydroxyamino )carbonyl]propyl} benzamide 
0 

1011 

.r-· 4-[4-(4-{[(28)-2-
aminopropanoyl]amino }pbenyl)buta-1,3-

449.5 
di:ynyl]-N-{ (1 S,2R)-2-hydroxy-1-

l\N.J. . . .. [(hydroxyamino )carbonyl]propyl} benzamide • H 
1012 "" 

( ~·-- 4-( 4-{ 4-[( aminoacetyl)amino ]phenyl} buta-1,3-
diynyl)-N-[(lS)-1-(aminomethyl)-2- 420.4 

.,;J (hydroxyamino )-2-oxoethyl]benzamide 
H 

1013 . 

J:,,MI; Odtal 4-[4-{3-
0 " 

"•"~Ho- {[( aminoacetyl)amino ]melhyl}phenyl)buta-1,3 
434.5 

diynyl]-N-[ (I S)-1-( aminomethyl)-2-
(hydroxyamino )-2-oxoethyl]benzamide 

1014 

~·- . N-[(1 S)-1-(arninomethyl)-2-(hydroxyamino )-2 
oxoefuyl]-4-(4-{4-[(3-

434.5 
aminopropanoyl)amino ]phenyl} buta-1,3-

•t;<,._)_H .· diynyl)benzamide 
1015 

( /N-- 4-( 4-{3-[( aminoacetyl)amino ]phenyl} bnta-1,3-
di:yny1)-N-[(1S)-l-(aminome1hyl)-2- 420.4 

N" (hydroxyamino )-2-oxoethyl]benzamide 
"" 0 

1016 

.. /:t;H""OH°'" 4-[(4-{[(28)-2-amino-3-(4-
hycb:o:xyphenyl)propanoyl]amino }phenyl)elhy 

517.6 ..,,_)..~ . . nyl}N-{(18,2R)-2-hydroxy-1-

Hod [(hydroxyamino )carbonyl]propyl}benzamide 
1017 

. . 

/:ti-"'"" 
4-( 4-{4-[( aminoacetyl)amino ]phenyl} buta-1,3-

diynyl)-N-{(IS,2R)-2-hydroxy-l- 435.4 
[(hydroxyamino)carbonyl]propyl}benzamide ,,_...Jl_" . 

1018 
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Examole Structure Name MH+ 

~~?r~-~ .. N-[(lS)-l-(aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( {4-

409.5 [(butylamino)methyl]phenyl}ethynyl)benzami 
de 

1019 

~>r~·OHChlml N-[(l S)-1 ·( aminomethyl)·2-(hydroxyamino )-2 
oxoethyl]-4-{[ 4-(jriperidin-1- 421.5 

yhnethyl)phenyl]ethynyl}benzamide 

1020 . 
~~\~H~w N-[(lS)-1-(aminmnethyl)-2-(bydroxyarnino)-2 

oxoethyl]-4~[(4- 352.4 
H formylphenyl)ethynyl]benzamide 

1021 . 

!\~ <h1ml 
N-{ (1 S,2R)-2-hydroxy-1-

~N U..m . [(hydroxyamlno )carbony!]propyl}-4-( { 4-
432.5 ~ [(:methylsulfonyl)amino ]pheny!}ethynyl)benza H;,C-1f.:.. 

0 . . 
mide 

( ! 

1022 

"'\ Chlral 
N-[(1 S}-l-(amin0methyl)-2-(hydroxyamino )-2 

~N U-ott oxoethyl]-4-( {4-
417.5 ~ [(methylsulfonyl)amino ]phenyl} elhynyl)benza tt,c1-~ 

0 
mide 

1023 

H,,N " ctlUal N-[(lS)-J-(aminomethyl)-2-(bydroxyamino)-2 
0 A:-11-ott oxoethyl]-4-( {4-

~o 479.5 [(phenylsulfonyl)amino ]phenyl}ethynyl)benza 
mide 

1024 . 

~~\~~,~·~ 
N-[(IS)-l-(aminomethyl)-2-(bydroxyamino)-2 

oxoelhyl]-4-( 4-{ 4-
503.5 

Oi [(phenylsulfonyl)arnlno ]phenyl} buta-1,3- ' 011 
diynyl)benzamide 

( 

1025 

H.N ctitn! N-[(lS)-l-(an:tlnomethyl)-2-(hydroxyamino)-2 

1~A--u-oo· oxoethyl]-4-{[4-(morpholin-4- 423.5 CN . . . 
y!methyl)phenyl]ethynyl}benzamide 

1026 

..,.. - N-[(lS)-1-(amino:methyl)-2-(bydroxyamino)-2 
H,C. ~~~-c 0 

oxoelhyl]-4-( { 4-[( 4-methylpiperazin-1- 436.5 
yl)methyl]phenyl }ethynyl)benzamide 

1027 
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Example Structure Name MH+ 

~N\ti-OH<>l•• 
N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

" It 

. oxoethy!J4-[( 4-{[(2-
397.4 

..,~ hydroxyethyl)amino]methyl}phenyl)etllynylJb 
enzamide 

1028 . 

~?r~-,.~~ 
N-[(lS}l-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-{[4-( {[2-
4t1.5 

""'o~ (me!:hyloxy)elhyl]amino)me!:hyl)phenyl]e1hyn 
yl}benzamide 

1029 

0~?-ru_,,. ~·'" 
N-[( lS)-1-( aminomethyl}2-(bydroXYaminO )-2 

oxoe!:hyl]-4-( {4-
435.5 

[( cyclohexylamino )melhyl]phe:nyl}ethynyl)ben 
2'11llide 

1030 

( "" """' 
N-[(IS)-l-(aminome!:hyl)-2-(hydroxyamino)-2 

Qti~\~· oxoethylj.4-[(4-
443.5 

{[(phenyhnethyl)amino ]melhyl}phenyl)e1hyny 
l)benzamide 

1031 

. ~~M-oH~lml N-[(l S)-1-(aminomelhyl)-2-{hydroxyamino )-2 
oxoethyl]-4-[ ( 6-chloropyridin-3- 359.8 

" . yl)ethynyl]benzamide 

1032 

N-{ (1 S,2R}2-hydroxy-1-!l,N.mi O!f,.) [(hydroxyamino )carbonyl]pmpyl}-4-( 4-{4-

r-.rVu~ [( {[6-(melhyloxy)pyridin-3- 542.6 
......--. yl)amino}acetyl)amino]phenyl}bu:ta-1,3-

1033 
diynyl)benzamide 

~:v Q~ 4-{4-[4-( {[(6-chloropyridin-3-

..o-"~0- yl)amino)acetyl}amino)phenyl]buta-1,3-
547.0 

diynyl}-N-{(1S,2R)-2-hydroxy-l-
[ (hydroxyamino )carbonyl]pmpyl}benzamide 

1034 

~~~i0.~~ N-{(1S,2R}2-hydroxy-1-
[{hydroxyamino )carbanyl]propyl)-4-{[ 4-

422.5 

Q (pyrrolidin-1-
ylmethyl)pnenyl]e!hynyl}benzamide 

1035 . 

H,,Y Chiral ·/N•o OH. 

4-( { 4-{( ethylamino )methyl]phenyl}ethynyl)-N-
{(1S,2R)-2-hydroxy-l- 396.5 

H;,e....._u A [(hydro;.yamino )carbonyl)propyl} benzamide 

1036 
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1037 

1038· 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

Strueture 

l\~H Chlr.ll 

/-l~ " Ho 

f 
tt:;c..-N - - , 

~:l.f°"o.• 
H,c,.N 

·C 

/~~-
o~ 

~~t-

t;i;. ... / ,_ . 
. . 
,,rf:J-u . . · 

.... 

~ Chiral 

llOH 
H 

A 

if 
. 

/;;~ -
.. ~~ 

. 

/'1;"-..,~ ~ HO 

"" 
H 

·~?;~-
Y"' 
"' 

Name MH+ 

4-({4-
[( dimethylamino )meihyl]phenyl}eihynyl)-N-

396.5 
{(l S,2R)-2-hydroxy-l-

[(hydroxyamino)carb-Onyl]propyl}benzamide 

N-{ (I S,2R)-2-hydroxy-I -
[(hydroxyam:ino)carbonyl]propyl}-4-( {4-((4-

451.5 
methylpiperazin.. I-

yl)roethyl]phenyl}eihynyl)benzamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]prnpyl}-4-{[4·( {[3-

(lH-imidarol-1- 476.5 
yl)propyl]amino}methyl)phenyl]ethynyl}benz 

amide 

( 
N-[(lS)-1-( aminomethyl)-2-(hydroxya:mino )-2 

oxoethyl]-4-(4-thien-2-ylbuta-l,3- 354.4 
diynyl)benzamide 

N,N,N-triethyl-2-{[4-( 4-{4-[( {(1S,2R)-2-
hydroxy-I-

[(hydroxyaroino )carbonyl]propyl}amino )carbo 520.6 
nyl]phenyl}buta-1,3-cliynyl)phenyl]amino }-2-

oxoetban.::rminium 

4-(4-(2-aminophenyl)buta-l,3-diynyl]-N-
{(1S,2R)-2-hydroxy-l- 378.4 

[(hydroxyam:ino)carbonyl)propyl}benzarolde 

4-[4-(3-{[(2-
aminoethyl)aroino ]roethyl}phenyl)buta-1,3-

420.5 
diynyl]-N-[(1 S)-1-( aroinomethyl)-2-

(hydroxyamino)-2-oxoethyl]benzamide 

4-buta-1,3-cliynyl-N-{ (1 S,2R)-2-hydrnxy-1-
287.3 

[(hydroxyamino)carbonyl]propyl}benzamide 

4-(4-(4-{[(28)-2-amino-4-
methylpentanoyl]amino }phenyl)buta-1,3-

491.6 
cliynyl]-N-{(1 S,2R}2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzamide 
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Exitmple Structure Name MR+ 

I 
I 

~/?oo-. 
(2S)-N-[4-( 4-{4-[( { (1S,2R)-2-hydroxy-1-

[(hydroxyamino)<:a:rbonyl]propyl}amino)carbo 
475.('i 

nyl]phenyl}buta-1,3-diynyl)phenyl]pynolidine 
2-carboxamide 

1046 

~;x; ~ (2S)-N7[4-{4-{4-[( {(1S,2R)-2-hydroxy-J-

~.~- [(hydroxyiu:nino)carbonyl]pn>pYl}amino)carbo 
~ 0 489.5 

d" nylJphenyl}buta-1;3-diynyl)phenyl]piperidine- .. 
2-carboxamide 

1047 

!\:x; - 4-[4-(4-{[(2S)-2,3-
~n ll·o• diaminopropanoyl]amino }phenyl)buta-1,3-

~ 0 ' 464.5 . diynyl]-N-{(JS,2R)-2-hydroxy-i-. 
~ ..... 

[(hydroxyanrino )carbonyl]propyl} ben2alllide 
1048. 

( ~?';ll~.- 4-[4-(4-{[(2S)-2-amino-3-{1H-imidazol-4-

. ..,.;;.- yl)propanoyl]amino}phenyl)buta-1,3-diynyl]-
515.5 

P:J 
N-{(1S,2R)-2-hydroxy-l-

[(hydroxyanrino)ca:rbonyl]propyl}benzamide 
10<W 

..,dlr\:°' N-[ 1-[(hydroXYamino )carbonyl]-2-
(propylamino)propyl]-4-[(4-

494.6 
..,.,........10.µ {[(propylamino )acetyl]amino} phenyl)ethynyl] 

benzamide 
1050 

.~-
4-[(4-

{[( cyclobutylamino )acetyl]amino }phenyl)ethy 
518.6 

nyl]-N-{2-{ cyclobutylamino )-1-

[J~J. . [(hydroXYamino)carbonyl]propyl}benzamide 
1051 

(, X" 
r;Jihl 

N-{(1S,2R)-2-limino-l-? ii.OH [(.bydroxyamino)carbonyl]propyl}-4-[(4-

v"J. • {[(cyclopropylamino)acetyl]amino}phenyl)eth 
450.5 

ynyl]benzamide 
1052 

fi,;.YNbNMChha1 l-[(1R,2S)-2-[( {4-((4-

o ?n&'il."" {{( cyclopropylainioo )acetyl]amino }phenyl)eth 
ynyl]phenyl}carbonyl)amino]-3- 477.5 

v".._)lij (hydroxy.amino )-1-metlJ.yl-3-oxopropyl]triaza-

1053 
1,2-dien-2-ium 

Xl.~·~ N-{(1S,2R)-2-anlino-1-

'RllJ? 0 [(hydroxyanrino )carbonyl]propyl}-4-( { 4-(( {[( 4 
518.6 

flunropbenyl)methyl]amino }acetyJ)amino ]phe 
nyl}ethynyl)benzamide 

1054 
' 
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Examnle Structure Name MH+ 

~- N-{(1S,2R)-2-amino-1-

~u/"o [(bydroxyamino)carbonyl]propy!}-4{{4-[({[(3 
518.6 

fluorophenyl)methyl]amino }acetyl)amino ]phe 

" . nyl} ethynyl)beozamide 
1055 . 

. /X:lOH°"P' N-((IS,2R)-2-amino-l-
[(hydroxyamino )carbonyl]propyl}-4-[( 4-

452.5 
~Un . {[(propylamino )acetyl]mnino }phenyl)e!hynyl] 

benzamide 
1056 

OHOHCl>lf"I 1'<-{(1S,2R)-2-arni:no-1-

Qu/o 
[(hydroxyamino)carbonyl]propyl}-40{[4-

500.6 
( {[(phenyhnethyl)amino ]acetyl}amino )phenyl] 

It elhynyl} benzamide 

I 
I 
I 

I 
1057 

X"'""- 1{(1R,2S)-3{hydroxyarni:no)-l-methyl-3-oxo-? l
00 

2-{[(4-{[4-

QU 0 

( {[(phenyhnethyl)amino ]acetyl}amino )phenyl] 527.6 I 

ethyny!} phenyl)carbonyl]amino }propyl)triaza-

1058 
1,2-dien-2-ium 

( 

/X'"··· N-{(1S,2R)-2-amino-l-

0 [(hydroxyamino )earbonyl]propyl }-4-[( 4-
464.5 u {[(cyclobutylamino)acetyl]amino}phenyl)ethy 

CT' nyl]benzamide 
1059 

?11:-
1-[(1R,2S)-2-{({4-[ ( 4-

{[( cyclobutylamino )acetyl]amino }phenyl)ethy 
0 nyl]phenyl} carbonyl)amino ]-3- 491.5 

c?J . (hydroxyamino)-1-methyl-3-oxopropyl]triaza-

1060 
1,2-dien-2-ium 

H,,N Chiral 

~ -~ 4-[( 4-etbylphenyl)ethynyl]-N-{ (lS)-1-
~ 0 [ (hydroxyamino )ca!bonyl]-2- 365.4 

"' 
methylpropyl}benzamide 

( I 
! 

1061 

--~:~CWrnl 4-( 4-{ 4-[( ethyl.amino )metbyl]phenyl} buta-1,3-
diynyl)-N-{ ( 1 S,2R)·2-hydroxy-1- 420.5 

[(hydroxyamino)carbonyl]propyl}benzamide 

1062 I 
i 

I 
I 

I 
I 

/'~t~ N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-[ 4-(3-aminophenyl)buta-J ,3- 363.4 

>\N diynyl]benzamide 

1063 

264 



Examnle Structure Name MR+ 

~N~ONw. 4-(4-{3-[(4-aminobutanoyl)an:rino]phenyl}buta 
1,3-diynyl)-N-{(IS,2R)-2-hydroxy-1- 463.5 

,.,.. [(hydroxyamino )carbonyl]propyl} benzamide 
0 

1064 . 

"X~ Chiral 
N-{ (1S,2R)-2-hydroxy-l-

0 ,,,. [(hydroxyamino)carbonyl]propyl}-4-[4-(3- 379.4 
HO hydro>..'Y!'henyl)buta-1,3-diynyl]benzamide u 

1065 

~r- 4-( 4-{2-[( aminoacetyl)amino ]phenyl} buta-1,3-
diynyl)-N-{ (1S,2R)-2-hydroxy-l- 435.4 

[(hydroxyamino )catbonyl]propyl} benzamide 

1066 

( ~- N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

"' oxoethyl]-4-{4-[2,4-bis(methyloxy)pyrimidin- 410.4 

t-1;,c~o N 
5-yl]buta-1,3-diyny!} benzamide 

1067 

//~1 .. a-• 
(2S)-6-amino-2-{[( 4-{4-{4-( {[(lS)-1-
(amiuomethyl)-2-(hydroxyamino)-2-

520.6 . u oxoethyl]amino }carbonyl)phenyl)buta-1,3-
1Yf~0 0 diynyl} phenyl)carbonyl]amino} hexanoic acid 

1068 

~H~- N-[(lS)-1-(ami:nomethyl)-2-(hydroxyamino)-2 · 
oxoethyl]-4-[ 4-(2-arninophenyl)buta-l,3- 363.4 

diynyl]benzamide 

1069 ' 

. C. H·"""'"" 4-[4-( 4-{2-[(2-aminoethyl)amino]-2-
oxoethyl} phenyl)buta-l,3-diynyl]-N-[(lS)-1-

448.5 
I',"' ~ (aminomethyl)-2-(hydroxyamino)-2-

R oxoethyl]benzamide 
1070 

.r-- N-[(IS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[4-(2-aminopyrimidin-5-yl)buta- 365.4 

1,3-diynyl]benzamide 
HJ>l_)...N - . · 

1071 

~h_c;1"'""" 4-(4-{3-[(4-aminobutanoyi)amino]phenyl}butt 
l,3-diynyl)-N-{(lS)-1-(aminomethyl)-2- 448.5 

",,,......,., (hydroxyamino )-2-oxoethyl)benzamide 
0 

1072 
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i 
I 
I 
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.! 

I 
I 

l : 

Ex11mnle 

1073 

. 

1074 

1075 

1076 

1077 

1078 

1079 

1080 

1081 

Structure 

~~-

Y1" <>•• ~ ~~. 
t\N .............. fi 

We Of<" 

~h~ H 

~~" 
/~"·oo~ 

I 

v; ,,_ ltott 

- .~ 
l,;~ 

H,:tf''"-'tj 

/;;~'OH~ 

~;;.::-~ 0 

f!,C 

/H:~ 
.,._,Jl~ . 

•H, 

~ O>lral 

'OH 

' u 0 

Cl-

u 

Name ·MH+ 

4-( 4-{2·[ ( aminoacetyl)amino ]phenyl} buta-1,3-
·diynyl)-N-[(IS)-I-(aminometbyl}-2- 420.4 

(bydroxyamino }-2-0Xoethyl]benzru.nioo 

4-[4-{4-{2-[(2-aminoethyl)amino]-2-
oxoethyl}phenyl)buta-1,3-diynyl]-N-{(lS,2R)'. 

463.5 
2-hydroxy-1-

[(hydrnxyamino)carbonyl]propyl}benzamide 

4-[4-(4-{[{2,3-
I 

dihydroxypropyl)amino ]methyl}phenyl)buta-
466.5 

1,3-diynyl]-N-{(1S,2R}-2-hydroxy-l-
[(bydroxyamino )carbonyl]propyl} benzamjde 

N-{(1S,2R)-2-hydroxy·l· ( 
[(hydroxyamino )carbonyl]prnpyl}-4-( 4-{4-

[({[2- 512.6 
(methyloxy)phenyl]methyl}amino)methyl]phe 

nyl}buta-1,3-diynyl)benzamide 

N-{(1S,2R)-2-hydroxy-1-
[ (hydroxyamino )carbonyl]propyl}-4-( 4-{4-

469.5 
{(pyridin-2-ylamino)melhyl]phenyl}buta-l,3-

diynyl)benzamide 

4-[4-(4-{[(2-
. amiooethyl)amino]melhyl}phenyl)buta-1,3-

. 435.5 
diynyl]-N-{ ( 1S,2R)-2-hydroxy-l -

[(hydroxyamino)carbony!]propyi}benzamide 
. 

4-[( 4-ethylphenyl)ethynyl]-N-[ (lR)-1-
[( ethylthio )melhyl]-2-(hydroxyamino )-2- 397.5 

oxoethyl]benzamide 

r 

4-[(4-{[(2S}-2-

• aminopropanoyl)amino }phenyl)ethynyl]-N-
[(lR)-1-[{ethyltbio)methyl]-2-(hydroxyamino) 

455.5 

2-oxoethyl]benzamide 
. 

N-[(!S)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoe!hyl]-4-[4-(3-chlornphenyl)buta-l,3- 382.8 

diynyl)ben7.amide 
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lJ;xamnle Structure Name J.\IIH+ 

~H, °'"'' ~'OH N-[(lS)-l-{aminomethyl)-2-(hydroxyamino)-2 
~ 0 

/;'.' 
oxoelhyl}4-{4-[3-{methyloxy)phenyl]bum-l,3 378.4 

diynyl }benzamide 
I 

1082 
. 

""X Oi'.ral 

/ u.oo N-{(1S,2R)-2-hydroxy-1-u 0 
[(hydroJ..)'lllillno)ca:rbonyl]propyl}-4-(4-{4-

l\•+11 . . . . [(methylsulfonyl)amino]phenyl}bula-l,3-
456.5 

· diyeyl)benzamide 
1083 

:x; "11ral N-{(1S,2R)-2-hydroxy-1-0 ll 

~/ o°" 
[(hydro:xyamino )carbonyl]propyl}-4-( 4-{3-

456.5' 
[ (methylsulfonyl)amino ]phenyl} buta-1,3-

diyeyl)benzamide 
1084 

( ~l- N-[(IS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyI)-4-( 4-pyrazin-2-ylbuta-1,3- 350.3 

c: diynyl)benzamide 

1085 

"'X ~ / ~.~ N-{(1S,2R)-2-hydroxy-l-n o 
0 [(hydroxyamino )carbonyl)propyl }-4-[ 4-(3- 408.4 

JI• nitrophenyl)buta-1,3-<ljynyl}benzanride 0 

1086 

"'XU"'"" N-{(IS,2R)-2-hydroxy-1-J 'oo 
[(hydroxyamino)ca:rbonyl]propyl}-4-[(3-~ 0 446.5 tt:,e .. f - {[(rnethylsulfonYl)aminoJmethyl}phenyl)ethyn o" -n 

yl]benzamide 
1087 

.. 

c v(\'"·~~, 4-[(2-formylphenyl)elhynyl]-N-{(1S,2R)-2-
H O 

hydroxy-1- 367.4 
[(hydroxyamino )carbonyl]propyl}benzamide 

1088 

~"':Y~ 
N-{ (1R,2R)-2-hydroxy-1-

. 
0 

n o [(hydroxyamino)carbonyl]propyl}-4-[(3-
446.5 H,c • {[( methylsulfonyl)amino ]methyl} phenyl)ethyn )~N . 0 

yl]benzamide 
1089 

· H,,_C OH Oita! V:i:; .. 4-({2-[(aminoru;etyl)amino]phenyl}ethyoyl)-N 
o I " o { ( 1S,2R)-2-hydroJ..-y-1- 411.4 .,, 

"' 
[(hydro:xyamino)carbonyl]propyl}benzamide 

1090 
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Example 

1091 

1092 

1093 

1094 

1095 

1096 

1097 

' 

1098 

1099 

Structure 

"';x;" "'"" ~ 100 

0 H . 

~ C*tlwd 

~N\,U-ott .. . ..,JI o. . . . . 

•\~ """"' o U-oo 

HA.-U~ o 

~U~~U-o.~
101

• 

. . 

~~n~,"'~ 
~a..-....,.......U o 

~~u--
H, 0 

~~'~I™ 
~ -ott 

H;. ~ 0 

"" 

H,~ ~-· ~ U-oo f.':..~ H . 
H,C 

~)ru~.<Mw 
"" u 0 H,.C~ • 

Name MH+ 

N-{(lS)-2-bydroxy-1-
[(hydroxyamino )carbonyl]propyl }-4-{ 4-[3-

462.5 
(morpholin-4-ylmethyl)phenyl]buta-1,3-

diynyl}benzamide 

N-[(IS)..1-{aminomethyi)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4-

367.4 
[(mefuylamino )methyl)phenyl}elhynyl)benza:rr 

ide 

N-[(lS} l-(arninomelhyl)-2-(hydroxyamino)-2 
oxoelhyl]-4-( { 4-

· [(ethylamino)me1hyl]phenyl}ethynyl)benzami 
381.4 

de 

N-[(1S)-1-(aminome1hyl)-2-(bydroxyamino)-2 ( 

oxoe1hyl}4{ {4-
395.5 

[(propylamino)mefuylJpbenyl}ethynyl)benzani 
ide 

. 

N-[(1S}l-(aminomethyl)-2-{bydrm .. -yamino}2 
oxoethyl]-4-( { 4-

423.5 
[(pentylamino)methyl]phenyl}e1hynyl)bel1zam 

ide 

N-[(lS)..1-(aminomelhyI)-2-(hydroxyamino)-2 
oxoe!hYl]-4-{ { 4-

437.6 
· [(hexylamino)methyl]phenyl}ethynyl)benzami 

de 

N·[(IS)-l-(aminomethyl)-2-{hydroxyamioo}2 ( 
oxoetbyl]-4-[(4-{[(1-

methylethyl)amino ]methyl}pbenyl)ethynyl]ben 
395.5 

zamide 

N-[(IS)-1-(aminomethyl)-2-{bydroxyamino)-2 

' oxoethyl]-4-[( 4-{[(2-
409.5 

methy!propyl)amino]methyl}phenyl)ethynyl]b 
enzamide 

N-[(lS} 1-{aminomethyl)-2-{hydro;.-yamino)-2 
oxoethyl)-4-[ ( 4-{[(l, 1-

409.5 
dimethyletbyl)ammo ]methyl }phenyl)ethynyl]b 

enzamide 
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E=mnle Structure Name MR+ 

tt,c·r~?y-o" 
Chi,.. N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-( {4-
381.4 

[( dimelhylamino )methyl]phenyl}ethyeyl)benz 
amide 

1100 

~%~0HChh>< 
N-[( 18)-1-( aminomethyl)-2-(hydroxyamioo )-2 

oxoethyl}4-[(4-
395.5 

tt,o .. J o { [ ethyl(methyl)amino ]methyl }phenyl)ethynyl] 
benzamide 

1101 

I 
! ~"';Jy~~~·~ 

N{(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[2· 

424.5 H,C.~tt ' Q (dimethylamino )ethyl] amino }melhyl)pheny!]et . Cti, 
hynyl} benzamide 

1102 

( "" - N-[(IS)-l -(aininomethyl)-2-(hydroxyamino )-2 

""-~~;\-)l.", oxoethyl]-4-{[ 4-( {[4-
452.6 

( dimethylamino )bntyl]amino} methyl)phenyl]e -cl\ . 
hynyl}benzamide 

1103 
. 

"" ''"'"' 
N-[(IS)-1-( aminomethyl)-2-(hydroxyamino )-2 

~~\U-0tt oxoethyl]-4-[(4-{[(2-
406.5 . 

•,,..,-..... eyanoethyl)amino Jmethyl}phenyl)ethynyl]ben 
zamide 

1104 
' 

"" """' 
4-{[4-( {[2-

,.,JL~-11~~ ( acelylamino )ethyl] amino }methyl)phenyl]ethy 
438.5 

nyl }-N-[(!S)-1-( aroinomethyl)-2-
(hydroxyamino)-2-oxoethyl]benzamide 

1105 

·~\~--
4-[( 4-{[(2-

amiooethyl)amino ]methyl}phenyl)ethynyl]-N-
396.5 .,.,.._n [(!S)-1-(aminomethyl)-2-(hydroxyamino)-2-

oxoethyl]benza:mide 
1106 

~-
N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 

tt .... oxoethyl]-4-[(4-{[(3-
411.5 

~ hydroxypropyl)amino ]methyl }phenyl)ethynyl] 
benzamide 

1107 

N Chit·! 
N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 

~ ~· oxoethyl]-4-{[4-({[3-
425.5 

tt;,c~~--...u 0 (methyloxy)propyl]amino} melhyl)phenyl]effiy 
nyl} benzamide 

1108 
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Examnie· 

1109 

1110 

1111 

1112 

1113 

1114 

1115 

1116 

1117 

Struciure 

. f\c..o......._.. 

";;\ ~· 
~ "·'" 

0 ~)r~ .. "·~ 
ct,._, 

O._,.___~ 

)y CllJr=I 

~ u.,. 

~~-' 

1-1~ Chit.¥ 

C{~\D-oH 

?r ~ ~~ 

~ Ch!ral 

~"·OH h 0 

0 

~~~-OH<hlm 
0 0 

Hi,N a.iml 

~u\-"·OH a 0 

Name MH+ 

N-[(lS)-l-(aminometb:yl)-2-(hydroxyarnino)-2 
oxoetl:tyl]-4-{[4-( {metl:tyl(2-

425.5 
(metl:tyloxy)etl:tyl]amino }me1hyl)phenyl]etl:tyn 

yl} benzmnide 

N-[(!S)-1-(aminomethyl}2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[3~(2-oxopyrrolidin-1- 478.6 . 

yl)propyl]amino} me1hyl)pheuyl]etl:tynyl}benz 
amide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoetl:tyl]-4-[(4-{[(3-morpholin-4-

480.6 
ylpropyl)amino ]methyl }phenyl)elhynyl]beuza 

mi de 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 I ) 

oxoe1hyl]-4-( { 4-
393.5 

[( cyclopropylamino )me1hyl]phenyl}efhynyl)be 
nzamlde 

N-[(18)-1-( aminomethyl)-2-(hydrox:yamino )-2 
oxoe1hyl]-4-( { 4-

407.5 
[( cyclobutylamino )methyl]phenyl}ethynyl)ben 

zamide 

N-[(IS)-1-( aminometbyl)-2-(bydroxyamino )-2 
oxoetl:tyl]-4-( {4-

421.5 
[(cyelopentylaminO)metbyl]phenyl}efhynyl)be 

mamide 

N-[(l S)-1 ·( aminomethyl)-2-(hydroxyarnino )-2 ( ; 

oxoethyl]-4-( { 4-
449.6 

[ ( cycloheptylamino )methyl]phenyl}ethynyl)be 
nzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( { 4-

463.6 
. [( cyclooctylamino )melhyl]phenyl}elhynyl)ben 

zamide 

N-[ (I S)-1-( aminomethyl)-2-(liydroxyamino )-2 
oxoethyl]-4-{[ 4-(pyrrolidin-1- 407.5 

ylmethyl)phenyl]ethynyl}benzamide 
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! 

1 

I 

1 

1 
I· 
! 

( 

( 

Examnle structure 

H:N~ Chiral 

·a~n o"·OH 

1118 

?r -H,~~ ~ 

1119 

H.,c.~,cH;, - - - Q~U-cwt Chlr;!I 

Q~o 

1120 

"'~(_,~~~'" - . n " . 

1121 

H,~~h~OHO<ra• 

1122 

Ou~:\"-~~ 

1123 
.~ 

. 

~hH--

1124 

·c?~~~°"~ 
1125 

?-r ~·~ Oytt~ ~·OH 
. CH, 

1126 

Name MH+ 

N-[(lS)-1 ·( aminomethyl)-2-(hydroxyamino )·2 
oxoethyl]-4-{[ 4-( azepan· 1- 435.5 

ylmethyl)phenyl]etb.ynyl} benzamide 

N-[(lS)-1-(ami:nomethyl)-2-(bydroxyamino)-2 
oxoe1hyl]-4-[(4-{[(3R)-3-

450.6 
( dimethylamino )pyrrolidin-1-

yl]methyl}phenyl)ethynyl]benzamide 

N-[(lS)-1-(ami:nomelhyl)-2-(hydroxyamino)-2 
oxoethyl]-4·[( 4-{[(3S)-3-

450.6 ( dimethylamino )pyrrolidin-1-
yl]methyl}pbenyl)ethynyl]benzamide 

· 4-[( 4-{[(3R)-3-( acetylamino )pyrrolidin-1-
y!]methyl}phenyl)ethynyl]-N-[(IS)-1· 

464.5 
( aminmnelhyl)-2-(hydroxyamino )-2-

oxoethyl]benzamide 

4-[( 4-([(3S)-3-( acetylamino )pyrrolidin-1-
yl]methyl}phenyl)etb.ynyl]-N-[(lS)-1-

464.5 ( aminomethyl)-2-(hydroxyamino )-2· 
oxoethyl]benzamide 

N-[{lS)-1-(aminomethyl)-2-(hydroxyamino)-2 . 

oxoethyl]-4-{[4-(l,4'-bipiperidin-1'· 504.6 
ylmethyl)phenyl]ethynyl}benzamide . 

N-[(l S)-1-( aminomelhyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[(4-

449.6 {[( eyclohexyhnethyl)amino ]mefuyl}phenyl)eth 
ynyl]benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-[( 4-

449.6 
{[ eyclohexyl(methyl)amino ]methy!}phenyl)efu 

ynyl]benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxocthyl]-4-{[4-({[(lR)-1-

457.5 
pheny!ethyl]amino} methyl)phenyl]ethynyl} be 

nzamide 
. 

2il 



Example Structure Name MR+ 

~N\-"·OH"'ol 
N-[(l 8)-1-( aminomethyi)-2-(hydroxyamino )-2 

Q,n N 0 
oxoethyl]-4-{[ 4-( {[(! S)-1-

457.5 
phenylethyl]amino }melhyl)phenyl]ethynyl} be 

Cf\,. . . 
nzamide 

1127 . 

. ~"/'\-~ "'"' 
N-[(18)-1-(aminometllyl)-2-(hydroxyamino)-2 

oxoethyl]-4-[(4-{[(tbien-2-
449.5 ().._ h 0 y!metbyl)amino ]methyl}pbenyljethynyl]benza . 

mide 
1128 

~~n ... ~'" 
.. N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl]-4-[(4-{[(2-
457.5 n " pbenylethyl)amino ]methyl}phenyl)ethynyl]ben v 

zamide 
1129 . 

~?rtt-OK~~ N-[(18)-1-(aminomethyl)-2-(hydrm.-ya:mino)-2 
oxoethyl)-4-{ {4-[(piperidin-3- 436.5 

ylamino )metllyl]pbenyl}ethynyl)benzamide 

< ) 

1130 

. ~~"'~ N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
n~~· .· oxoethyl]-4-( {4-[(piperidin-4- 436.5 .o .' . 

ylamino)melhyl]pbenyl}ethyny!)benzamide 

1131 

Q~)gn .. ~- .. 
N-[(!S)-l-(aminomethyl)-2-(hydroxyamino)-2 

oxoethyl)-4~[ ( 4-{[(piperidin-2-
450.6 

ylmethyl)amino ]methyl}pbenyl)ethynyl]benza 
mi de 

1132 . 

"" ''""' 
N-[(lS)-l-(aminometllyl)-2-(hydroxyamino)-2 

°"~~N- oxoethyl]-4-[(4-{[(piperidin-3-
450.6 

ylmethyl)amino]methyl}phenyl)ethynyl]benza 
mi de 

1133 

ll,~ ct.Ira! 
N-[(18)-1-( aminomethyl)-2-(hydrmqomilno )-2 

~" "·OH . oxoe!hyl]-4- {[ 4-( {[(2R)-pyrrolidin-2-
436.5 

y·~" . 0 ylme!hyl]amino} methyl)phenyl]efuynyl}benza 
mide 

1134 
. 

Y-r °"'" 
N-[(lS)-l-(aminomethYl)-2-(hydroxyamino)-2 

0 11-o.. oxoethy!}-4-{[ 4-( {[ (28)-pyrrolidin-2-
Y-n~o. ylmethy!]amino} methyl}phenyl]ethynyl}benza 

436.5 

mi de 
1135 
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Examnle 

1136 

1137 

1138 

1139 

1140 

1141 

1142 

1143 

1144 

Structure 

A~., 
0 11-ott 

~o y 

~A-"-°''" ~~ . 0 

' 

~).~a<_. A 0 

' 

' ~~.'"~ -0._:~ 

~ " .. ~~OH 
~~ 0 

CH~ 

H}l:y "'~ 

.., • .O...~ho~ 

.. 

~~-' 
"~ -

·~~~-'"'" 
~ 0 

l'\~-0 

~'1;~-0H-
..,,..Q . 

. 

Name MlI+ 

N-[(1 S)-1-(amioometbyl)-2-(hydroxyarnino )-2 
oxoethyl]-4-{ {4-[(pyrrolidin-3- 422.5 

ylamino )tnethyl]phenyl} ethynyl)benzamide 

N-[(18)-1-(aminornetbyl)-2-(hydrnxyamino)-2 
oxoethyl]-4-{[4-( {[(2-

461.5 
fluorophenyl)methyljamino }tnethyl)phenyl]eth 

ynyl}benzamide 

N-[(lS)-1-{aminomethyl)-2-{hydroxyamino)-2 
oxoethyl]-4-{[ 4-( {[(3-

461.5 
fluorophenyl)methyl]amino} methyl)phenyl]eth 

ynyl} benzamide 

N·[(lS)-l-{aminomethyl)-2-(hydroxyamino)-2 
oxoetbyl]-4-{( 4-( {[( 4-

461.5 
fluorophenyl)tnethyl]amino }methyl)phenyl]eth 

ynyl} benzamide 

N-[ (lS)-i-( aminomethyl)-2-(hydroxyamino )·2 
oxoeth.yl]-4-{[4-( {[(2-

methylphenyl)tnethyl]ariiino}methyl}phenyl]et 
457.~ 

hynyl}benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )·2 
oxoethyl]-4-{[4-( {[{3-

methylphenyl)metbyl]amino} methyl)phenyl]et 
457.5 

hynyl} benzamide -
N-[(IS)-1-( aminomethyl)-2-(hydroxyamino )-2 

oxoethyl]-4-{[4-{ {[(4-
457.5 

methylphenyl)methyl]amino }methyl)phenyl]et 
hynyl}benzamide 

N-({lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoetbyl]-4-( {4-[( {[2-

473.5 
(me!hyloxy)phenyl]methyl} amino )metbyl]phe 

nyl}etlzynyl)benzamide 

N-[{lS)-l-{aminometbyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{ {4-[( {[3-

473.5 
( methyloxy)phenyl]methyl} amino )methyl]phe 

nyl}etlzynyl)benzamide 
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Exam1>le 

1145 

1146 

1147 

1148 

1149 

1150 

1151 

1152 

1153 

Structure 

~ ~R°"°'., 
"'()___~ :: ~ - 0 . 

~:lyu-~,"'"' 
er~ . " 

°"'~:\"~ "'" 

HJ' ctllrll 

~~\"""" 

o~?-ru..,."'® 

·~~~-

~ "'"\ -. ~u~ 

~-~-"" 

17~ . 

"'" °'~ o~u 
"·"Jk~ 0-

""' 

Name ·MB+ 

N-[(lS)-1-(aminomethyl)-2-{hydro;..-yarn.ino)-2 
oxoethyl]-4-({4-[( {[4-

(methyloxy)phenyl]methyl)amino)methyl]phe 
473.5 

nyl}ethynyl)benzarnide 
. 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-( {4-

429.5 
[(phenylamino )methyl]phenyl}ethynyl)benzam 

ide 

N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl)-4·[(4-{[(pyridin-3-

444.5 
·yhnethyl)amino]methyl}phenyl)ethynyl]benza 

mide 

( . 

N-[(1 S)-1 ·( aminomethyl)-2-(hydroxyamino )-2 \_ / 

oxoethyl]-4-({4-[(4-phenylpiperidin-l- 497.6 
yl)methy!Jphenyl}ethynyl)henzmnide 

N{(lS)-1-( aminomethyl)-2-{hydroxyamino )-2 
oxoethyl)-4-( {4-[( 4-phenylpiperazin-1- 498.6 
yl)methyl]phenyl} ethynyl)benzamide 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl}-4-[( 4-{[( 1R,2R,4S)-

447.5 
bicyclo[2.2. l )hep!-2· 

ylamino ]methyl} phenyl)ethynyl]benzarnide 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl)-4-( {4-[( {[(1S,2R,5S)-6,6-

( 
dimethylbicyclo(3.l.l]hept-2- 489.6 

yl]methyl}amino]methyl]phenyl}ethynyl)benz 
amide 

N-[(lS)-l-{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl)-4-[(4-{[(1S,4R)-hicyclo[2.2.l]hept- 447.5 
2-ylamino]methyl}phenyl)ethynyl]benzamide 

N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino)-2 
oxoethyl)-4-{[4-( {[( 1 S,2S,3S,5R)-2,6,6-

489.6 
trimethylbicyclo[3.l.l]hept-3-

yl)amino} methyl)phenyl]e!hy.nyl} benzamide 
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Exanmle Structure Name 11-m+ 

~·'·"-
1-((lR,28}3-(hydroxyamino )-1-:methyl-3-oxo-/ ~~ 2-{[{4-{[4-( {[(pyridin-4-
ylmethyl)amino]acetyl}amino)phenyl]ethynyl} 528.6 

Q~J phonyl)carbony!Jamino }propy!)triaza-1,2-dfon 

1154 
2-ium 

-
?H::~,~ 

l-((1R,2S)-3-(hydroxyamino )-1-methyl-3-oxo-
2,{[ { 4-{[4-( {[(pyridin-3-

ylmethyl)amioo]acetyl}amino)phenyl]ethynyl} 528.6 
Qv . plwnyl)carbonyl]amino) propyl)triaza-1,2-dien u . 

2-ium 1155 . 

.. »- N-{(lS,2R)-2-amino-1-? OH 

[(hydroxyamino)carbonyl]propyl)-4-{[4-

Qu " . ( {[(pyridin-4- 501.6 
yhnethyl)an:dno ]acetyl} amino )phenyl]ethynyl} 

1156 benzamide 

( ?7\-~'"~ 
N-{(1S,2R)-2-amino-1-

[(hydroxyamino)carbonyi]propyl}-4-{[4-
( {[(pyridin-3- 501.6 Q.u . ylmethyl)amino ]acetyl}amino )phenyl]ethynyl} N 

1157 
benzamide . 

~ N-[1-[(hydroxyamino)carbonyl]-2-? ~. (methylamino)propyl]-4-{[4-
514.6 

Q"J.N 
( {[(phenyhnethyl)amino ]acetyl}amino )phenyl] 

ethynyl} benzamide 
1158 

!i'lC " . /Nxra~,, 4-[(4-
{[(cyclobutylamino}acetyl]amino}phenyl)ethy 

478.6 

Q'ttJN . 
nyl]-N-[1-[(hydroxyamino )carbonyl]-2-

(methylamino)propyl]benzmnide 
1159 

( 
(""' """' 4-[(4-{[(2S)-2-

~;;<:. aminopropanoyl]amino} phenyl)ethynyl]-N-
N a [(1 R)-1-{[ ethyl(hydroxy)-Iambda-4- 473.6 

" 
sulfanyl]methyl}-2-(bydroxyamino)-2-

1160 ct<, oxoethyl]benzamide 

0 

I "' 
N'OH 
H 4-[(4-ethylphenyl)ethynyl]-N-

4 "" 266.3 
hydroxybenzaniide 

H, I,,, 

1161 

y~,(' ,_ H.att N-[(lS)-1-(aminomethyl)-2-(hydroxyarnino)-2 ~ 0 

F oxoethyl}4-[ 4-(2,4-difluorophenyl)buta-I,3- 384.4 
r diynyl]benzamide 

1162 
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1163 

1164 

1165 

1166 

1167 

1168 

1169 

1170 

1171 

Structure 

oP',Jg1-.. ~ ..., 
. 

A 

v~-.-H,C.. ,,o u 0 

I' 

~H-!\C... ,,o 0 

Os...N 
. 

~!\ OJ!ra! ? n.oo n "· 
'l. " .,,~ 

Cti!ral 

I~ NH 
bH 

Hiyt I 

CH, 

~00~ H ! - O 

I 

H,C NH, Chlral 

~~·00 Q 
.&) 

'IN 

~~"-

NHi c1o1 .. 1 

HO~~~ll_OH 
0 

Name MH+ 

N-[(lS)-l-(aminomelhyl)-2-(bydroxyamino}-2 
oxoethyl]-4-[(2- 339.4 

aminophenyl)ethynyl]benza:mide 

N-[(1S)-l-(aminomethyl)-2-(hydro2>.y.imino}-2 
oxoethyl]-4-[ 4-(3-

455.5 
{[(methylsulfonyl)amino]methyl}phenyl)buta-

1,3-diynyl]benzamide 

N-[(1 S)-1-(aminornethyl)-2-(hydroxyamino }-2 
oxoethyl]-4-(4-(3-

455.5 
.{[(methylsulfonyl)amino]methyl}phenyl)buta-

1,3-diynyl]benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 / 
\ 

oxoelhyl]-4-( {3-
417.5 

[(methylsulfonyl)amino]pbenyl}ethynyl)benza 
mi de 

4-[(4-{[(28)-2-
aminopropanoyl]amino} phenyl)ethynyl]-N- 324.4 

hydroxybenzamide 

4-[(2-{[(2-
aminoefuyl)amino ]methyl} phenyl)ethynyl]-N-

411.6 
{(1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl]propyl} benzamide 

N-{(IR,2R)-2-amino-l- ( 
[(hydroxyamino )carbonyl]propyl}-4- 338.4 

(pbenylethynyl)benzamide 

. 

N-{(1S,2R)-2-amino-l-
[(hydroxyamino)earbonyl]propyl}-4-[4-(4- 377.4 
aminophenyl)buta-1,3-diynyl]benzamide 

N-[(lS)-l-(aminomethyl)-2-(bydroxyamino)-2 
oxoethyl]-4-[4-{3-hydroxyphenyl)buta-l ,3- 364.4 

diynyl]benzamide 
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Exa....,Ie Structure Name MR+ 

"" -~ N{(lS)-l-(aminomefuyI)-2-(hydroi..')'amino)-2 
()~~;:;;:u,Oll . oxoethyl]-4-{4-[3-{IllOipholin-4- 447.5 

,. . 0 . .• 

ylmethyl)phenyl]buta-1,3.filynyl}benzarnide 

1172 

N-{(1S,2R)~2-hydroxy·l· 

cP~~~'M-~ ( (hydroxyamino )carbonyl]propyl}-4-( {4·[( {[2-
488.6 

(me1hyloxy)phenyl]me1hyl}amlno )methyl]phe 
nyl}ethynyl)benzamide 

1173 . 
. 

4-[(4-{[(2,3-H -~ dihydroxypropyl)amino]methyl}phenyl)eth}ID) HO~ 'ctt 442.5 
OH . _ 0 1]-N-{(1S,2R)-2-hydroxy-l -

[(hydroxyamino)carbouyl]propyl}benzarnide 
1174 

. . 

!"'· . Chl""t 4-({2· 

~~,cx;'ll• [( dimethylarnino )methyl]phenyl}elhynyl)-N-
396.5 

~ OH {(1S;2R)-2-hydroxy·l· . 

0 [(hydroxyamino)carbouyl]propyl}benzamide 
1175 

.. 

~N a.1rn• 
N-{ (1S,2R}2-hydroxy-I-

~ ·OH 
[(hydroxyamino )carlmnyl]propyl}-4-( { 4-

~ 382.4 
tt,,c~J;I .. _o . [(methylamino )methyl]phenyl}ethynyl)benzi!Ir 

ide 
1176 

~x;-lkm Chlll'll 
N-{(IS,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl}-4-( {4-""~~~~~ 0 . . [(propylarnino)methyl]phenyl}ethynyl)benzam 
410.5 

ide 
1177. 

c y; - 4-( {4-[(butylamino )methyl)phenyl}e!hynyl}N 
~ H-~ 

H,c~U 0 {(lS,2R)·2-hydroxy-l- 424.5 
[(hydroxyamino)carbonyl]propyl}benzamide 

1178 

y; ~~ 
N-{( 1S,2R)-2-hydroxy-I~ 

. ~~ [(hydroxyamino )carbonyl]propyl}-4-( {4-
438.5 

~~ [(peutylamiuo )methyl]phenyl}cthynyl)benzarn 
ide 

1179 

:;r.;u. a.!•41 4-( {4-[(hexylamino)methyl]phenyl}ethynyl}N 

~·----.,,. .... :co--Cr 0 00 
{( 1 S,2R)-2-hydroxy-1- 452.6 

[(hydroxyamino)carbonyl]propyl}benzamide 

1180 
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Examole Structure Nan,e MH+ 

~:x;H-oHc"'"' 
N-{(1S,2R)-2-hydroxy-l-

[(hydroxyamino )carbonyl]propyl}-4-[( 4-{[(1-
410.5 " . 0 methylethyl)amino ]methyl}phenyl)ethynyl]ben ~'Y 

c~ 
zamide 

1181 

!:\;c;: Chiral 
N-{(1S,2R)-2-hydroxy-1-

. ~· "~" [(hydroxyamino )carbonyl]propyl}4-[ ( 4-{[(2-.t:_ ~. ¢ ....,, .t:t __ o 
methylpropyl)amino ]methyl} phenyl)ethynyl]b 

424.5 
H,c -

enzamide 
1182 

. ~;c; Cbl•I 4-[(4-{[(l,1-
. ~ H-oH. dimethylethyl)arnino ]methyl}phenyl)ethynyl]-

424.5 ~x" i:: "" - . N-{(lS,ZR)-2-hydroxy-1-
H,C CH, 

[(hydroxyamino )carbonyl]propyl}benzamide 
1183 

_J'·N Chi .... 
4-[(4-

~~ ~" {[ ethyl(methyl)amino )methyl}phenyl)ethynyl] 
'~ 0 410.5 

H,C.....,..N . N-{(1S,2R)-2Chydroxy-l-

( ) 

[(hydroxyamino )carbonyl]propyl} benzamide 
1184 

!"l.C~ 
0

Clllfill 
4-{[4-( {[2-

~ "·'" ( dimethylamino )ethyl) amino} methyl)phenyl]et " . 439.5 1-lfl.~11 H 0 hynyl}-N-{(1S,2R)-2-hydroxy-l-
c~ 

[(hydroxyamino )carbonyl]propyi} benzarnide 
1185 

•' w.cix; ClllOll 
4-{[4-( {[4-

" u~ ( dimethylamino )butyl]amino }methyl)phenyl]et U~U 0 467.6 ff~C. ,,..,_,,..._ hynyl}-N-{(IS,2R)-2-hydroxy-l-!.., . . .• 
[(hydroxyamino )carbonyl]propyl} benzamide 

1186 

!i.;c;: 0111111 
4-[(4-{[(2-

~ H-OH hydroxyethyl)amino ]methyl} phenyl)ethynyl]-
H ~ o· N-{(IS,2R)-2-hydroxy-l-

412.5 
HO.-.._,.. . 

( 

[(hydroxyamino )carbonyl]propyl} benzamide 
1187 . 

. 

ll,c~ Chiral 
l'f-{ ( 1 S,2R)-2-hydroxy-1-

~ H-o• [(hydroxyamino )carbonyl]propyl) 4-[( 4-{[(3-u 0 426.5 HO............._.~ . hydroxypropyl)ainino ]methyl} phenyl)ethynyl] 
benzamide 

1188 

N-{(IS,2R)-2-hydroxy-1-J:\x: Ch1rn1 [(hydroxyamino )carbonyl]propyl}4-{[ 4-
~ H-°" 
' ( {methyl[2- 440.5 

H,c.0 ............... N 

(methyloxy)ethyl]amino} methyl)phenyl]ethyn 

1189 
yl} benzamide 
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Examnle Strneture Name MR+ 

Yi~·~ 
N-{(1S,2R)-2-hydroxy-1-

~ ~~Ott [(lrydroxyamino )carbonylJpropyl}-4-{[ 4-( {[2-
H,C.~ . (methyloxy )ethyl] amino} methyl)phenyl]ethyn 

426.5 

yl} benzamide 
1190 

~;r;: ~ 
N-{(1S,2R)-2-hydroxy-1-

~ U-oo [(hydrm .. -yamino)carb0nyl]propyl}-4-{[4-( {[3-
0 (rnethyloxy)propyl]amino} methyl)phenyl]ethy 

440.5 ... ~ . 
nyl} benzamide 

1191 

~;y~-
4-[(4-{[(2-

cyanoethyl)amino ]methyl}phenyl)ethynyl]-N-
421.5 

~~ {(1S,2R)-2-hydroxy-l-
[(lrydroxyamlno )carbonyl]propyl}benzamide 

1192 

( . . ·W-"'~ 
4-{[4-({[2-

(acetylamino )ethyl] amino} methyl)pheeyl]efhy ..,.)..i~~ 0 nyl}~N-{(IS,2R)-2-hydroxy-1-
453.5 

[ (hydroxyamino )carbonyl]propyl} benzamide 
1193 

N-{(1S,2R)-2-hydroxy-1-

~?=;"·°"""" 
[(hydroxyamino )carbonyl]propyl}-4-{[4-( {[3-

~ 0 
(2-oxopyrrolidin-1- 493.6 

yl)propyl]amino} methyl)phenyl]ethynyl}benz 

1194 
amide 

N-{(1S,2R)-2-bydroxy-l-

. ~- [(bydroxyamino)carbonyl]propyl}-4-[(4-{[(3-
~-OH 

Q,._, u :rnorpholin-4- 495.6 
ylpropyl)amino)methyl}pheeyl)ethynyl]benza 

1195 
mide 

. 

c vuyd;y"~"~ 
.. 4-( {4-
[(eyclopropylamino)methyl]phenyl}ethynyl)-N 

408.5 
{(lS,2R)-2-hydroxy-l-

[(hydroxyamino)carbonyl]propyl}benzamide 
1196 

~;c;~-°'~' 
4-({4-

[ ( cyclobntylamino )methyl]phenyl} ethynyl)-N-
422.5 ij 0 {( 1S,2R)-2-hydroxy-1-CJ 

[(hydroxyamino )carbonyl]propyl} benzamide 
1197 

~";c;~ctt ~·~ 
4-({4-

[ ( cyclopentylamino )methy!]phenyl} ethynyl)-N 
436.5 ~ 0 

{(IS,2R)-2-hydroxy-1-(1 
[(hydroxyamino)carbonyl]propyl}benzamide 

1198 
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I 
E>:amule Struclnre Name MH+ 

~Ch~\ 4{{4-

o~~no [( cyclohexylamiuo )nrethyl]phenyl) ethynyl)-N-
450.5 

{(IS,2R)-2-hydroxy-1-
[(hydroxy amino )carbonyl]propyl} benzamide 

1199 

~~~'~ 4{{4-
[( cycloheptylamino )metlzyl]phenyl}ethynyl)-N 

464.6 
0.' 

. {(1S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} benzamide 

1200 

~?:;kH~'"' 
4-({4-

[( cyclooctylamino )methyl]phenyl}ethynyl)-N-
478.6 0 .. 0 {(1S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzamide 
1201 

~~~·~. 4-{[4-(azepan-l-yhnethyl)phenyl]ethynyl}-N· 
{(l S,2R)-2-hydrm •. )'-1- 450.5 

[ (hydroxyamiuo )carbonyl]propyl} benzamide 

1202 

pt, ~ Chi~ 
4{( 4-{[{3R)-3-( dhnethylamino )pyrrolidin· 1 • 

!<,C·b~ ~OH yl)methyl}phenyl)etbynyl]-N-{(1S,2R)-2" n, o 
hydrm.-y-1-

465.6 

[(hydroxyamino)carbonyl]propyl}benzamide 
1203 

~~'~ 
4-[( 4-{[(3S)-3-( dimethylamino )pyrrolidin-1-

f\C..lt 1.1-0H yl]methyl}phenyl)ethynyl]-N-{(1S,2R}2· 
465.6 0 . 0 hydroxy-I-

i 
I 
: 
.l 
' 

[(hydroxyamino )cmbonyl]propyl} benzamide 
I , 1204 

~~~U-ott~ 
4-[(4-{[(3R)-3-(acetylamino)pyrrolidin-l-
yl]methyl} phenyl)ethynyl]-N· { (l S,2R)-2· 

479.5 
hydroxy-I-

( 

[(hydroxyamino)carbonyl]propyl}benzamide 
1205 

.,.Jlll ~:X:.:u-"""" 
4-[ ( 4-{[(38)-3-( acetylamino )pyrrolidin-1-
yl]methyl)phenyl)e!hynyl]-N-{(IS,2R)-2-

479.5 (J . ~ 0 
hydroxy-I-

[(hydroxyamino )carbonyl]propyl} benzamide 
1206 

0-a~X:U-o,°*" 
4-{[4-( 1,4'-bipiperidin-I'-

ylmethyl)phenyl]ethynyl}-N-{(lS,2R)·2-
519.7 

H , • hydroxy-I-
[(hydroxyamino)carbonyl]propyl}benzamide 

1207 
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Examnle Structure Name MR+ 

Qtl~~~"" 
4-[(4-

{[(cyclohexylmethyl)amino]methyl}phenyl)eil 
464.6 ynyl]-N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamioo )carbonyl]propyl} benzamide 
1208 

°'c~X:n-o. -
N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamioo )carbonyl]propyl}-4-( { 4-[ ( 4-
513.6 pbenylpjperazin-1-

yl)methyl]phenyl}ethynyl)benzamide 
1209 

~~X:"--
N-{ (1S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl)propyl}-4-[(4-{[(2-
472.6 phenylethyl)amino ]melhyl}phenyl)ethynyl]ben 

zamide 
1210 

( 
<... 

N-{(1S,2R)-2-hydroxy-1-

0y~X:tl-o:"" 
. ' [(hydrro..-yamlno )carbonyl]propyl}-4-{[ 4-

({[(lR)-1- 472.6 
CH, phenyfotbyl]amino}methyl)phenyl]ethynyl}be 

1211 nzamide 

. ~;i:;}OH ~--
N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamino)carbonyl]propyl}-4-{[4-

0.. - 0 . 
({[(lS)-1- 472.6 ,,., phenylethyl]amino}me1hyl)phenyl]ethynyl}be. 

1212 nzamide 

N-{( IS,2R}2-hydroxy-l-!\;c;: Chllal [(hydroxyamino)carbonyl]propyl)-4-[( 4-
~ ~o" Cl.," a 

{[(thien-2- 464.6 
ylmethyl)amino ]methyl}phenyl)ethynyl]benza 

. ··' mide 
1213 
. 

(_ y:; ~Ir.ii N-{(1S,2R)-2-hYdroxy-l-

· H~ 0 Jk,. [(hydroxyamino )carbonyl)propyl}-4-( {4-
451.5 y [(piperidin-3-

ylamino )me!hyl)pbenyl}ethynyl)benzarnidc 
1214 

~;c;u-OH ~••I 
N-{ (l S,2R)-2-hydroxy-l-

[(hydroxyamino )catbonyl)propyl}-4-( { 4-
451.5 OH 0 [(piperidin-4-

ylarnino )methyl]phenyl) ethynyl)benzarnide 
1215 

N-{(I S,2R)-2-hydroxy-I -

!l.H """ [(hydrnxyamino )carbonyl]propyl}-4-[( 4-

CJ:'.,"~~ a _,,, {[(p:iperidin-2- . 465.6 
ylmethyl)arnino]methyl}phenyl)ethynyl]benza 

1216 
mide 

281 



I 
1 
.I 
l 
i 

! 
I 

I 

1 
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Examnle 

1217 

1218 

1219 

1220 

1221 

1222 . 

1223 

1224 

1225 

Structure 

~~c:c; etikal 

u ~~ U-OH· 
Qu . " 

~~-OH-

~~·-· ~"'°)f 

·~ 

' 

y 
"~?;~~ 

~:x;n-OH ~•ral 

~??~-

!.\;c; Chl"11 

' ~ u~ Ru · -

~nX? """ 
9---~ -oo 

CH, 

t\.:x; 0.lrol 

~ n.,. 
~c.t:)_,_~ . o 

Name MH+ 

N-{ (1 S,2R)-2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl }-4-[ ( 4-

{[(piperidin-3- 465.6 
ylmethyl)amino ]methyl}phonyl)ethynyl]benza 

mide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-{[4-

. ({[(2R)-pyrrolidin-2- 451.5 
ylmethyl]amino }methyl)phenyl]elhynyl}benza 

mi de 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamlno )Caibonyl]propyl }-4-{ [ 4-

( {[(2S)-pyrrolidin-2- 451.5 
ylmethyl]amino }methyl)phenyl]ethynyl}benza 

mi de 
.· 

N-{(1S,2R)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-( {4-

437.5 
[(pyrrolidin-3-

ylamino)metbyl]phenyl}ethyuyl)benzamide 
•. 

4-{[4-( {[(2-
fluorophenyl)methyl]amino }methyl)phenyl]eth 

476,5 
ynyl}-N-{(1S,2R)-2-hydroxy-1-

[{h:Ydroxyamino )carbonyl]propyl} benzarnide 

4-{[4-({[(3-
fluorophenyl)methyl]amino }methyl)phenyl)etl 

476.5 
ynyl}-N-{(1S,2R)-2-hydroxy-l-

[(hydro>.y.rmino )carbonyl)propyl}oomamide 

4-{[4-( {[( 4- ( r 

fluorophenyl)metbyl]amino} methyl)phenyl]eth 
476.5 

ynyl}-N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamlno )carbonyl]propyl} beozarnide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl)propyl}-4-{[ 4-( {[ (2 

472.6 
methylphenyl)metbyl]amino }methyl)phenyl]et 

hynyl}benzarnide 

N-{(1S,2R)-2-hydroxy-1-
[ (hydroxyamino )carbonyl]propyl }4-{ [ 4-( {((3-

472.6 
methylphenyl)methyl]amino} methyl)phenyl]et 

hynyl}benzamide 



E:s:amnle Structure Name MH+ 

~;:;: °''~ 
N-{(1S,2R)-2-hydroxy-l-

~ "~" ((hydroxyamino )caxbonyl]propyl }-4-{[4-( {[ ( 4-
"~ 0 methylphenyl)methyl]amino}methy!)phenyl]et 

472.6 

hynyl} benzamide 
1226 

~:x::~-°"-
N-{(lS,ZR)-Z.hydroxy-1-

[(hydroxyamino )carbonyl]propyl}-4-[( 4-
458.5 Q. 0 {[(phenylmethyl)amino ]methyl}phenyl)ethyny 

I]beuzaroide 
1227 

~~·~ N-{ (1 S,2R)-2-hydroxy-1-
tl-oa [(hydroxyanrino )carbonyl]propyl}-4-( { 4-

0- [(phenylamino)methyl]phenyl}ethynyl) 
444.5 

ide 
1228 

( 
N-{(lS,ZR)-2-hydroxy-1-

Q~;x;~ ... - [(hydroxyamino)carbonyl]propyl}-4-[(4-
{[(pyriclin-3- 459.5 

ylmethyl)amino]methyl}phenyl)ethynyl)benza 

1229 roide 

~~ au~ 
4-[(4-{[(lR,2R,4S)-bicyelo[2.2.I]hept-2-

~ "~· ylamino ]methyl}phenyl)ethynyl]-N-{ ( 1 S,2R)-
462.6 

2-hydroxy-1-
[(hydroxyamino )carbonyl]propyl} benzamide · 

1230 

~Ff"~HC~~I (3R)-N-hydroxy-3-( {[4-
(phenylethynyl)phenyl]carbonyl}amino)piperi 364.4 

dine-3-carboxamide 

1231 

H 

(_ 
N 

o-d8-'" 
4-({[4-

(phenylcthynyl)pben.yl]carbonyl} amioo )piperi 349.4 
dine-4-carOOlc)'JiC acid 

1232 

ft 
CH!r.;;if 

N-{(IS)-2-(hydroxyamino)-2-oxo-1-[(2S)-
pyrrolidin-2-ylmethyl]ethyl}-4- 378.4 ~~ ~-OH 

(phenylethynyl)benzamide 

1233 

~C~?{~-OH 
Chi~! 

(3R)-3-{[( 4 '-ethyl-I, l '-biphenyl-4-
yl)carbonyl]amino}-N-hydroxypiperidine~3- 368.4 

carboxamide 

1234 
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Examnle 

1235 

1236 

1237 

1238 

. 

1239 

1240 

1241 

1242 

1243 

Structure 

"·~ ·-
~H H~ H "'OH 

0 

~H-• 

"'" " f<;;O 'OH 
0 

.... ~~ 

-~~~u , H:, " -_ -- . "-QH 

~ o»<m,.. 

~~~ H D 
. 

. _,,, 

~;).,1(~-oH 
Chlml 

~c o 

o ~ Chiral 

r).r~·OH 

. ~~).'1(~-0H 
Ctdra! 

I . o Cl _.,, 

Cl 

~\-~-OHChl'31 
0 . 

Name MB+ 

I, 1-dimethylethyl 3-(4-{4-[( {(!S,2R)-2-
hydroxy-I-

[(hydroxyarnino)carbonyl]propyl}arnino)carbo 
478.5 

n)!l]pbenyl}bula-1,3-diynyl)phenylcarbanmte 

4-[4-(3-amino-4-methylphenyl)buta-l,3-
diynyl]-N-{(1S,2R)-2-hydroxy-l- 392.4 

[(hydroxyamino)carbony!Jpropyl}benzamide 

N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl}4-[4-(3-amino-4-methylpbenyl)bnla- 377.4 

1,3-diynyl]benzamide 

4-(4-{4-[(aminoacetyl)amino]-3- { 

methylphenyl}buta-l,:Hliynyl)-N-{(lS)-1· 
434.5 

( aminomethyl)-2-(hydroxyamino )-2-
oxoethyl]benzamide 

N-{(IS,2R)-2-amino-l-
[(hydroxyamino )carbonyl]propyl }-4-(2- 340.4 

phenylethenyl)benzamide 

. 

N-[(2R)-2-amino-3-(hydroxyamino)-3-
oxopropyl]-4'-ethyl-l,l'-biphenyl-4- 328.4 

carboxamide 

( 
N-[(2R)-2-amino-3-(hydroxyamino)-3-

324.4 
oxopropyl]-4-(pbenylelhynyl)benzamide 

N-[(2R)-2-amino-3-(hydroxyamino )-3-
oxopropyl].4-( 4- 340.8 

chlorophenyl)cyclohexanecarboxamide 

N-[(2S)-2-amino-3-(hydroxyamino)-3-
oxopropyl]-4-( 4- 340.8 

cblorophenyl)cyclohexanec;arboxamide 
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I 

.I 

I 
Examnle Struetnre Name MH+ 

I 

I 
·! 

i 
j 
·' 

... ~ °''" N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 

~~ ~'OH oxoethyl}4-[2-( 4- 342.4 
... 0 methylphenyl)ethyl]henumide 

1244 . .. 

~?-r~10H~ N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)·2 , 
oxoethyl]-4-( 4-(4- 371.4 

"' . 
aminophenyl)butyl]benumide 

' 1245 \ 

N-{(lS,2.R)-2-hydro>.J'·l-
~:x; ~ [(hydroxyamiuo)carhonyl]propyl}-4-{[4-
~ ~~" CL~ n. ( {[methyl(pyridin-2- 516.6 

ylmetbyl)amino Jacetyl}amino )phenyl]ethynyl} 

1246 benzamide 

( !l,&:c:: Qlhal 4-{[4-( {[[(2-

Y.,~~u . "-'" . flnorophenyl)methyl](methyl)anrino ]acetyl}am 
533.6 

ino )phenylJethynyl}-N-{ (1S,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl} benzamide 

1247 . 

~~w 
4-{[4-{ {[[(3-

11.oo fluorophenyl)methyl](mefhyl)aruino ]aeetyl} arr 
533.6 0 

ino )phenyl]ethynyl}-N-{(18,2R)-2-hydroxy-l • ' 
[(hydro>.-yamino )earbonyl]propyl} benzamide 

1248 

. r:x; ~,,. 
4-{[4-( {([( 4-

fluorophenyl)meihyl](melhyl)amino ]acetyl}am 
533.6 "O_,~ .u~ 

ino )phenyl]ethynyl}-N-{(l8,2R)-2-bydroxy-1-
[(hydroxyamino )earbouyl]propyl} benzamide 

1249 

( ~ll-o 
Cht .. 1 N-f(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 

9---~ " oxoetbyl]-4-{[4-( {[[(2-
518.6 

f!uorophenyl)methyl]{methyl)amino ]acetyl}Bil1 
ino )phenyl]eihynyl} benzamide 

1250 . 

.-0_,~Y-~ .. 
N-((18)-1-( aminomethyl)-2-(hydroxyamino )-2 

oxoethyl}4-{[4-( {[({3-
518.6 

fluoropheuyl)meihyl](mefuyl)amino]acetyl}an 
ino )phenyl]ethynyl} benzamide 

1251 

6\~ °"'"' 
N-[(IS)-1-{ aminomel:hyl)-2-(hydroxyamino }-2 

oxoethyl]-4-{[4-( {[[(4-
518.6 "cu~· iluorophenyl)methyl)(methyl)amino ]acetyl} an 

ino )phenyl]ethynyl} benzamide 
1252 
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I 

.I 

' 

E:i:amnle 

1253 

1254 

1255 

1256 

1257 

1258 

1259 

1260 

1261 

Structure 

!\~ Qilh>l 

~ ~00 Q--V. u 0 

"" 

.. ~~~-

Q~.o-d~a.~ 

!\~Cblml 

-.r--~~ 0 

. 

"~~~ 

"'....llii~u " ' 
-.~· 

~~-
?'> 0· .. ,~ . 

. . r;iyu...~· 
~~--Y_yyd 

t':i:x;: Ch!J;!l 
0 11-... 

,,..o ~n b 
.,.cyN:.::.>--n . . 

'" 

w ~·~ 

.. ~v.~ 0 -

Name MH+ 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]+{ {4-[( {methyl[(2-

514.6 
melhylphenyl)meiliyl]amino }acetyl)amino ]phe 

nyl) elhynyl)benzamide 

N-[(lS)-l-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl]-4-( {4-[( {methy1[(4-

514.6 
methylphenyl)methyl]amino }acetyl)amino ]phe 

nyl) ethynyl)benzamide 

N-[(IS)-l-(aminom.ethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-

500.6 
( {[ methyl(phenyhuethyl)amino]acetyl} amino) 

phenyl]ethynyl} benzatnide 

N-{(IS,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl)propyl}-4-{[4-

{ {(methyl(propyl)amino ]acetyl}amino )phenyl] 
467.5 

ethynyl} benzamide 

4-{[4-
( {[butyl{methyl)amino )acetyl}amino )phenyl]e 

481.6 
hynyl}-N-{(IS,2R)-2·hydroxy-1-

[(hydroxyamino)carbonyl]propyl}benzamide 

N-{(IS,2R)-2-hydroxy-l-
[(hydrm .. y.nnino )carbonyl]propyl }-4·{[ 4-

495.6 
( { [methyl{pentyl)amino ]acetyl}amino )phenyl] 

ethynyl} benzamide 

4-{[4-
({[bexyl(methyl)amino]acetyl}amino)phenyl]e 

509.6 
thynyl}-N-{(1S,2R)-2-hydroxy-1-

[(hydroxyamino )carbonyl)propyl} benzamide 

N-{(IS,2R)-2-hydroxy-l-
[(hydroxyamino )carbonyl]propyl}-4-{[ 4-

({(methyl(l- 467.5 
methylethyl)amino ]acetyl} amino )phenyl]ethyn 

yl}benzamide 

N-{(1S,2R)-2-hydroxy-l-
[(hydroxyamino)carbonyl]propyl}-4-{[4-

( {[methy1(2- 481.6 
methylpropyl)amino ]acetyl }amino )phenyl Jeth 

ynyl} benzamide 
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I 
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c 

Er.imnle structure, 

'2-J~~x:~ -
' 1262 

y; '"~ 
""R~~~ u .... 

1263 

""\ ""'~ ~u u-
.. ,,.-... J::iu .. 

1264 

-01-?r~-~'·' 
~ ................ 

1265 

~hli-oo O!lr& 

v~o 
.~ .. 

1266 

"" """' ~~~\~"" 

1267 
' 

p~Y-~~ 
i;,e h 

CH, 

1268 

~1'1~ Chrr:tl 

~ U-OH ~~ h. 

1269 

~;y~-OH~~ 
Q~h - 0 

1270 

Name MH+ 

N-{ (1 S,2R)-2-hydroxy-1-
[(hydroxyamino)carl:ionyl]propyl}-4-( {4-

[( {methy1[(2- 529.6 
rnethylphenyl)methyl]amino} acetyl)amino ]phe 

nyl}ethynyl)benzamide 

N-{ ( 1S,2R)-2-hydroxy-1-
. [(hydroxyamino)carbonyl]propyl}-4-( { 4-

[({methyl[(4- 529.6 
methylphenyl)methyl]amino }acetyl)amino]phe 

nyl}ethynyl)benzamide 

N-[(1 S)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxnethyl]-4-{[4-

452.5 
( {[rnethyl(propyl)amino ]acetyl}amino )phenyl] 

ethynyl}benzamide 

N-[(lS)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{[ 4-

466.6 
( {[butyl(methyl)amino ]acetyl} amino )phenyl]e 

hynyl} benzamide 

N-[(IS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-

480.6 
({[methyl(peutyl)amino]acetyl}amino)pheuyl] 

ethynyl}benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoelhyl]-4-{[4-

494.6 
( {[hexyl(methyl)amino ]acetyl}amino )pheuyl]e 

thynyl} benzamide 

N-[(lS)-l-(aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-{[4-( {[methyl(l-

452.5 
methylethyl)mnino ]acetyl}amino )phenyl]ethyn 

. yl}benzamide 

N-[(l S)-1-( aminomethyl)-2-(hydrmcyamino )-2 · 
oxoethyl]-4-{[4-( {[me1hyl(2-

methylpropyl)amino ]acetyl} amino )phenyl]eth 
466.6 

ynyl} benzamide 

N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4-( {[methyl(pyridin-2-

ylmethyl)amino]acetyl}amino)phenyl]ethynyl} 
501.6 

beirzamide 
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Example Structure Name MH+ 

"~n/:~.awm 
4-{[4-( {[(3,4-

dihydroxyphenyl)methyl]amiuo} methyl) phony 
490.5 

l]ethynyl}-N-{(18,2R)-2-hydroxy-l-
[(hydroxyamino)camonyl]propyl}benzamide 

1271 

H,C:x;.H a-.lml 

~v. 4·( {2-[(aminoacetyl)amino]phenyl}ethynyl)-N 'OH OlNH ~ 0 {(18,28)-2-hydroxy-1- 411.4 
.# ' [(hydroxyamino )carbonyl]propyl} benzalnlde 

1272 

~c~ ~ 4-[(4-{[(2S)-2-/ -~ n o aminopropanoyl]amino }phenyl)ethynyl]-N-

""0n 
{ (l 8,28)-2-hydroxy-l-

425.5 

[ (hydroxyamino )carbonyl]propyl} benzamide 
1273 

CH, 

/,y~~ N-[(18)-1-(aminomethyl)-2-(liydroxyamino)-2 ~ 0 

oxoethyl]-4-{[4- 395.5 
H,C-" ( diethylamino )pbenyl]ettiynyl} benzamide 

1274 ... ~ 

. ~~ "'"' 
/~0-~ N-[(IS)-1-(aminomethyl)-2-{bydroicyamino)-2 

oxoethyl]-4-{4-[ 4-( ethylamioo )phenyl]buta- 391.4 

H,C'°'I! . 1,3-diynyl} beuzamide 

1275 /A.-•.- N-[(18~-l-(aminomethyl)-2-(11ydroxyamino)-2 fl 0 

I 
oxoethyl]-4-[( 4-{[(2-amino-2-

410.4 
oxoethyl)amina ]methyl}phenyl)ethynyl]benzi> 

~: mi de 
1276 /,Q,.- N-[(lS)-1-(aminomethYI)-2-(hydroxyamino)-2 I! 0 

oxoethyl]-4-{[ 4-( {[l-{bydroxymethyl)-2-
439.5 

H,c5"" 
methylpropyi]amino} methyl)phenyl]ethJlllYl}b 

enzamide 
1277 HO 

~~I?-- N-[(l 8)-1-( aminomethyl)-2-(hydroxyamino )-2 
oxoethyl]-4-( {4-[(pyridin-2- 430.5 

ylamino )methyl]phenyl }ethynyl)benzamide 
Gr"" 1278 N 

/;;A.- N-[(lS)-1-(aminomethyl)-2-(hydroxyamino)-2 u 0 

oxoe1hyl]-4-{ 4-[3-( ethylamino )phenyl]buta- 391.4 
""'~~ 1,3-diJlllY l} benzamide 

1279 
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Emmnle Structure Name MH+ . 
;;· 'awa 

~~OH N-[(lS)-l-(aminom<ithyl)-2-(hydroxyamino)-2 
0 oxoethyl]-4-{[3- 367.4 11,G"-'~ . 

( ethylamino)phenyl]ethynyl} benzamide 

1280 .. /,c,;_- N-[(lS)-1-(aminomethyl}-2-(hydroxyamino}-2 . n o · ox.oethyl]-4-{[ 4- 354.4 . 
<?' 

(hydroxymethyl)phenyl]ethynyl}benzamide 
HD 

1281 

.I 
l 

. . Nffi... Qllral 

~~~OH N-[(lS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[3- 395.5 

"'°""' ( diethyliunino )phenyl]ethynyl}benzarnide . . . 

1282 

(_ ~~· 
Oiiral 

N-{(1S,2S)-2-hydroxy-1-
[(hydroxyamino)carbonyl]propyl}-4-{[4-

438.5 
l . (morpholin+ 

CN ylmethyl)phenyl]ethynyl}benzamide 
1283 . 

~~·~~ 4-({4-

~ 0 
[ ( rlimethylamino }methyl]phenyl}ethynyl)-N-

396.5 
9H, . { (1 S,28)-2-hydroxy-!-

H,C'N [ (hydroxyamino )caibonyl]propyl} benzamide 
1284 

?x~- 4-[(4-ami:nophenyl)ethynyl]-N-{(IS,2S)-2· 
hydroxy-!- 354.4 

[(hydr(l)tyamino )carbonyl]propyl} benzarnide 

1285 H,N 

9f\. a.... 

( /;;;"" 4-[4-( 4-aminophenyl)buta-1,3-dfynyl]-N-
{(1S,2S)-2-hydroxy-1- 378.4 

[(hydroxyamino)carbonyl]propyl}benzamide 

1286 H, 

/~- 1,1-dimethylethyl 4"(4-{4-[( {(1S,2R}-2-
hydroXY-1- 478.5 

Jl [ (hydroxyamino )carbonyl]propyl} amino )carbo 

,_cf~ nyl]phenyl}buta-1,3-diynyl)phenylcaibamate 
1287 

~- N-[(!S)-I.( aminomethyl}-2-(hydroxyamino )-2 
oxoethyl]-4-{4-[4-{ {[l-(hydroxymethyl)-2- 463.5 

mefuyipropyl]amino} methyl)phenyl]buta-1,3-

"x .. diynyl} benzamide 
1288 
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I 

I 

I 
I 

! 

Examute 

1289 

1290 

1291 

1292 

1293 

1294 

1295 

1296 

1297 

Structure 

J;' ~ ~'OH 
~ 0 

I 
HO 

!:;i-\, Oliral XH . ~ j[ ~'OH 

y~o 
I 

7 i"l °'""' 
ff A OH 

() 

,~ 
~~ llOH 

·-
• Cl'.lrsl 

~ 0 ?N. 
._.J ... 

J:;"' Oliral O H 
N"'OH 

~ 0 

~ 
F 

,,,. I 
"" 

F 

!l 01iral 

~,ex; 

~~OOH 
~ 

"' 

~ 01iral 

?A~ .. H 0 ,,,.. 
,,_ 

~ """' 14,C 0 

°1.. 
/11~-~ 

Name MB+ 

N-[(lS)-1-(aminomethyl)-2-{hydroxyamino)-2 
oxoethyl]-4-[4-( 4-hydro:x:yphenyl)buta-1,3- 364.4 

diynyl]benzamide 

4-{(2,4-difluorophenyl)ethynyl]-N-{ (I S,2S)-2-
hydroxy-I- 375.3 

[(hydro:xyamino)carbonyl]propyl}benzamide 

N-{(lS)-l-{aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{4-[4-(morpholin-4- 447.5 

yhnethyl)phenyl]buta. l,3-diynyl} benzamide 

N-[(lS)-l-(aminomethyl)-2-{hydroxyamino )-2 
oxoethyl]-4-{4-[4-

(hydroxyrnethyl)phenyl]buta-1,3-
378.4 

diynyl}benzamide 

4-( {3-[(2-aminoethyl)amino ]phenyl}ethynyl)-
N-{(1S,2R)-2-hydroxy-1- 397.4 

[(hydroxyamino )carbonyl]propyl} benzamide 

N-[(IS)-l-(aminomethyl)-2-(hydroxyamino)-2 
oxoethyl]-4-{[4- 392.3 

(trifluoromethyl)phenyl]ethynyl}benzamide 

(2S,3R)-3-bydroxy-2-( {[ 4- ( 
(phenylethynyl)phenyl]carbonyl} amino )butano 324.3 

ic acid 

N-( ( 1S,2R)-l-{[(2-
aminoethyl)amino ]carbonyl}-2- 366.4 

hydroxypropyl)-4-(phenylethynyl)benzamide 

1, 1-dimethylethyl (2S)-3-(hydroxyamino )-3-
oxo-2-( {[4-(4-phenylbuta-l,3-

448.5 
diynyl)pheny!]carbonyl} amino )propylcarbama 

te 
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Examnle Structure Name MH+ 

w'OH,. .. N-{( 1 S,2R)-2-hydroxy-J -
[(hydroxyamino)carbonylJpropyl}-4-(4-{4-[(3-

505.6 
morpholin-4-ylpropyl)amino]phenyl}buta-1,3-

0 u diynyl)benzamide 
1298 

H O">ifal 

~;:t;~" N-[(1S,2R}-2-hydroxy-l-( {[2-
(methylthio )phenyl]amino }cat'bonyl)propyl]-4 445.6 

(phenylethynyl)benzamide 

1299 
!l Ollral 

H,C 2 OH 

0 x;~ N-{(IS,2R)-2-hydroxy-l-[(pyridin-2-

~~01) ylamino)carbonyl]propyl}-4- 400.4 
(phenyleihynyl)benzamide 

1300 

( 
NH, \"); Q>lral 

~~ N-(( lS)-1-( aminomethyl)-2-{[(l ,I -
dimethylethyl)oxy]amino}~2-oxoethyl)-4-(4- 404.5 

phenylbuta-1,3-diynyl)benzamide 

1301 . 

I 

H,C~ Ol>al 

0 ~ "-°" N-{(i$,2S}-2-hydroxy-l-

~ 
[(hydroxyamino}carbonyl]propyl}-4-(4- 363.4 

phenylbuta-l ,3-diynyl)benzamide 

1302 

?"i;""~ (2S,3R)-N,3-dihydroxy-2-( {[4-(4-pbenylbuta-
349.4 

1,3-diynyl)pbenyl]methyl }amino )butanamide .,... 
I 

1303 

"~ °""" ' 

( 
O'f" 

I, 1-dimelhylethyl (28)-3-(hydroxyamino )-3-

/;;~"" oxo-2-( {[4-( 4-phenylbuta-1,3- 434.5 
diynyl)phenyl]methyl}amino)propylcarbamate 

1304 

?M.~· N o (2S)-3-atnino-N-hydroxy-2-( {[4.( 4-phenylbuta 

""" 1,3-diynyl)phenyl]methyi}amino )propanamide 
334.4 

"""' I 
1305 

0HO~ 
Chiral 

d~ ~-OH N-[(1$)-2-(hydroxyamino)-l-(hydroxymethyl) 

0 0 2-oxoethyl]-4- 309.2 

F+F [(trifluorome1hyl)oxy]benzamide 

1306 F 
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E:i:amnle Strntture. 

13Q7 

Name 

N-{2-hydroxy-1-[(hydroxyamino)carbonyl)-2-
phenylethyl}-4-

[(trifluoro:methyl)oxy ]benzamide 

292 

l\ffi+ 

385.3 
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What is claimed is: 

1.  A compound of having the formula XI:  

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

Y-X taken together, is selected from the group consisting of 

O

F3CO , 

O

, 

O

, 

O

, 

O

H3CO , 

O

Br , 

ONH2

, 

O

NH2 , 

O

CH3H3C

MeO

, 
O

CF3

O

, 

H3CO
O

, H2N , 

O

H3CO

F3CO

, 

N
O

, N

N
O

, 
O

O

O

, 

NH2N

O

, 
HN

O

, 
O , NF3C , 
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N
H

O

, 

SBr
O , 

O

, and 

 

O

. 

 

2.  A compound having the formula XIII:  

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

R4 is selected from the group consisting of 

(1)   H, 

(2)   substituted or unsubstituted C1-C6-alkyl, 

(3)   C1-C6-alkyl substituted with aryl,  

(4)   C1-C6-alkyl substituted with heterocyclyl, and 

(5)   C1-C6-alkyl substituted with heteroaryl; 

A is H or –CH(CH3)OH–; 

R1 is H or substituted or unsubstituted C1-C6-alkyl; 
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R2 is selected from the group consisting of 

(1)   H, 

(2)   substituted or unsubstituted C1-C6-alkyl, 

(3)   substituted or unsubstituted aryl,  

(4)   substituted or unsubstituted heterocyclyl,  

(5)   substituted or unsubstituted heteroaryl,  

(6)   C1-C6-alkyl substituted with aryl,  

(7)   C1-C6-alkyl substituted with heterocyclyl,  

(8)   C1-C6-alkyl substituted with heteroaryl, 

or R1 and  R2
 together with the N atom to which they are attached can form a substituted 

or unsubstituted heterocyclic ring, having from 3 to 10 ring atoms, wherein 1-2 ring 

atoms of the heterocyclic ring system are selected from N, O and S. 

3.  A compound having the formula XIV:   

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

D-G-Y taken together is selected from the group consisting of 
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R
, R

, R
, 

R
, 

N
R

, 
N

R
, 

N
R

, 

R
, 

R
, 

R

, 
N

R

, 
N

R

, 

N

R

, 

R

R
,   

R

, 

N
R

, 

R
, N

R

, and 

N
R

, 

or 

  

 

 

H3C , , Br , HO , 

H3C , 

N
H

 Cl  

S

H3CO  
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N
H3C

CH3 , 

CH3

, 
, 

S

H3C , 

S

, 
N

, 
NN

, H2N , 

N
O , 

O

, 

O

, 

F3CO , 

H3C , , N

N

, , 

, 

H
N

O , 
MeO

F3CO

, 

O

O , 

, 

N

, O , NF3C , 

NH2

, 

SBr , , and 

 
, 

 
wherein 

R is selected from the group consisting of –CH3, –C2H5, –CH2OH, –OH, –OCH3, 

–OC2H5, –OCF3, –CN, –NO2, –CO2H, –CO2CH3, –CONH2,  –NH2, –F, –Cl, –Br, –CF3, 

-N(CH3)2, –NHSO2CH3, and –NHCOCH3; 

R4 is selected from the group consisting of 

(1)   H, 
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(2)   substituted or unsubstituted C1-C6-alkyl, 

(3)  C1-C6-alkyl substituted with aryl,  

(4)   C1-C6-alkyl substituted with heterocyclyl, and 

(5)  C1-C6-alkyl substituted with heteroaryl. 

4.  A compound having the formula XV:  

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

D-G-Y taken together, is selected from the group consisting of 

 

R
, R

, R
, 

R
, 

N
R

, 
N

R
, 

N
R

, 

R
, 

R
, 
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R

, 
N

R

, 
N

R

, 

N

R

, 

R

R
,   

R

, 

N
R

, 

R
, N

R

, and 

N
R

, 

or 

  

 

H3C , , Br , HO , 

H3C , 

N
H

 Cl  

S

H3CO  

N
H3C

CH3 , 

CH3

, 
, 

S

H3C , 

S

, 
N

, 
N

N

, H2N , 

N

O , 
O

, 

O

, 

F3CO , 
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H3C , , N

N

, , 

, 

H
N

O , 
MeO

F3CO

, 

O

O , 

, 

N

, O , NF3C , 

NH2

, 

SBr , , and 

 
, 

 
wherein 

R is selected from the group consisting of –CH3, –C2H5, –CH2OH, –OH, –OCH3, 

–OC2H5, –OCF3, –CN, –NO2, –CO2H, –CO2CH3, –CONH2,  –NH2, –F, –Cl, –Br, –CF3, 

-N(CH3)2, –NHSO2CH3, and –NHCOCH3; 

5.  A compound having the formula XVI:   

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

D-G-Y taken together, is selected from the group consisting of 
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R
, R

, R
, 

R
, 

N
R

, 
N

R
, 

N
R

, 

R
, 

R
, 

R

, 
N

R

, 
N

R

, 

N

R

, 

R

R
,   

R

, 

N
R

, 

R
, N

R

, and 

N
R

, 

or 

  

 

 

H3C , , Br , HO , 

H3C , 

N
H

 Cl  

S

H3CO  
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N
H3C

CH3 , 

CH3

, 
, 

S

H3C , 

S

, 
N

, 
N

N

, H2N , 

N

O , 
O

, 

O

, 

F3CO , 

H3C , , N

N

, , 

, 

H
N

O , 
MeO

F3CO

, 

O

O , 

, 

N

, O , NF3C , 

NH2

, 

SBr , , and 

 
, 

 
wherein 

R is selected from the group consisting of –CH3, –C2H5, –CH2OH, –OH, –OCH3, 

–OC2H5, –OCF3, –CN, –NO2, –CO2H, –CO2CH3, –CONH2,  –NH2, –F, –Cl, –Br, –CF3, 

-N(CH3)2, –NHSO2CH3, and –NHCOCH3; 

R4 is selected from the group consisting of 

(1)   H, 
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(2)   substituted or unsubstituted C1-C6-alkyl, 

(3) C1-C6-alkyl substituted with aryl,  

(4)  C1-C6-alkyl substituted with heterocyclyl, and 

(5)   C1-C6-alkyl substituted with heteroaryl; 

6.  A compound having the formula XVII:  

 

or a stereoisomer, pharmaceutically acceptable salt, ester, or prodrug thereof, wherein 

D-G-Y taken together, is selected from the group consisting of 

R
, R

, R
, 

R
, 

N
R

, 
N

R
, 

N
R

, 

R
, 

R
, 

R

, 
N

R

, 
N

R

, 
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N

R

, 

R

R
,   

R

, 

N
R

, 

R
, N

R

, and 

N
R

, 

or 

  

 

H3C , , Br , HO , 

H3C , 

N
H

 Cl  

S

H3CO  

N
H3C

CH3 , 

CH3

, 
, 

S

H3C , 

S

, 
N

, 
NN

, H2N , 

N
O , 

O
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O
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F3CO , 

H3C , , N

N

, , 



 
 

 305 

, 

H
N

O , 
MeO

F3CO

, 

O

O , 

, 

N

, O , NF3C , 

NH2

, 

SBr , ,   and 

 
, 

 

 
wherein 

R is selected from the group consisting of –CH3, –C2H5, –CH2OH, –OH, –OCH3, 

–OC2H5, –OCF3, –CN, –NO2, –CO2H, –CO2CH3, –CONH2,  –NH2, –F, –Cl, –Br, –CF3, 

-N(CH3)2, –NHSO2CH3, and –NHCOCH3. 

7.  A pharmaceutical composition comprising a compound from any one of claims 1-6 and a 

pharmaceutically acceptable excipient. 

8.  A pharmaceutical composition comprising compound from any one of claims 1-6, a second 

agent, and a pharmaceutically acceptable excipient, wherein the second agent is an antibacterial 

agent, an antiendotoxin agent, or an inhaled non-antibacterial agent for the treatment of 

respiratory tract infection. 

9.  Use of a compound from any one of claims 1-6 in the manufacture of a medicament for 

treating a bacterial infection. 

10.  Use of a compound from any one of claims 1-6 in the manufacture of a medicament for 

treating a bacterial infection in conjunction with a second agent, wherein the second agent is an 

antibacterial agent, an antiendotoxin agent, or an inhaled non-antibacterial agent for the 

treatment of respiratory tract infection.  
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11.  A compound from one of claims 1-6 for use in therapy. 

12.  A compound from one of claims 1-6 and a second agent for use in therapy. 

13.  A compound from one of claims 1-6 for use in the treatment of a bacterial infection. 

14.  A compound from one of claims 1-6 and a second agent for use in the treatment of a 

bacterial infection, wherein the second agent is an antibacterial agent, an antiendotoxin agent, or 

an inhaled non-antibacterial agent for the treatment of respiratory tract infection. 

 




