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WO 2008/ 001212 PCT/ |1 B2007/ 001843 PENEM PRODRUGS FI ELD
AND BACKGROUND The present invention relates to
waniosioonRert i ves, antibiotics, oral antibioti cSPCEMB2007/001843
prodrugs, in 5 particul prodrugs, their
preparation, and use. U&Pﬁ%g@q bes sul openem
which is a broad-spectrumantibiotic that can be naned
as (5R 69)-6-[(1 R - IsyraNxsatkBRAUND 0x0-3-[ [ (1
R, 3S)-t - 1-oxi dp- 31 hj [ 15000 -4-t a1 .
5 SShod B 108 S0 AR o el oo,
Pafiyigr. 3Ulonepein pregiudy, theinprepargtipn ang ysec 1992) . Ot her penens
~and pP8d8712§ Sesorigesciubpangmewhichnis achropd:spédB8dr9 SABBTC that can be named as
(ARG OR AR MBA IR A3 441 RPrantdlo VBRGDHRAARBR4-thia-1-

var i reclinical apd clinical studies

2T eR ¢ e neRlartLher B0 Pr il da o1 Cob).

t her Oer pesiimsHpe predrugstagadistusised im §g., HHHE%7 WhI5p0632% WQ1992/003444; and
wooawes7sabl e. US5013729 al so di scusses sul openem

pr Od{/é’n%ﬁs r%&}ﬁl gﬁMnu&aEWsémgﬁgéLrPﬁ%{eQth Qﬁ&gée\a%ngt:eartgin prodrugs

sul openem (sul openem POV est Men given ]
thereg!- xFWppenedy tselys net W@&F@‘b?fé‘?ysb,'°ai’?'f%b'?3&ﬁ’é’é?7é’? algg discusses sulopenem
pekiigs) irictudibg the rpivialoyloxXyinethy! aiok@p lotsulapedermsnigpendd POMester). When given
ofep A mBRtureddf two LEHbdiddimelsORé BOMAGBNIES RHWh fo1he BRiS6ARMble in humans.
6%? FOlﬁéSSSe-t 637,1AI$IIIATJE2;OD?¢2%93%)S 'anmx\een\)/o%{elkaﬁgc%ﬂ.e 8?%%7? Blr\];?rr &gq )l.'I s1—§owever, POM

e assocl’ated ‘w I'Ssue “cam

eftey] AresHas GrehgREPRAtEAsWith tissg cpmitinmdepleden foliawing; ydrolysis endgplease of pivalic
atitl brtErhdih aceGedddC Sa€ Brdss, Buemdtological REes B¢ 589c598 (2802).

Revi ews, 54, 589-598 (2002). SUWARY. 20 The present

i nvention addresses a desire for new sul openem

prodrugs that conbi ne one RUMMARY - of ;i gh oral

ex po3he mesent iventinu addresses & deyire fer easklopshep pdrosthatyornbine one or more
ofl Bigh BaPexpbsufe 6t LioAVHIALIRE a 190K YiSirépRARE 0 deplete tiBSUR RGN Physicochemical
ot Y Sy g b b0y Y S8lBanpy, wnnro avrsty
syited foRfactien! phageacedisa! fagRdgtRmend ¥ee-cal f or nul ati on and

use. Inlsome aspects, Eqedsant invérdiorpineiies the commobdsehFirmagh Lides
t he conpounds of Folada lI: HS N/ SS+~ 0O 00O

25 O |. In other aspects, the present invention
i ncl udes the compound Eﬁrf’s orn_m\y(ﬂl l: OHSS S+~ N ~
OO0O0O0QolIl. Theinv/e NI fur 4. Nncl udes
formul ati ons and used6f the conmpounds to treat or
prevent bacterial infecty on°\_30

Q

In other aspects, the present invention includes the compounds of Formula II:
OH

3T
0 .

The invention further includes formulations and use of the compounds to treat or prevent bacterial
infection.



1 WD 2008/001212 PCT/1B2007/ 001843 DETAI LED
DESCRI PTI ON COMPOUNDS The present invention includes
wo b@spordr ug conpounds of Fornulas | and |1, aBCHIB2WI/001843
and descri bed above. E@ﬁﬁéﬁ%@%ﬂﬁﬁs and ni xt ures
t hereof are contenpl at & , as indicated by
NBBawi ngs above that allow for and enbrace both
the ﬁ\eamdsehhiave&manémcgﬂ el prodisy edmpBinds @P EauRE 3 .and\Il, as shown and

erc@I B&Ig ﬁlp%_llagﬁ';rﬁts a?ﬁ2 % %Qﬁeu%og%g ?ﬁ?g@la%d aﬂg B@%&e%dﬁsd\dlcated by
tWrawmqs E)bcﬂv? ‘hetlﬂl%w for qnﬂ &m '?Eﬁ hothdheR Wd the$ @qngqur@lons at stereocenters.

pr efepl&tehyd @()ﬁnilragm@dlelnorﬁbouw of EmmyésOwand tbisl ow. OH H

FILU (R = SNSO0"'S+ 'ou(R O OO0 00 10 For

exanpl e, ther e is prov dada

(2- Et hyl - 1--oxobut oxy

(5R, 6S)-6-[(1R)-1-hydro 7@0\3 [[(1

R, 3S)-tetrahyd

ro- 1- oxi do- 3- thlenyl]thlo] gi a- 1- azabi cycl o[ 3. 2. 0] h
ept - 2- ene- 2- car boxyl ate du_n@l 1 herein), which is

drawn below. OH HRH S S NS+'*O§ 30 3-~ O O

In particular, the oxothiolanyl moiety is preferably configured 1R, 3S, as shown below.
OH

10 For example, there is provided: (2-Ethyl-1-oxobutoxy)methyl (5R,6S)-6-[(1R)-1-hydroxyethyi}-7-
oxo-3-[[(1R,3S)-tetrahydro-1-oxido-3-thienyi}thio}-4-thia-1-azabicyclo[3.2.0Jhept-2-ene-2-carboxylate
(Compound 1 herein), which is drawn below:

OH

HH
S
=
N ~,
of_ o
ﬁ |
o \__0

(o]

Another example provides: (2-Ethoxy-2-methyi-1-oxopropoxy)methyl (5R,6S)-6-{(1R)-1-
15  hydroxyethyl}-7-oxo-3-[[(1R,3S)-tetrahydro-1-oxido-3-thienyi}thio]-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylate (Compound 2 herein), which is drawn below:
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Anot her exanpl e provi des:

(2- Et hoxy- 2- net hyl - 1- oxopr opoxy) net hyl (5R, 6S)-6-[ (1
W0OR2008/0012%2 hydr oxyet hyl ] - 7- oxo- 3- (1 PCT/IB2007/001843

R 3S)-tetrahydro-1-oxi dg- 3-thi enyl Jthio] - 4-thi a- 1- azab

i cycl o[ 3. 2. 0] hept - 2- engF 2- ,car boxyl ate (Conpound 2
herein), which is dr w2 2008/ 001212

PCT/ 1 B2007/ 001843 (OH Hlsi W78 RtL, OO0 Oo The
prodrugs of the preseni/i nv&nti on may be anorphous or
may exist as different crysyatoforns or pol ynorphs,

i ncl udi ng sol vates and hydﬁhteér@Pol nor phs of
prodrugs formpart of this inventioy and may be
prepared by crystallization of a@’prodrug of the
present invention under various cofthtions. Polynorphs
5 may al so be obtained by heating orlnelting a prodrug

f 0: | -egrbaRis Q‘rttﬁzcﬂr@ladnt?ﬁ/erfﬁé’rﬁﬁa b%ol%ﬂ@ug-ghﬁafgé'x%ﬁlﬁmreﬂtfcwstal forms or
ol ynor.phs. may be rmn sol i d probe
ool LA SRS el PR rions B sgiol R i s myonton and may
be: preraredriy cryytalizgticncrb p PrRug 9f the Presealivepiien gpdepyasiais copditigns. Polymorphs
mhP8lst BeQbRhed By Heésting ar hetihg adtddRig folldwed by QAT dasPebling € TheSpresence of
l r " . .

oABfEEbr el b8 oBEHEP bF iy oA B B iterntel scanning
PR BAVISE X-fay JfffEon anether YR RN R aUB S TBTIRTRA B compound per se is
omen ¢p its pblyragrphis|iaciuding watercr ebivelt mlecdesasendateditberewith ng t 0

known met hods such as those disclosed herein or in
M; US4234579; US4287181; US4452796;

; US4348264; US4416891; US4457924; and )

US50The 7pairugs of thgfpregeit dyentipre can; becRipRida - d Ny thedfegrasid (b sulopenem
adtortiag B Knbwii Methdds 8 0dhi os efiose Bisclobéd hétlin brio US303 5950 US4a84579; US4287181;
USANSb] 08498630 skBsba! Vshd188t: YSYATOA! ¥UndusBOSPIG @l of which are

~and comuni t%ﬁacc‘u; red | n_f1ect| ons such as respiratory
incqropegted by rfeypric ereln i el SRrEYes vous system

gastroi ntestinal, genitourinary,. gynecological, skin
uSesoft tissue, and ocular infections and community

acquired u i a | ) _ant J ' . .

act 0Bt S s o TS o ok B RSl Tommunty acauies
in@ﬂgn&isp@uaq ﬁspiﬁf"@(/m'i SHEgicgls genfral pRfyqus sy%r%” gasfrointestinal, genitourinary,.
gydediogicst siad & ot fissuep aaf aukeidfectBho braigionaiuniyGiciuired pnedmbriia in humans.
TR gntigécYe?iQI A%{%th?\éf thglaﬁ)dﬁb.@ }ng*‘ﬂé L1 e,o@gly %Bﬁgdl'fg' preventive use as well.

admnistered is a mni _rf%m 1 _hgaapeu i C III% effective
OFpl Fpisation [ PrRBTA HAETE AP P REr R A0 B2t ni st er ed | s

t hat Thenminimumvimiaght df pradeigiadwinistgredds I yminimem thegpkically gffective amount.
Tﬁéémﬁxi@ﬁm@%gm Rt Brodrid) @draiEerd isOthat drloRQMRMiPtoRiEbddftally acceptable. In

adm ni st er IS t | I
s bRABIRER e oo bt son Bl lfed Bt Jnft G Traian e
Pisa ARYRIPtICASNEENFYPR of syiRpeaRT 2aRve Shp (ORYe ciimum mnhibifpry copggsirgtion) MICes
(é)g. Sabpat/OrsL gL arlabaltt 1 Lig/pdy) ofithe inféctibdpathogéredidrianigagh abdub3psin(e.g., at least
abddt 3.8 hodrE 5 BIDABREHyY) R 622 Hnourdor 118 38dday) B intdrvA) between doses. In

oo 4 S 5 a5 s 40 ..

atipdsbationited-f kpurstior 8lhdrd@chobre (oe D) of theedopingintawval.- at or above

It he indjeBdbl, & Géllg bode@F thakulbpeAsrh pRDY for 446 MBy Bk abouttBD0 mgA (milligrams
r r our.s.. .

530y A oGP\t SO s s

for RS ey PR FRoH: 9P B8 tRF0P S SAITHA WMREIFrIsEWiIEH® Y ImBRyulig Aour intervals.

A raginiengnayns adsiristypeineven e peniodaif @bdu} ohe wedkatttabdiut ¢wly werks. For certain

ir ﬁpmr Hans, idm&denBeeBRRItr aebirgfie tosd RGeS Butdide tha¥8 psih@BgNEM

Al“cligily dosage of the prodrug of the present invention can usually be administered from 1 to 4

3
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for adults may be about 500 ngA to about 1500 ngA
adm ni stered twice a day in about 12 hour intervals.
wa@200eg01ren may be admi ni stered over a peri od QPCEHIB007/001843
out Lo meeks i nfecti

mg?s aa vzﬁ%nnglp ab ua doses In me emg?cf metn S, {ha grogrug dosage canng'e‘ about 500 to

sary desf ra 0’ US
abayt 3300 &gy WE%T%F%H%?@NEQ togagouh 1BIPy orRbS e Fed BIP o WD for more serious

infectinnls. Ui sorfhe iiodiedBEtNE ddsayecdah ibe Bbaliein tolidbit 125 ynglkg BID; about 17 to about

4@%@#‘3@% S&tff@%o’htiﬂndrk T WO 2008/ 001212
2007/ 0018 tl rres aan% nor nal |é¥gl n eﬂual doses.

In s Bﬁ%m%%%mtﬁ’tt?atmtehtés pgief IOipvensu sy ety iopenem Rl of other antibiotic
a{Jeaiment isthencontneedwithopn Bralprodrugruf e peesent inv@@on.ng t o
aboUAs disc@ssBY fkthe beldwd Q{étpro?ln@ oBb@anbﬁndTi wisfféUnd EHlHr&nde human blood levels

ag‘o%g logg.ﬁ;lnbL QI g%\‘l%eﬂ Q,ST@ to Q Sggnn}?rs ﬁE&% rrr]utn%tratl{)n fep(@ﬁe}r% (about 730 mg

snﬁ@@pﬂm qugalﬁlﬁ)/q( @e B[ogugop aai%@pt efqenmntatbq)wpdr%of ﬁ:@ynR@md 1 was found to
provi@ humnah iblopd lerele ativeel i gt Sor Hetweah AR8Ito 5.94 habist upaibh 6@l administration of

2%63Hg§¥&091‘4§6 Mg mnspgnéyédangaﬁmf i pRlifugOr Ot her o

t he cont ed with
or a1 PR35 30 Pe BRI is0 BHYY B AS et Bopene prodng
use gan e in doribnstion witheprobeuatid oy sipflar Gctinp @gent whichweas ah dnhibitory effect on renal
tuBlilgrsedigionuman bl ood | evel s above 0.5 pg/nL for
between 3.18 to 4.84 hours upon oral adm nistration of
1000 l\Sabout 730 mg sul openem equi val ent) of the
EBEMEM:%O—I n a different experiment, the prodrug of
Conpthend pleseva s inventiord inaudds) qbarmacedacah LooBpositiono donprisiap Sthe  prodrug
a?@yrﬁi(s; opﬂé rﬂverttlgﬁ foRREINEER &al2é%nﬁr\%ﬁ§tloﬁ4\rltn QHW&OM\@ oP hridle excipients

oo o ot o achye kgt I Bl <7 o0 Ssle pabiAS o

conj @mcdosags foume (¢f e peeserd inventien eapdntiabletsSnelusing rrbewable tablets, capsules,
piﬂd,l lo2SNGEsCIOchgsOsbvdEls, SWTSs, GIRiRs, StRitidr aRdD$uspensibris Ghd e like, in accordance with

<ﬁpi %ageuﬁ)t% &5&%&4 a{‘he H&u@%ﬁ%‘nlpm#oﬁ: Iaf tn@gre%igvenﬂon can also be.

ecretl
T Srechy Pa“ﬂ‘?é* %Ft@g’&ﬁ‘i!"aﬁ YacdhieugB A nasReastig ke
phar A desagefbrie@ninceme erotrgimeatspantaii ahout 800do arootRS0mg of the prodrug.
co W%ﬁ@ﬁ@ }aane ch&@n bivE Bisis(bﬂthg Piefdabage forh. Rénfrhiting examples include

oGRS el R DisRhf Bl S (Pl cece. qum
tragagantha 19 B@"ﬁf?"a‘ Slers siica asr miprpefysialiipe foglluigpe, Japtosy, sjodium citrate, calcium
closmatg aditfasic Gaciunt prbkbhatprmiaa ind S disinégrahts subteast call stafch, potato starch,

I'Piﬂf& laH&j'chﬁmpggr @ Ia&e%ﬁeﬂo%ﬂh%ﬁd FerQin'chﬁplex ﬁilicatesblH%ricants such

ozenges, troc I XIrs
=%, SR SRS SOdMah D 817 180 9 24 SHFRERRB U] 1, ucrose, lacose or
sacclzarniol aWben riwsage ot forintiaa capsde itimag conling inkdifomiccreaitrials af the above type,

acﬁéum&?fleﬁ §URR a®h 1t} 6. PRI mbﬁéf&ﬂﬁdltﬁ@ s@éﬁéhdﬁ\b s Qﬁ:h as xantham gum or

lx'g%/rgp{ylﬁ\?ﬂolﬂceﬁﬁoﬁh%gangﬁ %Jf;rp ?s coﬁtﬁ%lssﬂ aliluen Ian% gléllurp aag]erg? FHCh as silicon
d@’él‘??‘ ﬂ?Y°§o'ﬁé’a'éﬁ=ﬂ?6m he sese Oéa?ﬂ'%cr?fqhwansewaftdcﬁaﬂw@utsmb"'zers such as

stoidio atid) canfalsb Ibe efdploydkt U Yarious Sthdrxratefaliné SbeCiéselitaas Cbedifddor to modify the
RRick IFo‘?‘m bAagd &s&H uHP eFc:lr b5 et&bé?s%%&g bR With NRdsd, Blghd &7 goth Modified

exa es._inclu vi nyl pyrrol’i done,

n%’i?ﬂﬁ 'B?/?’ﬁé'f‘h €BPPEY 0se, hydroxypropyl cel | ul ose,
su cr Bweprodggishwill be preseatin the ptammaceutical garsposition, in @i arwntrsufficient to provide
tietdasiredd thei%béuh@(ﬁo%ag%%uﬂ% tha &hg&%&&.ﬁ&d HetetS THE Hobﬂrﬁ’)ﬁﬁ ratio of prodrug to

el(c%?e‘ﬁg%vﬁl naﬁnpaﬁI %??r%l c}n ors such asCt ugﬂemlcglrna{a%ra%o%b I@ anc? St?b%ty of the active

clrum Clnée an arch
"El?é'ﬁ"t%\sasm“ had §'P°aFQ§H99 &R seriemplaled c HTypicaly, g?hﬁrrr@cqy&qaucomposmons of the

 peeéht inventich @srcdonigin Wbaut 20%etp aliubese:adf piedrigisaveigidi um and

certain conplex silicates; lubricants such 30 as
magnesi um st earate, sodiumlauryl sulfate and talc;
and sweeteners such as sucrose, |actose or saccharin.
When a dosage unit formis a capsule, it may contain,
in addition to nmaterials of the above type, a liquid
carrier such as a fatty oil. Excipients nay al so

i ncl ude suspendi ng ai ds such as xant ham gum or
hydroxypropylnethylcellulose glldants such as

oy - o o I T o
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rel ease dosage forns are also contenpl ated. The
prodrug(s) will be present in the pharmaceuti cal
W@ e0upoei2ii on i n an anount sufficient to provi deCT/IB2607/001843
desired therapeutic dosage anmount in the range
descri bed herein. The proportional ratio of prodrug to
S I Coi ACTIMAY ur al | y depend on factors such as
the sirpBiheiills dofie tgBinst 20brodal fahdeYof Hathogehs) tdudihy hedpitd! Pethogens.  This
m@l&c}ets ep%te tn%rtngtg a$£|$s§ ’meﬁﬁer&% lmeaéntélgb% gr% ee rggsmlg extended-spectrum B-

rmace u
'aﬂFmi‘sﬁ% awggﬁﬁﬁ'sﬁ“ﬁ%@ﬁ?'ﬁﬁsw (Eo?ﬂ’F‘éﬂ"M"aﬁ b‘?ﬁ?ﬁ-“)Z O'%‘d(d{gm many of these
isalites |4re QB8 Fesibtan tafbowguinvlionese | Sylopenerh i8/MigHAOKE/e(Q4iast fhany clinically relevant
sHRGTd 4BRRRELH01843  SULOPENEM BI OLOG CAL ACTI VI TY

ot hBoRev ARM PR EHA (0 A B RS R hcronet om0

i1 Réﬁﬂe‘@é\v%t @vﬂ°-3é'@'9ﬂvllih'?lgﬁ-tﬂgmpquest-?o?neﬂ%fboxv"c acid) was
eallibed ajaistpathbgRACiadIVeXip EatriiniOand Xbspitdl Rfd ctibh 64 sudtiMafized h Table 1.

| act amases that confer resistance to cephal osporins

(K. pneunoni ae, ESBL#+). In addltl on, many of these

i solates are als*l 2.5 MiCe Valups(ua/ml) fo PEENS

Sul'openem i s Reghhs a6 éuvralsswa%nm-‘?
rel evant spe éﬁﬁyld&bccﬂé[‘%ﬁb s T
of sul openem [AubltoEEaE Bbbis AC! 1

(5R 6S)-6-[(1
R, 3S)-tetrahy

hospital infe
1. M CA Val ue

[StrepkoddydlE PYogehdsyGloupAPX0- 3- ||

catraetdooaa:s egalaaademeraup/m] t hi o] 4-0.m@5- 1- azab
i cydo[ 3. 2. 0] hiehire o aci d) Was

eval uat ed agaj

10

ity and

epigj

Tabl e

reptocatqus preumoniaecpenigillin:

aur eus oxaci |

e ‘“éiei
iae pehigifitn-resistant™—"

[Streptacoccus prieum:

fHOCOCCUS

Streptototcus pribumohideeVotioxacinzresistant

psonhyt f cus

0.5 Al oi 0cOoffskna PbAdcjteenesl  SLT €pt OCOCCUJpRAEIgeENes
(G oup A) 0. OForynétacRuatspp (HebC.geidivatt | ac ( (e ou(
0.125 Strept mmantezdbmuss (Group D) 0.06 [vD8 i
St rept ococcus r ji '.&@ﬁ]:ni ae

penicilli n-susﬁﬂ&m‘l@ﬁ_ﬂgﬂﬂs St rept ococ 9H5i gunoni ae
enicillin-in t aqqe?'; Streptococcus “mum)ni ae

peni cillin-re St |€|JL 6€o0€cH t ae
| evof | oxaci n- ?%gzgto%ﬁnée tister | a nonocy gugg: nes
0.125 Co nebiERBR RNl BLC e ke um|d s

'C

h
i) (

G trobacter dfnsRgansla mdrgdhii O LT Obact er tregpdii]| 0.25
Ent er obact er restagewasilisO. 5 Ent er obacter cl{oacde 1
Escheri chi a cHalmopel@a@higéllacbsi el | a ox oca 0.{02%5|
Kl ebsi el | a pngipemenhies iudr2ge B-littamasee| | a pril8ddmni ae
ESBL+ 0.25 Mifeemomhilysanfivenzagfi-lactamaset ot eyus PdOe |bil |l s
0.5 Sal nonel |Mgraxafia catairhalis Bylagiamase- 0.03

Moraxella catarrhalis B-lactamase+ 0.125

| Legionella pneumophila 0.06

Neisseria meningitides 0.06

Bacteroides fragilis 0.5

Clostridium perfringens 0.06

0.125

" | Prevotella spp

Thus, sulopenem is active against a broad range of pathogens, including hospital pathogens that
are resistant to cephalosporins and fluoroquinolones. The spectrum supports its broad use in the hospital
where the infecting pathogen is identified and the susceptibility to sulopenem is confirmed. This would
include a broad list of respiratory indications and surgical indications where mixed flora would likely be
involved, particularly as part of a multidrug regimen when mixed infections are suspected.
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Haenophi l us infl uenzae 13-| actamase 0.25 Haenophil us
i nfl uenzae 13-| actamase+ 0.5 NMraxella catarrhalis

wd oBmecarmase- 0.03 Mraxella catarrhalis PCT/IB2007/001843
13-l actamase+ 0. 125 Legi onella pneunophila 0.06
Nei sseria nmeningitides 0.06 Bacteroides fraills 0.5
PRODRYG ORALBTFRCAGY n ens 0.06 Prevotella spp 0.125 15

ThusGompbilna @ere irdfiled BEbral\eHicaty @i thhaé diflerént Mo infdtfiM ridels. The bacterial

pa?‘%ég\g Q&Qﬁo eétgg;( LHJ%&:IF ﬂfe@t%ﬁ Wekack\o%ﬁ%%g% Gh §1e1¥' Q@l%tano@ gﬁ)f Iﬁand abilities to

Istant to ce ospori ns roqui no
causRIRERtign N JRAIEID Fejevant ochUpm dizeags oM (e pigla RERUAIPPia 1sOlRifFel189 and 6485
are ffrem jarcblisction 19fjrepent Hivigal risolates ioftlextendedispebtram @-ldctamase-positive (ESBL”) strains
arﬂuﬁoeeaauaiau Ity tot &br&u*ae.ﬁ QAR BaaSidihd aé WeIMBho oltiai B- na\eemlaalub.om Both
|solaqg l ave moréfg-gtd :ﬂ’lloef]gsbll tg: c:aﬁ% )r(g sassrterr]rgl C%c{a)?\nlﬁ n‘%?ey ggeptoooccus
’TePNQﬂ’a? é995 'i)%ﬁ“lcﬂfmt%ﬂ'?“y "H§r°'|98'qu's@!“ staini)atis R?Fle@nicegnwemsvstemw and
reggirgttry fract @xékclion ivaéls. OThe Hagnphils PReb a6 strab(RIAHSA was derived from laboratory

st%gqg{ QQ% pggrﬁléjtﬁ%g%7ﬁ%1r§n@rs B@Qﬁyﬁa@?éba |Eé: Et}a%\ﬁlclllm resistant

faor oral cac

Wer e
(Berg%e F’B'ﬁ(st"‘}"h's\?ﬁl{)%'e ,%?aggreq Jditis medipipa Mopﬁ%lan{)%tfllépngq of the disease. The
repuits ére gemmarigesdnl Table 2etowbl | sh each i nfection were chosen

bas aduriRd) abie i systérfs lifdcBdnC ﬁ»\odH ofFioL Qs Mdel, 2BFN | hwsveteo.nfeéted via an
. . e | n
m%a%gl%(%eézlr@ecﬁﬁ 09 g létr%l MEL\ of e I¥ % éumf%s@%? [bdgéﬂr § 6fJneumonlae 1095.

|
FquF gnse S’°%I°P’§@f"?9&ﬁn SWTTPOP‘I@S;PA pseggrgm wesg infecies] and &rgatesk; to cover a wide range
ofetosecianbisdl -MiEewdre @dmisistered: BIDNMeSapy (20 Sithed 30emiqii&sBbir hoas past-hfection, of at

ok h&\@epcﬁl..ﬁf\éafoﬁ Olg%\/bgf (ggtdgs%réggv{hfaﬁ %ﬁ%fbf %{?é%geﬁ eﬁéaﬁeé' fibd Burvive) was
(A LI S Y, LR N T

| et Héurineseeninatoiydractiirfestionimadeli fhisineds! wasnmtepp @itto@rciptranasal inoculation of a
lefABIRhHIBHE 3€S. bASlmohise 9%) Pedliinglin prBurhdalae F&R tese groups consisting of eight to ten

m@ ?ér oug slelre %éc’?e% %F.‘é Ire%&ed aﬂ') govgg%ndé %n&%&??s%ﬁ@nvklgc ?IIB otrﬁerapy was initiated

QRSQ?éF‘%“'S meé"fﬁﬂe'hwﬁﬁmﬂwd fqa °l9e>ﬁz number; ofy mice FURYiing Bt ¢agk dose group
ortkizy tev @akst-nfeotion wab axed toatetprmirgitiiee?D,- Rd; a directed point
MUt addrSinbtifid média odel T @5tablibhbtRs madia %Bﬁim'ﬁ&rm@\g&te in¥eted via intrabulla

t rai
g S AL A o o S B, £t St o SRS SR e arove were
infeeterbanddreatpdh do ehiveraaawide rartigeof dase iey¢ls. STIB therapy werdipitiatesicbighigen hours post-
infb@iah BndZcofiuéi¥or thb Eidy8 €OR Gyt feur $§§ané6tloﬁ dnﬁa&@efﬁ&thﬁ%ﬁ] rhiddle ear fluid

wg ‘ﬂ% &l@é &II%@QGL d bg’ger‘ilal mn%grs\é@@'r eP meﬁeﬁw'tv? (ije Xété?’mﬂ&j 5S were calculated

raperl oneal I njection I nocul um
baéF‘i Prehactirial Igypls; FPIS‘H'P 5% fiyiq wash SB'E%?? with cougts Igweetiab PP 3@°"V‘f°"“'"9 unite/mi
wére ednsiderédbdraredose gr oups consi sting of eight to ten

M CepfpblierdEbtidiG it cbrnéoeﬁas%fﬂcomém{dg ¢ 8 for ESno AN (dBwn below)

a%g?gwouﬁ? Bélw[hﬁg‘g t%@k%? eng[ %%F zeﬁélﬁ?s%c&n} sulopenem?g R §£) oxothiolane

stpreachemisifybdrawrphelowp Compoungidis the diasterenmesc mistyre (dramnielowpn;
cbhwuiR0 (the dose at which 50% of infected, treated
m,ce survive) was cal cul ated based on the nunmbers of
\d ving animals on day four post-infection. 20
MU N eé;l[atory tract infection nodel: This nodel
Miitiated™wi th an intranasal inoculation of a
leth aIIenge of S. pneunoni ae 1095, resulting in
pneunon Four dose groups consisting of eight to ten
mce pera%_ up were infected and treated, to cover a
wi de range dose levels. BID therapy was initiated
ei ghteen h post-infection and continued for two
days. The n er of mce surviving at each dose group
on day ten post-infection was used to determ ne the
PD50. 25 Gerbil otitis nedia fodel: To establish
otitis nmedia, Mngolian gerbils were infected via
intrabulla inoculation with a BLNAR strain of H.
i nfl uenzae. Four dose groups consisting of five
gerbils per group were




infected and treated, to cover a w de range of dose
levels. TID therapy was initiated ei ghteen hours post-
Wo pfogooi2on and continued for two days. On day POUIB2007/001843
post-infection, animals were euthanized, m ddle ear
Comerpef Btvashes were col | ected, and bacterial numbers
talned therein were detern1ned ED50s were
4 at e O based on bacterial levels; mddle ear
1,d/ les with counts |ower than 100
lony-formng units/mM were considered cleared. Data
wer e ¢ o\Lected for the conmpounds of Conpounds 1 and 2;
for Cbnpog $ A (drawn below); and for Conpound B1;
whi ch isg¢’h¢ pival oyl oxynet hyl ester (POWester) of
sul openem ((1 R 3S) oxothiolane stereochem stry)
drawn bel ow. Conpound B2 is the diastereoneric m xture

ComreyBdhel ow). 35 Conmpound A° OH O H L3TCo+o. ) O 6
V& 2008/ 001212 PCT/pB2007/ 001843 Conpound Bl: OH H H
nnd B2 OH~HH Ht S
sh sdable 2. In Vivo
nwkmMMma Cpd. 1 Cpd. 2

: 12.5 (12. .
-36.6) 12, 0.1 (3.8-16.4
16. 2(15. 9¢ 16. 3(9. 0- 21.

system c infection vs.

4- 38

. 7)

e system c infection vs.
7l 7- K pneunoni ae 1109
PDT 9. 098. 7-

21.6) 11.1(11.3- Miurine Acute

88.6 (87.8 88.3 (68.5- 40.7

(29.1- >100 Table 2. In Vivo Efficacy (PDs, or EDy, in mg/ka)
Model Cpd. 1 Cpd. 2 Cpd. A Cpd. B1
Murine
Acute systemic infection vs. | 25.1 (13.6 | 12.5(124- 38.2(27.7 -
K. pneumoniae 1109 — 36.6) 126) | 10138164 48.7)
(oal 9.0(8 16.2 (15.9 14(113
. 0(87- | 16.2(15.8- § 4(113-
9.3) 16.6) | 153(9.0-216) 11.5)
Murine :
Acute systemic infection vs. | 88.6(87.8 | 88.3(68.5- | 40.7 (29.1- >100
K pneumoniae 6485 —89.4) 108.2) 52.3)
(PDso) =
" 634 (21— | 32.7 (23.7- _
124.6) 41.7) >100
. ] 63.4 (58.5- ] ]
68.3)
Murine : _
Acute systemic infectionvs. | 12.5(124 | 7.9 (7.3- g _
S. pneumoniae 1095 ~12.6) 8.5) 90(8.7-93) | 7.9(7.3-8.5)
(Foal 6.3(1.5 6.3 (3.4-
v 1.4) o) 15.3(9.0-21.6) | 4.3 (4.2 - 4.5)
" 11.0 (8.6- ) y
- 13.5) 9.0(8.7 9.3)_
Murine
Respiratory tract infection | 16.4 (3.8 - | 19.7 (18.2- 17.8 (0-38.6) 49.9 (34.7 -
vs. S. pneumoniae 1095 23.0) 21.2) : : 65.2)
(PDsg)
" 12.5 (56— | 38.5 (37.7- ) 18.1 (14—
19.4) 393 |208(8.7-50.1) 34.9)




10

15

20

woRosne 2z ut e system ¢ i nfection vs.

K pneunoni ae 6485 -89.4) 108.2) 52.3) PDT 63.4(2.1-
32.7(23.7- - >100 124.6) 41.7) 63.4(58.5- 68.3)
12.5 (12. BCTIE20T7/®1843

S. 9.0 (8.7-9.3) 7.9 (7.3 - 8.5) pneunDnlae 1095
-12.6) 8- 5) PD 6. 3( 1] _(B4- 3 (9-0-21]6 _
(4.4 - 4.5) "11.1) 9. 1)951,,0(8. 6 - | 13.5) 9. ( "62‘31;;5
( 8. 93— Mu++re—Respr+ateryrtract—hnrteetton -

16. H-9—8—40—F (48— F—B—(B38-6r 40— Fh—F—rs—5:
pneynoni 2.,3 O) )_655%)(36]3[ 12194) 1 126(6.8—
38. (37 infoendld BONAR. 7- 5O- &) 18] 1 1 1. )[4 69 6893) |34 13,
WO 2008/ 001eag) PCT/ | BRO 07/ 001843 9.5(4.0- 16.2(11.5
15.¢) 20.9) «Gerbil QO i45(44reditaé B$S- |H 68 4 -
5.7026- 69 (4 4.0 4) 146k (g 483) fFﬁ%E’Jﬁgm(sgs 57

9.0) 7.7) 18.3) ED 4.5(4.4- 12.6 (6.8- 8.7 (8.4-9.0)
PRODRUG GRINICAL FHARMACOKINESICS) PRODRUG CLI NI CAL

PHARMNCaK bblrlactielid (FR) 88t rOMHG AP LdfutcRRr H85dopenem prodnug
%T%’HP‘% ?E 'B%Qﬂa‘ﬂ ﬂgﬁlémg?un%g%.z%fg 'EOUES ﬁb%{)jﬁag Egm oynd A are summarized

i Fabla $dwglows ampauind) B2 ig regdigstasenmeriel mixtusg of W@@\mldiaztereomqs configured
(1RBs)abhe o%mdmwrmaﬁe TpRpulAd B? (seé dAwikhetod) € Clifidal data is not available

ch the diastereoner configured (1 R 39)
fﬁ@ﬁéeoxot %I anyl noiety is Conpound Bl (see

dr awiFAY °’%PBB%'5 a"d@°f“ﬁ?”<93t‘\ thatubiertyeqeiypd dases 1 ap egealating fashion. Whole
blopd sampts Genpattaingd Driorfo dos@grapd @h@l5,11, N8l 4°6nficd d2 Apurs post dose and
pﬁié@s@d:ﬁar 5I§‘§r%' Véﬁ‘eqlrrdﬂﬁlep%shﬁ‘ sﬁ'ﬁblé% ?IEIII nflffé§ Ifdr Qﬁlopem kéhcentrations
ob or 0]
gt E nelfBlis TG Bl CoBhordh Ao 36 e diians epge.
pr ocAdetalcf ftesy subleels Ware adminisieresring|s| dpseenof Gamppund BRer §ee Foulds et al.,
abdveN Blybdsimiplet @8refobtained hriopo d6sNgema aE018; 017,33, 0.5/9| 11§ 2, 3, 4, 6, and 8

hXLﬂ!!s Eﬁgaﬁrggsgglﬁg s@?ﬂnﬁ&%§lmg -ggﬁédnqg%&%tlgnogf (Q&F&Bg %g Sa{\gé ? equivalent of

Iven as
8618 BRPH CUTROH RS, sHbjpets) 8'25’31890 of e‘!‘i‘i’ﬁ’ﬁﬁ‘d’ﬁﬁ"%?“""‘é&@ée"t compound (fve
sws Fedds @t al, also estimates the contributions to the PK from the 1R,3S (Compound B1) and
1S,3R diastereomers present in Compound B2.

Table 3. Clinical Pharmacokinetics of Compound 1, Com 6und B2 an& Compound A

Dose
Dose Sulo Cmax Tmax AUC tiz
Oral Prodrug | 1) equiv. | (ng/imL) (hn) (hr-ng/mL) (hn)
(mg)
Cpd. 1 400 292 14641442 | 117 0.93 | 3455 +670 | 0.85 $0.16
" 600 438 | 1508 340 | 1.33 0.82 | 3914 3514 | 0.76 +0.096
" 1000 730 | 2860 570 | 0.83 041 | 6421 +1208 | 1.00 0.17
: 2000 1460 | 4667 £1181 | 1.33 20.82 | 13131 22101 | 1.10 20.62
Cpd. B2 ‘
(Foulds etal) | 273 205 | 1180 £280 NC 2260 440 NC
" 544 409 1790490 |  NC
4190 730 NC
Cpd. A 300 196 715 303 | 1.0 (0.5-15) | 818 480 NC
- 1000 654 | 1380 %372 | 0.5 (0.5-1.0) | 2350 642 | 1.11 20.21
- 1000fed | 654fed | 1130 £300 | 1.0 (0.53.0) | 3900 535 NC
- 3000 1960 | 2260 335 | 1.0 (0.5-1.5) | 5180 £1500 | 1.59 0.80

The exposure to sulopenem following oral administration of Compound B2 was expressed as

fraction absorbed by comparison to intravenous AUCs within the same study (Table 4, Foulds et al.) The
fraction absorbed ranged from 38.5 to 33.5% for Compound B2 at sulopenem equivalent doses of 205 to
409 mg. Using the same intravenous data in Table 4 of Foulds et al., a fraction absorbed of 37.1 and
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above. Bl ood sanpl es were obtained prior to dosing and
at 0.08, 0.17, 0.33, 0.5, 1, 1.5, 2, 3, 4, 6, and 8

whewwssorrm processed for serumfollow ng oral PCT/IB2007/001843

glnls ration o nd B2 3t 500 |va en
T o b melBe toh BB ! CHPRPBS O b oS P 1B 438 e
m@w@mﬁrvalent of sulopenen1parent conpound (five
subj egkosyh diffedsHt d@se%ﬁun@dlentsa\lfeﬁ@adﬂﬁr{ldté?ai &8 tlehefor the prodrugs is of less than

&Qyérgdfggéﬂﬂgﬁeage% er steﬁrﬁ: szr qure e]CorragL%dounagB %gmgnfg eb%s at least that

nNers presen

ingreaped ?ff’@éﬂ "WH&*P%@Q?&N’\%MCE%S&'&X BEO )ais ot rmprg_vad CHsYeRde.  Lipophilicity
(BRyP)awred C@Gﬂﬁﬂﬁu osihgAACIDoabe 9 stiftwite qichBfpBDewe.aSidbe.céimpith the following

IR RAkGel 1t dzb: doﬂﬁ&un@%'o\ée é&%ﬂw B{ heb. Chhs d@gé gb’) 1.0. Further

3455 670

E*’55‘!‘]‘12?(5“’“ gb%"%@%‘”‘?é‘oé‘”@ﬂ?ﬁ’ ? @gefsnts@s%w 5‘&"21 963“?%“96“”6'9%3“ Improved
EEOOeREE S8ty B genorgBated by Cempound 2108 viroQ@ing. ufhan 2gEGnal juice has
chABe 46 67 indrddd? inlord 3xdds B reldvleld dodd 01 1. 10 0.62 Cpd. B2
273 205 1180 280 NC (Foulds at al.) 2260 440 NC 544
409 1790 490 NC 4190 730 NC Cpd. A 300 196 715 303

EGRON 1000 654 1380 372 0.5
(O SPﬂod@i)}S 2860614 Bed Wit 1. @imatd olfiB@s fof tieb6Bving edinpbLi@ exhibiting or

p?&Qte@ tcpexﬁglt éfe%r Ql})re%g Q&Qoééé PNQJC?\%QQ h %@&r%@%a%gbn@y zphumans upon

o RERET o Pe3h Byl Sifene SProR T o1 S ComyDtaLesg! poveres
fﬁiﬁ@"'éﬁ‘p‘?%@%t'cébvhawa@m%ﬁf@@@m%’é@l’seby conparison to
I Nt r @vaR@cisSof AokSoutl RNhambnt hﬁreﬁt&tﬁ@ Bl oy oc(naa&irﬁthé’: prodrug gastrointestinal

SEJQM% g%re@&:tg%‘r p)& Zggntﬁ%ﬂt%gé ih QFd %o%éﬁ@?n%%&%\?g‘ r?p%la:%g wére evaluated

LR Sodet%’gbe}?g oL IPRIRY 1 e REzsHies O P GRFCHBH ek (BPyend stabitty i
hial etegting fuideddu SEfEienaJ of coraeréumatotmio;verwab $ondoed liak hSagdnate was also
cOitfered a\é@l&gg%lgplg{gﬂf%ﬂg) hirld tb B9Qd AR EAaiRS i %?r&@ﬂpcﬂ% for Liver S8,

ti | openem equival. ent
F%f% 3@ 1RE i“o"ﬁ“ﬁn‘% My 8%'5ect E|)‘F\9éé' pweﬂ‘f feﬁtggéﬁmb‘*mf% t3=3en[§"?°“"'“~" general
iﬁ%@@“@qU|valents wer e adn1n|stered the trend for the
prodrugs is of |less than dose- proportlonal i ncreases

|n sy§&%gk5m%&gg%#%@m;The Conpound A data denonstrates
reased prodrug lipophilicity does

not ﬁé’ﬁ’é%%%{?‘? N ‘taFearf%ﬂ SiEblY 1239 PORYPEIONL BTGRNSY IndiaR fivel homogenate (S9
fisftionphivei 89 Vs Kralacg Pestwien et duhkstsededus -7 “ABDedch lagalysis completed.

A%pr@xuﬁzﬁ&} vy & f(obeﬁg REDRsuNOY. rﬂﬁr{é BSd EbO&)%M tﬂx 181 of ice cold 100 mM

;%tg%g% hate ﬁgl Aéguﬁerco gp und 88?}% Haslt%ef cen E%)P@ A g)lr 20 minutes at 5
%eoafro&éﬁth %Pe’@??bf(ﬂm Baghdnpahstiendvas rus ot #HaQ @iion of the S9 supematant in

100 S!Mabiabsurypﬂosphbth e Hyag buftr Nkestioh1@l mil) Ware tinitialed By B¥ @éiition of substrate

(W fanl Qt(i?% 'lﬂé\!omﬁ?@ﬂ’) \Iuérg th@r?’ed%?@@,s’it, E%I ,qO ba¥1 g?%%a%d quenched

P M&bfa@mﬁ?y iR b o e p%%i%%é@mg ek st i
Sdioisn). FAROBRWEE BY/IfLdAT BICROINDT BEhIREE| 2GNthPraemapsts wetserred to injection
vRMaFikhbes d%r&d%ﬁ&nhﬁthb' oG {vas rﬂﬁh&é‘& M eMis heleRtrbhyi !Bé'lﬂl Conversion
t& g@g“%gnds se )éx Irel%%t Il g O%rﬁeér%g% é)% Ff]\ Led laté )%Etg‘ga[}lnt 5@ rp% in a fortxﬁed sampie.
Gempennds chg,\pqg@tcyn\qeﬁton aeensy ‘Eff)‘@?‘\‘t 75 A) or greater were generally progressed for further

evaluation.

Stability
In these experiments, the contents of one ku-zymé@ HP (USP pancrelipase preparation consisting
of: lipase 8000 USP Units, protease 30,000 USP Units, and amylase 30,000 USP Units; Schwarz Pharma
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15 oral admnistration; a lack of propensity to
deplete tissue carnitine; and physi cocheni cal

wee@pooRies favorably suited to practical PCT/IB2007/001843

pharmaceuti cal fornul ation and use. Eval uation of
'Ebri‘ﬂi'd’a%ﬂe AV) earBiifyvest Fiiged R0 <of 19QmMpgtassiumpiiesrtiate gif 7-4 and mixed to
Unifcainityp IEach inkybagiers ¢1 ) wasasih at1321°C asd wdm initiatey witls thi adittior dfesabstrate (50 M

ftng) m.a\)etsw p@fdrd ﬁﬁéﬁt;t d&glrsgmggsé@,lrj gﬂt erlglz@gﬁmek ldwirlglsibstrate addition and
‘ﬂ'g!acg %‘ %(& lﬁ-\,\?wpq%ép agft%{mllfﬂqoym aqwgnugr@gtgtﬁ Cpg#( g oon?alnlng an internal

. rodai (aopjstincy kdimlpa Samgiespire eanbifugechdiSPO0 g/for #0 miguteR Andthe supematants

thﬁ&fefea It ai,echdal Vi, (st prderEiebiagation 6f/ the fpradu Wik ShofitbrédOby LC/MS/MS as
fold)! 'ch I’L{;ﬁ.é\%ﬁ a sEBﬂEgﬂﬁﬂi?eto‘? a1 Oq'l'nﬁ‘tﬂes or greater were progressed

cons red a sl gnifticant paranmeter pertaining

ofegterir@eAtian: bi oavailability. In vitro endp0| nts for

Li vern Bible 4,FiRgle valnes refprdseatr an averape o twe duplicatel adiérmindtions. Where further
RieRRhHEE Wi Earrle8 DLtSreh @%\Ve‘ﬂrcghﬂﬂmd One 28 410 bdpRIRdA%s a mean and standard

ener a ocedur es. version Efficiency
SRR o e SR S B bl b R e B o o ) o
ef f i Compeupds h AnBrard B2 wass alsRAvBlurierbision @ serond Iptet k- ap (Lot 2), for which
data\i€shoin parentpssepar ed fresh fromliver chunks stored

o b o, AT Lo SOOUR B ) . ron
R°ﬁ‘si‘5“ RfosRsyete; Ruller b 7 18y5U91PF 3;98t“hé‘s‘i ertheonBeph B‘t"éa“("ﬁﬁt'“a' Juice were
ifcutigtedoal f37 8¢ folldWing fortiivatipe f substrtesat tcreantiations of 3009100, 30t 10, 3, and 1 pM.

%%dﬁjgfogﬁlpoagdsrﬂotﬂ&l&?ﬁan attme"_’sa%‘e titnel @arhp%!;' Abeut B&e &Ren at 0, 0.5, 1, 2, 10,

TH%@ ranﬁt}:t%in %rggau%{géh{etg ‘e”'t%gg éll']poé %ﬁép aa:?letg WOBHIn,m\momum acetate 'pH 45
99BpiRiag; AN itepRlcEnPR mpisilin 7 ugiml). Bereples waspeenirityges at 3009ig)for 10 minutes
ahe e sgtiriatadis @ahsteyted 16 hjeatibel ivials O RirsDbrdér dBgridatidnef thé pAdiddvas monitored by

Ldllﬁ@fmi‘ a@%eﬂbe@ eléb' (ﬂl%oﬁegpeé%gre J?:g)odwg ';'e?haf?\pi Qél’gl%ql tat Qach concentration

uenche

ﬂeﬂﬁ%’@ afvsisileoeabeti o prpmne s BRIHPS GRS Ku- A lnear
lpd-blot obkqes vandus comcengatinn caultt be ffittesllwits the fotlewing eQuatipn whete: i n, 5

pg/ mL). Sanples were centrifuged at g[)o g for 10

m nutes and the supemd%taa%%]{ C Z] to injection

35 vials. First order degradati'on [81+&Re prodrug was
trrgmstl}ﬁ:)‘rsaeur?e k"@\’g{ nP@es?rﬂc’allg%a%ubsgage cokgtgen?\%on 8&?1 ?ﬁél I&,lsko ) represents

%mgpm@qqﬂnwpmrate grgntwmp ciegrance ptihe sysiem@n tgw ia the concentration at which
I@(ﬁ oftbenaldmai edidciy(V g ofthe systemiissachiavesf fniMichaelisveotbn @id@yihtrinsic clearance

/n‘éﬂése% ﬁétrﬁab o7, .,gc,.%@ﬁ[’sﬂs Wi BIIAGRER S Abdndie uﬁuwf& Biee K., studies are

rgﬁﬁf{'ﬁt“ aBd m@ﬁeécs L..F trrﬁ%? r( Lé@&a@yngﬁghsnﬂ%g@ an intrinsic clearance of

rlepdmintor 8 Km @Ibnlswest ﬂ\'ngfoldd¢wer tham EssaueES Solubiily (eidesto saturate enzymatic
JHtidh) RGS ProgrBssBPar fifper dvaldtien. and anyl ase 30, 000 USP

Units; Schwarz Pharma 9 WO 2008/ 001212

PCT/ 1 B2007/ 001843 Inc., M| waukee, W) capsule were
stirroMblty 50 ni of 100 mM pot assi um phosphate pH 7.4

and rdquitigiurh Goluhifity Wasrdetetnyined Bra 25 mMphodpaiste Otiffe( (bHrd) af amtiiedt temperature.

\VHQC&?\EIh??\E e%eﬂod?@si bﬁysiﬂa@tb%ﬁer%ﬁer}oétg@foﬁ b ﬂ&:ré)fA pr the equilibrium

;ﬁ'lo tsarnca? es w{ﬂf pul%yl ﬁgerecgtﬁro qy 0 gﬁgnu(g%rs\%w é’g OBY\BY'{S'% r and analyzed for
@umglnmﬁ@oadmgt HRYE- Thel HPifei canditiand wiaiet GolgdngQ) Chd, smrmwsmed RP, Waters,
A6@5® Minh B 5 @MidH) Mableaiagena: m&tamﬁkatn@ow bhaée B: 0 @%tm«nh Weter; Flow rate:

ﬁﬁb&uﬂtiﬁk “H%le gb rﬁhe@%gg(b aB.QtlF&l)rk % S anl&erf %@on%e/water (50:50

were centrifu

‘éﬂp@?ﬁ%ﬁ%ﬁ"ﬁwmﬂf"ﬁ'&* erred to inj ectl on vials. First
order degradation of the prodrug was nonitored by

LG/ MS/ M5 as described bel ow. Conpounds achieving a
stability half-life of about 1 mi nutes or greater
were progressed for further evaluation. In Table 4,
single values represent an average of two duplicate
determ nations. Were further 10 determ nations were
carried out for a given conpound, the data are
expressed as a nean and st andard deV| atl on. Al of the

o - Y 1 o,
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15 pot assi um phosphate buffer pH 7.4. Aliquots of 300
pL x 6 of the buffered human intestinal juice were

wo pmsloa2erl at 37 C following fortification of BUbE2206eH®1843

at concentrations of 300, 100, 30, 10, 3, and 1 pM

ReBEEET yg conpounds could be run at the same tine.
5 taken at 0, 0.5, 1, 2, 10, and

ZdiRi nut egsand quenghed with 70 pL of 80/ 20

zrosiboni trisl e/ 100 m\sanmoni um acetate pH 4.5

Yomitai ning@ an inter¥al standard (anpicillin, 5 pg/niL).

Sanpl es were centrifuged at 3000 g for 10 m nutes 20

and the. rnatants transferred to injection vials.
Fi rst—m'gm—@e T Hg%"'stdegr adati on of ty{ég\xgr odrug was nonitored
d ;

by  NSHREPRIES sereqdeleapingseen M0 ¢nplizne meltipgPaiit apparatus and are -

@catketed remai ni ng versus tinme at each concentration

was fitted to a first order decay function to

determ ne the substrate depletion rate constant or

kdp. Suapt Pr pl ot of k, versus concentration

coul dRueeched sampigs ftom ithesdhig vitro lekpetiments wanrautantiind wiingrl€/M3/@$. Separation

\!Gaﬂ;, d_ahit_a_vekﬁh @Plﬁ]narﬁoneiplinﬂspﬁbrd@wz-@ chlifin rﬂln'tﬂ @0 Rb 0l usify b binary gradient
ini 0 S [ e ntration er o 0

bl SBUE b oy, P 536 bt OF Bl and PR P s watr 1 95%

FoRePiried | 0! % peetl agite The infeffien ¥gjupeswasatils Hlae polumn wag eqpjbrated and the

gradientinitiataut witb 1004 A ats ol ratdiat1000Qi/nii) erhergeadien was/@inpelith Y00% B within 0.4

i, and thé&h babid'® 190 WY 0 SmAC mn%}fiﬁrf/lwaé &%&Hﬁﬁ!ehﬁ%%g%@g ug/mL). The

terns, intrinsic clearance ., M represents t I .

et ARANZR B 2| g=S sReciaater fgfocion (Shex Rk 3089) i wiha rbo ion spray
ifeiftcs aidogperiated epositive Snubide wittear declusteripg pétertialion1qYMesipetature of 400 °C and
¢oibbibrl hdigh ofls® 2APRSIEdRuds GuibpenBm B bpicife WefePonitored by MRM transitions of the

c nds with an intrinsic clearance qf 30 <0.1 nmn n )
PO B M (iR B o ) BE,E5oPR fce{ Jespgiplongistia, The tpial
Ypproipiangeofthe pysayiapped frem 1GG10(10.880ngEMzynati ¢ acti on)
were progressed for further evaluation. Solubility
Equilibriumsolubility was deglgsi ned in 25 nV
hosphate buffer (pH5) at a t tenperature 35
Vi al s| cont ai ni ng excess prodrug in phosphate buffer .
were rotated for up to 48 dauns. After the Muj | "HJT] B
pepa.od, sanps@gtue’ € pul | egay. fli Iﬁ"@r"l?ﬂ'—tfhrm@ of solubility
Gel maln Acrodi sc Nyl on syfi@ge |filt®™and a zeqavgpor | (/ML)

drug concentration using|HPLC| The HPLC coﬁadf’ i ons
wer e ! Col uy rthi el d RP__\MAters, 4_6x150

mm 3.5 m : X ile plhase ‘A: Acetonit rirhbe; Mobi | e

phase| B: 0. wat er; FllqyzLag 87910t UM N Run

Ti fe:| 30 min;2tqj. vol: 20188L; Det eg@i on: [29D |nm007 1209
Di ssof vi ng sol vept_~Acetonitri|ll e/ water (50:50 | 40

v:v) .| Result jn Table 4. 10 WD|2008/ 001212

PCT/ | 01843 G adi ¢nt uged: Time YA|%B 0 mn 5

05 2 ny ’@irﬁnS%. 30 Mn5 9% M|ting

Poi,nt | poi nts ye deternjned o MEL- TEMP

3.8 clapi {.ng poi n?gappar at'us andwaﬁg 0'1§ 2900

uncor htation of RBrodrug Quen¢hed [sanpl es
fromfthese in vitro expefinents were quantified using
LC/ MY/ MEB. paration 15jwas gchieved on @ Phenononex
Pri mesphere colump (5 pm 30 x 2.0({nmm Wusing a

bi nary gradie made up|of_  Sol vent 950 water [/ 5%

acetopnitrile / 1% aceti cgozgci &gigﬂééggﬁgerﬂooB (éb)%s 136

wat er| / 95% acétqmytrile / 0.[1% acetic a¢id).| The
20 NL. The col um was

nj ecti on vol une
equi l i brated and the

11



gradient initiated wwth 100% A at a flow rate of 1000
pUm n. The gradient was ranped to 100% B within 0.4
woreovs/ooan t hen back to 100% A by 0.9 min. AnpPCI/IB2067/001843
was used as an internal standard (5 pg/nL). The 20
—effHuent—was—anatyzed—byarmess—spectronpter—tdetectot
(Scilex APl 3000) fittediwith{a turbo ion|s riy
interface and operated | $9posi t] HIJ Clint o
€ed| just er i NYrustwreent i al  pCoriv. O\/,'Jplﬁl kg'?eat gf (mld@in)C s(‘:::,?,':l'_t)y
and | col lision energy of (@8V. prodru (E,,,g)sul (onem
and arrpicillin were nohitored by MRM transit|i ons of
the T protp rmat et parent—ress—to a nmejor fragmgnt—Tonimn
t he [col I uced d|ssocilation spectfa. The
typifcal ¢ m ~ange pof, the ge 0
#0000 ngtml. 25 Tab Lo E AR el g 1Ok 5| o
HWd i nt Cpd. Conv,| P) (nmUm | n) soljubility
nllll\ (avo - \ln\ mHN-rl/ 100 11 7
ol (& _QQ_H 1 11,7
3.8) P09 IN M O2 76 [19.1|105 0. 183
2900 D 1.1{(6.3 lot 2)|300|0.38 136
B2007/001843 S9% H J HJ Cint
F2E i|ie4 |CHE (186t ir4® Cony.09 -
(mn nmL (avg) (a 9)|(avg) OHHH
lot 2) 29 0.11 389 O B2 94 11.6
ON C 2.4 21.1 - -|- plD- -"-]-
24 211 - - -
]
D - - - - -
E - 6.4 - - -
F - 47 - - -
G 100 212 390 0.18 -
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O OH

100 21.2 390 0. 18 -

HHNVaFo- 4.7 -

OHHHN-~ 3 VS+~ Go

o 12 WO 2008/001212

wEAsE2007/ 001843 S9% HI'J HIJ dint PPE Hal f PQi/fB206K1001843

solubility Cpd Structure Copy. (mn) (NM (md/mn)
(NglrrL) (avg) (avg) (avg) HHHOo 6. 8 - F - 0~-L OHH
95 14.4 - - - H 5~S+~ J B HUL |- iy cfintO y
oc,,d M HH N&M,‘Ar 2 14, m,_ - PBE Hajf L'teH HK® S (riintin) | Solubility
tealL - - - - - (an) (mm) (“M) (an) (pglml-)
(avg)
é‘
= A,
H - 6.8 - - -
T
Pt
I 95 14.4 - - -
HHg
/ S—C‘S*Vo_
J ° 86.8 1 - - -
¢ L
Pl
r:/ S—Cl’wo
K $ 47.2 14.5 - - -
|
‘s
OH
' e
N / S—CL’\O_
L © - - . - -
¢ L
.
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0 13 WD 2008/001212 PCT/1B2007/ 001843 S9% HW HI J

cint

wCmoso012rE n) (NM  (mm n) (pg/ an)

PPE Half Life Kmsolubility Cpd. Structure

( avg) (avg)rdansg)o70bis43

HS-0o0- 0MO 20.4 39.4 OHHHs N ss+
o O N Ot 1T 111 —0t; U‘IJ.I‘II‘II\Iob\ — 0 00—
8.3 - - - OO-|HHSS~S+ NV % PO - 4'2HIJ - 00 QH
H 8 Ns-G+ 0 O S9 % . HW Clint o
Cpd. | Structure Cony. | PPEHalfLife | Km | o) oo | solubility
(avg) (min) (uM) (avg) (ug/mL)
(avg)
OH
b
/5/64%3—@*\0_
M 20 204 39.4 - . .
, o)\)</
OH
Hys
. /) S—CL‘_‘O-
0
N al 14.1 11.1 ; ] ]
OH
b o
W, S—C\s*wo_
O
o et - 8.3 - i -
o;\q/
oH
H Y
N S—CL’VO_
P ¢ ; 42 ; ; -
$ o\_ :
P
OH
Hgs
N/ S>C\S’Vo_
o}
Q ’al - 48 - ; -
(o)
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Q0 - 4.8 - - - 14 WO 2008/001212 PCT/ 1 B2007/ 001843
SO9%HJ HJ dint Cpd. Structure Conv. PPE Half Life
wdkmogndzamd n solubility (avg) (mn) (HV (avg)rPQT/1B2007/001843
0

(Ng/an) (avg) OHHH NS-O5**OR 05.3--00
AHHS S-0S+,vO O$- 6.8-- - OOJCHHHT -[7.7
--OO C]—IHHN~SU6.4---O%HI-'IWNCIQtV-

- - - > * . N n -~
de.l 0.5 Strugurg H HH ﬁlsé %PE(""‘?SL“Z' 9 (K::) (mL/min) s(o I:II::L't)y
(avg) g | @a |V

’l::

—C‘s+
~o.

v - 105 . - -
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O 0 15 WO 2008/ 001212 PCT/1B2007/001843 S9% HW HW

Adint PPE Half Life Kmsolubility Cpd. Structure
wazzns/oigma n) (p ) (nmbimin) olu L) (avg) (a 9)PCHEIBIYOTVN01843

OHHFls Ns OX-47---00 OHHNs~s+~ o0Y

8 -1 - 00 0 H N OHHH PAA O OCanyting

Deplietion Small al kyl agids like pivalic [ 4 which

are |fully substituted at SSMe aqﬂp t Hid Clint

etk Hoxy| at Strugiuee not  suf €en¥% ent FEQIQ" o yfd @rnlgh s&g’,’,’:,':_t)y

(3-dxi dation. As a resul {2k arnltl ne is paygdt e®™end

acyl| camtine 5 accunu]ates|in the tisspe and

blrogdstpeam depleting free goncentrati ofs of

cam acids that are fully pubst|ituted at

t he ovide the|potential tp dedrease

cam tTe body.|See Brass,|above. This

has in short| courge tharapi es|wth pivalip -

aci d-cont ai%hin odrugps whefrein canmtipe depletion

resylted in inpgpred fafty acid oxidatiop and inpairgd

ket ggenesi s. Se® rahapsson|et al. Biogchem| Med.

Metab  Biol 52 18-211(1994). A prodrug sidechain

that| is eI LM nat ed rapidly apd safely 10 and jwhi ch

doeg not ete mtipe stpres in the pbody |woul d b

desi{r abl e ic conyersion of pertain snal

| kyl o their glucurohi de conjugat es provides

gﬁ efficie pa_pvva of| eli m nati oh fron the body. -

Val proic acid, f@r dnstjance, | has been shpwn tjo be

el imnated extegdiYely Via g|ucuronidatipn ($ee 16

4 - - - - -

AA - - - - -

Camitine Depletion

Small alkyl acids like pivalic acid which are fully substituted at the carbon alpha to the carboxylate
are not sufficiently catabolized through B-oxidation. As a result, carnitine is acylated and acyl camitine
accumulates in the tissue and bloodstream, depleting free concentrations of camitine. As such, acids that

are fully substituted at the alpha carbon provide the potential to decrease camitine stores in the body. See
Brass, above. This has been shown in short course therapies with pivalic acid-containing prodrugs wherein

camitine depletion resulted in impaired fatty acid oxidation and impaired ketogenesis. See Abrahamsson et
al. Biochem. Med. Metab. Biol., 52, 18-21 (1994). A prodrug sidechain that is eliminated rapidly and safely
and which does not deplete camitine stores in the body would be desirable. The metabolic conversion of
certain small alkyl acids to their glucuronide conjugates provides an efficient pathway of elimination from the
body. Valproic acid, for instance, has been shown to be eliminated extensively via glucuronidation (See

16
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WO 2008/ 001212 PCT/1B2007/001843 Zaccara et al. din.
Phannacol ., 15, 367-389 (1988)), while pivalic acid is

wexmsstred al nost entirely as its acyl cam ti nePCT/IB2007/001843

S8 e S5 3t o ) RSt ey s
ap@mitine gerpugate freliumsodht See Totsakeget Sl iAnting¢roh. Agentssand Bhemother., 36, 757-761
(t1 o2 sik anfbeta@pr@éﬂﬁi Ritisuble FHargbLih RGRTe & traRdiite RQubdtantial differences in

metasnelocdlsposﬁ 9‘8%%1?'3? I kyl acids. 5 The netabolic

convers ¥8mal | al kyl acids to their _

gl ucdh® H‘P‘E@"‘é ey RIen & serainosal alsy! apids g fifelr glugienidgcpoRiygaps provides an
eficient] pathivayadf eliﬁfhaﬁdn(imntﬂliuibobyb Chyalproiéedcia for istzmcd, Has eers shown to be eliminated
éx@ﬁé@@%’glu @o% séehi%\é&rat & ap EIIne}’ﬁamr%?lt %j 36'?5%9?@5)\/ enlhye pivalic acid

Vvia glucudroni atl on See Zaccara et

pPXSTele @lgipst entifely as g ac "(e@%;@fe'"'\‘}dﬂw% pi vaI ic acid
i s eXdintetesiivaa b nemparison betweén Caompoind 4 andt§dmpauridiBi1rineterms of the prodrug side

GhIRY' 16KREhE) of Bk thEidoN o defibte pladnRs Alting/Biowing Fie@Bdkisrh 6Kk intact prodrug. This

\pag \\Cllﬁu%&d %O\g\}gqjgﬁgar} Qqnqgglrgpga%ﬂe %&pletlgh Leskrg@h OISaineP%ts To understand

A na crehdenc er eo
Bfrt%‘f' IRagisiiriive Aadiqiabaled PMAIE GHF Hepmprynd IFY] Sidershaip) and 2-ethyibutyric acid
('thpu]lid PsideChhsig). weldadininisiasd @aliq bt dosel ofi 200 wigikg BIDsford)d=y$ to two separate

@&1?& Br m%l Tﬂg Rﬁﬂ‘ahh W%s %QL&:“\;VIHIO‘% htnthegwrﬁﬂH %ar@@ﬁ‘h%srtnon) and had a

ten ] al LN VI VO
pagle 89@{%@*@%%1%?. oA st 7 PHOE e 1 2 o afon aciacent o the
qarbanypcagtion {2-figsitian) ang had iagpecf G:eq:tiptywﬁ@woﬁ K/t Gesgsrwere/giministered in 100
ratdl Bbdilin® prdshete PHAE 3t ardosélvalecof @b mERE. BBéKGimBle®wb@lobtlined at 24 hour

|§€i¥a? ?o?ov&uiﬁolsiﬁﬁ%gﬁ P%}%hsu%ﬁl H%?es?e&ie@g glrg_%ﬁ) Car)%dvfgrl lza?mtlne levels by
LCMMMS; tA yehycleasratrel Lansistings ofspyel 3dministration | ?'e P velumez of buffer without

qoOpduny) wasldoenpletee bdy bisaling rcompagisind As/aisown drbEigueel 1, \sinimals Teb&iving 200 mg/kg

8b of Hiaii€ Q&Obgﬁw&d&e@fég% idvels toh?asnﬁaémw Jela%rtp %}ncle oonirol By contrast,
OS|I|0 atS eclLT1 ¢ acC vit

%@a rj@;em%gé garwec}oge gf g%a@u& over cfeuré/qmgsﬁ c{?monstrated statistically
insigni§esntohangpsHn plagnacgamiiing] gggesjing thisreomppbunti@logs|tietcausel cemitine depletion.
S arrpIAesspamé Sudy iRy rdle00 Ad/k§ B4E of dat redidlabeed Edapoehdi(fgilic acid and 2-

ugdy patdP{O I
ét@lbh E%rﬁ%a%?rtﬁafeﬁég e(/ i o g&érﬁf\% %’/@%Wﬁ Vehgpldose following oral
EEREFEEn.c SHs ot FATPRIPIGDTaYts GRS PorRFBIT BreRried dirh the majorty o
hydrolysiseofghe pradrigsrwilvbecaowithin?2e intestireupnior tostedrgngybterie dir@fation.  Plasma

samaas'sa&de ra,staﬁémfar tosabe.n A% aWosm Rl gUsh 214 nrq;eétraeées Samples were

elvin g
rea?é%#‘é“\%vﬂg f"qﬁga ! a&%ﬁn"?ﬁ" 'éq gl “é’"isowe'e converted to g
e'm'%\hénlc ofit phewn iByTable) $t ndsfigure antnas ieksobed pdjdagiyity pesociated with 2-
QlyibetyibaRR i© tleateded b YOIt thén Fiedicladh Pefledtif efficiint Metabdiic frocessing and

gg,gtﬁ,f,gﬁﬁga&mg&ﬁ jed statistically insignificant changes

in plasma camtine, suggesting this conpound does not °

caus é&Rglpoly; er@ ‘U’é}‘ﬂ"@?‘f% rPf PRAJR omaeuad dt i gt BIPPFiRY i@ result in camitine
deplpiiph ovh2®Es auginisgatidosfcConpowa Bhisr adi ol abel ed conmpound

(pivalic acid and 2- 25 ethyl butyric acid) was

c:orrpl'lae d n ra}“stto \d'? m ne S'SguSllé{a‘%F%Ilowm Oral
O& Wmummr yHE acid d('d dsd Of 200 mg/kg (100 uCilkg

T hahdiinisterdy Or | ty orc.nanydrol YSHSIf-e T he prmcugs T CUF
occuCompoutid N t he i(pg epmihe [ri onthd 0 ent gwrtugopqdmigt ejni ¢mL/hrikg)
ci r chivalic palgh.  Pllasne24743@pl eg WEEE6Iht i N66R4K2948r to 3561143

dczs&tmbmaaa 025158287 1, |4 592080

Canﬂnl es—wer-e ayant | -F| arl 'F ol —r gr~|| ngr\'l-'
AT P \vxe ) V\l\/

scintillation counting and the counts mere converted
to pg 30 equivalents/nL. As shown in Table 5 and
Figure 2, once absorbed, radioactivity associated with
2- ethylbutyric acid is clearetf 4.5 fold faster than
pivalic acid, reflecting efficient netabolic

processi ng and excretion of the conpound.

Accordingly, oral admnistration of prodrug Conpound 1
is not expected to result in camitine depletion,
mhereas adn1n|strat|on of Cbnpound 131 |s 35 Tabl e 5.

o e o — . - .
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40 17 WO 2008/001212 PCT/1B2007/001843 C her
Properties For purposes of convenient fornulation and

waeiosamizii ty as a pharmaceutical product, in SPEEIB2007/001843

enbodj nents, the conpound is preferably solid at room
ten‘péﬁﬁ-ﬁ%’t—eﬁreferabl y readily forns a crystalline

sol i dfor punebsessofr eonveninetforpulstionland suitabiitycasaal ahdrmapeutisal product, in some
eDibS&M&ﬁé the corﬁiﬁbﬁﬁdﬁb‘ Bldfeibb%&ud deosm @n@@ﬁtu?d? préféRaibl rdadify forms a crystalline

roperties. In addition to
SBI% R regsoﬁ%gq) ﬁtabﬁtto geﬁﬁgatggquat ely soluble in water,
Corrpound 1 was fully converted to sul openemin the

| i vemDisB&sioexperi nents, exhibited a relatively | ong PPE

- hal f doinbdiing #4ds @etén%h&ttb gﬁm alt88rabiB torhbilatidh of br8RHRE.CA addition to being

and sat

R ] 2o Eovole e Rt Fkes T gt Silorgpern i the ver 59

eppesipienis, @shlmted grelatively tong PRE/hnifile| and  relgtivelylow ipRnsio gea@pceang saturation of
itEstihdl eREpBled huMén lestinal Gide. (BXkéd 6Hemhis Idata £Congadel was predicted to exhibit
fMaFaglg\élﬁ'ﬁcal F@swﬁéﬁl V\gg %Erq'ngp Ey thé I:Iiﬁlcacl %’Joty Séswibgd %Qg tl\hb‘?eover as evidenced by

does

15 SIPTe-Png HRiCOTHS Yep 5P Pecerom GaTPOURS R R A BipRgbity. Thus
Guimpbuerel st caribine &t; leagb altiofogarkd dal biwaneaildbility] lack §f, cainiind liability, and favorable

d’ﬁ?sr&ai priferties. ap\' éohtFa¥'o otﬁ&qarédﬂ}éﬁ’ iR BhrSculal Biers ‘B@Anng alkyl side chains, were not

SRR 3 P SRl e e P G 4By 1B oty carton
aﬂnhé@n the egtert qqrbnwt gRuR Qf dhecPremaiaty (9t Compaupg C)-n Shess ale predicted to have a
pofuRl ahmifife KaBINGRO LTIKES of tHeOtedt/coPOiAdS hbd Fdldtidlyy lo® SRHEOSability and/or S9

t%’\\gl%%nt %&l&’ﬁe 8‘3&\% (ﬁ_arﬁpwyld 850bich J&Tablwe {ﬂfﬁ}i@é @Erx not tested due to

are pre
%@ft‘g‘?ﬁ“i‘ %‘?‘a"&%ﬁﬁdl'yﬁ%“ﬁb%ﬂm"?sty Seed@RER of the test
conpdenidg Geaioune R atsp wad shownte HaREfagaratits dtiribuesawhichgnclug@ its predicted Gl
eIty BhEBiGHRailatbiye S IS hidWgbe fbiext abi 1 ity and oral
bi gfgval Ilabai“Ial t&ys d%h*sl I pgpﬁers V\e/ereenot tested due to
difficulties in obtaining readily testabl e sanpl es.
EAPOUND EXAMPLES Pr odr ug Conpound 2 al so was shown to
have Thap@sab ineentidri will balfudiser iiktiatdad by midabkdler thel fBlloing Gbrditniticlg examples.
tallﬁite asglobéng% @ﬂ@h Wa? %gé%' ’nathé E&'rJJant & N%).ﬁ&iié% GRb prepared acoordlng to

|$ E t1es, See LES The present
ATeR( BSRP1Y 9oe further illustrated by means of the
following nonlimting exanples. 25 Crystalline

5dmeP m@mnymtuxsﬂum%ﬁetﬁys@d 65)5- [ 1R 1Ay RSK§eHhyl]-7-ox0-3{[(1R,3S)-tetrahydro-1-

xe ti,0n le 11
Sy i iR cbh 3RRLAE e rbie Chrybt BT, )

( 5R, 68y it W&%}lquwg aeRrinp 1°7th%>§eﬂ9ws‘9[8f'(em andyes¢riptiqng
hydr o- 1-

oxi do-3-thienyl]thio]-4-thia-1-azabicyclo[3.2.0]hept-2
- ene- 2- car boxyl ate (Conmpound 1) 30 The title conpound
was prepared according to the follow ng schene and
description. 18 WO 2008/001212 PCT/1B2007/001843 p

| 40 SOCl2CHCI2 0 I. zZnd 2, (CH2ZO" OH O Ii.
Distillation C 1. Nal, Acetone H H20, Na2S2C3

EtQAc 99 s POONP O ON S H3C +

18
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HS;::: HBC S[D<] o 1 ~0 H20, Na2Ss2G3 0 OHI1 0 O
NaCl, MOSO4 Activated Carbon EtOQAc, MBE (r) EtOAc

W@R0S/00MBE t BE H (Recryst) H3C'S N/ S O CPOMB2007/001843

Step 1. 2-Ethyl butyric acid (1500 g) vvas added to a

tign afoct lRienyl_chlyor ilcreck €BOL §)—
di (ﬁ)—e«g net—harne_.('ocg }_J({? aver 1 hqur. m X{ u s
heat’ed®fo reflux and wss nurieied py GC?_g\a.s L. Nal, Acstone
chromat ography). After approximately 2 hours, the [!IH;0,Na;8,04

reaction nixture was concentrated via distill at i onyaf®*
[=]
5 |at mogpheric pfossure. It was then cmool ed A22 C

di ch,l hage/ (0. 75|L)_was addeqc sth re o
s cégézgg/ ed once| adAH**%i™ at nosgh preﬁs rE>_(
t og ex}Jo 'Cof r ¢@n, viap@®s Of O he eagent s 0—\
u ed al | @#xbaust ‘gases RyEBassed thrdudh a we '
caustic scrubber. St Eavelvie@roni | e, a mxture of zinc
chloride (18 g) and par aF'B‘f‘n‘H?Edehyde (480 g) was

prepared. The sem -crude, neat cacid chloride was

- added toetbkd $ mi xture ewer 1 at anbi ent
terrpera,g ith 1kc ni stirring. After a
smal |

observed. The tenperawlre \of ~ reaction m xture
i ncreased from anbi ent ( B to C over 5 m nutes.

The rsﬁbel QfEt gﬁgﬂj&r{c'a‘eﬂ Wﬂ)‘é g?lmfgi\%?dleg go %%ﬁ:ﬁ&)\l ofttm%yl chloride (1800 g) in
e

uct| on period, ﬁﬁgnpfi ant exot herm was

B ¥ e e Hemid iy @kochod 4y Geptrea by GC gas
chiemetograPhih dAflea aprseximatelsti2 baursy Higireadtiont reipre rvees (¢gpnserfittated i distillation at

aBftdbieri® prédsurkd 1t wae thes cooled tM%FHu;’h%n{eﬂlahé 026 d) wdt%ided, and the mixture
vﬁ% %Ergrat%g gh&@ggh gtﬁaﬁrpo%@%&g?rg&llr% bQ@ftOth e rX@t!oﬁ'ost‘queﬁess of the reagents

5t 2Lt QRRESWEER ERESSHTPUOR A WEIFEUHR SUEPRr. | ) The
conbistep@: Meapahiieca mixtugesot sincehlodef (18 §)aine parafathaldiels/ide (486 @) was prepared.
AR hi-& %UHJQ L&d alidrias dad Qﬁe&{ol‘ﬁqg mRﬁJRQ(WéF 1 ha_d? Gt &Hh é#\'tjgnperature with
ur| ge vaculg distil tlonréf mﬂ—lg'Tn b 4 Th
e TpuRal s Al ATAb MEGRERG, PRy 2T R ROk poserved.  The
t&'r@f:?tl{'se of zheFegjipn bmuwmeaa&sil fymambienio@e 1G)yd 50e§!tqyer Y i@Qes. The rate of
@alltldms dlosEdtb 6ol the exG®EMEnd(rairltain thd Reaétidh St 5020. After complete addition,
t§eo el |th ﬂm&@é " gl%@eds% legnh Q,ng e(l ]at gmbi?At rﬂrg}ef"ature fO{ a1\ additional 18

resulting reaction mx ure was heate
WWsction conpletion (2 h (hours), nonitored by GO).
The sdleptine(d L)varsd t0Pcanueane salilint deasbotiEte siiutibre(3)1.¢ wadke Ulied charged and the

pRERE Gere E@H&Fatekauﬁ'“é aq'if@rfug E‘\as@k&eéxh'éczeldbnﬁ‘ ﬂ-‘i-'teéaﬁb o0 EI"ﬁe oomblned organic

PR AP e e b o B e e ﬁ@@*@sﬁﬁ prOGucE was purified by
vaguegigdiatnn d10:AM mwticd togive 587e of 2ethylbutyioesiqplomgethylesterer (4

L) astp BOZEwicbufit 66d EHldrdhth§0dstel (700 gf dad-dissolVEtLin osleHai (§ L). To this

ﬁ?/ I Ma%‘%ﬁ%e&jgdgﬁgu I&YO? ({T%? nﬁ\g kelémiv\g %a%% %\D{fﬁé \%ﬂ')e?ted? % reflux until reaction
°B'E'JP'§PI°“ et ngs)ef"ﬁwee 2& GE) 7“@ SOlf49g WP [ER Spciedfgmbient temperatre where
terttastyb mathyd cbttten (7L as8% laquenbisusagliu(ncthiosulfate Y4 LOwere \aéded. The phases were

s@pa%téhyénd Hétovdahie pl?é.%é daé \Péimlth X&ue@&tsgalum ﬁr?os@faﬁqjl H)t io@ Byrogen water (4

) g 2B et cptle sotdon 4 LS i, ppert et wetg) e egnepiam sutate 350 ),
fiferedy a'Fddbe#E'tqﬂsq wasyaghed ivitholan-Sitvk ethy! ether (20Qield- {Toe fifrate was evaporated to
aamall Voumef(cas 21 Lyap giveeziathy? B rigacid itioMEtEYl 8416, s sBlufidn in tert-butyl methyl ether.

N, N- @ie'psﬂo Rhe %I %;ugg l‘eﬂ%&emethyl ether solution of 2-ethyl butyric acid iodomethyl ester
from Step 3 was added to a slurry of sulopenem (750 g) in acetone (5.9 L). N,N-Diisopropylethylamine

(DIEA) (319 g) in acetone (0.5 L) was added and the mixture was stired at ambient temperature until

O
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(DIEA) (319 g) in acetone (0.5 L) was added and the
m xture was stirred at anbient tenperature until 19

wOoB0R00241001212 PCT/ 1 B2007/ 001843 reacti on cop@i/at20emo1843

Low p en water (6.5 L) and heptane {FB 75 Lng wer e

’ﬁifﬂ%“u‘%ﬁ‘ﬂ'g tiop Lov H’ﬁ%@g WREeF 19-5 's?é‘ﬂ%n?‘g’faéﬁ (3.7prd wetg fddgsiand the phases were
separated. \Ths aguebusdayeedas éxtradted\irst withhteptapan(@ L andithenawitt ethficacetate (2x 6 L).
e tebhyiedchidle eReRisalbefe @%lr@d la)ld was_EE@ wif 5")!( laq@o6d SHdfim thiosulfate (6 L), low
pglzéta a\ﬁf,%t?r (ng_éuptf ?& lé)eOE SOdIIUgI ghlon Z)g 'e) h %ﬁto& uege 3ct was treated with
3]?0%38&%@%@5 sbmdumgefﬁ'tm F”éf%te ‘6"0@/ theRevag f@qﬁ?ﬁ (o 't"?’é’é'fe was washed

- Wil Ssthyirszethte (2 s tLark the filirata vaclevapariiedto (dibess )to piodde the crude product (0.8

k{gﬁg %ﬁﬁ'a@%@ w I Qtv?as(ailé% ﬂ)ﬁ thetQG{bn% hgétéot @5 %& ‘to ;a\?eve dissolution. This

| ter ace
salyin s 5 ol Bieept g Tt Pl PUPD (4 ) B G B djting sty was
granglated for 80 pinutes @140 (O a0 *R@hd was thenl cogledsionicto (e23s tham JO I sThe resulting
RO caré&ea R@stza hith baa e Beaﬁye&e{afé%n@)entbetyaﬁéweutﬁe cé4 x 0.5 L) and

c{% ?%%ns{a e hir lhl?rld rva m a& g;;;&@.? to %ee 5] S?Ig;tof he %sf?reg groé‘u (60% yield).

r es#tepi %g“@l s&F‘I"}fuqﬁaB'WLﬁ'f | k@) s rslyfried dn gih Acetateat!-62(0-) at ambient
ténfetatb® heaertberdse Waethercaipsted ts¢a098 3C tb @chiers Slisédnaion. 1this solution was

th—ﬁltygﬁ tJ |%§1U¢et -hé&ﬁbué %%{lésqhwéﬂ-&y Ln%fﬁ?% r Wﬁ%s%&e’& Fhe resulting

uty

w loI o e I%sﬁ an % initigte ermt %/[ was collected,
. s@i"?ﬁ%‘r 3(54’ Wy §o¢ ‘1_ &han &t ntgte comeliZaien- Wi gt RIPRYEY

waskeguyith at1:2 mixture 06€Ih3¢:amatg$n¢ée®mmktgvl ethert (h 1@%@Lmd dried to constant
wiightluhabr vaBld at up k80 °C tSlgRe 0:38 kg bRheS @tkedidtde: (BB RBIEY The crystalline
&é?n%éﬁuat‘é%%temsed%b% noh-6 akef& ethyl acetate (1.65 L) at

erature was then adj ust :
to caH NMG (W$%'d®é%@%§?1§'§g¥'1bt5ﬂ@r@ Thd 54 %%*r'zort?a%rﬁmv@éﬁ 381 (m, 1H),
Fot(mf 1H),t2e6 ¢al, 1H) 218&(111]\15) 285 (o, aB), 236 (MPH)] L 19®, tH).EMSH(@MH), 1.10 (d, 3H,
Jug M yAezbylengt her (3.6 L) was added. The resulting

15 s Q sslo cogled to less than 5 Cto

initi tied‘r’ E SP? V\w@ ‘%The solid product was

col | MWY:&d7- 92 gmdhdMpleg) iorm. z:CdH2 N R¢.ur e of et hyl acetate

and taqidoudBsiupility (PRIt pYbspRitdSUer 25°0): 120Pugrh). and dried to

gozgt(%mals foyfing:gg'\éigl:'@%reé ;ﬂ\gtgéjm%rﬂégogg)eég a 8 s;er#gutgr\r%g for X-ray powder
mqnw pmﬂgs weﬁeaqnélﬂegpn ﬁéé?"‘&'é"t %ﬁo graatgdd’owger Diffractometer equipped with a
graphites mbroatirerdiator 1ard NIVRu (BIVB®-AJ eX-rayt 86urdet-bperated . af 5O (kY, 4BIH)A. Two-theta

calibkadion Has p]sl‘fbnnéd Tsirfy- anNBSZica sBandard. (Qm ";Drepa%tl&]wag %rfolrhgd using a zero
t(aﬁ]fgroz‘\_é) sa Ieg teH?W c%fr?_ﬁ?on nlt%a)(_t&ﬁse s o glra%)u%_%;‘ is %i'_@ﬁvn in Figure 3 and

tibumdef‘d:'gll&# J = 6.22 Hz) .78 (t, 6H). MP: 105 C
MassS. Spec (M+H) " 478. MN 477 92 g/ nol; Mblec.

pig%% (Aol %néerlhlwag@'op@% gﬁ%@éjgﬁ) éhidr&ﬁ%‘&yﬁ 7.0x0-3-[(1R,3S)-
4] 8""’?‘3&‘ %’Hﬁq"@d‘tf"ﬁ Taprbic (Ylhegt2- %F‘@rfa@%wgm(}@l"é’ 2)
submiThé tittk chropouiid wasyprepared @ccordihg td thefolawing scHeaejahddesuriptian.
anal yzed on a Si enens D500 Automated Powder
Diffractonmeter equi pped with a graphite nonochromator
and a Cu (A=1.54 A X-ray source operated at 50 kV, 40
mA. Two-theta calibration was performed using an NBS

m ca standard. Sanpl e preparati on was perforned using

a zero background sanple plate. The diffraction

pattern of these crystals of Conpound 1 is shown in
Figure 3 and 30 tabulated in Figure 5. Exanple 2:

(2- Et hoxy- 2- et hyl - 1- oxopr opoxy) et hyl

(5R, 6S)-6-[(1R) - 1- hydroxyet hyl ] - 7- oxo- 3- ) 1R, 3S) -

t et rahydr o- 1- oxi do-3-thienyl]thio]-4-thia-|-azabicyclo

[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate (Conpound 2). The

title conpound was prepared actbr di ng to the follow ng
schene and description. 35 20 WD 2008/001212

PCT/ 1 B2007/001843 O Step 1 O Step 2 DI PEA - HO ~ NaH,

Et |
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HCCH3 OH + | Br (91 ACN % H3CItCH | / DWF, OoC-
(47% O Step 3 O- OStep 4 H3C,~, 00 HMOH O

W@LeeS002k2 H3C CH3 / - H3CvOOH TBA- HSO4, NaHCO3PCHBB2p6€7/001843

H3C CH3 (92% DCM H20 (720/% 0 Step 5 H3C. O Nal O-Cl
PP H3C O On Hscc}eﬁ&etoneAal(n%mE(}e

.0 OH £ S 0P6Fen 5 % 3 NaEO N O
CHB\ - CH3 (g(g_l?i" Cl—l:ﬂf\CNDIEA:L(3 @grwe_mg'(l
cHB In sP¥pEP1-4, 2-hydr o* sobutyric aci 0'C
protected with benzyl brom de, al kylated with et%hyl
i odi de, deprotected, and esj erified to affordq)
2 et hoxy-i so yric aci or onet hyI esterQ A n Sepép
5, in a'¥3§u4' )qu(r ti g“rﬁe Fask, sod i odi e Te3. 9
g, 159. 45 Whoft 1.6 g7 was 0i ¥orved om TemHsc dHsRe
(96 nmL). 2-Ethoxy- |sobut yokg aci d 'GhI Blonet hydy.est er
(18 g, 99.65 mol, 1 eq.) was then added as @2%)
solution in add|t| onal acetongue4s8 mn), and t he
resul ting acg m xture wasyheat ed at fl ux under
a nltrogen ag gierce for w o~ The
reacti on was noni'tored by GC. (‘ﬁ,ﬁﬁ%n CONpb@iaH;
conversion, the reaction was allowed to cool to room
temperature with sg@rring. The reactlon vvas thelae
partition P(‘ih bet{w®En hept aneg, 6120 rrL 10 0 queous
sodi un*fhi fate soluti oﬁ\éiOS ) 3 ents of
the 10 r egctNON vessel "9 eYse| rred for east
m nut es, and ﬁ:\ﬁn t he Dhase§“a/vercé3 allofe tcﬁea
The |i ght oPganl c phas% asi de, a the h
aqueous phase was di scar 2%)& gani cs were then Waslﬁecg|
with a second portion of 10% aqueous sodi um
t hi odustenst o4, LJivoroxydsebytyniysacii Was psatertadiwdth henayybromide alkylated with ethyl
isHidefdepfbated) afld edtaifichts afford Béthsx@sobulyric tkd chididneiyOsater. C

| ayei, s.') [?Qesﬂ W@?J%&Bn YI\ASF( Qo&&%ﬁo@iﬂéi@a% T%Q gé Mgblché (QK{? d«gg dissolved in

eav ueous

a%ﬁ@‘ed?‘sg'a i 3§%r'@b%ﬁ@€ﬁt"f‘°&?w¥b?ﬁfé K8 ﬂe?ﬁﬁ?é’ﬂ“%é eq.) was then added as
gosolitiguin edditionZd Bcefdne (TBhmly, and dhel réautting Gea@ion grixire was heated at reflux under a

n&ro&é rh@?fdépﬂe?él‘@r‘ﬂpﬁrﬁ)h t@yﬁibﬁ ThORSHBH Wi mBRdr&l bytda:atUpW&mplete conversion,

tHe reacftlon Wi s 8! r?w%éq ent| o r%’db gmp%/rﬁturgt 2!8 é’nr?q‘,j g t ! O?ﬁ%‘fnafﬁs then partitioned
he@ae't hqaﬁ"%é@ent) @mm% 2aupgus ﬁ@f@}@hthmu’fets pﬂ@p@ ("B Ll e gontents of the
readldnpreﬁeIrWerdéiﬁedg'& afleasBH mihdtes[13Ad thenlth@ phabesawesk éll&ﬁidmparate The light

(*g}agng 5 wagseggg&?qnd' tﬁé)r%g%ygqh&ugﬁll\a% g%’&l&%lgg%’ rsgfﬁcg (Nere then washed
")S;\‘E 8RR Roftian R 10% agpeois soiim HH{?\QH“* sgiHfipn( é “‘éhé P&'reaw phase was once
ageis dis¢arded efcbr Zébafamn aherpnganiaiayep vas]tBermnwashed with 10% aqueous sodium chloride

(%r?l\h@' 'Tﬁé)ﬁkraﬁpéﬁlu D pheREWEEdidcaraddl a&ietgg gﬁagrﬁ?mgr@nﬁo?]éntﬁ‘a%d)under reduced
e LY Eu e, P B0 b7 Ry B e o it vas used i
skbseguenichemistrysithqut asiditienal pudfigition (assaye®p¥). at ur e over ni ght

( af t ‘ﬁf Sﬁa ‘6, %ha sttirgﬁe $éHcﬁ2>ﬂ%§§£l E&%@r g'nﬁr%&énvﬁlqzsphgg as added sulopenem
%e &Ct |38 QS mmol !lleq ) an i\aN% acetone (110 mL). 2-Ethoxy-isobutyric acid iodomethy! ester (16.26 g,
59.9 mmol, 1.5 eq. at 100% potency) in acetone (14 mL) was then added, and the suspension was stirred

for a minimum of 10 min. N,N-Diisopropylethylamine (5.11 g, 39.54 mmol, 1 eq.) in acetone (14 mL) was
then added, maintaining an internal temp of < 35°C (exothermic). The reaction mixture was stirred at
ambient temperature ovémight (after ca. 2h. the sulopenem had dissolved). The reaction mixture was
then partitioned between heptanes (80 mL) and water (129 mL), and the contents of the reaction vessel
were stired for at least 5 minutes. The phases were separated, and the light organic phase was
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then partitioned between heptanes (80 m-) and water
(129 nL), and the contents of the reaction vessel

wowree/osRizred for at |east 5 mnutes. The phasEGI/VE0€7/001843

and the |i organi. ¢ phase
35286 0 s 3 Bcore et bt oo forBl Sepast (34 L) Ofn,Again. the phases
e sepatates, sngdthre iphivprodnicoridset Wasrttiscardedst Eheecontér@9) ofithg reaction vessel were
ﬁiﬁ@orﬁ:&ﬂdaféd iy Gppipdidntabty 5mr®d&eﬁauroa& %ﬂessﬂ@dwhlléemhlhﬁhi\g an internal

@E&Qgﬂjrg &i&@éﬁaé{‘@é é’l %E’\?haen Hdemlﬁ %% %g&% Qnd tLe gontents of the reaction

reaction vessel ncen ra
CSTs WRe pHtedfr & mstlﬁmwesf eH‘a Phgpep vee Alpwed tmna@te and the light organic
phasewasisel asige.aThei heéwaneeous ghasepes dbckrestrazfed lwdtls sdditiosan etB acetate (2x 120

rgL) Iaomdlhetﬁ&é‘énﬁg Qefe waShddlwith WO aa&@@sdsodﬁnldchlséﬁﬁatg PI% ﬁﬂg Water (120 mL)

e reactl.on tirred
A at 3% e R Rt Il B e e i fted afiocpies caon 29
9)1 @H? (39 gloand cagpasiymesulfade (Ma8O.) 48 2 dbat amhienttteraneyature arsosiiged for at least
T aafer waBvad aCikeseXdolidd tyiliratidnf the 361GHioh w8 &bnceitfiidd e trédubed pressure, _

Wt g B TBARRL AR VSR T Enit3Bata il b
and N 7a dbreresidting oaidel Gorofouat 2 (28 gf ib20vyirdcetate THIO nilt) gasiwartied nearly to
PaMx Bt tRINY idsbiRA th8 Csolidst Bnd thh V@'ﬁtﬁj@l %ﬁwploahér&&) mf) Was added gradually,

celite nmagnesi um sul )

'3?'“‘%{%? ?‘e'P%%@Pﬁ‘I“m 60, ftfo L9 r‘é‘a fﬁswfawgft“xtr & fStTGg gipwly at 60 °C to
réfluxdor 5 neinwesa bndotheri Wassgrarsiateld dor abinifnuintaf A thi a018;15t°0€ The white to off-white
p°r6&u&t Wé%nrlt%§ WSS Wik ﬁlﬁﬁﬁ t480GICthdr QAFES A28 2. %HJ Qried lH\der vacuum at

f’@le&? t(amﬁ,] Prglaf%g %P%qﬁ 5 %a7’7he50n%’e.|(r:t?é€ DU 2 ﬂ%}swhlte solid, (12.57 g,
Wv!'ﬁ'q)ng crude Corrpound 2 (23.9) in ethyl acet ate

100
( h ﬂé\@:bgﬁgct Wé‘l% L%rﬂ{te% f?rr)g Ifak'é Je?dlr“frg%tﬁx Sal{uhes were analyzed

di sso e t

FOTETRS DM@U&D&H@G ng%&a BﬁﬁP‘Q’“ete’rPaP'Hﬁ%“ﬂfP A graghiteimepeshiegator and a Cu
(\einipek) Kiray sousk opdlatel tcb0kESf 40UmA. Tunethets salibtatiart wasi petfaiined using an NBS

Mi@éS sﬁ'ﬁdafcf e@aﬁ!)lé’vﬁrébaﬁﬁonagascpér@m?eg Jsﬁ‘\Blé"%ers %clérom\d" Qéngﬁb plate. The
%Prac'l'?]"epa 3& fses %" 'BF'F”T\EF? tab"bﬁ?egdfbd‘ﬂur s f| I ter ed

was héid NiRt KdeDMSKy400tMHz) 588 (detH) di= SEVIFBE. 73 (@82H)1 9. 2oa(md1 H), 3.92 (m, 2H),
i ﬁd1H)r§j7©rmV \BPBY R bH, JARY5SRS, 268D SHPS.BE G, 1Q) 2.6 (m, 2H), 2.36 (m, 1H),

T, t d 2
Fa: %&9 ﬂﬁzg%ﬁa e e AN
t hi s Mk 8Hcd8 Ger e submitted for X-ray powder _
di f f me:t4bm6R g/balNiee SFonkr € aaddgzed 20 on a Sienens

D500 ' [ d with
or api SR ENEll R Rl GRS Il % Ty

source operated at 50 kV, 40 mA. Two-theta calibration
was performed using an NBS nica standard. Sanpl e
preparati on was perfornmed using a zero background
sanple plate. The diffraction pattern is shown in
Figure 4 and tabulated in Figure 6. 'H NVR (d(-DVSG,
400 MHz): 5.83 (d, 1H, J =5.81 Hz) 5.73 (m 2H), 5.20
(m 1H), 3.92 (m 2H), 253.81 (m 1 H, 3.70(m 1
H, 3.28 (q, 2H, J = 7.05 Hz), 2.96 (m 1 H), 2.80 (m
1H, 2265 (m 2H), 2.36 (m 1 H, 1.29 (s, 6H, 1.10
(d, 34 J =6.63 Hz), 1.00 (t, 3H, J = 6.63 Hz). M~
111-113 C. MW 493.62 g/ nol; Ml ec. Form:

C18H27NOBS3. Aqueous solubility (pH 5 phosphate
buffer, 25" C): 2900 pg/nmL. 30 22 WO 2008/001212
PCT/ 1 B2007/ 001843 CLAIMS: 1. A compound of the
formula: OHs N/ ss+ -~O

O
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OO OO off- 2. The conmpound of claim1, which is
(2-ethyl - 1- oxobut oxy) net hyl (5R 6S)-6-[(1R)-1 5

whyasoser hyl ] - 7-oxo-3-[[ (1 PCT/IB2007/001843

-tetrahydro-1-oxido-3-thienyl]thio]-4-thia-1

ji cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxyl ate. 3. The
conpduf\eereppund|ofthefomulayhi ch i s
(2- et hyl - 1- oxobut oxy) fyl (5R, 6S)-6-[(1R)-1-
hydr oxyet hyl ] - 7- oxo- B;Lé(l R, 3S)-tetrahydro-1
- oxi do- 3-t hi enyl ]t hi 0] —t—rﬂ
2-ene-2- 10 carboxyl ate Y ai
an X-ray powder dlffraot/l on pattern substantially the
same as that represented i Ogi 3 and 5. 4. A
conmpound of the fornula: S \ & OO0 O
\--0 O--- 015 5. The conpound o aim4, whichis
2- et hoxy- 2- net hyl - 1- oxopr opoxy) mef hyl R 6S)-6-[(1

R) - 1o 'mé%ﬂffaﬁﬁ& gﬁéla]m 17 uﬂ?épls%z Lt&)ﬁ q'o%bg‘tay)rﬁ&ﬂyr @R%Q{—@ [(1]R) 1-

SRt g b GHEZ e a2t v
ceaptatend of claim4, which is 2-ethoxy-2-nethyl -
- oxopr opoxy) net hyl (5R, 6S)-6-[(1 R)-1-

hgg[ g’(%%tc?% JunJ ?f%{(h r‘\&f‘ %ﬁﬁétéy? LR N PR 65)-6-1(1R)-1-
“y%IQ%ﬁhﬂb%?’i?[@( TrRABRYdP: eyido S-thignyfithielxd thia 11 @zabipyele[2 2. Olhept-2-ene-2-
carbgetate ih the eryﬁtamnmfm\haw@ #IX-réy powdendifiratesn paitérh substantRIly the same as
tp@pgp%gghte%q,bﬁ%sagghoagly the same as that represented in

Fi gs . A pharmaceutical conposition
conpri sing the conmpound of any one of clains 1 to 6
f or mél Aeasypount of theyfprriulaadmi ni stration with or without
one or nore excipients ewnd/ or one or nore other active
ingredients. 8. A phamaceutical conposition
conpri sing the conpound y ong/ of clains 1 to 6
and probeneci d fornul at ora g ni stration with
or without one or noregéxcip{ents and/or one or nore
30 other active ingredients WO 2008/ 001212
PCT/ 1 B2007/ 001843 9. A pharfaceuts cab—cenposition
conpri sing about 800 ng to about of a conpound
of any one of clainms 2, 3, 5, 08§76, fornulated for
oral administration with or without one or nore
exci pients and/or 5 one or nore other active
i ngr &diheserapoundof claime whidhiis @fethbxyefameting; 1-bxeptopexymethyl (5R,6S)-6-[(1R)-1-
hydtbXy6thy1Fmoxe BNPTR, 35) Rratiydml 1L okidd dihidhyRhiS 4L thiS- 1 Azabicyclof3.2. 0]hept- -ene-2-

peutically effective anpbunt of the conpoun

any one of claims | to 6 to a human in need thereof.
10 11. A nethod of treating bacterial infection
conp i Bengmmuad df glairdiywhictsits @+ethtoy-2amétiye1-axuptobbxy ety (SR,6S)-6-[(1R)-1-
hydroxyethyi]-7-oxo-3-[[(1R,3S)-tetrahydro-1-oxido-3-thienyl]thio]-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylate in the crystalline form having an X-ray powder diffraction pattem substantially the same as
that represented in Figs. 4 and 6.

-1sa biicycl o[ 3. 2. 0] hept -
e Cr K. ne form having

7. A pharmaceutical composition comprising the compouﬁd of any one of claims 1 to 6 formulated
for oral administration with or without one or more excipients and/or one or more other active ingredients.

8. A pharmaceutical composition comprising the compound of any one of claims 1 to 6 and
probenecid formulated for oral administration with or without one or more excipients and/or one or more
other active ingredients.
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effective anmount of the conmpound of any one of clains

1 to 6 and probenecid to a human in need thereof. 12.
woi@s061282 conpound of any one of clainms 1 to 6PCTIR20€7/001843

manuf acture of a nmedi canent for treating bacteri al

infection in a human in need thereof by ora

admnistration. 15 13. A nethod of treating bacteri al

i nf egtA ﬂﬁnﬁd%&ﬂi:él Sbrﬁk]i:bsﬁrfﬂohynsﬂag Bbdut &io@ﬁg‘ tH8bodt 2.5 g of a compound of any
othg g{ c%ﬁr%l'%? Qoa%nj Gy forrﬁ.&ate%ggr oé?ao%@%ra&cin?ﬂuh %rhv%thgtﬂ n}I‘J or more Oexaplents and/or

any one
‘l"ﬁ@’r'@%?°“‘°1&°""’ﬂ’l‘§’eﬂ'é'ﬁod of claimi13, wherein the
compound is orally adm nistered in an anount of about

20 5Q§ AI rﬁ’etﬁya %F'ﬁ;aﬁr%ct%l ifebtioR Eorrﬂn@ng Jr§}y aglgﬁlﬁnﬂﬁfgrﬁtq%rrégeutlcauy
o 2t o PS bR o R oL 2 P B e

The nethod of claim 13, wherein the conmpound is orally
adm ni.¢metied of fealinghatteriabinfectio bdmpaSiRPorallyBidrhiBlerink & thefdpRutically
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The net hod of cI aim 13, wherein the conmpound is orally
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is orall y adm nistered in a dose of about 17 to 35

about 45 BID. 20. The nethod of claim 13,
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14. The method of claim 13, wherein the compound is orally administered in an amount of about
500 to about 2500 mg BID or TID.

15. The method of claim 13, wherein the compound is orally administered in a dose of about 800
to about 1000 mg BID.

16. The method of claim 13, wherein the compound is orally administered in a dose of about 2000
mg BID.

17. The method of claim 13, wherein the compound is orally administered in a dose of about 2000
mgTID.

18. The method of claim 13, wherein the compound is orally administered in a dose of about 7 to
about 25 mg/kg BID.

19. The method of claim 13, wherein the compound is orally administered in a dose of about 17 to
about 45 mg/kg BID.

20. The method of claim 13, wherein the compound is orally administered in a dose of about 17 to
about 45 mg/kg TID.
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