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WD 2009/ 064414 1 PCT/ US2008/ 012706 TI TLE
BETA- LACTAMASE | NHI Bl TORS CROSS- REFERENCE TO RELATED
WERWRIGATI ON 5 This applicati dn clainms the bene€Twss/012706

U S. Provisional Application No. 61/002,797, filed

Novenber. 13, 2007, which Ls_incorporated by reference

inits entirety. FIELD OF | NVENTI ON 10 The

present di scl osuBETALLACTAMASE-IRMIBPKORSNI ¢ aci ds and

their derivatives which act as inhibitors of

bet a-| act amase enzynmes. BACKGROUND OF THE | NVENTI ON

Ant 1 bi of iR RE RPRICE TOPRELAGED MERITIBTGHA "0
acteri a- crrircarty. ey have

a Wirbis application etaitnBethe bathefinbBYeS. Priovigisishl Appllcatlon No.
i bacterjal effect, and_limted side effect.

a ng
613021757, el Navermbesris; 80871 Whchis dlocRaraled by referende in its
enﬁ}Ey‘”ll'nS cephal ospori ns, and carbapenens) are

ely used because they have a very strong
bactericidal effect (by blocking cell division) and

very low toxicit t ficacy of the
varl)/ous bet a- Iac%/ E'&Eq-D‘&FCI'l l?\['\l—é"g?gs&' ved yto

pr ofiHE 9ré@ntaﬂ§éogueh@taaeé @&haémﬁ\%%rvatdcm ST HES
call ed beta-lactamases, and in the ability to share

denvgtives wdiich actas nﬂnbllwrstqfabeé@dmtemasemztymsd spr ead
of this nmechani sm of bacterial resistance can
severely limt beta-lactamtreatnent options in the

hospital and i BACKGROUND OF TIHEURVENTI@NSES are
typically 25 grouped into 4 classes: Anbler classes A

B, @t'tﬂﬁ cwr%ﬁ@e@%heﬁﬁ@we dimgsdor auling bagtesiaciaectious

dlsgg%é@@ FTBSE ﬁ\I\ﬁ FQVId as SIQg?B%Ztﬂ%FF a \Nﬁiéﬁssged&%

antebacm"al eaﬁedt Iar:mtisllrhlted{ sl dszectar/!a'nong {prebdmbctdm\mhblotlcs

I'gener tion C {?halo%i@ [Pns and cgl enens were

(forRXAnBlge REPIS 8lPSHeTinRcARd sBrhanapems)arg yddelysused

bec%?f%%tthé?tﬂa'@@ aeflérgcsttrd?'fg lt)gkﬁeﬁgd%ﬁéﬁé!cts(ﬁ 'H@cl@iﬁ? &4l division) and
bet a- | act anmse ri ants. However, ge In

vemémwtmecﬁyons of serine-based beta Iact amases-f or

(FaEB Fuls Tis Crigasy BT ihe yARS R hefR-EE s, o 8RaGayp evolved

to ﬁbﬂgﬁ@ﬁﬁﬂﬁhtsaéﬁbéiéﬂééfbﬁ] gegttlatiflg dr§mes called beta-lactamases,
hal OS‘E){;H nases nmpC, CMY, etc.), "and Cass D

and)ma@ﬂabl deshase tfu&@@m interdand Htehspeeiest iThetrapisk sprgad of

thlsvme%@ R(sﬂ?éf&éct%ngggs‘%‘?g@gé%gﬂr%gggrelyzﬁﬁ'\ﬂ A&%Ilggpam treatment

ant1brotic i NC € hore r ecen
optpmseandhé h@sb&alaaﬁdmt then community. Beta-lactamases are typically

grouped into 4 classes: Ambler classes A, B, C, and D, based on their amino
acid sequences. Enzymes in classes A, C, and D are active-site serine beta-
lactamases, while class B enzymes, which are encountered less frequently, are
Zn-dependent. Newer generation cephalosporins and carbapenems were
developed partly based on their ability to evade the deactivating effect of the
early serine-based beta-lactamase variants. However, a recent surge in newr
versions of serine-based beta-lactamases—for example Class A Extended-
Spectrum Beta-Lactamase (ESBL) enzymes, Class A carbapenemases (e.g.
KPC-2), chromosomal and plasmid mediated Class C cephalosporinases (AmpC,

CMY, etc.), and Class D oxacillinases—has begun to diminish the utility of the
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drugs, leading to a serious nedical problem Indeed

t he nunber of catal ogued serine-based beta-I| actamases
woa®esgalioded fromless than £en in the 19703 POT/US2068/012706

300 variants (see, e. g Jacoby & Bush, "Amino Acid

oo SSRGS 5Pt J ot e B R et

drugsi Rigdingesa setioud Mfedieanmobieth! Yndesu lh%brhlﬁnber of catalogued
bet a-l act amase i nhibitors (cI avul ani c ac

sering- baw@heta-méﬁwawe Qsi@@'eﬁr@'péa8$ Hﬂaautﬁne@sthte H®70s to
oveiRIVARRTESER € B7yacky 3 6Lt it AGH eitiorlcls ISCTEM,

SHMW@md)O)Oﬂ\ Extsredeni.8peetplie amd Inkalsitdri R&ismh’ﬂplrmtamases on the

penicillin derivatives. No conbinations with
La'&%b P'G%%t?&?'@ (or car bapenens) have been devel oped

or #h& c%Hrﬂéﬁf?éll 'IéaQJefa IaHHrﬁa§é‘ﬁ{hlblfd?Egizlﬁ9glaNé Bcid,
the i'ncreased use newer generation ce ospori ns
sulbactaoa rtbapizacian) werec&eveulopgad tocaddress the betaalan:tapaeasithat
of the new bet e v ts (ESBLs
weis,higahcig et in Bie 0TI et Msdent Rencilinaspsk, Jhese
enAJné nHibitérsawe aﬂaﬂé@l@' only RR¥R&d &rfibihati¥hé With |é)enlcﬂlln
mai ntai ni ng good inhibitory activity against ESBLs
dernivatives g by combinationsavitts eephalpspeting @raxeébam@%ny) have been

oeldISHESH BIEARAE ARG, B2 ArFABABER R fieaseo ueo

of AREBGOsHatibn ﬁaﬂiﬁ@onﬁg andsdarbapynérhs! Redriviieg thdselection
oxaci Ilnases o0 address this grow g therapeutlc 20

ang gprRacef therew hetrslackanasavapantst ( | CRERIRRRQMAases,
chr’lpunc%?ilrﬁéir c{]ylﬁtscfﬁ@ &Y, §1e 8ss ¥ a3 d@%@aé@ | n%:'égléttcé)r' S’While

onal | nove oroni ¢ acl base
maiteainindg gdoth éntebitoycabtieiy aghirst 3Bl lthe teghcylsstadactamase
Qroni c |d Qon# nd to .i nhj b|t a beta-| act amase

inhibitorsare, gelyé@ﬁ ‘F&Hﬁet Qpin dieyiass fy carbgpgnainases.
agglnggt%e@ﬁoﬁio%?h% %%db;ﬂéé’mllcf‘ﬁ‘éﬁﬁt%ﬁ C|%§S 'G‘Bé&ﬁél@&éor‘iﬁhﬂes and

target AnpC (fromclass C). Ness et . (Brochem stry
againsuMang Of 3izd Tlagy D@)ﬁdllMSbeT@ahdrEMQ&egnm\hn@Khenapeutlc

that, .t.arget TEM 1 L TEM v nt from cl,ass
vl ST o Repraths Pary De et e i Py e BSCRE d8V8ioped
with #¢badrepectram fARERInallBE C THBIVREbBrdHI® atitl s dtRinBibitors
mol ecul ar cl asses of serine- based beta-| act anases,

de%mti)e@afwem addiess thisavedicabBeedi n si gni fi cant nunbers

FJ?.etb? %ér%%ﬁ@%ﬁ@%@ém & inhib¥ :?b%} L& Fém?gg e?&gr%e has

er o) anmases 1S un

beériﬂ Brrmpdutﬁdr esainysle, Ut&rrdteneNo. T2 71,186 a!rsdldaw laéta\/lactamase
devel op bet a- | act anase

mhﬁ}l@&%tfﬁiéefgqyrﬁma%}’rpmqs'@ﬁ%&) \M?%@b?”o '@E'Z,e@'Sth (2000)
39.5???%%%8&&7 Bgta @%@B{or mﬁ itdrs thYERIF SO EERNe1 @5 RBARLESBL

or ‘a conpoun
TEM variant from class A, one of apprOXImater 140 known TEM-type beta-

lactamase variants). Because there are three major molecular classes of serine-
based beta-lactamases, and each of these classes contain significant numbers of
beta-lactamase variants, inhibition of one or a small number of beta-lactamases
is unlikely to be of therapeutic value. Therefore, there is an imperative need to

develop novel beta-lactamase inhibitors with broad spectrum functionality.
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R 12 Y1 Y2 R R3 BX1X2 wherein R is -C(O R4;

-C(O NR4R5; -C(OOCR4; -S(O2R4, -C(=NRARS)R4, - 5
w@toobiRe ) NRARS, hydrogen, or¥is sel ected fronP€TEsS2008/012706

group consisting of: (a) aryl group substituted with

fromO to 3 subs = he group

consi sting of hyth 2 F yt, cyano,

t hi Ohe aspekf fof aawn@bomd bﬂ!h@ foﬂﬁhlaenal Iy

substituted: alkyl, cycloalkyl al koxy, al kenyl,

al kynyl , aryl, heteroaryl 2he¥eroqyc|y| arylalkyl,

aIkyIaryI, 10 heteroaryla%kyl kylheteroaryl,

cycl oal koxy, heterocy % Rgxy, heteroaryl oxy,

am no, carbonyl, anlnotarbon |, oxycarbonyl,

am nosul f onyl , sulfonyl gu |no, sul fido, and

sul foxi do, (D) heteroaryl group?substituted with from
whéreiPR3 |§HQ$D?RMG—UI(®)NN4R§U£IJ(O)©@J ES(O)RE, W(EMRsRs)R4, -

consi stin droxyl, hal ogen, carboxyl, cyano,
C(aNﬁid%a)N&g&sOhyctros@ndor is.aelected fegm thw Sreyp §9Ib°d§ﬁ'mmpéd

| k
ﬁet boar yP, 8@%%%%83}@{1@%W%¢? hFEX{) 3 ?ut%%ﬁﬂ])/énts elected from
heter Oarmleagl;doyab camisistingesfdryaaoml, hamgéﬂﬁd:écbpxyl cyano, thiol,

het I . het | oxy, ;
car bony! Sulasvassbatiaionpelonghiaitafyed: SV Sycloalky, alkoxy,

am nosu|£|RgM L a YR heteRgaI, Haterotybiyl, Iai:'kn alkylaryl,
) ﬁ fﬁ:‘? o%g St Wi th

sul f oxi do, eteroc 'group
fromO tbetéreaﬂy!alkylualkylhememlemyclcﬁalbnxy h’@tgmuplyloxy,

i sti fh hal boxyl.
Chiol - samigi BeRBANon A ES saERmE otV oo
al kyl , CH)@&%BWI; aﬁ%@é%@hyl s@lf&ﬁ*‘l}’buaﬁhhﬁ?)@ulﬁd@i ¥ind

heteroaryl heterocycl yl, arylal k al kyl aryl ,
het eroar?llﬂﬁmm,, al kyI het eroaryl, cycl oal koxy,

het :))ocyﬁét)él oglga[ 5 lﬁstltﬁgb%lﬂgf%hoﬂo Baéﬂtﬁ? yents selected

carbonyl oxyca am nosu

sul f onyl f,rog\um@ ghoup, corswthgd;cf hyam‘k;& uhdlogéen marsaxmcy@no
hydr ogen, is selected fromthe Iglzjroup consi sti ng
WD 2009/6’&'4&!4' fonipae)d spifate. ©PHons %la'ystttﬂteésaﬁwk;ﬂycloalkyl

gny car beRoRY, MREMN, SRYnPE arHPRLeFSUGH Rl EIGMabyibfkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl “aminosulfonyl, sulfonyl guanldlno
sulfido, and sulfoxido, and _ '

(c) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

“heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,

sulfido, and sulfoxido;

R, is hydrogen, or is selected from the group consisting of:
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substituents selected fromthe group consisting of
hydroxyl, hal ogen, carboxyl, cyano, thiol, sulfonic

waceiod/oesd f ate, optionally sfibstituted: al kyI PCT/US2008/012706

cycl oal kyl, al koxy, al kenyl, al kynyl, aryl, 5

et 02T 1 oRSHA S5y hon BF b pBI4RRGNb win rom 0103

het er OCY%NétQWntsade!éétéM frome e g&mﬁ @anysustuagrbﬁnydroxyl
car bonyl, am nocar bon oxycar bon 'é am nosul f ony
Mc

sul f onyl ha@gsm aamxyéﬁyanenml%w aid, éﬂlf@ﬂﬁ%eoelor@'ly

ot 11 do, SSRRUIEEE SB0A cvRlpgly R AT, Aoyt any

car bon ohetdnoaliyl dwtehm:ysbjbsirylbmwlkvlaiyl fheterodiykatky8

e Sl Sk S R deooon
acid, sul é?BBhﬁn?@lﬂo?a?HQlﬁil ﬁc%}g?g*lﬂhmosulfonyl,

cycl oaI kyl, oxy, ,
het er oar ylulfomét@uamg!mbybxylmuyd) awhe]eln anykof theyC 1-C6 carbons

het eroar | al k | het er oar |, oal k

et or ooy SPPPERS PaEFg Ay oinap Abyb oY fidS i aoxido,

car gyny| C3a07 RgeRANGMbhy carysRbP@RAKh caiTbe aawkiitfed with from
sul fonyl, guani di no,” oxyi m no wherein any of the

carbons 8o Breubsiifueniaskigcted from thaw@rrouprmnsuswgdvféwdroxyl

hed f I
ai d oy RRAEsPREEE byl §tisie SR e Bpforiany
aryl grogpbstitteid: ikyt tysidakylr SIRbRY, ta:k@nys uﬁkymyluarw S
sel ected from the group consistin
hal ogen, hetareany; hetesoeyslyl, @arylaikyl, aﬂ'@('?%l Qetgtqauylalkyl

| f at A I
zlukoiy? I‘Rpﬁiené'r?) ﬁ%(?/:%lk&ﬂ? %teﬁic?}f' y‘rét'ﬁ@h}(meteroaryloxy,
het er ocyatmymo, cmrbbaylkah*mmmddmbaylybxyc%bonyl aminosulfonyl,
het er oar | k al .kyl het er qar cl oal koxy,
et or oy alygudhidiion 2syiiae WHssEY ot e Gasbons of the
car bonyl ¢y dghIRQ %ﬁr&her VPRI Rttt fbot?nké'(rfeeﬂbﬁ the

sul fonyl ,” guani sul fido, and sulfoxido

het er oar molgrtdapomnﬂsﬂ part efisaidtaxyimine group, sulfido, and
substituglr}lﬁ ‘iel ected 30 fromthe group consisting of
hydr oxyl ! car boxyl, cyano, thiol, sulfonic

aci Tt SUéfy@bﬁou@@ﬁb@tﬂﬁiéMﬁNhﬁﬁ Ultb@su@étkdl’énts selected from

ﬁgf e?gla%e gwpef%{%ﬁim of nf&@wéylkgalogeal &31bgkyl, cyano, thiol,

E:E :: 8?;#@%3 lamoalslﬁ?fgféetoﬁgﬂﬁéel?@osatrj %4@%%@ gﬁg% ycloalkyl, alkoxy,

car bonyl alkﬁ@jlz@Mﬁ#ﬂ%été?ﬁﬁ?wﬁﬂﬂéﬂjd%@V,erylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
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am nocar bonyl , oxycarbonyl, am nosul fonyl, sulfonyl,
guani di no, sulfido, and sul foxido, and (e)

wheaeneryL! i ¢ group substitut 8d with from 0 toPGI/US2008/012706
substituents selected fromthe group consi sting of

hydroxyl hal ogen, carbox ano suj fon

oo L uprieacHtBRhy o Ry ed bes Bgesdion. apirorvl, o%8nfino,
cycl oal kyhlfudoabh@wlfoﬂhbeaua al kynyl aryl,

het er oar eterocyclyl yl al k al ky Iar

het é&)oar Eewrawchcamyp Iselbehf@lé&q/w ﬁdmdhtd&sygstltuents selected

1 Sor o g i 5P P, gy, proro

sul fonyl thiglyaaifehit acidl Gutrsle, prﬁ@nWé@bétltaféd @ikyu hgycloalkyl,
carbons of the heteroc cli crﬁmoup other than the one

at t achedatkexy nalkeayt aHﬁVth@ h@w@ybmrogyclybﬁwlafkyl

sai d oxy | £ is an

aryl or h@e?&'a!’%&‘é?%%f‘@ugg‘?ﬁég?@% ?%H&r‘"ém 'to 4

subst i t unetesoyulyloxy arscli)xtynbem‘roarlyb)qubmmcb uearbenyls a
hydroxyl or. amB %roup I cat ed at tlﬂte?d\ |t| on L

rel ati ve2lRGHPLGRYuBXHH 8PY1|r AgIRas V{{Z"’U foRyl. guanidino,
wher ei N bRGNiIRINHEE® rﬁ“@ﬁﬂwgtéﬁ%éﬁ? of ﬁécycfég&u%ﬂ%p other

t he group consisting of "hydrox
al koxy, tiaoetingl onendittgched tcaﬂneme,st afrlhmatdmtqbompnse part of

carbonyl m nosul f on |, aryl oxy,
car boxyl 3 ?Qﬁﬁ@“rEUQF%EPﬁUhﬁﬁa ééH"o g%eroaryl,
heterocyclyl , 20 sul fido, sulfonyl, sulfoxido,
sulfonic acid, sulfate, and thiol; R4 is selected

R3 fs amenH @r detenoad igseup istgstituteq with dronarictosd Rybstitugnts wherein

on B B €3BT A B K003 o 3 potion

relditivdy toxtiik ,grdap ltahtgsing taamd xy) andlmmelntthe(iémafwhéonl C
acid, sulfate, tionally substituted: al

SU P 187 SelFiokes) JomhiNe-SAALP GNalaiA of oy, alkyl, cycloalkyl,

alkﬁfi lie&y! albglyleé&%{cﬁ e?fhrno%}ﬂ&yfyéaggg{'n g%aﬁﬁﬁfésulfonyl alkylaryl,

eroaryl a et eroar
aryheargloolyymmbmylypqu,lgnqmdihet ealogen| beteroanyl, rire,terocyclyl

rbonyl nocar bo 0X b nyI nosul f onyl ,
Su'ﬁgo's%q%gmlsmlfﬁﬁ'gﬂr EVI%'C@QVY k@ Petﬁl?l’any of the
Cl- C10 carbons conprise part of said oxyimno group,

sul fido, and sul foxido, (b) C3-Cl0 cycl oal kyl any
R isaseJentediiramitba gsewp bensistieg of:ut ed with from 0 to 3

oSSR (RS MO GRSl psom oo

aci d, suBfsabetitueptd sslacted Yémahe r@ﬁ?%ﬁs@tmg of hlydroxyl
PCT/ U82008/ 012706 substituted: a cycl oal

al koxy, BalRERDI carboryhgyana thiol, sulfonlc acid, sulfate optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,

heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the C1-C10 carboné
comprise part of said oxyimino group, sulfido, and sulfoxido,

(b) C3-C10 cycloalkyl any carbon of which can be substituted with from
0 to 3 substituents selected from the group consisting of hydroxyl,

halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
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wheweneryL! yl oxy, aryl oxy,

heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
het er oaryl al kyl , alkylhetergaryl, cycl oal koxy,

eroaryl oxy, ani POI/US2008/012706
car bonyl , aninocarbonyl oxycar bonyl, ami nosul fonyl, 5

oul ony! sy MR, o D ROHT Ak bl o

at t achedhéterbas!l, rrfétérdz;fycfyhearyﬁmyqacalk;aammte&sarpmm of
sai d oxyi m no group, . and foxi do, (c) aryl
group subkylhetereani eyclealsaxy hefemayglylxy, gerexy, heteroaryloxy,

sel ect ed,f i ca}poﬁ@eaﬁﬁr%%]r%ﬁﬁ' Yﬁ?b% h}é@fugéé/dlfonw,

hal ogen, “car yano

sul f at e, s@ltdnybrgahémdmubskymuh@dvhaéinyény ow]leowérb;ahs of the
al koxy, al ken al k het er oar

het er ocyEY%}Palkgkgr her th ¥1§rcgne attq:@eé:r tehthg reskof the
Yot RIGREENE ol QAP Y saliBHAMKCGHL B bulfido, and

aryl oxy, heteroaryloxy, am no
am nocar salfodido, 15 oxycar bonyl , am nosul fonyl ,

sul §f onyl uani di no u ldO

het ¥ oar éiﬂgF%S%ﬁ&Pﬁ‘{M’gH‘f tPls}o %e@s(se}e"ted from
substi t ughef grotl &Hs‘i’éimgféfqurB?ylgﬁé’IBEeﬁOeéﬂb‘b&yr‘ﬁy%o thiol,
hydr oxyl, hal ogen, carboxyl’, ano, fonic

aci d, sustlfonic ajst, isuifate, ;@pﬁgba suh&tdiuteall Iayqyl cycloalkyl alkoxy,

cye 021 gl BBy by Bl on, s,

het er oar Mé@rbﬂﬂyial@lkdﬂkbmb@émfw cyclyalkery, tt¥rocyclyloxy,
het erocycl | ox aryl oxy, heteroaryl oxy, am no,

car bonyi ary OBBAXY. asRINSaERLINY!, aminesatiaryhy | |

sul fonyl n ,

(e) heter oy%/é?pl C lg?@d%&éud%sn FtstfBﬂylwﬂpéﬁgﬂr orh (@[H% %%d
substit ueluifcs(lda@,l ected fromthe group consisti ng of

hydy oxy hal o car n sul f oni

aci {ﬂi? h@tglr%al%gg[q %%Xg@gﬁl% ﬁpgab %k%bstltuents selected
cycl oal k , I

het er oargﬁjfn tr?gltégr%ggycﬁ 5@’“ o l?d'fdiw haéllég%,a?ayrf)?xyl, cyano,
het er oar thicl| RlyllaniaIacjd mfatmapybnamsmwltkmdy alkQ) cycloalkyl,

h yl h
net oSk e R, 35 AR Ykl s
sul f onyl alkglaayi Héfé?oary‘lﬁWl”hlk?lH@@b@'rﬂ @i&oﬂko{('ﬂ

e one

carbons of the heterocyclic group other " than
at t achedheleregyclylexy, asyloxymeheatereanyloxycamme.searpanyl, of

o0 AT ARy, B SHA) Sl uaniane,

sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbbnyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;
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wheoosibsitd tuted with fromoO t

Rs v RGen o748 Sllectel fom P gRlp coffl

R5 is hydrogen or is selected fromthe group
consisting of: (a) Cl-C6 al k%I any carbon of which can
subst i t uent SPGEUSINE 12706
fromthe group consisting of hydroxyl, hal ogen,
| fani c acu% Ifate
'89 al koxy,

al kfa)yl , CALBB Akyl adlyWarboh oF WHIGH ¥an bb@wsqﬁnédi With from 0 to 3
aryl al kyl, al k Iaryl, het er oaryl al kyl ,

al kyl het éul@%trtyentsaﬁiwaﬂ K the, sruEgRSistinggf hydroxyl,
aryl oxy, @?'hoeé?ﬂo xaﬁg' ol glﬂfcf?ﬁ@)él:‘d sulfate oRt|?naIIy

am nocar OXycCa am hosu
guani di neubsmutem @mmmmmksﬂnalkof(ytmber@a Qk@nyiaaiy@ns

sulf §Q‘f’ S terBa YAt sy b AR A kA TP BroAMEU.
can be sy Wgﬁt#‘r‘ﬁgﬁyl%%aoélggg} s%tg%%FR/m gwﬁw,sheteroaryloxy,

sel ect ed
hal ogen, armmdncoqrbonyiyanmoaarbohyl emydarbbnylaa'rrdnosulfonyl

2%23;% ﬁﬁlﬁi’m’{]&%{ﬂ@ﬁ;g%'ﬁ'm eqﬂa{qe%/rg{ gﬁﬁ 8‘?'(96 tarbons
het er ocyghu nsérddr%iké/éld oﬁb#ﬂlhﬁrg%fbup,hﬁﬁlﬁdi@aéryd shilfstido,

al k Iheteroaryl cycl oal kox erocycl g
ar y{b)xy CheCéicyaloplkyk any canbcm)of w@nqjmgn e substituted with from

o B A e L o

cycl oal Kihlogenypamidxgl, ciyans, thivsl, Sulfora¢ hai) edIfate, bptonally
rest of the 20 npl ecul e conprise part of said oxylmno

group, sB¥bstietedaakkyl, sqypmlksdoalkezsy alksnylgalkyipyl, aryl,

substi { uheflribivh AAaBohP oty BB dikyIERI el Ef efkyi,

from the group ’'consis ogen;

car boxy! alkglreteroatyl] c&'cloalkukw dmteranyblylowubfﬁbw heteroaryloxy,
optional | é] subst | tut ed al I% c cl oal

L Eé al koxg/
al kenyl , 'P(?ﬁrﬁﬂr oRyly AMIRRG BﬁYyPXy‘Wé PYe PR1IGPS quonyI
aryl al kyEulfﬁﬁyé@MHlno B%l%flﬁé‘%ﬂéb#\yény of theycarbons of the

al kyl het eroaryl™ cycl oal koxy, heterocyclylo

ar yI OXY, leoelkvlbgMupmheathandheccmdaathgd:hed to the rest of the
m nocar borf% le cQxysar bonril am nosul f on su fon¥

guanl di ng'° ?H?l QB PTRL2 8T§%'>g|%'m§t9 Q%’)ubhgf' F8a W

group suggifoxigbed with fromO to 3 substituents

sel ected fromthe group consisting of hydroxyl,

hal Gden, athgFyHy subshtdies! with fijosn O th.a $l¢bﬁtt§uear¢ts<§elected from

Z lulkg)e:;e t éﬂo%?)%drfé@tﬁ@féf’ I‘y&r?)%?l %IQS%QY g%fl%lo%l Wgno thiol,

het er ocysuilfdnic ab}d alukfzte, opabhallwsubstltheﬁeen@t Ydyeldaikyl, alkoxy,

al kyl het erkggw alkyn Fla?yl heteroaryl heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) hetéroaryl group substituted with from 0 to 3 subsﬁtuents selectéd
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
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WO 2009/ 064414 8 PCT/ US2008/ 012706 heterocycl yl oxy,
aryl oxy, heteroaryl oxy, am ng, car bonyl ,

wapimoerrbonyl , oxycarbonyl, dm nosul fonyl, suPdDOy1008/012706
guani di no, sulfldo and Su|fOXIdO and (e

Cobet 1t Bl QiR i, hekry b BB Farbeny. of

hydr oxyl amiebszgbonylcax bbnglcﬁﬂﬁ@osulfdh'ymsulfablylf gobAidino,
acid, sulfate, optlona |y substituted: alkyl,

cycl oal k§m|f'd°a¢%§ylf0>aﬂﬂeﬂw, al kynyl aryl ,

het gnoar yly r e Yri sf?l‘h\/édi Kfro [y ﬁ@ﬁ%t\tuents selected
gelr)oary 5 @f %‘}éy he rp

het er oaryl,

het er ocyfromi tbveygroap}dows}stlngedfmwaWI dxaogem afarboxyl cyano,
car bonyl , . 0{53]?1 nocar car

ani nosul QUERS ISu @t?alﬂp PHB %’-}%ﬁftmeﬁ’oa\'m&%'icwa'ky'

any of t r 0 e
Chan theQ’S‘ﬁ%?a%‘Eﬁ CaYAT, AEVROBKGVE HRACHE O Brviaty

conpri seakkalarylohetesraa[!ﬂaikw aikytheperoapy!, sydldaldoxy,and

| foxi dg;, 15 X, and dependent | y_hyd
Pl ogen, NRIGHSE/NERTHioR AR SRS CBERY her

X1 and Xgmi r%dﬁr@oﬁy?lcbkycéiﬁbﬁg Qﬁfu%sum £ stiffody(C BabRidino,
or ring contains from?2 0 carbon atoms and,

opt i onal PYyYIMin@ whereinganyoeikthattarhorsaf thesheteragyctie ggoup other

am de- writED e B atinehio R 5oL BEE Mokl foBr8g partof
car bon agaidroxgirdincogroupnaliifido, én&saﬂokiab,eroatorrs whi ch
can be 0, N, or S, or when taken together X1 and X2

forma cyclic boron am de-ester where said chain

: 888978 ORI RO BB B8 i oPunen
takendegé¢tber Xo ranndaXz foyel a cyclimporoinezsteswhere sag chain ar neg
3 heteroato

ofipireTa o8 cARoTAtogs 2Rl Sehanallty i roAiamsdhich can
be @?‘FREbr §Jor%her25al€iid‘fé§)éthé?rx1>@n@§(9 f&¥n 'éct%h@ Bord® éPﬁlée where

cyc iC rlng wher e sai rnng contains 3 to car bon
said chai andng epotaimmafrom 2 to 30earben atems and, optlomilyoé -9,

-1 d [, h
netkroed Wit (A O it e adh BFER eB 0t X cng & o o
cychig Bopsh b)ﬂldeaiwmmen’é é@ﬂ)dhalrﬁbéfmalﬁs fror%OZ-QUldwbon atoms and,

am nosul ony am nocar ony , _carbon

optignally, Ind/hefeyoatersmwRigh, Cafb%n% N.rer %gca,fr?& ﬁe@ &ﬁagwher form a
t O, I
oy BE ALt I SISl G KallPqshiL A by, 1
hetetasatomslr\fhlcbrdaaéi h;}e Qg N, rcnrﬁ Barimlcﬁxz ﬁahwmxwt haBJ@mdNRS‘tRs, C1-C6
opti o 1 t e[ oat ons i.C an .. N, or S;
alk G 5800, ¥ 3 10U DID B GRE WA BrGahese S HNG comtaiBbB o 10
carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S, and X; is

hydroxyl, halogen, NR4Rs, or C1-C6 alkoxy;

Y1 and Y; are independently hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
amino, aminosulrfonyl, aminocarbonyl, carbonyl, alkylaryl, aryl, aryloxy, carboxyl,ﬁ
cyano, halogen, heteroaryl, heteroaryloxy, heterocyclyl, sulfido, sulfonyl, or
sulfoxido, or taken together Y4 and Y, form a cyclic structure containing from 3-12

carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S;
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provided that, when RL is -C(OR4, R2 is hydrogen, R3
is a phenyl group having t substituents consisting
w@booa/obwsdt oxyl at the 2-positPon and a car boxyPCTUSZN0EI012706
at 5 the 3-position relative to the group containing
Y1l nd Y2, X, and X2 are hydroxyl or X1 is hydroxyl
oraRa %ﬁeregfrepl aced by the ortho-hydroxyl oxygen of R3
such that a 6-nenbered ring is formed, and Y1 and Y2

are %ldro gen, R4 is not wunsubstituted Cl1 al kyl. 10
proxjdacdiBat. auhen R1iis —C40) B fRalsthivsogeras iscaphenyt geup having

QBB ool Rl ABDIOL B, SYEBGIh 353 Bmoxyiic acid a

one or~nore am a I'CS

the]gmpoﬁntuontreatlpéaom?gmmm ebhtairdeg erptaarhil ¥, 0%y amdk X3 .aré hydroxyl
urtner aspect () or a arnaceutlca 0OSI
or Xoispiapxy:and2 bﬁqr@pléaﬁe the-g %théF&O)EM?§ ms%rée? Rs such that

a G%Q%er ?qlng% f&rr‘ﬁec?r HB a\’zr@r‘"eerydrsgéﬁ,i ?é not

accep arriers. |t|onal spett

unsuthhﬂedﬂStabatlng a bacterlal infection in a nannal
conprising admnistering to a mammal in need thereof:
(i) an effective anount of a conpound having the

f gzm)#bfher a%%eg?’tlls%r 4 p%e/rmfeéutlé’af%p@@tldﬁ‘%ﬂﬁﬁsﬁ% 'Fg%) one or
mor@(:empg}im@mss@@hgy@n(b)mne er g@r@&-l@@t&m antibigtics; and (c)

ond bE i HismelsR yca e Riie BB Tom t he gr oup

conAifgithedagpedtis fere/ | phaimaesatical Gdnisasition 26mpyigimg: (a) one
thiol, sulfoni¢c acid, sulfate, {/)tl onal |y substituted:

or mpkg comppeings disgussadiabeye: and éb),pne ar kyargI phasmpaceutically

heterocycl yl, arylal kyl, al kylaryl,
ac%?ﬁ%lgg{aﬁl%ﬁskyl al kyl het er oaryl, cycl oal koxy,

het ,ﬁn mdﬁuiqdabnyspeatgslfov(a methetl @kf)d)maphga/baae'nabmfection ina
30
maginAGATPERP SARIAIRG A RBTR N BeEtheeotng
sul fipxi dgn HRCHPO SRt al&rﬁ&%ﬁﬁéﬁ%@%@%é?@ﬁnu@b)

het er oaryl group substituted from
substituents selected from ﬁze gf1oquconS| sting of

hydr oxyl, hal ogen,
/

BX; X,

wherein Ry is —C(O)Ry4; -C(O)NR4R5; -C(O)ORy; -S(O)2R4, -

C(=NR4Rs)R4, -C(=NR4R5)NR4Rs, hydrogen, or is selected from the

group consisting of:

(a) aryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl,
cyano, thiol, sulfonic acid, sulfate, optionally substituted:
alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,

aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido,
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wa@bdoerngd414 al kynyl , aryl, 5 he

car boxyl, cyano, thiol, sulfonic acid, sulfate,

optionally substituted: alkﬁt cycl oal kyl, al koxy,
roaryl, heter ocRCT/¥Pb2008/012706

aryl al kyl, al kyl aryl, heteroarylalkyl

ZL b%ll())lz;t &r)g:{ ﬁl!?bea{%%ig?cl)&pgﬁp]%t%teg\&m? ofh 9t¥'3 substituents

ani nocar bony!l seR¢ipfréaMHe, %roarﬂdm\%idtﬁgrt)ﬂ hydsaskyi ofialbgen,
guani di no, sulfido, and sulfoxido, .and

heterocyclic gataxys eanpt thieldsylifenic aei S%ylf@t? gptionally
bstit t
o "he SABS L L RTBAIRG, SRORP SRR =B Eryt

aci d, sulfat ehemlbamnaiéteroajummrylaﬂqd aIHbeWI,, heteroarylalkyl,

choaIkI, al ko al kenyl
e o | paleisteman LucloRloky: netafadichigny, aryloxy,
het er oar yl al k}ﬁ teroéb}lfééif%h?%aééﬁ'bon an‘i’iﬁblﬁé’ﬁﬁbnxl oxycarbonyl,

het er ocycl yl oxy, 5 hetero oxy, ,
carbonyl, anm aoisosidfony), sulfpoyl, gua;zld,mo aailfichos @nfdosyifoxido, and

| f onyl | fid | foxi do: i ,
by ooontOr RetrBfici droup SyeeRiSy vif iR &3 sibsytuents
(a) Cl1-C6 al kybleated ﬁaﬁb%g?b pidHRisting &my@v&a}uwbgén

with from 20 0 to substituents selected from
group consi st catpaxyl, cyaaeothjol, sulfenigesid, @g}fgt@(y)ptlonally

Sbet tuted: ' SHRSHORG PGl burioyaBo AR pkyny ary,
al kynyl, aryl hef@b@ma’i@tbrodwtwrﬁmwl alkgtalahtetoarylalkyl,

al kyl aryI het eroaryl al kyl, alk et eroary
cycl oal koxy, akyhs t%mfy'cpwleavoxmmts;@pyclyloxy, aryloxy,

het er oar yl oxy I
oxycar bonyl, 2%%%&'?&33%%%@?@%% P%‘P@hgﬁé\?ongl oxycarbonyl,
oxyi m no wher aminesuyiforiyl, tsudfofl, Gaanititm rsulfidom rgmd sidfoxido;
part of said oxyimno group, sulfido, and sul foxido,

(b) C3-C7 cycloal kyl any carbon of which can be

substi t uRGGs Wy dfdbgeR0of [5BI8CHe8 f?brﬁ‘%ﬁéb‘réﬁ‘&%ﬁséﬁﬁ&%? ed

fromthe group consisting of hydroxyl”, hal ogen,
car boxyl (a)cyafd-Colilkyl anyuderban of adiich cas befsutbstituted with from

Pyt P e S 0 B G o
aryl al kyl, Fdi@(ﬁ/Whal recaab oy dpdno, thiol, sulfonic acid,
al kyl het eroary cycl oal koxy, WD 20 9/ 064414 11

PCT/ US2008/ 013ulte. pptienaliy2ubatixed: alkyl, exgloalkyl, alkoxy,

ey ene oty BRSSO b KAERRA. arie
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl,
guanidino, oxyimino wherein any of the C1-C6 carbons

~ comprise part of said oxyimino group, sulfido, and sulfoxido,
(b)  C3-C7 cycloalkyl any carbon of which can be substituted with

from 0O to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid,
sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
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guani di no, oxyi m no wherein any of the carbons of the
cycl oal kyl group other than the one attached to the

wo e@w/06f416 t he nol ecul e corrpr11se part of sai d PXYUAI008012706

group, sulfido, and sulfoxido, (c) aryl group

substi tut ed from0Q to substjtuents selecte
From the. or oupelBRETSVBKYy BV IRYaRbiePER e pai: Carbony
carboxyl, cyamfinoddrbehyl, wyéé}bbﬁyla@hdnowfdrm qulfonyl
optlonally substi t ut ed: 10 al k é@ cycl oal kyl,

5e|l

al
al kenyl , al kylyamquuoxynenn@rw n anh@f é?eaégﬁqqﬂs "oPthe

aryl al kyl , Eﬂ:l@éﬁ(&l %&%&) SthaF ?ﬂq‘ﬂ ! ons gitaghed to the rest of

aIktheteroary oxy, erocyc
aryl oxy, het ﬂfe)mqrécmsr coalprise, palﬂbbgmuloxylmmo group, sulfido,
am nocar bonyl , oxycar bonyl, am nosul fonyl, sulfonyl,

guani di no, subPAgyIfoxia. sul f oxi do, 15 (d) heteroaryl

group, SURSt !t Bhdrithg BubLATAS fiftn ool YaRlifuents selected

sel ected from t group consistin
hal ogen, car f:ronythe grynpocortslmtmig, ofshyldroxyl chalogen, carboxyl,

S kony S b kengrana fpinhittogig peid: drat,apfanaly Subktitutea:
heterocycl yl, aﬂ(ryl”c@/bi@éhkyl aélkdi(ﬁ@ﬂk@ﬂ%lﬁﬁ@fﬂﬂﬂ'H@féﬁoaryl

20 al kyl heteroaryl, cycloal koxy, heteroc
aryl oxy, = het bet&(owchdyar)éaikvﬂoallwtafbbhy:teroarylalkyl

quant di no. - 2uPRIETEIEAI g0 ARRRY HerRito58), BRiky,

het erocyclic pemtbasihal, amihedcambhyf, GaThEca®odyl, oxycarbonyl
substituents selected fromthe gr og& consi sti ng

hydroxyl, hal 8guposuifonyhsyifenyl, geaaisino, tswilfislo, a@m stdiﬂx@o
aci d, ate

oo e STRERSABLA, PR ) B substtven
Ret er oary: I Ee?lebtuwgblmhmeagmhpldloyﬂslstmgk;flhaydyd;xyl, halogen,
bt och 5 ko] 4l kb St SR otons
am nosul fony! - o0l Py PG AR akop Alkeng akuny). &
any of the cheteroanmhfhataedyetybrarglatkyil,caligylany, heteerarylalkyl,

(R the one, yRSREoc Sahest. oIS, o
sul f oxi do; V‘Q\éf&%%&lénﬁﬁoPéa'nbb!ﬁ?p%ﬁ%lﬁé@e?r%nyl?%xyéarbonyl

an aryl or heteroaryl group substituted with from 1
4 substit uengBingHtanyl, Grefopyl. gHanisling isulfidm@nd %Jlf@x'do and

hydr oxy! (e‘3r ame{é%cycllc group substituted with from 0 to 3 substituents
selected from the group consisting of hydroxyl, halogen,
carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, suilfonyl, guanidino, oxyimino wherein any of
the carbons of the heterocyclic group other than the one
attached to the rest of the molecule comprise part of said

oxyimino group, sulfido, and sulfoxido;
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group located at the 2 position relative to the group
containing Yi and Y2, and erein the remaining

wQadvse44uent s are sel ected fr 5 the group corPGI/B51008012706

of hydroxyl, alkyl, cycloalkyl al koxy, alkenyl

o Iy e AR oo RSl it o4

cyano, ggw&tdw@ts wistreieone beties sabatituentads er detokyllor amino
sul fido, sulfonyl, sulfoxido, sulfonic acid, sulfate,

and t hi stoum@cat@d at tye|2pewtion relative & Heafpup containing Y
t
consi g oo R R R o B o

sel ect edtHer gnmdphmrgslsttmg afdnairexylnglkl, cyblpdliyk \dlkoxy, alkenyl,
t hi ol | f oni c .ac

Sl fate @?{5?@% ihg. AmBRicaad: cAPROY agyarusiary, alkylary

al koxy, I 0

het erocy% yl, aryl g%,l%?w cg?ﬁd %r{/}ﬁgﬁﬁetﬁé}dgepylhgteroaryl

al kyl het betmowaylcysullﬂyw lsuifgnyl suifexide,ysulfpnicgcid, sulfate, and
aryl oxy, ﬁt er oaryl oxy, am no, carbonyl,

am nocar oxycar bonyl, am nosul fonyl , sul fonyl,

20 guani di no, oxyimnino wherein any of the Cl-Cl10

carbons _conprise part of said oxyimn no group,

sul fi do, Rafgiselgctaskiram, the@spuggopsistingyafl oal kyl any

car bon OLJV\’”' . g?p eaE&l %g&cttan&% %‘flvmllérhcéﬁ Bg]SQJthﬂtlﬁed with

substituents sSel e group ~consi st

hydroxyl, hal @ean0 t6 & subsfituertty selactédfrom thfé‘.ngwacmﬁsﬁstmg of
acid, sulfate, opti onal |y substituted: alk

cycl oal kyl , by qugw|cartggpwrﬁ)4anoa;typl sulfonic acid,
heteroaryl, spﬁétg;:é%ﬁau SIerRled, algl KYbREKYL alkoxy,

het er oar yl aI k roary cyc

het er ocycl yl oa;k,enaf )dlk;bryl amelt het&togfybmetemdynlyl arylalkyl,
carbonyl, am n bo X rbo L!.]Pé nosul f.on

50 oui fony " gl REteraIoNaRNo Slikiriesebal CuiiSkes.
carbons of tHété?Mé}%é!ﬂbi@"a@f&?ﬁh@féﬁ@érﬂd@aﬁhﬁo%bonyl

attached to the res ecul e conprise part of
sai d oxyi m noagnoegarbosyl, pkykarbanyl, aminosultomyl,\solfonyl,

2009, 054414 13 TSRS B e 2o arors

from the groupomprisesdrnel €did xgingixplgrobp! og@fido, and sulfoxido,

carboxyl {b) C3-C10 cycloalkyl any carbon of which can be substituted
with from O to 3 substituents selected from the group
consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, alkylaryl, heteroarylalkyl, alkylheteroaryl,
cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy, amino,
carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oXyimino wherein any of the carbons of
the cycloalkyl group other than the one attached to the rest
of the molecule comprise part of said oxyimino group,

sulfido, and sulfoxido,
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W@bkdogngd414 aryl , heteroaryl,

cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycl oalgyl , al koxy, al kenyl,

het erocycl yl , argi/E5109$/012706
al kyl aryl, heteroaryl al kyI al kyl het eroaryl,

cy! oal Y. B S 5L ) SR 3R BB ARG St

anmi nosul f ony! frofitHeogndup EBRMtINGSE, hygltbkyldnaloged, carboxyl,
sul foxi do, (d) heteroaryl group substituted with from

0 to 3 substi pmm sthloLcﬁléf@né‘ca@e sulbate: aetigpallysubstituted:
consisting of o %Pﬁlalk&n alk ! @Fiﬂ\yl &¥{RHeteroaryl,

t hi ol , sulfonl c
substi t ut ed: hbterbcyclyicbqﬂdalkyll, allquéwb(heta'bbwtalkyl,

T Testo BEGTAR oa Sl
cycl oal koxy, H@fe?E)Q@Y&(% gﬁgﬁo é’érlﬁbﬂ V’an%ﬁocarbonyl oxycarbonyl,

het er oaryl oxy, am n ocar onyl ,
oxycar bonyl , ammmmdwanrsﬂlfpnylu Igﬁanydmo qudfidofiamd, sulfoxido,

S 99, B Pl oa Bt B S U FE b Bfruens
fromthe grougefens ﬁbr‘rﬂ%eﬁrohbd:rdh)é}ﬁtm tb’?"l#?ﬂ@cﬂ(yl halogen,
car boxyl, cyano, thiol, sulfonic acid, sul :

opt i onal | y 20catheyl, tcuaeq. ﬂmlkwlforug@ptﬁialsu;fate kagwly
Ak EY 1 Y BibstiBfed: anof LRI, anBEY. ARG dyryi, ary,

al kyl het er oar héteroaryll qeét&mcydyheir?raqqucélkmmr,, heteroarylalkyl,
aryl oxy, het eroaryl oxy, am no, carb

anmi nocar bonyl a kd!!'&%%'iq%ﬂyP¥C|°%|kpﬁbsh&tﬁ6?ﬁyply|w AEHYXY.
guani di no, fﬂef@ r88 nan ar‘f.’)fopﬁl5 amﬁo&?rrogﬂgﬁ ogilct:arbonyl

the heterocyclic group Ot one atta
the rest of taminudwionyt smldfapyll geaapino, dulfeha, @nd sulfoxido, and

O ety P a5 fingFm o S Bgbens
Cl-G6 al kyl agylegfddRomPthedtotp &%@ls@iﬁg%ﬂ?%ké)bﬂl &hlogen,

with from 0 to 3 substituents sel ected fromthe group
consi sting of cambwanomﬁ@igetuifomaabmkysulfa@@ptjpnally
thiol, sulfonjc

substi t ut ed: t&é‘iu{je&/@ ér%ﬁda"g)ﬁ ng%'l%”(?@ﬂy?lky”yl aryl,

al kynyl , aryl hefé@b@ ) HeatbrodyelyRrarglamyy | alk@am ahdtetoary@lky!
2009/ 064414 14 PCT/ USZOO8/O %’85‘79 A arg ',99 ry@ yh

het er oar yl al k@lkylhatereamndt @ycagalypxy dg@temy@bd@xy, aryloxy,
het er ocycl yl ogyer85¥1BKY arfifib EEABORY L Snin8EABBny!, oxycarbonyl,

car bonyl ,
aminosulfonyl, sulfonyl, guanidino, oxyimino wherein any of

the carbons of the heterocyclic group other than the one
attached to the rest of the molecule comprise part of said

oxyimino group, sulfido, and sulfoxido;

Rs is hydrogen or is selected from the group consisting of:

(@) C1-C6 alkyl any carbon of which can be substituted with from
0 to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid,
sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
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WG 2@00pHise part of said oxyi

am nocar bonyl , oxycarbonyl, am nosul fonyl, sulfonyl,
guani di no, oxyi m no wherein ?(?y of the Cl1-Cl0 carbons

no group, sulfiPCT/US28/012706
sul foxi do, (b) C3-C7 cycloalkyl any carbon of mhich

can be substit fr 0, t ubstl

sel ect ed fromahyza@wmﬁerggﬂa%1 ﬁg‘yﬁ?é o )V oalkoxy,
hal ogen, car b%Yéroc?M?k’o&x aly J hétérBQWl@x;ﬂ@n‘iﬁno carbonyl,
sul fate, optionally subs |tute al kyl,” cycl oal kyl,

al koxy, 10 alala@nwarb@nyywvcar&owl aﬁ@ﬂeswmrwl sulfonyl,

het erocycl y1 . GREHAbomBldWhah an SaEORN b0 rbons

al kyl het eroar cyc I'(nc} erocycly

aryl oxy, het ercoafprls@@art afrsaid, O)Q&hb@l‘g'rbup, sulfido, and sulfoxido,
am nocar gb)nyl car bon'}é{ ' am nosul fonyl , sul f

guani di n OX)Q r‘erﬁ?rBPnﬂﬁé"W 6%'?1§eo?fuqslﬁ'§1ted with
15 cycl oal kyl fr%hﬁ’@ptfa%t Mstft@@rﬂstsléfec‘? fidhl gfé‘g l{%%%rtkf?stlng of

rest of the nole e conprise part o sai
group, sul fi dbydroxyt rmlmgmlcrmboxmcwml tlgoblsplfonic acid,

bstituted with f it |
Frrom the. or ouskelss oBlipRg G R, Ak vEBaion. Hkoxy.
carboxyl, 20 afRemyP aallg)ny‘P' arylS Wet&rohfy| al%t@roé}é'lyfl aé@flalkyl

optlonally substitute , cycl oal
al kenyl , al ky@ajKylart, )heternendalbuk ylkylheteroaryl cycloalkoxy,

e oy L GRS et BB Koo

aryl oxy, het ersiaoyar®oyyl, dxyEarbohgl, Iaﬁnubsulfonyl sulfonyl,
am nocar bonyl, oxycar bonyl 25 am nosul f ony

sul f onyl , guaﬂpém%"o QMG Whakeir anv&it%carb(qns of the
het er oary| eg@lp H&Fé* &ﬂeﬁ'lﬂan] ARy a{thﬁed to the rest of

substituents group consr Sti

hydroxyl, hal tgemolecide lworypriseqyart of saltllci)&ylmmd gmm sulfido,
aci d, sul f at e, goptionally substituted: al kyI

cycl oal kyl , aPR Spfoxideeny| | al kynyl, aryl,

het er oaryd), heha rg‘?SMﬁ Isldbstltﬁfé’d @ﬁth)ﬂom ) tby:} Eﬂﬂétltuents selected

heteroarylalkyl al kyl heteroaryl, cycloa
het erocycl yl ofay:m ﬁ‘rqgmup coﬂsestmgwfrwcb&yyl laailogen, carboxyl

b I, '
il fonyl | quatvaa iy R SGRGSUateo RPUB Al riRtuted:
2009/ 064414 15PN ARSI, RVHIOSHE] eteroary,

group substituted with from?O substi tuent
sel ected f rowheteéogv@wpaadalkvbaihy@amr hﬁﬁpamwkyl

hal ogen, alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,

heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents
selected from the group consisting of hydroxyl, halogen,
carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,

aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido, and
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wa@bdoerngd414 al kynyl , aryl, 5 he

car boxyl, cyano, thiol, sulfonic acid, sulfate,

optionally substituted: alkﬁi cycl oal kyl, al koxy,
roaryl, heter ocRCT/¥Pb2008/012706

aryl al kyl, al kyl aryl, heteroarylalkyl

al ‘;ly'oggt o g!%eéggyédga'régﬁn%@s@gé@g)@: HRto 3 substituents

ani nocar bonyl seR¢ispfréoNk, groammwt‘ngwlhyds@&w qﬁédb%en
guani di no, oxyi m no wherein any of the carbons of t

het erocycl i c §REAAXYbCHaRo ¥igl, Wfpru«ﬁécmb suifatige oHonlly

oxyi mno gr oug oS s RIIBILAKbLP ARG, slvay, arv

[ nd\%ﬁendsnLI yhbteiota%yylhetéajoygwn aw,almalﬂs h%tlekmmyl,alkyl,
or en taken to e orm a ic bo

cstor 15 wropbo Rt and: aydsakony ReRroaVEY o AEOR

20 carbon atoﬁ'étegegla/r&%'aﬁﬂﬁblé’arbﬁn l, %ﬁ%ﬁé@ﬁb%ﬁgld‘ffgl(g&é}bonyl,

can be 0, N, or S, en taken er X

forma cycli cabunmulinmiytjesu%beylegsanuﬂlrmuaonyim'mo whergin any of
contains fro to,20 carbo torrB and, optional l

O et er oat BikcaiPDR & 4 BetotTe Eirous ubel fiantine one
taken toget heptt¥ehed@tcrhé rédt bPtHE motedtilé Qoﬁﬁfriééé)art of said
am de-ester where said chain contains from?2

carbon at ons aKdMiaporewslsulfido, -amdrsultexita,oms whi ch
can be O, N, or S, or X1 and Rl together forma
cyclic ring where said ring contains 2 to 10 carbon

at onms anx, aﬁﬂtxgo@r@ thepén@ed‘t@th?akﬂﬂﬁaldgthNR;m B4-C6
0, N, or and i s hydrox hal ogen, NR4R5, Cl1 25
C6 al kox?'kOESY Q(WB%I taken |'h%fr 3R fex 4 ca/qllp,tp@ron ester

wher e Sla*vﬂefé ledhet i 8 %F ﬁﬁprgbo'h? ih £ Eotge 6’%0’30’%{0@3 and,

opti ona ch can
and X2 i epihmdallyxyw haterogtems Nﬁ%cambe((l NGor 8| @owhen taken

30 Y1 and Y. in ndent | y hydr ogen, |, . ,
cycl oal kggge k%k?ng‘ig?ﬂréﬂﬁ cycyphpﬁg arrgpﬁaﬁyere said chain or
am nosul figd¥bntARs ABRAD kDY oarBéﬁ %@6}5/15 anoabrziibﬁé ,'1-3

aryl, aryloxy, carboxyl, cyano, hal ogen eroarvyl
het er oar hétexgatoms whmbyt;arybe G UV fordD, orswheortqken tagether X

sul foxi d ken et her 2. form clic., .

St uct ur 84 r Ay TR R ST 2ol e bnfE 8 (4 bntains

PCT/ US20Q802-2008arb6 A iérms &irY®ptibHallyp P8 diedéroutorhs Svhich can

het eroat ons_which _can_be 0, N, or S; or a salt

t her eof ; bagy N, or S, or X, and Ry together form a cyclic ring where said
ring contains 2 to 10 carbon atoms and, optionally, 1-3 heteroatoms
which can be O N, or S, and X; is hydroxyl, halogen, NR;Rs, C1-
C6 alkoxy, or X1 and R3 together form a cyclic ring where said ring
contains 3 to 10 carbon atoms and, optionally, 1-3 heteroatoms
which can be O, N, or S, and X; is hydroxyl, halogen, NR4Rs, or C1-

C6 alkoxy;

Y, and Y; are independently hydrogen, alkyl, cycloalkyl, alkoiy,
alkenyl, alkynyl, amino, aminosulfonyl, aminocarbonyl, carbonyl,
alkylaryl, aryl, aryloxy, carboxyl, cyano, halogen, heteroaryl,
heteroaryloxy, heterocyclyl, sulfido, sulfonyl, or sulfoxido, or taken

together Y4 and Y, form a cyclic structure containing from 3-12
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5 (ii) an effective amobunt of a R-lactam anti biotic.
Anot her aspect is for a net h1o§ of treating a bacteri al

WO pdoeotd40n in a mamal conprisi ng adm ni st er i PCI/US2088/012706
manmal in need thereof an effective anount of a

0o o SRR ko R ndierdatFrSin B KSR be 0, N

-S(O) 2R4or SC(=NRAR5) R4, C(=NR4R5) NR4R5, hydrogen, or
is selected fromthe group consisting of: (a) aryl
group substituted with fromO to 3 substituents
sel ect ed r consi sting of hydroxyl,
hal ogen, °£é?§é}§b?§0&§¢:‘£ thiol, sulfonic acid,
sul {iixt e, anEifiectied bmmuﬂsiflatﬁnaﬂanmm;blotm:ycl oal kyI
al kox 15 al keny, het
et BRUtE AsPeCERphaRyrthol at sty 4 Brcledpbitrestandpia
ma?tllrhéﬂ &ﬁhﬁﬁﬁﬁg)réggrnﬁ}é‘iéﬁﬁé g%émar'?@gﬁ rlﬁ’?ﬁé%ﬁ%@?@bf an effective
amauﬂhotacbmgdqnd Imwm@trtmfwmulam nosul fonyl , sul fonyl,
guani di no, sulfido, and ul foxi do, 20 (b) heteroaryl
group substituted with fr moY 2Substituents
sel ected fromthe group {ng of hydroxyl,
hal ogen, carboxyl, cyar ¥0l , ®al f oni ¢ aci d,
sul fate, optional I y subst ituted: alkyl, cycloal kyl,
al koxy, al kenyl, al kynyl, argk.x, heteroaryl
het erocycl yl aryl al kyl, al ky1 aryl, het eroaryl al kyl ,
whatelity Rads eC{E)R4;, -G{PINBaRs 0:G(O) 2R 5 eSO BY c1GENRAR )R, -

iR, FaBaepapy i a8 FRbIRF Browe censipting o

guag)di ngpyl g%Upf sdBstitafed with froxh ddo B8ebdtRlents selected from
heterocycllc group substituted with fromO to 3

subst i t uBie grosupl eansistingr ofdnidrexsyl ghalggenosibexyln gyamo, thiol,

hydr oxy! Fl##@‘hg%% sﬁﬁ{aﬁ )6¥)lt|o ItYfSLEt?setggtetdhbﬁ{yi Sl Calkoxy,

aci d, |ona y <ob

cycl oaI kalkenylalahqnyl a:‘lylkhetdroaajl M)etwocyalyylarylalkyl alkylaryl,

heteroaryl, het ocy WO 2009/ 064414 17

PCT/ USZO%%M&@’V ky'aﬁ'@‘hﬂﬁﬂoa e?@%%“‘?ﬂélh&}?rocyc')/'oxy’

al kyl het gy 8k HRIHYF WhibeXdbony

aryl oxy, Hhet rogrt(f/r)b%bq ygorﬁih\{nlcgw Eg brﬁﬁ: oyl
oxycarbonyl, aminosulfonyl, sulfonyl, guanldlno sulfido, and

sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,

~ sulfido, and sulfoxido, and '

(©) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano, ‘
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
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am nocar bonyl , oxycarbonyl, am nosul fonyl, sulfonyl,
guani di no, suI fido, and suI foxido;, 5 R2 is hydrogen

wo@rovmesed ected fromthe gr ouV consi sting of: ¥eE)/USDogIH12706

R2

al kyl any carbon of which can be substituted with from

bst h
consi ot | SV EHVJERRaR IR syl RoaRl S Rgn
thiol, sHéfepttychaskyd, arw;lxﬁlah@ter@mwﬁ@abhyno carbonyl

substltuted aIkyI cycl oal , al kox
al kynyl , ammcarngnwe@éymbsmyl aetm%d{w@vwsulfanylt guapidino,

al kyl ar yéulﬂagtgﬁ&)g[]m)ﬂbgyl al kyl het eroaryl,

cycl oal koxy, heterocyclyl oxy, aryl oxy, heteroaryloxy,

Mmogéﬂr@QS)delecaéﬁ freratiogrdup eoysistingpofy| |,
am nosul fon fonyl, guani dino, oxyin.no

any(3f tkd- a@ty @avmﬁ*@én e&wﬁ»qfs%arbaetsuaﬁt'%@‘faw'th From 010 3
oyol oal 5 fEifents electey AR 1R GIAU Eeheisthd B nidfold, |
from O halo@eaubarbdwbnyane,eﬂhaﬂxsadfdmm)acudheu@ateupptlonally
thiol - sotrviethamin weialod Sk Gy, akt i,

substi t Uﬁ@@oﬂykﬂete@é‘}b@ﬂ'd?%lblkyﬁ'dﬂ@]lélryl %*é'{éfbdr}llalkyl

al kynyl , aryl het er oar etérocyclyl, aryla
al kyl ar yalkylhettemoawlycmlwkpxmmeﬁembb aiyoaryoxy, heteroaryloxy,

anino. caRrEai S o siaraly Rt by

anm nosul é@lmﬂw gliéﬂl(ﬂmbybxylﬁﬂﬁ@k/mdﬁ@m ahwofnmeccwm €aibons
any of the carbons of the cycloal kyl group other than

the one e@MREReParofsaid oxyimipe araup, sifiideand sdigridae

f
par gl d§§|€ %éfroy Ipyg ragzg:lég%%ﬁ P* 'h%?\ dczﬁpﬁﬁ‘%?bstltu&eq W|t§ from
subst ituend S aﬂjsamaﬂsfsemvted frerrgﬂmjgroupmnrfsistm cnffhydroxyl

hydr oxyl , halogen box ano, thiol
acid, suhdl 208N, 63t L\IW?P‘/%J@g i $Y/fanic aca‘lpkwl?ate optlonally

cycl oal kyl bstﬁbl‘é‘&xﬁlk (I:Q{y'éﬁﬁmyl é\ éi()ryell ?raflyélkynyl algl

heteroary eteroc
het er oar étiraany], t’fﬁtelgdclyelyéramlaww aﬂy;daltyal hedegoarylalkyl,

het er ocyc| y}. ox X het er.oar am, no
car bony! SkERIeandosyAodkasy BRI Py, ABLER. dggeroanioxy,
sul f onyl anﬂh@%a@b@ ) §Hi|rﬁcbé3§?boﬁﬂdox§ddrf)@%wdﬁmlN&ulfonyl
2009/ 064414 18 PCT/US2008/ 012706 (d) heter oar yl rouPh
e

subst i t usfPrivl .t guaNidiRPo oxyMENe wWhereinuamt ef thel earbeds of
fromt hecﬁfl&’é‘lelcé’r%Eb%th&gth%fn tﬂ%dcfn%%acm 08 rest of the

car boxyl ;7 Cyan
molecule comprise part of said oxyimino group, sulfido, and

sulfoxido,

(c) aryl group substituted with from 0 to 3 substituents selected from
the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and

sulfoxido,



10

15

20

25

30

thiol, sulfonic acid, sulfate, optionally substituted:

al kyl, cycl oal kyl, al koxy, kenyl, al kynyl, aryl,
whedeoany| , heterocyclyl, arWal kyl, 5 al kyl apgi/ps2008/012706

het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,

het grocygl vl I heter | o 1.0Q.

car ({)nyl Beyeéﬁ%%%9%%0%@?“%@90"5&@&%% 6){3%61 %%%Slltlf%nﬁ(?ls?leded
sul f ony! frogined ghotd, corsigtinigtst, hyainexyi Uhaleyed ocardostyl( eyano,
het erocyclic group substituted with fromO to

3

subst i t ubtiels saloristasid, suifate, aptiopally pebsfitatads all.yclsalkyl,
hyd | | ' '
aei . SuPlSRL RBey G ey HERRoary Hefprachbhl Alisiky
ﬁy;:l oal ka:kylallq'wt hetaroarlajllédhylyblklylﬂlé;gmalryl, la{qlf)alkoxy,

et eroar et erocyc , a a , a ar ,
et or oar UPrRIVISRYar Biejparbidr FERBGAbONY
net e1 ocY hh bofybYerbBRY LA Moy, AUBRy, quanicino

car bonyl , I}'g am nocgéwony oxycar bo
am nosul sdlfigd, asdistifoxitlo, godini di no, oxyi m no wherein
any, Qf the, carbons of the hetero lic 0, ther
E hafF nePeisEOS{TE ardbe syBSHEMEL Bt drortEtrs BuBiiGents selected
conpri sefrba th ro_uéaidihs@thﬁ?"@fﬂ@d%;@klphalépéﬁ,' E&rbor{Adcyano,
sul f oxi do; 20 IS an arty or heteroaryl grou

8

subst i t uthiel, auifenic asid, suifater oplipsally a@mtﬁutmelaﬁmh cystaalkyl,

Pocated AROKkAEERR, pky Ayt S titer GAryE RREr B G arviakyt,
cont ai ni atkylétylahdteYdanyalkylnaikyitieteioaeyl; eyEioakogy,

substituents are selected fromthe group _consisting of

hydr oxyl hefzﬂrmqulewaquyl ',"eteé‘PWJ@(,y, amiaygarbonyl,

al kynyl , ] n , -

am nosul PATAEaraBBRERBOKYL anhOSIny) suifonyl, quapidinc.
cyano, garyiminemwheneincygnof thetecarbany bf tHeeheteoogyiy igroup other
sul fido, ,sul fonyl, sulfoxjdo, sulfonic acid, sulfate,

and t i offandhedne afecnadil s eeh o e st FSpRgS part of
of : (a) E‘éid%&irﬁldﬁyéroﬂg}’sGﬁ‘iGBOBansuWBkiBB; can be

substituted wth from0O to 30 3 substituents sel ected
fromthe group consisting of hydroxyl, hal ogen,

NN T AT L ——
on@ bk ey substitkeritslis adiydroxyl mta?ﬁiﬂar%rbup hsd=pe@ Y e/ position
aryl al kyl, al kylaryl, heteroaryl al kyl

relaijie, OHBE €iroHp FPMAINIEn0N Raky > Al MHEESiBItYe seaining
sutﬂgetl’ﬂllé}ﬁ¥ ra#?&%%@@é REMHHE ﬁgﬁ%n@%&%ﬁé@?@gﬁ 1, alkyl, cycloalky!,

teroa am no, ca ,
alkoxy/,caﬂkéxwiyalkynydmmdxwla‘fminuﬁlcarbndyﬂ,arwbonyguammbsmfonyl, alkylaryl,
XYyi m no erein any of the Cl-Cl0 carbons conprise
aryh AV Pax T YR SLpriIRo. SaioarBohelaReay. Hetbrocydly!

sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and thiol;

R4 is selected from the group consisting of:
(a) C1-C10 alkyl any carbon of which can be substituted with from 0 to
3 substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,



10

15

20

25

30

sul foxido, 5 (b) C3-Cl0 cycl oal kyl any carbon of which
can be substituted with fromO to 3 substituents

w@edleosads from t he group consiSting of  hydr oxpeT/US2008/012706

hal ogen, carboxyl, cyano, thiol, sulfonic acid,

Hhosy AR L A 3Bl kstbon

het er ocy cninosalfghyl kullfonyal %uér&dmb okgitreno ahdrainkatly, of the
10 al kyl heteroaryl, cycl oal koxy, heterocyclylo

aryl oxy, Qé‘(@?%ﬁ?@hoﬁﬁ)ﬁonﬁ?ﬁ'%w'& §ngylm|no QFOyUP, sulfido, and
am nocar Wx dgoxycear bonyl, am nosul fonyl, sulfonyl,

guani di no, oxy| M no wherein any of the carbons of t he
cycl(bpl kyC34 tupycloaikyl aracatbion afnehiah tcaaeslsalpstitbted with

or oup, - suTmARto S puBafieBla sosPiEs ) haapeR oS tng of

substi t ut h BhO t t q
from thel'?)girr&gsl(ﬁtloI I?:%In |st?%1'q?)0§¥lskE gltr]%xtylﬁﬂ %‘Jﬁ’g{é‘gﬁbﬁ sulfate,

car boxy! ,opticmadly substiuted: sajlkylowaiOdkyldaI@uyf alkenyl, alkynyl,

ke AV Reth R YRR A ey hbRartaty,
aryl al ky|alkﬂﬂet§rbﬁ}y@rd¢clodﬂﬁ)§lf ‘h@[éfb@i(d‘l}’lbxy, aryloxy,

al kyl heteroaryl, cycl oal'koxy, heterocyclyl oxy,
aryl oxy, heteerasmioxy oxminaaganeony aamisggarbonyl, oxycarbonyl,

am n ocar b a u
o e AR NSRS o PR LA LR of e
group suhsdrbbns ofithve tycldalkyn §roup cthetthani theesHesattached to the

selected 25 fromthe %oup consi sting of hydroxyl,
hal ogen, 'egt 8bthm molagsiie, compsiss|parkef] said oxyiging group, sulfido,

sul fat e, j ; substituted: alkyl, cycloal kyl,

al koxy, a%%@?@'g%kynyl , aryl, het eroaryl :

het gcpcydryl grcmpyé»tﬂiskijahted veitl‘kﬁrbar@lto 3hmbstinmn;$ aelegted from
al kyl hete oaryl, cycl oal kax terocycl X

vl oxy, TherPUa SIS oL HAGHT. 5B, cyano, thiol,
am nocar bQiidnic S&MC%I%}@}’bptl&FﬁW%i}Hsftlﬁﬂéb alfdy‘lI coashikyt,
guani di no, sulfido, and sul foxid e)

het er ocy calkexy aﬂmsei wllsynyl uaevdi hateéoafrylohetero@ycayl arylalkyl,

hycr oxyl PBRHEERE R RAySlROB0f AR

aci d, sulHetbrocyeRlidxanalnylgxy Hsteidaityion: @hiﬁd cambnl
2009/ 064414 2oyg /)8;2(%8/%12706&? Yoal %

al kenyl , 3NiAAGArE oraflwxycaéte@maa'wnoswgpevloéy({tprwl gugmdmo
aryl al kyIS Iﬁéé(yérﬂfgulro%er oaryl al kyl,

al kyl het eroaryl, cyc
(d) heteroaryl group substltuted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, arhinosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents
selected from the group consisting of hydroxyl, halogen, carboxyl,

cyano, thiol, sulfonic acid, sulfate, optionally substituted: alkyl,
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het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,
carbonyl, am nocarbonyl, oxycarbonyl, am nosul fonyl,

waioboewsl4 guani di no, 5 oxyi %o wherein any oPCT/[82008/012706

R

[}

carbons of the heterocyclic group other than the one

ttached f I ' f
cai d oyl OISR EROX Lk BARE i JiRel s RRroBloi,
hydr ogen anylainejl,sakylem,dhétemrqug,raxuﬁhemrahsw,i ¢ylaHlkoxy,
10 (a) Ci1-Co6 al k?/l any carbon of which can be
subst i t uthelelRaEiemaYIewy. heteiaasylPkyiedmnincs SrERany

fromthe é}@%g?@é}ml,zc?%ﬁgrﬁnﬂ,y%m Ifon{l\?%g{ﬂgrfbl, guanidino,

car boxyl , u nic acid, s
opt i onal loxyiminzswherdie dnyalfitlyé caryarisoef thglhetatdegelc group

Yy &Y A e eaiie (i bicssl S B RbEctle comprise
al kyl het g50886¥5aid rﬁﬁwﬁbesmab%u&gmlf%uo;

aryl oxy, 'heteroaryl oxy, car bonyl’,
am nocar bonyl, oxycarbonyl, am nosul fonyl, sulfonyl,

B BuBR or % KBl OS] Gl PbelsbPalt o, “ana
sul f0xi dg1-Ch)alkBaRy cairsbaf Wh'izctﬁ@dn parsedatifitedittifrom 0 to 3

can be substituted with from 20 0 to 3 substituents

sel ect edstibgituents spleripd fioms the grapreonsistingof hydroxyl,
hal ogen, r hax ol . oni ' .

cul 1 at o, NBORR, kpinoSUE Eand it st AL, 3l ppionally

al koxy, slistitiled: alkyy, ycloatky | alkoXetatkerdyl yalkynyl, aryl,
het erocyclélé, aryl al kyl, al kyl ari/l , heteroaryl al k}/l
al kyl het BetespgY!. heferasytivbarylakul. aliodanr.hateiparylalkyl,

aryl oxy, Lo '

am nocar%iokﬁgl/‘ré,rt ox%a?%%%%fi?ﬁ};rﬁ%%d&?? Q@W aryg%)l()%, ohrclaﬁr’oaryloxy,
guani di naminoydarbooylnwamirmaarbonylpbxydaeborylbamsnagulfongl,

cycl oal kyl .group ot.her than.the one attached e

Feat “of PuhidudhifBo. Bramiad Widtengimist edk G thearbons
group, SgbipfSe pitdof %B%igﬁﬁo g?Qué,@ulﬁdd,'arﬁf &bedxido,

substituted with fromO to substituents sel ecte

frod) the3gedwycloalsil snyegrian af whishydan halsufetituted with from
boxyl 1 hi gl | { oni L.d | f at
opt i onal Py St setti PObuREuprebnsiifiyof nvaroay

al kenyl , halolggny tarbaxyl, czbﬁé,ethﬂﬂ,rwlfodﬁﬁbéiﬁ%mfétél optionally
aryl al kyl , al kyl aryl eteroarglalkyl,
al kyl het evlstityied: gyl cacloatyl, 3kexy. cdrny akynylvayl,

o0 Oy in TUATRIEH 705, AT feroanvan

oxycar boalklylheteroaod tyaogikoxys Hdtercyclyugnadiiowy, heteroaryloxy,

sul fido, ar?‘lri]r(mjo, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,

sulfonyl, guanidino, oxyimino wheféin any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and
sulfoxido,

(c)  aryl group substituted with from O to 3 substituents selected from
the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
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sul foxi do, (d) heteroaryl group substituted with from

O to 3 substituents selected. ., 5 fromthe group
we@omgioet4isrg of hydroxyl, hal o7g1en, car boxyl, cyR@DUS2008/012706

thiol, sulfonic acid, sulfate, optionally substituted:

| kyl , | oal kyl | k | kenyl . al kynyl l
het or oar §1ORel B SeaBISR A fiea RO A Bgp ¥
het er oar gkpddfbbnylabiihbSiiRNRSlfongly guaRldiX sulfido, and

het erocycl yl oxy, aryl oxy, heteroaryl oxy, am no,
car bonyl suffexidei nocar bonyl , oxycar bonyl ,

am {bgsul hoty %ryfgk&ﬁf‘e UbstRURA R from 845 %stﬁ’url%]t%stehected

sul f'oxi do, an erocyclic group substitute
from O tfroth theébgioupuinisistingl afdiyeldoxyl) lealoyber, ¢arboRryl, cyano,

consi sting of hydroxyl, hal ogen, carboxyl, cyano,
t hi ol , sLh'@'oﬁPkf,g'?dEia@,'drﬁWfﬁEﬁ,é{Pt'SB?I%ﬁﬁP%/WU@ﬁ%ﬂKYJ,LRYQJPaWyl,

al kyl, ¢ I 1 5&6@/’

het er oar éﬂ‘l,"szﬁ’e%'}él?%%'y§|k§'we)§m g%%&?%{rlyl’ﬁlﬁyl a %:/IP/!,%WIEIkyI,
het er oar glkglatyl, hetdraghedkygr akkyinetemacylpeydioalicpxy,
het er ocygl yl oxy, .aryl oxy, heteroaryl oxy, .am no

car bony! NtCIACYRGHY RO o RS ELoBRIRNY: SHINAGAIPPBRY!

sul fonyl anfitGeHrEbA, ox%bﬂhﬂ?amﬁéﬁjlfbn@méuﬁf)nwguanidino,
carbons of the heterocyclic group other 20 than the .
one att asulfidot and selfexido, andt he nol ecul e conprise part

andS2 aPEEE aab RyoRdbest Hitn i ta S Spidits setected
Cl- C6 al keitytheogrovpesonsistingrofiyeedkgr halogeRdcarBokgll Byano,
cyclic boron ester where said chain or rin

25
cont ai nsthielpgutfonie agid, saifpim Qﬁ)lti@ﬁ@")éﬁk!t?StBb%déﬁ!iﬂd',y?,ydoalkyl,

1-3 hete i.C .
Caken t oRReNGy TERUE KGN, 2B, Retefbal ooy qryiatky!
wher e salkglaryiahatesoaryilalgylc alkytieterdargeycidalkagy car bon

at ons anﬂ, optignal ly, éﬁs hetero?torrs whi ch can be

0, N or %t,erg?y BRYt Yt BelerarmyIoxy. 8RN Ca8PRY!a

cyclic bgrfifoifb8RvIE e j W SeBhay i
from 2- 2% carﬁégggalb%ﬁ%ar{d, ﬁg'oaﬁg?‘?%ﬂgﬁyg, 1- g?” gaanidino,
het er oat oxpmiho ethecein any of thi, casboss obtheXtietanacyrlic group other

oo L it LB RRLH B el 5 e o
whi ch cagaigeoimMo §loup, sakidoXdnd Sulfedidexyl , hal ogen,

NR4R5, C1-C6 'al koxy, or X, and R3 together forma
cyclic ring where said ring contains 3 to 10 WO

y
X, S Kl gderengenly RPN eipoen, REURCTCRRIERT or when

takendog@thies X laydr Xax§orm & alyolireboroNRéster whieré $aidtetadik @x Ying
Y1l and Y2 are independently hydrogen, alkyl, .
containsdEeRyd to 20 earen atogasand, étptwh/,’ 1-3 héteroatoms which can

be O, N, or S, or when taken together X4 and X, form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X; and X; form a
cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,
optionally, 1-3 heteroatoms which can be O, N, or S, or X4 and R1 together form a
cyclic ring where said ring contains 2 to 10 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, and X; is hydroxyl, halogen, NR4Rs, C1-C6

alkoxy, or X4 and Rj together form a cyclic ring where said ring contains 3 to 10
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5 am no, am nosul fonyl, am nocarbonyl, carbonyl,

al kyl aryl, aryl, aryl oxy, c%oxyl , cyano, hal ogen,
wheaeneany| , heteroaryl oxy, erocycl yl, sul f PCDPS2008/012706

sul fonyl, or sulfoxido, or taken together Y1 and Y2

ycI c.Sstruct nt a,ni ng f.rom 3-12 r .
carBh RS, HeTERAM -5 el S Syrifie S 0, 8 op & gna X is
hydﬂoxwhﬁogbﬂ NRRss8t C1tberamedxy; A further aspect is for

a met hod of reducing bacteri aI 'resistance. to a 13-

| actam anti biotic conprising contacting a bacteri al
N : i OLi .
MR s S R B T e e SR
amino) athinpsaifonyh) dmircicacserlyl tgarbanyln glktylmylf, arytpasyloxXy? caiiboxyl,

[ BX, X2 ' RLis - R4;
cya\r(’@(zbja[lq]mR Rﬁet%pmw terqﬁr@ rehgte@'()gqﬁadl Rgcél%o sulfonyl, or
sulfddd R REH etﬁéﬁ??%ﬁ? ’Yz% hS éféll%@tﬁfétlﬁr’é%r\g&ﬁm%from 3-12

group consi st group substitut
carboorat@msargi, ophisnatly e1ﬁ85he¢eﬂoawesl wihichrcanlpe Qr dblipr S;
consi sting of hydroxyl, hal ogen, carboxyl, cyano,
thiol, 20 sulfonic acid, sulfate, optionally
or éggﬁmér@bﬁd aI kyl, cycl oal kyl, al koxy, aI kenyl,
, , heteroaryl heterocyclyl aryl al kyl ,
al kélfwrﬂyer asmtes tnira/meithgd of eduging:bactesie| fesistance to a B-

o A B padrh i A 8o a5

lactdih angibiotioWwith an ¢feetivé anwimitioflarsetadattbhitze inRitdb with
sul foxi do, (b). heteroaryl group substituted with from

brogdtwegtrygbgqut@@ﬁ{ly haying theyformuan t he group
consi sting of hydroxyl, hﬁgoggn car boxyl, cyano,
thiol, sulfonic acid, sul[ate opteonal | y substi t ut ed:
al kyl, cycl oal kyl, alko al I, al kynyl, aryl,
het eroaryl, heterocyck aIkyI3 30 aIkyIaryI
het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,
het erocycl yl oxy, aryl oxy, he ﬁp@aryloxy, am no,
car bonyl, WD 2009/064414 23 PCT/ US2008/ 012706
whagim 5 4% b&H ) Raoky EANRaRg -CERS P t@lalRe, -GENRRsIRs, -

CENRIRINRERS, hydrogen, or is selected from the group consisting of:

"

(a) aryl group substituted with from 0 to 3 substituents selected from
the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: aIkyI cycloalkyl aIkoxy,
alkenyl, alkynyl, aryl heteroaryl, heterocyclyl arylalkyl aIkyIaryI
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
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sul fido, and sul foxido, and (c) heterocyclic group
substituted with fromO to 3 substituents sel ected

WO e@oé43es gr oup consi sting of231ydr oxyl, hal ogePCT/US2008/012706

car boxyl, cyano, 5 thiol, sulfonic acid, sulfate,

opLLone! B SR cAboN), oL sy lamiamo,

aryl al kykulfida! 5Mh%ﬁlfbmdbeéﬁd oaryl al kyl,
al k Iheteroaryl cycl oal heterocyclylox

ary Q)xy, ﬁtgrgey;a\cygrgup sugml >d wghﬁm(wo to 3 sugstituents selected

am nocar f I

quani di ngon e SPEARRing GAGH FoebenS AR, grano
or is setriol sdifémioracid)asulfate) pptionallp tubgtitafed: (aabyl Qiyc%lkyl,
al kyl any, carbon of which can be subs |tut ed with fla?(yl

0 £y o HkGsV: S ey Slkyde 080, heleroah heeraeY Sy ary
const st | Bty Bl VARl alk, BR)MERBrosk Y BYRtshoRy O

t hi ol cac ate, optiona

subst i t uhetroeydtylbxy,caryloxy| hgﬂeroaﬂylmoyy arrahckemg/rbpnyl

al kynyl , aryl het er oa et er.oc a [, ..
21 ko1 ar y P RAaPERVY PRTSaPonyia Ry tayh irdnSt, Sliahidino,
cycl oal kgﬁydohgﬁgrsg%ﬁhw oxy, aryloxy, heter oaryl oXY,

am no, carbonyl, am nocarbonyl, oxycarbonyl,

am nosul fonyl, 20 sul fonyl, guani di no, oxyim no

R W s Sl AR o O BE, P ) °s.

cyc{aal ksch -86\alloaEpgrearbomor Whictioai Besubstituted @dthwrdh 0 to 3
from O to 3 substituents selected fromthe group

consi st i AgPYtuapigsslgeted fram de aroumedrsising epamfoxyl

t hi ol

it ¢ oHeBhs ¢adiy, 2y5hB, ol BudIetLil, Sirste. optonaly
al kynyl , sabsﬂtutedwaﬂew aajcjdalkylealkom)ajkqmw, alkyhy| &myl,

al kylary hete Ialk et eroaryl ,

cycl oal kbsegemﬂf mygf%ﬂrv laih%gwam@f%maﬁy!am

am no, ¢ m@@})&g&

am nosul fgfl)(ng{@f m?’fpf %Iéél gg%nqeotlieno rxy| m noIO)\% heteroaryloxy,

any of tamirardarhenylf attiro@Ebanyl| oa}'dqrbogyloamlmstdfonyl
thantheo ttached to the rest of t

conpr | sesHirt s e ifioo Ssyifiing ieskln oot e T carbons
sul f oxi deemipise Far oY PxFIMRAbIGrotip dsWfidd, éﬁ@gﬂjl@oil@o3
substi t uent s_selected from the group consisting

of
hy dttdxy| C3HaY syelpalkyd apy earbon phwhich eammbe subshtuted with from

2000 004414 24T ARRUININE 1A LI Gl of ycrony.

sul fate, optl ohal y sub
al koxy, halogen, carboxyl, cyano, thiol, squonlc acnd sulfate optionally

substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and
sulfoxido,

(c) aryl group substituted with from 0 to 3 substituents selected from

the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
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al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,

aryl al kyl, al kylaryl, heter ‘{aryl al kyl ,
wa@bkdoglobater oaryl, cycl oal koxyz,o, het er ocycl yl oxyPCT/US2008/012706
aryl oxy, heteroaryl oxy, am no, carbonyl,

quan o oot AR SUTALE 3Bpaly SASeR By Sl atkoxy.
group sulkenyl taid/n, taryil heterBaiyd, Feterdtsiciyl Lalatkyl, alkylaryl,

selected fromthe g rouE_. consi sting of hydroxl
hal ogen, hetareamalkylcglyheterogny) cy mlk@ﬁy,dﬁ%temyclyloxy,

| fat d 10
SUL 12 kPO B Bl arikeearlchl
het er ocyokwarbanyll ahliybsulfonlyk \dudfowl/l, ghehilire rslfedds And

al kyl het ergq , cycloal koxy, heterocyclyloxy,
aryI oXYy, X %’aryl oxy, am no, carbonyl,

o agﬂg ar Héféfbary?pia’;ﬁﬁf g.::]’cgéﬂtu iR frehi 935 E&Ss%tii@mg selected

i no OXIdO
het er ocyfrbm:tl'@rgmppmmsistmgtm‘mmrwylf halogéent carboxyl, cyano,

hydr oxyl TolasOBRRE sEith slgle. oBfiaafl Subiriedt ghds dygioatiy.
aci d, subfkekg, aIR@ﬁyIOBFk'yhyl %Hﬁshé{‘elﬁé@r‘i}l r@téry:lcyclyl arylalkyl,
cycl oal kyl , xy, al kenyl’ alk

het er oar ?lkyhﬂélt éetﬁW@M@'kY|aﬁth’|Gft9ﬂoarylapk§Jpalk9xy
et of ooy bR B B BEEHan YY) SR o0

car bonyl ammna'rbcnylbomyéarbonwc anminostl ifongimsutedlf gaxhidino,
sul fonyl , guanl di no oxyi m no wherein any of the
carbons 8l Ejﬁeaﬂ‘éﬁlé(f%?@ aRdgroup other than the one

g;it ygisp%@ﬁggfch@@g& sluPEﬁtu'E@& WngfF‘?rﬁ 6§83§(ﬂ%n&fselected
an aryl fromhitecgroapydongisting m‘d‘t;&iroXyltMogenhcérbonyllcymo
fyar oxyl Tl SoTC G, s B GooRany oStttz aluh cydioalkyl,
rel ativegf@xy hﬁk@ﬁﬂ”ﬁlk?ﬁ?lt %'rﬁ' ﬁ@teYbar?F%eY@roc?@l?l aryIaIkyI

wherein the remaining “substituents are sel ecteéed

t he gr ouplkytangl beteﬂgamalhyldathmetemalm cyagalkosy, kyI

30 al kox | kenyl . al kyn am_nocar bonyl,

car bony! Netgtoripre iRk neflgRiodLRTS iPthY.

car boxyl anﬁd@éﬁ?boﬁ*laﬁk@bdibon?abﬁﬁﬁ@sulfwﬁ/ﬁfsQlﬁb]viyls uanidino,
heterocyclyl , , onyl, sul foxido, fonic

aci d, suPXyfuno wherein; any ofrihe; c@rben%@f the hetgregyelic group other

%E%J B Sg 8H@ﬂsﬂ‘f%ké)g?a%%(ﬁ{goﬁéﬁaﬁt%Sm%eﬁ%% comprise part of

whi ch casaideoxyirbato groued sulfidb, &nd suffokido;

R is an aryl or heteroaryl group substituted with from 1 to 4 substituents wherein
one of the substituents is a hydroxyl or amino group located at the 2 position
relative to the group containing Y, and Y;, and wherein the remaining
substituents are selected from the group consisting of hydroxyl, alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, amino, aminocarbonyl, carbonyl, aminosulfonyl, alkylaryl,
aryl, aryloxy, carboxyl, cyano, guanidino, halogen, heteroaryl, heterocyclyl ,

sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and thiol;

R, is selected from the group consisting of:
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3 substituents selected fromthe group consisting of
hydr oxyl, hal ogen, carboxyl,_cyano, thiol, sulfonic

waeiodossu fate, optionally Shstituted: al Kyl PCT/US2008/012706

cycloalkyl alkoxy, al kenyl , al kynyl, aryl, 5

et 02T R TR oYW b B b win rom 0o

het er ocyglsybetituents Sél@&ted ﬂ@ﬁﬁﬂw@@rﬁhp@ns:s&ﬁgw hydroxyl,
car bonyl, am nocar bon oxycar bongq am nosul f onyl
Mc

sul f onyl halgagni G?E‘R?X)’gﬁyﬁﬁpn@'%él#' apid, sulfales optlonally

Sul 11 do. SubGttad I VRIBARY, AkaRE Ak E, APiIaRo

car bon ohetsioatyl, da;tebmyslybsarybumwlk\ylalyl fhetarodrylatkyd,

by ar oxy! SIkyfastegan curlBRRpRY. hefarRSChibo) BnuRy.disteroaryloxy,
zl;icldoafﬁé.lfr%@ ég%bﬂn?b{lﬂo?aﬁlﬂ@ﬁg ﬁ@g?y|§xh.nosu|fony|,

het er oar ymlfon}étguamgmbybxylmlyb a\rhqrein ankof theyC1-C10 carbons
het eroar | al k | het er oar |, oal k

het er ocy ?yPB’%ﬁ pag{’@fawé OXHE‘?'QPC%%VPO%%O aqﬁcﬂazlfomdo

car fmny| C3a01 0 egalcamyy bny @aYise BPWnich &H B@%ﬁb&ﬁﬁu&’éd with from
sul fonyl, qguani di no, oxy| m no wherein any of th

carbons 8o Breubsiifueniaiselacted Hop mqw@ﬁouprmnsustmgowehydroxy'

hed f I
e 5 b AR G G5 R g By
aryl gr ogmbﬁub&td alkyd ctyatddikyl siRoLy, taﬂk@nyﬂ U@IR?MIUQI‘WS
sel ected from the group consjstin

hal ogen, hetgreands heterpeyslyl.iatyigikyl, leaw,l,ﬂletgﬁqqulalkyl

sul fate, mpweq)g,%la I%y@?hﬁ?ﬁteﬂiﬁéb&o&&g%Mé&%%eteroawloxy,

al koxy, enyl
het er ocyalmyrho, czmpbajrlkam,in@dé(bbaylybxy(%bonyl aminosulfonyl,

het er oar | k Iheteroar ycl oa

et or oySuatyduahisiion ayviniae WrissBih s of e Gasbons of the
car bonyl gy @AIRY pther tr%\/t%rd}@aﬁacr?éa 0Ol rtegwf the
sul fonyl,” guani di no, sulfido, and sulfoxido, (d)

het er oar mo egule sompsise part ofisaidtaxyimime group, sulfido, and
substitug@lh}% |l ected 30 fromthe group consisting of
hydr oxyl (g car boxyl, cyano, thiol, sulfonic

aci ft Suéfy@bﬁoup){@&bﬂﬁaiéd/wﬁﬂm Oltb@jsu@dtiwénts selected from
cycl oal k koxy, alkenyl

het er oaréle grl%lp eiating of w&rpwlk a%geal #3rbaxyl, cyano, thiol,

E:: :: gi;ééllf)(%rhé[ lamoalslﬁ?fé{éeto%ﬁlf}ﬁéwosal# %1@%(}@[ gﬁﬂ gz’ycloalkyl, alkoxy,

car bonyl alk@@;lZ@O@hQBM{Mhétiaré’éfw,w&téﬁﬁb’yalwmﬂalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano, 7
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
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am nocar bonyl , oxycarbonyl, am nosul fonyl, sulfonyl,
guani di no, sulfido, and sulfoxido, and (e)

whedeneryL! i ¢ group substitut with fromO t oPGI/US2008/012706

Rs

substituents selected fromthe group consisting of

) ol ¥ 08,

ﬁyd oal kyulfud%aéﬂ@sulfo?bﬁsemd a: Eynyl Ialr<y:
h :: A 8:{ %@@rqx;},{tc(ﬁ{: ?g%;p %gbgﬁstgéd?wltx cfigyp g)atpk%gé;gstituents selected

het er ocy.
car bonyl ﬁ'bﬁﬁl roﬁpﬁgﬁéfétmg %%I/ nosuP?x¥1l T:yano
sul f onyl thl@uauln‘cuhmacldl@uﬁal;e m)tlonallyesebstltane;d afkyt, m@'cloalkyl

carbons o e heterocyclic ot h t han t

att ached® SXY h@p‘? ta%%;m('h@naoh%g E&‘?ﬁ?rp@éc'ﬁ{;lafﬁﬁﬁyl

sai d oxy g dQikv sk OxyciGalk

hydrogenélo &?}g ge ect I$*l0%k¥ rr%gt{)l co‘ﬂ%s%g of :

15 (a) dleteﬁo@ydtwoxsargryloavbbetemanmxwammp tr@rbonyl
substltuted vvltB 8 Isubst tI L ﬁ eI gndn
from t he?QYRRHFTREY '8’9(‘%%5 BFY h§PIERH" fony 213Gy, guanidino,

car boxyl gxyipam® whehéifl anysef therdatbaiss of trfeulhétéhﬁ:ycllc group other
optionally substituted: al kyl, cycl oal kéc,@ al koxy

al kenyl , thandtheyane attgehed wew@rreﬁt 91 therap Ley@wprlse part of

arylalkyga ,§¥hﬁk§%Pu§ré&hSéf%h@%h#&md

e erocycﬁyloxy,

al kyl het er

aryl oxy, het eroaryl oxy, am no, carbonyl,

am nocar bonyl , car bonyl , am nosu| fonyl sul fonyl ,
@Mragmordﬁ@e'ﬁp {FAsy Pr9r8H9 GONSISHBIEA. C10 car bons

i se
Sl B G Mt 3y a0 B O EuPe IR i from 0 t0
can be ssulmtltuamtsdsemtted firoonthe? §raupt oomslsmrlgsof lydroxyl,

hal ogen. NelgBRBx SaboeyhRys o, SStehic AL, Sulfate. optionally
sul f at e, dtitafedt bikyl, W@ﬂdll&l‘tﬁﬂoxy’“éﬁ(ényl CMR&W' COLR

al koxy, al kenyl, al kKynyl teroary

het er ocybetgiroanyt, Weienqcyclyhla(yllaﬁqyy|a|ky|g[yér|3gt¢5pady||amy|
! LRSS HCRIEh) 85l oo,

am nocar ainyo, capyey! amivydcarbohylosxyd=pbyhyl, aﬁmhcﬁsmISdnyl
guani di no, oxyi mi ng wherein any of the car bons  of
cycl oal k§¥! @%L@#aﬂlwep pmmmwftﬂﬁ@maa%%@@ o7 Qﬂbcarbons

e P L S AL

PCTt (bl)JSZOOBA(DIZ:VGE)aIkyI any carbon of which can be substituted with from
0 to 3 substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and

sulfoxido,
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(c) aryl group substituted with fromO to 3

substituents selected from t£17e group consi sting of
whgapoxasli4 hal ogen, carboxyl ,“cyano, thiol, setT/081008/012706

acid, sulfate, optionally subst ituted: al kyI

ot (6 oar ! SRS HossPlatSIh grofly BYPS syiituens seleoted from
het eroarmea?ﬂoﬂp@(ﬂ*wir@%f&fmbwl hélb?bﬁatbdﬁ@&)tyl cyano, thiol,

het er ocycl yl oxy, ﬁl 0X het er oar
car bonyl Suleniageish 159 §te OPBQQ@UM Mﬁiltuteanaﬂwbmypwyl alkoxy,

sul fonyl , 1kgH?P%‘g“@8b sﬁ?}y‘t {aﬂe‘?oa é%cfygm dé?’glafl@ alkylaryll

het er oary rom

substit ubetesoawlaﬂkyledlkym@témamll d:w;e:lqalhuxy crmnenos;tyclygowf
hydr oxyl, hal o car boxyl |f011|

yan
aci d, suPPARW, ?‘Gfﬁrioéﬁﬁm‘%f as’ﬂ'IS'Qt F?&’P&Y aéT“R‘QPar ony

cycl oal k Y

heteroarng( Cahrete oc%‘%i #’l S@'?fEM\?' b” r}o sulfdo and

het eroarylula))kw,, al kyl het eroaryl cycl oaI koxy,

2 Zﬁ ﬁ;?’ l 8%&] g% %@%}iltu %E}s{\él §¥é 3 subs(tltuents selected

am nosul frepyihe groupUdnsistitigastiHidrexyl, ﬁélb%éﬁocarﬁaﬂyl cyano,
sul f oxi do, and {(e) heteroc C|IC grou stituted W th

from 0 t#id, sulfenic @gishisyifa @@th@ually S@hsttth@dgﬁﬂwb cycloalkyl,

Corel St L BfkeRk Akl Ky aRl RetefAi B et rot U BDP avialiyt,

al kyl, camymylkhéteraﬁry@élkyqxal,kymek@myalryl eJdivalkbxy,aryl ,

heteroaryl, heterocyclyl, ylal kyl, al kyl aryl

het er oar b/gtgr R‘}S{CW'@(Y()F]"M'@P‘& B%W‘PaWLQ}QYL éHl"R‘b)@arbonY'

het er ocy -
car bonyl 8“@%8@ %(%érbgﬁil ony Ir’n%nmggﬁh 8nypl,dmo'

sul f onyl sul§idanant sul,fomdayamd no wher ein any of the

onelalrt afreoRi e gEoNs StbsftufesE Wb HaTTio0 AP LuORts selected
of sai dfgying gﬂ%uﬁr&iﬂ%istlﬁ@Jf'H@@ro@?thHbéﬁxééiﬁox%' cyano,

and X2 are | ndependently hydroxyl, "hal ogén,
Cl- 6 al tusly sulfenioesisl, sulften optigaaliesubstitated: xﬂwﬂ @yelaalkyl,

cont ai ns kBB SE ARV B SERLS¥l HelgBeutly apvatin
1-3 het eagloys hetureantaikyl, SRkylhetdtoapyl, Scleslkbkgn

t aken together X1 and X2 form a cyclic boron am de
where sBel@requivioxy, aryioxy coelesdayiaxyeamne,.ccarboryy bon

store e SEA by BonlEh RS B o
cﬂ/cl ic boxylmnmrvmeremtany oihtbecasbonls ohﬁimh@terma/ichs group other
Lg?ué_zgggx%&ug%@agﬁgshecp to the res'? 819 (h%6rﬁgllecu?e comprise part of

said oxyimino group, sulfido, and sulfoxido;

X; and X; are independently hydroxyl, halogen, NR4Rs, C1-C6 alkoxy, or when
taken together Xy and X; form a cyclic boron ester where said chain or ring
contains from 2 to 20 carbon atoms and, optionally, 1-3 heteroatoms which can
be O, N, or S, or when taken together Xy and X, form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X; and X, form a

cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,
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optionally, 1-3 heteroatons which can be 0, N, or S,
or X, and R together forma_,_cyclic ring where said

WO 200g/06amt ai ns 2 to 10 car bonz%\torrs and, opti oP&l/Ug2008/012706
1-3 heteroatons which can be O, N, or S, and X2 is

I 5 | k
op (I PEEPEER R PR oA Bad N e i xR gt 3 (et fom a
cydlie riny whees baid ratg)msntamé, 2 et Db oY ato1rn§ ahet aﬁwawm -3
whi ch can be 0, N, or and X2 i.s hydroxyl,

hetqragiomsowhich.can be I or\$ and Xy s av@rqxuué\@éqmw 4Rs, C1-C6
alkgﬁr&%h?r?%lo yth; ﬁt}%‘flf&gﬁmgxé gg(?lnthher%l é%g@\‘lnp c%rlf%%lsto 10
carhlokydtamgl andyrogtionaliy,| bsmetewdtmglwhlcﬁ@anmm, N, or S, and X; is

al ogen, het e | oxy, heterocyclyl,

hy%ﬁ?P‘Y'i’ EBEO@GI'W : Obpq égf‘ﬁ'ﬁ? or taken together Y1

and Y2 forma cyclic structure cont ai ni ng from3-12

carbon atons and, optionally, 1-3 heteroatons which
Y1 and Yaeare lndepemdentlydnyokogem t alkhle cydbalkyb alko)qd dll@ngh alkynyl,
am IS Ifor use. of a% etla ct a\rm |b||tor boxvl

H?of&“'”%%é?%rﬁ‘f" i £/°RAY ﬁ&yt‘m‘ @&nﬁWAOXYRfar oxyl,
cyafib, Aaldyers helferbddy| I%x ' ﬁete% SNifSR3A, or
Y O R -S(0 2@1 i QCIM‘\IR4R5 ?\IR4R5
sulfaxigd gsiaken togstaer ‘écaed \fzrf@nntaw@y@p@twcwnscmtanmglg)from 3-12

oo o e SRR P B R BR O, o

hydr oxyl, hal ogen, carboxyl, cyano, thiol, sulfonic
sul fate, optionally substituted: aIkyI,

aci
or%g@fig&q&r@?{ al koxy, al kenyl, al kynyl, aryI ,
het 3 I A :
et B 384 860K oo B X1k taleAfhor withbroac
speudtusn funatioplatityyhavisg dne fasrulahet er oar yl oxy, ami no,
car bonyl, am nocar bonyl, roxycar bonyl, am nosul fonyl,
sul fonyl , guani di no, sul fjdo, YandyY,sul f oxi do, (b)
heteroaryl group substituged wi fromO to 3
substituents sel ectedg #f0 € gr®&dp consisting of
hydr oxyl , hal ogen, car boxyl cyano, 30 thiol,
sulfonic acid, sulfate, opti gdly substltuted al kyl ,
cycloal kyl, al koxy, al kenyl, alRynyl, ary

wheésie Rads yC(OhB4 eﬁia)NRARs, ﬁ@)@MyFS(WZD@#M&ﬁRZQ
C( ﬁﬁﬁ@%oﬁy roggg?%)g ég,tedf}%rﬁ rtt?g rg¥oup cgnélstlng of:

(a) aryl group substituted with from 0 to3 substltuents selected from

the group conS|st|ng of hydroxyl halogen, carboxyl cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyt,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
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W@ oboesli4 guani di no, sul fi

R

het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,
carbonyl, am nocarbonyl, %car bonyl, am nosul f onyl,

, and sul f oxi do, PENUSH08/012706
(c) heterocyclic group substituted with fromO to 3

hychr oxyl SRKBrTGBEE Eapirkfl i dheeRR ORI aORE o

aci d, SUhét@?@cydhﬂbkp@?lo)kyshél@?wwtcﬁ@, aﬁduko’ lcarbonyl,
cycloalkyl al k kenyl, al kynyl, ary

het er oarymlnqr@t@%ﬂy@xxﬁarbamxh amwsulfoawkﬂUprvl guanidino,
heteroar ']"ﬁ{j med gwﬁ&l gtgﬁd)aryl cycl oal koxy, 10

het er ocycl'y het eroaryl oxy, am no,
car(epnyl hetemyuhczgrbomshbsum;&chwﬁbrf;dm Catwi 3 esbstitoents, selected

sul f onyl uani di no, sul fi Ifox do
Pt ogrfrof e roup Sora e S YRS g sl SBshes by Brano.
15 (a) Gl sﬂf@{; Al sﬁﬁfé@oe,p%nm §l§‘bé’(ﬁﬁtelaealkéltl,é:gcloalkyl,

substitute romO0 substituents sel

f r om t healypwy,palkemgi alklyngl efyl hyetecoarlyl, heterooyelyl, arylalkyl,
car boxyl ,,, cyano hi ol | f c.acid, sulf

opt 1 onal 2558 betereantaiy, aBYeiSERty, fiokPin.

al kenyl , halekyepd Iloi\r )’érzlox eﬁ@tb?@éﬁﬂoxyhﬁhﬁtﬁ@cd&btﬂhyl

aryl al kyI al Kyl-ar et eroaryl al ky

al kyl het emwmqarboax)cp&maxbwyl a@umssdimwlsw@nyl guanidino,

aryl oxy, r am no, carbonyl,
am nocar ‘?J gﬁégg&ggnyl am nosul fonyl , sulfonyl,

guani di no oxyi m no wherein any of the Cl-C6 carbons
conprise part of said ox¥| m no group,  sulfido, and

ISUNYBIE0, or(lg)sed%teﬁ frope thagvaup eensistingeh of whi ch
can% e Séqséétalﬂ{ﬁgnyéa?béﬁ Bfwhich Cart Peh yggg@%& Withiffom 0 to 3

ted fromt group consisting o
hal ogen, sulsstitoents, setgctad frannihe grcmﬂ émﬁis:tim;:d)ﬂhydroxyl
sul fate, optionall ubstitut

d:
al koxy, |Qgﬁ9| car owﬁyyan%rtﬁfo? sq{&r@/ aquy%l(jifate og idnally
het er ocyslpdtitufeidy bﬁdyndydo%lwl élkdky, dlﬁéran Oélkyﬂ.)ﬂ' KA,

al kyl heteroaryl, cycloalk het erocycl’y

aryl oxy, haar@awhrrwtgwpyclso aayllan] ailarlamhyjeteroarylalkyl

quani di SRR R Srabl PSR IRy, Bl garyiony.
cycl oal kaiirgs, apboh e{anﬁmrwwoawcﬁrbaﬁﬁedrrﬁmbémnw
rest of the nol ecul e conprise part of said ¥| n no

group, sehifaryd, gt@mdmgupmmmwhm@m @fetmlq ¢H carbons
PCT/ USZOQ%B %2) |5”0X i ?g;‘?oﬁﬁ'béflﬁaé‘t% Yikdkido,
uen

fromO t
(b) C3-C7 cycloalkyl any carbon of which can be substituted with from

0 to 3 substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and

sulfoxido,
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the group consisting of hydroxyl, hal ogen, carboxyl,
cyano, thiol, sulfonic acid sulfate optionally

W@ advss44ut ed: al kyl , cycloalk§@ al koxy, al kePg1/pUS2008/012706
al kynyl , aryl, heteroaryl het erocycl yl, aryl al kyl,

o R Y oy S SHRRNAG) v SR SO aepieg rom
ani no, cgidgmlp cmmﬂﬁgabbmmbxyl ﬁék}@%hb@QNHoxyl cyano thiol,

am nosul fonyl, sulfon guani di no, sulfi

sul f oxi d&Y f@ray: aeid, ateguoqjmaﬂy §ub§tﬂtutqﬂ @ékxh qualk)yh alkoxy,
0to 3
congl st |Sng(%o§'I W@X%P%%F%og& @éa\trgg%&;ﬁ'lg%@%ﬁkoyl alkylaryl,
tlhlk o: shblfao?wlalkyldalll?lﬂétetcmlrilopyd:loakbky Isetbeddybllyﬂm,

CyCl Oa al KoxXy, al Ken ar ,
ot ot bas SYISRGHELSIOAYIORY. 1oy SRlROnY A RTogagFory!,
het er oar B}(ﬁé‘ﬂbbn yRaf hB%Iﬁ{@Wéﬂlfon?Yglu%ﬁ‘d?ﬁé(ysulﬂdo and

het er ocycl yI oxy, yl oxy, t'eroaryl'0xy, am'no
car bonyl sulféxidej nocar bonyl , oxycar bonyl ,

I R AR AL R
from O tgof HEDGIdUESHsTstR) GChyRFoxjIl ﬁHI'olbéﬁ gabéiRyl, cyano,

consi sting of hydroxyl, hal‘ogen, carbox

ano,
t hi ol , sthiebsutoniciatid,sulfate, @pt@@aﬂmﬁabst}tumgﬁkwmmbpalkyl

ﬁlei( )élr oar éﬁéogﬂe%%goxls%f@nwgaml QF@{%M gf%}gf’&&cqyl Yrytatkyl,

het er oar glkgldtyl, hetdrsghhalker, @ﬂ(yﬁieteméryloay&aaukoxy,

heterocycl | oxy, aryl ox het er oar yl oxy, .am no
carbonyl h %/ ﬁPYﬁJ%'QP%o?W OXYoQﬂ%PB Y, a&?ﬂ‘ﬁo@@ﬂbpﬁﬁkl

Sul Lo A oufiins Sﬁgﬁ@ﬁéﬂ'&f@#ﬁgk“?w“'dm°
one at t ashiidot and lselforisiD, ahdt he nol ecul e conprise part

d foxido, R3 i
o By bPPlG dtonb Supditued St ta $RubsimeRts Selected
4 subst i Tr%?rmh% Wpeédhs&ﬂﬁ; &fh Ggfcgth;?l H§IbbeeB£&o'x§l %yano

hydroxyl or amno group |ocCate 2 position
rel ati vethiol, shonicand, curfiate roptignaily audstmatedamwl cycIoaIkyI

the. or ouBREsHSTRERE Sucshih i B 3eRl inetE G iy R,
al koxy, alkyeiryl, he@ér’éﬁﬂb{élkyla&lmﬂhetémdmcaf/iﬂ@ahkbxy,

carbonyl, am nosul f I kyl ar ary aryl oxy,
car boxyl hete,raﬁbclylgwnarcrlqw, hﬁbﬂf@g@fﬂvan@t@n@awbonyl

20 e R A AR S 8o

PCT/ US2008yi&iad dheréh asy obthectartiohs afithienhetg@rocyelic group other
i sti f:
const sti ﬂganothe one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;

R3 is an aryl or heteroaryl group substituted with from 1 to 4 substituents wherein
one of the substituents is a hydroxyl or amino group located at the 2 position
relative to the group containing Y4 and Y;, and wherein the rerhaining
substituents are selected from the group consisting of hydroxyl, alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, amino, aminocarbonyl, carbonyl, aminosulfonyl, alkylaryl,
aryl, aryloxy, carboxyl, cyano, guanidino, halogen, heteroaryl, heterocyclyl ,

sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and thiol;
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(a) C1-C10 al kyl any carbon of which can be
substituted with fromO to 3 substituents sel ect ed

WO p@a0643e4 gr oup consi sting of Ahydroxyl 5 hal op@npYs2008/012706

R4

car boxyl, cyano, thiol, sulfonic acid, sulfate,
optionally substi t ut ed: al kyl , cycloalkyl, al koxy,
al kenyl, al kynyl, aryl, heteroaryl, heterocyclyl,

Hsélébﬂé)ﬂfrorﬂhhé'g@éud) cohgrsﬂuﬁ@@ryl al kyl ,
al kyl het er oar cycl oal koxy, heterocyclyl

ary axy, C He@éa @&M aeY\Earken ﬁt,w icky GRTMDE | subs%(itydted with from O to
o o o U BAE SR o RSP Wt o pyron.

sul f onyl uani
Cl- C10 chaloges, cadboxyl, egapay thiclf sufonic axidi, sulfategoptipnally

| fido, and | f C10 cycl oal
igr blonoo? ltaﬁu?dcgﬂ‘ygéyéﬁ’@@iﬁ?ﬂ ‘?‘Ff?ﬁ’r@;ryn@ngﬁ’l’S
bstit
hyar oxyl TR HHERED afff"%'k%%’o'@'gﬁm?e‘*é“%ﬁﬁyé
acid, suakamter@prylooymld)qlkazy sheistacyalyky, anlgxy, heteroaryloxy,
| oal kyl . al k al k
i oy TRy N apnosutony

het er oar yiifdriN| g uarﬁﬂiﬁb' BRYi1ieG WHereipy4ryoa! th@X¥1-C10 carbons
het erocycl yl oxy, aryl oxy,” het eroaryl oxy, am no,

car bonyl coraﬁrlﬁemrb@frgald oxyiyinetgsayp, sifidmcnd selfguido,

cartins 5P T SHRRUOP R Eotet BFFIsh BN pRianbEfuteg witn rom

at t ached0te 3t§mastmént§fsetekwed frohethd @ro@@rﬁﬁns‘iﬁlr@%ﬂhy@i‘roxyl
sai d oxyjm no group, sulfido, and sulfoxido

I
group subaogen: earbmxyh cyapey thial osulfonisaeids M@t@ 0ptlor¥ally
hal ogen. SubsifucenGigh UBIoSY, SkoRg kW RN, arv
slulkf ate, hel;aroamyhlhe_,tem:lyslyl tauylatkyl ﬁdll?ydaryl,d'}eftémﬂrklﬁlkyl
a OoXY, ar et e ar ,
ot or vy 2R SSaIkeRY theterboychERY) shvors Nejeroaryioxy,

al kyl het gifes %arbéb{)q' aRincvarbomft SN&YBJ)WIOébhmosulfonyl
aryl oxy, hetéroaryl oky, am no, carbonyl

am nogarb‘df@”)ﬂl, Q@WdlapbOWMIn@?Wh%ﬁlnl anynqil t,hesﬂﬂrbong'bf the
ha A
o oup supts PVl srBupiifer Bahdhe e duatizt (EkBLSEL&t tre

sel ect edmdléduie thmdiseyrart eNsaidtdxyindlo grodpo¥iifido, and
hal ogen, carboxyl, cyano, thiol, sulfonic acid,

sulfate Stdfﬁw%ally substituted: alkyl, cycloalkyl,

het ocycl yE ‘-l'a{’r yﬁﬁ%‘tﬁﬂ?@d\v@ g{g&pgé%@%ﬂ&uents selected from

PCT/ USZO(D\&/grbﬁmﬁ)nsaﬂtlnglcﬁrdeMtIealogery] @drbykyl, cyano, thiol,

al kyl het gl.rllPonlc\{ acid, sulfate optlgnally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,

alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
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W@ ioboewi4 guani di no, sul fi

Rs

het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,
carbonyl, am nocarbonyl, g%zcar bonyl, am nosul f onyl,

> and sul f oxi do, PENUS08/012706
(e) heterocyclic group substituted with fromO to 3

Pydr oxyl SRXETGLEE Bam H IRty BRALSRGRY
aci d, suhéwrécyshibky, @?Io&yshéﬁroémﬂcﬁ& aﬁhkalcarbonyl
cycloalkyl al koxy kenyl, al kynyl, ary

het er oar 9mln¢@repeﬂyexxﬁarbaw& awwsu'f%yk;ﬂuyppvl guanidino,
het eroarg?ﬁp Yind guf%g(ggtgﬁ@aryl cycl oal koxy, 10

het er ocycly het er oaryl oxy, am no,
car{@nyl heteamcyuhcq;rbomshbsmﬂy@iawhtbrfmm (nio D eabstitoents, selected

| f I di f th
S bons e e glotbiaseeeing o Ryl b e iootRatRrbREYloFEano,
att achediig Ebﬁoﬁlé%lo(’fsu;fﬁf?o’HEJ‘tn%ﬁHth?Bé‘iHDteﬂe an@i tcy‘éfoalkyl

sai d oxyl m no group and sul foxido; 15
hydr ogenaumxy,salkehydcalkynylr anylt hetegmanyb habemcyclyh grydatkyl

Cl- b tituted
Win tr onllaY st SiaR Al MeFRardaerToRkERE or oup
consi sti ﬁéte‘i’éc%fﬂb%)’drylox? hégeda Rﬁ(fbeWho é‘éfBBﬁyl
thiol, sulfonic acid, sulfate, op tlonall

subst i t ugednocarkonyl, exysashpryl arrumqmdﬁwnyﬁwwﬁpvl guanidino,

al kynyl, ?)‘?\/ ﬁ{eno \Am%trglf'noqal'[yy +f’ thgec{qi‘{)? % ES{‘ He h@1{e¥$£}clﬁ¥ group other

al kyl ary teroaryla eroaryl,

cycl oal kthay thieedrey anacﬂed oxthe r@sybbm mbRictile0 8biybaisg part of
am no, carbonyl, am nocarbgnyl, oxycarbonyl,

am nosul ‘F%‘F’ﬂxy'mglﬂ JrONP) su'@dﬁn?ﬂ‘i’ ﬁH'foé'Qﬁ m no wherein

any of the Cl-Cl0 carbons 25 conprise part of said

oxyi m no group, sulfido, and sulfoxido, (b) C3-C7
'c;ykﬂdragelyIorémyeleaténbinonmfthmgrobpmnstseingmjst ituted with

f 0 tituents s ctedfmh rou

cor@st i fi-Co Hghroseroom A it e b kb EduBin from 0 to 3
thiol, SshtﬁétﬂUént%Csle‘I’ectéé |frfo<'l‘ﬁ ‘Fhe @Fﬁd&%élé’tmg of hydroxyl,
substltuted al kyl , éc oal kyl , "al koxy, al Kenyl",

al kynyl , halegen, carboay pwanglthlqiestdfamqabgdl §uﬁat¢|, aptigmally

o 2 e R RHOBIY) SNty MR RRE Sl o,
am no, Cﬁéll@@d%(ﬂyl mm%llbebIkyD)Qﬂ@ﬁémfhéteroa\malkyl

am nosul fongﬁt uani di no, oXyi nm no erein
any of taky @f@ﬁgylo$yql%kowm%@quyply§?&yua%@mmeﬁw&awloxy,

e one gifeNefnbivi! Siddtdmshyi’ 8%, HbMP ekt rony

PCT/ US20 _
sulfonyl, guanidino, oxyimino wherein any of the C1-C10 carbons

comprise part of said oxyimino group, sulfido, and sulfoxido,

(b) C3-C7 cycloalkyl any carbon of which can be substituted with from
0 to 3 substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heterdaryl, heterocyclyli, arylalrkyl, 7a'lky|éryl,' héte?oarYiélle,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the

cycloalkyl group other than the one attached to the rest of the
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nmol ecul e conprise part of said oxyinno group,

sul fido, and sulfoxido, (c)_.aryl group substituted
wawtonobasom 0 to 3 substituent3d sel ected from PETBUSI0081M12706

conS|st|ng of hydroxyl, hal ogen, carboxyl cyano,

t hi ol , If nic acid, tiona

L o AR tslun ek 855 o bl Bah sy, and
al kynyl , s@ifytidohet eroaryl, heterocyclyl, aryI al kyl ,

al kyl aryl het er oar y! al kyI , al kyl heteroary

cyc(dal kary grown sxbseltuted with frOf@WP&(?“bﬁi@%mté&eJ@Qﬁ? from
o nosul Tsr g iR Aoy, E6G8ALCAfoxyl, cyapo. thiol,

sul f oxi dsulfdrii} aait, @utfate) loptionaly su!battuttedt eﬂ(deyhlddllqm alkoxy,
0 to 3 substituents selected fro aro

consi st i Alfepy!. Ak aryl. hetesgary!, @?W&‘IY' ftry@”i)'l alkylaryl,

thiol,

alkyl | oJREE N QIR ACEn B GBAR Y (HHEREYLSS,
het er oar grylohetrmtermwmky, axnyioabhgbqnyﬂ,?araihb;ziamqriyj,

b or ooyb {(gaﬁ%ﬁw gkﬁ rla%(j}l Oﬁ[;ﬂggpﬁ §L§ﬁfd§%xr§&|ﬁdo, and
car bonyl gyif@agdocar bonyl, oxycarbonyl, am nosul fonyl,

sul fonyl , guani di no, sul fi do, and sul f oxi do, and (e)
het &hocy betetoatybgpounusishstituteddvith friont 0¢m3osut1§at|31ents selected

substitu sel ect ed r the qro consi 0
hydr oxy! OB Rubihnsistne STy BafPash Gppihi eano,
aci d, sutHiél §ulf@ﬁiblaﬁtﬂ|§u}fatwbﬁitlbhdﬂyeéubs?tit&téd, alkyl, cycloalkyl
cycloalkyl al koxy, al kenyl, al kynyl, ary

het er oar 3koxyicalkeaiy alkynyl, anw Bﬂewaryl é]ett@ﬂosvglvl arylalkyl,
het er oar I

heterocy%ik?'égil hegérré%swgﬁ w%‘? ®§< éyé;ér?nélﬁgxy'

car bonyl het&soeydlylogardrgloxly, hebeyoamylnxyybmlno carbonyl,

am nosul fonyl , sul fonxl , guanl di no, X Lm 0 erein

any of tﬁ@'%‘?ﬁ%gﬁgy'of’ YGRS HBY'ePHE%W'@”é &HBOBYhQHa"'d'"O
t han thesgﬂgoaé,t,@gnﬁgxgg the rest of the nolecule
conprise part sal J oXyi mi no group, sulfido, and

sul (exi dbete’Bch(:lucaTdup(SubsbtultedjwmfcbmtQ tp 31§dbsixtyents selected
hal ogen, oxy t aken t get he

X and XEORLIE Srop AR e\ hrb8S T raBlRY: Rrano.

or ring trﬁ@lnbalfdiﬁcfarcﬂins%lfbté %tl@ﬂébﬁﬁu@étﬂﬂﬁda@ﬂqyl cycIoaIkyI
opti onal | 1-3 heteroatons which can be N, S,

or when abwxy, alkgaylhalkyryl, and. hetereand, é\eée;/r@pvelyb@rﬂalkyl

car bon agsnardn BTkl ISRy B bRy 54"

PCT/ US20RétebdeyidMoxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;

X4 and X; are independently hydroxyl, halogen, NR4Rs, C1-C6 alkoxy, or when
taken together X1 and X, form a cyclic boron ester where said chain or ring
contains from 2 to 20 carbon atoms and, optionally, 1-3 heteroatoms which can
be O, N, or S, or when taken together X; and X, form a cyclic boron amide where

said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
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het er oat ons which can be 0, N, or S, or when taken

together X, and X2 forma cyclic boron am de-ester
wob@weesad d chain contains fr 2-20 car bon at POEUSIVAS/012706

optionally, 1-3 heteroatons which can be 0, N, or S,

el ol B 08168 B g o
ol o st s

A h@ﬁﬁ@%ﬁoﬁyﬁzwh@hrfiq{gbw%r% oS B Xngnd R i form a

oydift iy whgfeb gl Hrig Bortas 2R 1953oh alns BELEOLRAIR, 1-3
hetSR§ERbmsowhich-dah laé KAY,; orl®, afid Xn ik Nedixgl, ihatbees) iNRYRsy C1-C6
a'ka%? %m%gdps% f' 3r§r|h15rwek\$ 'HESX e%;ﬁgg@ﬁyb Sntdin '3 to 10
carﬁbhﬂté‘rﬁ\élﬁncﬁroytlonﬁﬂ)}’ | é%etéft‘fa*?&ﬂ'whl?ﬁlééﬂ%e ?a}\p%@rg and X; is

et eroar teroar oxy, het eroc
hyda'okf'lohglo,georNFﬁtﬁisf ORCdeC&alka)qken toget her Y1 and Y2

forma cyclic structure containing from3-12 carbon

atons and, optionally, 1-3 heteroatons which can be 0,

Y Bhd o, are |ﬂ§e;§én&erﬁ@|ﬁ drBQéﬁQilkylP&WbQR?l tah@ixy, wikeRyRhlkynyl,
|s-é() c}loen IS a group

amingy mmgnoswﬁ)rw b@mrm@nbmdmmbgnyln gllwlaru?/ iy r asmxyatcarboxyl

oyl SRR, HobtoB A RoRt iRy, fpBlaf i pdcbrSiiopv o

sultékidt) brXaken todetlenXy bnadry forrmhsa Mlb@twctmdcdﬁialln&]g from 3-12
repl aced by the ortho-hydroxyl oxygen of such that

carkop atemsaih qntlﬁgalhs kérheégroaé@msw "a'h&a'?zbea@eN orS;
hydrogen, R4 is not unsubstituted C1 alkyl; 25 in

conmbination with a 13-lactamantibiotic in the

or amalbtlereof,e of a nedi canent for the treatnent of a
bacterial infection. Another aspect is for a
conposition for use in conbination with a (3-1actam

i uel t i
oA i EUOHRR RAE Y Ao REfS By oo havng
two gijigtitents QoOpisngmf a kydpgpat the@epasition agH-aNEaRB)XRIG acid at

the:3-BhENBAnelPLL iy ths SO Sotafind Xy BeE?S 5 SRER, 'WhE hydroxy
or RGE RBREXA/SHLRDRs repacert b tHls OiRo-FiyBsdyl Bkggerbf R, such that

fromO to 3 substituents selected fromthe group
a 6gpambared gingfis fgmesnand ¥appgere, arediystiagen, By isnaot

undustluted C1 alky!;

in combination with a B-lactam antibiotic in the manufacture of a medicament for
the treatment of a bacterial infection.

Another aspect is for a composition for use in combination with a B-lactam
antibiotic in reducing a bacterial infection comprising:

v

R1/ Rs

BX;X,
wherein Ry is =C(O)Rs; -C(O)NR4Rs; -C(O)ORy4; -S(0)2R4, -C(=NR4R5)R4, -
C(=NR4Rs)NR4Rs, hydrogen, or is selected from the group consisting of:
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sulfonic acid, sulfate, optionally substituted: alkyl,
cycl oal kyl, al koxy, al kenyl,_al kynyl, aryl,

whedenorny | , heterocyclyl, aryfal kyl, alkyl ar yPCT/BS2008/012706

het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,

car By Shl R sBEHLREE W ieth BRY St essgypa from
sul f ony! theggnipdéditsistig of mromdhaﬁgbhoxamy( leyano, thiol,

heteroaryl group substituted with fr
subst i t ugHifenis acics seifatey @ptiopally ﬁ@bgtrtet@ﬁ @Bﬁé/é;.%ﬁciq?@%falkoxy,

hydr oxyl Fpég?gpgﬂgﬂﬁaa’ Oi%{ergsm[}ﬁﬁtg déd“)ﬂgfvmr?}éhm”élﬁylaryl,

aci d, dgnaf Ty su

cycl oaI khéteroalfylka:lkyi, alkykmhsvrloarwl kyMgdalkomy,Weterocyclyloxy,
het er oar er ocycl

al k aI k_ laryl,
het er oar %WA‘P et%rq@y é@( é\oy . 9?/bonyl,
het er ocyskgiéacn%nwaam.wuqd?@i,em@h%i, gg%énio‘?f%,%lfido, and

car bonyl ocar bony oxycar bo
am nosul salfgitido,sul f onyl , guani di no sul fido, and

sul f.Qxi d and (c) het C|IC uhs .edvvit
29 Bt Sl e R PP o e st bbb
consi st ' ﬂ@rrﬁhé‘@’r@h@%dnsdiiﬁb%dré@l bexvhen CyaBBxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted:

zﬁl kyl, cthieloguitgnic azi, sulfates optioraly Bubsiititesy alkyhraycloalkyl,
et o oar Jleiy 3R Glhyl, B0, BptSrasny. HeisRidhn, arviaikyt,

het er ocyalkylayly hewrwhﬁﬁl@kylhawrm&waﬁwycydﬁalkcxy,
car bonyl am nocar bony|, oxycarbonyl, am nosul fonyl,

sul f onyl he@ﬁ@?ﬁ(%'ﬁ& aFXlS’IXVI a@ter%rarlw ﬁmenaocarbgnviz | s
hyd
y)r%g%en nﬁﬁ?(éeﬁbéﬁ |88&f€a6&6ﬁ?1 v\ﬂ‘ﬁcﬁg can”y e suﬁgll p dopo,

vvi th froemlﬁdbpaﬂd salibwtof amdit s sel ected fromthe group

S it subrauist BuniEimY B aibdlents selected
substi t urgh thal dntup Conslstiplghor hyo@bhﬂxﬁaloébhe@ﬂrboxyl cyano,

al kynyl, aryl, “heteroaryl, heterocyclyl; arylal
al kyl ar ythlolheuwmalapicmsujiate aptiopbhe sebstiintad: aIkyI cycloalkyl

avi no- caimryenl kvAyb sy, AERIGAN paTRYEN Rk

am nosul akyidryl, H@te?@@ﬁﬂélﬁﬂ%kyﬁ@t&@&ﬂ%&&&él%iﬂ 06
sul f onyl uani di no, %)rxm no wherein any of the Cl-C6

carbons he wcéséowarqry ysBetereanyianyn anjre.garbonyl,
sul fido, oAt EHbbAYN 8Rycarbonyl, aminosulfonyl, sulfonyl, guanidino,

sulfido, and sulfoxido;

R; is hydrogen, or is selected from the group consisting of:

(@) C1-C6 alkyl any carbon of which can be substituted with from 0 to 3
substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,

amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
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WO c@oé43es gr oup consi sting of

(b) C3-C7 cycloal kyl any carbon of which can be
substituted with from 0 to %%substituents sel ect ed

3 ydroxyl, 5 hal bQgB0S2008/012706
carboxyl, cyano, thiol, sulfonic acid, sulfate,

o LR b R B A7 camons
aryl al kytomplikg lpaitydf, sdie oxyipding lgrolsy, |sulf|do and sulfoxido,
al kyl het eroaryl i/cl oal koxy, heterocycl

ar y{boxy, Cdeé ,cyg\og kykgany cgﬁtpcm)of WBP%"cﬁﬁn %)/e su%stltuted with from
am nocar ooyl sulf(?fﬁt’m?é”t?%@@cte@ bRPHE ér%ﬂﬁ' con%%twg of hydroxyl,

sul fonyl , "guani I M no
car bons bélogba canbokylalckaho Oth@l pswudfdmic atﬂdasullfdzte optconally

attached to the re ecul ar

sai d oxy??ﬁﬂgu‘&do(i‘ﬁ(y' ﬂphaﬁﬁ’l r%lﬂ‘axv ﬁ}f?fzyi‘p%lk ny(lp:)ary ryl
Jetobt o roreaivhetbidy LA ArRak) RIS HidteRiatyaliy

hal ogen, alkalfbd:emlarylcmaﬂ@alkom dieterosytlytodiyc apdoxy, héteroaryloxy,

| fat t bstit | k |
:uukof(tyfe 'Zﬂp I ona}")é{'ié'ﬁﬁnécaﬁww ﬁ)é\(%@;%%lpg/)f ar%&llnoélulfonyl
het er ocysliiidn Iagjl)érﬁdjlh}b' oxfhtid ¥hdrein 18t 6 tAaradrBbky bf the

alkylheteroar cycl oal koxy, heterocyclyl oxy,

aryl oxy, cygé@@liimlagrpumgthe@thaﬁldhe@}eo@ﬁtgﬂphed to the rest of the
o rocer A RSP Laig I RR 90K surgp. anc

het er oar gihlfaxidelp substituted with fromO to 3
substituents selected fromthe. gr Qup consistin

f
hy diCxy| aryl gepuravbstitataslouiyh frogy, Qe 3 sybstignents @p?quq;@ from
i d,
Schoa 1B TSt 8o, yano. i

het er oar stilfortie eidh sulfatd, opaoyaw klybstltutakikalkar y:lyploalkyl alkoxy,

et or ooyl plkviy| sy heleEBanh hefbey i i, atkylary,
car bony [ etcharyey bamyihetémwra@wénko@nmwcpewwxy

sul fonyl, guanidino, sulfido,” and sul foxido, and
(e) het earytye, ihetejoanioxy ninoucadonyt, lantinosatbonyl, 3

hyar oxyl S Bgall: ROt S0uhR BuaREMa Sfst oo

aci d, suém&t)@do optionally substituted: al kyI

cycloalk al ko xy, al kenyl, al kynyl, ar
het @ oar E)/‘P GFWEQBQ}%SF‘WS“M?QIV&FH(E} 049 @ﬁl&sytuents selected

Dot oo b 68 b RAFE S o HIEASBLE e, cvano

aryl oxy, thiwlt sulfariy lacidy suifaten @ptionalhosybstituted: alkyl, cycloalkyl
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulifoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
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am nocar bonyl, oxycarbonyl, aninosul fonyl, sulfonyl,

guani di no, oxyi m no V\herel R%?any of the carbons of the
whedeneryL! i ¢ group ot her n the one att achedr/us2op$ie2706

rest of the nolecule conprise part of 5 said oxyimno

group, | £ nd sul f ox | o
hetor oar PP S BR Aty % BtRro i Rrfd citbony
subst i t ugiiisosdrB6EYINoxRRRLENYIL Bmm&mfdnguwﬂfanyls gaanidino,
hydroxyl or am no group |located at the osi tion

rel at i veOXYimim@ Wieseip a;rnfn@famﬁuqagbms gﬁﬂwemetegma'chc group other
wherein g ﬁw%r@Hé‘hRQ “@%t He%PSf‘ﬁml% rﬂbrq(c%fé E6pHise part of

fromthe group Conar et I hg-0

cycl oal kyaid O)GyEdewgroalbksuMHo ahdiy;mfbxudam no,

am nocar bonyl, carbonyl, am nosul fonyl, . al kyl aryl,
aryl, aryl oxy, carboxyl, cyano, guanidino, hal ogen,

E‘”ﬁ%r?'é@ﬂ é)Y'h %gyﬂ I‘b%gﬂ(): ?é Pstltufe%ﬁ {witd 9ror§ yl tfﬁ féhbstltuents wherein

one of thet smbs“tuttmnts Iwagmiuqmd onSiNEno rggomb loqadéd 81 the1 D position

relgfivgtto B2r5h cBNtamiodt tnd 3a s iiEreinghe dgmaning
sub‘s@lﬂ?ér&é iafd sefeciydifrony the ?rfé@ Qﬂﬁ%istﬁgrﬁqmdroxyqyakﬂ cycloalkyl,
hi ol , sul fonic acid, e, tional

alkgw)salkenw e@lkyravlkymm@m@@pa;hony |qam&9nylaamgsulfonyl alkylaryl,

YRR s A R BBy Nt

sulﬁ&@lstnﬂolnqmsulfbsemer saieniy laeiey suffald, and. thitet er oar yl oxy,
am no, carbonyl, am nocarbonyl, oxycar bonyl
am nosul fonyl, sulfonyl, guanidino, oxyim no wherein

t of d
L e S P

cyc{a)al ngI1 (amg atigyl bog cafrbovih b€ Whadncarebe sabstituted diithv frdm O to
from 0 fo ubstituents selected fromth r

cons! st | AGUBFTREIR SSRCIS EPBER Oredp GoRSIINg phAdrox.
thiol, SHbIB@Bthé"‘Ho%/I %P’éﬁé‘ttﬁioloéﬁlfd?f‘@bbﬁd sulfate, optionally

substltuted oal kyl ,  al koxy, al kenyl,
al kynyl , subgtltutedheﬂ@i oa{pgda,lkyheallwm)aik%yl, aikyrhsdl &,

T sl T W) SN bty
am no, Calkbm%roaﬁ{ﬂ Bﬁﬁ@élhﬁkv'het@malymy laryloxy, heteroaryloxy,
Ssu

am nosul f onyl fonyl, guani di no, oxyi m no wherein
any of tABIGAGERANY aw\ra;ocafp@mdapmar@%ﬂpaﬁum&ulﬁonah

the one %@%&rﬁd%h ﬁ“hnc?(zvﬁe@&n%fm{eoéf' b §§rbons

PCT/ US20 e conpri se said
oxyi m noc@npupe paut &fi skid oaymlneuyrdbo;xl siﬂfldé Qa)ndasulfomdo

g;o@)st ed ré tcsglowllgytl]a];\)rl %g}boog 8f v:?/hlsﬁﬂubéc’atnI ttag %m)stltuted with from
0 to 3 substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloky,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the

cycloalkyl group other than the one attached to the rest of the
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the group consisting of hydroxyl, hal ogen, carboxyl,
cyano, thiol, 5 sulfonic aci sulfate, optionally

wagadvse44ut ed: al kyl, cycl oal , al koxy, al kePgT/S2008/012706

al kynyl, aryl, heteroaryl, heterocyclyl arylalkyl

al kyl ary r

cycl oal kh;? %%gprﬁ; celaé%gf 331 b n%fé’ eroII )9| ()j/
am no, cg;mb@(ué,, anmi nocar bonyl , oxycar bonyl

am nosul fonyl sul fonyl , guani di no,

sul Gxi dBTY! BERuME siBHISA WHb b dast wtaﬁtlélaemsﬁts:equt%%from
0 to 3 syhsk
cotn; st ,Sng %Ph#yﬁ(}irr%;s;tﬁge ﬁft il%o gfgfr(]ylogglrrog%n%%Bxgl cyano, thiol,

t hi ol , sslifamc acai;lsdllfamJIdpabaallppubsinalddyaﬂthsiyctaallqd alkoxy,
al kyl , | o al ko al k

et ot bar Siene vy St MetarBaiaterdtycl g, ikviary,
het er oar Mé@rgaﬂylalﬁ}lkéﬂkpﬂe?ér%w| cycﬂd@lk@ﬁ\} I'ffﬁ’a‘térocyclyloxy,
het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,

car bony| arylexy, hetenoboyloxy, amineacadionyl, aamnncamcmyhyl ,

sul f onyl uani di ng i do, d sul f oxi do, e

et er ony BIIRETEPOY StningeiaryE s BN BlaRitie s G, SR
substi t usmfsxig@s! ected 20 fromthe group consisting of
hydr oxyl hal ogen, carboxyl, cyano, thiol, sulfonic

aci ) suheterearybgraumsubstitatessvith frogy0 taidigubstituents selected

cycl oal k I I

heteroartﬂjm h%% ?ycqz?J 51@% I@({%FW halﬁé¥+ carPoxy| cyano,
het er oar tHi@l| kylfonialacid, Iwmfateqafpylbnany/shbaltkwdy alkyl cycloalkyl,
het erocycl yl ox aryl oxy, heteroar

car bonyi alkoxy z#kaadaplkyAyh ar)dxpetg,r%elyg{b)f\eterocyclyl arylalkyl,
am nosul %prél | R& efrB?WI%Ikﬂ {P(Zﬁ'lé?@roarﬂxgypdfbé‘lﬂo)?ﬂer ein

any of the ca bons o rocyclic’ group ot
than t heheteeoatdi)dohyecbryhnxyhhetemearyhfxyt hmnm»,l cearbbayl

COITpTISG art 0 ai d oxyi m no o s .
SO P o SatidearbondpSycashomy anflaseBtosy siftbh i daidino,
group cosgifiabi 85d Sliffokiad, &dC6 al kyl any carbon of

whi ch can be substituted with fromO to 3

sub)i t ubatesoeysliegredp subatituted witb fror dhtsi I subgtityents selected

ati o, sufrent B BERp N BERRRH heoGen, b, Eyano,

cycl oal kiHiol, slilkeriy acid, istilfate, optisyay sul’#tlthtedV‘@Ikyl cycloalkyl,
2009/ 064414 39 PCT/ US2008/ 012706 het er oary

het er ocy@lk@Ky, alkeny) rlkynyl, eyl a%roarwbtf@tefa’pyclal yylalkyl,
al kyl het Sl‘ﬁg bg?@fgéf}@élkgxéﬂ gnﬁett@rro%‘?ﬂ {:Vél&’éﬂ(oxy,

aryl oxy,
am nocar beteyd)cycﬂydgxyarawhyy hamromld)dyoammo carbonyl,

aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;

Rs is hydrogen or is selected from the group consisting of:

(a) C1-C6 alkyl any carbon of which can be substituted with from 0 to 3
substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally

substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
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sul fonyl, guani di no, oxyim no wherein any of the
Cl- C10 carbons 5 conprise p of said oxyimno group,

wa@adobiogat4 and sul f oxi do, (b) - C7 cycl oal kyl B@T/US2008/012706

carbon of which can be substituted with from O to 3

hyar oxyl TeeBf AR AR ARV ERTShSter i Bl
aci d, subkfiaiissteariryioe Ibalkowhﬁtetwy‘ccylo@ |ayi/loxy, heteroaryloxy,

cycloalkyl_ al koxy, al kenyl, al kynyl, yl, 10
het er oar 9m'nﬁe$a.fbeeylc amm%arppav kyxycqbrayvlaammosulfonyl

het er oar [
heterocy%l’ﬂ{)@yg ary'ﬁdxy, Iﬁ‘Ee grv%’)ﬂaerre f@l‘h@%ﬂ -C10 carbons
car bony! compriseqearbofyaid owyynmobgmyb smﬁdoparmdi sulﬁgx:do

car B8ns SRy ClgRlky SR B WaNGLrSH R subsEtaed with from
attachedoltg 3 diodtitiénBlseldtiod Mo URE Yo afiis ity ?ﬁl?)‘droxyl,

of said oxyi mno group, , and~ sul _
aryl grobplagens cathwed oyanh, ﬂm@ns@lfcnmc3cml,|lssltfata,|@wtl9na"y

hal ogen. stbSBuiar 2 BoHTRN Ak RE, Alkemi-ofity, ary.
sul f at e, hefdrbana Hréteﬁdd%ty'l tarymkyl alkylary! cw@tblsa@ér*ﬂdlkyl

al koxy, 20 al kenyl, alk é yl', heteroary
het er ocy&lkylhetaraarg, r%yrploa PKy faﬁtwocycw&)em &&yloKxwl heteroaryloxy,

al kyl het ghﬂﬁ&%arb%@l 9l ﬁé’&%’rbon@t ?ggc%rﬁ%%yl?)é}‘nmosulfonyl,

aryl oxy, er oaryl oxy,

am nocar balighyl, gaawidio) @ryiminawhtrelt dongf thesa;érbonslof the
guani di no, sulfido, and sulfoxido, 25 (d) heteroar

group sulb¥¢é P?l!fe/barqmw ef Hiantheene atiached trothesrest o¥the
ol oot edmdIEa dandHidifart B S bfimfHo GeiE? lilido, and

hal ogen, car cyano, I ol
sul f at e, sutﬁﬂmdoal I y substituted: al kyl, cycl oal kyl,
al k

et Boey Yo shbriiied wih fiom Bio Rl dituenty sqiegted from

al kyl het ﬁ{@?fd{]p cENSGSATY SOPYHroR|, Hﬁb@bﬁcwl‘b\dx??(léyano thiol,
aryl oxy, eroaryl ox am no, ‘carbonyl

am nocar Bylfgmic sarftmgiptionaily agbstitated: alkyll dysinglky!, alkoxy,

het or ooy alkeEVh AL AU rRlkradNi ot RRyshE angiak. alytary,

substit uaat@roaqﬂlakyledlkyfrfewndahﬁ cm@@lkcwmaérd% ?ioxa/
hydr oxyl , haI ogn% car boxyl, cyano, WD 2009/0 1
er

PCT/ US2088/1043 oanylexy. ayllince A, EmingcpEenyl,
o st oo sy PRt i an
aryl al kybulfoxudo .

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
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al kyl aryl, heteroaryl al kyl, al kyl heteroaryl,

cycl oal koxy, heterocyclyl ox aryl oxy, heteroaryl oxy,
w@pdionoe44car bonyl , 5 am nocar bGhyl , oxycar bonyl PCT/US2008/012706

am nosul f onyl , sulfonyl guanidino, oxyi mi no wherein

any of t c et er. | i _ r

any O RCBLPNE al. SRoli BHEFHR) ipi R, R vcioaton,
conpr i sealkaky, a!kenwaathyﬁylbeInI@e@rMI h@t’érfoicglayl angalkyl,
sul foxi do; 10 X| and X2 are | ndependent!y hydroxyl,

hal ogen, akgdarg, heteregrvialkyyglkybetaroany!. evalealkosyet her

X, and I r in

or ri ngxﬁ%%ﬁ§§%8¥$oér§ ISQ?,C)H%?C&&[?M gpﬁ rr‘r?saéaér}}asnﬁ’

opti onal amindcaifbheyleommanhenymiacrﬁnmsanfonlyb smljfohyl guafidmo

or when taken together X2 fo cyclic

i de. wrPaG FheceR ame e ko &Y fs Hetgreyeli Sdeu other

carbon ajHethashe Qﬁééﬁéfbaid the rlas?’o‘ri@le'}ﬁb%’c@l% Qd%pYYQé Part of

can be 0, N, or S, or when taken together Xi and X

forma e@ldlowlrbmoogfoam gelfidot and whipxidoai d chai n

contains from 2-20 carbon atons and, optionally, 1-3

het eroatons which can be 0, N, or S, or X, and Rl
X1 4pg oG ee ihdeperdiertlyHydeoxyl NBalvhen ENRARE, CHITB & 1 &swhen

2 to 10 carbon atons and, optionally, 1-3 heteroa ons
takgnitegetban X @nd Xaforgra sycligponn esiehwhers gaid ¢haingeAng

r

cor@%ﬁﬁ‘\gﬁ’rorﬁ% tgz %Qrb% in ¥an| %@dé%p %Ilgsg %g%tgéﬁ%b\gh%h can
be &, dNysored\chr volmém trﬂ@lri togethes )tneamd Xa forms anycﬁb boedn amide where

N, . or S .and X2 is g]yfrox hal ogen, NR4R5, or Cl-C6
said icR@ieyoF §A9 SARTES 1P Eéém%wa ragornmn@geﬁﬂoraalw
het@VdatSﬁJsK%ﬂchh%éﬁ%%’O A iriﬁony r VP& E}ﬂn 4 to g I%ﬂ)g%/rrd X, form a

am nosul fonyl,” am noca car bonyl ,
cyciic poror apiide esterawheneysaid chymnoontlainsdgmn 2-B6toaribam atgms and,

op BT oa SRRt e B NS 514! SRR Bhetpor form a

cycﬁérrMQtWIﬁ@reCﬁlﬁ &in | dhthine D & 1@ cafsyrPaon™ aRd, étﬂﬂ')nally, 1-3
opti onal | et eroat ons whi ch can be O,

hetapaipma whibh Goncaabr N, o iy anstiXs Heloycrapn hioges. NR.Rs, C1-C6

o O st AUERRTY Bl o IR 808 HIR93 o 10

carBon@scbm's@mdab@tlanaw o3 heteroatardls @thich ban BePOSNL bPB, and X is
rel atlve to e group containing Y1 and Y2, X and X2
hydgexylhhaleggy NW@O@@&@&Q@H(OM PCT/ US2008/ 012706 or
X, 1s hydroxyl and X2 is replaced by the
ort ho- hydroxyl oxygen of R3 such that a 6-nenbered

Y andh-iage imdemzhdesntiy hydrageh, ¥k gydlgalkplgefk,ox?{%lkenvloalkynyl
o b i B e S oL S S
cy alr'\BO Ralcjjed ﬁBf@obﬂll tﬁlﬁe&%@l‘o&?%é’l@?&@dﬁl' QNfiddulfonyl, or

hereinafter fol
sulfoxido, or taken together Y1 and Y, form a cyclic structure containing from 3-12

carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S;

‘or a salt thereof:

provided that, when R, is —C(O)R4, Rz is hydrogen, R is a phenyl group having
two substituents consisting of a hydroxyl at the 2-position and a carboxylic acid at

the 3-position relative to the group containing Y4 and Y3, X; and X; are hydroxyl
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BRI EF DESCRI PTI ON OF THE FI GURES Fi gure 1. General
synthetic schene (schene 1) éﬁr the synthesis of a-

wa@edodobaroni ¢ aci ds usi ng an opropyl ester deCT/USL08/012706
from 3-boronobenzoic acid 10 compounds. Figure 2.

e I € [
or £F RO RYSHRT K e R BT Blinlvfool SR BT EF R Sch that
a 6demienvested ring is -forned o YQiahidar] are iairpgenoR, islbot
igure 3. Equilibrium between the boronic acid open

Fi gu,
ungupstitited Gl gkt he boronic ester cyclic form of

C OB dShi ' I ' :

St o CoiBpRARE atfartops Wi bBSHE arlieRtit toh B fhihed inthe
art Mpbb3Ieferande t@ theBdetiled Aesbipiidh HiatDiESERaRE fNlo@s. THE

I NVENTI ON  Applicants specifically incorporate the

entire contents of all cited references in this

di scl osure. BRIFEDEIERIPAONTITHE FROGRE ation, or

_other 25 value or paraneter is given as eltner a

Figurede Generabsynibietiasgeemer(saheinet 1)dor thepeynthesisfafoabl e

val ues .and.l ower preferable values, this is, to b . .
amRitF So ot Mo PRy o8 el SpafhgdBenzoic acid
cornpbiRgs.f rom any pair of any upper range limt or

preferred value and any | ower range limt or preferred

val ue, regardless of whether ranges are separately

A I \. .

Figlr$ 2. St Pificf SERGTese e L0t s iffet B ol

amiddbendeid doidd osingdetdributytasiepiderivet fiwne Gtborandbehkoic acid
integers and fractions within the range. It is not

ComHPE’g‘E%d that the scope of the invention be limted to
the specific values recited when defining a range. WD
2009/ 064414 42 PCT/ US2008/ 012706 The present

Figureeéh thquilibriinabesweem ¢thebbrortio anitlveperachain fobo ramdi the boronic

aci ds. and their derivatives which t as

estBf iicIteiat HrmRHISS RS S G AT L ROk Ty res.
Bet a- | act amases hydrol yze beta-| actam anti biotics, and
are therefore an inportant cause of 1li-lactam

Figarei4iSruciunecef thrembeta-fagtaro antibintigs, BZ-60e MEA1@3@nand
' ion, particularly when adm nistered in

BAIc‘gg‘g?Eﬁati on with a (3-lactam antibiotic, overcone
this resistance nmechani sm and render beta-I| actanase

produci ng b%fzﬂ_teri a susceptible to the (3-1actam

oha . ) ._ T - ;
T I
reférenaes acthasndtoshiret iFarthendwhen an amount, concentration, or other

value or parameter is given as either a range, preferred range, or a list of upper

preferable values and lower preferable values, this is to be understood as
specifically disclosing all ranges formed from any pair of any upper range limit or
preferred value and any lower range limit or preferred value, regardless of
whether ranges are separately disclosed. Where a range of numerical values is
recited herein, unless otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range. Itis not
intended that the scope of the invention be limited to the specific values recited

when defining a range.
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10 pharnmaceutically acceptabl e excipient. The present
invention also relates to arﬁgethod for treating a

whawvesdidad i nfection in a nma by adm ni st r apCDOSHD8/612706
therapeutical |y acceptabl e anount of the

TG T A B AR o s an

theirdgrbasiveg whieh aef ése btcbatﬁﬁﬁéarmﬁ ishibRbRs bfasdtaractamase

anti biotic in manma y adm nistering an 15 effective
enzympemt Beta- I?Cé%'ﬁéé@ﬁ tH'YGfOWﬁbﬁiae'@éFﬁm iantibiaticenang are therefore
an AFGHAR cAlkabt Piidantaniond RepRNER, TheXthiboynds of)

receht ;mventioh qsantleulaalyrvmmeadnﬁmsmmd irs bammibirkationt with aeBHactam
Q As used her t he term "about " oxi nmat el

antﬁgg@ QMG(W’Heég%r eslﬁ%‘?c@r 'QSPDaWSfTh?HS I%@élg arjgplamase

pro@ruﬁfn‘fq" @é’été%&\"shgbé‘ptfb(% % tf‘?e E'eI%(@t%nY ahtiSioRE. ITfﬁﬁgkﬁ'esel:mﬁventlon

term™Mantibliotic I's used ein to describ
alsogetatestd phamroagmgical ommnbsmbnd@ommwm ah:@mpmmd oft the
of a. m cr.oor gani or whi ch. inhi bits owt h or
pre8gpf iRBlPorttoroIENer 67 o SR GRIOBR| beterariAT rth@t: af o
ph&imadeutieBnPHuséptable sRApient. "The présihtliRerdRiMe418biréRtes to a
cycle tinme by at least 2-fold, preferably at |east
mettind tardreatingea paetrenhinfgction ineagamme! by dmiaistratior of a

nePSEASCRR) hocb BBIA BIFY oL hBrdAEPlaSEd by
cornpbsitidrs. Thei prebedeinaention alsoaeiesto abasthexd fos iridréasing the
or bactericidal agent. Non-limting examl es of

effagiivepest PE 3 heledastan: datibiptig in mamNalsy adminstering am
efféa‘(/%”é 80nt (5‘[35 Hgﬁ\g%%ﬁhcdf thé @?esé}ﬁ‘?ﬁ\?é RRCGhI d&nbination with an

am nog yCcosI onam d macr ol 1 des,
effectiveaamouninaf, sudhnoetatldetam gotibiotiones, chl or anpheni col ,
vancomycin, netronidazole, rifanpin, isoniazid,
spectinonycin, trimethoprim sul fanmethoxazole, and
Defikifishs: WO 2009/ 064414 43 PCT/ US2008/ 012706 The term
eta-lactamantibiotic" is used to designate
conimtmmmnxﬁxtrpfathts djs@oswqo mpenbeeef f@ﬁmsarmllrh;p atilized

o S BE YR AtS P B oi 20

prefe®ft withint 16%| Ehdrﬂhbl@bﬂewbb@&mtlmﬂrﬁ%ldﬂa @%en value or range.
cephal osporl ns, generrs car bapenens, and nonobact ans.

et A teide {aANRIANG bF epddeied terdeseiibg e ¢erAPeyad or
corﬂgég%ﬁ |(I:ﬁ ?ggféégég%?hese ? I%u eé??%r U \ghg:h inhibits

eria I ons e caus
thelgroivtly oa regrosiuctior of anﬂlcgmmgansgat fimbibitsthe rglrawtrf or

rep‘glgc?l 2 bmact e{p{ggeagwé aenu%ltlgtaa Fi/ﬁ:oco St Ieggtuf—?old,
pre?&*agﬁf ] I€b§9 10-HIHERIRE ‘b‘?@f‘é?atglz Wt ot 1%”%‘3 gﬁﬂcﬁl%t preferably

agal actine, Streptococcu noni ae
mdefml@y,o@@tmtﬁalfmldiﬂatb) ASMISB’CbmdbMIS(ZbSUI’e s antibiotic is
furtl\l4e? En en eél %o Inc u Lh an?' |cr|o%?al, bacteriostatic, or bactericidal agent.
Non-limiting examples of antibiotics useful according to this aspect of the
invention include penicillins, cephalosporins, aminoglycosides, sulfonamides,
macrolides, tetracyclins, lincosides, quinolones, chloramphenicol, vancomycin,
metronidazole, rifampin, isoniazid, spectinomycin, trimethoprim,

sulfamethoxazole, and others.
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(such as Bacillus subtilis), Listerella (such as

Li sterell a nonocyt ogenes), scherichia (such as
waEswbeedsthi a coli), Klebsiell™@ (such as Kl ebsi BCT/HS2008/012706

pneunoni ae), Proteus (such as Proteus mrabilis and

tyohe st apffudtam SHUBEE Sl Bl EeRfaodhas with
antfbibter plopeiress Contathing atbutanaktant Rinctionalitgndoramiting examples
Ent er obact er. cl oacae Serratia (such as Serratia

of haipdactaghantibipties 4 hagcqrgmtoatglwgg%,p@ﬁlﬁ invention include
peréiing! {986@0&&@&3@%%%%5%&6 &ﬁs,ﬁ#ﬁé&‘ﬁm‘&%‘é& ms. peta-

anitratus such as car aut otrophi ca
lactamal aktibiotias taee effeciivai(ih tihe abgenta of ezsistante) againsind wide

range il BRH il iHEEIOH) RASSS EVUlh 1aSs G IRdNoby T reRBbositive
an&éﬁ?a?nln%@aﬁ% HaterR, fGeéRarhprel BALRIM & tﬁb'g‘lelus%bhylococcus

zynes "are often classitfied into 4 major asses

(sutltlassStaphplocBres adredstnd Stapndogagcus epidersudisil | ed

Strg e BF s Bty e DE iy BBalRT i a. SURALBERYY BfiPymonias
and\VStrepksceréus PEsddIN Mieheddcend! (stdh a8 MicPordéead Iiveus), Bacillus
refers to the abi lltérOf an inhibitor to inhibit a

(sush sacizelhypsuiisi sterele vedasbetarela maragtogeres).
Escrchs BHX ESGal SR B8 Wk BiEl RER o Rlens®IR™ G

pnéimhbeiae), PratsussuchrassBrateasrpnchbiknand Aroteushadgang)se
enzyne(s) fromat |east two classes of betgﬁact anase

Salgiiialiessusa asnralmonelia yphosa s Beela dpueh 8s Shigefla sonnei)
EnfgRiEider LD &Y ENRIDRSLErSPRI SR i e et
Semétid &uch as Seradie mragsesns); €sentlohionad (sbgh as desgualontbnas

oo gD bl i B P e SIS o as
Noc&Ris baiotrhHise) eahd My cobabieHiin (St as Myrdbatterium fortuitum).
Simlarly, the'term 2009/ 064414 44

PCTTys08/ lostatastamasen sneanshgn esgyme priodyced bysa bacteria that

i ntende i ncl e dj . en by ..t.h
nad BBEAE b R BRI LB s, suer
enzynhey areotters aldsyifiedfiat) 4 veajanolagtes (BR@ses A, B, C, and D)

“t herapeuti cal Ily effective period of time" are used to
acpsdingdoithe we-¢alledtvphies classificalionasbema dassd prGirally on

: tdoff% ective to show a neani ngful patient

progéelﬂe i LIS?{/.& , healing of conditions associated with

bacTke terim I'hdtadactamasenidhibvitobsiedtarbrabd espegtrum functionality” as

resi stance. Preferaply, such.adm nistration should pe
usesE BRI s fo e 201y ARGUAIDROF I IsEual oo Ggaspt beta-
lactaPbdsH'88AImes NSgatniRS RiMiple YubtyHdsr &t Alitipl &8s ses (for

adm ni stered systemcally, the therapeutic conposition
exargplgrrefreeedvisyenaymensgblyped from both Ambler Class A and Ambler
Class C). In some embodiments, beta-lactamase enzyme(s) from at least two
classes of beta-lactamase enzymes are inhibited by a compound disclosed
herein, with preferred embodiments being those where beta-lactamase
enzyme(s) from more than two classes of beta-lactamase enzymes are inhibited
by a compound disclosed herein.

The term “comprising” is intended to include embodiments encompassed

by the terms “consisting essentially of” and “consisting of’. Similarly, the term
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10 at a sufficient dosage to attain a blood | evel of
i nhi bitor of at |east about 0O pg/nL, nore
w@e@Pmsald y about 1 ng/nl, and still nore prefPCHDBE3008/012706
about 10 ng/nL. For localized adm nistration, nuch
w t
cog%ﬁhﬁfe%%érﬁﬂ%ﬁ néte ?1 ﬁ'nt%néﬁd whﬁ:hg@é’ ?”\%er g{éﬁt‘ﬁs c%r'rtlpzérgdsed by

the" wamﬂmbnmsﬁiﬁgbf’ to a human, a non-human primate,
canjne, 15 feline, bovine, ovine, Eor0|ne muri ne, _or

ot h&he Jemes [ effacfiveramaurl ateerapsitinally effagtyeargrunt’ cand
b AESRR R B ELBY LR G heblfiontsa
dogagas amd for pB‘nddseofetfrﬁeeffeoﬁve tceslhdmraarpryeaomgfmmtlmrt benefit,

L3RRSI hatreBbRRe apfariat Wil baplzvial e iR, pravesacterial drug
resigthftd. ePréfbrduly %&ﬁé@fﬂnﬁstrﬂ&f §ﬁ&mb>beo{>arlen€er§ﬁrob9n
atons. The terma kenkl means both strai ght and

suwmuahétar&kileemsal topicel, intsangsat-ingatracheal, atr otnarectal. When

e doub). e bond
a8 L Sl Bicalft Ind e BPRENG PORBPSEGR s Brehiady Sppinistered
at gleufiicier @ddage T Hitai KDYdd [gVRl Bf indsbittRYof &X st aholin #00
E or Z conformations; the conpounds of this invention

Hg/imile| Make preferabiinabewtt mafaiL, ﬁﬁ\é stérmees Ratgrabihabeidiet0
mgAfLD F%rrl&ﬂgég%@@m o m&eﬂm@rlﬁ%ﬂ%?trﬁ%% {h@n this may
contalnlng oS Cont R i east one

bebffepll\te bmddnucﬂ%gh@‘fcmrwehyratlbasah&ybaltolafm'teﬂy has one
i triple bongs. The term c%cl oal kyl refers to an
aI| E?%tf?rén Hyarypal seferg i ahumai R Ngn-iurean pemate oFanine,

e
TR ISR 0 3 ol i e
These akibedin thehgrrd recegrioe thati aatryerapy mceirdredemstthe severity of a

o B S B B 5B X e R s o

an&h@hgﬁé{é@gﬂfma}ﬁﬁmpht henyl , groups. Heteroaryl is
defined as an aromatic heterocycl ic ring system

(monocyclic 5 or bicyclic) where the heteroaryl
. el selected from but not limted to,: (1)
Chlgﬁ{.'%ﬂ ﬁé\%‘ﬁ@&% i ndol e, azai ndol e, oxazol e,

t hi ﬁh@lt@rm aﬂqkﬁﬂadr& bcbtﬁ@trlmgﬁt(drﬁi branthedzblath alkyl moieties of 1-
t hyl i m dazol e, i ne, pyrimdine, pyrazine,
12 ﬁ?Ft}QﬂSePerPFﬂQ'Y]W 6;2?%1*3@“ #OMo0l e, N et hyl pyrazol e,

L Srfe SR el kAP P B gy mots of 2

8 carm;rnatbhnadorammmg al Jexst ohe ddubda@lbaldj and no triple bond
3-tri

preiér%@?yh@'\gl%g@ mpxpgﬁgg%ongé}{%%%bég bonds. Such alkenyl

moieties may exist in the E or Z conformations; the compounds of this invention

include both conformations.

The term alkynyl includes both straight chain and branched alkynyi
moieties containing 2-6 carbon atoms containing at least one triple bond,
preferably the alkynyl moiety has one or two triple bonds. |

The term cycloalkyl refers to an alicyclic hydrocarbon group having 3-7
carbon atoms.

The term halogen is defined as Cl, Br, F, and |.
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benzot hi azol e, benzofuran, benzi soxazol e,
benzi m dazol e, N net hyl benzi m dazol e,

w@azabeeail4n dazol e, i ndazol e, %‘: nazol i ne, qui NECT/II82008/012706
and isoquinoline (2) a bicyclic aromatic heterocycle

1A B3E5 sl aibtic niBERIRg iy BHlecid 1B the
gro@pnpﬁéu‘gabe@apmﬁylhst Bpmmal brphrelnpg andhiyl) Setealeydiohapoew|,

fused to a nbered aromatic
ﬂuqraﬂxlamﬂaatyéoglpheméeaﬂyaper@anhthgnviagrq@& WO ni trogen

at ofy&; erggtyl d%*agﬁlnéc?a@a P4 SRR 5 %aw J:nﬁ ysiem {monocyclic

(unsa ura eterocy ic ring one

or bityctic) wigatlthe hatéloaeyltreietion er@semtedafrorm bus nbf limited to,:
used to a 5-nenbered .arommtic

(1 @r%?a#ﬁ?aﬁg&;f'ﬁepl@p 8&gwdole, axagolea thiagolen soxazeles isothiazole,

imidé2 e, QemtiTiflaazail, Phfidine, BiathRi pyrdzig] pifcielN-

melhmbwrgibepw;dzola N}hmttnyleyrgzlole 3, pHeayagianplel 1,2,4- tnazole 1-
- I he, |l ik |

e RSB, P e A Bt 3RS 0.0

thlétﬁéiﬁléail w3 %a@@bi‘é’” -2 3-trid2ok! H)&h@ﬂiﬁﬂo@@thatéle Ibenzoxazole |

defined as Cl-C6 | “het eroary teroc
bemhlaéaleweazgwranab@rmzquz@ie mrlzynmzolea

mep'gh %?%ézf%? r@%a}%zﬁﬂg@%g%d @%@J& né‘?ohnle' rqrh n%%ne and

|sob6mahué”(t2§éﬂmb9&llc, ar@hliﬁrcﬁﬁet@lvdcycw Wﬁér@'afbﬁeﬂyl pyridine,
yrrolidinyl, norpholin t hi onor phol i n

I,
PYFHT‘W!ﬁ @b@ME‘i"ﬁﬂ%&feﬂ 2K (a)%;fumgrt@@e@rmﬁrupg arog@atlc (unsaturated)

hetgﬁ%pe I‘F‘ganyl §§xhyné€%§@rgéaz ol @% g %Ay%rs o?rn%gll erpbered

aronndt}aj(nmsauﬂamﬁ)lndterad:ybl}cjmg favimgatna witrogen atoms (c) fused to a
di h opxadi a di h Qoxazol. yl., . .

S-MER EF ?Wﬁ%ﬁz “536‘1’ )%?%ow'”aiwmgo‘b@ﬁ ngragan atom

tOQ@tHBf%Iﬂ‘péfthgﬂ @hé‘bky é’f‘l BV@F\Q%Yﬂf[JPEwm or (d) fused to a 5-membered

hydroqui nol i nyl, " di hydrotetrazol yl
aromatyzj(rlmsatta'ate;t)dlqterocucliwdm@havmngcmye hetsirbgtonosaleetad from O,
Ncyi ydrotriazolyl, WO 2009/ 064414 46 PCT/ US2008/ 012706
di ydroazeti di nyl, dihydro-I|, 4-dioxanyl,

t et ABIIHYIOE WeTimel, ast@rfyl mVGBQlkbl en)9‘J'ylalkyl m0|et|es mclude benzyl,
tetrahydroqw nol i ny and tetra éﬁjrm soqui nol in
I e

1-pheryieinyls2direnyiaihys Sahanslnrrpyl, &-phenytiyopykand
d f | 5 Aryl def i ned
S AW(?F’- g%—let e%/aocéa?? &élkﬁar&ef YLy I define

yl oxy ned as
het ldettaoafylﬂkyl is ddéined asytuetetaaryl- Cs-@leélkwed as

Cssgg&ﬁeg%fq%y deé%@fi.%éf omaﬁk aci dqa;osar;ljl?-fl ned as
Heterocyclyl is defined as a saturated or partially saturated heterocyclic

moiety selected from, but not limited to; aziridinyl, azetidinyl, 1,4-dioxanyl,
hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, dihydrobenzimidazolyl, dihydrobenzofuranyl,
dihydrobenzothienyl, dihydrobenzoxazolyl, dihydrofuranyl, dihydroirﬁidazolyl,
dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, dihydrooxadiazolyl,
dihydrooxazolyl, dihydropyrrazinyl, dihydropyrazolyl, dihydropyridinyl,
dihydropyrimidinyl, dihydropyrrolyl, dihydroquinolinyl, dihydrotetrazolyl,
dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl, dihydrotriazolyl,
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10 Amino is defined as --NH2. Cyano is defined as

--CN Hydroxyl is defined as,z-OH Thiol is defined as
W0 2@@blo643a+ boxyl is defined as*® . copH. 15 PCT/US2008/012706

Tri al kyl ammni umis defined as (Al)(A2)(A3) N+-- where

dirito Sy Sy dtor A SR ety Blsitany £ b aBidBapiay.
tetr@awbczmmnaalmwl@rimt@ﬂramdroias@inolinm.ere the carbon is
opti albhl#/gsubstltut ed and also attached to the rest

of & efined asC w64 Prony | |s defined as
-- ko ynal l'y
subs?at-ol%l{kg gbﬁﬂéa%smgenyicgj tached to the rest
of Anéoxmisednﬂned aapd-@-bonyl is defined as

the carbon is tionally substituted

wh
and F}%OG%@%% fﬁlepa?ﬁ]éﬁtetr?)artyhg)orest of the

nol H@t&r@cyclﬁ@k?%ﬂéﬁﬁ’éﬁ/ hsicB- @IﬁifHe'ﬂ&@cZ%Igr -05( O 2-N- -
where the sul Is optionally 25 s tituted and the

ni tSUG@WCIG@IChtStd@fmﬁ!ﬂ a®—-SfxH.est of the nol ecul e.
Sul ef i,ned (O 2-- where the sulfur is
bonggﬁgﬁeo zﬂ? '6'59 6%%’11 stituent and also to the

r esAmfiho id@efidceayLNHLuani dino is defined as
--NL(H) -C(NH)-N2(H)-- where N1 is optionally

subSYan@isdet RE'TQ;Nattached to the rest of the

nol 0 o] defined as (=N-O-A) where the
nltlfq Hgé)ﬁ(y,%%eocﬁl%ﬂ% ed to a carbon which is

at t Shioks defindieas eSH of t he nol ecul e and A can be

hydyr.ogen on IIy substituted: al kyl, cycl oal kyl,
ary{:' ﬂ?ﬂé@’ Iso‘g)\‘?fl A& clyl. sulfido is defined as

g s g gy 0 N s

arwmd@pﬁmdﬁﬂmkﬂlzyﬂ%lkgu Ihbtbamod;aclylsamtﬂathm pifrogen-is PoSitively
V\/nere sul fur is bound to an optional substituent and
B€9- to the rest of the nolecule. \here a group or

at oghisorf{E ECd M as --Chl-apRéleytheWarbbh i Sﬂtlorﬁ’eﬂf? QIbstltuted

nmore of the foll ow ng substituents may be present
and gisgo aftanhedde ta%mst@‘th?dn@lwule hal ogen, carboxyl,

Cyaﬂ%llc&&%r%n d@?ng l fo G)aﬁlﬁyg{nesrg ‘,ﬁmélcgrbo 2 ksyoptlonally

cycl oa
suﬂmtlﬁédaafnyjl thehﬁtreg@l@)slb&échéd/ﬁi @l feek ¥t the molecule.

het er ocycl yl oxy, aryl oxy, heteroaryl oxy, aryl akyl,
al k@%)ﬂ?%bonh'e'ﬁéieé@ﬁ?laeﬁ RG(0)-Oxt, whw&f@ﬁdarpon is optionally

suﬂs&ihﬁéﬁﬂn@%%ﬁ@bn%’%ﬁ%ﬁéd B St R HRe AYedfie.

attached to
Aminosulfonyl is defined as --S(O),-N-- where the sulfur is optionally
substituted and the nitrogen is attached to the rest of the molecule.
Sulfonyl is defined as --S(O),-- where the sulfur is bonded to an optional
substituent and also to the rest of the molecule.
Guanidino is defined as --N1(H)-C(NH)-N2(H)-- where N1 is optionally
substituted and N2 is attached to the rest of the molecule.

Oxyimino is defined as '(=N-O—A) where the nitrogen is double bondedtoa

carbon which is attached to the rest of the molecule and A can be hydrogen,
optionally substituted: alkyl, cycloalkyl, aryl, heteroaryl, heterocyclyl.
Sulfido is defined as --S-- where sulfur is bound to an optional substituent

and also to the rest of the molecule.
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group or atom which they substitute in a variety of

ways, either directly or thraugh 10 a connecting group
wobooosaid t he fol l ow ng are eXanpl es: al kyl, aPE€TE$2008/012706

am de, ester, ether, thioether, sulfonam de,

sul ] .

L T O S R
sutkstnwmdmmsube&héu@tttofthémoléamlteer bel ng connect ed

dlrectlytotheformsr or through a conpectin

suchVhess a group xaipp) SrdRSFTnEoAS opﬁoeéﬂsesu%%t&a @ne or

mo'ng'a f B n@pnaw]ﬁbesggaggaﬁtsqhay ﬁ%yeeehg;gyga? grup SFRe

hydrexylChalogén, caxbopyReRaNo; Bid) aRino,-ss(fonkRdcid, sulfate, alkyl,

oy BIROKY oAERE. VTN, EErlsheteroabete vy ovgRallipxy.

het%P@é}cMé‘)hﬁ%rWoW hétepddtyloXy 3a Iéueylaryﬁ ﬁ&b?&é@mkyl

from ‘the group consisting o r'ox
alkylaet&mgry,l, tcryawtammrmjm Qpﬁdrmh subatthuent$mayattaeattached to the

ors A Y G gl Y Bl Rb e Ry or oo

ac@hMé@tﬁd@/brOL@J Mﬁlbﬁ'theZ&IdWhgfa?éféﬁaﬁ’adWé alkyl, amine, amide,
al kyl het eroaryl, cycl oal kox%@mheterocycl yl o

estgr.\atags thlﬁgtr@rogmlfqr@mldeaﬁp |d§“syb‘ﬁy||de ureay As appropriate an
op AT 35PA0RY na JOTEERer BRI B Mot et me
Iattgr beipgsedrsiacted ditestly to tﬂ'\tecfmraet or threugkta ¢0m1§c$|ng group such
sel ect ed 30 romthe group consisting of hydroxyl,
as fgssgrempli] V€.cyano, thiol, sulfonic acid,
sul fate, optionally substituted: alkyl, cycloal kyl, WO
2009/ 064414 48 PCT/ US2008/ 012706 al koxy, al kenyl,
Betd-kgctamaserlphibitoes er oaryl , heter ocycl yl, aryI al kyl ,

alk I eteroaryl a |, al kyl eter

cycl Ipi?ﬁ&ﬂq GL?@?%H' Lﬁ%ﬂ& "%’ﬂ‘r‘lnﬁ ?‘P%?lél?daryl oxYy,
am no, carbonyl, am nocaRponyI oxycar bonyl ,

am nosul f onyl , suI fonyl, buanl ino2z 5 sulfi do, and

sul f oxi do, and (c) hete /oN cli up substituted with
fromO to 3 substitueR{s se 3

BX X,
wherein Ry is —C(O)R4; -C(O)NR4Rs; -C(O)OR4; -S(O)2R4, -C(=NR4Rs)Ry, -
C(=NR4Rs)NR4Rs, hydrogen, or is selected from the group consisting of:

(a)  aryl group substituted with from O to 3 substituents selected from
the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
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wopimoeald y substituted: alk

fromthe group consisting of hydroxyl, hal ogen,
carboxyl, cyano, thiol, suI‘{é)nl c acid, sulfate,

cycl oal kyl, aP&DXY2008/012706
al kenyl , al kynyl, aryl, heteroaryl heterocyclyl

aryl al ky ka r

al kyl het éll’rkga 'y%kéx ! ?WXPX@W R%{ eroc%clyl arylalkyl,
aryl oxy, alkglagylp hetdrozbylalkyi atkylhaimbxahyil cycloalkoxy,

am nocar ponyl, oxycarbonyl, am nosul fonyl, sulfonyl,

guani di nBeter@wylazsy %@quhef@mwowamnmﬁ@a@w or
I
ot araffhdctBhlic ol HBoRANBITAOUMY], skifoh) afsnfdino,

0 to 3 sulfdoj aluldzlsuliomdbeaméd fromthe group

T 60 shFtedpetlizaratp suprBeBf BnfEmR 3 sibSHitents selected
substi t ufrgfh thl dndup CoMsisimghofin d%)k\ﬂxhlaloééheé‘é’rboxyl cyano,

al kynyl, aryl, “heteroaryl, heterocycly ) Ikyl
al kyl ar ythlolheuléwa@acmsmfate 2ptighaljy aeb%trtu Ialkyl cycloalkyl,

i no- caBERykER ARy sy, REBIAY naf/BIEN Ry,

ani nosul &RpMryl, hétérbaiwélkylgumlr@téh@arwxwdrwmokwher ein
any of the Cl1-C6 carbons conprise part of said

oxyi m nohgtesegyclylexy.fandloxy aheteseamyioxydaming,) carBoay,

| oal k
oY o - pautnidBarb BN B artBhit afifilodtitor YE SubHY C Buthidiho
consi st i sgifidd, aydisakgkido; hal ogen, carboxyl, cyano,
thio sul fonic amgé sul f at e, Etlonll

bggRedr Saakted ST 38 RUAUP SPAKSING &f keny! |
al kpyyl . %b alk;}‘%h?rdﬁ"f‘l%ﬁ of Wg-:iif{/ Bleﬂubsﬁ{u\fé@h}ft}‘ll from O to 3

al kyl ary , heteroar eteroaryl,

cycl oal keulystithentsrsedgated froay thag;omgonsﬁsﬁng ofalnydroxyl,

30 b .

ani nosul PRGPR. St Har G BRI sus BoideHEtenRRtienally
any of té&gbstanieenaikgd, dyﬁmawcémakmlkamuak%ﬁeérw han

the one attached to thé rest of nmol ecul e conﬁquse

part of Befegoaryihatewcy ﬁkvhmlaﬂm fallewaryérhﬁtemrvla Yo

subst i 1 TR e 3oty oOd difdtyshiby atfiof) dfferoaryiony
fromt heagﬁmmarbﬁn‘yl%m’m:)da‘rbbwlr oxydarbbﬁi'logmhosulfonyl
car boxyl , ul fonic acid,

opt i onal $ %\)‘M%m@@e OéY'FW'I‘O MD%T%?WIOf ﬂé‘F IQ&X96 carbons

ST e e

al ki) het €86@T gycloajkyll aay icaryon bEwbiohcsart bé sxbstituted with from
0 to 3 substituents selected from the group consisting of hydroxy,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalky!,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino (wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group), sulfido, and

sulfoxido,
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aryl oxy, heteroaryl oxy, am no, carbonyl,

am nocar bonyl, oxycar bonyl m nosul fonyl, sul fonyl,
w@eandisnp, sul fido, and sul‘?%m do, (d) het erp@r/yk2008/012706

group substituted with fromO to 3 substituents

I d
ol 65 aph 0 BUbL ALPURY U UG, 84 Fekotea rom
sul fate, thwgidmﬁd:dnslﬁlﬂgsbﬂ Hiydreidyl hblogen, Catldoe@l kyano, thiol,
al koxy, alken , . alk hetero

het er ocy&H ”'C&Cﬂ eﬂ“i('?i/e O%PR?")éPV'PS“tH@dZ@Mﬂ yav&iqajky!. alkoxy,
| kyl h | |
al kyl et aieaY aikyfif | i hei‘éfoarj“eﬁﬁ ﬁcﬁﬁ{éiy{,ﬁb&lkyl, alkylaryl,

aryl oxy, roaryl’dxy, 'am no, ‘car

am nocar betqrbarydadkxdaalkgmeteroanylnoyscﬂba’al&oxy,,hetatdayn;quxy,
guani di no, , sulfido, and squOX|d

het er ocy 81X &R oandexy +aping. At &W%‘JPG"’?"Y'

substit USQ% rBSHﬂCEﬁﬂnoédlfBﬁyi %If@h?“ @u‘éﬁfdﬁﬁétémﬁh&fand
hydr oxyl al ogen, carboxyl, cyano; “thiol, sul fonic

aci d, susﬂkﬁfmdooptl onal | y substituted: al kyI
cyc}) qal kyl

het $oar bﬁterﬂay !plé@{fy ? t%léﬂﬁél %ﬁtﬁb’mbgf’ @%Lﬁlﬁ}ﬁtuents selected

het er oar ftbe the gro@bl@dd@eétﬁ@wwdroﬁw chalagkaXyarboxyl, cyano,
het erocycl yl oxy, aryl oxy, het eroarﬁ oxg am no
X/ISU

car bonyl thiolghlic am&mulfatﬁ«ﬁpélpba stittiess @lsybrycloalkyl,

Sul Tony! sy@ErRLAR, akghyl BnendiehSash el Diyan
one att aalkgtarylo heteroandalkglf audygwjtﬂ?gyll g;r/]daogﬁlbx%il do

part of ﬁal d oxyi m no up?]
R3 i s anNgFPCYRIYIRXY, earg%m 5%9%Y£Qwsﬁm'ﬂ?e%?f Py,
from1 thﬁnéé&BBh%lug%& P/Bﬁyle'aﬁ'nn%\ﬂf u‘i’fonyl gug{\idino,

substituents is a roxy am no gro oca
the 2 posulfldonandeuﬁwlde andt he group containing Y1

d, Y2, wh th I Ni 0 t
ol (B eaPPIRSHRAE Grun suBSREAE Mg T B by PotideRlsetected
cycl oal kjtbm tHd c@is@ﬁ@ of HJdFy] hal@@”éﬁocarboxyl cyano,
am nocar bo@liyulfcar , am nosul fonyl, alk yl

yl
aryl, arth ISU|f@§Qamptloga5y1 subﬁdutathﬂglérpycloalkyl

neter o Mg SRR lthy. aphb B AR e, .

sel ect edalkyryl hetelbabMDaIRﬂnaik?tHet@rdafql MIBQR8k¢64414
50 PCT/ US2008/ 012706 (a) Cl1-Cl0 al k car bon of

whi ch caReteEoYMMPxXY. (AT¥IPXYi PﬂteF‘P%’MQYYt ama,n@. WERIPPRYlent s
sel ect edy Hﬁ’(ﬁ@érgﬁnw Biﬂﬁcé?rﬁamlls{ahﬁﬁo iely d i hyl guanidino,

hal ogen, oxy

sul f at e, om‘pmlwa»Nhgrens abytofttm edrbariskyfl thehetéraaly&ld group

al koxy, 1herrﬂ¥ah tﬁaeI EXQ attacﬁeéf to the rest of the molecule comprise
part of said oxyimino group), sulfido, and sulfoxido;

R3 is an aryl or heteroaryl group substituted with from 1 to 4 substituents wherein
one of the substituents is a hydroxyl or amino group located at the 2 position
relative to the group containing Y; and Y,, and wherein the remaining
substituents are selected from the group consisting of hydroxyl, alkyl, cybloalkyl,
alkoxy, alkenyl, alkynyl, amino, aminocarbonyl, carbonyl, aminosulfonyl, alkylaryl,
aryl, aryloxy, carboxyl, cyano, guanidino, halogen, heteroaryl, heterocyclyl ,
sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and thiol;

R4 is selected from the group consisting of:
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whedeneryL! yl oxy, aryl oxy,

5 heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
het eroaryl al kyl , al kyl het er @ryl , cycl oal koxy,

roaryl oxy, am POI/US2008/012706
car bonyl, am nocar bonyl, oxycar bonyl, am nosul fonyl,

& BVLgﬂ%(éi‘@'a‘?%@%m%%ibéh%?“&%?éﬁa B osfuutd Sithom 0 to
sul fi do, 3aubstitienex sdlected)from theyrolp o@yuslsmabl@flhydmw
carbon of which can be substituted wth from

ﬁugst it :Jeﬂlogegepem .fYaRPt tolgsifpnie apidt; §ulfatyf @ptlona"y
ydr oxy ﬁgb%}ﬂhfé%gﬁikafrﬁgcfﬁwk SKBRY . gé‘ﬁﬁ ﬂlkﬁHM gRhC

aci d,
cycl oaI kl;aéteraammeteajdyelwlaryl@JIRWraAkylaew ytheteroarylalkyl

het er oar tero | al
heteroar%‘kw\???roa s 8&19‘?'#85 rhﬁ?{ﬂcycwogry@ﬂ, heteroaryloxy,

heterocygw,l,@%rbaﬁw QP‘anoélé?rF)Sﬁ ab)@(&i%on%l H}rfiﬁ’osulfonyl
car bonyl, am nocarbonyl, oxycar ony osu

sul f onyl $uI§cuafl,| glianidinox pkyintino ((w/herean anyrof tbé Q’h610 carbons
b f th | pal th t

att achedovBPLie FREER S by hiRgRrBlpE Bl b Sy BeRiay

sai fb)oxycmmo @yeloRlkyl aHy idadson 8NAhih GaH besiudetitutéd with from

aryl group substituted with fromO to 3 substituents

sel ect edOfte é’»nsuhsﬁ@%nta@slm@ from the afoupyepnsisting of hydroxyl,

hal :

e P26 hARERR SRR erbUIH: sufi BB sPEAf pptionay
al koxy, stabskeuwd aadylkwwloallévlyélkokryetaakwydalkynyl aryl,

het er ocycl aryl al kyl, al

I
het er oar Q?é”??qy' 'ﬁtﬁSROHEWb%\aWY)( %@HPB’&I heggoarylalkyl,
het er ocygj t
car bonylyglkzwnpggr on){/(ﬁéylk %cﬁtggfndykw% %E’y u&,ohrﬁaﬁr’oaryloxy,
sul f onyl arrmmmaibonyl amlmmccinboayidoxmarbouyldamir(mbulfonyl,

het tituted t tg 3

cubst |t AN Sdiidio. seviriadwhereir dny ot dnd cerhons aithe
hydr oxyl gydigaIRgEgroupastREXHan sy atté&Hé-’& to fhiel feghbfthe
acid, sulfate, optionally substituted: alkyl,

cycl oal kmolecuﬁe lkcorprisgl parh ¢f saigdl agyimpino gnoyp), 'sulfido, and
het eroarg ){:& erocyclyl, arylalkyl, alkylaryl,
het er oary acf , al kyl het eroaryl, cycl oal koxy,

het @) ocyadyy bﬂmp sabstitated witle frone art| dDyybstageme selected from
car bonyl , WO 2009/ 064414 51 PCT/ US2008/ 012706

ani npcarwoup&m oA ydéﬁ*ﬂo%@'pgsﬂwarbgefvlf g¥gno, thiol,

guant 6 eyt oL Sl Sh, cyeosn,aory

subst i t ualkesyls allgoyk aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d)  heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl,rcyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
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wWopivoeald y substit ut ed:

fromthe group consisting of hydroxyl, hal ogen,
carboxyl, cyano, 5 thiol, onic acid, sulfate,

al kﬁ cycl oal kyl, aP&DK$2008/012706
al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,

g{ Kly|a|hgép\&?%%oﬁylglp&%égbﬁ%ﬁ ééﬁgtdy IIyﬁulfonyl guanidino,

aryl oxy, shifitler aad guisyidopandio, carbonyl,
am nocar bonyl , oxycar bonéﬁ@luam nosul fo su] f ony

guatf)di nbeteracysligigroup suhatituted withyf fQﬁ‘ra/Wé éHP%"(th§”(§fseleCted
t he het h d
the rest i &O%F’%sg?b@%fﬁ@“" nifaiBgen L GO chsho,
oxyi m notrgolosplfonis acid, (kmjfamjabpd;ioh’atby(sdbstltaﬁad: alkyl, cyc!oalkyl,
L 35 taleryakiing: el o, e (B e
th f t h
oroup. cond 'nﬁete*éﬁ%ﬁ“ﬁi” ?"@"‘tﬁ;e%?éﬁ%iﬂ?%'%?% °
cyano, t hetgrocynlylbomni arylaxydhetenddamiaxy, amln@,rma 9nyl
bstituted | kyl
S Ryny! - afiaecirbny. piarPor Y pufibast it <Sidh gyanidino,

al kyl afybxylhﬁﬁﬁr(\ﬂﬁébélﬁbhybf thé ki dirt frtaamdterocyclic group
cycloalkoxy, het er ocycl yl oxy, aryl oxy, heteroaryl oxy,

20 ami nofthedithamihe oamaﬁtaéae@é@we restyd she gialecule comprise
am nosul EQHBéJ{isaogHJé%r o ”§9|h88 ar?&%hl???ﬂfio(‘“’”ere' :

any of the hpr se’

Rs ixhydrogen@raisipelected fdeDtheég‘rdupde‘r@stldg of( b) C3-C7

cycl oal k&a any carbon of which can be substituted w

froff) 0 bd-GOalnd@ny saiban oEnbigh-ean PEmRUDREtURE With om0 to 3
Cons| St S SHtuENE Bited fiom e AR obKi %E@ h{dBRg:,

t hi ol , onic aclid, sulfate, Optiona

al kyl , c;zalogahkyarboleyk@yano,aﬂhlmnglulfomd: b;zmiy sulfatey loptionally
het I | yl I al kyl, al kyl |,

net or oar Svstted: S daBiedlehy.akendi Aligy. am

het er Ocyﬁébéreébw rﬂét&déwyl B#yﬁ!mradkﬂébw héte}da?ylalkyl

carbonyl, am nocarbonyl, “oxycar bonyl”, am nosul f onyl’,
30 sul f oalkylheteroairgi nyploaikwmhaie(qqyemgxy, anyloxy, hetteroaryloxy,

R TR T S R S AR
sai d oxysuifdreyl ofaidinos bkyintito (Wﬁérelﬁla|n§/®fltld@()1\l©10 carbons
2009/ 064414 52 PCT/ US2008/ 012706

subst i t uUERAPHSEPat ehgaid %Y@"QQtQJPPPL @05@|nécqtéf@x'do

L;?{)B&SFC%{:?Z% E@éﬁiﬁ%h?%aﬁ?rﬁ;éijﬂ% %arh%%%%?tltuted with from

opt i onal Dyto Susidistitwerdd seldcted froay tHeogitckapl coralidtimgyof hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino (wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group), sulfido, and

sulfoxido,
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al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,
aryl al kyl, alkylaryl, 5 hete é)aryl al kyl ,

wa@bkdoglobater oaryl, cycl oal koxybf het er ocycl yl oxyPCT/US2008/012706
aryl oxy, heteroaryl oxy, am no, carbonyl,

o 1957 83Mshove SHBSEEAin A 556°% S9B¥lgaPtlggpba rom

group sutiss gtdﬂp%brmitfng‘ ofoydioky, Balbgea! cértb@iys cyano thiol,
selected 10 fromthe group consisting of Y
hal ogen, SB&?'BS)%‘PF Sé‘ifﬁ optipRaty subsfiteitsast: @"%.(‘cyc oalkyl, alkoxy,

sul fat e, afp%gkg%@Jﬁkﬁw,}@gér@?&,h%tg%’docgrcw?é@@ﬂw,' alkylaryl,

al koxy,
het er ocybégdroamiglkwl hbklylheteﬂdayylacydloalkekyarrmiegdoqblyjdxy,

al kyl het er al koxy, het ero cl
ary1 oxy. SHADHN JstGEaR ok A0, 8 amipgcartiony,
am nocar QQMrboﬁ%}’ﬁﬁﬁﬁ@é\Mfenyﬂ@dﬁeﬁW gggm(dg;é WUifRe®, land

guani di no,” sulfido, and sulfoxido,
het er ocysulfexigeoup substituted with fromO to 3

bst.i | d h t,. f
hyaiyi el fA Ao s st fieu G AP oFf oy sty setected
acid, sufrbat the @@hp%ﬁﬂishétm@t&ﬁiydrwdhalébéﬁ | carboxyl cyano,
cycl oal k%l , 20 al koxy, al kenyl

het er oar $hiol, ﬁ@[f@mléé‘ﬁd yulfate, yqp&lpnylly sumtnytedr lkyl, cycloalkyl,
heteroar¥‘k@}<gyélke '|k?éh§§§r9 At HterGdi c@té%éﬁclyl arylalkyl,

het er ocycC XY, eroar yl oxy,

car bonyl alkymlylnhet%rrbanWélkylan&ré@@malryl eydloaigoky,ony!l ,
sul f onyl uani di no, oxyin no (wherein any of the

car bons hgtge[rﬂ%y MPXY, &fy@xychﬁﬁeé%%ry*&‘y@?ﬂé'ﬁo’tqﬁiﬁoﬂwe
one =L S A, B S5 SO E g

part of said oxyl
X and XQulﬁde andispdoxidot &apd hydr oxyl , hal ogen, NR4RS5,

oy el bpEtoailic i subSEE LA e T iond Subgibgnfibiected
from 2 tforPteagreep @r@iﬁ’ﬂn@r&f hﬁ@ékﬁnﬁélbyen lcr:i?rboxyl cyano,

het eroat ons which can 30 be S, aken
t oget her thigl, aulfionig afcist, mujsfatg:@lntl@nauzr eub%tﬁu@@ alkynl e:ycloalkyl

and. opt PIbeEY. SRnaRYEY L Bol: BRefonrdL RRgRey T, By
or S, OraMIEi?rylt abm?oéq@kwealkw\em@am EpdidalRoxgycl i ¢

boron an de-ester where said chain contains from 2-20
carbon abelasoeyrdyloxy Aryloxy) heteraarylaxy; amiae.dribanylch

2000/ o643 3 Ry LRl PRy g AR, Pl f), Hpaniino

sai d ri ngxyionha(whein any®f thae barbcmsomfﬂherhxdzterocychc group
gﬁgl g(ga: lgt\ﬁgyrilp%g(mheegﬁé%g@gﬁsd \ﬁﬁﬁ%rec%nf &e molecule comprlse
part of said oxyimino group), sulfido, and sulfoxido;

X4 and X; are independently hydroxyl, halogen, NR4Rs, C1-C6 alkoxy, or when
taken together Xy and X; form a cyclic boron ester where said chain or ring
contains from 2 to 20 carbon atoms and, optionally, 1-3 heteroatoms which can
be O, N, or S, or when taken together X, and X; form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X; and X, form a
cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,

optionally, 1-3 heteroatoms which can be O, N, or S, or X; and R, together form a
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al koxy, or X, and R3 together forma cyclic ring where
said ring contains 3 to 10 rbon atons and,

wepiwosald y, 1-3 heteroatons ich can be 0, NPCDUS08/012706
and X2 is 5 hydroxyl, hal ogen, NR4R5, or Cl-C6 al koxy;

cycI% rﬁ\@aqwﬁgfeaégpl{gﬁfggrﬁgﬁg%?o %Wat&éﬁﬁhg optionally, 1-3

hetevoatoris Whieh carebe AN HroByand K§r§>h?ddaxyﬁl|Ha}69UrM|NR4R5 C1-C6
aryl, arylo car boxyl cyano 0 het er oar yl
a'kﬁéy Qo %m%ﬁ% together &% aycrych@ unglvmeressw siRgiconggins 3 to 10

car%Bhféi@'ngoancPr BKS% f?g{é?%'r"f;&rg Carlicfaﬂrtf@ 6, VIS and X, is

structure cdntai ni on atons and,
hyd:pkylohaldgyen NRRaebeCdaC6ratkostyi; ch can be 0, N, or S.

Y1 0§ A andRendani. ryckpsan. By SVaIpaKhoaaIKENsh alkyny
amﬁ{cylan%oesrf&maémkn&fa%%yﬁ ugsrboh gr afkyryn afnylomy?ox} Rafboxyl,

substituents wWherein one of the Substituents' Is
Cyaiyldrh@iggeromemmaojlgheuepoanybnm betegocydiyd, sulfnposswlfonyl or

Y
sufeiadh o' ot n ISRTEERT 2hd Vs ol o el i lipPingyfrom 3-12
carbBArRomstdifi, [dpiBhaiof stﬂaéwdamgs/vm&ﬁ caf®ecOt 8 of IPM

the group consisting of hydroxyl, halogen, carboxyl,
cyaResfetrei@mbodiments ace thase canpeunds obpermarla (I)wherein R is

R CTR A P TR -
to aklbstitughts Wwht@imang|ofithy bubst&thhmtdﬁletahmbxyl or amino group

e%cl oal koxy, het erocyclq\{?d:!El aryl oxy, . het er oaryl ox
locgigd Rt the@- cpasamwelataﬁ srgjeHmcon@w@sﬂéoﬁw 2, and a second

sub;ﬂt NARYS fao&ﬁgoxﬁfélg ro%&?ﬁﬂ'vﬂ‘l in rfe'nﬁjélnlnga%lfbséltuents are

OXI do; 'S se romthe group consrs
seletted(fa)m(ﬂle@l@u;abbymshmg of:hydmxybfhaldsgem aaavodyd, cyano, thiol,

SRSt R0 S e B SHSL BBA 55 Sk,
aIk?ﬁVlePW | hetébf?agl hbfér@l:yclﬂu bf'y%lk?l %ﬂ{y‘i’aryﬁ lr'1|efté\‘b§rylalkyl

t1onal stituted: , cycloa Koxy,

alkﬁl rtaroaryl anmﬂ)kqxsamterocmlv@rxuaawbxm@eéeroay;dow amino,

caBbiyf ithosdtbSiye ofksaliphEl Jitefulony ayiopyy guanidino, sulfido,

andisiifoxido; het eroaryl oxy, am no, carbonyl,
am nocar bony oxycar bonyl, am nosul fonyl 30
R4 %’F@@ﬁfﬂd frejndhe @rowp cewﬁﬂmw (wherein any of the

sul P o ST aBA 2R3 af BluRlarhead b SRl Mg om0 to
carbon o8 anbstximen@s@lecmabﬁsd)mtthe@ouptcbnélstmg o@hiydrcﬁ(yl "

substituents selected fromthe g consj stj.n
hydr oxy| NaloggNogaMoxXYL CYBRY, th'Q!y%‘HgP”"E ACig SUE%ﬂ%f QRtignally

PeT UssonaTaueRR g Ry cloa ng&ggkg% ?'kcyan’&' vt

al koxy, betesogty|, hatesooytlyl, arylalkyl, aIkyIaryI heteroarylalkyl
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino (wherein any of the C1-C10 carbons
comprise part of said oxyimino group), sulfido, and sulfoxido,

(b) C3-C10 cycloalkyl any carbon of which can be substituted with from

0 to 3 substituents selected from the group consisting of hydroxyl,

halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
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woetwenoayLl yl oxy, aryl oxy,

heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
het eroaryl al kyl , al kyl het er ‘gryl , cycl oal koxy,

roaryl oxy, an POT/US2008/012706
car bonyl, am nocar bonyl, oxycar bonyl, am nosul fonyl, 5

Sulony! c BURIISH. Uk IR O] SRR By
at t achedhéterbasyl, rr@érdﬁyctyhéarymwwkﬁammwteﬁdarpmlkyl of

said oxyimno group), sulfido, and sulfoxido,

aryl gr oaHfYHlﬁS%"tant Byrlapkaxy e VDS, @gx'm%é%ﬁt%roaryloxy,
el covedablicaohleaiRURGEN S gy 4elilrony.

slulkf at e, solﬁmwngthém?ﬁmbsf(ymune(ﬂwhﬁfé«yIanya),fdhe@bid;dns of the

et or weyEYGPay| giophér that e g attadiad lsih resk gf the

al kyl het : Ve

eyl oxy, ﬁLdg?%ty%groy O!ﬁﬁéﬁgalﬁ%gﬁwéwu@i sulfido, and

am nocar dalfigiido,15 oxycar bonyl, ani nosul fonyl,

Lignyl i dino, syl fi Lf0
oL RSB R O o208 s ected rom
subst i t ugie growp) @fﬁsﬁa@hng‘éﬂwdrbﬁwghﬂ@@eﬁoaéﬂb@&yn@yéﬁo thiol,

hydr oxyl , halogen car boxyl, ano, sulfonlc
aci d, sustlienic asjst,issifate, yapélgna sub%duteaﬂ Ry, cycloalkyl, alkoxy,

ﬁgfgfggfé{kenﬁ i\%&f%‘r\ﬂahég}é%gl %%FB’J{;{F é’r&rallkw alkylaryl,

het er oar Mé’@rbaiylall@lkalkb&feﬁér@aml cycﬂo@lkow Hwtsf:ocyclyloxy,
het erocycl yl ox aryl oxy, heteroaryl oxy, am no,

car bony! arylexy, Aienosergxy. nieaFatany!, aminesathayhy | |
sul fonyl 4 n !m

(e) het ero%ézr bﬂwgrg[)ndgéésud{?n Ftsl?? gﬂy%jhéﬂﬁo to %ﬁd
subst | t uelnllfm(ldel ected fromthe group consisting of

Qz,d hqa&fr‘lgg%‘gg{qt&%q%%ﬁ{g@g \%%‘ﬂpg&bqé%bssl{lltlﬁeonqls Selected
cycl oaI Kitbm tHal gxip ’co’-l‘isli%‘?ﬁ‘ﬂg' of Wdfdiw | halégéh cayrboxyl cyano,

het eroaryl, het erocycl yl, I al kyl~,

het er oar ;hlrall, Bylfoniglaeid, wedfete)axmwna&yysub@ntut@dy alky cycloalkyl,

car bony! ke et SRRy ekl et

sul fonyl alkglsal, ﬁemoarylléqkylmalkmr(ét@l@a?ﬂncwl&amb he
carbons of the heterocyclic group er than the one
at t achedheteresyclylexy, %V'quehﬂﬁﬂr@%M(B‘Ye 8ine.searbpayk of

S0 oA TIPSR s oS oo

sulfido, and sulfoxido, and

\

(e) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino (wherein any of the carbons of the heterocyclic group
other than the one attached to the rest of the molecule comprise

part of said oxyimino group), sulfido, and sulfoxido;
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Xi and X2 are hydroxyl, or when taken together X1 and

X2 forma cyclic boron est$ where said chain or ring
W@onbas4ss from 2 to 20 car borPat ons and, opti oP&l/Ug2008/012706

1-3 heteroatons which can be 0, N, or S, or X, and R

X, SRIR 158 PRV Fiihe ok pind a8 X Bl Rt Bron
estér Whieed sainchein @r riNg contains drein 22toi 20 bamﬂ:ow@tbmwa_mm optionally,
and R3 together forma cyclic ring where s

1-3dteeaatems whichsanhe,oh NS At %816%@?‘? formyd cyclic ring
S S4B 5710 Bt Mor a0t 12 oty gatoms
whichadarebé @, N, ark®xand Xb isehydroxsl, oy iland Retogsther form a cyclic
inG S SR coRERORAL BB S bV kX Ay 5
hetB?daﬂbﬁ%Whuch'teatneéé’@f W B ah@t)@zr |§(?¥y€|rd* yl; SU' fido,

or sulfoxido. Qher rred enbodi ments

onyl,
Y1 an@ \rtzrafsenwﬁgmﬁmly thFGgﬁmerhW( cyclmléyleahkoxm ail@;nyl alkynyl,

amiggt Abpstlforsi A megaiony-arhahl. Al A d8K8e8mony.

cydride haidtfed, hietdsrohp)l Ahdtefod |otx ehetePoeych nsaﬁaor@nfﬁh L%r
yand Y2, R4 is Cla}C1O al kr? agy car b‘g{n %f whi ch canybe

sulfoxia it uted with from O to 3 substituents sel ected

fro ﬁé}eprgfeqpéﬁ 8%%%%{% th}SQé %}‘A ’J?m?igqg%rmula (I) wherein

car boxyl cyano fonr ¢ "aci

R, mptq‘;(m)ERJ stu hytirdgﬁrec& |aldnyahry| g;meolada\hag a jdroxyl,at the 2-
al. keny aryl , heterqar het er

clyl
PO%V% apgﬁ cargpwlpca@c}lp atr’qla.? grQ%lWri[QﬂNe tot eygro%p containing Y
and@VsYRD Gri &jyhik yféﬁt%ﬁ?%ﬁ%i whﬁg\ ‘i SleJ tUited with from 0 to

ar y1 oxy, heteroa y, am no, ony ,
3 sahsmtueatsbmlgzd:teddm,m dnegnguip cansinting bf bygioxyk inalagen, carboxyl,

oyt B Dianie el et Stiara g Shp it A Syeoalkyl, alkoxy,
alkéﬁw ams)nynaaﬁyl%tfe%r?p hel‘ero%?QIyP(%rﬂéRthWi hé?éro%lylalkyl

dr oxyl ‘and i replaced by thé ortho-hydroxyl

alkwhszgamaoﬂ mkmle ihetergcycitontycapdoxy, hgteroaryioxyy@mino,

carf G oAl AV BRRR, oSk B By

oxﬁmncs(wlﬁiér@)ﬁény BﬁtheSCh}'(dﬂ 0garborfScorapese paytl of gaid! nylmlno
havi n r ox at the 2- position and a carboxyl i

arone) Haida. Anchs i de;ob #d a&z.e% hy &b Qi NYdroRyl and X is

rePCaT tkgon %)(b%-mgg%xﬁgxg% FLPf RS Sgéﬂ tﬁté‘ﬁé ? %%Mb(?? ?% rigg is
formebsandl)eram:l X@be&hydrdgeom the group consisting of

et B et SRodmPNs Snibost SompouNdRAr Formuld () Wherein
R, /St @9) F&Y'Rz |§| ?G%erﬁ'ﬂ%ﬁ@ﬂn adl %jbb’i)ﬂ haﬁﬁ%'a hydroxyl at the 2-

het er oary erocycl aryl
pos:twreaodraytaarbbyyljc ad:udyatﬂibe érmslgnbn reigtweom NWOUp containing Y

and SecBh i Cke PRk Hy ot bERbiEn Sl nE ElPRugad with from

0 t6 BldudRYituents! sBleditatPiroMxthiedroap (CWmeisting cFhydedxyl,alogen,
carbons of the cycloal kyl grou

carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally substituted: alkyl,

cycloalkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,

alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,

heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,

sulfonyl, guanidino, oxyimino (wherein any of the carbons of the cycloalkyl group
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WD 2009/ 064414 56 PCT/ US2008/ 012706 other than the

one attached to the rest of Lﬁf?e nol ecul e conpri se part
wW@Ro0g@s414 oxyi m no group), i do, and sul f oxPADUS2008/012706

and X2 are hydroxyl, or X1 |s hydroxyl and X2 is

oth%?g{a%c % 5’r¥e Eﬂgcﬁ’éé H)oﬂ'{%r%rs? an d ulé’ta @rﬁggﬁar{ B%md

ered rrng 1's
ox;hmmwgmgxp)Sslﬂtlh@rarm euﬁleamdad )é{rbmii D(lméshydr@(w rms)e1 is hydroxyl
s of

anwaﬂ%ea%ac%bvéh%ﬁrtapwydg%d @xusen ﬁ’é Ra %ﬁ@rt@ﬁw %m%%ered

I cid at the 3-position
rméﬁs fgﬂﬁ%g tggdmgarﬂjrggﬁp@ﬁiéglgbﬁ?ng YL and Y2; R4 is

ar yOther prefesrechegiboglirhenist aredtiose thrfpoumds ctchcBmuIa () wherein
R Ryttt Hacle SYER00sth Radkan 2o afbind Raiog & RiarbRyiat the 2
pos’lﬁérﬁjanéléi éé\’b% Iﬁpééleﬁaﬂ'tﬁé’ 35;%§ﬁér§ Hilﬁﬁl\/e & hfﬁé' group containing Y

cl oal kyl oxy, al kenyl’, alkynyl, aryl
an(h eRo@r@ﬂyl oh be@r@algyd;sybg.tltgtqd wltlkyﬂom aitr\d amlystltuents selected

fronﬂetbg @v%lcghg%}hg lﬁ}fl het %&%’hr C%Cl qal kor}g\é’thlol sulfonic

am@&ﬂhmwoptlcﬁfﬂllymﬂw& aIWI}’@ﬁEIb@lRyI' alk@iiynéﬂ(éhﬁlp a/nyl aryl,
sul fon guani di no, sulfido, and sulfoxido; X

etﬁp%vb%ﬁim'pgxwl apylalkyl, |a§<w@rar heferogndaliyl, @W@qﬁe&z@w

vk, Pty A, Bt HEAER A .

ammad:adgawl xyvarbomyef amiress udfohgld s ooy, gm@mtmmssmﬁdo and

sulfoii e Anchis pés BcEpy. og s Paveil andngedh gkpiHcst tytibe

|
ot A BB QAo LT et s P2 Y and

Y, aeet Bydrogehe substltut ed with fromoO to 3 substituents

?1:: §§{ﬁ?d f%@m%ﬁﬂ 9 8tscqof% bfs)géga o (r,ﬁ?)%)lrmula (1) wherein
R issulct(atbm N}tt‘s (IWGHQénS Foss Idnt&@ﬂgr@lpkwév'ngmhﬁﬂbkwlat the 2-

koxy, al ken , aryl, t er oar

pos«\mreaad;acq:aybomltq/aqmquthe érmlmryrelah\ea tor é@rgnoapk@qntammg Y1
anc?lfglwgg Et§ hgfée gcle %Xl%ﬁfﬁlté(c? Hoith fP(ﬁ'Eed R)Ciy %hgéﬁ?ﬁ%nts selected from

y, ~am no, carbon

theagmupmhb@ny\g ofwwymdralbgemmarrbexylr @mﬁo tiol fsvjlfsbhlc acid,
I NO I'mno In any he carbons of

sufiia brtiopat SEPF B : ORIy alkey el SaYE advad. ary.

hetsEarkf Retoch aft, BRARY SR ieferpaliahly. Sheteroan
cydnaikdww;i thetgrocyclyloxy, asyldwy qubagrldxy@mmor epttmrwd by
iR BAOPIGRE ¢ ST IHEFUER. TGk, S8R0, pgyimino

(wHBfQTnQﬂW‘of tlﬁ%t@arbéﬁ& @Fﬁ%héﬂé’?&)@dl@bf&yﬂbﬂﬁaﬁ' tﬁamﬁe onedattached

npoun s of he current i nvention can be synt esl ze
to tbguragt eftibe rgele@ul@l coropties paetmfaaecuoanmng grewp)l salfido2and

sul*or)](idf)i;%ra%dlxz tapee h%l[o?&i r% lg hyaroxyl %d X; is replaced by the

ortho-hydroxyl oxygen of R; such that a 6-membered ring is formed; and Y, and

Y, are hydrogen.

Beta-Lactamase Inhibitor Synthesis

The compounds of the current invention can be synthesized using the

general routes depicted in Figures 1 and 2. In Figure 1, the boronic acid is first
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WD 2009/ 064414 57 PCT/ US2008/ 012706 converted to the

chiral boronic ester by reag,tﬂ\ on with (+)-pinanediol,
war@onbe14 car boxylic acid grolp is subsequentIlyCT/Uszoos/012706

protected as the isopropyl ester u5|ng 2 i odopr opane

cor et biThS cATaf PR3 fer Bybaefo B o B and the

carbokyic #i@igects i esbddifucntlytprbidicyed as ties |S®|rdjmlliaster using 2-
2-nmet hyl propene in the presence of catalytic sulfuric

iodgpfapangmind n@t%éwp@rbmaﬂe iy N, Nriethydtarmaspde(DMF). In
Flgi(iP%“‘frthgggF M@la%m t%qggﬁ%}l e&o?%tﬁ% la‘(é)"tgl |t%rrt1_bllft¥l ester using
2-njethl/ipropeidinl thiel presanceasf datatytichsdfubig amcdiiand ﬁtmboronlc acid is

thefiipy éﬁ@sn&%ﬁ%&c{@x%:cm@i%?a’éqé’pm & uih g)-Sinanedidl. in
both'rabfe’s' ﬁ%hi?f&@%ﬁncﬁ{l Ltk r(embﬂsrﬁre ng{.@ﬁ é@&e%nb&f‘beﬁghu

using t descri y Schoi chet et al
and] Maﬂeso@hé)ngammazm 198554 16851689 . afftids éhe benzylboronlc
i nternmedi at es ul.d nverte toth ed ..
estafh, CEORYe It Sisimet bR Ehe GelBefibter fah bE bchieved

usmglthé/ @oﬁ&u@hs gesbrifed by BcHbsHeted &1 9MENChdrRasht. 2003, 125,
a carboxylic acid with isobutyl chloroformate or

685-68mMm tTrt@seeatﬁrmdlaies soulshiheatig tenvested (g the desired amide by

rea%ﬁ%f}% a%i ﬁ?@?&rﬂ@m&?%ﬁ B&haeﬁf;éﬁiv%sés&?r wch as that derjved from the

reablioh &Ff azrboyylic! adid withnesbdtyliotilopsfornbt ér frbihTHe.reaction of a
Renmoval .of . the pinanedi ol groups and deprotection of
carpﬁéyltgaacagwth @t%r@gtw%m@ge@; 59% as (n7 #abenzotriazol-1-
I
B R N o Bt R e P 5 in B A T O RENiNal of
thecbmarhemohgmlmps&andademﬂemlolnl dfdhetcarizoxyylie @eitbsnand phehnsl groups
carbRe AcEameehed Thong s e ubie Rl it udh S Gaipbid Htin

diok&rO8R LY 6@8&{2@%@%8&%@ Bagedlok ﬁerhﬁf?éﬁfreé@ént it is

be presen int reaction products. Also, there i1s a
asgweed thatiApplicants @btaﬁeprewmpoanﬁrﬁtrmée(&gnaguamer although

oneg g <5t v BeChfife 1 e Bt ol FpFoRer may

be bmmﬁﬁtr@te@cnoﬁrpra@u@tsmmwrtﬁeﬁé is 4 PBsSiBRity thalt HidBe
and the open chain formas depicted in Figure 3

CO"(‘BWW%ER%S%QS'% an pstherlydiexy sreyp opdbe andgnmeyf Rs can exist
eltrig]%btﬂézf@e om leﬁtéraéé e (%Icsg%to?oﬁﬁ‘ét@%@? @r as a mixture of

1tors actamase | nfbrtors can
theanjalioferheand the opehjabairs farm as bieplated iaFigyre quama}dnabka et al.

Biogfofisy, 2D0g; 90t Ha1 CRAe i | bact or &l activity of

bet a-|l actam anti bi otics. Adm nistration of a beta-
| act amase i nhibitor as described herein can be in any
Administratiorn ofBeta- Ladlamasmlohllﬂhomg a t herapeutical l y

t t f t hi |
o BB aee TS Sandse AR slelrd fo Sbisats 2 Blotogically
corﬁéétr ible Forr\SuRDIR/ 18P pRAASe Itfehi HERTIRBHE#SH W vivo to, e.g.,

increase antibacterial activity of beta-lactam antibiotics. Administration of'a beta-

lactamase inhibitor as described herein can be in any pharmacological form
including a therapeutically active amount of a beta-lactamase inhibitor alone or in

combination with a pharmaceutically acceptable carrier.
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A therapeutically active anbunt of a beta-|actanmase

i nhi bitor may vary accordi ngﬁél\g factors such as the
waelr®easd1st at e, age, sex, i ght of the SPA/B81008/012706

and the ability of the beta | actamase inhibitor to

" e e tbei b (Aot oF 3 Heia ik P i RRE may vary

acddrdrr@n@tfbcmrs Sﬁ@l@ Rs&he lange@eastatee agee¥ex aéncuweigclﬂdaf the
dose dm ni stered dail or. the dose

subjeefp aﬂfht%ﬂ ablllgty pémk%taal@ctama%tr@ww tolpicit R Wﬁde@sr)onse
h t
in tﬂ%zﬁdiﬁg?:&éuﬁ%%l%% rje‘lg}po& %c})nggggﬁgge ad ds% er egf)tbmum

theaapewtm respbase.o foe ekampte, |sevbk@| divitled midsesllmgy bécadmlnlstered
exampl e, intravenous, 10 s aneous, lntr cul ar, .
da'fyr» é?ﬁng'&%ﬂﬁa? may,be prapertiona Ch{qegc%?r lé‘ﬁ’n'%teg gﬁhe exigencies

of thReth8latduditisfttationcel I's in ex vivo treatnent
protocols. Admnistration can be either rapid as by

i nj ¢ébe itheraoeutmer paapeaceuitlcﬁl comp@sais)risycm bwadmunste:md by
sl ow r& ease for

ang SuitdbEBUR Bt Bie St MeTnGtT ex8hhikahtgrendus,

suBEUtANERIE thirhrhisé@an thansterin® lin®Paecdr of @ftrdchEBral or
phar maceuti cal or phar macodynani ¢ properties. For

adrainistpation to erlisdn|excviradieatment piategols aMdnainisti@aioasandcbe

eitiHPraph s B kRGN Br bller  PRrRbiof i B SoRIRRIL6P"
admihigtrdtidrodlysibw release fonsilitationn recept or, and
adm ni stered by intravenous injection

Fr i Adieteiaciamase inbibitercan 2isp be dnked pi(ggewpatedg With agents
thagpg%\ﬁcgé l@?%ﬁgt&l@ ﬂ}?}rmaﬁguh@glt nid?:'&'dpy eﬁﬁLc ﬁ ek?ﬁ?s For

to a polymer sdch as po e glyco
exampbbtaabe‘(adastlanaiﬂeemprtmpecandm cdupded ltdnahylsgabstance known in

th Z%@gclhl Eﬁfé@ﬁ?g a%{%i{éé{q% %ratn%%%tg)hr? gcrg%g%&ngfcgo%brgagn k)\érrler such as
an EHEMHE\/ 'the trdndfBfin/ ?edeb93t8)and %Hrﬁlh?ﬁéﬂgd bﬁﬁtra@enb’% hjection
harm™ 51: 210- 18 §x1 94)Y. Furt her nore,

(Sebeﬁzg | Bidem®d4 ef ahi Scnteoceé’éiﬁ? BE3-irA (égaéﬁpd’slrthe@mqm Z bheta-
Iacé%gﬁ%q @h’llﬂhogecll?@/tgé %tg’é}?}%ﬁ;&l& hoe to %ﬁ?%@??% lf,fr*g‘ygglglolyeghylene glycol

to éistajriidedirbl&prbpertied of sBIubiMy esdtdbilitiC hafsife, andetie
that is. capable of delivering the beta- | act amase

phammagsutisally ﬁf’bﬂa'ﬂfﬁge@yﬁ PEAPETHES 4see|9-9., HiaMis sEehdarzyne Eng.

+188ct2 (AR, Blpinsmli, A5TF: G0 RRd S G G B dom),

a bEuahéﬂnbmmstmtanhcﬂamaHe inhibitoe caBbeninch Eomgbosition wh|ch
aics T Efey B0 WBCHPRUR! & IE it e ropleaRIe beler RgtTass
nnfF PAEFEE EERRINT N, cblich (dorefl sunt] & nafsgRiiatys
capatile o delverirtgthenhetadanjapraseimhibior 2t03he extsol 6Ha cell Such
methoésuasrzeovc\)/g{ %g\m(ﬁm the art (see, e.g., Amselem S et al,, Chem. Phys.
Lipids 64:219-37 (1993)). Alternatively, a beta-lactamase inhibitor can be
modified to include specific transit peptides or fused to such transit peptides
which are capable of delivering their beta-lactamase inhibitor into a cell. In
addition, the beta-lactamase inhibitor can be delivered directly into a cell by

microinjection.



10

15

20

25

30

The conpositions are usually enployed in the form of

phar maceuti cal preparations._Such preparations are
woraae/osa1a manner wel | known 3% the phar maceuPCT/EB2008/012706

art. One preferred preparation utilizes a vehicle of

PR B B SR o
R S0 oo stiasmd nanne e e

phagmageutisal afe Qn%r%sve%pg%pzﬂ@tlga stlilizes a yebicle o pbysiological
sahg.@lrﬁfllgq?c\flrg Wt Gk xsn?éiﬁgmé’&{r?a R &ﬁarrﬁébgu&'i%ﬁy a8¥%eabie

nts, I on rre a, coatl
careets m as paysmragmaitoofnuegabtlaxgsent ether mhelm(m saits, five percent

absor on de ent like. e se o
20 RS Guasee SHtHRoSEN Bhtroophe: Mt B 2ise P URE: JAs used
heéﬂpsbﬁﬁﬁﬁécélﬁlr?e\éml lckapipid Bartrié‘?‘ |ﬁEfude§>§i‘§pénd af %Bﬁfen?ss

any standard a or agent Is inconpatible with t
dlsaensmremedwq;amaﬂlngasantlhamemifandwamtifungalawmx lsotomc and

abSEROn ABlev i e 66 B0 The B oT R D el an agents for

pharfiigresitichMNactive s@l?é/(aﬁbésplshﬁell ﬂﬁéWhah ke BRLE e gt insofar as
sui tabl e buffer be Present In the conposition.

anyssfandrisheetia eaagen 'Sd@§¢m§§tlbbémlﬂyU}ﬂ]ﬁﬁﬁ"@-}@omﬁéund use

B Sfte P POrPRBRELS i BEPerb Ao SSOPBLA R et
compeurds oam alssbé Wedtirpsrited inte qhe eBmpassitidriserit aiawaéa be
A beta-l actamase inhibitor _can also

de#‘%&lﬁ%@éﬁqq@ sutfet beipgespntda the semresHian. O%V%PPV['O"S
carf Rty ggqg{%ﬁﬁlﬁzed"ﬂhﬁ Rt6r2A iR étgmeaé'rtnggméﬁé?ady for

ti ssues. e carrier can contain oth
recphstitution tntyi tbeladﬁﬂmrcemtebleewate:nfpl eady ihgectionodibeypnirgary

oG S, o B 01t LSO L L
carPHRb B mbBPerQféHJin?é b%lld%#@énﬁ@dhﬂ' tﬁBb@lc@H? c‘o'ﬁ%é‘fhble matrix

substances usual |y and customarily enpl oyed
whichroan ke implestednte dssuesir ent eral admi ni stratl on in

i 158 sy <8RRl bhaffat il focsRlari, s&Ghishts for

modrﬂhﬁgldi‘&ﬁéﬁtalhh? thearHIBsRHbIafity, m@snﬁl dlamys cblor $tefility,
rise an ef tive amount of bet a-| act am

stabilty, baiet Qf&lswehﬁm 0h0dasqf dbe SoRmifialion oSueh exciriepigare those
| d
s iy SAPEELORERY) B L EP R aabec i

or’ a ereo
parBateral ddministnatiardim, either umtedcmige! ommutiddose fdth or for direct

benzthln enicilli.n, P enicillin,
InfU o B¥ FRBT AU He AT BETIDIE INEIRED, ne. pent si 111,
OX af édrh@ en’i@é&]hﬁén‘té 'tﬂe p‘F'\'a‘Frln%éG +él'c?om66§1'l‘?6rﬁ§(ﬂﬁfﬂér lcBmprise

t enoci | anoxi ci | npl CI co- anpxi cl av
an effeclive annmunt af aémtmlacttam amtltuatnccu Ekemplary f-petariamtibiotics
hetacillin cil.l,in

. i perac in
incBigBiisielink vep FRbE s Copa S RanpBS BRI britbRH
mohabadtafid, ldra carhBmatieh |thérdof C Pexenlind inBludeabeit htd Aot limited to,
plvarrp|C|II|n or a :
benzathine penicillin, benzylpenicillin, phenoxymethylpenicillin, procalne
penicillin, oxacillin, methicillin, dicloxacillin, flucloxacillin, temocillin, amoxicillin,
ampicillin, co-amoxiclav, azlocillin, carbenicillin, ticarcillin, mezlocillin, piperacillin,
apalcillin, hetacillin, bacampicillin, sulbenicillin, mecicilam, pevmecillinam,

ciclacillin, talapicillin, aspoxicillin, cloxacillin, nafcillin, pivampicillin, or a
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WO 2009/ 064414 60 PCT/ US2008/ 012706 comnbi nati on
t hereof . Cephal osporins inclyde, but are not limted

wo o09mephal ot hin, cephal ori cﬁ cefacl or, cefRdr/UKi008/012706
cef amandol e, cefazolln cephaIeX|n cephradlne

corfB 68 ot BePhalddpor§RBGSEE Lol eI o, gephalothin,

cep?f%fkbrﬂﬁﬁodéfﬁmor Cééfadﬂixﬂzééﬁmalﬁi’d@| é@‘bmim,cepaémiml d,
cef odi zi me, cef piraone, ceftazidime, ceftriaxone

cenmaﬁnnﬁaﬁe@@oxm mﬁ@mm srphasetrdz egfoliam. ésf@ﬁwme cefsulodin,
Ceféé%%%?hﬁ?eﬁ'gg%'ﬁ% ?r%"f’iﬁbn H)élzj . eﬁﬂbta&? dﬁ?'d@lpﬁ%ioﬁlycm cefonicid,
cefoeifzbnel,orxéfmiomeebeftamdeﬁe,oc&ftﬂaxenpr oeﬁpﬂnamldeeéefbuaenazone
cefgl voxi | ef et anF [ vo cefca

ene VO
Z9RIANoFRIERITY BSiOSe %&%Pes&w C%HFBP%’% *pém&q'? cefclidin,
C |

ceflgth8reetBaftn, coRififretthoddie SRl %ﬁ%%??ﬁ@ﬁ%ﬁ*@“‘ oéReram
pivaxf, toeffetpmﬂte)lmxﬂceéftcapehe mm)QXII oefdatooemrplvnatl i ggfuroxime,

t her eof e Iude d to,
cef B R e s SRR AR A R AT P SN oS5 Penen
St R hal¥3D6rif 8. &P edrdbigroled ftarol

i s&i%’éé%?é‘)%&beﬂ ey B o O fprerereine)
or § gouwjnaticgotheosof. &ar@aeengmanpluﬁlet het aksr notNimiteshia. ans

migo o nisicoeittho BhSePRkm, [4febERshY uoRpbhER Hpgnem.

panipéserac aaﬂa\nRSwléarbépénenn@r(etg., PZe60 5 o MEM036e see Expert Rev.
(2008%5_, or a conbi natjion thereof. See g?%ure 4 for
Antiinfget Uhes. G008y B53Pr49)vior @seomiinatiopAheme? 2 Manpbactams

mc*&ﬁ%abpf"%tteaﬂaﬁ | 3) atz?r'é% g:lrih‘?urﬁoﬂgﬁ{ %ﬁ?{séééuea

acce e sa 0 may nlsteré
Po$ten§ 1a(|s1K&eArdnéneteosEmbmeaCloaﬁchmmwmAgerUS CGhemother. (2008)),

HERTAS Rk F1BYES 4 R PHtFLeS ob P25 MuEAQRs, and

BAQ@Q@m)har maceuti cal conbi nation of the two separate
active ingredients. The dosage of the beta-|actanmase

i nhi ke betas-laotamate imidbitorsierrthat gharmaceytically acceptable salts

ma R ARiSieR b rEvant b el s B stk dggmtviotics or

sepraRly.t Thish@aybd sartigdlout nthd foprsofd thiktaré bethe two active
pat hogeni c agent to be controlled. In general, for a

mgcﬁﬁentﬁ qrie the frrheha p@ﬁrr@a@eemad|comﬁleet'%ﬁ§thettms) separate

shay be between 0.250 g and 10 g per day, by
adﬁ'%elhé?egﬁé&oute in humans, or else between 0.25 g and

10 pheedosdgg dfthe beta- lat:taimas? mrﬁbltcgs a31dl mfrﬂwem;ﬁmmceutlcally
royte. Moreover ratio of. the acta
acqaniftE S ShaE v AphE DR Pt Ao ey La}c ke adjusted, in
ea(&??ﬁﬁ@ﬁIatrg:a"saetobﬂe"%hhgﬁtﬁﬁ?ﬁ&ggh@? d & e ?Ja?ﬁogaé/rﬂé ¥gent to

in w [ITmts an
be paniroldnd aln geraral, tfor aluse in mkde mamenbomateoalgnfdahons the
daIB/e noesreamayébe S‘efv\?eerna(r)1 %ISng Oagb ‘o)gg d%y,ztg) hoe 8P ? route’ |%

humans, or else between 0.25 g and 10 g per day by the intramuscular or
intravenous route. Moreover, the ratio of the beta-lactamase inhibitor‘or of the
pharmaceutically acceptable salt thereof to the beta-lactam antibiotic may also
vary within wide limits and should be adjusted, in each particular case, to the
individual conditions. In general, a ratio ranging from about 1:20 to about 1:1 is

recommended.
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recommended. WO 2009/ 064414 61 PCT/ US2008/ 012706 Dose

adm ni stration can be repeated dependi ng upon the
w@b@poeaoki netic paraneters §tl the dosage f or neCHUBZING/012706

and the route of admnistration used. It is also

proxi ded that certain fornulatiaon nt ai ni ng a

bet opS epayatgh et fehealrd 83efidng Tt Bet, o
phatfwddakinetieqiarbATeibisoéf the Wovageforhaktbhandaheapstd of ed

and fornulated with suitable carriers in solid dosage

admarisgatiosonsed.exanpl es of suitable carriers,
EXCl i Sﬁszrogﬂgdqhgyggﬁgip'fp%Hgﬁohﬁ‘ébﬂﬁﬁniprg FbéBSGctamase
sucrose,; sorpitol, mannitol, starches, gunracacl a,
inhibitoe iat&ﬁcpbeﬁ@l_nﬁhis,telﬁdgibraﬂy.es,uclhdetmhIlatibﬁs bir;e gt@‘erably
m crocrystalline cellulose, polyvjn rrolidone
encansulated anddermulaied Wihiable Rariess beolid fiosage forms. Some
| s : z I i
ol lr L OBl A48 B G Worrose
sudrosensabitoln smaranitod ddatchesagliy adanid, ddciunmophaspthiate, alginates,

calggheleatthmiedioilghag caltiose, Sy IRVRY alRRE, Cllfose, gelatin,
syrlp 2ithy1 SeRGR8ES melhf- GRERPSHYIhPdoxyBBNzdMeS AalB! Inddgrtesium,

S0 as t'o provide rapid, sustalned, or del ayed rel ease
steafatehwates, enineraboil randtheckites dhe dernadations cameddiionally

. th 1 ent | Oy edur . Rt

nchiie BRlctHg e T R REASE RS itk ot SPGHndig s

predenlifng abepts)saricténing deenes EﬂrifMOﬁﬁ?/agénw b¥haeatpositions
whi ch pronote absorption such as, for exanple,

may he ipcmulated se aginprovide rapid sysiaingd) 9r delaued seleass of the

actf i OfcHerts SRE i Bl abA TB e ppREt b e fiAG Bitcodyes

welltnage.in fos age Thefdrnfulatiorescars albohecondain sublstarscasahat

. physically discrete units suited as unjtar dosages ..
dinipeheteAMiRdTIRTStR] asilsTsbstatcesdrigh Riamiote ApgorPtion
su&PQé,%F‘bQQm%Ie,@lﬁﬁ%bedd?i‘vE ghggntity of active

conpound cal culated to produce the desired o
t heltapespecally adeantageays e fermuatewparentersl eaypositians in

har maceutical carrder.. The 25 specificati for t
oG o i ke S it aten NP G Eqrdae’ Bosage
unit RRANEES DEe@heréin)refdre t8phisRal} disteéteriritsi fiftedl ad ORitary

active conpound and the particular therapeutic effect

dosageascfoadhe Basamalian sypiadieta baitieatedRachiRi eertaining Re
. c .
oreiefiog ATRPBELNA G Ao AR ACUEREPBRALRE Eficsyec
thetlaseutivaetfdut in agsotigtioadthl theaaqbired phanhaoedticzicarrier. The.
skill in 30 the art, accqordin

spegpfisasional Draeyade gt icists trigictale s dizeglly depgndent on
(@) e VERfus Chd PeLGHRLE BN Hle Rt SORPSURT R Re ARl

thepape utouefiect to biecadfiewethand {b) tiei lonitateinscinberent in the art of
compounding such an active compound for the treatment of sensitivity in
individuals. The specific dose can be readily calculated by one of ordinary skill in
the art, e.g., according to the approximate body weight or body surface area of
the patient or the volume of body space to be occupied. The dose will also be
calculated dependent upon the particular route of administration selected.
Further refinement of the calculations necessary to determine the appropriate

dosage for treatment is routinely made by those of ordinary skill in the art. Such
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Further refinenment of the cal cul ati ons necessary to
determ ne the appropriate dgsage for treatnent is
wo owbioeally nmade by those of &di nary skill in p&EUSI008/012706
Such WD 2009/ 064414 62 PCT/ US2008/ 012706 cal cul ati ons
out. un ue .experiment ation, b ne . .
cal§Rioias S5 eifhads Witidht iRgis BpelREr Gt Y Hrf Silegt nhe ar
in |Igﬂf 6f thel ActAft§ WsN6SEPRhatdiP P adday pregrirationd 6f taryétcdells. Exact
osages are determned in con{ unction with standard
dosages afesqmﬂ@@ngdua icesjunction yith steadaridese-sespranss studies. It
{
WIII%@w%rrgm od that ?r@gﬁ{royc ﬁ'{één%?}%béﬁsﬁgﬂgqﬁélﬁgﬂp%ﬁ&e% will

be delegmadd by acpraltiteyees in uh@dlghﬂlolﬂ thd l‘éieamtdmtdumstances
conditions to be treated; the choice of conposition to
inclydingfhersanditionior eprditigrs ta\pe fieated;the choirsnkcampesi jon to
j . t
be SHRlHLENE, R AR WolfiE anaTEEEbRe B e RARMALBatint; the
sev‘éuky of the patintlsesyamrtotns; aaflfthe abpsen reumhofcaﬂrpmmmilon

o oEtiieant iheapeuti ety 3 sUeR sBRtIds carh prgetermined
by §t‘éhd§?‘cﬁﬂﬁéﬁnaé&5tld§%%d§dﬁké§mt &8l é@ﬁﬁeétdﬂ%xﬁéﬁﬁ]érﬁ&@lmals

to 50% of the population) and the ED50 (the dose
for exampiee for determining dae LSO W@d%@ﬂethabtm‘é@%l eftthepopulation)

anq % £8P ui<hbsk PEAREdC STt 1l SheP B gl Sgen. The
dodeatibaidtwelbRIBLIERY thepapsutitdsifedts @ti@(ﬂhlebaﬁedtﬁﬂgdeiind it

t herapeutic indices are preferred. Wil e conpounds

can beexpranssdtas hei ratie; Ld%‘itﬁEDé& sCOWUBés (e exhibdt large
thef%b%ﬂt@ IR&CEEKJ?Q 8trQI‘egr%ng Voﬁén’ﬁg}ft}’lét Pﬁg&lc side effects
may rbeqnsmi ciave shoulkd tzeetakehetotdeedngrﬂar@eetyosysﬁemhatta&gjets such

cells and, there redquce side effects, The data
corBRpuRop hectiia REATegtea @aweafrb%?@gé%n'am'zsran%mt'a' damage to

unlgfe‘c':f’éd?é AndSthe ?S@ué@sﬁj@réﬁéc@é' ng a range of

osage or use i n nHumans. dosage of such
conploeidata bbténgd &ber this! gelkm:ulture aasamged(a‘nlmal studles can be

CC“ I at I‘angI concentr i ons hat clude t e E 1'f h
us§q Iny'p ting 3 {098 ¢11 6§'§Sé” E‘W‘ R)\‘/F RPAIE R §UC
corhBo@eds W@@gf&é%wmmﬁ aeaﬁgvé agelrélﬂéfmg&bh@ymaam thiae

route of adm nistration wutilized. For any conmpound:
inclydedhe iERHQ ittt el o apéemégxedThémS@Qetrnayzgry within this range

depf ﬁlﬁiﬁﬁbh CEI% ld%sg%? rtrh \éﬁ1 @d 5A4 ttt?g A&g‘é' d}:aato%‘?mbstratlon

y fromce cul t'ure ssa S. ose

utlli‘zedmﬂcﬂta&@ ¢ompoumaused detiee metmﬂs dtselosedlrregrairmhmg
concentration range that |ncli1 g the | C50
the(apewt'ca{'hsffsewt%ﬁ%%paarbeoestm@e@éawa ¥ 5P 6Bl culirerassays.

o%%g'rﬁ?'f%ggoﬁﬁhfa’tﬁm gﬁhél%(ﬁs’éﬂ E@%cﬁfev%yﬂfr&ﬂﬁamﬁglasma

eter incell culture ch information can
conceatration rrange doatinaludey thkei@50iire, 8@ comdantrationesf the test

vels. in pla may he asur
corwourpﬁ %1 %é %lp}ﬁﬁ%@qﬁﬁa%xax@”pg% f;wpt%mse) asngetermlned
in cell culture. Such information can be used to more accurately determine
useful doses in humans. Levels in plasma may be measured, for example, by

high performance liquid chromatography.
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WD 2009/ 064414 63 PCT/ US2008/ 012706 | nhi bition of

Bacterial G owh The present :‘?Jll scl osure al so provi des
woredoboes14 or i nhibiting bact & grow h, by BCTUS2008/012706

reduci ng bacterial resistance to a (3- | act am
lnhgiﬁ'ér%f’ﬁ?&er'é?f@?ouﬁt hods conprising contacting a

or a bacterially infected 5
cel The préserd disdleswre, alsm pos\ddes smathads foranhibiting bacterial
| act amase i nhi bitor descri bed rein. ... .

aropflarloy 5 JooueIBO BRGIIA esisEmce i Briegambgntiviotic, such
meﬂ’fgﬂﬂoﬁﬁﬁﬁélhgr&bﬂftacﬁur@% Bz Et%‘??a@ﬁ@ﬁ@ultur@thstHct@rflalehﬁfected

i nventio Acter’a that are resistant
celbailture atissue, anorgargsing sith abeta- Mmaaellmlbutcbreiescnbed herein.

acteri 0 pe.inhibited a bet a-| Lti,ve
Predgibiy dhe bactetia & e iitiigte By BahfoisiEkgiRE & Bffuhetimase
inhior Bf e B9enfi® a?@bﬁ&terll’aetﬁbﬁb%ﬁesnsﬁtaﬁt ftbetBligblarmn antibiotics.

resistant” are well-understood by those of ordinary

Mosggk preferably, Hbe@acte(r@@ be inhjbitedpare beta-lagtamase positive strains

thaf 3y s B B B RRE SR GRS Effptant and
“higkg resistantare3eiL lrGeistadd b4 98636 of oRfﬁé@rsﬁkhl n, thblaﬂ‘h(See
resi stant bacterjal strains are those agai nst

e.gi. Heaynecetal.. Artmiceohial Age%tSﬂmbegmherapafi'@r %@?3772 (1994);
|
Haghb o oSBT Sl GBSl SOL 1228 s r5)

Prerambda/ rrighilp desistant baeterial fstramsrdmetthbse @gb&tslt e\rhuah the MIC of

me A I@h | Ht@ ;]H et ém‘[’;g[ﬂpjf lasuhg r? qr@?rsterggrsraerg those
agélﬁ&xﬁh%h%é%l@oﬁme%emfd |§EJ253L? CU'ture invitro
to prevent e growh of beta act am resi st ant

bach%@melthodfeateauaefui fmnlmbéfr@rba;uemltgmmmm a vanhety of

onpoynd_20.of the i.nv on i.s .admni ster .a .
corigRRail™ cefgir Rrelg ot M E B ST o Rvegton is
adrafistelat toaam éﬁﬁeﬁﬁr@rmalwt@muae ivitroe prélént Rk Rpewth of beta-

according to t enbodi nent of the invention

actespesistest aaﬁﬁaﬁnastIerqaﬁ@IraOtheérmgﬁ;antqdcgmlbydémret@tthe gompound
of tﬁEgHvrgnt% eﬁ‘?‘ﬁlﬂl%t tdatgaasﬁ\dnqmap IO@[JQ ng;ea ﬂyman to Prﬁea%ent the

rapeutic t| ve period

growtla lofi @emg,lan:témrreslstém&fauahﬂ §n vivbe Tivet methm:t ad:mfrdlng to this
s.25 adm nistered in the formo

j bi tor
embﬂgmﬁ%’géﬁt %H‘V%Wﬁ&qmprﬁ?%§d'@§§%¢pﬁg@ g\?ﬁ?%emlqzi‘"y effective
amdAAEoLA BRI as@ n#’rﬁ%@orl ﬁ?%ﬁﬁb?ﬁélﬂi‘cgﬁy Effﬁétbve period of time

co-adm ni stere vvlth bet a anese 1 n
to alswmmimiatdnaluging. a heswys Praferdidy,ithaibeta-lactamiase |nh|b|tor is

ac B el BB A bl BotEb AR - nscBbbo supra. I
sorR8leint GAFrRITES, & aétd-nabfam 'a'thlotr%QS %baéuiﬁrn%tef&ymm the beta-
i nhibition assa e used (see, e.g., Page, Biochem

lactamasssinpgutos @ c{qsg:gép}i SUBEBa- | act amases for use in

or  ASFRTR S B S B ELipa AL Sh L e HRIBHN i tne

artt E@h iHstaesh, thé adiitgenasopmsb N inhibiasetaqdttaendses activity in a
many bet a-| act anases are

standard enzyme inhibition assay may be used (see, e.g., Page, Biochem J.

295:295-304 (1993)). Beta-lactamases for use in such assays may be purified

from bacterial sources or, preferably, are produced by recombinant DNA

techniques, since genes and cDNA clones coding for many beta-lactamases are

known (see, e.g., Cartwright & Waley, Biochem J. 221:505-12 (1984)).
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known (see, e.g., Cartwight & Waley, Bi ochemJ.
221:505-12 (1984)). WD 2009/064414 64
WE@IHEa008/ 012706 Al t er nat %7l y, the sensitiRCT/YSWDE/012706
bacteria known, or engineered, to produce a beta-
. sg t BNl : m
ARG AP el O U B RO, BELRGFRER (e a bet
lactainidgésioodn imhibikgranayibeudétermingee, Othey bacleralintibition assays

. Leonhard, Chenpt herapy 43; 159-67 (1997% . Tg S, ﬁ

incijge AR A0S e s SRR BI85 8 G oHEMD fGorfierd

Ch@ﬁbﬂiérﬁ@tﬁ@%-@‘?fgg@?)ﬁ‘ tha0 a%ét&-‘iéétéﬁua%@%ém bﬁfinl'ﬂﬂited by
nvent | conpound or’’by cohtacting bacteria that

contactihgthet hetaHattaniass eanasee avittyame effeciivehamoust beaniimeentive

1d that t ta-lact
bR P tiEh S C RIS o Skt e RS p st
witl§ QRLHCHPE affduritdfs uRhaf ormBolihdi s thkt tHerbé’thIQC’ctamase in the

Contacting” nmeans that the beta-lactamase and the =
badteria s cantagied with thh inhilbitaro gkheneentacting may take place in vitro or

in Vi alci e ot iiat e oo FacBRSr R wRTBHRRy 3 Brougnt
togEfHe? 5B tAaEthRMBhIbitoR lchy, bin@ sl tHElsé tadlastéphase. Amounts of a

determnations is within the skill in the art. .
compoungd effeetiventsl inhibit a betarlackamase sraybe determinad iesapigeally,

- SORVTRRAINT ¥ . The..diisc: .
and B SRR e P AATR R 0 B IAERARH Rouces
bothtredadtind and elinninksticat obbetaRattanieseacinatypl es, whil e
indicating preferred enbodinents, are given by way of
illustration only. Fromthe above discussion and
t hese Exanpl es, one skill i he art can ascertain
the preferred features, Z%Qagﬁg%thout departing from
t heTkpdisclosune heceipds furtheradefineginnith& dolawing ksxamples. It

snaifia BES e o th oL a8 ARl o Qing bletefeld >
embBbdidris! Q@@b@ﬁ%}/&ny offiakithon BAl. ZFlofm MKlaBYe dise@ksion

boxyphenyl ) et hyl -1- 25 boronic acid Step 1. Synthesis
anadthezeNpxaropies3ope skilledrinithe erysarsasceltain shel prrfegred features,

A 1. = 4oyl ) - ' [ | Ut i
and HEYEL G4 ARIAE Sy USRS Erg o b R
chahdesrambmodifiiationy e adaptit as vdribdd uSeg andiCdnditions. e)
in tetrahydrofuran (THF, 140 m-) was stirred for 15
h at anbi ent tenperature. The 30 solution was
concentrated in vacuo, a ol £si due was washed wi th
hexanes to afford 29.6 f the product as a
(4 ROVI-(2 -thiyshierid-R ail-agetwiamin ) 2-{ 2thy &RixyMB carbioxypBényiléthyl-1-
+. Step 2. Synthesis of . .
2- Met hoxy-3-(2,9, 9-Tri nigagdy; oxa- 4- bor a-
tri gy 9l Sydthedis ol ZRfethoxy 13- 9 20T Finféth{ -3NG4 -bora-
ester. A sglution of 2
tricyclo[6.1.1.02’ dec-4-yl)-benzoic acid. A solution of (+)-pinanediol (17.4 g,

102.0 mmole) and 3-borono-2-methoxybenzoic acid (20.0 g, 102.4 mmole) in
tetrahydrofuran (THF, 140 mL) was stirred for 15 h at ambient temperature. The
solution was concentrated in vacuo, and the residue was washed with hexanes to
afford 29.6 g (88%) of the product as a slowly crystallizing white solid. ESI-MS
m/z 331 (MH) *.

Step 2. Synthesis of 2-Methoxy-3-(2,9,9-Trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%°]dec-4-yl)-benzoic acid isopropyl ester. A solution of 2-
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WD 2009/ 064414 65 PCT/ US2008/ 012706 met hoxy-3-(2, 9,
9-trinethyl-3, 5-d

WO 2008/08+bor a-tricycl o[ 6. 1. 1. Cf256] dec- 4-yl ) - bene@I/US2008/012706
acid (22.3g, 67.6 nmole), 2-iodopropane (13.5 nL, 13.5

meB X A PRRY) e BRI il R A b7 ey ogneoie

amdr(DE St GVQTTﬁﬁﬁ@Ibwzelcdeprdﬁaﬂib (1'@15 mMEat3 6anmuis) and potassmm
uenched with water 5 and extracted twice with
ﬁmL) was

Ca@@e%a d B(anzké)S mpele} th)i hrsimsthysfrrmamige (BMRek
stirf&p Q?Qm‘fﬁ%rﬁ é%ﬁ%ﬁ'atu% 'fcﬂ'e¥18 Ar e H&%ﬁ’gﬁ W '§uenched with water

concentr resi due was
and extrastedgniqeneith ethdi di2tatei (EHOACYr EdemaﬂtheéWgamc layers

wel fiaphed iy §alesabde st Beb:and coppraainyouo. The

resﬁﬁ&?@%@?@%gb@éﬁ@ég t%ﬂe5| 2 s?rpgestg’rHH‘ehﬁéf a0%) dichfordrhéthane

(DCMMinearg 13 902 DCMMexapetolafford 20i »g48a%)mfproduct as a white

solld, JEEsGrpiaYi pizatghanss e apmgES-NSS e 33 (k)"
2 nstépvaysﬁnfﬁeeas%ftz-mahbxy =B(598-Tiitthy395 didxa-alBora-

l) - benzol ¢ aci d |sopropyl ester

0
trlqmbOEﬁ 13,1 é@id@cﬁwngtha{ﬂdbemmowddﬁepmﬂ e@stes. Teta solution

offﬁme@fuoﬁ‘%t@)g it %@%5@%&%@9@9@8%@%6 21deqA-yl)-

ber%@acm@bﬁbopweste@ (nm 6L§ eZSB 49 hﬁn&tﬁ)lﬂndoéhlmmiod@ﬁetﬁaﬂé (2.6
at _-100C fo ion was

mLuﬁQWa’@UéfP'P%/'" WFI (§4sl'f‘¥—)r ?'i Ti'&oo@é’l"'f‘ﬁ @ﬁtjed ﬂ‘\'éUtb’B'ﬁat‘Fb@ﬂ -BuLi,
2. 5"?@% %‘é‘iﬁﬁ@@ d14"’21[ﬂL"‘@5 8D @% %@\feﬁ@ ﬁﬁnuﬂeg" ef‘?’ne"‘écglﬂtlorhwgs

ethyl "acetate e co rgani c layers were was
stirved at ViX0EC, for B6imim, T:hle mbc(tlmws) ahmdeddmmm ap gdadunally

T T A RO —

Mléé’mﬁthfétfr}?l dcetdted THd c%ndﬂecpbgéaﬁﬁ] Ia%‘/%rémlé?é Wésﬁ%@l With water,

t ep esi s of

brirmg, chacb(MgﬁQJgarpécpgcqrﬁraipﬁgnvacyo The reS|due was

ch B EdodPre it doigid SrBASHE g BBl § 7%

DCiMyBekamey to affbrr 15 Tiog @718%9 of protuet agryslbAESs oil. ESI-MS m/z
di chl promethane (2.2 nL, 34.5 mmole) in THE (77 nlL) at

387 b -was added n- BuLi (2.5Min hexanes, 10.4 ni,

30 TP SYaBiis ot (TR 2-MEnaey L2 ioplod A,

acéhyl}ﬂﬁ:irﬁ))pz-(ez,sgﬁ-tranfethytaS &dmﬁd—é—bo«astmiayt:lo{ﬁ hfl.0% 6]dec-4-yl)
9,9-trinethy

et'w.'fﬁw%'%eac'é i$0pFoPY estek- 5{ ¥ ﬁ%'HH9P)°f @@E‘ngqysam d
dmh@@&hemdnee@t@m &8 ngmo@) iR Tng)ﬂnL) it T3 Qalddded n-

was added over 5 'mn syrin he m xture was
Bukit(2raMdn hexanesd Q. érrnll525nBrmrrto|h@)romr1rﬁemm o Tbe sahdion was

st o By B BRF PR R e B A S reciptate
was visible. A solution of 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.02®]dec-4-ylmethyl)-benzoic acid isopropyl ester (8.31 g, 21.5
mmole) in THF (16 mL) was added over 5 min by syringe. The mixture was
stirred at -100°C for 15 min, then warmed to 0°C and held for 2 h. The solution
was then cooled to -78°C and a solution of lithium bis(trimethylsilyl)amide
(LHMDS, 1.0 M in THF, 25.8 mL, 25.8 mmole) was added over 5 min. The
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(LHMDS, 1.0 Min THE, 25.8 nL, 25.8 mmol e) was added
over 5 nin. The WO 2009/ 064414 66 PCT/ US2008/ 012706

w0 e@eneamd was al |l owed to war @radual |y whil e BCT/D81008/012706
overni ght. The m xture was then cooled to -10C and

ol (1 ) > e
rodb 3Ry B RS & Wnsirprsdh i SRS, Sl o ityre was
thetrhﬁ)d@di t L107C ahd rahﬁg}dﬁiusam‘@ma*rtoli(empeﬁat 25 8 rhafold) Was
After cooling to_ -78C, 5 t hi opheneacetyl chloride

ad‘é%d 43 hig stirped tr Iﬂf?o'l""é') thes ”&%l@éﬁ" Wﬁé removed and the solution
stirséd 5t gngénrg t%ﬁ\gefsr%{ur% fGr {]25TmeﬂftgF g?mgﬁ;gﬂlo'e—m% gagh was

renove ion “Stirre
thioehngreraaetyl ehfavide](.354$1 mUT2Y .9 eaoble) wasaaddedt aoHdhe siotuition

. d t t th E OA Th ' .
stife) 8f 7Gx 07 AchBr rten.Jas Redling bRt Was SPmoyBHARY fhersalution
stlrféf?gpé)nb?é}qt é‘ttu'rré"ir 1 5. V‘Fﬁé‘?eé icH \fv%‘i'qu%n[%ﬁéﬁ with water

[ ow 10 so as cru product. The residue was
and Iextraateaglrmrpﬁwwdhcﬁt%@ZTbelqngamc layerdivesme Qﬁmmﬂe@ washed with

e AR SRR VB g vton
sol{dVi trudet §@d5lct SYﬁéhé§|U&eQﬂc/as chromatographed on SiO- using a
t hi ophene- 2 aceté/t am no? f

grawtcgt;ﬂ(fé/ @OMW%\%SI tpeﬁ%l @ﬁ@h@mr@sd@u affor¢@. 47 g (20%) of
prq?ﬂcﬁ%)&(% %Pzgé(l’@ Tﬁség\ﬂgr{n/f 5‘}0 S“(’:"éll)yl amno)-2-(2,9,9-tr

I meSkep 53 Synthesis- dlf-(lflmat (2-Itlm>miehe-2-yl-acetylam|no) 2-(2-
[6.1.1.02 6]dec- 4 benzoj ¢ acid |soproP¥L
hyg!‘;‘?’@f':" ?aIbPGYQheEY )@ﬂlyln?%m?mcnasm & @x%ﬁl@“?’?? 3) -2-

G I St o

tnc&clout[&d W0t Hded-yh-eHn)-benizaix briciseprdpM estenj (1h16 g, 21.48

by | ARG (24 M)vas alie oo dtal KO Tfggmixture was

he@l%GC{HCﬁ 0°Chehd REIdKeE 90aHIn. t Thé Hbﬁ‘ft@ﬂ whd BoSlellarnd@dt8d with

i nduce crystallization. The solids were washed tw ce
20wl HoWaang exiiacteddwica with d:ll@ihhyethe[ etOand héraqueequs layer was

corf BEed iRl DGk Becidhie b ol Dol il B8 Wi
tritddatdd (/vfi?thtﬁmﬂ_ph@@&oan’uce’i@@tswlmtm) “Fhd QOIMWQP@/wésﬁéﬂ twice

boxyphen | 1) ethé1 - boronic acid Step
with vmt{ehasagw@cezm gte'rfrwl@éhﬂwn@dsea.l@yacuo m)aﬁord 250 mg (33%)

o AP RSLE e RS R =0

3- bor ono- 4- met hoxybenzoic acid (10.0 g, 51.2 mmle) in
THE (70 m -) was stlrredgor BOg1n at room
tenperature The sol ut| 0 _ ' ncentrat ed in vacuo,

g ( p y
SO|Id ESI-MS nlz 331  boronic acid
Step 1, Synthesis of 4-Methoxy-3-(2,9,9-Trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1. 0>®]dec-4-yl)-benzoic acid. A solution of (+)-pinanediol (8.7,

51.0 mmole) and 3-borono-4-methoxybenzoic acid (10.0 g, 51.2 mmole) in THF
(70 mL) was stirred for 30 min at room temperature. The solution was
concentrated in vacuo, and the residue was washed with hexanes to afford 15.1
g (89%) of the product as a slowly crystallizing white solid. ESI-MS m/z 331
(MH)".
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(MH) WD 2009/ 064414 67 PCT/ US2008/ 012706 Step 2,
Synt hesi s of 67

wd20debbaxy - 3- (2,9, 9- Tri met hyl =3, 5- di oxa- 4- bor aPCT/US2008/012706
tricyclo[6.1.1. 02' 6] dec-4-yl)-benzoic acid isopropyl

est gfer%?h)%ghyﬁé%g dcﬂf 4 fetiBk{9%\2,8;d-Frinfethyl-3,5-dioxa-4-bora-

O-tri
tridyelaf641 1004 Ideics4yl obéndoit. HddGEOpropylyéstepewzsolation of 4-

meffianyrd- (3. F ity T s apbbac AP b AL SIdEs Ay penzoic
aci8Q15.o§g{4“5.94) nirﬁol g -&.ﬁﬁ)%rlgﬂ)éﬂe S?sl mt! §££¢, ab.7 ﬁmléfﬁnd

t enpe ure for e reaction was quenched wi
potaasiem earbonate (2 6ag) A0W oemaie) in BMIAC220 hel)owad stieeld at

o os Rk i DR et wa o B A i e
extfAHtOdANRE I EIOAR. FHE combitkdPorgantt BPErhefd¥ashed with
DCM hexane to 90% 10 DCM hexane to afford 13.5 (jgué‘?vg(;/a

water, biirelubiechMaShia) aed soncentrated-ingague. Jte resi

chrpiodERys B StsusS BRI Y 4% PeWgyape to s0%

DCM/hexahet® affoid 185 §188%) 4f platridivk)a Waté GolidaESI-MS m/z 373
i sopropyl ester. To a solution of
( |2!=%9|hoxy- 3-(2,9,9-trinethyl -3, 5-di oxa-4-bora-tricyclo

ot Steh FoSynBAENG St dMethbsponiEbto-HintriPR EMIOxa 4-bora-
triay_c,llg?J[F1 .%oﬁﬁmeewymﬂg?lwﬁwo aeidsiskéhiﬁmstg Sﬂ? a
solfieth b Mt yor-s PahtinetyLp A-devart betpbavsiolad T 0*Hoec4-
yI)-BEHzinb%iHHE‘)%r@Wltés‘t@m yssiots le) ﬁmotézgan'r‘?%mb&d?ébomethane (2.6

stirred at anbient tenperature for . The reactlon
mLwa6.6jummdiepind HR (Bdtrek) and 08XCrwias addedineBuli (2h5M in hexanes,

t OAC The ,conbi ned .or.gani-¢ | aver.s were washed Wt
14 gy 358 MG Pty RBUER) T ol HErabal 515 180"C ror as
mirY,aRe thd batH fakdemoved Hy B dldliGP BRdedat ahfblemtSteRtberature
for%radl ent of 40% DCM hexane to 70% DCM hexane to afford

4.Ip fheeeagtian wagasenched wvith watesranskextaagtedivige with EtOAc.
Th%%%ﬁ%ﬁ%‘fp@%ﬁa@g y%‘réweié?x%dﬁwﬂﬁm?é(%ﬁhe, dried (Na,SO,) and
conazxdraded o azlzutud. ;:Thé m{aEgi de 1zva&2cKﬁrgloci&zsct87 ?mdh)edb:?n S(KZQ usingdh

5 er. - + e )
aradjant L GP%b S eane T Qe G B TORrE ATRiReI 2 8 166%) of
oroBEel 4 Ececk PPy qh et 1 e staring 4-metnony o
(2,2 9HyiMethyr3, 6t diosa 4dboraetpicypip(6. ¢ it 87°|daw4aylsbenzoiomoid

~anh | 2.2 nl, 34.5 nmmole) in THE
'S°€W%g%?-aﬁ'%§%gﬁn§égg‘ggﬁ(-n 30 BuLi (2. 5N i ﬁ) N
Co1 repa. ShntheRis GTUIR) I MIcthoRy 3 [2{2, ThiopHoR-2-y!

acefylamina)e2-62.8sSerimathyl-3 fedica-tmrprteisysiols b 1. BAJdec-4-yl)-
etnfiEhenEoic SR 4bbEOR T sxter, o2 soliignf anpyrrous
dichloromethane (2.2 mL, 34.5 mmole) in THF (77 mL) at -100°C was added n-
BuLi (2.5M in hexanes, 10.4 mL, 25.8 mmole) over 15 min. The solution was»
stirred for 30 in at -100°C at which point the microcrystalline LiCHCI, precipitate
was visible. A solution of 4-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%%]dec-4-ylmethyl)-benzoic acid isopropyl ester (8.31 g, 21.5
mmole) in THF (16 mL) was added over 5 min by syringe. The mixture was
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tricyclo[6.1.1.02, 6] dec-4-yl nethyl)-benzoic acid

i sopropyl ester (8.31 g, 21. mole) in THE (16 nl-)
woamoadded over 5 mn by syritige. The m xt ure MNBEUYID08/012706

2009/ 064414 68 PCT/ US2008/ 012706 stirred at -100C for

stiréesoq g{ T“I’OOt"B\j\'fgr frﬂﬁc,’ tljieg-f glgrrﬁgg_tggiééaérgﬂ héld’for W? Tg? solution

on s then'co nd a sol ution
was tiiScodled thl-78°Tldnd @25oktioh .of RHMDSN(to0 &) invBHFad8&s8imL, 25.8
The reactiﬁ_n was all owed to warm radua(lglb(g/Iy

mﬁgf\e’%gfﬁ#ﬂr@f%ﬁemm-g pe reagtion wagaloWss tonuarma gradual
whﬂc—?sﬁ&ﬂge%\f@%ﬁﬂ?.y%E%ingﬁé’%gﬁa n&oltgﬁ tH‘ﬂ?{?a gt \xggous

was ad s stirre en t
methanol ¢t 04miLt B%. 7somdliéowas taddedd Hitis atitvedfor 45 min, then the

t f .25 h.  Aft ' to -78C
bath s fshikes aBf e &Rl lion diiied alSmbletd segprfalite fagds25 h
Aftedgsslingne —VBGC,S@JtHfbbﬁénéééétW&ulﬁﬁde (845fiaL, 25._9%%0%}:\%3

cool i nghbath was renoved and the solution stirred

addsehaedthe seldiparstirredwatt-78°C depl 2min. e aaplingawathavas

e L. r . ed.twice.wth
renf LRI SoibH SRt B IREDERE Gl Ehlbicte e
reastibe washquerechedrwigll wadrSaMd estrdctedamenivithtERDAd) ViRE bganic
to afford a yellow solid as crude product. The residue

laygrsovere ¢ RRings: wasbgdvtrematerubring. dried &MioStl4) énd159%

corfE BRI ot AR B8R0 U dh bl Aoy was
chrémm?%n_ap’gfa? ﬁi_:rgﬁi@z ué_ﬁgg_;id@ﬂ?iﬁ;rﬂ}‘of r:] 5;/?) )E_t(z)ioxcglexane to 35%
Etﬁ@@fs@%%aﬁs@ﬂ%ﬁm@%fﬁfﬂop%&aam Galgeliowrsplg. ESIMS
m/B94e eyt of (1 R)-4- Methoxy-3-[2-(2-Th

i ophen- ‘-)%I -acetylamino)-2-(2, 9, 9-trinmethyl-3, 5-d
i oxStep Hodynthesis of (1R)-1-(2-thiophene-2-yl-acetylamino)-2-(6-

hyqropY 9oty enSR i A AR o1 8 Rl ishp(Ry4-
MetHoxy- 3V (20 Beshb han2 yt-aeétylarvindi23(28, o-tftethyP®, 5-dioxa-4-bora-
i on all owed to vvarmgradua“y while stirring

{
tric;fggl%ﬂa1m2'6m-4y@&muwmoimd dsrpropyk esteo(+H0 mo, 0.28

- T ' d_t i 1.h 0. .
9 ML WS S8 25 1 of W BHAN7BCO Tl eaction

was alouvled tasvarnmugaduaty M?tiledétirringv&? faint ﬁ?fe ﬁalab'tibh g\dasby
repar at,i PLC 1 ord 8 8 % of the product
qudtchBa il $8 e Hepolirmpolubien s ritkadiad tyiae WiyO. The

Jettignhferivad i i
aq Shicw (g(? concentrated to afford a sticky {(_3%1 ue asbcrud?frﬁgj/gtr:t. it

hydr oxy- phenyl ) acet yl am no- - car boxy
wa yrihes pyifieddiyhyrie pamativenii PLECiodafEDd B myg (B %Py thepraduct as

Q - Bor ong- 2- be i i, d.tert-butyl ester.

an ﬁ’%‘v&'goﬁ’?ﬁv&%'h EE"%@G%%@% benzoic acid
(Conbi -bl ocks, 5.0 g, 25.5 nmmole) in 1, 4-di oxane (30
m-) in a seal ed tube was added conc. H2SO4

Example 3
(1R)-1-(3-hydroxy-phenyl)acetylamino-1-(3-carboxy-2-hydroxy)benzyl-methyl

boronic acid
Step 1. Synthesis of 3-Borono-2-methoxybenzbic acid tert-butyl
ester. To a solution of 3-borono-2-methoxybenzoic acid (Combi-blocks, 5.0 g,
25.5 mmole) in 1,4-dioxane (30 mL) in a sealed tube was added conc. H,SO,
(1.5 mL). The solution was cooled to 0°C and an equal volume of 2-

methylpropene was bubbled in. The tube was sealed and allowed to stir at
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(1.5 nmL). The solution was cooled to OC and an equal

vol unme of 2 nethyl propene was. bubbled in. The tube was
waembodand al lowed to stir atd WD 2009/ 064414 BOT/US2008/012706

PCT/ US2008/ 012706 anbi ent tenperature for 18 h. The

am R DbAPrE R ooy SRRl Ml ol fE R isel B3t theseal
wab prea@d rdnd thB@oluﬁ@h stmrea atabiest t%hﬁiérmdrb feeB0nsihehe
NaHCO3 and extracted twice with Et OAc.

ond
sole&% waéob%ﬁ*fg% with safurated\afle Naklfas and @xtrastad tvz's&)mth EtOAc.

ThaFPRbinGs BRI RS It S AR WA () o i NazS 00

ancESbnc&trdtedZFn’ Yatclb Ko afforcbd dpg 262 %y of tkes peodhict as a white solid.
t ho 9 trimet hyl -3, 5- di oxa- 4- bor a-
ESfM\g %@ (M%N 6] dec-4-yl)-benzoic acid tert-butyl
ests&e 2. S9htﬁéé’i§(é¥f2 illetﬁ%&[‘?}mg Hﬂméxgﬂns@-alo?&wtbora-

tert- buty este
trlcmxlot&) A0 n%dmyl)@m-g acid tmmmyb¢sm5 Asolutied aft3-

f ol
Bofdi Rz B b FajG 26i el NEs R B S nmels), THE@! mL),
an@'(l+) SihdRewol (2.600 11878 nirAsR) vdsPstiféPafirdorf tém S%r@for 1h.

product as a sl ow y crystallizing solid. ESI-
Th(msgllmgg was-raneentsited i3 vasyat anrdthe wsidue chromatographed on

Sicty Vi) 85 g Re SRl 0 L BROb Oing P fym stowty

crystallizimy sylid. e EISHMS Ansod0g (MaNah*. 2- I\/Et hoxy-3-(2, 9,
9-tri methyl

5- q§§ﬁ&34§h§b%ﬁ\e§i§|Q,fy%Mﬁtboi)’ﬁ'b%g(ﬂ -trimetbyl-3,5rdiexa-4-bora-
tric@iﬁl % ﬁ(r)‘!jg anei'?'?ééﬁg')?bfgjz mm@ff;)wrt ter rQfolutlon of
2-Methoxy-3r @09, Svizisnetbpl-2&6-dioxa-Uebara-e@kio[6. nq1 Okgdet-ulsw) benzoic

ulL
acifderHiutl PO Je 22 aihol Fid PhlgroBSaReTin R 14,6 &b 28/ hmmol

in THE (%*ﬁl&bﬁﬁ\&ér‘eﬁg@ﬁ v@y§66‘d>lgatto T@@"O‘ ﬁ\ﬂéb!-PrquF@ slush bath). n-
guenched w th nmL.) and the aqueous phase was

Buleb<(t1ﬂaﬁﬁ e, vi. oM IEtl'@!(@n(-Z‘SZQ 4nmmmnl) wasmidedaifbpmm over a penod

of 5 ARs AHERR, P ey SRl s BB TR RO Bifpa v
H,O1680 InIc rﬂfthe[ Kjueols phase oslaehé)dtl@c@éwwnﬁcE@Ac 8 ¥77b mL), the

af forde gI of the resultant coragund as a col orless
CO’EQ'”@idlorgﬁ”@laWSﬁ‘@PfP deieyl oner Mas pn@mq)npengtaé?gmvacuo

i d zyl
Pu@ps((gget{rb?‘%iﬂ?ngQ(g:égugﬁ?)@{@ﬁ%tggogyéh%?]%ﬁ'%gd@ﬁamo?{lli 65
(D@V/19éxams | 76); 30 be'n) \dffdsdedriBde of & lzésultthr;t élﬁglpmmdi @k,a colorless

.. po si.u t . + 289 mmmol e) an
oil @'\ érﬁ]?’tw*? o%ﬁ&@"ﬁb&’g% (EM% m-) was stirred at
antbg t r i5
e 4] STRESHIST (et BT ny i ackRecadia beanzyl ester. A
mixtiztenof Shys r@paehyglagatic acithid 40t 86 dnmotgnbentydpeomide (27.4
mL\,NE.rB? %Sépe fjpt ssmanarbonate (39.9 g, 289 mmole) and

dimethylformamide (DMF, 240 mL) was stirred at ambient temperature for 3

days. The reaction mixture was diluted with 1N NaOH and extracted twice with
50% EtOAC/hexanes. The combined organic layers were washed twice with 1N
NaOH, water, brine, dried (Na,SO,) and concentrated in vacuo to afford 28.2 g
(92%) of the product as a colorless oil which was used without further purification.
ESI-MS m/z 319 (MH)".
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NaOH, water, brine, dried (Na2SO4) and concentrated in

vacuo to afford 28.2 g (92/(} of the product as a
waoloonbass oi | which was used’%i t hout further PCT/US2008/012706

ur| fication. ESI-Ms mz 319 (MH)+. WO 2009/064414 70

5 oS0 o SRS R Cr FeriiyI GRAER) BeBlic agid, 4 solution of (o

bebméW-ph;énwbm@mélm\, a@i&bemw@sdark(engl 22dtramdé), ANINaOH (84
and net hanol

27.1 nmmol e), 1N|\la()—|§84 nm., 84 mmleb t .
ml 84 mmolakand rtbanelesgulhnashaated i 60y @nghtirred overnight.
Wt s HRicR R 1ROkl BicFalioh (R Bl 4,0 THE ety ayer
was @oidified & pHl H@lith ddreceptratep HCLL thesmriecipitatext solids were
colfepied By lirallon, wasrpshyit watRLand Agga D 210d Snft §475%) of the
proiﬁjclt ds aﬁﬁhné/@onéz E%4;1\ASNth+24§WP|)6 Synthesi s of

3- Benzyl oxyphenyl acetyl chloride. "A sol uti on of
3- bSten I%wmhesism&ﬂemmxxm\mylgcem chlaridee)A salution of

t hij | 5 f.I d 4
s-HeregRRyphahiachlc 8iaeld g; IR aRide inthyl Ehionds 8.5 mU)
waBYefligdd fdrats Minwtes 2An® i exdds sthsiipl bﬁlo@aﬁé M@rerhb@ed by

residual thionyl chloride was renoved b

dISEHﬁtmrbabamqermlcmrﬁﬁguerm@ﬁerr@ﬂ ¥th10mdcm rigecywas

reréb@ P&%@%@%@@@égﬁghen;{ es gé‘td oanr%erqtr]atlag in vacuo each time.
(2, St&p Tr Slyatthg%|s3063-@2-@243£Bélwyloky4mwﬂyll-ﬁcétylaﬁﬁn6] 2-

g 4- yg& ethyl]-2- 15 methoxy-benzohbe acid t
(28 B metiIch Bl arparaiucyIate - 1 07 Sdsiara-yibethy1]-2-
m&’uﬁﬁw%«g!ﬁgﬂﬁ |%t€l=) Tg'%ﬁ{yﬁé%mﬁb% @%@mL 19.49

mnhrdkananhydrogg Trhifo (55 waly wamitde chrgiom pbvi B30°Enjiie@H, liq. N, slush

ool AR 15 S i T g adds fobwse and he

mibxtQredwAs Rifdt for 30GhRlLfest - A m# gi @Imwsd{bm{ Bf/t)m@t%z@is-

c acid 20 tert-butyl ester

(2,9.8dEmethpk-3 5-gdioxa b@lfa-twyﬁiom;ﬂ e‘so éﬁlldeeﬂ yln@t |)rbBBSOIC acid

tert PRy 8ek P G i P BTN FE R IS H bl e, aver

40 @mnhtﬂi the coblifg Hathviias(ritnévad-and thé hﬁxtu?é‘ﬁarrh@d%lowly to 0°C.
nmpl ) was added slowy and the resultant sol ution

AfteRe hoyrs e fetﬁﬁﬁ'pné‘l?éérvaawféolgﬂéa aéPiG LAMDS 616 5rmlﬂg1 M in
THEL9EE Bt SR Sp BT k810 e sO R iR 1

roosatempemstpey gtadlmllywdmbmmruhg)bvérmglat Anlwdrous MeOH (0.66 mL,
t h I t

1655 i) VoS ol b R IBE TR e Fot Bl Qe

tenﬁ‘&raﬂ] rBLErﬂﬁth%'F\CfoﬂH | P¥ERHINe térﬁﬁéfhtﬁféo ns f%%ﬁ?r%lacetyl

ter 2.5 h the reaction was _quenched wt
chlqu,ﬂe 404 9.4 aoel) wasphrddad ataé’Btharui:tr@dnmme gtir@rtfqrato

mirgtag%( a@@eﬁ@e@%ﬁﬁ ﬁg} ot a/-i/f?ersz 5% the reacf:i ion was
quenched with H20 (75 mL) and the aqueous phase was extracted with EtOAc (3
x 75 mL), the combined organic layers were dried over MgSQ,, and concentréted '
in vacuo. Purification by flash column chromatography on silica gel [R; = 0.45,
(EtOAc/Hexane, 40:60, v/v)] afforded 3.3 g of the resultant compound as pale
yellow solid in 33% yield. ESI-MS m/z 654 (MH)".
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in vacuo. Purifi cati on by flash col umm chromat ography

on silica gel [Rf = 0.45, (J/:_{wOAC/ Hexane, 40:60, v/v)]
w@tdoonweras 3.3 g of the resul t conpound as pH]S’B’USZOOS/012706

yellow solid in 33%vyield. ESI-M5 nmfz 654 (VH) +.

T e i’fy%%v??c%”'%“ﬁ' 13-

caﬂﬁd@zmﬁh’@w; béh)zybﬁfb?thyl Bat'dﬂuic FEIHO T ¢ adoidtionTof H[2-[2-(3-
sol ution of - Benzyl oxy-p henyl) - acetyl am i
Beﬂéylomt -phenyl)- a@emwmql;a (R9,Strimethy k3 h-@igxa-bora-

eI e 8 AR B SRE  R B0 o,

0. 3@4mmq|) nédiokihe (4mt)) emascaaumt) tvazpadded dtopMie€at 110°C.
Reacti on E g’ ess

c/ f h )
RefFaST Bk Bes Ba Mobaoteny LivViS, 1BLHS dappoRrantass stating
el IR G853 ) Wk S5 3h B85 Ribthe BxFhal i E0

he agueous solution was concentrated i n
(3 ¥ 26uoL hntihe @queoud sbiutioprwas cancenrtrapd dn wacgomd&wrlf@d by

pregga&gtﬁlseugéﬁ%cglolyng%wr%gm% ttec ondi denngSW/Fllte solid in 58%
yieldt. 1EBBME‘2nﬂ2”3W2)(h heo)* phenyl | acetyl ani no-
1- (3-carboxy -2-hydroxy) benzyl- nethyl boronic acid

hydrochl oride 15 Step 1. Synthesis of

3-[2-[2-(3- Hydroxy phenylg. am no]-2-(2,9, 9-
trimethyl -3, 5- F_)xaz?'ﬁ Itey)‘l

(1Rpx43424=m mot)-l‘eltmq/l phényllatebRamijrite ct-B-ghiboiyh 2 Hydtex®tbenzyl-
hoxy- benzoic acid tert-butyl ester. To a solution of

3- [ 2- [ 2- ( 3- Benzymsthyibaronic aciddydrochleridenq) - 2- (2, o,

9-t h
o fortnhess it O g RN SeeRypninel 24205
tr|meﬂmlkﬂgswlbnazbbora(tndytl@r[ﬁ AbL0FFldest iyl -ath3d]-B-métiboxy-

d added
befiFte)aid Bt ST oo raliiion ol 1820 Beiifnereny)-
acdt CgFanﬁnB] 24be, 9-@%@%@1‘-3“5%‘6&(@4%’%1‘&&?&6 oh HW@}&J&A -yl)-ethyl]-

(di at omaceous eart g and concentrate

2-metbayy %BGZDI'Q acid iteyitr- by feistert( 1ca4 gnh.9 mmadhiat MeQih W o),

Pl @ef ok oy agther; néﬁ‘l?ﬁﬁgﬁ? B St AR08t H¥ b s

atnfodphieie $91%6 Yl eltib rdaBtioNmisdure Meds {ilded. thedught @EL?TE@
Synt hesis of 3-[2-{2-[3-(2-tert-Butoxycarbonyl a

(digfgmagesus earthn &gl qangestrated in vacuo. Purification’by flash column
chrtﬁﬁa{gB% %Pg%ﬁilﬁﬁébgr@f?/ 43;5;' ;’Eg?/ﬁélﬁeﬁsngr 3% 60, vélglqafforded 0.6

g oﬁﬂlejretselltanbphgmolm acolorléss @ildn |50t gieldf ESI- MS m/z 564 (MH)".
t hygt%éz (§yF'¥r9€ éyofpfpff-& )[3 ?g-teth g{}]tg)?);carbs: y?amlno-ertrﬁoxy)-

- | hyl 2
P R R e | £

trioyede6.1.1.075 dm-d-n!il)-clﬂhﬂm?dme(tboxy)b&nMC a@l@tbertviastyl ester.

To A §5tior R RGP TARBOREPEAT Btydmor2a b Hlimetnyt-2 5

dioxa-4-bora-tricyclo[6.1.1 .Oz'e]dec-4-y|)-ethyl]-2-methoxy—benzoic acid tert-butyl

ester (280 mg, 0.5 mmol) in methylene chloride (5 mL) under argon was added
triphenylphosphine (328 mg, 1.25 mmol) and N-boc-ethanolamine (0.19 mL, 1.25
mmol) and the mixture cooled to 0°C. Diisopropylazodicarbozylate (DIAD, 253
mg, 1.25 mmol) was added dropwise and the mixture stirred for 1 h. The ice bath

was removed and the reaction stirred for another 4 h at room temperature. The
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mol ) and the mi xture cooled to OC

Di i sopropyl azodi car bozyl at enf | AD, 253 ng, 1.25 mol)
woer®added dropwi se and the ture stirred foPCI/UB2008/012706

The ice bath was renoved and the reaction stirred for

o3 Wy e AR HLETPAR] ) i th oqiBoet SRAA ghracted

withlEtDAzN@ % B6 mﬁyelwsopfwzaj megamtxtawc:t actre diried cE/ce@éwgSO4
3 x 25 nb),. the co ed .or ers i
and dafcaRieiat in YAGUGIRETERioR Y Tash R st omatograghy on

h u r
sﬂ@g gé' ﬁ‘? t%%\cl?l )%%/P@EHQ Q@\I;E/Y)\/?]N)]aﬁ%rtigg dﬂi&%mbf%f tﬁ? resultant

compeundaasldodmﬂess @ibim@hdiels. doSbMSes¥z 308 (MH)51 %

{1 rotep poSybteis SR B e ket Py Rk fAcetylamino-
1-(3- dﬁbéiyggmdr%xw Bemzy)- n’%ihﬂﬁor'ﬁ?ﬁb)é'cm h98r§cRdrile. To a

droch To a solution

soltior of D2 (5- 2aert Buksy By Amianreibos e lpaestyl amino}

2-(2 FE YA cickal £ pgra IolS BT 10 e D syl 3-msthoxy-

berlﬂsz a&@i tbﬁliﬁ@tybea@r ¢18Cnig, [OU2Y mrask) ér d[ok&@nerrg mQ) ZfN HCI (3
i n di oxane m)., 3INHC (3 nl-) was add

m%m%@da@r@mw SRalni oREACHGP PEQITRES vm]mwt@aeq)py LC/MS

or i Waaphfid 5, 1 AURPEEFRISRICARH 3 D 30l g sdaed an

theamixtaret edramtéedh with2Bt,03(3xx 20 mL).. TRéaqagoasssluiohuwason

colBRuRa A2k bR By BB Bl TS Y
resgjﬂi(aiifjcdrﬂpéé% ¥is® fhitE 2oty 152, §&R1. ( M8 WSz 3d5@inLig,0)*.
R) - 1- (4- Oxo- 4-t hi ophen-2-vl - but yryl am no) - 2- ( 2- hydr oxy

- 3- car boxyphenyl ) et hyl - k borolnig acid 20 Step 1.

Preparati on of carbonic utyl ester

(1R DXP-Cixd-hitA Ipien- ZWbu@/WIMhNho)eﬁi(thvd'rr&\%%@'rbkbhmhe@nfvl)ethvl-
4- oxo-4-(thiophen-2-yl)butanoic acid (2.57 g, 13.9

mol e) and 4- net hyl nor pAderesiqagily 1.7 nL, 15.4

ok 1T o A R A gt 40+ ophen

2- yllnbutwysl ester. s1rorar solufion oft 54-oko-4a(thidPhen-Z-oNplteneid ded (2.57 g,
13. %5?{{?&{9@%)I e étm?/lrano?(p%olme (Rl d5!7dr?1'L ?t efmzrhde) in 14 mL of

|
DC'R% a?oNFWB%M &eci %&ﬁt@ﬂo&f&ﬁéﬁ@%_@y 13.95 mmole). The

butyrylamno)-2-(2,9,9-trine oxa-4-bora-tric
ml)quweo\[ves stireddor 4% amin-at-0°@ fo- earhplele benprEparationiof the mixed
tc{gt butyl ester. To a solution of anhydrous
€or onet hane (0.70 nL, 10.9 nmole) in THE (17 nl-)

at stdPg. spatiekisbF1RY)- zBmelthbiy@&tz (4- hﬁe@a&ﬁuo;%éh&tyl-
8.4 mol e) over 15 m n. The solution was stirred

butywylaming)-2-1299-timeith yih3 Sodiexarhboradrisyclalfd. ptTdec-4-
yl)- 'e&ﬁﬁjb?en[}ro% Q'ic] k- b"ﬁﬁ?l ester. To a solution of anhydrous

dichloromethane (0.70 mL, 10.9 mmole) in THF (17 mL) at -100°C was added n-
BuLi (2.5M in hexanes, 3.4 mL, 8.4 mmole) over 15 min. The solution was stirred
for 30 min at -100°C at which point the microcrystalline LICHCI, precipitate was
visible. A solution of 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0*%]dec-4-yImethyl)-benzoic acid tert-butyl ester (2.8 g, 7.0 mmole)
in THF (6 mL) was added over 5 min by syringe. The mixture was stirred at -
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vi sible. A solution of
2- met hoxy-3-(2, 9, 9- trlmethyl7n,g 5- di oxa- 4- bor a-

W eooeped4of 6. 1. 1. 02' 6] dec- 4-yl'met hyl ) - benzoi ¢ arCTUS2008/012706
tert-butyl ester (2.8 g, 7.0 mole) in THE (6 m-)

1008 1t o it Wb DTkl T 59 Bietd BE Abs eSsafifon g then
codled td 578fiChant zesolutiomefl LHMDE (alrmlmal THIF 08.42mh, 8'I?Ihmmole) was

olution was_then <cooled to -78C and a sol uti on
adqgq\peT 3 NN e FRaetion vm%llovaedtt%warr@)graﬂga"w&da Stiting

Ovﬁfaqr e5T‘F51er}n|leE‘r% \K/Sé‘fﬁérﬁ’ﬁoéﬂ@@hé' H@“@%n&"arﬁ@ﬁ@% ﬁ@t‘ﬁ% c%] (0.33

stirring overni e mxture en coo
mLt 8.4 &mnblahWasrdqucbufhlsmtlh@do‘br 46.18m, mem_theBbdthmnatk emoved

and' e, Salifon sfirediad Acobint tsfhaeraiatedond Sl After cooling o -78°C.

thetCFHWFééﬂ)'éhﬁ: 4@ idoAtyNestéf h@x&Qthdﬂﬂ'nehoz-yZBG}yrylts]&Jtlon from

5M car bonic acid i1sobutyl ester
Step UA@S@ddﬁd:@h@thezsyluilbmsjnrrw atoV 8tC dor 15 orin. Jthepedoling bath

tirre

wad FEmBIET ard e <fudid Sl oD afrlicit ioeeffiré ShtiCeahgon.

Theétte@dtidinelas GaBRERed With watdr landRtté® fwicd WilhEtOAc. The
reacti on was quenched with water and extracted tw ce

orgaptqqlamemwererﬁ@mbmeﬁamqsheﬂy@ut@ wider beivgbrried (Mma@nd
contlehira Y?t% ay?cgfd {attdld £ el (NP§@% a8y 8?}?& he'gﬂiue was

vacuo ord a yello as cru e pro uct
chroastdgraphes orcSrCOpatmgraagdae!mbnﬂmeﬂ% BtSAthexagestott%

e O T T

5gé5§}\QH§M-|) Step 3. Synthesis of (1
1- (4- Oxo- 4-t hi ophen- 2-yl - butyryl am no) - 2- ( 2-

hy dStepy 3 3Syathesis wfdiR)le(4:@xord thiaptien-eylebutyoy Bmino)-2-(2-
| f 1. R -2- . . .
hydiepttaeBpsy Phehirfethyi)-borenicAgH: sTa fsAluliane) (R
Meth&y :9{2—(4-'0&6141th h@nSZé?KButyrylammo) -2- (2 9 9 trlmethyl -3,5-dioxa-

-bora-tricycl g 1 dec-4 enzoic
- bgmnqy@iqlsaui 9P Rt Y syl henooiy aplcs@%hutyépstem (510 mg,

ook e PALE ol AT AL AN, T e v

hested Wb i1d 0°@md¢l®@lh€fdr 80dniai | THeesoltibh wabcddledfandZfiluted with
and extracted twice with Et20. The aqueous | ayer was

15 Gﬁﬂefe'ﬁz@a@@@ G%Hasﬁdow%vw. Feﬁzg? r ERg douequs aygawas
corRicAfiatdd to” qe§ sHgy é Bs "c"hcgs Brbdllct. hTﬁﬁ"%si{d\%IQC\xe/é’s

I nduce crystal |zat| o € So wer e was
triturated wnhmmHaa do mmﬂ;emrybtaﬂizzﬁoan d hehsolidsrweie washed twice

R RE O W R duﬁﬁfﬁfiz@ﬂtgl(%%) o

the@roéuct as a white powder. ESI MS m/z 374 (MH- H
2-acetyl am no) - 2- (2- hydr oxy- 3- car boxyp enyl)et hyl -

bor onic acid 30 Step 1 Synt hesis of (1

R) - 2- Met hoxy- 3-[ 2- ( 2- acet%I am Inﬁ -2-(2,9, 9-

trimethyl-3,5-di oxa-4-bora clo[6.1. 1.

(Z2R§J1dex adetylamigbe (2- hedrosy-3-earibdxyphenyl)ethyl-1-boronic acid

Step 1. Synthesis of (1R)-2-Methoxy-3-[2-(2-acetylamino)-2-(2,9,9-

trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1. 0%°]dec-4-yl)-ethyl]-benzoic acid
tert butyl ester. To a solution of anhydrous dichloromethane (0.64 mL, 8.6
mmole) in THF (19 mL) at -100°C was added n-BuLi (2.5M in hexanes, 2.7 mL,

6.3 mmole) over 15 min. The solution was stirred for 30 min at -100°C at which
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tent butyl ester. To a solution of anhydrous

di chl or onet hane (0.64 ni, 8._? mmole) in THE (19 nl-)
w@r0090eaC was added n- Buli (2.45M i n hexanes, 2PQ@T/Ii2008/012706

6.3 Mol e) over 15 min. The solution was stirred for

poiiptfR Ridheisiding LiehbPReRAR WAS Widfie! fa selutiopqt

meth®o)-Bi(2 A, 8-timethyil-3, Hldioxabd barattiiofelelb. R4.0%%ldec-4-yimethyl)-
met hoxy-3-(2, 9,9-trinethyl-3, .

berzoje gelsl terbbutyl @$tpe§%|1<g,éy-2.5 mmgle)dn d&t- (4 mlawasagded over 5

mi@ﬁ%@?ﬁﬁﬂg 'T%eh’ﬁf%fg%é\wé sfirr erat.@o%;cg fort @Eimhg)wérﬂmed to

was a over mn syringe.
0°Crianduredd fars2 ht i Threesblation WaECGhearcobiedrion;78°Beandvarsolition of

LHMDS 458 G TH 5.8 b GrmiTRERas FAgeM Sver PLEN. o e Feaction
waghuo@ea tBVRA RN gYﬁﬁJﬂ?%ﬂI@%ﬁ!’riPé dve?nigﬁhemsmkm@twé/men

owed to warim gradual ly I1& stirfing overnight. _
codtad tai- %0 endanhydeus methanpdl(0.2610, arddmantighiweesadded. This

o] R4 i T AR T s e
tensperatiad fat 1 25h epftel GobRmp &5 8102 afceglyé I;PTLEﬁidb- (gNS RIL, 9.6

cooling to -78C, acetyl chloride %O. 9. mol e)
mmgle) wageasdesand theseplution stigedate 8¢ for7E It of han.3hg cooling
Ui _ .
vai{\ cfrEq il PR SRICIRYFIA G BRI s . The
reaiction twasquerschidewith edhtes ahd wxtracteaitiviex wWithcEt€A¢. Wrhe organic

with EtOAc, . The organic. |ayers were conbi ned, washed
laygrs e eembingd, ywashed, wigh (M%%r iNgnried (MeSQa@ng: od

. _ ; . _
conden{@fhe? irt ga@ug %] %ﬁgdpﬂ‘ggleﬁ%llo‘?\)"’séﬁﬁ hd cﬁ?dégf&%%& The residue

product. The resi romat ogr aphed o
wag shngmatagraphed bnd3iO4 &g agratdienhnt40%oEBDAc/hexanes to 60%

/h t d 239 f d
EGhPPEYaRFs b SR e BE @5y Frisiat of oWl slcFstans miz
472 IMR)t.1- (2- acet yl ami no) - 2- (2- hydr oxy-3 20

car boxyphenyl ) et hyl - 1-boronic acid. To a sol ution of

( 1RPtep Rebibifesis[of-(1R)-h(2tacetydamine)Rd@rhydroxy-3-2,

caroXVaemyTRIRY1-2 horopic peict Togsqllian of (1R)-2-Methory-3-12-(2-
hydrogehaesthidninbpaz@i S, 9afimbthr3, 5ibyd-4esdrartricydd®. 19.026)dec-
Q.78 mmle). in 1,4-dioxane (8 _n) was added 8 niL of
4-y9nethig-bengRIcrAGIY iRt Dbl estaf: et & 8191 Pof® BpolR: I T Aotlioxane (8
mLi&gyaér]Hdde-'a‘g ﬁ@bﬂquqCY}’a‘ngqm{xftﬂe%OHé%ﬁéﬁqg P%°8 &d held for

extracted tw ce € -aqueous
90 aip e T hsesolotiort aaisrantoéed aind afilitediby 8shl HoO aad iedtractesd twice

L, TR AU i e o
crugxégﬂélegctgslé P(Y)@ i{%ﬁdtﬁ@%@rfurtﬁé} pOFfied By prEpaivEHBIIC to afford

np
10RMaL (B %) i ithe pyeditat @swyhitsh pawdeac ESHMGimME-250 (MH-H,0)".
(3-carboxy -2-hydroxy) benzyl- nethyl boronic acid

N

Example 7
(1R)-1-[3-(carboxymethoxy)-phenyllacetylamino- (3-carboxy -2-hydroxy) benzyl-

methylboronic acid

Step 1. Synthesis of 3-[2-[2-(3-Carbamoylmethoxy-phenyl)-
acetylamino]-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%]dec-4-yl)-
ethyl]-2-methoxy-benzoic acid tert-butyl ester. To a solution of 3-[2-[2-(3-
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Step 1. Synthesis of
3-[2-[2-(3-Car banoyl net hoxy-pghenyl ) -

wa@e@bpbam nol - 2- (2,9, 9-tri met'hyl - 3, 5- di oxa- 4- bPCHUS2008§12706
clo[6.1.1.026] dec-4-yl)- ethyl]-2-nmethoxy-benzoic acid

MR A BB (B3 BB fyppforaa 5

tncydgfﬁ phe@ﬁﬁgde@dejlyémyi]rﬂ}héthéiy -b8nfeitrdcitbterrbutyl ester (610 mg,
I oxa-4-bo
1. Ogrm@y b e[%oafea asdesdibedsn rxargplg. in DME (R &Rl wederfrgon

t G% ; d
wad Bl HCCOL00 B8, 21 MR ARE sHEingiTey ho rieRes, =0,
brovma@weuﬂelmngsam 6mymd) dMasmardded ard ther mixture stiged for 7 h

at tpgin e RrG” T AR dvas Ae Bel b ith 1S 170 pilTihd aqueous
phés@_mﬁé @&tré@tedmnh ReRd @ %%Q}J%ﬁ@%ﬁhb\mé&%{’%lé Eag/ers were

t he agueous phase was extracted with

dr@sovm) MgBkl ansheenesnttatgd i varyg.e Parifieation by flagh @@Jymn

chrifhelio 2By GRLFIG BBl 6028 FEAgMeahE80,2D, ] aftilec

30£( Hg¥othdassokant&bnipourvd 43 la edibaestedil inf6%0delty BSI-M&m/z
resul rtant conpound as a colorless oil in 46%yield.
His mz 621 (MH) Step 2 Synthesis of (1

E% S BB (O L TG RPN ey fecetylamino-
(3- szulbnxlyo-rz bydfoXy)- tiéu(y&methylboronlc acid. To a solution of 3-[2-[2-(3-
Caéa e S,?ngé’ﬁ%ﬁﬁf‘e” rﬁ%ﬁi&l @né B t]rlmettg)?l 3, g “dioxa-4-bora-
tnc%lb[@’? |10(5265g)de<9-4 Q—ﬁdh%xﬁb@ﬁﬁ&:nc%c‘iﬁawwtﬁ%@@'(‘?0 mg,

acid tert-butyl este (70 mol ) 1 n di'oxane
0. 1(13an)) in3fioxatie (Bmi)- 3N\A7£I (@d@éx)iwasm@bdraxpma@et 110°C.

RefAH AR eloWaS oty LGRS 1Y ine b BabShract a6 stasting
matﬂna) Nﬂ%r 3t PO P wasxddie’! xd fREhideud eRtr&étéd witBEL,O

. The aqueous solution was concentrated in
3 wae lw-)anﬂwpaﬂuewsa splutipp vm%ggm%ﬁntwéemmza@l@o gndeuridied by

preglgre@ ger'ﬁ%Fbﬁ@ﬁr}’% qgﬁﬁﬂmaﬁﬂ' Ef?an‘p X LWHitRolid in 29%
yielﬁlFBSliMS Bz 400 Ml HpEY)hoxy) - phén Iy acet yI am no-

(3-carboxy -2-hydroxy) 25 benzyl-methyl boronic acid

To a solution of

3-[2-[2- (3- Car banmoyl nmet hgxyskyery/| ) - acet yl am no] - 2-
(2,9,9-trinethyl-3,5-dioxafgggﬁra-tricyclo
[BR111(Deadladeayimedthdxyiphenyl aebylamiye- (Besarbpory a2ihgdroxy)

tert-butyl ester (500 mol.) in DCM (9 ni),
prepared as descrlh:?égggﬂﬁ'%ﬁw IGacec13 (4.8 L, 1 M
sol P bablitibrPeM-[243- Ma%m&ﬁ))&%ﬁén 7§5étyf5"r‘ﬁno] 2-

m Xt ure was stlrre fOT 1.5 at tgﬁdsamete per at ur e

(2,9.8dAm@dhytetS- dl@(&ﬂdvﬁraetﬂpwlat[@ﬂé OAfIdec-44ylretind]-2-methoxy-
ber{z%?cgéélar{ewaﬁjtglugﬁgpﬁ\%d’\fntgb OY@FT%[\OIS Trp D'EM)(Q mL), prepared as

described in Example 7, BCl3 (4.8 mL, 1M solution in DCM) was added dropwise

at -78°C. The mixture was stirred for 1.5 h at the same temperature then warmed
to room temperature. After 4 h the reaction was quenched with water (70 mL)
and the mixture extracted with Et,O (3 x 40 mL). The aqueous solution was
concentrated in vacuo and purified by preparative HPLC to give 120 mg of
resultant compound as a white solid in 37% yield. ESI-MS m/z 399 (MH-H,0)".
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and the m xture extracted wwth Et20 (3 x 40 nL). The

aqueous solution was conce ated in vacuo and
w@ephéadt by preparative HPL 0 give 120 ng OPCT/US2008/012706

resul tant conpound as a white solid in 37%yi el d.

ESI-M5 mlz 399 (MH H20 +. WO 2009/ 064414 76

PCT/ US2008/ 012706 Exanple 9 (1

R) - 1- (2- (4- br ono-t hi opherexample)®icet yl am no) - 2- ( 2- hydr

g%ts C-ir&?( Po?rq -tlzngtpnell 21nvl arxgqula(r:m%g)lg(g vdrng—B-

[2-(4- Br onp-t hi %a@géﬂxh@émgl W&Mhm@

vi nyl ] - met hoxy yI ester. To a
susPtepsil 08ynthesis wif[@+(WyBrorde mnhag-Z-yb%-mmetWIamlho-

ving|ISREtReRY Fﬁﬁvﬁnﬁggp%m acia Sengl eslel, TH iRt TRion 8
sodiiPNArRidRN@S ?66@% ﬁune?ral 8ﬂ3dr§a5@lr§|oh 34 rﬁhcng:iszL of THF

After Stll‘l‘ln sol ution 4- br ono- 2
was hiddpd shawlya s@uaou @fﬁyeieae{thylgdlnmhﬁamm@mpthmrmdmogﬂhonate

(©.925, SRR PRt EEENE L Eh St o RERNED oFa-bromo-2-

thlo'anéEtaﬁbb%ldéhy@el(:ﬁ gnae. gmamtmdn B34 nilebIERIF Waskdyed. The
ether and water. The organic |ayer was washed

resyligganixtiyel washeated at rlq@px fomi & thericeeleddo angbipay
e ERES. THE BARIGR Y RNE waBarftfto BeRUEh iy sner anc
waﬁir.OZ‘heeérgbnlmla\yet Waa vmshéd&m uﬁntnbﬂVmEﬂfﬂﬂN/erb( wmer am«b brine,

ariegT (Mg} 3gd ?a;%?;géettrg ; 10he stidepronurt wesTpghapainiid by flash
col%WcﬁroMﬁ?%Bhgn_ R J) %Ilﬁfng with a gradlent of 15% EtOAc/hexanes

- Brono-t acet’l ¢ acid. ure o
to 48% (EtOBadhexaresoiohafford-the titled dJomnchynchm 216 o (3) asex pale

0X thyl ¢ phi nj acid ethyl ester (2.4 g, 6.51
ye”f??‘?{vngch %Sﬁ'ﬁ{n g‘%\f“ﬁ% was heated at reflux for 2
h. Sfép?lz S?ﬁihé&lstdf (ABiGIRb-thedPREAIUYH-adetR d\@iﬂerAWfture of

added ‘and the m xture was partitioned between diethy

[2-@t Bromertiionbear2- leﬁedmejawuammgy/mylhmtlvmwhyhpwsphImc
oS5 B34 B 6O o MR o PR RER B o

2 h25Af&erdEng$aIﬁnhlﬁehstamﬁpérétlﬁéomwme@madded anadied ynixture
chl or sol ution of 4-Brono-thiophen-2-yl)-acetic

wa%eaaltpﬂeédzet@feea detiybederiand; Watehy T he&fsaﬂ|cd@veet6Wﬁ§ washed
r

W M a1 A IO e LB 0 VBPUSTG afora 1.50 g

(91&0)vafrthe ditliecdompaunt.dar k green 0|I Step 4. Synt heS| s

(2- S5 B gvathss it Aermmbanipendn 73y irace e rdoriis. ok
solM% Bf @@bﬁ%-ﬁﬁopﬁ’éﬁﬂylpﬁ%ﬂl@aéﬂaﬁm(@ §, 5‘9%ole) in thionyl
2-met hoxy-3-(2,9,9-trinethyl -3 di oxa- 4- bor a-

chloride (6 mL) was refluxed for 1 h. The solutlon was cooled and concentrated

in vacuo to afford the acid chloride as a very sticky hard dark green oil.

Step 4. Synthesis of (1R)-1-(2-(4-bromothiophen-2-yl)acetylamino)-2-
(2-hydroxy;3-carboxyphenyl)ethy|-1-boronic acid. This was prepared as 7
described in Example 6 from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tficyclo[6.1 .1.02,6]dec-4-ylmethyl)-benzoic acid tert-butyl ester and 2 eq of 4-
Bromo-thiophen-2-yl)-acetyl chloride. The final product was further purified by
preparative HPLC. ESI-MS m/z 410 (MH-H,0)".
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tricyclo[6.1.1.02, 6] dec-4-yl nethyl)-benzoic acid
tert-butyl ester and 2 eq of_4-

w@e@owed4nd ophen- 2-yl ) - acet yl thioride. The fi netT/us2008012706
product was further purified by preparative HPLC.
ESI-M5 mlz 410 (MHH20) +. WO 2009/ 064414 77
PCT/ US2008/ 012706 Exanple 10 0O

R) - 1-(2- phenyl acet yl am ngxahpl@-10vdr oxy- 3- car boxypheny
I et hyl - boronlc acid Prepared from
rmn@)rZﬂgrhv\dwow -3- Qarhowﬂgtrwl 1-boronic acid

{1 UG AL ord ScBlgRa 10 IR ROOERI ATt

ester an chlori de
tncycnlb[ﬁmmn@2 ‘T]ﬂec-ﬁndmedihyl)ebdewc|dmﬂtert+bﬁtyhafptee abd TMBeq of

ph@qa%yﬁq@ é% fc\é%yy Eégyér pec%%g rg% %rrll%cli V{Eygrlﬁple 6. The final
producinks rﬂtﬁ"ﬁl@@ﬂ:ﬁr &e%%"ré’tﬂ@/ HPRE. obi-f1S AR 36@6‘{]011—1-3-12@3" bo

xyphenyl’) et hyl - boronic acid Prepared from
2-met hoxy-3-(2, 9, 9 trimethyl - 3, 5- di oxa- 4- bor a-

tricyclo[6.1.1.02. 6] dec-é— I ){I ) - benzoic acid
tert-butyl ester and 1. 34%5@—2- t hi ophenecar bonyl

CIR 1 (B0 e DB d2ib iE-hine B RU2eh piroR - DA bioRy @i ethy - 1-
6. The 15 final product was purified by preparative

HPLC. ESI-MS iz 318 (MbcmqaCIdeanpl e 12 (1 R

t \ 3-ca
boxy%fiqé‘ﬁg T2 e 32 S AL ST oY S Ch
tricyclof@/nih q]de@ﬁ -ylmethyl)-benzoic aC|d telrt-butyl ester and 1.3 eq of 2-
-acetic agi

thlctp?? teg:ﬁt;qry; GF%’[" 53%8 ¥\b§}rgl tgg rgc ureqescrioeg in Example 6. The
fmaici ?r?%uﬁﬁuo p%&wﬁ@& b¥ y@gén}ﬂn%w e Ei:-mb @iz %P? R-RL0)*.

adde N- et hyl nor phol i'ne
(NW 1.65 nL, 15 nmmole) foll owed by

O (7- Azabenzotriazol -1-yL)-N, N, N,, N -
t et ranmet hyl ur oni um hexaft&@@%@gphate (HATU, 3.81 g,

(1RO 28101 €2 -andiRe-2pheAYIHEEQTaNRS)-SL (2L K @dokpr3- é’&b&kopﬁénynethw-
OCand then 30 mn at anbi ent terrperature

soI uti on was used akbpepnigacidiferraata salt on step St ep

3. [gy{équyﬁﬂgé?'g)&f C(SI) tt)%ht-ﬁut[ﬁxlycaébgﬂglnammo phenyl-acetic acid
[1, aeﬁrbdzmm-rb}pﬂﬂdﬁbs ylreﬂét hYb-agséluﬂd)@b&UB@@b%ﬁénwgdycme
clo[6.1.1.02" 6] dec- 4- ylng hyl ] - 2- met hoxy- benzoi c
(2. %1:9d19é?¥10!ﬁ)t'9|16er§+é%f DGY af Q8 wesalded '&rm%ﬂwkmgrpmlme

(N agded nflrEULi TZ“@GWE%'?I—@ 62_”-:/ 4Argrft,%%z.(%ﬁarr%%ll-0g@\g$§r’hl N
tetrafethylureditar hexafluorophdsphadd (AR Uat3.8 1190 T namole). The
sol ution  of . o . .
soldliory Was stitred 81 39pinat¥ity Pasithen SOpRiEaY agpieny feRPRGture.
The Zolufiofl wWad nsedfaghé( kor&he%d}ldti%asté%bof a-tricyclo[6. 1.
.02, 6] dec-4-yl) -et hyl met hoxy- benzoi c
Step 2. Synthesis of 3-[ (2-tert-Butoxycarbonylammo 2-phenyl-
acetylamino)-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0>%]dec-4-yl)-
ethyl]-2-methoxy-benzoic acid tert-butyl ester. To a solution of anhydrous
DCM (0.48 mL, 7.5 mmole) in THF (9 mL) at -100°C was added n-BulLi (2.5 Min

THF, 2.4 mL, 6.0 mmole) over 15 min. After stirring for 30 min at -100°C, a

solution of 3-[2-(2-tert-Butoxycarbonylamino-2-phenyl-acetylamino)-2-(2,9,9-
trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%°]dec-4-yl)-ethyl]-2-methoxy-benzoic
acid tert-butyl ester (2.0 g, 5.0 mmole) in THF (4 mL) was added over 4 min, and
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acid tert-butyl ester (2.0 g, 5.0 mole) in THE (4 nl)
was added over 4 nmin, and V\Q%éOOQI 064414 78

wWE@bEA008/ 012706 the transfer nade quantit apCm/ESA0$/012706
2 nL THF. The solution was stirred for 5 mn at -100C

e e % 1 O g R o

at S@bﬁnt:lami theh@®enhiit at mmﬁfmrrm!mg tt@n‘zm(};tuﬂmos OMOW in THF,
Wi t h Stll‘l‘lng over nj After cooling to Ve OH
6.00pLo8H mmale) wag arﬁﬁ’@%an%@ glbten aflewed do y@rm t%f@om

ten%éréﬁﬁg s"f’éwlngl %f?rrrlnﬁ Juerhiigh t""ﬂ'ft@?@oo*r?%gdd?l'ﬁ %}h(le\/IeOH (0.245

nperature”an el d~f or a addi t1 ona
mL56lwmmmiey\mstdmied amnbthﬂjsmlutleﬂ@@rradcatt-m@°6 tdrut haheofwarmed

t bonyl id
to gy lemperali e P M At e hout, Shersoyiiast was then
codled tdHeE hAd ME sBRAIbhT- (S? Té}‘? B?Ré‘)(ydé@b&ﬂlgm\ﬁﬂﬁphenyl acetic
removed and the solution allowed to stir ‘overnight.

acigig, 213jtrraé@dn[4(ﬁ=rblpe/sldquéf)¢ pstenfrarh Stap drwas addedrinonedortion.
d |
T Sofifind bt S Eimel 88 arFe' B e\ ¥ ysifichy  The

reattion Y Qlidrthad Wk WaterTA8d eEratierl tWase GAth@r@/Agr apeed
on silica gel to afford 470 nmg (149 of product as a

compbineg\proaaie Iavssl&weemvas@e@ mmu HE; water, bapat deed éNa;S0y)

an%%g&%exrﬁ[agéé)m %a&go aqqhgq e dlgj %fé gﬁﬁ;ﬁ{é g‘r%m éﬁzeﬁ %lllc%g;el to

car boxyphenyl oron i
affc_smll 470 ﬁ@ @4%6) oftproduot as 3- y{eIHoWZfobm t EBUMS yo/ares3n@V i),

. "8iep thy?ﬁthéis‘igtdvf'("i‘ﬂ‘ &2 B A rino 2-phemylanetyliming)-2-(2-
hyﬂ%-é—&%@x |)8{I‘fy|]1 i)o 3nﬁ§ Séa %)?ﬂ&te%tahﬁ" ']'%% dBilition of

enzoi c t ert ester

3- [Zn(rZJter) Bmomarbanﬂarrm)o-ﬂtphe‘mﬂ:ambjlmm B@,9,9- trlrMethyl -3,5-

dioghg-biva-tcibrtiofn D adts AR e Mo R A ft-buty

estér (R20THR), 0SIB HireBleYas DOAE ¢ naf L Vat L7 8% ®hs adided BCls; (1M in
extracted three times with ether. The aqueous | ayer

DCMs3.68 snk.ehOrmamede). nl he geoling bath wae removead @anguthefsodytion

stngdq Bf SRBIetl sl BB s s RERIB e Gl il el diater
an@emacttedsgfegjtlmEgllwnH\/&HﬁrZ ThéladquddudI@yer was coxasptrated in
enzoyl am

vacuo @nea*%%ﬁydyem»ﬂs%wmratm HPLGovsiRg solvanis buffered with

lo 0
0173 WS 1SR 1940 1P SIS carisAe 3 nisnli B
M Sorwiz 34 1 r(rMﬂ-hylza))ronate Pr epar ed from

2- Met hoxy-3-(2,9,9-trinmethyl 30

3, 5-di oxa-4-bora-tricyclo[6.1.1.02,6]dec-4-ylnmethyl)-b

enzoic acid tert-butyl epkgmpi@Ag benzoyl chloride
fol |l ow ng the procedure descrlﬁ d in Step 7 of Exanple
QNN g . eniy

3(1RhEe ; . @R oXyH2; iy dsmetiyibenonic acid
chrgp'ap ?géryarﬂnesgs of 1 IQ) ‘? beshzoy‘igmmo 1-(3- tert-butoxycarbonyl -2-
methoxy) benzyl-methylboronate. Prepared from 2-Methoxy-3-(2,9,9-trimethyl-

3,5-dioxa-4-bora-tricyclo[6.1.1.0%®]dec-4-ylmethyl)-benzoic acid tert-butyl ester
and benzoyl chloride following the procedure described in Step 7 of Example 3.
The crude product was purified by flash column chromatography [R¢ = 0.2, silica
gel (EtOAc/Hexane, 30:70, v/v)] to give a 30% yield of product. ESI-MS m/z 534
(MH)".
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gel (EtOAc/ Hexane, 30:70, v/v)] to give a 30%yield of
product. ESI-MS nfz 534 ( WD 2009/ 064414 79

wEIOsR0OH8/ 012706 Step 2. Ng/%t hesi s of PCT/US2008/012706
(1R) - 1- Benzoyl am no- 1-(3-carboxy-2

Y PSR 2O SUPthedE JPU1Fg P BeRgBflamin f§RatboRy-2*!
hydmw)léebnylantethymdr?h&; acid.0206G] stﬂotndn wf B-[2tBenoylarmigio-2-
er

(2. S8l imathy s Srdifes deb oy oYl & BIae.d At ida methoxy-

berl iR SRR el ILD iy O G Bl i bpalBTOTIEE SN 0

mLasascaddesbtdpwise ahd 10 CLcAfter BhddbO (40 mic)umaaadded and the

miftiie prtEantet SRR (dt 9 Mokl bRe Slofia Sphu wps concentrated
in \55'110'\47?1 an?é'd?bfl Wrep&Slive HEL Exa gRe2d fnd &f resultant compound

yrylam no-1- (3- car boxy-2- hydroxy) benzyl - me

as awmtﬂ Wchmatg % yl@ﬂepEal Mﬁmﬁze&é (H- HzO)
3-[2-1sobutyrylam no-2-(2,9 9tr|methyl 3, 5-di oxa-
4-bora-tricyclo

[6.1.1.026] dec-4-yl)-et hEbdar_n@ grgphoxy- benzoi c aC| d
tert but | ester. Prepare rom
L nvlamunq t-(3-garbaxy- Zthmdmm}berzzwkm&thvlboronlc acid

191 i iy P i o

4- btdna-tpcqckdm 4. ﬂe%ﬁdebeuyl)mtﬁqu-m@mo&yamhmua ac'iHEtert-butyI

esteh Biapbistliny 4 Metbory 343 8 Blrimelad S S divtadrinzane,
tncéf?gﬁgé 8%%6 % dﬂafﬁce ﬁ)zﬁegﬂolc/"ayzioe{e‘#t ?ﬁty@é@@r“‘a%d iSobatyR!

hesis o
chloridd fdllowmgmey pmcﬁdLmedesc(Bed:aT Step/7 ot Example 3. The crude

progﬁ ) beﬁﬁﬁﬁyr?fﬂq%cg%ﬁg&% &Cal[tggrﬁa%p@ gldJ 515 sullca gel

(Et@ﬁ@VHéﬁar{’e by 66W/V)])t6|a¢ford a 21% vyield of product. ESI-MS m/z 500
1.1.02. 6] dec-4-yl)-ethyl ] -2-methoxy- benzoic acid

(MH)srt butyl ester (225 ng, 0.45 mol) in dioxane (5

it
1) st o M9 BUASR HBRUL % s R0
hy@dmbénﬂyMnidnhﬂbZﬁoh& Acitl) Trd;)a soThﬁor&GﬂBQBﬂs@l&JtytyI@mlno 2-
was concent rat.ed in vacuo and pur bg ed y preparatlve

(2. 9:Brtemethyr e-dexang-kerartgsyelpdh1- tOnpldgsdt-Yasthylldrmethoxy-
ben;zgil%gcweﬂ%tw &dtdr (B8 rlS 08 F il &) VB HARL 15 R8N B! (5

mLRyvajs at!dﬁd)@mmm:aaﬂ bﬁr(;'l Aftien d-H B, Oa¥ibany;) Babsyattdedyaric the

| b hesi s. of
mid A FEgrtr S BROc e B oy Ch of s patpus sobiopiwas ponoentrated
in va%ué éﬁd)ﬁf@mf‘f’edoﬁy prépararce MG td gRe 60 ARFofresultakit &drhpound

as a whlte SO|IdyIn 48% yield. ESI-MS m/z 278 (MH-H,0)".

Example 15
(1R)-1-Cyclopentanecarbonylamino-(3-carboxy-2-hydroxy)benzyl-methylboronic

acid
Step 1. Synthesis of 3-[2-(Cyclopentanecarbonyl-amino)-2-(2,9,9-
trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0*°]dec-4-yl)-ethyl]-2-methoxy-
benzoic acid tert-butyl ester. Prepared from 2-Methoxy-3-(2,9,9-trimethyl-3,5-
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benzoic acid tert-butyl ester. Prepared from

2- Met hoxy-3-(2,9,9-trimethyl ;3,5 WD 2009/ 064414 80
weEFanpsa008/ 012706 di oxa- 4- b% a-tricycl o[ 6. 1 pAT/022068/012706

] dec-4-yl net hyl ) -benzoic acid tert-butyl ester and

diofé ek BBEEARDERES oY RC B ufth iy bRRBR A 1ot BEREsRr and
cyo&merﬁtanééémd)nbycrﬁlbﬂﬁ@ fellpwing thd Ip@dmdlgéaj@sxtnb&ﬂ in Step 7 of
si_lica t QAc/ Hexane, , viv)] to afford

EX@W@'ep?»oJm crugeznmwtms pusf@ébyr&@smcplwe qhwmatographv [Rr
= OST§ % ifca %IWE‘?@?\'CE-(I) ny?r{ael 3'8)7(2l v/v)A t% afford the product in 25% yield.

tanecar i no-
ES]Z—MSmm)QZﬁb(MH)/I - met hyl boroni ¢ aci d. To a solution of

9- t%ﬁ?é? %l i egtgggﬁ 0(35301“ é per? n_ecas'gbnyl’ammo-(3-carboxy-

2- Wdrﬁxyit%rﬁzyil rﬁeﬁ%ﬂﬁb%ﬁc‘hdﬁm ﬁiaxélo}ut%nr@rtil Y- benzoi ¢
acid tert-butyl ester (260 ny, .

(lew@tﬂeneeﬁarb@pyl -3Ninggt2-(3 9f- tr)mamvl gl‘?gwxar%pmage at
tricy0fe 1 i Geca edf'zsﬁvhﬁﬁ%hkév Rn361250i6 Wi Uy estsry260 g,

0.490hHidIPiA diBgane (6 Ailt) 3Na4CI (b' g W sradded drdpvade Y 1 1o C.
preparative HPLC to gi ve 40 of resultant co

Aftgg1h W@t(éoé’ﬁll-) was gddggsang @edm@mewa;ﬁtqd mullr?tzo (3x30
mi ) TElibausdii@iiPuss Fonbntrated in vacug and pudfied by

pre}dafétﬂlmHE’llO:toagwd 40Rngnarresultartroompound as a white solid in 28%

rinethyl -3, 5-di oxa-4-bora-
yleﬁj( ng% %@/i%ﬂﬁ% "&4@594 yl met hyl ) - benzoi ¢ acid
tert-butyl ester and 1.3 eq of 20 propionyl bron de

followi ng the procedure described in Exanple 6. The
final product was purlf examgl dbeparative. ESI-MS niz

3Pr réélffhﬁﬁ)zoﬁ@ﬂ}’dMJW'Q th ﬂgyuscs@m@ E’Jb%ra@f ed

from %ox- - 9tr|methl di oxa- 4- bor a-

tflCVﬁlp@&Ib@ ldea: 4@2”@]%&:%“%'@@@4@“—%% gsteranddgl.3 eq of

preiorhd By Pl e e BRu B oPaiosd ngPrammels . Tha o
prm@cmb@rif@dﬂasamperﬁwe HSS1-MS mi/z 2636 MHAH a0 +. 30

WO 2009/ 064414 81 PCT/ US2008/ 012706 Exanple 18 (1
R) - 1- (2- (2, 5- di hydr oxyphenyl ) acet yl am no) - 2- ( 2- hydr oxy

- 3- car boxyphenyl ) et hyl - Example 17
(1R)-1-(2-(2,5-dimethoxyphenyl)-acetylamino)-2-(2-hydroxy-3-

carboxyphenyl)ethyi-1-boronic acid

Prepared from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.02®)dec-4-yImethyl)-benzoic acid tert-butyl ester and 1.3 eq of 2,5-
Dimethoxyphenylacetyl chloride following the procedure described in Example 6.
ESI-MS m/z 386 (MH-H,0)".
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1-boronic acid Step 1. Synt hesis of (1
R) - 2- Met hoxy-3-[2-[2-(2,5

waleowehbaxy phenyl ) acet yl am no]812 (2,9, 9-tri met hpdF/BSH081012706
oxa- 4-bora- tricyclo[6.1.1.

02' 6] dec-4-yl)-ethyl]- begﬁglgiﬁ’@ébd tent butyl ester.

Prepared from 2-nethox 9-trinethyl-3, 5-d
(1R)ok8242 Badihydroxyphenyfacetylaniiao 62 42 hyélroxy-3-carboxyphenyl)ethyl-

yl met hyl ) -benzoic acid tert-butyl ester and 1.3 eq of
2, 5- Di et hoxyphenyl acetﬂ.rb_eﬂl_%%/&lée fol | owi ng the

pr o e [ ' .2 Sty Moenl z 608

iy GO UFRIEGS Y (R 2G5 5tz s

dimQM@p&e@ylh)p«teMyphaoWZ}(ﬁ;ﬁ,Bﬂrmt@l -3)5-dioxa-4- bora-

tri(é( Ihﬁd‘[yﬂ éf alpcar -_y@y r%%éﬁ%«g%[@lfiztb ({Zgﬂbﬁ&s%er Prepared

froﬂnr@hmhwlsqnl 9 QQﬁhiétﬁWS‘ gldlaxél Borarityi8Es. W1l 0F]déc-4-

| oxa- 4-bora-tricycl yg
ylmghy}-beozaicydcjd t-;erhplu] Betqanﬁ haien ok2 5-Bimgthoxypkenylacetyl

chigfd (i s FSGed shihé i bafBis’s; EuMs mig Bbs (k.

M x$ts sz\/\synﬂiééléfﬁf (m)he(z-trz:;stmnpar@iwmnéwﬁaeétzvdm-no)-z-
war e to anbient tenmperature, After_4
(2-hydraxyod- qmboefuehenyaemxlm -basenic agid. nTo p sohdtiamef (1R)-2-

ey 22212 SO Brsfborigthlc TReaEpSs ciova

4- bpr&-pmwlo[@el Hm?é]dec-am)eemquenzguc( a€ithtedtbutyieesten(R4@ mg,

0.435mop) OGN (4 Ly, Bhketh 2 Bt 1M Soltiisnda DG fvas Aagen

dro?_%\{%e% ?Peﬁbz%': ﬂ‘ﬁb%lxt&%r\ﬁé‘é §§|ﬁ€& CJvhn\%ttﬁe té @Yﬁh?@%&a% SQbwly

Acet oxy-acetyl am no
wagnéd dipdeambieot ternperajerieo| Aftar. 4,5012 tlaq; aieactm:yw;as euieyiched with

wafeir 07D SRAmS I e laSurasteiutii ) SRnBlmLl’ T Hveous
soltfi (brﬁimlsQ{cﬁrcénﬂra% fl westrofanyd Emhf‘é’dl by Qﬁ@éé’ﬂaﬁvé(HM_C to afford 40

tert - but ester and acet oxyacet hloride foll ow ng
ot (B85l produntaiss & whke: 3016 dESTMS) Tk 3RBI(MIH Ho O
crude product was purified by flash colum
chromat ography [Rf = 0.2, silica gel (EtOAc/Hexane,
40:60, v/v)] to afford tEQaEmggUQt |n 10% vyi el d.

of
2 aEex e)%enzvl methyl boronic acid

hydgag A bQ ﬁ@(@éﬁ%&-@{’-&%ﬂﬁt@%ﬁ Ee Sﬁ\ |§|B>re‘2t ‘120? 9°fr|methyl-
3 594.oxaemmmucacta[scyuo&fmeh«g-ylpetmjl]}eanetmgy benzmc acid
terbbubyiatel PRORR GAdHaN MR S8 @S timelt 3.5 Wioxa Hbora-

tnc?%[d\jﬁgg@ﬁ@é@z E\fﬂt%)r b%ﬁkhd“i%ac(d?téﬁ BuWﬁést@@' 48d acetoxyacetyl

chlorlde following the procedure described in étep 7 of Example 3. The crude

product was purified by flash column chromatography [R¢ = 0.2, silica gel
(EtOAc/Hexane, 40:60, v/v)] to afford the product in 10% yield. ESI-MS m/z 530

(MH)".

Step 2. Synthesis of (1R)-1-Hydroxyacetylamino-1-(3-carboxy-2-
hydroxy)benzyl-methylboronic acid. To a solution of 3-[2-(2-Acetoxy-
acetylamino)-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%¢|dec-4-yl)-
ethyl}]-2-methoxy-benzoic acid tert-butyl ester (80 mg, 0.15 mmol) in dioxane (2
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added and the m xture extracted with Et20 (3x30 ml).

The aqueous solution was ¢ entrated in vacuo and
w@ephéadt by preparative HPL 0 give 9 ng of PEFUK1088$1012706

conpound as a white SO|Id in 22%yield. ESI-M5 nlz 266

mi)t S AEDY miPwas R diolise at 11Q°C_ After 11120 (20 i) was

addmahdtmmlxtur@bhybbmdamm Ea© @3>8EmI)l. Tisy aghesus solution was

corehat sy 4 GnAERnE SR P AT P15 9V g o rgsutant
cor@é@ﬁ&‘&g% %hlf@‘sB Yn 2?%‘@%!& £81-01S fh/z 206 (NIHQ%}@)‘*
epar e rom 2 hoxy- 3- 9,9-trinethyl -
di oxa- 4- bor a- trlcyclo[6.1.1 02' 6] dec- 4- ylnethyl) benzo

ic acid tert-butyl est erEand Céa| opr opyl car bonyl

chloride following the p described in Step 7
of (1Ee>;alrrek/e|o§roﬂéwec¢arry&w|xarﬁm@01 (%&rmw Dirkdrony)beRa/-

col'umm chromat ography [Rf 15 = siTica gel

( Et OAC/ Hexane, 40: 60, MA)L!_OIL@m&fﬁQ!dd the product in

(it Syt hbanShgfbny RS2 2 s

tnmenﬁmagsﬁbxdmw}bmz ¢lo[&:Hhy.0> fmmnuyt) @mm 2Tﬁemoxy-
sol uti on of 3- lyj. ge opropanecar bon¥ (2,
bengoig.acid terthhutyl esteryi Brepares fiom 2oMe hoxy 3 (2 9 9 tnmethyl -3,5-

OBy P N o BT
cyc(c?braﬂlpaﬂkbdﬁ@bh(oﬁndm nfibllmmgatﬂéapiodeolgm crh;ﬁcmtbeﬂiliﬁ(Step 7 of

Af t t
Exapplid J1e61tHe B SdoUuaDPHITEd by dashsobaTe codpdetensaphy (R
- 0155 SARASEUIN(ERORE M ka D UL/ 6 EiTGR Ihe BRI N 20% yield

HPLC to ~give 20 ng o resul'tant conpound as a white
ESbMS m/mgzdwy) el d. ESI Ms miz 276 25 (MHH20) Exanple

R) §%%§a§¥9F'h‘%ﬁ'ﬁ&f((éRé r¥gieproRAResAb ARy AMINg1 Hdr
carWdig-Zmy@?bd ?b‘érﬁ@l-’l‘ne bbwm& did. To a solution of 3-[2-

(Hexanoyl am no) -trinmeth

(Cy@iqmapan@@raowfr@mm)f% %9;9 tmneqhorlea %dgﬂ@-f’ebﬁya 9-2-me

tnc&@ﬁ@’ )‘2(5%;6%233}8 hS'l]tz'[‘%,in?, ?éh?%l)t(: aﬁ:ic?gé}{ BHtJI eQt8r (177 mg,

0.36mhimyt) in[diodarie PRr), SAEHE Y4 ) tugls)adustzdiopwasé dt 110°C. After

t este d xanQyl chl ori de fo |0VVI
1 RE 68 ) wesaldsepnc s Bityre, PRERetRg MTBELEhEPaA . The
r t
aq%&@’éﬁluﬂﬁ?v\@é %d::dg%ggjﬁY% Al O6ﬁ’d‘?uﬁf’%&’6§ p‘?@bé‘f%we HPLC to
giveCl/rog2goesataneemieircias Hextaitee soltDir620%vyield] ESI- MS m/z 276
(Mﬁf 2(5)01. the product in 22%yield. ESI-M5 mz 528 (M)+

Example 21
(1R)-1-Hexanoylamino-(3-carboxy-2-hydroxy)benzyl-methylboronic acid
Step 1. Synthesis of 3-[2-(Hexanoylamino)-2-(2,9,9-trimethyl-3,5-
dioxa-4-bora-tricyclo[6.1.1.02°]dec-4-yl)-ethyl]-2-methoxy-benzoic acid tert-
buty! ester. Prepared from 2-Methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%®]dec-4-ylmethyl)-benzoic acid tert-butyl ester and hexanoyl

chloride following the procedure described in Step 7 of Example 3. The crude

product was purified by flash column chromatography [R¢ = 0.18, silica gel



Step 2. Synthesis of (1
R) - 1- Hexanoyl am no- ( 3- car boxé/ -

whyaposas)benzyl - met hyl bor oni 3cid. To a sol ut PENUB08/012706
3-[ 2- Hexanoyl am no-2- 5

(EtOCHSxre. T8, v 3o it d e BRdick il 049 bl (EhMS miz 528

oXy en20|c acid
(M¥t er (175 my, 0.33 nmol) in dioxane (4 m), 3N HCI (4
m) vvai gdded dropwi. se at 110C. After 1 h H20 (25 nl)
wasStRRI€dSYAthesis afi (1RirleHexappylamatnad3-Fak oy 23x 30

hy&? E@ﬁ¥ﬁg§\%gH§lb%%Hfé aeid\¥ %Oélﬂﬁﬁéﬁ 6? §§[ﬁ'%i@fé{&mmo -2-

uri preparative HPLC to
@2, 9 éstuhteihyl 3:,5Pclloxmd loraatrichciofs. 11100736¢ded4|-y1) euﬂﬁ]ﬁmeihoxy-

berigpic S GEDUNLASIRE LEE i Tof Bl iy Hickiane 44 a0 b3 (4 m

wa§%ﬁhb&tcm$bwils'eb§tr PU°e. Rﬁérd1 h]ﬁz(ﬁ’ r(?@ﬁ'il?@l/afsréﬂaed and the mixture
met hoxy- 3- (2 9-trimethyl - di oxa- 4-

exttaqt@q/ w’&b\[ B0, (BXGQ ral) d J@emquemtsrggﬂwhmvm@mr@enttated in vacuo
and BltieHRY s SPh e MREc o Slkedls oiGBE lestiibaP formeound as @ white

soliﬂ-in'ﬁhle/ogielﬂaESlEMSuﬁle\@@ (MH-HLO§W by preparative
HPLC. ESI-M5 mfz 356 (MH+H20O +. 20 Exanple 23 (1

R) - 1- (pent anoyl am no) - 2- ( 2- hydr oxv- 3- car boxyphenyl ) et h

yl -1-boronic acid Pr epagggﬁjﬂ;!@?

2-met hoxy-3-(2,9,9-trine =3, o-di oxa- 4- bor a-
LRr)Hcm:behﬁvléxﬂad&tléhﬂm}yglhvdkm 3-daebaxiphenyl)dthyl-1-boronic

tert-butyl ester and 1.3 eq_of valeryl chloride

foll owi ng the procedure des-%ﬂibed in Exanple 6. The

f i n;a} metg’ rflg)glg oL m@’ﬁ%x%u\‘i 19, 'Qg é’ﬁ%?m@ 8. ?Fdx‘ée4 BBk

tncyc)lo@ 1 Heft® Mﬂaﬂm&d)yl)zb@@zmg @lcm(tert%butyt bstey phdriyB et of

beny b AGRH! ShIcHel tellow R rosSdlg daseribeddn Exggple 6. The
findl prédedt s éuﬂﬂ&ﬁbﬁb@@&arﬁnvé RG] ENangahz 358 dviH-H,0)".
tert-butyl ester and 1.3 eq of heptanoyl chloride

following the procedure described in Exanple 6. The

final product was purif eparative HPLC.

ESI-M5 nfz 320 (VH H20) ﬁ%@%@é, 064414 84

ﬁﬂlﬂ&ﬁ@&&hﬁﬁ@ﬁﬂﬁo) %Xarmldlﬁ'o%%chrboxvphenvl)ethyl-1—boronic acid

met - but yr _ .
ani n@D ethaxyt- @9)%8H991hyh§tﬁwgloaar%hor%
f . .

trlcg@?&. L'okwgay- %4 aﬂ@@%r}xl)n%?rr\]chlg gcg tert-butyl ester and 1.3 eq of
valenyl clylohd{e6otlomn03h6]pdeceduryel deschibey -uh)Erxampie &ci The final

probGid it rred 3 mEBam e RELET HeH- S Y g MR

Example 24
(1R)-1-(heptanoylamino)-2-(2-hydroxy-3-carboxyphenyl)ethyl-1-boronic acid

Prepared from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%°]dec-4-ylmethyl)-benzoic acid tert-butyl ester and 1.3 eq of
heptanoyl chloride following the procedure described in Example 6. The final
product was purified by preparative HPLC. ESI-MS m/z 320 (MH-H,0)".
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Exanpl e 3. The final product was purified by
preparative HPLC. ESI-M5 m 284 306 (vHH20) +. 10
WE2@I0b4:1L6 PCT/US2008/012706
R) - 1- (4- Fl uor obenzoyl am no) - ( 3- car boxy- 2- hydr oxy) benzy
| - met hyl boronic acid Pr ‘ om
2-met hoxy-3-(2,9,9-tri HEE%?‘%I oxa- 4- bora
(1R 163 3-difmethyl-Klity 6] datind)-§3-omtboxly)2-hedoxiy berzylimethylboronic
tert-butyl ester and 4-fluorobenzoyl chloride
foI I ovvi ng t he procedure des@€hed in Steps 7 and 8 of

re ar at | veﬂhg %&?ﬁyﬁ%@@%‘% mﬁgg’aﬂa"?ﬁ e 27

trlcyd;IoR) 11104 depHtyHmgthyl)-benzoic acid tert-butyl ester and 3,3-

dlnéethﬁlghyrrglrép df?? % V\?fng(;: reb Br Igi%rr] )egarhlyed Qpepsn'}' and 8 of

2
T ey e

306 be®yl. ester and 1.3 eq of 1- naphthoyl chloride
follow ng the procedure described in Exanple 6. The
final product was purified by preparative HPLC
ESI-M5 mlz 362 (MH H20) +ExBirpelke 28 25 (1

R)-1-(3- hydroxybenzoyl _ .
Inr E biora pandrindrexnbenaylimethyiboronic acid

DENADY )

ac:| ﬁ{ﬁ@&?ﬁ of r‘h%'iﬂxy 3- t(%g?rg gnrgegwyl -3,5-digxa-4-bora-
trlcycllo(fy a¢) 10@765]de<'5::4Q2h@]thi;d)}bén;/dnUmdd/tért-bJ;M egterandd4—ﬂuorobenzoyl
ster an oxyhe

chlpfifi Follating 5 i arbaUre dosGHReh i SIS ABUE bl Ckampls 3. The
Teoot e
finclibrodiid wadpliifiét LRiRERSTaiYE HMLE, SO 396 (@H-150)"
PCT/ US2008/ 012706 Exanpl e 29 (1
R) - 1- ( 3- net hoxvbenzoyl
a?n' no)( - 2- (2- hydr oxy- )?( caES8TPR &Ly ) et hyl - 1- bor oni ¢
(BR)- (1 appd@i e afnmam 2-(PER RS Xy-3=datboRypHeriyi e Nybomnic acid

5-d 1 oxa-4-bora 5

t r i Birnased from 2omed)arerc342 ;9|,91ﬁurn9ﬂ)y14§e‘irﬂm>@-%r©0da-
el Gpls PTG Ty B Rl WL IRSKRRR AR L o -

na;ﬁnthﬂithlechlcﬁmdmfollomdgl the pasceaure Hesdriad pr Erample 8€ The final
PLC. ESI - 342 O le 30 1
prog}:_c'&w@g %ﬁ [gyew?@?ratw_el_ Ill_%L%) SIS iz 382 (MI—S H20)".
am no) - 2- ( 2- hydroxy 3- car boxyphenyl ) et hyl - 1- bor oni c
acid Prepared from

2- rrethoxy 3-(2,9, 9 t ri nreERginpde 38di oxa- 4- bor a
.02'6

| met h ZOi aci.d
rq V)B» carBoxyp enylethyl-1-boronic

D)3 AU NG

acid
Prepared from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%*®]dec-4-yImethyl)-benzoic acid tert-butyl ester and 1.3 eq of 3-
methoxybenzoyl chloride following the procedure described in Example 18. The
final product was purified by preparative HPLC. ESI-MS m/z 328 (MH-H20)+.
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met hyl benzoyl chloride follow ng the procedure

described in Exanple 6. The 5’L5 final product was
w@eosads by preparative HPLES ESI - M5 nfz 326 PCT/US2008/012706

(M+H20 +. Exanple 31 (1

R) - 1- (6- Chl or o- pyri di ne- g | ) - am no- 1- ( 3- car boxy

- 2- hydr oxy) benzyl - net hy afth ?é)%am d 20 Step 1
(1ynt(Banethaxybenzoyl amino)-2-(2-hydroxy-3-carboxyphenyl)ethyl-1-boronic

3-[2-[(6-Chl oro-pyri di ne- 3- caabonyl )-am noj - 2-

(2,9,9-trinethyl-3,5-d aci
@?p%eiﬁﬁéﬁfﬁgﬁ RS- M2 S EumEREL Y okl By &

tncyc;lm 1hd 6:_kieéc24Q,II|91ethy1) henimb —a’&;d tertdbutyl ester and 1.3 eq of 3-

melfieiFhaneay Ehiaids follfig trs prassbH HEs st rissample 6. The
findft fdr@du&@vésabhmmsytd?@p%ﬂosﬁpm desnvkad/z mi@wﬁ-ﬂgm
of anpl e The crude product vvas purified

fI ash coI um chromat ography [Rf = 0.18, silica gel
( Et QAc/ Hexane, 30:70, v/ g}(, (I)j\bve a 24% vyield of
product. ESI-M5 mlz 569 R mp Step 2. Synthesis of

(1RR) (2nﬁ@th%e@fz@vpa/mirdj)rzafzahvardwrmbhrwnyaﬁeﬁym@thy| 1-boronic
car boxy- 2- hydr oxy) benzyl - net hyl boron ic acid. To a

solution of 3-[2-[(6 30 acid

g‘gpﬁe.‘bgi Zr‘?ibn% rﬁeﬁﬂﬁ&o@—@ b A8y 3(Zdftnd-4-bof®t hy! -
tricyclofy t100%6]ded 402metarbdnzoid aetdﬁwrﬂ-batyhesﬂeony\db‘eﬁzm of 2-
S 5 B B2 e
finatpt&duct wds ﬁ@l@lééf'%'ﬁ%éap%ﬁv@mcb ar&|iNg rWzXﬁ% WH H,O)".

extract ed wth x 40 nL). The aqueous sol uti oi
was concentrated in vacuo and purified by preparative

WO 2009/ 064414 86 PCT/ USR008/ 012706 HPLC to give 9 ny
of resultant compound as%—%@%t—ézsol idin 4%yvyield.

(BB =1MB- C'Md’ro%k?ruﬁrﬁé‘*@?@éﬂ)bnylﬁéﬁﬁmbel -@% clroky-2-hydroxy)benzyl-
R) - 1- (4- Chl or o- benzoyl ) - am no- 1- (3- car boxy-2-hydroxy)b

enzyl - met hyl boroni ¢~ &ethylboremic BCRnt hesi s of

3- .
5, Sl SYRps st ﬁ??ﬁ%@'ﬁ%ﬁéﬁ SegRdNYaminel-2-
(2, 929 Jsenmozaasbdra-tmyclbm gl1.0 ?]dec-Pprahcyq 2-
fromi)lte q:; 2,9,9-trinethyl -3, 5-di oxa- 4- bor a-
meth BFG"?LaE L %?FnﬁrﬁW')e%féWi‘o? M%IBPISIY -3- (2 9 9-
t t
"‘“#eqﬁ'o%’m?‘nd‘gb’f o ‘S‘?fgit@%m O DAY AL B gl acid tert
butgl. esteeand |6uddom-ni¢ounoy\laﬂ1l<prude follemmgtﬁé pedtedareidescribed in
t = 0.33 QAc/ He
steff SHEXGTS 3 s s prauet wes Pufifi sTlaeh celkte.
chréimat&§8ph{ IR) = 0.18, silica gel (EtOAc/Hexane, 30:70, v/v)] to give a 24%
yield of product. ESI-MS m/z 569 (MH)".

Step 2. Synthesis of (1R)-1-(6-Chloro-pyridine-3-carbonyl)-amino-1-(3-

carboxy-2-hydroxy)benzyl-methylboronic acid. To a solution of 3-[2-[(6-
Chloro-pyridine-3-carbonyl)-amino]-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0%°Jdec-4-yl)-ethyl]-2-methoxy-benzoic acid tert-butyl ester (400 mg,
0.7 mmol) in dioxane (9 mL), 3N HCI (9 mL) was added dropwise at 110°C. After
1 h H20 (40 mL) was added and the mixture extracted with Et;0 (3 x 40 mL).

The aqueous solution was concentrated in vacuo and purified by preparative
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15 Step 2.

(1R) - 1- (4- Chl oro- benzoyl ) - arr%éao- 1- (3-carboxy- 2-
whyaposas)benzyl - met hyl boroni® acid. To a sol up¢onSmwhs/012706

3-[2-(4- ChI oro- benzoylami no)-2-(2, 9,

HPYCH g GREd frigor s lita RiipANd et o Whio Sofid i 496 yield. EsI-ms

m/x 8A7- (MHy-I2()3§ter (640 ng, 1.12 mmol) in di oxane (11
m), 3N HC (11 m) was added dropw se at 110C. After
1 hr H2O (25 m) was 20 added and the m xture
extracted with Et20 (3x4 le 3bhe aqueous sol ution
was concentrated in vacu g&g_rilmiod_e3 fied by anal yti cal
(1L C(4-€ dorebeszaw)-ainine-d o3+ ¢amhoxy Gripynoxy Yrenayniethylboronic
solid in 3%yield. ESI-M n12d346 (M+H20) +. Exanpl e
33 25 (1
R) - St l\@yrbmh@msynzl ﬁﬁhmbéﬁzéglah%)& hz/d '9¢fihBthyl-

enzyl -meth bor oni ¢ i nt hesi s of

3, Socikan Brs- HEYCIOIoot. A DL Trierod eiingl] 2omethoxphenzeie acid

terfbipvigetel” SrEpSrel RGR2 Wity S @i ety graiora-4-bora-

tricgslofs. 1. PotYjaeed-yirwthyl)-benzoic acid tert-butyl ester and 4-chloro-
2- Met hoxy- -trimethyl - 3, 5-di oxa- 4-

-bewyécmqr@ycfpﬁ?wmg tbedzoe?@'ér@ qewkb@sinwfateae?n«zfoli&araelecﬁ The

cru %réroBHEﬁ/\lv?ﬁz)hﬁhearﬂ) Jh?r’ﬁ)ﬁ 6%%@%8?\% [ﬁe I1:))(33 silica gel

oW ng proce ure describe
(Et®AcTHexane,d20: B0 pdvittownee p 8% iyield of prddusdt. (ESMVIS m/z 568
I&B,r omatography [Rf = 0.22, silica gel (EtOAc/Hexane,
(M v/iv)] to give a 26%yield of product. ESI-NM
g és&g& 2( WEW (Y2 RIS ZbI)-8MmiREH -52€3P861y.21 06
hyda)omy)benmt-nmtwlemmnp agitdnorala (s@ltdmrmﬁ@»[am -Chloro-

PRI S0 5 Er sy R e ofa 2 bia Fafiol8 1 b7go8t 4-v-

eth9f]12f-h’f&hd5bk9-b§nzc§c@c1d tert—butyl ester (5640 mg, 1.12 mmol) in dioxane (11
I oxa-4-bora-tricyclo[6.1.1.02, 6] dec-

mi)q 3{N w%(hyml)waﬁﬂsid@darpavw%a at Q@ Afeed hr1h® @ ml) was

cod AL 1yl RS . RSP Gr bol  on
was Izclenm_anlraieel /exxgcaotaﬁi pwmfge&w anaBxisal IHP)_C tﬁpviqgeﬁg f
solution was, concentra in va urifie .
resSitat ¢ BRPURBES 4 BRP ARt Ao HEW e EAMEMIZ AR AcH:0)".
as a white solid in 11 %yield. ESI-M5 nlz 342
(MHH20 +. 10 Exanple 34 (1 R)-1-(2-net hoxybenzoyl
ami no) - 2- (2- hydr oxy- 3- caExarynté188y| ) et hyl - 1- bor oni ¢
d e f(r)o inQ:1=(3-c rbpxy Z,hydrpx.y)benzvl methylboronic

tricyclo[6. 1. 1 02 6] dec- 4- yb&gthyl) ben20|c aC|d
tert-butyl ester and 1.3 eq of 2- 15 net hoxybenzoyl
chl tepid. BynthesispfihMeathoxyd{2-(4emethaxydenzopiamina-2-

(2,&,Q-tTnﬁethyl-3,5-d|oxa-4-bora-trlcyclo[6.1 .1.0*®]dec-4-yl)-ethyl]-benzoic
acid tert-butyl ester. Prepared from 2-Methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-
bora-tricyclo[6.1.1.0z'e]dec-4-ylmethyl)—benzoic acid tert-butyl ester and 4-

methoxybenzoyl chloride following the procedure described in Step 7 of Example
3. The crude product was purified by flash column chromatography [R; = 0.22,
silica gel (EtOAc/Hexane, 40:60, v/v)] to give a 26% vyield of product. ESI-MS
m/z 564 (MH)".
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final product was purified by preparative HPLC. ESI-MS
mz 342 (M+HO) +. Exanple 3§57(1

WOR2002/0621hydr oxybenzoyl PCT/US2008/012706
ani no) - 2- (2- hydr oxy- 3- car boxyphenyl ) et hyl - 1-boron ic

20
QF oxyt:>/£!$)[)£1 @CML{ ryet}ehnqoyé) -amings1-(3rcarhoxy-2-
hydroxWbén{:ﬁIs&\eihQQbﬁime afbml e & sb)utivangf@- Meal@oﬁy 3-[2-(4-

tert-butyl ester_and 1.3 of 2- nmethoxybenz
e HPHPPOEOYIMIB Ag2 e e o e Dok e AalBr i 97 Idec-

4- yhgc-itgﬁ] Egp&?}%%m@"t%@%%?%%%%@ %Xﬁymﬁfo?)o@ (ﬂ%{;lé{ﬁe (4 ml), 3N

HCR(4 nmx Wabhatdidexydrepadsd at #1070 - AfeB1 mn—wwszm)ywasnﬁﬂbd and

hyl b |
the3 e ayrates with 0 Bkoband oy Aoz schtior was
coﬂdériﬁ%ftéli’ Prr 3a¢§deéﬁd %uﬁﬁ@@'b? arfdipes pIFi-C io givetdmg of resultant

dec-4-yl) -et hyl 1 benzoic acid tert-butyl ™ ester
comgound asmwyh)te sphidpado yieldeESIHMS dn/izrB342«@MHQ)B, i n
DCM (9 m.), BBr3 (2.4 nm., 1 Msolution in DCM was
added dropwi se at -78C. The mixture was stirred for 2
h at the sanme tenperatur ExhAfie 8armed to room
tenperature. After 4 h the reaction was quenched wth
(IR} (2-msthaxnybenzey| amieoyiZk¢2:hydrexyr3earbexyphenylethyl-1-boronic
2009/ 064414 88 PCT/ US2008/ 012406 with Et20 (3 x 40
nm.). The aqueous sol ution was concentrated in vacuo
andPrgpared ifretin Qymﬁtlﬁmytiw(ﬂ Be9- Hﬁh@thy«}&ﬁ-\d&)xh?-mr@f
ich Pt AT ARSI eT S v e astbiest so| Ster el Feq of 2
meﬁ)mfybéﬁ %h%ﬁ&@ﬁﬁl%Wﬁ§méﬁaoc%dﬁ?e H¥Q&|?B% i EERBIYEN The
boron ic “acid Prepared
fmaa-pmdlmi)wasap(laf@j by tprepatatiye -HP15C diESIéM8-rotr 342 (MH-H,0)".
tricyclo[6.1 .1.02,6 ]dec-4-ylnethyl)-benzoic acid
tert-butyl ester and 2 eq of N 10 acetyl gl ycine
foll ovvi ng the procedure gggﬁfq]@gg in Steps 1, 2 and 3

of nple 12 while the reac |onterrperature was kept
(1R)-1- tzehydr@vaemzo\ﬂ anning)-3-(23hdroxy3tcarbexyphanyhethyl-1-boronic
purified by preparative HPLS: ESI-M5 mz 307
(M H2O) +. Exanpl e 38 15 (198871

- ( 3Pmrawe@wma2qmbmxyoe «2,9( R trinviethyk; sadmmbbm-enyl )
oni¢c acid formate salt Prepared f

ticyCIRiA. hoxy KA/ BRI INGERgC SCaL tarbRAbREBST and 1-3 eq of 2-
methoxybenzoyl chloride following the procedure described in Example 18. The
final product’ was purified by preparative HPLC. ESI-MS m/z 328 (MH-H,0)".

Example 36
(1R)-1-(4-Hydroxybenzoyl)-amino-1-(3-carboxy-2-hydroxy)benzyl-methylboronic

acid
To a solution of 2-Methoxy-3-[2-(4-methoxybenzoylamino)-2-(2,9,9-
trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1 .Oz's]dec-4-yl)-ethyl]-benzoic acid tert-butyl
ester (225 mg, 0.4 mmol), prepared as described in Example 33, in DCM (9 mL),
BBr3 (2.4 mL, 1M solution in DCM) was added dropwise at -78°C. The mixture
was stirred for 2 h at the same temperature then warmed to room temperature.

After 4 h the reaction was quenched with water (50 mL) and the mixture extracted
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tricyclo[6.1.1.02" 6] dec-4-yl nethyl)-benzoic acid
tert-butyl ester and 2 eq of éaoc- bet a- al ani ne

wo edobowi4ng t he procedure desc% bed in St eps 1, PCT/HBI08012706
of Exanple 12 20 except that the reaction tenperature

: 7

with £0 635 40 K3, LA SIBOHTWAS el difud dnd
punifies] by pteparativeHRUC poigivei ’@mgmf lsuftanpesrapourd EBlzOwhite

usin ol. vent s buffered W|th 1% formc acid.
SOk, MSh IO £ M MEEH28 (PSPl o 36 (1

R) - 1- (2- Am no-t hi azol - 4-yl ) -acet yl am no- 1- (3- car boxy- 2

- hydr oxy) benzyl - met hyl boronic acid formate salt Step

1. Synthesis of [2 (Trit Zxampl@8Y- t hi azol -4-yl ] -acetic

I

ethyl-1-boronic

nnDIe), 30 d||sopropylethyg@alne (3 0 nL 117.2
mol e), and trityl chloride (5.3 g, 19.0 mvle) in 70

L Breppoed feem Srinethaxy: 32,9, aymethdsh-dine-4dosa: t he

oy BV B ReC B AR B PRE SR o BTy BRI HbER 6B VT

acéty\rgtytmlé fdllowan@ the bfddé@ur@'ﬂé@@’rﬂﬁé@ﬁf@@ps%@ and 3 of Example
concentrated 1n vacuo. The crude groduct was

2 whils the seactinnetereperatue was kgptatg8aCdar 24¢invgtep 3. The final

pf%%%%‘%ﬁ%ﬁséiof B PLE s R S AR

product as a white solid. Step 2. Synthesis of
[2-(Trityl-am no)-thiazo|l-4-yl]-acetic acid. A
solution of [2-(Trityl- E?SEBMMOI 4-yl]-acetic

( 1R‘§'1d(3'r§ﬁﬁﬁ$pr%%'éﬁ6y|€a%nﬁoﬂ2 (3-rariroxy-BrRd rBdxy R HVAREyI1{1%oronic

=) and I N aqueous NaOH (20 m -) was Stirred at
arrbl ent tenperature foacikBfonmateisaltg this tine the

| t t f | t
aabieiad Tiin gt i ARSI Ae b5 The
tricPEIBES . dﬁ@]@éc—ﬂ@ﬂn@fh)ﬂ) beRr£bit @chttekt-Butynesfdrdad 2 eq of Boc-

resulting in a white precipitate. The solids were

betacalarieedalloying therriereduredesesipediin (Btaps dv 2and 3of Example 12
exépe:iSO #Patvtﬂg YQat r?{efnq €] |a¥uc[%2f§? Sgépg %@vé ?&&ﬁeﬁ lt(r) ]g?adually warm

ct as a esis 0
frod-{782C 2o (307 Triover thmgbeﬂ}ryldueimhtr}d a'ﬁh@(ﬁha?product was

trimethyl - di oxa-4-hara-tricyc|
obtég@d@fw)mgtfwe '?n%v W@Pﬁ@@vedéﬁkel ysing ﬁe'V@@Fs{ bﬁﬁ@rﬁd with 0.1%

_ el %ﬂ% +1__4m_ 21.8 mol) in
for@ﬁt{@%?o%THg‘/r%%Eﬁ?_ undef argon at -100C [ MeOH,
lig. N2 slush 15 bath], n-BuLi (8.1 nL., 2.5Min
hexane, 22.2 mvol) was a ded (flr wi se and the mxture
was stirred for 30 mnute (12 m-) solution of
21t hpoandinotRiaoP4tyi)- H@étbhdmlao 1-(3- carboxv 2-hydroxy)benzyl-

5- di oxa- 4-Dbor a- trlc clo[b6.1.1.02"6]dec-4-yl methyl)-ben
zoi ¢ acid hylboronlc acid formate salt

Step 1. Synthesis of [2-(Trityl-amino)-thiazol-4-yl]-acetic acid methyl
ester. A solution of methyl-2-amino-4-thiazoleacetic acid (3.0g, 17.4 mmole),
diisopropylethylamine (3.0 mL, 17.2 mmole), and trityl chloride (5.3 g, 19.0
mmole) in 70 mL of DCM was stirred for 4 days. Water was added, the layers
separated and the aqueous layer extracted once with DCM. The organic layers
were combined, washed twice with water, brine, dried (Na;S0O,4) and concentrated

in vacuo. The crude product was chromatographed on SiO; using a gradient of
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tert-butyl ester (6.73 g, 16.81 nmol) was added over a
period of 20 mnutes. After,40 m nutes the cooling

watohoasss r emoved and the nixdure warmed sl owl BCT/US208/012706
OC. After 2 hours the reaction flask was cooled to

1o B 0BT EoAcHorde Wil SRR e

‘prodoctras awkitesolie gradual ly while stirring overnight.

h . 6. 49 d
N1 0B1eR Hesybihesisirz itritu-ninnol kol Aoy Faetic Bcid. A
soll R 1y PR NIz 4 v D Buc BpE mEFestris0 f17.25
mnolek trhethansd! (80 (k) and- tN ageebys NaGHJR0ak Ywhsstirred at

ambleri¥SnPeRitiia Tos 23 by Ruring tis g the SOISonOVRYS Fomeh sy to

hom@géﬁeaué eWatePWa¥! adRfddednd HeEoMHbAERtrabPWIEP WitAl L, 0.
dry round bottom fl ask under argon containing

The aqugeus Jayer ayasagidifieddeqH 4- vyntl] 3R] eesadling inda whisem

pregg)q agei,d) ?’@@%@%g%%r??@eﬁﬁ@t ti\gﬁliﬂfﬂﬁhbﬁ)asagg wAfgaZ\é%lyé? "ahd dried in
vadud ﬂo@ﬁ&ﬁd@S%T(‘QO%) df the titke. J&oﬁ‘ﬂbi as awhitesolid. xt ur e

stirred for at 0C and then 1 hr at room
nﬁ@%§u§¥“th‘b‘5'§mf§ 2522 Pminacthiazoldsylagetylaminpl-2-
(2, §’§ L%S‘lﬂoxg-lpﬁbg ﬁﬁc%cl%{l;@ﬂ"w B%%akc- ggﬁ-et -2-
Cc00 |ng ath was renoved an e reaction at

metboxy-tenzeiatcidtertiutyl @stert e aslagdroas GlsClg (rencrir}‘ledm .8
ith O (75 9/ 064414 90 PCT/ US20Q 706
m%h'w%vﬁa%ﬁggg& Ly Ae AraRT gt THO R IMESH bas N Slsh
)n th?(@?m NEGM B 983%ine, L2YE Y Waistaddey SMﬁﬂlee and the

O4, and concentrated 1 n'vacuo. PUrification
mlmur@swasanuad fon 80 mainotgsa phyl Hin (12 hilgsaftion G&Z-Meﬂhéxy 3-

S TPt G 5 Bl i o

tertSb i eéfsr (8.73% 2A6(HimmolPeis 4ddery BY&es iperish of 20 minutes.
(2- Am no-t hi azol -4-yl)-acetyl am no-1-(3

Aﬂéfa‘l‘ augutssﬁper@pwgémfywawmmw the ewiture wamaed slowly to
0°CHtler n{@ﬁ@rﬁft@% rEh8in AadbWALR6Td f5 (7cLHMDS (18.5 mL, 1M

in 'Il'kd)b'(,a’f&iibn:’rmﬂ wasmbﬁbﬁsldwly 4 ﬂried@smtlam éolﬁ?éﬂwr?slwaréned to
am no) - t hi acetyl am no} - et hy e
rools InEbaiate GAOUBl wha\@ssmérﬂniﬁ%ﬂewfﬁcﬁmﬂw%wq{gﬁt(ﬂeﬁ mL,
16.200RRIYGadl8aAEL R0 T, 8 TRLGIdh ?drufjﬁ R EGtne
preparative PLC u3| n vents
tentpﬁraturedmm thlanffor frincatarooth te:mgenaéuﬂao AwglsosﬁtagesuﬂMSnndicated

o RGP MBS o hres S ighSia b 2 545
tncy?-ab[m) 1204, 81ducda gxy2-BrigstAprHamAthineY RihyILbERZAB acfd tert-
butslcclester intermediate.

In a separate dry round bottom flask under argon containing [2-(Trityl-
amino)-thiazol-4-yl]-acetic acid, dry DCM (50 ml) was added. The content in the
flask were cooled to 0°C. NMM (1.6 mL, 15.12 mmol) was added followed by
HATU (4.1 g, 10.8 mmol) and the mixture stirred for 30 min at 0°C and then 1 hr
at room temperature. To this reaction mixture was added 30 mL of the solution
from Step 1 dropwise at -20°C. The cooling bath was removed and the reaction

stirred at room temperature. After 2 h the reaction was quenched with H,O (75
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Prepared from
2-met hoxy-3-(2,9,9-trinethyl -3, 5-di oxa- 4-bora

W eooeped4of 6. 1. 1. 02' 6] dec- 4- yl et hyl ) - benzoi ¢ arCTUS2008/012706
tert-butyl ester and 2 eq of 2-(1 H 20

U P 2 238 P85 LY IO S ORCRISEAIHNS, g pmbinec
orgraewa:tayers Wer@elned over W@g@ncﬂtcn&&t@té@ in Ratuo.nPGrifigation
The final product was gbtained afte Eu“ fication

by 6§s'@.cebﬁwaphmam68pfeepn seicargel [Bas & @piHexane, 60:40,
IVERRTBIEA £04, 8005 reuiagy comppun s paleyelgn sl incl e vield

ES)-MByh/zBUI2o\iH)'c acid formate salt Prepared from

11 YRR & Bvnthesis of ARt S ming sz ahdkagendamino-1-(3-
calttﬂﬂy-blﬁybd roR§Y5EnANmétiad be‘oﬁR:CaclaofoGHéQé %%Itf qb}éb‘éﬂr@@ from

procedur & descri bed in Exanple 12 excep g
2- Met@oxv&a(a EhB&-tinetbyl-3,5- @pap-@bmtrmyw{@d t. e ]dec 4 yI) -2-{2-

2N - Arch B e boniey Gl hr it 1<3-BEhT ESter and

BCRY Ifcblfdvﬂﬁg e ﬁkbbed@fré RREafibaE® |d‘Ek§rﬂp>$é BY 9@ drﬁab-zproduct was
buffered wt 1% formc acid. ESI-M5S mz + 65

purifigd Py oyepgrative biRld4 ysingosolvents sitpoed withAfosmicseitdhie give 10

4 0
st pSyltant compoynd ps awhite solidin 3% viel: (ESEMS miz g (k-
H,®Y) benzyl -methyl boronic acid formate 5 Step 1

Synt hesi s of

3-[2-[3-(tert-Butoxycarbonyl am no net hyl ) -

benzoyl am no] -2-(2, 9, 9-t gy lyo3. 5- di oxa-4-bora-tric

ycl 06. 1. 1. 02' 6] dec-4-yl)-= =2- met hoxy- benzoi c

(1 Ia): il el Pyeazolbluy vhcatglt amindprde (Zrhedroxy edvc aridxyhberylBethyl21-boronic

9, 9-trinmethyl-3, 5-d

i oxa-4-bora-tricyclo[6.1.1. @%@6] dec- 4-yl net hyl ) - benzoi

C aPrébarbérfFOTﬁthr)ﬁletr&%@yeiB (2/999-trimethyl-3,5-dioxa-4-bora-
ert - B% oxycar bonyl’am nonet hyl ) - benzoi ¢ acid

trlcvelplﬁamn@ i@ewreylmeéf@)éhbeezc@i@md testibutyl gstgs a®do? eq of 2-(1H-
py%ﬁﬂpﬂwﬁagétécné??gf?ggﬁﬁ%Dih%%%éegﬁrse %@%’Jr é{g’del éﬁépgl a§ and 3 of

Exdmp@At2 Wehilarthe reé@flﬂrﬂtembe’r)a]turbqfvais kepaam% ﬁirdz Bfin Step 3.
product. ESI-M5S mlz 663 (MH) +. St eg Synt hesi s of
Th? ilpgalgro@ycgwﬁdqpéglﬁ?p)aﬂ%mwgmm ypf@garatlve HPLC ESI-MS
€ roxy)benzyl -nmethyl boronic acid formate.
m’%?lggred?'%bém 3-[2- 15
[ 3-(tert-Butoxycarbonyl am no-net hyl) - benzoyl am noj - 2- (

2,9,9-trinmethyl -3, 5-di ox
4 bor a-tricyclo[6.1.1. OZEé?ElQée—i—yl ) - et hyl ] - 2- et hoxy-
(1RRAZOLEMHI RS ik Yk 2-BFH Rdxy- 3 riidydheh@he®yl- A drBRic acid

procedure described In Exanpl € 8. The crude product
formate salt

Prepared from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1.0*®]dec-4-yimethyl)-benzoic acid tert-butyl ester and 2 eq of Boc-
glycine following the procedure described in Example 12 except that the reaction
temperature for Step 3 was allowed to gradually warm from -78°C to -30°C over 2
hours before quenching. The final product was obtained after purification by
preparative HPLC using solvents buffered with 0.1% formic acid. ESI-MS m/z
265 (MH-H,0)".
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was purified by preparative HPLC using sol vents
buffered with 0.1 %formc ag to give 10 ng of
w0 e®aleand conmpound as a white solid in 4% yi ePdI/US2008/012706
ESI-M5 mz 20 341 (M+H20) +. Exanple 43 (1
R)-1- (2, 6- D chl or obenzoyl ) - am no- 1- (3- car boxv- 2- hydr ox
y) benzyl - et hyl boronic acid 25 Step 1 Synthesis of
3-[2- (2 6- Di chl or obenzoyEx a]_'rrm -(2,9, 9-

hoxy ben20|c aC|d te 60“ : J: e Frﬁéte Prepared from
2I\/lethoxy-3(299t$r '

di oStept1 kSymthems:pf: Bd12€[33(tertGBut§Wboylylmhh;d-)neiblyt)e

d hl
benfoRminof 228 Bt Rt S aatioka dBof-RevcIoR B |2 Jec-4-yi)-
eth@i]- ﬁ%&ww—seﬁzomh@c.art@dﬁbamwér V‘P?eg:%’rédfﬂcﬁﬂ ZbMethoxy 3-

|"ash col urm chr omat ogr aphy E i ca

(2,9 Bttimethgxd fedioga-driooravirigy§loftr 1 di Qzeslréeqc4%lmeélnsd) genzmc acid

tenpﬁtggp%tfﬁ ggb [% @’Eﬁ%@o&%@r&%‘}laﬁﬁ%@%&@%& c]sd Pollowmg

theqﬂbb@durezdéwib@wh [8t8p\3 ofMEXdpleoss. Ol’lfh@ cradl€ prdduct was
solution of 3- 2, 6 WO 2009/ 064414 9
purgier/ %ﬁ@%pem@e rwa@sramb%maﬁﬁamhpﬁ as) (EtQAc/blexane,

307 SRR B2y dietp o pradtsy. SIS miz 863 ()"

4- yS)e;EEhsyhtli’emtdfc(xR)be(&-amneniethyli)lcberizdwanﬁnbe‘r-(&

cartaXc 2 Byl X P Rl BT PrPBiRALis FRTmatse: Pregied from 3-(2-
[3- qem@m&w&?béﬁyléhﬁ«% Hthyi) *beﬁ%o?l%%uﬁ?]{l?-(k, , %ﬁrﬁbﬂiﬁ 3,5-dioxa-

hen warned to_room5 tehperature
4- bpe%rmqy@io[ﬁalﬂ Haeldesettyhiethyhatroethosg- bﬂ_r)zomamdhert butyl ester

extr ted w T

ang Bta. Teiowing s Padkdute etk b Faalirle g r The BB, Sroduct
wa$ baﬂﬁé@bly\fﬁeb@#éﬁvbmBL@%&n%ﬂoQ@nfseE@ﬂfér@GtWIﬂOW}G FerrAie acid

a white salidin 4%yield SI-M5S m z 381(M—|—H2%
to give AQ4ngIof rqqul(@tgpmpqupd,ﬁ Ayvhite solishipl 4% yield. ESI- MS m/z
34#& ﬁ" z8{+e- 5- car bonyl -ani no) - 2- (2- hvdr oxy- 3-

0X p éenyl )et hyl - 1-boronic acid Prepared from
2-met hoxy-3-(2,9,9-trinethyl -3, 5-di oxa- 4- bor a-

tricyclo[6.1 . 1026]de& | met hyl ) - benzoic acid
tert- butyl ester and 1.3 Aéaﬂy@iii 15 net hyl - 3- phenyl

. ) i\ Oer.
pl ace of BBr3 and the methgtbtqromctee:ld)erature for the

- aoetes L SBaR ofdia e Bk abe BBl 48 °

tnrMéﬂwfllﬂ,sfdﬁbxﬂll-bBr@@n@yclo[G 1.1.0%>%]dec-4-yl)-ethyl]-2-methoxy-
benzoic acid tert-butyl ester. Prepared from 2-Methoxy-3-(2,9,9-trimethyl-3,5-
dioxa-4-bora-tricyclo[6.1.1.0%%]dec-4-ylimethyl)-benzoic acid tert-butyl ester and

2,6-dichlorobenzoyl chloride following the procedure described in Step 70of

‘ Exemple 3. The crude product was purified by flash column chromatography [Rs

= 0.33, silica gel (EtOAc/Hexane, 30:70, v/v)] to give a 17% yield of product. ESI-
MS m/z 603 (MH)".

Step 2. Synthesis of (1R)-1-(2,6-Dichloro-benzoyl)-amino-1-(3-
carboxy-2-hydroxy)benzyl-methyl boronic acid. To a solution of 3-[2-(2,6-
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preparative HPLC. ESI-M5 mz 392 (MHH20O +. 20 Exanpl e

45 (1 R -1-(2-(1, 3-d i oxoi sainhdol i n-2-yl)acetyl
W@nimoy4424 ( 2- hvdr oxy- 3- car b%phenyl ) et hyl - 1- BOT/UR2008/012706

acid Prepared from

DichITBbARE Aoz (2 ol B3 PO ATOr2 ¥l e 1.1.0° dec-
4- yl)easthyli)@t-lyieﬂe@tyemmnﬂc Acikteot-byl ettph@mhgjjl,)mﬁgmmpl) in DCM
B B . PRl R s Bt e R
mixeliPwas sTh'%dfbe‘Q'h SI _@%ﬂﬁ%g&#ﬁthf@fh@?ﬁhéﬁh@&' t@YoorPe

preparative HPLC.
temgeraturk) After(4 b dhveredctios-was oepthed with water (50 mL) and the

mi)g@{gdg% %cégéé(ﬂm/ E{;ﬁ%@g 40 ox¥Rhen '% hs\éllutlon wgé 2OhCentrated
in Vadit K ul?rﬁéc?bgg% drafi®é MP1-G & gflied tndl oPRstitant compound as

tricyclo[ 6 5l{%]ec4 Imsthl -benzoic acid
aV\tmtetSQildtlpm%yueid MSang3%t (MB-H00Y).064414 93

PCT/ US2008/ 012706 i soxazol e 5-carbonyl chloride

foll owi ng the procedure described in Exanple 18

except that BCl 3 was useBxampi gge of BBr3 and

reaction tenperature was kept at -78
ik Nramlehﬁpearmavlmammo):a (thVdTOXY 3-

preparative ggrbmhyﬁvlﬂétﬁy?’qeb&WCWJ’ 5 Exarrpl e

47 (1 R -1-[3-(5-methyf=t
1, ZPﬂarmrad ifeono [2-1Betigxyb®(2,8yd-trimethyd-315-(bxasd thoxy- 2-

.hdox | -m et roni.c ac Synt hesi s
tricyiolsd {i Fedge e e B R ARG Actch o5t By Sater 90 b3 oot 1-
meYH))I 11H -pyrazole-5-carbonyl chloride following the procedure

am no]-2-(2,9 5 trimethyl -3, 5-di oxa-4-bora- trPcyc of6

describedan @xaaatplézrl%/excmt tigaa] BGhnwas osedird pta@etoftﬂﬁryland the

reag?‘cérﬂe 'iempé%%ﬂFeePorftﬁé’ E‘nnal sl\{gp wad aﬁo&ed ?0 gracsually vw%n from -78°C

to 30%@ &febqrmdrglb“eweodlferﬂchln@ﬁﬁbdm@ ArodureiWagl furthenpatified by
c acid tert- butKA@ester and

preparadivedd RLC- [ESEME 8Yad92AMH-$20)) - benzoi ¢ aci d
followi ng the procedure described in Step 1 of
Exanpl e 39. The crude product was purified by 15 fl ash
col um chromat ogr aphy [I?Exaﬂléa silica gel

Et OA xane, 40:6 v/v ive a 15%vyield of
E)rod )- 1 do (I) ? agnino)- 52(2-hydroxy-3-

(1R) - 1-[3-(5- ”E'bg)ﬂgi'%%hg @%ﬁgfjﬂf&ﬁbn% ﬁ% benzoyl am n

0] -1-(3- carboxy-2- - oron ic
aci dreprreg fromal 2fmethaxyNe{2,8)8trBnethyl-3,5-dioxa-4-bora-

tricyclo[6.1.1 .02'6]dec-4-y|methyl)-benzoic acid tert-butyl ester and 2 eq of N-

phthaloylglycine following the procedure described in Example 12 while the
reaction temperature was kept at -78 °C for 2 h in Step 3. The final product was
further purified by preparative HPLC. ESI-MS m/z 395 (MH-H,0)".

Example 46
(1R)-1-(isoxazole-5-carbonyl -amino)-2-(2-hydroxy-3-carboxyphenyl)ethyl-1-

boronic acid
Prepared from 2-methoxy-3-(2,9,9-trimethyl-3,5-dioxa-4-bora-
tricyclo[6.1.1 .Oz's]dec—4-yImethyl)-benzoic acid tert-butyl ester and 1.3 eq of
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[2-[3-(5-nethyl-[1, 2, 4] oxadi azol - 3-yl ) - benzoyl am no] - 2
-(2,9,9-trinethyl -3, 5-dioxa, 20

W@ 2090064414 | cycl of 6. 1. 1. 02, 6] d¥%- 4- yI ) - et hyl | - bRERUBL08/012706
acid tert-butyl ester and BCI 3, follow ng the

soRRgSIE b REERS by BfPe IR Eoos g s RoRy R Fkbmple 18

exdsaﬁuhétGBCIgOna@Qséd nﬁ@l@eWﬁf{ZBIBréXwid l‘éalcﬂoﬁct’em)zserétdre was kept at
a
-7&5330 ior(%hrfaf B}%ﬂma{ SheR| }byrfml ﬁeadaicé w&wpfyedaw REsPerative

o Egm(,.g,?,gx,%omp{q%@)yl met hyl boronic acid Step 1.

esi s
2- Met hoxy- 3-[ 2-[ (6-nor phol i n-4-yl - pyri di ne- 3-

carbonyl ) - am no] - 2- (2, tri yl - 3, 5- di oxa- 4- bora-t
ricycl o[6.1.1.02' 6] dec- 4%—9&91%4—9& hyl ] - benzoi ¢ aci d

y y
] dec- 4-yl et hyI )_\mmbﬂ‘drmetmmorobmamd ester and

or 0Bk e SVt PP ME By BT metn T Bale a5

yl)m anFin gz‘ 9@tr%efﬁﬂ@5%ﬁﬁ%6%4ﬁéy%&6 .1.1.0%%]dec-
PCT/ US2008/ 0127 col urm chromat ography [Rf
4-yi)-ethyd]l-Benzoia apid tast-huty! estepoPreparep frang- v@thoxy 342%9.9-

vl 8 aBra b FRUER T 005 i P i
butyl eﬂebansﬂ IQ(SlMéthwqy)mémbfawlhyylpbénmlc@c&tfdliowmg the
PreF‘ d from 2-

praced ﬁ%ﬁ'th%ll in t@Py1 9%??%@1%#1%38 JdhenHge)Rradustoyas ppgfied by
fla%t?cglu birl &0 %tgé ‘{'@'0[%2]&23 SI|IC )gel I%tOﬁc/lgexane 40:60, viv)] to

ora-tricyclo dec-4-y enzoi'c acid
glveaﬂé%uylgld dslreduathBCMS m/k@HBc(Mhh)g t he procedure

des gr g{ﬂbam ﬁ.“g-rlﬂezg ude Eg'é’uh {\Qﬁﬂ%gwanﬁmo? 1-(3-

ca%mmﬁggxy)mm rﬁ@’thﬁbb?or(n%o%lw Prepaked] i DIMethoxy-3-

[2-[3 (- W@éfmi[ﬂ @ A}})]@xadlazol -yh)- benzoylammo] 2-(2,9,9-trimethyl-3,5-dioxa-

oY WAL Loy RS Lk BOSH LB M o,

fonawin’g {r(elprbcedwe @emrbe@ |h€E)€arﬁpl’e® NYhe onide p}oca;ct 1«533 urified
(2,9,9-trimeth 5-di oxa-4-bora-tricyclo[6.1,1
by pegparatiys HE ?Iq give %ﬁ}%&@sygﬁanaewdﬂ g&a White yphd in 3%

AVet h 3-(2,9,9-
yleﬁ%tmgrrﬁ?%gg(oxaﬁ]ﬁé ora ?;(l)/cycl(o[G 1.1.02' 6] dec-4-y

| met hyI) benzoic acid tert- butyl ester and

1- Acet yl - pi peri di ne-4-capboxylic_acid follow ng the
procedure described in Eﬁ@gﬁ?ﬁé& Exanpl e 3. The crude
Pr ogdiyRt 1 Y& &rphiolih &dy 10y ridifé3-carbonyl)-amino-1-(3-carboxy-2-

hydroxy)benzyl-methylboronic acid

Step 1. Synthesis of 2-Methoxy-3-[2-[(6-morpholin-4-yl-pyridine-3-
carbonyl)-amino]-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0>®]dec-4- 7
yl)-ethyl]-benzoic acid tert-butyl ester. Prepared from 2-Methoxy-3-(2,9,9-
trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%°]dec-4-ylmethyl)-benzoic acid tert-
butyl ester and 6-Morpholin-4-yl-nicotinoyl chloride following the procedure

described in Step 7 of Example 3. The crude product was purified by flash
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20 columm chromatography [Rf = 0.12, silica gel

(MeOH/ CH2Cl 2, 2:98, v/v)] to,give a 18%yield of
W@edoeH14 ESI - VB m z 583(MH) #% Step 2. (1 R)- 1PCT/US2008/012706

- (1- Acetyl - pi peri di ne- 4-car bonyl) am no- 1- ( 3- car boxy- 2

colgrr{}léﬂ{ ?ﬁYQ}\B@%ﬂgﬁegw pgéeihé’é;g QE%?A%/IS@{(%? 2 T@EB{\?U)] to giver
a 29% 9|elld bf prsduct.- ESIME m/z 620 (MH)*
a-4-hora-tricyclof 02" 6].dec

et 1919 B HLRIBAS: raeramlen-gcyldpy@mnq;atgar%ewaramo 13-
ca.%‘le Cr lﬂe pr Cémm'ﬁéﬂﬁﬁlgpl g?ig: Ingf%? |ve ﬁiggéﬁet%oxy 3-

[2 -[(6veorp&otin-4o¥I- pwmmeémarbonplmmna]sZe(ZWuQitanMyleB Sdioxa-4-

o BEIRIALS 1 IO IR eD RV R Al BV ES R 238 ECs.
folléww@ %%Mcbﬁuf@é@@&lﬂe\dein@a?ﬁﬂlb% TRE e f)wgué%%s purified

| owresol ution el ectrospra Ioni zation mass spectral
by prepayativea HRLES to gwe(@yn sesgitant) corppaod as @ewhitd sokid in

&£ S 270 Exanpl es of conpounds of
Oéh\/ée‘ﬁ ToRMY i I EeD) ‘Exanple Rl R2 R3 X1 X2 Y1
Y2 MWMass Spec (mz) 332 1 o H\ aCO2H OH OH H H

349 (MH+ OH H20)+ S HO 332 2 0 HI CO2H OH OH H H 349
(M—I— H20)+ Ho 342 3 | QX_ELQI_F_COZHCHCHHHSSQ

methylboronlc acnd

Step 1. Synthesis of 3-[2-[(1-Acetyl-piperidine-4-carbonyl)-amino]-2-
(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0>%]dec-4-yl)-ethyl]-2-
methoxy-benzoic acid tert-butyl ester. Prepared from 2-Methoxy-3-(2,9,9-
trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%°]dec-4-yimethyl)-benzoic acid tert-
butyl ester and 1-Acetyl-piperidine-4-carboxylic acid following the procedure
described in Step 7 of Example 3. The crude product was purified by flash
column chromatography [R¢ = 0.12, silica gel (MeOH/CH,ClI,, 2:98, v/v)] to give a
18% yield of product. ESI-MS m/z 583(MH)".

Step 2. (1R)-1-(1-Acetyl-piperidine-4-carbonyl)-amino-1-(3-carboxy-2-
hydroxy)benzyl-methylboronic acid. Prepared from 3-[2-[(1-Acetyl-piperidine-
4-carbonyl)-amino]-2-(2,9,9-trimethyl-3,5-dioxa-4-bora-tricyclo[6.1.1.0%®|dec-4-yl)-
ethyl]-2-methoxy-benzoic acid tert-butyl ester and BCls, following the procedure
described in Example 8. The crude product was purified by preparative HPLC to
give 58 mg of resultant compound as a white solid in 25% yield. ESI-MS m/z 361
(MH-H,0)".

Exemplary compounds of the present invention are shown in Table 1
along with respective molecular weights (MW) and low-resolution electrospray

ionization mass spectral analytical results (ESI Mass Spec).
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Example 50

Experimental Method for 3-Lactamase Enzyme Assays

Isolation of B-lactamases. Crude B-lactamase extracts were prepared
from 20 ml overnight cultures with shaking. Escherichia coli cells containing
SHV-5 or CTXM-15, Enterobacter cloacae cells containing P99, and Klebsiella
pneumoniae cells containing KPC-2 were further diluted 10-fold and grown to
mid-log phase (OD at 600 nm, .5-.8) in Mueller-Hinton |l (MH-II) broth at 37°C.
The cells were peileted at 5000g, washed and resuspended in 2 mL PBS pH 7.0.
The B-lactamases were extracted by four cycles of freezing and thawing followed
by centrifugation. B-lactamase activity in the extracts was measured with the
chromogenic cephalosporin nitrocefin. The amount of protein in each 8-
lactamase preparation was determined by the bicinchoninic acid (BCA) assay.

B-lactamase Inhibition. To determine the level of inhibition of B-
lactamase enzymes, compounds were diluted in PBS at pH 7.0 to yield
concentrations between 100 and 0.005 uM in microtiter plates. An equal volume

of diluted enzyme stock was added, and the plates were incubated at 37°C for 10
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amodfingdhe ghethedelagy desaiibed abavea exa@plrepbing ¢Wieitas
invafSH Wele valiatdf st tRER SBARY B fmnfsit B-1aétE¥sedS T Ames. The

results of these assays are summarized in Table 2 for representative enzymes
across different subtypes (note SHV-5 and CTXM-15 exemplify different
subclasses of Ambler Class A Extended Spectrum Beta Lactamases, KPC-2
exemplifies Class A carbapenemases, and P99 represents chromosomal Class C
AmpC), where A represents an ICso of > 1 uM, B represents an ICsp of 0.1 to 1
MM, C represents an ICso of 0.01 to 0.1 uM, and D represents an ICsq of < 0.01
MM. NT = Not tested.

Table 2. Inhibition of diverse -lactamases by example compounds of the present

invention.

comon | #sicn | omtton iz [ g
1 D D D D
2 c B B NT
3 D D D NT
4 D D D NT
S D D D NT
6 B D c NT
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Example 51

In vitro Antibacterial Assays of B-Lactamase Inhibition

To determine the ability of test compounds to potentiate the inhibition of
the growth of bacterial strains producing beta-lactamase enzymes, classic cell
based screening assays were employed. Four bacteria strains producing beta-
lactamase enzymes were used: K. pneumoniae expressing the Class A
Extended Spectrum Beta-Lactamase (ESBL) CTX-M-15, E. coli expressing the
Class A ESBL SHV-5, E. cloacae expressing the Class C P99+, and K.
pneumoniae expressing the Class A carbapenemase KPC-2. In order to

evaluate the ability of test compounds to inhibit beta-lactamase activity,
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quadruplicate, one for each bacteria strain. In addition to the titration of test
compounds the MICs of a panel of cephalosporins is also tested to ensure the
strains are behaving consistently from test to test. Once the test compound and
cephalosporin are added the plates can be inoculated. Inocula are conducted
according to CLSI broth microdilution method. After inoculation the plates are
incubated for 16-20 hours at 37°C then the Minimal Inhibitory Concentration
(MIC) of the test compound is determined visually.

Using the methodology described above, examples of the current
invention were evaluated for their ability to inhibit the growth of B-lactamase
producing bacteria in the presence of a 3-lactam antibiotic. Representative
results are shown in Table 3 where A represents an MIC > 8 ug/mL, B represents
an MIC between 1 and 8 Mg /mL, and C represents an MIC of < 1 ug /mL. NT =

Not Tested.
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A conpound of the formula: R2 Y1 1 z R R3 BX1X2
wherein R is -C(OR4; - ) 5; -C(O) OR4; -S(0O 2R4,
-C(=NR4AR5) R4, - C(=NR4R5) . hydrogen, or is
Whatlieclha@tefii®om t he group consisting of: (a) aryl group
substituted with fromO to 3 substituents sel ected
from the group consisting of hydroxyl, hal ogen,
I sul fonic acid, sulfate,
1. %S‘%%E%T?/%%%ﬁrbﬁ#%d al kyl, cycl oal kyl, al koxy,
al kenyl , al kynyl, aryl, h ierwaryIY, het erocycl yl ,

aryl al kyl , alkylaryl het er oa alkyl ,
al kyl het eroaryl cycl oaI/kN , rgeycl yl oxy,
aryl oxy, het eroaryl ox¥y ami np, carbonyl,

am nocar bonyl, oxycarbonyl, | am nosul fonyl sul fonyl ,
guani dino, sulfido, and sul P¥do, (b) heteroaryl

b t 0
Whgfe ect eg ﬁ(d&% Jte%:e«%NIR Es’cg@)st [ hggﬁﬁﬁﬂdwmsm‘“
C(#MR@QN,&&[ bwhy:lgencpamoselectledo‘romﬂbéfgwmm canmdtmg of:

Zlmk Ve tQ:ﬁ??HTglsgﬁ\{@H{;th wétg yrom Qgpg glépé?{uents se¥ected from
het er OCYfHé/J;rou%r é’drﬂt)léﬂﬂg of rﬂ}df&kyﬂrﬁbloggﬁt 85%5(W %{/5&(6 thiol,
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aryl oxy, suléqryﬁ@gwmgﬁgte aptinoally aubstityted: aIkyI cycloalkyl alkoxy,

o o BRBH, ARSAGE AN BT R A iy,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryldxy, hefefoéryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(c) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,

sulfido, and sulfoxido;
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alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido, 7 7

(d) heteroaryl group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
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heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
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(b) C3-C10 cycloalkyl any carbon of which can be substituted with from

0 to 3 substituents selected from the group consisting of hydroxyl,
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sul fat e, {)tlon? substit ut ed: % cycl oal kyl
al koxy, helereay a'kléll "R%W‘Ftefﬁﬁw CYFé‘? I‘%)f ete"OCYC'VIOXYv

net erocYalyixy %Yér%'amal ArfinbaEXtoon %‘rﬁfwB@ébﬂo@M‘yl

al kyl hete aryl cyc oxy, het er od oXY,

aryl oxy, okytarboayly miryosdionyb sulfanjdpgyamdlno sulfido, and
am nocar boIP(i’ﬂ oxycar bonyl , ami nosul fonyl, sulfonyl,
guani di n®¥ 49, do, and sulfoxido, (d) heteroaryl

gr oy SUﬁé&a‘réé‘ﬁyﬁﬁrd’Md Suidtiimed With foRt0 %6 iBtdiftifuents selected

selected from'the group consisting of hydroxyl,
hal ogen, frear thexgroupsspasistingtafihydroxys haagen aearbioxyl, cyano,

Z:Jlk];i;e etﬂ?@ %BFC% é%ﬁ%%ifﬁfh ﬁ%ﬁbﬂ§{3}<¥%%st§¥t@do %M(yy cycloalkyl,

het er ocyalkpky, @lkahﬂl hbk'ynil awtyh@tbycbaryhenteeémwyalakwhtkyl
aIktheteroary cycl oal koxy het er ocycl yl oxy,

aryl oxy, akylagylohetgreagylaliyl alsylheignegny)i cycloalkoxy,

quani di nicterecy ER il perBa3IeYL BHiino LABERY
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and squoxndo, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
élkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,

oxyimino wherein any of the carbons of the heterocyclic group other



why@posdsi4 hal ogen, carboxyl,
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(e) heterocyclic group substituted with fromO to 3
substituents sel ected from1toge group consi sting of

yano, thiol, seCT/UR1008/012706
acid, sulfat e optionally subst ituted: alkyl,

cycl oal k 1 .
het er oar y et er ocycf’)'l“%ﬁJje % '%Stér?ﬂe ’5\%@4”&? )C;f)l:nprlse part of
het er oar séa W'mlrﬂi iscdpe Seffiiar ahd sufokida, koxy,

het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,
car bonyl, am nocar bonyl, oxycar bonyl, am nosul fonyl,

led}Li@é RY frofiHed i'ﬁadfy"fthe
car%oné gf tﬁ %Cterorg c c gr up oféh rgvxo 2009/ 064414

109(sACT/ 03206almzm&arbhamf whhictbpan b)etsattisbwted) withefrom O to 3

A e e )
sel ect edhhloyent Bﬁrtﬁxqu Ry&aABSthIdI SGIféHic atry) sma@ oghlsmény

any carbon of which can be substituted with from

3 subst Pubstituteds alledteyglgaliah alkexyralkenyoalksyryli agylof

ati o, sulpist B8 HuaRRYRYL e kB Datg A B

cycl oal kulkylrt&@ayyl, ailcﬂealkbxy Setgrodyclyday, aryloxy, heteroaryloxy,
het er oaryl ,, heterocyclyl, él al kyl , al kyl aryl
het er oar Wummarboaylk?nm@r anpyh OXY.‘%%’PQBWkQWOSU'fONY'

het er ocygl,iyb oty u%d’n@ﬁxg@@é%ﬁ oé‘t?mowg? (F‘? C1(? carbons

car bonyl , amno onyf
sul f onyl conglmsecpanbof s:a«ghaxymnm@roapnsmﬁdo oénd Qelfoxndo

sul ]) &é §9 F&@iﬁ) [y'aﬁxe/p%;aﬂt °Eﬁ1§§;€¢s§§ Ry g@neg With from
car bon ob t9Y Slbstiierts seldidd mh%é/@mpfé&mlst&gt&r Rydroxyl,

substituents selected fromthe group consisting of
hydr oxy| halogenogaihoxyhicyare] thIijatmlfqmc acid, sukatief optionally

eyl oal ktEoiedl AR atRA Aol ikepdl Skyayi, ary,
het er oar pieterbafygrHeteeytlyl, @ffylbﬂ‘lykyailkyléMWnétéBdarylalkyl

heteroarylalkyl al k Iheteroaryl cycl oal kox
het er ocyal ylf@@roa@rlym@alkﬁa distaraayslyoxy, amilexy, heteroaryloxy,

carbonyl o i uaﬁ%#ﬂ”)ﬁhm&&@fﬁgéﬁg XchargﬁbﬂgﬁH{ r{lchﬁ}“cnyl,

sulfonyl I'NO; " OXYyi M no
car bons ethlfdsri)é guaridina, bxylngnom\meleimeany ofthetdarbons of the

ttached t t t
2o 0 oxyPYRRg GoRP Shet s e stpdisd ihe Bt of e
group SUpRiddié @Bmrise S4rPBY Qalﬁcbx}érﬁg?ﬁ%r;?h?egﬁlﬁdo and

sel ected from the group consisti oxyl
hal ogen, selfmidoy| , cyano, thiol,

(© aryl group substituted with from 0 to 3 substituents selected from
the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,
sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,

7ary|oxy, heteréar&lovxyr,' arhino, c';arbonylr, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d)  heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,



sulfonic acid, sulfate, optionally substituted: alkyl,
cycl oal kyl, al koxy, alkenyl al kynyl, aryl,

whedoenerry | , heterocyclyl, QPaI kyl , al kyl ar yPCT/US2008/012706
het er oaryl al kyl , alkylheteroaryl, cycl oal koxy,

het er ocyglyj gmfonlcaJcYA @&Yfat&%&%i?ﬁ%ﬂ%s%yhtuf@a Ay  Sycloalkyl,

car bonyl , "am nocarbonyl am nosu
sul f onyl alkguynalﬁenpl, alkyhyi, doyl, hetbroanyl, fretedayckyt) Jarylalkyl,

Cobet |t Lal B Pelieanvia kyratdibateianc crdakoxy of
R Db 0Rette8eaox MKy, heraaIoxPariiiG) caibeAg, 110

opt i onal amustmtarbbnwt ezdycaibbyyl auyn@adfd{yl,,sulfahkb;gy:amdmo,

| kenyl et I, het Lyl
Ayt ol kyPOTOY os sincse oar vl ai oyt s

al k?é)het ﬁéfé@chth?f@h@%hb@ﬂMted hﬁiheff&ﬁ)(ﬁio% Qubstituents selected
aryl oxy, heteroar am no, carbon

am nocar fierythe gfw@mmtung dmm@wlf%alygensmrb@xyu cyano,

Pt er ocy 9% SYFANE Acih &tiralk Btefly BRBsitdtec; aor. cyotoatky,
Subst | t ugikt salkeﬁwedlkyﬁww hieteroary!, tensicsytyy 20flalkyl,

hydroxyl, hal ogen Yano thiol, sulfonic
aci d, sudkkytasy!, astqreaaalalgwlsau@ ateroaay!. ayqlgalkoxy,

cycl oal Ky ,
h)éteroary r?éw)?oc cﬁ‘&%b? %%MY ﬁ'LM+ carPonyl N
het er oar ahmhé«;drboaylkpkyrmrbonwr ghinasudfongl, [gm*fpnw guanidino,

B LR BGH B i Bl ovor

sul fonyl tha‘ihut‘ﬂ%' %@Qﬂacﬁéﬁ’td‘@h’éore‘é@ﬁ flemabeuid céll?@rlse gart of
carbons of the heterocyclic group other than th

at t achedsaid aXyéminssgroup, shiidopbed sulfoxidapri se part of
said oxyimno group, sulfido, and sulfoxido; X, and X2
are independently hydroxyl, hal ogen, NR4R5, Cl-C6

X4 éh&lW&)bre@ﬁdéﬁ@iﬁeﬁt@h%rbﬁgeﬁélége?& NRIR; XC 1106 Blkdxy, or when

cyclic boron ester where said chain or ring contalns
taken degethep X2 @ndaXntimaa siglicaberongstebwhers saigd-¢hain or ring

coHEIREH 2> 10kl PR afly, b1 TS cr
be @aiNj art®ior whem ItalgarctmgémmSXJamﬂnXZ foron 2Ccyetic lb@romtanﬂﬁe where
ﬂ otlonallg 1-3 et roatorrs whi ch can he 0
said thain B i, CAMAIRSFOTL 2 BB CARAOBAPTRS 3k fPHon@le 13
i f o) 2
het8RiABmATAEn e the G, .e%f?;l‘f*y, oh SoHeArtoBlelier X Ofhd Xz form o
cychaboben amifde-asterSyvhere sgid maichomtagstﬂlwn Zﬁﬂmambon atoms and,

optg%%:l& Cg:?gﬁgtgbqqetéﬁkﬁs\{% l%hrléagl e tl\?“or S, or )? d ?ﬂrtQScher form a
cyclic ring where said ring contains 2 to 10 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, and X; is hydroxyl, halogen, NR4;Rs, C1-C6
alkoxy, or Xy and Rj3 together form a cyclic ring where said ring contains 3 to 10
carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S, and Xz is
hydroxyl, halogen, NRsRs, or C1-C6 alkoxy: ’

Y1 and Y are independently hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
amino, aminosulfonyl, aminocarbonyl, carbonyl, alkylaryl, aryl, aryloxy, carboxyl,

cyano, halogen, heteroaryl, heteroaryloxy, heterocyclyl, suifido, sulfonyl, or



het eroatons which can be 0, N, or S, and X2 is

hydr oxyl, hal ogen, NR4R5, ]1\;1/&6 al koxy, or Xi and R3
WO mg)a)nmlm forma cyclic ring ere said ring CPCIL/HBIV88/®12706

to 10 carbon atons and, opt| onal Iy, 1-3 heteroatons
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o883 et 81, o BVt el MK, sl o 512
carbparatgers, amd,lthionauy:laalﬂetécoaabmwmhldaarbé 0, N,loyragl ,

am no, am nosul fonyl, am nocarbonyl, carbonyl,

al kyl aryI aryl, aryloxy, carboxyl, cyano, hal ogen,
org%ﬂirtﬁ . het er oaryl oxy, heterocyclyl, sulfido,
onyl, ‘or WD 2009/ 064414 111 PCT/ US2008/ 012706

sul f oxi do or taken together Y1 and Y2 forma cyclic

prolath gt yfien G iRt dPoBedss SO Re S § PhRYcgrogp having
M@Eul@stﬁ@éﬁtst&ﬁfs%‘fgg PNy %Q Faﬁhe 2P8&itiBA dndl g gél@o%hc acid at

hydr ogen S a y group havi ng
thes%rpgsltrpuerﬁtaetlvedﬂghegrw contalmpgrYa@nd ¥, Xh@nd X2 are hydroxyl

or R SRV 80 A R S5 98 B B o

a 6amenmbete@xirg isdormidd,| andYd aedyY, archydtobgen! Rplsassd by
the ortho-hydroxyl oxygen of R3 such that a

ungubsdified et Alkyl is forned, and Y1 and Y2 are hydrogen,
R4 is not unsubstituted A al kyl. 2. The conpound of
claiml, wherein R is -C(OR4; R2 is hydrogen; R3 is

2. Jihe corypownd betlaimer, Whegeinur; ewh@(G)IRht &} igvhlybrdgemnR2 is an
aryL 4 substituents wherei e substituents js

OHDE%S@W' SFOLvaﬁt@wagﬁMm?af%a tat4 syrstibuents whergin one of
the' §Jb%ttlh}€§1t%% ahyarGyPYP aﬁﬁﬁé 'r@uﬁ%c%%e@ﬁgth@2 J?(%ﬁn(? relative to

second substituent is a car I C acCl group a
thevgreupiaontaipingeYrmand NG, sod st $eaomdt substituerd|is atadbéxydimacid

o S R o AL e RS R o
coraidtiig 6ftﬁﬁﬁoxﬂ| hdlogeﬁy%ﬂﬁixlyw iyaﬁbk@}’f% s@fdrid¥tid, sulfate,

aIk nyl , het er oary erocycl Ia

optmq}lmuplstltuﬁ@@ st GyapRlsyl, sty naqe@yﬁ@mny a1 heteroary,
het%}[&%ﬁﬂ)l &galmrﬁkgl%mg%%ﬁéﬁ%al% |R§ é}%ﬁﬁ OFJ NSRSy,

heteroayetylbtyg ayyloxg Uhdterodrylogy aamita) Q;arb@lrh)fll dmmcﬁiadbonyl
sul fOXI do; . R4 | s sel ected fromthe group consisti ng

oxygarbenyl, arinesyl fankly subiaRyl cavariding shiffiden apd sulfexido;
substituted wth fromO to 3 substituents sel ected
fromthe group consisting of hydroxyl, hal ogen,

R4 tsasdJested, frapdhe grotp obnsisting ofii ¢ aci d, sul fate,

opt j Qnal tituted:, alk .cycl oal kyl, ..al kox

Pkl CArRIHAR gy e g shipish far e bt ith from 0 to
aryl al kyB,sudkitieRty éeleB@dSFr&%rt}ﬁb%rBMb consisting of hydroxyl,

al kyl heteroaryl, cycl oal koxy, heterocyclylo

ar yl oxy, halegenoearpoxyl cyano, thIO| sulfonic aC|d su?/ate optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the C1-C10 carbons

comprise part of said oxyimino group, sulfido, and sulfoxido,



waeyobssthe Cl- CLO carbons

am no, carbonyl, am nocarbonyl, oxycarbonyl,

am nosul fonyl, sulfonyl, g i di no, oxyim no wherein
332’{)“ se part of sBETIUS2008/012706

oxyi mi no group, sulfido, and sul foxi do, WO 2009/ 064414

112, BCT/ L2008 QI2106) oo 3P 08 B ot wih from
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subst i t uend 3 sustittents fseotéd frogt thepgroupsdarisistingodf hdeOle
hydr oxyl hal ogen, carboxyl, cy anEq thiol, sulfoni.c

aci d. suhalpgen. gationhicygndethinll sy rufaac'aip syifate, optionally
cycl oaI k¥ﬁ1 tﬂh{é‘&xﬁiﬁ éy%fb)ﬁlkyl Féi\rlalk alk¥nyl aryl,

het er oary eteroc
het er oar yemmgnryj heiétqdybbl ezrplaﬂgyll,,allcy;latyhdhétevqarylalkyl

Car bony! Slkakoay ﬁxﬁgé'!sg&ireﬁs@ﬂvcf%ﬁvna&dmmteroaryloxy,

sul fonyl anfikEiHbBRY!, MAihEBarBoM 9*1 rBBbfylofarTﬁﬁ’@sulfonyl
carbons of the cycloal kyl group other than the one

at t achedstlfonyheguaridinet oxwmlnwraralneamoﬂbhhmrpans obthe

d d If |
or oup o BLHPRIPLE e e bitPanBhe Sliacft fonelBhe 8 e
sel ect ednfdl@énletcbm;grsétwart:@ﬂ%@toanwo @Mpowlﬁdo and

hal ogen, carboxyl, cyano, thiol, 'sulfonic acid,
sul f at e, S@Jfﬁxl%,al I y substituted: alkyl, cycl oal kyI

I k I t
et & ey 2 EFOUR snBrifRd withfibm 016 Shaents selqcted from
al kyl het ﬁfeog:roﬂp, cangistingl efchydrokt Iaaloggnl gdnwoxyl cyano, thiol,

aryl oxy, teroarylo am no, car
am nocar%‘cbI ICac E%%WI tionglhy ﬁ%@ﬁﬂtz@ﬁy?'ky&tﬂyfzwyl alkoxy,

guan'd'nrk I'f'l hetdrban tHYRHY alkylaryl
group su stelﬁ '%G ﬁgﬁfr é i?oqgatgﬁf%tc!}fé?x W alkylaryl
sel ect edhefaroanyiabylgakkymem@nandt cycgoaikoxwdwebm;dcyclyloxy,
hal ogen, suIIonlc aci,d

oo PITD alfoRohbterwRRg artiton caciatyl S sttt

al koxy, akyc%lmbnwabwﬁwémfoﬂwIsu|fbﬁ?|eg@ahwlmo sulfido, and
heterocyclyl aryl al kyl al kyl ary het er oaryl al kyl ,

al kyl het ewléaigo, cycl oal koxy, heterocyclyl oxy,

iy y{?j)ézlr Bgfétfﬁ%&% Clg))%ubsqm’lt%g mw@g?éﬁpo rt]o I3 subﬁtlguentﬁ selected

guanl di nfrom md gf;nod:p caonsibtipg| cff(hyldd@wl amlogeu)n carboxyl cyano,
heterocyclic group substituted with from

subst i t uBliels sUépPrRig @&, suifgig, mélog?&\oﬁufe%mgte@t ?H@" giycloalkyl,

QZ%OX%’L I#(?ti’goélﬁgn gﬁgﬁ?ﬁgly Ia%CHé‘l{éE?ara(F r?\'e?%(roc%’!w A1SIkyl,

cycl oal kalkylaryl, heteroarylalkyl alkylheteroaryl, cycloalkoxy, '
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from O to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substitutéd: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyi,

aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,



al koxy, al kenyl, al kynyl, aryl, heteroaryl,

het erocycl yl, aryl al kyl, alﬁglaryl, het er oaryl al kyl ,
wa@bkdoghbter oaryl, cycl oal koxy, ¥ het erocycl yl oXBCT/US2008/012706

aryl oxy, heteroaryl oxy, am no, carbonyl,

am nocar . b ' f I
quani di ne o SOt & EpRB BB heBYhyRIE aroup other
oxyi m notharethel eneaattachied teethearelBbosthef moletule comprise part of
het erocycljc group other than the gne attached to the
rest of PRE GIBNG @%’@nﬁ\dﬁﬁge, BB‘E’lSUHPX'd%i d oxyi m no
group, sulfido, and sul foxido; X1 and X2 are hydroxyl,
or when taken together X1 and X2 forma cyclic boron
X1 asd ef, arkdnyarexyldocwhen taken taggpthemXaand Xorform2 ¢cyxlizoron
carbon ato and, optionall -3 teroatonms which .
estERHaEe SRNEhaln NG coptam fiam Bl RAIPOMARIS By Grtionaly,
1-3 heétBroNBRTsSwRRhEan B ¢ W H DorX £ Snd R,38500Rr #AR cyclic ring
and, optionally, 1-3 heteroatons which can be 0, N,
wheye saidging contamshd tr 3 whrbar addmsiadd Reptienaiiyh4+3 heterpatoms

cyclic, rd re id ring contains to 10, carbon .
whigh A on . 100y End §2 T REE B X BieERa fraingEfoTta cvolc
rindwhlire 8aidSriddg dor&ins 3y do®arbon %lord8&n¥2 opfienally, 1-3

I ndependent |y hydrogen, al kyl, cycloal kyl, al koxy,

hetgroatams whickyaaf be a1y, S ahf ntediaIveRry);
am nocar bonyl , carbonyl, alkylaryl, aryl, aryl oxy,
car boxyl, cyano, hal ogen, heteroaryl, heteroaryl oxy,
A\ ha(fl erfzcaggdhddfapemdrfﬂ_ygwd regr;]érﬁ,mWI, cydloalkyl, bﬂodr)](gipallkehyla alkynyl,
salt thereof; provided that, en S a phen group
amHR/i%"P%'?%'sémtﬂ%ﬁ{%OWirﬁqugMg gﬁ‘ﬁll'ady |, By %&nyatcafboxy'f
e [ -
cydndf nBIgiE, Hefeh Saﬂg'r %%@%ﬁ%&hﬁ%%?%@ aé@g‘f’gx}gﬂ?ﬁ‘ '
sultaxeddhydr oxyl or X, is hydroxyl and X2 is replaced by
t he ortho-hydroxyl oxygen of R3 such that a 6-nenbered
ring is fornmed, and Yi and Y2 are hydrogen, R4 is not
or 485K Bsdrebpt ed Cl al kyl. 3. The conpound of claim 2,
wherein R is -C(OR4; R2 is hydrogen; R3 is an aryl
group having a hydroxyl at the 2-position and a

[ i - - Si L. | ati -
oro SR g 2% MRS AY 8 e Sl st or
hydrexylait the2-pbsititn aad dbearbalglid acitied thé Bhopdgiton telbtivedto the
substituents selected fromthe group consisting of"

f :
groRpEAMFINING %) 8E N 2. &adigXa arechiiexykari X is hydrexdiand Xz is
i ' _ i i . |_ . .
repBCef i S Ee ny AR PRLSh SFR3ULH ReE o Bjrhémbered ring is
formet candtiland Ygaer bygmigen, Raiy hat kysybsiittedC ¥ lalkyl.
het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,
het er ocycl yl oxy, aryl oxy, heteroaryl oxy, am no,

3. TRERVMYPourdIbNAaRH 20 WHereindR Y BALO@NH,; RBR H?&r‘ﬂgfeﬁnﬁyis an
sul fonyl, guani di no, oxyi m no wheré€in any of the C
aryl group having a hydroxyl at the 2-position and a carboxylic acid at the 3-
position relative to the group containing Y and Y2; R4 is C1-C10 alkyl any carbon
of which can be substituted with from 0 to 3 substituents selected from the group
consisting of hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate,
optionally substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl, alkytheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,

oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, oxyimino wherein any of the C1-
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conprise part of said oxyi mg group, sul fido, and
wadbosd4do; X, and X2 are hydroxyl, or X is pPgOUS209$/012706

and X2 is replaced by the ortho- hydroxyl oxygen of R3
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het@ﬁarubhet@ocmw @@ri@ldsuh@"@ﬂawl éiaﬁerparwlﬂ@ybualkmetemaryl
cychogt! ’he ocﬁcl@%@%ggfﬂbx ekec‘ o%R/Ioi\ByAm Eb%%\{’l ng a

OXYy
amtdmaﬁaormsclntyo@nbmrﬁ)la:hnmm)sufthIesglf@mm g@mﬁldlrni bﬁyl}rﬁmo
R4 is aryl or heteroaryl substituted wit

wh%'iem@ovpé the §a8%qnstqféh?§vga gEeyR ey Néargmﬁjgne attached to
the('r@.gfs? rl'ﬁ?@‘c.ul@b,‘%gﬂ f‘gé%‘ox @ﬁlh?@(bupm and
thiol, su suI op

oni ¢ aci ona
sulf;]xiﬂia iXsaret X2 ard lydroxyt Ianzihlqylh,yd&bxwmyld X |keegllaped by the

ort-EY ey Sin L5 SHaR it a Arvsieres Hays Fomed: and Y1 and

Y2 ﬁbé:hmbbgﬁyor WQ,RQAS/RB4414 115 PCT/ uszoos;/ 012706
het erocycl yl oxy, aryloxy, heteroaryloxy, am no,

car bonyl, am nocarbonyl, oxycarbonyl, am nosul f onyl ,

5. ‘THE%%WAOW%’S\P&ISW% WﬂélrélhdF% |sa®((§)lf-'i 2|S Rydroge%n 3>i(é?'an

aryl group having a hydroxyl at the 2-position and a carboxylic acid at the 3-
position relative to the group containing Y1 and Y3; R4 is aryl or heteroaryl
substituted with from 0 to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,



are hydroxyl, or X1l is hydroxyl and X2 is replaced by
t he ortho-hydroxyl oxygen of, ,_R3 such that a

wo20mebared ring is forned; 448 Yj and Y2 ar e pPQOUSIIO3$1012706
or a salt thereof. 6. The conpound of claim 2,

het\é@c% >\§1 a\'rﬁloxﬁ(yr%tgf‘loqrﬁ%e&sﬁpﬁrgf %%?BQny'?ﬁar'nﬁ'H?c%rbgﬁM |
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oxywrbmw amireosutfoayl, sbifodyl, gosmudlrmn suEidat amé suffokide; X; and X;

ro contgi ning. Y1l and Y2; S het er ocycl e
areIPrylLPE R ISRV drORY bRt Xe is se@m‘f by Yampuneygtcond oxygen of
R; fs[n@l'i”tﬁélea Grrﬁé‘rﬁ’\b%PékE iR |§%rﬁed“é‘?l'd°?‘¥%nd ek g?@ﬂrogen, or a salt

car boxyl, cyano, oni ¢ aci

thawnﬂonally substltuted al kyl, cycl oal kyl, al koxy,
al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,
aryl al kyl, alkylaryl, heteroaryl al kyl,

6. El"thddh%&!rﬂﬁbﬁ/élalrﬁﬂc Wﬁ.ﬂréiﬂx% |sh-9¢@)¢§«.}’%¥é A¥drogen; Ry is an

heteroar % am no, car ony
aryhgfm%/@\ba@ﬂ hydmyyieatti @ 2rpositiomesd|a @ﬁftabxyhcsmld@tyhe 3-

oo s ST A ko R RSB s

with &i®m Oftotsubigiitesnts & eledted fiden BRF §rovip @@sabtun@wﬂ Wydiexyl,
group, sulfido, and sul foxi do;, Xi and X2 are hydroxyl

halggei, cargohg,ldfzw @h@q@np%a@lgpp@@g eptianaly SUbS'[ItUX[ed alkyl,
Yy
cr B8RS, ISP Ahorfy B899, o, BUERA NP el B S,
alkylheyl ,elméterdfaryrﬁliejl caulkplbete:foafyl ortwlcraIIZoxw\Ahet@bnyd:lhbxy, aryloxy,
nd is O HOL- 1 HO CO2H, H HO N O B
et Iingas SRSy BRUIAGFADAY! PGPSR SIIONY!,
sulfa?%t' dﬁ@n@ﬁg,/ inﬂﬁ'ﬂﬁo wherdi WWQH@’CQW@M tﬁe%ycﬁ)dﬂ(yl group
other than the one attached to the rest of the molecule comprise part of said
oxyimino group, sulfido, and sulfoxido; Xy and X; are hydroxyl, or X is hydroxyl
and X; is replaced by the ortho-hydroxyl oxygen of Rz such that a 6-membered

ring is formed; and Y and Y, are hydrogen; or a salt thereof.

7. The compound of claim 2, wherein the compound is
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: m conprising: (a)—ane or nore conpounds of

cl ai b) one or nmore tam anti biotics; and
[ y acceptable carriers.
3 on of claim8, wherein

the R—Iactamtibi otic is/ a penicillin,

cephal osporin, g@Vba‘pe(;]_eh@ nonoléellam bri dged
nobagﬁam or conbination thereof’. 10. The

ceutlcal conposition of claim9, wherein the
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benzat hi ne penicillin, benzylpenicillin,

phenoxynet hyl penicillin, prqgaine penicillin,
w@x@eibd4ier, nethicillin, dicl'é6Xacillin, flucl ore@is100$1912706

tenocillin, anoxicillin, anpicillin, co-anoxiclav,

locillin, carbenicillin, ticarcillin, mezlocillin,

o/gﬁﬁégacillin, apalcillin, hetacillin, bacanpicillin,

sul benicillin, nmecicilarn, pevnecillinam

ci il talapicillin, aspoxicillin, cloxacillin,

nafcil | pjlvanpi ci |l lin, onbi nati on thereof.

) of claim9, wherein
the cep

P cephal ori di n,
cefacl or, cefadfoxil, ol €, cefazolin,
cephal exi n, cepBradi ng, , cefoxitin,

cephacetril, cefoyham “esf'd?axi meLO2ef sul odin,
aef operazone, ceftizoxi me, cefinenoxime, cefinetazole,
phal ogl yci n, WD 2009/ 064414 122 PCT/ US2008/ 012706
iLeid, cefodizinme, cefpirone, ceftazidine,

cef , cefpiramde buper azone, cefozopran,
cefgpim ¢efoselis, cefl cef uzonam

cef piNg i_cH e, ceftibuten,
cefdinir, ceffpodoxj me axe cef podoxi ne proxetil,
cefteram pivgxil, gefetanet pivoxil, cefcapene
pivoxil, ce qj{%o/r engy@xi |, €8ir @ oy oef Ur oxi me
axetil, l|oracarbacef, |atanoxef, aor a ~comnbi nation

t hereof. 12. The pharmaceutical conposition of claim

8. A phdieiieuticAecsinpbsition RoMgtising:an  anti - MRSA
cephal osporin. 13. The pharmaceuti cal conposition of
cl at&h 120neeEMmere qarepawtds fsaim déphal osporin is

cef tqbi pSﬁé er n‘?c??cet[?-'iag%téﬁeantﬁ)riot?clsc%mi nation thereof.

14. "The pharnmaceut'i C conpositron of claim9, wherein

t he(cjar bapeoemaore pharnEeeiticalieacgepiable aartieenem
faropenem doripenem biapenem pani penem or a
conbi nation thereof. 15. The pharmaceuti cal

0. SERIRRBUM AT Ay irtain  Wndar PR R Aot
a peoigilys,i eepdvalespatinaicartighensine rrabnobactasm tiridgB8Anonobactam, or
r bapenemis PZ-601 or ME1036. 17. The pharnmaceuti cal

c
COT@Wﬁggptﬂi‘%rﬁo f claim9, wherein the nonobactamis

aztreonam carunmonam BAL30072, or a conbi nation
thereof. 18. A pharmaceutical conposition conprising:

10.( dhe pharmacaytieal cominsitien of claimiSnwheraindhetperieitings

oo SR BB oL B PR FRO) G gy e
perticittipr, bgaciflinmadethidilim, didlexacillin, flucloxacillin, temocillin, amoxicillin,
ampicillin, co-amoxiclav, azlocillin, carbenicillin, ticarcillin, mezlocillin, piperacillin,
apaicillin, hetacillin, bacampicillin, sulbenicillin, mecicilam, pevmecillinam,
ciclacillin, talapicillin, aspoxicillin, cloxacillin, nafcillin, pivampicillin, or a

combination thereof.

11. The pharmaceutical composition of claim 9, wherein the cephalosporin is
cephalothin, cephaloridin, cefaclor, cefadroxil, cefamandole, cefazolin,
cephalexin, cephradine, ceftizoxime, cefoxitin, cephacetril, cefotiam, cefotaxime,

cefsulodin, cefoperazone, ceftizoxime, cefinenoxime, cefinetazole, cephaloglycin,



beta-lactam antibiotic. WO 2009/ 064414 123
PCT/ US2008/ 012706 20. A ne d of treating a

whawbesdisad i nfection in a manfril conprising  PCT/US2008/012706
adm nistering to a manmmal in need thereof: (i) an

T
cefbﬁbé))dﬂ%g&efzgg@)iﬂ?g;efe;ﬁ(@bé%ehs %fhmélzé:‘)\%éfuzt?nam,
- = A 1, t
Cefa%'agewﬁﬁq"\"&n sitaine. ciliton. esloiny. Selradadme it
cefBb&Hqu%é !}bFélﬁ eb@f@t%et?[)ox {&ﬂ‘cﬂb@h’é’plvoxﬂ

conS|st| roxyl afogen
cefttiorein, plswklf cmlfmroatmei, cefutdxime ,axefit, |I<mm:|artga®ﬁ blatamuxea‘dor a
clo IkyI al koxy, al kenyl, al kynyl, aryl,
mmﬁbWéFBQ&ﬁ'eo heterocyclyl aryIaIkyI, aIkyIaryI,
het er oaryl al kyl , alkylheteroaryl cycl oal koxy,
heterocyclyloxy, aryl oxy, heteroaryloxy am no,
12.c Ihp phArmagattica) aomapgaifiorn ef elaim éhythereimihesaphedegporin is an
5 y. no, sulfido, and sul foxido, (b)
antﬁMﬁeﬁg‘zf’lre)?Pg ?%Bgihsubst ituted with fromO to 3
substituents selected fromthe group consisting of

hg_droxyl hal ogen, carboxyl, cyano, thiol, sulfonic
13.adhg P@HW@&?HHC@&QW"I'% °§9|9§f‘|1t2uﬂ"éh9fe¥§'| th?lant' -MRSA

ce &%riﬂﬁ% e# dle, %H‘t?ﬂiﬁne ﬁl’ %yd?%l\bln ifh therFof.

eteroary ocyc arylalkyl ylary
heteroarylalkyl alkylheteroaryl cycl oal koxy,

h erccllo ,arlox, et er gar yl oxy,, am no, .
14 Db e i, o e ST e e e
imlﬁéhérﬁnbﬂeroﬁéﬁé\'ndbﬂﬁpeﬁé‘r’nf f&18peAbh, %'é'nb@ﬁéﬁp’blé’é%%)

eterocyclic group substituted with fromO
parypesemt oeateombiipatien Hereobm t he group consi stl ng of
hydr oxyl , hal ogen, carboxyl, cyano, thiol, sulfonic
acid, sulfate, optionally substituted: alkyl,

15. CYﬁbQﬂidﬁMaceﬂh&SéD@bm@ésh@cﬁW bf clairs ) Wherainythe carbapenem is an
het eroaryl, heterocyclyl, aryIaIkyI al kyl aryl,

anthMRSA Laybapeigm. al kyl het eroaryl, cycl oal koxy,
het er ocycl yl oxy, aryl oxy,

16. The pharmaceutical composition of claim 15, wherein the anti-MRSA
carbapenem is PZ-601 or ME1036.

17. The pharmaceutical composition of claim 9, wherein the monobactam is

aztreonam, carumonam, BAL30072, or a combination thereof.

18. A pharmaceutical composition comprising:
(a) one or more compounds of claim 1; and

(b) one or more pharmaceutically acceptable carriers.

19. The pharmaceutical composition of claim 8 or 18, comprising more than one

beta-lactam antibiotic.



het er oaryl oxy, am no, carbonyl, am nocarbonyl,

oxycar bonyl, am nosul f onyl uI fonyl, guani di no,
wa@dobioaat4 and sul f oxi do; 2339/ 064414 124  PCT/US2008/012706

PCT/ US2008/ 012706 R2 is hydrogen or is selected from

20! A&n ﬂ%ﬁ%ﬁ?@éﬁ cén | r‘ﬁ ﬁ: h1 %%n?&[sﬁ’r?& of
|c%can be~Su ? ?c? RN SR %

admubstérnhgeotasrnaeimahaméerdomdémf group consisting of
cyano, thiol, sulfonic

hydroxyl | oge car boxyl

aci @ SGF@%@@?V%W%W@ dorBeeyind havingdhe fermula:
cycloalkyl al koxy, al kenylg, altynyl aryl,
heteroaryl, het er ocycl yl , aryIaI I 2a|ky|ary|

het er oaryl al kyl , alkylhete cl oal koxy,
heterocyclyloxy, aryl oxyr, arylo§y am no,
carbonyl, am nocarbonyl, oxyc rbonyl, am nosul fonyl,
sul fonyl, guanidi no, oxylmIHJWMEgeln any of the

Sl 1 dgavrvg(égégﬁﬁg’%@? Sab i NGy AR SN -
carbon of RN - BeNRIRHNRIRE InydrbBen 6P L1kQed from the
HRNEUER e 3k |

ryI

substltueSts Sef ed fror grou nsi sting o
hydr oxy| graugl crgmstmgaoboxyl : cyano thiol, sulfonic

i;icfjbm K l fat e%g@ct)ﬁg gf}béﬁyf N @Ftbiﬁ%,n’? 8 tg%ﬁbéﬂtuents selected

heteroaryl hertbRt ey §lotp: cd?fs‘{étﬁ‘id‘d‘f'hydré‘k%{hélbbbn carboxyl,
heteroarylalkyl al kyl heteroaryl’, cycl odl

het er ocycl yl okyanarthicbygulfomis eﬁ:ldawlfaiﬁyopmnaﬂy substituted:

sul fonyl | qual B EERAR, ARET ARG, RIS, ey,
carbons of t hReterpeyil hWIaIEyIObﬂ(yﬁr?lehetétaarw&lkylone

attached to the rest of the e conprise part of
sai d oxyi m noatyigieragnyls cyroalkaxy halerasyetioxy, arylaxy|

group substi tHEﬁgeﬁm& LAThE. & b%n? ?ﬁLhé&'ﬁr’%ﬁyl oxycarbonyl,

sel ected from oup consistin
hal ogen, car bawymosulto;whcsulfbhyloIguaaldllrfcnmmﬁcm‘,|aahd sulfoxido,

sul f at e, ti ubst t ut ed , cycl gal kyl .
al koxy, Eeneﬁfa HWUP Sy tltuwgt\@%t{pm 5 fo % sul%/stuiuents
het er OCVC| yl, s@le¥ted f?éflln th@I d%hﬁrdbln&slﬂﬁ%fo;?%%&@ll,kﬁ’élogen,

al kyl het eroaryl, cycl oal koxXy eterocytly ,
aryl oxy, het eadmxyl eyanoaiiieiosulbeniveaid, sulfate, optionally

o pocar bon)! sy SANERL AN s TSR e SR ar,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, he’terocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido, and

(c) heterocyclic group substituted with from 0 to 3 substituents
selected from the group consisting of hydroxyl, halogen,
carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, 'alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,

aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido;



(d) heteroaryl group substituted with fromO to 3
substituents selected from 5 e group consisting of

whyaposash4 hal ogen, car boxyl cyano, thiol, sedT/U81008/012706
acid, sulfate, optionally V\D 2009/ 064414 125

P uS20RE LM e WP Lk el rcHh e 0rGuis 8L SHhg of

al koxy,

het er ocy@)yl , CaLQBzﬁlkyHa,nyaidrbdmby Whidtetan bersdbshtméd with from
alkylheteroar |, cycloal koxy, heterocyclyl oxy,
aryl oxy, het e?s 48 $‘$&I'tu%¥§ ﬁ@'qu%‘ﬂ froRy the group consisting of

Sumaﬂf)g?;gonyl w&{?{& g{%ér] ,caft J@@deafn%nwl I, SUlb AR cid,

het erocyclic guldiatp, spbsrnallyusthtlmted dlkgincgctoalkyl, alkoxy,
hydr oxyl - hal BERY BambE A RelrRatiisrocehf roakyl
aci d, sulfat ealk?@ryloﬂétér%ary%kflt bWIr%iero%M}’l:ycloalkoxy,

cycloalkyl al kox al ken

het er oaryl , hbe@roeydylgmy avwxal 9teroanqunyaammo carbonyl,
het er oar yl aI k

het er ocycl yl oéWm%cfvbéQQetoQ%c%%%éBgl ?ﬁﬁ%}@saulémy%&ulfonyl

carbonyl, am gagridi)WxyindinpeAidreny hny oamewcatxts@amons
sul fonyl, guani di no, oxyimno wherein any of th
carbons of t héo'ﬁ’@(@?&%%@f saig pesumaprg;punh%ﬂﬂd%earaﬂnéuIfOXIdo

attached ot I s

oLy BT, 8 TSR R 1 AR 3P 0B3bsfod it
aryl or het er frany0 tgBosybstitUesits seleetedvirom fheognoliptaonsisting of
substituentsWrel one of the substituents i

nydroxyl or alHOYhiRe cabahene. i sulons aci
relative to tBgrQteOBpti @/@Idﬂsﬁ%té@ aRPd cydioa P'alkoxy,

wherei n the remal ni ng su tuents are’ se ect from
t he group conalkenyh@IkyfnYhNYIohgtaroamhmetewblyhlafylajkyl

carbonyl - am ASYATLEEroaRRk; siGRRGRM e Iaalox.

car boxyl, Cyaﬁ@ter@é%l@kﬁ%ryl@&boﬁéﬁéroﬁ@l Oahiho, carbonyl
heterocyclyl , sul fido, sul sulfo sul fonic

acid, sulfat eanmﬁparbanyil oxmrggnxlea@um@wlhrwhﬁuﬂf@nyl,
t f
0015 cone) i Ao By Bt Bt

substituents eﬁdleall@dgrfdupmthéﬂrwmma arenattathettoothe rest of
hydroxyl, hal ggen, carboxyl,. cyano, thiol, sulfonic
acid, sul fatHe w&e%ppm@smrt of 2ajd %NI{?'I“O group, suifido,

cycl oal kyl',  abKk@%Vifoxido,

(c) aryl group substi.tuted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl,
cyano, thiol, sulfonic acid, sulfate, optionally substituted:
alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido,

(d) heteroaryl group substituted with from O to 3 substituents
selected from the group consisting of hydroxyl, halogen,

carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally



al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,
aryl al kyl, al kylaryl, heter ryIaIkyI,

wa@bdglobater oaryl , cycl oal koxy; MD 2009/ 064414 REBUS2008/012706
PCT/ US2008/ 012706 heterocyclyloxy, aryl oxy,

het er oaryl OX-‘/suBE'i'utﬂquf K °£Vé|?q|kﬂm?iﬂ<8§gu£ﬁ28%¥| aIkynyI aryl,

oxycar bonyl, anrnosu ani

oxyi m no wher gieteraayyl dﬁetél‘m:y@llfl Grlatieyl b@lkylarylolmemawlalkyl,
part of said oxyim no group, sulfido, andciy f OXi do

(b) C3-C10 cy@i'&ym%ﬂoamycwpﬁlmxmhﬁmr%' Yo@ryloxy,
b d w
o s o s

fromthe group con isti'ng o
car boxyl, cyaaminos$ulfdnyl, smllfohyhiguaacdimb, sulfidagtand sulfoxido, and

ZPLL‘SS?[ I( Suﬁy elrtogytfgjllc gr Qpes[ugaf &ﬁeg %M(Q;@iﬁ% Substituents

arylal kyl, al kgleted froh?ﬁ@@%hb'c@ﬂ%tm of hydroxyl halogen,
alkylheteroaryl cl oal koxy heterocyclyl

aryl oxy, het epamo)qyﬁwanantrmi sul(f,@mb@md sulfate optlonally
bonyl
uani dino. o RFHER AR o RAGR o8N pseRd. R Weham

cycl oal kyl gr ﬁéfér@bhﬁfhétbﬁfbytlw acml%uqntakyqaﬁwtmtbr@rylalkyl
rest of the nolecule conprise part of said oxyimno
group, sul fi akylhgtgroanyl exelaalkoxy) heteyacyglydeny, aryloxy,

substituted wiLh gé%)& ta?m b‘%%‘o'nw%‘F&ﬁf)c?&n]b%%/fs%xycarbonyl,

fromthe group consi
car boxyl , cyanono$d1f0niyl wltbhyhlguaatdn@b otyirhimioewherein any of
optionally subs

tituted al kyl , al koxy
al kenyl , al kyﬁaﬁ riaoyﬁ of @@&%rpﬁc"c grouBrBeginan the one
arylal kyl , al 5 éﬁé(ck s af é‘mécul? comprise part of said

alkylheteroary cyc oa oxy, heterocyclyl oxy,

aryl oxy, het exwmlpb@@up astlfidg, apwl $udfopdido;

am nocar bonyl, oxycarbonyl, am nosul fonyl, sulfonyl,
guani di no, sul fido, and sul foxido, (d) heteroaryl

group s UR?‘ié thaW'I oW Htefd=yl gtolp stibsHRREH WiFSm 1 to 4

sel ected fromthe group consisting of hydroxyl,
hal ogen, suléﬁrtbem,%lwh%ryzsm@netqﬁtm substituenisds adhyfiroxyl or amino

Z ;JLL)?;G gﬁﬁfg BEQ éqyit ix é:&sbg&%ﬁ gelﬁgiléﬁf%5q%,§fou%a!:é(r§’tainlng Y,

het er ocyahdIYz, ahdlw'ﬂéfpsln thel reynaining, sdb%tlmem wreabslelcted from
aIktheteroaryI cycl oal koxy, heterocycl

oXY,
ar yl oxy, hen@abPAanAIng, omdiexyl el kyptoaikyl ‘alkoxy, alkenyl,
am nocar QRO I, afidG 2aRfdEarbonyl, carbonyl, aminosulfonyl, alkylaryl,

aryl, aryloxy, carboxyl, cyano, guanidino, halogen, heteroaryl,
heterocyclyl , sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and
thiol;

R4 is selected from the group consisting of:

(a) C1-C10 alkyl any carbon of which can be substituted with
from 0 to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid,
sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,



am nosul fonyl, sul fonyl, guanidino, sulfido, and
sul f oxi do, and (e) het erocyg?bc group substituted wth

WO @004t 3 substituents cted fromthe grOUIPS2008/012706
consi sting of hydroxyl, hal ogen, WO 2009/ 064414 127

PCT/ US2008/ 012208 1 gg]g@%)’égucgéaﬂgt%rbgh%)fyk%IWHFIBnégrbonyl

acid, sulfate, optl
cycl oal kyl , abhunqcarbbhyhpb(ycaiblomwIamlaos!thlfonyl sulfonyl,
het eroaryl, heterogcyclyl,

al k
het er oaryl al k PHanIcq, W&’f‘@oo‘ﬁ 9qeyn P¥ ocggh gz1yC1OCarbons
heterocyclyl oxym gi‘[?\éﬁﬂ/of sé\@tcﬁﬁ/ﬁﬁfnbl gﬁ%ﬁ QUYIH?T and sulfomdo

car bonyl, am noc oxycar bonyl, nosu
sul f onyl (b)guaﬁ]BdCﬂB cyolqallml mymbm of wmcmdf:an bbeubstltuted

carbons of the C er t on
i tached 1o ¢ TS O@%ﬁﬁabﬁﬁﬁus legHTan e o
said oxyim n@ogg@,ﬁ I&Icﬂ@l I@IEbeﬁﬂ'cfa%)@ﬁP cy3no, %hlol
hydrogen or is sel e romthe group consisting o

(a) Cl-Cs al kptlifemig ae;m‘ isowfats, qmlpoallxcaubﬁéutﬁsnogdkyd my@tpalkyl

consi st ing_of “Rs SESHYE AEBERL AR ERonht RedfbsTent

thiol, sul fonlaﬁylalkyldalkWaM &Ie@ero@b}lalawakalwlheteroaryl

substi t ut ed: al kyl , cycl oal ky al koxy al keny

al kynyl , aryI CY‘FI@?U}PES&:rWte“PFéIICM@SSJ@WPXY daglemamoxy, amino,
aIkyIaryI I I I

cycl oal koxy, Eﬁe@%c@hiﬁ%};g&%&y J}&g% gtaenr"ggrswo%

am no, car bonyhl,fon;dngmmudlrimom(ylmmawmawbmram;( of the carbons of

am nosul fonyl ,, sul fon Xyi m no whe

oy of the Cithe By Gakyrarobp et Ben Beions Aaghed to the rest
OoXyi m no grou f A

cycl oal kyl an;elf E:hgj@fg}légge \%Iqﬁwg?gbaﬁr?ﬂbgp%ﬂg?txyﬁ'tngagmugh

fromO to 3 sab@dmaedtsglfe)sldect ed fromthe group
consi st i

i ol st onPTHGHE SugPlerdiRy e A suSstiliénts setected

substituted: fibkythe QIY}EJ'pQﬁirISYétmgaéfNW IaII'IéSI@QIéh,, carboxyl,
al kynyl, aryl, heteroary het er ocycl yl , yl al kyl ,

al kyl aryl, he€¥aratpiokl wﬂom%awl ﬁ@f&ieo@mt}onally substituted:

o Ko 1 EYERARN Bty FRY O ) Ry,

am nosul f onyl hetarbyuiyl| arylajkpinatkytzpyl, bejdroarndalipier ei n

The one. at t achbNEsStoReV eegibahoxy, Retefcych iy, aryioxy.
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido,

(d) heteroaryl group substituted with from O to 3 substituents
selected from the group consisting of hydroxyl, halogen,
carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents

selected from the group consisting of hydroxyl, halogen,



the nol ecul e conprise part of said oxyimno group,
sul fido, and sulfoxido, 09/ 064414 128

wEAvsR008/ 012706 () aryl1é oup substi t ut edr@d/UR2008/012706
fromO to 3 substituents selected fromthe group

consi sting of \Gydlox yéy‘anp &egul r‘%%%ﬁ/ sulfage\s"?):bﬁa{'n%léx

thiol, sulfoni'c acrd |ona y su

ﬁl kyl , cylcl anhbhtltuRid'{@tlwl @)dkraﬂ?dl'(l ambkykwrenwr?'kyny' aryl,
eter oary et er ocyc a al Ky
het er oar yl al k{etergp ,Wéﬁmsvwary@woﬂkwaw heteroarylalkyl,

het erocycl yl o r |
carbonyl, am égq t ) §él?’(%92 B(ét%?‘dcr}l]cﬁmﬂf)fa (%ory,
sul fonyl , guahebbrnarylexy famino, eanﬂ)oslyl famndoarb@dlyl oxycarbonyl

neter oary! 9" QuBSuRAN Lo, e B Srbutionynegein any of

hydr oxyl, hal ﬂ%%earbowdmw heté“r»se?@.c érBhB'othéHiHa‘Pﬂhé one
aci d, suI fate, optional substituted

cycl oal kyl , alaktaszlyed m ﬂm;ast oéthq/nwlecm ypmprlse part of said
het er oaryl , e al k IaryI
het er oar yl al kg%y' %{'ﬁ%t %é\ r}Q %‘f)ﬁqxb 1k koxy,

het erocycl yl oxy, aryl oxy, het eroaryl oxy, am no,

car bonyl ., am nocar bonyl , Oqg:ggarboné]g am nosul f ony
sul f onyl Rsdgihvd@aes orggiselasted fam mupdzpnsas{mg(%f)

het er 'ocyg‘hlt ¢ @10 Cﬁ‘ilé/ﬁ%%‘l:ygéﬁ%r?ﬁn W Whidt 84 %esﬁhb%tltu@d with from

substitu e group consi
hydr oxyl, hal Ogerﬁ sulestitbenty Iselextad dront the)growjd:drwmtmg of

2§L|doa|sﬁ;|f at ehp{@%}(yfm%l@i%n P Wﬁ“%yea?\:gp IiléP/ls’ulfonic acid,
heteroaryl, §hﬁét‘é%E ?mauyagods%hf%h» ayK ygwkyl alkoxy,

het er oar yl al kyl het'er oary cyc
het er ocycl yl onygenar yﬂllq/;(yj arwehetefraaWI dxeytercmylclyd; arylalkyl,

Sol fomyl | quariiang: Relere ARV BIirete Ay ViinaR.
carbons of thﬁefe&bé\mﬂmylé‘w x?uﬁe@rbéfyld)@aﬁnﬂhé éé}ﬁonyl

attached to the rest of th ecul e conprise part of
sai d oxyi m n8MineeRTbosyl pxmarbanml aminesyltanyl, sulfgnyl,

W kaxy, or wnBRenEinl, SRk dERRD s MEER.C i Gions

boron est er mbﬁfpelseqiaﬂ ohsaid oxyinminogroap ﬁulﬂdofammsalfomdo
to 20 car and, optionally, 1-3 heteroato
whi ch cafb be 3 Q? qyFloglkyd anycarber REWhich can be substltuted with

from O to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid,
sulfate, optionally substituted: alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl,
guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of
the molecule comprise part of said oxyimino group, sulfido,

and sulfoxido,



together X1 and X2 forma cyclic boron am de where

said chain or ring contai ng érom 2 to 20 carbon atons
wa@ea9/oepts onal |y, 1-3 WO 200 fB64414 129 PCT/US2008/012706

PCT/ US2008/ 012706 het eroatons which can be 0, N, or

S, or wh taéﬁ)g rg‘r%%ﬂﬁét:t?ée R £7&m b Quﬁs%iﬁtgénﬁtg_s%ected

boron a re Sa aln contal ns

carbon atons froch thaogno@lpaddrys,lstmg?oﬂmjd%MI loalegeh] cdrboxyl,
can be 0, N, or her form a

cyclic ring wRERRD, stﬁlodi SLquﬁ\gc e%'ﬁt aw?@t epopipnally sybstiuted:

STOR andy, OPhlILEelalic AREkE ATl I Hetfoary,
ai _k8;<y_, or X, hataioaa:lylogaﬂaibyl bthytaralt hptﬂroaryialiqyj wher e
sal rin con on at,ons

oot fonai Ty, B |nEertahflopeiS kPR, HRrrychiony, agoy.

and X2 is hydpgetbaniiidyoafiino NE¥Bany L anfidocd®onlk @xycarbonyl,
Y1l and Y2 are |ndependentl hydrogen al kyl

cycl oal kyl, aRRungsulfaalyk swionylabkgnidino, sufide, and sulfoxido,

Z?;Posglr gi;heﬁegbgr&'f’@’ Obl?p gg%%q%g &Honﬁé%é a% tituents
het er oar yl oxyseleetery f?@m:ﬂh)é'gro&p|d‘dn@i$tmgtdffwaydxy| Cﬂalogen
sul foxi do, or taken together Y1 and Y2 forma c¥cl i C

structure con€aibexy cyades tualpsulfenie apidaseiiateapationally
optionally, s&bﬁﬂh@@%&%ﬁ%aﬁ Icé'i O% lerﬁzl aIQ?ng; aryl,

or a salt thereo and an e

(3-1actam ant hbtanban/l rﬂelero'ﬂyelyiraaryhd(ydqfalkylarym idteroarylalkyl,
wherein the ma

et mg o baB et ey T Bk PRy SRR E VIS AP
reating a
admi i St et | Nk rBaRRSSIE ol E8boh)EERTA0RR BRI B ¥atbony

amount of a conpoun ving t | _
R3 BX1X2 V\heamim]oﬂlfqngl s@f@%guaﬂd@dﬂmﬂi&lo asdauliexjdo, and

-S( O 2R4 AR5
i s( s)el ect® e}d fPS e lgrgdagggblﬁg} @?%%I&I%E‘qﬂorﬂéd "9 SUbstiuents
2009/ 064414 1381ekteld m&%&@&%nsbﬁhgijﬂyd&f)@‘llmalogen

substituted with fromoO to substituents sel ected

from carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl, -
aminosulfonyl, sulfonyl, guanidino, oxyimino wherein any of
the carbons of the heterocyclic group other than the one
attached to the rest of the molecule comprise part of said

oxyimino group, sulfido, and sulfoxido;

X+ and X; are independently hydroxyl, halogen, NR4Rs, C1-C6
alkdxy, or when taken together Xy and X, form a cyclic boron ester
where said chain or ring contains from 2 to 20 carbon atoms and,
optionally, 1-3 heteroatoms which can be O, N, or S, or when taken
together X; and X, form a cyclic boron amide where said chain or

ring contains from 2 to 20 carbon atoms and, optionally, 1-3



the group consisting of hydroxyl, hal ogen, carboxyl,
cyano, thiol, sulfonic aci sulfate, optionally

wGaaiwsvesut ed: al kyl, cycl oal ﬂ;? al koxy, al kePg1/1S2008/012706
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al kynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,

al kyl ary [y t I

cyol oal KOEipORSe BNt be O K0S, §F GREK taken tgasther X,
am no, cando@fbrmantyaicdrdronyamide@sterwhereysaid chain contains

am nosul fonyl, sul fonyl, guanjdino, sulfjido, an .
U1 T ox! dOM 220 AbPB A Sl 9rdahall 1o Betasopboms atfich can
0 to 3 SHQ@,'N“&”S?O?’& %ﬁ&?@ togefHBrlf ﬁn%’@b‘ﬂc ring where said

consi sting of hydroxy al ogen, carboxyl,” cyan
t hi ol , suhg containgRdo Kucdrhoe atomisi andhidpfiosalbst -8 Utederoatoms

Lkyl . cycl oal k Koxy. al L konvl |
ﬁet gr oa?%’ﬁ!c(?ﬁ%?%bsc?ﬂ?l“yﬁ%ga?ﬁ? E@% }‘ydfaogﬁVﬁWag?gﬁar{,meRs, C1-
het er oar ghaikyxy, o@'Xﬂ%ﬁtﬁR@"tQ?étMér forith @gthkoridg where said ring

het er ocycl yl oxy, ar on%/, het er oar yl oxy, am no,
on

car bonyl contaifisndtan By _ai@maandnppt,icfmﬂymas@hetmgaat,oms
ot er ovy¥EEEERE QNS 31 880 RIS RSt s oad MRy, or c1-

substi t uestalkewp;ected fromthe group consisting of
hydr oxyl, hal ogen, carboxyl, cyano, thiol, sulfonic
acid, sulfate, optionally substituted: alkyl,

cycl oal kyl KDLy ,

het er oars)cl1 ,anﬁizer oé{)‘é?k}%’?‘ﬁ%ﬁt% @}{ép% aa'?% }:gc;l}c;'al’kyl, alkoxy,
het er oar glkehily blkyalyk Anhieb camingdulfoayl; lansih&canponyl, carbonyl,
het erocyc oxy, aryl oxy, heteroparyl oxy, am no,

car bonyl ,aﬁ(}//%ﬁgnaﬁyir%’é!w; C%%PG‘XEI%%QP*, X%'Hgﬁﬁsﬁ?ﬁewl,v

sul T onyl pe@pearyxy0 hetetbbydifOsuifiBd, SifdrX! SlSulfdkidos or taken
hydrogen, or 1S sélected Tromthe group “consisting of:

(a) Cl- Opgethgn Y aand Yarfown aotyclinistriuctuie dontaiow fromt3d?2
with from0 to,.3 substituents llected. fromt.h rqQu
consi st | (YRS HSMECEIT CPHEATH EPHROS Wyh san BEO, N,
thiol, sgt§onic acid, sulfate, optionally

substituted: al kyl, cycloal kyl, al koxy, al kenyl,

al kynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,

al kyl ar ybra@%ﬁ?b@%@f' gﬂd(yl , al kyl heteroaryl,

cycl oal koxy, "hetérocyclyl oxy, aryloxy, heteroaryl oxy,

am (iip, cam leffegtive amount af h@Hdctamartibidtiony! |

am nosul fonyl, WO 2009/ 064414 131 PCT/ US2008/ 012706

sul fonyl, guani di no, oxyim no wherein any of the Cl1-C6

.C‘Fﬁ@?ﬁéthoecﬂméiﬁ'ﬁ@,ﬁgge@‘in a H‘na‘?ﬁ%iamsné’ hBhRAHP:

sul fido, and sul f oxi )

22. A method of treating a bacterial infection in a mammal comprising

administering to a mammal in need thereof an effective amount of a compound

having the formula:

BX;X,

wherein Ry is =C(O)Rg4; -C(O)NR4Rs; -C(O)ORy; -S(O)2R4, -C(=NR4Rs)Ry, -
C(=NR4Rs)NR4Rs, hydrogen, or is selected from the group consisting of:



(b) C3-C7 cycloal kyl any carbon of which can be
substituted with from O to1§ substituents sel ected

wo e@aiob4ae4 gr oup consi sting of Hydroxyl hal ogk®T/US2008/012706
carboxyl, cyano, thiol, sulfonic acid, sulfate,

opt éﬁnal 'a‘éfl @H@;ﬁ%hbgﬁtﬁfjed ﬂ/kt@f om Y l(?%ht?é’ﬂtueﬁljs‘%%{fé(cted from

al k roary erocycl

aryl aI kythe gqud mndlstldgsOfelnyerxylahhwgen carboxyl, cyano, thiol,
al kyl het er yclo oxy, heteroc

clyl ,
ary1 oxy. Stlewk aicid Sutate, SBibhall sabIuia dy' a?k)§/¥ cycloalkyl, alkoxy,
am nocar
guani di ncg)‘p@%"xI [ msn@ Vﬁg?éﬁlbﬁergﬁ'y‘q?ﬁélbﬁ rﬁl&ll@?%hylaryl
cycl oal kpbtegoamialbylhakytﬁ%raalnyd oy:ﬂoalkbmyz;ﬁm:letacyclyk)xy,

o Aol PSR GRS, B, g™

substit Ubﬁwcé/mbh I BAhEsdifdngl, Ssld}ﬁ'éhyl ggahﬁm&ls@ﬁﬁcﬁﬂ and
from the &youp conS|st| ng of hyd roxyl, hal ogen,

car boxyl sugdde, thiol, sulfonic acid, sulfate,

OP T2 WA ol o Ay AR s sotectes

aryl al kyfronﬁtHeyd;r@Uw consmmrdfa’fydr@kwyhalogen carboxyl, cyano,
al kyl het eroaryl cycl oal koxy, heterocycly

aryi oxy, tiek éutsqma&a@y Suiaid optenahoaybsttutad’ alkyl, cycloalkyl,

s dr ookl akEHVCBIGRIY aryEfidoiy] f¥ferocithl Satky,
group subkylaryli adtesbatyldlikgimalkythetSroanylstydloaliRdsy,

sel ect ed %{omtq groug) co F ésti ng of hydrox g

hal ogen, NBIGTBEXGYIOX Xy, befegparyiQnys gRtiro.44rgonyl.

sul fat e, apfphé&diBbh k65('3Pe°érbBH§fleQmlﬁcl)é‘tWonP/F%%'IfSﬁ{/lkéhamdmo

al koxy, al kenyl, ynyl, aryl, heteroa
heterocySUde,am@saﬁﬂde,aaﬂkylaryI heteroarylalkyl

et R Rt HraLE Ui aeo DR Si¥sttuents selected
am nocar figRythe mpafdmimin cﬁrﬁyfa@@wlfmw enwérb@saw cyano,
guani di no,  sul and squOX|do nd

het er ocyt{mfp esgl:f@mg a§tﬂo§tu|lfatﬁ aptignatly sumﬁtu edo atkyl, cycloalkyl,
substit “Sfﬂh Sﬁlégﬁ&lgglk {;P g};}l N MR, %%?%Ho%{g&lpe a?Ylalkyl

hydr oxyl tyano,

aci d, suialkgta%yl betéroaqﬂélkylsalkyﬁetteﬂoedyl ayd{of:hlkoxy,
cycl oal kyl

het eroaré?f,erﬂ%xcéﬁe%& rxvab 'ieé‘P%[g‘y am&syw &agponyl,

het er oar k o
5000/ oo T sealy; %J( SHEP AR pincyHlcry, sihny Quanidino,
aryl oxy, stiéde; and glifoxidoan no, car bonyl,

Rz is hydrogen, or is selected from the group consisting of:

(@) C1-C6 alkyl any carbon of which can be substituted with from 0 to 3
substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,

amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosuifonyl|,



am nocar bonyl, oxycarbonyl, aninosul fonyl, sulfonyl,

guani di no, oxyi m no V\,herelﬁ ﬁny of the carbons of the
whedeneryL! i ¢ group ot her 21 the one att achedr/uszonéie12706

rest of the nol ecul e conprise part of said oxyimno

group, sy fférﬂﬁ r?fé' E)Q?Ihﬂﬂ vﬁ%r{gﬁ'\ :%‘9181{%1%4@5 C6 carbons

heteroary gro goe; rom
substi t ueo’ﬂr@rmbeuaﬂ of said@xgiminbegroupssulfidendred seifexido,

el 51 v eCRECT Iy C ey SBusRbon G whEHiRr B Sugstiuted with from
wher ei n bfﬂ@srmaﬂué}qs 8 éam iy Gefp RS RAUER S RBroxy)
fs oxXy

the group consisting r cycl oal’k
al koxy, balogenl padidxyhycyanammmj smfurm)aaldbeuvate optlonally

b | , | kyl |, [, |
car boxyl SUESHGE SR eI akton arfetis Ak 3
het er OCYHéﬁé'roaryl %&téid&?clyﬁ lﬁrf/l‘éfk)y'l ell%}léMMéi@roa?ﬂl‘gfl@ﬂi c

acid, sulfate, "and thi o is selected from
gr oup coaliw&nter@a@vl cxc&qamxmrmtamayclym ealon hetteroaryloxy,

Subst ¢ vAMo SeBeb b findiartieny BieAharl pminosronyt

hydr oxy! sulfdra/i owahldmar bRyiino hanein 4y 6f thessdrbons ef the
acid, sulfate ptionally substituted: alkyl,

cycl oal k§ycloalkykaipuphenthan tieiaeattache to the rest of the
h | | |
net e 0o foisd EERRHGRAan 7 KBl Bl 8. Yo, anc

heterocysmlfdxnrxcy,, aryl oxy, heteroaryl oxy, am no

car ponyl m nocar bo oxycarb am nosul f

ul @3y &rvDERH PUBS Ratesh T & O B 3t ip gtected from
Cl1-C10 c ebé’r'&‘én CEUA S Y, g

sul fido. Tegfoup foxéltg‘g,&?{l%d rcs‘f"c%gg% %5'}’69?" Efatio, thiol,
car bon o$uIWﬂi©|actcta|$ulfates@p§DhaIw smbsﬁtmﬂed EH«ym(ﬂctoaIIG/I alkoxy,

subst i tue elected fr t he con stl n
hydroxyl Yls @W E Bgierog |I§/ llaﬁiyﬁ alkylaryl,
aci d, suhét@tr@arylaowu Qlkzﬂhkelfer@uaﬂt¢m:ﬂﬂox;alr+@térocycly|oxy,

cycloalkyl al koxy, enyl, al kynyl aryl
het er oar?WlOWetf@ﬁQf@?aﬂwy, agniparayponyh aayingegibonyl,

het er oar éé &léf%nyla?}rﬁéﬁ%ﬁgf%}fl’”g,'céﬁjg‘ﬁa%?)%fﬂd°’ and

heterocy OXY, eroar
car bonyl sulforidwcar bonyl , oxycarbonyl, am nosul fonyl,

U GnY “é‘?gsyﬂ'ga%@aqs@wgwb et B osubips seteced

o e Ha Uy ARG o TR g 08 ane,

group, sthidl| sllmlfonlaamdstsu’ffate @pilonally substituted: aIkyI cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,



(c) aryl group substituted with fromO to 3

substituents selected from 152e group consi sting of
why@posdsi4 hal ogen, carboxyl yano, thiol, seCT/U82008/012706

acid, sulfate, optionally substituted: alkyl,

cyeloal iLreroaldifisly S0 hetoHhAN sy, i carpony

het er oar ahm&;drboaylkpkmrbonﬂr afnln@swlfcmql Ismd@)nyl guanidino,

Car bony | SxYENRG WERTSBA otliecarBang bl thehaisSomiclgroup other
sul fonyly MB'&*@Q@ achied {d e re@Eg ﬁ'n‘é' %Blﬁc@% c&ﬁlnbrlse part of

eteroary group substituted wt romO
subst i t usaidoxygheot grbupf solﬂdbhan@nsuljpmdony st i ng of
hydr oxyl, hal ogen, carboxyl, cyano, thiol, sulfonic
acid, sulfate, optionally substituted: alkyl,

Rs faY&mh @ﬁ}l|6Y'heter%'aky@@foué"s&8§txthte<ﬁbvhﬁ 6m 13t"oY4 substltuents wherein
heteroaryl, heterocyclyl, arylalkyl, a

oneref theosuliatituents is alhygrowt or eminp gr@lyp, |I<matqz@a§r¥he 2 position

reltfEEGE St ety and Yy card et ang Tofiining,

sut%mhiesms lare geRITtet from tr%@rfduﬂcbor%isiln@tdffrwardﬂ,«l aIRSJI (:?c)loalkyl
terocyclic group_ substituted with from?O
alk@mﬁlmrwén@lbyméea@mcedamm@ﬁatwy@mﬁbowngmqwoav' alkylaryl,

ary[SHIBY, garBBcIE an i ifidtho, nABER, nbterfary, HekSRRY .
sulfiga, | sadfioky!l, ,sulibkldmysul&bﬂdelapld, salfatenyangd thiof) |

heteroaryl, heterocyclyl, arylalkyl, alkylaryl,
het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,

R4 E@.&é&%ﬂ%&h%&‘gr@uﬁh@ﬁé’lstlné‘%f eroaryl oxy, amino,

carbonyl, am nocarbonyl, oxycarbonyl, am nosulfonyl,
sul f(@hyl ,C =) dikybany oalghonm Mmmnbmnmemybsiﬂuteldewnth from O to

car bons t he. hetero | rQu ot her than t ne
rt ached 1 st ERISAE AaySeh frolh M ordli Sindi b SLEvRy
sai d oxyiHdloged) catBoxyl Ubydrid) thiaN GuiBhicoxdid osulfte | Sptionally
hydrogen or 1s selected fromthe grou onsi sting of:

(a) CI- coubskitytedinglkylaepelpalsy!, ey, eﬁwnwb add.iarvl ed
th f I f

i el ot cBh TR SEVE HEHR SHgEP

thiol, sulkgheteraaniyt cysldaiiadxg, hetﬁrboytaylbxy, aryloxy,

substi t ut ed cl oal kyl , al koxy, al kenyl,

al kynyl , wywoa%zmém&a%%@m@%m/@md@nw
het er oar l o

het er oar zéﬂg. E}%F%m ﬁmﬁ]nte oaryrﬁZS cyc 0%3{1 Es{)h;{e'rem any of the.

het er ocydB]/-ICo‘bQ/g:arzwa@omprim [pard af gaixgxyimino group, sulfldo, and

sulfoxido, |
(b) C3-C10 cycloalkyl any carbon of which can be substituted with

from O to 3 substituents selected from the group consisting of
hydroxyl, halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate,
optionally substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
aryl, heteroaryl, heterocyclyl, arylalkyl, alkyléryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy,
heteroaryloxy, amino, carbonyl, aminocarbonyl, oxycarbonyl,
aminosulfonyl, sulfonyl, guanidino, oxyimino wherein any of the

carbons of the cycloalkyl group other than the one attached to the



am no, carbonyl, am nocarbonyl, oxycarbonyl,

am nosul fonyl, sulfonyl, gLég i di no, oxyim no wherein
w@pgo9ob44the Cl- CLO car bons Ef‘pn se part of sBECTUS2008/012706

oxyi mi no group, sulfido, and sulfoxido, (b) C3-C7

cycl oal ky, IJeSgg %2'??@29“? c gl?,geﬁ)zagt&e t&%girﬁl%fygo%t&lﬂdo

from O to ect
consi st i nendéulfgxddoxyl, hal ogen, car boxyl cyano,

Subdel ¢ ot Seseyg d%@%éﬁﬁfroﬁé (@ Spubfilusnys selected from
al kynyl, ®e roup Rehe s@iﬁéﬂf hya?(f%ﬁgéf % &h caﬁ\{,&ﬁl &Ano, thiol,

al kyl aryI et e oary roar
cycl oal kcsqltorir:eaedosylﬁtgl opyonaltyysmsyltutbét @Iky;lacydzloaU(yl

| i b
o nosul FORGHR. St ATV A hetasard s DRt ey PRk
any of tr&kﬂéfﬁoﬁ@te%arﬁ/hﬁ(yl%R*Iﬁé{é?ﬁbrﬂrmlb&ﬁw t han

the one attached to thé rest nol ecul e conpri se
part of dwtarapyglyiny agyloxy, hetardqardexy aamincs garkonyio,

Subst1 1 ueliP B RanIL AR lcerglr B MebR Butomy gganidino,

hydr oxyl ,suid®gard seifgxidxyl , cyano, thiol, sulfonic
acid, sulfate, optionally substltuted al k
cycl )Y kyrpeteggqm oupubistifyted yyithyfrom 0 tg §|subst|tuents selected

het er oar yg., aﬁ@%"ﬂrﬁ%%}aﬁésuﬂ Y)lfﬂwy (Iflqioéfcﬁé{ 3(:Ja'rboxyl cyano,

het er oary eteroary
het er ocydhidl omyfonlcaaglbosylfatbebpnmlw mQatututeﬂ nalkyl cycloalkyl,

Sul fonyl aBean ke, Dy cant distrcans BRleiacvaiy aiaikyl,
het er oar yélkﬁéﬂﬂ Phete RSy faintyd dalkd hBtdrb SR, R&:R)ﬁko

substituents selected "fromthe group consisting of
hydr oxyl hetarogyelyloxmlabyigyy hetgmyloxyhamlno sarbbamyl.c

aci d, sulfate ti subtltuted I -
cycl oaI kﬁmlndgla%gg&y? yl?éﬁ?/? ,a:?rpgwulfogyl gt’Jl‘fonyl, guanidino,
het er oar Wylfidetfidoswfdxido, @i/l al kyl, al kyl aryl
heteroarylalkyl alkylheteroaryl cl oal ko

het debcydr%tewcllggwtm@ubﬁéu@ddwfﬁ@ﬂyo tgr% wpstltuents
car bonyl ’sel@&bﬂg&% *?r‘?é‘%‘;'rwé’gx&&&{ﬂgd‘ét m{ o ggﬁ%gﬁ%’ giarboxyl,

sul fonyl ,” guani di no

het er ocy adyianog thioh salibsitci doid eslifate, fogtionallP stibstiuted: alkyl,
substi t uent if?%el ec omth %r ou conS| sti

f
hydr oxyl € '@éna ey k. shure 26 st asih heferaguciv,
PCT/ USZO%%]@ Ky ItaW OIHe e%’%xrfy%ﬂkf g}lla érHéFyﬁ‘t@ycloalkoxy, |

optionally
heterocyclyloxy aryloxy, heteroaryloxy, amlno carbonyl

aminocarbonyl, oxycarbonyl, amlnosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group
other than the one attached to the rest of the molecule comprise

part of said oxyimino group, sulfido, and sulfoxido;

" Rsis hydrogen or is selected from the group consisting of:

(@) C1-C6 alkyl any carbon of which can be substituted with from 0 to 3
substituents selected from the group consisting of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally

substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,



al koxy, al kenyl, al kynyl, aryl het er oaryl ,

het erocycl yl, aryl al kyl gxlaryl, het er oaryl al kyl ,
wa@bkdoghbater oaryl , cycloalkon het er ocycl yl oxBCT/US2008/012706

aryl oxy, heteroaryl oxy, am no, carbonyl,

o nocs” B PYSSFATENL IR SHIAR e bRy,

het ;er O]E:y taltlfymeg]emwyl Iotytﬂbalkbhﬁrhétbt&)oy?mcﬂtyt gqhemly thetetuaryloxy,
rest o e ol ecul e conpri art of ~ said oxyi m no

group, sawn%caraﬁaylsawn%@ajeonyt oXyRprkonyly @minosulfonyl,

|ndepend§ﬁ1ﬁ(%< nhq&grga g(gs\ ﬁgﬂkhzé}%aﬁqy Smebc X ¥arbons

or when 0 et orm-a cyclic boron
est er mheompsnaed)arhaﬁ saldloxymmgo group,a$u1ﬁd<b ramd 8ulfaxi@®,

can(®be B a7 SyFloalo) ARy zarbn oL BT BF SHpsHiEdwith from

form a Chgb Iscsmtmﬁbrﬂms@fécwfrém e &ro%'ibaédhs‘i’itlr{g‘ &¥hydroxyl,
contains from2 to 20 carbon atons and, optional

1-3 het balogeonsatheixyh cyano bibia, swfonie asid, sulfaaeenptuonauy

an de- eoParo\ihnetl «BE ST Aotk indrA8Tag. axpon
at ons anHeter@@rty'I dwetacyciyt, Arilaikgl, eakRar| \Hetefodrpalkye

0, N or S or Xi and R together forma cyclic ring

wher e sapltyihetgroasyt ayc‘rﬂ@alhoxxo hedetogyplylpxy: apgoxndieteroaryloxy,
opti onal

and X2 |é y&dr%{spﬁ& ngxfC%qb@l a oé:lflfoﬁ

X, and F@ulfmg&tglmmdmbnmymmd) MmeungaNWGﬁme&mrﬂons bﬂthe
contains 3 to 10 carbhon and o tional l

het er oat B¥ROAYIrouRPther & e t|h§ rest Of the

hydr oxyl md‘@é&@%ﬁmﬁé%ﬂ 8f S% y@"ﬁ‘nlé Y)UE umapkoxy

are independently hydrogen, cycl
al kenyl , salfdgehyl ,  ani no, an1nosu|fony|

o 32" Bt SRSt LB M S B Rt o

het erocyt:Hey rou@%cfds‘i’éimgsdf'rfy@'ﬁd*yl Ralog&H! EBbRP, cPano, thiol,
taken together Yi and forma cyclic structure

cont ai ni pffgnie acel, fglfat@apat;ﬂnaﬂsbﬁrmbsémedoquybma{pIOﬁlkyl alkoxy,

ther oot -2BBIRBIAE Brif Re@Fodm, hesgloctonf il alivia
to a R-|hetervagtdlkyl] akybetartnryl stytipalkoxy, deténdgyelyloxy,

bacteri al eII havi ng resi stance to a (3-|actam
ant i bi ot PR/QHY HelBroalIons GrypRagarbesyl, aminocarbonyl,

PCT/ USZOQ)%/&%B&QSﬁh @ilf ﬁ@s‘ﬂlfoﬁ?hégﬁ gﬂaﬁldlno sulfido, and

bet a- | act amase | tor w ect
funct i onslfaxydo,havi ng the fornmul a: R 2 12 Y1

(d) heteroaryl group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,



R/N R3 BX1X2 wherein Rl is -C(OR4; -C(O) NR4RS;

-C(O OR4; -S(O2R4, -C(=NRARSLR4, - C(=NR4AR5) NR4R5,
whyawogan or is sel ected fra t he group consiBCT/I§2008/012706

(a) aryl group substituted with fromO to 3

subst i t uﬁﬂéls Pﬁf?&)r‘ﬁgta%?d 'duidle tdgﬁloﬂEW?H 5fe%g {?ﬂ%(l),%ygloalkyl,

hydr oxyl ogen, carboxy ano
aci d, subfkake, albenyloaklyhyl awishetembm}l hdtda(l}dcyclyl arylalkyl,

het L?gyf%lky' v BetarganiatkybalwRatdioary Adiastsoxy,
het er oar Hkﬁrgé’ onlag)?,ﬁrgE{)/&,r ﬁé@f&aw aAik8*darbonyl,

het er ocycl yl o etero OoXy, am no,

car bonyl amamdcasbanylpoyycarborylc anbno@ulforwmsnﬂfsuylt goghidino,

sul fonyl yuani di.no,. sul fi do, an sul f,oxi do b).

het er oar TGS YT I 0 6Ge fTRons IS befeiocytlc group other
substi t ugHrStheedbrRe ARSchdd RMHRsBbPHR ﬁl@[é%‘uffé bGI@lpﬁfse part of
hydroxyl, hal ogen, carboxyl, cyano, thiol, sulfonic

acid, s usaldt@(ylmmq @ieabl pukidosand sulfaxidal kyI
cycloalkyl al koxy, al kenyl, al kynyl, aryl,
het eroaryl, heterocyclyl, aryIaIkyI aIkyIaryI

X had Nzcairéyh@épb’eﬂderﬁlyNWdﬂ@iyﬂrﬁ@Ibgbn NmRQaCHQXSI alkoxy, or when
het erocyclxy 0X yl oxy, het eroaryl oxy, ani no,

takgp togeih aﬁdr?&z:mrmwc iokgen @Ry Wherssalhain Ay ring

corﬁ'e”ngcﬂyrjn 50 et ato %h? %pt?d?ﬁj@uh f?ﬁ%t@foatgﬁg Whikh can

eterocy I'C group su St fro
be &i§tort Sieort wher talaretbgethrernX ¢ ared X, don acsyelis bongn afmide where

ST T N T
hete¥&at8AlskWhich RIS D, Nl dres Yo wﬁér’ﬂ’%n to@biﬂer )§/1| and X, form a

het eroaryl, heterocycl'yl, ‘arylalkyl, al
Cydhetb@rmawdemter \&h&l}el $aid ohasy 9d>ntamecﬂr@m| Ik-@ﬁyqarbon atoms and,

op BT e WS S0 0 S Tt form o

cycﬁid|rfn@rWhereg$élﬂlrﬁigrk§bntaﬁllé|2° td90 cansbrs HonexbAS; orﬁ?oria‘-ﬂy, 1-3
hydr ogen, or is selected fromthe group consi st nﬁ of :

hetwazgm\ebwhmnltw@@rm&m ¥a 570pdroxyl) haloges 5, C1-C6

BB, 3 S O BB 4 Brd B 0 1

carb;bdrabcxmlslafndﬂaslpo;;aal,ly clad bmadoaé@mawmag han:b’f l@uNf, onSc and X, is
ci sul f at tio substituted: alkyl,
hYC@9 oBP'WF" gqré%;ﬂ KXy kynyl , aryl,

Y, and Y; are independently hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
amino, aminosulfonyl, aminocarbonyl, carbonyl, alkylaryl, aryl, aryloxy, carboxyl,
cyano, halogen, heteroaryl, heteroaryloxy, heterocyclyl, sulfido, sulfonyl, or
sulfoxido, or taken together Y4 and Y, form a cyclic structure containing from 3-12

carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S;
or a salt thereof.

23. A method of reducing bacterial resistance to a B-lactam antibiotic comprising

contacting a bacterial cell having resistance to a B-lactam antibiotic with an



heteroaryl, heterocyclyl, arylalkyl, alkylaryl,

het eroaryl al kyl , al kyl hetergaryl, cycl oal koxy,
whedeneryL! yl oxy, aryl oxy, hé?ér oaryl oxy, am POI/US2008/012706

car bonyl, am nocarbonyl, oxycarbonyl, am nosul fonyl,
eﬁédfﬂv%%&unt%aé'bQ{aE‘l%cts{?ﬁX#éﬂrﬁﬁ%fYH}%ﬂi BroilsBlcthiif firtctidhality

carbons conprise part oOf sald oxylm no group,
having thedformastat sul f oxi do, (b) C3-C7 cycl oal kyl any

carbon of which can be supstituted with from 0 to 3

substituents sel ected fropdth& grgup consisting of

hydr oxyl, hal ogen, carbokyl, no, thiol, sulfonic

acid, sulfate, optionﬁka titRsed: al kyl,

cycl oal kyl, al koxy, alkenyl,|al kynyl, aryl,

heteroaryl, heterocyclyl, arggl kyl, alkylaryl

het eroaryl al kyl , al kyl heteroar$l, cycl oal koxy,

Wh@l@imRQG?’GWO@R%'G(?NE?RG; JQB(OE)OgﬁI: Y?(@()YR@ 'mﬁ"'lhftR4R5|)R4, -

n alnl nocar pon , Xycar.non , am nosul.1on

C(%i@ﬂiﬁ‘gaglﬁﬁgu'aﬁ@sﬁa; O%quﬁf%sgm ¥hen9£9ﬂp gensiging of:
cargns Qr{yé 5@5 gg%mg%fehty\}ﬁ.émwo% Reduddhfibiti 8 eRitted from

attached ecul e conprise part o
sai d oxylhe grougraamsjstingl dfitgalroxyhchalegém,ocarboxyl( cyara,thiol,

group substituted with fromO to ubstituyents

ST ont oot Rhastie' 5. Shirdte, opaalysuhsHieH, SIGT cloatkyl, atkoxy,
hal ogen, alkah{PIOAaKynyE WaIOhefelit VE argl lkylaryl
sul f at e,aogt ?lbnalyW ?@Est?ﬁdt}g’yl hael‘itkl)?lﬁ:?a&ﬁlgﬁ%}ﬁ kylaryl
al koxy, heterearylalkyl) aliylieterappil, cyetaatk@ar yieterocyclyloxy,

Al kot hot vt eterBal oy nionEdtponyl i ggs o
aryl oxy, o*Wa@b@leb@msmhvpsuﬁ@m)h,o?uénidino, sulfido, and

am nocar bonyl. oxycar bonyl , am nosul fonyl, sulfonyl,
guani di nHfaXi9.i do, and sul foxi do, (d) heteroaryl

. i ¢ _ o :
96l 58, iR Ay PRl SOl uifh Roft R iRt fuents selected
hal ogen, fromr thexgroup cpasstingtdfingdroxs| Hadogen,azartdoxyl, cyano,

| f i |1 bst.i ; kyl , .cycl kyl
o LSRR BE L B onSh s HELO Y cotoa,
het er ocygikyky, Ak¥hgdl Jlsu(ywb)a(mmétévdarylb ﬁbf&?é{/?’/lﬂ/@bk%élkyl,

al kyl heteroaryl, cycloa y, heterocyclyl oxy,
aryl oxy, alkgleeylobeteroanylalisyli alsylheteroany yclemlkoxy,

oxycar ba§ TR RSV, PeEfovsRy. SR afionn,

sul fi do, amirbcaitbdyi xycarbonyleamiristiifenyk sufolylogdanidino,
substituted with fromQ to 3 substituents sel ected
sulfido, and sulfoxido, and

(c) heterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyt,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulifonyl, sulfonyl, guanidino,

sulfido, and sulfoxido;

R, is hydrogen, or is selected from the group consisting of:



fromthe group consisti ng of hydroxyl, hal ogen,

carboxyl, cyano, thiol, sul fﬁc}nl c acid, sulfate,
wWo@piovoald y substituted: al k)’ cycl oal kyl, aP&DK$2008/012706

al kenyl , al kynyl, aryl, heteroaryl, heterocyclyl,

ar y | kyb é‘l%ﬂWI aclrn)c{{lcarF h OF %{I(ﬁ'{ ?Hﬂ) L1bs|t|tuted with from O to 3

al k het €roary oxy, erocycly

ar yI oXY, shllast&uemsyﬂemyteddmmmhe gm&moahsstmg of hydroxyl
am nocargo yl, oxycarponyl , am nosul f ony

guani di nBaloggRyF We¥RBent ha?iyswfomﬁ@c@.seﬁﬁge Shtiorialy
net er 0cy gubstitdRkBIKH, rlgfcloatlmnalkayglﬁe@It gﬁ(gﬁ@ Ayt he

rest of rise
group, sheferdaryl, dl&iemn:lyblgklaml;alm allsylaryl,dneytbrcmrylalkyl

o A BBl el B pdops rpteroaon,

hydr oxyl afij n@f&aﬂ@oﬂylo‘dﬁ\|ﬁé&éb&ﬁylabx%&?b&\}go§h{|h6’§hlfonyl
relative to the group containing Yi

wher ei n wiéomérmanld@o oXYIBINe wehereinaary efeﬂ'@c@étﬁﬁ carhons

the grou | dr [, alk cycl I

al Koy, - SPRBASP Pl s SHSRTIRY oraffbrgutp gy Sufdkico,
carmnyl C3207 @&Idaﬂ@ﬁﬂfahy cakibion af which &y be sabgtivied with from
car boxyl ani di no, hal ogen, heteroaryl,

a
het er ocy9|t9¥3 subssitye ntg selested Hom th%ﬂlﬂ%@%'Stml afdnidsoxyl,
id, f
acid. suiRben Eabadl ehanfid SRR Sl SR Bpronaly
\Nhlb ch casuthxiutaleblsalldygtc?rdloalkwh alkoxy, QalkenleaIkynyl aryl,
substituents se te ro t he ro consi stin
hydr oxyl heteraaagh iR osy BRIk A BR.dictetty Bl

?; Ic F 3 aIS E%}W“‘gﬁ@%' O&r’dléé{l k?)?}“ tfﬁzéFd&@@lo@ KWloxy, heteroaryloxy,

het er oar glmIn(he&taﬁbmwcalyilnombblawkykycaabQWIaamlnosulfonyl

net o ooy Suifint guarfiiiy, OXViRiSE Whisre fi 81 & Shsbons o the
car bonyl cycmm??rbbgrmher PErCRERHY Atta @i RSIE! rBBYbf the
I NO

sul f onyl uani oxyi m no wherein any of the
Cl-Cl0 c e copmsisearbaf saigroyiminocgrpupi Aulfige oand
sul fi do, gyl foxido, (b) C3-Cl0 cycloal kyl any
car bon o? {Th can be substituted with from 0 to 3

sub&di t uaryl graed eabstdun‘edamth frony 0o 3 subksitsénts Getfcted from
hydr oxyl hal ogen, . car bo , cyano, thiol, sulfonic

aci d, sufhe8roupPsansisiag g | droblhaaan.carhoxy, cyano, thiol,
PCT/ USZOQ?EQ%@EQ@ sﬁHQt%t 'obHBﬁ?Hy éﬁﬁéétflé¥tgg%’§'k?lﬁlé§¥'oalkyl, alkoxy,

al koxy, enyl ,
het er ocyalkehyl, afky/hal IaWI haiekgaryl WQtelrm:tyeiybaaryllaﬂdyKWIkylaryl,

o e R h oSt SIS b ocyctyiony

am nocar §9Ky, heterearioxy lamind! BQﬁMnny%mocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,



sul fonyl, guani di no, oxyim no wherein any of the

carbons of the cycl oal kyl qléggp ot her than the one
w@raoaobad t o the rest of the | ecul e conpri SECPEE1008612706

sai d oxyimno group, sulfido, and sulfoxido, (c) aryl

97, SSEFAGLA B, bRy BB, oI AR, suancino

hal ogen, saladbpaudi sulfgmdo ahddi ol , sulfonic acid,

Zfﬂk §/ hgl e&éﬁfganlc' agb,.?;l Is%ltgxft‘gﬁf wﬂﬁl(;_f{f(%'p@a%:g Isagstltﬁents selected
het er ocygh thedgrbup! %@Hgﬁ(tf’(i)‘n')gké(f' rﬂfd%xyl Hﬁbg%g%{ﬂbﬁkﬁy kyano,

al kyl het eroaryl” cyc et erocycl
aryl oxy, thal eulrﬁmmglamq/,,SLdfate]@Ptloaatby)aybstltuted alkyl, cycloalkyl,

auani i nBROE AKBRY AT gy e el Petroh i ety
group SUBFR?IatrW AdtetbhfyldIkPThalkylHeter S&yélasmbﬁy

sel ected romthe group consistin dr oxyl
hal ogen, heteroeyglyloxy.amiexy, hetespary yfamleoa@arbonyl

oot e afidSBbhY SPrbbHYEmidbdifton £ UBAY Ghianidino,

het er ocyekyiminainHerkinyany ofthieydzabghs oh&t@h@t@fdd:y&:'hk}gkoup other
alkylheteroaryl cycl oal koxy, heterocyclyl ox

aryl oxy, thasy tbesns aliaghedita re@bpﬁtﬁmnollecule %?mp”lse part of
sul fon
am nocar@&aydxm rﬁﬁ%) @Fo?@n)éhmp@bm g%ﬁif QX( 5) y

guani di no, d su
het erocyclic group substituted with fromO to 3

Rs el 610 Nelerdgen orup suRsftuted with Hom 4 Subetyfis wherein
oné6f fhe %Jtﬁﬁeﬁwts@@b'%&% o?%%hb%ﬂy ;Fio ar&%{ kit the 2 position

cycl oal kyl, al koxy,” al Kenyl : ,
relatmeetpdhegrpum@petamryugl\w ancGlvy| amdkwhereialthglramining

- su%glﬁ rﬁg%l al g%t,edﬁ 5?/ {Bgit %@?@r@;ﬁtﬁc alkyl cycloalkyl,

alkéﬁ\i mkeﬁyl alayfmy]osﬁfrb@rafhmo@ém@fmwbonﬂnhﬁmmmyl alkylaryl,

guanl di no, oxyimno wherein any of
arybaﬁrw@m, eADpKY, Frare. qyaslidigoghalegent h@ﬁerowhmettﬁ@cmlyl

sulﬁ(ﬁé }qﬁ)ﬂﬂ %quQdBe%lf&ﬁlF%%gid%llfg u'a% ]&R[H?” se part of

oxi'do; WO
2009/ 064414 140 PCT/ us2008/ 012706 R5 i s hydrogen or

I s sel ected m t he rou sisting of: (a) Cl-C6
Ra I WPCfgﬁer{gﬂ%%,grgtpp \‘R/%P%'ﬁ ?be substituted with from

con@ gt | ng??@%ﬂ?%ﬁy%lr@&ﬁ %Fj\nfh'ié?m:éﬁﬁe% uBlfituted with from 0 to
3 substituents selected from the group conS|st|ng of hydroxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyi, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the C1-C10 carbons
comprise part of said oxyimino group, sulfido, and sulfoxido,

(b) C3-C10 cycloalkyl any carbon of which can be substituted with from

0 to 3 substituents selected from the group consisting of hydroxyl,

halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally



wa@bkdongs414al kenyl , al kynyl ,

hal ogen, carboxyl, cyano, thiol, sulfonic acid,
sulfate, optionally substl Ped al kyl, cycl oal kyl

§ het eroaryl , PCT/US2008/012706
het erocycl yl , arylalkyl aIkyIaryI het er oaryl al kyl ,

al kyl het §¥]l9§’lft¥ ed: & IQS‘)CK)WyI 5\%9}{ P(’&rll))f | Qkynyl, aryl,

aryl oxy, eroary am’n'o

am nogar be’rejbaryhmeialrdwnlyl, ,ary!aihyh?lk);lawg:l heéegodrfllagwll,,
uani di no m n any of the Cl-Cl10 carbons
gon‘prl sed Mﬂe Pagﬁ avﬁ%gvk ensyclylany apdoxyfigteroaryloxy,
sul foxi d a
9 i) cdrB A d% %ﬁﬁf&#(ﬂrl?r%ﬁd%yl ¥ (%BEH\W 9kni H\@étﬂﬁ)nyl

can be SU tltu i tuents

sel ect edsnﬁlfcmml tguargdmOponyanswhegemfanwdfrmwarbons of the
hal | t hi f i d,

cul Tat o cEbaBeroyP AR Pe e pge BoirGesy of the
al koxy, ﬂidféifi){é coﬁ*dﬂé@)ﬂan 8f ¥Aid oxyfhRIOgroYib; sulfido, and

het er ocycl yl , arylalky al kyl'aryl’, heteroaryl al kyl,
aIkthet&M' cycloalkoxy, heterocyclyloxy,

ar yiegxy, %.S,?%F(S é%&ﬁ%@%\p% H3m 36 %%titue%tﬁ Selsgipd from

guam di nthe groyipraorsistingr«finydaowyl ohalbgen Cedrborgl, @flaﬁ@ethlol
cycl oal kyl group other-than the one attached to

rest of %Wﬁon'ﬁé‘P@c§PgakeoﬁﬁFlpgéllypglﬂbstwtegaa[h(yb)Qypmaﬂgyl alkoxy,
, | | f
Jubeb ¢ PEhEaIORY, o heterbiay, Heteolbiy® Bk, plkytary!,

from t hbet@irmmglaﬂqusaIkylhemroérm,ycymnalkoxmaiem@emyclyloxy,
t hi ol sul foni c aci sul fate

o Loy | sy Dt Raex A ARG, ES0BY ) japinogs

al kenyl , o@dﬁYBdﬁyl SfihosulBh§l, Qalshyl Bﬁéﬁﬁﬁf‘d"‘slu}ﬂdo and
aryl al kyI al kylaryl, Theteroaryl aka ,

al kyl hetwlﬁa«@@ cycl oal koxy, heterocyclyl oxy,

o B bR A PaRB s SE wifPABRTY i1 sunstitueny potected

guanl di npomsthefdrdap cvhdisting!df trydedxyl (KBlo§éeh es0BbXYI, cyano,
gr oup substltuted with fromO to 3 substltuents

sel ect edthigl; swfanie agide splfeten optienally sibsiijdtedx alkyl, cycloalkyl,

hal ,
sﬁl 19 g? 2 alRa{qFona C¥|ﬂg,‘?¥|i ?bﬁ *gémf?%/{ ?‘%Eéjg?gg?kgnlalkyl,
al koxy, alkklew/ll he'@rdaamdlkwﬂalkylhetmbaryjawdloalkoxy,

het er ocycl aryl al k WO 2009(0(’}64414 141
PCT/ US2 61 OXYy| PéY yireterpary xr9mcrqnarbonyi

T gttt RGN A o

am nocar $dfigod, ank galfexidmyand ami nosul fonyl sul fonyl ,

gua(rés di nr?éterocyclic group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;



sul fido, and sul foxido, and (e) heterocyclic group
substituted with fromO to §4ﬁubstituents sel ect ed

w0 c@n643e4 gr oup consi sting of "hydroxyl, hal ogePCT/US2008/012706
carboxyl, cyano, thiol, sulfonic acid, sulfate,
optionally substituted: alkyl, cycloal kyl, al koxy,
al kenyl, al kynyl, aryl, heteroaryl, heterocyclyl,

Rs & yydibggh or isakdxl;smeron*Mteegroapwomlslsylhg of:

o W ijt Ehaeh 9%(:' Srbamt hichesarh §f/s%'bs{it%’t‘é’d with from 0 to 3
ani nocarQ%‘gHtueﬂé}é‘@é& 8¥fom &8 BRﬁ#H &ﬂ%ﬂmn of ﬁﬂ%kwhe

guani di no, oxXyl m no er el n an carbons of
het er ocybalp.egr oanbowheyano hfamlx swifamie aaid; aulfiate, optionally

oroup. <SFESE AL OB, A5 ks At h0°
i ndependesterdyary vdfe@éwcycgﬂlaﬁggmyl NRdfRary |, Het&foat|Ilamkyy,

or when taken together and X2 form a cyclic boron
ester m@kélhgéﬁr@aaﬂaml@alkoxmd\etemwgiyh@(yf aBreXYy, thetermaryloxy,

can " be- o, bl iiificetoat oAb A Fhinlyidov,
forma cydifonyl pramidiao] dgyinties evhes@incarghel theat 14G 1@carbons

contains from2 to 20 carbon atons and, optionally,
1-3  het @MBRIBPAFHPIIRIE axyIBRing grapp.chulfido, and gdfpxido,

takgy toggide 'bgé@)aﬂ(naﬂjgﬁi a5 SR 8F which! é@r g?n "sg?i%tuéeadr BIIO'(R from

am de-ester where s hai n contal ns
at orrs an@l to 3cpibistihednty seleciedfoer thet gnosipwdansistiogroflieydroxyl,
orm a

N, X1 d Rl t t g l i '.
V\/ner e s éopghgc%rgﬁgﬁli ﬁ¥a§8'tg'§ OTer Acid, %ﬁ@atéﬁeﬁ iortally

opti onal I
and xo 1 S hstiated: BRYE IR Qe erE Syl oo

X, and metteo@as'vhéretérmcuclal eyyalkyl, mlkugawhdr&temryiaﬂthg

cont ai ns ar b to ional |

het er oat %%%I qrgﬁ 'ach%a%ox‘frll%e ?rdgyc t? yxgryléxy, ]he:t%eroaryloxy,
hydr oxyl amh#d Q@etbbnyﬂ%ocyrb&iylcﬁx@éf@ww rhirestliIfSRy,

are i ndependent Iy %drogen al kyl, cycl oal kyI al kox

al keny! , stfanyhyguanidippnexyiating whereigrany, of the carbons of the

am nocarmélléﬂgg’ﬂ)ﬁg'mher ﬁlahlﬁytb@réﬂe alfééfL ed O REFEY ofy the

car boxyl eroar eteroary

het er ocymlojéc;ules cbfripdise paﬁ bbsaid, oxqrmmsmgrbop] gllaifldorand
taken to }he Yi and Y2 forma cyclic structure
cont ai m%ﬁ 3-12 carbon atons and, optionally,

2005T oo TR oD ks Uszoc%ﬁirg%gltogséssﬂgﬁm? ReIecayd from

24. The thetdrodpaionsisding af3yydroxyl hsalogenpearboxy, cyano, thiol,

contact | e BB LA eBibbal sy TefLSRSL kyfogtion,akory

flaﬁle m 23alkehgr aikynyNandoReéREbaMY HilteldegchBH PRIk, acnq}léryl
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d)  heteroaryl group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,

alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl, .



place in vivo. 26. The nethod of claim 23, wherein the
contacting of the bacteri al takes place in

WQ 2400064424, Use of a beta- Iaé? mase i nhi bitor BCT/hszoos/012706
br oad- spectrum functionality having the fornula:

51 0 NrerVerty Ba iy, Sl oy, R

C(=NrR4 Rsmemesycmmy mtm,xypheiesoawlceqt echlho oa:arbbayl

group consi stin rqu ed Wi t
rom o't 8maeAdeRYk e/derbal. BTN Faiany llghyh fuanidino,
consi st g&”f'?s QH&“'SBFMJ«dOh ggen, carboxyl, cyano,

t hi ol onl ¢ acli d, ate, optionally
sub@t)l t uhetﬁroaydtmlgroupcswatmuyed withl«fcom 0 toaB kubstituents selected
teroc ary

| kynyl h
al Ky ar 1 i AU PRI ST HelaBf ) cArb8, oyano,

cycl oal ko, sb%ﬁb%@@'sﬂlfﬁt@/ optnéhﬁll@éMbsth@fe@f Ay Slbalkyl,
ami no, carbonyl, am nocarbonyl, oxycarbonyl

ny
ani nosul akseyy, alsenyloalkynylgaayli Getesoaryliheterocyeliti arylalkyl,

0103 catelany, BEIEOaR Tty SRYRETHBER Hrtmikbian oM
consi st i hgterdcyalgloRyydrylorg| heeioaryiyo diino Cobonyl,
thiol, sulfonic acid, sul ate op tlonalli; substi t ut ed;

al kyl, cairRgarhenyl, axmyonw REVREsultanyl; spifonyl gpanidino,

het er oar I

et er oar ST WHHE iy ofth Hibdhs of BleYeRidycic group other
het er ocyttiayi theyoneaattached tdwkhbaesaomrm«y\olemmlmoompnse part of
carbonyl, WO 2009/ 064414 1?3 PCT/ US200 /012706

am nocar BYAAXYIBINRGHoRnsHIfidgand SHITeXAGI . sul fonyl |

guani di no, sul fido, and sul f oxi do, and (c)

heterocyclic group substituted with fromO to 3
Xi au@é&ziaraem@p@me;ﬁtydwdroxsdnlnalbgegr NtRaRe 06316 alkgxyf or when

hal o car boxyl. cyan hioI . sul f.onic.
takef b2kt KAt BT A A b e p e Rofe Ehain Bt fing
corﬂﬁmkcfﬂirh)ﬂ to 2@ clmoh at@'rrksﬁﬁbidj oﬁldﬂé‘ﬂy' 1-3¥efleroatoms which can

heteroaryl, heterocyclyl, yl al ;<(y

be O, N, or S, or when taken together X1 and X form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X and X, form a
cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,
optionally, 1-3 heteroatoms which can be O, N, or S, or X; and R, together form a
cyclic ring where said ring contains 2 to 10 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, and X; is hydroxyl, halogen, NR4;Rs, C1-C6
alkoxy, or X; and Rj; together form a cyclic ring where said ring contains 3 to 10
carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S, and X, is

hydroxyl, halogen, NR4Rs, or C1-C6 alkoxy;

Y1 and Y; are independently hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
amino, aminosulfonyl, aminocarbonyl, carbonyl, alkylaryl, aryl, aryloxy, carboxyl,
cyano, halogen, heteroaryl, heteroaryloxy, heterocyclyl, sulfido, suifonyl, or
sulfoxido, or taken together Y, and Y, form a cyclic structure containing from 3-12

carbon atoms and, optionally, 1‘-3 heteroatoms which can be O, N, or S;



al kyl aryl, heteroaryl al kyl, al kyl heteroaryl,
cycl oal koxy, heterocyclylog aryl oxy, heteroaryl oxy,
w@eionoe44car bonyl, am nocarb ﬁ?l oxycar bonyl , PCT/US2008/012706
am nosul fonyl, sul fonyl, guanldlno, sul fido, and
R2 is hydrogen or is selected fromthe
Orégbﬁgﬁégﬁglst|ng of: (a) Cl-C6 al kyl any carbon of
whi ch can be substituted with fromO to 3

24 iRonsthod Gialeas tunse epmprisissoneshios the BipBraLoet with

an @ffeft o€ of 4 Ia‘?:"l?rh'éht bitSti tuted: alkyl,
cycl cl)\éﬁsEhT OL 5; keny al kynyl , aryl,
heteroaryl heterocyclyl arylalkyl aIkyIaryI

250 BBl 23 e o6 B P ¥ K3 cotaes

plagali®@fi)., am nocarbonyl, oxycarbonyl, am nosul fonyl,
sul fonyl, guani di no, oxyim no wherein any of the C1-06
car bons conpri se part of said oxyimno group,

20 23 e OB o e g

plaselisvittolent s sel ected from the group consisting of
hydroxyl, hal ogen, carboxyl, cyano, thiol, sulfonic
acid, sulfate, optionally substituted: alkyl,

C | | , . . .
27 YRS e Bl ISR bUR oo ungtionat ravin
thelfetrautzar yl al kyl ,  al kyl heteroaryl, cycl oal koxy,

het er ocycl yl oxy, aronxy,Rheteroaronxy, am no,

car bonyl, am nocar bonyl, E?yc rboyvygl , am nosul f onyl

sul fonyl, guani di no, oxyifi no rein any of the
carbons of the cycloglky p Otaer than the one
attached to the rest of the |nol ecule conprise part of
sai d oxyimno group, sulfidog qu sul foxi do, (c) aryl
group substituted with fron10 %o 3 substituents

whetsli €,dd ~O(OIRs 1 OINBUBSC )R gsg?))égﬁgﬁqﬁfﬁ Ry, -
! ar DOx , cyano
C RSB R G Pospieenifiom de GRow CanvstianT-y

subgd)i t uhgAl gr&id%ubst%fédlﬂltl'ﬂﬂom 8l th B Yubstildrf8¥elected from
al kynyl, aryl, 'heteroaryl, heterocyclyl, arylalkyl,

al kyl ar ythe grestpesansistingl qxfmydraxydyhal@ggnoaarpbxyl cyano, thiol,

Oy S B SR Bty B v

arr: Posuldém@yiyl atkyhf/Rriry1, heteroad, ﬂteteﬁddyleyd@ryl%ﬂdll alkylaryl,
- sul f oxi
heteroarylalkyl, alkylheteroaryl, cycloalkoxy, heterocyclyloxy,

aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(b) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substitutedi alkyl, CYcIoaIkyI,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,



(d) heteroaryl group substituted with fromO to 3
substituents sel ected from1t45e group consi sting of

whyaposa4 hal ogen, carboxyl, 'Cyano, thiol, seCT/081008/012706
acid, sulfate, optionally substituted: alkyl,

cycl oal kyl . ' | Y. -
het er oar éhln%@éré%glyg ?%ﬁﬂéb% ghﬁ§$¥U|foﬂy%uéfP {/\ P’I guanidino,

het er oar gullilbyand sukgkidet andaryl , cycl oal koxy,

car Bany! elesirikieBrBuRAbSBCAMIBTAT Cif A5aRtyRpls selected
sul f onyl J S, e+ IO, u LHO

het er ocyglolﬁgmgr%{?gu%s%ob%ﬁt{dﬁcr y\%?tgﬁﬁf b%‘%ﬁsﬁt %a'%%%ﬂ( @Yano,
subst i t uthiols sefdrictasitl, sulfate, tdptiogaby pubstitatest: iaticyl afycloalkyl,

hydr oxyl , ,hal ogen, .cafboxyl , .cyano i Ql, sulfonic
Y kR ARy o ARy anyctieRioant. Heteipcyeh, Gy,
cycl oal kyglkylarpll ketetoarlIARAY bikyHdt¥ddryl, atmbalkoxy,
heteroaryl, heterocyclyl,  arylal kyl, ~alkylaryl;

het er oar f;e@quwaylakaw&xur bateyparylaxyl, amirexgarbonyl,

o Y ShiA St el PRt S, oo,

sul f onyl suljdepanid 8alfoxidsyi m no wherein any of the
carbons of the heterocyclic group other than the one
attached to the rest of the nolecul e conprise part of

R B o B e e Do o R om 1. to 4
sub&t)i t uEnNtC6 atieyt @iny cashen of wihich sar bei substitided svith from 0 to 3

hydr oxyl or .am no gro | ocated at the 2 posifjon
ol at i vestos et SHotiBe R i TP Sorsng ahhvaroxy.
wherein hBRGLATBAMNOI, cHRS! iHidIeBGifori Bcke SaRaH obfiBiially

the group consisting ydroxyl , al kyl, ¢ycl oal kyl,
al koxy, aubssityted: alky,royicloadil nalkoxyyi alkeny! balkynyl, aryl,

car oy neRRT A ERND et Bt e
het er ocyalkylheteroailf bgloalkbky,aetbrocyelyleny éﬁyloﬂ:! IHeasicaryloxy,
e

acid, sulfate, and thiol; R4 is selected from_
group coABliRQ.iGaibeny!, apinerEPoByl4edycargonyl, aminosulfonyl,

PCT/ US20 7 . -.C1 X
b eh - aontdtit dianitfb, fhyirilo MrSteinity §PROEI Ko carbons
ﬁe: ect edcomprise iparpofosgid my'ﬁlhialbinguﬁ sdl1ﬁd<b,<h¢)ddsulfoxido,

a en, _carboxyl], cyano, thio ul foni ¢ acid,. .
Lo B0 7 S klon BB carton elwRian san Be pubstiutgd with from
al koxy, gl @k ‘ot
het er ocyglt§ I%,r%z?rsylﬁéﬁg ?él?leﬁi Ihg R/P% ﬁ’reotq‘@: éloaanrsﬁtia gk?/fl I?yd roxyl,
al kyl het balogen| cabpxlyb alyhoaythidicsfaniy akid, suifate, optionally

oo SRR M TG AR, oy, ay
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and
sulfoxido,

(c) aryl group substituted with from 0 to 3 substituents selected from

the group consisting of hydroxyl, halogen, carboxyl, cyano, thiol,



sul fonyl, guanidino, oxyimnino wherein any of the

Cl- C10 carbons conprise part of said oxyimno group,
wa@adobiogat4 and sul f oxi do, (b) 184- c10 cycl oal kyl P&rys2008/012706

carbon of which can be substituted with from 0 to 3

Py oxyl SIS 35Ef Stald, SpyPRENCSRESGRIS AR, Telak akoxy.
aci d, suhblkenegl, atkyinyQresayl, hetémbqﬂlhetéﬂityctyll karlylalkyl, alkylaryl,

cycloalk I, al kox al ken ¥
het er oar %ferﬂ@'ty@%seyelkwhe %mrw Rxnloalgpwfgﬁtwocyclyloxy,

het er oar y I’ﬁ(%% 'heter%'a}‘%obl?y?t W%hrbmlé?ﬁfn%%%onyl

het er ocyc y, aryloxy, tel‘oar

car bonyl oxmarbonyir borigodsulfonyt esnjlfonyl guamdrrmnddlfuiwla,nd
sul fonyl guani di no, oxyi mno wherein any of the

car bons S ! 0. cycl oal kyl group other than the one

att (H)hedhéférbé‘@l gRsp Slibdtited WhIE Frohe 0§68 BPEISRitiRaHth s@fected
sai d oxyi mno group, sulfido, and sulfoxido, (c) aryl

group sufiem thet greupi cansisting af hydrexsdulba,logenemr oxyl, cyano,

hal ogen. MGl BWIGE R sBraf gftonally BuaHiEledt ¥, cycloalky
sul f at e, alkpky OélRéhyl élkbﬁ?! anileﬁete@béfr)yl hetgrocoalyk drylalkyl,

al koxy, al kenyl, , heteroaryl
het er ocyaIkylarylahﬂaipﬁwlalkw a;hyme}eroarweeml@alkwm kyl ,

2 Ky et RERABKIGIVIGHT) A9ldSG KerchGERIBEY GhthS darbony!,

aryl oxy, hetero
am nocar bmnycbcarbouylc axmmbbnylammmsulfowy Isulfenylf gaghidino,
guani di no, _sul fi sul f oxi do, (d) heteroaryl

an
group subdififp 2 SW ¥ gf’r%’ﬂqlo to 3 substituents
sel %t edhefér@é?éh@%reﬁﬁ‘é’abgf?lnu%&fﬂutﬂmﬁ o Qﬁﬁémuents selected

hal ogen, carboxyl,” cyano, onic acid
sul f at e, fropt thengrioup mﬂs&ﬁtlngmfdvjdraxyiylhaloggn] carbbyyl cyano,

| k , al h I
het or vy R Stanf A6 el tapriaPahy SR Hss: apigyeloatiy,
al kyl het QRQQVYéIkeﬁYICbH@hVIOéYyI hé@w@é@pwaﬂo@ww arylalkyl,
aryl oxy, heteroa am no, carbonyl

2009/ 064atularvigh pm&ﬁ/ ethlr@@eroawln@ﬂdwmw
oul 11 do. MlerodEIBRY. Ak N St o fMca. SR S 4Bany

substi t uamﬁwmatrboﬁylpaxybarboayﬁ ahﬁnosm&mﬁ sm‘bﬁylt gdanidino,
fromthe grou conS|st|n roxyl
car boxy| OXHH wheyginany %fuqhﬁd%ﬁreoﬁ% pﬁthes,fe@tfea%/c"c group other

opt i onal {%rﬁﬂynﬁdé §¢t§ﬁ1ecﬁ{d‘tﬂe’ re%YP# 9’% r%)ﬂecul@*:&ﬁ’i?&‘lse part of

al kenyl , et er oar terocyc
aryl al kysaid oxyimino group, sulfido, and sulfoxido;

Rj; is an aryl or heteroaryl group substituted with from 1 to 4 substituents wherein
one of the substituents is a hydroxyl or amino group located at the 2 position
relative to the group containing Y and Y3, and wherein the remaining
substituents are selected from the group consisting of hydroxyl, alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, amino, aminocarbonyl, carbonyl, aminosulfonyl, alkylaryl,
aryl, aryloxy, carboxyl, cyano, guanidino, halogen, heteroaryl, heterocyclyl ,

sulfido, sulfonyl, sulfoxido, sulfonic acid, sulfate, and thiol;

R4 is selected from the group consisting of:



al kyl aryl, heteroaryl al kyl, al kyl heteroaryl,

cycl oal koxy, heterocyclylogﬁ aryl oxy, heteroaryl oxy,
w@pdionoe44car bonyl , am nocarb 9I oxycar bonyl , PCT/US2008/012706

am nosul fonyl, sul fonyl guam d| no, oxyimno wherein

any ft

chafa) he&gﬂgﬁ‘g%{ﬂgﬁ ﬁﬂg Hgﬁ‘ rwe i’@')’&%l‘\ ?)ﬁg:{u%lé tLﬂé{T%th from 0 to

conpr i se3m1b$tutnfentsaelécte¢irm1thegroup comsistingaf harddoxyl,

sul foxi d R5 is en or sel ect ed({zro {?he .
gr oup coﬁ@‘og?f‘n(jar yf%y aF"R' nigA¢! [FB gptionally
whi ch cagybgit §té|%6tanéwtc%ldﬂuhﬂ,eélkew Gikényd, alkynyl, aryl,

substituents selected from group consi sting
hydr oxyl hetemaalzygdmtetsmyblyk)arylaﬂ%rajkylaml dhetegoarylatkyd,
i onal I stitute

2§:/Icfjoalsﬂl9ikyh%1%r8 ryI QYQ% PXY gf%ﬂ{gﬁycﬂl}ﬁ 3 léﬁ(}'/lbxy, heteroaryloxy,

het er oar dinmé‘&ia?b@ﬁ)ricbbﬁmoéﬁrhb Ikbkycaﬁ“bbbﬂ*labbﬂlnosulfonyl
het er oar yl al Kyl kyl het eroaryl, cycloa

het gr ocY@m@quumqungxywlﬁgn@.w;mfgqrba@y of thei éa, C10 carbons
car bony ! cofPhBBSREPA g ARG 8BLb: sATUBLTH) KaRslco

Cl- ®)0 ce;Bb(ome cycloziikyl any partborobf ahich cary baisubstituted with from
sul fido, and sul f oxi do, iﬂ% C? C7 cycl oal kyl ~any
carbon of s sybstifiieris selasied VQ%H‘%WW(F%'SW&@‘ hydroxyl,

substit uﬁQfo% ﬁel:gr‘bto I cgaﬁbt!’r‘ﬁ‘m%@%le %‘I’ §h|§§\ng g&ltlgnally

hydr oxyl ogen, oxyl, cyano,
aci d, susmbstéutedpalkyhai;ﬂcioallsﬂ,bslkoky;taékien;dj &kynyl, aryl,

het 'efglaffﬁ%fera' 5L ot By N Ayl Akviaiheteggaryialiyl
het er oar YjkglHeYéroand! BW&IB@Ikaq?%é»tbrod%@'l&é}l 'éMMxy, heteroaryloxy,

het erocycl yl oxy, aryloxy, eroaryl o’x
car bonyl amume, rqafa@lbyin9mlnm@rbanwonyvcarbnnﬂosmlmmfonyl

| f I f
carbons. Sy RRE' SUffeioy ¥l hla RSB ¥ e deltBape of the
at t achedcygloalR§l gresip dthet thain thiel it hRaEPto the r@@t bf tie
sai d oxyi m no group,  sulfido, and sul foxido,

2009/ 064pleclE COTRTSSRATE PHSIATKYIIP gHowp, gwkﬂde and
substi t ul e, 5h fromO to 3 substituents sel ected
fromthe group ‘consi sting of hydroxyl, hal ogen,

car(@yxyl aryt geoup stibstatted with from © tad slubsimhémeselected from
opti onal substit ut ycl oal kyl

Pkenyi. 1Hh DI conbisTine Gty faidderizeapu cyano, thiol,

aryl al kyéulfﬁu&éhﬁ\! )éhlfateh%ﬁbﬁéﬂw&%é‘tﬁht’ed alkyl, cycloalkyl, alkoxy,
al kyl heteroaryl, cycloal koxy, Heterocyclyl oxy,

aryl oxy, alkengk eliiynybrayyl, bﬁteﬁoaryd;ahe;terqayclyl arylalkyl, alkylaryl,

am nocarR te¥oarylalkyl alkylheteroaryl, cycloalkoxy, heterocyclyloxy,
aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,

heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,



oxycar bonyl , am nosul fonyl, sulfonyl, guanidino,
sul fido, and sulfoxido, (d) 4 et eroaryl group

W@ adpse44ut ed with fromO to é ubstituents selPCT/882008/012706
fromthe group consisting of hydroxyl, hal ogen,

boxyl 46 ' /P AnfindS: idi
opt  ona Py 38 porl silleatihl YrfinBElibpyt S, ganiaino,

al kenyl , salfidgnahd salfpkidohandr oaryl , heterocycl yl,
aryl

I kyl,. alkylaryl, heteroaryl.al kyl, .
o V{#het bitsrpoycicagbub SRS TId afr oy 1o, B supstituents selected
I , =X pal 3
aryl oxy, fiagd ﬁ'fé’%t;dﬁggﬁnosru]?m@gf n?)ﬁgggsﬂ?biélop?n, carboxyl, cyano,

am nocar bonyl , ony sul fonyl,
guani di nthiol, sulfénidxcic ralifate, faptiotally anbstitejed: alkyl, cycloalkyl,

h ' i dwith f 0
Cobet 1t Blkoby SRRy CANS L iy bl Balyl HBiErcP ey apylatiyl

hydr oxyl alkyrrpl eetereandakyl, a|wesoarylhb?é|oa%w,oni c
acid, sulfate, optionally substituted: alkyl,

cycl oal kjeterogyalyeyy, aiyiaxyy hetespagigty, amipe, carbonyl,

het : [ -~

net o oar SR SO Gkl ¥ . suani
het er ocy okyihtiny wrasrginoxiyy ohtheccarbbiis ok the Bstenocyclic group other
car bonyl am nocar bon%é@toxycar boné.:a,1 am nosul fonyl ,

sul f ony! thag\ ke eneattac fariheorashef Blemaigeulg comprise part of
carbons gf;t ir“ﬁ{oe@‘?ﬁj;b‘f'skﬁid%r ?HH sl‘i’ﬁfaﬁi"ciothan the one
of 'the nblecu

attached to tHe res e conprise part of
said oxyi mno group, sulfido, and sulfoxido; X1 and X2

are | ndependent hydr oxyl , hal ogen, NR4AR5, Cl-C6

Rs & RiSEER onim Sriette B sk ip SISO 1 orm &
cycid)c berone ity ani@irBos df WHiERESN Bk JubREtute@ Wit f#dém 0 to 3
from2 to 20 carbon’atons and, optionally, 1-3

het er oat sulgstithents selecteddram the goeusconsistingaf hydroxyl,

h j d f l. i i d .
sard cnalalogBh rAbadh BuBn) dnsdRiEe a8 SFisdk sBungany
and, opt gastithited: &k, diRIiIRA! aIRBXYWEIREN 3k PeyI0an\
or S, or when taken together X1 and X2 forma cyclic

bor on anh@terearybrhetpeqcyclyhiary@fed.alkyand heteraanatkybo
P KR s A i,

or Xi andmftio,tcaybdhgl afmimoearbonyic bkgcarbogylnwbatimosdiothyl,
ring contains 2 to 10 carbon atqnms and, opti onal
1259 et SRrasaRe: SxiIaomhaEoAtsor Bt K { carbons
hydr oxy!l gofphied Part HRER oxiEB ar8lif CXifidS ant s@rskids,
together forma cyclic ring where saild ring contains 3
to () c&RHon cacloakyhady capbomobivhich darsbasubsttutedraith from
\II\\IAIJQIA,(I:?Q cg t%%g%sgittkegg&? ;Ss’ele%qu %(r%n!n the S%%rpoc):((}/r{s'lst%%l gﬁy%roxyl,
halogen, carboxyl, cyano, thiol, sulfonic acid, sulfate, optionally
substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyquloxy, aryloxy, heteroaryloxy,
amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyt,
sulfonyl, guanidino, oxyimino wherein any of the carbons of the
cycloalkyl group other than the one attached to the rest of the
molecule comprise part of said oxyimino group, sulfido, and

sulfoxido,



Yi and Y2 are independently hydrogen, alkyl,
cycl oal kyl, al koxy, al kenyl ,149I kynyl, am no,
w@eionoeuii4 onyl , am nocar bonyl’,”" car bonyl , al kyl B€HUS2008/012706

aryl, aryloxy, carboxyl, cyano, hal ogen, heteroaryl,
het
Do o éYoqﬂ‘EB%tﬁgégégM‘gP 1 D11 SRS scécted from

struct urme:gmmW consgstingosh fﬁ/dtélxylplaalbgenat:mandyano thiol,
optionally, 1-3 heteroatons

can
or a sal BUloRis 261, spifate; &’QHOE‘ﬁ'IsBX sutasnguteﬂ aikyl qzebaﬁwl alkoxy,
R2 h
st § L AKEAGE alkFAyl, Bl RERRYan GBI KN rylaiy, alkylaryl,
2- posi ti beteamaryhallc;dr alhxmlerte:roacyldcmioalkmey Shatexicyclyloxy,
rel ati ve t rou containi-ng %)id)a d Y2, X ang X2
e hyar By etRaRICHl nior Samerih Ardinpedy

the orthgg d%éib@esw afiYER ORI, %%lféﬁﬂhghaﬁfdm@ sulf|do and
6- nenbere ng 1s forned, and Vi Y2 are hydrogen,

R4 i s nosulfaMidebstituted CL alkyl; in conbination with

a (! achar-anti Bl & ddtnis WRMHGAE Y85 Qlbshtuents selected

| nf ect i oftomlthe drotprgopsistingroffiydrorgg, halogenbearbbi@ncyano,
with a (3-lactamantibiotic in reducing a bacteri al

i nfecti oW"é’oﬁbf‘P@P @gid, sulfate, @pt@nadlmub%m@i allgybraycloalkyl,

d I SNRA%@%%‘ a"‘%ﬁﬁy\ﬂﬁﬁ%@%@@g‘ag@% Bfelyl, arytalky,

sel ect edalkylanylt hetegoany]talkwnalkymengoafyl mla@aek;@64414
149 PCT/ US200 2706 substituted wth
from 0 t BeETQotsIoN Y Xk hetbroly e Aiied by

consi st QﬁhIr%cd?bfgﬁyqx&kycéiﬁbﬁ?eﬁmlﬁ@ém| suffdAO guanidino,

t hi ol , ulfonic acid optionally
substit us@ﬂdoaark@rsulf@ydo,oarhdkyl al koxy, al kenyl,

o KB ey 5 SRR i KBt setetea

cycl oal kgyih theedreup @opkistiagYof hy@wmxwmoeéh eéaﬂBb)d/lOéVano

am no, carbonyl, am nocarbonyl, oXycarbo

ani nosul mysulf@uc%Wsulfgtﬁamp@pna"y §u|h>$t|tuty¢d alkyl, cycloalkyl,
sul foxi d

Oto 3 sg%«’% }p%adg% 8&& M q“é?éé%"%'w afrylgfﬂll

consi sti algykafrylhbldrewadylalhﬂl algqmetmbb,dxayclo@lkam

t hi ol sulfonlcai ul fat e, glonall substi t ut ed:
al kyl, chetesasyely oxy,’ ronxy, heteroaryloxy, amiino, carbonyl,

aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;

X1 and X; are independently hydroxyl, halogen, NR4Rs, C1-C6 alkoxy, or when
taken together X1 and X; form a cyclic boron ester where said chain or ring

~ contains from 2 to 20 carbon atoms and, optionally, 1-3 heteroatoms which can
be O, N, or S, or when taken together X; and X, form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X; and X, form a

cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,



al koxy, al kenyl, al kynyl, aryl het er oaryl ,
het erocycl yl, aryl al kyl, ﬁglaryl, het er oaryl al kyl ,
wa@bkdoghbter oaryl, cycl oal kon het er ocycl yl oxBCT/US2008/012706
aryl oxy, heteroaryloxy, amno, carbonyl,
car S A% I
opt?dlﬁgr}?d? r%ﬁé‘t\élro?tp?‘rydsc\%hg:ﬁgé’ P?@J’\go&l & <(5}' J&?EH R,a8Ykther form a
cydhetrmgomyede said rrmgoccmtbm 2 td @0 carthidn atoons Gndpogtionally, 1-3

M LGN e

alkgi% l‘bcl)' a)@%ﬁc?R% . g%’%'??mmenzéféﬁéh é%ﬁeﬁe s@nc‘ﬂhg contains 3 to 10

carhehatomsdnd, loptionally;,cl 9|heta|roﬂt@mkwmch alan;hea@yN or S, and Xz is
et erparyl al al kyl eroa , cycl oal koxy,
hy(ﬂgf‘@r 8@%?9? %R%P#)a oar yl oxy, ami no,
carbonyl, am nocar bonyl oxycar bonyl, am nosul fonyl,
sul fonyl, guani di no, suI fido, and sulfoxido; R2 is

Y: apdYaga independendlydudsagen catkylheygealisyl, aliwaysalkegybrikynyl,

amif aringsy By Mool Farc ot GBI Boll AR o

cyaho) hiafdgeny heteroxey Ohe‘tleroarywxvg Retereeyddg xslilfide ysulfonyl, or
thiol, sulfonic acid, sulfate, optionall

sulfgxida, ior taken together chaq o=l f@gm a quilg){s}trucﬁpr@é;gntammg from 3-12

oSl cpic R £37 MR S i o) o s

cycl oal koxy, heterocyclyl oxy, aryl oxy, heteroaryl oxy,
am no, capbonyl, am nocarbonyl, oxycarbonyl,
or %ﬁ?ﬁgé%f Pgnyl , WD 2009/ 064414 150 PCT/ US2008/ 012706
sul fonyl, guani di no, oxyim no wherein any of the Cl-C6
carbons conprise part of said oxyimno group,
proyigedi that, vemen Rulis oGi(PoR4,(Ry istBdnrgery,dRoisl axpheawygroup having

el iRocin e nS B BB A rRRVIA B Gl pBfa et acid at

thehstﬁb@mh relafiaé a8 the gﬁ@jﬂ)@éb{ﬂamlﬁgaﬂ?%nd Yii, K, arsdh XE, @fé Bydroxyl
acld, sulfate, optiona %9 substituted: alkyl,
Y

or )@y@ hygrg)yyl angl &Dggyrepg\\ theaprtiyerniydras pxygen of R3 such that
L \al kyl
TR RIERRE ring IS 1SR 3 ¥ BPYYARRE bl 383 s ot
unmatmeuﬂwamyy aryl oxy, heteroaryl oxy, am no,
car bonyl, am nocarbonyl, oxycarbonyl, am nosul fonyl,
sul fonyl, guani di no, oxyim no wherein any of the
in c‘b%ﬂﬁgﬁor?fmth@ﬁ IEM&'n?%hHWonEW ?aétnﬁanoitg‘?n&ﬂ@amfent for
attached to the rest of ecul e conprise
theémanwpﬁarhaogermjpnfestmm do and

28. A composition for use in combination with a B-lactam antibiotic in reducing a

bacterial infection comprising:

wherein Ry is —-C(O)R4; -C(O)NR4Rs; -C(O)ORy; -S(0)2R4, -C(=NR4Rs)R4, -
C(=NR4Rs5)NR4Rs, hydrogen, or is selected from the group consisting of:



why@posdsi4 hal ogen, carboxyl,

sul foxido, (c) aryl group substituted with fromO to 3
substituents selected from 1t4§e group consi sting of

yano, thiol, seCT/UR1008/012706
acid, sulfate, optionally substituted: alkyl,

| k
ﬁgf gar él’y e@?%lgstgﬁ 4&9\5}% froﬂ] l@ytﬁyj ?%ﬂg?r%s’selected from
het er oar Heagkoup, ccaiskstirfge@feln;ahoxyl hak)gleoabhnmxyl, cyano, thiol,

het er ocycl on,, oar yl oxy, an no,
Car bony | Sulii cish Sulfate. OrgRpaly Banstt ek Albb drlay. alkoxy,

sul f onyl aIk%H?P'a‘m))?\‘}l I Eé%oaﬁ’”%et@%d’y@l&‘l dé?gla@l@) alkylaryl,

het er oaryl subst 1t ut ' fromoO

substi t ubete;oanyllaibylealkyhewnoahxd gycm@ikomy;dleteraogclyfoxy,
hydroxyl , hal oge car boxyl | fonic
et . Luprdde Teero PRy 2rnis Ethiand. BifiepeStboril!

cycl oaI kigkycarBbK @i amiRdafiry!, s@JIfbM?IY uaﬁfd(rﬂo sulfido, and
heteroaryl, heterocyclyl, arylalky al kyl aryl,

het er oar §UEONYP, al kyl het eroaryl, cycl oal koxy,

het grocy

et ey Rt ot e RASIRRI Ot 4\ Mpyepts setcted
sul f onyl froguthiel grioup, corssistingdsf, hyainoxyd UlhélegedoCarbadyl( eyano
heterocyclic group substituted with fromoO t

subst i t uBliels sulforie @asid, suifgts, ﬂPé'OQ?B\(JEUE%mgt%’t @H@' diycloalkyl,
hydr oxyI k@ﬁgoﬁﬁgn Cﬁﬁﬁ?ﬂgly %&gc%f@t[éﬁ?argf Iﬂﬁ?%(rocwlg/ AN iSIkyl,

aci d, ona

cycl oaI kglkylar;alL hetqroaajldﬂbylyhlky&idtgnmﬁlryl ayc;lbalkoxy,

het eroaryl, heterocycly], arylal kyl, alkylary]|,

ot er oar PrRGICYIGRyAHiskorr Biegpaicpon BETRB GAM bRy

2009/ 0644dindcakbbl ﬁ?/ Hﬁ?@é}‘%ﬂ}lzZHﬁnoélﬂfo%’yP“sﬂ%WlOWamdmo
aryl oxy, heteroaryl oxy, am no, carbonyl,

am nocar 8difido, anst goliexidayand ani nosul fonyl sul fonyl ,

o Bt S R AEE S S B . G i tectc

rest of frog el groupecorRmgtingse I’Q@Ifr(‘)xyfﬁhal&@éﬁi éé?bbﬁyln@yano
group, sulfido, and sulfoxido; R3 is an aré
het er oar {iolgsuiienic @it isuifatey optionally supstity d4a|ky| cycloalkyl,

subst! t ugbs "‘Qﬁéﬁgg alghfi, 8 1 REePaEL, h% EdellP aytalkyl,

hydr oxyl m no

rel ati vealkylarvlehgtemuarydamylaalkyhr@téﬂoaayidcy(ﬂoalaoﬂy
wherein bhe rer@;{lnl ng ubstituents are selected from

the grou PRg Ly oty aheteyoa Yoty g RSPRY!

al koxy, Qhﬁr?c_%ﬂrbo QYéarbéﬁi}lnSmlﬁ&debﬁW k&%ﬂ%h I, guanidino,
carbonyl, am nosu [aryl aryft Y gy,

car boxyl sulfigenand guﬁ@ﬂdoho hal ogen, heter oary_l, o

het er ocycl yl , '

R; is hydrogen, or is selected from the group consisting of:

(a) C1-C6 alkyl any carbon of which can be substituted with from 0 to 3
substituents selected from the group consisting of hydroxyl,

halogen, carboxyl, cyano, thiol, sulfoniq acid, sulfate, optionally

substituted: alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl,
alkylheteroaryl, cycloalkoxy, heterocyclyloxy, aryloxy, heteroaryloxy,

amino, carbonyl, aminocarbonyl, oxycarbonyl, aminosulfonyl,



sul fido, sulfonyl, sulfoxido, sulfonic acid, sulfate,

and thiol; R4 is selected fr§§1the group consi sting
w@B09ped141- C10 al kyl any car n of which can P&T/US2008/012706

substituted with fromO to 3 substituents sel ected

fromthe Q\" no&@é}ﬁaﬂol Bgniﬁimgm{e%iﬁ ny Bﬂh‘ég@ﬁ‘dCG carbons

car boxyl, oni c aC|
opti onal bcympﬂsbsnart oft sadd oxlykyinp grpop osuilfigd,, ared Eolkgxido,

I h h
ZL; | kypg é?@lp@a@&( aﬁgp@?ltacgr; gfl \g%l caerg &%t C“ﬁtéd with from
al kyl het art@@ré/dbstméﬂtgebwd frofd ﬁfeogab@py&&fsvstmg of hydroxyl,

aryl oxy, heteroaryloxy, amno, carbonyl
ani nocar balegen, catpoxybeygano, mmlnmltnrﬂ@ayld,, sulfatief optionally

donpr i scoatitsr: Bl ooy, ket SkdyinART
sul f oxi dﬁete&@éry%éfél‘bczﬁl?l Céﬁfﬂ/l'é}{dyl a;mgyléfyl kmeﬁ&a /M

can be substituted wt rom substi tuents
sel ect edawmtw?@ndr exfoalsaxy. shetﬂg)cufslylwr amgloxy, heteroaryloxy.

23: ? gf 2 | ona‘)?n)ﬁygnb ?&{}5{3 nyl. 8%{({?9‘%8)@ ac?e(ulﬁonyl

al koxy, ahlkﬂ‘fw |guaihdimbybxyla'ﬂud> ,whdneh@irqmjiyﬂhe carbons of the
het er ocycl al kyl aryl , heteroaryl al kyl

aryl al k
al kyl het %Y%%@ eyl gf@&‘@l%ﬁ?kw thgedng aiégehsd toxdhe rest of the
aryl oxy,
am nocarg% '8353_\}/“ ar bo%y'fgf Q%d%@ﬁﬁ@?’n@ﬂ;p, gldllﬂ gn?/?d
guani di nsulfmo@mm no vvherel n any of the carbons of the
cyc aIk rou r, than e atta hedto
oS ot “Hen S e e Getediitn g5t LouTMGts Gsletied from

nol ecul etheagidiub o iz tingbf I%rgxﬁxblélﬂbéﬁ QérBBRy Yano thiol,
sul fido, and sulfoxido, (c¢) aryl group subst1t

with frosulfonie aslds sbifaie; optiosaliyesuhstisatet aliky!, iyslogikylpalkoxy,

Chi ol - pRun USRS H, (R SERERRAE, VAR, atkytary,

substit uhél@roaiylaﬂkyl élkylh@@ér‘@hl'yl @}dkﬁmmxy,&iét@mc clyloxy,

al kynyl, ary heteroaryl, heterocy clg yl al kyl,
al kyl ar y?W'O’WehéﬁQfQ?W'%W«ﬁmel @nm@v ras@nyparbonyl

cycl oal k argﬁﬁﬁrgmfﬁes\dl%w suﬁbbf&l éMa%Bﬁ’iqe SOiftldd, 3nY:

am no, carbony am nocar bo
am nosul $ufodido,sul f onyl , guani di no, sul fi do and

RUTEEING L ARG IR R
conS| St i ﬂSﬂhe*‘@’r@UB’@Hnsns‘?ﬁbQﬁWdr&)@fl br%%ben CoatBBxyl, cyano,

thiol, sulfonic acid; sulfate, optionally substituted:

al kyl, ciglosulkgnic aC|d sulfate optlonally substltuted alkyl, cycloalkyl
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,



al koxy, al kenyl, al kynyl, aryl het er oaryl ,

het erocycl yl, aryl al kyl aryI, het er oaryl al kyl ,
wa@bkdoghbater oaryl , cycloalkoxf het er ocycl yl oxBCT/US2008/012706

aryl oxy, heteroaryl oxy, am no, carbonyl,

o e Ry KG9 YAy, PBIBIEHLP SRR

het er ocy aminogarbopyk oligtarbohgll aminbstbifanyl Csulfonyl, guamdmo
substituents selected fro the oup t|n
Py oxy! OXHEHBRAHTIErEHY BT thesaians of i eesapicifiroup other

aci d, sutd fhe @ﬁ’é h&ﬁél"n Jt& Féstt Bf ﬁ'ﬂe nﬁilé’dﬂle comprise part of
cycloalkyl oxy, eny ynyl, aryl

het er oar yatd Wmﬂm:gl‘.dlm, ,sulildpl ahrd;slu,lfox@\okyl aryl
het eroaryl al kyl, al kyl heteroaryl, cycl oal koxy,
het erocycl yl oxy, aryl oxy, heteroaryl oxy, am no,

R3 ¢8R @Myl or hel8iopgiajrBapWubs SR WIBYdm BB m@abhfm@ms wherein
sul f onyl %uanl di no, oxyim no wherein any of

one gf thmgul@ﬁt ueRiste eeiystroxylias a;nwl@pgr@ﬂné@cateﬁm tfn¢18 Re1Sétion
rel @AY dBub Br AN, bG YIPRAG WrERIIE RRRRG ©

Sal d oxYi up,

suﬂsatdmexgerare lselectee froph dtb froup ¢dresistinguof wmexwt alkgl, @lycloalkyl,
(a) -C6 al kyl any carbon of which can be substituted
alkgiy, rﬁ'\“?'&\{h alkygylz amippsaminasarkonyd) Garpenyk apHnesidfagyb@kylaryl,
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aryloxy, heteroaryloxy, amino, carbonyl, aminocarbonyl,
oxycarbonyl, aminosulfonyl, sulfonyl, guanidino, sulfido, and
sulfoxido,

(d) heteroaryl group substituted with from 0 to 3 substituents selected
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alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
sulfido, and sulfoxido, and

(e) heterocyclic group substituted with from 0 to 3 substituents selected

from the group consisting of hydroxyl, halogen, carboxyl, cyano,
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thiol, sulfonic acid, sulfate, optionally substituted: alkyl, cycloalkyl,
alkoxy, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, arylalkyl,
alkylaryl, heteroarylalkyl, alkylheteroaryl, cycloalkoxy,
heterocyclyloxy, aryloxy, heteroaryloxy, amino, carbonyl,
aminocarbonyl, oxycarbonyl, aminosulfonyl, sulfonyl, guanidino,
oxyimino wherein any of the carbons of the heterocyclic group other
than the one attached to the rest of the molecule comprise part of

said oxyimino group, sulfido, and sulfoxido;

X1 and X; are independently hydroxyl, halogen, NR4Rs, C1-C6 alkoxy, or when
taken together X1 and X, form a cyclic boron ester where said chain or ring
contains from 2 to 20 carbon atoms and, optionally, 1-3 heteroatoms which can
be O, N, or S, or when taken together X; and X, form a cyclic boron amide where
said chain or ring contains from 2 to 20 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, or when taken together X; and X, form a
cyclic boron amide-ester where said chain contains from 2-20 carbon atoms and,
optionally, 1-3 heteroatoms which can be O, N, or S, or X; and R, together form a
cyclic ring where said ring contains 2 to 10 carbon atoms and, optionally, 1-3
heteroatoms which can be O, N, or S, and X; is hydroxyl, halogen, NR4;Rs, C1-C6
alkoxy, or Xy and R3 together form a cyclic ring where said ring contains 3 to 10
carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S, and X; is

hydroxyl, halogen, NR4Rs, or C1-C6 alkoxy;

Y and Y, are independently hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl, alkynyl,
amino, aminosulfonyl, aminocarbonyl, carbonyl, alkylaryl, aryl, aryloxy, carboxyl,
cyano, halogen, heteroaryl, heteroaryloxy, heterocyclyl, sulfido, sulfonyl, or
sulfoxido, or taken together Y and Y; form a cyclic structure containing from 3-12

carbon atoms and, optionally, 1-3 heteroatoms which can be O, N, or S;
or a salt thereof;
provided that, when Ry is —C(O)Ry4, Rz is hydrogen, Rj is a phenyl group having

two substituents consisting of a hydroxyl at the 2-position and a carboxylic acid at

the 3-position relative to the group containing Y1 and Y5, X1 and X; are hydroxyl
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or X1 is hydroxyl and X; is replaced by the ortho-hydroxyl oxygen of R3 such that

a 6-membered ring is formed and Y4 and Y; are hydrogen, R, is not unsubstituted

C1 alkyl.



