MONOCARBAMS Field of the Invention The present invention

rel ates to Monocar bam conmpounds and their use as antibacterial agents
i n ani mal swoizomleagizng humans. The invention al so 5 rel ataastmonssdwods
of preparing conpounds, internedi ates useful in preparing conpounds,
and pharmaceutical conpositions containing conpounds. The present
invention further includes nethods of treating disease, e.g.,
bacterial infections by adm ni stering conpounds or conpositions to
subj ects in need of such treatnent. 10Background of the Invention
Monocar bans are a cl ass of synthet&gﬂgﬁgggéékkg bet a-| act am

anti bacterial agents which have as t feature, a
substituted sul fonyl am nocar bony! Fafd ditae ivgntioroup at the N1
position. The early studies in this ar re conducted by workers at
Phe Saui bb I st 1 (e HEPONaaEREPT 19eteRs Mitorartenbepayids 0 e gss
R B. Sykes: Magawedciériap ég@ﬁi@"ﬂ HMirhds Oﬁdcﬁﬁim as, TR@vaéﬁtioWa%@
1984. Monocar bans have al SO been previously ussed in EP 0281289,
publ i shed 5Sege@isetc methpdg @i W@Qm%uﬁdﬂdétﬁﬁ@ﬁﬁ@fﬁﬁ saiiie nseaTEge
fully incorp i o]

ot 111 ng CRRRUS 23F hefbial DrpS S ELATIIRIE famadihde o4ae
nonocar bans qgiresdre iprapdion tfudtimrancludes mepﬁhcmst oft irmtirugoquﬁealeeg bacterial
mechani smin b éerla ta ough.t he use sider H anland ¢
si der phor enoridEHEENREH U’@Sg‘?‘&g CRUIPEAK ?{,C‘Nﬁ’ ‘0‘"‘? S need.C
Synt hesi s Andsubhtireatrigt- Activity Rel ati onshi ps of anocarbans Leadi ng
to U-78608. 25 Journal of AntibioticstOI, XLIT] No. 9: 1199-1203,

1990. Thutd, at least in gener al It y and nechani sm of
action of nonocar hadRocas? n&enﬁr'éa'éyc%&é’wﬂf @rﬁﬂ&?&g%ér‘i&y@l&?s@é&&iac&am
invention is not bound or limted by any theory. reis a

cont i nui ng neddbageriaie ROaAIS BHEN Ravesdsh tasyr nisietiariBaines, Bn sgbstituted
response to t&ﬁoﬂéﬂoﬁa%ﬁéherﬁ%ﬂ%ﬂ@%&{np %Ftﬁ' 2{' 4 orsf?:’éﬂa&'h%rﬁ%lrﬁ%ﬂt i€ in

i nprove saf et reas vention
The present ﬁhseeaztemowerelmnéscted memakmscmﬁwrmmnim‘ Hgitutel| far (Mdicat

their pre aration and.usef at Phar ma a e
Comos: ¢ s RHSRESr CRR st olE $Er cikbn VaRAC Eylatian antiiotis.
bacteri al Infm&dlﬂé;@ RBEr £ 1410, Immnm@omaﬂbmazsbh@eﬁogmmdg
are active and effective a ai nst or%anisng t hat are resistant to

e

~ ot her—ant i bi- St§§sed i Jelf-t§4811aP; -PrhishsH eertemoRy ot 158+ reTfﬁsésa’i‘Q) 3 -

gOETP?;J(B%\ET ) ‘;g%rcgh"}eﬁts( P)c?d\ gére@ﬂ a8 LR QiR i mBR Nentirety by reference

herein.

20 Although not limiting to the present invention, it is believed that
monocarbams of the present invention exploit the iron uptake mechanism in
bacteria through the use of siderphore-monobactam and siderphore-
monocarbam conjugates. Barbachyn, M. R,, Tuominen, T. C.. Synthesis And
Structure-Activity Relationships of Monocarbams Leading o U-78608.

25 Joumnal of Antibiotics Vol. XLIH No. 9: 11991203, 1890. Thus, at feast in
general terms, the activily and mechanism of action of monocarbams are
generally known, aithough the present invention is not bound or limited by any
theory.

There is a continuing need for new antibiotics, such as monocarbams, in

30 response to the increasing emergence of resistant organisms and to improve

safety, among other reasons.



(1) or pharmaceutically acceptable salt thereof; wherein 10Rl is

(G -C6)al kyl substituted with 1 to 3 substituents selected fromthe
group conswetmmgres2s hal o, hydroxy, (G -C6)al koxy, - NR7RET/1B2009/055544

-C(:--,0)NR7R6, and a 3 to 7 nmenbered heterocycle, wherein R7 and R6
are independently hydrogen or (Cres)al ky%, wherein said heterocycle
contains 1 to 3 heteroatons independentl§ selected fromO0, N, or S;

15R2 is hydrogen or nethyl; R3 is hydrogen or nethyl; R4 is
hydr ogen, deuterium or nethyl optionally substituted with 1 to 3
substituents independently sel et e LG R5 is
hydr ogen, deuteriumor nethyl o u'ﬁ'm% $Pife Blelto ed with 1 to 3 20

substi tuents i ndepéedsestyt isetreiohadiatesoin derin GmpBbndssof-foanula (1), their
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In one enbodinent R1L is ne optionally substituted with 1 to
substit uet s YBPHMEHS; FW‘F‘“B@W@S ARrAciMe BRE refer G AGRIRE! fFi@af*@ms that

hydrogen. in &E%Q%n OELS?I s met hyl optl onally 5 substituted
with 1 to 3 substituents sel ecte romF or I n anot her enbodi nent
R5 is hydrogen. | ningraoidudar, dwetpoe$ant mveRbon @Iategtcoaompbm&nﬁbh'euia {ix:
enbodi ment R6 is hydrogen. In another, enbodinment X is C(F). In

anot her enmbodiment X is C(H). In and%Sher enbodi ment 4 X i e(Cl). In
anot her enbodinent X is N In
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or pharmaceutically acceptable salt thereof; wherein
10 R' is (Cs-Ce)alkyl substituted with 1 to 3 substituents selected from the
group consisting of halo, hydroxy, (C1-Ceatkoxy, -NR’R?, -C(=O)NR'R®, and a
3 to 7 membered heterocycle, wherein R’ and R® are independently hydrogen
or (C-Cslatkyl, wherein said heterocycle confaing 1 to 3 hetercatoms
independently selected from O, N, or §;
15 R? is hydrogen or methyl;
R%is hydrogen or methyl;
RYis hydrogen, deuterium, or methyl optionally substituied with 1 10 3
substituents independently selected from F or C;
R® is hydrogen, deuterium of methyl optionally substituted with 1 to 3
20  substituents independently selected from F or CI;
R%is H or -C(=0)OH; and
Xis C(H), C(F), C{Ch, or N.
in one embodiment, the compound of formula {1} has the formula (JA):



10 anot her-enbodi ment R2 is hydrogen. In another enbodinent R2 is

met hyl . I n another enbodi ment R3 is hydrogen. In another enbodi nent
R3 i s net yD.2010/070523 | n yet anot her enbodi nent, R2 i s hyOTg§eu9/0R34H4 s
hydrogen; R4 is nmethyl; R5 is methyl; R6 is -C(=())0H, and X is C(H).
I n anot her enbodi nent, additionally RL i (G -Co6)al kyl substituted
with 1 to 3 substituents selected from 15 the group consisting of

hal o, hydroxy, -NH2, -C(=0)NH2, and a 3 to 7 nenbered heterocycl e,
wherein said heterocycle contains 1 to 3 heteroatons independently
selected fromO, N, or S. Aternatiy , 1'n another enbodinent, RL is
(G 1-C8)al kyl substituted with 1 to hal 0. Alterna} |vek:y~; I n anot her
enbodi nent, Rl is (Cl-C6)al kyl suﬁiafed wth 1 t ydr oxy.

Al ternatively, in 20 another enbodisent, Rl is (C - )a yl
substituted with 1 to 3 NH2. AIt nat vely, in anot odi ment, Rl
Is (Cl-C6)al kyl substituted \% = NHZ%2 Alternatlve , 1 n anot her

enbodi nent, Rl is a 3-7y I " E?ocyck\;e» wherei n said
het erocycl e contains 1 to 3 ,txero ons} i deande tlynsglected from
O, N, or S. In one particular enbodi

NT\ \ on is: OH OH N
HNH NN S O0fl PakS 0 01 O Oci: HO 5 or~a ph%ﬁeée tically acceptable
salt thereof. In another particul ar enbodi he Tnvention is: or
a pharmaceutically acceptable salt thereo(f I n anot her particul ar
enbodi nent, the invention is: OH4 10 or phar maceutically
accept abl e sartpHzheaeaftcally acceptable salt thereof. In one embodiment R? is methyl

optionally substituted with 1 fo 3 substituents selected from F or Cl. In another
embodiment R* is hydrogen. In another embodiment R® is methy! optionally
5 substituted with 1 to 3 substituents selected from F or Cl. In ancther
embodiment R® is hydrogen. In another embodiment R® is -C(=0)OH. in
another embodiment R® is hydrogen. In another embodiment X is C(F). In
another embodiment X is C(H).
fn another embodiment X is C{Cl). In another embodiment X is N. in
..— .. 10 . another.embodiment.R%is-hydrogen. In.another-embodiment R? is.methyl. -In
another embodiment R is hydrogen. In another embodiment R® is methyl.

In yet another embodiment, R? is hydrogen; R® is hydrogen; R® is
methyl; R® is methyl; R® is -C(=0JOH; and X is C{H). In ancther embodiment,
additionally R’ is {C+-Cs)alkyl substituted with 1 to 3 substituents selected from

15 the group consisting of halo, hydroxy, -NHp, -C{=O)NH,, and a 3 o 7
membered hetferocycle, wherein said heterocycle contains 1 to 3 heteroatoms
independently selected from O, N, or 8. Altematively, in ancther embodiment,
R' is (C+-Cslalkyt substituted with 1 fo 3 halo. Alternatively, in another
embodirment, R is (C1-Cs)alkyl substituted with 1 to 3 hydroxy. Alternatively, in

20 another embodiment, R' is {C+-Cs)alkyt substituted with 1 to 3 NH,
Alternatively, in another embodiment, R' is (Ci-Celalkyl substituted with
-C(=0)NH,.  Alternatively, in another embodiment, R' is a 3-7 membered



I n anot her particul ar enbodi nent, the invention is: -5- or a
pharmaceutical ly acceptable salt thereof. In another particul ar
enbodi nent WOtAB/A7828ntion is; OH or a pharnaceuti cal | yPGEBapO@S®
salt thereof. In another enbodi ment, the conpound of fornula | has
the fornula (8): OHLcN( s) 0 0 0 (IB) wherein RL is selected from
t he group consisting of; SOCoH , 4\2'4-13, 5, and '1/4C rtH

H
heterccycle, wherein said helerceycle contains 1 to 3  heteroatoms
independently selected from O, N, or 8.

in one particUlar embodiment, the invention is:
O

5  or & pharmacsutically acceptable salf thereof,
in another particular embodiment, the invention is;
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or a pharmaceutically acceptable salf thereof.
in another particular smbodiment, the invention is:
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or a pharmaceutically acceptable salt thersof.
tn another particular embodiment, the invention is:



and pharmaceutically acceptable salts thereof. I n one

enbodi nent the invention is a conpound of formula (B) wherein Rl is
sel ect ed fWORIIHENE3 oup consisting of: OH OHOHOH -7- PCT/IBRUG9/859844her
enbodi ment the invention is a conpound of fornula (B) wherein Rl is
sel ected fromthe group consisting of: _5. nr\ NH

41/ 42r."-rc. (1111..7; 4" and pharmaceltical |y acceptable salts

t hereof. 5l n anot her enbodi nent the invention is a conpound of
formula (16) wherein RL is selected fromthe group consisting of: |,

and and pharnmaceutically acceptable gg ts thereof. In
anot her enbodi ment the invention i conpound of feuula (1B) 10
wherein RL is selected fromthe g p @Qonsi sting \HO—|

N N\ NH
HﬂN%ﬂ H N=
o N
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or & pharmaceutically acceptable salt thereof,
In another particular embodiment, the invention is;
OH
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5 ora pharmaceutically acceptable salf thereof.
 In ancther embodiment, the compound of formula [ has the formula (1B):
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wherein R' is selected from the group consisting of:



rt and, and pharnaceutically acceptable salts thereof. I n one
enbodi ment, the pharmaceutically acceptable salt of conpounds of the
i nventi on WO 281049688si um or sodi um salt. 15l n one enbodPGREMRZIIOFEH
pharmaceutically acceptable salt of conpounds of the invention is a
bi s-potassi umor bis-sodiumsalt. - 8 -g_ I n anot her enbodi nent,
the invention is a pharmaceutical conposition conprising the
conpounds descri bed above, or pharnaceutically acceptable salt
t hereof, and a pharnaceutically acceptable carrier. In another
enbodi nment, the invention is a nethod for the treatnent o%,axS

id

bacterial infectio nﬂgb\ggnp r@rfxﬁﬁ Aiystering [
manmma/ an anount of a conpou f or mul C N Iy

acceptabl e salt thereof that is effective i treatlﬁg a bacterlal
infection. In one particylar enbodr t the ba fection is
resi stant or susceﬁfrhweﬁxln a Jg\/g odr%e Ehe
bacterial infectiorkis MDR (hul |-drug re stant (n 10 Sfe °

enbodi ment, the bacterial infection is selected from the group

consi sting of respiratopy tract fections, Jlung infection in cystic
fibrosis patients, 9th£?c ted Ori aﬂ?’tracfﬁingéctionéfﬁyﬂh

i nfections, wound i*nfé&ctions, blood ]nfections, conplicateskskin and
soft tissue infections, nail infections, ear infections, infections
caused from nedi cal dew i nfections ca m a catheter 15
noscomi al pneunoni /“vghgrlato ’"ss@ctateduE%EHﬁgﬂ’a Vﬂﬂgzh :
conmmuni ty-acqui red pneunoni a (CAP), bactereni a® hot-tub
(dermatitis), and postoperative |nfect|on in radial keratotony

surgery in humans. RENt |, % teriah infestion is
selected fromthe aﬁoup g%ﬂsrst ng of hbseggb alo pne niagff>

ventil at or-associ at ed pneunoni a (VAR), conplicated 20 UTlg(urinary
tract infection), conplicated skin and skin structure and
bacterem a. | n another Eﬁhgg nt, he bacierial inf ctrogH S a bum
infection. In anoth?h»éhﬁpdrne & bact rraI |nfec is alung
infection in cystic fibrasis patrents The preSent |nvent|on al so
relates to a nethod of treating infection 25 caused by Pseudononas

aerughosa, Escherichia coil, a KiebsieIIe species, or an

Aci net obact er spec'es%,conpr sin nisteeing at ﬁutrcally
ef fective anobunt o conp un G rmuka~(LpHor: p gggéutrcally
accept abl e salt there to a naﬁﬁalran subject in need thereof. In

one particul ar enbodi ment, the infection is caused by Pseudononas
aer ugi nosa. 30The resent |nvent|on also relates to a nmethod of

treating infection 5Tj§“€md légf ,ﬂqvggthatah§ ﬁ@@i&iﬁmﬁ 1o
dori penem meropenem’o 9 -7 pi aciklin conprrsrng aqig ni stering

a therapeutrcahbg ef fective anount  of %?ﬁ ound of formula (1) or
phar naceut i cdfl TeppUiseYy echaPiqte sty therso marrmal i an subject in

need thereof. The Eﬁbﬂé%@ﬁbdd’%@ﬁttth@ %@nﬁ@n !ﬁ %@rﬁo&z@d af ﬁ)@rﬁg%s('ig)' Wherein
conprising a ound o ormula (1), pharmaceutically

accept abl e sa‘?ttst‘sg&‘?&ﬁﬁmﬁﬁ&ﬁ awua@@nﬁfs@mf anti bacterial agent
selected fromthe gro ,Q\pslstrng of beta-I|ecterns, antnoglycosides,
pol ynyxi ns, penrcrlllﬁgt and 9 nco%éﬁE§E§OHln dﬁé\eﬁﬁqﬂPﬁe t he
additional antibacterial &jent is a bebm-|actam sepect ed from the
group consi sting of cephal osporins, carbapenens, and beta-|actanmase
10 inhibitors or beta-lactanibeta-%g t arase i nhi bitor conbi nati ons.

I n anot her enbodi nent Eghe/ﬁdﬂhtio ntibaameri%{“agént,is sel ected
fromthe group consistihg of clindanmyé&th, metronidaz@e, inipenem
neropenen1 dori penem ertapenem cefotetan, cefepinme, and cefpirone,
or athird g %ﬁrﬁ‘ﬁc%‘gﬁ’ﬁg Y Begrptanie salis HR@%ar ti cul ar enbodi ment

the additional antibacterial agent 15 is cefepine. In another



OH N O H2N--CN4\ H SO e--N O 01 b HO or a pharmaceutically

acceptabl e salt thereof. In another enbodi nrent of the conposition,

t he conpouwe 208/ 0323 - 10 - or pharmaceutical |l y accept ablRETEBR09/655544

t hereof. I n another enbodi nent of the conposition, the conpound is:
or pharmaceutically acceptable salt thefggf. I n anot her enbodi nent of
the 5 conposition, the compound is: H2N---(/ PHL,1 Ny N A NIt
"Thy 0000 HO or pharmaceutically acceptable salt thereof. In another
enbodi ment of the composition, the conmpound is: OH N H, 11---<"N

in another embodiment the invention is a compound of formula (IB)
wherein R’ is selected from the group consisting of:

‘1.11,/\‘:\0) ‘ %7’ :’fh.@ ‘ 1,’]1’ /\5?/13) ’
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;(IrNHg | s{\@ and “‘s,’j’i:g .

and pharmaceutically acceptable salts thereof.
5 tn ancther embodiment the invention is a compound of formula {iB)

wherein R' is selected from the group consisting of:

r‘/
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and pharmaceutically acceptable salts thereof.
in another embodiment the invention is a2 compound of formula {IB)
10 wherein R’ is selected from the group consisting of:

/\\/\D/\ . O-’"‘\. . & : O ,
) AR LA
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and pharmaceutically acceptable salts thereof.

it

in one embodiment, the pharmaceutically accepiable salt of compounds
of the invention is a potassium or sodium salt.
15 In ona embodiment, the pharmaceutically acceptable salt of compounds
of the invention is a bis-potassium or bis-sodium saft.



NM. , ni? 4 0000 --...i HO 10 or pharmaceutically acceptable salt
t her eof . I n anot her enbodi nent, the conposition is one of the
speci fic coRpowdeE2E8hown above and the additional anti -HEHBRIPEFSSH
agent is cefepine. I n anot her enbodi nent, the conposition is
one of the specific conpounds shown abovg_and the addi ti onal
anti-bacterial agent is meropenem The present invention al so
relates to a conplex or chelate conprising a conpound of fornula (I)
or a pharmaceutically acceptable salt thereof, as a ligand and an
iron (+3) cation, dhisodi (el ers

about 1:1 to abouts'\6\,{?%‘(?&3?1e!r?espe(:d[rl?'%}/iiat(l’);tlﬁg IAVb 4stn§$§h‘éﬂﬂa£e%k;bﬁ;bdrn§€c§§étﬂilﬁs
about 3:1. SoT@ismgedencomponisi éescrthed lmesen@t nbarmeseutcalptansaptable

t he human or or treat

(i ncluding pr e(&qR%%gﬁ%nggcé%mgfo’ fﬁg@é%@gﬁ&éﬂ&gﬁ?{ sing adm ni stering
to subjects a usefiulanomeeéh%ﬁiwtamiBUMefmbnas amhu@d:rahem’&atmem ofa
i nvention

hysi ol bl t |
Lher eof - Snd TARATRTE BB oS FATIe] COMAG GRRULFNG IS ERE THTERY %
can al so be copbidest W &cbm e oa%mmmgbreqjhg%éca@c@k@sbe@té&e salt

attain conbination therap % for nore than one condition or biological
target. For aReiegf éhatt igee @f:»’fwguzﬁdge@ifngt Beba@ot nfastiean e oo ngAThawar
with other a e i gac

ot her pr aper (HRSHRER U baciiaf 4R RAFedGROBS SISl ﬁf‘s%fn&ﬁef
15The corrpournmmﬁarfemmmme(ﬂ )thmbactas@fiaﬂeciﬁm'r ist MB&t (rmgt-drygateisistant). |

Bacter i al niBis sORSAEh 45% B¢ 8 dainn® BRekE i 5%"%3:?»%%.@%9%
phar maceut i cabsgicipgstdc orsctioasdung trifectiondh o/l fresie phtiemy efimgiivated

i nclude those caused by Aci netobacter baumannii, Acineto er
Bt or oi tos” SBPEREGEC SSidEoBAET dealy. regd TP BBa BB MEaNs,

Ent er obact er @ iaeRes skifh®d QRAC LihueCidsarRs, RafNRleiia & infechcms
Haenophi | us i nfiuenzae O-|actamase negative, Haenophilus influenzae

0- | act amase ;j@f@pﬁ@nﬁecaw%ﬁp@n Medisgy eriges, Kinéapsipes ICAupRfb b getheter,

(incl ud| i
(herei naf t er hﬁ%@g‘?}g‘ﬁ | on’e %ggaéﬁgﬁ%o&%@%@ pd@gr axe'%?l §€’§§}3 community
catarrhalis oadqace@rmseme@am%) hsctesestia ahottubrrabla (famtite)s iandvest-

Mor ganel | a norgani i seria_r idi s, Prevot f|a spp.

ronbare of TS BEARET T, T AT Kentblont) SR Rllrnsh D {Sner
betﬁ : act anambfﬁdimbnmné e:racfwﬁt gtfamm kosrﬁmwmfohy t!@e/@rdlﬁbbﬁnsgstmg of
cepna OSpOI‘I ci ns an act a eta-| acta nhi bI t or
o ot e Ness o e e P oAl s RS URIRG. e o i VBBY Complicated
Sal monel |/ S*'I.J’Qe'{i:ﬁ‘xar?nﬁatﬁe'irﬁ@ﬁtfoﬁ} mirc%ﬁﬁﬁ@éléd skinldnd skin strutife and
conpounds of formula d

in one embodi ment, be used to treat
vari ety of hd¥steramiaantp %@Sﬁ%ﬁl QTW@WBF,ﬁ%hﬁﬁﬁééﬁlﬁi@ﬁgo&m by mfecnon
respiratory t | fgc
fibrosis pat |’é?\%‘3thé}f g%baﬁﬁ%rgdnﬁr P%%trggagt ’rhg%t&bﬂ ;g cH lQrgQ] ﬁegt}/crﬁ]hp cystio
i nfections, vﬁbwﬁispaﬁ@(tm ons, blood i nf ections, 5 corrpl i cated skin
and soft tissue infectjiaons

caused from medi call“dBUAPEES u*(vgnﬁon ags(ﬂ ﬁ%?l B Dg%lcr%jgg"oﬁfi o %Ct 8 Snection

pneunoni ags5( i nedueed BY ALRObbMBhes s888NRIsal gﬁmﬂmfaa Kalla spec:es or
comuni ty-ac UI red acterem a,  "hot-tub rash

neuponi a
(dermatitis), “aﬁﬁfﬁﬁg’é’@ﬁ@ﬁépﬁ?‘éﬁe@mﬁ@é‘lg BAmInisterng A thRigpatinalpTective
surgery in hulmamt (gl &hb&ing bhﬁarhﬂfae?l%d?%érmaé&mcbw %@@eptable salt

enbodi nent, the infection is selected fr %boup consi sting of
noscom al pnébgiesf © a vsmmakarosubien it negdiremiiu i ana padiowsr Prkpgment,

urinary tract %l structure
i nfections, th ﬂ{) tog?é;rﬁna%é Pé:@% Oﬁé%%nﬁﬁ'ﬁdr%n t he conposition
of the i rMsentl on diwppiesest avéitenageo el iy aehi@lm:bd vt fragtingninfafioa by

Pseudomonas aeruginosa that is resistant fo doripenem, meropenem or



20 (1)), active or pharmaceutical agents as discussed bel ow (e.qg.,
anot her anti bacterial agent), pharnmaceutically acceptabl e excipients,
or one or woreiGlzents (e.g., a pharmaceutical |l y acceptciniBeoogasssider
as di scussed herein). Conpositions of the invention that are
suitable for admnistration to a patient,in need thereof (e.g., a
human) are also referred to herein as 25" "pharnmaceuti cal conpositions
of the invention,"” Adm ni stration of the corrpounds of the
present invention (hereinafter the ‘active conpound(s)") can be

cite of acti gPeripin cbrpiing? B RaeiE b ifbioBlucal, HRCRR! Buhof e
routes, par emoengmunrinpiac&umuﬂa ((Inot pitemgadenticallye acteptatde belit Hheesnfsto a
30i nt r anuscul AL E% avascul ar h| nf sion), topical, and rectal

adm ni strati dﬂ ‘ Jr:ﬁ %SPtt'Pé‘ﬁFgf eéﬁ%odl ment, the method of

admi ni stration is Jhat bﬁe@ﬂbumentmnlélso relates fdha @&&Fdﬁmtdoﬁﬁinsmg a
conposi tion nay, a formsuitable

r | e
admini str &t cﬁ?”?%ou&dt%{(tff’ggu’ac@pé’ﬁ Pgam@qelumﬁi‘bfvﬁféﬁpta@[?ﬁ%‘ Heeofcpad &8
fornul ation, a%@ﬁﬂ&wbp%ntxﬁé@&@élshéﬁht $9EcBQ T Rt €iha! %dl‘i e%;’mé?éb S of! beta-
sterile solution, suspension or enulsion, for top| cal adm ni stration
as an oi nt merlectamsc satmAgiycosidEs, pﬁlewwmagmzmhsﬁ,r apd dncessinddes. In one

Forme sui t abi0 et AE ULhel RRABERA el o Aok S rom

phar maceut i cdhe cgmppsomsrshngm dfl cep’nalaa;;ieruas coarhardricons | almmetmlaeiamasel

carrier or exci.pi ent a ccor di o t he, i nventi Qn as
active ingr ed?t@ﬁ’ltorsl?f ga&a‘ﬁ ﬁyb‘%{?q%‘g?fm?ﬁ%li{’}g@ &t HEPOIRRYRTS: ng'l1 %}other
10phar maceut igmboc@@nt, Sthe CaEdHi@TaS . arfiBhteadlt SgerRl 6. selected RMBMPARMUP
parenteral adm njstration forns include solutions or suspensions of

active conpofvagisting &f efndaimycin spakoRIgRAnis, Jiipenest, RRBNEN. SalraIRE,
propyl ene gl yg@beREmdesdibRss Sek S.gpau egfo

sui tably buffergcell3 Tt Gesired, Fégbrlﬁfaﬁng gﬁgr na%gégutofcgﬁgg?ﬁ%r%?mn
i ncl ude i ner tceghpigeperin. on dne m@t@fammwmaﬁ Ve eddidonsy gatibasterial agent
sol vents., Th eut c esi.t n

addi ti onaP |ﬁgr&3'|£6erﬁlt%s s‘hc ot?ngpegav%oérdlsrﬁgit Wﬁ %Aeérité& %xc'ig%ft%ﬁis;gérg s
the |ike. Thusedpenamalin adother sthbadiment oftthblcetposition,athel cognpoamiddsls
exci pients, such as citric acid mayop‘e enpl oyed together w th various

“distmtegrants such as 20 starch, i'nirct acid and ggrtai'n conpl ex
silicates and with binding agent eh as sucr bge gelatin and
acacia. Additionally, lubricatinga@gents such ghesi um st ear at e,
sodium lauryl sulfate and talc age gften useful s tabl eting

pur poses. Solid conposit
in soft and hard filled g&]ﬁl

therefore, include | actose 2 m

1| ar typs y al so be enpl oyed
. HPre er;r; d mat@di al s,

hi gh_n®l ecul ar wei ght
pol yet hyl ene glycols. WWen aqueous suspe snooms or efixirs are desired
for oral administration the active conpound thereit? may be conbi ned
Wi th vari ous veehsmhateulfall 24Rbide 388 MeateoC B Shbiier %Scﬁﬁﬁeﬂr otdifgs
and, if desired, emulsifying agents or suspending agents, together
with di| uent £osinesities, {hetcemposntsiol | propyl ene glycol, glycerin, or
30 conbinations thereof. WO 2010/ 0¢p23PCT/ | B2009/ 055544 - 14 -

Met hods of preparing various phar eutl cal cor’g)osujg ons with a

speci fic ampunt of active compou a @ known, Il be apparent, to
those skilled in this art. For exanples, see Re on's

Phar maceuti cal Sciences Mack Pubf\ll shi ng Conpany, aﬂter Pa., 15th
Edition (1975). 5The m n| the co nds of forrmula (I)
to be admi nistered is a t %gutl al yefﬂec:v armunt The term
"therapeutically effective unt unt giorrpound whi ch

prevents the onset of, alleviates the sy t@lb = ops ’t he
20



The conpounds of forrmula (I) of the invention nmay be adm nistered in
conmbi nation wth one or nore additional nedicinal or pharmaceuti cal
agents ("tweadudi7oi2enal active agent"). Such use of thePECBRVAGISIDTf
formula (1) in 20 conbination with an additional active agent may be
for sinultaneous, separate or sequential;jqse_In one enbodi nent, the
additional active agent is an antibacterial agent. In one enbodi nent
the anti bacterial agent is a P-lactam Non-limting exanpl es of
f3-lactans include cephal osporins (e.g., cefepinme, ceftazidinme, 25
cef pi rore, Ceérd?ﬁém%@e@ﬁdé IdecbsBset é??ﬁ{ 1) » iﬁ%ﬁeﬁ%f FEHWRiment. of the
ceftazidime, cefdinir, cefotaxine, cefpodoxine, cephal othin, cefaclor
or cafixi ne) ,cawpisdiopcihesofenoynd issef ot et an), car bapenens (e.g.,

i m penem meropenem ertapenem dorikpenem), beta-lactamase inhibitors
and beta-Ilactan beta-|actanmase inhibitor conbinati such as

sul bactam clavul anic acid, tazo and pi pergcillin in 30

conbi nation with tazobactam (Zosy@d), and sul op - 15 - I n
anot her enbodi nent the anti bact é?i al; agent is n sel ected from
am nogl ycosi des (e.g., am kaRi R am ci n, kanamyci n, neonycin,
netil mcin, parononyci nﬁzﬁ“hﬁdgi‘trjr\gﬁtggy)ci n,; st 8Rt onyci Ny t obramycin,
apranycin, etc.), polynyxinsSTe. g~ aiéﬂ\&« i sti/mn),

f I uoroqui nol ones (norfloxacin, 5 cpprof I ox@% nY |l ev oxacin
(Levaqui n0), noxifl oxacin (Avel ox0), or Enoxaci n‘}, Hpenicillins (e.g.,
amoxicillin, ampicillin, etc.), and |lincosam des (e.g., clipndanyd

li ncomycin, é¥fcPharmaceutically, aghepirlle $4b L aRint ?p{ ﬁgm@gﬂieﬂ"‘?ﬁ?ﬂﬁjﬁpem of the
anti - bacteri NS i Ingﬁ@, «f.rom nmetroni dazol e, gl ycopepti des
(e.qg., va%coarr%/oci n, ﬂ%gi §b]aa\slf%nci n, gtﬁfé'l avancin, 10 oritivancin),

oxazol i dinones (e.g., linezolict), |i%kopetides (e.qg., daptonycin),
and tetracyclines including gyi cylg_iaelkbnes (e.q.@ t%@]’écycl i ne),

Q her non-limting exanpl es of addiiional antibaci€l al agents can be
found in Walsh and Wight, Chem car I?:gvi ews 105(2&: 351-394 (2005);

and Bush etal., Current Opiniqggqi robi ol ogy 77/466-476 (2004).

151 n one enbodi nent, the Bddi¢i gnal || any+pacyeri agent is used in
conbi nati on wi th conpounds or ar riec ghtil Ly abl e salts of
the invention to-lower the-frequency f rﬁgi %{\ nae. | es include
cefepinme, cefpirone, impenem mneropenem Gr a@enemg ori penern,

sul openem ceftazidine, piperacillin/tazobactam ciprofl oxacin,
| evof | oxaci n,ornpharmassalicelly aeopeipbigysalh treeindin pyeldgt srHwdiment of the

anot her emo@d%sitgobgﬁg%mﬁdt}gg% anti bacterial agent may be a

standard anti-anaero rug used I n conbination with conpounds or
pharmaceutical |y acceptable salts of Gthe invention to treat

i ntra-abdom nal infections. Exanpl?&gcl ude cli@da in,

metroni dazol e, i m penem 25 neropengm “dori penem
cefotetan, cefepine, cefpironme, aRd’third generatyo
I n anot her enbodi nent, the addytidpaly antibacteri gent may be an
acceptabl e anti-G am posittlﬁNre(/a entffus in corbFnation with
conpounds or pharmaceutically cepPa S ﬁts,ixuj\("f*he\i’rlventi on for
enpiric therapy to treat P. 30 aer ugimosaﬁnﬁsg 3

Ent er obat eri aceae. Exanpl es i ncl ude vancomiti®,“| i%eg@ i d, daptomycin,
dal bavanci n, telavancin, and oritivancin. - 16 - I n one
enbodi merit0, tdi@hemsaerutinaiveacsamiabieosrll thawof.ve agents, when used, are
adm ni stered prion,t 1 Nj I d.pof roul.a. ( 4N
anot her enbodi menth:'J ?’ﬂ%ﬂg}ne&ﬁ%&%ﬁﬂagxﬁ ??Ogﬁé;q%%%@t i‘%eogaég;e%stﬁe m%%encﬁ*c
used, are adniomistuadeghaih eboediandiret additiopal aft-beceig) agedt istefepimal a

). I'n another 5 enbodjinent,, the one,.or nore additional tjve .
Caent s, ahen usea Fapetigb shesdet ot Reaons dhebts 13 dad Sspecific
adm ni strat i canfounds eRdRH ABo@d ah@ ANk anti-bacteridl@gafds ab@dnem.

Rzgcephal osporins.



10l n one enbodi nent, the one or nore additional active agents are
present in the pharmaceutical conposition of the invention.

Accor di ngl wo 200/689838 her enbodi nent, the invention rel atE/B00s/0FRE140d
of treating a patient with a pharmaceutical conposition of the
invention further conprising one or nore,additional active agents.
151t is to be understood that any section headi ngs and subheadi ngs
herein are for the conveni ence of the reader and are non-limting.

For exanple, the subject matter in the Summary of the Invention has

no speci al status I : i j o
section. Unless ot@%r%éeeﬁ?rﬁ%négftékfo %Laéésf t}nég)hgyéggg% dthgiratrté@%rggﬁsx?%a
this 20 documeEmpoand afdfolreuigi fear aheharmbroddely acesmgablaldad thereof, as a
interpretatiqn underst o by.the relevant skilled artisan, In
a1 o, i n HB08 APBELRAT B et R TR AR ke HeloBle TR bR ioe b rom
(e, g,, substidbsit 0r1 tatabaugs:yerespativelyl ak ofeehibbBmerit Sthe eatid B &bast 3:1.
bei ng sel ected frﬁg%a rgroup_ of E’OSSi bilities, the recitation is

speci ficaPly i nt end8dPEEEHNBYRRENRGIUERD S1thests ehisestment o e Bupanof
the case 25 qfonmilhapheimaAbbaP!ey. idrhi or 86 Hﬁﬁkﬂir{gu;ﬁ‘r@‘éfé 1 }
conbi nati on Qf0 group or varia ’Iegg,g%?set S | g a?tg(o cont’enpl a?;eog?%%%tfgasls
ot herw se st dnfegtionsheomprisiogiadgiaibleriay itasukjags tavseftly difectianemgunt of

n.eani ng: n Lll n H t r.ll ‘ll ll' ll. s | | H H - ; n o

Mol ea”. ] oripguhd fiine, infinuch” HELGY o bhsidibaipg P boceBRBE saht or
"phenyl ", " Bzblvatatierad, divbinzioging,contp@sitions. " Cl - 12C12" means

"di chl or gnet hane" ..., " DVBQO' ans,."di net hyl sul foxjde", “"MC' nmeans .
i i mum Pnhi bi t o PeCHRBAERET fi5 nVSiiysh cah 3¢5 bE Gainpined i Cher active
Spect romet r y'ingratilen®AmR| €8siRRT @b Natdn ecartfihat@Rd tgirbPerfoPYnore than one
LCV5- el ectrospra égr adient elution using acetonitrile, water, formc

add mi xtur es)coaﬁf%s ShBiojgetgal Fgslo Oy exampiasthegamrounds g the invention can
chromat ogr aphye gA6InSR&HI QRBE BMi-i deE?? SEZERts HAE iR REadBP@Ra;
resonance 5 spectro'gcqpy" Al l _s.élr?pfes lerein V\S/e_r_e run at %Ogémcyoonr
Vari an i nstr @iegnpoperfieeasthgaménniesitve, sdi cxfedphibitasF” means

"t etrahydgof uran” ,+..s " ns .. iRS yefyr S. .. .
"col ony- 19 gr m ng un_ma' S&npourl:?o% &fﬂ@?ﬁéégﬁ%?@%ﬁ ! Fcirﬁreeag]ﬁ@% patient suffering
" ( C1- 06) al kylitom efdgtsdérasuchmeae.gors ecevihefediigdr ocar bons (e. g.,

B TIRRC RN T IR TR B TIEEN 40 h E CRA

"het er ocycl oglHsythaceaiBall6GEpbSHicHs) ankiehrRthdde omeapeBBit HiveMdd fciude
groups containing one or nore heteroatons, preferably fromone to

four het er oatlo?RS CeYRAM ¥ efePaioPgciSe Laerdant.r ORRPaER! soal 1 BRctemires
ni trogen.soTheraler Gfyshes) ‘EWer%Js?. tlaro%ctép'ﬁ%uhﬂh' CRhIPBsdc) abAfYerkes,

i nclude ring systens substituted w one or noré oxo noleties.
Exanpl es of roHembecier ichdtet.eFocharicom kyll, fpoupshiias énfarinadd fyliectamase

tidinyl, lidjnyl, pi i di nyl, inyl, pi i nyl
1.2, 3, 6nt e r SRVANSDyFPAT RGPS IHERRRS Poademmyr  pesslvRa el et axytoca
t et rahydr ot higgydied f‘ﬁﬁe@m&ﬁ%’}’ﬁ@dﬂ)ﬂwg tﬁb&é‘hliéﬁlé&fi@ ?%%ﬁ@r?ﬁpectrum B~

nmor phol i no, thionorpholino, thioxanyl” pyrrolinyi
2H pyranyl , Ad#ttapepss afiydreirditex afiybBLY").3- begwmelanybrepyortile] | Wdraxella

di hydr opyr.anyl i h t hi enyl , di.hydrpof uranyi .azol i di nyl

i dazor 26yl cetarald o-BaRHRe necRll Bl SeterBie Fgtve! Morganela
3-azabi cycl Qbﬁorﬁaﬁﬂ:h‘i\@i@@ﬁb nSBHIAPNIZ 1 PYbvoted nedel | @nBY lmembers of the
1, 4-di oxaspiro[4.5]clecyl, 1,4-dioxaspirol4. 4‘%’1‘0nyl ,

1, 4- di oxaspi ref¥Cspdergicaciiat express g%%—ﬁiﬁ*@[ npCHupe pria-iclemases that
oL her i se. & "ol dsiotblife [PEINLRERRY boanASHRRY (BhEcink ShehRid-C
an aromatic ring containing one Or nore &R 6F OAL ONE referably
oxygen, sul f bactaméibetitactaeags inpibébrcabbipationsinFrateus onifadiis, Psevdomonas

het er oat . RARLES Himbnd B/ ShlBIA S SoShS haSh8ag & PYT T A YT



5 Unl ess ot herw se apparent or indicated, the conpounds of the
invention and term "conpound” in the clains enbraces any

phar maceut WO010078f@¢ept abl e salts or sol vates, and any RGRIBZHISOSSSdF
crystal forms, or tautoners, whether or not specifically recited in
context. Sim I arly, arecitation is openyo any material or

conposi tion containing the recited conpound (e.g., a conposition
containing 10 a salt of a racem c m xture of conpounds, tautoners,

epi mers, stereoisoners, inpure mxtures, etc.). The conpounds
of forrrula(l) ma argsh

wi || be under stoogﬁﬁadﬁgdgymﬁﬁf{j '?\ggh@%:n%vent %’ﬁéﬁbg-[?’%%*%{ gt
hydrate and sovargteof imamalaﬁst@mgeaedamremf&@me stielh @ resyinatary tragks

t | at t |
R N M T R
met hyl ene chlwaiade tra@hdwfédimh;tﬂ:mf:uﬁeaﬂbnsamd:w érfectibing, @tt@domfmtms
sol vent s gy %bp%;glresent in n st 0i.c ometr| anpu

trace i cSRA i And ok isig dat gy el shesdhibett UG efins

the inventi onsaudBd Ardigr ﬁt@ﬁlc‘é?'dé-wcbbe(e()@e délhe@* Qaté?' Yz@@écﬁmﬁﬁ)bn@@mema
present in a stoichi orretrl c anount, e.g. 1, or 2:1 nolar

ratio, based tﬂﬁiflﬂm aMBitive mbﬁ%n@%ﬁ@ﬁ@ i MJ ofemmunity-aggidred
term”sol vat | nat | Ogbﬁiﬁ'}; ehactbR o't R% %sﬂogfe?t’ﬁﬁttﬁé?t afd gggt?%éfative

reversi bl e c Ween Sso n and ‘sol
means and 25 idiesiien mﬁhbﬁatm&mmﬁvngenernmmt(b'ﬁ@1naﬁat "tb&mfe@ma’t)e

G sporsi o or st 8o 3rEBdent Riné d Sispl Rt B8 sonsitnnct

et hanol , net hmnbmsamrmmnmn;a amﬁ:mﬁassbaatedl pieéthwmet bempiufhteil hujthary

ether, tetra rof ur an ene c
v ate | o K MR LR Be S U Sk s EiShe gnd bacierBinie.

currently accept edp Chrs T dk@hbo tﬁé!sécﬁﬁb&&fenobgétﬁe cmbyﬁtroet eSmbis@N
that defines jsolated site, or channel hydrates - see Pol ismin

Phar maceut i cadhersppiriippiactive ammiit pfa cefipopnd of fOBﬁP*ﬁt(QlQﬁhﬂvﬁV%@im
Dekker, 195). I S%‘ﬁt ?rﬂ;gﬁ b 40 Aﬁ”r‘%ta‘?és % ec&ﬂ;?o%;tl sWBt Gl t aﬂ@eﬂtga%eﬁvmch

nol ecuI es are 5 isolate rom rect contact w each ot
i ntervening amgtamse amylceoidiredion loh cob an melre hypauress, Oftszenuﬁa(téand at least

ol ccul oo, o sqfiohe RefRB Bide AR SRR S S uRNy L™
conpl ex will have i%mahitsﬂg@xlanﬂxﬂe§bbﬁrehatdmtroﬂa adgipemsl éngredient mciude

hum dity. Wen, h th | vent t kI ,
' channel | SOFPAHTRS 1 i Sastepe oY oL E RS S0 BPP BT Bhformat

content wig | (pg ﬂ@m@@nbh%d&é%@!t@@fﬂ§ &K YdiftQis8 e chhdy b@%eg' NafiBer
cases, non- st0| ‘chi ometry will be the nhorm Unl ess ot hefw se

i ndi cated, t @f@éﬁwi%ﬁ%%d@w meaeyNcaly ceperipble wwinierlp:! or gee pyagore
her ei n, unIe ,%lﬂg cagkdi kD
basic gr oupsS%n Lél\% %g hﬁg’retggz%ﬁﬁ?lr# Qﬁ%@@e E&J{%§ ?Q&Sﬁg‘%ﬁtﬁlg&{e@t
are basic in nat ur(‘mm;n@:ttmpamﬂ tseanvérdion thgt ara/\mdtabtmmreamhﬁst@abm d0 a
o propar o priaREd T (yPHE I Banie el Guf P8/t ed Y, R %
basi c coramoun‘gﬁamm:etum@e:otﬁwsnmsmf mﬁt;@m[cm "aC| d addition salts.
The conpounds can form e.qg., sul f at es, hates, cjtrates,
Acetaten. tosyl ar dsmigsigidhpede catpplidsor e pleseat Mupgih (e hatiy
hydr ochl or i dafe ‘&b eoRlolfAGRD B HaRARRK B Qﬁst'n@momh@@enw@ e&z&e@

enbodi nent, the sal is a | ess ot herw se I ndicate
the terns 't r(édhe Cﬂmﬂﬂé&ﬂmﬁha S&ﬁd}f Fotient |Trf@'38 raethgéemqtéie‘eprahrﬁuteﬁe

context of u t%]@ngﬁgB@*g ngﬁeﬂ{eré 5 e&fq?ts@‘m%d;rﬁ;gﬁ%v us2§ubdﬁ'f%1n%%§s

othervmselnlcae nmeans teversi ng rting t
progress 3 dniearousaubare irdtpnpsaiis mftnﬁmﬂn)diosmd@ndonectaﬁmmzmetnatson in

one particular embodiment, the method of administration is infravenous.



5 conmpound in a pharmaceutical composition. The carrier should not
destroy the pharnmacol ogi cal activity of the conmpound and shoul d be
non-t oxi ¢ woenivademzhi stered in doses sufficient to del iREAVIB209/055544

t herapeutic anmount of the conpound. The term "exci pient" neans an
inert material that is conbined with the1 10 conpounds of formula (1)
to produce a pharnmaceutical conposition 3r“ oral drug dosage form The
term "pharmaceutically acceptabl e excipient” nmeans that the excipient
must be conpatible with other ingredients of the conposition, and not
del eterious to theyregipi - h i Labd.e
excipients are chgﬁsh gﬁﬁfggﬁ@ ﬁéeut%ggclgogﬁéqsﬁﬁﬁnlg%? é%@%%’g%‘lg@yﬁ gogﬁ%sigae
15Conpounds dbr plad gpimeisshitiomasnai iehleh asapsakey milbt povedere stistamednibiease
t herefore caﬁ exitst in @;.fferent enanfi Qner.i cﬁ@nd iastereg%miari C, ..
forms. The i AVRRIRED: SRERReSUSRENSIGR {Of DRFUBHRE UCRY 5 R SERTS SHLHY
and m xtur es diRgeidn bh eflulsidratibo®picalddihmistiidion RRrrR6eRthemadr cream or
conpositions and nethods of treatnent that can enploy or contain

them Al t Roudh 5581 $4MBINSTRERUEs2 SHERPFIONY-e dl ieh PO MA0RHECH HIMROAON
can be depi clggy ih f Rk 4GuaoR" 1ohne! SREBRIGALINGENEGAAHEOR. of. precise
conpounds having either the Opposite stereochenistry at any chital

centers or nidoseges t hideeqfhaamacautical axompsisdiosd willThaclfide egocnnvandinndle

: . " —
B er eochont ot EECe gt G A asE A PRGN £cBd Pk EGmPtEh®
(é(r)\corrpazs eic ta’sﬁ;anz_échi}mlir@gadianﬁ.lcmlgoadﬁiiinhxitun?;yofnlclamﬁ bﬁteir?mg;:ﬁcinai or
ounds, o is invention include pharnaceutica accept abl e
de;ripvati vids aﬁf’ﬁfﬁ‘é‘&@’ QQ?@FSer’r.”eﬁ"a%H’é(Pﬁéc@tﬁti cal | i acceBt abl e

derivative or pro@xetipldfpataraiyraPhanmmagtitonal thimacarRicebdl &igrink, or
ester, salt of an ester or other derivative of a conmpound that, upon

admi ni st rat i GYSPENEONSeET BFB COMBOWTISAPaBREICHIUR0YS | SHHIGNS AT cdempiar
adni ni st S ol . . ¥ .
indirectly) g4g ‘rdFtﬂMgne Qgécé'ec?%féﬁrb%' sﬁfunéné?eiﬁ?ﬁgdgkg?érf?@%s?&'{’ﬁg

thereof. Particularfly favored ivatives and pr
i nventi on ar esuithly dutfersd, if desieetse t he bi oavailability of the

ds,.wh . _ inist t pat i b
T oS ghr e o1 SR R BI T S Vg KR CaBRPAERY ok Oward?
absor bed i nt aridhealbumodygardn rheptdel Ther phaiatddicpRreenipositionoundy.t &
S Pt R URR At Bere A SR oo g ot

excretion.  and thd liRe.CTRDOtHIEBalGidntifk ittich, taDietiRYnBIdMd Vdrious excipients,
pol ynmor phi sm Pol ynor phi ¢ conpounds of fornula (1) nay be pr e&ar ed b

crystal | i zat iS9Rh &P cirie BHE semtoempPlRYe taasthar ww/\@ﬁw@?éisém@@an D @§y
condi ti ong. Fs‘?érc?,xﬁgﬁlf?cfi& BRH %eﬁ@?ﬁvéebﬁ?ﬁi&( SiTRARY %ﬁg ;(vﬂ{h' 19HGinG Yok Rl Sich

(i ncludi ng wat er erent so m Xt ur es
recrystal | i zaasi sugrosey gellini axd issaciat  dddditemelly, bnpalingt agests sah ags

Crystanli oar ERhasirkBSak RA I ARkt A ki g YR ProrPiof il
][nel Ei ng ?_ cormp;pmsofsfblﬂecqmm?cﬁ%mnsic;ﬂeesﬁzﬁﬁﬁnty‘p@I ng\@gso?ye gmé;@g inrsoft
Sol T d probe iR TERETeGaeaH coamiE PR BED Tt fei e R Aarg
cal ori metgsy, poMmkesugs A HbH FoRcula? \vght R Kg-&a & N ot agueous

The present invention includes conpoundS wherei'n one or nor
hydr ogen, carb8Remsions: Medlixis i depieed & Aiglerrirpipisiiptigne thenective grospreasnd

ther eof 20 SHERCASDALGRL: B 4SRN oRSeEAREY AL S0 Oidrhg

tool s in netabol i smpharmacokinetic s assays.
These i sot opirsaitdry -drathgdse dnd oifpirsairdd, araildifiengt agalis to stspeadiognaganisls

by an atom hder kil R by Sl Sy pPPER e, PO TE o

atom ¢ mMEss QorEgiond feeopr edom nantly found in 25 nature. Exanpl es



10reagent for a non-isotopically-I|abel ed reagent. The term
"protecting group" refers to a suitable chem cal group that can be
attached tWO2010/7¢328 onal group and renpbved at a | ater SRGRB2e09/0855¥%eal
the intact functional group. Exanples of suitable protecting groups
for various functional groups are descrifed in T. W Geene and P. G
M Wits, Protective 15 Groups in Organic Synthesis, 2nd Ed., John
Wl ey and Sons (1991 and | ater editions); L. Fieser and M Fi eser,

Fi eser and Fieser's Reagents for Organic Synthesis, John Wl ey and
Sons (1994); and t a £ :
Organi ¢ Synt hesi slwI tﬁﬁ‘%’e&f ’yepgaﬁ Son)sﬁl%lgggﬂn%c%tﬁg&seggnﬂbﬁs‘{d&{s with 2
protecting gr&‘mplfc agsouns e astiveecompaundess bodven vw:“smihhﬁjapmredt tQ(those

i ncl udes Ac, 0

t hose skill ed(’%iﬁdqﬁqméa%ﬁ @c%gﬁﬁggt %é& ) ' &,
The exanpl es Mack PuisisaingtCangany, @ast&ed?abeistwa‘dﬁ,trmf{e{-}?’s)l I ust rat e and
exenplify the co unds. of the

nvention tho i
preparing3uch co AGEImER ?‘5‘ b@ u%ﬁeFQWBBH” ihacl? e %oﬁ 9 be

the present idweRktepsd 2bal thePluliddy t@fdclin aﬁ%umaymx {8 "BeeRfeEal
the foll ow ng exanpl es and pigggar ae?flyons Al'l patents, patent y

appl i cat i ons,efisaivg ameRh g cansdhe asNBHE compcand wite prenanstthe pnset of,
materials cit \Y e e | in
by reference @%wtg %gl ﬁeg%?m;ﬂg:]tn%gg? gt%lpg E pr%g eesg?éedege @%@%ﬁ@nﬁgése
the I nventi orbacterial infetdion ot @ dhahomb e.g.re burearnbodi ment, the present

I nventionrel ates . G n 0 ar nmu| har mac al |
accept abln%) salts t ceaggpgrggﬁ%gg% rc{osg@ %‘%‘8@%% o?ﬁge 58?%)8% i) uth 0
fornmula (1) asfehslanenti@riostaduns i abduyt S0nmd tcb bﬁcm Mgt d Bsmpound of
| nvention an el s E?re hewze Hof or. the conv enc of the reader.

Gener al Prepé?%‘? DAY REERY se; In anothgpe S pifedive gingl dpse is

i nvention maysdaat r@c@mg @8l 3B6GOPOBN thy I Tah@th@?%ﬁ{ﬁoﬁfrh&ﬁs an%%mf‘es smaféd
exanpl es herein, which are non-limting, in 10combination wth

know edge of do§e E%Riixwf@@@éﬂ@ fosatrout Seﬂ@nﬁq A ypicaliy fhe Jossigen age gwen 11@5
Ra+Re N 050 NRled per day: 3 bheY¥dmiSddiméh, t adsagBs Rrd ghvkh 3 times per day. In

some cases, i may be necessary to use dosages outside these limits,

The compounds of formula (1} of the invention may be administered in
combination with one or more additional medicinal or pharmaceutical agents
{*the additionat aclive agent”). Such use of the compounds of formula {{) in
20 combination with an additional aclive agent may be for simultaneous,
separale or sequential use.
in one embodiment, the additional active agent is an antibacterial agent.
In one embodiment the antibacterial agent is a B-lactam, Non-limiting
examples of B-lactams include cephalosporing {e.g., cefepime, ceftazidime,
25  cefpirome, cefditoren pivoxdl {Speciracef®), cefoperazone, ceflazidime, cefdinir,
cefotaxime, cefpodoxime, cephalothin, cefaclor or cefixime}, cephamyains (e.g.,
cefotetan), carbapenems (e, imipenem, meropenem, sriapenem,
doripenam), beta-factamase inhibitors and beta-lactam/beta-lactamase inhibitor
cambinations such as sulbactam, clavulanic acid, tazobactam and piperacillin in
30  combination with tazobactam {(Zosyn®), and sulopenum.



H2N 1?2Fta 0O VRS R4 4 R6 NNO O P-A( 8-X 0\ 00 IV The conpounds
of the present invention can be prepared as outlined in schenes A

t hrough C wGampauems of the general fornula | (Schenme Acragmopospar ed
as described in Yamawaki, K, et at, Bioorganic & Medicinal Chem,
(2007), 15, 6716 and Yamanoto, H., et al_, Bioorganic and Medi ci nal
Chem, (2002), 10, 1535, can be react ed Wit h hydr oxyl am nes of the
general fornmula Il (prepared as described in WO 2007/ 065288,

publ i shed June 14, 2007) in a solvent such as nethanol at anbient

tenperature for anp ra%f.hgﬁteﬂ%d%@n?%és a%ﬁlbacteréai agent is may be selected from
aminoglycosides {e.g., amikacin, gentamicin, kanamycin, neomycin, netilmicin,
paromomycin, rhodostreptomycin, streptomyein, tobramycin, apramycin, eifc.),
polymyxins {e.g., polymyxin B, colistin), fluoroguinolones (norfloxacin,
5  ciprofioxacin, levofloxacin (Levaquin®), moxifioxacin {Avelox®), or enoxacin),
penicilins {e.g., amoxicillin, ampicifin, elc.), and lincosamides ({(eg.,
clindamycin, lincomycin, etc.).

in another embodiment the additional anti-bacterial agent is selected
from metronidazole, glycopeptides {e.g., vancomycin, dalbavancin, telavancin,

10 oritivancin), oxazolidinones (e.g., linezolid), ipeopetides {e.g., daptomycein}, and
tetracyclines including gylcylcyclines {e.g., tigecycline).

Other non-limiting examples of additional antibacterial agents can be
found in Walsh and Wright, Chemical Reviews 105(2):391-3%94 (2005), and
Bush et &l., Current Opinion in Microbiology 7:466-476 (2004).

18 in one embodiment, ithe additional antibacterial agent is used in
combination with compounds or pharmacsutically acceptable salts of the
— - —invention {o-lower the-frequency of resistance. -Examples include-cefepime,
cefpirome, imipenem, meropenem, ertapenem, doripenem, sulopenem,
ceftazidime, piperacillinftazobactam, ciprofloxacin, levofioxacin, moxifioxacin,

20  polymyxin B, and tigecycline.

In another embodiment, the additional antibacterial agent may be a
standard anfi-anaerobe drug used in combination with compounds or
pharmaceutically acceptable saits of the invention to freal intra-abdominal
infections. Examples include clindamycin, mefronidazole, imipenem,

25 meropenem, doripenem, ertapenem, cefotetan, cefepime, cefpirome, and third
generation cephalosporins.

In another embodiment, the additional antibacterial agent may be an
accepiable anti-Gram positive agent used in combination with compounds or
pharmaceutically acceptable salts of the invention for empiric therapy to treat P,

30 aeruginosa and all Enterobaleriaceae.  Examples include vancomycin,

linezolid, daptomycin, dalbavancin, telavancin, and oritivancin.



- 24 - formcarboxylic acids of the fornmula Ill. Activated esters of
the formula IV can be prepared by reaction of conpounds of the

formul a | | woumtan7idzydr oxysucci nanm de in the presence of PCIOIBRéNOIOSE544
reagent such as dicycl ohexyl carbodiim de or diisapropyl carbodiim de
in a solvent such as 5 dichl oronet hane anbi ent tenperature. A
conpound of formula V, prepared as described by Waulte, SR et al. J.
Og. Chem (1986), 51, 3133; Pajama, C., et al., J. Og. Chem (1997),
62, 2070; Lail, MS., et al., J. Og. Chem (2002), 67, 1536 and

Chhabra, SR, et . . e ) 7

generated by depr g‘be%’?%] %ﬁ’%’g”{‘%& (E:Eoer %‘gg%rm?%ga@gﬁaziﬁ%g%% Fﬁ%snyf“e“
(Cbz% 10 pr otamﬁe?r&am}m(tjswgmpmyw g@*aimiﬂtsyasaéba ofib cariporint] c}?&im&ﬂaa{lyrm
in the presence,0 a i u n carbon, under. approxi mat e two to
Four "t hosphei B SRbeREid B35 A it oBhoREl R o omtianien uded.
ethanol , t et raBuihOhisicrdd aftd a@PRIsHaLER OF b Coffotng VUTBdITRS (i) e RUA NG

a binary conbination thereof. If the hydrogenation is done in the
presence & KBRGEMSEL dther REE | Pt SINBIRGHIONES aGlive oagents.dWhehelssth e

i sol at ed - ' ' d
i sol ated as thenacedal 3%53561)@5190%"}12@%”%&?%% %c?r?nﬁz%?ﬁa%gn‘l’\ﬁfgg oINS

of the fornula I'V in solvents su n et hano
acetonitril e formuladi}presence of a base such as triethylamine to form

hyar sgenat i on. “tno iSO Balte adbiRir e fir bR ThE M RS ubhl 8°
renoved by fiddmisistarsaicaddibenal@ctieogged. in situ with conpounds of
the formula IV to }%enerate éa%des&ﬂf the fornula V. B

| -25 - Schene
0- f .11 YN ox one emboGineat JPENE &F TRE APFRENEl aFtiveaAopls are

prepared as Qybbddiad the hﬂ@@e@icaﬁb@;ﬁgbﬁgmi o he QRYERLISH 2l Adkordingly, in
avai |l abl e Kojic add (CAS nunber: 501-304), conpound VII can_ be _
prepared in fanghestyphodimegbdbripention ehtep i aguethedntl Serithgre betisnty
19, 1988. Reagl i g i ent

25 carbonyl a7 SRRrmMboultel BoRPOSAGT 6 Be RBARRORRRSE B RS AR orR G
t et r ahydr of urraoresadditidviab activieesgeartaat ur e produces conpound VI 1 1.

Reaction Qf compouynd,.VLILI w.th a brjmar mne of formqula IX.ina .

sol vent sﬁch as 13t ’g é? };’ gwggg%ordatﬁa ?nye%/eec%gp g’ﬁﬁ'@%@?%ﬁ&é&%ﬁ? Hygein

bet ween 40C agrd f60Gevddrivepiade of tteomgaaendsd efe hbe-ligefrer aFof exampie, e
o

Conpounds of the fornula X can be ized to form conpounds of the
Formul a1 by Ut a0RT M easapmaty Sk dRvarion i8S N SmeL Sunsgad s
such as sodi Wiayeopud glaceheROh #iseblidpydr oxi de. Al ternatively, in
some cases, a simlar cyclization reaction can be acconplished 15 by

reaction of conpoditEssoPthanwispoindifaledk the language and terms used in this
Nobe. Tenl s ME L) e DL BRR iR eI PRI o
understood by the relevant skilled artisan. In addition, in descriptions and
claims in which the subject matter {e.g., substitution at a given molecular
position} is recited as being selected from a group of possibilities, the recitation
is specifically intended o include any subset of the recited group. in the case
25 of multiple variable positions or substituents, any combination of group or
variable subsets is also contemplated.

Unless otherwise stated, the following abbreviations have the following
meaning. “L” means “liter”, "mL” means “milliliter”, “mol” means “‘moles”, “mmof®
means ‘milimoles’, “Ac” means “acetyl”, "Ph" means “phenyl”, "Bz’ means

30 “benzoyl”, “DCM” or "CH;Cl" means “dichloromethane”, *“DMSO” means

“dimethyisulfoxide”, "MIC" means "minimum inhibitory concentration”, “MS"
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25

means “Mass Spectrometry” (all samples herein were analyzed either hy
LCMS-electrospray {gradient elution using acetonitrile, water, formic acid
mixtures) or probe APCI methods), "LCMS™ means “liquid chromatography
mass spectrometry”, “NMR” means ‘“nuclear magnetic resonance
spectroscopy” (All samples herein were run at 400 MHz on Varian instruments,
unless otherwise indicated), "THF® means “letrahydrofuran”, “spp.” means
“species” and “cfu” means “colony-forming unit”.

As used herein, the term “(C+-Ca)atkyl” refers to finear or branched
hydrocarbons {e.g., methyl, ethyl, n-propyl, isopropyl) of 1 to 8 carbon atoms
in fength.

Unless otherwise indicated, the term “heterocycloalkyl’, as used herein,
refer fo non-aromatic cyclic groupsg containing one or more heleroatoms,
preferably from one to four heteroatomns, each preferably selected from oxygen,
sulfur and nitrogen. The heterocycloalkyl groups of this invention can also
include ring systems substituted with one or more oxo moieties. Examples of
non-aromatic heterocycloatkyl groups are aziridinyl, azetidinyl, pyrrolidinyl,

_piperidinyl,_azepinyi,_piperazinyi, 1,2,3,8-tetrahydropyridinyl, oxiranyl,_oxetanyl,

tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl,
morpholino, thiomorpholino, thioxanyl, pyrrolinyd, indoling, 2H-pyranyl, 4H-
pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazofinyl, dihydropyranyl, dihydrothienyl,
dinydrofuranyi, pyrazolidinyt, imidazolinyl, imidazolidinyi, 3-
azabicyclo{3.1.0lhexanyl, 3-azabicyclol4.1.0lheptanyi, quinolizinyl, quinuclidinyi,
1,4~-dioxaspiro[4.5ldecyl, 1.4-dioxaspirof4.4inonyl, 1.4-dioxaspirol4.3joctyl, and
1.4-dioxaspiro[4 2theptvi.

Unless otherwise indicated, the term “hetercaryl”, as used herein,
refers fo an aromatic ring confaining one or more heteroatoms (preferably
oxygen, sulfur and nitrogen), preferably from one to four heteroatoms.
Examples of 5 to 6 membered heteroaryls are pyridinyl, pyridaziny,
imidazolyl, pyrimidinyi, pyrazolyl, friazolyl, pyrazinyl, tetrazolyl, furyl, thienyi,
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NN -"11CGN...7"\,-N4, --A"\"""Kr. A gNis " CN NNa, ,N,--,(s N-R1L <. ?y
es., H2N-cWOZBINs23:  He ..Xx.isr- N ..... N. .s. ., MCIBRBIGSHHO0
01 6 cro 0O X1 VWXII I The coupli ng of conpounds Vi and XI and the

final construction of the conpounds of tfe present invention can be
acconplished as outlined in 5 Schene C. The coupling of VI and XI to
gener ate conpounds of the general formula XlII can be acconplished by
first reacting conpounds of the formula XI with excess MSTFA in

t et r ahydr of UrigekaabhAPPIHRZoIRE ebibARE fRBtRNeH O gm PoURGaAY] OpBshyy

renoval of the tetrehydrofuran, excess MSTFA and roduct s “under
vacuum Separaxeéiazolvtdmpdisaaisl, &razm®/if ornul a VI can be 10 react ed
wi t h chl orosul fonﬁ | socyanate (CSI) in dichioronethane at OC for

approxi mat el y 45 nil§UeEs "etgrcdguBciuges hriereyyithietgrocygpaiyidings as
can then - gl adfo -grdiihéﬁﬁ:q{e‘(@rgq}dﬁlchﬁb% ?&%ﬁ%@ﬂ%&ﬁ%@ Sﬁﬁ‘%o‘% 8?%?&”%?2%7'

m xt ure adde e adduct fromreaction
with CSI. 5Sti rr| ndJroéss ¢lbswvisaeprasapiordndisatat, tbﬁcfompoangs@fdhmmwsyﬁen

hour s pr oduc e B csnbbiist W B A8 ST BRY B feckffiodt) dcBorior

Al t er nat i vel ysalts k¥ solesizp| amammbtmus anchstah eeoapbi shithas, wisdthemer:
the CSI adduct pr @ﬁcaﬁid as descri bed ve is mxed with t he cor‘rgound

of T ormul 8. X0t BRPERCA AogEah CoMEt e dOBy o e (4 ATaR FrPRBRBey MEieHA

hexamet hyl di sdrldogipdeitiohiVoRairiny e eBERFENESod @.4 24 abibbSsieHTBAhinRly
trimethylsilylchliride (TM5-Cl) at approximately 140C. After cooling

to ambi erf0 t ehp@! taﬁaﬁ@cemiﬁl@lxm ef panpeuntis] uiemerss 6piMale. staregisomers,
sol vent such ﬁ.% ﬁgre gg{; ane and m xed the CSI adduct generating

t he conpound o or Renoval of the benzyl protecting groups
from conmpounds of TiHeecdropowids M foroate e remyc enist irs Besolbyierd ezt sowated

sol vent syst diBenaree: oGP ERRRIGEH St SHBOuHEE ot ey aso
anbi ent t enpéneltdes ayd&t@a@ﬁ solvaladopneasdseusdedbgial] adi um cat al yst
such as pall adi um Iack LI ow@gﬂtrem)val of the catal éSt and

sol vent, reat nent! "6t e SOMGEE Fralletdaips P the HOMRISHosacH he invention

trifluoroacetjhguasd quna'ﬂn@scﬁ%d@ %S Wedthagoldb&Rher Wopeliabe e@ﬁy 1ERiRR!
tenperature renoves the tertiary- yl oxycar bonyl protecting group

and the tertitapivisneyrilsride, pnd c@ﬁﬁﬁVWéﬂ*F%l Fﬁﬂﬁf ReterThel her @ﬂé or more
material of tRYPEEFHY be present in a non-stoichiometric amount, e.g., as a frace

impurity, or in sufiicient excess to dissolve the compound of the invention.
20 Alternatively, the one or more solvents may be present in a stoichiometric
amouni, e.q., 0.5:1, 1.1, or 2:1 molar ratio, based on the amount of compound
of the invention,
The term "solvate” is used herein to describe a noncovalent or easily
reversible combination between solvent and solute, or dispersion means and
25 disperse phase. it will be understood that the solvate can be in the form of a
solid, siurry (e.g., a suspension or dispersion), or solution. Non-limiting
examples of solvenis include ethanol, methanol, propancl, aceionifrile,
dimethyl ether, diethyl ether, tetrahydrofuran, methylene chioride, and water.
The term ‘hydrate’ is employed when said solvent is water.



20 invention (XII1) can then be purified by reverse-phase
chr omat ography using a C18 resin wth a gradi ent nobile phase

consi sti ngwefaaetsani trile and water, buffered w th forgaapasbdsssdihe
sodiumsalts with the general formula XIV can then be generated from
t he conpounds of forrmula X1l by treatnment with sodi um bi carbonate in
water followed by lyophilization. If a s¥cond acidic site is 25
present within R6 such as a carboxylic acid, the bis-sodiumsalts of
the forrmula XIV can be produced followi ng the sane procedure but
addi ng a second \e/\%ur val ar bon

oo 2ot ond S hia B o ot B PRl ST 8 pfienisonretesiis ome

skilled in thRa@pkfefifgd istiataty sitBe dpr @ﬁ@memghgﬁét@sl Ptden, Py @B6iphien tike
present invention to its fullest 30 extent he foll ow ng detailed

exanpl es desdfiias@apeuiaad slidp e e Wariso(Rd: c%wﬁaﬁfﬂ&a’%nﬁﬁﬁ&e‘ FeakK8F.m
the various W@@ZS%%UI% &tgeh¥d}¥%§té oﬁ@g i&NEhikR he wa}e?qﬁolecules are

construed as mer ustrat not limtations o
pr ecedi ng5di s@fa@arf@m lirgolycamgetwitit sandvether quiewgmnglwaamiﬁ rdiecuies.
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5Exanpl es next%ﬂlﬂha(wmﬁram!@@j!@w wer e general ly carried out under
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Commer ci al S%M%Efme@nﬁid @ﬁ&ﬂ@ﬁ? MasserirAe hﬁ(mi&t?d WheROoWbwkvsl hige
purification. Al products were dried before 10 charact eri zati on’ or

use in suBsef@ent ORSHASE 1y Weeklnbeuid, 3% Mt shannel sabipasr aRAdErqseopic
resonance (N\R)ndalasatf Q\k?é‘?ér?sr%g@rﬁ%t 'hdéan%tﬁ;ilpﬁé é{ng{w&ié}ﬂ érﬁ’%mné%)r gnd

referenced to rdsi dual peaks euterate vents e
Exanpl e 1 Prkypagapnditions. 12 s0¢h Casds), nan4ichibmetrg will be the norm.
3-thiazol -4, 44)
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1H-1, 2, 4- salt(s)", as used herein, untess otherwise indicated, includes salts of acidic or

trlazol 1V|tsulfonvl§at_I anov 20xosze|d|n3vlla nol - 2-

oxoet hyl i'@endi2ifi FOHBR VIS frah mrﬁa%arre.f © &ageends. z@@smsﬁ*ﬁaé&atv%rs

prepared by tﬁa@mornorﬁgt@% %se d;@?asatae@r fdﬁnﬁf?hﬁﬁﬁaehéri@tﬁoﬁ@ﬁit@%ﬂh‘ P&shusn

detall below - - Schene o -Qd ' T1-

— - morgamc -and -organic- acids.—- The- acids- that-can -be-used- {o- prepare -
pharmaceutically acceptable acid addition salis of such basic compounds are
those that form non-toxic acid addition salts. The compounds can form, e.g.,

20 sulfates, phosphates, citrates, acetates, tosylates, succinates, besylates,

mesylates, lactates, and hydrochlorides. Basic salis can be mono or dibasic. In
one preferred embodiment, the salt is a fumarate.

Unless otherwise indicated, the terms "treat,” "treatment,” and "treating”,
as used herein in the context of using the compounds of the present invention,

25  unless otherwise indicated, means reversing, alleviating, inhibiting the progress
of one or more symptoms of such disorder or condiion.

As used herein the term “patient” refers {6 a mammal such as, e.g., a
human, dog, ¢at, horse, pig, cow, and the like. In one embodiment, the patient
is @ human,

30 Unless otherwise indicated, the term "pharmaceutical composition”

refers to an active compound in any form suitable for effective administration to



C3 Step 1. Preparation of benzyl

5- bi s(benzyl oxy) pyri di ne- 2- car boxyl ate (C4) 5A. Preparation of
(benzyl owp)20ydzlmeslr oxynet hyl ) - 4H pyran-4-one (d). PCT/IB2009/055544
Hydr oxy- 2- (hydr oxynet hyl ) - 4H pyran- 4-one (300 g, 2.11 nol) was

i ssolved in nethanol (9 L) and treat ed%{fth pot assi um car bonate (439
g, 3.18 nol), followed by slow addition benzyl chloride (433 g,
3.42 nol). The reaction m xture was stirred at 65C for 8 hours. After
cooling to room 10 tenperature, it was stirred for an additional 16

h h d Thi

ool od o T0c %k Pubed MR P afubblrCali 3t Rael Bd ehRtureTetel

that was gat hescegtable ddrtiér ation to provide C as a solid. Yield; 325
, 1.40 |, 66% 1H NVR (400 Od6 84. 29
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(4.5 L). The ercimuistayed Zantirsey sulfeemnt for delivext a26@rapmut|8 howust dfhtha
filtered through a Bad of Celite. Concentration of the filtrate
provi ded a ré$ i‘lﬁ?é' whi ch was washed with hexane - 30 - to provide
C2. Yield: 80 g, Ofiﬁﬁ’ér@imexc;iﬁ@%" n’hélarNVRn (zr*?é?@rdﬁt%ai T3 1 d@ﬁabrﬁe&ﬁvcﬂ*&ﬁwa
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g, O. 90i %ﬁ% room t&%p ALL GATL U, uiﬁP sgé'r &h%?n;gé?%&cn‘ﬁé&lr]agon

hour s. erature e reac |on was
with ice vvat e:rom;:mmdds Itnewngsazthén ihg aplositie mcmnlehmztymt dny dhirat cextteanor

23 1L Bl e 8 4 BT e o S

5.32 (s, 6H) .mikiudss dr é@idhen srlﬁh*} comipdRetiso ahﬂ)degﬁa@%%re dehsoche s
2 C4CsCe6 -31 - Step 2. Preparation of

5- (4, 5- bi s( béz§l é’??’}'ﬁ?/risdlrﬁf 253%@-@ 3sueh dxalfensed - iq cogmass ogither

25  configuration or & mixture of any ratio.

H
4
5-
5
d

Compounds of this invention include pharmaceutically acceptable
derivatives or prodrugs thersof. A "pharmaceutically accepteble derivative or
prodrug” means any pharmaceutically acceptable salt, ester, salt of an ester or
other derivative of a compound thal, upon administration to a recipient, is

30 capable of providing (directly or indirectly) a compound of this invention or a

metabolite or residue thereof Particularly favored derivatives and prodrugs of



A. Preparation of 4,5-bis(benzyl oxy)pyridine-2-carbohydrazi de (C5).
Hydr azi ne nonohydrate (47.5 nL, 978 mml) was added drop-w se over 10
5 mi nut es W& 104(788&nsi on of C4 (20 g, 47.0 mmoi) in nCTARNPIOH
m.). The resulting m xture was heated to 65C for 2 hours, then cool ed
to roomtenperature and filtered under vacuum The collected solids
were washed with nethanol to provide CS as a white solid. Yield: 15.4
, 44.1 mol, 94% LCVMS ntz 350.1 (M+l). 1H NWVR (400 MHz, DWVSO d6) 8
4.47 (d, J=4.6 Hz, 2H), 5.30 10(s, 2H), 5.32 (s, 2H), 7.31-7.48 (m

10H), 7.67 (She Mibntdh aR fiose iﬂﬁt 4nc9e£§é tﬁ’é b:olzrvéﬁaﬂ‘iﬁy oﬂkﬂa compounds Rhen

Preparati on of 544, 5-bi s(benzyl oxy) pyri din-2-A-1, - oxadi azol -
2(31:4)-one (GO cmm@w argi pgmiseed tpga%at@ne?@g 1y, 2llewing ) armaseally

added to a SUSPS i r gfaun
(75 mL). The rea@lt%%eg%d %}"rgné"{nure was ﬁ}?r? 3 l’%fyrgo%g%%%éea?rp%ekgaﬁﬂrg 02
3 hours, dur|e1g1ambe¢ihlt\temwfﬁ!hmpamrteomspedmm ar\g;mamgcdh@mmnemmﬁ

solutlon and_th l. S e on The, so ed b
Polr e of o intrad Sl o B TR Braratroy Sisctehdict Pddbaing ager
as a white sahicthf e¥oehign. 4 92 g, 13.1 mml, 92% LCIVS nitz 376 1
(ML) . 1H NNR(4OO Mz -d6) 8 5.31 (s, 202H), 5.33 (s,

7.32-7.48 (m 10H)T 6‘70@89@@“’51 fOFfBU’Qé‘)(@ay %Ibttmimml@'ﬁﬂb F’Oiwommc
Schene 3 i

oS4 bi s bemReunds of SrmClERAiaY 118 rBbared by crystalization of.a campound of
sol ution of dBe (WesEntgneedics y waﬁtogs reeniitinnsi iest exaripieniereanay bsC

was_addedqs| qud ¥, ds%:'Tdesogol% Jg%ﬁwgﬂﬁ r{sfﬁr\% gHP PhnteldNer gﬁ%ﬁ?&ahﬁ

in5 nt. of tettanhydrofuran an e ure stlrr room
t enperature frecw&aﬂmam:r serystillinstionh ap aliffdrent kmn;neranms) nvariaos U madeasof

transferred to sol ution._contain 0.161 0.0032 no

nonohyt hat e i‘%?O%EQ ARG LR Al o @F’gli %0 2 RPHDG cHHT '@ ﬁé’siﬂ%%aﬂﬂ%
tenperat ure |Rg$gnbian meCalsonte odtaast b&h}%aﬁ@@ B hdBhg axdomholrldl off ©e
at roomtenperature for_ 1 hour, at whic oint the m xture was poured

into 50 nL ofPregeRtiveRtiany fofloMeda by Sﬁqdﬁ? & efast cophng h THE s PEseneR t¥d

by filtrati o e NN a rei,n L
oo ot TSRO ko piF SRR 0o e, A gt o

4.25 (Ix. d, seeptromopy, gifferential scapning. @tonmetqumerlm)ay dffEBton xor

s, 11-1), 8. B. Preparation of
- 5. (475- bi s(bé‘%‘%@é‘%&%‘i}"‘r"‘f%‘es-zlo 4-et hyl-2H1, 2, 4- 15

triazol-3(4H)- oneT(n@8pra(s@yntlm\zattzmn;rkzhtdeedcdmpoa'misamemmednsod)mtmm

of 0.42 g (0.9 ed 8 e val en 0, 44 /7 99
ol ) of “pot A5ERAR AR SeolifE aliUedrs rEasrd by dBrER Shrndnoreor.
resul ti ngom >gushecdngriveds tan befiseiul ke restardPaid diagnadlicabold M ﬁietéﬂwsm
reaction m xture was _concentrated to dryness in vacuo. The cr

product was tﬂﬁ@ﬁnﬁ‘éﬁ}‘i‘ﬁqﬁédﬁHQ’eﬁoa%F’hrﬁm GREGyr dpese ('§‘PtPP@§Ubg@P91eQ

tcg 5;)_@0\”/? 2132@20 éﬂ%uﬁﬂé‘&@ﬁ@hﬁé& tcP{h%%'%bHﬁan&B@f fSrrﬁ@Q (% }511I.t 5%&???&5!%;&

7.3 Hz, 3H), wex®m mqre atom%af@ H@!acem)by & awm( Qavmwﬁ FROPE- MASA DT (WSS
SHoN o' 1 o R eireR st ke Pen B e nfibes BEQBTahl e in
(3S) - 3- amsnoamlredlﬁxaaammo( iEbidpes that can be incorporated into compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, and suifur,

such as, but not fimited to, *H, *H, ¥*C, MC, N, "0, 70, and ¥3, respectively.

The compounds of formula (1} of the invention containing the aforementioned

isolopes andfor other isofopes of these aloms are within the scope of this

30 invention. Certain isotopically-labeled compounds of formula (1), for example

those into which radioactive isotopes such as M and "C are incorporated, are



- 33 - Benzyl [(3S)-2-oxoazetidin-3-yl]carbamate (C9, 13.379,
60.7 mol) was m xed with degassed ethanol (500 nL) and tol uene (125
m). For sYStW478523%f C9, see MJ. Mller et al., Tetr difddiBai) 039883,
39, 2571-2575, and MS. Lall et al., Journal of Organic Chem stry
2002, 67, 1536-1547. The reaction m xturg 5 was sonicated until all
the solids dissolved, then purged with nitrogen. Palladiumon carbon
(10% 4.45 g) was added, and the reaction m xture was hydrogenated on
a Parr shaker for 1 hour at 15 psi. The pall adium was renoved by
filtration thiQuahs @?ﬂg‘érﬁif&%étrﬁbtﬁs%@&:strwﬁoﬁ bosRd WirkibtedepasEethind
ethanol. The filtrate,” coptaining Cl10, was carried directly into ‘the
coupl i ng 10 regaken-dh \M?Lh €1sotgpep arg. psitisylarly dyelaned (fﬂfa}{h‘#"t &850 0f

ot i n_ vt aPa e T RRY IR G SERYIET IR REKpRES i, as

(dd, J=5.1, XUty 134, %3 84n (affdyd 2eBai8, thétapetdzc; aﬁﬁata@e@?&ém tirgHjrom

Cia 15015 % 5o Siganicontshl, 1o (et i yda fibfe B redbed

but oxycar bO”ch)sagb rt@t;mﬂements and, hence, may be preferred in some circumstances.
, 3-thiazol -4-yl1}-2-oxo- 2-{ azetldln- -

yl i ani no} et hylpp Eﬁ‘f@itsaﬁpﬁ@ﬁdaam3ozlnﬁi§t e iypaiiRshtan geaeply be pygpared by
A. Preparati t

2a({(19)- 1 { 2[00 ST DA SIHIEs Seton e Sehemee U 17 Fromps,
xopyrrol i din- mge's@rabeg towt By subsheliagi s o5askly | avaitablet Bolopisa xréabeied
floats ( ) ( Nhydr oxysucci ni m de,
8.84 g, 76.8 It ‘rt‘%qé\’g%M‘Q’Q{(f‘rc’gw’égng?agueéé%%?g%ﬁt of (22)-{2- 5

[(tert- but oxycar bdingl tpami”prakecting grdript zelersltoyd plikable ehemivat gooyp thal-alinm

et hyl - 2- axoet ho nol acet.ic .acid 1, 30

di c%l or onet hg??e 6%%\? A? o ?}rﬂrﬂ%(ag’écfpﬁeﬁgaé iaigr%%&gaﬁveg the
al ., Bioor gaﬁh!‘acﬁmﬂwdt@ﬁhicg;ﬁab Chesrnplel Yor28fabiel brotdhihg- §réa@s fdhearicus
m xture was cooled to 0OC, NM.- dicyclohexyl ear odllgg\g \&9 (V ]@.6
g, 73.3 nmol )URRENALERHPS AFRICEHREDE0 1t Salt BROTRENSS Pl RritgFtvey
m nutes apd tHgRLaLN, @gﬁ%;&%@ﬁi&@rﬁ:df@& QOMPWJ@%/ ARESERX(HBE YRS later

filtered through Coke and concentrated in vacua fo afford Cl2 as a

white solid. ediirg), 3cdigsey, amBM Mieear, Fises aptNEesars Boguepty far1Omganic

2 01 (br s, nfhes g igyiang SppPlondy Ay “Pedlie a Enbiuo Rl o

C13. A sol ut |¥@eagﬁnts{ilf(® (gdtc ynBtesis, ndobh) Wilay edritaSohs t{dB88ne Treoterm

mL, solution gbtained in. Ste nas tre SO und

0 50.6 ot TR SRR Db FeuP e oy SR Rad S datERad
reduced proessSHEi@dedPMES BE, %d&%b&@ h?ﬂro&;l pk‘@taétlngtgmgﬂ@fédﬁhéﬂmﬁosé Skilled
original volume. The resulti ng § ensi on was stirred at 35C under 20

ni trogen for IBREHIBCHANE e greged OMERE %N vacua afforded a
crude product, whivgf %ﬂ?ibb%&ﬂ%’ﬁé@%@%’tn@éd 2100 TS HEdPate and
resulting solids were itioned between 1:1 eth

acet ate/ tet ra@wmﬁuﬁ@ncqmp@)ndamf Haguyesent SodEnian mnciam@tfwﬁ@fsmmmm
(500 m),

during the sg%)dgk}%t%ﬁl'onr?%#%e;t\é@%e%%g%%g@? H\%]/aésl i@%%%ﬁr act‘l S g§ S%P ﬁ&%ﬁﬁb
et hyl acetzat gkt atir Almted chuean Way Xoy3A0: ndcppe anfd thd doliovihd nexdinaslga Mg
| ayers were fil tergd and concentrated in vacua The crude solid was
triturated wilR'APE#3%%thy| acetate/heptane (60 ni) for 30 minutes, and
the solids were colf pslent, tbbfért\;' émﬁrcamss rpuama}gnw felat mhm,litér@tum

provide Cl3 as a white SO|Id ? 4 mmol, 88% LCMVS |nk
498.6 (M1). ang (e (malgnals cited abcve and be ow herein are hereby incorporated

herein by reference in their entireties.



30MHz, CD300) 5 1.47 (s, 9H), 1.52 (s, 6H), 1.54 (Sr 9H), 3.39 (dd,
J=5.7, 2.5 Hz, 1H), 3.65 (dd, J=5.5, 5.5 Hz, 1H), 5.10 (dd, J=5.3,
2.5 Hz, 1%02310%042§, 1H) -35- 1 Schene 6 \ ,0 HN HF‘&'IHNZUU%/B*QW‘I- >1
10 s-s7-141 0 C13CS Cl4 Step 6. Prepar ation of

Preparation of

2- ({[ (1E) - 1- (2- ani no- 1, 3-t hi azol - 4- y1) -Z3{[ (3S) - 1- (0- et hyl - 3- (5- hydro
Xy-4-o0xo-1, 4- dlhydropyrldln 2-yl)-5-o0x0- 54

, 5-di hydro-1H-1, 2, 4-triazol -1- As quonyI)carbam)yI) 2- oxoazeti di n- 3-
yI I am no) - 2- oxoet hyI I denel a | pr op n0| c acid (1).

A. Preparation of Cl4 (Coupl JhE AR ed sol ution of
C8 (180 ny/0.45 My poted abo¥b, :r%né %ﬁﬁ&ﬁﬂér&f e BratRat #ﬂ@@ﬁbrﬁfé}ates to
equi val ents of N-trimethylsilyl-Nnethyltrifluoroacetam de (MSTF

Al drich anpoulog)papdsigigornws (L) and phafmaceutically acceptable saits thereof as

described above. The compounds of formuia {I) are depicted structurally in

5 the Summary of the Invention an elsewhere herein for the convenience of the
reader.

(General Preparation Methods

The compounds of the present invention may be prepared according to
the descriptions, schemes, and examples herein, which are non-limiting, in
10 combination with the knowledge of the skilled artisan.

Scheme A
RS
s R**—}—Rﬁ
N OH _ R&-RO N
N~ H/Kf + — 4 N OH
- Ojé 5-X O HaN o *ﬁNM(/s fﬁé’
Ko
! i i l
8
RS 2 R
R4--RP HoN 3;{3 R“-j)—-Rﬁ
NH :
WG R? v H N )ﬁ 0. f
. ﬁ«“vﬁ’\r”@ﬂ ) o T YY)
- X o N ~ % 8
?ﬁ\\é 5 S AN o
Vi N

The compounds of the present invention ¢an be prepared as outlined in

schemes A through C. Compounds of the general formula | (Scheme A),

15  prepared as described in Yamawaki, K., et al., Bioorganic & Medicinal Chem.,
{2007), 15, 6716 and Yamamoto, H., et al.,, Bicorganic and Medicinal Chem.,
(2002), 10, 1535, can be reacted with hydroxylamines of the generai formula il
(prepared as described in WO 2007/065288, published June 14, 2007} in a
solvent such as methanol at ambient temperature for approximately 2 howrs o



a pale yellow solution, which stirred at roomtenperature for 45

m nutes. The m xture was then concentrated under reduced pressure and
heat ed undewo Maeoers (hi gh vac) at 45C for 1 hour. Separ@teisgeoolosssas
0.223 g (0.45 nmol) of C13 dissolved in 4 nL di chforonethane and
cooled to OC was added 01J82 g 5 (0.58 1/0.051 nt.) of

chl orosul fonyl i socyanate and the resul ti4'g sol ution stirred at OC for
30 mnutes. At this point, tetrahydrofuran (3 nL) was added to the
adduct of CS and the resulting solution introduced to the CSI
reaction via cgannul.a. The .result] soluti,on stirred at,0C for hour
then brought PN FoBRYEnBera el e TRl aRfled s8R 8l edauBla v Sk
pressure. Theoer pid@add efdaatiovasy ciopdiRehaup oby #eol iula i with N-
chr omat ogr aph g';é?i ca-{;%_lt, 45 to 60% et hyl acetated in he tanes\)m

af fordi ng 33 wéow%ﬁmmﬁea 8 PIEFRICCWEE cERUAEY FBRYRY d SHER h STt
additional puifdeilamoliMaemior diddBibykiodimide jnBh SBGART 8ds
of conpound 1. In a Parr bottle was placéd 0.190 g (019 mmol) of Ci4
di ssol ved & n gichigiomsithans ab@tbieahteriprsas. i conpaeyh st iamul Wi prgpared

ni trogen gas. ' 063,49 e ] e
agitated undearéafgénécgg‘%%gg@é%{éo?gﬁ‘fq %élj %‘%@%ﬁqé%b%ma%@%%?@ G g "
for 40 m n (retatt JoOrg dbiprat @9BY), GEVBYT0; T, MeBcet aln idyuCeemas2adBNn
filtered through lit d_concentrate 0 dryness..in vacug. .The
material was hér‘f’gga‘?qc{sggnawac%ﬁe eﬁfgdgsbégvé% i f?dpg)*rﬁaﬁot&)w’ can be
di chl or onet hagersked thy aeﬁmteﬁ:ibﬁrbf?&ew@@rrédmndiagdﬁdaeheymyca?mny; (Cbz)
trifluoroacetic add and the resulting mxture stirred at rogom

t enper at ul%e fRIPleptafigmnapount RinEFodarply st apdientilgRPRiBking i theayesence
trated 4 f i
concentrate l_?gﬂ%é&%gﬂﬂn i %g@?%?%goyﬁéhte‘f?wé hi%”fd?,k”étfdo%ﬂh&iéﬁ of

preparative ymet ry acetoritrile in water w
01% f or mi ¢ adivdrogsdi gase ) 8 sapprbsiaheasemptignng etifans!, velrahvdarureet nitene

fol |l ow ti t Ny ya. i, )
TH R (900 W oot dgieride SEaAL g Yitgly Shblafihdy WRgredy) e
3.97 (d, J = td8ogdnati@d)is do%_i(mbthe gredhdpe 6f &tefis, add)) (he/ 2Relrmediate
élr_bep aZé? Iggmgs be?r%tjr_l%éze%d%%ngddan‘lbe_iéslbtezateljzés S sicetate Latt KE gBi!‘}seeq%enﬂy reacted

2411(12) - 1-( %iﬁﬂh@ﬁgé&zlﬁé Bf arokorualiy &y 6bk3ats- uch(dd 43thanol, ethanot or
(di met hyl am no) et hy11- 3- (5- hydr oxy- 4- oxo- 1. 4-di hydr opyri di n-2-y1)-5-0
X0-4 5- acetonitrile in the presence of a hase such as trigthylamine {o form amides of
di hydro-1H1, whbd il Vi GHbA hanmvikdadn | 'g,'?~ -
ami mo) 2. 5 o SR R Y S R e I e by e
[19 OH 011H Gemipogzetidnones proqUsegourte theeatalyst epeareevagdybyt hitration, can be

2,255 R S P B Al o2 R B

formuig V1.



ri/4 r o oo NO Step 1. Preparation of
2-({R1Z2)-1-(2-amino-1, 3-thiazol -4-y1)-2-(((3S)-1-

[ (1, 4] 2- (dwoediwweas no) et hyl } - 3- (5- hydr oxy- 4- oxo- 1, 4- diBIUBY|0Y/H35844N- 2
-y1l)-5- oxo-4,5-dihydro-1 H1

,2,4-friazol-1-yl }sul fonyl)carbanoyl j - 2-pxoazetidin-3- - 38 -
yI | emi no) - 2- oxoet hyl i denelami nol oxy) - 2- i€t hyl pr opanoi ¢ aci d(2) and
diasterioneric did m xture (Exanple 10). A. Preparation of Cl16.

Conmpound C15 was prepared in an anal ogous nanner to Cl4 in exanple 1
usi ng coupling nethod 1. LCMS rri/z 99%,.8.,5g(M-1). 'H NVR (400 Mz,
DMSO-d6) 5 1.33 - 1.39 (m 9H), 1.41="T (br. s, 6H), 3,32 - 3.38

(m 1H), 6,67 (t, J =8,2 Hz, 1H, 4,67 (m 4.85 - 4.92¥m 1H), 4.98
(d, J = 5.8 Hz, 1H), 5.26@\]:9.3 Hz, 2H), 5.73 - % 6 (m 1H),
7.27 - 7,49 (m 10H), 7.58 . 1H), 8.31 (s, 1H), 8.9 dJ,\934
Hz, 1H). To a stirred solutiion of.Cl5 (0.30 g/0.3 mo n‘Lof
9:1 10 acetone/ water was a?jd 189(1 18 nmol) I)

N- et hyl mor phol i ne- N- gxi qé“- ol | owed by 0146n /gﬁ 9 nmol ) of
osm umtetroxi de angd,t ulting mXturé sti riid ours at room

t enperature. Another® adfiti op) of NMO and osnmium getroxide were then
added and mixture stirred an'additional 24 hours, at whicMttime the
reaction was conplete by LCM5. The reacti on was flltq d 15 t hrough
Celite, concentrated in vacua then purified by cal, Nﬁ‘n ahromat ogr aphy
(silica; 30 to 100% et hyl _etateln heptanethens ed to 3to 7%
nmet hanol in dichloroneth ne collecting 0.302 g of 6 1051 3
(M1). 1H NWR (400 MHz, 0O-d6) 1.33 - 1.38 (m 9H) (ﬂlﬁ

3.20 - 3.26 (m 211), 3.8% - ﬁ(m 1H), 3.58 - 369

- (’WO\/ T : Q
3 ’§ s nrnanA AR ARANS 's) / O\z

NS .
HN T R\N}\N N\n,/\ N
i 1 H
g R Xi o

Triazolones of the formula Xl can be prepared as outlined in Scheme B.
Starting from commercially avaiiable Kojic acid {CAS number. 501-30-4),
compound Vi ¢an be prepared in five Stéps as describéd in EP 0281289,

o

published February 19, 1988. Reaction of Vil with phosgene or a phosgene
equivalent such as carbonyldiimidazole in a solvent such as dichloromethane or
tetrahydrofuran at ambient temperature produces compound Vill. Reaction of
compound VIt with a primary amine of formula IX in a solvent such as

10 fetrahydrofuran at elevated temperature such as between 40°C and 80°C will
produce compounds of the generai formufa X. Compounds of the formula X can
be cyclized to form compounds of the formula Xi by reaction in water at reflux in
the presence of a base such as sodium hydroxide or potassium hydroxide.
Alternatively, in some cases, g similar cyclization reaction can be accomplished

15 by reaction of compounds of the formula X in  N-trimethylsilyl-N-
methyltrifiucrcacetamide (MSTFA) at approximately 150°C resulting from
microwave irradiation.



20 4.11 (m 2H), 4.49- 4.58 (m 1H), 4.89 (br. s, 1H), 4,94 (dd, J =
5.4 Hz, J = 10.1 Hz, 1H), 5.24 - 5.29 (m 4H), 7.27 - 7.48 (in, 10H),
7.52 (s, 1wMp20W/38528s, 1H), 8.98 (d, J = 8.7 Hz, 1H). THOTABAW/BISHH
was then cleprotected in an anal ogous manner to that described for

Cl4 for preparing conpound 1 in exanplesk in order to prepare exanple
10. 25B. Preparation of C17. In a flame dry flask was placed C15
(0.486 g, 0.48 mmol) dissolved in 8 m._of 3;1 dioxanelwater and to

this mixture was then added sodi um periodate (0.311 g, 1.43 mmol) and
osm um tetroxide (0.025 g, 0.003 mmolg.angd the resulting mxture
stirred for 16 hours at roomtenperatUre (reaction conplete by LCVE).
The reaction mxture was then 30 partitioned petween saturated sodi um
bi carbonat e and et hyl aceta sThe - 39 - org m;;c | ayer was washed
with saturated brine, driBdi&ver sodiumsulfaté, filtered and
concentrated to dryness |m9@p ya. Th’e crude p?roducq vk\;as then purified

by col umm chromat ogrlapth F§;e| 30 to ‘%\eft‘hyl acetate in
hept ane then swt ch ) Omnret hanoN [ chI or onet hane
collecting 5 0.2 o] é&?

i ch app@%él by 1H NMR to exist as a
hydrate. LCM5S Ink 1019.9 \((QNH) 1H NVR MHz, CD30D) 51.38 - 1.56
(m 24 H, 3.72 (t, J = 4.7 Hz, : J 41Hz 1H), 3.89 -
3.56 (m 1H), 4.16 4.22 (m, 2H) 4,45(t, J 53 1H) 72- 4.78
(m 1H), 5.00 - 5.09 (m 1H), 5.19 - 5.29 (m 4H) ."1 - 7.f4g
10H), 7.77 (s, 1H), 8.11 (s, 1H), 8.22 (d, J =%9.4 1dHs 1?‘.

C. Preparation of C18 and conpound 2. To a a;i rred sol of C17
(1.22 g, 1.20 mml) in 10 nL tetrahydrofug@g,guas added t hyi am ne

(0.098 g, 1.2 mmol) and 3 equival ents of i%:l al acetlc g’gd (0. 215
t ;(\51

t,

m., 3.59 mol) and the resulting solution i r tenperature
for 2 hours. 15 Sodiumtri acet oxyborﬁn tr 2—;g N‘ZN5§, nmol ) was
then added and the resulting m xt&¢ s ~Rred a?r erature for
18 hours. The reaction m xture wa @artltlonedp bebweeﬁ’ turated

sodi um bi carbonate and ethyl acetate, the organiyg | ayer washed with
saturated brine, dried over sodiumsulfate, filter e§ and concentrat ed
to dryness in vacua. The crude product was 20 purifged by colum
chromat ography (silica-gel, 30 to 100% et hyl acetate in heptane then
switched to 5 to 10% ngt hanol |n|_ig| chdsor omet hane) cqllecting O 34@;-9
of C18. LCVB miz 1048, MH1) . (400 MHz, %é{ 1,38- 1. ?4\(m
24H), 2.44 (s, 1H) 3. (s, 6H) 0 (br. s, 1 71 - 3.77

1H), 3.90 (t, J = ? “PHr. s, 2H 5N6’3+(§z 2H), 5}
5.26 (m 25 45% N {w,\e\s{» EN—Ij\N - ﬁ('%?‘ ,‘7\1@ 1
(s, 1H), 8.21 'g“' S \as t hen dofrgJ,nN 5BV~
deprotecti on and ﬁPLC pud fi gagi on(]sn an anal ogous marﬂner?rg That
descri bed for conmpound 1 of anple 1. LCMSs mz 712.5 (M+1). 1H NWR
(400 MHz, DMBO-c15) 6 1.39%%, 6H), 2.50 (s, 6H), 3.30-3u45 (m

assuned 3H, obscured by water peak), 3.68 -40 - (m 1H), 4.37 (m
211), 6.70 (s, 1lHThercadligbof spmpehndsrVidand X antthe SineBegrsirutign obthes

br opar at | on SPTBOLE 1% e S, Syl 2, b8 aeoibned (ATRuipe, ng

1(2R) -2 35di shiemes O apy IdbuBlitcp oh Yt aod Y 4o geaeidite compounds of the general
4- di hydropyr| di n-2-v1)-5- 0xo04, 5-di hgdro 11-1-1,2,4-triazol - iyl | sul fo
nyl ) car banoy 1§:m§,ﬁ%%la be ppr,:pr@phshe by first reactmg compounds of the formula Xi

g;: ?m NO) - 2- QAP bl s ARRTFAThNRr Pt ofrdFE B b HORPRAO URC By oflbSAtWM
hours followed by removal of the ifelrahydrofuran, excess MSTFA and
byproducts under vacuum. Separately, compounds of the formula Vi can be

10 reacted with chiorosulfonyviisocyanate (CS81) in dichicromethane at 0°C for

approximately 45 minutes, The adduct of the compound of formula X! can then



H2N-t i O CHNa THO O Cci HO 103 Compound 3 was prepared by

the procedures depicted in Schenes 8 to 10 and described in detail

bel ow. ScheEei8/0TB2® n -41 - Step 1. Preparati orPCFIB2009/055544
544, 5- bi s(benzyl oxy) pyri di n-2-y11-4-1(2R)- 2, 3-
di hydr oxypropyl | -2, 4-di hydro-3H1, 2, 4-tr. azol 3-one (C20). A.

Preparati on of 2- ([4 5- bi s(benzyl oxy) pyr|7d| n-2-yl } carbonyl) - Nd( 2R) -
2, 3-di hydr oxypropyl | hydrazi necar boxam de (C19).
(2R) 3- Anmi nopropane-1,2- 5 did (0.291 g, 3.19 mvl) was added to a

suspensi on ofy, ec%]élés&v@d ;r?%eg%hp'gﬂréh%h %nﬁ%rtﬁﬁwfxﬂjréraﬁ?ieﬁﬁﬁe ’Hd)ductafﬂ&n

the m xture eated to hour s ter coo room
tenper at ure, reagicsuspdingimpaueds of famed \VAndith rféSlsolstdnmmsxfwagek@dwo

Viel'a: o1 o dotptsBistal d*cob bRty tla Sl iy bl Sl siny
41105?\/!(50 d6) SeRp8irenfodld to 88 ASuremrodides e 20mpoonddtf thégé{éleréhfbnﬁdﬂh,
. t

, J=5. 1H), 4.77 (d, J=4.8 Hz, 1 5.33 (s, 4 6.31
(i 3%s 5o X plternaiel hissbORing Gegcton o by sasiplshier 59 Hows the
1H), 8,28 (s,c8iHhdadd- Béphid 8s dbdbribed abovdis FhREANGEH @k Rbrpdlnd At
solution of C19 (3.00 g 6 43 mmol ) i n aqueous SOt assi um hydr oxi de

(1.6 M 40.2 fﬁLmu Bl 3w mm%snwwcéay gaclion YabExeess hexaiorthydishieider
Lo pH 7 with (oo e dsdloe oh Bt AL qr el PRIt (£
filtered and ak@shegirodtely ‘\M%@r After godidg it pmbierdfdropalalteg), thas material can
b1 5( bonzyCox FyPrarab i SRl P S ot GhanBhe SHnged T 63 gyt
<92% 20 L%dﬂ@fﬁané@e&dmmdaﬁdfo%&alm Miedovalt dfethbyishraly picgecting
B 05 (ct, halGrOWS KaR FHTb@Rde o oriia ik ghn B8 accanipohe by ibhctin
?EDX pgt tzgr ?S’vgit—nlﬁeﬁseeﬁ t@z}"ﬂﬂd ﬁ)ﬂ)ﬁat;ﬂogﬁhérés Bt(’ h?dro én %S iR @&m?@r scﬁxﬁ)ant
8.32 (s, 1H) systerpgongsting eﬁmrahs@pé@@@@nse@@gwaﬁd éf‘“é"l’%ﬂé tgmperature
25productys 5.2 i $e preséfed 57 a plidfurh Shtalyst 48ch as paliadium black. Foliowing
removal of the catalyst and sclvent, treatment of the crude material with an acid
- such as triflucroacetic acid in a solvent such as dichloromethane at ambient
temperature removes the fertiary-butyloxycarbonyt protecting group and the
tertiary-butylester if contained within R®. The crude material of the present
20  invention {Xlii} can then be purified by reverse-phase chromatography using a
C18 resin with a gradient mobile phase congisting of acetonitrile and water,
buffered with formic acid. The scdium salts with the general formula XIV can
then be generated from the compounds of formula Xlit by irealment with
sodium bicarbonate in water followed by iyophilization. f a second acidic site is
25  present within R® such as a carboxylic acid, the bis-sodium salts of the formula
XV can be produced following the same procedure, but adding a second

equivalent of scdium bicarbonate prior to lyophilization.
Without further elaboration, it is believed that one skilled in the art can,
using the preceding description, practice the present invention fo its fullest
30 extent. The following detailed examples describe how to prepare the various

compounds and/or perform the various processes of the invention and are to be



Scheme 9 O N O WA's-1 + 00 NH C13 HN 0}- 020 C22

St ep2. Preparationoftert-butyl 2-({[(14-1-{2-[(tert-

but oxycar DUPYATINAS 0] - 1, 3-t hi azol -4-y1}-2-({(38)-1 -[ E4IBLOPIH3ISH43-
5 di hydr oxypropyl1- 3- (5- hydr oxy- 4- oxo- 1

/ 1-di hydr opyri di n- 2-y1) - 5- oxo- 4, 5-di hydralH 1, 214-tri azol - 1-yi } sul fon
yi ) car banoyl | - 2- oxoszeti di n- 3-yi }am no) -

oxoet hyl i deneJam nol oxy) - 2- et hyl pr opanoate (C22).

A. Preparationoftert-butyl 2-({R1Z)-2-({(3S)-14({344, 5-

Elyzﬁ gem' Ofwwméa Bs Safdil it ehad IiRNEESHY O B Prd etk GisbioSur@

in any way whatsoever. Those skilled in the art will promptly recognize
appropriale varistions from the procedures both as to reactants and as ¢
reaction conditions and technigues.
5 Examples
The Examples below were generally carried out under inert atmosphere
{nitrogen or argon), particularly in cases where ouygen or moisture-sensitive
reagents or intermediates were employed. Commercial solvents and reagenis
were generally used without further purification. All products were dried before
10 characterization or use in subsequent chemistry. Chemical shifts for nuciear
magnetic resonance (NMR) data are expressed in parts per million {ppm, 8}
referenced to residual peaks from the deuterated solvents employed.
Example 1
Preparation  of  2-{{{(1E)}-1-{2-amino-1,3-thiazol-4-y}-2-{[{33}-1-{{{4-
15 ethyl-3-(5-hydroxy-4-0xo-1.4-dihydropyridin-2-vh-5-oxo-4 5-dibvydro-1H-1.2 4~
friazol-1-vllsulfonyBcarbamavi)-2-oxoazetidin-3-vilaming}-2-

oxoethvlidenelaminoloxy)-2-methylpropanoic acid (1),

e

20 Compound 1 was prepared by the procedures depicted in schemes 1
to 6 and outlined in detail below.



1,2,4-triazol-1 -yllsulfonyl)carba

noy1l] - 2- oxoazeti di n-3-yliamno)-1-{2-[(fettbutoxycarbonyl)am no]-1, 3-
t hi azol - 4-woRo@/gsBet hyl | denej am no} oxy) - 2- et hyl pr opaITABRVY/CBEM4. A
m xture of C20 (4.00 g, 8.92 mol) in tetrahydrofuran (35 nmt.) was
treated with 2,2,2-trifluoro-Nnethyl - 5 (trinmethylsilypacetam de
(MSTFA, 98% 10.2 mL, 53.7 nmol). After 1?5 m nutes of stirring, the
light yell ow mlky n1 xture was concentrated in vacuo at 60C for 1
hour, then dried under vacuumat 60C for 1.5 hours. In a separate
flask a suspension of C13 (4.889, 9.8L . mwk) in dichloronethane (32
m.) was cooled to OC, treated drop- WI'S‘E’“’WT’T‘I i socyanat osul furyl
chloride (chlorosulfonyl f;I ¥y Qte 9@% 0.929 nL#40.7 mm)l) and
allowed to stinrgefof 30 mndtes un er e/;gool ing. The“g#t.e®i

derived from C20 Mgirsé $S0I'VEd Tn tetrahydi*ofuran (8 ), '(.‘iollgdop;o
0C. The ice-coole containing reacti oo Wikt ure was then
transferred into this solution via cafhula. After stirringcat Cf for
1 hour, then at roomtenperature for 1.5 hours, the reactidn m xture
was 15 quenched with net hanol (5 nm), stirred for 10 m nut gs and
concentrated in vacua ThefTgsi due was puri si lica g

chromat ogr aphy (Gradient: \&6 100% et hyl dJEtQ e in heptane, cthen
0-12% net hanol in et acetate) to afford 1l as a sal.id.0Y

3.85 g, 3.66 mol, W\}@\E rrlz 1051. 4 UVESTY T TH NWVR (400 \, OH
DMSO46) 6 1.38 (s, 9 g)\l o ]:6: 1. 46 (s, 9H), 3.3 20 sgured
by HCDsignaI),366(rB 1RN 8770 Ydd .3, 6.3 Hz, 1H), 3‘00413
(m 2H), 4.56 (m 1H), .93 (i@, 2H), 529(s oH), 5.30 (& 2H),
7.25 (s, 1H), 7.3 0 4 i(

(i1 5 1l %h:gﬁ 584l(7f8p?ﬂ&idh of be‘ﬁ?zy %?ebééé{?:eart}%éﬁ)oélﬁdmé@mr@e%te
sol ution of @‘,Qﬂ)(o 460 g, 0.438 mml) |n 25 tetrahydrofuran (10 rrL)

and Creat 8 wi th o bIAERETe] B ST BN LR ol TR She

using a Parr {§HakérHymw2 mqwxyrmgiﬂyi}agyfpyaan-ﬁmm (:ﬁlﬂp@ a2 Gt error whs

aci d washod CETCHRO0E HoNo G 2na HREEE PR A Bl LR ae,

filtrate, whiradi) Bfaitmed aynsient é@&tﬁcﬂ's t0d beéhyylesttorde Wadug, af42ondiing The

03829 (100% as a red solid. 71 Mit+1) tHN (500
- NHz,- - DNBO- d5)/eactipnagibiare- gigp- Sffr 56%160 %& 83}#@ 1-her §00§=9) 1o goory

(m 2H), 8. 3Qe:€199ratz3r961t3wa§ s%rrbg forlld}\ aéﬁaﬁﬁa( "T@}\dt}&ptrféﬁs&ﬂcéﬁtrated in

signal), 3.7 H, estimated : (m 2H, estlrgate)
1H), 7.26 (s, vagy{y toa Bigk (pastey zsgegrﬁu@ gzvaslcyq)oie{btcgi{) @janq;égui@dmtt lCE

1H), 1182 (Barsy, redingB9S 5880 that WRetbtePsl SNB6h B Abvicaht s N
solid. Yield: 325 g, 1.40 mol, 66%. 'H NMR {400 MHz, DMSO-dg} & 4.29 (s,
2H), 4.94 (s, 2H), 6.32 {s, 1H), 7.33-7.42 {m, 5H), 8.17 (s, 1H).

18 B. Preparation of 5~{benzyloxy}-4-oxo-4H-pyran-2-carboxylic acid (C2).
A solution of chromium{Vl) oxide (64.6 g, 0.646 mol) in water {S0 mL) was
cooled to -5°C and treated drop-wise with concentrated sulfuric acid (56 mi).
This was diluted with additional water {40 mL), and then added drop-wise 1o 2
cold (-5°C) selution of C1 (100 g, 0.43 mol) in acetone (4.5 L). The reaction

20 mixiure was stirred at 20°C for 3 hours, then filtered through a pad of Celite.
Concentration of the filtrate provided a residue, which was washed with hexane



OONHo 0 0 3 Step 3. Preparation of

2-(11(12)-1-(2-am no- 1, 34hi azol -4-y1)-2-({(38)-1-

R(4- [ ( 2R) - WO20u¥4i9a38 oxypr opyl ] - 3- ( 5- hydr oxy- 4- oxo- 1, 4- AGIYIGRWEROIDH n-
2-y1) 5-

0x0-4, 5-di hydro-1H 1, 214-tri azol - 1-yi ) sWf onyl ) car banoy9- 2- oxoazet i di
n- 3- 10 yl }am no) - 2- oxoet hyl i denej am no} oxy) 2- met hyl propanoi ¢ aci d,
disodiumsalt (3). A Preparation of conpound 3. Trifluoroacetic acid
(13 m) was added to a cooled (0C) solution of Q2 (2.54 g, 2_91
mol) 10 13 niorovigd 91 ohbir QPG R0ss nﬂ?e?a%acﬁlmﬁr@wnﬁzmso ds) 3

stirred at roamte erature for 15 hours and then transferred

slowy via a 487 [pRHana8(n . ﬁ%ﬁh‘é’r {mp.AhdS BSt(s.0fHX | ask cont ai ni ng
186 nL of a 2:1 meXtusg &jat;@‘?%rf %n@/ﬁgfiw Loud }ﬂdatg;tf[?@ s(jlc}ﬂgBAEEarbcxyélc

resulting in a finée prelpl ate S were C
filtration, veshddipi Ahmbépieaot/OUTBEY 2y, 10 466 dndi) |aemﬂ Iqumammomum

af fordi ng -, 45 - . (889 o hetrlfluoroac

25 o rose TolHRENE PSR bhvge Ses WaRaeS ] Ghnad i,
purified by riauessat giFasRr CrHAABEOGS nﬁ%@%eﬂ%?%s@ﬁé | A dacolm% slowly over
Chr omat ogr aphth?t em enpl oyi n a Redi C18 col um

| oadi ng the & 1Brhqurs dhe deed iDB fﬁ&‘ﬁl&eé’&ﬁ agidifigd o it 3(%?th ﬁory:?entrated
di met hyl sul f g d?&n(&fc%csﬂp Th8 rém;rkqab&?gﬁa &S eés?ééte%n% PRSBSOS 2R

wat er (0.1% Form c aci acetonitr ormc acl he pr oduct
came of f the with mraﬁﬂfi@ﬁﬁ@b@éd@taﬁmratadl quehie sodiet binssbansite sphitbad
and the sglv ce af 4

(35% of 1(rgjat gﬁea}'\@@‘g{oa V\%/S?e so %%e c@g&ﬁ&%ﬁf&ﬁ%&nfﬂgﬁ gcgdﬂeé Zw{g'
met hanol (4 tdéomespirated hi&osﬁbm@@hctdas?heemuladg (sdicthwas golfextey by filrativs,

acid The 1H co f| r the fr rodugct 1.Ni

am)uzlt of for‘?’t‘i’s%RQ WQr‘eifgt %&{Cﬁ%c%)rov Q@Og}ré/l-%rga 47 mol,
DMSO-do) 8 1.8k (3K m 4@04\&-&33;%%@&5}% 88?gm2}%W1?3(b88, ﬁﬁg,?@(ﬂ:—@:@,
3,4 Hz, 1H), 3.65 (m 1|j) 0 (m 1H), . J=6.5 Hz, 2H),
4.91 (m 1H), infe?’rti(s 1H), 736(5 1H), 801(5 1H), 9.03 (d,
J=8,3 15 jz, Y for

acid in 30 nL of ?g%'; ?éﬁ%’/ﬁg’ﬁ% 0 Qct‘(lénn@?ﬁg\?@ gfe%{é]oﬁig ‘“%%gégo
mol ) of soditam il G0dy, L3 Reel))im denathy! twmemﬂﬁ Zleeh Wt iémtassmm

Soluti on) « TrEr ki (TR Yo MR Botes bR enl B PR By RO AT P

af fordi ng 1. #8816 hotdse Ak"ﬁao:d:oum @rdonam rapdrafying, the nkadionlwaphedted with

LCMB mfz 715.6

3H), 3. 514 (dd%)“’%@é‘dl ?‘e—rei'ﬂ 8 faE" ‘ﬂé%%@“%y ﬁéafi@ ?’H%?’ ‘f/leé%ﬁfasgﬂ‘d%
= 11,8 4.4 ldhmnilér%gragh@% éﬁ@l‘d d4 ﬂeia fﬁa 3. 318%0% 149%. CMSZ&M 426
3.92 (m 3H) Hz, (7 6. 97
(s, 1H), 7. 72(r\/(+s1) MRH{E} MI—EXMQ %)5532 {s SH} 733 46 (m ‘iSH) 7.76

Prepar at i onof 2- 4 )21 13S) - 1- ({ [ 4- (2- am no- 2- oxoet hyl ) - 3- (5-
hydroxy 4- oxo( 1, wg%ﬁ%roo ridin-2-yll-5-0x0-4,5-di hydro-1H1, 2,44ria

zol - Scheme 2
vIIsquonyIIcarba ’\E/I) 2- oxoszeti di n- 3- |Iamnol 1-(2-amn \13th|az
ol -4-y1)-2- 5 oxoet} y} i denaj am nol oxy) rret hyI pr opanoi c a djdl socLl\um
salt (4). O
NG “o f’i‘\/‘
\\/k\,o )ﬁ P .f\ 0 e
1. "\m 0.\/}\‘.\\/[* H?N.ﬁ\}f E-,N-;‘»[ N""’ANI
0 0 )'o
C4 c5 o o]

25



-31)L"ONa NNO HO 4 Compound 4 was prepared by the procedures
depicted in Schenes 11 to 13 and described in detail below Scheme 11
Bn St eYWORIYUBYES at | on of PCT/IB2009/055544
{3[ 4, 5- bi s(benzyl oxy) pyridi n-2-yl11-5-o0xo0-1, 5-

di hydro-4H1.2,4-triazol-4-yi}acetonitride (O24). A Preparation of
24[ 4, 5- bi s(benzyl oxy) pyri di n- 2- Acar bonyl N

(cyanonet hyl ) hydr azi necar boxam de (C23). Am noacetonitrile (0.11 g,
1.92 - 47 - mmol) and triethylamne (0.162 g, 1.60 nmol) were added
dr op-w se over onesgginuge RefuraGPensi oB. gfs Q@b@ﬁ ?ngg ;@2“§TPI§B4 n

t et rahydr of ur an and the m xture was hea for
hour s. Adduhmélazahi’ﬁéramedﬁfﬁi}n le (0.108 g, 1.92 mmol) and

triethylamne (0.162 g 1.60 mml) were added and 5 heating
continued at 55C ffor Prepesation off @tbiﬂﬂé@ﬂiyi%blw@@lﬂ@ﬁ WWMdha?aﬁﬁ (C5}.

ce-bath, th r I

!tetrahydrof u?_] aﬁ%%ﬁ%hﬁ@% ‘Lj \glargg‘u9 o a@?% %%\egémﬁigﬁ%&& L‘B
Yi el d: 0. 550 rginutes2® mmgenm%ofmmﬁzms@moiom fyethdrid! KINR (400 The
MHz, DMSO-d6)_ 8 4. 00 oI5, 5. 33 5.34 (s, .2

7 50-7 a8, (et Hddise a8s heffga ¢ s Bt 3Ppodth) okl ybom
10. 18 (br s, tdddperature and&ite%meawaammf TﬁB%oﬁe@lﬁ‘d sa@kIMewsh@@imah-

2,2,2-Trifluoro-Nret hyl 4N- (tri met h%(‘I Si Iypacet am de %TFA 8%
m., 37 mmol )mahan@é%p(wcﬁﬁsasw EBBS%%I eidikr- 4 9¢ wagkh Ph%a '-CMS

m crowave tubg/ o, hg@#ﬁd 'l QMR%06 %Hé@WSD%ﬁ 4 @h(os /P89 %We :

repeated six tines f d conbined 15 tota ¢8

The reacti@ondswery Toats.ned), dndit-¢ dbclemt teted .6/n(svdElos »?@n@ tﬁ‘ﬁé 9.6
resi due was p_dmc gd.l@y silica gel chromatography (G adient: 30- 50%
et hyl acetate I'h héptane) to afford C24 as a solid. Yield: 1.1 g,
2.66 mmol, 52% LE&E epdhdor ()M&MSUS(WM@@}'MT&ZZ YIMEQHadRadtazol-

?SN“(_DS ZH) @{?fg{?gqﬁcsh?a?&nyﬁdunﬁ&zo%%] 537 g, ?P.‘Z(mnilnolj}w s'a % tc??a'
2010/ 070523P@'ﬁéb&?@&9&0§5@60 4843 mmol) in tetrahydrofuran (75 mL). The reaction
5 mixture was stirred at room temperature for 3 hours, during which time the

white suspension became a homogeneous solution, and then a white

-sugpension. - The - solid —-was —collected - by - filtration-- and--washed - with-
tetrahydrofuran (3 x 5 mL) o provide C6 as a white solid. Yield: 4.92 g, 13.1

mmol, 92%. LCMS m/z 376.1 (M+1). 'H NMR (400 MHz, DMSO-dg) § 5.31 (s,

20 2H), 5.33 (s, 2H), 7.32-7.48 (m, 10H), 7.56 (s, 1H), 8.38 (s, 1H), 12.64 {br s,

TH).
Scheme 3
P :/Jl'\.\
Y j P .
-.’-';' /\ o !"-A\h \«r e !
i r/(\:-’ k"g ‘Ar" ? N
i N
”‘T"’"’“""OHV‘*G
H A N g
HZN AN e N HN ;:’ N
H H O d‘,’a’ A
c5 cr
C8

Step 3. Preparation of 5-(4,5-bis(benzyloxy)pyridin-2-yi)-4-ethyl-2H-
25 1,24-triazol-3{(4H)-one {C8).



Scheme 12 0013n \ Cl13C24 N, 00Bn "As.""..... 013n 1 NH, N, "7-N N'N

"7 1e 0 yoi4 ol CN C26 .00 Hrytt,,,OHj, 0 0" 8 0" b 4 OCN C26
WO 2010/070523 PCT/IB2009/055544
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A. Preparation of 1-{3,4-bis(benzyioxy)picolinoyl}-4-ethylsemicarbazide
(C7). To a solution of C5 (.75 g/0.215 mol) in 5 mb N, N-dimethylformamide at
5°C was added slowly a solution of 226 mg (3.22 mmol) of ethylisocyanate in 5
mi. of tetrahydrofuran and the resulling mixture stirred at room temperature for
2 hours, at which point, the reaction mixture was transferred fo a solution
containing 0.161 g (0.0032 mol) hydrazine monochydrate in 10 mb of
tetrahydrofuran at a rate such to maintain a temperaturs less than 15°C. Once
added, the resulting mixture stirred at room temperature for 1 hour, at which
point the mixture was poured into 50 mb of ice-water forming a precipitate,
which was collected by filtration and dried in vacuo affording G7 as a white
solid. LCMS m/z 421 {M+1). "M NMR (400 MHz, CDCL3-de} § 1.25 {1, J = 6.2
Hz, 3H), 4.25 (br. d, 2H), 5.24 (br. s, 4H), 7.31 ~ 7.46 (m, 10H}, 7.55 (br. 5, 1H),
8.18 (s, 1H).

B. Preparation of 5-{4 5-bis{benzyloxyipyridin-2-yi}-4-ethyl-2H-1,2, 4~
friazol-3{(4H)-cne (C8) (Cyclization Method 1}. To a stirred solution of 0.42 g
(0898 mmol) of C7 was added 8 equivalents (0.448 ¢/7.89 mmol} of
potassium hydroxide dissolved in 2 mb of water and the resulting mixture
heated to reflux for 24 hours at which point the reaction mixture was
concentrated fo dryness in vacuc. The crude product was then purified by
column chromatography (silica-gel, 2 {o 5% methanol in ethylacetate
producing 0.683 g (46%) of compound €8. LCMS my/z 403.3 (M+1). 'H NMR
(400 MHz, CBCL3-ds) § 1.26 (f, J = 7.3 Mz, 3H)}, 4.26 (g, J = 6.6 Mz, 2H), 5.24
{s, 4H), 7.29 - 7.47 (m, 10H), 7.57 (s, 1H), 8.16 {s, 1H), 9.86 (br. s, 1H).

Scheme 4
Q
M_ o H HalN
) - ’ ;wNH
O ,%NH O
cs © c10

Step 4. Preparation of (38)-3-aminoazetidin-2-one {C10).



St ep2. Preparationoftert-butyl2-({[(1 2)-1-(2-[(te rt-

but oxycar bonyOam no] -1, 3-thi azol -4-y1}-2-([(3S)-1-{{[ 4- (cyanonet hy0- 3
- (5- WO 2010/070523 PCT/IB2009/055544
5hydr oxy- 4- oxo- 1, 4- di hydropyri di n-2-y1) - 5- oxo-45-di hydro-114-1, 2, 4-tr
i azol - 1-

yl ] sul fonyl } car banoyl) - 2- oxoazet i di n- 3-")?13]”am' no) - 2- oxoet hyl i denel am n
o} oxy)-2- net hyl propanoate (C26).

A. Preparationoftert-butyl 2-({[(12)-2-({(395)-1 -[({344, 5-

bi s benzyl oxy) pyr igfl .S ARBRIR M cbrodn 218 1o rf P B Hidy el

legl- yl } sui f onyiipe aithaiaubieeBuos 2800 8l add wbilieda 106t { 2 aitshthesis-of
but oxycar bony¥9-aieeddp. Mikern ¢fialz Jetabgtren. 21888 SPn¢P1 ténbs: AN 4R -8l

met hyl propanogt §,6G2Pbr CRHMOEREfds YRR W@Q%ngsﬁf.gqgeiresam ﬁ]&ﬁ.xrte

general procedlre for the synthesis of C21 in np , except tha
C24 was uded was ploasetesk uptiD aliThe celidie disscbiedal themspyoed f with pijrogen.

ept ane) 1o SRR A (88 455yl AP bR 1 REICRLR rhifure s
was used in tHyerogexbtesit ep aviRdnoshakearfohdr hpur Bf it6apsionThd GdBadilin was
N L ST K T
Exanpl e 3, exgifioll hate GRRt&ESONANHE T, Wi aeficefl diedtly iardidheoupling

reaction was hydrogenated at 25 psi for 1.5 hours to afford Cl9 as a
brown sol%0d. readion: wih 6812, Plep ABsoYipib| aseigurd eRRiitaiive. gsllateria(iip a

- 50 - SchemgidAdkpefifidnt whs Nontdntidted 10 dnefOid baniRIMN d&a5 @INVR
(400 MHz, DMSO-dg) 8 2.12 (br s, 2H), 2.78 (dd, J=5.1, 2.3 Hz, 1H), 3.31 (dd,
J=5.3, 5.3 Hz, 1H), 3.97 (m, 1H), 7.69 (br s, 1H).
Scheme 5
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Step 5. Preparation  of  fertbutyl  2-({{(12)3-1-{2-[{fert-

butoxycarbonyl)amino]-1,3-thiazol-4-yi}-2-oxo-2-{{{35)-2-oxoazetidin-3-
yilaminolethylidenelaminojoxy)-2-methyipropanoate (G13).



Step 3. Preparation of 4. A Preparation of
2-({[(12)-2-{R38)-1- (1] 4- (2- ami no- 2- oxoet hyl ) - 3-(5-
5hydr oxy- 4wexotrokds2sli hydr opyri di n- 2-y1) - 5- oxo- 4, 5- di hy drarbbbod/os5544
,2,4-triazol -1-

ylj sul fonyl | ear banoyl) - 2- oxoazeti di n- 3-yJ,| am no}-1-(2-am no-1, 3-thi az
ol -4-y1)-2- oxoethylidenel am nol oxy) - 2-m€t"hylpr opanoi c acid (C27).
Conmpound C27 was prepared according to the general procedure for the
synthesis of 3 in Exanple 3, except that C26 was used in place of

c22. Al th d f i '
gone o6 oy Cuaplfa B OISR G G TP MO el
t echni que enpl oyed frﬁtssgxElI ? X The crudy970)4?‘%d%‘:‘:';3 Wa; (fmasrgl vgi(;w?{}:]
i methyl sul MBSPHEramsaaBoncentS 1K on of -TERCREMAOIOTEASHEAS and
purified by M@Mygéw&mwﬂ@ d&gl B malét %g aaBARS éxéugéensﬁorp& (238

50 mm Sol vent 1% aqueous formc acid; Solv 1% formc

acid in adet dﬂeﬂmt@yc@baay!mmom/:»tt@aa@%ﬂ){(z-mﬁémﬁmaﬁmemuh%

S T BTSSR

mol , 12% LCNV& siyath6S8. & GIW,l)seelHGl Mm D ethdd, BbEQasi @161 Ae&di¢ibal

Cor o 11y . {oPBaY iAok, 1y b7 4 fh%m*x%gwe% Sl 18, yft

8 1142 le 1hi)tcyciohsxyiEarbBﬁﬂﬁﬁéatg?% C!E 84g, AEB| i vafs Gaded, 7&nﬁgthe
)

/? ina mxture of acefonitril ge 3 and vvater S\H& %?d
cooled to %Cfﬁﬁﬁif%’o‘ﬂﬁﬁﬁﬁ'%ﬁf‘%% %&éﬂféo('ﬁéw Snifd ezat TRARY tPMRgEaty @83
The m xture vagyl %@%%Me%éé f i%i’edfi %reh@f‘ CBiRUESS c@ﬁcé)ﬁa’t@f?} vacuo to

suspensi on was then cool using a dry ice acet one

bat h) and | yciie¥d Ezacast@w&wte@pw 4Y@§:€ S0pingt BT mowa%dwm)m §27.2
0. 106 | b 1 42
391 355 p s MR O IMIE COURPSLEL € b3, by 18138, 6P

Ho. 1H) 4. 7291 (breeaB)4 S0 (s TH) 551 U5 S #)L1H) 618 (s, 1H), 6. 90
(br S 9 Ex;ml)ls .grpr%pa%é%gt%bﬁﬁg bR Sstuted br £405E 33 g7 ol &

2 (ff(lz) 1- (e?ih@mmmén&ém@@zmm-&wuma (:rlétéﬁ\%)i br Kidd- £ 20 tidaddiwith
hydr oxypr opv11- 345- hydr oxv- 4- oxo- 1, 4-di ridip-2-vl)-5-0xo0-4, 5-
di hydr o- 114- COMPRUPR] &38| (289 8) §9+Gr mﬂ%a?vﬂéﬁ%ﬁa@w@xméﬁ wER - dovly

ami no) - 2- Oxdb‘?ib@ﬂtlrété@%ﬁhéﬁe@%@dﬂé?e‘s@uﬂ@b%’ﬂ PEQRARY & AChéur, H sedtiya

salt (6). Compound was prepared by the pr ocedur es
depi cted |n Shtsredginal y@UIDe. aﬁ%d@@dﬁﬁ@é@sﬁwsmwaﬁ Hierdvat Eehekndar
oBn ..., O'D?{HF@& PtcFedbout 18 hours. Removal of solvent in vacuo afforded a crude

product, which was dried under vacuum for 30 minutes. The resulting solids
were partitioned between 1:1 ethyl acetateftetrahydrofuran (1 L) and aqueous
sodium bicarbonate solution (300 mil). Additional water was required fo
dissolve solids observed during the separation. The agqueous layer was
25 extracted with 1:1 ethyl acetateftetrahydrofuran (2 x 300 mL), and the combined
organic layers were fitered and concentrated in vacvo. The crude soklid was
friturated with 3.2 ethyl acetate/heptane (60 mi) for 30 minutes, and the solids
were collected by filtration, rinsing with heplane, 0 provide €13 as a white
solid. Yield: 22.08 g, 44.4 mmol, 88%. LCMS mv/z 498.6 (M+1). "H NMR (400
36 MHz, CD:0D) 5 1.47 (s, 9H), 1.52 (s, 6H), 1.54 {s, 9H), 3.3¢ (dd, J=5.7, 2.5 Hz,
1H), 3.65 (dd, J=5.5, 5.5 Hz, 1H), 5.10 {dd, J=5.3, 2.5 Hz, 1H), 7.34 (5, 1H).



OBn ,NA HN O HO C29 Step |. Preparation of

514, 5- bi s(benzyl oxy) pyridin-2-y11-4-[(2S)-2, 3-

di hydr oxy pwepylduresz4- di hydro-3H-1, 2, 4-tri azol - 3-one (Ca;@r,mﬁmgm 5544
Preparation of 2-114 ,5-bis(benzyl oxy)pyridin-2-ylicarbonyll-N R2S)-
2, 3-di hydr oxypr opyl i hydr azi necar boxam de (C28). Conpound C28 was 15
prepared according to the general pr oceddre for the synthesis of C19
in Exanple 3, except that (2S)-3-am nopropane-1, 2-diol was used in
pl ace of - 53 - (2R)-3-am nopropane-1, 2-diol. Conpound C28 was
obtained as a yellow solid. Additi ona! Er odgct was obt ai ned by

renoving the solvent fromthe filtrate cua to afford a yellow
solid (8.58 g), which was slurried qgn tetrahydrofuran (50 nm.), heated
to reflux and then filtered to af second crop gf,C28. The 5
conbined yield for C28 was 1613 53 mol , 90% Gvga&n/z 467.2
(M1). 1H NWR (500 MHz, DIVBOd6) 6’2 91 (m lH) 3 3.28
(m 2H), 344(mll-|)51S H)H532(SZ (mlH),
7.317.48 (m 10H), 7. 2?/‘ +1H),‘B Pr@par"éﬁt“i‘“ﬁ‘f‘r of C29.
Compound C29 was pr d hg.he 10 g4 procedure for

t he synthesis of CZ n @xarrpl e 3 ekcept tha CZ8 was used in place
of C19. The crude product was heated with nmethanol (100 nli), the hot
m xture was filtered, and thedsltrate concentratgg to 20 nL. The
resulting solid was collected by filtration to afford C29. Yield: 150
ng, 0.334 nmol, 22% LCMS rn/z 449 2 (NH) 1H NVR (400 MHz, DMSO- d6)
63.28 (m 152H), 310 (m 1H), J-58Hz 1H), 5.01 (d,
,J=5.4 Hz, 1H), 5.27 (s, 2H), i, 732749(m7.58(s,
1H), 8.32(s, 1H), 12.03 (br s, - 54 - Schene ]é_’an

H N OBn
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C14

Step 6. Preparation of Preparation of 2-{{[{1E)-1-(2-amino-1,3-thiazol-
A-y})-2-{[(38)-1-({{4-ethyi-3-(5-hydroxy-4-ox0-1 4-dihydropyridin-2-yi)-5-oxo-
5  4,5-dihydro-1H-1,2,4-triazol-1-yllsulfonyllcarbamoyl)-2-oxoazetidin-3-
yilamino}-2-oxoethylidenelamino}oxy)-2-methylpropanoic acid (1)
A. Preparation of C14 (Coupling Method 1). To a stirred solution of C8
(180 mg/0.45 mmol) in 3 mb of tetrahvydrofuran was added 6.0 equivalents of
N-trimethyisiiyi-N-methyitrifiuoroacetamide (MSTFA, Aldrich ampoule) forming



O N6 HOH ".N', 1H "ThirHN 6E1 Oeto Ns C31HO r OH
Step2. Preparationoftert-butyl2-({[(12)-1-{2-WVert-

but oxycar byay:bapees - 1, 3- t hi azol - 4-y1}-2- ({(35) 4 4({4- RE1aB20d9/@s5544

di hydr oxypropyi | - 3- (5- hydr oxy- 4- oxo- 1, 4- di hydr opyri di n- 2-y1) - 5- oxo- 4,

5-clihydrolH 1, 2,4-triazol - 1- Asul f onAcar banoy11- 2- oxoazeti di n- 3-yl } am
I no) - 2- oxoethylidene]anino}oxy)-2-nethiﬁpropanoate (d).

A. Preparationoftert-butyl2-({[(12)-2-WBS)-1-1({344, 5-

bi s(benzyl oxy) pyri di n-2-yli-44(28)-2, 3-di hydr oxypropyll-5-0x0-4,5-dih
ydro-1

HL01, 2, 4- t ri S BRICVSPPYIRIESRY Wich Hiare6\ 3l roorbiRBIReERtNeR for 40yPinkiss: A5p-

1-{2- Reert- mixBRe -was then concentrated under reduced pressure and heated under
but oxycar bonyl ) am no] - 1 hi azo -4- % - oxoet h ene:Jdam no} oxy) - 2-
5 B

net hyl pr opandgceugmh V@arﬁsdﬁr@ fer3b ew&i@u fadl:& BG4 o*nm%) of
I I {

goneral P ocRoRS BeLalol IRy U ARl ool bnkidoBKATBIOC e RERL0 5820

met hanol &nd (8.58omemitOrGiite thil) mfmmuosuiiohglsmsamle amisthamesﬁﬁtleg gojution

hept ane. t horb R RAECHAn 3P THCEEN0! i BPAF o P L) RS pdded
solid. Yield: tthéJadﬁucﬁmﬂG& fﬁﬁiﬁhbe‘i&%lttﬁ@b@uﬂéﬂ n'ikﬁﬁﬂ;céd tdvitde CSlfrszMSn
Egoog'ﬁ",)t 3D2Ngf% %ﬂ%ﬁy The ggsn@@@ sgiugoq $ sgeé qi{zd"clﬁqy 1 éo&ggt%(eﬁ] brgpght to
%ES‘ 0~;’ (2r5n (1'7'))gm4téfﬁpér@ufé"§nd Aoo%e&t?ﬁte&"ﬂnde’? r%%u(:éd &E&suré 3@:@( Srude
9.00 (d, ¥=8. raauqﬂaf WHp . cleaned gp tm @@am cfafﬁmﬁomn y (ﬁhﬁ@o@ﬁm o OR%

prepared acc t he e..f.0 yat
 Exanpl o 5, Sy adip FEnGRRCE anARF 3L bl EIR DIRHRRIS ot b
reacti on was dwmhmfgmwatﬁbdlﬁmutEﬁémsnaifmtfimatﬁ)maw&mfz 60a3 Edh&sﬁml as
ared solid. Yield: 3.49 g, 4.00 mol, 95% LCMS niz 871.6 (M1l). -
56 - Schenme 16 |i B. Preparation of compound 1. In a Parr bottle was placed 0.180 g

(0.19 mynol) of C14 dissolved in 20 mb of methanol and the sclution degassed

15 with nitrogen gas. Palladium-black (0.083 g} was then added and mixture
agitated under an atmosphere of 13 psi hydrogen at room temperature for 40
min (reaction complete by LCMS). The reaction mixture was then filtered
through Celite and concentrated fo dryness in vacuo, The material was then
camried on crude by dissolving in 10 ml. of dichloromethane. To this solution

20 was then added 10 mbL of trifluorcacetic acid and the resuiting mixiure stirred
at room temperature for 2 hours, at which fime the reaction mixture was
concentrated in vacuo. The crude product {1) was then purified by preparative
HPLC (Symmetry C8, 3 fo 23% aceioniirile in water with 0.1% formic acid
modifier). Approximately 5 mg of 1 were collected following concentration fo

25  dryness in vacuo. LCMS m/z 669.4 (M+1). 'H NMR (400 MHz, CD,0D) §
10— 1.2 {m, 6H), 1.3 — 1.5 (br. s, 6H), 3.97 {d, J = 6.8 Hz, 2H), 4.88 {(br. s,
1H), 6.81 (s, 1H), 7.32 (s, TH), 7.99 {s, 1H}, 8.05 (¢, J = 4.2 Hz, 1H).
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, N 000b 5HO Step 3. Preparation of

2- ({[ (12) - WOP104¥1973d- 1, 3-t hi azol - 4-y1)-2-({(3S)-1- PCT/IB2009/055544

[ ({4-](2S)-2, 3-di hydroxypropyli-3-(5-hydroxy-4-oxo-1, 4-di hydropyridin
-2-yl)-5-

50x0- 4, 5-di hydro-1H 1, 2, 4-tri azol - 1-yl }ssgl fonyl j car banoyl} - 2- oxoazet i
dl n-3- yi }am no) - 2- oxpet hyl i denej am no} oxy) - 2- r net hyl propanoi ¢ aci d,
di sodium salt (5), A. Preparation of 2-({[(1

Z)-1-(2-amno-1, 3-thiazol 4-y1) - 2-{{(35) & 0{ 4-

[ (2S) -2, 3-ciihydroxypropyl] - 3-(5-hydroXy-4-06xo-1, 4-di hydropyri di n-2-y
1) - 5- oxo- Preparation _of 2-({{(1Z)-1-(2-amino-1,3-thiazol-4-y1}-2-{{{3S)-1-[({4-12-

{dimethviaminolethvil-3-(5-hydroxy-4-oxo-1.4-dihydropvridin-2-vh-5-0x0-4.5-
dihydre-1H-1,2 4-triazol-1-ylisulfonviicarbamovil-2-oxpazetidin-3-yilaming)-2-
5 oxoethylidenelamingloxy)-2-imethylpropanocic acid (2).

Compound 2 was prepared by the procedures depicted in scheme 7
and outlined in detail below.
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Step 1. Preparation of 2-({{{12)-1-(2-aminc-1,3-thiazol-4~y})-2-{{(3S)-1-
[({4-[2-{dimethylamino)ethyl}-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl -5~
ox0-4,5-dihydre-1H-1,2 4-friazol-1-yl}sulfonyl)}carbamoyi]-2-oxoazetidin-3~



104, 5-di hydro 1H1,2,4-triazoi-1-yl }sul fonyl)car bannyll 2- oxoazetidin
-3-yllamn - 57 - 2-oxoet hyl i denej am no) oxy) - 2- met anoi ¢
acid C32. r%ﬁ’(%ﬁ@fzﬁ)z was prepared according to the geﬁ%} &PZ‘BP”B@éﬂure
for the synthesis of 3 in Exanple 3, except that C31 was used in

pl ace of C22. The crude product was di ssgl.ved in di nethyl sulfoxide
to a concentration of 100 ng/nL, filtered, and purified by 5
preparative HPLC (colum: Waters Symretry C8, 5 um 30 x 50 mm

Sol vent A: 01% aqueous formc acid; Solvent B: 01%formc acid in

acetoni tril e.yigraghEnbiodh ki@n@}%a%iﬁbj}oﬂ}l%nﬁétﬁﬂbmp@&obhatad’-tﬁr t glynedyido

t he desired roduct were concentrated 1 n vacuo, keeping the water
bat h <30C, tdj%?%wfﬁéméd@bm*’ﬁumﬁﬁ?@m@@ 1¥-was dissolved in a mxture

of acetonitrile (130 F’J‘B%)a(%ggn weicas, CH 9@3&1&8@’{2 \éul‘ég% b8 in Za%%r%(l‘tﬁ;;ous

| yophilized to provi as a pink 155 g,
mol , 9% Luv&mﬁear 11612 inve@mpleH iRy S0 mzmemmdam&mz( §91.8

o sk 25 yEata o fil. shySE A0 Bt Tl gl g s,

(s, 1H), 8.0% (6&),3@)2,-:939%( dH)kS?Sét Hk,siefﬂ)!z mwear(ad YifH)S4 alsemh@&t
Packard 15 1100 Col umm

Flow rate 1. 2Mhin4 9§0{dve’n"t 5/@ H? f%)aééédﬁs Jf"orgrﬁ E{Zagﬁb 5. §%I”V§1$(5 &,
0, 1% form c agidiyy acze&@%t fzbhﬁ 7@88{9' ?HS aégééomnf%%@ QVEL= §.34 Hz,

m nutes; Injection vol ume Ret ntron time

3.46 nin, B. Thepke o | Bivesk sgbaﬁp@uﬁﬂ QSIS Gﬁnﬂ@o@ﬁb%%) pn epaméd of 91
accor di ngy! 0 20\ G HERSLA (BACEI4ES, t0ta ELIRR RendrkRyogie

Exanpl e 4, exc€ Was use pI ace o as a
pi nk solid. \(i\M(d) folowss hy 0. D4R 40 B8uhmod tYoshEvB teffaxidd Gnd tdviskultingH

NVR (500 MHz, D 3 , . 49 id, h f
ABX pat ter n Tomkge sticgadS s A hoptssobfdnotiel it Aol rd"
J=12.2, 3.7 %mt&ﬂﬁ)tetr@maéw@%tﬂdﬂ adtfecﬁﬁnd Mixtddd) stinrddh ddaitiakd 2424%urs,

5. 03 (m 1H), 1H),
anal ysi s: Hevﬁté?‘m?c’P %“%’H‘a fﬁa_@@“ "Eﬁﬁ GRFP %PE@“&W@W%@" w3s fifjpred

4.6 x 50 @m HiAWnT abeiith. Z?EHBM 19! Vgnt a?: 01%egqu 9M§edf OB CodGint:
Sol vent B: 0, 1A)\Tg&mc!a0| In aéaetonltrlY Ho ﬂ%iﬁen 5%t05“10%%

over 6 m nut éﬁﬁomﬁjogeagwr(sxh@a, 1Bk {0 130%@1?3}3@@@@& @nhepz@m then switched {o

ZRelt fepE '1%” tli ( tq ?n/o é)e@ag’(o i g?ﬁPf%“EﬁggBa?’gg tm@&[??@é %géfoewf LOMS m/z

hvdr oxv- 4- oxoHiE143 d‘whyﬂrﬂrWRd(aiDO MMz, DMSO s} b 1.33 — 1.38 {m, M), 1.42 (s,
in-2-v11-4-112R1-2- hydr t%r&rwll 5- 0x0-.4

i hydro- 1H 1, 24 B3y o1.29 (i P Ponyt Yedr B‘anﬁ*gﬂm 98 ox o &2elM:dbtith 9 a

rsnaln?) (26)2% O&P@’f *@M' Qﬂ%@h@%@gbf{W)ﬁ% W{\Mpé 02%”@'9% @@' d. gigsQdi e
101 Hz, 1H), 523,’ 5.29 (m 4H), 72? 7.48 (m, 10H), 7.52 (s, 1H), 8.31 (s,
1H), 8.98 {d, J = 8.7 Hz, 1H). This material was then deprotected in an
analogous manner to that described for C14 for preparing compound 1 in

example 1 in order o prepare example 10.

25 B. Preparation of C17. In a flame dry flask was piaced C15 {0.486 g,
0.48 mmol) dissolved in 8 mi of 3:1 dicxane/water and to this mixiure was
then added sodium periodate {0.311 g, 1.43 mmol} and osmium lefroxide
{0.025 ¢, 0.003 mmol} and the resulting mixture stirred for 16 hours at room
temperature (reaction complete by LCMS). The reaction mixture was then

30 partitioned between saturated sodium bicarbonate and ethylacetate. The



6HO Compound 6 was prepared by the procedures depicted in
Schenes 17 to 19 and described in detail below Scheme 17 10C34
Step 1. Preyanr2atwigeszdf 544, 5- bi s(benzyl oxy) pyri di n- 2- 01-PCIfIBRY/03B544
hydr oxypropyl ] -2, 4-di hydro-3H 1, 2, 4-tri azol -3-one (C34). A
Preparation of 2-0,5-bis(benzyloxy)pyridjn-2-yi]carbonyl)-N[(2R)-2-
hydr oxypr opyl ] hydr azi necar boxam de (C33)." Conpound C33 was prepared
15 according to the general procedure for the synthesis of Cl9 in
Exanpl e 3, except that (2R)-1-am nopropan-2-ol was used in place of

50 hours, 10 Pane JRARAAEMENbISIM soffiel il ARipiOR oSl sele
84% LCMB ; Witensl aad condgntrated RMVRN(GES6 invkMacudVBbesrpdg prodet (s then
J=6.2 Hz, 3H, 2 : | - & -

J=4.7 He, 13",“@?@%3% g?mw EP&”’Q%‘.’%BPQQ#,EB’%%@%FB §?fb%ﬁ eé’,’%—#*ﬁd”
(1 Irp|) 10H), g6gwdp$an:rlﬂ2gn E‘wg?we(ggf S&é)olli‘l}g; r?&tﬁﬁlc(i agsditlztztc&?éigargé)m?ec;ﬁgg
Lo the gefior A 25 B acfh Wi PracaS B MR o &35t R SLRidais 1eM8 e
except that GRBowRguusedui gy 9HzC %ﬁgﬁzé&ﬁg .3%3*1—61%%'[@, %hg%g,b?iz i,

filtered, it was recrystallized from1l " (250 nL ain
two combi ned LF dpsHaf 1834 .84leld: 43648, ), 88U~ &rfsd (m.7Hd), 4 BB 4.22 (m

581 (m 1ty 24468 BT &P PAER R hotr 1P e S Tl e, B9 -

4.05 (dd, hal520{madHABXIDatR49 (m, J6AS 7377 (&, 4HHZS. 116, 1H), 822((d, J3=G41

Hz, 1H), '36.2%%3 2H), 5.31 (s, 2H), 7.32-7.49 (m 10H), 7.59 (s,
1H), 8. 32 (s ﬁﬁ)' 1511.96 (br s, 1H). -60 - Schene 18

C. Preparation of C18 and compound 2. To a stirred solution of C17

(1.22 g, 1.20 mmol) in 10 mL tetrahydrofuran was added dimethylamine

{0.098 ¢, 1.2 mmol) and 3 equivalents of glacial acetic acid (0.275 mL, 3.59

mmol} and the resulting solution stirred at room temperature for 2 hours.

15 Sodium triacetoxyborohydride {0.532 ¢, 2.51 mmol) was then added and the

resulling mixture stirred at room femperature for 18 hours. The reaction
mixture was partitioned between  saturaled sodium bicarbonate and ——

ethylacetate, the organic layer washed with saturated brine, dried over sodium

sulfate, filtered and concenirated to dryness in vacuo. The crude product was

20 purified by column chromatography (silica-gel, 30 fo 100% ethylacetate in

heptane then switched to 5 to 10% methanol in dichloromethane) collecting

0.340 g of C18. LCMS m/z 1048.9 (M+1). 'H NMR {400 MHz, CD;0D) &

1,38 - 1.54 {m, 24H), 2.44 (s, 1H), 2.85 (s, 6H}, 3.40 (br. 8, 1H), 3.71 - 3.77

(m, 1H)}, 3.90 (1, J = 8.0 Hz, 1H), 4.48 (br. s, 2H}, 5.03 (s, 2H), 5.18 - 5.26 (m,

25  4H), 7.20 - 7.35 {m, 9H), 7.40{d, J = 7.0 Hz, 2H), 7.65 (s, 1H), 8.21 {s, 1H).

Compound 2 was then prepared from C18 by deprotection and HPLC

purification in an analogous manner {o that described for compound 1 of

Example 1. LCMS m/z 712.5 (M+1). 'H NMR {400 MHz, DMSO-ds) § 1.39 (s,

6H}, 2.50 {s, 8H), 3.30-3.45 {m, assumed 3H, obscured by waler peak), 3.68



9 0 kOBn OBn ,0 HNN\"NI7 N N1r3L" O 4-NHO OHOn' C34

St ep2. Preparationoftert-butyi2-(([(12)-142-[(tert-

but oxycar b0 AD] - 1, 34hi azol -411) - 2- ({(3S) - 14({ 3- ( PABEWRXYSSA440x 0
-1,4- 5

di hydropyridin-2-y1)-44(2R) - 2- hydr oxypr ggyl | - 5- oxo- 4, 5-di hydro-1H1, Z
4- triazol -1-yi}suifonyl)carbanpyll-2- oxoazeti di n- 3- yI j am no) - 2-

oxoet hyl i dene] am nol oxy) - 2- et hyl pr opanoate (C36).

A. Preparationoftert-butyt24{[(12)-2-({(3S)-1-[ ({344, 5-

g' > (1 binzyl OxyhpWH)dis 73y 28128 F03R) 114y, Ve BRPRARYA A2 95,009y, 8.03 @ ngr
101, 2, 4-t ri aZb¥8 {d. W BQIHZoAYl),) 89 Ko yiH)- 10.8% dersetlFdi n- 3- ygar ni no) - 1-

{2-Rtert-

but oxycar banyl ) am nol-1, 3 thi azol - ﬁ’%%%et hyl i denel am no} oxy) - 2-
met hyl propanoat e (Pq;g ) o 1 4 : pml
1,1,1,3,3,3, - hex g

afford a yel IWn@mz-bm@mmaém;ammkz—rﬁetﬁmm@abi@na@& @ﬂs%ciulnleﬁait
g, 2.31 mol) in dichloronethane (2 m.) under 5 nitrogen at 0C was

treated with féértrryl sul fanmoyl chloride (0.211 nL, 2.31 mmol) and
stirred for 1.5 hours at 0C. The m xture becane a honbgenous
solution. The. material derived fronfC34 was treated with

di chl oronet hane (2 nlL), and the r bineg yel | ow sol ution was cool ed
to -40C and stirred under nitrogeno The ice-cool ed €13-cont ai ni ng
reaction m xture was transferred’f nttd 10 this sol u(t} Mi a syringe.
The m xture was stirred &, %esNV\IaI gd to room

t emperature over 1 hour and s reg %ﬁ r@omtenperature
The m xture was quenched by the add|®| on (5 m.), the

sol vent was renoved in vacuo, and the crLCrEI tergal o¥fs purified by
silica gel chromatography (G adient: 0-3% neth&® > n ethyl acetate)
to affor(’g}lC?)S 15 as a solid. Yield: 1. 42§ 1.37 mmol, 59% LCMVS niz
1035.7 (M1) 1H NVWR (400 MHz, DMSO-d6) 870,95 (d, J 5 8 Hz, 3H),
1.33-1,43 (m 15H)Compe<tﬁxd($wa§bbepaaedmj (}mpikb{)eduﬁésldémteﬁlﬂl) Sci&rﬁé’semq;
1H), 3.95 (m 4.84 (d, J=5.1 Hz, 1H), 5.29 (s,
oH). 5.31 (s, 1%5"%3‘3?@@%?“%8*’9'9""’31 7.51 (m 10H), 7.60 (s, 1H),
8.36 (s, 1H), 9.02(d, J=8.3 Hz, 1H), &dhdife br s, 1H),

HO™ Y NH, 0Bn
8n /:(I) o :%/OBI‘I
Hof\\l/\NJ‘LN,H JZN"

NN

HO

G158

QbBn
-8B



20B. Preparation of C36. Conpound C36 was prepared according to the
general procedure for the synthesis of C22 in Exanple 3, except that
C35 was uswd2bnpésace of C21, and the reaction was hydrroggpaiwosssts 25
psi for 1.5 hour, to afford C36 as a red solid. Yield: 3.84 g, 4.49
mmol, 88% LCVS mz 853.0 (M1), 1Step 3. Preparation of
2-(MLZ) - 1- (2- ani no- 1, 3- t hi azol - 4-y1) - 2-({(39) - 1-

R( 3- ( 5- hydr oxy- 4- oxo- 1, 4-di hydropyridirt-2-y1l)-4-[(2R)-2-hydroxypropy
| ]-5-0x04, 5-di hydro-1H1, 2, 4-triazol - 1-yl } sul fonyl ) car banoyl11- 2- oxoaz

et i n-3-YO0ar 10) 25 X0 b AEASKAE 1k B R YA SOAIRI S S

di sodi um sal t r epar a

ﬁ ((]I {R12) 41 (malwzmpﬂnmmmmﬂmw DAQGHBBB-che (20 5-
rox 0XO0-
hydr opyr i di n- 2. yf> 4*"*’[9@%“0@ oy S sty s Bt 2 lcartrpy-N-2R)-

ro-1H1, 2, 4- tx 2.9z @hydrazmecarboxamzde (5319% (2R)-3-Aminopropane-1,2-
| f onyl )car bam)yﬂ)#g?oxoaze di n- ani no)

oxoet hyI i §endlidd @(@)1925?&&9@)}"}%3;)? & & Sugpesier Pf (b and-SE3MMghs
pr epartﬁ@et?&@@fdi‘ur%ﬂ (tﬁﬁ ar{tﬂcggﬁ 6L AoctBF SO%EQ Webtekioh éd“cg oY QE herts

of 3 in Exanpl e except was used In place of
crude pr oductAﬁms:octlim td vaedn tempenabrdyihesuispensior was fiteozsh ot thet sobid

et o'y et BEERET Akl DL BR36 406% b SOl sore

form c acid; YSelvenr @& 2909 bimbipBstc bBCMSE m?lz ae‘etzqmmm THe NIVIR 4di0Ce MHz,

02880, 20 oylb-68 24885 RRLp B8 e DS e A e e

in amxture pfoRetan krvle ﬁé@a%}@p@ mtserzaim {m 5@959' ﬁCi) 7R 1-
-78C and | yophilized to_provide as a hk solid. Yield 130 g,
0.186 mol , 548 (reCNisnd 591@ ‘6’@9%%&%)”@18 QSMP(}WE)OM@FS EbivBOdc)

8 0.97 (d J 6, 1 (890 3 3
i=6.3. o Sebereheft dieee "R sphibn o 018 ag b 4 men gg
(m 1H) 4 9laq@apus_|ﬁ)3;asstu83 hiydroxiti) (1 & 18944 8, mLH)S4 %ﬂ@@cil svaslhdgted. .08
(d, J=8.3_.Hz, ) Pr epar t|o f. 6. Conmpound S, prepar.e
accordi ngsto O#g& f%‘B&%ﬁ’é’P% 3‘ 5’ lgwragrc nﬁeéju @yq?:n\é@f"ge%o waﬁer (100
Exanpl e 4, exnie)p?nd Cgt;:thf @813\4@’5 7|Lwiﬁgcd3ﬂ§l:emtratﬁw I@jdr@éﬂorir?ﬁaddt hie tdaalting
starting mater was, di ssol ved i n_net hano soni_cat e
for Five mnaeus wan it Gt SRS BB 1 & AP stoon €20,
repeat ed thr%niamﬂﬁéteeef Qith taso&teagbwn d@aStHeun hySRIPRMIN G BgU@s 4 5-
obtained as a pink solid. Yield: 0.15 202 mml, 96% 20 LCMVB

ink 699.8 (Mbl&)(beqaaﬁqmmy@a@@ Zwarboms@ceft) Y@edo D66 (@, <293 myrelz <938,
1.41

vvater([S)ea ) é_{%\gé?nfzsﬁﬁ; :r§+3)7§?d %Géa)m1 ﬁthé%@lf@% B%ﬁ%@ q‘lﬁWR
7.19 (br s, 1#DQ MHBEDMSO-TH)$ 32B8m( SHILE)TO0 (. 6).- 4.B%adriohelf Bf ABX

Preparat| on of f_, 1Z ( _
reparall on. Yagpi, §§f % 1%)1%2@ half of ABX pattern, J=13.7, 8.0 Hz, 1H),

hydr oxy- 4- oxe}d1 etrtﬁhém@nown i(iohi 9)-121y4.284s, D SH 32 -(by2Ht X \32+ 048 Lk, $8lax0

i hydr o- 1h 17258 8 1k 433 5 1181 Y2y Kcsir Broyieleckecb ek forch g

am no) - 2» 5 mhglzg glansn - 2- et hyl oropan0| c acid disodium
salt (7). Fﬁ Hg—rl\l-llv)NN 1 Na N O'N' .7 ON

Uc



H' 7 Compound 7 was prepared by the procedures depicted in
Schenes 20 to 22 and described in detail below Schenme 20 HO'"
10C39 St epWO.2Progysen2at i on of PCT/IB2009/035544
5+1, 5- bi s(benzyl oxy) pyri di n-2-y11-4-[ (2S) - 2-

hydr oxypr opyl ] - 2, 4-di hydro-3H1, 2, 44ri a_z&l_- 3-one (C39). A
Preparation of

2- ([ 4, 5-bi s(benzyl oxy) pyridi n-2-yl]carbonyl|-N-[(2S)-2-

hydr oxypr opyl | hydr azi necar boxam de (C38). Conpound C38 was prepared
15 according to the general procedureginl,.dfhe synthesis of Cl9 in
Exanpl e 3, except that (2S)-1-am nopropan=2=ol was used in place of
(2R)-3- -65 - am nopropane-1, 2-di o¥, \and the reaction was heated for
12 hours, to provide C38 as a whit d. Yield: 120%®6 g, 27.88
nol, 87% LCMS mz 451.6 (M+l). “BH NMR (400 Mz,
J=6.2 Hz, 3H), 2.91 (m 1H), 3.0!5;’(51 1H), 3.61 . (mj 1 4.65 (d,
J=4.7 Hz, 1H), 5.33 (s, 4H), 8g, 5J3=5. §4pHA © L.31=L.49 (m
10H), 7.69 (s, 1H), < T(’W 28%(s, yHN._9.99 (br s, 1H).
B. Preparation of Corpourd C3 S epar according to the
general procedure for the synthesis of C20 in qugﬂi}beo'é, except that
C38 was used in place of Cl9 andasthe reaction was hgagfed for 18 hours
to afford C39 as 10 a red solid. Yield: 4.25 g, 9.82 mol, 95% LCVS
rn/z 433,3 (Mt1l). 1H NWR (400 MHz, DMSO-c16) 5 0.98(d, J=6.3 Hz, 3H),
3.85 (m 1H), 3.98 (m 1H), 4.07 (P 1K), 5.28 (s, 2H), 5.31(s, 2H),

7.31-7.49 (m 11H), 7.60 (s, 1H), '8 s, 1H), -66- Scheme 21 090
On N,o OBn
OBn
Mo N 4 ?H'd =
OKN\( m U ow N »
7{ Yy 8 O N NN N
L 1] \T{‘O”\ )”N.,
o 6

c22
Step 2 Preparation of fertbutyl  2-{[{(1Z)-1-{2{(fert-
butoxycarbonyllamino}-1,3-thiazol-4-yi}-2-({{38)-1{({4-[{(2R}-2,3-

5 dihydroxypropyl]-3-{5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl)-5-ax0-4, 5-dihydro-
1H-1,2 4-friazol-1-ylisulfonyl)carbamoyl]-2-oxoazetidin-3-yi}amino}-2-
oxoethylidenelaminoloxy}-2-methylpropanoate (€22).

A Prepargtion  of  tert-butyl  2-({[{1Z2)-2-{(3S}-1-[{{3-]4,5-
bis(banzyloxy)pyridin-2-yi]-4-{(2R}-2,3-dihydroxypropyl]-5-oxo-4,5-dihydro- 1 H-



HN>0cSOrNHOO HOO- NHHN,N-ci j Oij"N" 0 ./00 41
St ep2. Preparationoftert-butyl 2-({[(12)-1-{2-[(tert-

but oxycar bQayhlasd PCT/IB2009/055544
ol -1, 3-thi azol - 4- yl} 2- ({(38) 1- K(3-(5-hyciroxy-4-oxo-1 A-

5di hydropyri di n-214- 4-[ (2S) - 2- hydr oxypr o%yl] 5- oxo0- 4, 5-di hydro- 114-1,
2,4-triazol - -43-

1-yl I sul fonyQcar banoyl i - 2- oxoazeti di n- 3-y1}am no) - 2- oxoet hyl i denel am
nol oxy) - 2-net hyl propanoate (41 .

Q, 5 E ggﬁ;?} Iog%%ﬁ;@zow 3}{}3 tfony%car%a&w{o%%)ﬂxoazét aﬂn~3 yA}ammo) 1-{2-[{tert-

2-yl]-4- L t l
bl T oy g B oo 2 ot 2 11 282

)-1-{2-[(tert- -

- but oxycar bansgtprinrarspoates-(CRithz 4 - WﬂQTEZ%xmhﬁf@ﬁ@erﬁbj &rﬁ%o’ﬁm@}'}) -in-
met hyl propan e

gene%/alo plroocggﬁ- 8&’&@9 The synyﬂ‘gm S o%?d p% ??%qémdggc[\?aﬂ}eww—
C39 was us$ed (tﬁmqih)ﬂm@t)etetMe MBI ETA, 19886,MOA u‘rf_e‘éﬁﬁsmqwénéﬁbdfiﬁymmhtes
addi tion of 5 tha vent was

the cr ude. b ATaT Cofte 5t Tl iy BR Bt Bonds AR g gl B B0 for
(Gadient: O ﬁ%wretﬂmrmledl m@rwbum% @t}m férol .8 fhbard wsaﬁa@tey@skow
solid. Yield: 0.71 CVMs mz 1035.

NIVR
(400 Mz, DNS@B%I)SW @f %3 (‘%138 s::% 32 WO’}M'CNQYOS%@@%@/(?( Lb@%ﬁ@‘éed

:2),451)5 (ﬁ] 4(3 H§ dg. OQb: @re@ierﬁ d%oéﬂ%tsel'ibath %o%}avﬁéibsd‘iﬁm éﬂoﬁé@ ({cﬁbr&étﬂfenyl
5.29 (s, 12H) 1s€5:yanates 952’4—{)0 929 2111;_ (ﬁJ 7 Tppnot )m@lamw (ccmsml 30 mlemes

(s, 1H), 8.36: 43 #blooofhdl Ghe Jifefatenddd  ardd: T2 Was: d:@sl'cl}ived in
tetrahydrofuran (8 ml.), cooled to 0°C. The ice-cooled C13-containing reaction
mixture was then transferred into this soluion via cannula. After stirring at 0°C
for 1 hour, then at room temperature for 1.5 hours, the reaction mixture was

16 quenched with methanot {5 mL), stirred for 10 minules and concentrated in
vacuo. The residue was purified by silica gel chromatography {Gradient, 40-
- 100%-ethyl-acetate in heptane; then-0-12% methanol in ethyl acelate)-to afford-
€21 as a solid. Yield: 3.85 g, 3.66 mmol, 41%. LCMS m/z 1051.4 (M+1). 'H
NMR (400 MHz, DMSO-ds) 5 1.38 {s, BH), 1.39 (s, 6H), 1.46 (s, OH), 3.3
20  (obscured by HOD signal), 3.66 {m, 1H), 3.70 (dd, J=6.3, 6.3 Hz, 1H), 4.00-4.13
(m, 2H), 4.56 {m, 1H), 4.93 (m, 2H), 5.28 (s, 2H), 5.30 (s, 2H), 7.25 (s, 1H),
7.31-7.50 (m, 10H}, 7.57 (s, 1M}, 8.35 {s, 1H), 8.02 {d, J=8.5 Hz, 1H), 11.84 (br

s, 1H).
B. Preparation of C22. A solution of €21 (0.460 g, 0.438 mmol} in
25 tetrahydrofuran (10 ml)} and acetic acid (0.1 mlL) was degassed and flushed
with nifrogen (3x) and treated with Pd black {134 mg}. The mixture was
hydrogenated using a Parr shaker under 36 psi hydrogen at room temperature
for 4 hours {reaction compiete by LCMS). The sample was filtered through acid
washed cellulose powder and washed with THF 1o give a pale red filirate, which
30 was concentrated fo dryness in vacuo affording 0.382 g (100%) as a red solid.
LCMS m/z 871.8 (M+1). 'H NMR (500 MHz, DMSO-ds) 5 1.39 (s, 9H}, 140 (s,



B. Preparation of C4l1. Conpound C41 was prepared according to the
general procedure for the synthesis of C22 in Exanple 3, except that
CA0 was 15ySefhdes2pl ace of C21, and the reaction was hpydn@spnaises at
30 psi for 1 hour, Additionally, in this case filtration was carried
out through a 1 cmbed of iron-free Celite (Celite was pre-washed
with 1N aqueous hydrochloric acid, them4fith deionized water, then
with acetone, and then dried). Conpound C41 was obtained as a red
solid. Yield: 0.630 g, 0.7 nml, 100% LCMs nfz 855.1 (M 201).

Step 3. Preparation

2- ({[(12)-1-( aﬁ]%o@ﬁ!;’)t?n?%éf& 4t 1939 (4, 35P.3 £ Hz. TH), 3.65 (HOD lump
5( g ng r O?é. ﬁy{fﬁﬁr@grjes“siqsﬁak?){@'ﬁpﬁw! qiNedtividieat 44 38 -2 HBnaRid Py Ido- §n 0
, 2, 4-tri azol -ty ¥ 28UEf Sy 7)Faisbann #1802 {5, dkida:61 (difr8a jr.) i Adp2dbr s,
oxoet hyl i den m no} oxy) - 2- et hyl propanoi c acid, disodiumsalt (7). A
sol ution of "(0.630 g, 076 mmol) in clichforonethane (0.5 nlL) was

cooled to®C and treated with trifiugubasetic acid (3.4 nlL). The
m xture was warned to room tenperat yre e and stirred for 18 hours; the
reaction mxture was then slowy 10 ad d drop-wise to a stirring
solution of nethyl-teit-butyl et n.) and heptane (20 nL). The
resulting solid was filtered, drjien in yaw ), dissoRved into dinethyl

sul f oxi de (1 m) and purifj ed Via reverse phase chy raphy
(Redi Sep RF Cis Col urm06 . 0, 1%@9ue uslform’g aci d;
Solvent B: 0.1%form d aced ong-tyi Iﬁd1 fra 5% to 2598).

The fractions that 1 ertchl ned to the désis® odl’]*ct wer e
concentrated in vacua to provide a solid@ l‘?h‘éosolw sonicated in
met hanol and the sol vent was renoved (this was @&y out 4 tines)
to give free formmaterial as a wtffe solid, Yield: 0,103 g, 0.147
mol, 19% LCVMS mz 699.0 (M+l). NWR (500 MHz, DMSO-do) 8 0.95 (d,
J=6.1 Hz, 3H), 1.43 (s, 3H), 1.44 (¢, 3H), 3. 38 (dd, J=6.5, 3.3 Hz,
1H), -69- 3.70 (dd, J=6.1, 61Hz , 3.77 (m 1H) 3.86 (m 2H).
4.91 ( m 1H), 6.82 (s, 1H, 7.3 H, 802 (s, 1H, 9.06 (d,

J=8.8 Hz, 1H). Conbi ned batches w‘P ree form (0. 6760g,09 92 mmol )
were pl aced round bottorrg_| I ‘th rrL of deLZJf‘\éﬂd wat er. The

suspensi on was cooled to njan |ce at hwaandn 0L hi’s 5 m xture
added (dropw se) a solution 8f 0. PS ‘B[m i cdrbonate in 1.0 L
of water. The suspension was sti rre unt maa, soI ids were

di ssol ved. The solution was then frozen and ophi |aad af fordi ng
0.680 g of conmpound 7 as a light pink 350Iid dj%e rn/fz 699.6 (M1),

1H NMR (500 MHz, 0
Hz, 6H) ( 3.61 - 3%%5%% @6%%@09% Q(ﬁ W Qﬁ“‘fgw 3y "4(@"2%{.(%5%',
0.5H), 3.88 ([{{4-[RR-B3ditndroxypiopyd3906- l’(ydebxyﬂ X1 B-Gaydrap ricite-2- -YOH-,
6.80 (s, 1H), qx% l? gp‘hydro H)-f—'t Z4~tna£o§ 1-3%2%3%#0:":54)6%3:710@1 -2-oxoazetidin-3-

Preparation

f (1Z1- 1- (@ anjiaenido }2-bhoahgidedeliind i1 38ne 6danclé lacid, disodium salt
5-di net hy1- 1I—I—?§{: az%l3 3- yhﬂet hy}lﬁl -3{%5 )ﬁydr o%yj}% l?;?(o-l

4- di hydr opvrild+n- 152-y1)-5- oxo- 4, 5- di hydr o- 1H 1

2.4-triazol-1-vil sigg M}@E@ﬁ@'ﬁ@ﬁ‘%}%ﬂgd 3. Triﬁuoroacetic acxﬁ {13 mL) was added
oxoazeti di n- 3-yl | am no) - 2- oxoet hyl'i denel am nol ox t hyl pr opanoi c

acid | D3 AoCenmpotied $O\£B§Obﬁf@13aﬁécﬁ2@ {2t m,oé@dumoaem ciBednl nof
scheme 23 anddt&"rl&ldn%ﬁahé? ?ﬁé %écﬂgﬁln‘?%um was stirred at room temperature for 2

15 hours and then fransferred slowly via a teflon cannula to another round
bottom flask containing 186 mi of a 2:1 mixiure of heptane/methyl-i-butyl
ether (MTBE)} resulting in a fine precipitate. The solids were collected by
filtration, washed with heptane/MTBE (2:1) and dried in vacuo affording 1.82 g



-70 - Schene 23 A Preparation of C43 (Coupling Method 2). Conpound
C42 was prepared in an anal ogous manner to that described for the

pr epar at i oWO@GP10@BIZH Exanple 1 5 affording 0.67 g (0, 72URBROPY/BFSS44
triazalone C42 as a white solid, LCV5 miz 483.4 (M+l). A suspension
of C42 (0.100 g, 0.207 mna!) in hexanetdyl disilazide (0.227 nL, 1.04
mmol ) under nitrogen at 23C was treated with trinmethylsilylchloride
(one drop, 0,13 uL, 0.001 mmol). The m xture was heated at 140C for 2
hours; upon heating -71 - the reaction becane a cl ear brown

sol ution. The sgw{wwe f?ﬁiﬁofd%%ﬁ‘éja&@ srawvst@g@@f;@é Héi@re%ﬁébifﬂe'ﬁ pBRGA of
hi gh vacuum f or hour produci ng br own g ass-li ke materi al

Separatel y, ghisusptasiaf ¢ 48fg)c1@5(fbenc;31rt§e (hy2 Erergo phase chromatography

Chi or osul T ony ) Body aesPo U EireRdrs@9 Byl rllfuhd SRR Rr, G0,

t he m xtur e h@dmme (m&ﬁhg}eitm“g (taqoprambel mum:rﬁcétrcmanﬂt ea) asTdnesoiutxon in

(0. 207 o T RREYEGRER Uk AR Bl Bcpes' BN B0t TR o

cool ed to -404enh.s¥%l Fereslc taa;di%c@ﬂohmsqo 197 F@rrﬁfceém;edm@ bfcﬁjiﬁé?/hame
chl ori de sol uti (0.1 m g was_then transferred via
Bonppluiomat 48y E

syringe to t P 8RN andetIRCURPX AT PAP'_Y frpeqe
ey ] tﬁ@@ e tfret lad epd dh
at 40C for 3QoNjcRttess r&%wuhaef%nctesr@%@&rw&f&m ésﬁg;g;] (g@g) of

stirred for 2 hours at roomtenperature he m xture S
t he additi on reatefak aﬁaadvhzieoscsldm The salidevavbeinatedds m@h@vgdﬁl |t|masé@nd

20 et handl O VeT ERES rabled ety eI Torfil SR CBAERTKME Cbhfifisdfe
m x 1085. 1 (Nﬁeb)forrﬂ:l—prtﬁﬂﬁht(w@ﬁ) Mnmﬁk/ﬁ@mdﬁ}o@fdmﬁé acidl. AZMSm24H5.0

benaral | on ol W KiR Bod i, Stdsodns 14 s, 30 A%y (s, am), 338 m,

2- 17) - 1- _
2 En(s E f] yl) L ﬁzgglgﬁ({géy%é f@l :fwﬂz 4#4%)3 &8s (;{a( %8 3176 &{a‘lﬂhﬂ %, @5{)1/3;’ 9O%§§ 5

i n- 2-y1) - 5- di-2HI04.97 (m 1H},679{s H, Ve 0 m) ot (s 14, 9.05 (d, 1283

4, 5-di hydgo- 1}!{% )3(1(:)-@,[ ‘f b dﬂxﬁ@l a@ﬂﬂo}%@ %392%5@%‘? BRTRYLS ko s 85:93@%?3'8:?;!_%3

-yl }am no)- 2 m No) Ryl 'pr opanoi ¢ ~aci
Conpound C43 dmmm@bwmﬁee*cﬁbﬂ%émb?ﬁ@%uadﬁe@d) 2?? @n{ih%lrmgousofrmﬁm

to that d b d le 1
ot compound. Siatonglp FRTBRAG & et befin G Ry s eie
3[,)';/5)0 d g) 6673 1..4pbn (Riditdi) of the 4ddium bidkhbonztle s?azz;it%n()s Théh%suzﬁnéw(:ﬁon was

(s, 2H), 6. 7§ %‘é%i@t?“&?ﬁ?é'“?@d aff@odmw%éa g(quthg dlsﬁﬁw gg& g@a(!sght E’ﬂﬁ‘,
9.10 (d, 2$=8.1Ag fife, EUNS bz %8s Mlﬁ) HAGeiaR @Bé'mﬁg pgd)f% ng ?ﬁ)é

shown beI ow in and were repar ed anal ogous
above using €li.3hés, 3ol hdddd ot ABX hbd 12. B8z (4834, i 1bBd3 KB (E&,a‘rﬁpfk&xu =

T Bont nat i i et frer M or 46 FerHbta s B o dd 7 2P i,
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Example 4

Preparation of 2-U[{12)-2-{[{3 8)-1-{{J4-{2-amino-2-oxoethyi}-3-(5-
hvdroxy-4-oxo-1 4-dihvdropyridin-2-vi}-5-oxo-4 5-dihvdro-1H-1.2 4-figzoi-1-
yviisulfomdlcarbamovl)-2-oxoazetidin-3-vllamino}-1-{Z2-amino-1,3-thiazol-4-yi)-2-

5  oxosthylidenslaminoloxy)-2-methvipropanoic acid. disodium sait (43,
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Compound 4 was prepared by the procedures depicted in Schemes 11

to 13 and described in datail below.
Scheme 11
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Step 1. Preparation of {3-[4,5-bis(benzyloxyipyridin-2-yl}-5-oxo-1,5-
dihydro4H-1,2 4-triazol-4-yljacetonitrile (C24).

A. Preparation  of 2-{[4,5-bis(benzyioxy)pyrdin-2-yiicarbonyl}-N-
{cyanomethylihydrazinecarboxamide (C23). Aminoacetonitrile (0.11 g, 1.92
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2- ({R1Z) - IWO20H743@3 1, 3- thiazol -4-}4)-2-{f(3S)-140-  PCT/IB2009/055544
(5- hydr oxy- 4-oxo-1, 4- di hydropyridin-2-yl)-5-0xo0-4-

propyl -4.5-di hydro-1H1,2,4- triazol -1-_ il sul fonyl}carbarnoyl)-2-
oxoazet i di n- 3-yi ] am no) - 2- oxoet hyl i denel ani no) oxy) - 2-

nmet hyl propanoi ¢ acid 2-E1Z)-1-(2-am no-1, 3-

lhi azol -4-14)-2-{[(3S)-1-(0- (2, 3-di hydroxypropyl)-345-

hydr oxy- 4- oxqah d triethyl 0.162 0 .
di hydropyridin-2 06 ars :’1? O)}(tgfnme( ?1 16 mTog wer?ralldggcéldrop w'sle e SR%

} car bar noyl ) mmum@@zmap@nﬁ%q’ QGaélﬁmzLS oXo) WBtrdeamnﬁl mk}(PnQ-
met hyl pr opan%g rﬁ]ﬁfu‘?e %@g UEELES 1o sél’c for 20 hours. Additional aminoacetonitrile
{0.108 g, 1.82 mmol} and triethylamine (0.162 g, 1.60 mmol) were added and
5  heating was continued at 55°C for 20 hours. After being cooled to G°C with an
ice-bath, the suspension was filtered, and the solid was washed with
tetrahydrofuran, and dried under vacuum o afford C23 as a solid. VYield: 0.550
g, 1.27 mmol, 79%. LCMS m/z 430.3 (M-1). *H NMR (400 MHz, DMSO-ds) &
4.00 (d, J=5.5 Hz, 2H}, 5.33 (s, 2H), 5.34 (s, 2H), 7.30-7.48 (m, 10H), 7.70 (s,
10 1H}, 8.27 (s, 1H), 8.38 {brs, 1H), 10.18 (brs, 1H).
B. Preparation of €24 (Cyclization Method 2). 2,2,2-Triflucro-N-
methyi-N-(trimethyisilyhacetamide (MSTFA, 98%, 8 mi, 37 mmol} and C23
{0.310 g, 6.728 mmol}, were combined in a microwave fube and heated fo
150°C for 15 minutes. This process was repeated six times for a combined
15 fotal of 220 g of C23 employed. The reactions were combined and
concentrated in vacuo, and the residue was purified by silica gel
chromatography (Gradient: 30-50% ethyl acetate in_heptane) to.afford C24 as
a solid. Yield: 1.1g, 2.66 mmol, 52%. LCMS m/z 414.2 (M+1). "H NMR {400
MHz, DMSO-dg) 5§ 5.17 (s, 2H), 5.32 (s, 2H), 5.34 (s, 2H), 7.29-7.50 (m, 10H),
20 7.64 (s, 1H), 8.36 (s, 1H), 12.34 (s, 1H).
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Step 2. Preparation of  ferfbutyl  2-{{{(1Z)-1-{2-{{fer

butoxycarbonyaminol-1,3-thiazol-4-y - 2-{{{33}-1-{{[4-{cyanomethyi)-3-(5-
hydroxy-4-oxe-1,4-dihydropyridin-2-vi}-5-ox0-4 b-dihydro-1H-1,2 4-triazol-1-
yilsulfonylicarbamoyl)-2-oxoazetidin-3-vllamino}-2-oxoethylidenelamino}oxyj-2-
methylpropanoate {C28).

Al Preparation of {fert-butyl  2-({[(12)-2-{({(3S)-1-{{{3-[4,5-
bis{benzvioxyipyridin-2-yil-4-(cyanomethyi}-5-oxo-4 5-dihydro-1H-1,2,4-friazol-
Tylisulfonylcarbamoyi}-2-oxoazetidin-3-vi}amino}-1-{2-[{fert-
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butoxycarbonyliaminol-1,3-thiazol-4-yil-2-oxoethylidenelaminoloxy-2-
methylpropanocate {€25). Compound €25 was prepared according fo the
generai procedure for the synthesis of C21 in Example 3, except that C24 was
used in place of €28, The crude material was purified by silica gel
chromatography (Gradient: 35-75% ethyl acstate in heptane) o afford €25.
Yield: 1.64 g, 1.61 mmol, 21%. This material was used in the next step without
further purification. LCMS m/z 1016.5 (M+1).

B. Compound C26. Compound C26 was prepared according to the
general procedure for the synthesis of C22 in Example 3, except that C25 was
used in place of €21, and the reaction was hydrogenated at 25 psi for 1.5 hours
to afford C19 as a brown solid. Yield: 0.635 g, 0.759 mmol, 98%. LCMS m/z
836.3 (M+1).
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Step 3. Preparation of 4.
A.
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Preparation of 2-({[{1.2}-2-{{(3S)-1-{{{[4-{2-amino-2-oxoethy!}-3-(5-
hydroxy-4-oxo-1,4-dihydropyridin-2-y)-5-oxc-4 5-dihydro-1H-1,2 4-triazol-1-

ylisulfonyljcarbamoyl)-2-oxoazetidin-3-yllamino}-1-{2-amino-1,3-thiazol-4-y{)-2-

oxoethylidenelamino}oxy}-2-methyipropanoic acid {C27). Compound C27 was

prepared according 1o the general procedure for the synthesis of 3 in Example

3, except that C26 was used in place of C22, Also, the crude friflucroacetic acid

10

salt of compound 4 was generated by evaporation of the thiffucroacetic
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employed in example 3. The crude product was dissolved in dimethy! sulfoxide
fo a concentration of 100 mg/mL, filtered, and purified by preparative HPLC
{column: Waters Symmetry C8, 5 um, 30 x 50 mm; Solvent A: 0.1% agueous
5 formic acid; Solvent B: 0.1% formic acid in acetonitrite. Gradient: 3% fo 22%
B). The fractions that pertained to the desired product were combined, cooled
to -78°C and lyophilized to provide €27 as a pink solid. Yield: 0.078 g, 0.11
mmol, 12%. LCMS m/z 698.9 (M+1). 'H NMR (400 MHz, DMSO-ds) 3 1.38 (br
s, BH), 3.33 (m, 1H), 3.65 (m, 1H), 4.61 {s, 2H)}, 4.88 (m, 1H), 6.74 (br s, 1H),
10 7.03 {brs, 1H), 7.30 (s, 1H), 7.89 (s, 1H), 8.98 (d, J=7 42 Hz, 1H).

B. Preparation of 4. A solution of C27 {78 mg, 0.11 mmol) in 2 mixture
of acetonitrile (5 mL) and water (45 ml) was cooled to 0°C and sodium
bicarbonate (18.8 mg, 0.224 mmol) was added. The mixture was vigorously
stirred for ten minutes at 0°C. The suspension was then cooled to -78°C

15 {using a dry ice / acetone bath) and lyophilized to afford 4 as a pink sofid. Yield:
0.072 g, 0.106 mmol, 95%. 'H NMR (400 MHz, DMSO-ds) 6 1.42 (s, 3H), 1.50
(s, 3H); 3-3.5-ppm-obscured by water peak, 3.78-(m, 1H),-4.57 {d, J=16.4 Hz, -
1H), 4.72 (d, J=16.4 Hz, 1H), 5.15 (m, 1H), 6.78 (s, 1H), 6.99 {br. 5, 1H), 7.18
{brs, 3H), 7.38 (brs, 1H), 7.41 {s, 1H}, 7.81 {8, 1H).
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Example 5

Preparation of 2-({{{17)-1-(2-amino-1,3-thiazol-4-v}-2-{{{38)-1-[{({4-[{2S}-
2. 3-dihvdroxvoroovil-3-{5-hvdroxy-4-oxo-1 . 4-dihydronvridin-2-yh-5-oxo0-4 5~

dihvdro-14-1.2 4-triazol-1-yiisulfonylicarbamoevil-2-oxcazetidin-3-yllamino)-2-

5  oxoethylidenelaminoioxy)-2~-methvipropancic acid_disodium salt (8).
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Compound 5 was prepared by the procedures depicted in Schemes 14
to 16 and described in detall below.

Scheme 14
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Step 1. Preparation of 5-[4,5-bis(benzyloxy)pyridin-2-yl}-4-{(25)-2.3-
dihydroxypropyi]-2,4-dihydro-3H-1,2 4-triazol-3-one {C29).

A. Preparation of 2-{f4 5-bis(benzyloxypyridin-2-yilcarbonyl}-N-[(25)-

2,3-dihydroxypropyllhydrazinecarboxamide (C28). Compound €28 was

15 prepared according to the general procedure for the synthesis of C19 in

Example 3, except that (25)-3-aminopropane-1,2-diol was used in place of
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(2R}-3-aminopropane-1,2-diol. Compound C28 was obtained as a yellow solid.
Additional product was obtained by removing the solvent from the filtrate in
vacuo to afford a yellow solid (8.58 g, which was slurried in tetrahydrofuran (50
mt), heated to reflux and then filtered to afford a second crop of C28. The
5 combined vield for C28 was 16.73 g, 35.88 mmol, 90%. LCMS m/z 467.2
(M+1). 'H NMR {500 MHz, DMSO-de) 8 2.81 (m, 1H), 3.20 (m, 1H), 3.28 (m,
2H), 3.44 (m, 1H), 5.31 (s, 2H), 5.32 (s, 2H), 6.48 {m, 1H), 7.31-7.48 {m, 10H),
7.69 (s, 1H), 8.25 (s, 1H),

B. Preparation of €29. Compound C28 was prepared according fo the
10 general procedure for the synthesis of C20 in Example 3, except that C28 was
used in place of C19. The crude product was heated with methanol (100 mL),
the hot mixture was filtered, and the filirate concentrated to 20 ml. The
resulting solid was collected by filtration to afford C29. Yield: 150 mg, 0.334
mmol, 22%. LCMS m/z 449.2 (M+1). "H NMR (400 MHz, DMSO-dg) § 3.28 (m,
15 2H), 3.70 {m, 1H), 4.08 (t, J= 5.8 Hz, 1H), 5.01 {d, J=5.4 Hz, 1H), 5.27 (s, 2H),

531 (s, 2H), 7.32-7 .49 {m, 10H}, 7.58 (s, 1H), 8.32 {s, 1H), 12.03 {br s, 1H).
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Step 2. Preparation of  fert-bulyl  2-([(1Z3-1-{2-{{tert-
butoxycarbonyllamino]-1,3-thiazob-4-yi}-2-{(3S}1-[{{4-[(28)-2,3-

5  dihydroxypropyll-3-(5-hydroxy-4-oxa-1,4-dihydropyridin-2-yl}-5-oxo-4,5-dihydro-
1H-1,2 4-trigzal-1-yhisuifonyl)carbamoyi]-2-oxoazetidin-3-yljamino}-2-
oxaethylidenelaminoloxy}-2-methyipropanoate {C31).

A. Preparation of ferf-butyl  2-({{{1.2)-2-({{35)-1-{{{3-14,5
bis(benzyioxy)pyridin-2-yi}-4-{{(25)-2,3-dihydroxypropyi]-5-oxo-4,5-dihydro-1H-
10 1,2.4-trigzol-1-yhisulfonyl)carbamoyi]-2-oxoazetidin-3-vi}amino}-1-{2-[{ferf-
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methylpropanocate (C30). Compound C30 was prepared according to the
general procedure for the synthesis of C21 in Example 3, except that C2% was
used in place of C20. After the reaction was quenched with methano! and
concentrated in vacuo, the residue was purified by silica gel chromatography
{Gradient: 25-100% ethyl acetate in heptane, then 0-7% methano! in ethyl
acetate) to afford C30 as a solid. Yield: 5.41 g, 5.14 mmol, 53%. LCMS m/~z
1051.7 (M+1). "TH NMR (400 MHz, DMSO-ds) & 1.38 (s, 9H), 1.40 (s, 3H), 1.40
(s, 3H), 1.46 (s, 9H), 3.28 (m, 2H), 3.39 (dd, J=6.1, 3.2 Hz, 1H), 3.68 (m, 2H),
4.03 {m, 1H), 4.11 {m, 1H), 4.92 (m, 1H), 5.28 (s, 2H), 530 (s, 2H), 7.25 (s,
1H), 7.31-7.50 {m, 10M), 7.58 (s, 1H), 8.35 (s, 1H}, .00 {d, J=8.3 Hz, 1H).

B. Preparation of C31. Compound C31 was prepared according o the
general procedure for the synthesis of C22 in Example 3, except that C30 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 hour
to afford C31 as a red solid. Yield: 3.49 g, 4.00 mmol, 95%. LCMS m/z 871.68
(M+1).
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Step 3. Preparation of 2-{[{12)-1-(2-amino-1,3-thiazol-4-yl)-2-({{35)-1-
[{{4-](25}-2, 3-dihydroxypropyvi}-3-(5-hydroxy-4-oxo-1,4-dihydropyridin-2-yl}-5-
oxo~-4, 5-dihydro-1H-1,2 4-triazol-1-ylisulfonyl )carbamoyil-2-oxoazetidin-3-
yijamino}-2-oxoethylidenelamina}oxy)-2-methylpropanoic acid, disodium salt
(5}

A. Preparation of 2-({{{1Z)-1-{2-amino-~1,3-thiazol-4-yi}-2-{{{3S)-1-{{{4-
[(28)-2,3-dihydroxypropyl}-3-(5-hydroxy-4-oxo-1 4-dihydropyridin-2-yt)-5-0xo-
4,5-dihydro-1H-1,2 4-triazol-1-ylisulfonyhcarbamoyi]-2-oxoazetidin-3-yl}lamino}-
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2-oxoethylidenelaminoloxy}-2-methyipropancic acid €32. Compound €32 was
prepared according to the general procedure for the synthesis of 3 in Example
3, except that C31 was used in place of C22. The crude product was dissolved
in dimethy! sulfoxide to a concentration of 100 mg/mL, filtered, and purified by

preparative HPLC (colummn: Waters Symmetry C8, 5 um, 30 x 50 mm; Solvent

[47]

A 0.1% aqueous formic acid; Solvent B: 0.1% formic acid in acetonitrile.
Gradient: 3% to 23% B). The fractions that pertained fo the desired product
were concentrated in vacuo, keeping the water bath <30°C, fo provide a solid.
This solid was dissolved in a mixture of acetonitrile {10 mbL) and water {100
10 mi), cooled to -78°C and lyophilized to provide €32 as a pink solid. Yield:
0.155 g, 0.217 mmol, 8%. LCMS m/z 7152 (M+1). H NMR (500 MHz,
PMSO-ds} 6 1.42 (5, 3H)}, 1.43 (s, 3H), 3.27 {m, 2H), 3.37 {dd, J=6.1, 3.1 Hz,
1H), 3.85 {m, 1H), 3.70 (M, 1H), 3.95 (m, 2H), 4.91 (m, 1H), 6.81 (s, 1H), 7.37
(s, 1), 8.01 (s, 1H), 9.04 (d, J=8.3 Hz, 1H). HPLC analysis: Hewlett Packard
15 1100; Column: Waters Symmetry C8, 5uM, 4.6 x 50 mm; Flow rate 1.2
ml/min; Solvent A: 0.1% aqueous formic acid; Soivent B: 0.1% formic acid in
-acetonitrile;-Gradient 5% t0-100% B over 6 -minutes; Injection volume: 15 ul;
Detection: 254 nm; Retention time: 3.46 min.
B. Preparation of compound 5. Compound 5 was prepared according to
20  the general procedure for the synthesis of 4 in Example 4, except that C32 was
used in place of C27, to afford 5 as a pink sofid. Yield; 6.155 g, 0.204 mmaol,
97%. LCMS m/z 715.2 (M+1). 'H NMR (500 MHz, D:0) 8 1.40 (s, 3H), 1.42 (s,
3H), 3.49 (dd, half of an ABX pattern, J=12.2, 4.9 Hz, 1H), 3.57 (dd, half of an
ABX pattern J=12.2, 3.7 Hz, 1H), 3.74 (m, 1H), 3.88 (m, 1H), 3.98 (m, 3H),
25 503 (m, 1H), 8.90 (s, 1H), 7.02 (s, 1H}, 7.80 (s, 1H). HPLC analysis: Hewleit
Packard 1100; Column: Waters Symmetry C8, 5uM, 4.6 x 50 mm; Flow rate
1.2 mL/min; Solvent A: 0.1% aqueous formic acid; Solvent B: 0.1% formic acid
in acetonitrile; Gradient: 5% to 100% B over 6 minutes; njection volume: 15
ul.; Detection: 254 nm; Retention ime: 3.44 min.
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hydroxy-4-ox0-1.4-dihvdropyridin-2-yi}-4-[{2R)-2-hydroxypropyh-5-oxo-4.5-
dihydro-1#-1,2 4-triazol-1-yiisulfonyhcarbamoyi]-2-oxoazetidin-3-yilamine}-2-
5 oxoethylidenelaminoloxy)-2-methylpropanoic acid, disodium sait. (8},
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Compound 6 was prepared by the procedures depicted in Schemes 17
to 19 and described in detail below,

Scheme 17
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Siep 1. Preparation of 5-[4,5-bis{benzyioxy)pyndin-2-yil-4-{(2R}-2-
hydroxypropyl]-2 4-dihydro-3H-1,2 4-triazol-3-one {C34).

A. Preparation of 2-{[4,5-bis(benzyloxypyridin-2-vijcarbonyl}-N-{(2R)-2-

hydroxypropyiihydrazinecarboxamide (€33). Compound C33 was prepared

15  according to the general procedure for the synthesis of €19 in Example 3,

except that (2R)}-1-aminopropan-2-0 was used in place of (2R)-3-
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aminopropane-1,2-diol, and the reaction was heated for 60 hours, to provide
{33 as a white solid. Yield: 4.54 g, 10.1 mmal, 84%. LCMS m/z 451.2 (M+1).
'H NMR (400 MHz, DMSO-dfs) § 1.00 (d, J=6.2 Hz, 3H), 2.91 {m, 1H), 3.01 (m,
1H), 3.81 {m, 1H), 4.84 (d, J=4.7 Hz, 1H), 5.33 (br s, 4H), 6.28 (dd, J=5.8 Hz,
1H), 7.31-7.49 (m, 10H), 7.69 (s, 1H), 7.93 (br s, 1H), 8.28 (s, 1H), 9.97 (br s,
1H).

B. Preparation of C34. Compound G34 was prepared according 1o the
general procedure for the synthesis of C20 in Example 3, except that C33 was
used in place of C19. Afer the solid was filtered, it was recrystailized from
methanol (250 ml) to obtain two combined crops of C34. Yield: 38.5 g, 844
mmol, 74%. LCMS mv/z 433.6 (M+1). "H NMR {400 MMz, DMSO-dg) & 0.98 (d,
J=6.3 Hz, 3H), 3.81 {m, 1H)}, 3.98 (dd, half of an ABX pattern, J=13.3, 5.3 Hz,
1H), 4.05 (dd, half of an ABX pattem, J=13.3, 7.4 Hz, 1H), 4.84 (d, J=5.1 Hz,
1H), 5.28 (s, 2H), 5.31 (s, 2H), 7.32-7.49 {m, 10H), 7.69 {s, 1H), 8.32 (s, 1H),
11.86 {br s, 1H).
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Step 2. Preparation of tert-butyl 212 1-{2-{{tert
butoxycarbonyhaminol-1,3-thiazob-4-yi}-2-({(38)-1-{{{3-{5-hydroxy-4-oxo-1,4-

5  dihydropyridin-2-yi)-4-[(2R)-2-hydroxypropyl}-5-oxo-4 S-dihydro-1+-1,2,4-
triazol-1-yiisuffonyhcarbamoyi]-2-oxoazetidin-3-yllamino)-2-
oxoethylidenelaminocloxy)-2-methyipropanoate (C386).

A. Preparation of tfertbutyl  2-({[{(12)-2-({(3S)-1-{{{3-}4,5-
bis{benzyloxy)pyridin-2-yil-4-[(2R}-2-hydroxypropyl]-5-oxo-4,5-dihydro-1 H-

10 1,2 4-triazol-1-ylisulfonyl)carbamoyi]-2-oxoazetidin-3-yi}amino)-1-{2-[{tert-
butoxycarbonyijamino}-1,3-thiazot-4-yll-2-oxoethylidensjaminoloxy)-2-
methyipropanocate (C35). A suspension of £34 (1 g, 2.31 mmol} in 1,1,1,3,3,3,-
hexamethyldisilazane (2.54 ml, 11.6 mmol) was {treated with trimethyisiivl
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chioride (0.002 mb, 0.012 mmol), and the mixture was heated at 140°C for 2
houwrs. The yellow solution was then cooled to room temperature and
concentraled in vacuo to afford a yellow gum. In a separate flask, a
suspension of C13 (1.15 g, 2.31 mmol) in dichloromethane {2 mi) under
nitrogen at 0°C was treated with carbonyisuffamoy! chioride (0.211 mi, 2.31
mimol} and stimed for 1.5 hours at 0°C. The mixture became a homogenous
solution. The material denved from C34 was freated with dichloromethane (2
mk.), and the resulting vellow sclution was cooled to -40°C and stired under
nitrogen. The ice-cooled C13-containing reaction mixiure was transferred into
thig solution via syringe. The mixture was stirred at -40°C for 30 minutes,
warmed to rocom temperature over 1 hour and stirred for 2 hour at room
temperature. The mixiure was quenched by the addition of methano! (5 mlL),
the solvent was removed in vacuo, and the crude material was purified by silica
gel chromatography (Gradient. 0-3% methanol in ethyl acetate) to afford €35
as a solid. Yield: 1.42 g, 1.37 mmol, 50%. LCMS m/z 1035.7 (M+1) 'H NMR
{400 MHz, DMSO-dg) & 0.95 (d, J=5.8 Hz, 3H), 1.33-1.43 {m, 15H), 146 (s,

OH), 3.40 (m, 1H), 3.71 {m, 1H), 3.77.(m, 1H), 3.95 (m, 1H), 4.06 (m, 1H), 4.84

{d, J=5.1 Hz, 1H), 528 {s, 2H), 5.31 (s, 2H), 7.25 {8, 1H)}, 7.31-7.51 (m, 10H),
7.60 (s, 1H), 8.36 (s, 1H}, 8.02 (d, J=8.3 Hz, 1H), 11.85 (br s, 1H),

B. Preparation of C36. Compound C36 was prepared according to the
general procedure for the synthesis of C22 in Example 3, except that €35 was
used in place of C21, and the reaction was hydrogenated at 25 psi for 1.5 hour,
to afford €36 as a red solid. Yield: 3.84 g, 4.48 mmal, 88%. LCMS m/z 853.0
(M-1).
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Step 3. Preparation of 2-{[{12)-1-(2-amino-1,3-thiazol-4-y[}-2-({{(38}-1-
[{({3-(5-hydraxy-4-oxo-1,4-dihydropyridin-2-y1}-4-{{2R)-2-hydroxypropyi}l-6-oxo-

5  4,5-dihydro-1H-1,2 4-triazol-1-viisulfonylicarbamoyil-2-oxcazetidin-3-yl}aminoj-
2-oxoethylidenelaminoloxy}-2-methylpropanoic acid, disodium salt (8).

A. Preparation of 2-({{{12)-1-(2-amino-~1,3-thiazol-4-vl}-2-({{38)}-1-{({3-(5-
hydroxy-4-oxa-1,4-dihydropyridin-2-vi}-4-[{(2R}-2-hydroxypropyl]-5-ox0-4.,5-
dihydra-1H-1,2 4-triazol- 1-ylisulfonylicarbamoyll-2-oxoazetidin-3-yllamina)-2-

10 oxoethylidenelamingloxy}-2-methyipropancic acid €37. Compound C37 was
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nrepared according to the general procedure for the synthesis of 3 in Example
3, except that C38 was used in place of C22. The crude product was dissolved
in dimethyl sulfoxide to a concentration of 100 mg/mi, filtered, and purified by
preparative HPLC (column: Waters Symmetry €8, 5 wm, 30 x 50 mm; Sclvent
A 0.1% aqueous formic acid; Solvent B: 0.1% formic acid in acetonitrile;
Gradient. 6% to 26% B). The fractions that pertained to the desired product
were concentrated in vacuo to provide a solid, which was dissolved in a mixture
of acetonitrite (10 mL) and water (100 mL), cocled to -78°C and lyophilized to
provide €37 as a pink solid. Yield: 0.130 g, 0.186 mmol, 15%. LCMS m/fz
699.0 (M+1). 'H NMR (500 MHz, DMSO-d5) 8 0.97 (d, J=6.1 Hz, 3H), 1.43 (s,
3H), 1.43 (s, 3H), 3.38 (dd, J=6.3, 3.2 Hz, 1H}, 3.69 (dd, J=6.1, 6.1 Hz, 1H),
3.78 {m, 1H), 3.86 {m, 1H), 4.91 {m, 1H), B8.83 (s, 1H), 7.39 (s, 1H), 8.02 (s,
1H), 9.08 (d, J=8.3 Hz, 1H).

B. Preparation of 6. Compound 6 was prepared according to the
general procedure for the synthesis of 4 in Example 4, except that C37 was
used in place of €27, and that the starling material €37 was dissolved in
methanol (20 mL}, -sonicated for five-minutes; -and. concentrated in vacuo.
This process was repeated three fimes before the reaction was run.
Compound 6 was obtained as a pink solid. Yield: 0.150 g, 0.202 mmoi, 96%.
LCMS my/z 699.8 (M+1). "H NMR (400 MHz, DMSO-ds) § 0.95 (d, J=5.3 Hz,
3H), 1.41 (s, 3H), 1.49 (s, 3H), 3.30-3.40 {m, 1H, assumed; obscured by water
peak) 3.82 (m, 1H), 3.87 (m, 3H), 5.11 (m, 1H), 6.78 (s, 1H), 7.19 {br s, 1H),
7.36 (s, 1H), 7.88 (s, 1H).
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Example 7

Preparation of 2-({l{12)-1-(2-aming-1,3-thiazol-4-y}-2-({3S)-1-[({3-(5-
hydroxy-4-0x0-1.4-dihydropyridin-2-yii-4-{(28)-2-hydroxypropyll-5-0x0-4.5-

dihvdro-14-1 .2 4-triazol-1-ylisulfonyhcarbamoyil-2-oxoazetidin-3-yl}amino)-2-

5 oxeethviideneglamingioxy)-2-methyipropanoic acid, disodium sait (7).
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Compound 7 was prepared by the procedures depicted in Schemes 20
to 22 and described in detait below.
Scheme 20

NH, OBn

10 c39

Step 1. Preparation of 5-[4,5-bis{benzyloxy)pyridin-2-yi}-4-[{28)-2-
hydroxypropyl]-2 4-dihvdro-3H-1,2,4-triazol-3-one {C38).

A. Preparation of 2-{[4,5-bis(benzyioxy)pyridin-2-yljcarbonyl}-N-{(25}-2-

hydroxypropyilhydrazinecarboxamide (C38). Compound C38 was prepared

15 according to the general procedure for the synthesis of €19 in Example 3,

except that (25)»1-aminopropan-2-cf was used in place of (2R}-3-
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aminopropane-1,2-diol, and the reaction was heated for 12 hours, to provide
C38 as a white solid. Yield: 1256 g, 27.88 mmol, 87%. LOMS m/z 4516
(M+1). 'H NMR (400 MHz, DMSO-dg) § 1.00 {d, J=6.2 Hz, 3H)}, 2.91 (m, 1H),
3.01 (m, 1H), 3.81 {m, 1H), 4.65 {d, J~4.7 Hz, 1H), 5.33 (s, 4H}, 8.28 (dd,

5 J=5.8 Hz, 1H), 7.31-7.48 (m, 10H), 7.69 (s, 1H), 7.93 (br s, 1H), 8.28 (s, 1H),
9.99 (br s, 1H).

B. Preparation of €33, Compound €39 was prepared according to the
general procedure for the synthesis of C20 in Example 3, except that C38 was
used in place of C19 and the reaction was heated for 18 hours to afford C39 as

10 ared solid. Yield: 4.25 g, 9.82 mmol, 95%. LCMS n/z 433.3 (M+1). 'H NMR
{400 MHz, DMSO-ds) 8 0.98 (d, J=86.3 Hz, 3H), 3.85 (m, 1H), 3.98 (m, 1H), 4.07
{m, 1H}, 5.28 (s, 2H), 5.31{s, 2H), 7.31-7.49 (m, 11H), 7.80 (s, 1H), 8.32 (s,
1H)},
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Step 2. Preparation of fert-butyt 2-(§[(1Z2}-1-f2-[{tert-
butoxycarbonylfaminol-1,3-thiazot-4-yi}-2-({(3S}1-{{{3-(5-hydroxy-4-ox0-1,4~
dihydropyridin-2-yh-4-[{2 8)-2-hydroxypropyl}-5-oxo-4,5-dihydre-1H-1,2 4-triazol-
1-yl}sulfonyl)carbamoyi}-2-oxoazetidin-3-yi}amino)-2-oxoethylidenelamincloxy)-
2-methylpropanoate {C41).

A, Preparation  of  ferf-butyl  2-{({{{(12)}-2-({{3S}-1-[{({3-[4.5-
bis{benzyloxypyridin-2-yi]-4-{{25)-2-hydroxypropyl}-5-oxc-4,5-dihydro-1H-
10 1,2 4-iriazol-1-yl}sulfonyt)carbamoyil-2-oxoazetidin-3-yijamino)-1-{Z-[({ert-

[3y]
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butoxycarbonyllaminol-1,3-thiazol-4-yl}-2-oxoethylidensjamino}oxy)-2-
methylpropanoate (€48). Compound €40 was prepared according o the
general procedure for the synthesis of C35 in Example 86, except that C39 was
used in place of C34. After the mixiture was quenched by the addition of
methanol (3 mL), the solvent was removed in vacuo and the crude material was
purified by silica gel chromatography (Gradient: 0-3% methanol in ethyl
acetate) to afford €40 as a yellow solfid. Yield: 0.71 g, 0.685 mmol, 44%.
LCMS m/z 1035.6 (M+1). "H NMR (400 MHz, DMSO-de) § 0.96 (d, J=6.2 Hz,
3H), 1.38-1.47 {m, assumed 24H), 3.40 (dd, J= 6.2, 3.1 Hz, 1H), 3.71 (m, 1H),
3.78 (m, 1H), 3.95 (m, 1H), 4.07 (m, 1H), 4.83 {d, J=5.5 Hz, 1H), 4.91 (m, 1H),
528 (s, 2H), 5.31 (s, 2H), 7.25 (s, 1H), 7.31-7.51 (m; 10H), 7.60 (s, 1H), 8.36
(s, 1H), 9.01 {d, J=8.6 Hz, 1H}, 11.82 {br s, 1H).

B. Preparation of C41. Compound C41 was prepared according to the
general procedure for the synthesis of C22 in Example 3, except that €40 was
used in place of C21, and the reaction was hydrogenated at 30 psi for 1 hour.
Additionally, in this case filtration was carried out through a 1 cm bed of iron-

free Celite (Celite was pre-washed with 1N -aqueous hydrochloric-acid, then

with deionized water, then with acetone, and then dried). Compound C41 was
obtained as a red solid. Yield: 0.630 g, 0.7 mmol, 100%. LCMS m/z 856.1 (M-

1}



eNNl eN 8tv) O,..., 0" 0). ,c2",BEasicclo 7. :3 (O 1 (1) n
ORi hi 15 cmr tuvnr cgcar- -.., r (13 - coN 0O0OcoV)" -0
a-' (.0 --wioBfess-. CA/ - W--cif)-r "c t, 150, B kr gcidBré0omss544C0
r st r--. C9 .4 . 0-":. 60, .T...(N i ce)- 1. F'Csr- ta
X- - - -
-58 -
Scheme 22
e
P
o) O
N oH
ﬁ_ﬁ N Na l !
0 <7 Y ;{1\} i NG —
- ~o {
7( 0 o] \lfoog %N H
c41 0~ Og L
o HO™
/\I'/LKONQ
0

10

15

Step 3. Preparation 2-({{{12)-1-(Z-amino-1,3-thiazol-4-yl)}-2-({{38)}1-[({3~
{5-hydroxy-4-oxo-1,4-dihydropyridin-2-yi)-4-{{2 S)-2-hydroxypropyi}-5-oxo-4,5-
dihydro-1H-1,2 4-triazol-1-ylisulfonylicarbamoyll-2-oxoazetidin-3-yljamino)-2-
oxoethylidenelaminoloxy)-2-methyipropanoic acid, discdium salt (7). A solution
of C41 (0.630 g, 0.76 mmol) in dichloromethane (0.5 mL} was cooled to 0°C
and treated with trifluoroacetic acid {3.4 mL). The mixture was warmed to room
temperafure and stirred for 18 hours; the reaction mixture was then slowly
added drop-wise to a stirring solution of methyl-terft-butyl ether (10 mlL) and
heptane (20 mbL). The resulting solid was filtered, dried in vacuo, dissolved info
dimethyl sulfoxide {1 ml} and purified via reverse phase chromatography
{RediSep RF C¢ Column, 65 g; Solvent A 1.1% aqueous formic acid; Scivent
B: 0.1% formic acid in acetoniitite; Gradient: 5% to 25%B). The fractions that
pertained to the desired product were concentrated in vacuo to provide a solid.
The solid was sonicated in methano! and the solvent was removed (this was
carried out 4 times) {o give free form material as a white solid, Yield: 0.103 g,
0.147 mmol, 19%. LCMS m/z 699.0 t\+1). 'H NMR (500 MMz, DMSO-d%) 3
0.95 (d, J=8.1 Hz, 3H)}, 1.43 (s, 3H), 1.44 (s, 3H), 3.38 (dd, J=6.5, 3.3 Hz, 1H),
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met hyl i soxazol - 3-y1) met hyl i 5- oxo- 4, 5-di fpgdro-1H1, 2, 4- triazol -

ylisul fonyl) carbanoyll-2- oxoazati di n-3-yl | am no) - 2-

oxoet hyl i denei am nol oxy) - 2- tnet hyl propanoi ¢ acid

2-(([(12)--i-(2-ami no-1, 3- thiazol-4-yi)-2-{[(3S)-1-({14-

(3-hycl roxy- 23?0&6 -81 6.1 Hz, 1H), S?T(m 1H) 386{m 2H) 491{m 1H}, 6.82 (s,
di met hyi propyl ) hydr oxy4- 0x0- 1, 4- di hyd
yl) - 5- oxo- 4, 5ttt Fl’y'iﬁ'@a TH18.924s¢ Zﬁdk&lﬁﬁ {d oﬁ?’ﬁ}@%b@ﬁﬁﬁafﬂf’@s of

oxoazeti di n- 3yl 4an (Q%ng PEPFN WARD BLRER AL BE¥ore Task with 10 mi of

|nethylpropan0|c aci
deionized water. The suspension was cooled to 0°C in an ice bath and to this

5 mixture added {dropwise) a solution of 0.154 g of sodium bicarbonate in 1.0 mL
of water. The suspension was stirred until all the solids were dissolved. The
solution was then frozen and lyophilized affording 0.680 g of compound 7 as a
light pink sofid. LCMS m/z 699.8 (M+1), TH NMR (500 MHz, D20-¢s} § 1.01(d, J
= 8.5 Hz, 3H), 1.32 (d, d = 6.0 Hz, 6H), 3.61 - 3.70 {m, 2.5H}, 3.77 {dd, 2 ABX,

10 J=18.5Hz,4.0Hz 0.5H), 388 J=8.0Hz, 1H), 490 ({dd, J=7.5Hz, 4.5 Hz,
1H}, 6.80 (5, 1H), 6.93 (5, 1H), 7.71 (s, 1H).
Example 8

Preparation _of  2-{{l{(12}1-{2-amino-1.3-thiazol-4-y - 2-{{38)-1-{{4-
[(1.5-dimethvil-1H-pyrazol-3-yhimethyl}-3-{5-hydroxy-4-oxo-1.4-dihvdropyridin-

15 2-yh)-5-ox0-4 5-dihydro-1H-1.2 4-triazol- 1-yiisulfonvilcarbamovl]-2-
oxoazetidin-3-vllamino}-2-oxoethylidenelaminoloty)-2-methyipropancic  acid

8.
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8
20 Compound 8§ was prepared by the procedures depicted in scheme 23

and outlined in detail below.
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A. Preparation of C43 (Coupling Method 2). Compound €42 was prepared in

an analogous manner io that described for the preparation of C8 in Example 1

5  affording 0.87 g (0.72 mmol) of triazalone C42 as a white solid. LCMS m/z 483.4
{M+1). A suspension of €42 {0.100 g, 0.207 mmol} in hexamethyldisitazide (0.227 ml.,
1.04 mmwol} under nitrogen at 23°C was treated with trimethylsilyichloride (one ¢rop,
0.13 ul, 0.001 mmol). The mixiure was heated at 140°C for 2 hours; upon heating



co C 81 ul “It14114144:-4-44,.,4 a. , .t- --)C0i-.- 07 --c=
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25

30

the reaction became a clear brown solution, The mixiure was cooled o room
temperaiure and held under high vacuum for 1 hour producing a brown glass+ike
material. Separately, 2 suspension of €13 {.103 g, .207 mmol} in dichloromeathane
(0.1 mL) under nitrogen at 0°C was treated with chlorosulfonylisocyanate {0.619 mi.,
(.207 mmol) and stired until the mixiure became homogeneous (approximately 5
minutes). The solution was stired for 1.5 hours at 0°C. The silylated triazolinone {0.207
mmol) was treated with DCM (0.2 mi), the brown solution was cooled to -40°C and
stirred under nitrogen. The prepared sulfamoyt chioride solution (0.1 mi, 8.207 mmol}
was then transferred via syringe {0 the complex prepared from €42 and the mixiure
stirred at -40°C for 30 minutes, warmed fo room temperature over 1 hour and stirred for
2 hours at room temperature. The mixture was quenched by the addition of methanol
(0.5 mi.), the solvent was removed in vacuo and the crude material purified by column
chromatography (silica-gel, 5% methanot in dichloromethane) to give 0.050 g (22%;) of
C43. LCMS mv/z 1085.1 (M+1). 'H NMR (400 MHz, DMSO-de} 5 1.34 ~ 1.48 (m, 24H),
206~ 210 (m, 1H), 2.25 ~ 2.28 {m, 1H), 3.40 ~ 3.44 (m, 1H), 3.55 (s, 1H), 4.92 {br. s,
1H), 5.20 ~ 5.63 {m, 4H), 5.56 ~ 5.83 {m, 1H), 7.25 (d, J = 4.9 Hz, 1H), 7.28 - 7.50 {m,
10M), 7.58 (s, 1H), 8.33 (5, 1H), 9.01 (br. 5, 2H).

B. Preparation of 2-({[(12)-1-(2-amino-1,3-thiazol-4-y1)-2-({(3S)-1-{({4-{(1.5-
dimethyl-1H-pyrazol-3-yhmethyi]-3-(5-hydroxy-4-oxa-1,4-dihydropyridin-2-yh-5-oxo-
4,5-dthydro-1H-1,2 4-¢riazol-1-yllsulfonytjcarbamoyl]-2-oxoazetidin-3-lamino)-2~
oxeethylidenelaminojoxy)-2-methylpropancic  acid  (8). Compound €43 was
deprotected and HPLC purified in an analogous manner fo that described for
compound 1 in Example 1 affording 0.015 g (8%) of compound 8 as a pink solid.
LCMS m/z 748.8 (M+1). "H NMR (500 MHz, DMSO-dg) § 1.41 (s, 3H), 1.41 (s, 3H),
2.38 (s, 1H), 3.55 {s, 3H), 3.67 (m, 1H), 3.91 {dd, J=86.3, 6.3 Hz, 1H). 5.05 (m, 1H),
558 (s, 2H), 8.73 (s, 1H), 7.26 (s, 1H), 7.34 {br s, 1H), 7.80 (s, 1H), 9.10 (d, J=8.0 Hz,
1H), 11.85 (s, 1H). |

Additional Examples 9-30 are shown below In Table A and were
prepared analogously to the Examples above using either cyclization method 1
{described in Example 1, step 3B} or cyclization method 2 (described in
Example 4, step 1B), in combination with either coupling method 1 {described

in Exampie 1, step BA) or coupling method 2 {described in Example 4, step 1B),
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Tabl e 2:
N...6 il

In vitro and in Vivo Conparison Against P. aeructinosa
o
Struct ur e \wd2dibo76333 1091-05 M C (ng/nL) Rh |

OH HHOOH NH [14--RL TPCIt 0 'Ob 0 O Conpound
PD 50 vs. roanbsifdioddseu

(my/ kg) (95% confi dence

1C

15

~B82.

Biological Propedies
in some embodiments, compounds of the invention exhibit a targeted and

effective activity against bacteria. Compounds of the invention can therefore be
used, e.g., for trealing andfor preventing a varlety of diseases caused by
pathogenic bacteria in human beings and animals,

Table 1 below shows in vitro MIC data f{or specified strains of
Pseudomonas aeruginocsa, Klebsiella pneumonia, and Acinetobacter baurnanii.
Cuiture collection strain 1045-06 is resistant 0 several classes of known
antimicrobial  agents  including carbapenems, aminoglycosides and
fluoroguinalones, while strains 1000-02 and 3167 are resistant {o cephalosporins.
Strain PA0200 is a derivative of laboratory sirain PAO1 that lacks a functional
MexAB-oprM efflux pump. The compounds listed are highly active against all
three of these screening strains demonstrating their broad activity against gram-
negative bacterial pathogens.

Tabie 1: MiC of Examples 1-30

MIC
MIC MIC
. MiC Pseudomonas
Ex. Psaz:‘fg o;gg::s ﬁgﬁ:ﬁiﬁ e Acinetobacter | aeruginosa
No. | e | T 0002 baumanii | PA0Z200 Mex
(mg/mL) (mg/mL) 3167 (mgiml) AEzn::g!::!ﬁL?j{G
1 N.T, N1, N.T. <0.0625
2 NT, N.T. N.T. 0.188"
3 0.5 0.5 05 N.T.
4 0.5 1 1 N.T.
5 £.25 0.5 0.5 N.T.
B £.25 0.5 i N.T.
7 0.25 0.28 3 N.T.
8 32 8 >84.0 N.T,
g N.T, N.T. NT. <0.0625
16 N.7. N.T. N.T. 8.25'
17 N.T. N.T. NT. 18
12 2 2 16 N.T,
13 0.25 0.25 16 N.T.




22 64 Impenem 0.5 1.04 >64
501 1 Exanple 15

interval) M PCa90',. Cefepi 2
>1
0.8 1 Exanple 6 nee- ON (RCIZAB2009/055544

me
Conparative Exanple A -CH3 0.5
czt----- W0 2010/07¢523 . " 0.5 > 7

.83~

14 0.8 0.06 2 N.T.
16 0.5 85 4 N.T.
16 0.5 05 2 N.T.
17 0.25 .25 1 N.T.
18 2 1 8 N.T.
18 0.5 0.25 2 N.T.
20 0.5 0.25 2 N.T.
21 4 32 >64.0 N.T.
22 0.5 0.5 2 N.T.
23 0.5 0.25 1 N.T.
24 0.5 0.25 2 N.T.
25 0.5 0.5 4 N.T.
28 0.5 0.125 2 N.T.
27 1 1 2 N.T.
28 2 0.5 4 N.T.
29 2 0.5 >G4 N.T.
30 0.5 8 1 N.T.

N.T. = Not Tested
Value represents average 2 MIC determinations
Table 2 below shows several compounds of the invention compared to
cefipime {(a cephalosporin antibiotic indicated fo treat bacterial infections caused
—— .5 from Pseudomonas aeruginosa), imipenem.{a carbapenem.antibiotic .used o treat
infections caused by P. aeruginosa) and Comparative Example A (example 23 in
EP 0281289, published September 7, 1988).



327(237- 42.0) 1 Exanple? 8H 0.125 15.7 (8.45 -

25.0 (24.8 -

- 25.2)

~84 ~

3 .8H0125206(87-3252)
czi . CoH OV RPTIHI 6 (8.94 - 28.29) 1 Exanple 4

22,96) 1 Exarrple
1 Exan})
tiry NFETIE2499 %44

Table 2: In vitro and In Vivo Comparison Against P, aeryginosa

OH
s OH
“\/L§ o % %
s
“f H N
N, N
HN—~¢ \g{’}j H ’yﬁﬂ\k '
5 QO N N R
i ey \\“\(
e} o Q
RTI PD&Q VS,
Pa Pa 1091-05
169105 (mig/ka)
MHC {85% confidence Pa
Compound Strycture (RY {mg/mL} interval) MICOD”
Cefapima --- 2 22 G4
imipenem — 0.5 1.04 >G4
Comparative 4
Example A ~GHg 0.5 >150 1
Example 15 ™ ON 0.5 > 70.8 1
Example 8 \"“/\é; 0.1256 327 (237 ~42.0) 1
Example 7 E 0.125 15.7 (8.45 — 22.96) 1
OH
9}
Example 3 i OH | o125 | 206(8.7-3252) 1
Example 5 %‘/\OL?\OH 0125 | 186 (8.94~28.29) 1
NH,
Exampls 4 %/T 0.125 250 (248 -25.2) 1

Data are from a previous experiment
a s N
91 olinical isclate

Table 2 shows the results for compounds of the invention which were

gvaluated for efficacy in the murine respiratory tract infection model against

aeruginosa 1091-05. For this model, C3H/HeN mice were immunosuppressed

with cyclophosphamide given orally at 150 mg/kg and 100 mg/kg on days -4 and



1 Data are froma previous experinment 91 clinical isolate Table 2
shows the results for conpounds of the invention which were 5

eval uat ed wonomiffoeacy in the nurine respiratory tract ROTVIB2IODOFFS44
nodel agai nst P. aerugi nosa 1091-05, For this nodel, C3H HeN m ce
wer e i nmunosuppressed wi th cycl ophospham de given orally at 150 ng/ kg
and 100 ng/ kg on days -4 and WD 20101070523Pa/ 02009/ 055544 -85- -1
relative to challenge, respectively. Mce were anesthetized with

i soflurane (5% in oxygen) and the bactergsal inoculuin was given to
each nouse via intranasal instillation in a 40 pt" volune (-2.8 x 103
cfu per nouse). Mce were dosed wi th conpound adm nistered via

subcut aneous i njection beginning at four hours post- 5 chall enge, and
cont i nui ng f ot relatyedaghalishnosl Bsperiivalgy Micewes Bresthetined withatafivmee (5%
over ten dayg, ag{bei‘nf‘%néqg% Fbrae{eﬁﬁf fn}éﬁufﬁifﬂsﬁés GRERAS) e RN Fode! ﬁ%%ﬁ%sai
include interpretative coment on e known“nonocar bam pr ot otype
Conpar ati ve Detiigdion ima(Exphpblnmesp2ithx BD° ogx2 39ousph b MicshedreSisted vty
7, 1988) typi : o) Ny i ,
t he exenpli f?g@b%nn%%%rpﬁggégeq8;351;%%}{%9%?%%{8&# t'él)%\?éﬁb fi%g \?\gérué hﬂ%ygee{&q
eval uat ed5i nchdliesgapael caniduingrigr sendmst of &iBdhéepy el ethifiiesasyrat thbowed

(357 ol ko) S st B et B oo o gy R e

Exanpl e 7 (1mtsiprayétkg) colbRDt ieh aredaowe obnbdwebahi pictotyd Comparative

val o in t i Eariy Rl o i EFBIAe avBlifeh i el fane,

cpln}‘ i fl_ence_ It ﬂaeggﬁajsg c’]ggzeo 'nltthi@}mc{@fegdl:f-!@i@{éﬂlﬁé @xé:lﬁgiif?@tnégfhoc\égiau%
W e W ocontldence) cal cu or, . e CO undas a e, o,
Exanpl e @0 ESLIR BERSMEQIRRIOE Yot Aaler b s PdRh AT AT AR AP aHRh

PD50 val ue debgdrmbmestyl GanCovRdamitivieriias®l & for &langdd BRaepRCh UZBd

that these 20 conpgunds are significantly nore efficacious relative
Lo Conparat | S/ BlapROPR. STHRY Mslkalc EXBEPlE (185 BW/Gy ExeTRE 3 (206

simlar MGCs hglg BRfndial hegemdaepd (P, aerugi nosa 1091-05).
| nportantly, performance in these pre-clinical in vivo nodels is

predictive of outBmdsacneasianeidhe abiitid acspmppandda proiss enies fparg adgthal
infectiong. 64dQ1030R523BEf bﬁ%@%lﬂgfé % RBcative QthFE:ffz& ?fg?"‘l?%

pharmaceutically acceept abl e sal t thereof; erein 5R1 is
“substitut ed winch e 8o ositiancetinieals (v reoge thet pedidiheheedipactual value

2 to 7 mensir B PN ericE) cARUALE R o D s BRI S i Sme e,
hydrogen or Ega@glrakikydxampieereénd saiampieetie do oy | evedeptwitmdhel R, Jvalue
heteroatoms Lodenandens! YorphhhEeIekiffela, N & &e concluded that these
20 compounds are significantly more efficacious relative to Comparative Example A.
This result was unexpected given the similar MICs against the pathogen used (P,
aeruginosa 1091-05}. Importantly, performance in these pre-clinical in vive models

is predictive of outcomes of clinical efficacy against these types of infections.



10R2 is hydrogen or nethyl; R3 is hydrogen or nethyl; R4 is
hydr ogen, deuterium or nethyl optionally substituted with 1 to 3
substi t uenw® HdepBhdent |y sel ected fromF or d; PCT/IB200RYS5544
hydr ogen, deuterium or nethyl optionally substituted with 1 to 3 15
substituents independently selected fromF or C; R3 is Hor
-C(=0)0lI'1; and Xis C(H, C(F), C(C), or N 2. The conmpound of claim
1 having the formula (1A): WD 2010/ 070523PCT/ 1B2009/ 055544 - 87 -
(JA) or pharmaceutical ly acceptabl e salt8st-hereof. 3. The conpound of
claim1 or 2, or pharnaceutically acceptable salt thereof, wherein
5R2 is hydrogen; R3 is hydrogen; R4 is nethyl; R6 is nmethyl; R6 is
-C(=0)0H, and 10X is C(H). 4. The conmpound of any of clains 1-3, or
pharmaceutical |y acceptabl e salt theregf@iffherein al is (G -C6)alkyl

substituted with ] to B3.54Rsidd 486h%: ected fromthe group
consi sting of hal o, hy;g?oxeiﬁS-NHZ, é‘f(ﬂ)) NH2, and a 3 to 7
]
& o, ©OH
Ré-|—RS
0 N
N N\
§ H RZ NH
N N ! R'i
T T P
X O N\H,N\S,N ~R
0 SN
i %

or pharmaceutically acceptable salt thereof, wherein
5 R’ is {Cy-Cslalkyl substituted with 1 to 3 substifuents selected from the
group consisting of halo, hydroxy, (C+-Ce)atkoxy, -NR'R®, -C{=OINR'R®, and a 3 to
7 membered heterocycle, wherein R” and R® are independently hydrogen or {Cy-
Cslatkyl, wherein said heterocycle contains 1 {0 3 hetercatoms independently
selected from O, N, or 5;
10 R? is hydrogen or methyl;
R*is hydrogen of methyl;
R* is hydrogen, deuterium, or methyl optionally substituted with 1 to 3
substifuents independently selected from £ or Ci;
R® is hydrogen, deuterium or methyl optionally substituted with 1 to 3
15  substifuents independently selected from ¥ or CJ;
R%is H or -C(=0)OH; and
X is C{H), G{F), C(Cl), or N.
2, The compound of claim 1 having the formuia (1A):



menber ed heterocycle, wherein said heterocycle contains 1 to 3

het er oat ons 15 i ndependently selected fromO, N, or S. 5. The conpound
of cl ai m Iwphato/ores23- 88 - OH OH N HNH N H2N-- - (, NA - -pCTliBRG0D/ASSBIGH S
O ot bo$ HOor a pharmaceutically acceptable salt thereof. 6.The
conmpound of claiml that is OHNO N S 0000 57. The conmpound of claim
"I that s 01-1 ,0 or a pharnaceutically acceptable salt thereof.

8. The conpound of claim1 that is or a pharmaceutically acceptable

salt thereof. ~8F ~
A5
T i o, OH
R4 R®
Q AN
N N
I H 2 NH
N /N - 3
HQN-~</ | R Nz
o O H / N~R1
S N N“‘S N
o \”/ N

{IA)
or pharmaceutically accepiable salt thereof.
3. The compound of claim 1 or 2, or pharmaceutically acceptable salt
thereof, wherein
5 R? is hydrogen;
R? is hydrogen;
R* is methyl;
R® is methyt:
— | R® s -C(=0)OH; and ™
10 Xis C(H).
4. The compound of any of claims 1-3, or pharmaceutically acceptable
salt thereof, wherein R' is {(C-Cejalky) substituted with 1 to 3 substituents selected
from the group consisting of halo, hydroxy, -NH, -C{(=ONH;, and 2a 3 10 7
membered heterocycle, wherein said heterocycle coniains 1 to 3 hetercatoms
15 independently selected from O, N, or 8.
5. The compound of claim 1 that is



9. The conpound of claiml that is OH N NH 1HN O

or a pharmaceutically acceptable salt thereof.

Rl is selected fromthe group consisting of:

0 00 0 =Ha 5

10. The conpound of
claim1l thwo2p0beesul a (18): OH -*AOCOH N.O ' NH H 8 de HCTBB20bv@Fs844n

WO

20101070523PC17122009/ 055544 and pharmaceutically acceptable salts
t her eof . 11. A pharmaceutical conposition conprising the

conpound of any of clainms 1-.10, or pharmaceutically acceptable
salt thereof, and a pharmaceutically 5 .&gceptable carrier.

Use of a conpound of any of clains 1-10,

or a pharmaceutically

12.

acceptable salt, in the manufacture of an antibacterial nedi canent.

QH
O

e
' “}ﬁ N\ -NH
WW); 1A
5 O Jen_ N__N_N OH
d TS\\X{\»—/
o Q0 O

HO

Q OH

or a pharmaceutically acceptable salt thereof.
8. The compound of claim 1 that is
OH
0O

7. The compound of claim 1 that is
OH

or a phammaceutically acceptable salt thereof.
8. The compound of claim 1 that is



WO 2010/070523 PCT/IB2009/055544

5

-89 -

OH
o

\—'NH
HAN—( ﬂ j;» ‘>'

or & pharmaceutically acceptable salt thereof.
9. The compound of claim 1 that is
OH

or a phammaceutically acceptiable salt thereof.
10. The compound-of-claim 1 that is formula (IB):
OH

OH
%O 9
N
j’ﬁr I
HoN—¢ N=
2 ‘< )rl ‘ N..._,_Rc
T t, \\ ‘\{
{|B)
wherein R’ is selected from the group consisting of:



WO 2010/070523 PCT/IB20069/035544

~90 -~

%‘-/\(\OH «,,,‘/\/D i "{\/*\D . %{‘\é:{\OH'

OH
Y, ' ‘«.(\O/ g s,(\n,NHz’ ﬁf\f} '
YNoH ‘:,."/\,OH “'{\O "‘s./"’
g{-\ /<0H . ﬁ""/\é; . '5{:\,01% . /?(\OH ,
and s&{\og\oﬂ .

and pharmaceutically acceptabie salfs thereof,
11. A pharmaceutical composition comprising the compound of any of
claims 1-10, or pharmaceutically acceplable salt thereof, and a pharmaceutically
5 accepiab.}e carrier,
12, Use of a compound of any of olaims 1-10, or & pharmaceutically
acceptable salt, in the manufacture of an antibacterial medicament.



