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WD 2006/ 130588 PCT/ US2006/ 020891 BI CYCLI C
6- ALKYLI DENE- PENEMS AS CLASS- D BETA- LACTAMASES

wo birbBBOFERS Thi s i nvention relates to certai n PCTYS100€020891

6- al kyl i dene penens which act as a inhibitor of

cl ass-D enzynes. R-Lactanmases hydrol yze R-|lactam

aﬂi%&‘%?& '&iLKﬁ.%Eﬁﬁ—pE%@ CENMR <A o ﬂéi‘ﬂﬁﬁé’EsCQHﬁleBITORs
acterial resistance. e conpounds of the

present invention when conbl ned with 3-1actam

antibiotics wll provide an effective treatnent

against life threatening bacterial infections.

BACKGROUND OF THE | NVENTI ON 10 C ass D (3-1actamases

t N t t Lt
Sori nolhis bt relds (i RhtREHTE & Pluieno dEnprsSifisn act as a
aghilitcs e ltﬁlseéft) éﬁiﬁﬂ%ﬁﬁ%cta@ﬁés@s{@dgﬂyzgy[? -lastainh ahfitiotics, and as
nor e reva n e er r 00 -l a alhms
SEE Bive 7o df rierkaaus® o BatAdRainae. hecimRouRds of the

gﬁééerﬂt ifRptiem whiA EBmbhel6hilh B-T 18cteldt antibicicsEE prNide! A5 effective
enzynes are _known., Cl ass D. (3-|actamases are al so

égﬂaprggntfga&@ggfmtpqeﬁtgg@g bgeteHaliafegionsnei r ability to
hydrol yze oxacillin and cloxacillin two to four tines
faster than cl assical penicillins such as pem cillin G

3 M B bchem 3. 16b6%eBO U PF T SVESTERE, v oo™ ©

OXA-1, OXA-2, etc., and fall into at least five

subgroups on the basis of phyl ogeny analysis (

Barl o I, B.G J. | . Eyol.. , . .
55, 31 '?h%ﬁl'a?‘émﬁﬁ%s A5 e smeliRida? e ramenast dh active-site-
W HEBIadtafhakss. Thesslehzymea 1hék AMPAIPAmMIRS GoRIdegDbfel@Rb% amino

ol ates, in Pseudononas aeruginosa and in epidemc

AGHhidRatity) Wil fieomera REvalgeaneihegsr-understopsl Priactpasesof classes
108Ad 49( ik%as ThearteRe=In{=hh, W@brroﬁhémsl?es‘r“dhz §§\ﬁ’) To date,

borne either as chronosomal or plasm d- nedi at ed,
faEpsh Bt daghdl enzyinessarm kaewonClassng- Radtasoeses are also called

Uxaeling5Ss bé—&%sﬁ i 'ﬂ'?er}t afifP ?gﬂﬁgéé’ Bicitlid? gn& %&%ﬁi’gb %wo to four

25 nechani sm of the cl ass t amases
times &ftqrdapamla%lcamgylﬂlaaosugh aa/aﬁmm&nke (bedent, P., Raquet,X,

o) BVV&Bée‘iﬁéﬁ/,\@E Prerd) éh I\%OBIBé‘her}ﬂr .P 1 99‘@% lgy arg, designated

sher Soc. 2000,122,
%’g&h P@Tl‘iﬂngétbﬂﬁ@,@b!?@it fivg &é@rwn@rﬁryw@sbwseof phylogeny
chﬂwsnsc( By M, HEKAB.G. TJ VbiESLBEd00D! 853941). om-? gy NHe most

nomeric in solution and in the crystal
fO”NU%g’g they Claggy 1A renzymes gindsigdiprnd inEup to 198k xof Bsaherichia coli

Rsslhes) iSCPseuddMdpas 1dorBdindsa %ﬁd a|r{ %?He?m@fstll%msnhf salmonellae
n@{ tlons%g%@ecﬁsm%@ f ural OXA vari ants
g Iros A g 1984, @é rgs,fgréﬁlosﬂ,\pftthe%enzymes are
equmdedheu bag r ahr@nﬁﬁ@mbr Ush t flasmiddabsidRs, | W%ﬁneg&.mafé their
i rd-. ener ation ha 0S orl'ﬂ% such as cef ot axi ne

Sissermingt SReamang v%riq CHITeN, kpewiggge about the catalytic

mechanlsm of the class D B- lactamases is rather limited (Golemi,D, Maveyraud,L,
Vakulenko,S, Tranier,S, Ishiwata, A, Kotra, L.P.,Samana, J-P., Mobashery, S. J. Am.
Chem. Soc. 2000,7122, 6132).



such as OXA-11 and OXA-14 to OXA-20, show an
ext ended- spectrum profile (ESBLsS). These aspects nake

wo b@ansesgort ant clinically (Buynak, J, Curr. Mdr/usiie/020891
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Chem, 2004, 11, 1951). Penicillins, cephal osporins,
and car bapenens are the nost frequently and wdely
used (3-lactamantibiotics in the clinic. However, the
devel opnent of resistance to (3-lactam antibiotics by
di fferent pathogens has had a damagi ng effect 15 on

r@;l? 'epk e% % &Heﬂgtlig%[\:txlr %{An? g%moésél}%%ﬁ% '08 brs found to be

| ONn
Ireemmetic lB@Btut@mahé in ﬁnn@rystal (B, eEtNdeugig\QSMazan&% Braswell,

Bélﬁh r’éx J. E" otg)?raé 5&5 494> igg‘? a Jé?ullsg’fg%mﬁlil?ﬁjt%ﬁ and

SI grfl I"can an rsmr
ddasrhid (remsfier, crfatthrab&)XAlvahante(aa gt@h@é 5t OXARES, (BXA-48} lmave arisen

E\Pi{ﬂ gﬁ %ﬁda geﬁ %uf)g{?als@ %@%ﬂrﬁﬁ{tﬂé‘t |nc9ud rfgm grl\c?‘ﬁﬁ'd %eneratlon

ass-tcran ass amases. Se enzynes
deephaldeparine sRoh @8 -cetutaxime,aeftiidione; ami aztmnlam wigjlei newt Vagiants

! S ng)@QtlLl %ﬂath@g& a|4 t@&)sdAVéd gh?v?aﬁ%?{fé?figé%iﬁgaﬁlm profile

pre &rential | ol'yze' p
he$Bbby 7bese BSFE-dtsamamrﬁmemmpodamtg:hmcalwawn@ml, Curr. Med.

- h bstr at file f [
B o1 vai o, whor cas substrate
preference for class D (3-lactanases include

I ' i :

At | m cqrigling, bephaldSporinkt oA eayacBnemb ™S 8 mokt fguenty and
deidelyovsad %d}aotamfmtmm 3n| thet dinics esHhwewerbdbe development of
JH  EXp..
CRRlEBE 2 6t BB gltidoios bV e S RARIRRRES 89 £ 4 e effect
far nmln’(alwngemereﬁeouve treatrena df bpetetiailiniettibre: t(@otsrean, K. Expert
b
OB IS8 5, LS°RIERS, R bARS A A oA FBusn. k.
(Qun Ebalalm@&ﬂlglbﬂeﬂii,cﬁ &33) <T bamqsaslgmhcantkhown owrhanisl related to
he .

avaﬂ%a nghgh{ tﬁ&%gaé ?'bcett8§|%e @lgﬁt%ﬁgngrgtfbié}%sé% fhe production
acfi dbss-/A Widsadd, alaserl ahazmbw&mbmsabl Tebé@ehiyifes degrade the
a af qst C A ciducl |?at hogens. = Cl avul ani ¢ aci

el BG4, sBANRE oe Ress ot bactanal ASYIDL | Cleas-Avenzymes
tprewr@ntially nhydro@z&‘op&‘ﬂ&ﬁaﬁé3@%@&BDCWdW£@6élp2@%ms including

sulbac mwith apnpicillin and tazobactam

| arl
TG PR BBl hoiere SHbS i apuRiie Gaverieg cephalospori
i ml,efrcﬁlymﬁ IMGeréwsmSétra@é Ql%‘ﬁeréhdéf RFbRE D BUiHAha® indiife oxacillin.

t f cl A Rl act
CEGRR"kS TeBrbw, (B Aickge a5tk h intnaia: daeela, Chermeiber. 1995, 30,
K121 AN tTiondie Qher éG@ @ﬁfﬁeréﬂi‘ %ﬂ?&t@ﬁéseslﬁa%é b%gn r%’éheﬂ}%ne D.J,:

anotg : Tabei :
L'PH yand E a‘Rﬁ%’Fm’s‘éeﬁXP Bbmn Iavmst sPnuaésZOQD, M47J andBhese.is a need

Goe ne%@@@nergﬁbn 85@%@\9 2BB&RIM plactdALSe IHMifr BactRial resistance

reported i nhibitor
to these antibiotics could be greatly reduced by administering the B-lactam antibiotic

in combination with a compound which inhibits these enzymes.

The commercially available B-lactamase inhibitors such as clavulanic acid,
sulbactam and tazobactam are all effective against class-A producing pathogens.
Clavulanic acid is clinically used in combination with amoxicillin and ticarcillin;

-2.
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class D enzynes in clinical use. Recently certain
6- net hyl i dene penens bearing a bicyclic heterocycle as

w@bkasd30588 10 cl ass-B and cl ass-C i -1 act anse i PCI/D81006/620891

have been di sclosed in US 2004-0077622 Al, which is
hereby incorporated by reference thereto. In addition

a nunber of 6- nethylidene penens bearing a tricyclic

het erocycl e as cl ass-A, class-B, and cl ass-C

$iniladly salvastan with Iah1p1'nillin blad/tazbbantardivmtﬂ piperdcillim. USowever, these
2004- 00043978 |. PT .
PRI e PSR i CoMTOP g QB Bhe mpghpnism o

ifRlc@vition fof \GRisgHA Bhactam\as@e(cswmas P20 a3 -TEAM phas been elucidated.

d d | ar, t |
(B bt s e 1t e s Vb e,
(rAbbiakt; g, NIhSdigaloMMatn, W.LyRadmlsseneB.Alsed $ilaes, D.M. J.

SO o, Sl 5. Bk SRR Ll S ReE AR s o

téeéebynzyﬁi@gmawﬁdwug@tl bacterial properties. The
conpounds are therefore useful in the treatnent of

anti bacterial infections in humans or ani nal s, _25 _
Relcbetly édr@ﬂ%methyﬁdelwbénmé issaring tai‘blcych@hetarﬁdyble(HSIdass-A

e oA dn e tree AR e P SBLLRE Ty S SbtBorres
reeff Wh{bnq@h%r%ay gicorpopéted By %T@l@hd@ﬂfé@etw tih aﬁhmoﬁ Baffiber of 6-
i nvention ere ar ro oun

TR RIETS POreThS BRRIALR BEVSIE Be RO B citseA e yand plass-C

-MEtafiadé Hniinl kaveeh difdstd @1 8812004-D0MB LG/ 130588
CT/ US2006/ 020891 A B\N X NI O OR5 0 and

preferred conpounds of the formulaz: A BSNI O O
O R5

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel, low molecular weight broad spectrum
B-lactam compounds, and in particular to a class of bicyclic heteroaryl substituted 6-
alkylidene penems which have p-lactamase inhibitory activity that when used in
combination with a B-lactam antibiotic enhance the activity against class-D producing
organisms and thereby enhance the antibacterial properties. The compounds are
therefore useful in the treatment of antibacterial infections in humans or animals,
either alone or in combination with other antibiotics. The compounds may be

prepared in accordance with US 2004-0077622A1 which is hereby incorporated by
reference thereto.

In accordance with the present invention there are provided compounds of
general formula | or a pharmaceutically acceptable salt or in vivo hydrolyzable ester
Rs thereof:
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5 wherein: One of A and B denotes hydrogen and the
ot her an optionally substituted fused bicyclic

whedoend®ss/l group. The expression 'fused bi cycP@TUS2006/020891

het eroaryl group' is used in the specification and
clainms to nean: A group conprising two fused rings in
whi ch one has aromatic character [i.e. 10 Huckel's
rule (4n+2)] and the other ring is non-aronatic; The
fused bicyclic heteroarfl group contains one to six
het er oat ons sel ect ed omthg,group 0, S, N and N-R
The fused bicyclic heBer gpoup i s bonded to the
remai nder of the nole @ . carbon atomin
the aromatic ring as shown in the f of¥ul a 1; 15 The
aromatic ring of the fused blcycl9c heteroaryl gr oup
contains five or six ring atons (|gflud|ng bri dgehead
atons) selected fromCR2 , The

ar omatang ;fréfég‘eobombeurfds&ﬂ@wéﬂowmbi c heteroaryl group
contains O to 3 heteroatons selected fromthe group
0, S, Nand NRL; The ngn-aromatic ring of the fused

bi cyclic heteroaryl groyp contajns five to 20 eight

ring atonms (including #r tons) selected from
CRAR4I N, NR, 0, S(O njwhe; o2. The
non-aromatic ring of theofused bicyclic heteroaryl

group contains 0 to 4 heteroatons Gsglected fromN,

NR, Oor S(On wheren =0to 2 Xis 0or S,

preferably S;, RS is H an in vivo hydrolyzable ester
é’ﬂbﬁﬁeas ClL -C6 alkyl, C5 - C6 25 cycloalkyl,

@iRBOﬂ@Cémm dencste$ thgdmgeh ad 1Na, otKer fia; oppoleéllgrsmisytuﬁﬁ fused

I}\;?cyc lic het% gﬁ%tfq y Ig%% g 6s/| 1n3£uss%a |cU€2R?P 2908U9p1 is used in

dbe speraﬂldaylosabd;cllalmﬁtadnealryl optional ly substituted

hgfé?g@%ﬁ?ﬁlg &Imdﬁ% onal P%/ecdgra s m%ﬂé&é@rﬁ%qs&rématic character [i.e.
duskebs wje (4n¢@)1 Iaoda $hd otheruivgt is not-edoma@®; C6 al kenyl

ti j I I
hat CbaihsRd B ettoaiP o Tof, it bkl HEtGRIAF Seectea
rfeam e grous €n S, BitandMe-Re:ar bon at om which is directly
[ink
a: Eyledl'ﬁep chJi g% dl:lfgﬂg%t{eyoaﬁﬂb@r‘oh{) % %o q%é f?tﬁeerre;n FI‘&EP of the
viRelpeulp threugh a eatbion @tam y jn t@a [gsernatit ring ascstmetueltnmioymula I;

t t
0Pt 1 0Pl U ol ol kbRl contang e or i
-ringctoms.- (inclid lngylzrldsahw? ato ﬁ@'ﬁaﬂeﬂ)fl’m&ﬂzl,twt@dsm1 The

I t
SO0t IRt AR o
1y

PRSP RpIthe P EaS)

The non-aromatic ring of the fused bicyclic heteroaryl group contains five to
eight ring atoms (including bridgehead atoms) selected from CR4Rs, N, N-R;, O,
S(0), where n= 0-2. The non-aromatic ring of the fused bicyclic heteroaryl group
contains 0 to 4 heteroatoms selected from N, N-R;, O or S(O), wheren=010 2.

Xis O or S, preferably S;

Rs is H, an in vivo hydrolyzable ester such as C1 —C6 alkyl, C5 — C6
cycloalkyl, CHR;OCOC1-C6 or salts such as Na, K, Ca; preferably Rs is H or a salt;
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optionally substituted aryl-Cl1-C6 al kyl, optionally
substituted heteroaryl-Cl-C6 al kyl, optionally

wa awsti3aseg ed Cl- C6 al kyl nmono or bicyclic sat uper/es2006/020891
het erocycl es, optionally substituted aryl al kenyl of 8
to 16 carbon atons, -CONRG6R7, -SO2NR6R7, optionally
substituted aryl al kyl oxyal kyl, optionally substituted
-al kyl -0-al kyl -aryl, optionally 15 substituted
- al kyRy CilsalHk)dptibmuyrmmsgrﬂutedopm-aﬁamkyl, sefdiionaltyusulstituted -aryl,

SRR T T R —

apstjdnabt)y anﬂobtltutq@t GReTT \cyclealkylt idaptipeally substituted -C3-C6 alkenyl,

i@ gﬁ?@ﬁ?ﬁ@& Yé% g§f’4"§>fﬂ9|%g¥;h%%§$.gé (ﬁa‘?%gﬁ:ﬂﬂh@ﬁumél bond and

'ﬂueythnln)dmed shoaldyriof be ptesenizatitye sarben atam wiichlik ¢ ectly linked to N;

SR o LRTENRD sEERLAOTAY SHO ik bt ot o

anm MMBaal bylsSaJbspildnallxedulbﬁélttéed)a@y@b&tyrqaaylbompnonally substltuted -

I -
G ST PR A0 o8 B8 A oo
C8) Cﬂﬂeélksénwtlonétbf Sestityady1G=Q ptanrQII higyclie saturated @aterocycles
RRELPAL s 0SB Ko Y LB Sy
bﬂilcmadimsybstltlz@d ReYHG -G @yl @ntlonﬂdiv isghstituted heterpaybe &6 alkyl,

géﬂéﬂgll?%h%gtrttétgﬁ’bﬁﬁ?@g%gl ROHSSdr ﬂléycﬁ@f%grat%hélhkﬁwés optionally

nds, optiona stitu

enbstmltad layyigikemdef Bgo 116 casban aﬁomﬂ eC@ fReB7. h3P ARy, optionally
%M%ﬁo flutedt gﬁﬁgﬂ&&%fkﬂ %ﬂt%r?%?&béﬁiﬁ@g %k\ﬁ@-ﬁlk péﬁjl optionally

S , optional

§ub@wted|t %m&@kwewroameona"w pwwﬁwtw aiﬂﬁ’é)ﬁ“%yht grtionally
g%ﬂtut@{i yl I‘?é%roéwfdﬂ iNe Gy O r@]dsﬂtu?ébbs tai'}llé%y@@'l optionally

OoXy, O optiona y substituted heteroar

@p stisufad |ayyl@wb§teir<@aﬂleeptgsamﬂ&swé¥ﬂ¢l %Wﬁalkaiva@w@mawlyopﬂona"y
%HQsittutEHt @é 68 a2 afirbRIoAmyI Cloﬁﬁ@néﬁlyk%uﬁgﬁtﬂfédc%tk% aryloxy

ene " di oxy, op tlonaII substi t

@Wlasgdpemnesor@"mubaﬁwtﬁé a“@ﬁ’@ﬂﬂ%\yi IQRS'PBa'B{l ﬁtgnstltuted aryloxy
aFBomyl, @BtibrAN |s'u]z$stﬁ&'t€8tﬁe¥ér'6é?§iloﬁlcé?@oﬁ%y| Pre@r@dcﬁ %roups are H,

otlona Py substituted ary

whe
mt}@va_!'zoss'esttﬂw Lsmoeqnymm Stbsidesirant, -Goaf GEAIKY, C3-
WoaMepll, C COLEERIRY aédaéuﬁn&ﬁtwcwaﬂ@l ChdBlkyl, SOaryl,

3 kgﬁ%{ﬁups@u@'m%?%{)' &eél%“éqlﬁz niEoicalh pubstiuted neteroary,

opt i onal I y substituted het eroaryl Cl- C6 al kyI

opti o |y substituted Cl- leyclic.

OPt Uy dRecy ThBIGHRD pilcBen Gt Ey-LoRky, Shuctany Substiuted c2-

aaa/i_alaékylelmmbmgg 115} Zdbubge lﬁ‘cﬁfdbpﬁptﬁnallyoimasl ktnﬁ@b’ﬂ@-@ alkynyl having 1

tiqn S tuted a a ., ORpti.on
361 e, derdsaiAgeha igfio, Noieke o pat, subRtuplaet-te atony
hwtiecmyaroﬁtmaw I@ﬂbstntlolieﬂl erygl thl@’lﬂ]gt sdibdti&dedh heteroaryl, COORs,
ar subs t.ed aryl. oxyhet ,

SO IpbauiBe; BT ahaS: aylamRes. s BGAay oot arvioxy,

somlshaltyutswstﬁl.lté%aidmrba@bxy o>optionyally Cmbstﬁﬂabl YC3-C6 alkenyloxy
lﬁ\%—l Y3 dttg&%ﬂogQ ﬁ??y%oxyyaﬂc%r alﬁylgmlﬁo-e? tde g\ﬁoxyy alkylene

dloxy optionally substituted aryloxy-C1-C6 alkyl amine, C1-C6 perfluoro alkyl, S(O),-

optionally substituted C1-C6 akyl, S(O),- optionally substituted aryl where q is 0, 1 or

-5-
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10 optionally substituted heteroaryl oxyal kyl ,

optionally substituted al kyl aryl oxyal kyl am nes.
woe@basesesl R2 groups are H, optionally substitRCEUS2006/020891

al kyl, optionally substituted al koxy, optionally

substituted heteroaryl, hal ogen, CN, hydroxy,

optionally substituted heterocycle, -CONR6R7, COORG,

optionally substituted aryl, S(Oq alkyl, and

b} OXMR@RL duanikiho sr hydlic gyenidingl eginallk glbstiiiied GIBC6 alkylaryl,

SR K BB A, P87 oty

@btlmllﬂlskyét;tut&t heterdaﬂrylefpt -Co radklyl, ppioradly istibstisadte L1686 alkyl mono

cllcos%gg%d%%&aiﬁa% %ﬂ)tléﬁaa&gﬁgggiﬁ{ute? g'lﬁe 915%1% M6 carbon

@toris] RO, NBgRL heptionaliyh subsdituted banylatl«qumalk}'i tdw@yngllu/esubstltuted
al 8% hE(ylM tiéﬁél!% ﬁ&t%ln{u %ds yﬁét%ma%éloﬂ e:#t%nglggmr;Eubstituted

out t resen

sefieyasd, NoptonaBy( Gubstiiuieder emlowﬁeilemazyl N>p|:ionally substituted
’ it 4
RSLEALONTH, PRI, gl Rt o ptonay
rsabstitated £1s@6 r alkylasylexyheterdaryle , toptl@naym sibsiieied araxyalkyl,
qj{ptIWlJ“gOUt tst]ﬁ tiilggence Qﬂ‘erﬁ%&[ﬁ%f)m %gn%i}ﬁa%m U Wbstituted

r ogen an

|aﬂdfmdmaﬂwlammes oPreferred IRy groups iareitkhd optior@dy ssubgtituted alkyl,
Qn?lbﬁgﬂglslu}ﬁstltﬁtgg%kc;x%@ﬁ Ig/tsrubgtﬁh gﬁgéltéééalg/"'%fdggm(?lq hydroxy,

t1ona Itute

cptipraiy| $t§bS§iult%i het@r@yclar yC@NRyRy, %@Qﬁenamlqna"y subdfitited aryl,

epppryl al kyI optionally substituted
Clbé“)aél R*'kéﬂj ﬁg)% @gr R6 and R7 can be toget her to
Cor m oS nydtpaesi bG8l ikt Gone €6 NG aranaly subshtuted aryl,
‘Hb‘nbﬁélg'éuﬁsﬁléf)éh%tém&y%re‘f Jﬁt&BGﬁ&@i%H@H C?@alkyl

Preferred R6 and roup

are HRCE l¢6°@thaylly suhsfifuiadG1-C6 %\tle@raeapfyRai H, Qﬂ Q%alkoxy,
a81¢ 1 RYp LRAGRIGISOR QN?QGRQ BONR, RVE'H?%R‘} & WRIRA tel =Ft§ or R4R,

system opti onal F havi ng) one or het eroat ons. -

\ﬁ@%b%w'ifgtr@s@rmrw'e@ QY A8 9ﬂacf@ﬁierﬁax Jorpaspike ﬁy%ﬁ@ of five
Tibidre hidndy WitiRAMRhO@R e Blekahdadr t@f&o&bﬁi&%@&té&ﬁ'@ S=(O)n
rml etlg é\?f 1-12 carbons, pref erablé6
d‘&’lh N G0 1%2): SN-five W%fPW?%IﬂQ&ﬁWPW&n‘é Gdt ﬂWthﬁv& or ReRy
?g%thé?ﬂﬁhﬂ% edrisemnid whieh ﬁéy&ﬁre Gltacned rgﬁgl‘fﬁgm ?itbﬁ?gystem of five
[ |

ast Q ubl e bond,
B I PR BRI i NG i, PeRGTGRL f HRlSToBtes.1 S one or two of
dexybére, riteayds. anduseiifugl kenyl noieties may exist in the E

Rs and R; are independently H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C6 alkyl
aryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl, optionally
substituted C1-C6 alkyl heteroaryl, Rs and R; can be together to form a 3-7
membered saturated ring system optionally having one or two heteroatoms such as
N-R;, O, S=(0), n = 0-2. Preferred Rs and R; groups are H, C1-C6 alkyl, arylalkyl,
heteroarylalkyl or R; and R; together forming a 3-7 membered saturated ring system
optionally having one or two heteroatoms.

-6-



or Z conformations; the conmpounds of this invention
i ncl ude both conformations. In 10 the case of al kenyl,

whedensmsons such as 0, S or NR shoul d not bRCPUEXE020891
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on the carbon that is bonded to a doubl e bond; The
term al kynyl includes both straight chain and branched
al kynyl noieties containing 2-6 carbon atons
containing at |east one triple bond, preferably the
15 al kynyl nDiety has one or two triple bonds. In the
case ro atonms such as 0, S or NR
shoul elhic méﬁmngh on the carbon that is bonded to
a doulilhe term atkyi rpbanabbmtti straigbt aret branghsdoctisiy alkylahaeties of 1-12
l r roup having 3-7 carbon 20
b%?g %?é?? fﬁﬁl)gr org&Pg is used herein to refer
to both straight- and branched chai n saturated
al i phat | P [ S ot )
car bor " S e (g DA Sttt o BancrESi @ majetes o 2.
i caddamcorGE 8pn SR EFSL, le@@@ﬁ:doabiel bGRKl GFB) 3o tripleebansy, preferably the
' f R Vi
%"ﬁ{(eglglsvﬂoi'egl Iﬁaesnil p?ﬂ%fa%@é c{(s Sudﬂ%«a‘wl %%q't% ?rl.é(y dxist in the E
s conformeadions;che Qomptomdsaof thtshlevéniion owlu@e act@ conformations. In

Qﬁ§ gé%cgfr%k@ﬁ ﬁe&’éargéﬁaws@u?ﬁ gg lefg X ll?(%%fa"ﬁ&ﬂe’ present on the

aﬂakmmbﬁmbmdﬁ%pla@Ubltho - haI ogen, -hydroxy,
-N- R6R7, - COOH, COOaI kyI -trifl uoromsthyl

-trifluoronethoxy, yl al k al kyl aryl ,
R6R7N-Hiekigrm ammybnclgeeaqu |stralgé\rt nbadparwybrancmdl@lkynst moieties

hce%%@ %76 oarlﬁﬁ)?%}ﬁgﬁgs_ an% aCrddRp %?18 ﬁ‘@é bbhd, preferably the

ere s

-3y mgem hasl anengrawe trlplépgms. dnyie casg| afyalkynig Retero atoms such
% @S'&W-Eé%%@la}ﬂot b@'dfé@@ﬁlt on QB(§ L&BbK Yhat |§|b59?é/va1to a double or

N-al kyl -, and -S(O S heteroaryl ere
iﬂe'ebg)" » Preferred -7 WO 2006/ 130588
PCT/ US2006/ 020891 substitutents for al kyl, al kenyl
al kynyl , and cycl oal k i ncl ude; hal ogen, nitro, yI
het er od18/ferm C@éeﬂ,ky' €é§ @1 & licyclig RlgrasP e aRpup havmg 3-7 carbon
aéﬂsngy, - al koxy-al kyl, -cyano, hydroxy, and -N R6R7.
5 Ary defin rﬁd as aromati ¢ hydrocar bon noi

sel ect-QEF ke 'é°r°©‘}<®u§)”sﬁ9rh$ﬁ9'ﬂ to Eeferdg oty straight- ®48d branched-
Rehairpsathsdted bllmiaﬁa)ﬂydroaﬁﬁbbh)droudseﬁd Al ,RBSWEH ¥arbon atom and

8 ERore o RGeS GO CEaRer LB and CH(CF2,

bi phenite teifl heliigeh adefined 3s @ BrBars). @ ar omati ¢
het erocyclic ring system (nonocyclic or

If alkyl, alkenyl, alkynyl, or cycloalkyl is “optionally substituted”, one or two of
the following are possible substituents: nitro, -aryl, -heteroaryl, alkoxycarbonyl-,
-alkoxy, -alkoxy-alkyl, alkyl-O-C2-C4alkyl-O-, -cyano, -halogen, -hydroxy, -N-RsRy, -
COOH, -COO-alkyl, -trifluoromethyl, -trifluoromethoxy, arylalkyl, alkylaryl,
ReR/N-alkyl-, HO-C1-C6-alkyl-, alkoxyalkyl-, alkyl-S-, -SO,N-R;R; SO,NHRg, -
COzH, CONRGR;, aryl-O-, heteroaryl-O-, -S(O)s-aryl (where s = 0 -2), -alkyl-O-alkyl-
NReR7, -alkyl-aryl-O-alkyIN-R¢R;, C1-C6alkyl, alkenyl, alkynyl, cycloalkyl, alkoxy-
alkyl-O-, ReR;N-alkyl-, and -S(O)s-heteroaryl (where s = 0 -2); Preferred

-7-



bi cyclic) where the heteroaryl npoieties are sel ected
from (1) furan, thiophene, indole, azaindole,

wWO@B08088 t hi azol e, i soxazol e, isothiazole, i nPCEHES006/020891
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N- et hyl i mi dazol e, pyridine, pyrimdine, pyrazine,
pyrrole, N-nethylpyrrole, pyrazole, N nethylpyrazole,

1, 3, 4-oxadi azole, 1,2,4-triazole,

1-methyl-1,2,4-triazole, 1Htetrazole, 15 1

-substitytetist fonalisyle alkeoyiz alkyayl) end bysiaatkyhiirchalee, halogen, nitro, aryl,

d
e N e

dydrexyobngheN-RsQui nol i ne, and isoquinoline; (2) a

bi cyclic aromati c heterocycle where a phenyl,

pyridine, pyrimdine or pyridizine ring is: (a) fused

to a 6-nentfeylds d&fimﬂaas @n gramstic bydroeatboi maiety ogtdciad from the

SRR SPSARINGEI NGB, bBbohts b Erfr.

iﬂam)reml tirvdzanpl] brphgeyieaylpaeenabbmenylugmdpso Tnebpnetarieer &gl groups
aro rq at ed) heterocyclic ring having one
rﬁr?[ﬁg Ea ip'gﬁ?? oget her with either one oxygen or one
sulfur atom or (d) fused to a 5- nenbered aromatic
(unsat C i Ng. .0k .
Sol sot SHBCRRL I BErACHE o e el A Tfbvoic or
mcalcﬁc_;)wm@re tinedhederearyt momzm are sedestarizfiodre; (12 furan, thiophene, indole,
'pa}rglﬁqlranbgz %L(gzolé nihﬁja%)%l qsoﬂg'zgﬁt l@éh ﬂogeiazlﬂiuoeazo%yrl\'l gﬁé?l?yllmldazole

i ne, pyraz pyrrol
pyridine] epyrmdreehypmmae,ol e, pyftro®, 4Nemathykumble, pyrazole,  N-

h@?@{)iféh@\% ol g g- Jxad TBhRY h 2l t%F%olé r‘f;jlﬁ%g'iyl?-% ,ez’,4-triazole, 1H-tetrazole,

azo tetry
ikﬁv}thyhdram@,, mnzonagm hy bemqﬂmazam | bemzoflrapy  benzisoxazole,

fk?n%ﬁﬁ?ﬁ%lle, ' l\?-mé’?IWIl‘)éH}ﬁ'hlld ﬁé‘ bﬁ%)dbteH% Fn‘?de{zo%n € u?cfazto\ﬁo Rinazoline,
OW ng are pOSSI st

_q;mqhne,-ﬁ@q gspgalmlpne a|(4’7<)oxay@mygt§:n9ﬂomatlc aheltemgycle where a phenyl,
@)nbﬁhé}’p?hﬂﬁﬁdkne 8} thlgngzm%l?é rﬁ\ék ded ’c&%ﬁ@%embered aromatic

| uoro

al ogen
t(Pr\?aturaFQs%s*\Gi(ﬁssz?yc lfarrwgah%wq oae Kyjtragep| atops Féb)\lflaﬂeidyla a5 or6-

)/
E:é"’}'/gﬁ%'ggoag%é{é% gur%hk.ﬁ’é&é@ h¥ieroc§cllc8ru'}%}|g\99§ g@m%en atoms; (c)

re@,apqm@c (upsaturatad) ylpte@cychcs(lmg Bawag phe nitrogen

(BT Bgsther Yith2) | )
P kﬁﬁrigf r (u} 2% T(her%r’t% B e@l{ﬁy Bné\'%@i?@n atom; o (€ (d) fused to a 5

%P%(W?Ma&Pqi)ob&Ie@PWP ﬂm% hapigauedietgioatom selected
a’ﬂﬁn CHNDSsh Qr@feﬁ@&)ﬁeterbm%r@uﬁs areQuraf) oxgiélé eth[fgle isoxazole,

subgt itu and het eroaryl 1 ncl ude:

5S¢t |aéalgnlmlc?%o%6ﬁ7mem pmpq%plgn@frﬁy]e pyrimidine, pyrazme pyrrole, N-

-méihf,llpy@diI@WEtpD@%Le arbdlrﬁéthilb)rra%l@ Q!M bi‘édfézoleb‘r ¥l debole, 1-
{;"fatggg I XI-Cl- al kyl noi eti es

|rH8 Y HazAle, @ﬁﬁgﬁ,eﬂmﬂthyltg pﬁiﬁhyg@pﬁljne isoquinoline, and

ngpheryyitipeopyl , 2- phenyl propyl and the like. The term

"optionally substitut ed" refers to unsubstituted or
substituted with 1 or 2 substituents 10 on the al kyl

or arylf arpicehgterSarfias | BpHorRiMP ¥@bstituted’, one or two of the following are
possible substituents: nitro, -aryl, -heteroaryl, alkoxycarbonyl-, -alkoxy, -alkoxy-alkyl,
alkyl-O-C2-C4alkyl-O-, -cyano, -halogen, -hydroxy, -N-RgR;, -trifluoromethyl, -
trifluoromethoxy, arylalkyl, alkylaryl, ReR/N-alkyl-, HO-C1-C6-alkyl-, alkoxyalkyl-,

‘<\
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Al kylaryl is defined as Cl-C6al kyl -aryl-. The term
"optionally substituted" refers to unsubstituted or

wastsaseg ed with | or 2 substituents on the argi/us2006/020891
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al kyl noiety as defined above. 15 Heteroaryl -Cl-C6-

al kyl is defined as a heteroaryl substituted al kyl

nmoi ety wherein the alkyl chain is 1-6 carbon atons
(straight or branched). Al kyl heteroaryl nopieties
alkgl-54 e-SBNRFYT YSONEHR) 1CO,H,aCONRR| arl(leO-, TieteroayhO-, -S(0).-

<R o Bl roBYFS ok RAERT R IR ORISR &r-coaliy

afkehﬂt eflloayly | cyoiobliyly alsoxgediyhOd, &adNealkgd,- @ad —S(O)s heteroaryl

50 B B I e o,

halogenaiyRsRypirifitigromettivt; htriflaortooethexty t arytatigl, rae@tallemarvlhe

m)l ecul e. Ex. Cl-C6-al kyl -Heteroaryl--. The term
"optionally substituted refers to 25 unsubstituted or

s ubst I.Atrylblayl isvdefindd aw A/l §U|H36alkyuent\sllaﬂfyl trioistigh lnydluder benzyl, 1-

%gflgﬁ%ylé 2- eb}elltg%ﬁé(ha%e&% 8@?031}' H@%pgﬁr %BQQPQ Mike. The term

l‘mitlenalwmjbstxtutedﬁ ga‘ersetbemeustitutednor Iaeba’«mt@d witg:1 or 2 substltuents

a2| oxanyl 30
I%‘)Z lh‘?’y%za@g%’ﬁé‘lﬁtg ag?ésg?%dzé%yle pi peri di nyl,
pyrrolidinyl, norpholinyl, thionorpholinyl,

di hyd | |
d: hzd:@',@ﬁ% !Eng Q‘%dy asdégwlﬁl Egg’lﬁ%a{éﬂ\ ‘optionally substituted
defeys tmﬂnsmylutewohymssltutedja\ztbl ylor %s&ga@%nﬁd@p Jine aryl or alkyl
gh(ﬂgfg{ragl&? 5@59+\;é| di hydr oi sot hi azol yl ,

|

y rooxa Iazo , di hydr ooxazol yl , -9 WO
2006/ 130588 PCT/ U82006/ 020891 di hydropyrrazinyl,

di hydr di.pyick |
di hydrlg%éfoﬁw?ﬁ élmc’} i hbgrd%% r]eteroaryl substituted alkyl moiety

dvhereindheiaiol phfym is aﬁqw on & qngsz(gtrﬂght or branched). Alkyl heteroaryl
ghﬁ%gér%%ﬁluﬂg'%é?ﬂg%hd & hnydog clfl tﬂ‘lé‘ﬁl@ yﬂhe term optlonally substituted’

I enyl riazo droazet' di nyl ,
d‘pfgy@ rte- qnsq.tbs’qut@qam |sub$t@|ﬂtpgh\y%1 df GF a%);pbstltuents on the alkyl or

tiRlE RN Rl EQMéflneHGath@@ydr oqui nolinyl, and 5
tetrahydroi soqui nol inyl. Preferred saturated or

partially saturated het erocycl es are aziridinyl,

az eti dends, a|ﬂyu4ets.+oa§4iwberrfée@hmﬁyx QPZRIFYS carbon atoms (straight
er az

Brﬁﬂprpﬁ%@tﬁyip d fcélarla%9@@agﬁ{lq§1%tly: %{?:K' is bondgd to thé/ rest of the

tmbreabmd ER EQCEB BR&IILHMbroarﬂJ hYﬂ{éJtdimd‘aéﬁHrwl% s@B@htuted’ refers to
r oi sQoxaz no,_or bi

Pt SpBalotes i e sbsusaley paias of Geteroary moiety
dﬁdﬁ&{éd%ow al kyl group (straight or branched) of
Cl-C6 attached to a heterocycles (which is defined
before) through a carbon atomor a nitrogen atom and

the ot Beturftedl or partially saturated heterocycles groups are defined as
heterocyclic rings selected from the moieties; aziridinyl, azetidinyl, 1,4-dioxanyl,
hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl,
dihydrobenzimidazolyl, dihydrobenzofuranyl, dihydrobenzothienyl,
dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl, dihydroindolyl,
dihydroisooxazolyl,  dihydroisothiazolyl,  dihydrooxadiazolyl,  dihydrooxazolyl,

-9-
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of the alkyl chain attached to the rest of the
nol ecul e. The terns 'optionally substituted refers

W0 e00an303RSt i t ut ed or substituted with 1 or 2 PCT/US2006/020891

substituents present on 15 the alkyl or heterocyclic
portion of the nolecule, as defined before;

Aryl al kyl oxyal kyl is defined as

Aryl - C1- Coal kyl - O- C1- Coal kyl ---.The term 'optionally
difvdrapytegnyl, r ef dihydropyrazalylbst i dibydrapwidingibst i digdeapyrimidinyl,

WlhtyBro% ﬁ‘Bl P Suwyg"cjﬁ ﬂ'ﬁ)gn 1Pr es&lﬂ&(ﬂ‘gfé'&lﬂ'agaylal kyldf(@ﬁfytmgdlazolyl

ary OI’]S as

ggwﬂwdamyl(jdmrgth@nyl, od@yd(mmml - -dlhydrmetnémmh dihydro-1,4-
di?ﬁéh)ﬂnaltét h\%lﬁl'bﬁﬁlixh)ﬂ?t edtetLa%&&rro?hlérﬁll unsubgl, Mt SQPﬂ[nyl and

subst t ut ed tuent’s presen
sgtiapydigisioguipolinyl.d irpfered sefuwated qa)amé}lb'mayl@rateﬁl heterocycles are

gﬁlfnbiﬂﬁpl %ﬁetﬁﬁﬁ@’l G &hidxEn ﬂl Kpidahs dro %Epﬁﬁr [}}D%t%}?%lhgggbllpgndmyl,

substit refers to substl uted 'or’s .
W&rwldlnyb rmqrpbglﬂyt ithiraapgoliys defrahydroquineiny, triyahydroisagpinolinyl,

y8ioimds eroaryl al kyl oxyal kyl is
glg%yi nerg aéaae?@f%g?%gngaczﬁbgf kyl - O Cl1- C6al kyl --- 30

The term'optionally substituted refers to

UnSUb“mL@G'ta‘ﬁ@l ﬁ'fon%tg?sdléytch’é §5¥u¥§téd‘otlp9rrtlal?y sﬁHl%?é | neg}c%les is

present on al k eteroa@g noi et

Séﬁﬁdeas a'l@'kww?e@@f@m&es brageh M@éf@iegwed to a heterocycles

Mbr’blﬁ’iéydﬁfmbd 'béfo%)fthﬂbﬁéh aafon! atéh Ak ¥lritragen aldlf a QS B other end
Qgptlonale%su stituted' refers to unsubstitute

8¢ i 3lH chain @Atfechad 3o dheJest gbibe meleadet The teﬁ@s ‘optionally
atlbfétltutgd’l refers asuntRibsieRd e ispb&ituted Wlﬂﬁ: PEYH %h@sft%n‘ﬁ[ pﬂe%ent on

)ﬁd ﬁ | -O Heteroaryl - or - teroary
'F RS 8@(?%(9'@ RN ofHRe Molroules 95 dﬁimeéit BEfQSE; t he
heteroaryl noi ety can be attached to the rerml ni ng
porti The term ' option

g t he ec
R obst ARl RARD, € HFien San ABHATr SRl oG Gaalyedhe term
vaptibhallyrsubstitutesit réfere b LinBhlRtiRéd 8P stbxBitAsY Withai s 2/ sﬁ’éstltuents

Bebt 512 Bl et desnad eoes o kyl -
The term' optlonally substituted refgrs tbotltue ;
or s AAPYERYEE gBRed s e Shokd, qtgee@%?ahel@rm optonally

AUWitlaeg’ Irefeyhed ensubshtlitedsordsubbtitadasith 1 or 2 substituents present at

'ﬂl% %fét&% e}‘heacr} o6al kyl --; The term 'optionall'y

eF 510 cunsubsti tuted or substituted
W th 1 or 2 substituents present on the aryl noiety

or on AiSxakyf O8" ¥badal &Y AR- S Lg dalEﬁ--- The term ‘optionally
substituted’ refers to unsubstituted or substituted with 1 or 2 substituents present at
the alkyl or aryl moiety as defined before;

Heteroarylalkyloxyalkyl is defined as Heteroaryl-C1-C6alkyl-O-C1-Céalkyl---
.The term ‘optionally substituted’ refers to unsubstituted or substituted with 1 or 2
substituents present on the alkyl or heteroary! moiety as defined before;
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Al kyl aryl oxyal kyl am ne is defined as
R6R7N- C. 1- C6al kyl - O Aryl - C1 C6al kyl---; 20 The terns

WO obi1an3sd | y substituted refers to unsubstit uP@rUs2006/020891

substituted with 1 or 2 substituents present on the

al kyl or aryl noiety as defined before; R6 and R7 as

defi ned before; Al koxycar bonyl is defined as

Cl-Ceal kyl -O-C=0O--; The term ' 'optionally 25

su bSt Aty'uiquryl risefwﬂsedi casu AsHEE Ai-ut. etheo iterpu Beptioneliye dubstituted’

W S, . LR FAER g sy KB o o

Aojetpay defintedrefores defined as Aryl-O-C=O--; The term
"optionally substituted” refers to unsubstituted or
substituted with 1 or 2 substituents present at the

aryl Asfoxyheetoarylsis cifiined ds b@&b@ﬂetemaMMDQ%M-Qa‘@ﬁe@aryl; In

Egcs-r{iéﬁszt?ogmgél& (r)%geég rr{o?erf.)z gF olﬁ%{erg%b}? a%t}/ i};ﬁn q)%f ét[é%ﬁed to the

sarhsihing Upertion raff ¢hes rhalecutsulbe i euhetbptionadiybsubstitutes] refers to

HB\T,lasg)tu ! %r(ﬁsq gtal eéju wr}ps o %giﬁgﬁueﬂs %rtegsl?tl R d@%l%mety or on
e eherokimpl nﬂetyaé’ﬁeﬂrteelrbmorenpt [ onal |y substituted

refers to unsubstituted or substituted with 1 or 2

substituents present at the al kyl noiety as defined

bef or a;\jkylﬁaryloquryl is didihed asl Aag-OzAI-CJ-CBalkyre--1 Eherierm ‘optionally
Qétft %érsc' g?ﬁﬁ%%blé&&ged éreélﬁ%ﬁttu{e% witthh 4hs %Et’ithéﬂt@?ﬁsent at

e Ituents present at
diwdaryhncletyyamflneéfoefmd; before; Heteroaryloxy is
defined as Heteroaryl-O-; The term'optionally
substituted" refers to unsubstituted or substituted

wi t h Alkylargloxyhieterpanybistdsfiped ge Hetesparyh@-AryISC h&i6alkylas Jhe term

f.ar d
@tl glla/a%b%gﬁgée gef%)% 19 lﬁﬁuﬂﬁﬁﬂ?& g-’éé(béblﬁthc?W_ltgﬁlec_naQ substituents
Iprgsenhen thei aryl: mainty qregnnthe bﬁWQﬁYiéW"?tY@ﬁ slefined, befgre;
refers to unsubstituted or substituted wth 1 or 2
substituents present at the al kene noiety as def

bef or ékyaryiaxyalieylaroingrisvdesiged gt RatoNHet- élkalr‘arﬁrxldé}%alkyl---

ahelternts @HptlBhﬂy ét?bsﬁfu?éoe "r‘éfeﬁsntot @%uﬁﬁft@l@ﬂ &t%tltu%' ﬁ#h 1 or 2
is attached to a doub eé,n% defi ned

cubstifuents meesent O"Bhﬁn?ik\é cmrvlr mgj @@hzf% Ry @@d Ry as
geiféd BSforelNe term 'optional ly substituted refers to
unsubstituted or substituted 25 with 1 or 2

substituents present at the al kyne noiety as defined

bef or QAIkdeerbbhﬁ B Qfifed tJ@CﬂQGé]@}I-@-Q-@*—-Q nTlfieéJ aBrm3 S‘optionally
0, . S.or NR Rr esent on a carbon ato %
substltuted reférs to unhsubstituted or substituted with 1 or 2 substituents present on

the alkyl portion of the alkoxy moiety as defined before;
Aryloxycarbonyl is defined as Aryl-O-C=0--; The term ‘optionally substituted’

refers to unsubstituted or substituted with 1 or 2 substituents present at the aryl
moiety as defined before;
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is attached to a double or triple bond;
Al kyl am noal koxy is defined as

WOReHRENBIEEs C6- al kyl - O C1- C6-al kyl ---, where 30PCT1ES2006/020891

term nal al kyl group attached to the oxygen is

connected to the rest of the nplecule; The ternms R6

and R7are defined above; The term'optionally

substituted" refers to unsubstituted or substituted

wi t h Heleroaryinxly sarbongkis definaskamitletatoant©-aERY; Thetérat ‘pptionally

%%?%@Ege’%f%gg‘gB%Ubﬁt%fg%&gxté?é%g\ﬁ@eg or 2 substituents present at

i pipraaryl oroietypag dpfiett before; - ;  Aryl oxyal kyl amine is

defi ned as R6R7N- Cl- C6- al kyl -OAryI --, Wwhere the aryl

is attached to the rest of the nolecule; The term -

" opt i diedxyys delfinsd auCadCoalkyl-Or-s The termsunplidsatly subsiituted’ refers

33‘ Eﬁ%ﬁﬂs'ﬂﬁf&i z}ﬂ‘ stJBsﬂtu@'d \élgl'? 3 ké?&' s{,g&gﬁ?ﬁﬂ@ é?e%%ﬁlt ?teﬁ'\ﬁ ‘gﬁ§| moiety as

or ar

i@fid@ibéﬁe@, as Aryl C2 C8al kene--, with the proviso

that no hetero atomsuch as 0, S or NR is present

on the carbon atom which is attached to a 10 double

bond; Arviexy é eefingst iagnaryi-@-< Uthet termt odtionally esubstitoted’ refers to

%%H!gb'iﬁdtéd%ﬁguﬁ’étltlﬁg@%fht '1“0‘?% sNBs'ﬁ{heﬁtsoﬁreg ft;’%zth.bté@%ﬁiety as

present on kene ‘or ary
Bﬁ*ﬁﬁéba?%%eroaryloxyalkyI is deflned as
Het er oaryl - O C1- C6al kyl ---; The term 'optionally
substituted' refers to unsubstituted or substituted
wi t h Heseroaryloxyds defirgdt gs Heterpak©nt The teme ‘apsipaallyasupistituted’

¥efefd Yo aﬁhstétltLE’c@Q &eEQBéivtutE@t\ﬁﬁrPalr H%y&w |tuél§tsd§|fe'sgﬁtdat the
gﬂl—leteroar% yl---, where the aryl noi
LeFUINPi8 t%é’qf'@% bgfore;he nol ecul e; The term
"optionally substituted refers to wunsubstituted or
substi t ut ed with 1 or 2 substituents present at the

het er S4fSVIoNpiisH§finegdoas, £3:Gf alkppe-Omp ExaplesalyO-n dute-2-ene-O
lmé Odi@etleél kﬁé,(lfemﬁ‘obﬁdr)@lkl ks‘ﬂbstltét'elﬂo?é‘fé?% W'uﬁﬁt)bsﬁflﬁecr or substituted
t hi_oal bﬁn{%are noi eti es wherein
re i”t%?¥ Aregepindt {het alkgnenmoisty Bp a@l@eﬁlne@)before with the
ko W"‘”‘”"at o ol B B B s PRese 8tht Cafbon atom,
i u
arhic’ha'ga Aiegitn @ ﬁb“bpeeb%’élfl ngd Aryl al kyl oxz Iroups
het eroaryl al kyl oxy, arylal kylthio and 25
het er | k 10 ar i es rein the aryl and
het er 2\3{% I% %Lf{?g'ngg @SM@?'E ObeE’éﬁ"@p'G &H Hinle bepd C-CH,-O-
whilse mqretleh,eTrad feyrh om:mi?auy subbtifiteP Féferso (Lfﬁ&ﬁ@stiﬂjtéd F substituted
n Xya oaryl oxya
WU i et ac BB, A RRLne f defaed before, with the

snmssq thama betmeatenrsudmlaksadl)ksbr NaRlj .g @gesleﬁ( ér|1 8 cafdiCdtom which
?t't@ch 0 am no an i al kyl am no
refer t%—%rr%lhg%'&%gr%%i]eng%% or two al kyl groups

Alkylaminoalkoxy is defined as ReR7N-C1-C6-alkyl-O-C1-C6-alkyl---, where
the terminal alkyl group attached to the oxygen is connected to the rest of the
molecule; The terms Rs and R; are defined above; The term ‘optionally substituted’

refers to unsubstituted or substituted with 1 or 2 substituents present at the alkyl
moiety as defined before;
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30 wherein the alkyl chain is 1-6 carbons and the
groups may be the sane or different. The terns

worerveasdsys am noal kyl and di al kyl am noal kyl r ef B€T/US2006/020891

nonoal kyl ami no and dial kyl am no noieties with one or
two al kyl groups (the sane or different) bonded to
the nitrogen atomwhich is attached to an al kyl group
of 1-3 carbon atons, -13 WO 2006/ 130588

PCT/ ugsiodeesiaxg dsidefingd gp HE5Cit-O- 95 e@—HiCHpbt-1@-;

het eroaryl groups are optionally substituted ring
systens such as one of the follow

4, 5, 6 Arylpsyaligtareine isdefined @Sﬂel?}"}éﬁ‘lrgﬁﬁ&" -OYlom whete the aryl is
%'ttgéﬁéot W %’e k?¥s‘tec>f9the ﬁfol@cﬁ'ekyljfhes Eéﬁtﬁ o'ét:@r?qblpeéiﬂiltute*ay r:]efers to

koxyaryl a such 4- met hoxybenzyl

ygéqapsélg.ltecirg[ ;,Hhstltuggﬁi \Mg} ‘épbalsybsthql@nts gr@gent@g the alkyl or aryl moiety

@érdeﬂhéa geﬂg}é’ret hyl; by arylal kyl CO- such as
phenyl acetyl; or heteroaryICO such as

pyri di n-3-yl carbonyl; e.g. by al kylCO such as acetyl;
S5, 6,7 A&yl!afkbﬁﬁhy Géﬂﬁé@ é@ﬂ% éz?cc?ﬁdu@ﬁeaz With thé Bde%Bqlhbﬁ/no hetero

substituted_ e, _% such as net hy
@tgm &up,g}@soOgﬁ_qrrH 2§P;_esg_ent:w therrankpa Atera, which is attached to a

@oﬁbl@' Hﬁﬂé" The ey IrdpfiJJr‘Ra[ll% stb8tthBHIRE&S Qo unsubstituted or substituted
dr o- 8H- i ni dazo[ ]( [ 1, 4] oxazi ne

gw@ @q%ay@t%q_n%rg%ﬁr@ PR | ﬂp ) W erAsyldnaisty as defined before;

4,5,6, 7- tetrahydropyrazolo[l 5-a] pyridine

6oxor‘_gq67 Iﬁ(r dr0|mda2012a8yra2|

opt i o PAPAEMYRIYILiS gdelingd | agy HeteroahPiy1-CoalkW-=as The term

mtlhhéﬂy Substifditdty @efé%tﬂ*ﬁ@?&bﬁﬁlﬁé@ﬁ[ggsﬂlbﬁﬂtﬁtéd ddithhi 822 RBbstituents
Seﬁ# agtgs m?ezoq:r}/ltrﬂ?lgegsgie%rqu before;

4- oxo- 6, 7-di hydro-4H pyrazol o[ 5, 1 -c][1, 4] oxazi ne;

g ; g y %:o% s h, gﬁgeéa@%@%&%gw Qnaryl--- where the aryl moiety is

&ttaenbdwy@lrme 4kt b €eohidletuil PiHe tiérme,opﬂ@l‘iall?nﬁldsﬁtuted’ refers to

zjlﬁg&lgst@ﬂ PF gﬁ?ﬁﬁ?ql%g al kq)r%’%%&sg%gntg] %{Eﬁﬁt I%the heteroaryl moiety

Br &erargt moketyadsy/definedbdfarey[ 1, 2- a] pyrazi ne, optionally
substituted by aryl al kyl such as benzyl;

Alkoxy, alkoxyalkyl, alkoxyalkyloxy and alkylthioalkyloxy are moieties wherein
the alkyl chain is 1-6 carbon atoms (straight or branched). Aryloxy, heteroaryloxy,
arylthio and heteroarylthio are moieties wherein the aryl and heteroaryl groups are as
herein before defined. Arylalkyloxy, heteroarylalkyloxy, arylalkylthio and
heteroarylalkylthio are moieties wherein the aryl and heteroaryl groups are as herein
before defined and wherein the alkyl chain is 1-6 carbons (straight or branched).
Aryloxyalkyl, heteroaryloxyalkyl, aryloxyalkyloxy and heteroaryloxyalkyloxy are
substituents wherein the alkyl radical is 1-6 carbon atoms. The terms
monoaikylamino and dialkylamino refer to moieties with one or two alkyl groups
wherein the alkyl chain is 1-6 carbons and the groups may be the same or different.
The terms monoalkylaminoalkyl and dialkylaminoalkyl refer to monoalkylamino and
dialkylamino moieties with one or two alkyl groups (the same or different) bonded to
the nitrogen atom which is attached to an alkyl group of 1-3 carbon atoms.
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5, 5-Di ox0-4,5, 6, 7-tetrahydr o- 5X6- pyrazol o[ 5, 1
-c][1,4]thiazine; 30

W@ 286630688 et r ahydr opyrazol o[ 1, 5-a] pyrazi ne; PCT/US2006/020891

5, 6- Di hydr o-4H- cycl opent a[ b] f ur an;
4, 5-Di hydr o-6-thi a-1, 7a-di azai ndene;
5, 6-D hydro-8-Himdazo[2,1-c][1, 4]thiazine; -14 WO
2006/ 130588 PCT/ US2006/ 020891
4H- 5- Hxamplesber- fiisad djpgdicahatereary? gioupshgrdraptipnallyosubstutied ring
-bl.t hi azaol e yrazol o[ 5,1 -Db]oxazole; 6
,S#tamﬁ%/’a? 832[35&?13{8%%['@01 c][1, 4] oxazine; 5
6, 7- 5H Di hydr opyrazol o[ 5, 1- b] oxazi e; and
, wLeetr ahydr . - y, i i.qna
§met RGBSR byl RP S Be B o etk suen
2- nad bem_wdxcts} glkpxyarylaiieyl sdukly lasxd-edekhydxg@ienzylydty @$-C6alkyl such as
met ho
ot BERE P o YRy Py py, arypikyCO- guch as
X2 ;W-br&&,ceiyl Qi hetéﬁ)aryIC(Z)S sBch Z& pyridin-33NcagbonylnBe.g. by alkylCO-
C%%%l%ornul alAZl, Z2 and Z3 are
|ndepen it CR2, N, O, Sor NR and one of Z1 -Z3
|% Z,@Ftbtnahwmmld;azlo[ﬂnﬁemymmeh eptienally raiibstitutedt ¢g., y5C1-Chalkyl
Iﬂgv\gpom in formula |I. Wen one of Z's is CR2
the h er

Zs can be either two N or one N and O,
$,6- NhRdFOrﬁ‘HﬂnylamIaﬁrQi[ét‘i]ﬂ)mlnw th out disrupting the

CR2 the other Z can be
op-{)l h HBMS%/Y%%IF g%?@r??%‘ﬁe N O, Sor NR in any
GrPihysra- &H-IWMOBU‘PCM 'ﬁpmﬂeng the aromaticity; W,
CR4AR4, S, SO SO, O
%R,, &Vé&ﬁ/ﬁr lb?ﬁ@ row so that no S-S or 0-0 or
5)6Hdﬁaammrﬂmtramio[&éra]@wme to formthe saturated
'6-56h-5 634 & ’t‘gtrath?fifb-lﬁ‘@da‘ko[l\ll.’?%]%Wa%lea oﬂah&:aﬁ% dsu%gtlt@fé‘a gé " by C1-

are i ndependen S or one of
-ZBCﬁé'kbf'aﬁuﬁbﬁsths bonded to the remai nder of the

194 mwdeo-aﬂ-pg)a@zwb[sﬁ c][Zi%ﬁ@EuﬂH‘ a l. Wen one of Z's =
CR2 then_ the ot her s can be independently CR2,
N}H— -thia-1 6a-d|azapentalene

7H-1midazo[1,2-c]thiazole;
4-ox0-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine;
6,7-Dihydro-4H-thieno[3,2-c]pyran;

6,7-Dihydro-4H-thieno[3,2-c]thiopyran;

6,7-dihydro-4H-thieno[3,2-c]pyridine, optionally substituted by C2-C7alkoxycarbonyl;

6,7,8,9-tetrahydro-5H-imidazo[1,2-a]azepine;

5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine, optionally substituted by arylalkyl such as
benzyl;

5,5-Dioxo-4,5,6,7-tetrahydro-5\°-pyrazolo[5,1-c][1,4]thiazine;

4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine;

5,6-Dihydro-4H-cyclopenta[bjfuran;

4,5-Dihydro-6-thia-1,7a-diazaindene;

5,6-Dihydro-8-H-imidazo[2,1-c][1,4]thiazine;

-14 -



0, Sor NR in any conbinations with out disrupting
the aromaticity; Wien two Z's =N, then the other
w@ 20060805881 the ring is bonded to the penem poPCT/U82006/020891
the nol ecule as shown in formula I. 30 W, W2 and VB
are independently CRAR4, S, SO S, 0, VR, -15 WO
2006/ 130588 PCT/ US2006/ 020891 t= 1 to 4; Y, and Y2 =
Nor C, with the proviso that when the aromatic
Hé&%ﬂmfﬁaedla@pehtalemzm e, the saturated ring may not
the bridgehead carbon. 5 In
Q%nbﬁilryam?y% %@[@%gﬁtﬁ%&bnd Z4 are independently CR2 or
R 3Rthydiveyezolp(5, 1-bjoxarale;car bon and is bonded to the

r . W2 and WB are
Fmgen elrll_?%'ra%gggai ag%]gygz 02, 0, or NNRL; with the
§r7o@'ﬂ%h)tdﬁmyrﬂ@|@58 kiexaging; and S- 0 bond formation can

SR ARIEAIS e | RO Tamdeh ‘e

pr @'@W@Uﬂyléiﬂfoduﬁ% n@s o'a-msth@xyaﬂemn @r 1bw: alkyloxyetkylCQ-o such as
r%ethb deula 1-A Z1 is N, S, NR or 0 and one of
or Zgylswgum and the other of 15 Z2 or Z3 is

carbon and is bonded to the remni nder of the nol ecul e

as sh@@rﬁ{ésgﬂy Kcehet lgkdud-ormula 1-A Z3 is N, S,
N- R, pand ondewo ero§ryg 1p|Ts CR2 and the other of

Z2 or Zl i's carhon av11d |s bonded t the remai nd of
the nol ecul e as Fngun (Wak for maiey 'Y, 4. | nzf

1-A Z2 is N, SZ Vey 0 and Z4@y,of,Z1 or Z3zk Wz)t
and the other of “¥1 or Z3 is c%ﬁbon bonded to tlae
remai nder of the.gol ecule as shoggn in fornula §.gln
formula 1. AZ1 iS N NRL, Oorsand Z2is N, 00Or S
and Z3 is a carbon bonded to the penem portion of the

nmol ec [ f
m ISmNﬁ:r@aalaShﬁWm ZQS&QI %@Jbr’é uhdep%ﬁdéntly @R N, gyfa", -

N- RT
car boN-Rp@ndene; of 17—111 eZ43dn&Al t{%‘r @'?C{)h? b?ndqdetqmper@mamdas of the

altyvuld Bs fsﬁbﬂﬁ':@ férmu?a 1| WHeR"dRe! G Zs A5 éR,1tRe Bin 7
or,. S and 73 is Sand 72 1S a carbon gﬁg\g% s ban be

Eflfeer Qebh B s Hnaftsir Gt S Ni3{ Bcamcosbigntiags Wit Put ﬂigtu@tmg the
larorﬁatldtﬁ \i/ﬁemwbcazk ACR] thesotNer 2 caN‘bBa fongllﬁwe&gd %m one N,
éor{\gg he ot her of Z2 or I's carbon and
Yo R 8”¥ ﬁ@“?'@ﬂ%”ﬁdg‘ro%F"S(%'"ﬁéil‘%ﬁ'[ﬂ"@t'cm W2 and
V\B ar &4, W, and W; are independently CR,R,, S, SO, SO,, O, N- Ry, C=0; with the
proviso that no S-S or O-O or S-O bond formation can occur to form the saturated
ring system; t= 1 to 4.

In formula 1-B  Z1, Z2 and Z3 are independently CR,, N, O, S or N-R; and
one of Z1 -Z3 is carbon and is bonded to the remainder of the molecule as shown in
formula |.

When one of Z's = CR;, then the other two Z’s can be independently CR,, N
O, S or N-Ry in any combinations with out disrupting the aromaticity;

When two Z's =N, then the other carbon in the ring is bonded to the penem
portion of the molecule as shown in formula |.

Wi, W, and W3 are independently CRR,, S, SO, SO,, O, N-R;,
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i ndependently CR4R4. -16 WO 2006/ 130588
PCT/ US2006/ 020891 9. In formula 1-A Z3 is N, S, NR

W@OR000/130388 one of Z2 or Z1 is CR2 and t he ot herP@f/UED06020891

Z1 is carbon and is bonded to the renmni nder of the

nol ecule; W, W2, and WB are independently CR4R4. 10.

In formula 1-A Z2 is N, S, NR or 0 and one of Z1 or

Z3 is CR2 and the other of 5 ZI or Z3 is carbon and

i s bofirelédo4p the remni nder of the npl ecul e;

and i D

andy %%??‘(20‘8*?8@ gﬁqztg %%U'%.% @%Nhéﬂ t% a%gt c(l:laéro‘%%%ycle is
lirokdzale, the satusated riegmm]rrtot contaif at&adjacebrédmme, brw;ehcmi carbon.
WB are independently CRAR4. 10 12. In fornula 1. A Z3

is N NRL Oor S Z2is N Oor S, Z1 is a carbon
bondedh fasmuteih-Cp & e AR pdF anbAd efe indepersientiyCR. onN antPgne of Z1

' . 1 AZ
K+ R GrbOgaRFRAtbY e mghder e BB, S0 21 1
bondedVi &V. ameWaeareringependently SRRaeSn80e&@D-e O, Var, NYRE; with the
' I . 3
pgoﬁoeﬂ?ggg %Sﬁ gaﬁ‘rt%-;d/ 2%5@%@& gor%métug!. @ivg %Egﬁpat%cfénrﬁ(t)lﬁe saturated
iog gesfembt= 1 teed.penem porti on of the nolecule; W, W,

V\Bar I In formula 1-A Z1 is
S, 6‘{N- Q?%g%?%ﬁﬂgh QgﬁﬂRéO(S?‘PZS is CR2 and the other
of Z2 20 or Z3 is carbon and is bonded to the

remai e W N R1,
0 or S O)"&E ﬁa@rrgygﬁ‘gug'ﬁg{' ofth °rV'§'acg§R4 16I “in

formulla 1-&2308s N, S, NR or 0; one of Z2 or Z1 is
@Rzlnafan‘i‘nJIQQ-Rt 3 fs ﬁRﬂm ozal‘d'o?xe%r_i%g&_ﬁ‘g ¢R Q’@Qﬂggther of

he renafrTde
25 Z% ONZRIS cerb@n a@@@; bongec-togthe remaindeiofitbe m\ﬂeamammwn in
17. fo|.,ﬂu|gqrrmla 1-AZ2 is N, S, NRL or O; one of Z1 or
Z3 CR2 and the other of Z1 or Z3 is carbon and is
@on'@e‘@rmlda kA Z%isdi.ri¥id¥-Robr Orandrarieasf #12eqr Z1 is QR-arg; the other of

o g e, kil s gLl g o
andfoppulalN, 0 or S and Z3 = a car bon bonded to the

Qenfr‘lrfbmlé 4_2552{'8 hegpéea? ﬁf ]%&IS?C hen tReotherof

- 1721/\@r Z@amvtqre%%nmmmwﬁmm&m the molecule as shown in formula
1.

9. Informula 1-A Z1is N, N-R;, Oor Sand Z2is N, O or S and Z3 is a carbon
bonded to the penem portion of the molecule as shown in formula I

6. In formula 1-A Z3 is N, N-R;, O or S and Z2 is N, O or S and Z1 is a carbon
bonded to the penem portion of the molecule as shown in formula .

7. Informula 1-A Z1is N, N-R;, OorSand Z3is N, O or S and Z2 is a carbon
bonded to the penem portion of the molecule as shown in formuia 1.

8. Informula 1-A_Z1is N, S, N-R, or O and Z2 or Z3 is CR, and the other of Z2 or
Z3 is carbon and is bonded to the remainder of the molecule; W,, W, and W; are
independently CR4R,.
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19. In formula 1-AZ3 =N, NR, Oor Sand 22 = N, O
or S and Z1 = a carbon bonded to the penem portion of

wo h@onrsiseul e where t = 1 - 3 then one W = N-IRT/UST00€020891
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S(O,, n=0-2 and other W = CR4AR4. 5 20. In fornula

1 Awhen Z1 = N NR, Oor Sand Z3 =N, 0 or S and

Z2 = a carbon bonded to the penem portion of the

nol ecule wheret =1 - 3 then one W2 = NR,, Oor

S( Qnrfommnuta -8 Z3nd NyiSh&-RYV@r © a0R4iRé.of 7@ 2 1 is ©Rz@ndihaother of

o b7 s apSl e B8R da O, Bmsr o FRchBEW, W anc

r e acteindeferidenty"OReRuI €; then W and WB = CH2 or
Bﬁf)@tftﬁ dro %lgﬂhléel\gﬁ hP’begﬁc{ e%ezq “Z%r‘slafh and the other of

t hezpoezs m:earbﬁn bed & lmombdrte tlmtemaum:brfof tha m,olestﬂ(eox\h, W, and
rmfive to eight nmenbered

= 0 to.2). N f
c(:;cY"iS@r%@Q?%?ﬂdef‘&C%?@"g; one \ = N- 15 RL, O or
36 Qn, formula 104 Z1as i, bR 10 B2S andRZ2Rd N, Zor $nZ3 isy argarkon bonded
1- =N, "S. N-R
or s pebermgphiof or e maBRlle i Jir Sy arBeRl el R R

remai nder of the nolecule; then W and WB = CR4R4;

eI Girgeih 2 NS 2 G905, B8 apog onee o

=N, th8, peNeR, pastiorOofahelmdlecole; Y3, W, (M2 argrindenendenthycERdla.
Z1 or Z3 is carbon and is bonded to the renni nder of
the nol ecule; then W and WB = CR4R4, where t =1 -
t18ehn formulad-A 24iRN, N3RorO §( 8);rZ3 i Ns QopSadad l%ﬁr?@rbqnzb%ded to

and Bpehepy gt MAGELWL R, o MaeDerdentf CRER®

penem portion of the nolecule; then W and WB = CR4AR4,
V‘Iﬁefriafd' ula 1-A Z@SWWR"@ ofB: 71N ﬁ O & &r Z§(|Qhrbancn bonded to

30'25. In fornula
N mmaenem Rartien efifhe mpleculg; Vi W, Wstarewdzﬂendeaﬂtgﬁt}sﬁ
bonded to the penem portion of t he nol ecul e; then W
and WB = CRAR4, where t = - 3then one W = NR, O
otS. &y tgmulg 1-AnZ% isstNgS A1 ror\m opeghZ2.pr Z31ig GRgp and the other of Z2

20064 2§Q§§§b8@ﬁd§%§é@%@¥emaﬁdeﬂ&tﬁ@ﬁ{&écﬁlell =A - 53 one W

or S then

r
a cé?r%t% B §Q)ntn Pf?ea%ﬁ@ﬂmﬁb%ﬂ%ﬁhﬂ)‘fmt he ol ecul e
thenW andV\B =CR4R4 ; t =1 - 3; one Wis N-R, O

?(%) = 0-2. and_anot her W2 is _CRARA4.

16 rmula 1-A Z3is N, S, N-R; or O; one of Z2 or Z1 is CR; and the other of Z2
or Z1 is carbon and is bonded to the remainder of the molecule, t=1 - 3; one W,
is N-R4, O or S(O), n = 0-2 and another W, =CR4R4.

17. In formula 1-A_Z2 is N, S, N-R; or O; one of Z1 or Z3 is CR, and the other of Z1
or Z3 is carbon and is bonded to the remainder of the molecule; t = 1 — 3; one W,
is N-R;, O or S(O), n = 0-2 and another W, is CR4R4.

18. In formula 1-A when Z1 =N, N-R,OorSand Z2 =N, O or S and Z3 = a carbon

bonded to the penem portion of the molecule where t = 1 - 3 then one W, = N-Ry,
O or §(0), n = 0-2 and other W, = CR4R4.
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527. In formula 1-A Z3 is NN NNR, Oor S Z1is N, O
or S Z2 is a carbon bonded to the remai nder of the

worpdoeasises W and WB are independently CRARA ; PET/ESZ06/020891

3; one W2 is NR, Oor S(On n = 0-2 and anot her W
is CRAR4A. 10 The nore preferred enbodi nents of the
formula 1-B: 28. In fornmula 1-B t=3. 29. In formul a
1-B Z1 and Z3 are N Yl is N; Y2 is Cand Z2 is
carbon and is bonded to the renni nder of the npl ecul e

L. I 3 l.a
35 AP RZIUR, LROD of 8 S Y 2 FPof S B 2L a carbon
bonkrgleddo theepensimpoertien Obﬂhetnrr:decrwﬂ whelted =% - SHogmonenW, = N-R,,
f or 1 is N YLis N Y2is
C, dglr?r%ééf))"ig Oé%&ﬁ% and l:\tzﬁe other of Z2 or Z3
is a carbon and i s bonded to the remai nder of the
I | _nnf ar Z
79! iehuB R 21= N ARGl 5 518 23N O dd o 2 carbon
ot hb_crnd@ﬂ to #1ge Penet parion of the cenlemte whereits boddeen ore YWae N-R;,
' =t ¥ wn in fornmula |I. 33.
c?r? %ﬁpgﬁéb%a@bm%P%?gRﬁﬁng is C, one of Z2 or
Z3 is CR2 and the other of Z2 or Z3 is a carbon and
g, mqaﬁﬁlﬂaﬁoAti‘le-NW RY8F 0%n dtiieorr@?% e@&%n@%héﬁﬂ\@f‘oﬂiﬁ orZ3

formula I, "W a arelngge enden
oneiS\8Arhon apdds booded t,@shsﬁ(r@lnde(rrpf m@mzbeculsntmear\(hst angt W; = CH,

W2 ber&R%rog%ﬂs ohnhé ‘Pr:ﬁéfH\}l&elﬂméggjca'nsbé\'su%%tdtéd fo fox% a spiro

is N one
73 system @&tht%rw'taﬁwt th@, prRseaer|of hetengaaterapselegled f@m 9h§ (O (n=

ol @ed'be NaR &hl’éﬂﬁ fll/é‘to éleﬁmétﬁbéred%lws% qr..e1 3; one W, = N-
|ndependentf -3; one

s—(BJ)PPhs@)@nﬁo Zéﬁe othei\Wer GRARS CR4R4. 30 35 I n
formul a 1 BZS is N Yl |s N. Y2 is C one of Z1 or Z2

C§2 a ot her of or Z2 is carbon and i
Bénlﬂ‘ a"P 4$rd%R18fbtw Z?Dvre%hf&Ra§n§Hwthphof Z2 or Z1
f or Budzrbdn andgs B‘de’&ofé/ thaOlafidirfder /opﬁ?é_)ﬁféﬁ&a%g%n \3\5 and W; =

é%‘l@la N:. Y1l is éYle C

re nd T l?r’eth%’f RB? W= M-Rg O 913S{Q)n Ba'r%rﬁ"ﬂnétherwz—

|s or4Rdd to the remai nder of the nol ecul e as shown in

formula |I. 37. In formula 1-B Z1 and Z2 are N, Y1 is
N. Y2 is C and Z3 is carbon and is

23. In formula 1-A_Z2 =N, S, N-R; or O and Z1 or Z3 = CR, and the other of Z1 or Z3
is carbon and is bonded to the remainder of the molecule; then W; and W; =

CR4R4, where t = 1 - 3 then one W, = N-R,, O or S(O)n n =0-2 and other W, =
CR4RA4.

24. In formula 1-A when Z1 =N, N-R;, OorSand Z2 = N, O or S then Z3 = a carbon
bonded to the penem portion of the molecule; then W, and W; = CR4R4, where t
=1 -3 then one W, = N-R;, O or S(O), n = 0-2 and other W, = CR4R4.

25.1In formula 1-A Z3 = N, N-R;, O or Sand Z2 = N, O or S then Z1 = a carbon

bonded to the penem portion of the molecule; then W, and W3 = CR4R4, where t
=1 -3 then one W, = N-R;, O or S(0), n = 0-2 and other W, = CR4R4.
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5 bonded to the remai nder of the nolecule as shown in
formula |. 38. In fornmula 1-B Z1, Z2 and Z3 are

wo pbepanssent |y CR2; Y1 is C Y2 is N, except PCEUS006/020891

Z1-7Z3 is carbon and is bonded to the remai nder of the
nmol ecule as shown in fornmula 1. 39. In formula 1-B Z1
and Z3 are NN Y1 is N Y2 is C Z2 is carbon and is
bonded to 10 the renmai nder of the nol ecul e as shown
in formula 1; and t = 1-3. 40. In formula 1-B Z2 and

£8. Af8rnlila 198 ifen'¥1 & KI NSR C OWaZé—ZB& N%%PB tﬁél’gzigacarbon
bonded to the remai ndef of the nolecul e:

41, 5ndefldp A BERETEPITIOR 9G theamalegulRt thew i SN RERARA = 1 -

ands;zhel W, %aﬂimrb%ﬂém 40@&%@ hbthdrant RreRaeer of
the nolecule and t = 1-3 In formula 1-B Z2 and

Z3 are N, Y1 is N Y2 |s C Zl is carbon and is
bonHaemii LA chzlﬁ? ro %F st g |£f¥l|' erY} §; zé’\ls élegrb%\ﬁ bonded to

are indepefdéntly hydr ogens’ on

et g Iremaindeh R mealeculrs V\é,u@fyi s e wdpaemdﬂnﬁv §R§|5i4r ot=1-
syswélwé\m NR.0D dMQ(b?lH btﬁearﬁf %ﬁsmeﬁv\efls BRURRO at oms

selected fromO n n= O- to formfive to
ei ght nmenber ed cycllc system t = 1 3 and W is CH,

N-R,, The ma@ p?éf@br@d ehBb&inients & thelfordhdla 1-8: fornul a 1-B
égll%ﬂ;Ylls N Y2 is C Zl is CRR and Z2 is the
r

M3 4B EShded to the remai nder of the nol ecul e.
'29 I forim@l WA At Bnd 231 dre N Y(]I |'s,5N Ny2Yid Csan@ zXik éa$bon and is

Z2 is the carbon atom bonded to the renai nder

of isSp e femamer olihe AP 5 S aWLIBERIAL | y | 25
@B4Wforﬁ1u%_ %ET 02233%6%3 a8 N; OWIEEN 1B €3ciand hﬁ%@cfrﬁon and is

: I's the carbon atom
to bonseddediaygaainsier wa@e mleculs as shgwraindommilak

i3nd t4.
f3'1 ngggg%dﬁnot 2? %%r}qu \?‘R G or}ézoﬁ% %FBA%C%Z%d the other of
or

3 is @ carbon angis handeq tNtheﬂgmay,ndgr of thej goleRdle as Bhown in
i s fohfuregr bon atom 30 bonded to the remai nder of the
mol ecule;” W _and W2 are independently CRAR4; WB is
N2RIn fogmyla BB his: N.a¥itiistC.2Y2is N xoneves 20062 i8GRa@nd the other of

PCT?QS?QQ &9 %%%%ﬁ agégs bé)rﬂifﬁﬁé %@n?a rﬁ%e;%f 'tl-[tcéorﬁnblgcﬁle ag shown in

N Y2 is C e carbon a
to muﬁdml nder of the nolecule; W and WB are

'330' Wﬁfr‘rﬁﬁﬁ% 'io-rB nﬁc{éﬁ? YB1 §2N ﬁ@,\? e o% é@ls C‘Re%ﬂgéﬁe gther of

CR222 on Z3 is a garbep@ndris mm@gdo the remalnder of the molecule as shown in
formula 1, W1 and W; are independently CR4R4; t = 1-3; one W, is N-R;, O
S$=(0), (n = 0-2), and another W, is CR4R4.

34. In formula 1-B Z1is N, Y1 is C, Y2 is N, one of Z, or Z; is CR, and the other of
Z2 or Z3 is a carbon and is bonded to the remainder of the molecule as shown in
formula I; Wy and W; are independently CR4R4; t = 1-3; one W, is N-R4, O
S=(0)» (n = 0-2), and another W, is CR4R4. _

35. Informula 1-B_ Z3is N; Y1is N; Y2is C; one of Z1 or Z2 is CR; and the other of

Z, or Z, is carbon and is bonded to the remainder of the molecule as shown in
formula I.
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5 the remai nder of the nolecule; W and W2 is CH2 or

bot h hydrogens on the nethylene |inkage can be
wGeivst3aseg ed to forma spiro systemw th or w PEDUS20061620891

presence of hetero atonms selected fromO, S(On n=

0-2, NR to formfive to eight nmenbered cyclic

systemm WBis NR, O or S(Or, ; andt = 3. 49. In

formula 1-B Z2 is N, YLis N Y2is C, Z3is CR2 ; Z1

i36. tinforoalialigB B2 isdNdYt & N;IYXR i anemfiZh derZdis GReand the other of

oo Eiis arBf i bend A A5 RAR SeRAihdler Fng imdiSdull s ghown in

to foomnkad. spiro system with or without the presence

Ly MR 1B R B A Ty B V20 i Za ks orpen and is

W2 bendedRy thelreatairieOp! theansleautobd sitowtPiniferntiitd R4; and

A5 iy gnole 183 210 210 24 BrsnasmeaterCRE G selnl 25l except
of biveoim2l 3Lk earbdh amdds Mhdae do tHioeprirdizn bf theChde@lle as shown

bothflim/qrggens on the nethyl ene |inkage can be
sub¥t'P 24 to forma spiro system with or without

3% IpfRHBRCEBOZ1 At e13cara\? V] is &l; ¥etied; Z2 aedtborPafd is, bonded to

ormfive to eight rdccllc
sys&\?rf?mé\@ﬁ%mtl\‘lgﬁem°'??”£ﬁa%ﬁ"é)wn e R T
f41U ﬂwlfcﬁmlllaBL@- 73 ahd 26LlaresNN; Y1Y% NSYE&iis €L dn‘él iR?s earK&w and is
&he car bon bonded to the remainder of the

ifled:o e rempinger of theimelepiei #At Ry -8R4R4: one of W2

|LB1 |N1 RBrmufa a8 HChiy EB%r@NOthﬁ"s BlardSYSBARdnd 210G tarbon and is
In fornmula 1- is N YLis N Y2is C Z1lis

3.
CR2b°’E'§d tg ﬂf%"@“la&'?% ﬁ’f B‘Grﬂi@@aﬂ% and 3 r'¥nmi nder of t he

nTd. ¢ fndutaW-Bapg aW@ 73" Srel I8P ey ﬁé @Rﬁ'ﬁ‘fs cé?B@n éﬁ?d ?s%onded
25 NR, 070or. S(O and anot her W2

ip3the) rempalpdan of the gnolecyle; Wi ang Yo eme 'NQene;ﬂd@‘\ﬂYZ@Hp or both
Cthydzagérss @mé:aremr#éqmsge £&n bb%bgﬁuwdne%rrﬁfa é;h% system

nmol ecul e; nd WB "are independent |
R . WEN oF wgl(né)t the presgnge of r@terg@tomqqsqlgqtﬁqij frgmlOBS@)n BF @-2 N-R,

72 & fori flv¥]toléigﬂ‘ﬂ méﬁ%bél‘éd(%yc%gsysﬁerﬁatr 003 3Rd \:‘\»@ iscendadr,, o,
cg)ﬂthe re er of the nolecule: W and are
mdgg H’é‘ﬁf??f . one of W2 is NR, O or S(O,,

a¢3ﬂ I feinbRy 1-B2 73 |stR4|?4 is N 2tis € 21 |s ek \égd%ioigltﬂéggé‘ggn atom
%éls 006/.020891 55. In formula 1-B Zf and Z2 aré N;

d 194ne temaindes of themplgeiie. and i s bonded to the ‘
r45mm h‘tﬁ‘ﬁ'fulaoi -B h%ﬁ@'r@C\Uﬂ B NWZ 8t VB gr@ QQQﬁﬂfée%béfn atom

one ﬁlﬁ’ N-R or g\;n an % 4not
g?&ﬂ%’ fema'Qders@‘ th anP'@P‘HﬁiI 11 V¥ and N apindependently
N TR4ARY; N=1Md3.s C Z3 is carbon and is bonded to

45.1In formula 1-B_ Z3is N; Y1is N; Y2is C; Z1 is CR,; Z2 is the carbon atom
bonded to the remainder of the molecule; W, and W; are independently CR4R4;
and one of Wy is N-R,, O or S(O), , and another W, is CR4R4: t = 1-3.
46. In formula 1-B_ Z3is N; Y1is N; Y2 is C; Z1is CR, ; Z2 is the carbon atom

bonded to the remainder of the molecule; W, and W, are independently CR4R4;
Wsis N-R;, O or S(O),;andt= 2.
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5 the remni nder of the nolecule; W and WB are
i ndependently CR4AR4; W2 is N R, Oor S(On ; andt =

wa2®¢/13ds88 f ornul a 1-B Z1 and Z2 are i ndependene¢y/USREG/020891

Y1is C Y2 is N Z3 is carbon and is bonded to the

remai nder of the nolecule; W and WB are i ndependently

CRAR4; one of W2 is NR, O or S(On ; another W is

2?4 and t = 3. 10 58, In formula 1-13 Z1 and Z2 are
dgp@ﬁalé'ﬁtl_; cfois Ny YhiscNaXa isr€: 24 isGieg 2318 the carbon atom

carmﬂ anél tHeSreRRistRA
Fﬁ)“ e ;Hr Srehi ndep SE gﬁ] ?F&E@R@MQ%B Wi gﬁﬁgﬁ%%inge%fcmm,
N_ 2

1 § W)SQncPRle dt her V2 i CR4R4 and t =
43, ﬁQforth'ilafﬂi g |§ NEYB 6N s €2 Z”Br € drydene ﬁ@tcg%oﬁ%%nded to

Y1 is C YZTs 723 i s carbon and i's
t hethe JREmRINgEF OBfthet Rlegstles MY @nd\M\lz am@l-lé\aorab@h hydrogens on the

' ndﬁ%g@ﬁéqlh%ge% sy&th&ea\ﬁﬁmm% Sirabyfsk wi ﬁnéjr\klthout the

In forrula 1- Z1 and Z3 are |nde en
CRzpfeﬁqncﬁsofctle’fem at@,mm sefegtedsfremr @oR(Olame 9-2, bdeéufqrm five to

t hegigrRemsiaed e{/clubfé9st€m QFUS &N R\{Vo %Pé( B amz -)3 _

|ndependen

tl one
4R IMHerula ﬂé@&ﬁd\l ¥his N; ¥2 l§ C 2253 I§1CR2| rZ ¥ isrthecarbon onded to
Z1 @B0refdirRief df r‘lﬂ@%ﬂ%@ﬂl‘el XNCB%d Wl dr8 gde;%%dtbﬁty\tc%zor both

is carbon and is bonded remal n
ol Eregens \gn thadnetbylane llnkﬁwp@mbemsugstrtmmmrana spite system

V\E Wﬁh &ﬁthoupth@rprgép)ce of ﬂ@fér& he é%fercte\AEfrérg (%gﬂgznnq-aﬁlg N-R,

I n formul B Z1 an ZS are 1 n
CR2t° fomflv%t@'glvtzmp@bﬁredzwch% sysiemoand emgl Ws ish dWhfedOtas S(O),

th%ﬁﬁ@tﬂéﬂwznetmm BRyeaul e; W and VB are
e endent_r_%’$25 CRAR4; W2is NR, Oor S(O,, ; and

“1f°"Bl§a 108, Z2ierhi Y1 5-N8 YBisdpiZYis GRes 2 nigdbe naban bpnded to
CRZthe réairdiefof \‘fae' r%ok\e'culgl W S aﬁ@rWO rblre ag&ieade?\dQW%ﬁ-I 8 both

the remai nder of the nol ecul e

i ndRFEMEER ONythe @&Men% fekage ¢ap tp@ substlmt@qi tesfapn, a ;spiro system
an okitresr@itHost RB4rdserB &f heter@atoﬁﬂ sele’?: gﬁ@ﬂ oA %O?fo-z N-R,

qﬂ 2 a e |nd ?endentl
ar 959 Cxc‘dicwﬁéemewalﬁd\éﬁm@ or B0), ; and t = 1.

Bﬁl BCfoinula YVB mot% Y& o &N Wﬁg‘%% IoR, ; RE-%% %%%{)M\gonded to

thlé?W%&ﬁﬁé%é’@@@“b@Wﬂ%@d@@ﬁ@Zﬂ@%ndeBﬂy CR4R4; one of W,

fonm-r-m D & S(®)pant %t%M;&C@@M%ﬂH't! }?RZ Ylis G
%’lﬁ t"rf@N Z1 is carbon and is bonded to t remai nder

e 48,142 is\N: Yalnig N\ 245 £; i de pBad Eat isythe CRAHPA ,bonded to
\/\2 ths réﬂnﬁédercbf%g ﬁ(\?)zgdlmlse V;@Pg?]% W3]an=2§'@eﬁéﬁh§£9? %41 ong W is
t h eN Ehaélor %((J))n, and another W, is CR4R4; and t =
53. Informula 1-B_Z2is N; Y1is N; Y2is C; Z1 is CR:; Z3 is the carbon bonded to
the remainder of the molecule; W, and W, are independently CR4R4; W, is N-
Ry, OorS(0),;and t= 1.
54. In formula 1-B_Z1 and Z2 are N; Y1 is N; Y2is C; Z3 is carbon and is bonded to
the remainder of the molecule; W, and W; are independently CR4R4 ; one of W,
is N-R;, O or S(O), and another W, is CR4R4;andt= 3.
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5is C W is CRAR4; W is CRAR4; WB is CH2i N-R1 or
O; and t=1. 67. In formula 1-B Z3 is N Yl is N Y2

wo 2001338 of Z1 and Z2 is CR2 and the other PGT/TS200d/020891

is CRAR4; W is CO W is NRl; and t= 1. 68. In
formula 1-B Z3 is NN Y1is N Y2 is C one of Z1 and
22|sCR2andtheother isC Wis NNRLi W is C=O
is CRAR4; and t= 1. 10 69. In fornula 1-B Z3 is N,
5@ Irsfomﬁulamz‘candﬁ% arg Nz‘11 ambl Y2is €; ZRB carkbrt 4red is bonded to

ot d
htﬁé rerlrnrfgalp (geérpar% er r e%§ enbo 'Pd%ﬁgeddfgor rruﬁd’ﬁ?’- 8“3 of W
ar e'S N‘@h Per B¢ mang a__no@hqilvz EQR‘H@ andtz42.ar e

5gd gpfgﬁﬁﬁgﬁl ‘B fIRgnd 298rPN: ¥1144: mV)? |sC@‘r£§) i‘gﬁ? ?r%jls Z)Pgded to

bon r emal nder of "t he ecul’e;
; thefemamde@f tm]molemlle W, andjWé\Baralmiepelmuamdeme Wyis N-

i— Q, or NRL. 71. In formula 1.C Z1,
O&%(é%{ a}%t i ndependently CR2 and one of Z1-Z4

63 Indarmuda 168\ & 1i ando@sharedndependenttye®Ry ; narens Of Y2 IeN; Z3 is carbon
nmol U

Ve Sifkis iondey 8ifheY@rizilndtor the Inglocul Y did W aqf padézgaenty
72 CR4R4; el ¥V 2lis N—Eﬂ O @2S(Q3; anudhef WV sis €RARMG paddentdl.y

2 .

ﬁﬁgrg pfé:]nalggq é( 2 glfe |gg§pe§8§nt3/ C%\g, Kl_y\%é aﬁlg%l IS, INeand Z3is
f orqanben Bn¢ iE1borsieN tondheZ2ZemABidanaf ke amelecule; W, and W, are
i n Y =.11 ‘

o BeRARBIYCRIR4: oy BB 8, GorlsiOrabd Hie her w s
I\I-F@R4R4?4and1n=f2orrml a l1-C Zl is Nand Z2, zZ3 and 74
99 elg Ofﬁﬁﬁl.ﬁ&%? q Xn%are RgepoqndFﬁtél %‘F; Zgb s, C'c\%ls%' %{1 is carbon
Y2 gngl in; bonded to the @madnder\af théA&omwleV\BV@ar&i W3 are independently
in Y, S or NRL. 75. In
fosﬂﬁ ?dgﬁ ﬁ n?j@h?mg? aﬁd Z4 are independently
8foin: fommda 4fB Z- arenz3 are:ladbpnindanﬂy CR;;bonidagy YZDIStNWQZ IS carbon
ol L B o P SRR ot a5 sy

SOLCR4R4; NRIW, B0 N7B,, Q or $@)purotier®Zi2 GR4RY: and tZl ,3 Z3

BRI Llo Rt Bk Ve 2L oo

C; ay@ is doNged to-the remnaldenrod tmmo%u@ﬂWNﬂhcﬁV\% are mdependently

208 18528l ofe KB R dotsth Sy hedhadinbiondt e - -

2. Informyla ¥B 3 cnd4&3are lmduiaegdélﬁ@r(:]Ry YR C; YO \0fZ2 is carbon

21 a%ﬂ 0 to, t mal r

£ SR MY B, U Tl

VB GR4R4; e jse NeRRnQ gr SIRYRAand, = 30, S02, O, or NR .

nd are

;6% dlg fgrrq‘; tﬂ%%ﬁ ég%rg 1%4}!,\ g%'il%l CI%Z, $1 is Y2 is N; Z1 is carbon
and is bonded to the remainder of the molecule; W, and W, are independently
CR4R4; one W;is N-R;, O or S(O),; another W, is CR4R4; and t = 3.

64. In formula 1-B_Z3 and Z2 are independently CR, ; Y1is C; Y2is N; Z1 is carbon
and is bonded to the remainder of the molecule; W; and W; are independently
CR4R4; one W, is N-R;, O or S(O),; the other W, is CR4R4; and t= 2.
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5 is carbon and is bonded to the renmai nder of the
mol ecule; Y, is Cand Y2 is Nt =11to 3 and W, W

w@eaoNB38% € | ndependently CR4AR4, S, SO S02, OPCDDS2006/020891

NR . 79. In formula 1 CZ4 is N and Z1, Z2 and Z3 are

i ndependently CR2; one of Z1-Z4 is carbon and is

bonded. to the r enni nder of the nolecule; Y, and Y2 are

: =1 and_W, and WB are independent|

g§4f@4f°f "?s“’aéé- 7&)@“" & a@r'”‘ﬁlﬁn@"den@ €82 i i3 Gy Ffall%Nil%CiS carbon

z4 Rl Ife |
5 4 el e 10 AR I T
he 'C

e Ny, Ooonp(O¥ps andt= 1t = 1 to 3; and V\l
@6 ﬁﬂ@rrﬁ\ﬁlaalﬂﬁ_f 'ZBQ§N9‘?Q’¢§‘N1 YZ%%e &32159@1??9 gﬁ%ﬂﬂﬂ the other

or mul a is N and Z2

i ndéEeN\ﬁ@ﬁQ‘VWz '%687‘814 \Z&Jz@Hz,|P§R¢ar Boanditrdl.i s
@?nﬁﬁ@rﬁﬁaﬁt@ Q@”@'I\Pd@ is &F; Ygg?cngh%@“ ?ana{lz Wer %n ?r?e other

are |n epen
CR4R@ Wa 'S§@4RSOW2 i C=6¥; VNHRN -Rgandit1fornula 1. C 21

Bprinorie b o2 oN: 91 i Po T GGRPEEEEN L g e e otner

thésl%l\/\éldﬁll e:NR1; Wg isg=Q2Ws és CRUR4; and]t.—ﬂo 3; and W,
Aioffia 38, ZRRERERT R Y2 5 Bne 320 225 GRy o e other

Z4 IaﬁeWmIéb@nM\ém NyRCR® js @irg aofl t=21-Z4 i s carbon and

'S ibo'?ﬂﬁl%c;ré’ pwigr{éoe%ﬂb&ﬂﬁ%(}ﬁfof'\ix%efoﬁgul%\gig%e 18 G

|ndependently CR4AR4, S, SO, 502, 0, or 84. In

ﬁ@r Wfo?rg&laq é]ZéRgQ Z:ﬁ'a ?4 g&%ﬂgi@ﬁﬁﬁR og‘uﬁ of 71-4is carbon

borﬁj\@dStb@n@ torthersemainderadf thénmofasuilec il end Y, aresCN =YPto 3; and
i S V@, Wi am W, b r'ﬁdelgé}% W%Rﬁngs 62 3 MIRpRRdeNt LY

CRARA. 5. SO° SO formula ‘t-C 21,
7b. Infgrmpla ACA 224 Z3anshéb ere mapermenuyw@&a and tohe of Z1-Z4 is

fs?”EérBQﬁ %n@%ﬁ&ﬁieﬁ% W}e‘?naé%ier lof tHe mg gc I?,y\N&éﬂ:gz 1 é 8Nt =

: L are I ndep en
so, 1&3; Wp, WypandlMz are mgependently 6&434;LscS<21$0233,amuN R4

72 eifMYorida42c i '251 22”23335\1@2@ a?élnG%Egﬁ@nﬁspcﬁéeg 3 id Yo %k%q\l t =1

of the nol &cul & Y, and
ve 9] We Weand Wma@d@ﬁmmﬂpyﬂmm4 %,SEBSOH0R or 8:Ror

e A OSSP iy gy .o

e h¥/2r 38R n@rerindspendentiydtR4R4, &, S0, SOwiOYer N-R,.

24.e ICfandlat 1-8 21 N 8id 2D973\end Y8 A fhd¥Bendently CR, : one of 21-24
is carbon and is bonded to the remainder of the molecule; Y,is C; Y,isN:t =1
to 3; and W1, W, and W; are independently CR4R4, S, SO, SO,, O, or N-R;.

75.  Informula 1-C Z2 = N and Z1, Z3 and Z4 are independently CR; ; one of Z1-
Z4 is carbon and is bonded to the remainder of the molecule; Y; and Y, are C; t
= 1 to 3; and W,, W, and W; are independently CR4R4, S, SO, SO,, O, or N-R;.

76. Informula 1-C Z2is N and Z1, Z3 and Z4 are independently CR; ; one of Z1-z4
is carbon and is bonded to the remainder of the molecule; Y;is C; Yais N;t =1
to 3; and W,, W, and W; are independently CR4R4, S, SO, SO2, O, or N-R;.
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are independently CR4R4, S, SO S02, 0, or NR, . 88.
In formula 1_C Z2, Z3, Z4 are N and Z1 is carbon and

WO 200basdesl to the 5 renmi nder of the nol ecul ePCIYUSHNE020891

Y2 are Candt =1 to 3; and WL, W2 and WB are

i ndependently CR4AR4, S, SO, S02, 0, or N-RL. The
conpounds according to the present invention have

P- Iactanase i nhi bitory and antibacterial properties

Ahd Imfmylac1@ Z8 iy Nt AL 43 and #éare bidependantly 63 ;i ane of Z1-24 is
hungamon Hhdad bomledt to kite r%ﬂ?a%o%r Bﬁh@%cﬁgc vﬁ‘a&t atnlaequ areC;t =1to

co ounds of the present I nventi on,

i 3 WonWaiand Weaare éﬂﬁeaﬁﬁ‘%ﬁﬁlﬂv GiRHR4: S, &0, BORe O\ pe NrRh
Vbe In fdﬂﬁlh%a*P-GdZ@BtN Qﬁ@?“r’@@én@?h'a\‘é frﬁﬂegéﬁ/d?a‘?ﬁlg ICR, ' One of Z1-z4

ef fect) agarnst class-D uci n
(3- Ea%étra?ﬁ and isohanded $o tmdptm@dpteﬂf tbemnalwémt\ﬁbﬁs Grangk Yz is N; t

such ag PiaREVACIW, 'dn'a W, %ﬁﬂe@ehéﬁig ész?Cli@f,lfé?, #d,gst%zé O, or N-Ry.

benzyl penj ci LI ns, I Cil eni

Krolthforprigi €144 is a FhaAZoRsbed se indeneadently CR, ; one of Z1-Z4
cef alddrBdiEnd %%ﬂaé@lfd # '?Smalﬁﬁ lod n\'oréﬁ:uféef{aéﬁéli xnarelé; t =1

cephal exi n, cephradi ne, other own ce

azt Feoe WindV: andWo ves md%mmlsntb)c@aﬂw PS80 B IR,

80CNin #6mithd MRS RAAd 2T 2R f ]
conmpounds of this present i n@g]r%t:allvg% lg?éelfeﬁnégﬁtﬂptﬁﬁ one of Z1-24

pi p&r PPN pRd @rbonﬁ%%? thelremaingas efithe srpleculs; Yads N; Y2 is C; t =1
spees 3;Wmdol,,ans hivd AL a?egiﬂuéléénd@ﬁmﬂﬁﬁht $.Y60 2562 B APN-R, .

gat i ve . 20 The _conmpounds o esent
B RS IE B2 o o0 e 23 A 24 e Indhmsn e Sg g of 21-24
W| t s, caausorsamimscumaéd tcpthé rérﬁauhaért@ﬁh@nblé%urét Y?and Yaare Git =1

| IS IN

P L A R B - SO R

82vm forug. :I_ﬂZ)‘r dhaigs. arWNEEnd hes Gﬂm%@%eﬁénéé}ﬁy CR; ; one of
mni stered 25 wt

i ny nt| on, are
(3 Pt qno‘?'&'?@°"§%%rf§?.femamdﬁhef taﬁdmlecm Yiie C; Yz is
comotire1 to 3} aed WIPWYana W, aleandebehdsAtRCRARE DS b Cs02. O, or
May \Vvary. in awide range. The ratio of (3-lactam
antibibtic to (3- lactamase inhibitor may vary from
§3.1int formota: 1-C Pt eheZakdry N bed 12 bozofaré hﬁjeb&nd@ﬁwmz : one of

25: £ ot il RARRE B 6 Bl S éw?lmﬁe""ﬁays G Yais

| n B; # of inte 8j ambWe, Worand Vi) areRidependéntBVERARS, €136, SO2, O, or
tophgg) 30 administration. The conpositions of ‘the
i nvent i on may be in a formof tablets, capsules,

f%‘?f edmiormida Ay 71sandp&haicoN ansit ZQler:SSaﬂeLi}nd d&i/di eRL:cone of
or zj 06/.130538 U 20 6/ 020891

i nf us{ZgﬁgE %?]glla go%dt%ﬁ)tg@1 n[[S BE% FHSents N; Yz is C;
i nverm1 &13aa@ Wor\é!danmwdareemtiepundéntlplqmmms IS 802, O, or N-
i ntravenously or anoxicillin intravenously or orall y.

85. In formula 1-C Z1, 72, Z3 are N and 274 is carbon and is bonded to the
remainder of the molecule; Y;is C; Y,is N:t =1 to 3; and W,, W, and W; are
independently CR4R4, S, SO, SO2, O, or N-R;.

86. In formula 1-C 71, Z3 and Z4 are N and Z2 is carbon and is bonded to the
remainder of the molecule; Y; and Y, are C;t =1 to 3; and W4, W, and W; are
independently CR4R4, S, SO, SO2, O, or N-R;.
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A compound's structural formula includes any
tautoners, any stereoi soners (except 5 where

wGet@cessBen stry is clearly noted) and any cryBRBCHUB100€020891

forms. 10 General Synthetic Schenme(s) for Preparation

of Conpounds This invention also provides a process

for preparing a conpound of fornmula I which conprises
' a conpound of

bj.ectin reductive elimnatio
?Z : 3 &_%21 Ng, R4 &e anekhz?ér farkon; andajs gronged to the
as d#ﬁalﬁw cﬂlﬂﬁé/molééules YQaﬁ’dl \§| ar? d §rtrcaﬂf=ﬁ15§@8 AIRPW, N, and W,
rou ate, triflate or
t osgfea‘f@epeé'ﬁgn@ 6@% %é) G OB folloved if

aeces&ﬂmrdolf_ G AP\73, qﬁr éreeN ot €21 lmgaﬂfoﬁuﬂad IO bR to the
formia |l wherein R5 js rogen

a co and
" TR e, EPlCHS: Y oot Ve mt | Gl (3 and Wi W and W,
aCCQr@tlﬁ&éﬁénﬂéﬁﬂy @R4R@ ers@%@ ovenNern R5 is C1 -C6

al kyl cl oa , CHR3000C1- Coal kyl . 20

COnve?Hhen@CPrpp@m%oaﬁwdlaﬁ bhéh@meseart inwentiona have affrlastamase
m@@%%g%ag%‘é?ﬂ prroPéF% e$§@%rgq1%% Argh éaw@%t of, infections in

hrlmﬁn% angd- arigats. pdheouldr bey atotage thaft tbermmmwrd& of the present

SRS e Dok S G0 ST U SR o i

DBidased DMNibactq@iaef activlty y(sgrﬁerggﬁﬁ éﬁbct)405@am'5heclass-D froducrng
i nt er medi gt e al dol roduct can be functionalized

RBAISHE: g Pedraciam c?é’é' @F'Csam%ﬁ%%c"l"b agHbigties: gueh as piperacillin,
bifnokyoRlire chaﬂ:rlﬁrps}ﬁe"f\Eﬁpé'ucrméméﬂrH}Ec iffin, C%Qﬁcrlﬁﬁooétnery known

converted to the desirted product
BPRICH IS GephalopReringssuch Asrrpfatrizies, a:epb@i@ndlae, mmm:mefazolm

géphalexing @Mﬁ@é eothdf I@bwAL ce?pﬂgotsﬁor?réc re@n&’rg| q tamoxef
If the protecting group on the car ?
?@lﬁ‘?@’% aa%r%?f'Pﬁ'R%BEnfwh @um@ne%ehtanmemlqehem Most
etkrably veorR mmd@abf qn apebsERP c
b d b D006, 130588 S%?"?u’%%?)%‘%”/ gdgosgéh"bq”'ﬁpme&\l%"" or

2%"8’;5'9""%%%."35 i rPﬁ Saf‘«fart@&?f Agjivly @gemstsGmrmosmveancaGram
pegativapbthobens.yl substituent, a two step procedure

can be foll owed depending up on the nature of the
protecting group. The product can be isolated as a

free &be dcampamdan ofil hal pregshtalinvebidr - mgﬁ‘eb@bﬁ%@rded rior to,
i oned tw?r}'ste procedure can be carried out R
lyoy gb

arirﬁpug P isybeRAvephle ahtdagtam @nbeietis (‘ ﬁp-taﬂmmlstratron") By
T;ﬁ@h@éd” N id fifend¥dCoRELEE Safinislding the Snisduhd directly or in vivo,

e.g. pro-drugs. When the compounds of the present invention are co-administered
with a B-lactam antibiotic, the ratio of the amount of the compound to the amount of
the B-lactam antibiotic may vary in a wide range. The ratio of B-lactam antibiotic to B-
lactamase inhibitor may vary from 1:1 to 100:1. Preferably the ratio of the B-lactam

antibiotic to B-lactamase inhibitor is less than 10:1. The composition of the present

invention may be in a form suitable for oral (PO), intravenous (IV) or topical
administration. The compositions of the invention may be in a form of tablets,

capsules, creams, syrups, suspension, sterile solutions suitable for injection or
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general, relatively sinple and efficient procedure in
terns of yield and economic feasibility. This

wpe@eashise can be adopted to | arge scal e synt heGT/ESENE020891

is anenable to a variety of aldehydes. Alternatively,
compound 6 can be hydrogenated at 40 psi pressure in

the presence of Pd/C (10% in THE and 6.5 phosphate

buffer to yield the 10 final product. The above

irewsio ndigfeiaklpl theosrrapmimds off the axresenh inventien yare co-administered

WAh AR BalndiB orfndiRAlid FifaldhoRly oPbpIPenem

derivative, where the carboxy group Is’protected
ot her than 4-nitrobenzyl nviety. Exanple of other

r [ <
BLrUn0S KB TS REBE iy RSBy Sfeiois (oxcent
whers eerepeRemisty isgurarkymotedi @nd enk cpystallise fome. gr oup i s
ot her than 4-nitrobenzyl group, a separate
deprotection step need to be carried out after the
reductive elimnation procerdure. The chem stry

involved in the deprotection step is well known to

peopl e who are skilled in that art. The required
al dehydes 4 for the above nentioned transformations

can bgendfallByRBfEtRISENR (6]\Ir PréSaRA6H of S osdliils
2 by Swern

derivatives by M02 oxi dation or ] oxlI dat1 on.

I'n sorrB'SdRIOR RSO RERYIde%a PEICEEH {Rl @renanpe iaorrmpaupd gl formula |
Bichrboh 6 SLbjétiting &6 Fetuiivel difnifioR AhGldund 8Pt

a Vil smigr Haatj:k Irgacti gnlusi ng; DMVF/ POCI S.U?I The&ﬁmahy

al dehydes required for t'Jwe present investigation may

be prepared as depicted | Br Schenmes 2 to 5. The
N-(tert-but oxycar bonylh)y= X5 Boc pr ot ect ed
-4-piperidone is 25 trea ' /POCI3 to yield
4-chloro -3 -fornyl der iQat i ve. (Bch&e 2). This

reaction can be conducted onyt et r8hydr o- 4H pyr an- 4- one
and the correspondi ng tetraf‘lydro-4l—|—thi opyr an- 4- one

deri vaki 0;ghV. [ n . and_t he .

cul { U MO IPRIE B JAEARBNE' X PES S2R an Srer teaving

gERu Gt d agetate, veesyintei Ylflaterentiesyide, aiytIR ds kepootesting group,

FAABWEALH MESessdl) Sy’ GV Tof Y brd atg gan be

reacted Wt Ij?SngS_(}p rrerfr?(g\%g)tog tﬁ%/hgﬁt%@é@?lé&t@ @?’%é’" fergpound of

farmelfo! WaeteimRe Je hydiegerisang if clesiré converting &l at sharmaceutically

abspitie s¥fiof o GRS WREILR' RE ! aldg n

F@gg&g}e functionality. &ﬁ'eﬁ%gsé?i ﬁbﬁ?ﬁ"at 25~ 13 ovcloalkyl, or

g GL&68KY! he i mi dazol o- tetrahydro pyridine

der i v@ohvehigHi§ cohBotAdPShE ¥ERGhITEmIRS | ¥4 | r

am nogyr%'fgj negor h-gs?am no_pyrgzi ne c_rarlﬁlﬂ gxﬁg%ﬁ%eg%rqdﬁyanovel,
2096 estiss way.RyTFAIgen9Bd @pERePrigiehhsubstiuted aldehyde 4 with a

BrooorappeHsrAlderivatives st pd Aasheki i '

&@%vat M%(_S%ene 3),- RedchgiHoﬁ ofﬁo’ﬁzhér Pﬁeggﬁg%bﬁgghydrous
20ed"9%y HEEARERdL3 Rgse sushas Piethalamideror4DBplsior DMAP,

preéerably @t -20°T t9U408P.PTh& r#Ermediate aldol product 5 can be functionalized

with acid chlorides or anhydrides to an acetate, triflate or a tosylate 6. Compound 6

can be smoothly converted to the desired product by a reductive elimination process

using a metal such as activated zinc and phosphate buffer at 20°C to 35°C at a pH of

6.5 to 8.0. If the protecting group on the carboxylate oxygen is a para-nitrobenzyl

substitiuent then the reductive elimination and deprotection can be achieved by a

- 26 -



10

15

20

25

30

Subsequently the ester group can be reduced to al cohol
and converted to the 5 aldehyde. In the case of X = N

wao b@oi1sit5e8 medi at e ami no ester can be derivati zedI/USi006020891

an appropriate RLQ (where Qis a leaving group or a
condensing group). In the case of Scheme 3, where R

= H can be synthesized by the procedure outli noe_l;j |? 17
Schene 4. Scherme 4 Cl--YO--- HPNZ O 1) Et RT
sihglenstpR3 ObleweveR JTihe protegtingagioup ist ehepipan @ para-nitrobenzyl

|
Bib%hﬁeng\é) tvMOsttip‘ Mg%clecfiﬁ% cHnf /&%elﬁ)\n}éﬁsdeﬁz%l%'@go% th® nlétd}k'of the

@fﬂie%g rqumz The, &rqqush@ﬂm he iciafed 3s afjed acisyantasean @Lkeh metal

Seit. OThé b8k infenBehed R0 Ste ro@e?ju\/@cgﬁ%/ éa%q&ﬁgut m ope step by
PCT/ USZOOG/ 020891 ScherreBBP 0% K2C03. Aqg/ S

%E)r%q@l@ khf ent %Procpg w@@ypgsqlgp_ng( t\d;eun@rrmaﬁaﬁq (") |I[ hg is a very
@b]n‘e?alEtr@éthéyfslngeD%na atfi CIéntBISroEé&‘re (m Nﬁrn‘{? oO le}c; theconomlc
q 1) 0) 20% 10% E b
feasibility. h‘Fh@)orqgggwe(cgn(peeqﬂoptm lgrger@pqeﬂpt@sg qqu|s amena le
8l 4l oAty of ra@quyde@d AiefnavayPddRspothd Fcat e ﬁ?dro%éné@@d 8t 40 psi
resgl?r{e?rg th%ypresence o? Lgd?Cl(? g‘%)clzra\t'lel-(ljF Sr?dhg réephosphate buffer to yield the
final product.

The above mentioned aldol condensation reaction is very versatile and it can
be applied to any bromopenem derivative, where the carboxy group is protected
other than 4-nitrobenzyl moiety. Example of other protecting group include benzyl,
para-methoxy benzyl derivative, benzyhydrol , trityl, alkyl and allyl derivatives.
However, when the protecting group is other than 4-nitrobenzyl group, a separate
deprotection step need to be carried out after the reductive elimination procerdure.
The chemistry involved in the deprotection step is well known to people who are
skilled in that art.

The required aldehydes 4 for the above mentioned transformations can be
prepared from their respective alcohol derivatives by MnO, oxidation or by Swern
oxidation. In some cases the required aldehyde functionality can be introduced
directly in the heterocyclic moiety by a Vilsmier Haack reaction using DMF/POCIs.
The aldehydes required for the present investigation may be prepared as depicted in
Schemes 2 to 5. The N-(tert-butoxycarbonyl)- (ie) t-Boc protected —4-piperidone is
treated with DMF/POCI; to yield 4-chioro —3 —formyl derivative. (Scheme 2). This
reaction can be conducted on tetrahydro-4H-pyran-4-one and the corresponding
tetrahydro-4H-thiopyran-4-one derivative to give the corresponding oxygen and the
sulfur derivatives. This reaction can also be conducted on five to eight membered
cyclic ketones derivatives. The chloro formyl intermediate can be reacted with 2-
mercapto ethyl acetate to give the thieno derivative. The ester can be converted to
alcohol, which can be converted to the starting aldehyde functionality. Scheme 3
illustrates the preparation of the imidazolo- tetrahydro pyridine derivative and
imidazolo pyrazine derivative. 2- aminopyridine or 2-aminopyrazine can be reacted
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The follow ng exanples further illustrate the
invention; they are not to be construed as limting
wao b@eiisnsemiti on. It will be readily apparent toPONESWN6/020891

ordinary skill in the art that additional enbodi nments

can be made that are still within the spirit and scope

of the invention. 10 Exanple 1 Preparation of

(5R 67) - 6-4(5-benzvl-4 5 6 7-tetrahydrothienol3 2-

wﬁb;ﬂthya iDFRrORNTYYREe firy Peilirg ethonel-1a-aivd thel cyslizasi dsriviatives (Scheme

) fﬁ@aucaoﬁeﬁoﬁe r.@w@wwﬁe@e' d 15 Stepl: Ethyl
- benzoyi - tetrahvdrot hi eno[ 3 2-cl pvridine 2

car boiewfa{fi@gﬁ@aﬁmt. Qe e yundRF 407K RiessLD® innaobar, apparatus.
Se%;g(eﬂ% e %ste?'og | dan Vs réc!l&%yw ?fégﬁ&i s %ﬁ%r@g to the

to ' ter the a |t|ont e solidified mass
aidelysiey dn thﬁcawéj ’2 Nthe inigrmegliaie §min0r@nerazanrhmiﬁnvatlzed using

CogFl?f'bﬁhé'té CPfwierd bSIS aAQé’Jlrg] «HBSp b?gﬁ:@ﬁé‘éﬁg @g@%ﬁqn the case

C and 1-benzo per i

[erdiema Swwhere Rl capbe Sﬁ@!ﬂ?%'?%bk e nreeedure autfined inrScheme
m,_as stirred at roomtenperature for 2 hrs and poured
over crushed ice and sodium acetate. It was stirred
for 30 mnutes at room (en erature. Extracted with
CH2Cl 2; washed well with ; di red over anhydrous
-29 WD 2006/ 130588 PCT/ US2006/ 020891 MySO4 and
concentrated. The crude product was dissolved in
CH2Cl 2 _and et hyl nercapt oacetae (9.6 g, 80 mol) /
ECIS/N\[(’f 1 1%88 mgolﬁ) wag added slowy at erlzm
t enped at ure. Fson ture ref for 2me.0BF4 CH-CI
hrs &and quen R walt er 3@31’ Pe'JréJ she S
vel | wth wat esfiuwdsined ovely an@hydr
fiiN-TerBE2 and concentrated. The pro g vvas pu fi ed by NH,Cl
Si 02 colum chronatography by eluting it Wltr]3 50%
et hyl acet ae; hexane. Yellow oil; Yield: 6. 4|_9rrs (25%
MrH 316. Step: 2 &
(5-benzvl-4,5,6, 7- tetrahvdrot ﬁto! j_ Lgvri @iPn- 2-y| [l
nmet hanol : To stirred suspensio AH g‘."()’@rr?)a— N NH
sol ution of ethyl 5-benzoyl-4,5,6,7- 10
t et rahydr ot hi eno[ 3, 2-c] pyri di ne- 2-car boxyl ate (6.0 g,
19 mol ) in THE was added slowy at 00 C. After
addi tiqn.reactjon mxture was stirred for 30 m nutes
ond | AR GerePRba suearadias auingddn Gchemesis.
with CHCI3 and filtered. The fitrate was washed with
saturated brine solution and dried over anhydrous
MSH4. It was

E’NZ
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filtered and taken to next step with out
purifications. Yield: 4.5 g 91 % Yellowliquid. 15

wWEL@p/13582- For nyl (5- benzvl-4.5, 6, 7-t et r ahvdr or¢ii/esmhH@020891

2-clpyridine: To a stirred solution of

(5-benzyl -4,5, 6, 7-tetrahydr ot hi eno[ 3, 2-c] pyri di n- 2-

yl ) met hanol (4.0 g, 15.4 mml) in CH2CI 2 (300 ml)

active M02 (20 g, excegﬁg added and stirred at
roomtenperature for 18 At the end, the reaction

mxture was filtered thr ough celite and washed 1WMobdk,co, Aq/CHACl,

CHCl 3. Reacti ong m xture washed 20 weld wit h2yvat-lgj|(12eq)
dBi” e dCReNE conf }]Qat ed. pr oduct vvas'[[ nd to be
psl\;,\and—t_k@ next WI Thout p pu i ons.

T Srais. 0 g (7Mos0 (Mt 9679, Step 4 N o Eon. et

4-Nitrobenzy 6- r(acetvloxy)(5 benzvl-4 5 6 7-

t et rahydr ot hi enor 3. 2-cl pvri di n-2-vl ) nmet hyl | - 6- br ono- 7-
0x0-4-th!a-1- azabicycl oF3.2.01

heat - 2- ene- 2- car boxyl ate: 25 2- For nyl ‘\g/

(5-benzyl -4,5,6, 7- alydr ot hi 2-c] pyr

ng, 2.2 mol) and y THESsO U't:)? m@zo&% [ j\m
(5R, 69S)-6- MOWD7 thl& - z

bi cycl of 3. 2. 0] hept - 2,gpe* -carbox¥ c aC|d ”NaOMe“O)
4-nitro-benzyl ester ?772 ng, 2.0

successively to the dry acetonitrile (15 nL) E%EHm
of anhydrous MyBr2: O(Et)2 (390 ng, 1.5 mmol)ihder

argon at nosphere at roon1tenperature ﬁ¢ter 30 coollng

to - 2idhydes*Nalifed G bxfifio? 9490 il 33 3B YdrbWrepdBE by the

reaction vessel covere t o exc

rquigindiczied $‘ét@61€iscﬁ1t0rﬂ3xture was stirred for 2 h at -20

C and treated with acetic anhydride (1.04 nL) in one
Eortion: The reaction mxture was warnmed to 0 C and

be fqllewinggexamples further tustrate the iventionutheydre o ¢o e tchnstrued

&4 hirlting 1!3(9 iN0ERR 61t WAPBS oty ébﬁ?r@@lﬁl/o% %]ordﬁﬁﬁ; Hiifin the art

MV\@ W|th 5% citric acld aqueous so

ae P%’t? sphrdimeniziFay e ma@artwr?ae still withinithe seirit Zhe scope of
thegavdntioh.ayer was dried (MJSO) and filtered through a

pad of Celite. The pad was washed with ethyl acetate.

The filtrate was concentrated wunder reduced pressure.

The residue was applied to sp_:,kd@egel colum 5

chr omat ogy aph th urm was el uted with ethyl
acet at e: % % ﬁ%% Mﬂ@[ﬁ&
p. | f

anor phous solid; Yield:
( 5R, 63%epa: f 5- Eth

in-2- 10
?:aﬁ; oR lt ‘enel - 7- oxo- 4-t hi a- 1- azabi cycl ol ' 3. 2. Olhept - 2-

ene 2To arstivey drncDE (fi 3 @)ﬂﬁg mmolt), POC13 (12 25 9 ?O {nmol) was slowly
8 etra

eﬁ!lbt% %%1 g é% % El;y d&ﬁ% tée agg’“ P or}/ he sohdlfled mass was dlssolved in

CHZCIz (20 mti) and stirred at room temperature for 2 hrs. Again the temperature was

cooled to 0°C and 1-benzoyl-4-piperidone in CH,Cl, was added slowly. After the

addition the reaction mixture was stirred at room temperature for 2 hrs and poured

over crushed ice and sodium acetate. It was stirred for 30 minutes at room
temperature. Extracted with CH,Cl,; washed well with water; dired over anhydrous

-29.



10

15

20

25

30

yl ) met hyl ] - 6- br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hep
t-2-ene-2-carboxylate( 450 ng, 0.65 mml) was

wale@sobosegl in THE (20 nl-) and acetonitrile (1BCTI$2006/020891

Freshly activated Zn dust (5.2 g) was added rapidly
with 0.5 M phosphate buffer (pH 6.5, 28 15 nlL). The
reacti on vessel was covered with foil to exclude )

M@g%tz The reaction nm xture was vigorously stirred
AR rcongentradesm %Eﬁ efrHee r Rrodggiewas adissdYedhiik t @Sl and
éﬂh?lmérbéﬂt@édéﬂae @@6'59€‘$Otrﬁm31)¢Et§W@loo1 &, Md\Rfrkd d)"@§s 844 slowly

to al_r!ust The filtrate was washe

E’—tt%rear'{ HereRctign naibiyte Was esfluyrdsfos 2 s ane auerm@d with

@gtéeocmzclz AP WES WHBREE WdlaivRe wmsﬁrdrﬁbg&evwmﬁg MgSOy;
fﬁ[ﬁrcw gi ve yell ow precipitate. The ZOlq;;ro uct “was

£4 PBY CoRcenpated, J@?r?r?%%é PHHfiaskb) §iQzeelumn chromatography

A e
PP IR OV TR g A o

er The fractl ons cont ai ni ng the product were

col | est ﬂrﬂﬁ Pltewla §2- ﬁamtz“- fnethanol:
oW so

room Ifgengeaglt ur e. {ﬂ"
acet on8 SHH S'F?Hef‘é'P@de i (é’d) ‘EIRP‘f‘)e*Ii éO'UBQP ﬁbeth.Y.'S@/Pe'&’é’yM 5,6,7-
teﬁ‘ahsbdvoﬂier@{:ai-&}p fidine-2Behoxy k)6 é]% 19 %nolb" imNTRIF was added

Q\Q//E/( gtd 8 ?%ﬂ %tqg éc{gétlonF?erqftlorB n%xtyge \A@s,_ﬁtlrrepl é{S‘SO ;[nupq;tes and
quettthed withHaturgted Nig,C15H) wam%ﬁntﬁ cgiﬁlsgaerngtﬁu@%oof The fitrate

r.ahydr oi m dazo
EEYie56d wh SRR Pung pOwfion a0 oies Bvar anudgie vSRe 1 was
MteCbdh apd tafktee teenékt s% vt dmmahfr dégaﬁs leeKiiOdl5§JTQ%| Velﬂnﬁlibmd
» . ‘ e

br onomyrmmrred (@mt@n oig) (Mﬁénz@rdlﬂ 566, T-mttdh?ﬂah%r{o?@ﬁ Jiykidin-2-

PinehRad 7 & B RRRILECH7cs (hormaelve ME 0.9, sxoess) was

addaduand siixsedcatabert tbmp@ra@rarfdr $8 hre. e,dt fherend? te l‘éabﬁbn mixture

\?%]I, ?E?reeg tRl%l Sh % ﬁgga Py e(ﬁgﬁ ﬁ} §H& Rggc&%h%bg%e avas washed

wﬁlymthlv@terwmmmemmed THeeprpdunt was FeurRl to@2. pur€ and taken
{ t t

{ohext gép&ﬂtgagt pltﬂ'l i%ngeq qdéiadggq%;&)xm er ra u: ﬁe ©

turn to ar so | on.
r eact itreb ey acet Bibenz 1-4,5.6,7-

.‘ uF&hl " 2- Q Q’l“mz- l_[g!_‘_]j -6=D .ou yr 1.:. .. i

-..‘-. > VA C U i"&- & ';- of
.L_.' 23:2.0]hep pe-2-eatboxylateni c | ayer was dri ed

(el g
£ 0 S P B 48 e
the j dry g'EIﬂF C(ﬂou.ﬁlﬁn cHE@mamnlbgr afph(BR, tG'EE)FB-brfmma;'bJoumzt-tb\a&-aza-
Iﬁhy’dl(ﬂg %]ﬁébt%eb car'g%gﬂc(aqc% 1t-nltrc? B §2y| per (99& ln%:,t 58 mmol)

fractions
were added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr.:

O(Et), (390 mg, 1.5 mmol)under an argon atmosphere at room temperature. After
cooling to —20 °C, Et;N (2.0 mL) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C
and treated with acetic anhydride (1.04 mL) in one portion. The reaction mixture was
warmed to 0 °C and stirred for 15 h at 0 °C. The mixture was diluted with ethyl
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wer e concentrated under reduced pressure foll owed by
recrystallization fromCHCI 3 - Et20. The titled

W@ o09p0snses was obt ai ned as pal e pink crystal s. RCEUS2006/020891

10.9 g, 22%. 1H NMR(CDCI3)6 d 1.46(t, 3H, J = 7.2
Hz) 4.49(q, 2H, J = 7.2 H), 15 7.96(d, 1 H J = 4.7
8.08(dd, 1 H J = 1.2, 4.7 Hz), 8.26(s, 1 H),

%0%1‘% @%%%Hwﬁhﬁ ﬁf%%frdla%%iafpymesayetsp [58gliym hydrogen

earbdnastehyhd beiRé.eThe lyghnie yer wde driedq S@ﬁ) de!"@ltered through a

%q?_b %@9 ﬁb?& Ba da%gv%% ﬁ_ywtég% ggfﬁgtg he flltga)te was %oncentrated
umaamﬂmea @}@su&zl NeFhe- Qéél@!ié(an§ hlidd %hyhcﬁ%eﬂr column

upmbsct e o ths O i eot Ve aretale: hexane (1:1)

Gbﬂ@tcﬁ&cﬁfmaﬁorfsl \lvéreTMCéﬂitfbt&ﬁuﬁdévaﬁ‘ed%@@?bs‘éuié?ancﬂig"mnxture of
$ A ltrate was cl(()ncent ted i:p educed pressu
A& eFeé’s'iSB’J‘SrﬁA)é{Erezté i neadses: didlg X%l Oejve@memhewohd Vield: 550

nbr@(ﬂ%tmg—n—mﬂw then the colum was eluted with CHC 3
- MeOH, 1 5 :

2 gg%% Nl%ﬂienzg Gﬂ&cgtytgi&]_(g %egﬁyl gt%él?stetrahydrothleno ,2- c]pyndln 2-

Wrvethiily-B-tBorip77-Gotethiaadabitydlsfa2al|Ae -2y 2-22ibdRyIdeCa 450

hgobyéz‘S' %Enoﬁf {Ng %XL@%?_&%F W@Lg)anaapnwnglalae(a%kqlo Freshly

aciyatedisdrvdist (62 g)hmsl\dz%ld (riﬁdl;dwuth mslmbhmmfe buffer (pH 6.5, 28

54, AR, S5 53381

was wigoreustir siirradofor @ehqubs at g)onatempmmln‘enﬁaeaéaldstbn rAiktlire was
t

Ah4E4 o203 2 B o IR A e v

waTwgshed withethyt geatate andytbe agasousriays WasX8pajatedidThe aqueous

et WaE Gonc;g?\?ra{e'dl Jnrgéf; i \%aﬂ%gm %l? Bk roRL d%fqn}get‘e!l:g g&g&pl ate. The

pressure. redt
E’GF’HW%%PW#@M@T%MGSW@M@SB ®hast uahn\mmnatogrhpwt Initially

tﬁb‘@oﬁJmn %Q@ilﬂé@uﬁtl’r/dépmz%é %?aaer (gqﬁ | gl qgtg%%“ﬁow R water.

tal ned as orange ol
@piigns) gonjaining7Ahe pragyct wese Rsolec;tac) ang. &icentraed at reduced

&egﬁirb at2idony ternpe'?atﬁré"z)'l'he:")iéigcvssol@"%@? %a%?ng{i_bw&\ acetone and

atereé_lz B)ned Yleld 50 mg, 18%; as yellow crystals; mp. 198°C; (M+H) 411 .

'H NMR (DMSO-dg)s d 2.7 (m, 2H), 2.8 (bm, 2H), 3.4 (m, 2H), 3.8 (s, 2H), 6.3
(s, 1H), 6.5 (s, TH), 7.1(s, 1H), 7.28(s, 1H), 7.4 (s, 5H).

EXAMPLE 2

Preparation of (5R),(6;)-6-(7-Methyl-5,6,7,8-tetrahydroimidazo|1 12=

razin-2-yimethylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0lhe t-2-ene-2-

carboxylic acid, sodium salt
Step 1: Imidazo[1 ,2-a]pyrazine-2-carboxylic acid ethyl ester:
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10 Step 4:
7- Met hyl -5, 6, 7, 8-t et rahydr oi m dazo[ 1, 2- a] pyr azi ne- 2-

w@e arobaswetyde: 1.01 M solution of DI BAL in t ol BEnEs2006/020891

(13.6 nL) was added to the dry CH2ClI2 (86 m -)

sol ution of

7-nmet hyl -5, 6, 7, 8-t et rahydr oi m dazo[ 1, 2- a] pyr azi ne- 2-
carboxylic acid ethyl ester (1.8 g) under a nitrogen

at nospher e B4yl - brgmopyivatg t (62r% ¢) 1Was$ @ddedhto Fee DME (258 mL)

BbitioH 6f %%IW (@%}MOFH(ESF‘BQEH’%@# &FEe:d'af?éF Y5%. The

was filtered throu
TRACHiQR SHEHrawvas 090 &nd sdirrad tfore 30 awjo do uffotdag guale brown

bﬂa%lpﬁéfer a‘i"ﬁ@‘i’)re\!& |ﬁ\teqﬂggﬂﬁ Kg @%Wéé%%f iﬁb%t HP@QS %ale brown

ani c_| ayer rie
PWPHSat Eh%'éSR%ﬁ'@@rﬂf the @rgcnmtaie 66. écmct@&tobr(és'&elm avasThHeated at

Fefoik @élﬁp%&ré‘id’fu%*r?% &ﬁ%bi&h&ﬂa Afedr rEﬁh)W@ r 2h, the reaction mixture

chr omat ogr aph 0 col um wa
vag ognce @ngierlredug?dlpreswe, then edxesowiib PHICI5 and ssaturated

NeHE0184! e

e ﬁmg a‘ﬁneC mlﬂﬁﬂe \§§s ?iftééﬁ& %r%uglg _?ekygd fa%%,@ agé éi@_lzquarated

grgﬁ@u@sl y%_yyas dﬂee_[@tllgs QHandJ itterag. 5Th§)f|ltraxe I@sscontemiated under

g;;?)aédj &é(slggk)e i g'ﬁ? (J)rgih(il%@)nnlg? %‘pﬁﬁécﬁto glﬁ& 2 gg|.column chromatography,
the GBIy sled With GHils aMeﬁle(%Wy m9t7l‘i§)l andscdiieetad fractions

w@reac&rcéh‘iﬂréied under reduced pressure followed b?/ Irecrlc/lstal dzatlon from CHCI; -

cl.o ene- 2-car bo
BERP TEURY priolid s oisined b pale vk rystpis. Yield: 1099, 20%).

7- Met hyl - 51}6Wﬁ(dmlg)éfwﬂﬁét%ﬁaéa[ﬁﬁgﬂlE‘l -2 hz),

gg‘fm 4{‘ % was ad onltrlle
% F'yédl { iz % 8(glh h%n«/cru&l\@%m)(&%@ @bi) Gritied, 1H30 = 1.2
Hz)i trogen at rmsphere at roomtenperature. The dry THE
sol ut
6S) - Gég%émg#’-r:dbﬁd e&’ahwﬁ@lml%za[bz-ewrepaez cirhepylic2acid ethyl
estadr,car boxyl ic acid 4-nitro- benzyl ester (3.32 g) was
added tg g%rg‘i’xture, cooled to -20 C, and Et3N (3.0

%n one portion. The reaction vessel was

cover ed wi 0146fM|HC|t-cEtquhe@|ﬁ1L i288110% P%%XR% wet) (1.37 ) were
/13058 2006/ 20891 “The reactT on N9
Z‘mﬁc’%%sf‘% &‘r%egtcﬁgr(‘r’gg '13 slutiopooicimidazat, 8aﬁ]lé\da¥m-ﬁ -cadwiilic acid
ethylyestend e(13(719)36TI‘ré_)mlktUreOW§s g?drbg@ﬁbted_ hihdee %ti t 0 psd at room
r and stirred for
BmhireoP 183 Ve trbelircaire as: Hprockeed BAS waa washed with
Rihedhai filtratsdtvas toogoerm@tdd! urﬁfﬁ&@?ﬁceﬁpb#fsg% Thel_ r|;esndue was
i ro carbopate, and brine
IHd ?6 §i gcfgg el clypﬁngg) (ﬁ'ﬁ" Lhey celumnayasgeluted avith CHCI,

f Me@Ha(Bé waM ) cOhe dithacr aimpﬂ)uuﬂ dess 6iEMe8 ds bRERS ENEGIs YidG: 10.4
bdue was applied to silica gel colum

Chr omat ography, then the colum was eluted with CHCI 3
- acetone kl-QNMR(CDE@a d TBE(LI3H, £& ZaMMAUBBOESH, J = 5.7 Hz),
4.40(q, 2H, J=7.1 Hz), 4.59(t, 2H, J= 5.7 Hz), 4.80(s, 2H), 8.20(s, 1H).

Step 3: 7-Methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic
acid ethyl_ester:

EtsN (3.44 mL), 37% HCHO aq. (2.02 mL) and NaBH;CN (1.78 g) were
added successively to the MeOH (75 mL) solution of 5,6,7,8-tetrahydroimidazo[1,2-
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obtained as two diastereo m xture. Red oil, Yield:
1.13 g. 1H NMR(CDCI 3)6 d 1.20(s, 0.81x3H), 2.24(s,

WQ@2m9n3BIHs 2. 48(s, 3H), 10 2.80 - 2.84(m 2H)PCBUSM06/620891

3.67(m 2H), 3.97 -- 4.02(m 2H), 5.27(d, 1 H J =
13.6 Hz), 5.42(d, 0.19xI H, J = 13.6 Hz), 5.45(d,
0.81 xI H J =136 H), 6 07(s, 0.19x1 H) .~ 6.30(s.
O 81x2H) s, 0,19x 0. 19x1 ,

lryprane- %C@@O;g icjgcid ﬂhzyhﬁgter hyd[pg: |or|1;l§ (5:2. W7aisroom ®mperature
¥hd Hirred f608.8. h Qm&&xgh‘ntr en ﬁm%s'p‘i@r ;Tl‘f%zﬁ‘@dur% Wi Alsted with

W?@@E)WQ?)"F‘?% Wk @C@a 2 T ?rsﬁyler'@f%wy@zfér[eﬁ (%:GP-) and

Fléradi MFhé-filtrate was concentrated under reduced pressure The resndue was
xo4th|a1aza }‘1'003 ]h?dZ
e

%gpr?%dgélsﬁl@(gpﬁ colypn ghromategraphys g]qn £ sRiumn was eluted with CHCI;

6RSotofe %101?8)11250 ahexied toRbbYid wadottalfich %*sﬁﬁ%h’ 8. Vild2 65 g,
pyrazin- 2 20

g%l%l)mt hyl ] - 6- br onp- 7- oxo- 4-t hi s-| -azabi cycl of 3. 2 O] hep
- ene- 2- mn\nmodum%saq @lgflsw tJf—Oiﬂf?fiﬁj'zQé{s V ,2H, J =

| ved
%&)m 2 By B oD 20y 7.5 At A bae g - Ha &R, TH)
rapl dyepi t N4:0. 5 M phaaedhgl-S,6, miétﬁéhyﬁ%inﬁdézo[‘}% {;Egrazme-Z-

C??‘Ctl on vessel was covered with foil to exc
gﬁ‘ﬁ ¥dBe reaction mxture was vi gorously stirred .

f or 2 h at 1fOG0MI§oﬁH|Bﬂro$tDIBRL lﬁr Rﬂue}@ (1@%3H1L?Wa§‘8&‘dg%‘?o the dry

red throqu cool
EREC (doncit) SAHEOT colo 2 melngi 2 - xS roimidazpted.alpyrazine-2-
f:adbbmtfacmeahyl@%@m Bid) fmneér’rwhntregéﬂ 8infospRErd &€-78 °C and stirred

arated. The aqueous | ayer was

ﬁ g%eou? p ?rﬁgth%m@% aﬁ?’b‘f‘f‘ed\)"é\@u%%' Jhereagtiph mixture was filtered
twougbna rgdeofrvgeliteppirhe dilttte Waai WasHId: &ilth (589 ,CO; aq. and the

i,shi Kas in colu
%490 15T Y55 ’gfﬂﬂg@ W'gﬂgb'?%'? ﬁﬁee {iFes c oiensPUBiged organic layer
wlaﬂtda’cédvv(KzEOd?-@nd tieseig 1/ @ge ﬁ?ﬁé@)wag %n’é@rﬂ%t@@q%nde% cr:educed
re, goncent rat e vacuum a

bleR S0 e B PORERR 118! s fiomateorgemy dien the
eetomp hwass elstsidi ith 02FEII51I MEOH \%3/1 65%;1 ) g&%&g@“& E&tRaund 5 was
é@?ﬁ%@%%g%gig%ﬁlé %Fﬁ 'e'dzﬁgbm 28 g’g (m 2H), 3.54(s,

3. 254( tH NMR(CDGIs)5 .062.6%{s, 38), 329E§(A t ziquE'% P@s&%S% 78(s, 2H),

reparation
0?5%' 4 éf)&z)%gzsﬁgggﬁbaz% g)H &7 by oi mi dazol | 2 5

aI pyrw et hyl ene(BR4- t hi GRS)-SLMEB)AcetOX W7 Mméthrs6,7,8-
Ie’tn%h?ﬂ?ol&u?ﬂolfp f}él];')fraza%-ﬂyl)me&%ul]u ?grlng-7-oxo-4-thla-1 -
azabicyclo[3.2.0Jhept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (diastereo
mixture):

7-Methyl-5,6,7,8-tetrahydroimidazo[ 1 .2-a]pyrazine-2-carbaldehyde (1.19 g)
was added to the dry acetonitrile (97 mL) solution of anhydrous MgBrz (4.05 g) under
a nitrogen atmosphere at room temperature. The dry THF solution (97 mL) of (5R,
6S)-6-bromo-7-oxo-4-thia-1-aza-bicyclo[3.2. Olhept-2-ene-2-carboxylic acid 4-nitro-
benzyl ester (3.32 g) was added to the mixture, cooled to —20 °C, and Et3N (3.0 mL)
was added in one portion. The reaction vessel was covered with foil to exclude light.
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2- Ket opi perazi ne 2-Ketopi perazi ne may be prepared
according to procedures in US 2004- 0077622A1 10 Step

WA 2004480588 t r obenzyl oxycar bonyl - 2- ket opi per azi neCT82006/020891

48. 7% sol uti on of p-nitrobenzyl oxycarbonyl chloride in

1, 4-Di oxane (10.7 mnml-) was added to the

di chI oromet hane (110 m -) solution of 2-Ketopiperazine
and- di i sopropyl ethylam ne (4.6 m-) at 0OC

Tha raactinh eiyigias SIRAdor 650 2AtAa0SE andiivaiad With seafio anhyciide
pageEhLY th éﬂ'@pdrﬁ’élﬁtﬂfg‘reabﬂﬁn‘%&t r@ﬂ%h s Werndq k50 °Watn|a Stirred for 17

di chl or omet hane (3 x 15 e organic layer
Bat 84 G Mscmixtuge was diluted é’ﬂth qth!é! acplate an Wamed with 5% oitrc acid

Qﬁ’urté‘cﬁﬁt SOGtRA, Hé‘lq%ted %Qéﬁﬁﬁﬁ ﬁ%&é% ‘é‘arbgﬁﬁer Sﬁ& %‘l‘lﬁ]ewaﬁwde organic

lied to SI i ca colu
lﬁyﬁhwmrlsd (Mgﬁpn)aﬁm fiteygd: The flltratﬂjwaﬁ @oncent@te;bumneduced

Eﬁé%sur@bt'ﬁhé‘%io%% \)MH ESpIﬁe%' II{c?a g]el 9:0 Wgh&n‘ft@%ﬁythen the
8. 3

‘(.Elymndrqu\; elujeyj (Ngh Qlﬁs:ls -5aggoqeg (9/2|-1) 2 §hq titled compgpund was

dbtarelits t@b'dla%tere@m@dlh'é) Re@oﬁf“{.élg 145l J = 8.6 Hz).
Step 2: 5- hoxv-4-p-nitrob enzg oxycarbonyl 1 2 3 6

t et rahydr OWMQRG@C'@ﬁld@tM d&Hi3hin 2.8d(safl. 1RxBUho2.48(, 3H),
é%g% 2 84(fn @)4)“@57 a@@ftmt OHY, L9 AL Y, 02t CAL P 5UTRE MANS = 13.6 Hy),

sol’ut

120 ni -

é"’ﬁ(dm({? El A T o% e!ﬂ%oﬁﬁﬁ(dz OEbA b peF al8.61¢12),26.07 6, 0.19x1H),

8308 GQWEH)GW@UHQXﬁW éé%&fmg&?ﬁ 1? og&“réabﬂl‘-ﬁ 7.44(s,

reaction m xture was treat

By 8x Bde d - 448 o3 1 H) .o 6@6u 8- 19821t ¥ 5r8.2 41w, T.Ad(do OciinRY, J = 8.6

Hg)(erzz/\aggggp t ed. The aqueous | ayer was extracted
% acet at e t hen the conbi ned

organ y e (o8 é?rMFtW'tfhs di-tetrahydroimidarel1,2-a]pyrazin-2-

Ylmbtﬁﬂeﬁe)-ﬁ%&bﬂ%i£1%ﬁﬂﬂé’%&sﬁ|ﬂ]h8ﬂt-m el éeﬂﬁgxﬁﬁkﬁ acid,

or gani c Layer was dried ) and 30 I'tere
PPHIHMSAt \as concentrated under reduce pressure and

t he t {3R,e6RS A bhath - - -
oli d( Yi el dmg@g Cé%gyg g;esi\}\%&séao%g/gl dgglgdé%“ 2-alpyrazin

CT/ US2006/ 020891 * H NVR (d, CDCI3)8 3.48 (m 2H),
3. 57 ylymetBil)}-6-bPord® 7(cko-Bitlla-1-2z8H C)(GTD[3 gzﬂ]ﬁepté -efe- é—%arboxyllc

1‘5% 4 %{"gbpe"%% ef%efrrﬁ KER) \esa%f*'ﬁ%%%ledwé%nuam abelonitrile (32

rprelFa-Nyeact'Vh&ann(Huste(MB g) was added rapldlg with 0 5 M phosphate

b lo car bony
St s b TRREacke LSS SRR arrack e Folte xpluge light
He ireadliop reixhae ovas( ﬂi@ﬁrd[isly) stirvgas fdreatre dt tr@orh%H;%raft@r‘é The

r%agﬁ’dﬂ fixtal %vasefﬁ&tedanougﬁt Pad gPéelittcar] Cooled 1o %n"tCr %tng 1 M NaOH
was added to adjust pH to 7.5. The filtrate was washed with ethyl acetate and the

aqueous layer was separated. The aqueous layer was concentrated under high
vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (20 mL, Mitsubishi
Kasei Co. Ltd.) resin column chromatography. After adsorbing, the column was
eluted with H,0 — MeCN(1/0 ~ 95/5). The combined fractions were concentrated
under high vacuum at 35°C and lyophilized to give the title compound as a yellow
amorphous solid. Yield: 417 mg, 65%: mp 200 °C (dec); H NMR(D,0)5 d 2.32(s,
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reduced pressure. Dichloronmethane (100 m-) was added
to the residue and extracted with water (3 x 50 m-)

wao b@n/184568 conbi ned aqueous | ayer was washed wi PEIT/US2006/020891

di chl oronet hane. The aqueous | ayer was neutralized
wi th 10% pot assi um car bonate 10 aqueous sol ution and
t hen extracted with dichloronethane (8 x 50 nL). The

| nhed .organjg. | r s dried (MgSO4) and filtered.
SLH T K g 2R 207 e 05 Fhhol Soctnicoaok: B e, 1H)
araa (¢, e .26, ngppound was obtained as a white solid.
Yield: 4.9 g, 91.2% 'H NWR (d, CDCl 3)8 3.49 (brs,

93 (brs. 2H). 5.26 (s, 2H), 7.52 (d, 2H 15 J
é@gwﬁ,ﬁ? (srgs (ED oH J, (88 6H)Hz). SteE) 4:
sanation \of $5R)0 (62 36, EB itttk ditbithidRz T -

1[0) 2) =4 -.Olhept-2-ene-2-carboxylic acid,
tetrahydr0| m dazo[l 2-a] pgddaahfgaﬁ car bal dehyde: The
mxtugjégf 2- brorm 3- hydr oxypropenal (2.8 g),

p-tol e acid 20 nmonohydrate (33 ng) and

2- pr opdteidpipeaineimiy ibe prephredescdeding 8o MBrodedddss in US 2004-

% @ed until the vaper tenperature rose to 80C
e reaction mxture was concentrated under reduce

pr ess Sten 1:T4wp-Nirsbenzylovyc atharyti2viestopipettizine
acet oﬁ‘hé r4&3I /Q scglﬁﬁ)or{%f) BIE‘HE?[?Zg%%(ace onl t élpagq,]&" ‘il 2 Dloxa)ne (10.7

ol ution of
mLﬁ)waazadqled (ta tm q;):hlmmeihhimdﬁat) mmwﬁldtbﬁmrzakétbﬁlpeféﬁme (2.21

8RS TR 1 159, % S SO SRS et

(28unBL) washaddeddo theereaatioromixto yard emaetehydnth&ﬂﬁtlc&bﬁ\ethane (3x
6(3(7 Gyl - )Th@n&ﬁléﬁlb%)@fl\ﬁgg Qin%& @q@@} A uQItqr% edTI@ Hﬁate was

t he reaction ure was he
Teecenisalediundenteduce presaare. cBind essidue wamapliedrie rsiicsgel column

o,\t he
vt o 0 ARG 5 S oo
Abteined ag hite setid (fahe, Quank).30 100 nl). The conbi ned
organic la n re
filtrate ﬁi\l% I?égtsed u%é (%P%&htésgl‘(%%hr’e Sidz), 4.19
ﬁegﬂa@@%ﬁup@a%@r& 8H3.i .52, gHl| J cmun:mam (d 2H J = 8.6 Hz).
B oy, o sl RS o bon i1 236-

iNght ai ned as a brown solid, (Vi eId 2 9 g,

0,
L ot e R o
pn of 4]:n-n(ttqbeﬁtyloxl/carbﬁnﬂ-ﬂéto perazine
%.89) @8, ro@rh')tem'éel%%:résaéldzgq_( d7fo$4lg( gourg I—E'je rggcggn itug_e was
%a?ed SVIl’h saturated sodium hydrogen carbonate aqueous solution, and the organic
layer was separated. The aqueous layer was extracted with ethyl acetate (3 x 100
mL), then the combined organic layer was washed with saturated sodium hydrogen

carbonate aqueous solution and brine. The organic layer was dried (MgSO,) and

filtered. The filtrate was concentrated under reduce pressure and the title compound
was obtained as a pale brown solid. Yield; 5.7 g, 80.6.
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Regi o isonmer 1H NMR (d, CDCI 3)3 3.95 (t, 2H, J =5.4
Hz), 4.44 (t, 2H, J = 5.4 Hz), 4.87 (s, 2H), 5.29 (s,

wWQ@Rk)os/130588 (d, 2H, J = 8.7 Hz), 7.78 (s, 1 H),rGr/Eg2006020891

2H, J = 8.7 Hz), 9.71 (s, 1 H. Step 5:
(5R) - 6-[ Acet oxy- (7-p-ni trobenzyl oxycar bonyl -5, 6, 7, 8-
10

tetrahydroim dazo[ 1 pyrazi n-2-yl)-nmethyl]-6-brono-
7- oxo- 4- t hiANMR (d, CDCIJ 48 (m, 2H), 3.57 (m, 2H), 3.70 (s, 3H), 3.97 (s,

bay, atiec Cizlqi 3.5 @]e bﬁP& % ﬁi@ 82534, %?{H g ﬂ%d .

p-nitro enz | es acet'o

sol ut m U]bnwtn-emspxmymrbmwlmﬁe@znes

tet 1, 2; . 6
R R L

bydrepyrazina B 20) Znd2ammonkite chiariden{ 1.6 @yém dat mbapdsle(neo mL)

]@gsr hgé?@&rin 1«% ré@gg&r @EHUE t@gge:%ﬁfﬁg %I%t ‘?’%%vﬂi olprgépetrated under
1

raycesl prespyrez- oRishlpramethane 4100 mnlwaB@[aidEdO]dmm ré&sidue and
@dn%cfe@lr\hﬂ‘?(\\(/laie? (8%i50 Ar) Med h% Wﬁ%&@eﬁ{s ({a"yeﬁ Wb WiBRed with

é\dde the m xture vvas coo
Fh'%rloﬁiﬁﬂéﬁﬂ% el e1agienys layorwasapkritlized withe 1 Q%rnqtzmsxunT barbonate

U
T tten o i B R £y

PrepRigt Byen was drieddiMaSay) mﬁn(ﬂltwdl di Flee (fBBat8 was
m):er&tfﬁie@%ﬁéﬁ rediferd rpiré’s%u(é) afd éﬂé 1l I% éémg‘agﬁd R{Us! bkggllhgd as a

ction m xture was warne stirre
%118033 Yel: 4-919R18%ri ¢ aci d aqueous sol ution (320

rﬂg ) VeeNmded coTibs ﬁgg&ggh@mﬁ&r@e@ﬁé 2+l e 2H) 7,52 (d, 2H,
‘? gen'ﬁ) S%édo?'éahrém’c@er was washed with water,
sat urgtepd Elodl UM SISk ? |§'%d7§’rtét’i’§h néﬁ%onz

te wds concen

fil d
%ﬁ%@?"fﬂeéﬁea%?ﬁ?%l t elrpgandrw mé's’bewlmarbpwlrfe&mo
si | | aatrghydiemnidezop!)2 A1RYradhaBlarubibhGde i Lh OH2C1 2 -

and the title conpolnd was obt ai ned

acet \?\ﬂ"e ?"ﬁ’gﬂ-‘ g
as t & % 8 %Wrgmr?eh)(cgqupropgnalb(b&/rg)f etoluenesulfonic acid
reonmhytets (30! el %

axmm%g’ ( g@) e g%rolganl)lz%ﬁ 55%1% %Hﬁyklmi%ég gsg gl) was
a%@g YRPE) tgm %rﬁ{urg ppse ,10 B0°q. Tee(neactzm) mixture was
dongshtatied ﬂlhtierJreaudé pheskidns, Tﬁe 2§sl<§® w%EDd’ sso%égq% adetonitrile

3,
(gb gﬂ.) 'Tlﬂ?e mtn@ (gb(g (rg) solgth'gqq)Z-mgn@-g q—gltroberjtzgle)(ycarbonyl
p?pem&n@% (4. Dg$ Wals)addéd 433 rdoPn te%;ib?é’ﬂhﬁe i‘hé@eéé‘trongn gﬂug‘}vas stirred

g ‘gojn 5‘%“"%’5‘“"3 Tor %% apg jhien té? reQs 'QGGGMIQOE% removed in vacuo.
TheTrei800 06s0HSMEd 'St@ﬂiyl Eceté@% 70 mL) and trlethyl in (24.mL) was

a@@gc) tﬁe%% r@aét?dn mlxture Evgglh t)ég rtc()) IrerHux?gro % h. T?Iepr)éggttlon mixture
Vgﬂsrﬁ@pWIte megm dernperatite, éambhémﬁ/bt@[ 8170 ALRRY addRiB19e RRction
rﬁlmféféﬁc?sé”ﬁdrgtedsoﬁ\e aqueous Iayer was extracted with dichloromethane (2 x
100 mL). The combined organic layer was dried (MgS0,) and filtered. The filtrate
was concentrated under reduce pressure. The residue was applied to silica gel
column chromatography, eluted with CHCI; — methanol (50 : 1), and the title
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(5R) - 6-[ Acet oxy- (7-p-ni trobenzyl oxycar bonyl -5,6,7,8-te
trahydroi m dazo[ 1, 2- 5

W@R@enawsss- 2- yl ) - met hyl ] - 6- br onp- 7- 0xo- 4-t hi a-BCT/US2006/020891

azabi cycl o[ 3. 2. 0] hept - 2-ene- 2- carboxylic acid

p- ni trobenzyl ester (2.0 g) was dissolved in THE (63

m.). Freshly activated Zn dust (7.9 g) was added

rapidly with 0.5 nol/L phosphate buffer %pH 6.5, 63
fePouFwasARIRINGH a5 s Rrawngelid..(Yiskd: &0 @i BhB%iandtits regio isomer
oramgedemorpBiiis solidEYieRAOIE §M4. 9% hdre @b¥ised/ | gor ously
stirred for %?é roomtenperature. The reaction

sol ution wdd 1¢REY) BRRJLN. o DAE 18). deld te2dnd= 5.4 Hz),
1186 (9azH\WBDoVBSIeK 74t (@, AL SE , 7197 @N4HR-3. =
g15§(rﬁ§kﬁ h\ggaic}?gous ayer Wa%égg{)z%gdqggds ?ﬁgﬁ%g 8.6
Fb 1 y)er was extracted with water (2 x 50 niL).

The conbi ngdg; r rafyed_t

and aopl | o0 T R e e Tl hRb s . 2
Rzded Vieb 441 @, 2HY 512015, 26 Tobhido gHag 8.7 N2).eF.78 (s, 1H), 8.24 (d,
2dsoE iMgz), 6176 (solym was el uted with water and then

5% 15 _acetonitril e ‘agueous sol uti on. The conbi ned
fract2Ps we¥e conc SrlAgetoxydy -pnifiobenaylonyicarbopwes,6,7,8-

b hydRIMIddzo bYif-3-08-nhdth{f. Bxdsy.fhiye! | ow
B PAdzE 2 ol el 206 phethVF SOSHOR Moo fhid
Tarabicyclals. ainent-2-epe2-carbomlic acid pinitrobensyb estar)
3. 82 fe dRHacetsniftfe (95 n?l_? solution 2ef67.-p trob%né?m(ﬁﬁrb}) QZ 6,7,8-
6.84 (s .. 6,87 (s, 7,24 (s T TR OB
%ab%%mmlazg%e?}-i@wg%%w@s@emm 98) Wamsidedato the dry
Zéal;@%g (g_ﬁgrl\l%fs(oi{tiontogé\g(gv!sgze |(1222 Ig uzde5ra6n n7it_rogen atmosphere at room
TIPELFIE Maeh SHB'F{;’?%W@P;?W?% Q51910 TheegmyylHM 630 mbkeplution of
(6R0i 88)-6-bromaz-ahbayitlet -3z2 bl HEBI2. AhERe- e AIRMOYIE acid 4-
Ld St . H-tert-but - et hyl
B st . S BY e, e s wep.coolod to 20 . ton
iethgakriney (1&? enL) SNTseécgdéwm)/énegp@fidibz’. | 'I'5h(e4r|§|)acté<?nc \é?sbsg!(\{/vFZ tcgvered
. i [ ie -c]l pyridi ne- 2, H) -
‘&E@T&p{r@é%g?u@g '@goﬁaﬁ* ﬁ@g‘g'é”trﬂ‘ét”fﬁ Yes fiiFreddfer ub|atn@@ °C and
freat&kwitip net-djmeglsiawgqx)pyri&hgr(sa.zlagqg)la%\cgifag@ﬂ& arélfcl)ydridel(o.SQ mL) in
- -1-pi.peridinecar box e . - ol ),
B e e RGBSR RS o i and siven for T at 0 C.
0% Gitie ecidyahuéwusesdlmtduhe(ts@% mm.$w|é§ aeaaaﬂtg}@i%il Pea%ibu 'mixtlére and the
n . e produc
b P LE b Sraclod wit s APtk Tk 1501 Ebhy yere aver was
washgp tithawatet; srtunated eodipiahydragen ézéirsdtzrda'tcte &ga tkﬂilne,5@ﬂ@d (MgSO0,)
. t e .. tert-bu
S e Bt Vo i bPe o= s e was
applied to silica gel column chromatography, eluted with CHxCl, — acetone (20 : 1),
and the title compound was obtained as two diastereo mixture (81 : 19, brown foamy
amorphous solid. Yield: 2.1 g, 59.9%.

'H NMR (d, CDCl5)5 2.01 (s, 2.43H), 2.24 (s, 0.57H), 3.93-,3.96 (m,
2H), 4.02-4.05 (m, 2H), 4.74-4.76 (m, 2H), 5.28 (d, 1H, J = 13.5 Hz), 5.28 (s, 2H),
5.45 (d, 1H, J = 13.5 Hz), 6.07 (s, 0.19H), 6.29 (s, 0.81H), 6.31 (s, 0.81H), 6.80 (s,

0.19H), 6.83 (s, 0.19H), 7.08 (s, 0.81H), 7.43 (s, 0.19H), 7.46 (s, 0.81H), 7.54 (d, 2H,
J=8.6 Hz), 7.61 (d, 2H, J = 8.8 Hz), 8.24 (d, 4H, J = 8.3 Hz).
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5(4H) - carboxyl ate: tert-butyl 2-(hyd
roxynet hyl ) -6, 7-di hydr ot hi eno[ 3, 2-c] pyrid i ne-5(4H

w0 200648058Ky| at e was prepared accordi ng to the pCDUSII0NG6/E20891
outlined in Exanple 1, (Step 2). Starting from
5-tert-butyl 2-ethyl
6, 7- di hydr ot hi eno[ 3, 2-c] pyri di ne-2,5(4H) 20

di carboxylate (1.0 3.21 nmol) and Li AlH4 (500 ng ,
excesm ﬁé‘? 9@%)%%*‘&}5 (5&) $etraliydrvinlidazoll 2ea]pymzin-2-
Wﬁeﬂhglﬂné -B4hRS1-AULI Sy dIbBY. Otheptbldhe 2{0arbokfife 3'acid, sodium

uty
$a%% or nmyl ) - 6, 7- di hydr ot hi eno[ 3, 2- ¢] pyri di ne- 5(4H) -

car bO)(\'&Fk)aé- ceio%]—t(ﬂélﬂlﬁ‘ébenzylox carbortl -5,6, 7dﬁ-tetrag¥(1{gbmldazq£1 2-

formz/ di hydr ot |eno%
[aZins zmeﬂzsél %P@@a%@xazﬂc ied1a7g pmcl@[a@ QIhertciane2-
@éﬂbbkﬁ@%dd‘p@ﬁ%ﬁ@h@yi lestdroaP g was HidolveB 9n FFIHE (63 mL). Freshly

éctmiﬁﬁir%iwﬁét%?@) wasadged yapidly Witerb$ 310l shpgphaie hiefie((pH 6.5,
6 rﬁlfil)r myﬂe@&ﬁbn( veddeDwad- &g@i‘@al Wit Foil &S B%%lgcﬂ%e ll@gl Q’E}E%acﬂon

gﬂ)g %‘f asi;| ve Mi02 , €excess
YT WSt VIgQreuslY fiFRetier aéwtxra@m\ﬁ%mmg e, Jiherreaction solution was
ﬁlteﬁdﬂhr&@d;h €-padNftdeli&S8nd Heepadtas wasréed4 with water ﬂ1 80 ml,) and n-

él% }nLg_ghdlh dr ot hi eno[ 3, 2-c] - - pyridine:
ng (% i P%t'%eéwameearé edsgngHnen{he eigasicdager was
pxteamcﬁﬁltl’SWafe‘r (2§ For o) ‘Ith%rémﬁbiﬁéd aqueous layer was con%entrated to

fo hi -5(4 b
%1 §ﬂ %‘?‘gz‘(%‘eg 9 D'*?§°¥q{ﬁ1%1 I)fggvgés‘?;l mis éﬁ) %/FéElShln*%w@@,z Lt&b column
dhr):malvtgﬂrﬂ@9&%r26d§6rbmgnmeléblu#ﬁ'wésneluf@d(’%ﬁfp%a@roam Yhen 5%

ction mx s stirred roomtenperature
%&%’5@?%?%”9%? SSluer heenninabadiope wersspomBnoagonder high
vdreuenat wscanobiyom.medrt@ §iRs tROMREEImEdURd 40 %N&ﬁ?&orphous
%@ If Hé %t g{o&\got dout purification.

f 18015 Glep) “HANMIR 65, D.o.@eégo;(t 2H, J=56
Bz¥@c88y(s, 2H), 3.89 (d, 2H, J = 5.6 Hz), 6.38 (s
{,?43 @ﬁ | od%h)Tngyl) 4,5,6,7- %etra yéllpc))t P-é) 9187 (s, 1H),

h 0o a stirred solution of -

2-(fornyl)-6, 7-di hydrot hi eno[ 3, 2-c] - 5(4H) - pyri di ne
(1.4 g, 52 mol) in DV (20 m) , 4-nethoxybenzyl
chloride (0.94 g, 6.2 nmmol) and N, N
di i sopropyl et hyl am ne (10 m, excess) was added at
roomtenperature. The reaction mxture was stirred
for 24 hrs and quenched with water. The reaction
m xture was extracted with chloroform washed wel |
with water and dried over anhydrous MgSO4. 10 It was
filtered and concentrated. The product was purified by
Si 02 columm chromat ography by eluting it with
et hyl acetate. Pale yellowoil. Yield: 470 ng , 35%
MrH 288. Step 6:
4- Ni tr obenzy-6-[ (acetyl oxy) [ 5(4- net hoxybenzyl)-4,5,6,7
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t et rahydrot hi eno[ 3, 2-c] pyri di n-2-yl ) net hyl ] - 6- br ono- 7-
0x0-4-thia-1- 15

W@ 2@bi130588 o[ 3. 2. 0] hept - 2- ene- 2- car boxyl at e: 2- FO¥/I¥1006/020891

[ 5- (4- met hoxybenzyl )-4,5, 6, 7-tetrahydrot hieno][3, 2-c]p
yridine (574 ng, 2.0 mml) and the dry THE sol ution
(20 nm.) of (5R, 6S)-6-brono-7-0x0-4-thia-1-aza-

bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxylic acid
4-nitro-benzyl ester (772 ng, 2.0 nmol) were added

successively to the dry acet%(w m.) sol ution
of anhydrous l\/gBrZ ZOfCXEt) , 1 5 nmol ) under

excl ude I i ghtazableyclal3.2:0]hs L2 E
h at .

) i Bt ks re&'&@ ’S?‘“ XW é“j‘%a%&if dfg-2.50am)-
fisapbaxylate: stlrred for 15 h at 0 C. The mi xture was

h

a0 LT e SRy RORichs 2 b BRI s dcAboxyiate  wes
Hg?@ﬁfﬁgiewcoeam%&ﬁleepmmr@rasrmlthneﬂen oFgample 1, a(ﬁtap ¥WasStarting
ﬁbﬂnﬁ&t-@ﬂ;ﬁ%méfﬂﬂweﬁér‘bb%l@t@ (b@ré)%ﬁlol)p?ﬁd% (& é 4{0:mmol) and

The pad was wash

acet at e
R ((%ﬁcentﬁoamiﬂpb uﬁﬁﬁsrChIOé@yFi@tﬂ lptﬂé@@dﬂﬁ@ walserea@taddwh ethyl
WRPcapRIHckefe 1(6.05§) 56%%I) é‘di‘i rifié@%} Sio,

the colum was efuted wth E&T&acetg &ﬁ

galumn chegingiggnaghy By elufing: it Mh§ @n@oﬁbwﬁwtae edlamw g, 56%;

veftesigdidopasis®, and the m xture of diastereo isoners

wer e g?ken to next st Rh% Pal e yel | ow anor phous soli d;
Yi el 0SB pdroxymgthyly-6 -dihydragiienol3,2-c]pyridine-

Q@ﬁl&%&&ifa@m’/ USZOOG/ 020891 St ep 7:

5R, 62) - 6-{[ 5- (4- mef hoxybenz 5.6, 7-tetrahydrothie
510[ 3 Qrt—ie t§’|[ ( 2-(hydy roxyme yI) 8, J7 -dihydrothieno[3, 2¥c]pyr|dme -5(4H)-

pgrbo@lerte&;and br]eﬁ'ﬁﬁeh%c@ﬁﬂ]nd@%e”pr&&éo@relbéﬁﬁéﬁ fVEk&ShSle %, (Step
2 e BaBip8e fiof, cEler iy, Retthying: frdyeerignola.a-clayridine-2,5(4H)-

6|p§rbbeylaiaﬂyd) 9,8.21 amediBandLiAH, (500 mg , excess) 807 m% (92% yield)

Bl B o S e Sl B M . 02
mml ) Stex 3t ssoért/-bdtyl n 24 fdrn{yR0s, wimhycﬂraﬁuaﬁﬁtswblbwnhﬁxe-s(4u)-

Pia)‘ Freshly activated Zn dust (5.2
raplé Wwith 0.5 M phosphate buffer (pH 6 5, 28 m_)

The rmblvutxdn 2rorael)- Gl)h-sllmdmlaﬁb[wtd]p)frialde 5(@H)°-6&Joy>§@ate was
plspalse ack 8RR e ol oBunEE i EXaraler, S5iei i iasting from
{Rsisbutyl | 2- Gy dedxymethlyr6, n-mhﬁdrmhlu??gst @-c]byhﬁlhb-@(ﬂll'?@@r@&&%@e (1.0g
§,|Z§}|¢|b iipaetﬂg’ Ién%cf% qildelﬂlgoegusanp Y%@Wé@p%%ﬁ%mo g(81%
) 8 thecaldetydy derivadive ows dsntated he GrowrisslidiNpFH)VZBBULM
at 35sterd £ Siimyl)-6, 7-dihydrothieno[3,2-c]-5(4H)-pyridine:
2-(formy|)-6,7-dihydrothieno[3,2—c]-5(4H)-pyridine was prepared starting from
tert-butyl 2-(formy|)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxylate (1.0g
3.7 mmol) was dissolved in CH,Cl, (20 ml), MeOH (90% 20 mil) and IN. HCI in
dioxane (10 mi). The reaction mixture was stirred at room temperature for 48 hrs. At
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yel l ow precipitate. The product was purified by HP21
resin reverse phase columm chromatography. Initially

wo b@oasisssm was el uted with dei oni zed wat er (2P€T/US3006/020891

and 15 latter with 10% CAN. Water. The fractions
contai ning the product were collected and
concentrated at reduced pressure at roomtenperature.
The yellow solid was washed with acetone and

19 end regction adure yas| epncertiraten tojdiypesaangdpkesuto next step without
guuf&ta%ﬁ Y R: 75@%7%<Hc§|%kl)oﬁaﬂ%tauvé)HwMﬁéaDN50 d6) 8 d

20 3. §4&,_ 2H)2-Ferrevl( 45- amqﬁhow%sele&d 5,@Fbtetréﬁwl¢9§?leuo][3 2-

U%r.a,,?él(dd 2H), 7.4 (s, 1 H, 7.59 (s, 1H. -41 WO
2 8,/130588 PCT/ US2006/ 020891 _Exanpl e 5 Preparati on

of (5RP 2 $tEEA-selytion @S R-Houmb-GFrdihydtpihienal3,2-ql6i(4H)-pyridine (1.4

| 6 DingbI) i’DMF ( 20 ml) , 4-methoxybenz Ichlorlde 0.9 .2 mmal) and N,N-
% net hy| Zne - 7- (oxo- thia- 12 azapi cy Mo ?1 ng) an

dispropyiediamine 420 . excass)ivian asdpe astc@m igmperature. Th reaction

En%ﬁehbléé Bii rﬂacﬁfo@ '2‘1' Mg ﬁng cg)éln%ﬁledj\}vitﬁ I\Nggélrﬂ erf?/%%gtilcgﬂlrwg&re was

hi
ﬁé‘{ﬁ%@v \le!ff Iﬁﬁ'%ﬁom W%srie NSt MR veaderARd ¢rwé’ooweﬁ apjeydrous MgSOs.
ﬁOQrés ORMErsd 2d. cdfcertraird?: Thel FratRich v pRAMd By SiO, column
X@@l%gﬁﬂf%)ﬁgﬁyggyse'sﬂfzﬂ hydh sthylacptate] Pale yoiaveohy Hielt: 480 mg . 35%;
(AHL289. is dissolved with 10% K2CO3 aqueous sol ution
Groc S8y 0" NG eRons i Haetylogi T E-maghaxybanzyi)-4,5,6,7-

DAL bl M AT 0

%ﬁ? j‘?ﬁcggl @%&E%%e‘gﬁg%’%ﬁfﬁ (128 m.) and heated to

pefdrmyl [Bed- rﬁethoxybEhEleeasH,T-tHﬂraﬁyd?btﬂiéhoY[@Q-cﬂﬂ?gﬁn%V(Sg4 mg, 2.0
n

D, SR b TR B REY of b She b tamerd o 4-tha-1-aza-

bbvdo[ﬁél:b]heptkﬂ-emchacﬂdxﬂhd écn& @mltrq%@ﬁtyl)estér"tﬁbﬂn d2 0 mmol)

%Qa%b,_s%%c@% \%& t()gtklé E% acegorgl}l}_%%ﬁ gﬁ.) fou{glon of grg\y(jm MgBr,:

O(EY, (390989 bhSsmmbl)kipderSireprgdh atmosphere at room temperature. After
éoélng'tgl% QCSE'E N'&%%E)[ aslagJJdl ¢ Ealyo ﬁ)lnn h2e r%gétlo%rvgggel was
50\@@1 wijll fejl t9rexchidedigbf. 2THe KB]abﬁomﬂnmremdsestﬁea o2 hdghoo °c
e TE8 St R ) YR USRSl vos
yaf_mqqggh@ °Q Bna stitrypd ifor t5 ol aﬂﬂak@neThe mlxture was diluted with ethyl
acetate and washed with 5% citric acid aqueous solution, saturated sodium hydrogen
carbonate, and brine. The organic layer was dried (MgSO0,) and filtered through a
pad of Celite. The pad was washed with ethyl acetate. The filtrate was concentrated
under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with ethyl acetate: hexane (1:1).

Collected fractions were concentrated under reduced pressure and the mixture of

diastereo isomers were taken to next step. Pale yellow amorphous solid; Yield: 550
mg, 40%; M+H 714 and 716.
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25 (43 nL) is azeotroped until the vaper tenperature
rose to 80C. The reaction m xture 1is concentrated

wanaen3esegiuce pressure. The residue is di ssol vedI/Us20de6/§20891

ethanol (28 nlL). The m xture of the dry ethanol (143
m.) solution of 3-im nothionorpholin hydrochloride
(4.3 g) and 28% net hanol sol ution of sodi um nethyl ate

(5.0 are &%egg t roomtenperature. The reaction
m xt u ‘st a€ {ISd4rmethexvbenzylet. 5.6,7-tetrabydrothienol3,2-

t:twmdim -yifpethylenhe} HoxolAthia -4 vsﬂ;{s B, dwaa-eﬁélﬂ-
idue is, dissolved in chloroform
F?T fafidhe (3.6 nL) is added, then t he reactl on

m xt uaEN|tr§benlz¢@t[@étetwb%yﬁaziuaﬁe{hekyb%nadm 576?ﬁtét%9&ﬂo@rneno[3 2-

re was room t enper at ure_and

eweeﬂ%ﬂmhxjn%m%&%e 4ihisssazabicyriel3. wlﬂe@h@ ang-2-
Gér%%ﬁ}lé‘téq 300y, Mﬁm\%x?@%éé&&@&&nﬂ@# #é‘é%gﬂgéﬁ)@géﬁénitrne (10
h 50% K2C03

hl or onet hanaéep( % and washed )
gﬁ-&eo’ffgs@bla&i"f €n %JSM 2 g) yas ?Héefbr@awy WithaQdy M ghosphate
dﬁﬂé?cka“@@% m)d Thel feBERsh vebR8 Wad Edvr&d Wh foil to exclude light.

g_gncentrate under reduce pressure. The residue is

Bl fre@%t'%mgﬁttrrﬁc‘é(a@éfrg%wwﬂw &PFa2 dyr@hgRYM tesnparalyre. The
matmomtare-w@s:mtsaéw dobled to1d 5C,aMd 0.1 M NaOH was added to adjust

H- d 4]t h
QHCQ%,E tle Bmy%‘aﬁ(gglgﬁql WltlL ! %{y ]ﬁﬁetlat%ééngd%heaﬁ%ueous layer was
Seffarbledy d‘héa&hbm.m ldﬁl’ﬂ{la% doncentrated under high vacuum at 35 °C to give

%l[oz\%) etgllrgnlggtglbpﬁ'f BE? [Jct:)ta\;vgse IBmee ed( EIW.JN reSI:wq'evgrgg phase column
5hr©frlatdgrat|shy Siritlalty diee @bmmh wbé buﬂe}d wutaZde"tﬁnz’.édcaéﬁar(d qlts) and

{a‘?t%r %_B W (WCPCI ?f‘)ng frac nf.; qq? amuo,g %}g Rrgduoi v\;eg'e collected and

Borgen(rated latHiedut€d pressure at room temperature The yellow solid was

Q/géhé% W&%&t?ﬁé 5%@;}2 gl}leé] {’l 415é Hnga,lg‘ll&lo @swqﬂé\gs)/%iy%?aqs mp.

UC; (M+Hp#1 . 4. 61 (t, 2H, J:57Hz) 7.73 (s, 1 H),

9 69 5

(o) - & v hnasch 50 & 2.7 1R 210 28 40y 241,436 i 2H 374 (5, 3H)

lontst Piy), €rbels; THR>E88Hddh 2BH),| 7. a4(@bi M)y va[rdr?éagl?Jﬂa RS, #4)EN59 (s,
y

-carboxylic acid, 15 sodiumsalt:
acetonitrile (20 m-) solution of
5, 6-di hydr o- 8H i m dazo[ 2, 1-
c][1, 4]t hi azi ne- 2-car bardehyde ( 392 ng) is added to
the dry acetinitrile (20 mM-) solution of MgBr2 (1.1
g) under a nitrogen atnosphere at roomtenperature
then the mxture is stirred for 10 mn. The dry THE
(40 mL) solution of (5R 6S)-6-bronmo-7 20
0Xx0-4-thi a- 1-aza- bi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c
acid 4-nitro-benzyl ester (1.0 g) is added and the
m xture is cooled to -20 C then triethylamne (0.8
m-) is added in one portion. The reaction vessel is
covered with foil to exclude light. The reaction
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m xture is stirred for 3.5 h at -20 C and treated wth
4-di met hyl ami no pyridine (30 ng) and acetic anhydride

W@ 2004430588 ) in one portion. The reaction m Xt uP€I/US2006/020891

warmed to 25 0 C and stirred for 14 h at 0 C 10%
Citric acid aqueous solution (240 mM-) is added to
the reaction m xture and the aqueous |ayer is
extracted with ethyl acetate (3 x 100 ni). The

conbi ned organic layer is washed with water, saturated
sodi um hydrogen carbonate agga,h@e , dried (MJSO4)
and fi . The fi

CI—g.CIZ - acetone (50 : 1), and crude - 6-[ acet oxy-

gedigmysalt i 0. 8H- i mi dazo[ 2, 1-c] [ 1, 4] t hi azi n- 2-yl ) et hyl
] - 6- brono- 7- oxo-4-thi a- 1-

azab cl e 2-ene-2-carboxylic ac
i t SRS MeUBIE R S ybp iz Thdltnirgine e aipcids
2006/ 15&5&&@@3 B’%@%ﬁd QE/Q$91 hiaZing r@@*dldﬁldébtrﬂéiﬂ%g prepared by

bove |8 dgg( 05 um chr omat ogr aphy b

e ety ia? on"P?f?@ 3&4)1%/ 9?:7&236‘1hexane The pal e
yel | oSteqod: |ynmhbm.mdrpwomﬂmﬁebmﬁdbn THE (17 ni).
winos RS srtRere s HbRng. bytrorday e o s
dlestMVedamtheﬁ}%Iszscaq&ebad soiutibn f(@50 nﬁlgl §nd33tlﬁ‘é Hé@eous layer is
SHfbtica WO R (et i) e St Giganlh Bveroh drisa(Masos),
filldrea raohdt bormeginated pmdieofred?&iel bl@setﬁrd AR O §hl299ﬁkfeh(f1j7 g) is
00 S5, WSO RS e B0, s SRR 1 1
Ehe maaction mixiure Owds wobled tphmphﬁmpéwfuf@rﬂﬁéﬂrb&tﬁn éblmlon is
%%Jgehfn&%?yi%ﬁa%?ﬁginaﬁgrﬁgs 8'0@%}?@935&? CFstn%tgt%tng as brown
solid (ﬂ\@m iogdntt)o Di ai on HP-21 resin (30 nL, M tsubishi
sl 0 W Rl 81 B0 SR RARIIY o ALPTe 74 2t = 5
HR/e3.&3c(et i), 81971 (Brsatidp GBS (bed, UH),0199 [, 1(H;nb| ned
a;: t é\é%%%c fdygg’?]hﬁrg GBZ'P c.%nt?‘gt,l?g‘gl RﬁhlazmeI ~car g?clijéjhr{(]de and
?@'z?jlhﬂd(cgsﬁ-lmdgzdtaﬂ-ﬁm 4]th|azm(T-3-carba|rdehyde 4 o

n t

T bt oyehs s BT Dokt SRRt L di O, b
@anﬁwl@mq acacé mpnphytjram @2onghants qud)paho( {538 Y, in cyclohexane

@@ rﬁf? is 228 tﬂé{%d gaflldtﬁgkap%er%@agl%% %ﬁsc,_@yé regc%@p mixture

|§tcongqaptrajed: upder rpﬁl)ce pregguredThe resklduk is dissBlvied)in dby 8thanol (28
ﬁﬁ) ihéﬂ)mlxtu?e %3 the - drg' é’t%ancg %g&(rﬁL) Lotfion W%—lmlngtﬁlomorphohn

Preparation

feseizgcféor(d@ (74 mgh;add @BS{d-m@}haml sd>l(1tRmad>f| sudilmz oletiBdate (5.0 mL) are

added at room temperature. The reaction mixture is stirred at room temperature for 1

h, and then the reaction solution is removed in vacuo. The residue is dissolved in

chloroform (128 mL) and triethylamine (3.6 mL) is added, then the reaction mixture is
heated to reflux for 2.5 h. The reaction mixture was cooled to room temperature and
then concentrated under reduce pressure. The residue is dissolved with

-42.



10

15

20

25

30

yl met hyl ene) - 7- oxo- 4-t hi a- 1- aza- bi cycl of 3. 2. d hept - 2-e
ne-2-carboxylic acid, sodiumsalt Step 1:

wW® 2006D8059%Ir 0- SH pyrrol o[ 1, 2-a] i m dazol e- 2- car bedHEk300€020891
28% Sodi um met hoxi de (5.26g) was added to the EtCH
(250 nm.) solution of 25
4, 5-di hydro-3H pyrrol - 2-yl am ne hydrochl oride ( 3.279)

at roomterrperature Af t er stirrin or 5 mn at room
JEnOMRME CEDToanauRsHasONiN BH i BEPUR poMEan 3 X 100
dylerhd erddnf Ryt i4r Gricat (MM)té‘r@ﬁlfééd”ﬁae hﬁr%fb fh€oncentrated

reaction mxture was stirred f

Yndep EpdHCErRIeSSHR Thedesideg 'ﬁﬁim"&f’ éo Mga Qak@cﬂuma crappriagraphy,
dlited IaOCHERS- ade@&ed(ﬂg ﬁ%n@@@-@ilrgﬂ% BH—I%&@MﬁQ@I mlf)iazme-

and triethylam ne

453D ﬁmeet@r%rf |Se£&d f’éﬁ5 smgm (P-8%)TARd rfe%r&hydrp ﬁHsamaéolz 1-
O&gﬁ%n@ﬁc@rb’aﬂ%ﬁydé IB\RR 8bild, 872 YR}S b@ BN drd oBRied.

dri ed over anh ZZerous K2CO8, filtered, an

evapo$ Sridhyaradstimidarale it dikiazine-2aaebardahyde \?\ﬁs NMR  (d,

ifdd
QORI 00 oSSR, S B 4E S0P B3R5 . 10,

g.14bet one (2:1), and 6, 7- Di hydro-5H pyrrol o[ 1, 2-
a]im Siézmhﬁ‘drg &ﬂlﬁh@éz@?ﬁy @Eﬂ %ﬁmé3%@aﬂ@r§/debt a"ﬁe@lMR (d,

al e | ow solid
QE}PIs)zEQ 052( @bl 2. 95.7(hg), Qﬁﬁ(842F®74(6t1 (t, 224, JJ-577H2) 7!—72’5)(,8 1H),
593 s;..l)lH) 9.80 (s, 1 H. 5 Step 2: (5R),
(6Z) 6 (6, 7-Di hydro-5H-pyrrol o[ 1, 2-a] i m dazol -
yl netﬁ%ﬂaaaeﬂ.# B, 4- 1(&856 (ﬁ,%rﬂmmwa-mlga@m]‘lI-tdbt4]2hlezm-2-

ﬂﬁfe@hdﬂ gf%ﬁ 5?5%% g’-agaﬁiegélBP §3g{e t-2-e e-%-g?[)bdxg ﬁ de acid,

§°dj!“'3’6‘ i was added to the dry acetonltrlle (155 m_)
sol ution OTh@W@E&Hﬁltrh@ B@ M- Selutdh &ngﬁrdl@dréémﬁ‘ndazop 1-

re at roomtenperature.
é[%p‘ﬁth qﬁlf?e(-g-ggrqﬁdehgde(( rg)g‘g} ig added to the dry acetinitrile (20 mL)
$011@R- Of -MBr, ST Ay %néeradﬁutragwainﬂis%h&eodthsa% tgmégr%nﬁ'e %fen the

lic . aci -ni tro-benz ester
BHGEN % S0% 5 o I mine Te 51 SHF (@0 10 S0lutian of ST 6Ek Stgomo-7-
mg)4 wa§-1 &dotﬁswd[e Qrmp\epﬁiziéne@-caTB&(yh@%eFd' ALRitrAHEY MBS (1.0
to exclude lig The reaction
'?aaﬂ éq’éﬁth% B i epolegl 1 220 %190 tHethylaming OB WLY is added
iaaeii pbrﬁtmhyﬂfel ré@ct(oih @8sel Is Bbveredtfth RHB &él@errght rTﬂe reaction

ure was war med

ort eact i o)
ARGrER Sliath 1555 h 8RR Shdheaies ihdarestndsmina pireline (30
wmo) dndeadstic amhguﬁrtdeqoalﬂdnmﬁ laAd poiioh MHe Maéfidn ki€ isfwarmed to

ﬁ%%ﬂgsstiﬁgd %r}b?b@{# a{’ﬁ ggag %Ié[ rgGB %{?0%9%21%4(2&@.) is' added
tb| the ezamtion Tixtureeahdithe agasdedaydrtid exteddivd wilte 8ihgf foetB€3 x 100
Lt'lrh%t Sontbtred 8%%%@'5)% ?sd waglgeed W|rtr(1e (\]Ilv%(t:e(?rd sgt[n'ea?esdu gcgedlur-nr hheydrogen
carbonate and brine, dried (MgSO,4) and filtered. The filtrate is concentrated under
reduced pressure. The residue is roughly purified by silica gel column
chromatography, eluted with CH.Cl, — acetone (50 : 1), and crude (5R)-6-[acetoxy-
(5,6-dihydro-8H-imidazo[2,1-c][1 ,Althiazin-2-yl)methyl]-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester is obtained as
solid.
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20 was dissolved in THE (166 nL) and acetonitrile (77
m.). Freshly activated Zn dust (23.2 g) was added

wo apcdsosssvi th 0.5 M phosphate buffer (pH 6.5, PEdBUS0p6/020891

The reaction vessel was covered with foil to exclude
light. The reaction m xture was vigorously stirred

for 2 h at roomtenperature. The reaction m xture was
filtered, cooled to 3 C, and 1 M NaOH was added to

adj ust pH {Thegolidiobtaingd: shove isvarifiedse8iscoiam catompatography
8¢ eél@ﬁrgeﬁnﬁltﬁ f&)saauﬁz%étab%%néﬂﬂsnﬁeeafea&&ﬁ:w %oM N@Q’hed is

gueous er agaln to a J ust

glsscm@ rneEldH%fnhh E&?E’F'Ye am@ it (A2} is aﬁ@%cr ramd@hwnh 0.5
@;Bha?é bffer {BH G‘?)nQ? '?ﬁl_r)a‘i'ﬁe Y‘@a%tlalﬁ’ Qleé@éi’ i Bovdréd Ath foil to

HP2 subi Shi Kasel . d.) resin colum
éml@ﬁﬁahqiﬁ{ﬂmﬁacﬁm alixtygds N@P@'Sl}’tﬂ‘i'éreéd%?nﬁ‘ atyyjgem temperature.

¢h€tr§§ct%t§61dﬂ%ﬁ) i5 quE{&NﬁﬂduBh a Phdlbr baiite #f RS idsBdd with

active fractions
weter (60 pe.) Angi b eippolsE0 5l Bepauenug|layer da separated|angithen the

BIRAR) IayeraX @xfta B Swith-?8 &1ol/L phosphate buffer (pH 6.5, 2 x 10 mL). The
bi'cycl o] 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d, sodi u

sampined RaueRHRIRYRIdS FerreniraiRd te? 6 1@6‘1‘\‘6 MaOHS @Gd%@eﬁdJUSt pH

B g5 \waalEpmied to3Didferaid-2h ¥ESR| :‘30 ﬁﬁd Nﬁtguﬁl’si‘(“késaﬁcb' itth § @olumn
as a el I ow anor phous solid

ChMAS BRI/ ﬁ@s%ﬂSP@wméb@@emﬁgilut%Wﬂbmﬁer( ae%)then 10%
abbtbMR( 8l aqli&sds schitiod. #8e Eerﬁﬁné@bcta)é)fraéloﬁéfa?e ééhceRtrated under

§%4 V(”‘%““"igﬁ? 3%%53’{3)5 'YOPhll'EeU( 7‘03@'\(‘% (56) |—|)(62) ¢ dﬁ‘q}ilhydro—BH-

Hﬁiﬂlazdfz W]mlaﬁlﬂ@mmér@}ﬂtfxo(ﬁﬁﬂa- 1-azabicyclo[3.2. ihept-Z-ene-
-cill, 4loxazi n-

6%%9 IAK‘SE’& 8H i nm dazof 2,

TRERRYA Ce%%ﬁ Spafyim salt a3 &ellowaﬁzaw%% 3lid (36%9e g0-9%)en

e- 2- car boxyhp ¢3mec @dec)ﬁﬁgw?(éqg,{%%\?ﬂ&? @ 2H, aI’r eg 7 Hz) 35 .80 (AB,
PE e, BPHE). 2015 Gt A E i, 6 Al e ) CRES fo. TH),

BI9sL(yy tHPT.29q8p119), MB=ap2 (4.7 g) and Lawesson's

reagent (10.3 g) in dry THE_ (94 nL) was heated to
reflux for 1.5 h. The reactigga—fﬂﬂ!&ire was cool ed to

r oom Peegertitibn’ cofanAN e(ﬁgﬁegs,ﬂmhieidlsﬁig%@oﬂﬁﬁrﬁﬂiazol-z-
CHO. esi as, > t20 S| . .

gﬂ__g_l) to obtal n a yeI I ow SO|Id

eyl “‘,ﬁtﬂ BBl BB E A eeshie ety oo

yel | oR8%oBcdium rhethbikiBe ((EQE‘Q)&)aSSedﬂeéEto the EROH (356G-mb) dolution of
HZS)dlh):rj’drgjsl-%yrrozt'Ql-ylgmmeShydro'_@onde ( 3.27g) at room temperature. After
stirring for 5 min at room temperature, 2-bromo-3-propoxy-propenal (5.79g) was
added to the mixture at room temperature, then the reaction mixture was stirred for 1
h at room temperature. The reaction mixture was taken to dryness in vacuo. The
residue was dissolved in CHCl; (300 mL) and triethylamine (3.8 mL) was added. The
mixture was heated to reflux for 3 hours. The reaction mixture was cooled to room
temperature, washed with 50% K2CO3, dried over anhydrous K2CO3, filtered, and

evaporated under reduced pressure. The residue was applied with silicagel column
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4.55 (s, 2H). 20 Step 3: _
5- Met hyl t hi o- 3. 6-di hvdro-2Hf1 4l oxazi ne A m xture of

worerophaisss- 3-t hi one (4.7 g) and nethyl iodi de ¥ABUSL0p6/020891

in dry CH2CI 2 (140 nL) was stirred at room
tenperature for 15 h. The reaction m xture was
filtered and the solid was washed with CHZCIZ The

DI B P S CE e Seeniu e Dbl LDt o-BRTOIOl 2
Afimidatzble A-24rb21déiyde (499, mis) g) Wé@o&ﬁﬁ’éd BQ@\ @T@@I%VJ SBYigr

o o MR AT Gk 2626 ea9 2E0 Bt (Moot A&7 (e, J = 7.2

| (3.6 67.8% . 1H NMR
%5@@ as), @aéce(sy(ﬁhww gl 71(3 74g(m 4H)/a HNR
(m 28t EP 4: GRIM NERDRASD wmmmz abnmazol-z-

- by (
il SR ey ok ot e

#Myas heated to refl ux for 1 h The -46 WD
5006 BA0DHIAIREH BPRABE! 227015 DABHIMENTH (.86 W) Sas added

The reaction sol vent

|
T /iy 20P M (EPobL) ol of[AByeIe % MO Gb-ed) ndes P argon
atrivgphed btl rdotn @e@per%?urg 0/ﬁl'he diy MR $dilifin @@B 131 03‘5%5R 6S)-6-

% 4 % 2 Hz), 4.47 (s
éﬁ% -g'-)oxo-4-t ia-1-aza- |cyclo[3 2. 0]hept-2-ene-2—carboxyllc ac 4-nitro-benzyl
Bster m%)méﬂtddﬁdd@&ﬁé Aidkorel tdoldd X3 1’@ a?TcFEt%lQ%hqg L) was

fgaéog%a%wrg%ﬁ 202 Sk o to exclude light, The
zedulmmﬁurbynh@mywmes alat (40 2C@hd tiated wm aéétlcfa%y@nde (1.89

opanol m-) .

BoreBHNaRE 17 P 75 opEleorlahBh prskloramitie wes vigiapd to 0 °C
badptred for d4/50s 8t 0 6C8MHS mikilke Wad @lilited wilh*dthyliceRte 4% washed

HC,F?” ted nder redu‘c? Ig ? 'cl'ﬂ,e resl due was

sso v &l QHC' rJAYEPHS FB1UNP 05 lffﬁged o hYAEPAsh Garonate, and
bruye ekHeaorghnit 28@r Mas)drmld(wtzgsm) liﬁc:] ﬁuerlau nﬂ:@ paa Q\Pasp/vashed with

ri an t hanol  sol.utio

glr g?nargr%t rﬁ'fg‘ tfl éat? 4\/9%5 5?"%8& dﬂ@&r 5?dqcsgrﬁressure The residue

W@ﬁpmsatvaden THfe(166anl) amd atetoniirie (FISmE}. i Fresidly l&btnfa@éUTZn dust
re i 0 ve
(B2 8 Ut Gaadt papfy wilh Bl BEPhesBRaleChiterBr{Ba. 293 mL. The
cedciproivessal (Wl cotergd avitth foili tot dxeluaei Iim;[1 (Bh& rﬁéctlbnvm&ture was
t t t I Xt ure s he

78RSy 0 BE B8 iS55 BRRLE mp o e
£eolpd fad (€ canthtl M Ne@Howamadtedao edjustipld to BeThe fitrate was washed
AR | ved in
AN SoalP e P RIS 1yl W8 ok Bt 1 ¥pRbckss added to
g’tﬁjmus layer again to adjust pH to 8. The resultant mixture was concentrated
under high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (20 mL,
Mitsubishi Kasei Co. Ltd.) resin column chromatography. After adsorbing, the column
was eluted with H,O — MeCN(1/0 ~ 9/1) to give the purified active fractions of (5R),
(62)-6-(6,7-Dihydro-5H-pyrrolo[ 1 ,2-alimidazol-2-ylmethylene)-7-oxo0-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt . The combined fractions were
concentrated under high vacuum at 35 °C and lyophilized to give the titled as a
yellow amorphous solid (681 mg, 24%, pH 7.8).
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solution (2 x 100 nL). The organic |ayer was dried
(MgSH) and filtered. The filtrate 20 was concentrated

wanaen3esegiluce pressure. The residue was appl i eRPCT/0S2006/020891

silica gel colum chronmat ography and eluted with
CHCI 3 - acetone (4 : 1) to obtain the title (pale
or ange soI id, 1.4 g, 36.3% and the ot her regio

i soner. Ie or an solid, 609 1% . Desired

or oaucie | c%bNMR(Q @202 98298 (M0, 256278 (m, 2H),
. 7 9 S T

8@4 3095,2@8 n%lff)g 6(437 H}d o$5-|£8) 6.94 éé’hH) gﬁsu(%}"@ﬂ};igss (s, TH);

@é‘j ) 20140 (t, 2H J—52Hz) 490(s, 2H), 7.75 (s,

1 H, 9.72 (s, 1 H. Step 6: 5R).

(62)-6-(5.6-Di hvdro-8H-im dazof2. 1-clf 1 4l oxazin-2-

yi met hyl ene) - 7- oxo- 4- t hi a- 1-Exampleyc| of 3. 2. O hept - 2- en

ole HERidAz¥12,1-c][1.4]oxazin-2-

c][1, 4] oxazi ne- 2- car bal defyflgmldaiz 9) Wwas added to the
dry acetonltrlle (66 m -)"sorution of MgBr2 (3.6 Q)
éﬁ Sr? Ltr tnosphere at room tenperature then

e — 88 PCT/ US2006/ 020891 m xture was

sti rr emofgholid-8-dierwaslfrepated i the rhdiRed BHUSP®, 349,045, of
p-ni trobenzyl (5R, 6S)-6-br onopenem 3- car boxyl at e

N e m xture was cooled to - 20 C
m -) was added in one portion.

The r eagrt i Armh(mtse;ef mmmtonmemee@t W\g)téhdflsuweswn’emégédemo 39g)
actl.on XT U Wwa
48‘?9 T @F A0SR RE RS T The facteh et oied t
temneratumwbl)djmdeaétibn&dédep) wgﬁ remﬂfedomr\IalcO@ '?ﬁerWQSIdue was
S, war 0]
BB e Y5t E S R HTEErab R e @B i FHE: 1 el o

Adtbeobtaip a pellomesaidi Rncnysbellvzamoraofdthé lreudeagrodactsirdra ekane-ethyl

%n%t%ﬁagé?ﬁeeﬁl V\%{gp ;%AA\@% 3 X 500 ni). The

or gani th wat er,
sat ur at ed é‘cb(NMR](ﬁpmlst))@eh%:ah; lzelnatzesandz)belme(t 2H) 26 5.1 Hz),
gygﬁi?‘l) and filtered. The filtrate was concentrated
ung duced pressure and crude
(5R) -MM 1-c][1, 4] oxa

2-yl) mat
E'r oo 7~ b S B omhlin iioe 547 @) Apmesd e (mb) in
BWX@*I"ZCHz Hé0dnl-wast $tmte6ratybomdsmaeratws folbllsah NERe Asaction mixture

8)59%@3 Hgﬁé@oltﬁgﬁs%a{lﬁeﬁaﬂky ﬁ;ﬁfc;li %cgﬁcilpétsas dissolved

Witk 158% KoEPOs agueq{@ $n_l)tldno(1ﬁﬂ enHEnd tha aitjuebus Oy ivies @ftracted

t
(vﬁij)crlgzdl ALEL00 6@ §nd J§ombjned, SHaCleayen wag died. BMgQy) and
filggred.o Xhe Ailtrate was concentrated under reduce pressure and the title was
obtained as pale yellow oil (3.6 g, 67.8%).

"H NMR (CDCls) & 2.32 (s, 3H), 3.71-3.74 (m, 4H), 4.14-4.15 (m, 2H).

STEP 4: 3-IMINOMORPHOLIN HYDROCHLORIDE
A mixture of 5-methylthio-3,6-dihydro-2H-[1,4]oxazine ( 3.6 g) and
ammonium chloride (1.5 g) in dry ethanol (136 mL) was heated to reflux for 1 h. The
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azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid
p- ni trobenzyl ester. The reaction vessel was covered

wowah/13:88 t o exclude [ight. The reaction m xtRPCEHUSRG6/020891

vigorously stirred for 2.5 h at roomtenperature. The
reaction solution was filtered through a pad 20 of

Celite and the pad was washed with water (170 nL) and

n- but anol (170 nL?qu The aqueous | ayer was sePar at ed
epagtiomeixturp avasrogaieddo regra termperatire. ridetreactigniseiventwas removed
i'm}a{cbo BRE ﬁ%ﬁﬂ%@vé&%ﬁtﬁﬁec‘ B2 Bal bréwi sofd (36 g, WA

nbi ned agueous er was concentrated to
m)l /L NaOH HVNSM%@ §Q—@56)a3d'~]5 84 (mpPkH). .86 €. ahdJa£2|@ 4.47 (s,
% D aion HP-21 resin (120 nL, Mtsubishi Kasei Co.
t%l ) col urm chromat ography 25 After adsorbl ng, the

col unftem Dihyd Hmnide ] need-earbaldahyde (9
anyes! g_.hggm Iem.@faa%%; %@f’%i l&%&.g %@aﬁ&%ﬁd ogﬁl vas

to give th&heimixtereasf a-byernd-Svivamxypiopesaldéit d). (FreBiengsulfonic
%ad ]ra?_/gohyﬁ/ltébél@ g:#)dfﬂ) 2—5%'6%%??@3 |q6c%_y|c§>5|§_ I 5(44§0|]|1L) was
azedjropey ungl e yaporiteppegatureprageHp) 80%€. 5'616( geac_’[lorp.bmlxture was
g 4rﬁ:%ntr§%2(tﬁ’1di EéZdUCé g?g’ezégugészfg*)e re&déémfa% dléso'ﬁped |h %r_x& |é?l”fa)nol (50

E»Lamﬂ emixture 4¢f \ifte 2006 /etETHS 8(216@an5);2 @dewmz o@g 13 Immomorpholm

@reaﬁléﬁdeo ) d 28% methanol soluti di thylate (4.8
(62) _{-,3_ f?’ B A e o T S3T ve Y ere §+8 g) was

@fyp@rﬁégmver@%e AThereactiongpixiire yas stimedalaopayempeaiure for

Qﬂaﬁ&"tr@?ﬂ]ﬁé r&aclih golvéﬁdhé!s"rﬂeﬁ%vbd # @Rud: The residue was dissolved
5, 6- D hvdr o- 4H—@E¥rroo 2-bl p vrazoIeZCarboxg%}c

i celowfern (125 ey @pdtrethilaming) (2.8 pbluWas vaslsler tear g reaction

Whﬂéewééirﬁ%amytoofefﬁﬁ%ﬁ@ahhﬁﬁe réé’(gloﬁom!é&lirléaﬁ/és ch&ddaB room
J. Chem 1991, 30 B, 169-175). Ste Di

6-
Firerdsare e H1eD) FOnGETERISE Abde S icpneleRawsl Meosesidue was
(i’ sdidedlin d&@tﬁor@ﬁ*ﬁﬁﬁn@o(ﬂobem_[b"%nﬁlﬁfgsﬁé@ withl! 5@%0%@5 aqueous

B er a nitrogen atnospher
%IHE?MQ %gpgﬁhwh%ﬁ@aﬂwéﬁy% wasHreddMgaSi4) and flltered The filtrate
Wéér@drﬂéﬂira&e@]tﬂﬁéﬁ?édt@:e2pr©§éd?@><¥hé GegiBud v@shkﬂbplféat t%f smca gel
%I é& was added to thg é_‘ugﬁenm on and stirred

Ol Crifgymetogfap Yrﬁ"ﬁt%\‘t@ Wi Ehcnaeetane k4 1 de Pthlﬁdhe title
ﬂial@ brahgadiid t1i.4 §£86.8%) ahd hélbthePrstid BOMEF. Ipale Rrange! ddfld, 609

Cgﬁ‘] s added to the solution to adjust pHto and
M "Ri'%ure was extracted with AcCEt. The organi c 15

| ayer was Cmesﬁ@d(dbbcﬁ@frﬂ-ﬁﬂﬂm (CHELEs4.080e15 it 2AY, & 888, 2H),
9%%0@ ab%g( r reduced
The unwanted regio isomer: "H NMR (CDCl;) & 4.06 (t, 2H, J = 5.2
Hz), 4.40 (i, 2H, J= 5.2 Hz), 4.90 (s, 2H), 7.75 (s, 1H), 9.72 (s, 1H).
Step  6: _ 5R), _ (62)-6-(5.6-Dihydro-8H-imidazo[2.1-c][1,4]oxazin-2-

Imethylene)-7-oxo0-4-thia-1-azabicyclo]3.2.0Jhept-2-ene-2-carboxvlic acid

sodium salt

The dry acetonitrile (66 mL) solution of 5,6-dihydro-8H-imidazo[2,1-
cl[1,4]oxazine-2-carbaldehyde (1.2 g) was added to the dry acetonitrile (66 mL)
solution of MgBr; (3.6 g) under a nitrogen atmosphere at room temperature then the
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pressure to afford the title conpound as brown
crystals (4.87 g, 78%. 1H NMR (CDClI3) 6 2.44 (t, 1H,

W 200683B84Hz), 2.54 - 2.62 (m 2H), 2.87 (t, 2HCDUS2006/020891

7.4 Hz), 4.10 (t, 2H, J =7.2 Hz), 4.63 (d, 2H, J =
5.8 Hz), 5.96 (s, 1 H. Step 3:
5.6-D hvdro 4H pyrrol of 1. 2- bl pvrazol e- 2- car bal dehyde

20 .Mh02 dde h 3
O lgerw_as %\t'e{gtt?)bﬁg |rg Zg‘l%dr%)TplAFﬂ %1 3a2 mL) SOIStI(;n gf p-nitrobenzyl (5R,

ﬂSh@’-dfcﬁnéﬂén@W IB-@él(bbiyléie g3, ﬂé():je) Wl added ha B AR AIre WhsRholed to —

ed f ni t rogen _at nosphere.
90 o€ Ml Feliiiiing (48 Miwoh erted ingonie <l ThegaaLton vessel was
E@lerddewith Td]letofexlcl'uﬂéﬂlght\/\ﬂﬁe fr@éiiﬂl@ﬁfdﬂmidtﬁﬁé?ﬂvlaé %ﬁ#@@ﬂar 4 h at 20 °C
O SlIlIcCa

The re ue was apple
815 Ao it A bR Ine P H9OEE AR sdedo sntxcsideytd GrmL) in
ondh pArEOR. TheAeedEtior( ﬂrv‘xlurezﬁas \ﬂ/érgaed tthe C'atnhestlﬁ@Hﬁ&U’ijh at 0 °C.

fai ned as eIIow0|I (4.
W Ec el aggeo foﬁloprm I;_»Hyas gd% & thezl]qactgpn—mp(twe and the
atpjeoud Ia%/%r Was edractdd with éitfyl Béadtate33254EmLY: T cobaii®ed organic

I%géﬁ)weasg%?sl%ed(\Eltrbwaeﬁ\;@;t{gatgﬁ%gwpbpw%en carbonate and brine, dried
@Ad8Quy reaiofilieted.| T Milla®n¥as concentrated under reduced pressure and

ud? d4 (RS L RS G iR ot BH b b 2 S a5 metnyil-6-
lﬁpﬁlon -byatt dhidH-aaabiogtiof312.Gihbpta-eae-ol crbbxgrs bakide h)ysdf)&robenzyl

ded t t d t tril 148
|sg%1bt(¥)\$ggﬁggﬁc}e“gh@gw S'és %é'dggeg;}nluntrjler ea( ni trogen
at mosph ;er eFrshly cativated @ dustr @4 Jg)hwasl raddddragialy UWit00.5 mol/L
”fﬁ%% ofor Y005 72 1.1, THF 72 B syl R Sfestony-
~difydy Q)@H inaidamo[2) 1-4)[ 1 4It9<am22ﬂﬁﬁétﬂuﬁ95&80mo-7-oxo-4-thla 1-
SO0 b L by b
\ESQN \vas cevered withsfoi da edclude diglet. p'OEtreaﬁloanhB(tdréafésl WAforously
MPRIGhr B HPYGh ?éjnﬁ%réé[ﬁre oy r?%ﬁloﬁ)éﬁ‘uﬁ?n wga%@ergﬂ&wough a pad

reaction m xture |rre
9f Calitoand thet padawes wasfmihyim weter (17088\Ljrand aditdpdA 7anaL3) The

ool 1438 R Lodtated gl FRF the brdarlh Kiyek SiA gt et i 0.5
raplr'lupeasph@itq lputem aH écﬁet%v(eS(th)V\Ebbecbmblméd Bfaieduis! lager was
aﬂlbdntaaw&wgosgo'1%dl/gmaéﬁtv&§s%&%d5t8dédjh”§tlpgijgn 9§a@d applied to

arbolq te, water an anrc
'PP@d % S@&)" §78 mii Mitsukighi Hasei fGd. tltd.) ecolmmn chromatography.

A‘ffthms%gileg- Ed ; n Al 18\%9 %Lﬁgigd ngﬁg\iag%rgannd;rtﬁgrli ég/sa%?lt'?ﬁ_tjw?e aqueous

lgpe p)po‘graqlnqpapgﬁ/eziﬁa@@gs Was2 conagntrated arafe chigh vacuum at
3510 hidVyoihilied tgilé %Qﬁlﬁl%taeyemg\fvfa%%rﬁﬁ&ﬁ 4id (7e%?5 m%@ 1%).

The reacti on vessel vva§ covere
| | ght TheMPr188cEi @ackn HINWRB (MSGrdgoy 398445:0’5(m rm)d4 04-4.07

O PTL (R, 2R ARBLEE8 A o I RO 0 B 56 1. e 6.5
(ﬂaélﬂet’ﬂ-\/\ﬁ)ﬁﬂ‘@t Bip# (s, TH); IR (KBr) 3412, 1741, 1672, 1592, 1549 cm™: A™ex
(H20) 304 nm.

Example 8
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acetate and the aqueous | ayer was separated. The
aqueous | ayer was cooled to 3 15 C and 1 M NaCOH was

wW@owed3ses adj ust pH to 8.0. The mi xture was  PCT/US2006/020891

concentrated under high vacuumat 35 C. The
concentrate was applied to Diaion HP-21 (79 i,
Mt subi shi Kasei Co. Ltd.) resin colum

21blpyrazol-2-

f r gleitdth i T%go%ﬂﬁ@ﬂtdzab | oy Q-dﬁ’éi-ﬂ-ld%}'l%x e aleid
and Tyophilized to give the fitle conmpoun as a
yel | ow anor phous solid (Sﬁ%d—“@—%% pH 7.1). I\/p 190 C

( dec) stepH 1NVR 6¢DIRYHr S 4A-pifrol ra&ofﬁz(dab Jacid_ethyl
8steh s\ 1 H), 6.90 (s, 2H) Exarrple 9 Preparat|on of
( 5R) (62) - 7TTRX @tidt EdmpPouthd 7 wha fsavst PIyie 3amleOkdy §f Ranganathan

BideboAli Ut ot o el Sar°siep 1

Tetr ag D dr6-42- rfdlo Bbpyratiot-20)] h&AdK -
oy %Mgbl%% 3 e et R e 3 seﬁutia'y %h@%ﬁ@% 9)

umderogemtragémsmdmesmaié & foomm defberat@d, afn@f tHenh 5,6l#Rydro-4H-

SR L Bhhe o 56 AR S5, i o e
sizpExiomand stirmextior Rdi #A0C0eThe mikiure dvas-h@nted with 1 mol/L HCI

AMaS draired for ol o Biaprblnt iy D seced to he

sallitionytel ddjst thps& ahd thelTmindtlire wasaeitactedanitty AcOEE ('Ilhe9@rgan|c

Rhoudas, P fadSoh e lereel? 18 et et coBPer Mt iidr reduced

piiessurg émaffdrd dhertiteptmmpouat! &5 Cowndrystals (487 §0or8%).h at 0

concel PR SAMA T I P i 2 8P fn B 2. o

aﬁpﬂl HE)d4110 (t H, Ue=r. gelz) moam(mnzlam ensea lag)r wﬂsy(s ﬂhyen t he

: g5k crystals
(1. 10M902 (aswtedlmﬂﬁg)\was e&m 8))th8 dH@@ (350LmeP sélttion of (5,6-

%F%déo %{P&mlo’q ]25b]éWf %%—yl)nﬁtﬁinoit@ 87 gvana refluxeg for ‘? h under a
IZIltTQQQD atnesphatey dr Bipy resctibo mhixtGrealvay filtdicdethtoughr H @xy | of Celite.
Jl'hé‘ﬁl'{rgte \ﬁé$ﬁé|d§§éc? linder reduced pressure. The residue was applied to silica
gel column chromatography, then the column was eluted with n-hexane — AcOEt “n
—1/2). The title compound was obtained as yellow oil (4.35 g, 91%).

'H NMR (CDCls) § 2.63 — 2.71 (m, 2H), 2.95 (t, 2H, J = 7.4 Hz), 4.22 (t, 2H, J
=7.4 Hz), 6.52 (s, 1H), 9.89 (s, 1H).

Step 4: (5R),(62)-6-(5,6-Dihydro-4H-pyrrolo[1 2-blpyrazol-2-ylmethylene)-
I-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, sodium salt

5,6-Dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carbaldehyde (1.36 g) was

added to the dry acetonitrile (148 mL) solution of anhydrous MgBr; (5.52 g) under a
nitrogen atmosphere at room temperature. The dry THF solution (148 mL) of (5R,
6S)-6- bromo-?-oxo-4-th|a-1-azab|cyclo[3 2.0]hept-2-ene-2-carboxylic acid 4-
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Et hyl propiolate (804 ng) was added to the o-xylene
(15 m-) solution of 15

W edosabosels opyri di no[ 1, 2-c] [ 1, 2, 3] oxadi azol one ¥AT/08200§/020891

under a nitrogen atnosphere and refluxed for 16 h.
The sol uti on was concentrated under a reduced
pressure. The residue was applied to silica gel

i oheTF Bt R 2 (5,87 &) whs aged toBe Tivtuesy Gasfhdlam?o °C.
imSEtéhg(&HB@ﬁL)ﬁ\ms adﬂeHQrWof)é borti8.1 Tg, reﬁc‘i% vedsyl was covered with
\ -tetr Z0 , ri C
5 ardode TR "L EhePeAdEr e Srerbior v 3 T3q Ligna featea
with a2éttd anhi/triddvVR .8 T JndDMAB 123 mg3|1h ode Portich. HZhe reaction
%y_)ﬁlf'rgv&als(sv%%{n{qrﬁ) tpztgl}gza%&igs%rr_ggﬁérgggh %FE °§2H3 Th,% rgétu}% Wwas diluted
@ith eﬂwyFa7cé_t|_a1? Hﬁ% wdasﬁe@iint(l S;’/o &trb)gcndféq@@ogs solgtlon saturated sodium
et rahvdr o zpl o al pyridin
S RAsT DSt R ieler GrIcTie: ) BT (oD R R NaRPs) and
fitereds oIThe rfllhrateJWaib&hdééntratwtundeﬂ%iuce(dﬂﬂrésm% un 2 er5 a
t t t hen . -
et r anydr oby BT waS osad BT SAEL by a0 Restagide (o mu)
Btelsily aettated mgastr(gx B wascidieldd rapidly mr& S\Lﬁspm}]m'stphiaiabdﬁer (pH
at..room t erature :
e 158 Tkt e o SRR, AR o148 Sflog ot The

eradtiet mixterd Wasrwgorbusiy stiedrfor tiep et edont temssoaiute. KZIE@?reaction

1B R0R 108 rghOhd B0 Rl ", Red Yl win oo

acaiatgranddhé kySols layet wagiéeﬁéﬁtéd)O@hbm&Sus layer was cooled to 3
B 2
CERnE PO Eleaded G OB A0 | TS Tl v pappontates

yodgs dighovagyupat 85y€. | die ebhcen@ate wag afiied to DididivRP-21 (79 mL,
gﬁ%@%ﬂ lé% ?Q)j) L]tdg gg ﬁ]zgcﬁu’_%n @r&ﬁ?og%pﬁg ( r%ft%_gdsé?rtagg the
gelump HwaSJelﬂte@! witiiH.0 4. MeCN (1/02H9/1). 15193cdm1)|ne<$ frabtions were
(:c?nceﬁtré'&d uﬁ&@rphléh vacuum a o? |°C gng l%oppfh(zjed fo glve th gﬁled%wpound

-Tetrah razo I ne- 2-car
G%aIVﬁUPzV @a@mhom é@l)J@E}BMQ gp%abl 7atided to the CHCI 3

44 m.
( 6) 7S?e @“&9& az ONM[RL(%O%]B&/ F‘?émﬁ Zfl)y‘? Yﬁnﬁ' I%'nd 74
ZX 6702 (@A, dﬁ'd7 14é‘fZI) b&@ﬁ (<f, dH), .20 (s10H); 638 (sa2K).t r ogen

at nosphere. The reaction was filtered through
a pad of Celite. The f| It ibic reduced under

vvas obt ai ned as pal e yel |§9L9M10 ng,
Step 1: Tetrahydropyridino[1,2-¢][1,2.3]oxadiazolone

Conc. HCI (1.96 mL) and NaNO, (2.2 g) were added to the H,O (21 mL)
solution of DL-pipecolic acid (3.04 g) under a nitrogen atmosphere at 0 °C and stirred
for 1 h. The solution was extracted with CH.Cl, and organic layer was washed with
brine.  The mixture was dried over Na,SO, and concentrated under reduced
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77%. 15 'H NMR (CDCI3) 81.90 (m 2H), 2.10 (m 2H),
2.84 (t, 2H, J = 6.4 Hz), 4.23 (t, 2H J = 6.2 Hz),

wWG2®2/186588 1 H), 9.92 (s, 1 H). Step 5: PCT/US2006/020891

(5R) (62)-7-Ox0-6-(4.5 6 7-tetrahvdropyrazol of 1

5-al pyri di n-2-

yl met hyl ene) - 4-t hi a- 1- azabi cycl of 3. 2. A hept - 2- ene- 2-ca
rboxllc di alt 20 . . )

resie o Sford o RITS Sispachinestingra sorhidio i a ey vellow
dg/s(adﬂgBS ng) was added to the dry acetonitrile (48 nlL)

solution o 81 nder . a nitrogen

at nospher etrﬁﬁ gﬁ?ﬁ% ﬂ%’gﬁqeu %9319%2&%? )?%q’?E tgoqhﬁtT'ég (92 mL)

@él&tléﬁ—)ofOErLﬁéR»(ZRQ)S) -nﬁrd@bﬂﬁ&d?n@%@alﬁok*ﬂcaabld under a nitrogen
zabli c O[g;Zréc?]s %% ene- 2-carboxylic acid 4-

Alreesp @ G Stireshior Sgran “Cransy 0534 wgoa@d@aﬂpﬁr@ture The

kbiatisH whsl fc@ncé?@r@kéi‘ﬁuﬁdbr -Pfédleedpredsifte Et The (rés@@e We)s applied to

S adged in OIFr ortion. The reaction vessel

S0 Gl Salupm Shipriategrapive, (et the GARMITHES elited Wih n-hexane -
ACQEY (11 WaD Jst Thé @ifled 86mpouhdaivas dbtaircarnsd ddicrdse @rystdid (1.10 g,
g%!c anhydride (.0.61 nL) and DVAP (40 ng) in one
g ion. The reaction mxture was warnmed to 0 C and

stirred fofHNMR (@DA)L)G 1.9he MK 2H)@sogIL Ut g, 2H), 2.65 (1,
gghyl etate and washed with 5% citric acid aqueous

H]Jt'l Hzlsét%ﬁ t Jsb@ﬂdi’ﬁ)so hydrogen carbonat e,

wat er

apd | trate was concentrate
ﬁ&%@g-pressure The residue was dissolved in THE (35

m) agthyhpedpislater (o2 (ngﬁ wik) %dldeﬁrt@tStEEYO-ﬂ(jlbhé’ E(ﬁ@dnlétnsolutlon of
a Wi osphat e
BlEhropt L S B sdhisne’ B Biabee) sb0geaen sirapsphere

Sid méﬂuxe& Her i@act Im yetstonl waBsorrerested ukideh af r@dbcédopressure

cl ud reacti on nm xture was
T8 s wi boaiea i SRS e Rl i reloa by Ba e folumn was
eiutddiwith wetsexiiné t-eAcOEL (rougiia pae wfed@Impcund s obtained as

R N T Ew A ——

eadle&yl tsteBwas Gbiaimebd laseladdil (335 m@,cmg/)t 0 adJ ust pHto

ai 35 MR SR B ed ROne = F el T8 5 . Bl 22 - 200

(rhOZH), 1282 (Y 214 ,udi=shit Hﬁgs&Qz@QZHLUd:SZH%I nagqhumq J=7.1Hz),
rgﬁg'a{l&lgraphy After adsorbing, the colum was
t th HZO - I\/ECN (1/0 - 85/ 15) The conbl ned

fract Steps3) 2 3
and Iyophlllzed to give the t|tIe conpouno
yel | ow anor phous solid (427 ng, 41 % pH 7.7). M 190

C (dedeOH (9.20RL) 128 )added tc5the THE. (19 nflthsoRitibn of L&, {cont. 90%)
%17819 mg) under a nitrogen atmosphere at room temperature, then 4,5.6,7-
tetrahydropyrazolo[1,5-a]pyridine-2-carboxylic acid ethyl ester (862 mg) was added
to the suspension and stirred for 1 h at room temperature and 1.5 h at 40 °C. The
mixture was quenched with 1 mol/L HCl at pH 1 and stirred for 1 h at room
temperature.  Solid K,CO3; was added to the solution to adjust pH to 8 and the
mixture was extracted with AcOEt.  The organic layer was dried (MgSO,) and
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(m 2H), 2.64 (t, 2H J = 6.3 Hz), 3.97 (t, 2H J =
6.1 Hz), 5.97 (s, 1 H), 6.25 (s, 1 H, 6.85 (s, 1 H),

wW®@2®8/186588 1 H). -53 WO 2006/ 130588 PCT/ US2006/ B2D8BS06/020891

Exanpl e 10 Preparati on of
(5R), (62)-6-(7-Methyl -6-0x0-5, 6,7, 8-tetrahvdro-i m dazo
f1,2-

razi | met h e) - 7- oxo- 4-t hi a- 1- aza- bi cycl of 3.
glt%éﬂe pt ?Qe Slels Wi%ﬂnirétedsurmﬁr dredieRdu ResaHre ty @fford titled
bomﬁowwme}e|m&y{6g3nég@5%dro 1 H pvrazin- 2 one
The titled conpou 87(5-& red in the sane

S. Raj a'ﬁﬁW%r(@DCB) éh@/aﬁl t#Ah&88on2.03dM3 2H292 77 (t, 2H,J=
82PR2) 304)-. 284gBr, Ak 5400} DOH, 6. 1H2),3.62 41 .P= 5.3 1a), 5.96

H-praZ|n20ne m xt'are
hoxy- 1- net hyl - 3, 6- di hydro 1 H pyrazin-2-one (2.3

9) an @‘,teﬁm,ﬁ,'iel#ﬁi &@Lﬂdr@%ﬂa&%@;ﬁ, )a!é ﬂ,‘diﬁé!-ﬁé?ﬂ&éﬁgh%&@

m.) was strrr r o0
refluxed for 2 h. The reaction m xture was cooled to

room Mrﬁﬂpg ér{écﬁ 19 QYRS aatdﬁgd l{Bdtﬁé éﬁ@‘\é Eﬂl mL) solution of

pressure esi due was triturat

he 516070??\”?6}‘&5@%@%9@1 ﬁoeﬂpmsilm?wl)m?ﬂ@ngk @83 m\g)ar@ r\ﬁﬁ@xed for 1 h

Uhdiéres ﬂﬁro@&ﬁ a@rﬁ@sdft'éré” | Pk kdBcHGE HxturENRas filtered through a pad of
- di hydr o- 1H pyrazi n- 2- one

?Ffﬁﬁeocﬁh%ﬁﬁtfa? W%gederé%%vn%r ra§u0&d (PEBSSUES: ovief8sidee was applied

(dL silica) geﬁ@&ﬁlmn/bhﬁ&hé'tbg%h #f then the column was eluted with n-hexane -
I hydro-1 H pyrazin-2-one

%@E&k‘% orl @t h%@é@ﬁafomnom HgfoPblaingd ﬁE)P%%e'iﬁml@'ﬂ (510 mg,

I@%)pot assi um car bonate aqueous solution at 0" and
t hen st 0~. The m xture was

t
concenf N‘M%g‘:g%b@ 128 (Fbgb*ée?d1 G2y 284 thhaHy d 5 &lz), 4.23 (t,

\'BH$JT=YG2HFz)ilB@ (\yl 1|J:]) grgzqrso{m m (18nL) and net hanol (2
nmL r oo R 4 or Sgemn Ihe preC| p|tate

ﬁntltatlve . R (DVEC-d
%g- 4.42 (s, 2H). Step 3:
7- Met hyI 64@;@75’3&aﬁycﬁoby&b£@é’[\1@Eé]pyrfﬁrféaiearbaldeh%de (483 mg)

ne-2- .25 de and 7-
oS BB [ O Soetdinists 48 ImE Shlubon 28 Aaycsous Mg, (1,61 ) under
eanﬂmened’lmdeph'ﬁne ab aonh tePipePhture. The dry THF solutlon (48 mL) of (5R,

] i 0 r.op
acZ{S onitr |7I %%%@pa-ﬁia)zg%%c?oggaéﬁhqu ZTE?T@ 2564”99&6'#? of acid  4-
pitrohenry! Ester (dopt.-S7o%6) uu zzygy was aHHéd/foam'ef}'tn&tLﬁéec%o@oe% —20 °C,
. n [ om tenperature
%ﬁa lrtsgla@ ﬁ\sofﬁf)ﬁ]}léx)ﬁ %‘Hee gaoa?p?\ e reactiogyiessel was covered with
failrtp exalude diglitor TBE rdaactuad taigtute was Bt ioR@ H 8t 920 Pt and treated
#Mid dBR aﬁﬁ)rdriaé?a.m mL) and DMAP (40 mg) in one portion. The reaction
mixture was warmed to 0 °C and stirred for 16 h at 0 °C. The mixture was diluted

with ethyl acetate and washed with 5% citric acid aqueous solution, saturated sodium
hydrogen carbonate, water and brine. The organic layer was dried (MgSO,) and
filtered. The filtrate was concentrated under reduced pressure.

The residue was dissolved in THF (35 mL) and acetonitrile (16 mL).
Freshly activated Zn dust (7.43 g) was added rapidly with 0.5 M phosphate buffer (pH
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for 2 h. The reaction m xture was cooled to room
tenperature and then evaporated under reduce

w@e@sasnse8 The resi due was di ssolved i n chl or oP@CF/I$2006/020891

(10m.) and washed with 50% K2C03 aqueous sol ution
(10m.). The aqueous | ayer was -54 WO 2006/ 130588
PCT/ US2006/ 020891 extracted with chloroform The
organic layer was dried (MgSO4) and filtered. The
$-pi o dhk)- wadhevapdiearvegselntes cevared avithr tol forexcluggdight.  The

re@sfichRii@s vé’é%ﬂhgcﬁ‘guélyost‘ﬁ#éd R 1%Eh at deanE’r‘n ergture. The reaction
chr omat og raﬁ_@g and el uted 95 5

MBSt Was, Tl tthropgh ackas el lelted_@ll'he filirate was( washed with ethyl
gce%&b fb}:‘b tRe @ﬁ@e&sqa]er&lés%pﬁfb\@d O-THl éh%é@us Iayﬂ was cooled to 3

razi ne- 2- car bal {de 5 as a_pale yeé
S

SQ)PM 1(@4‘16\% Wa&gadpe%to at\qiﬁj pH tp@g(p .0 Thebfture was concentrated

Und¥e thinH v&\ﬁﬁpa@\‘iﬁ C7, 8The concentrate was apglled to Dlalon HP-21 (105
tetrahydro-im 2-a] pyrazi ne- 3-car ba e as a

by MIt?I@?I?P&%@g! Qg l(tgjge% column g%)matography A¥ter adsorbing, the

dollvh méls-éiu@iQmﬁﬂ- ﬁzd ~aEENr @y dBon! 5)'” dﬁkocombmed fractions were
car bal dehyde 1H CDCI3) 8 3.17

n{qgce_t;%tgg An F%rnﬁgh vaqium gt 3°¢ §nd i)fqphlhzqd S@@l(% thelt|t|q)compound
& 83elldw aﬂ:oi’d}‘noué—@olld (427 mg, 41%, pH 7.7).

7- Met hyl - 6- ox0- 5, 8tetrah dr0|mda2012a

ne- 3- car baWer@ RV P 863 18.704m, ?Lﬁ 185 189

@, 72@4)( 2,6;12(H)2H .98, 3(}%2& aidr L 2H, %% 631 HA, Ko7 (s 1HB 6(F5 (s, 1h),
E%/a:\ Q&fﬁ?gwﬁﬂ 1 - 6- oxo 5 6,7, 8-tetrahydro i m dazof

1, 2-al pyrazi n-2-vl)-nethyll-6-bronp-7-o0xo-4-thia-1-aza
- bicycl ol 3. 2. 0l hept - 2- ene- 2- carboxylic acid
4-nitro-benzyl ester 15

7- Met hyl - 6- oxo-5, 6, 7, 8-tetrahydr o-i m dazo

[ 1, 2-a] pyrazi ne- 2- car bal dehyde (319 ng) was added to
the dry acetonitrile (32 nL) solution of anhydrous
MyBr2 (786 ng) under a nitrogen atnosphere at room
tenperature. The dry THE solution (32 nl) of (5R,

6S) - 6- br onp- 7- 0x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2-en
e-2-carboxylic acid 4-nitro-benzyl ester (687 ng) was
added to the m xture, cooled to -20 C, and 20
triethylamne (0.60 nL) was added in one portion. The
reacti on vessel was covered wth foil to exclude
light. The reaction mxture was stirred for 3 h at -20
Cand treated wth 4-di nmethyl am nopyri di ne (44 ng)
and acetic anhydride (0.35 nL) in one portion. The
reaction mxture was warnmed to O C and stirred for 20
h at 0OC. The mxture was diluted with ethyl acetate
and H20O. After separating organic |ayer, the 25
aqueous | ayer was extracted with ethyl acetate. The
organic layers were conbi ned and washed with 5%
citric acid aqueous solution and brine. The organic

| ayer was dried (MgSOH) and filtered. The filtrate
was concentrated under reduced pressure. The residue
was applied to silica gel column chromatography, then
eluted with
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chl oroform The title conmpound was obtai ned as
di astereo m xture (yellow 30 anorphous solid ; 410

woros38%s ' H NVR (8, CDCI3) 2.03 (s, 0.7 X 3 BMT/US200§020891

(s, 0.3 x 3H), 3.15 (s, 3H), 4.59-4.62 (m 2H), 4.66
(s, 0.3 x 2H), 4.67 (s, 0.7 x 2H), 5.28 (d, 1 H J =

13.5 Hz),

5.43(d, 0. 3x1H, J=13. 5Hz), 5. 45(d, O. 7x1H J=13.5Hz), 6. 07(s
,0.3xIH), -55 WD 2006/ 130588 PCT/ US2006/ 020891 6. 28
(s 0. 1 H, 6.32 (s, 075&3&.106 83 (s, 0.3 x 1
H, 6.8 S, .. 0. ),

0. 7xI

&]MZlnYZﬁ&ne&Qlen_Q)-&o&omh|d-1=a28- ﬂél ﬁo%g@en%hi-ca}boxvhc

8.6 Hz), Step b:
(5R), (62)-6-(7- l\/bthyl 6-asid sedium salt; o 5hvdr o- i ni dazo
f| ,2- 5
St mq Tq o5-MetRoxy- mdthVI?)a@mdq%j:bzm%aéa bi cycl oF3.
n S
éSR) (GEE t&GQ &rgp&ﬁg S, pfepgied &' g‘@jg?ﬁgh@éi & WnR glappa and
1GAdvani (§9¢q@dron 1973, 29 1299-1302).

8t eﬁiegrﬁh{g\g%,e.nﬁ)ef 1268difviky- abigye! ol 3. 2. A hept

C
[ Acet B itiaengh hyretlonsomstiy-3,6alinysire-4

gmmidhium chlorlde (936 m%) in dry ethanol (32 mL) was stlhred at room teg)perature
aj p{)r azi n- ty br ono- 7- oxo- -aza-

hz and d]‘lﬁ@gpﬂlg(egn@r 2 hc ar'[,t@g(yqaacéloadp@;ture was cooled to room
ﬂa*nﬁbérét@r@ Qﬁé )élvaﬁ&hﬁeﬂ Urfi8e ré'&i.ﬂ:e&"%?eéihﬁas ol ied rdsfutHRas tri éurated
acetonitrile . Freshly activate
%Hh &U@% fm“ Qérogjn f&ﬁwe@twent%%myh atiderRiegipitate wapi fikensd off and
Ari&d H-yaou € BRdsEnito- 1%tﬁ9l38t6Jalﬁydr-orh¢1 bRasihiZghe’ RydktShioride
vered with foil to exclude The reaction
Wﬁ?ﬁ%ﬁ‘?ﬂa@s 3 PBI5PERN powder (14 @, 5@%)2 h at room 15
t enpevt\atsumon Dhes-apmeti-MethyPs etdnward\aﬂ Wré(ﬂﬁizwnfehhydrocmonde
E‘Et acet Eﬁg filtered tq 9”;%0 pad of Celit
i RetianalABamiwas agsed 0% t@wra&a@@agtel wgpus solution
aasmsamméredtlrredﬂw A AP Es 02y eTheVasixieROWad ddicéntfated under

t pHto 8, 0. Th
Aee BrdRatte, ot he oot ATEH IR Rrblomn41990) enchmathano
(ot reoed terffﬂwatureeﬁr doenidasTHEfratiphAE was ﬂlt'éﬁad off and dried in

95@8’61 Ehé %ﬁﬁ"yPL rttﬁ'?‘ﬁ‘ﬁ 8§Brﬁ’é‘feebf8¥,‘!f‘ﬂ°é’wd &115 Mg, qu%gﬂtat've)
CH3CN = ’HNMRKDM%CDdWm 88 {s, 3Fﬁh@ 945(%pzmpt4&£t &' zq)t i ons

of

LAk - 2-yl met hyl ene) - 7- oxo- 4-t hi a-
- ene- 2- carboxylic acid sodlun1salt and

(5R), (TﬁE)soﬁm()ﬁ(Wmmyﬂno&lsmoﬁo@r&oﬁeﬁaﬂ(’f 81y dn ery Béladifile (60

ity Fadd BUBEE 8 tbe solution of; Samings sty 3 Gsfibycsordheysezin 2-one
(7e§2emg) inadrh aegtonitrile (B 0omb pali ronmaén@a}dtur‘é/er'ﬁhé Rchish Fritite was

r espe ctt]rl \%%943‘\@2% ?%r%%ﬂl agﬂe%@by ?Qgﬁ B?J-) @hd dhen refluxed

feir@nh.v aheureaeatiordbixtire has Imooledmfﬂdrﬂteﬁnwsture and then evaporated
under reduce pressure. The residue was dissolved in chloroform (10mL) and
washed with 50% K,CO; aqueous solution (10mL).  The aqueous layer was
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applied to D aion HP-21 (60 nL, M tsubishi Kasei Co.
Ltd.) resin colum chronmatography. After adsorbing,

WO baoasdsssm was eluted with water and t hen w tPCBHY82006/020891

acetonitrile-water. The conbined fractions were
concentrat ed under high vacuumat 30 35 C and

| yophilized to give the title

conpound(5R), (62) - 6- (7- Met hyl - 6- oxo- 5,

extraeted wdthochilerttano| The organier layerwas 9r|le¢e&quf% and filtered.  The

el '\A%s#vgén&amldq}fﬂgpie%ug? ?H@@Gfre '?h@ Fh%ld%leci/@és &d fo silica gel

aCId SO OM/anDrp ous sol

25
chinn ghromatography] ard @u tatewith Glifels coMptin@S : 5)(to Obtg!r;l’ the iitle

ST PRI ARy roAmicdio PRI R 2-ca ey e

dsd pateoyello®-sofi y34izing, 49. VarengyisdREIP-iForBRiol-Mefim-§=0K022:6.7.8-
t@;ﬁ;&i@-‘i@@%@ 9143@%%% _8NS; 1ddéh?5@%?§y hi ﬁélé‘%ﬂw@ Q@iid! 28 mg,

Ous SO
Te8Pdcti vel . Con'pound

E SR), f ﬁ/@thﬁ Blhos - efaifo-inlado B, 2-8lpyadL RchrBhdaR®ie: *H

MR 528,47 (e BHyIGELS 2HbAcZ8st Bt 766 e 1H) e§ 8B4 IH.
2 o h ] ) L

] D‘g-géet@/l 3%‘825 52@1@%%“1%030 imidasd ‘i’ZSﬁﬁi) rHiﬂeé% daﬁtédlﬁéwyge
lﬁmqﬁcls)ﬁ 3)6 (5385 4 &) (s12H),, 5 (133 (902|(|‘5 1.824s, 1HY, 8@3((s,, 1H).

5A%didd cycl o[ 3.
5 . 1H NMR
( 6 DZD)VIeZhM c(xg) -5,8F)8-tetralgirg-imidazg | [4.25apyrezingidycarbaldehyde

%@%n%swasl%g]ed"t?) the‘ﬁr?f%céﬁmltfhe '@2 rr@.? QWBufich of]ar',ﬁlldroas %Brg (786

eparatlon

(nsR)Joe@) a pitogen abhesphete ooy eraesatur, 1 -Therdry 4 Hfhselyon (32

Lﬁe ene?s) -5- 8';?6“0 ;70 °'4'th'aa1z'g%a'b'CY<f|0[3 2. (gh%)t-2-ene-2-carboxyhc

ecw,i 4cra odRpEy! estee (€87 mgbmaa iadged to ¥h§5mstt59 wolef to -20 °C, and
(r%ﬁ)ylaﬁh@'(‘@@@ )RR a’ﬁdﬁ@“ﬁ)&?fé’ bbiioRCiTthe B8 cidntVe8Sel was covered

npound prepared in the same way of Shiraiwa and
BD\XB'F F&P&C“é@ tghti . The 6@@3%@"“@ &\(ﬂﬁeﬁ'f reddor3 hpat "20 °C and

@3&3(& 2&%&74 dm@tﬁ‘ﬂarﬁmo%yndme gM mg) and acetlc anh)idrlde (0. 35 mL) in one
tetra - '0Xa- aza-

HQWHFOI .Hl?efﬁaﬁ@n\ﬁme ("@51’!?"@? \Xﬂg %@Osttr@dtfﬂ‘ézqhﬁbp/q The
hibttule3@ad diltied G4th lélHyPBcéléte and H,O. After separati agc)) organic Iayer the

3R i onor phol i ne-3-carpboxylic acid (4.96 under
%ﬂ‘t‘%%’g?gﬁy%{ "Y%s‘iiWéP'@d Frithetyl %ﬁﬁ‘t%t |Tr'}eé?!9%? layees ‘Mereﬂ?@b'“ed

aAd Washed WA 59 titritCadidl aﬂbédmtshgdéﬂt@n (a'i_hdtdﬁlﬁés) TI;’:’&.*.ﬂ drdahl% I3yer was
Wi ri ne e mxture

oS Shrod P Rargie e prsure

ﬂhést‘ésfdaet\ﬂaﬁfab gl € ghiea gel column chromatography, then eluted with
%ﬁ |trq,% ‘ormr holé - 3-
lo oform itle” compound was obtained as diastereo mixture (yellow
amorphous solid ; 410 mg, 38%).
'H NMR (5, CDCls) 2.03 (s, 0.7 x 3 H), 2.09 (s, 0.3 x 3H), 3.15 (s,“3H),
4.59-4.62 (m, 2H), 4.66 (s, 0.3 x 2H), 4.67 (s, 0.7 x 2H), 5.28 (d, 1H, J = 13.5 Hz),
5.43 (d, 0.3 x 1H, J = 13.5 Hz), 545 (d, 0.7 x 1H, J = 13.5 Hz), 6.07 (s, 0.3 x 1H),

-55-



10

15

20

25

30

carboxylic acid as pale yellow crystals.
Trifluoroacetic anhydride (7.07 g) was added to the

WA k613688 m.) sol uti on of crude PCT/US2006/020891

(3R) - 4-ni trosot hi onor phol i ne-3-car boxylic acid under a
nitrogen 30 atnosphere at 0 C and stirred for 3 h at

O Cand for 17 h at roomtenperature. The sol ution was
concentrated under a reduced pressure. The residue was
8178l (seB.7 x 3H5i0.3% &, 8l x d b, 65016 &80 S: Q-Rh&nlHnE.10 (s,

t 1

Pgﬁ' TR) P24 8425!%%5% 1% Cfgg‘@@ﬁ&%g 7.80 (Q{\Q ?Q%—i ﬁ%%BHz), 7.61
éd)r%b&ﬁb‘ M@Whl%dangéF@ %Héhvn cryst aI s (3 41 g,

649 . 2 stéh VR 5. CDCl @ 61(7 I(IIEthvﬁl‘Lon)-5‘6 5-§5telﬂza)11dl?o Hldazo[1 2=

ﬂaent;%enaﬁagam_omg

%mdjfod,ﬁn{lgalg) under a 10 nitrogen at rmsphere and
uxe 15 h. The solution was concentrated und

5 r edteRd p@%@sur@ TiCeteyr(draetids-axspd. Belef-airabyiogaidazol1,2-

aﬁiyr&% BIA)-rRbth F@Ib%hé‘-l?tbko-4-fﬂ'@ﬁ‘-a&%@@lb[@@O}ﬂéﬁt-@bH&-@d
n- hexane -~ AcCEt % The titled co

nd
gboaswtca?ﬂed4-3§r°g;@nFﬁdmﬁ%en (484, 18) rasgdispoivadan g (67 mL) and
%E@l%hltM@}@ﬁtrﬁQ) I ¢gddh g} §&W§fed62r7 dust (1.92 g) and 0.5 M phosphate buffer

hi azi ne- 3- carbox li

H- Lgélgazol o[

B adged 1o hedirensT hej agian RF58) Wag saygred with fo
ﬂ'@ exl;&% I.;_I—rlm\] NMRhé (R&¢tidh Ennélur%lwé& vn usly -s’u?rea ﬁdz)z h at room
%enypqrg&ﬁe Tlheéfga?tton sgpftlog wassnlaféc’ci_wth yggrce(tge a%d ,IUtered through a
$ta6r§bf gegted The pad was washe% with wlater anf the aqueous Ia er was separated

v i azin
The o505 (A Vb ROISGiny “Pomd b} NaH fﬁtﬁ’y g P o 80
e ’S“ﬂ‘"ﬁ Was4bh&:eﬁtrﬁe65915deﬁltﬁ%rﬁoéiﬂuhﬁat @6 °C gnd Iyobphilized. The
6, 7~ di ro yr 0 - C Althiazi ne-2- carhox
N R S LETIRNN
2600smh 6105 mbl/Lr pMBphamlmfﬁet' @pte 7ar)d GHJON e®3f:07, 80 iml_atnm ). The
The
Rl B o GrSERE i B giceeor >
I@m&imﬁwlraelthlgléne)e7-bh®4dbllaut-azmb|byclqﬂ 210}tentid-ére-Bcamdxylic acid
e .organic .

S8 455, 190 A B Re B5CE e R ARRGy1 2-lpran
\H_aldm&ytﬁmeb-ﬁ’alxedl-thmbaza-bm:yde[a J0lasptd-end-2-caffoxylit acid sodium
tsh vife CBBRAYBS @S and 1 M NaOH was added to adjust pH to 8.0 respectively.
Each solution was concentrated under high vacuum at 35 °C. Each concentrate was
applied to Diaion HP-21 (60 mL, Mitsubishi Kasei Co. Ltd.) resin column
chromatography. After adsorbing, the column was eluted with water and then with 5%
acetonitrile-water. The combined fractions were concentrated under high vacuum at
35 °C and lyophilized to give the title compound(5R),(6Z)-6-(7-Methyl-6-oxo-5,6,7,8—
tetrahydro-imidazo[1,2-a]pyrazin-2-yimethylene)-7-oxo-4-thia-1 -aza-bicyclo[3.2.0]hept-
2-ene-2-carboxylic acid sodium salt as a yellow amorphous solid (125 mg, 44.4 %, Mp
115-117 °C (dec)) and compound (5R),(6E)-6-(7-Methyl-6-0x0-5,8,7,8-tetrahydro-

di hgdro
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pale yellow oil (2.51 g, quant.). '"H NWVR (CDCl 3) 8
2.58 (br, 1 H, 3.07 (t, 2H, J = 5.7 Hz), 3.84 (s,

wWQRpHos/120588 (t, 30 2H, J = 5.7 Hz), 4.63 (d, 2PCT/US2606/020891

3.9 Hz), 6.05 (s, 1 H. Step 5:
6, 7- Di hvdr o- 4H pvrazol of 5, 1-cl | ' 1, 41t hi azi ne- 2-carbal d
ehyde -58 WD 2006/ 130588 PCT/ US2006/ 020891 ©Mh02

(activated) (11.46 LWas added to the CHCI 3 (135 nl)
ictidara[ ba- adnyrqm-z-ylmet ylene)-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hept-2-ene-2-

%%rﬁé%fhe i RURTF Ay elioflarorfindd! B4 Pre? y'éﬁ‘%}omgﬁéawely

at nos §nmp@un¢ he r @B (6 6nﬁ77M®|thké| frxp- 5,i6l7t %i@@hb'ﬁﬁod(mdﬁzoﬁ 2-
%p?r%gmoi ‘d"”gé?'l‘e‘}s',%%? 7le§ -J-Hid- ﬁ Io[%?f GE'@P gﬁg Uy lic

uce he res
aa:ldi |sod|ug'esal’cb-ﬂ AR ¢ rp@tHes (mﬁ}ﬁ) 4.841(st 2Hd), dAb(en 2tWs6.38 (s,
(1/1). The titled
ﬁ'tgoun talxlﬁIn 7399 paﬂ%e? ell ow crystals (1.78

g, 78%3mpobthl\/R ( (BR),®E)S-3- MsthYItQ oRHD,6)  S-tefradyéitoyimidazo[1,2-

%})groag&g%-y%@thyiéﬁ? % % %ﬁ'ﬂ)— éza-b?cy@lo[é_g b]hegt—é %né %—ca]'boxyhc

é@&)spem)n galf B8 TR 16 dez@r)éﬂ—D‘b!ﬂ BH)) 645 (8 2H), 4,561 tshi2kt)i 122 (s,

yi?’nat'dh8 ﬁsep]lga 79 (Qb“j) Z:I?gésmg\zabl cvcl of 3. 2. A hept - 2-en
e-2-carboxvlic acid, SOdI u@_ygmgj_eL _

nitrogen at m)sphere at rature The dry THE
solutlon(39 m.) of (5R = ono?oxo4th|a1

- az abStep: 1 0BA)-Thivmenmpholine3e b ayvltedojdi ¢ aci d 4-

nltrobenzyl ester (cont. 99.7% (1.93 g) was added to

the mxture, cooled to -20 C, and Et3N (2.79 nL) was
added in ofréed(deql icompommewee aranated nelbe slameaway of Shizaiwa and
¥bworiddts (B}béc:téioﬁéﬁﬁdf%oéﬂwhssg h&, @%@gﬁ% m xture

th acetlc

was stltrred or 3 at -20 and treate

abéenibRitienidy) mxture was vvarmsd to 0 C and stlrred
for I7 h at 0 C. The mixture was diluted wth ethyl
acetate and washed with 5%citric acid aqueous

sol ution, saNg.aBed @Qﬁééigddéd/ﬂimgef‘nﬁﬁ[ kﬁmggsv rwgf §él tion of
rine. The _organic |layer was dried 3

%‘BP@E’P jgeRr qa?*?%/léc aeid (.86 @ wndat @@Itm@e ratmemr@e@l at 0 °C

EIES Y S forT bes R.ES ITheesa@nOss ekiraded Qvutiﬁ"@-lbg3(5”irr)1e§5n d the

aceton tril mﬁ Fr eshl activated Zn

ghoaniss aaafdwas ("&%ﬁha With PAngy. 5 nﬁgntx%ﬁaw@ giigd @yer( MaSO, and

Goricenlra%drdn)jer P&dﬁcécﬁp\@%@@ to Qﬁ@lﬁ'crdhﬁas(3ﬂ9-\4ﬂ{|@95dfh|B|1ﬁorphollne-3-

fc:grlbloxytlllxc): acndp as pa?e yel%w crystgls

Trifluoroacetic anhydride (7.07 g) was added to the THF (169 mL)
solution of crude (3R)-4-nitrosothiomorpholine-3-carboxylic acid under a nitrogen
atmosphere at 0 °C and stirred for 3 h at 0 °C and for 17 h at room temperature.
The solution was concentrated under a reduced pressure. The residue was applied
to silica gel column chromatography, then the column was eluted with n-hexane -
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reaction m xture was vigorously stirred for 1.5 h at
roomtenperature. The reaction 30 m xture was filtered
wo booonndisse pad of Celite. The filtrate was wasPerusioné020891
ethyl acetate and the aqueous | ayer was separ at ed.
The aqueous | ayer was cooled to 3 C and 1 M NaOH was
added to adjust pHto 8.0. The m xture was
concentrated under high vacuumat 35 C. The
AcOEit ¢l r-o/8). Whs tilgp Eorepouns! \wasphkiainppas pale1ygwn cstalgy(3.41 g,
6&(36/ 130588 PCT/ US2006/ 020891 i, Mtsubrshr Kasei
Ltd.) resin colum chronat ography Afte
adsor bi ng THINIMR (CDIClEING 348 (teRdt ée b Ha), 1320 (S REEN-§4 (to2H, J
gg{l} The conbined fractions were concentrated
‘u“?’r hi gh vacuumat 35 C and | yophi l'i zed to g| ve t he
titl estepn3ouB-Dibydeo-dbtpyrazal Jthisd anbaxylic _acid
% pH8.0). 5 M 190C(dec) 1HNI\/R(D20) 6 3.03
E@I—#ELJ:SJHZ) 3.75 (s, 2H), 4.22 (t, 2H J =
5.7 Hz), 6.07 (s, 1 H), 6.27 (s, 1 H), 6.86 (s, 1 H,

55 B o D O e sptin ot 200

34 418[7hgtremel -8 Hthoxa-3-thia-d zeyis- @?fQBHOZ\C@nN@pt @41en§) 2upder a
nr tpé)ﬁ%\/%}ﬁ’@%@kﬁ% gﬁ@ geﬁ{med égr ?gt 'ﬁlreerI ronamég(eor?&ntrated under a

oxa- 1-aza- 6a- azoni o- 3a-
rpeudeal pmssiﬂe Coiiibe reBiug was rapplieshtd $iigacgel (coBingn ghrofmategraphy,

tﬁgrq ﬁrde éo(?u E'(%@lé%@ﬁr; n%éghé ﬁ%ﬂf{) AN_Qj1). The titlted compound

opro a nitr gen at' no ere at
\gaCobiaihed sisi yarleu ol dB.13 dh.68¥Heardthet ot fegiq isgmer 6,7-

0 03?1 4 e‘?{_'!'rzé rgzdolcgé g aé.]ﬁ C4(l gu Litle fte-3VBSrbakyIi8 ScR eyl e@%ﬁ%@éﬁamed as

pressure to afford t
ysiloweilNS56 mgoddh).deri vati ve as a yel |l ow sol i d.

mef '(‘g-ggﬂﬁﬁébgb)a@%qr d:ﬂ-r (P=, M+z) 365 1agAef=t07 1H§ 3.81 (s,

ol'uti’on 'of cr
2H) 320502 Pl Hed dade 2HaJ Fﬂ& 7 Ugbr@ % (sotdhere at 0
C and stirred for 5 h at 0O C. The solution was
concentrat ed under reduced pressure The I esi due was
appl | Step 4 (6 A Hiyiraze X ] anale
col umm vvas el ut ed vvrth n- hexane - AcOEt (1 : 1) The
titled conmpound was obtai ned as aopale brown s
(4.0 ngl-l_wcqr% 90%)b (538 mRendMeO ( %mlozwa@tad% tOJheTHF (59
ﬂftﬂ éﬂ?ﬂtron%ﬂ@ 7(—Ehhyd?r5|-4H1?yraﬂoI3[5HZr}][1 4]t$ﬁ§zihez2-carboxylrc acid ethyl

di azapental en-2- carboxylic acid

e%tﬁy(&eﬁ e)rureehermtrﬁg@a ianagrheresatyropin)teifparaiig apd stiredhfor 3 h at
20 %yl effie (MiR@rdTivhs REREHAINWB] 1 3nol/L HCI at pH 1 and stirred for 1 h at

room temperature. Solid K,.CO; was added to the solution to adjust pH to 8 and the
mixture was extracted with AcCOEt. The organic layer was dried (K.CO,) and filtered.

The filtrate was concentrated under reduced pressure to afford titted compound as
pale yellow oil (2.51 g, quant.).

'H NMR (CDCl,) & 2.58 (br, 1H), 3.07 (t, 2H, J = 5.7 Hz), 3.84 (s, 2H), 4.33 (t,
2H, J= 5.7 Hz), 4.63 (d, 2H, J = 3.9 Hz), 6.05 (s, 1H).

Step 5: 6,7-Dihydro-4H-pyrazolo[5.1-c][1.4lthiazine-2-carbaldehyde
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oxo0-3a, 4-di hydro- 3H,

6H 2- oxa- 5-thi a- 1- aza- 6a- azoni o- 3a- pent al eni de (4.0 Q)
waeaen30s89) a nitrogen at nosphere and refl uxed POF/UID061020891

The sol ution was cooled to roomtenperature and

concentrated under reduced pressure. The residue was

applied to silica gel colum chronmatography, then the

colum was eluted with n-hexane - AcOEt (4 : 1). The

t l t I emhco (Hefviaied )\Wa $.46 o) alas @ddes tcathpeﬂ:m«aw(mﬂ intd) éo'{uﬁbngaf (6,7-

i o S A 9 53 M0 r 1

thtjbfyla&ﬁﬁ'tﬁgen\l\aﬁ]dsbhaenedhasremba mlxtairé onas diltesetdatheough . 2 pad of

c?pn ‘%\@ Fﬂi‘,[pte Jwas @%Cgrﬁ%ad Hn(ic-gd'ow%tub%%prefgure Iﬂi%'r_%s)ldue was

phed (d siliedl, geﬂ caluinnbetrirnatography thenlthel) coldmiBivegs duted with n-

£35S0, b B DB v

(scrtstg ve%)of 4H 5-this-1, 6a-di azapent al en- 2- car boxyl i c

oo N TS A T B Bt B L By 5

l_%resg!@s h||-|)jl'gg2 1|m)xture was quenched with 1 m)I/L
) a

The ~ :‘O Q n ie ‘ 1 J: ‘. Q10]
j!ﬂtmgéﬁb)cﬂbbo%h-1 -&aéblt:ycﬂbl 36210] MFa{eeﬂ-carB_gyl ic acid,

agleous éayer was extracted wth dichl oronethane (10
S&i—@'—“ﬁ%!—. The organic |layer was dried (MySO4) and

filtered. The fi I.trate was concentrated under reduced
D5 ehr omt Sarapie Y ERlERia T ittt AedBen R mo)
wa<hddedTibehé idty adtanitriled8d dhlyaslutiot bhamedras MgBral 88 g) under

%ﬁt g’n aﬁ%c‘a c—‘:\ Zh%aygt%g\%%relﬂ 4%dm%?aluﬁo& '(%5 Tq's of (5R,

68))6- bszmm(mp-mhla- -azabiy/cB[32 p]heet-azeneg-carbca;;yjic Stepcid:  4-

3%5’%&911%(}%0%& 3 2%335"%3 gﬁ Vels, é%@reg % gf&%%ure,zgoow:eto =20 °C,

deEtaNylzgelmlo)Maiaeac(dEd i onie portiars  Thedeactdnopssed was covdred with

|¥% g&gﬂ&§ E&get E_ﬁ@feécgl&rp %ur)e_lsﬁg Hﬁr" oP% rPéP'éH °C and treated

r ea 'on ‘m xtur
tth acel: aohydtige r(D.A4 anl)ane MY (68nme) in one porti?Dhe ('I hg reactlon

Q o
AR U RRRAE o G A P O, PO 0,16 The vty v i
with eEw| ageieie and mﬁh@éwﬂb Stiheitricasist acmomz xoluh@n geturatedCsodium
@Eﬂoéérl E:ér'bBHateV‘@éte‘F%B'B?Mgd %k apaﬁ\e%&ér%' drglegcmq}zop4) and

reacti on m xture was 0O warm
Bitareq.e d hediltrate was vpman@tedmrﬂer reducey! piesjur@as added

dropwi se aRfle{rB§idue was dissolved in THF (83 mL) and acetonitrile (39 mL).
Freshly activated Zn dust (7.72 g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 122 mL). The reaction vessel was covered with foil to exclude light. The

reaction mixture was vigorously stirred for 1.5 h at room temperature. The reaction
mixture was filtered through a pad of Celite. The filtrate was washed with ethyl
acetate and the aqueous layer was separated. The aqueous layer was cooled to 3
°C and 1 M NaOH was added to adjust pH to 8.0. The mixture was concentrated
under high vacuum at 35 °C. The concentrate was applied to Diaion HP-21 (150
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reaction mxture was allowed to warmto OC. After
20m n, saturated ammonium chloride solution (50 nl-)

waraomstses (100 nl) were added and separat ed. H¢CEUSD6/020891

aqueous | ayer was extracted with AcOEt (3 x 150 ni).
The conbined organic |ayers were washed with water
(200 nmL) and brine (200 nL), dried (MgSO4) and

filt 8 he fjl trat e was concentrated under reduced
é@fﬂu ishiritesel £ dHb) (Relh coltypn icBremaiogaPiie a Aftar adsorbing, the

@:Olhhfﬂimvé‘@ elred @gh 30y Mo (/b e %ﬂﬂzmﬁggg:ﬁ?b%iq’réﬁé& were

-61 006/ 8 PCT/ US2006/ 02089
eaCengatetgs; POPOFIUR AL AR A iR 4o §ehe & Gempound

§|alyéllé\&aﬁ10@3ho&l$@ﬂd (971 mé"ﬂﬂWp(-@@j 3) S 4 13 (s, ZH)
526(d 2b Jos ok A He)y 659 (s H 990 (s
5 St epl\@ 190 C(dec) H NMR (D20)5 30 (t, 2H J=57 HZ) 3.75 (s,

(zﬁ' 4@.2@ 21 Qo 56 A6 27818116 571188 286 (21828 [sTRE).

‘ene) - 4-
th| a- 1 azabl cycl of 3. 2. O heptExample 2. car boxyl i ¢ aci d,

sodi um s Jﬁ@iowdf SRI6A7-Dibl6R(4H03.115Th )1 6041 'L

I\/gBr2 (5 0 9) under anltro%p at rmsphere at room
t enper tur then the Txture was 10 stlrred for 10
m n DL ' ‘ at a ‘i (] Aa. o G
peMRaldrikie 6 brom)penemB car boxyl ate (4.3 g) was added
and the m xture was cooled to -20 C then
triethylamne (7.4 nL) was added in one portion. The

react i on veosel HOREI5 xﬂQy&rﬁdENaNOEfMé eid) v&é?e %eédufbethe HO (166

The .reacti on was stirred
LT o ot S rothel e e, 5G5gED AHESPNESS ag) °C and
atntbdaioetZIm ahé wdiutioe wag eitréﬁtéd with cﬂzogeortgaﬁubué(}er w”ée%ned over
stirre

t
e oltatiuBat indSt e atasgucky o cufercs e Nentroso
(ed@liverbs p yetiowadited to the reaction mxture and the

sqoous | 45 BRG0PI Bt e B )
aelution ofcayde lﬁtrmbsaﬂﬂmr;mhrie()jmlﬂ_erﬁe ﬁltr@gélb afadsphardat 071G &Y stirred
er e e

d_f
concen{ r atS géll) un FOI%%Wgﬁ Cﬁﬂceﬁ\tr@@ui"e‘sedr{\é@%%%ressum The
(@R)UeGWP&:@pb?@ _tcé ZEHICE_ g?! cz:lulmg a:hgdinéﬁtggflgﬁhw ©8n 2h¥ | olRtn was
E éd@i@ 2@ - REOELT DR ThE e 6%peRind wps abipined as a pate
.Bigt 461180. as a brown arrgrphous sol i d. .FLeghISy
d t .
ol /L Shoﬁﬂﬁ@{‘ﬂ%‘sﬁﬁé?ﬂ%ﬂ“’%ﬁ FElorRL P AR e

(100 6acdia nL-catboxylic acid ethylester
[ acet oxy-(4H—5 th| a 1, 6a- di azapent al en-2-yl ) net hy

brono- 7- oxo-4-thia-1
Ethyl propiolate (3.1 mL) was added to the o-xylene (130 mL) solution of 3-

0x0-3a, 4-dihydro-3H, 6H-2-oxa-5-thia-1-aza-6a-azonio-3a-pentalenide (4.0 g) under
a nitrogen atmosphere and refluxed for 19 h. The solution was cooled to room
temperature and concentrated under reduced pressure. The residue was applied to
silica gel column chromatography, then the column was eluted with n-hexane -
AcOEt (4 : 1). The titled compound was obtained as a yellow solid (2.7 g, 49.3%),

- 60 -



10

15

20

25

30

azabi cycl o [ 3. 2. 0] hept - 2- ene- 2-car boxylic acid
p- ni trobenzyl ester. The reaction vessel was covered

wowah/13:88 t o exclude [ight. The reaction m xtRPCEHUSRG6/020891

vigorously stirred for 2.5 h at room tenperature.

The, reaction solution was filtered through a pad of
Celite and the pad was washed with water (200 nl-) and
n-butanol (200 nL). 30 The aqueous |ayer was separated
mj4Hr%ﬂi\iq—&@aﬂla}aﬁeetale@y?eﬁarhwhemda@ westar was @bkined as pale

P@loicrpiasehaie2bybfier (pH 6.5, 2 x 50 ni). The

conbi ped aqueous | ayers were concentrated to 90

ol / L HOR (GRChLa a0 Hbj AT 1p*HZ)t 6.19.(0, arldJ &l .thol, 4.40 (q,

Di i ubi shi Kasei Co.
%ﬂdJ) ?oliq%} 514#81&@?091 gﬁ%@ 681 @ l 2006/ 130588

sol ution. The conbined active fractions were

concekiBrafeant #e) (459 gno)wrsaddedtto s ethgn (1 26ymphsdlutioacof 4H-

s(ssamgmﬁ% &Qfa_;ieh%ail&gﬁH RGRE gué ga%%u%gas{egw%gg mﬁﬁeﬁﬁg (3.7 mL)

ppgey)a ggroggn @mosphere gt pepm dempemptures . than (ref] luxeg fe 1.5 h. The
ﬁll)&@'e(ﬁ%% ;qu'émchéa %h(?’ mél/LH)-iCI Gg_ngsz.g’ana %'nrre ' Ff)é(ifﬂ kit room
qr]q;preExgh% m;xtg@ \p@sepgpt@ﬂlz%bbspaturated sodium hydrogen carbonate

é&ﬁ)c{rﬁi')d' dephrdibd. MTdRZQubods BléMWaZ Sliratied Wil S¥hiBRSMetHane (10

6)?@ mhy-hi Aba cxganic dayer sves. dried (MgsiQ.) asddilieredhr bk ffiltate was
a@ridéntrﬁ@é |uHHér‘5r@H&cecﬁér§§s&e H‘Heﬂé@ihh@l Wés‘épﬁﬂ,fd tU‘s.fﬂwg ¢! column

title ound was prepared In same

RrOmRLPOraRY cLTom 1% S RBSES qlfed RGN | End e corymand was

3btain6d 43 aGfiledyelioRtsoid 21.7 haﬁa | di ne-4-thione 15
b P allo g § og]'dded to the solution of

' t
En AT Rk (GOERES 25 6 Ths) - By 4102 (aBBAE3 ot J = 5.1

Hbﬁsrﬁq@tﬂ-po:m 8H) %0886, qA)l uxed for 2 h. The mxture
was n_ e_ 0 r_l_oomte erature and evalporat ed under

CHCI 3: I\/le()—lz? 3 soI ution 65n1 ) at roomtenperature

0t Sl aERE R RS (S S5t Gragtosia @ vw) ves
amedanumsah@trtem@zmd;hl@lrbﬁ@trfhnbf(nWFhL\)\@émﬁ ot B%iylg:ﬁloﬁde (2.0
Eﬁggt {7@1’(]: 2\ﬁsrporgmg%n§ép ﬁ?«as sgfrgca,fqg 154nn@ #he same temperature.
bheli dry ddiohibitnasthéree (40 mL) solution of (4H-5-thia- -1,6a-diazapentalen-2-
yl)methanol, (1.7 g) was added dropwise to the reaction mixture at -78°C, and stirring
was continued for an additional 15 min. The reaction mixture was allowed to warm
to -45°C and stirred for 1 h.  Triethylamine (11.3 mL) was added dropwise and the
reaction mixture was allowed to warm to 0°C. After 20min, saturated ammonium
chloride solution (50 mL) and water (100 mL) were added and separated. The
aqueous layer was extracted with AcOEt (3 x 150 mL). The éombined organic
layers were washed with water (200 mL) and brine (200 mL), dried (MgSO,) and
filtered. - The filtrate was concentrated under reduced pressure. The residue was
applied to silica gel column chromatography, then the column was eluted with
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Met hyl i1odide (28.4 g) was added to the boiling

sol ution of thiazolidine-4- 25 thione (9.5 g) in
w@Ehdoonafses m (400 nmL), and the reaction m xtur eP@EES2006/020891

refluxed for 1.5 h. To the reaction mxture, an

addi ti onal nethyl iodide (56.8 g) was added in 5

portions at 30-60 mn intervals. After refluxing for

additiopnal 1 h, the reaction mxture was cooled to

hednerohsfebilirly. Medifledompsund wag ebiainasbama velipyusdidg 1.7 g,

§@drighi on (200 nl-) was added and stirred for 15mn at

roomtenperature. After separating organic 30 |ayer,

t he adlBR(FRGYS hA3 (%%)aéﬂﬁdd wmquge (971H)%9.90 (s,

#n. Organic layers were conbined, dried (MySO4) and

f|1tered The flltrate was CPncentrated under neduced

2 51 S 3Hpe dg :g:ptqmtnlez(tqz TDL):S@utBJn}-Qf)4H-5-tIz§-1(Qa dlgzquemalen-
E—cgrb'éldeﬁﬁe gﬁf’ QP whs dd¥edzs! thQ'({r:y écé(t‘ H%”@?%?e%dh%uon) of MgBr;

m Xt ure of yl thio-2, 5-di rot hi azo
@ A rHRSIRT @nwtreg%h PERPIRbETes it rfgqm itAmaesptuse Haer|thg A0Rture was

Sred P TeMinIXeqhé Ary THP (184 HI§ soRA6H IP nlﬂbﬁédﬂlle(éﬁ@ssS) 6-

cooled to roomtenperature and evaporate
?fé’m?cpéaefari‘e%%ta%'ate tha 9) wep @ddeq\and mes@mttve wais rcooled to —20 °C

mbh%%w&mﬁ@@% 2 Wl addca ﬁPBﬁé%Hf&ncar‘ﬁ@“@a%tlon vessel was

ueous sg‘utlon then stirred for

? SFF‘rd( With &l de gxelu %f‘g"ér %Q‘éfﬁﬁ‘ﬁﬁ‘?ﬂ mixtee geasi %lrneai@rﬁ hteﬁeZO °C
Qﬁtﬂﬁ‘@étéd W@Ldu%ﬂuy@ﬁﬁuﬁ@ﬁmﬂnd\ﬁd& rﬁ%‘ﬂ & &’umaﬁll%fhdgi(z X by in

ni ers were CO | ne r|e
% Dartigy iR Sep i i aes WATEB 100X ATt 10645 Bek 0 °C.

]Jmeesmur/le Ctriélaéld agdedus SoRfidA (101)6]4912.?\1\/5"5 §ddE¥Ro the reaction mixture
enea 59) as a brown solid

il P AP laver s Svaeid Wik sthy eelaie BorimL),  The combined
quanmaaye,g wanesl whshed With tviiter, %a@rﬁé@%@ﬂ@ﬁhhﬁ%@é&) caiBbidte and

t he, st ' t Th t ft t
e Rlgndit e ekl ; 376 ditehte wess Soncepieater uaidr gduced
pnelssurs BVER. cr'qu NR)(BJackBky-84 F-54hial ,6a-didzapbntalén-8-yhfethyl]-6-

Setert- o e Zrbip b ol2 AReRF Banadngaeontie 3 upinrobenzy
eftenway obieindd ias afropw agprmasablid.6. 9 g) in dry

o e by Bl ARG % Gl S o mon
eitaspbatet buffee (13 565, rrwp anL) ltcntma mmeoawnesolu‘t'faﬁ of crude (5R)-6-
TR T AR A LA e R R N

angblcyclp [3r2.8]hept-2-ene-2-carboxylic acid p-nitrobenzyl ester. The reaction
vessel was covered with foil to exclude light. The reaction mixture was vigorously
stirred for 2.5 h at room temperature. The. reaction solution was filtered through a
pad of Celite and the pad was washed with water (200 mL) and n-butanol (200 mL).
The aqueous layer was separated and then the organic layer was extracted with 0.5
mol/l. phosphate buffer (pH 6.5, 2 x 50 mL). The combined aqueous layers were
concentrated to 90 g, 1mol/L NaOH was added to adjust pH to 8.0 and applied to
Diaion HP-21 resin (180 mL, Mitsubishi Kasei Co. Ltd.) column chromatography.
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reaction m xture was cooled to roomtenperature and

then evaporated under reduce pressure. The residue
wor®edsssol ved i n di chl oronet hane (300 nl) andremEBkm®A6/020891

with 50% potassi um car bonat e aqueous sol ution (20 g).

After filtration and separation, 25 the aqueous | ayer

was extracted with dichloronethane (50 nL x 4). The

g{tgaag{sc layers were conbi ned, dried gl\/gsozt) and
rradsgebingritee ¢9lymp 4ees elied willaweiesaad themtish acelguitidelaqueous

SIERHUT erhe] |
Ll ow%rea%ﬁg&gﬁd Qgtﬁﬁ}’ﬁcﬂ%ﬁ@%@c&&eﬂirkie%ﬁfr?j%hgiﬁﬂ \%a]um at

13% GoBtd, yRphiligef toygjve the title compound as a yellow amorphous solid (634

el ¢#249] bH2r25)t hi azol e- 2- car bal dehyde as a brown
solid. The crude roduct was re 30 crystallized tw ce
from CHCl 3Mp 1H0h¥x édes); (HSNMR3(D.9) 54:09: (s32HBG)0%(s, @HY 6.14 (s,

%@ @':ﬁae(st ), 6. @ﬂg&sﬁfﬁ @%?ﬂf}%ﬁ %‘?% §%é’f4qg’gz éé%t ﬁ_‘ﬂsé% 1558
em @QMO)BQZ)ag(Stnm 2H, J /: 1. 2 Hz) , /7 63 (s/ 1H,

9.81 - i US2006/ 020891

2,81 és 1 H. -64 WD 2006 Eﬁ% 8 PCT

(5 (6 Bxenaration of (GRG0 aroiA dl-his

Thiazglidirpdzaneni azol e- 2- car bal dehyde (841 rrg) was
added to t P?&'ﬁ

anhydr ous Jfl\'/geB?tgé{:i oo g’o\%g éllelpgre%]"t]'%%anr)]% n& M%P' émw and
%llenr%dﬂarkeweﬁEﬁt@hedromﬁéﬁ@nsywmzs’mazﬂr&a741 116 rrL) of

$€B 2: GRiaflidine-4-thione _

; I a- I- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car
boxy | FRWesePH's Aeaganiverzg) addsgtte the eefution gahiagglidirs-Sie (14.2
@))mWTH#Q@QO té?\@ thHé ¥&d&ki6n nﬁﬂ&lee\ga#ﬁaﬂ'uggd for. Zaﬁ]d Fre3Nixture

‘& was added i n one portion reacti
%%§8‘P'e 9 regTeleatperitune angd r—*vanprqt@d meud@ducegmressure The

feSidQé ivis mm&t@HGNIM@@HEL,'Mé@Iq 'f@rsofhtlg 3{55 n'?l_g ag %%ﬂgemperature

ft %@t ed w acetic anhydrid
' grerg@ltﬂeowas Tﬁére\deafét Wéﬁhec#n\l\&th UEHClashexane=7:3
smutimdmCmD) &hc e in vdced. f The lﬁafblﬁ‘ne ﬁ%ﬁ}aﬂ{e‘a as a

d
?V%@Wﬁq%d%mg@ié@%; ufllcg:]at ga?Br a}sz SOdI um

hydrogeh—l Nmmlgysma%r P (d19H).The organic | ayer
) 5f||tered ‘he filtrate was

P eB N ssure. The resi due was

di sdeumgl idﬂi:d’@ﬁ&(zﬁ% Was Qdﬂédaﬁe%nbélgido@%lﬁﬁﬁﬁw EHm%zotndmeA-

tE{? %,\:L’ I ?d Z@Qdust (15
(93 %“ groform (GP§ midyand the a%aftl% rrtlmrerwaa rlﬂzﬂexedTﬂoe1 5 h.
Teethet reactlonaai&&]re VerPadamopbefeityl Baiigi (ke ES}% eS| éﬁqu In 5 portions

t t
%t ﬁo gmﬁ | %C I g Y mg\).l(géljgz(lfe(g\/\éad%ﬁélnalo‘rl oh the reactlon mlxture was

cooled to room temperature. Then 10% potassium carbonate aqueous solution (200

mL) was added and stirred for 15min at room temperature. After separating organic
layer, the aqueous layer was extracted with CHCI; (100 mL x 3). Organic layers

were combined, dried (MgSO,) and filtered. The filtrate was concentrated under
reduced pressure and dried in vacuo. After drying, the title compound was obtained
as brown oil (11.0 g, quant.).
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20 reaction mxture was filtered through a pad of
Celite. The filtrate was washed with ethyl acetate

w@nwetisrssaqueous | ayer was separated. The aquePUBEUSBY€020891

was cooled to 3 Cand 1 M NaCH was added to adjust pH
to 8.0. The m xture was concentrated under high
vacuum at 35 C. The concentrate vvas appl ied to Diaion

HP-21 (3 MQ{W ubi shi Kasei resin colum
chromatd'sj“é\%)(/c é?%d%ﬂ@o?@"rﬁ@mt%e S HZP-20¢, 2H, J=3.5
EIIz)Jt ed with HO - MeCN (1/0 - 9/1). The conbi ned

Wer e concentrat ed under high vacuumat 35 C
azolidinA-ylidepeagine,e ¢ e conpound as a

yeI | ow RN QBFS 4Srﬁéﬂh9ltfﬁ6-2%9dlhy'§!%|a2&e7éﬁ Efg }_ﬁrﬁﬁ ﬁ'%r%onlum

@ c} 1H NVR 2|
% ori el(q.ﬂ g)gn ethanpl 4600 51 gva(ssrefquepqg for72741$ i-s, The reaction

hﬂxtur@QNeEX@éEDéd? té%d?ﬁ Qé}ﬂbé}ﬁtu?é‘ aRé evaporated under reduced pressure.
%SR 67) - 7- 0X0- 6- ( (4- 0x0- 6. 7-di hvdr o- 4H pyr azol of 51-

H¢ 1es l@x\g@? (qliss Fdﬁt‘%'i'{ﬂ“éfﬂ@l‘ (300 mLa-20da108hiRefRSSINS carbonate

SRt -sdt A - (200 ah >tb{éd §t e%Cfdil 2o
PCT/ qszoocs'/ 02@891 p)o o i aVRbSROBmbERRGE.  After

JER3HAUNG QLIRNIG, RAYE (ﬂaﬁ ﬁ%teqwﬂayﬁr wms ss@a}%%wty chlarefgia 190 mL x
e} SOigarﬁh: eeROWElR EEMbMed, éﬁédug\hg?goqfarﬂl' mfe'aéfd The filtrate was
r.azol edi car boxyl ate

RO E R GRA hy D ——

Mmamtme:w Sm%téibfoa\(rﬂgollﬁ ,tTalﬁ'llcllEd brod@&d WSICh is lagl ethoxy
nmoet hox i si | ane

arefSien ek e £t olhar e, wpigh = Berartig gl . The
taltio rof dloedecthrée compoundspey deterBinedith WeesH - \MBhre%éH‘ {/ely by "H-
@ ate (20 m), and filtered through Magnesol .

er pad was eluted wtih 2 x 10 m of ethyl

acet at e'H aIMR (d:lacgpmjme:t;i 2Hl b e Bz)\a D79y, Ad 26 HZ he
resid S ES, I.SSO| Ve %x nes and passed t hroug
col u g 10 with

hex antise (sdlaﬁbmbf) 2- btdiﬂoe@émowoﬁér&al eslow) il dﬁl £B(=Jtomtn|e (326

BEG RS oot sy B gt |th'amdmm'afi-y§¥%%§bﬁ‘mf (3.8i@pn dry
acetdmltlLM(BP_e IrﬂiL)laﬂi"qdrﬁ terisritate. SThy Féébﬁ&ﬂ\ %WH wés stlrred at room

I tion of die
GrPEHRERIB; P98 1y podaERRYIarae (1§ B3 porigen cofhwes a2y The
@azmbrﬁgmwammwdgo(rﬂorﬁ 4ergperaturgdhq tHlefsi éﬁdbbgltéiﬁzﬁder reduce

itro e
Pl i ehe v Hookbh rblHomiRinani Bl iiand wained win
;@% tPptassising harbonale anueﬁuilsolléddneQd 0sd)i r wFtae filviatiéh &nd S€paration,
3 to,.roo erature
e C{'} Oui E?'eﬂh)ég ngﬁ'f’ﬂﬁ@ﬁ l\lﬁ@ﬂgrﬁ%ranmtq%el onqnfgq 4). The organic
Igmrgrvgﬁrgdcmmmd wdried (MgSO4) and filtered. The filtrate was evaporated
under reduced pressure. The residue was applied to silica gel column
chromatography and eluted with CHCl; — MeOH (100 : 3) to obtain crude 7H-
Imidazo[1,2-c]thiazole-2-carbaldehyde as a brown solid. The crude product was re-
crystallized twice from CHCI; — n-hexane (1% 30:5, 2" 30:60) at 0 °C to give the
required aldehyde as pale brown crystals (Yield: 1.84 g, 15 %).
'H NMR (CDCls) & 4.09 (t. 2H, J= 1.3 Hz), 5.08 (t, 2H, J = 1.2 Hz), 7.63 (s,
1H), 9.81 (s, 1H).

-64 -



10

15

20

25

30

chl oride solution and extracted with ethyl acetate.
The organi c extract was washed wth brine, dried over

wa@nivgdswss sodi um sul fate, and evaporated to gP@BUS2046/020891

g of a 20 white solid; np 82-83 C, M5 W 287 (MH).

Step 3:

1-(2-{Ftert-butvl (dinmethvl)silylloxv}ethyl)-1H pvrazol

e 35 dlcarbaldeh de To a stlrred solutlon of
N ; ; Iridazal1 Az methyl ~7-0x0-4-thia-

111;#5 goe 3, 5 d| met hanol (118 rmol in

chI ori de (20 m), vvas added 4 25
2renexg 03 agitl, godpun salb| ) and

ol ecm.aap«ez élﬁfuéfolél)z-caeﬂb?’d 9&@%&49%¢§ngfaera‘adé@8to the dry

stirred at room tenperatur

eeetanitrde Wi 16 mL)etSPMipepgﬂ anhxdﬁwﬁnl\@ﬁrmt(ﬁe%agé yrglef 5a gitrogen
Qtrﬁ% JBle) at r%BH {é réﬁﬁﬁe CORfd Hg‘iﬁ# Qbiufion fcﬂs Hl of (5R, 6S)-6-

[ ene chlori sol uti on concentr at ed
brqrm é@xgidtthiaet- ﬁ@blqy&@[wP]hepva@anx@aub@(yWas aqld t drritjobenzyl

teef"esw%amagga%ﬂé 5%'%'@ g@ded(té%@}n.ﬁm £b8ied &étgé °828nd Et;N
was

hé "conbi ne
€2-g@mL)was aaslerdn QNﬁtﬂPrtloﬂ\l Hd]e "Qﬁ@?'oﬁr\feﬁéel waf Feered, with foil to

@QBM&H Wg}lﬁ S‘?Hé lr'é%o'ith frﬁkﬁxre %Q sﬁN@@N?BHr@i ﬁciatt-‘??g*d’ &nd tr@gted with

gce’qp_ é&fb’-dﬂd? (d12ﬁv’d‘Lb34!F’L IBMID‘EZ 6168Fma) @1|0me4m<25§t%nz|) nd h,? “feaction
@rﬁktb@ \ﬂ@&‘Wﬁﬁned 850 Y A0&irEd36895 Rl /0Ue2 00HLOA@ e waktiluted

t
WItb?ﬂ'?yﬂ I@gﬁt@temnpwﬁs@pmmﬁ% sitiq addaquesyp gplptian, saturated sodium
Hy@ﬁégéri @bmoﬁat@ Wétéi'adddabﬁﬂ'@y Ofhe( érggﬁlcgaﬁ s B1Ed XMQQOA,) and

}EI QIE éltvvas added 68 m of sol ution
eedp Ut f Fﬁ%maér?PPF%ﬁtedjeuﬁ%r fadeced PIeSBUreaf t er

stir rlt ng I The Tesidue Wae dlsr,BoNedrlﬁ T\I\TFsgﬂ?arlﬂE} di \gbéﬁnﬁrﬂe 5 mL).
ur.a ni oride sol ution an

B e 4R 0 2 TRA (5T 600 D2 MisBoshai Paler Pk r7 k) were
\addéa tb met m)dnnene Thérrea@hdnvmselaﬁéwdéméd e fBiMto exclude light.

I f ag er ed thr ou%IF l\éﬁ@r g evapor at ed. The

3P BbGiom e Sk MRSy HERE 16s 1 3P AL dobR impsipture.  The
ambtrbn enixtdieswas fikteted rnhmsagﬂwl parae:fmlnw | Ohe flltdte Was wdshed with
B T B A S R SR 0% coce
1o xa dCeamhsl # iNaQH veds added tt@ram.rsatpl-l aof®0. 10TAE rfixture was
BBl it AP P ATERLAL B LU IS0 . Do
THR2hd 821y mbn dMitsubishi HaseioCatt Ltd) maa ctuumelahfomaidgraphw After

W
Ao, W BB Aac 0l 6ub 90T e XEHES g pomone
filactions werd Qnasel’étatmbdndartmgmvacuﬂﬁl atl 3%t yhd dephitized to give the
and
A8 cORBBIE: o eI EmdfioteSais iid Bud BHT ind 15
evapor at ed Mp14p V@ (08630 HyNMR (D @) i 385 @4, i2H), M8 ¥852H)36.32 (s,
Gr)NE78E 149 6881 ), 7.27 (s, 11).
Example 14
Preparation of (5R,62)-7-oxo-6-|(4-oxo-6,7-dihydro-4H-g¥razoIo|5,1-
c]l1.4]Joxazin-2- -4-thia-1-azabicyclo]3.2.0]hept-2-ene-2-carboxylic
Acid.
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Step 5: 4-nitrobenzyl (5R)-6-f(acetvl oxv)(4-o0xo0-6
7-di hvdr o- 4H pyr azol o[ 51-

W@ Roob/13058% azi n- 2- yl ) met hyl | - 6- br onp- 7- 0x0- 4- ChPEF/LISHAER0891

icvelof3 2 A hept-2-ene- 2-carboxvlate To a sol ution
of MgBr2 (0.46 g, 2.52 mmol) in acetonitrile (13 m)
under 20 nitrogen was added

4- oxo-6, 7- d ,h dr - razol 0[5 1-c]] 1, 4] oxazi ne- 2-
Carb -. ; =g "A ----- 3'1'5 IJEIL‘JJ!.- HIR Y azole-3,.5-
dﬁ:hib@latél ng. A sol ution of

t hi a- | bi | o[ 3. 2. 0] he
ene- B bign ¢ deful 2.0 RierdBdPARECR. (b 21, mmo) in
a(tewlmtﬁmotm) mi)n uRtibr hit-3gen, )wéi@%d&&ﬁ'bo%@gi@ﬂ'n c%@n&t@féz 07 g, 15
éure S cool_led am ne (0

FALCN Y %%%@met%"awa (¥ 2 el v miture was
siifnedraidefalx foR 98 ‘Br iwas %éiﬂédfolécpfo %ohf terrideré‘t@r% Hh\ﬁ@d wntg ethyl

Sgefathien fin Apd Bfees fyprell Meordes! i fiet padtam giutihtn 2 x 10

rhlepf e&tyl &céiafe)ranHSthbrcorﬂ'thﬁednﬁ}fﬁaw Q/a‘élaéva@)@féf&:ﬂt'rﬁﬁ %%ldue was
ved i acet at e.

d
ikapledn tBRp i Rasho JE0udB S rolingd oreiishaa! (1 &) Afen eluting
ittt hexaned ($@livilhtHel ecurhn Maiseelsel uwnhOéthyl Eﬁaﬁtéﬁé I'TH® ethyl acetate

eilé%ﬂ% %Ye?apg%%qé‘éﬁ%fﬁﬁe ef"? gploa%gs M{eo@vr oD
an 0{/@9 %ﬁ%‘ﬁ@ e‘gétﬂ&ﬁéﬁtﬁﬁ'é%ﬁ@é@&th%"%g%}et VI 1Ppyrazole-

Q W}r.@ﬂyoxylam(@'&- 8.(2H o) 16, iettly/ibiel chloddd B/ Bz ah@drmittoden, was

e TP L3 M splon ot disgPuyptugpinurs s, . metbylene stloride
ar O 0% | AtterAstirdng aata0 <@ tidri grs hg ﬁennmmbewaaé; av;aorlmcc)edsto1 room
R TR e
chigrigei sojutioo [aBleem]ab‘eptWItrﬁethyEait%tﬁe C“Bllié) ergahrt é)(tl(aQt 3433 Qvashed

\Mg?gru{gr?jlnzed OR% 3 h pl;lo mLﬁo%iiél @Fatﬁ Ia(S\H elvgpgrﬁfedpiiq g;ves? 44 gofa

Vdn@ S@Gdngpcaﬂ-BBO% Mﬂ:ﬁle M(Mm)xt ure was hydrogenat ed
d f I red throgoh

Q_EEEEMQS extract edW|t h et hyI acet at e. | The
ed, qver us magnesi um

T PR Sy °§¢°‘£53?-3 (b6 &H@ DaBeae Tl Tohseteas

dimpthaneld 1§B\g: 40m0dl) in rméthglepe chiovide (A0 ), Wik éﬂdéd?zlzo

rﬁéM}lmjﬁmoél SRPE 604, I el ol arsidie i @ gy The

rqaqt@n(rglxtule Was stifrel\aireorh SerRpepauratard0 ndih. and then treated with
t@tré&ogylgnn\\éqfuﬂw ééﬁfh@h&@%%% 8'4er P §t1r¥ r'aé‘%? clar?tvneu)ed ?or 2
hr The methylene chloride solution was concentrated and diluted with ether (40 mi).
The mixture was filtered through a pad of silica gel (40 g) and the filter pad was
eluted with 2 x 20 ml ether. The combined eluent was washed with 1N HCI and brine

dried over anhydrous sodium sulfate, and evaporated to give 0.79 g of a white solid;
mp 63-64 °C; MS m/e 283 (MH"*).
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15 thia-1-aza-bicyclof 3. 2. A hept - 2- ene- 2-car boxylic
acid STEP 1: PREPARATI ON OF 6, 7- DI HYDRO 4H THI ENCF 3

WQ200bRXRE\N- 2- CARBALDEHYDE PCCl 3 (3. 83nil, 50rmet/Usmes/020891

added dropwi se to ice cooled DV (3.85nm, 50mmuol)
within 3 mnutes. DCM (20ml) was added and the bath
was renoved when the 20 reaction nedia appeared to be
],IQ sty. The reaction was kept at 230C for 2 hrs. Then

? a\ﬁablt'ea &f édZﬁmtib@ylé@aeﬂwl)awqwﬂ%thyl)ti dryrgzelegd.am
§ieamalakhide 408 o Watol) ih "r‘i‘—f?f (’3‘6 ‘?ﬁf)jw% g@d&&@ﬁé‘ﬂrﬁl %LQ 1D M

m nut es. The reactl on was
%qilét'qlﬂ ea‘ttatr@t&ﬂar@moa@nafhwnd@m 'OHF aterat Afteraiticrinigdar ahg the

vver e 3‘? déJ@ecR%M\ ﬁé%ﬁ%%atuﬂ%%f rﬁrﬂgpkﬂ]eﬁl&o% 'L{ﬂﬁh AhE" S

over magnesi um s er of
extiFciayl with eifeiracetatel Therreanic soletiqrewas Baghegrwith lorine, dried over

I'gla\/\/as, a§!ﬁ| E@f%@ e Og@ﬁ ﬁ/\%b}{&é& bl ePX4r428 O crude gum

r am
\gagwasmqwmm bexﬁneshqir@do[\ Saquo, and then dissolved in methylene chioride

Ghtr. Gmftfhm&ut R dé%?lab{ qergé}ﬂﬁr Hé" Nl% ngé\:sﬁg, 2étzx‘ﬂmol)

m xture was r e
d molgsuier sigMel 40P 8dl Theesrixiveryes sfurrﬁobatl roemdemperaiuss for 10

hh\e'éndfthéﬁt?éﬁé’d whS BRI dpRaRinGHith & gﬁ@% fem: g,g%éﬂ%‘rﬁ&).

g acetate In hexane
fl@ﬁ Wé‘ls C\ﬂﬁ nuyadfen? he dhe metiadene Wld@rﬁMLLIAH wassontentrated

%@Mdtéﬁ WHElathyWQ&tétQJ(ﬁ?hﬂdTﬁé"m )&lﬁ'&%@@%lt@%ﬁ%ﬁﬁh %gygd of silica

utes. Then'it was refluxed

%6‘&9 sya%meﬁgemobwa%wute@wmaeo ynl ethyl argtateo Tae Qqnblned
élRehtiPas WadHedENith 1M BICYEhE B! @l?ﬂ@& %gﬁg&@a%g% i Rdte, and

Extract with ethyl acetate (2x20
eYaparAted fo:gike 9-30ra e whiter soligamp 385155 801 Maurole 187 (M),

"d &mﬁi@mﬂeﬁh gR -G- ’-’ ! L%"ﬁ -d|i1r Qﬁ#- razo|°51.
rerlial, Was dl SSol ved |n DTV
éi?; dloxazimZviimethyll:6-bramge719xo-4 -;_-w-‘v.:,t .Otnepi-2ekne-

Dearioxgfite for O. 5 hr Then 2x15 gram of oxidant 5 was
added each hal f an hour Iater The material was then
filtered thyqugh celite concentrated. Flash

col u O&PBm?'ggﬂf M@ dg\f'@ g 288 graw]) (in4agejoririle) (& ml) under
mitrogerct . wWadlVR: 8d@ed34( 4-oxo- BWrdlﬂyﬁé-@ﬂrpylaﬂ%ﬁ"l cg[ﬁé]éxazme-z-
@alfé@%f’z( {9% 918 8§t @B’OQF%ﬂP@'BatPHWEﬁﬁUVGfW'th stirring. A’ solution of

GR&S)76- &dmvch’{oxéH-mEi-BEﬁb'icyEb{S EDB@Bt—lﬁ-'ene-Z-ca(rjb%xyhct: 2acud 4-
A rggé&g' ggt%} I(ﬁg ga)éq? %8 rrlmqole) IZ?‘HIQ'I z:‘l\écm?) was then agde_d -a%d the
m;xmravba&jcmnléld-ltd hp@RO| $nahyaémma<t;e§1 PR I206g Hﬁﬁuﬁﬁ: s introduced,

acetonitri

ny mas dlssolved in 20
%ﬁ@s'ﬁ'ﬂ%‘{ atgr 5qt6-2,99 Priig darkées 4 hedt was then treated with
acetic anhydrlde (0.2 ml, 2.0 mmol), and 4-N,N- -dimethylaminopyridine (12 mg, 0.1

mmol), and kept at 0 °C for 18 hr. The mixture was concentrated and the residue was

dissolved in ethyl acetate. The ethyl acetate solution was washed with 5% citric acid,
saturated sodium bicarbonate solution, and brine, dried over anhydrous sodium
sulfate, and evaporated. The crude material was chromatographed with silica gel

(EtOAc-CH2CI2/1:5) to give 0.27 g of an off-white solid; mp 107-110 °C; MS m/e 595
(MH").
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added under N2 at nosphere. The m xture was stirred at
230C for half an hour. 6- 15

wW@Be@30680x0- 4-t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept - 2PE€TESRDOEBR0891
rboxylic acid 4-nitro-benzyl ester (770nmg, 2mmol) in

20m THE was then injected all at once and the m xture
was inmediately cooled to -200C Triethylamne (1 m)

hrs. he rea I on

o om
e i1 et épﬁfﬂaﬂd% wg@wamyh TR AN diyaro-aH-
zOIb[53REH, qbﬁﬂz.ﬁawlmtwa:afohwbﬁo-ﬁn@ 1L8E4HicyRlol 12 OJhept-

t hen

gtﬂneﬁ-gargwlq‘%r@a%qq@ e THE 15 i aides niifpgen, was added
gbmaIngt @ phasihate! bufier silifoAt(D¥V, pRCcEebRtRdI 8D nm%awﬂz The

e koS o el e BB et o

mvérlfdéd@as WasheliwithUTIeF Vi thé ﬁﬁa@m&l&h@ét&ﬂmmpe%@%etate The
onge, ram 10% El | adi um

gen for our with
DSl aS Wieflqer PRRrais PROGASIT SUbals K Piappraied. The
saiiueoraomasHetedth stheelivet 00T ¢ 6Dy 9e|m§ond0fv|st rlm JAdMH); 'H

il PO A EFerd 5 5 St &t b5 epofiiecd Grileh 6.3 6. 1),

w58 (BUTH) 796 (8 /H) ever se phase HPLC using 2 liter of
water followed by 5% acetonitrile in water. Water was

ed through 30 concentrate in vacuo and 100
Eg&{hﬁ f product was collected; MP. >250 C, H NWR
6 Prepération of 6(B,7-Dihluir6-4Hlthidno[ 52 ThtiranR-YimethyeAéS7-0ko-4-

38 . ).
PCT/ US2006/ 020891 EXAI\/PLE 16 Prepar atl on of
T RATHDN FdREYPDRA-4HTOIENOG, 2-ClPYRARNVE-ene

E“ﬁ%@%%%bl cycl of 3. 2. A hept - 2- ene- 2- car boxyl i ¢

803 83.838R S0mMnRERARATHENdOpwise to ice cooled DMF (3.85ml, 50mmol)
4 N-2-. CARBALDE

G} AR "D FATS s SR SR oy PR e e

&i@tl@umﬁﬁ grpeamdito beqmstyol Thewpadtion v@isikieptiae230¥GMR hrs. Then

30 oS 205 a0 W BALLONESs LA S o v

Keptadged depwiseowittin i minutes. 'mhemeaqtlomsd@pt aDd®foba@rs. Pour

m&% %F\foqt’é/ Qﬁ@ séé}gﬁ%% 61065n érfﬂh&{tr%? wﬁﬁm ZX?ﬁ%) The

ropw se w m nutes.
P%f&tew%r?fgmc !@e/sfs werepdaed pwer magnesiunDislifiste. WFitter @CKAe drying

6g&tt dild) conenttdle a8 Hb Ydntlof Fod6&! red oS §8solved in
DCM (200ml) and was added 6.0 gram of ethyl 2-6,7-Dihydro-4H-thieno[3,2-
c]thiopyran-2-carbaldehyde-acetate and 10 ml TEA. The mixture was refluxed for 18
hrs. Then it was washed with water and dried over magnesium sulfate. It was then
filtered, concentrated and flash chromatographed with 20 ethyl acetate in hexane.
The collected material was dissolved in 100m! THF and LAH (150ml, 0.5M in THF)
was injected and left at 230C for 10 minutes. Then it was refluxed for 18 hrs.
Quenched at 230C by adding water and eventually 1N HCI to clear up the mixture.

-068 -



10

15

20

25

30

sodi um acet ate aqueous solution. The organic |ayer was
dried over sodiumsulfate. Filter off the drying

wa@g®ati3oseoncent rate and flash col utm chr omat ogPEpg2006/020891
using 10% 15 et hyl acetate in hexane gave 1.3 gram
(8mmol ) of product. The conpound was dissolved in DCM
(100m ) and was added 1.2m (11 nmmol) of ethyl

to tate TEA. Th t
EuRaoath il Sacane MedadmD: ang: Somminedy olgae. yarercried over

ﬂﬁ@né@” UrAdsifeey. FERETEShdI MBoRbdrtate aFé'Z @granpgr&%etrarr% crude
g%ﬁLash chromat ograph with 20

W odfsRQbeRd Iy (894®h) yand a)an%nesz»od'aw%u@ﬁ gram was
HidIR: Fhé r&fbﬁ&n whs Id)arne@ JrBat(ZBOCwa 0. 5'3nr6 8hen 2hb gra?m @ oxidant

\&gg aégect mh ﬁsﬂgz |)1 hgurglp!;;‘rn (TZ]eg'ﬂ%qlgl was then )flltered throug?\ a pad of
Eelite abrﬁbéﬂfrﬁteéHﬁléﬁrﬁmﬂrﬁn?chﬁdﬁnétb%]dhfilga‘?e ¢%E@§%ﬂd(m% yield) oil

acid  ethyl ester was dissolved in Om TH
PPEHFL 0.5Min DMO was injected 25 and the reaction

| gf { t .T
}Ngf 1@ W? ts %J@g%cﬂqe’)’ 7149( P% ‘f,aﬁ (! bﬂ? 4.60 (}/82%4 r g, @H%P' 2.96 (t,
%Hg‘é'rﬁ@ﬁ)a'y)@r %E%*t"&)d and the remaining was vvashed

with gy BCM mpﬁﬁiﬁélnneaf ore;?w, -DiHVAYS-48i- mié]rgctsgvgbyran-z-
SOdI m u ate - ter concerlzorae an col um

940”96Qrmﬁﬁdrafwm@no[ﬁ@cﬁ)yﬁdﬂ-@ﬁarﬁ%é d)”dé' V@%rr@| SO was

3 40mt anese di oxi gram was
%i'a ""r?é“ %%1‘?'1"6‘% RS Rypmide §dngf%mmb)| was then
amdmomrrdermeatwspheral RSB was! dtire8 tht td3oeuh half I%ﬁq‘nour 6-
col um chr omat ogr a

g;ﬁ/nioeg'féﬂﬁ'tﬁ EQ%F’ %‘ﬁgﬁ Fé)]?aot‘?@%gygp@%g;g:g acid f -nitro-benzyl -
XIaY (732005202108 1 20 NNRV&S%&QH%C’(GB"QH at 6né® ahd thelﬂﬁ)xture was

ﬁnreedzgtsﬁ%m@%o (2P9E! Toglrysmisg. A s Gionnieiiai anide mixure
stfrreﬁ} étG—ZDoDl foy three 4. t Mhem GE&lc%rﬁyﬁhié)(IMrﬂgv%s lnjected and the
% @?c( 89 é Pdfoghlls hrs. %e reac:ct%ﬁlr%e ia was the% d|I2uted with
omlmhw acetamndwamm[damm tocf il S%Wtﬁ? ;@mc mcb,taﬂ ﬁ@ﬂt"u)’éiéd sodium

I ssol ve n acetonitril
'%‘Bﬁ“é%tﬁeéﬁ":'m%@;ﬂ Pr{' fyrganic ?alygbwlﬁ en drig Bh Mpgaesium
suitate, ditdred andjemndﬁﬁtratedosﬁlbeh eolurhinechronbildgRaphgSusing 20% ethyl

%&ééét%qg h%&ar?e?’&%/ 6 % mgi? "égflgrogy%' ofhis progiptpes endissolved in
tambdkiy| and 18l dquequist phospbateybufies i(eHi= ({BﬁOrme m.xture was then

éutﬂ&ff%@lt& 45%1«&% EHIFI‘OM@E ‘1? llnwftigjg gté%rqt@L) p um on garbon
Thenoit wes filterad through 3 ped of celitmand coreenteated irdvada® to remove most
g?ntﬁé g?—ff-'d ?He@oﬁﬂmﬁ'ﬂmas%%cé&éd {Uef§ dgéree and BAsASS LS § pH=8 with 1
N sodium hydroxide. Then it was purified via reverse phase HPLC using 2 liter of
water followed by 5% acetonitrile in water. Water was then removed through
concentrate in vacuo and 100 mg (38%) of product was collected; MP: >250° C;
H-NMR: & 7.36 (s, 1H), 7.15(s, 1H), 6.55(s, 1H), 6.44(s, 1H), 4.61 (s, 2H),
3.88(m, 2H), 2.86 (m, 2H), 2.27 (m, 2H), 1.43 (t, 3H)
MS: 320.3(M-H)
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(0.4nll) was injected and the m xture was stirred at
OC for 18 hrs. The reaction nedia was then dil uted

wowaok/1338s1l et hyl acetate and washed with 100 »dT/B32006/020891

citric acid, 100 ml saturated sodi um bi carbonate, and
100m brine. The organic |ayer was 15 then dried over
magnesi um sul fate, filtered and concentrated. Flash

col utm chr omat ogr aphy u%%Q@@ﬁggbgthyl acetate in

hexane gave 461 ng (44% Thi s product was -
tRrepacitiosodfe (6, 7-Di -4FHhi ALZSYIRTARVIBAE)E7-0x0-
buf f er 6. ). _The Ry -pted to

40psi hydFogen—For—OHE He A4 BN cCaArbaxXyiIcan
pal | adi um on carbon Then it was flltered through a
pad of celite 20 and concentrated in vacuo to reane

GARBAIIDEMMDEUH f| ed via reverse phase HPLC usi ng 2 '

vt or P Th R 2‘{?15”3%\'@9%"’%0%?&80%{%@@%‘% i@ FROREINF (@o4m
43rdm3l) within( 3 misgtesnf DEMo@00t) waseaddedl dneiche BathdBadviémoved when
@%jg%%t%nﬁgyﬁfpéﬁgég (13' Egbjp'_a%ty27 181&9%(:%'_9@% ﬁg@%@%&%r 2 hrs.
‘Eri%gn jt WS cBIE] t}( M(H)a’gEMAWi@trEhWTO-Rlnmpmmumoa (6fgram, 43mmol) in
%ﬁ@%ﬁ\&# t'hén Eéd eJ dlloSﬁ/ st%Hflylgurp g@g&g?gi%%ge%ﬁé{ \'Ngé Qegt at 0oC
for iZefs- 2Dibrie \Aﬂthda@ldlo()ZW iral) aod dherSivaph WithRce palda200oni saturated

(RS oy LS Sl o SR il e

Gilter off ﬂ;edcﬂrummgtent enngeRiratecans, flasti cobund Bhrdimatodraptyl using 10%

d byl di
s iV 2kt el STadh (AR o) *ﬁé’rﬁéfn%owd
%mmedatn PEAE.(100velh and wiss added: ﬁé’mla(mgemcl)fmfretmg 2vmercapto-
Jébﬁaté%gwnqﬁrEWSThéJMS(ﬂﬁFsﬁts‘gﬂaﬁLg ﬁ 18;&5.6 ﬁ'g@ﬁ'ﬂ wWis' ehhed with

directly over sodium su
VWBieE eANH addey | eVefe dnZanesiugt aﬁt}"(alQSOmrﬁilter ogofcentratte and flash

Mr@%fdgf%ﬁr AR 208 I Scetdte Hh- he&g%@ (p§§du g:)? Bérgﬁxl(ﬂz/s yield) of

2H, J=5.6 Hz)
@r°§8°(s 3H) MS: 184, O(I\/H-i) Step 2: Preparation of

car bl onydeo SaCH TR B JEBN ot u A R Sl A2 o1 ¢
gdotdPHa- M (Fpd8s. 9@(Mrhyl

The 1.1 gram (4.8mmol) 6,7- -Dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid
ethyl ester was dissolved in 100ml THF and LAH (40ml, 0.5M in DMG) was injected
and the reaction was left at 230C for 10 minutes. Then it was refluxed for 18 hrs.
Quenched at 230C with water (10ml). The organic layer decanted and the remaining
was washed with 20ml DCM. The combined organic layers dried over sodium
sulfate. Filter, concentrate and flash column chromatograph with 10-20% ethyl
acetate produced 940mg crude product. This crude material was dissolved in DCM
(40ml) and manganese dioxide (2 gram was added). The reaction was carried on at
230C for half an hour. The material was then filtered through a pad of celite
concentrated. Flash column chromatography gave 320mg (36%) product.

-70 -



10

15

20

25

30

chloride (1 m, 11 mmol) in 20m DCM was then added
wWthin 5 mnutes at 500C. The mxture was kept at

WO 200633588 5 m nutes and then 1.67 gram (9nmol PCDS2006/020891

(5- Met hyl -

4,5, 6, 7-tetrahydro-thieno[ 3, 2-c] pyridin-2-yi)-nmethanol
in 20nl DCM was added at 500C and the m xture was
stirred for another 15m nutes at 500C. Tri et hyl am ne

(7mL HENMR(:3 82(5e hiHh defbu(sal H), 53R (sa i) a3.4 8 1(t, ZHailnTlReHz), 2.95
.84, et Mas M§(@CYQ§3@quphe mxture is naturally

vvar medup tot 23 was Wwashed ngh 190m wat er and

uIS| nSé 8- Dihgiwﬁﬁrﬂa@ﬁew 3- ﬁtmwyan-a@@tt@dctehyd@ R2PnIB 6 rig72mmol)
\K/é‘@%éébﬁ)eg) mMﬂW}ﬂ?&eto&@ﬂé"‘ Mma%néé&ﬁ‘\ bt&izrr;ﬁ%e ezgégt(e( 450 mg,

blﬂmg\oﬁ V@q_é':)an agde upder l‘ga.gatmqsgher_gngh_p( miktyre sEsstised at 230C
fOF Eh@\ﬁr §ﬁ| I%hrOfG Brofne-AkdL thid- 12228 -bicycRif5 2Dyl dhe 1 Boxylic

S aitre-BrBaT Ptk 4900rRg, LT 2mee. i Wy BIF was then injected all at

dAchedid areem&t@ Whﬁ?ﬁﬂédzﬂ dodled to —2
e i1 4H-Itﬁ||9eno ° 5 ]Or?)?/ '(lj‘lrl%tgyl%ml argml) was

‘5?" H‘J‘%F%I 389 r’i@ﬁ "‘@@Ef@rstlﬁsd @7239%(3 erfhfﬁe) hréa ' hen Ssetic aghydride
(Omﬂpmbsaﬁﬁbtéﬂl érfd {h% ﬁ&%r&%&e%#ﬁ'ﬂ B @HCq’Sr qghﬁé 2fffe reaction

added under

fﬁ?%e%?efﬁsn dﬂH‘@d ﬁ‘Y'SE‘t ‘tﬁoé“'\ﬁaﬁy‘ a§ﬂa¢€? ead &@SQ%wth JPO0Hmll §% citric

a&ﬁtj Heorml saturated sodlum blcarbonate and 100ml bnne The organic layer was
o S A St Sulire: Mosbdn g Gocmiotad =

Re- é’aPB‘B ;9“?989%{8% sylfafe, fise S@nﬁw @@P@Ptra(tqd 54fieghy column
dtmnhtbgrarph&OiﬁlngTEE%V\étﬁylt a8datel i) RSEAE @ve 481148498 Broduct.

ed to -200C.
I el s ERa el i i st
nH)‘e615r) e Téeimixtaee abs -tIMb‘édte&tdW@p& th ¢ fiiridhe hour and half
m xture

ph étf 1 6&@?@%@1@@1 frbe en atev&%s( llgﬁrieqrgﬂp%gh,\ﬁgad of celite
riqigmndemtcatedi innacho &D@rrlovetdmdt obfhelTHR PlsiardnarastheR cooled

30 e 508 Bt SO e Fhon tvamput

WDr@osy nmmpmmmgmmef 02 Q&R folkndatyessascetsiftliet iR water.

86 R TR A 5 B oo produc

V&Qﬁ\@-‘é‘ﬁﬁtﬁdte and flash colum chromat ograph using 20%

et hyIMpc:gQ% g in hexane gave 1.56 gram (64%yi el d)
pr oduct I s product was then dissolved in 20m THE

and MMBqué%s(S phd)s Fhtl(e ﬂ-lbga;)se(s E]H)&WE@;, ;mnes 71 (s, 2H),
Si rogen for two
ﬁﬁgv?mhm(%mgmiﬁjﬁ%(ﬁﬁ um gn ca?/bong Then it was

filtered through a pad of cellte and concentrated in
vacuo to renove nost of EKéMﬂHEWThe sol ution was then

methanol
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via reverse phase HPLC using 2 liter of water foll owed
by 5% acetonitrile in water. 10 Water was then renoved

wa booengissgoncentrate in vacuo and 112 ng ( 13% POFf/US2006/020891

product was collected. MP: >2500C HNWR 8 7.48 (s, 1
H, 7.37(s, 1 H) 7.21(s, 1 H), 7.10(s, 1 H, 3.41(s,
2H), 2.88 (s, 2.68(s, 2H), 2.37(s, 3H; Ms:

8, P t
33520&“@%@5%@5%p@y&ﬁﬁé‘%%o&é’%eg@rns acid) eyl zsier (46
grafh, 163mmol) was dissolved in 200ml THFh The 1sglugon Iwas m;gclztﬁ% LQH (1M,
%QFESQ@HFEP g%%%; 'ltjl']%r)p \v/vgé?sg?rglc-j tatIZ%g for 18 hrgyr+he reaction was
Gudrehad | with A0 hvstep oAt aﬁadeaﬂéalyZovérp%dilgggs%lfyéﬁg{ sigér and

ster , 2mol
?P%ﬁ?ﬁeé(@zé"&%% $9Taé“ gﬁﬁ"’ﬁ’ifgﬁ&c’%tﬁﬁ“ﬂﬁ BiFAHE: et her at e
(5169, NMRnBJSB(SAﬂBI()j tm(sagﬂﬁ@fun ﬁrle)\l& .88 gvz@h%% HANL.73 (t,
t or ha

@IBtg’rngV\sag@(lﬁ %lﬁ) 1§§§8€T®ycl o[ 3. 2. 0] hept 2- ene- 2-
Steni xRidparatio riof5-Meti btrahydro-thi ihel20

'I‘; was then injected a at once and the _
Tﬁg%g%-@rsggﬁs i medi ately cooled to -200C. Triethyl am ne
(1 m DPMB3® \(®Z i, he4mimoj) cia t3ml GHQCIE heasTcsbled eost306@E. atoxalyi

h t
o0, (.. D 7 Ko Sy hues oo, The
ixture Wes kephat -600C foedi rgmuas aridetnednlen g‘vé grﬂi‘m&?@ﬂ%&Methyl—
ent
e N T LS R T
@l ang theenixiTine was ganned:for bagther vmﬁmm&e rat eg?ed g’ﬂé‘tﬂfllamlne (7ml
ncent. ra as

SHEG MR 0 B Bheb Tl BT MRS dpibet waRdedRusd and the
nyixtuse egmay.xreaomrmedallm) topﬂmn‘,lctlt wal Wastedd Withpfocﬁﬂll\ﬁater and
é%&r%gféﬁtwﬁhdfgﬁqql e@gpgégi@ S?c;é'rr\]@ﬂﬁj LEsol Y erf§)wer?lt%|ed over

THE ous

magnagium \ﬁaﬁatEhelﬁltsm lﬁ]oecermeht& and Giash colu?rih ¥Y¥Pomatograph using 0-

R ek IRPn ST e iy sime B R et " °

ram
f i | t e"r'é‘li%R% HBdisg hHh THRAsoTH): 8156t (s, 24 300DNE,EIH, rJas GBd-IZ)DZ 91 (t,
HRGH8 6 197) 8FRVE, EfFBSMgOfIBé Ip(qv| E. The solution was
e

then cooled to Zero

gree an baS|f|ed to pH:8 wth 1

acet oLt rTT e b ;— f Svet &A%
concentaray ’96 7Tq‘h)&¢&bﬂlU-ﬂaﬁl@D[3_3-QMrl(dﬁ'%5-oérbpxyjldu @bld\/\/@hyl ester
(@24mhgcArahol) Ms drzaRR&in 40mi acetonitrile and magnesium bromide etherate

(1.2 gram, 4.65mmol) was then added under N2 atmosphere. The mixture was
stirred at 230C for half an hour. 6-Bromo-7-oxo-4-thia-1 -aza-bicyclo[3.2.0]hept-2-
ene-2-carboxylic acid 4-nitro-benzyl ester (1.54gram, 4mmol) in 40ml THF was then
injected all at once and the mixture was immediately cooled to —200C. Triethylamine
(2ml) was then injected and the mixture stirred at —200C for 3 hrs. Then acetic
anhydride (0.66ml) was injected and the mixture was stirred at 0oC for 48 hrs. The
reaction media was then diluted with 500m‘l ethyl acetate and washed with 50 ml 5%
citric acid, 50 ml saturated sodium bicarbonate, and 50ml brine. Another 300m ethyl
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HNW 7.35 (s, 1H), 7.24 (s, 1H), 6.61 (s, 1H),
6.45(s, 1H), 4.48 (s, 2H), 4.08 (quartet, 2H,

wQ 2006254588 3.68 (m 2H), 2.87(m 2H), 1.20 (t,PGFUS2006/020891

J=7.2Hz); Ms: 10 393. 0(MtH) EXAMPLE 19 Preparation of

7- Ox0-6-(6,7.8.9-tetrahydro-5H i m dazof 1 2-al azepi n- 2-

yl met hyl ene) - 4-t hi a- 1- aza- bi cycl of 3. 2. A hept - 2- ene- 2-¢
arboxylic acid 15 STEP 1: PREPARATION OF 6.7
geefateEvagLseskis Mvash \gashzagueoys Apingiere| Nike combined organic layers
drefeh\RRH- [rdd DBy segiaRrT %hﬁ‘é’c& am F(llﬁar4 Ebo%ém}até 0 (E'HH’ | fas¥e8olumn

di ssolved in 400mL CH2CI 2 met hyl™ 1 odi d
sgmajeesapte ksing iéfa . etfmeaqﬁtaé@ up ehaxase @aver béﬁ LgTaeY (64% yield)

Btddued erhis Er@Buét&/é%rtﬁen Efé%lvéci m"ﬂ)ﬁ#’l‘rl#ﬁér?odz%lt u%gg%hosphate

gh tassi um car bonat e organi c
ifert(RET6.§)-i Eoe w@wrerm@ﬁwﬁ@n iegiepde éOpﬂfhyérogen for two hrs with

b'dgHrﬁ‘t‘l b‘?J‘pI_é}ﬁglunPSﬁ‘ %ﬁfﬂoﬁatﬁh‘éﬂ |t7w§7 £l B?j ‘ﬂfroﬂ@{ Srdaﬁl of‘ﬁ%ﬁte and

obt ai ned his material was di sso
serrepiraied dp ¥asusr todpmeMe tast A @ﬁ.Tch wabe aalatl@n Wﬁ éhen cooled to

et digPee\aSd b@glfléH(fbde£9W|tﬂ 1. soEfﬂlﬁFhfmﬂSx@@' Vf‘ﬁ@h itN®&s purified
renmoved i n vacuo. of the materi a

JBORETSR AR FELE ek 2 (i aienplouss bY B gretonitie in water.

Wa'i&%l@dﬁhéﬂ%ﬂ%\}éd tRRSIgH BorEeniBid iR Vaefo 8R! 142 Rl @53%) of product

mrﬁ)c}qdé Br onp- 3-i sopropoxy- propenal and the m xture
Was ceks d at 230C for 2 hrs. Then the sol vent was

renovmi:,a-ggowom chl orof orm was added al ong vvith
10m trieth The m xture was refluxed for

hrs afid\NM Bhéﬁ 4@0(61 @'d) {3 #3d8), ﬁﬁgsrﬂé)c?ﬂ@(ﬁ b %41r(é52H) 2.88

pALH),t, sms%get\e*?@nsﬁ?m J36M(pfy 2x150 pot assium

car bonat e he organic Iayer was dried over
magnesi um 30 sulfate After filtration and

concentration 2.1 gram ofEXNP lrﬁ@)%luct was obt ai ned.

H Nif@pafation -76&(d-&ath|31 ﬂza-

PCT/ USZOO6/ 020891 Sep 2 . Bgﬁpar ation of
’ 0(02§:oq'myl76 ?’d%ydr t&l-al-% cﬁsg c]pyr n%aSZ %r%oxyhgl gczzlgplephylz ester
§48®B1§1§2hmr1§))wdb dissalvelt in 28nb aeatonitliSard MbaABLiurA-ROMIdE etherate

@5159? &“‘%“? W%?, H125.3ddep Hngar NP ptrposphese, o The mixture was sied at

Byole far. bl gramhous m@eBrbmma‘&oxb—&&lﬁib-\neﬂza-tﬂcﬁﬁb[B 2.0]hept-2-ene-2-

PABRAe deld Ene e S o ieicn 2B Tk wph e nfected

Fhet ance and theamixture masdnnahecﬁﬁel&} dooledhtal f20aC. fTDMthylamlne (1mi)
glgrggt%ﬁ; g@ggalné thg %"‘tygbf)é? (31%22 I}neo[ﬁ%cetlc anhydride
M@|))wamlnﬁytnﬁ mHEtlvmmlxthenwas stirred at 0oC for 48 hrs. The reaction
media was then diluted with 200ml ethyl acetate and washed sequentially with 50 ml
5% citric acid, 50 ml saturated sodium bicarbonate, and 50ml brine.  The organic
layer was then dried over sodium sulfate. Filter, concentrate, and flash column
chromatograph using 20% ethyl acetate in hexane gave 690mg (50%, yield) product.
A fraction of this product (456mg, 0.69mmol) was then dissolved in 15ml THF and
15ml aqueous phosphate buffer (pH=6.5). The mixture was then subjected to 40psi
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injected all at once and the m xture was inmedi ately
cooled to -200C. Triethylamne (4m) was then
WO njoeaswses and the mixture stirred at -200C f orpP@I/isx06/020891
Then acetic 10 anhydride (1 m) was injected and the
m xture was stirred at GC for 20 hrs. The reaction
medi a was then diluted with 500m et hyI acet ate and
sat_ ur at ed

00m,, 5%
W5indih Biravte bim tta B Sarsim {dshysaledlive onraroaR g ien 1 was fiterec

theoywegh avpad bhedlitsl and dormeptraadh vatsaHof r@hﬁ)ve frhdst @f the THF The
entr at

conc flash colum chr aph usi ng 20%
SO o8 en, 3o0leq, 8 FeS BeviEecabtrgapeide PH-PMEN J54 odium
hydoobtidd. VRNt it evasdpaifiedved reterdd BhasélEHRING udHHL2 liter of water

0 osphat.e, buf f er H=6.5 The m
PR Ry YR aEAS et yistor,, WA then Jompveq thiousheneptrate
ih cpabhd ds Hig (6%) efpladict waredbllibétewas filtered through

a padM?f id&é_'e and concentrated in vacuo to renove
nost F. The solution was then cooled to zero

degr el-NVIR: bass {3, eH); ©. zatt581wy tdet (&Y Hodieumd)vie)oxadgs, 2H),

TPE Lttt ol (5 2eb ABEREAE 1120 oSt 21 M

g eM+wM)s t hen renoved through concentrate in vacuo
and 131 ny (31 % of product was coI I ected. MP. >250

CHNW 5 7.78 (s, E%(%E(?gz 6.94 (s, 1
H)y, 6.36 (S, 1 H) 3. 92( 5 2. 80 (m 2H), 1.78
Pridparation1afi i-OReH6 Azepi

al pyrazi n- 2- vlnethylene) 7- 0x0-4-thi a- I-azablcyclol3 2
A hept 2 ene 2 carboxylic acid, sodiumsalt 30 Step

QTEP 1: PREPARATION OF 6.7,8.9

enzvl - o,
DEHYBEet hy| ester -75 WD 2006/ 130588

PCT/ Uﬁﬂ@ rél2&89 6. 45 gﬂn( %Wmﬁhﬁp@gﬁ# rngff’qdlﬁnl GH.Cl> and

wer e added successively- to
ragthyl |od|de (16ml, 5eq) was next added. The mixture was stirred under nitrogen

f5r 687hr8 tTeh ahyes %Hie@aﬁrﬂ{ JrOé’mﬁrb %%%Q%rt?or}%?é gbqf%/ ! éqc )- The

%yhry ester hydr ochl ori de
qrgﬁ'ﬂ‘ér B dvasndhest qriedd ovel magnesiveersuifateni t Aftge rfiltration and

@noestption . 3 ataﬁnoﬂ‘iﬂ%a@l\lvés%t%nea HE rﬂé&@@ﬂ vta% di %E%lved 300m

ture and stirred for

%ﬁ%"‘%‘ ar't?@r r?ﬁ‘r‘?:ft?@'l"f"%"'\d@&h&"deéﬂlast a_dd@ﬁd Thelroixisie was hefluxed
fQH2 Gir2 Thed tmsﬂe&tm@%&%@&&%e l-galtfofﬁgg grtaté‘na'r H4E added
con 'eﬁ{"PH?'ea"ﬁ%P {gﬂﬂ‘ﬁ%‘léob)g:ag’gg'ef‘eo“ Thabgrami (RRmmely sodium
methoxide and 4.8gram (25mmol) 2- -Bromo-3-isopropoxy-propenal and the mixture
was stirred at 230C for 2 hrs. Then the solvent was removed and 200ml chloroform
was added along with 10ml triethyl amine. The mixture was refluxed for 2 hrs and
then cooled to 230C. The reaction media was partitioned between 300ml DCM and
2x150 potassium carbonate (50%). The organic layer was dried over magnesium
sulfate. After filtration and concentration 2.1gram of oil product was obtained.
H-NMR: 9.62 (s, 1H), 7.60 (s, 1H), 6.61 (s, 1H), 6.45(s, 1H), 4.58 (s, 2H), -

2.96 (2m, H), 1.90(m, 2H), 1.72 (m, 2H); MS: 164.9(M+H)
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applied to silica gel colum chromat ography, then the
colum was eluted with CHCI3 - acetone (1/0 - 9/1)

W6 THEBB - MeOH (19/1 - 9/1). The titled conpoUms2006620891

10 obtained as pale yellow crystals (4.16 g, 36%. 1H
NMR(CDCI 3) 81.36(t, 3H, J = 7.1 Hz), 2.87(t, 2H, J =
5.2 Hz), 3.71(s, 2H), 3.75(s, 2H), 4.01(m 2H),

2H, J = 7.1 Hz 7.25-7.34(m_5H), 7.51(s, 1
_tlon of 7-0Ox0-6-(6.7.8 9-tetrah

ro-5H-imidazo[1,2-alazepin-2-

il )
0, 5513 TerghyArg by carabioaralegopne-2papbatietums  ( S(irparam,
SEmb) %SOfdlsgolb&!ﬂZM' 8(5m§ a?:et?hftﬁ'%ér Iahar dﬁ@gﬁesﬂﬁﬁ Oiar%nl?de etherate

@n%aﬂ ne- car oxy i c aci ester n)‘g
ag ﬁm%‘@?ﬁ therpsigne uader N2 amosph&rﬂa ‘sim Mixigrerwas stirred

at 238C fohendli BhURSUrASBI@HRIEBRSL4WhikLY &;M H&'/clé[é 2f6}aept-2 -ene-2-
The 20 reactjon m xture was filtered through of

erbpydic a¢ig 4"P'FrPTb§(‘éy'vﬁ§ervvé1smrﬁmt I?’m"ﬁ@))/o'ﬂ(}_ﬁ@(% -El'éf was then
ﬁlﬁ&téd@ll ADBHRLBEhd R B xt%%&ﬁﬁﬁ%aﬁglb%&@d t288ek. Fhdhylamine

ani ¢ | ayer was

?‘er?é‘faédthe‘TH ePtieFtaFQt Be\mixiye sEERd raét‘é’éPO??nf@ér‘1 hrse dTiqsyacetic

BRIBRIHILE g1 mT)h@ag ﬁﬁédﬂétﬁaﬁ‘@?eh@ﬁﬂhu@dwbg sﬁiréd %@ oa@' foP QbLHi@ The
en the colum was el uted

c hr gmat o q CHCI 3
& BiRdle s then i i sBfen gt e 5pd agopd wih FRam 5%
bltrtd &¢ld C 00p el sdtungted Gblainh Bi@an@‘énﬁl@' @hH el$)$)rrﬂ> 'bYﬁé aI 91' he organic

m% 610/3 1H NVR ?
Ey rwa! 7t5| rfgb oveg spég.:gn sgl}[ﬁte lz_ll t%(qoncgpratg and5ﬂgsh column
blzr))ma’t’ogftSph uEm@SE(DI% étH)'I adeta@( B, héxdie g Qves@bﬂmglpr'dhuct This

?éofdg% &%Sﬁ %%9?‘? %BV'? e'Iz*ﬁ! yag $§ nzélqy?cpusepmmtq buffer

(- B)- t'ﬁnanﬂxt@@o \Ar/]as then subjected to 40pSI hydrogen for 1 hr with 0.5gram
ept - n

ié‘%bk)gﬁ/ ‘%J nzy? eOP (di tEr\g%s ;oady l;rlggug a pad of celite and
ZorBentrgledsn @aauoetot retrioad yraiso nfnhéamff 1TRe abRYibm#kas thetr Goil)led to

%@%#ﬁ%@ Sn? %%Ig ﬁ%crg plﬁ%%vlgﬁ g ﬁga ?W%lede 33\3 vrvas purified
vigoererse $0aseEPLOS2MMS 2 0RGaT Wwatemfolloweke by %) at&togigie in water.
?\'d@s\ﬁ’% h€n ?éTé%%Fo%gR %B%eunrtr%te l-ghveacgcr) gnJ H13z'1 39 @t }’/o? of product

sycellqsateﬂm 7- 0X0- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene
- 2- caffpoxybphte acid 4-nitro-benzyl ester (223 ng) was
added to the mxture cooled to -20 C, and Et3N (0.24
m)  whisNBIRISd7 . 781(3;r1dal)p7302 (®nMH)T694r(eath), @B6VE@S $H), 36Em, 2H),

SO S LR [ At PR el by whiSed SRR 1
EXAMPLE 20

Preparation of (5R),(6g)-6-(7-Benzyl-5,6,7,8-tetrahydroimidazo| 1,2~
alpyrazin-2-yimethylene)-7-0x0-4-thia-1 -azabicyclo[3.2. 0|hept-2-ene-2-

carboxylic acid, sodium salt
7-Benzyl-5.6,7,8-tetrahydroimidazo[1.2-a

Step 1:
acid ethyl ester

razine-2-carboxylic
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acetic anhydride (0.11 nl-) and DMAP (7 ng) in one
portion. The reaction mxture was warned to 0 C and

wariocnadss or 15 h at 0 C. The m xture was di | uperUSED$1020891

ethyl acetate and washed with 5%citric acid aqueous

sol ution, saturated sodi um hydrogen carbonate, water

and brine. The organic |ayer was dried (MgSO4) and
iltrate was concentrated under

filtered. 0
duced. pr ELSLTB2! Mo PhEHEE. STl e eeded Sicpessively o the
gedH qet uill) snitRABFCE6, ABEiralyardimid28o@ 3i-4 r%%-zebéfb&gmc acid

/1 "1/1). The'titled
Rl eslor itpenionie o 47 & b ren fdraperpiors @oﬂ%@"gg Rorod & under 3
amgé\h@uﬁosmered ﬂi’a’h NmH@:N 97 g?mﬂﬂd@@@t&)théﬂea%%rﬁ mixture

gnégt?r?d fga:‘lg Tl)p gu)qh&r? wag fli;tqr@g thrgpgh g@ag Hf Cehtlébﬁgl(j iiluted with

ZH).CI, 2nd tadhed lVlIlth~]5G“/§ 1(|§C€|3 a )The%lgilzﬁi@ Ia&r%s(dﬁedJ(Kacog) and
X

l}lf’efed 6. )%? Bias war ﬁ?nce@t@%ésundsr gsdugpd pseswtﬁ( s, St issile was
bbplleﬂ 1d SHECS geDccﬂQm"m Hhron?at&}ﬂr tl{én&lié cb%mn7w25 eluted with CHCl,

TR0 TR M IO T,
gbtaimeé aﬁ(pgﬂ@ yellow) criistdls gﬁe?lg \/36*’,5) 6 ;
-tetra al pyrazi n-
yI met hyI anﬁ %%‘8@1} pil 264 y§’z"ab’| Tyel &#8. 2.87(t 2H, J = 5.2 Hz),
% d |
2[@? (U S R LS A R
]pyra2|n 2-yl) 25

met hYS1 - br on®- 7- oX@=Heriz\)i-86 ' i FaZine-2-
- ene: 2-carboxylic acl - yres
a ved in THE (55 nl) and acetonltrlle(25 m.) .

Freshly act joqatesblutionBIDIBAD- uQ&:Ilgéné/\@!Sm@d-d@Cb Frﬂm- @léme) was

Pldeh 2o A GIRIELE iy pBlion, B - eopi-4.67 difratshomidazol, 2

BjpgtaizinehearBBxylicakid &yl Ester U2B3YAS) AP BoMRbenSitios e at —
The Teaction m xture

767¢ 2nf b 30 1 5P dhechiieks woe qushehed with ML IGE mO), The

rezsti@d mttie mdmtere@wb@grEa pad of b@ht@qU%H?fltPeﬁé/ WasW@a%hed with
er was cooled to 3

gueous
PR ot HI R A0 sUBYe es Sxtipotpd with SHaRbeoy Shovsambined
orgavieriayeartveas drigd (N}?C%gaﬁd 1ik16838 ?ﬁg/ﬂzﬂ%@?Q@s%%&i'trateddunder
vac a . ncentrate was
FRIF o, lBneSUtHE BNiES e e B i 8] calin (chimatography,
thepi the olunmm wak relutat agthaDHEl, -Afdetdinea or~bmg anl h:ﬁ-lCl3 - MeOH
gl@ rﬁ %Iﬁlregé%‘ng%g%ewaék%%meygs célorless crystal (148 mg, 61%).
H NMR(CDCI3) 52.90(t, 2H, J = 5.5 Hz), 3.74(s, 2H), 3.76(s, 2H),
4.06(t, 2H, J = 5.5 Hz), 7.28 ~ 7.35(m, 5H), 7.53(s, 1H), 9.80(s, 1H).

Step 3: (SR, 6RS)-6-|(RS)-Acetoxy(7-benzyl-5,6,7,8-

tetrahydroimidazo[1.2-a -6-bromo-7-0x0-4-thia-1-

azabicyclo[3.2.0lhept-2-ene-2
mixture)

-carboxylic acid 4-nitrobenzyl ester (diastereo

7-Benzyl-5,6,7,8-tetrahydroimidazo[ 1 ,2-alpyrazine-2-carbaldehyde
(139 mg) was added to the dry acetonitrile (8.7 mL) solution of anhydrous MgBr, (325
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concentrated under high vacuumat 35 C and | yophilized
to give the title conpound 5 as a yell ow anorphous

W@ 006305800 ng, 49% pH 7.7). M 180 C (dec); ' PCT/US2006/020891

NVR(D20) 6 2.84 - 2.95(m 2H), 3.61(d, 2H, J = 7.2
Hz), 3.67(s, 2H), 3.96(t, 2H, J = 5.7 Hz), 6.43(s,
1H) 6.89(s, 1H), 6.93(s, 1H), 7.28 -7.37(m 6H).
Exanpl e 21 10 Preparation of
(9RUBZET-a7DigREeD athosphele aldioamatentpatatyrel ) The 5ins THAF solution (8.7

?]r Q\hy(@ROt BSRBYrémé:- ﬁ&)@ﬂ-’trﬁé = a%aUE))élcfzfthrMh@ﬁ%}-erYeo% Rafboxylic

- azabi cycl or 3. 2. ene- Z-car box

s érmf@? 832! esler 6223 o) wa§ Wﬁedjtmths oiduse, mno)emtos—zo °C, and
Bt.X-(bok rnﬁl.h‘&/@éﬁd’&e%ﬂﬁ'ohg pértioh1 PYid RhbBonlest8l Was tdvet&Pwith foil

BroRATERt 6 The apagfian SpikiuEnpS stires o6 B §t30 Giamk treated with
édetl@fanﬁYdrﬁez(OWWﬂnl)s aAd %F( @pm@ )n) onegpdSHiSﬁ" YThe RlaRfidrfiixture

drochl ori de
NZNWarm%%]%?r%p%a@fi rﬂ'rfsaqf% 5('19t HfC. emwurwsaﬂu@é with ethyl

é@ﬂéﬂa an@WRehad Witk 5% Bifrid &ﬂﬁéd&%u@séﬂhﬁ’drﬁ shRFatdl 'sbﬁlﬁﬁll hydrogen
hrs and qruenched with water. The reactio

ﬁ?fﬁ?n ® Waler a3d bring: ed hiorgrnicHayar avas dried (MeSy) agd filered. The
frate wit @hcaneatdd uddéc@daoer pré welr g bMEeeY waEtafolﬁﬁ’e?i to silica

filtered and concentrated. product was
09) Qi3 TP RIPOE AT EEB DBy e Qe - e - ACOE (3/1
et1mol TnetitéeE compbend elaPBbtamediasIRbi dlastfied! Hixtu3O98drBo, purple
9% . MrH
REF’PPB%% 'ﬁiyZ%aSmga@i{“}I oxy)r5(pyridin-3-vinethvl)-4 5

1Hh NMR(CSDClg) 1. gg(s 0. sst) 223(s 0. 2x3H)b283 - 2.89(m,

%ﬁﬂs%}gﬁ ) 006 TS, SREr b, b Y 4)13(m 2H), 5.27(d, 1H, J = 13.6

az)aksmxalmarzﬁm ﬂ=h¢3)6 Hz) eaas , PEHAPKV 311 & 119 69 (§ 0.2x1H),
gé ﬁ" '7- tetrahydrot hi éno

é?é{? @?%@( 5‘%1@5 Xt n§r399 SaMRrIFR & (O3(HE0.2X1H), 7.01(s,

8.8k 1H), GrR7(2(7.38(0n, FH)( BR2(s, 0.2x1H), 7.46(s, 0.8x1H), 7.61(d, 2H, J = 8.6

ﬁ?s}) 9?!2%{ %WZJJO]E%&Z?; gln: % 2§?boxyl ic acid
BéA 2,8% i

razin-2-

Matm)sphere at roomterrperature After

IR i St TR R —
alpwiagine2-yl) ght . The reacti on mxture was stirred for 2

L ey B0l SR i aBEst AU SRe S ace
%WPQMBSS PCT/ US2006/ 020891 warnmed to 0 C and

sti ”@éi‘erf ?fZ';‘Sg)hwgg sSovelNf THE! t55° m\ﬁsandd acetonltmt(BS mL).
FresIXIy activated Zn dust (5.08 g) was added rapidly with 0.5 M phosphate buffer (pH
6.5, 80 mL). The reaction vessel was covered with foil to exclude light. The
reaction mixture was vigorously stirred for 2 h at room temperature. The reaction
mixture was filtered through a pad of Celite. The filtrate was washed with ethyl
acetate and the aqueous layer was separated. The aqueous layer was cooled to 3
°C and 1 M NaOH was added to adjust pH to 8.0. The mixture was concentrated
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acetate and washed with 5%citric acid aqueous
sol ution, saturated sodi um hydrogen carbonate, and

wheiosa3os¥he organic |ayer was dried (MgSO4) anpCT/US2006/020891

filtered through a pad of Celite. The pad was washed
with ethyl acetate. The filtrate was concentrated 5
under reduced pressure. The residue was applied to
silica gel colum chronatography, then the col um was

sndersngvagyuit 3435 LeetThiecsonpenttatewag applied toddigies 21 (79 mL,

MiRGbiLRINRadR ' Co. C%Qefgsfrﬁt:&qnﬁng?rbméﬁﬁm pr ageu %@scﬂfﬂﬂg, the
the m xture of diastereo isoners ken to next

SPUBTM W85 Gy Mith ek pBERIDBI T T vi e corpbinesiactians were

%n&hﬁa@%@r@@ﬂh@ﬁ%c&&n% %B @ and ophlllzed to give the title compound
5R, 627)-6-ff5-(pyridi _}/ 7-tetrahydrot
s @yeflaw amorphous solid (390 mg, 49%,

cl pyri di n- R/t e (v epelmRe ) 4 bl bfsu& 298GR BleA(d 2H, J =

2.0lhept - 2-ene-2- carboxvlic

7 Hg), [3(%7&%@111)@%6[(5 2pyh T §.7 Hak @%a(s n‘é'd)h@%g(& 1H, 663(s, 1H),

7-deel7 SRy @Hy.oth ieno[ 3, 2-

c]pyrldln 2-yl) et hyl ] - 6-brono- 7- 0xo- 4-t hi a- 1- azabi cyc

| o[ 3. 2. 0] hept - 2- ene- 2- 15 caxample2de ( 686 ny, 1.0

mol ) vWaepdrftfon : fheiai)L4 56l

(10 nm.). Fres ac 7 o Was_ adde

r api dl yE drothienolb3,2-clpyrid: 211e 157 0X0-4-thiatly

The reacti on aBRS{LIBD. gt]ﬁé(ﬁfﬁé*r\é’mlc‘érﬁcﬁtillctéél&)(c' ude

l'ight. eThe reac | O 1M XT UT & Vas \él gOr ous y S |rred_

for 2% 2 22 ¥ ~tetrak MEE

fg]'égrm'm@l cool ed to 3 C and O 1 M NaOH vvas added to

adjus gqr The filtrate_was wash

et hyl c@t ’@daﬁa'”f'% %fqu%éﬁ?ﬁ“ﬁb?@rd'wﬁoth?@ﬁ@r?ﬁﬂe‘i{‘”") pyridine

Thes ag Bed usndlpyeDMFRS 20 GhY € Bidictly? @hlenEe hyBicghioyias Yoeb2 g, 5.2
?oayi

gﬁlp%?l%rbg‘ m,%%fp e Vil/,l%}lem itate. The product was

Bf sl pﬁ'gseexfpgﬁwas added at room

démperatuoy r A yeadtivh trhigiuke/ wab %tn%d ﬂﬁn?4VIﬁ§ Al lt%l.%ﬂcﬁﬁéd With water.

o] Wa r with 10%
% ,Jagagﬁ Pé%&‘ﬁ’%%?x&%%f?ilvﬂ i ?rﬂ M Y@gbed \X)@r"ew'th water and
cloed Weewfwdmu@sMgsmqent wat dilferdtl dridetrRENPALEES UTHR ﬁbduct was

[ |
a)c ! on an |:e{ eqrg&w @O@Pgﬂg\l\@(‘ﬁv' hﬂ?%tatﬁs Pale yellow
gemi- mudcrwdamo mgp59%1mm ( MeH) 412 1H NVR
3..6

stra ol[3.2+6]pyr ethy -bi’oriio xd-4 .la-'B- 48
. = g\rrpl e 22 -79 WO

*Preparation of

erermy) gsﬂpmn@-wmsﬂwpww amtetsanyunnmnbnw][d 2-clpyhidifie {516 mg, 2.0
mmol) and the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (772 mg, 2.0 mmol)
were added successively to the dry acetonitrile (15 mL) solution of anhydrous MgBr.:
O(Et); (390 mg, 1.5 mmol)under an argon atmosphere at room temperature. After
cooling to —20 °C, Et:N (2.0 mL) was added in one portion. The reaction vessel was
covered with foil to exclude light. The reaction mixture was stirred for 2 h at —20 °C
and treated with acetic anhydride (1.04 mL) in one portion. The reaction mixture was
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t et rahydr ot hi enof 3. 2-cl pvri di n-2-vl) | et hyl ene} - 7o0xo0- 4

WO eivba3dsazabi cycl of 3. 2. A hept - 2- ene- 2- car boxyPCTUSIINE020891

Step 1: 2-Fornyl

f5-(pvridin-3-yicarbonyl)-4,5.6, 7-tetrahydrot hi enol f 3,

2- 5 clpyridine: To a stirred solution of

2-(fornyl)-6, 7-di hydrot hi eno[ 3, 2-c] -5(4H) - pyri di ne
weuaedrip Osf’Q)andrﬁmred fiorDA- h(@0 AC) Thenmibdtrenwgs diluted with ethyl
ﬁlg\%\?t%lé#ﬁ v&’ééﬂé%hh%f, Bffrid 5_’03%1%% mu§ sOutici biurdRd sgdium hydrogen

I sopropyl et hyl am ne excess) was a
ﬁarbﬁmateeMbmmr dhe m@amfeéayet was oigd lﬁMeS@a)saed filtered through a

E?cf oPlellte STROHaWEE at(lon-ll;Q ?Hfag@ﬁfaF @Bncentrated
xture was extracte orm was wel |
Whdei iedused apeessdis: ed Td\@erre%ldwwowamsamls@alto | siliggasgel column

Emlo@% (@%;ﬁpd RN GRE doRinGdl- w%hs%;&! wﬁtems acePter' fHe&dne (1:1).

um chr omat ogr ap el ut
@pﬂgﬂt%cttr@@tms WelEcCapsENtBated s:eder sa@uceﬁ pmsgu@- am)@hﬁg mixture of

Z%s/t’eréﬂ* IEBI%Z% wéteetlk& to next s%eg ( Pale yellow am?r&f; s solfcg Yi 4eld 700

Ni t robenz (acet yl oxy) pvridin-3-y ony
5196517% Mg H 85 and 687.
tetr ab @t hi Fle-@- ﬁné/tjh 24 58 PetrafiyQf hRno[3,2-

AXQ 2Tl 7 N EKOhS.LK .0Jhept-2-ene-2-

m r¢d¢.a 3y|car bonyl) 4 5,6, 7- tetrahydroth| eno] [ 3,
T]_VTdTn—e mmol ) and the dr

sol Utp Mtrfebgy\zyr@)[(qgg%ﬂw [5(pynd|n- )-ylmethyl) 4,5,6, tetrahydrothleno[3 2-
6]§3mcﬁnJ2[W)'i’ﬂé‘t ﬁ]%‘-ﬁro‘}né I7‘103)«:134-’115\éa’r-azablcyclo[S I2 .Qlhept-2-ene-2-

cIo e ene- 2- car boxyl i
BRBOHE 6851, DO rramop wes digoives gn i (2001 \nchaesterdie (10

mll.(;Cﬂ?rémlye'ah&tl\Ia@ed e dlisy sQeg)OWéé Bub&d Ga’lp'idlmv)ntrﬁ @|5UM Bﬁbsphate
a 2 (619 f) under
RS PUe Bezs MY fﬁherrgé e YasaR e Govened Bith THbE SYeue light
The -rafction ﬂﬁtx:ﬁNe(ﬁaQ Vidoro¥hs stdstedori P 1P BeM téﬁ?ergtﬂﬁe The
reacti on vesse ered with foil to excl
et S iR, TR0 ORI B Shaks 06 01 34 NG Weh ageed smpadjust
BH targi5.t ritet fitatei wds AaskhddCwam BYHIT bg%a{elar%tﬂéttéq%ébug r!@yer was
Was 0

The reaction mxture
S8l TP SalSAR e v R SR cl B Rt SO (o give
welloyl preaipiatat €T drodaegwds Wuhﬁfhada% FPRN iresinGrederad Lpﬂas@ column
gﬂjo o%?%@g: g t%ﬁl@%%%g ol %Jq (vp’é an%tqgwa%? 2 lits) and
fgtuet wrtle dOTﬁmNNgWater ﬁﬁd fl;afc’fldﬁfsl doht&nﬁ@&eﬂﬁddﬂ@&éﬁ@&ﬂ%@ted and
a e filtrate was concentrate .
dJé r ﬁ.%lg uctep%tur%égg TPESUre Rl PR, We\/\ﬂgreapgﬁtheeéfe'?"d" solid was
%Sheﬁawgﬂeacetommand ﬁmereur @riet Oviekip BY md, ems; tdseyelow Wistals; mp.
et hyl acetate: hexane (1: 1)

wfl‘lg%dﬁégqf M%\&{bl ons were concentrated under reduced

pr essh 8MR OMBE- da)&ULH& (raf 2HY Qﬁﬁ?t(BfrﬁQHl) S:Dmi‘frﬁ 2mr$86 (s, 2H),

w@dmg@m{g%@o £ pp¥) %f@"( Nﬂﬁ{?’ ou(c‘msﬂ-n 7.7 (m, 1H), 8.48

(d,1H), 8.54 (s, 1H).
Example 22
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-80 WO 2006/ 130588 PCT/ US2006/ 020891 Step-3: (5R 62)6
t(5 (Pyridin 3 ylcarbonyl)-4,5

wW®2006t180588Nvdr ot hi enor3.2- ¢ ridin-2- 1 neth |BPCEUS2006/020891
-70x0-4-thia-1-azabic clo 3.2.0 he t-2-ene-2
carboxylic acid sodiumsalt:
4- Ni trobenzy-6-[ (acetyl oxy) [ 5(pyridi n-3-yl carbonyl ) -4,
5, 6, 7 5

0X0- 4- ’ééﬁ ;
( 800 rrg,” 17"
acetonitril L= )

g) W@e deed-Fdr j eb&eﬁuﬁ dotHiBhb][3,2-

Elmlﬂi'.ﬂ.& exclude |ight. The reaction mxture was
Vi 0ol Yurkl bl i 22okflinb, T AR RIBRBLZRE S TBicine

reaction mxture was filtered, cool

(676 RgOR sl da EMT 628 aplhis icplinaybchionide hysoghiqride{Fal mg, 3.0
a8t Wasden, I\Wdﬁ ﬁidybélthy?é‘rﬁwhét €104, &mséﬂtwwsa\d@nerat room

was separ at ed he aqueous | ayer was concentr at

teRaYRtUe-gH hev 8R<HgM "éﬁ‘tu% was tsﬁrr@‘i‘ R 3 cﬂﬂdrfil@@%‘?q Witla water.
TFBlereﬁbﬁtﬁﬁ ﬁﬁxtMt?SWQQ re?]dré&léd b;%rithHFifiém{cﬁﬁ# mvalsh@a ewsmewm:ﬂ Q\ti&%r and
col.umm chropat ography. Initja e colunm was el ute

cfjet Vs snlardspis, MgSt ot wes TtPtes) anghePncRTIFady; L RSkt was
pGAfed BRSID, coliifin fchaﬁﬁat@grspﬁ;oay siufihd @ withesthyiaestae! MRé gellow
coll eccgeﬂ @ng conc } @l&ﬁ reduced pressure at room
s?@‘rﬁ%‘l‘ pid: 60 %% rd was washed with acetone
and fsg tbfgerad Dd-iNittob /- ﬂ(aﬁ&y!@y)li@@dﬁﬁ-&gﬂ&rbﬁm )-4,5,6,7-
cggg f—r ﬁ! E&; g&%S C” (MS.'E g%& _zarg e_? _g_ .

t -4 5
aﬁaBQt_:@ Oldptieaes-S.carb@diiatei di n 2

yl

2E R VAR TR LB bA R Fetrahypmihionells 2ielpyridi ogo0 ma
114 nZndfpamd/ therdsy (I‘blﬁesmyltlan €20 L) 4f BRE 68) -6- bromo 7-oxo-4-thla-1-aza-
b?cgf:%ig 9%%;09 5% 8&9 goxyllc aClrdI 9 nr{ro-benzyl ester %‘HZr mg, 2.0 mmol)
whré¢ faddeq b)ico@ssivaly toyite airhn a&to{u&de?ﬁ@]m!:’;xsdﬂ)tnomdf lafthydtous MgBr,:
d(%t)gg(?g% rr(o% Q;Zg'ﬂwol @dé’?@mﬁ’or{” ﬁegndspﬁe ngt roace{e%perature After
cRobeaio -<8hit @dNetZt@/mLhme adied il onecpartiors ) Tmaaaddegllesbl was

t T °

SOBYSAPRNTS Yol B AT B ol B 2520
apd traated ma@etlcmbw ilev(it 104 rob) ioroné @Drtpnvva’shbedamtbhlmlxture was

Wérﬁ\@d"@t@ﬁ’caé}@ SirieRdroP 8" g %%Qa"?f‘ (ﬁl %ﬁ cMJte\ééang, ethyl

filtered and concentrate
asetate and washedhvighdlomifria phid aqyeetllsusqlut@m satuiatéd sodium hydrogen

'c%FHBHaPéE &t stine WP orgBhictayef idddarie gs0,) and filtered through a
pad of Celite. The pad was washed with ethy! acetate. The filtrate was concentrated
under reduced pressure. The residue was applied to silica gel column
chromatography, then the column was eluted with ethyl acetate: hexane (1:1).
Collected fractions were concentrated under reduced pressure and the mixture of

diastereo isomers were taken to next step. Pale yellow amorphous solid; Yield: 300
mg, 30%; M.pt. 71°C; M+H 701.

-80-



10

15

20

25

30

ng , 89% M+H 286. -81 WO 2006/ 130588
PCT/ US2006/ 020891 Step 2:

Wal20Mot1318eNZV- 6- | F(acet yl oxy) 15( phenyl acet vl ) - BCBUS2086/020891
t et rahydroth

i enor 3. 2-cl pvri di n-2-vl ) met hyl | - 6- br ono- 7- oxo- 4-t hi a- |
azabi cycl of 3. 2. 01 hept - ene- 2- car boxyl ate: 2- For nyl

[ 5- (phenyl acetyl) 4, 6 7- t3etrahydroth| eno 3,2

=z OXY
carbbk{lioakid (390 rrg, 1.0 mol ) were added

SUCC | V%'J y%@%@l&@{%@ lgd hgrg'ﬁlédrﬂ)&hy()WS Bl7) solution

temg Ommmmsném -2ymnatod Feapey é’xoﬁfz"ihgarn? I lgg:jle:]gan
a@g)é‘é'f"fg’éﬁz\?&%g?%e% ﬁ%b ng e (agbbegh N, PN enriel) Waendissbihved in

ed W|th foil to e
THFQ@O mijrand ammtariitgte (100ldr Fraghly aetvatediZn s dfiWas gded

r%QI? Q/gwt B%ﬁfﬂhx\é&%gteaw&ér %)@l”@)ﬁd rzsd%? rlre 'glfét géagllgl Ivessed was

csﬁered adthffoit taléxdudatlight. Themeactianmixture Nas H99TaHsly st SW‘?d%fm 2h
teorﬁﬁ g{r&‘ Fhd So@ﬁ%nwuwwégfomeﬁew gosisd tb adGeans 0.1 M

urate

b
N:a()hhwas Biidetaaive pHip o e PGB Wty Betate and
lgﬁ@%o%g l%*gr%%%e%aﬂaﬁed)aﬁhé’ﬁ &@ithtIder'lJ'v‘!ﬁ ¢omdenieated under high

acetate. The
vaouga @t Bat'Edo g!\rﬁjtﬁ*k)Wétﬂ%@F?t%r EQ% QF%’%C%‘Y@S nggfleéiuty HP21 resin

r@@eﬁké &shdse ﬁ{)lhhﬁﬁac% a@d&réﬁﬁy ClRTtiaNptthe T egivyin whorelutd with

um was eluted with eth te: a
ceiiasshwalor (2458) Sdelas i e CAN: QY88 oo Bl byyaining the

@5@@& Wefe 2B aRd ¥bntentrated edlre@lo%ﬂqmesmt mome fagnperature.
n to next ste

'meeyqﬂlowangd\A@@wﬁj;Regggﬁg talwlg'%\évd ?E&%&B g)'i"lees Ie|d0|50 mg, 12%; as
,%% %’ia;gp,hsmdsa@ewm y4265 6 7 tetrahydrothienor3 2
pvri

vI)Inetthene}- 0X0 4 i a- | -azabi cycl oF3
2 Ol hept 2 ene 2 carboxyl i é—ﬁ@%@——g

4P hfamwsﬁf @b A6y (phhyiacetyl)ot:8 6y1-tetrahydrothienof3.2-

C] p 3 o din Pl vl Su) A Fhis: -25b|c clof3.2.Glhept-2-ene-2-

- azabi cycl 0[3 2. O] hept 2a mneacm'boxyl ate ( 300 rrg,
di [

1b_g%i%xat ed at 40 psi pressure |n t he presence of
%o P/ C (80 r 2.hr | 08 5(4H)-ovridine
m xtur'@ fa §t'rf?rEP158(”g%n G %&fﬁ%y'i)gg ﬁ@?’mthféﬂs@ ?5‘] (4H)-pyridi
@a¢ mﬂ r2emneredl) if |1DMFS e pama) ephenyl deaty! scbloride (&35 dﬁ\%?@? gapl) and
te I r

t WBoRtempBRiture. The
oy ir PR it L. 5880 ek, poled gt tERtomb |
reaction mixture was st|rred for 24 hrs and quenched with water. The reaction
mixture was extracted with chloroform; washed well with water and dried over
anhydrous MgSO,. It was filtered and concentrated. The product was purified by

SiO, column chromatography by eluting it with ethylacetate. White solid. Yield: 510
mg , 89%; M+H 286.
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separated yellow solid was triturated with diethyl

ether and filtered. The yellow solid was washed wel |
Wwowdk/1siseg hyl ether and it was found to be 95%@UDE2006/020891
conmpound. Yield: 160 ng, 91 % Yellow solid; np.
166-169C, (MrH) 439. -82 WD 2006/ 130588

PCT/ US2006/ 020891 Exanpl e 24 Preparati on of

, 6-pyrazol o[ 5, 1- cI[l 41
rzmoanymqsxphezqrahetqusde-tmréwdmtﬁ@ﬁé]tamz: dinéi 4340 mg, 1.2

fﬂ?n gr&qB @ﬁ 8{}/6 FI? g3|ut}"c',%s(23d E) o) ?5!% hgS) 6- brocr:lnoz-T-(o%-%l-thla 1-aza-
supydqsmhept%wmamoa{dﬁ éa@m&trébbhzw@s!@ @901fg, 1.0 mmol)

tion mxture was
?adé’%‘é%‘f’c‘?? %’eﬁfqa ')'% ﬁ’é{ ag?s??@'t?'@ﬁi)%f@s gPltion af anhydrayg MgBre:
Qﬁt)zl(mﬂ rag, 1. amm‘oﬁgmﬁr&tngérgon HirBosphieed a0 fodth ;tg;\?@ragjre After
ressure. e
U806 088 L0 R v B BB 186l esse vas
cxmeaemwruu Yoslt talexcludib dighti | THeare@ctithsmiane Wais!stitred foH IRt —20 °C

T DERE whh SRS Sl [COLBE RN prctcg SThe arln mixture wes
wemnmdq@do COysndiistired far t hexd QUPTlErTHeeREGE WAL ABHES vditﬁ ethyl

Qée\@s%]ﬁ ‘Jﬁﬁhkm'tfl %%?g%n%l cg%%ﬁo golg S’n %g Sr%tglqsspénym hydrogen

mrhqna(tg arm—pnnm Biie (d‘ganid—l,ayér was Qridd bﬂmmso@) @Ad fikered. through a

%QFE{S% 2 (R-ES' é frl%vg)s( ik ?g cgwﬁ‘{n %ilggl elf:e?t% The filtrate was concentrated
yn

8d opeessuney r adbkofésldue? Ovas apphed to S"r'1°a gel column

Zi ) 0-4-t
?gfniaaﬂ)#éﬁh? tl%rﬁ'tﬁfé cgmearﬁ;y\}aé (93@ mg? %Rgcggetate %exane (1:1).
o{ @ys were @oncentrated under reduced pressure and the mixture of

ﬁfﬁtzar?ﬁgé‘&?érggnr/ ezrgﬁ ;%ﬂ%%f{étg%qﬁ?re\?\geﬁlg\g %rppgust %chlgldﬂ? d: 360

Bt MtHI7d3( 112 m -) solution of anhydrous MyBr2

(contsteP9 (5. 48(539,62?@;&5 (ghéq%é ﬁi-:fgr !ﬁzfstgfﬁeﬁfgroghl%gop,2-
oon trrpera Ure

difce-vig gyiene}~{oxo-4-thia-trazabicyclo[3.2.0]hept-2-ene-2-
mbbkﬂﬂaﬂe 2. 0] hept - 2- ene- 2-carboxylic acid

4-ni t ester (cont. 96.5% (3.88 g) was added
tomt h‘LR'ﬁTe%%tzﬂ FusB-Iaseiyioay N pherylagetylrids, 6173tkitralyriTothica BEE)2-

Byrlth- 2y inety-6-BIAHRI b AR cngéffofggw-g%qg

covered with foil to exc

%éi%‘a&mﬁsﬁ?&mr Q-4 a0l wasdissotved IBTHF 450 nik() aBd &M phosphate
tiufflen{pH16 5| L8 nlEThiS waB hyaogeRated at 40 psi pressure, in the presence of

10% Pd/C (80 mg) for 2 hrs. at the end, reaction mixture was filtered through a pad
of celite and concentrated. The separated yellow solid was dissolved in ethyl acetate

and washed well with water. The organic layer was dried and concentrated. The
separated yellow solid was triturated with diethyl ether and filtered. The yellow solid
was washed well with diethyl ether and it was found to be 95% pure compound.
Yield: 160 mg, 91%; Yellow solid; mp. 166-169°C; (M+H) 439 .
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30 (cont. 97% (3.79 m-) and DVAP (cont. 99% (120
nmg) in one portion. The reaction m xture was war ned

w0 2000/18058d stirred for 16 h at 0 C. To the reRCT/U/V06/020891

m xture was added acetic anhydride (cont. 97% (0.95
m-) and DVAP (cont. 99% (120 ng) 1in one portion.
The m xture was diluted with ethyl acetate and washed
with 5%citric -83 WO 2006/130588 PCT/ US2006/ 020891
aci d aqueous sol ution, saturated sodi um hydrogen

carbonate and brine. The 44 | ayer was dried
(I\/gSO4) foll ovved by conc%‘g#ig{ér'%n under reduced

229 . o
0.8 - = :

)éhggaldhwe(d, 1H, J = 17 0 Hz), 4.65 - 4.78 (m 2H)

5.28 (d, 1 =

13.5 I(—|z), @.tkiﬂr‘]’E‘%Rer %‘5'% °9'$t~(6%§°)5(°r%i€)99 \Hé'%sad@?d to the

CHAClk 0O(18%, ®LPO S(Oﬁ.ltloﬂl I—be 8,78Jihydro2H-hywazolo[B, xc]p1, Attazine-2-

btk (58 8 & S ekt Do i oy S5 o v
gage térdperﬁttl,re and stied fdiz)§ h &t 2dbng demﬁédatuﬂe = Bhée rdaclion mixture

gfag @? eﬁgrgl% %@é ?@Fé%%?@?%’%é 14he residue was triturated with 10 mL of

&'&lFlarlﬁlflltﬁract iton oBtain owystald. enB)e filtrateowds tcbheentraterh bhdyr akduced
gge%sarem 'H’?eoltesi%us %s%ntu?a%d’ Rty t5'mCL 8TC+ IQF arsu9 F I'teurrerd c? A)ttJtaln crystals.
Rs) canbierb)crystals ongre( Briéd dirsieo-rédaces], prasstirenhly dgive 3Hé6 titled

w&é‘ﬁ? Qﬁéoli')ﬂess C’Yﬁt?'sr‘ref’ﬁ;?r ?90/6) brono- 7- oxo-4-this-1-a

Zab' cycl o 31 NN k@PCLPs 180 @ 2id.at HGxlyHE) 43I (@, 2H), 4.87 (t, 2H, J
1HEP%GHZ(¥| @SP%‘;(S& 3 g) was di ssol ved in THE (19
! %1 aceto

and Fr eshI y activat ed Zn

:1-

, “ | C '

Mmmmﬂﬂ_y_mred for 1.5 h at room

t t bl 6 | filtered of f

ot e, SRR SRy R gl Al e 2

aahbekileh%t@ (295 nd)) wasdadmh&d thve tdhy l%tcgwtmmge abegﬂ_ 7sl\c/>||ution of
S COOl e 0

ey B8 M, R0 SR el 165 SuideE | < e simesriats ot room

tenperatdref. or THe dryaTHF lselutiong11z mm; roat(swe €6 86l bastied-dx8 A-thia-1-

psbIGRiofE S oIHeRD bR a4 PlrobeTiy 5 (cont op &3 (3.88

g)awps added to. the mgixtuess Wobledtto KA Gy End/\:Et%NC(@@ﬂ\te 99%9 3 7§3mL) was
\%gd;edgb r'\édﬁgh %9@ d U n%igg%%ﬁﬁ’%g ﬁﬁ.ﬁpczlqveﬁ with I?ou to exclljude light.
The reaction mixture was stirred for 3 h at —20 °C and treated with acetic anhydride
(cont. 97%) (3.79 mL) and DMAP (cont. 99%) (120 mg) in one portion. The reaction
mixture was warmed to 0 °C and stirred for 16 h at 0 °C. To the reaction mixture
was added acetic anhydride (cont. 97%) (0.95 mL) and DMAP (cont. 99%) (120 mg)
in one portion. The mixture was diluted with ethyl acetate and washed with 5% citric
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C. The concentrate was treated to D aion HP-21 (80 ni,
M t subi shi Kasei Co. Ltd.) resin colum

W@ boootritsegyr aphy. After adsorbing, the col um wesST/Ek200€020891

with HO 30 MeCN (1/0 - 9/1). The conbi ned fractions
wer e concentrated under high vacuumat 35 C and
| yophilized to give the title conpound as a yeIIow
hous solid (306 38% pH 7.4).
588 6ra! %88595@?11&%2@6%%2999@ hygropso @rwass ;angrpriggR ~ The

()%Qk layet. Wed drfed (E’/ldSOl) *T'ol@wlad I‘EB}/)oonﬂerﬁftlg"atl(aﬁ und&p rsedf}ce]dzpressure

é‘hg 5es(|§ue \ﬂ{aq_,yur]ﬁgd g\gth(assm% %I colu%p@a@grqnhg L(,QFIIQ“ @getone =

09 :15R)4 (613)’t07g|@<Qh§‘tlﬂéd %ﬁpﬁm@l@g— r%hgﬁa%@%q?@ﬁdrp%& solid
razin i z |

ag%ergﬁé“%g”é%tsocéyfﬁg sodi um sal t d

Pi per azi neﬂ@mk@emmu § @973 # xfwbr 008 in%‘i'% 0.8)8, 45 -~ 3.60

s_prepared in esamsvva

tI d

R T BB b e et i3, 4 8855478 (m, 2H)
8@%3(d2m8)-1%05 |$£)eB4é (de@(fcﬁé'ﬁ@—Ié 534 @,&Baxﬂh 'x‘bz =13.5

%aé%édf ni trobenzyl) 15.8
RSl S5t 0 ReB Bl 2018652 G i oo 2Hb o 38 (s 2.5 o) ),6.39
OO GRIR R 0S), P 4R SO A, TH 0 2,360, 21, =
gn)7r{'|z)T§§4 (ﬂ's%'[nl‘jk; &7HR-erial was fil _tered of f and was
BislmoIBﬁ: 5 r&igblof5.1-

ea{bﬁ( paacfEhgod.ﬁm(_;,élfe vvas cool ed to O Cand NaHCGS
(18.5 ution of 4- nltrobenz§
chl or Z—% %%)I f?T[(ﬁ?S)rAe*Pfea@a(%W@roﬂ 9§, Triatsalysioe-80f-oynakelof5, 1-

u]ma}emazfrpz- l@-nﬁetl’ﬂyl] &brofo- 7-%&&;14[th1891 52 g%@%{% gﬂ%bt-zl ﬁﬁ-z-

s (i) PreCI itate was filtere
SaPlpotecasid dbhendieeer (195 GiLyes ieobid PoBOFNEp mL) and
amOrﬁtriB@(S( 0 eashivtdutivatell 2fus? 5. 99 bPWEE alidecfapidi §if 0.5 M

e |n t he pal e ue crysta
f‘gfj BUf\%éS(B'['a%é»e%l? 4t hdhe Teaelian vessel wad ogverpd with foil to
sxﬂltuia d]glhtof EEBé'Arébbtlo(nZﬁ'u)&ur@) wh8vigétotidiy, stlréadfo§t1' 5 "%t room
f;eﬂfpe?atnr at qrgH%n%JF@? }Be suspensi on was
tere BRI L& Wﬁﬁ pred|o YRS wastedwith H.0 (27
el pH The-lﬁltba(e7was Add&b A, 0 (2;{ ljjﬂr)darfde\i/ééﬁéﬁglglﬁpéthg'paégté’(e (27 mL)
iJte gbtain e
Iji\tfef)hrelr egstog%ég?]éfﬁég %I%%%gr f‘ts?'é‘fq M gf@'dﬂ’?wqeﬂdﬁﬁdhﬁt pH to
25| t Theanixbiee was istiwed 6ort1 8 Itrli§|3§a|’h@ t@hgabfur@@ﬁgtdd%@'mo (55
ﬂ_ S st a ri ed under
L e, Streel 678 8 N RS BarrB ¥ Pherairt cfie. iaris siseddor 10 h
@t room temperature. The resultant mixture was cooled to 3 °C and 1 M NaOH was
added to adjust pH to 8. The mixture was concentrated under high vacuum at 35
°C. The concentrate was treated to Diaion HP-21 (80 mL, Mitsubishi Kasei Co. Ltd.)
resin column chromatography. After adsorbing, the column was eluted with H20 —
MeCN (1/0 — 9/1). The combined fractions were concentrated under high vacuum at

35 °C and lyophilized to give the title compound as a yellow amorphous solid (306
mg, 38%, pH 7.4).
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77% as colorless crystals. "H NVR (D20) 5 2.54 - 2.61
(m 1H), 2.89 (dt, 2H, J = 12.7, 3.4 Hz), 2.97 (br, 1

wo2006330688 (br, 1 H), 3.62 - 4.04 (m 2H), 5. 16PCHUSDBH/020891

7.49 (d, 2H, J =8.6 30 Hz), 8.14 (d, 2H, J = 8.6
Hz) . Step 2: 5-(4-N trobenzvl oxvcarbonvl)-3-o0xo-3a 4,6
7-tetrahydro-3H 2- oxa-1, 5-di aza- 7a- azoni ai nden- 3a-i de
-85 WD 2006/ 130588 PCT/ USZOOG/ 020891 The H20 (300 nl)
sol uti on ofMMNABEAC((des)t 'H DBIR (%O)(@ 383 ) 2iad =nddddz)t 4.68 (s,

| L gks) f
BTl 58 G R R T o e dtbigh e 1
ester (26.72 g) under a nEmMQt m)sphere at O C for

f

1 h The sol ut| on was A gcgg&lru I tunderreduced
pressure and H20 (500 to the residue.
The s®liperaginerérsaboxylicacid, dihytroshignide:5 ti nes) and

organic | a ] S

dr |ged over%é%a c}%\?’t er egﬁlatsﬁgeggéor%ggr}] h%n(qjg ﬁégéme Wuand
CONATRTS (@péms Measl. Chemf keft 993,11 &023- 2028)

4-ni 1 IRSOR: PRIeRZLiNE1 B-dicHi by RO M ¥d £

1- (4-
(27.83 g (gruselyCu@i)yh-Q (152 0) wagaddeq to tha &QHR7§ mb) solution

%Zflé&bﬁhé @Uc:é?ﬂc)o%yﬁé fécibor(g? éh‘?orﬁl%hg%ﬁ 3 d@ ({Réh I mitkPe was

utl on
acfhped @§Gp$tﬂ@daiqr n1@ ming.- dT'l%M?@k'PIQ mategigl wvas filtered off and was

3lfvaél%d‘ ‘V\Ilth(mﬁ%w QFGS%LW t?‘HQ‘?‘Ttra(fe Wak rc%afe@ tﬁtrH&ﬁQQﬁ\bﬁraﬂfre and

solution was stirred for

@a@%ﬁm(gf?og) qrni h-diyane {220pBkwag addepHe the-garkdlupssalytipn. The
$ikiutd WAs eboled ith lovey %ﬁ&HGO@'@W g rg') @ﬁd (5%"/9 sﬂ@:t NP 4-n|trobenzyl
é"F‘Iltgl)e%tottheﬁo ution fo tirre

FIBImate ip ehdrdipxane ﬁﬂ ? Iﬁlé VQ?I @ﬂdeentwﬁ@ AbréEe Tor & 5 h After
stitrin o addfitdriaf 1.500 ByglPE dfe (PRediithlte (A5 flﬁGl@H%ﬂ@%S‘i‘\gg with cold
?'HD @4@ V\ﬁgstébs{?r ed for 4h. The precipit

t diddnk 06 T Recteis 4209 BLYENE KO (190 mkd chen it was
\Aﬂs\/vf@ttf@ﬂytmage{ibdua&ﬁpresé@éWaﬂtalglrtﬁé %r@bluér B@sfa%s' @LH€ crystals
was_tri ed, wi ered and W t
$850 et i ket ot el aad med Sokiie oh R vy Aaveigk or 30 min,
rmad stiedd forests at mjotroteﬂfpémttde tThé()éUsb!a@ﬂoﬁ%@?%%@% %ﬁ% the filtered
s {l %?aszcﬂul’ef‘ atig E&gﬁ %4(72%3 (Qs'o @ﬂ o g ﬁq)£)10 min. The
4e@Iio( InixRir was. fBBredsto dﬁtbln tﬁ'e 26loflgss Elystals. = The/reldRktallization
Zro%?B(edﬂlt&%g Wﬁi?ﬂyrﬂeadz%tf’_? tfnes to ob:%aln additional crystals. The combined

Srysialy meré dae@ ubdeli redudeaxprossurétd dbtdin #e tlelionidlifd (26.25 g,
%7(’/3 ég' ctofo(?}ggg ﬁg}s?al ester

'H NMR (D:0) 5 2.54 — 2.61 (m, 1H), 2.89 (dt, 2H, J = 12.7, 3.4 Hz),
2.97 (br, 1H), 3.13 (br, 1H), 3.62 — 4.04 (m, 2H), 5.16 (s, 2H), 7.49 (d, 2H, J = 8.6
Hz), 8.14 (d, 2H, J = 8.6 Hz).

Step 2: 5-(4-Nitrobenzyloxycarbonyl)-3-oxo-3a,4,6,7-tetrahydro-3H-2-

oxa-1 ,5-di§za-7a-azoniainden-3a-ide
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Et hyl propiolate (cont. 99%(8.28 g) was added to the
o-xyl ene (348 nlL) solution of

wW®G2{04A 81588 obenzyl oxycar bonyl ) - 3- oxo- 3a, 4, 6, 7- t BCT/HkR006/620891

-3H 2-oxa-1, 5- diaza-7a-azoni ai nden-3a-ide (22.3 Q)
under a nitrogen atnosphere and refluxed for 16 h.
The sol ution was concentrated under reduced pressure,

| owed b | | h t hy 3
e Cn- napared RRREmLE ssffion o NgNGafeont 98.8:74) (6.66 o) was
aadaD i theV@s:tio Richi (B‘Bd AB) SNV PigeragingatRbiBabbRyliéScid 1-(4-

3itfr9§a?%‘>zﬂﬁ?wg§§’8|gg udes a,pigogery ptmoshere it 0aCHigk 15 feand stired
aarivch, 31@5&%0@3&@ H.0 {32 mD) édl@ﬂbhrtifwa)\l@zs(b@ﬁt 985 %) (2 4\}8) was

38t Ko aoBlar akous e hion = #Kiad (ki) 8he ggluon was

(:bnceahlated uhdér teddedd pf’es@&re(énd I3£® (5b0=m5_) ﬁla!;'?éhdedr tc3ihe residue.

gl'bé sngilon yaggx?’gcteé p%lth A@%@Sﬂ? gme§) gﬂd OFgag@ Ia)(qj wagpplasjwed with
Erlﬁe 6 'I'fHé)mlx&xr@(lva@d:inea l'dves]MgS©4 Giltered: arfl érRBnifated under reduced

ot i ARt GRS  SRL b OMiSaRd G riigpenzy)
agtér M Ghie (chowiimhinovue (ZiesB § (orbs), T51F7 §266t),188)2%).

sol uti on

6, 7- di hydr 3{‘3#"‘6'; {49 splgp splusion; 9f riflyqracetic sanivddde, (34,9 9) was
added tb theeThiF (374t @) Solitlen oF tcmﬂéem-l‘\jtio)soﬁlﬁél%mr\élﬂS-@karboxyhc

4R P Lafo TR S e AP0 et O angly iy The

Keldtion wa$ stitrgd Vars!.adided 1@ and fer hohtibbmnteaiparaitel r ¥He THF (5

L2 Ppllor B ol Biedh 5n 158 A i Bt o 5 i

ﬁnétstmred)fnrﬁ@rip et oo Eemperatares oMo dhdKB88IGBon was addee thfluoroacetic

S 1) P s o oS B TR e s
N!QE@ anfhwasherhmiith THi eandhE6Odr | Jthe (#HR261E8vas asvficdriirated under

ROMGER pfftefife, O rdRRR, BhRRA i TOF  BiGRMRe didnea win
Etzﬁ?e Ofheag material9 weye tombinédadd dried addmmoc&(%%lmg?urg to afford
?ﬁetg'eu%k’mw d th@%ﬁ 4'58‘:'%?'93229 S8 w1 ), 4. s (t. 2H,

J =55 HM, NMRGQD(C‘da) 8244}36 (ﬂZFBJ(%542H)z) 453728, ¢4, J = 5.4 Hz),

alds. (s 6198 S@és%lﬁ;ﬁé???l-‘ = 872, 82§(c7 2'|‘-F)J 8705 24

(d, 24,

Sty lEste?SL ester Mn0O2 (actlvat ed) (84 2
9 Vs i L reo (95 : 5, 253 ni)
sol ut E&hyl ®ropiolate (cont. 99%)(8.28 g) was added to the o-xylene (348 mL)

Solttish 00K Ty bt dnel SR EarBar)- Y4 88814, P18t B 4 21ta 1 5-

-5-carboxyl1c
dlaza-7a-azon|a|nden 3a-ide (22.3 g) under a nitrogen atmosphere and refluxed for

16 h. The solution was concentrated under reduced pressure, followed by silica-gel
column chromatography 3 times (n-hexane /AcOEt = 2/1 — 1/3).  The titled
compound was obtained as pale yellow crystals (16.78 g, 64%). Besides, 6,7-
dihydro-4H-pyrazolo[1 .9-a]pyrazine-3,5-dicarboxylic acid 3-ethyl ester 5-(4-
nitrobenzyl) ester was obtained as pale yellow crystals (6.18 g, 24%).
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25 4-nitrobenzyl ester (8.42 g), and the m xture was
refluxed for 1 h under a nitrogen atnosphere. The

WO e@et13iss8 m xture was filtered through a pad oPCITZER1006020891

Silica-gel (20 g) was added to the filtrate and the
sol vent was renoved under reduced pressure to give
the silica-gel coating with crude reactant. The above

silica- el was adsorbed to silica-gel colum
chr omalt g@ﬁﬁdﬁ?%ﬂu@ 13 (tcdHushs ThHa) 40&dt, &iH, W €8A@ Bz), 4.31 (t,

/ 3p/ tyl d d
y@?gl_:riée)% (-%2 4)]/4e(1t @owﬁc‘?)%sﬂ EP&) (42-}d8§ %ﬁfg%%l @' ?-Mﬁ%%& 1H), 7.54
(€3, Iy DA HIb § 24 (RAH, J=B8.6H8).Hz), 4.32 (t, 2H, J =
5.5 Hz), 4.81 (s, 2H), 5.29 (s, 2H), 662 (s, 1 H,
7.54 gﬁeZH J = 8.7 Hz), 824(d 2H J = 8.7 Hz),
9.93 144) 2-Hypirey eihyl-6. -0y DI 558pyrazine-5-
; {5R

- zvl oxvcar bonvl ) -
oxo- 4LiH:4640 megisind e @il 41.2mb.) waptaddee to BlevTHIF (RATyL) solution

Br 76'?'9#?:\"' okt I-ﬁa/]r@% 3@% Q’!pylla’zﬁleai RUIBAHRGICO 26R" DU | ster 5-(4-

aci d
pitodengy)- estar d(ﬂﬁy@br wnder-3 pitepgen @inosphele vt a0omdempetatise and

eﬁrYéd for @fh'éhd °Co Ra&:fn gﬁﬁf( ﬁ"@%fﬁd EOH 1‘@&@3}‘3@%@1 to

acetonitri ution O

Wwozut(oacﬁm stiggggfor(6h B¥ 49 Ciandelr h at 8@ t¢.ogEe ratmwg mresrasidified
Alith PRIBYL i—@i‘ﬂ?@bﬁté’%ﬁd sﬂ?@d ﬁdry1 ] e rsth WrhitatulE 4ha sQld k.co,

(5R, 6S)-6-brono-7-0xo0-

WP§Rdded |tQ> [ﬂ? 20191}%& a%U%trfeH o §aT|Bﬁ)i(5$PiUblea@?t$"al was filtered off
4nditnd APSBZLs e&%ﬁ@lfed(vﬁ@\rl&cO@tG 'ﬁ'@ ofgdnié { 3y ?«a‘é@ﬁleﬂgﬁ%b 5), and

to the m xture, cool ed - C, and Et

cencentaied ypder fedlér&dearelsaurene T fesishie whs nusied ivdth silica gel

‘t@l&&ﬁfﬂ cHﬁ@ﬁat@Qhé%h?‘éCWdJ}’ edH 44@/132( %Mﬂ% bff&attrtled -EBﬁlpound as
@ hon mx e was _stirred f 1.5 20

%Wﬁmsﬁ*sa t4 © BWblydri de (cont 97% (3. 19 an)
and DMQ\RJMRQODC@S%GQ(%O%W% QSQt%F‘JPOStS'IQﬂ 4&'@% 2H,J=55

reaction was war ned and stirre

hizxt4.65 €5, Zkee‘ﬂ |7‘é (a,nfk’ig}lmﬁ@e(sq QHLcﬁ mls Whs78dddd2i ol Ens7 Hz),
S4UEI 21, ngﬁqi)rred for 15 h at 0 C The m xture was

di | ut ed vv|t 15 et hyI acet ate and washed with 5%

citri &teRid: 45 a-dlpviazine-5-carboxylic

Al nm& .e vvater and br| ne The organi c | ayer
was dr I\%@i‘ | oned by concentration under
T o G %) 2 PSS o SHELMaGHIHOS - 5, 253 mi)

sblutioraotBhydrokyigthgits, -2 RYrazBlopIs- bgpgﬁa% rbgs l%gr;ﬁ%‘&ﬁc acid

PR RSEe es%egc@t‘%@ 0113 fintyeaves (9l rsbbrincss nitogen
2@madphaien e A ha ey etidnovwixalre fv@écﬂlltérefddﬂwﬂﬁbﬁ I gad'rbf( beﬁt@ (8ffica-gel
62@&% Waszag}%d% thes,’iﬁrate@ngL\&/F2 %v% was 4e|@gvect Hﬁ]deg p:ﬁducgd pgessure
(s givethe snﬁha?g’;bl Cdatinh with druge téactantiz )Thetbbbfe cilca-§elvas)adsorbed
l’c? siﬁcd—%el coﬁjmn cf‘romatography and the column was eluted with CHCI; - MeOH
(49/1 to 19/1). The titled compound was obtained as yellow crystals (2.82 g, 34%).
'H NMR (CDCl3) 04.05 (t, 2H, J = 5.5 Hz), 4.32 (t, 2H, J = 5.5 Hz), 4.81 (s,

2H), 5.29 (s, 2H), 6.62 (s, 1H), 7.54 (d, 2H, J = 8.7 Hz), 8.24 (d, 2H, J = 8.7 Hz), 9.93
(s, 1H).

.......
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1 H J=13.5 Hz), 5.28 (s, 2H), 5.43 (d, 1 H x 0. 64,

J =13.5 Hz), 5.44 (d, 1 Hx 0.36), 6.06 (s, 1 HX

@2®4)130588 08 (s, 1 H x 0.64), 6.24 (s, 1 H x OrPGBYS2006/020891

6.27 (s, 1 Hx 0.36), 6.41 25 (s, 1 Hx 0.36), 6.79

(s, 1 Hx 0.64), 7.42 (s, 1 Hx 0.64), 7.44 (s, 1 Hx

0.36)753(d 2HJ-86Hz)760(d 2H, J = 8.8
. 2 . 8

.24 (d 2H J = 8.6
me-2-{4-nitrobenzylox carbonyl

and ac et othHdnthl d,?—@myﬂr)o Wpyﬁazala[m&a]pyrazme 5-carboxylic acid 4-

SR BSEHTEY Lishibon 6R0Rsindhe, O FoRiRaiie (164 mb) splgion of
anthyarais3 MyBY] Iqamt @8%)1 @ k) under a nitrogen atmosphere at room
R o, D AR S B 8 A et v
%bﬁdy%mﬁbp@fiBQ-kneMrm?@&da&ﬂ %u&bbe(nkgil exferLofitapé.8b) (3.27

dfb Pk LR eien Bl T o R Bt pnpdl.26 mi) wes

addgat in dﬁeepmreau:t i Dine eaction eevsed wasi méfws\lvm £dil tbr@@ude light.

L rebofolnBlyre SRR AR 4 70 e RotiepaMacHie Spavarce
<fcpnt PZ%0 (348 nid she DNAR K‘coat rogke)2e3 aigy urBor(e6@ormbd ane reaction

WU rlcBG o PG e Tol it T Angle alyblS 10 m)

Wes added tatthe seluiemend eurpmirfat (1Y) aimg"cad d':ad rﬂﬁRt@ref (vﬁﬁdi;ﬁ:%d with

then s r
909 e oS B3 Ly 1557 G ek o
Nglorgaro cadionate, wateroagi brihe. mi Ylnejroeganivasayemvwmnad QMgSQ;)
t
ftég&%d %&%IBS% H%GEQ%QeﬁaceW egé) U gﬂltrh%é%ﬁ\:fva LpluaF igd with
silicargel @glummcmwmiopgtapgv dphy tlmeAf(nélexardse AbOEg (1/11 e 2/3), CHCI,
t @)
ggﬁ%{?ﬂg fr1 gééf' F;gﬁsle\/\/te(?_(leéﬂzoncee%n g;l{ a4 8 {Htise)&h"%“%&%ﬂﬂq was
chtaiged es yakpw gmpmhpuy Glinstereogrivtare (66 : 136) |3esc1:gsumwnd ag
[ |

C (dec) T NVEC K 4208 & 30,387 228°6, driidn ol 4.0s

(%,2H), #4118 (s52H), 4.767(c2 1Hz Y/ = 88.2(H)l4.78 (8, 1H, F=HB.2HE)5.28 (d,

#1,82= (18,5 AL}, 5Jze;§ 52|g) E’Zzﬁa (351%% %43( :{%’r ﬁ%% 444, 1R x 0.36),

g&%ﬁaﬂﬁ@r@%fﬁ (s, 1Hx064) 6.24 (s, 1H x 0.36), 6.27 (s, 1H x 0.36), 6.41

5
O T bRepohdTa & BN, T4 & AR L0 AR REM R otpasL gips (@
Q\é/"gF 60 (et J = Q@'%dtBaMctaﬂHJ 8.8 Hz), 8.24 (d, 2H, J = 8.6
Hz)o- D| nmet th 2- pi peri done
Ste 7: _(S5R).(62)-7-Ox0-6-(4,5,6,7-tetrahydropyrazolof1 5-alpyrazin-2-
Imethylene)-4-thia-1-aza-bicyclo[3.2.0 hept-2-ene
salt

-2-carboxvlic acid

sodium

To the THF (43 mL) and acetonitrile (20 mL) solution of 2-{(RS)-acetoxy-[(5R,6RS)-6-
bromo-2-(4-nitrobenzyloxycarbonyl)-7-oxo-4-thia-1 -azabicyclo[3.2.0)hept-2-en-6-yi]-
methyl}-6,7-dihydro-4H-pyrazolo[1 ,5-a)pyrazine-5-carboxylic acid 4-nitrobenzyl ester
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5-5- Di et hyl - 2- pi per adi none was prepared in the nethod
of Nagasawa (J. Med. Chem, 20, 1176 (1977)). Step 1:

WR2®6/MB0sBE or 0- 5. 5- di et hyl - 2- pi peri done To a cRCHUSDOEN)20891

stirred solution of 5,5-dinethyl-2-piperidone (30.2 g,

25 0.24 nol) in 475 mL of CHO3, PCI5 (57.1 g, 0.26

nol ) was added at such a rate that the tenperature

never exceeded 7 C. After the addition was conplete

wes edied) Zpedust ¢bh86 gl éapldly) with (0. 5rivh phesahete buffes Hpidr6. 2163 mL).

ﬁ'ﬁg %cﬂon Qegs%l Bk )co %tﬂ%llyto%qggﬁ ﬂ@q U e rdBcidiifture was
ated under ux [ution was _

&iGﬂl”@elﬁWrSﬁfréd ernH’érh atreem dertipgebiseur e impeiuble snateral was filtered

%ﬁ%hﬁ%égz\gé%dew b UsSehLy t'hh@ﬁl@af@-w@é V\}a ﬁed’s@lt%ﬁﬁﬁ acetate

t was then extract

gt handbihgaasugous @yerrwafagoqiﬁd t@oﬁ t%s@l)M wasmdéfeéép adjust
115 Qolold L F teemwe% SEALd R 2 %H{Hﬂ@rsaﬁ%%ﬁﬁ@rattﬂéeaﬁ%%d@ed H.0

e residue was to silica-

(G okt gt dphy | HQMQ @di'étﬁ PH 89 2D ﬁweﬁtm%@g 17 h at the same

Cﬂéﬁ%@w{%ﬂé% uFJ‘\ﬁﬁé:Qb&HHH WPRaOHUb&Mjudt bR to 8. The mixture
3- MeCH (50 : XE“ | ed conmpound was obt ai ned

was é;ommqt@tgq) |un@er( igh yaguurg @t 3504C. ( Jhe ppacentmatenvas Jrgated to
b?a?cfh (-HJQZ’V )() 24 %LNW&@QQ R)asé @o. Ltd(}sresﬁn"'}:calu%n 7<§m5rﬁatography

é{teqo QSOFQmQhI“@ﬁ @olynm Mﬁaﬁé%'#?ﬂ \wtfbﬂ'\@@rrdHﬁGNTGﬁ gs/g). The
(:ngl%eﬂ‘ﬁla}:t_l&'fs wWerd (ﬂh&éﬂt@[&r wyhder ﬂigﬂ%&‘{dm 4t B5 F’)@rahg %’b@hlhzed to
di ssolved 1n 410 nL of AcOH was added 10% Pd/

e thestitle gpmpgindras@vRliowapprplnusAglid ()28@6'“%?2)"0’ 88he

m xture WHMIWGH QW ERRS; oA WR%@%b)ké’@ d4 ﬂOJ msﬂs Hsz%7 (d, 1H,

pressure of l(')_(rzjen was adj us ever

Fh-n17 g kig), éb?%@s? Ws17.8 HrZér?e&/?eG 3y ~f1-|5t6r Hz) 5@4a(ﬁd“1‘)h§ 03 (s,
fﬂ.%td@j NeEsE (saqﬁg under reduced pressure. CHC 3
%and wat er 00 rrL) wer e _added to the residue
and t he aqueous Iayer vwasExapple28 i zed with 4 nol /L
NaCH. Theprahiiation FISRRED-A f-dmﬁeﬂh 8- REA-ARIFEp A RIN-2-

was extracted w CHC 0 X and e organic
| avipethylene){70p -:m_-._-_uh zahicyciq L_J hept-2epes2-¢arbaxylic acid

was concentr at edodifsaltSB.DRAMYEI P &ridoe T esi due
was 15 applle .to s| |ca@% Cco urmcromaor%
and then t RePDINGiRM-2RIPeRdiNCRE Wash PIRRREHe-1Ac ("FthOd of

aé'ahﬁa JM@dowgnpcmnqh 9 ained as a white solid
Nag ( ) W@m , 20, 1176 (1977)) 1H

oD ché II: ' ones 3H), 2.02 (dd,
1H J = 1018)ac6Ia (6 U;)stlrréi:i Q&ut(d%d(ﬂ'55—dhhetﬂyl'2—&pé’ndo§e7(302g,

J0??4 m'c;B L éfdcglgICIg,lPéL (5]7 1 d, 0 36 mol) was ad&ecﬁz t) such a rate that
the temperature never exceeded 7 °C. After the addition was complete, stirring was
continued for 10 min. Sulfuryl chloride (96.6 g, 0.72 mol) was slowly added and the
mixture was heated under reflux for 1 h. The solution was concentrated under
reduced pressure. The residue was cooled in ice and diluted with 250 mL of ice-
water. The product was then extracted with CHCl; (6 x 250 mL) and the organic
layer was dried (MgSO,) and filtered. The filtrate was concentrated under reduced

pressure. The residue was applied to silica-gel column chromatography, and then
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20 3.22 (d, 1 H J =12.1 Hz), 4.44 (dd, 1 H J = 6.8,
10.7 Hz), 6.66 (brs, 1 H. Step 3:
wa20b6/mBases hyl pyrrol i di ne-2-carboxylic acid A sPGPESRNER0SI1
of 20.4 g (0.13 nol) of 3-chloro-5,5-dinethyl -2-
pi peridone and 45.2 g (0.14 nol) of Ba(OH) 3-8H20 in
252 nmL of water was heated in a Parr apparatus at 150
for

Bufin was A dinogPCknSRHLR0L; Tl o TRBslR cumpaund was

obfainedrzd & Wisitesslidt(4 0.8 g(vas acwpcgnwe@t Etem\r2dcn 17600 B
pressure t (‘)

B i ot ot MR GEPiptane o7t Bk P Ta(sa 2t 3.1, 2H, J = 3.0 Ha)
glExabredHRs a white solid (37.5 g). (J. Med. Chem,

20, 1176 (1977), EP.0 447 704 Al. page 17) 'H NVR
(WO)MMMMAL_C rosh.p-dirpethyl one) “gg (dd, 1H, J =
7. ?2 13d2 T80 4029 %2 @i1(9|ﬁ|>|g bfHa, 31d|6hI8r025 SJd?’mgthWQ -piperidone

§IS§OIV%.'1 t @HmqufelchrH V@s5aqgepre g P GQ pggpt 6 2 9) and 'NaOAc-

4HCD Nip2lng:- @k Ghblf 2R A mixtareawSR hydré@haledBat 300 kPa for 20 min.
ﬁnt al eni de 90 2006/,130588 PCT/ US2006/ 020891 To
& %§r€©sstn§20 yﬁlmgep Was adjusted at 300 kPa every 5 min. The catalyst was

5erﬁe\wdrc@t fiehtidn andlitHey flfratedddnpytitizBdd IAdet H@h@a@daa@bﬁ:ra CHClI,

L0 v v (ol Wessacded s e G 40)ine e laver was

aemrempéremﬁh at mBI/ICNa@M]  thihemisturd wad sbpdrafediand fﬁe%queous layer

W e R T o Bl g 3 et i et weesshied @Mgi@a) and

filtereghadThefiltrates vad cohtdntiaRideuinded Gediickd PeksiFE ('ﬂh'%oresmue was
%&lle the fi Itrat was con@ntrat ed der re uced

|I|cgrgfl R H'n%tergfna f)aprli‘IY) an plunpp avas eluted with
aquaActDEyeIr Was T@ettnlact:empmrtdww&—lsbtanr{ea as 4 Witeeolid (20.4 g,

r MySO4) and filtered. The
ggfgt%’at V\W/{’:\egd Cﬁéﬂéﬁj@% 1%2@& reduced pressure and
crude 'H NMR (CDCl,) 6 1.10 (s, 3H), 1.12 (s, 3H) 2.02 dd 1H J— 10.8,

1 eeriias Hhel ShraPods B S 8 fads gw&a@ §8. 121 Ho)

§)22 (o113 /19 18.104z)t hd4 ¢dd)del, J = 6.8, 10.7 Hz), 6.66 (brs, 1H).

(5o S iRt OOl 4
b] p 3 was added
act | vat ed MhGRspasidn gf 204der (B18i tn"oggébﬂ a-fcﬁléﬁdJBG[cﬁmethyl 2-
r
B85 LATREzal 1 5 UGS SHLR ek & Voproata
RiRtary apnaraius at H9Q &atforA bd Theher 8 5% (oemmaq di@@BeHiEn sulphate
ue ilic
3R, %ﬁ?%’gr T HE Dradfite Sk Hikled O Al bseMirewen conpentrated
Hegelred L;Q@@Igreqsglre talgirynggse Crudee¢j4-dbn¢tby|p¢ro"d&% -2-carboxylic acid

a)a& %bfé%daa% 8 whit8 Wiid 0378 of. 2 (A k. 8?2, 28,1198 8%, EP 0 447

704 A1 page 17)

'H NMR (D20) 6 1.10 (s, 3H), 1.11 (s, 3H), 1.88 (dd, 1H, J= 7.8, 13.2
Hz), 2.21 (dd, 1H, J = 9.2, 13.2 Hz), 3.12 (dd, 2H, J = 11.5, 23.5 Hz), 4.22 (dd, 1H, J
= 8.1, 8.9 Hz).

Ste| 4: 5,5-Dimethyl-3-ox0-3a
azonio-3a- pentalenide

4-dihydro-3H, 6H-2-oxa-5-1-aza-6a-
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1H NMR (CDCI3) S 1.32 (s, 6H), 2.73 (s, 2H), 3.95 (s,
2H), 6.52 (s, 1H), 9.90 (s, 1 H. 20 Step 7:

W@ 2Ry 888 6- (5, 5- Di met hvl -4H 1 PCT/US2006/020891

6a- di azaaent al en- 2-vi net hyl ene) 7

0X0- 4-t hi a- 1- azabi cvcl 013. 2. 01hept - 2- ene- 2- car boxyl i c

acid, sodiumsalt The dry acetonitrile (16 nlL)

sol ution of 5, 5-di net hyl -5, 6-di hydr o- 4H

pyrrol of 1, 2963y Ba s rE”@Br‘b‘aﬁ@e‘HWﬁWt56413“)@'”0-1}5/-9)/"0'0[1 2-
fH]Wrézd!@é— Sié/llbcbddqétr@fe‘étera‘?ne??@'uﬁlf of @Bé ?QF”UVAS added LiAIH,

Zlutlonof r a nitrogen

83tPeE B d{ndlebarﬂ'tf%ﬁ?@eﬁ‘tﬁloﬁﬁ"@re éﬁ@ ‘Cheand then stlrred for 1 h.
Mgt Mf)@ré’aﬁassbljérﬁ&fédf With Jwatéd (5 0 TS afll Yne Hredich@®e Wak fittered

sol ution of p- nltrobenzy

88pueh Brisol &rdilg and H}eoref'a@/v(vaﬁ washeg! with water35@ mippand THF (150
a‘ﬂﬁiﬁfﬂtr@t@dués%n%?ﬁ?é{é@ uH@eQr rEGlRJe@ %ré%%urez Qn@:th@rf‘\gater (50 mL)

then triet hyI amne (4.6
arsdedi onl heTﬁ@Jqoé'ﬁd?YanW%§§t@CteW§h Gk 4 >w19ﬂ mL). The

foﬁgdnld Féy@rx\ﬁééiaﬁed KMQSOQ@]’% fil %ﬁ%& ' the"‘ﬂilff'ét'ér\ﬁaé’\@@hcentrated under

d for 3 - and treated wt
TEUIHEHGTMR A0C I B QTP o-AarorEimymaiel 2ddrerole-2-
@'Dﬁlkédfahdmés?otﬁalﬁbd adé y@lléW@bl)d Q3nl 9‘@33 port ion. The

reacti on m_xture was war ned tirred for

h at 0 C. BPhyt1hdtodt By @2@%? 5aanaetiwh%ﬁrihy@m rlHdoyrroloH 2-

Bl yeazoRGyR aristhardlutih Qp2 (nal_l@z rajg)c@rﬁés %@Gs&' abﬂvét@@ MnO, (18.5 g)
arat e

ction m xt nd s -
45887 4 388" BBt 8} BoTDIP TR, 804 fasiedikast fosd b5 The
onixibiret Was Gilterde throdglisliarpRidhef Celite ahd ﬂ'lerﬁtr&e(?\ﬁééoé&i@ehﬁated under
%ddan 4%%%%%4\/\@ ad ed a solution of 13 g’g
Testbsd oS "5 Bileg 12 liRarteh Gk mnschtomatigraphy,
@00 rtherettmecfcﬂurtlm gvamlut&d iwithetsbxbne-AZOE: (Th el/)A\ S?hé“tdl?“@z gompound
rated u u essure. Acetone

ﬁ@%o&gﬁe?;%se%&pgvnssqqﬁ 4§9r é%g % h’ﬂmtth%eﬁtieé)m pitate was
filtered offl NMRECDUR) §alazt(s6HMAT3 ansgewdzmu@@ﬁf(s 1H),
gegg)u 1 ressure to dryness and cru

thyl - 1-ni trosopyrrolidine-2- carboxyllc acid

anhydrThele d()BIaéétcgutn& 3(96mnhD) s&f&tu@mdgﬂ @5Iairﬁétﬁg9316-d|hydro4H-

BlPBREL pitbadle 2B bE S (.48 g, 5 oAl e e ie the dry

g@,tirutub &% relgpsolation cofsMchza(gleV goleam rrlim?l) OIundetr ha nitrogen
% %@E@é_taﬁ%?ﬁggraﬁ _%n id’ %ﬁg%ﬁug{l@\é\{gs s rr?-ml f@pd5 min. The

gm aHRed 0 gnlg) $olgtion ebpmrc(bbazw (BR, 6%) -6‘-b%mopéﬂewwcarboxylate
2§W93)1388 ﬂrrn‘?lﬁ) \gvgs a%la%d and tﬁe mlkturel_QAias cooFed to' —20 C, :a}r?d then
gnef,hmrwae 146-151- 633D momiol) -wiis- gridet oh @hk .pdrtidnp v raOlelciorCvessel
WaB R¥Vdrb§ with foil to exclude light. The reaction mixture was stirred for 3 h at —20
°C and treated with 4-dimethylamino pyridine (172 mg, 1.4 mmol) and acetic
anhydride (2.6 mL, 27.6 mmol) in one portion. The reaction mixture was warmed to
0 °C and stirred for 16 h at 0 °C. Ethyl acetate (420 mL) and 1mol/L citric acid
aqueous solution (210 mL) was added to the reaction mixture and separated. The
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acid ethylester A solution of 5,5-dinethyl-3-o0xo0-3a,
4-di hydro-3H, 6H 2-oxa-5-1-aza- 6a-azoni o- 3a-

w@ewsabwesss de (10.8 g, 0.07 nol) and ethyl propPGI/ESM06/020891

(10.8 nmL, 0.11 nmol) in o-xylene (350 nL) was refl uxed
under a nitrogen atnosphere for 16 h. The 20 sol ution
was cooled to roomtenperature and concentrated under
reduced pressure. The residue was applied to silica

gel col um chr orf@HSREASION /ha7. f5|geqftl@q]gruggmﬂrﬁlmqnagpyrrohdme-
oldgrsskyld bBdin h@baﬁl_eof AGOHENad gddedlli soﬂﬁsntdfhb@l §° 19 mol) of

conpound was obtained as a rown so
BEND:0p 21873k of veater ower A5 s aEfQﬂﬂhS?mR@fatwep%n@%lﬂ@Fforzﬁh The

BbiWER#AS %oﬁﬁe%ﬁéfé@%%béﬁre@@béﬁ &‘eEé/drSStﬁQ,‘etd%S(ZQ@hﬂ_') R_d added to
as a yellow solid

thesresiduvet and the, mellpﬁ@ﬁe rvasamwem pﬁl alpq the polptienwas soncentrated
ﬁtbé’é’rxb@duﬁe?%&su?é EB"d%ﬁkSé ‘and é‘r'um 4- %tﬂgl 151|€|=®?o%y(r§hdme-2-

sppoxylicagiq wasph’tangpd-awbrgwgp}l 6. 54 (s 1 H.
5, 5- di met hyfly- &, KidioRYsr @ruﬂé"ﬁ#fdfrﬁétﬁ*/g %tr@i&éf\‘r@ﬁd}h@-ﬁ’m%oxyhc

ar boxylic aC| d 30 ethylester :
gsid igg52 mLzf dry THipwa§ added irlfpﬂoacgtx%gnlagdndg HP1- 39,9939 mol)

(Jﬁder%ltro@eﬂ@trﬁ 5ph@l‘é atlo =Cand stikd for- ®8 £t D °G Hhe S&Pn was
tth 6- di hvdr o- 4H-%yrrol of 1

EOB?%WP eéfedéla%a{e&éwwe be fesiipe WaserPPled fpsilica-gel column

BRIiomategtaphy) 209%then Ahg Biuenr AES lelted M@Sﬁ-ﬁdxélﬁet hAcOEt (2 : 1).
ed sodi um hyg{o en ca bonat @\Z br i nﬁ dri ed

6 4659 Somacind ' as Dateiesrs PRSI EE @ 8l hthat ed

under redudﬁdqmm@@@ws 16980ks06|4ﬂ2 71 (s, 2H), 4.12 (s, 2H).

(5R) - 6 acet oxy-.(5,5-di met y
5, AxDime »._.. B-dihydro4ik-pyrrolof1.2-b]pyrazole-2-carbo

e ’14 t hi a- 1- azabi cycl 0[3 2. 0] hept - 2- ene- 2-
carboxylic acid J) getroben@y ster_was obtai ned as
brown anor phaelion-piedfrdjme Wf&i‘%‘éazﬁdtﬂugio 4 26kh-2yxa-5-1-aza-
wa%zadde’da- rpamawrﬁd vmo I i obbmbn lnd BiHFHHBplofitd Lo, aﬂan 8H1 mol)

il. {ES f_ é and acetonitril

XV% PoR )oY"aErrﬁ eéslﬁé)dee 9 Biregex pimesnhess Fﬁ!t?ﬁ/lh The

ébhjﬂiorﬁSWasloaaBﬁe@wﬂrﬁ Itbrﬁpéfbi)fé?bﬁky b&mcentrateﬁ untder reduced | pressure.
0X0 a- e ene-

THRuBIDNS w3k piics I 5naa Aok Ouinglostanty. aas e colurn

wes silitedagthaohierand -vMCbEtf(m [1)f oTie qﬂeuj@orhp@md wad6btained as a

SSRE A, P 45 4231198 2 OGP il

@m;ams{dammxyumeacpmemmsmu Jwest atdaihed 8s & ydiiblydolid (4.73 g, 32.4
agetate (85 nl-) was added to the mxture and
fl)ltered through a pad of Celite. The pad was washed

W th 5,5-Dimethyl-5,6-dihydro-4H-pyrrolo[1 .2-blpyrazole-2-carboxylic acid
ethylester: 'H NMR (CDCl5) & 1,29 (s, 6H), 1.40 (t, 3H, J = 7.1 Hz), 2.71 (s, 2H), 3.93
(s, 2H), 4.39 (q, 2H, J = 7.1 Hz), 6.54 (s, 1H).

9,5-dimethyl-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-3-carboxylic  acid
ethylester :"H NMR (CDCls) 5 1,32 (s, 6H), 1.33 (t, 3H, J = 7.1 Hz), 2.89 (s, 2H), 3.90
(s, 2H), 4.26 (q, 2H, J=7.1 Hz), 7.90 (s, 1H).

Step 6: 5.5-Dimethyl-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-
carbaldehyde :
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water (120 nlL). The aqueous | ayer was separated and
then the organic | ayer was 15 extracted with 0.5 nol/L

wpbospsEse buffer (pH 6.5, 2 x 50 nL). The conbdTE82006/020891

aqueous | ayers were cooled at 0 C, and then the pH was
adjusted to 8.5. The mxture was concentrated to 325

g, and then applied to Diaion HP-21 resin (240 ni,

M t subi shi Kasei Co. Ltd.) colum chromatography.

Afgagic leysomsisnyashesewith |satwnatad ssodish thydrogien reafieanate and brine,

SE é%é) r(r@b éﬁ%@ﬁ@ﬁgc ﬁtg@ hq\rﬁiel @a?g&%@ﬁﬁaﬁﬁl de ? 'Feélﬂ*,g% ressure

e conbl ned active racti o
wed e iR e PR EE-$taretaxidp. Stigathyly adllrb?rﬁatdl%@eatﬁ@n-zyl)methyl] 6-

IbY SR '7|dx6§9-th1i 1092%@%&5{3 tz'oztge%g 2%%@‘1 '&grbg?ylﬂ: %id 33"’Etrobenzyl

anor phous

@ﬂ@é)wambtmneu @mwrearmomgow% 6H) 2 67 (s, 2H) 3.85

( (s (2?) @;&Srhl)f Scti \}'atéég 73 5%15(3175%)%168 gﬁeég Séuélg witht9.5 mol/L

Qgspf@tgbufﬁ@raspl-t 5@@)1629@) tpgigen'FHF Ekﬁthé arg acetonltrlle (53 mL)
PB?H&F ?f 'cﬁfb O(fSRﬁ-%EfEcétﬁ@(S 5- dllngatl?yl- 4H-1 26a-d|azap<-:‘ntalen-2—y|)methyl]-

opent a

Prirempvi-expef-thiadx mclaLS#@ibgmr?cw &f Zarbogryligepeid p-pifrebenzyl
egte? ?)r BRX Weh&idhClidtsePREL ¥BYet8d WithGoPt& Rxdiude light. The reaction

hvdr o- 4H cycl opent ar bl f ur an- 2- carboxyl i €T aci d
ﬁ@i‘tHSﬂ wa%g{g@fouﬂyesttr "eﬂlf@"(ﬁ -2dnPo0Rd tRmpertesar £ae reaction solution

%ﬁé@%@leﬁ%t bo’d BRd eaRd ?H%é%f ad;[uéi‘éd #od10s CE‘thg\%etate (85 mL) was
co-workers (Synlett 200

sdded ‘pgﬂyggglxw;angﬁ@ﬁ;gql @g@t@}la pag gprgllt% The pad was washed with
(\A@t&—(ﬁ)lz@hd_r)o Fhe %&Gé&BQW@fMHSfé%Qm& ¥hd E@nﬁﬁ@ @rganic layer was

- Di hydr o- 4H-%}Z(clo enta furan-2-carboxylic acid

ﬁéﬂ’ﬁ?ﬁd é@iheP -5 7oyl pé‘)’smk?é Q tid(PbOthe X i nifhe combined
seLedusORyeis Wil E¥biddatlo "8) abdaissn ﬁlenbﬂrv@&eé’djusted to 8.5. The
at.nosphere at tirred for 1

DR Wnae RIUAISHER 375 oh 2n thes applied oy pieian HR 1 resin (240 L,

fN‘IltsUBEhtKas'&'l €of Lidt)roaiueni/@foriggephy. altﬁﬁf?ar 4BSEhing M EBRimn was
sol uti on was

dt
B R P 10 L ST s Shbt i st 40 .
\3084) TR0 Imﬂ.)andTﬂélc&ﬁnW abﬁllg(}l’a@tlbﬁsfw&be&@%enf@t%d under high
fv'g!:é}gﬁ L g\#@? Pn Tycc%gthég %dlﬁi\‘ﬁ t?rjaegtlgalrcgwtﬁlo% %ivn@gorphous
(solid @00 g, 425%3;&&716)2 38 - 2.46 (m 2H), 2. 50 - 2,55
10 (m 2H),

2) . 6. 15 (4P '1%8,:[9_ (% )eds @M@F&O) 5 ? (Q 6I-%)H2 67 (s, 2H) 3.85 (s,
2H)- i Bysird)d6t46\s] 1HIE6/081(H| TH) A03 s, CRH)PMR ey 8422, 1752, 1683,
1598, 1557 cm™’; A™2* (H,0) 296, 198 nm.

Example 27

Preparation of (5R),(62)- 6-(5.6-Dihydro-4H-cyclopenta[blfuran-2-

Imethylene)-7-0x0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2

sodium salt

Step _1; 5,6-Dihydro-4H-c¥clogenta|b|furan-2-carboylic acid methyl

ester

The titled compound was prepared according to the procedure of Tim
Johnson and co-workers (Synlett 2001, 5, 646 — 648),
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Activated Mn02 (9.3 g) was added to the CHCI 3 (135
m-) solution of (5, 6-
waledvgdssssiH- cycl opent a[ b] f ur an- 2-yl ) net hanol (RCBESTP6/020891
and refluxed for 1 h under a nitrogen atnosphere. The
reaction mxture was filtered through a pad of Celite.
15 The filtrate was concentrated under reduced

esi due was appl [ ed to SI I | ca geI

n- heX@'BEDrhy&f‘oQE‘EI cgl&béenta[z{fdrbn-zj_dé?od)dyﬁé %loc‘?ﬁ&ﬁmn@stwsa 24 g)

obt al(%e%t% t%?l-'lkﬁ%,(gélyr(%\te}lasépéoln of é.ﬂl(l@ (5@4 mg) snderga nitrogen
HihospherEBat(d *C ahd slirred for=t H aBoE) . Tie Hixtlfs was Ghenched4ith 10

%ﬁ@"l V@if(% f"%é%@ o%"@atﬁ‘ﬁ%d’f’ﬁcﬂﬁa&ﬂd}"@ﬁé FedHOH PorgssgHre and

Lt ob‘tbh@&@hﬁbbu@sbﬁﬁ&ﬁw@s@&%&e& it éH@Eab'm@bl%faﬁlcaayer was
0l he %’bﬁﬂg"r’ %T‘ lic acid 4-nitrobenzyl ester

yash 8 erd“g%@‘garm fjlt)erqq The filtrate was concentrated

%&&dhﬂé&@orﬂb‘b&%%ﬁh%ﬁlgi Begaguandy 2 car bal dehyde
acetonltrllesélol -

d
Soi ot MONNR TCR) Griof (e SO RED, T8y 145 6m. g 250 - 255
gmdaq) 2.651-1 5. 90, Qﬂgoxsﬁﬂ@r 8HA = 5%) 6ABRS! fijre. The
ry solution (151 (5
6S)- 6 S Q enta furan-2 carbaldehyde

Zzﬁlb:: XD l\/ﬁn@] @933? alag"h%dgd Q@’tﬁé’@qdl éﬁéﬁ gﬁL) solution of (5,6-
2636154‘%'@?’1%( Qé) @Q, ar\gnfpﬂE{(ngqub Rt under a

T TAR TUAUEA IS RS

AfBhef BtrASspHers. Wahe radéiRd mﬂtlﬁé‘ﬂlagoﬁlfe\'éd‘ thrdﬁ’éh a pad of Celite.
was covered with foil to excl

|
g Flt=tE wHE SPRoariiaten HIGRr GFoR $rasehia: o ThJpSiUR ee applied f
sil€a Gehrdiubire 3hehatbdrBpiRAG ethés e RyRiird Q/as(élgi@d wili{ -hexane -

P nt. 999 (121
%89&&%%@3% e @ﬂ?ﬁ’oww% w50 SPIERALRS yelow crystals (1.51 g,
PTHH.US2006/ 020891 m xture was warned to 0O C and

stirr C. The mxture was diluted wth
et hyl e‘i&@?‘%&éggﬂagﬁa@hea S5 (M 2800281 8ot 4516.8 Hah 2048 (t, 2H, J
e|7l;$ He), F06d(s, $|a; @r@t(gdm)sodl um hydrogen car bonat e and

. | &) was  d ed (I\/gSO4) thle)nf

t ogr aphy

0o S 30 ' -
Me titled conpound as a brown armrphous

sol i d (3. 3Zhg acétbnhtile soldt@iM%O(rﬁlDQlf%),G &h%dr%hf(l—%yclgé@nta[b]furan-
40 - 2.48 (m 2H), 2.53 (t, 2H,
%t 2H, J = 7.0 Hz). 5.28 (d. 1HJ=135HZ)543

(d, 1caibaliiehyde3(1533Hp) was @dO&d {oSthe Jdrﬂacet@m%ﬂe (($01 %\Lb"kelutlon of

gy"d @EZMQ(%Q (cgnt4]98(’/s) (5’L 52H)g) und6er é nltrogen ‘;tmosphere at room
temperature. The dry THF solution (151 mL) of (5R, 6S)-6-bromo-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitrobenzyl ester (cont. 96.5%) (3.91
g) was added to the mixture, cooled to —20 °C, and Et,N (cont. 99%) (8.28 mL) was
added in one portion. The reaction vessel was covered with foil to exclude light.
The reaction mixture was stirred for 2 h at =20 °C and treated with acetic anhydride
(cont. 97%) (4.13 mL) and DMAP (cont. 99%) (121 mg) in one portion. The reaction
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10 2H, J = 8.1 Hz). Step 5. (5R), (62)-

6- (5. 6-Di hvdro- 4H cycl opent af bl fur an- 2-vl et hvl ene) -
w(Q2@%030588 hi a- 1- azabi cycl of 3. 2. A hept - 2- ene- 2- PEX/082096/020891

c acid, sodiumsalt (5R,

6RS) - 6- [ (RS) - Acet oxy( 5, 6-di hydro-4H cycl opent a[ b] f uran

-2-yl ) methyl] - 6-

br ono- 7- oxo- 4-t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car

ixtytei wasawhuner te @ FGanasfred for ihat 0(°C. 28Thg) mixiyre was diluted

ﬁ"r eéﬂ*%%&%ﬁgﬁg&"%@ gw't@??%sqgédg)g §cfldt’oﬁ vscrzétrm%md saturated

gpdivmOnsragepaashanateand briee. (The @rgenic Ia’er Wap. dnﬁde(MgSO4) then
Pﬁe’a‘ﬁ&' O%eﬁﬁ%@ wiBSoRQAREERA WdeP réo‘ycéd Peﬁ%ﬁfé Udﬁ'le  residue was

reaction mxture was vig

pwrlﬂeﬂ with msnh@a-gei@mulnmmpmaméaphvm h@smeu @scl?ﬁtﬂwe- 3:Nto
The, f rate was

HRE et L et 493 ol SmBlproe shit RS O or s
separ at ed. HW%QGB@MSI 2A281(s,V3H, 256I—e2148drr(326) a2163 (I

conc W?%g%gg LO? B‘H%Sé 29'1’ L9y & '011?%“]'%) 'Er2£§ 4, 9HB = 135 Hz),

rat'é C' urh at
G@Qdemm)aﬁé?v(as1l-b)ppl71del ‘thb) Diddi(srHIP7.80 (¢,1284, Jr 8.1 Hz), 8.24 (d,
tsubd ppiy Kasei Co. Ltd.) resin colum
t omat ography. After adsorbl ng the coI um was

eI ut em&_ PRYA6
fﬂcﬁ i .
( 288m§§ . $R§é~6v{ﬂ§3 p%natqmvé&jwywmm#mwuﬁpma[p]Imenm_yl)methyl] -6-
M&ﬁd“?'oigu- ‘F—az (e clolébb}t[s%?b%n &Qéé?%hc acid _ 4-nitrgbenzyl
chromat o (e Rdso £
fpten (P @g 9) M@@MIS%ONGG in BaF 149 mL‘Vi@dc@ﬂﬁmm@tﬁ f21aml-|)on§reshly

\é@ﬁv%téoogrgggét[(gég?vdng%faJHeaf}am@;Mngﬂoﬁ‘g A@ho&@?? buffer (pH 6.5,

%ﬂplﬁhngeggacpt@n(vgggel RS caerenowith fil . ng:ludwtjlgmtzo The reaction
(rﬁb&@r)e wad‘ln%uél Ql)re@fcﬁ 12ﬁ5 h atzrésgw l%ﬁlpe?é’hr’e Iﬁ%z%ctlon mixture
B/ag éllt%@d tliropgh a(paggaf((‘sehtel |Ij1e fi rajzeg,weg wagheq W|tb ef8wy agetate and
thed-hqueoll§ 1306Y %9%5&%%%8 R6d/ a8 PL AR R codrRPE 8c2hhd 1 M
F’%‘%"ﬁr 2 Iaé‘dtfg I agjust, BHJod.9-hi Bba mpdurgi wascapkantrated under high
ybcmtrmai ) - TheXdnderithitdiwas Qééﬂé’d% ﬁné?&?Hﬁ 54 ARRtE 1B ubishi

oxylic acid, odi um sal t

Re8aicEh b 65in hirip hreatatraai oy ek adssibing, the column was
elpteddwith ¢1,0deMeliN (e & 8BY18).0- The3cdrbiRdd f8ctbns W8 Dbhédntrated
ur(%cliedr HPéﬂr\‘/’é’c%r%r Iag %5\/\@8 and lyophilized to give the titled crude product
(288mg). This was purified by Diaion HP-21 (100 mL, Mitsubishi Kasei Co. Ltd.) resin
column chromatography. After adsorbing, the column was eluted with H,O — MeCN
(1/0 - 85/15). The combined fractions were concentrated under high vacuum at 35

°C and lyophilized to give the titled compound as a yellow amorphous solid (185 mg,
10%, pH 7.2).

Mp 170 °C (dec); 'H NMR (D,0) 5 2.24 — 2.30 (m, 2H), 2.37 (t, 2H, J

= 6.5 Hz), 2.52 - 2.57 (t, 2H, J = 7.1 Hz), 6.32 (s, 1H), 6.55 (s, 1H), 6.73 (s, 1H), 6.86
(s, 1H).
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prepared according to the nmethod of Lewis (J. Med.
Chem, 21, 1070 (1978)). Step 2:

wal206/MBd58%Ir o- 3aH, 7H- 2- oxa- 3- 0x0- 6-t hi a- 1- aza- 7TRCHENWED20891

nden 10 To a suspensi on of

DL-t etrahydro-1, 3-thi azi ne-4-carboxylic acid

hydrochl oride (48.6 g, 0.26 nol) in 666 nL of AcOH was
added to the solution of _27.4 g (0.40 nol) of NaNO2
in 333 nL of water over 1EXamplexd8 [ oom tenperature

dr&BCRIY-4 ‘?E-Qﬂazamden-Z-

gadmnllgaﬁtte vvas concentrat edunder reduced pressure to
dryness and crude 3-
nitroso[ 1, 3] thi azi nane- 4-carboxylic acid was obtained

as br DL eiah aﬁhd-thm.re-&ehma ﬁc a&.dq& 8chloride

3-nitroso I azl nane- 4-
of dry THEChabetripdie- T?ﬁ'?'ﬁ%l'ﬂﬁ‘éé?@étththcanﬁﬂﬂ’rl aédremlsndp was

grepgr&QadBéngWﬁhe ﬁ{etﬁﬂd"bf L'é(Mie(U BleB] Eh&HER1 aid’ﬁ@?(ﬁ’bﬁé)go

s |rre or C. The solutlon was
of3rDihy thia 2l 3

appl ied to silicqagel sQ§}$éﬁ§lon 6thEt&$tr%B§/é’thV3-tlﬂé‘ﬂné la%rboxync

d -
$H8 TSRIICBp 8 B GRS oA PR st A OHiascRRdler tp e epluton
of 2.4.d(P40 miot) JIMANCDRI33B il 8f RBtet bver2td min at Rofm tAperature

ﬂng7ﬁﬂ$rﬁ9dé6 %1} hi 3“? %atlﬂ"af’é? rﬁ?é‘ﬁ%nt?ﬁ%‘ér”g‘gﬁatrg&"&él pressure.

At:h(jbh6$3@1‘r mLJ\WSQ buaem tﬁé reS|due and the precipitate was filtered off. The
dr o- 3a 0x0-6-this-1 -aza-7a-

ﬁ@'&?ﬁ e €1PNEY faée?; u eisreﬁ’HFﬁjd FESRIPyO FE)sse| apg crude 3-
orzrdbsan mlmldilr%ielmd:a)’bd»@h@add|vﬁbeobté|58@a§fbbovwﬁiim? hbug(@éind
under a ni ) ol ution

cooled to rgo%?‘? 23 §F'{5Ee3e Q'h %@ﬁk@ﬁiﬂr‘a@%@%mm acid in 530
rré.dofodrd Tmrewas radde?]'trﬁluombéﬂo%rﬂ@dh?@éa (F52p gte@800nol) over 60 min

ro

agéére 08819 \ﬂyrp%sp eweﬁog E@&eg ? éﬂ 0 ‘%1 hetsrqyglon was
comqmtratﬁdvmmleo mcmcedadressurpal Ehé) residue W%dﬂ)pﬂi‘éd (t3 Zilidagh! column

?ﬁ% aﬁ%{a@"vj i‘ﬁ'gﬂ‘ ?d 8§&?51"i wag glyed ithy/1-Bexae HASOEt (1 : 2).
dhe &tler compoyrel wabpbtmnedraysshmm pOWaer128.0 3879 %).. - 96

4, 5D hyar o R GOPR g FORLLRR I = 57 el e s 2ad T H),

5t1wse§tl)er 1H NVR (CDCI3) 8 1.39 (t, 3H J = 7.1 Hz),
1 = 6,

4, 5-di hydr é 6- sohitian 1pf7a- dsamummva-z;atdn%xbiecthm-dza-?a-
32 &g&%@ 2(8 a4 Pﬁ 8%) %%; pr%gl%léél é'} Ofra.H Q]Ig?_ r’r@l)lln o-xylene

0 mL) was refluxed under a nitrogen atmosphere for 16 h. The solution was
cooled to room temperature and concentrated under reduced pressure. The residue
was applied to silicagel column chromatography, and then the column was eluted
with n-hexane - AcOEt (3 : 1). The titled compound was obtained as pale brown
needles (22.1 g, 58.7 %), and 4,5-dihydro-6-thia- 1,7a-diazaindene-3-carboxylic acid
ethylester was obtained as pale brown crystals (12.7 g, 33.9 %).
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Hz), 4.28 (q, 2H, J =7.1 Hz), 5.11 (s, 2H), 7.85 (s,
1 H. Step 4:

W@ 2®6/MBd38RIr O- 6-t hi a- 1, 7a- di azai ndene- 2- car bal detmytg200€020891

a 22.1 gram (0.10 nol) of

4, 5-di hydr o- 6-thi a- 1, 7a-di azai ndene- 2- carboxylic acid
ethylester in 520 nL of dry THE was added LIAIH4 (3.95

g, 0.10 nol) 10 under a nitrogen atnosphere at 0 C

and then s#i5Diwdioes-thi 1 Tardiazaindene-Rtaarkeoxylic apicrethgester 'H

K65 3.438 ) £ 8, PRSI 9 2 B - o

waj, drd0 GPaHNy =)7(.j’aHd),'5dHE (62249), 66D (s, THH. filtrate vvas

concentr at [ uc n, .

(300 m - el Fic P REa TS s Be DD Ghyester

viukr_)v!? (@w & 1(:? (X, 33?01 a17)1 Hahe. 99r(gzﬂhl J awemzwamsfl(t,i?ﬂa/ = 6.1
ere was concentrate

g4 & '(':'e‘z ETLE' eﬂa(ﬁdﬂs) ?&E “ obtai ned as pal e

MS Ay dros6-{Hid-1 iazdi ﬁdene’leiqcﬁr ldehyde t he crude

520 rrL of d%HdG g%graéra(g@ag ?.ggd I%)g%%-)G(tggl %P@-?lazamgene-z

uﬁﬂbakyna dtid étﬂgleﬁter at mmne:f eerHF mmade]gulejmw gaag% gnel10 mol)
then r Xe LIt ere ,
Pﬂg‘i{lfgﬂ' ra&matn&qsp&gﬁ gtDd J;ﬁ daqcﬁtbe?l @%ﬁ{ or 45 min. TRS mixture was

coasahet vithewaten (R mLysdmubM mec&mmhas was filltredrtbough @ padsof Celite

2R ek e bR e G T R DR RN ) 1A fate ws

tcond:amﬁatadnmmim aedurcedqiressune candsthge Watay (360yet)aWas @d@ed The

%qa%ﬁl(sqay/% a]s"%MRte %éﬂl Cg;s(%gpg%{ %L) 2 ?’ﬂ)e or%a %%{EH@LS dried

MgSO.eand Sitered H) Thst fétipats was concentrated under reduced pressure and
%@@gﬁ@% 9_§fa€n%d53's%gl]é( JERwoeri gy £ §y.di azai nden- 2- vl et

0X0- 4-t hi a-Tb-aAd12 grap of Be Tr@eh@fi-dibydnoes-thia-d 7aedigdaircen-2-yl)

' tori Lrll 1 - .
Higfianct R SO CHOR, Mol 416k Wi, dhei} undpr a niragen
caémbamwybr@omltemegatureoam them refluned fon@de d The mikteredwss filtered
%&Ibﬁ” t;ﬁd éﬁ)te(é'mi e fltrAQ WAk %ﬁ@ﬁtrmru%délzre%cgd pressure.

Geres nitrogen at nos
tléwpesidee mas @mwed He ﬁlllpasﬁl iePbarar @romstogtaWedntﬂ thenlthe column

s i

('%afé eldtBg MﬂﬁM}e-gﬁnEe (g%:gm 2 c!a)r bgbﬁ 115%%@?9 \kés"&gglﬁéb o yellow
\E@éSt‘%iﬂ gntt-2fe) mi xt ure was cooled to -20 C, and
then triethyg
PCT/ US2006/ ozog’sﬁmggwla 5100 ¢ g7 wgﬁg% ]339@2‘82“ J =60 Ha),
Fotd (spAH). Bkd GSeéUi,l%QQ &Setlébl was cover ed with foil to

ol ) The dry acetonitrile (11 mL) solution of 4,5-dihydro-6-thia-1,7a-
diazaindene-2- carbaldehyde (1.70 g, 10.1 mmol) was added to the dry acetinitrile
(60 mL) solution of MgBr, (2.03 g, 11.0 mmol) under a nitrogen atmosphere at room
temperature, and then the mixture was stirred for 10 min. The dry THF (71 mL)
solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-carboxylate (3.55 g, 9.2 mmol)
was added and the mixture was cooled to —20 °C, and then triethylamine (3.1 mL,

-97-



10

15

20

25

30

in one portion. The reaction mxture was warned to 0 C
and stirred for 15 h at 0 5 C Ethyl acetate (280 nl)

w@nwehsmsBs L citric acid aqueous sol ution (140 Pdl/USEE6/020891

added to the reaction m xture and separated. The
organi c | ayer was washed with saturated sodi um
hydr ogen carbonate and brine, dried (MySO4) and
fiItereg The, filtrate was concentrated under reduced

BREsBR wasAddeddR oPs RPIteN; 2kt Esaplion vesseliway ¢pwered with foil to
@x&mcu@hght?ama .@éatxdrdmm@ew&a%wr@al lkdr-$h Bk 0P > G -8 Qrebhtdd With 4-

'w’fm?l%a&%i‘é’y'rﬁé (B, 04 B Setc BRRHAS b B .6 mmo)

aobmed oﬂﬁbﬁs hiive %‘dch?i?hﬁﬂl_ ur@\Né’éJhﬁltbrrﬁ%l%o?O 9C ae@Sstmé@er?r 15h at 0
nmo (0] at e u er

gs%/! ﬁ@etqﬁq#?%ﬂmndaﬁ@o'ﬁgewmw Afe @Sqﬂt)on (140 mL) was

%ﬁhé}d td)fhe%aétfdmdﬂlxﬁﬁg)an@ Qt%ﬁédxy T, rgdhiBY&le?-was washed with
6-t hia-1, 7a-di azai nden

RFRIeS SBHBM4N xqﬁ?%?nlca&ara%weﬂ aﬁéa 2dfﬂﬁ%§\{!ﬁs@4)e?f@- fitered.  The
GiRdaRO Mgk | Sonaéntehted rﬂinHé:O m&w pré&sslRy and |&ﬂJdee€BR)'-61[bcetoxy-(4 5-
gyael was covered 3 b&l t o exclude | |% The
AEYE0r on i xt ur e SW¥ai7GatiRAENdpNLYImethyik- ,brqmg—?rpxgﬁ-thla -1-
BeaHIt o2 I0dpt-2-enElB ERBO:ii® AcEOp- H&ﬂoﬁ@nzaﬂ\@%té?%@@b@tned as
then the pH was adjusted to 8 Et hyl

gE‘E”frh?'BorPge Upolid- \\as  added to the m xture and
f | | t ered t IFresifhactiveted 2 dGetl (2t & g)T\hQs BadedPSpid¥R Si$d0.5 mol/L

%? ﬁ (‘ﬁg% Itrrhé f&#ﬂ%ﬂ%”‘?%e(? 6oh0) aRg acetonitre (36 mL)

\sohhorOoﬁcmdé (BRpbemelad €4 jLdiyeiro-(gtHih 1 5a-d?az>a|r&{énm.)|)methy|] 6-
TR AP 3015 e e i, Wrotoncy
eetece'ﬁluer Mamiogf owed8d gas amérdka)dh e\:]ithaﬂgpltb &d(ChﬂeDiggldt on The reaction
AL e T DTN R ——
msabuled ét A1°Chandhthen the ﬁH was)adjusted the3n0.a Gty rag?/falté 6 mL) was
SRS A B B 470 G008 B b i i
watkrr(150myh. vErequenius 35@r aad separated arektheh gh@ klahgantd‘ﬁyer was
gy SRR oM IPERUR 20l f 1 Bedfgmone
@auequs, layers viere depled &. Q. 2C( and fHeén th8 pH wastadjudtzd to 8.0. The

e e s s 3 i

jisybighikasyi Gendtd.Hedumpahroreatograplly.  witer addrbiBy, the column was
%Q@(.fd witPwater W Mg&%{h@ﬁ g@&%mtrﬁé Q&Wéo%s%%lutlgﬁ ?%agédj mL, 10%;
@éﬁe)ml( 629%:69§Gme).Di b lopmbined. attige fraciicrisywerel cordantrdted under
%rgha{/éﬁ(ﬁjh? ! ‘3%‘0 and lyoRhlllzef e the tut*‘eg corppour dt 3s &, vellow

|rrethlen3 - 0XO- yCl O
@mprphous solid (1.28 g, 40.5 %, pH745)

Mp 200 °C (dec); 'H NMR (D,0) 5 2.95 (t, 2H, J = 6.1 Hz), 3.12 (t, 2H,
J = 6.1 Hz), 5.08 (s, 2H), 6.23 (s, 1H), 6.46 (s, 1H), 6.97 (s, 1H), 7.01 (s, 1H): IR
(KBr) 3382, 1752, 1684, 1597, 1554 cm™"; A™ (H,0) 366, 292, 197 nm.
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carboxylic acid, sodiumsalt 5 Step 1: Preparation of

5, 5-D net hyl - 2- pi peri done 5-5-D net hyl - 2- pi per adi none
w@ 2906/a8058pr epared in the nmethod of Nagasawa (JPCT/NEHN6/020891

Chem, 23, 1176 (1977)). Step 2: Preparation of

3, 3-Di net hvl - 6- met hoxv- 2. 3, 4. 5-t et rahydr opyri di ne

Tri met hyl oxoni um tetrafl uoroborate (97% 11.9 g, 78

nmol) was 10 added to the dry dichl oronet hane (156

m -) sol ution of 5, 5-di mgézgl per| done (9.93 g, 78

nmol ) lgt St X

react i-e#

Iaye vvas separ at ed Theha ue usdla rltvvas extract ed

with ethyl acet ateQM—%%@M-gﬁ—t he combi ned
5 sxegarﬂlmeigm on 085, Svbiskethlyve-pipetitneodi um hydr ogen 15

car ueQus sol. uti and bri

[ ayorS RN EaPPRISAre A PaF pltnefin WEpBURALY Ripggsawa ¢

Meas. &lmensrﬁvecmmd)er reduced pressure and the t|t| ed
d ob I

7 0 Hz), 2Trlrﬁeth§/lpx<ﬁ+rumJtetraflﬂorﬁbdﬂa)& (37%9 1(1§ QH78 mrr@B was

10 éfdgd%&ryp gtﬂpromeﬁ%anf S/1|5|6 d@he golutlon of 5,5-dimethyl-2-piperidone

(990 Yy T3 mrhcblpai wemlteenperattner andbétirred for 14 h.  The reaction mixture

3 d d
o 5B A TR G o RIS B AR v
olggnietidngn olas (sépdratdd: ) Thasqudrestiaer was rexfracied faith ethyh acetate (3
T i »
1 480 683 R S bl B8Bnic 0 SRRTEIHER Wi #996/Shaium hygrogen
15  ecabenathisoeesud salutioh. dybrirgx. 6T orgaﬁlc layexivrRs digiaMEB304) and

ﬂﬁtegec?.g gﬁ"l_agii\_tpaée ééé?a&ﬁciﬁ?rﬂfdiugde? %g;]@ds tpﬁeps’égfe( bind4He titied
gqrﬁp@irigeltl\gsIobajrédFSSJaﬁ%YelléMr(@idﬂ,@aib%l-, 2-al pyri di ne-
6- GC%r ma:t h%*@ﬁ%@Dgls etorgzghg?dr or 1'4(?a(§’o%H’IJ =7.0Hz), 218 (, 2H, J

=7-GHpy 819 (se213), 8881l 3hyde 30 The mi xture of
20 2- br og?egtgh*yigrﬁﬁr\émgﬁﬁgﬁhin% '¥ﬂ%§% ;ﬂigmﬁg[gh@i‘ocﬂl?ride

t ol
and 2- pr opdhelmixtee & 3;3-dimeibyl-6amethpxy-2, %&t@reéwdmyﬂdme (0.0

6182 ritha) aHE SnfdRinh ARAL IS lq, 1EAMIBASH dhPEIRSRG!BE mL) wes

he reaction m nce rate
heatad dol reflusderiig b.  Tihecreactiym migiure 065 txgpedicentrated under reduced

PSSR 8600 o i gy ¥l i Ly 6.0 768 .

25 H NMR (DMSO- d6)6095 (s, 6H), 1.52 (t, 2H, J = 6.9 Hz), 2.55 (1, 2H, J =
6.9 Hz), 2.99 (d, 2H, J = 2.1 Hz).

Step 4: 6,6-Dimethyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-2-
carbaldehyde &

6,6-Dimethyl-5.6.7.8-tetrahydroimidazo[1,2-alpyridine-3-carbaldehyde
30 The mixture of 2-bromo-3-hydroxypropenal (10.1 g, 67 mmol), p-
toluenesulfonic acid monohydrate (0.13 g, 0.6 mmol) and 2-propanol (12.6 mL, 165
mmol) in cyclohexane (100 mL) was azeotroped until the vaper temperature over
80°C.  The reaction mixture was concentrated under reduced pressure. The
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5, 5-di net hyl pi peri di ne-2-yl i deneam ne
nmonohydrochl oride (9.9 g, 61 mvl) and the dry EtCOH

W@ 2®6ir305%8 sol uti on of NaOwve (28% 11.7 g, 61 np@l/PS2006/¢20891

added at room tenperature. The reaction m xture was
stirred at roomtenperature for 2 h, and then 5 the
reacti on solution was renoved in vacuo. The residue

was dissolved in CHCI3 (300 nmL) and triethylam ne
(Biduienkas Gibsohved Jn deysEQHIEN0 rak)l t FendnyHztOHe (50i k) solution of

BRI e f i o o fhon D €556 B an e

deyaEtOH (56 oLy tsplutiomas Na@Mev@8%., 11 1wagudl nrhel) wees added at room

SO 0,
g1 Sy Aot 55 v
ﬁ@umaumrsmlutomwasmnwadnao@eub wi The cmduezwee dbssql@@d in CHC|3
cd
P T30S B IE8S ¢ 3 k) GBI o
pmdemuwas heatedr osieflwe fae2 happThGetEaCbors |rmlxtuee yes aoolednte room

%?1';019%9&? a["ﬁﬁqegen b Vé%aﬁ‘%&l@h%g’ rem&UdNA09tud SPhe fosidue was
Bisselvey in ©HHE, (809 mlr)@mﬁow@shmomﬂo p0%2K=] @y aquROne -slugign (2 x
GO OG0B Shlide Aol By Yo, £ x 200
Jhe mdynblmwm tayen g\@ss@mecu (MgS@.)gand diltgregh W@h% f ltrate was
gglg@éﬂﬂ%%dhuqdeg re6du$e% p{eé;ts?rgh Errmeo Irersﬁj az OTS apzolleji to SIII((J:? %el column

zhmamraehy @@teqwltmmﬁc(laeame@)ar@l (601:01)(and fbpl)tltleq cqgrgpound 6,6-

P‘\me% 5%.7‘8 ﬁ\?hijgrérm }_gaz%g %%]p(y%tﬂnejz arbglggh)}d@ (br§wu¥ 1solld 4.4

8, 0.0 Maﬂl"@ﬁ ethyg56et, 8‘&%@%’6"%@@1&[‘ 2-gipyjdiie-$-garpaldehyde
?oraﬁ%éatodﬂ%i%al ) BB 3)2 8 1.09 (S EEH) i 5451

J —_
(s, 2H, 7. G.9- leetmyl ﬁ;)6,7 @-tq;mhy@romydagon gtaigpyr ine-2-
Qé%)ak{e@\?}ie B ﬁmﬁr o .16 (L 6 31781 2Ry I §1HER2088 (¢, 2H, J
I%ﬁb}& 21'%x704@1(5t itk 9183(Babilkvcl ol 3. 2. A hept - 2- en
e 2 car boxvigtpinfeifli-5 6275? %@fégﬁ&ﬂgﬁﬁhéﬂh‘% -&pytidine-3-

acetonitril & (28 ml.‘gg
GaaidehydeyH NMB (CDL15) 156t 0 ks BHD T éldlz 8H, J = 6.8 Hz), 2.97 (1, 2H, J

CRAMR R TN (200, 20,

é&ﬂﬂﬂ@%iyl (5R, 6S)-6-br omppenem 3- car boxyl at e

8. 94 23 d d
(5983, TR0y RSO 2B e o8 6 g o

"asahydadtnidazo die- ql@vrldir@rﬁ-carhéldfsemet i (@rPSv@s2®mmpls was added to
GRY e Acibrithid Eish th) %ldﬁd& Mgsgt(s 2-5‘@ i§ﬁﬁﬁ6l?ﬂnder a nitrogen

rgté%g;r)ﬁerg%? rgc}rrl1 iern?peratage and then the mixture was stlrred for 10 min. The
dry THF (180 mL) solution of p-nitrobenzyl (5R, 6S)-6-bromopenem-3-carboxylate
(8.94 g, 23 mmol) was added and the mixture was cooled to —20 °C, and then
triethylamine (7.8 mL, 56 mmol) was added in one portion. The reaction vessel was

covered with foil to exclude light. The reaction mixture was stirred for 3 h at =20 °C
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4-di met hyl am no pyridine (0.29 g, 2.4 nmol) and acetic

w@nivgdsisee (4.4 L, 47 mmol) in one portion. AEEUS2006/020891

10

15

20

25

30

reaction mxture was warned to 0 C and stirred for 16

h at 0 C Ethyl acetate (715 nL) was added to the

reaction mxture, and then the organic |ayer was

washed with 1 nol/L Citric acid aqueous solution, 5

wat Ureatezliwitio d-dimethytintoe pyridined (029 @, 2rdmionolnand &betic anhydride

FATRLre? tEen. i e bbb UikitsPordihollye, o€ Barddg g0 -c ana

climelek for 16 h at 0 °C.  Ethyl acetate (715 mL) was added to the reaction mixture,

%’ﬁ@fag% %5&83% %%6 y»%ﬁgf%ﬂ?é# v@tno'l%.oﬁ_ ;ﬁoxgi%d faﬁpgauﬁ%lution,

saturatbd cspdiunh myﬂrd@}ehecparbMend -rmebox yheé corganid layer was dried

TSGR REY sk THEERb USRS PARIIrREPIRARUS pressyre and

reayded| y Wi (5IR)-6- [Ecetoky-(ﬁ 6- pimmmﬂrﬁtﬁelauét_fahyd(cprhdlc&zém 28 pyridin-2-
%%ﬁ%b&&%@%ﬁpﬂj@—g}g—%-tmﬁ 1%&:985@%.6ﬁ1%bt§2-(e89-2[@a)rboxylic acid p-

(NiR)bedzyl @ster oxgs ¢iBaibed asbtdwn arborphaysBsalidt r ahydr oi mi daz

1, 2-
Y- azai oyel T8 ST 2 Wl B CLP s HAA rEoh i 0.5 moi
mhospfigde byffer gt 6.5, 'I%é megtet thenT e {482 nwayamba@'tmitnle (90 mL)
&‘;3&*335 Okgf O{;‘?ﬁ)%{%&:&g& gd Qﬁﬁneﬁ@% P 8rt§@§ﬁ¥d?5]mm&5ﬁ Ralpyridin-2-
Thenet cﬁ-bmo—?noxcﬁrtblawakazabweld[m Omepi-Z-@nel 2-¢asboxylie acid p-

i dcyel%ﬁzﬁcgsﬁet e§nt PedctiBn vELLLY WaB%H g@t{eﬁ v&:fl’ﬁ%n tme)(%li’l\@eshght The

to t reactron m xture,
waaction| migiuee wen viseseusly stisied fiyf 1 @dﬂ atrreomniempeatygd \Waeg reaction

Viﬁl%‘d?@'w% E‘Bol@@ta% &Zﬁfgi ik the 6}? w%g WRRKRd BYSS. ‘éﬁ@yl acetate (140

separate and organi c yer was extract
vnkhwas 8dqgg] VOLthBrf@%‘ESIﬁ’atfé'Xb'Cﬁ fa@ﬂ tlzen mﬁme(twe wasfiltsped through a

Bak- ofBéﬂteoéﬂ%etdéﬁ R sABE Wit YRRS 208 YR, VA% e‘éﬁ% Rffer was

to 8. and he m xture was concentrated'to 584
ﬁpﬁ@t%@iﬁ W&é\ the @EIRNiclaye]] Was expractes withp0. Samiiel/lapgwmate buffer

t(QH@ Ri200541H13.1 mmo{tﬂg%ﬂbme%hﬁé@sﬁgyer@a%eéd L%Ped to 8.1 and

H%Pﬁcolurm chr omat 0g Af t er adsor bi ng
éE‘F Ugvas¢ancentrates fo §8£9 %1("23 fbNp QR M{#i@)dded fp agjpst pH to 8.2
ke M@;bliéﬁel)o DFdh%l—(ﬂZb&GsMQhE@ﬁ%L aNtsd8lsiio R&@l%tuﬂ')ecolumn

ngv u% SO |(}& é k}Z‘Oﬁ‘bl ned active fract ion
2BaERhY: A2 ?Rf@\“gh §IFOVE AR Albtedanithang % (2 bed volume),
|5 &p(a béd edutre), 910/ % (1h6ed3(/¢ldﬂe%and 20 % acetonitrile aqueous solution.
8-tetrahydroi m dazo[ 1

(ﬁ@ j:(éwlﬂ%(? ﬁuc.g\)e fractlons vel/ere concentrated under high vacuum a{ 35°C and
waspmnzyu ¢o give The xudé-(5R),67)-648 @muﬁmﬁ%% 'Zs%ﬂa@r%ro?m@azon 2-

a?]rB¥ Pl % gxglc)}lllmttty%nfb-@%)(glﬁgl ‘gla@j:gcyclo[g 2. 0]hept-2-ene-2—carboxy||c
(&), soelzimfau(a“s £yéhomrh01bh@s€so?d gt.neyy.ahydroi m dazo[ 1,

1 ot hyl el e 4 (BRMEZ 55 SP RN BB Felyeoamidazol1 2

ea]aynzar-zoxyl yimetiotens)- 7aﬁd+4umasabtamqmdml hégﬁ-ztéhetil@arboxync

P4 o/ Sait Wk p ey B prearatve SIPLE (Vighiysib BERLE &P (5 o),

U@rﬁer&(qndnbaﬂ @9. Inc., 35 x 250 mm, 0.05 mol/L phosphate buffer (pH 7.2) :
CHLCN =70 : 30, 20 mL/min.). The purified product was desalted by Diaion HP-21
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CH3CN = 70 : 30, 20 mmn.). The purified product was
desalted by Diaion HP-21 - 101 WD 2006/130588

weERANbUSEeH6/ 020891 resin (50 m-) colum PCT/US2006/020891

chromat ography and the title conpound was obtai ned 230
ng (2.8 %9 as a yell ow anorphous solid. M 210C
(dec); "H NMR (D20) 8; 0.91 (s, 3H), 0.93 (s, 3H),

1.63 (t,.. 2H J = 6.8 Hz 2.72 (L, 2H J = 6.8 Hz),
_sg@(f{Q;mLkpglumg cjgg)n@gtogrf)phy ang; tl'g(()tit@scoqqu.pd vgasg;bta%ed 230 mg
(=8 %)dﬂ)agdlo%rﬁ@rphdus}-gothxanpl e 30 Pr epar at| on of

(5R). (6Z ¥q H i m dazof 2, f1l

41 t hi azi n- b C (dec); 'H NMR (D20)8 0.91 (s 3H) 0.93 (s, 3H), 1.63 (t,
X4y L c f

mhggug%%)zl? gc?H J téSIeélgllr%)% ace o%ﬂ%/%(% 51?1%%(% ), .01

&11i 649 6% 15)-6- di hydr o- 8H-| m dazo[ 2,1 10
c][1, 4]t hi azi ne- 3-car bardghy,q I 3 ng) was added to
A Ee(:?ol !

the dr acetlnltrlle 4 utlon _of Br2(22
eparas 211). 46 ~ dagoll 4rcll14]thiazin-3-

A .
(68) 6- br oﬁﬁ%r@h@emrtﬂls&%b) (sglutlorgpf websdibydredH-inidazo[2,1-
B[ X BHKiBZINES- d‘aﬂfdr@éhyﬁ@ @29 m& WheRdhEd ¢ d an aset(nitnlé € (40 ml)

ne portion. The reaction vessel

8"%%8? Megw(@# d)sindes & nisagen @mpsritere atrreem emperaiure then the
iUt RayVatrréd fdr”@dmfrp ITha: cﬁy*Tl—!fFt 8029|LF30I@P<511 bf E@ﬁt%enzy[ (5R,

4, 4-di rret ridin ace
gﬁ&?cﬂf ?'H@PG(Q?"Q aBOXY'ﬁte hgbwas ﬁgqip n‘%llfén]l)@lg{@twaﬁqcooled to —20
AT Xhex &léﬂ%ﬁaMﬁﬂé negd wR) Waf A66d  bhé rtfcﬁ%r Thé r@a&fonQ/egsel was
10% Ci ous_sol uti.on (500 nl-) wa
versis with S ol Fhte iR EPaclien M RS HEPe o h &t -20 °C

artl traated dvithi 4 Jn-dﬁhétwlamtmt mﬁrlﬂlné 364 n%@@n?hﬁeﬂcﬁ%y@ﬁ@@(@ FmL)in
aturated sodi U

RO% oA T0F pestos mitfufeswrs waed By Bmsusineshiar 14 h at 0 °C.
fiDY4t Gitriechcidraquebus tolation (B89 rHIONGR YddRbes tHEYSBELdrafikeRE and the

BRI S iR DFRLH i Blae s kol S Srasetcomeer wes

wabhed with waterpsatatatedsodieém hydrogen carbonate and brlne dned (MgSO4)

Qﬁgq’lft%eli aflfé n@ﬁ%&‘? \?asgcogicgﬁ@at?d g:;gclara?eg %g[ pressurle The re5|due was

applieldi toysdica [g8l Qolﬁfhh abtordategapRy aad lehied inith QJHngIzp— ac?éone (20 :

L?ngog b@‘ﬂréhélrra ogr aﬁﬁ) %br owné%%\%y d;ol_g%dﬁq[z Tl I 4]th|a2|n 3-

Fmsthy-6romo dt@w-£thiakd stzabityelo[g)2. @]asptzmdmizroaﬂjostym ac,d p-
HiroBelayPeliBl 4o BRRFPQALE  buffer (pH 6.5, 11 m).

reacti on ves was covered with foil to exclude
li ght. The Thesalid obiainedxahove chesnatography dag diddoiveddn THF (11

). oflogheRaR HETRR! FE 4 ek HGM5 i Scl Bospne
Wa@qégH\fj 5 H 1\m|t.)ei|'hQ pedaction vessel was covered with foil to exclude light. The
reaction mixture was vigorously stirred for 2 h at room temperature. The reaction
solution was filterd through a pad of Celite and the pad was washed with water (26
mL) and n-butanol (26 mL). The aqueous layer was separated and then the organic
layer was extracted with 0.5 mol/L phosphate buffer (pH 6.5, 2 x 5 mL). The
combined aqueous layer was concentrated to 18 g, 1Tmol/L NaOH was added to
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m.) and n-butanol (26 nlL). The aqueous | ayer was

separated and then the organic |ayer was extracted
wowaok/180588 nol / L phosphate buffer (pH 6.5, 2 x BCTI$2006/020891

The conbi ned aqueous | ayer was concentrated to 18 g,

| mol /L NaOH was added to -102 WO 2006/ 130588

PCT/ US2006/ 020891 adjust pHto 7.3 and applied to

Diaion HP-21 resin (20 nL, Mtsubishi Kasei Co. Ltd.)

BALSRT EhF ér@@@@PW Digiph &1P-gH £esim (20gmLt Migsubishiiifasaio. Ltd.)

%Ium%h%ﬁﬁo%bﬁﬁ AR ab&Bing e RRIMTNWAS blfeARMPRYR and then

sgl ution. Thé conbi ned active fractions was
ednasaienifiegausnygesolulipgh The combingd BHee dagtionsowas Iconestrated

glgclje%m? h&udn bt 95@51%@ wggg)ﬁi%cﬁtd’ ﬁlivb Q?‘é DE?)? %gﬁhgeg@di %s Gyellow
?Wpfmqyssslr% 1(@9 1 H, 4.13-4.16 (m 1 H), 6.37 (s,

LD 95 gt ol sy 0 854855 ) % o
&%41@ ([mﬂfi) @ﬁ{ﬂr@t 1Idh 631 (s 1H) 701 (s, 1H), 7.04 (s, 1H); IR (KBr)

?ﬁe@ﬁﬁ o @@%ﬁﬁ?ﬁwr@@ﬁ,ﬁ_ | - bl t hi azol - 6-

azabi cycl ol 3. 2. A hept - 2- ene- 2-carboxylic acid sodium

salt Step 1: Preparation SR 3a 4- di hydr o- 3H

6H 2- oxa- 4- thi a-1-aza- 6a-§iﬁ%7m'n 0- 3a- pent al eni de To
PR (64)-A42 3-Rihydrop al5i

500 M of water over 13 rﬁsﬂw room t enper at ur e
and stidg ¢dpfepardtidhOby §.0x0l3% A SiRGli28HSEUL

concenirat ed Ul .
2 e he residue and the precipitate was

filtered throughyg Q@Eeﬁ){] @?{1h§a%ohdu:|—@§ &%w?%w&g, 0.30

cetone (500 m trate was con

E‘Hbé‘? 1 qo@dub%foaﬁ?ﬂ%é@'d reas afdedym salytiamer 3t.01@e(0.45 mol) of sodium
qitrié i SO0MNbRFRE! SleP 13 mifREd 9Xohft ]gﬁ'@'epaémsand%f‘rgb %% hours.

Il ow solid. To a sol ution
3’*% ‘#ﬁ%?ﬂ'#ﬁ%}*@% cencentratedyinder reduged grasaue00 Agkton@ %500 mi)
wfas ddded &b &@%&fd&%tﬁr@nth\é@ﬁeéei@eﬁg wds! @%ﬁ"&f ﬂﬁ&giﬂ 5 d pad of Celite.

dr i de @ ?&85? ﬁ'b
8&3&? AW/AREH U acgtone (S0g1mbs The Sifrate wasconcenteter under
|@:dﬁ‘ced Pressael 16t dr9fessBsnd SRGEMN- h%@é’thlé&éﬁﬁn-?l gg&%g){uc acid was

S\?‘ﬁ-ﬁa &ﬂg re due was applied to a si
WJiig ‘9’88 phy, and then the col um was eI ut ed
vv| th n-hexZoa solutiohf cﬂm@tﬁﬁuﬁoééthrazéﬁdm ﬂ“@ar&?ﬁ;}h@gmd in 600 ml
SO0 Sy RS AR e e R b et e

ydrofuran was added triflu roacetlc anhydnde (189.6 g, 0.90 mol) over
20 minutes under a nitrogen atmosphere at 0 °C and stirred for 19 hours at 0 °C.
The solution was concentrated under reduced pressure. The residue was applied to
a silica-gel column chromatography, and then the column was eluted with n-hexane -
ethyl acetate (1 : 1). The titled compound was obtained as a pale brown crystal
(19.2 g, 44.5 %). '

'H NMR (CDCls) § 3.98 (t, 2H, J= 7.7 Hz), 4.65 (t, 2H, J = 7.7 Hz).
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30 (19.2 g, 44.5 %. 'H NVR (CDCI3) 8 3.98 (t, 2H J =
7.7 Hz), 4.65 (t, 2H, J = 7.7 Hz). - 103 WO

WQO®6/11B38H88 PCT/ US2006/ 020891 Step 2: PreparBtT/082006/020891

2, 3- Di hydropyrazol of 5, 1- bl t hi azol - 6- car boxylic acid
ethyl ester and 2, 3-
di hydr opyr azol oF5, 1-bl t hi azol - 7-carboxylic acid ethyl
ester Et hyI propl olate (20.3 m, O 20 m)l) was added
X y2: hi 2, 3-Bi prazplof54xhjthiazol-6-carboxylic

gstetisphere and refluxed for 21 hours. The sol ution

vas coal ed gl TRGIRLERSS 4! 8.2 @ég)%eéﬁde@tt%daﬁ'&%éne (600

reduced pres e resi e was led to a silitca
gu) soltiom ofir Graxocis; aghiihydradd, t ok dctblaurzarpasazonio-3a-

en Eegldr’% gibu? ed?g?ﬁ]ﬁ"d') EhdbY a ARSLRh CathdspRere tdhdlrefluddd for 21
zoarsa hybe cgutinowas Soaled] tohioarb feraperaiue apdi eongentipted under

SHlyar SR et T oy e spplen o ks ok tppsfooron
@od élflerwbi@ asturan mag ehiedwish oviiexane - athylaeetaietd @1dp 1: 1). The
RS il wa 25

rop(ynggio[ 1] tRigRol- 7( gﬁg@p)gdlc @cid eggyl(qsterg Mas ybtalr'pedlas a brown
lEﬁl)in th% l‘gt?o Gf‘i 1%sﬂecﬂvgy 5(2'@39; Y‘?elc?%o(@%)%"' J =71

d| hydr?o%‘PﬂmR}’E@O!P[%]‘tbﬂfh@Z@fa'qar artisx Aeic et gzﬁ?'hyﬁ" NMR
H, 7, 3.8

iRy 1o P 1y K10 3 55

(442 &rBHI =75 B2k BP2 (. 8D. (s 1 H). Step 3:

2, 3- Digwd ﬂ%?@%&z%zg ib@hu‘a%l%?érﬁ@xﬁéf Bahd Xﬂ%s%?’d 'H NMR

2,3- 20 di I azol - 7- car bal dehvd

'I(@qulté&ﬂl&% (v 8H[ 2. 21 giZQ(BG_i (tn8H) ¥ =of.8 HZ) 4.28 (9, 2H, J = 71 Hz),
?:gf{ ﬂ;{djogygﬁbob%ws]ﬂ_m t hi azol - 6-carboxylic acid

ester an

2 . paidehwded and 2.3-
ﬁ, agydrofuran was added

N7 T, Tder a nitrogen at nosphere
at 0 G andTe s 6 69.1% i oh2 3y cromazzHI5, 1-blthiazol-

t r -
nqigi’rgg%fh?hagnd Sth§ &tk UhE ZV@élh i eﬂ wl'"ﬁ d?“/ Jgéﬁ)&(%/hc acid

recipitate Was
iyl asterrhia gdwgfsdrmgtﬁ@wdwfwanmaead@qcb@l ) Cebkig, 0.1 mol)
tHder Y MitRigenaBtmozBRerd! 3t 0TS Aid tthéd &tMeE for 2.5 hours at room

concentrated under reduced pressure, and then wa

(tgg@efﬁtt)urewaghgaaggre wWafedueiged with a\saéqr (ﬂég’nlbamc} ﬁl@t%@f}lpltate was

Vilfebed mr&h‘dﬁ%%ﬁ Bﬁtt@ntélS 'Phe2|§e91 Wak - wdsHRdORIFFP WARS (100 ml) and

K galg])lld(;ofurgln (500Wr$'|lr)e The f" ltrate was concentrated under reduced pressure,
and then water (150 ml) was added. The aqueous layer was extracted with
dichloromethane (15 x 250 mf). The combined organic layers were dried (MgSO.)
and filtered. The filtrate was concentrated under reduced pressure and a mixture of
(2,3-dihydropyrazolo[5, 1-b]thiazol-6-yl) methanol and (2,3-dihydropyrazolo[5,1-
b]thiazol-7-yl) methanol was obtained as pale brown oil (15.5 g).
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30 and filtered. The filtrate was concentrated under
reduced pressure and a m xture of

W@ 2008481588/ dr opyr azol o[ 5, 1- b] t hi azol - 6-yl ) net heeDUSANE020891

(2, 3-di hydropyrazol o[ 5, 1- b]thiazol-7-yl) nethanol was
obt ai ned as pale brown oil (15.5 g). - 104 WO

2006/ 130588 PCT/ US2006/ 020891 To the mixture [15.5 ¢
(0.10 nol)] of (2,3-dihydropyrazolo[5,1

b] t hi azol - Goylje meixtuwad15&nd (0.10 mol)] of (2,3-dihydropyrazolo[5,1-

g e BT A g Pl s
o) Oﬂdﬂieﬂofmmms adgad activelep NG (7.7 g)omder 8 mimgen@twpesphere at
emg%‘ %tﬁ éd %ﬁﬁ%érgieﬂﬁxdéwrr %QPJIFE gﬁ%h‘ﬂ{% e}'\\ﬁ%tﬁlte{ed through a

vsad; of:6a|de and maamtranedms candenieadeurdas uedlcelpsessyrd. d ke residue

Yk%% ﬁ%pﬁéed @gﬁ‘ gﬂcaaagl é&l t e@fom\%ﬁgﬁ%&/ﬁ gﬁ@é %%F%g@%r{n #28 eluted

(@h: héxane-ethyl 3):etaﬁ1&(2t it1ew conpdund 2Ti® tltled compound 2,3
DA RSREERASH kol bbby i Ukl i e 250
2, 35.2i% Y dnd -2, pyiitedrs- ofmizalols) t-btiHazsil-rcaghaldetydehy de 10

was ohf.al Hadinas a@aﬁ%@&r@%"%hégﬁo{ffj%(ﬁ §g g, 33.8 ),

2,3-D ydropyrazol a car bal dehyde;
NM@U@@b&)azélo[b‘ BélthinzolB-fargaldehyde 5 HUMR 4CRGI) § 3. SQKI 2H, J=

%53_”%) 5452(02 py’?gééﬁ*z[)gs{a%s] Tid e, ) dehyde._:

'H NMVR e( Ab@Ir3) phra2olBp, {-bjthiaHy - chrbald’el‘@délz)‘l,-i NMRHCHAl) § 3.92 (t,

%ﬂ F‘rep?a?'é?‘a_%agfz"'g}-ﬁ“z]) %1 (s 17—3 é?e( W) 15 Step

(5R) ( azele]5,1-blthiazol-6-

16

4

sodium sdity a;:eionltrlle (19 m) solution of

(22358 i hydf gapgﬁﬁgc%kcglntﬁrel(@]@ggagf%n oip, mya?spH LM 1-bithiazol-

(ﬂ@erwd)ehsdﬂ (#5040, 1€ nuholMyBs 2dde ©7a gcy dc@tifitriten(106 ml) solution

Lbﬁ %Br a&BrBf § O£ nﬁﬁ&?&rﬁﬁ? H&ittigeh %%?W%%ﬂo%ﬁ?te%%&ture then

ure was stir
itee mﬁyr@r\mamared(fme %0 mlr)utssal 1) dr(vﬁetmhyprofnnanr(d)% mtydolution of p-

(rﬁt%beﬁa)l (§Rb69%%6g§8§ﬁnen?§f£’é}ﬁébh@ét§ (é ggl?gg 182 *‘9‘}% yas added

was added e m xture was

t%fﬂént £ rigtupg Wi Geeledstos—24 SC Ymnrtrigthylaming 5.4a00 &8.7 mmol) was
{89 bhe fbortﬂhe fﬁ@?éa@fbnvx‘?ésiéi W Sofce rvﬁﬁk YéﬂulttB efxelghe light.

to excl ude a(g The reactlion m xture
fidie zeacdan smidure 2‘03%: sdiffgdt foeal dwurd @b 420 anﬁﬂﬁyﬂr%ﬂiGPmoNlth 4-

m{méﬁzﬁﬁm{ol%?nmﬁe 398y Pb) rﬁrﬂgoraé?ﬁt héetRNEeahide dé% i, 32.9

| ) in one portion he reaction"m xt
WBEoldR ARl PPBIoD. CThAdeadtipp miureowas warmend its 05C andcstirred for 16

Efd"xutYéu?ng Zﬁat Ett{yﬁ_’g@etﬁté (508 MIF WS Satid td thd RALdP Mixture and then
the organic Iayer was washed with 1mol/l citric acid aqueous solution, saturated
sodium hydrogen carbonate and brine. The organic layer was dried (MgSO,) and
filtered. The filtrate was concentrated under reduced pressure and the crude (5R)-6-

[acetoxy-(2,3-dihydropyrazolo [5,1-b]thiazol-6-yl)methyl]-6-bromo-7-oxo-4-thia-1-
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the organic | ayer was washed with 1 nol/l citric acid
aqueous sol ution, saturated 30 sodi um hydrogen

w@200bosase and brine. The organic |ayer was drP@OUS2006/020891

(MS™) and filtered. The filtrate was concentrated

under reduced pressure and the crude (5R)-6-

[acetoxy (2, 3-di hydropyrazol o

1%h|azol 6-yl ) net hyl ] - 6- br onp- 7- oxo- 4-t hi a- 1- -
f@gblc [3-8ddheprta=sng- &@qrp@gglgmcbgmg@penzyl ester was obtained as a

@Z&mgmg}p%gsg@@] hept - 2- ene- 2- car boxyl i c aci d
p- ni trobenz ester was_obt ai ned as br own anor p

solid. Fre ‘F%P Yagelvaiadedn Aysh (314 Qi&?"aé ‘g’%deﬁ/a@li’ﬁ’!}'dlé’ﬂh 05 mol/l
rpﬁas&%ave Wit (,SH 5 51806 Inl) mﬁmwfuw(m nﬂ)OAﬂdGao%torﬂtﬂ@ (62 ml)

to tetrah f’urané m’) and_acet o %
ﬁ,p tiom; of {Pi3}-P+ egfxy—(Z 3-dihydropyrazolo [5, 1-b]th|azol 6-y|)met yl]-6-bromo-

@Q&o %}I’%éﬁ??&v_g&?ﬁ cﬁc?{B Qﬂhébf—@"—é’rfé\@%ér%b?yhc acid p-nitrobenzyl ester. The

%sst'en Nepshl yuap. w&tgdc%h JPJS o ew'wiqailgm erfdexreggifoapityre was

VigdfoudhyPstittdd fbbema YouRs b€Foont ff@npérﬁﬁtﬁé I OWh&a@éatonmture was
covered with foil to exclude |lig reac

FPREArE Qs angithen GisPy was ?ﬁ’lé%ie@ 69 BP 5 Eibﬂr%ceéﬁte (i) was

fa@ﬁ@@ t@ﬂw@fréactﬁh G‘mfd@?@t T riixitire! K/v%s\ﬁﬂéredQﬁl‘éhgﬁ* a¥adlofGelite and
then the pH usted to_8. Et hyl acetate

n
0B ps kEna Widwaet L300 @0y 066 AHORS, layPowes fpeparated and
nhet! thecorg@sic favbit Wwae extradted ghth @. @ﬁfél/péhc@shatb%uﬁad (pH B% 2 x50

RE oBPHidfe Armbine untic foyhives Psied a0 andthe mixure

evdisr apicentrated b 826 gnolThe c%l@érﬁtl‘b@é wab ta‘dil,%:t p(-th £0%ndZapplied to
0 [ eo S a
Tein 2] reshbisdh omp s, Resewke Lishk. Shiima Garomgtography.

A2@r gds&bﬁgpmem%mhes\mﬂe@dmthsﬁatWﬂ @ecﬁv&umﬁﬂand then 5% (2

%%@ Ug}aé)o @’d/ %?ggﬂ\m@e’eé} 6@?@9/!" %ﬁﬁ&pn%lg\fql\gél%gus SOIUIZIOI'I The

wdmrtadngctglehﬁactrmhaTem&oﬁgmtr@}édm?dbr\fgigerva(clluhedat 35°C and
nd t % ed vol une 9 e
e G B coptsont 7% BtBaAmaBheis SHid 408 9. 30.2 %

(pdﬂﬂ')rlﬁ)ed active fractions were concentrated under high

conpound ada '8 (e Tnel WWETD-Ds 78 46 47 P83 47 (.21,

20= pA Hz) 18P0 (syH H), 5034 deKy,)6. eaté hNR 76(@2@) 16); SR?EB?teagz 1755,

7. 5, bz

>2—\)'§96 o154 L ’“1;1\5'40)%95’55%%”"“1 H, 6.94 (s) 1H:; IR
(KBr) 3392, 1755, 1596, E&thm k max (H20)62(92
223 nm I -

. DAl 9 0 67) -
3- Di hvdr ogeRaration of (SR)62)-6-(2 E}l Jro ra%:lo%%b 0xazol-6-
yl tEme)-7-oxoxdthiailhagabicyElo 2.0 %né-2-carboxylic acid
A hept - 2- ene- 2- car boxyl i c accilun’lsal%o Ium salt

Step 1: Preparation of ethyl2,3-d|h¥drogyrazolo|5,1-b][1,3|oxazole-6-
carboxylate:

To the stirred suspension of ethyl 5-hydroxy-1 H-pyrazole-3-carboxylate (10.34 g,
0.66 mol) and 36.62 g of potassium carbonate in 500 ml of acetonitrile was added
13.68 g of 1,2-dibromoethane, and refluxed for 16 hours. The reaction mixture was
allowed to cool to room temperature, then filtered, the solid was washed with
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Step 1. Preparation of ethvl2
3-di hvdr opyrazol of 51-bi || 3l oxazol e-6- carboxyl ate: 30

waooobhaossg i rred suspensi on of ethyl 5-hydroxy-BCT/US2006/020891

H pyrazol e- 3- car boxyl ate (10.34 g, 0.66 nol) and

36.62 g of potassium carbonate in 500 nm of
acetonitrile was added 13.68 g of 1, 2-di bronoethane,
and refluxed for 16 hours. The reaction m xture was
atdtonitrile.t Thefiltvatetwasr conoerttentgxbivadruoik, THehresidiie Wae disgplved in

iy Sl el AR oo

encm ewrtdraﬁaddo tiyness. d3.80 g'maerdasureldJ prodast \ﬂbS@ﬂamedi (4&%)

5 80 a oofthet,s heturrmslso&nf opr @fjuemylﬁlgﬁsdlbjznrapytenblc@[ﬁs%][1 3]oxazo|e-6-

Preparation of 2,3-di hydropyrazol of 51-blf1l
§?%’§§3§%ﬁee 6-methanol : 5 To the stirred sol ution of

b7 & 33-rambly df iapyp0 al alf AHT, vﬂasb@c[ddel] @@ oblithiué borohydride and

gggg@é\ym%%gnél Tﬁ; gwltlgr?n\n/égﬂla%]te e angsz %Tﬁyﬁa\w&n was

qeéhched by TI‘hHC!s @hd adjustedds phleth edd atirrexD@ rbomn temsermme for 1

T, e Py PASESARR Bt ) O oF e
Was extracted withreithyl acetatzathadigas lCé@VGp Mas girigd wverrMg30end
-Egﬁ?ér}%@dliﬁ%n@ll)g&! rc%ltﬁn%rgrﬁgfo@%rp‘ﬁg d&‘%c{/ @v@ %@I@é 84Of the geswed

ani c layer was
eorishteSsk)ed to an oil and col utm chr omat ogr aphyed to

T o3helstivert spytianafi2ct-gihydnapyrazalalxiablél Blosazsia-Banalbanaie:
15 To tiqgr
2,50 [ S PEErBIL BT 6 L e e 128 g o tnoe T

SHSBRSIN WaS Befier)or A E DoV Unglor G BEPoB SR ERIRe 2 ITH geaction
QﬁlxﬂM@%smereﬂutﬁRﬁ@ﬁ@Ba%? C%ﬁtfel Wdsikrate Wa® cBéHntrated to give

under anltro en atrms here. he reaction m xt ure was
fyeliews pig TthﬁrRS%Wt a/asewrl@@d @éphrp@atogﬁéphy | 2.1 2geof\iae product was

oy ey (raat;%i) to give yellow oil. The product was
purified by chromat o%raphy 2.15 g of the roduct was
20 obtSleRed 4 44 BNz 5 (acetyloxy)(2.3-dihydropyrazolo[5.1-

3lexhzaiyly | ox Mei’h -dlmuﬁ:bonnka-aqhﬁ $-aabicyclo[3.2.0]hept-2-

bi 31gxaz
%ﬂ%&-ﬁ-@-&-&&?—om 7- 0x0- 4- t hi a- 1- azabi cycl of 3. 2. 01hept

-%3- dmaro%yfa&bb[ﬁ(’v-bﬂi 3]oxazole-6-carba|dehyde (607 mgb 4.3 mmol) and the

(%;%gggi{ﬁggy@ﬁﬁg Oé{r(é& E% &"E‘SJ -Zoglpneé @acﬂ%*z%ﬁ'cwem 2.0]hept-

'rﬂ-ebe-afcaftﬁﬁyhc acud 4-nitro-benzyl ester (1. 54 g, 4.6 mmol) were added

su)ccesswe? to the ry acetonq I% (Jf5 mﬁs solu%n o? én?fmydronjs M&Brp_ O(Et), (2.21
g . 8.5 mmol)under an argon atmosphere at room temperature. After cooling to —20
°C, EtsN (2.0 mL) was added in one portion. The reaction vessel was covered with
foil to exclude light. The reaction mixture was stirred for 2 h at =20 °C and treated
with acetic anhydride (1.04 mL) in one portion. The reaction mixture was warmed to
0 °C and stirred for 15 h at 0 °C. The mixture was diluted with ethyl acetate and
washed with 5% citric acid aqueous solution, saturated sodium hydrogen carbonate,
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2-ene-2-carboxylic acid 4-nitro-benzyl ester (1.54 g,
4.6 mmol ) were added successively to the dry

w@e®bosisss i l e (15 m-) solution of anhydrous MyBr/BS2006/020891

QEt)2 (2.21 g, 8.5 mmol )under an argon atnosphere
at roomtenperature. After cooling to -20 C, Et3N
(2.0 mM-) was added in one portion. The reaction
vessel was covered with 30 foil to exclude Iight. The

ﬁedubfln@n'rm Rrganic kager was drieddMoSO.pand fitered througinal pad of Celite.
%@aﬁa%dw | WBsIREWith &R n?ygéétgt@ “Fh@“fllﬁ%g wh¥ é%@entrated under
portion. he reacti on xture was war me and .
seduceed dpressures 5 Thegesigue washapplied t@ sticage! §p|MWe@1r9m@wgraphy
({W{hea&ﬁﬁrﬁﬁ Qv iut ﬁfgﬁ%tIWI tag otalé: Helkbhe (MQ d C%illa‘&@él‘sfractlons
ution saturate i um’h rogen car bona
v\@rez@gmem@mum!ﬁr/ I@QQW’GP@?@‘S’QP”%H’@ Bxtere, oﬁrﬁléstereo isomers
We?@ks%e(f‘b{é& sY@frhe & gﬂl W\Qﬁﬁh & %Ilﬁ‘ttkﬁf @?@3 d, W1%"%I-ﬁ566

Ite acet at e,

The f H-NMR(EDid Sc{idntr 4t 66 Uﬁ)ale7r60(2€ddcéa %ﬁ@sﬁﬁéim s),
B (118 4193 s?fﬁgbﬁ@ih 4'(1+¢3d %Ho@qlléj"% 27(1H, d J= y1|o 2Hz),

urm was eluted with et

chrorrat ogra
S 2d.am), I"ré&&%ﬁé mk: %)10(31:!@{5) ect ed fractions 5 were

concemna%sledwaﬂew,@mg@a@ Bl 2584r ¢, 83 e gi xture of
di astereo I sone taken to next step. Pale

yel | o\ﬁoa%r ;Q»dlu"soosbl ﬁd4 N %ﬁa 1.9 g, 81 % MH 566.
M ! ~eY

3510, M&rober@y%ggbbgﬁ g?gl amy&apymoxo[%ﬂer{ﬁmoxéam_ew i

snmg%yﬁ%gﬁrgawgoc&%-t@e- -%ab@yqaw Z\PIhgpts%e@% Brfaéooxv'ate (700 mg,
(15RPa0ly Wad dis8olded HITHPY L@ &) 0ddetdhithie (103AOXETOD. 50 Yphophate
DS BPC85o28 b a0 dyeragenated avero 1% PG at 40851 BisSSHTP cAfer 4
e thesredetiom mitdre was filtered, cooled to 3 °C, and 0.1 M NaOH was added to
%ERH Bagg g!lngQQL§ffﬂFai%Wagwgsﬂed wntﬁI ehﬁ/y(ij et A %eSéqlu_egLs layer
)Z\mtsleplaﬂat@ BTIG&‘IEqﬂedDIE gayér vas aoricematydwbﬂh@g ?/aedtfm Bt 35 °C to
SRRSO 0 e 0B b BB Sl TS s
phtnmphdl;emgmgféphy (Inikialfy. the caﬁmﬁl_\b/aszé?témy\ﬂltmdaﬁﬁtéiﬂwater (2 lits)
Qver % . PS| ress er

BBt W 1 Bop oot tie: VPR ThE sclion 60ngaigind tha oot were
Molex®itl wad caddentraied atichduséd pféstsma&t&ooﬂ‘h&nﬁpdrétuﬁ eTg% yellow

t ace

80 Y83 At b 258 e YRS o 2 ot
mmphWSgﬂmlld,a(anMaﬁ% Cto give yellow precipitate.

The pr b eve a
col unmPORERDE P RO Al BB b ERdelae A saB LRI B g eH. o
wi=tth3 thz), dBo(2d, hdt@B HZ. [its) and latter with 10%
acetonitrile: Water. The fErx%Fﬁ i|8§§ contai ning the
product were =Xample 3o
Preparation of (5R,6Z)-6-[(5-acetyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)methylene]-oxo-4-thia-1-azabicyclo[3.2.0.]hept-2-ene-2-carboxylic acid (E+Z
Isomers mixture,Sodium sait)

Step 1: 5-acetyl-4,5,6,7-tetrahydrothieno[3.2-c

ridine-2-carbaldehyde:
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coll ected and concentrated at reduced pressure at room
tenperature. The yellow 25 solid was washed with
waewbosissand filtered. Dried. Yield: 276 ng, 789%/Us®06/020891
yel | ow anorphous solid; (MHtNa)314.. 'H NVR(D20O); 8
6.97(1 H s), 6.95(1 H, s), 6.46(1 H s), 556(1 H, s)
5.07(2H, d, J=6.3 Hz), 4.30(2H, t, J=6.3 Hz).
Exanpl e 33 30 Preparation of
'I(o'ﬁd%cﬁril(}(’@:)[s(@peﬂseiwd)f Y5 §.,(B4 Tarnel) ofakyioB, GitétiahydfahienalB By
LN
BRI PR YOagIerge Ik sty chjofd ndsy s atm.

dey Soraiitions)was addedi dfof\isE unterctiging 16 mLu(|2e5 sy iof triethylanyine.

g Sl for 0 g 24", Gy ) BOWIN 7 8.5 TRk 95 91 2o
dhoride InydiamL méiﬁﬂenmlaﬂ%was amnsre@ﬂﬂeszwfauowesgqream RT

a&rd§?gee} fqr é’aﬂogﬁ% Eﬂ@?ﬁh ﬁﬂuﬂ%a %@I%e Sac(, 7ﬁlé‘at@Ms)ne8 f;Nrth 3x 50 mL

wdtery tiied, reagbraedbahviehyd.€7 hy t) of tleditledormipeusd, vigcous oil,

y chl oride, under N2 atm, dry condi ti ons,
(%y] gg@g dropvvl se under stirri ng 2_ 6 (2 5I es)7 of

%:Mg?%tﬁélxg Eg&%{_?%éﬂf&g g@drﬁe-ﬁ %grbaﬁdcﬁhgldé“(&d"ﬁ‘r%hﬁ %7 mmol)

and| e 4dBg TofF tdodutiont I(%O cmh'botu‘n cﬂ5RV|6§5&|ty'omq-7-oxq Hrtinip-1 -aza-

rﬁ&gcrof[ @ir%?t-ﬁw(%\%fg%%%% o 4-r3|t§q5bac | eptey (59 mg, 23 mmo)

wereraslded sutdessivgly to the dry acetonitrile (15 mL.) solution of anhydrous MgBra:

Gy i 3 pfat et omparatr. e

eoqun@tqﬂrzwca BV (2.8 lahyas asided dmepe portien py he deadion veaﬁel was
Pﬁ)epe‘?ﬂ)éi‘ﬂ?f lﬁé1 %xﬁgde ﬁgg fﬁéqjeéctroﬂrrﬁ xbe wak YstifrE for 2 h at —20 °C

sol ution
(al @4 mk-)in one portion. The reaction mixture was

a8} trented wﬁb avetm@fwdﬂ
Wbﬁﬂé‘d R{g € Qnd"%f?ﬁ'ec?ﬂ?rnﬁi R-&a b@XWHeCmﬁ&uré was diluted with ethyl

-ni tro-benzyl ester é ny, l) wer e added
a%@t@ﬁ\rimspe@ with $ gitre %@MW? FSP'E“‘("& §ah4rat?d §e¢lurni hygrogen

B4rbandty, dérﬁ)“ﬁrrd\@ BrRe or§drfi edef dad Hribd (ﬂg@d}?’@ﬂ\d AReled t@Bugh a

on at nDS here at room te erature fter cool i
b obigelte. ERaRA] wap washed il CRIRREAA. JAE TSEie Was congeptrated

[rﬁ@é‘rt Ir€duck@s pRdssURS  CrheerrBldid tRad Oé;iplrbe @d%rﬁ@ﬁf gel column
. The reaction m xture was stirred f

EhOR PO, Ja ) GRUETR o ALRd N, SthlqoRgtate: HexaRR (1:1).
eRNddied fraathﬁe.srmt ¢c9r¢emra<tbal UAd¥EFeddBed\RresRdrd an@ the Aiddure of
stirred, f The mxture was dil ute @oy
Slaﬁk?r% ﬁE‘é‘FEﬁ ‘@er&ntak%%'é‘d“\ﬁhph Rajg yellow %mamheuaaa deld: 870
9%, BBYH M.p. 1Bt 48°T; el+EyB3Te. hydr ogen
THNMR(CDCI3): 8 2.15(t,6H);2.8-3.0(m,2H);3.7-3.9(m,2H);4.58-4.68(m,2H);5.30-
5.45(dd,2H);5.85(d, 1H);6.71(s, 1H);6.95(s, 1H);7.35-7.45(d, 1H); 7.60(dd,2H);
8.25(dd,2H).

Step 3: (5R,6Z)-6-[(5-acetyl-4,5,6,7-tetrahydrothieno[3,2-clpyridin-2-
~thia-1-azabicyclo[3.2.0.]hept-2-ene-2-carbo
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carbonate, and brine. The organic |ayer was dried

(MgSH) and filtered through a pad of Celite. The pad
wor®omssked with ethyl acetate. The filtrate WesST/US2006/020891

concentrated under reduced pressure. The residue was

applied to silica gel colum 25 chromat ography, then

the colum was eluted with ethyl acetate: hexane

(1:1). Collected fractions were concentrated under
Ié@ﬁéﬁﬁﬂhq@ﬂ@%mmﬂt)t he mixture of diastereo isoners

A%Eéﬁtég aé%?y?tgn% 4% g}% ﬁ%ltrgt%ggﬁﬁ)l@%%;mé%%eﬁﬂw% 7-
teRiydEIdChSIB;2-6 pridiB(2-yIBhipth]- e—bBomQ-mcmq)tk-tgnarﬂs 9(m 2H) ;
agaglf(éo[gsz((g;he@ %gpé%c?w§é§éqg ni.g%laﬁ ﬁé (4@ mil pl’f&sphate buffer
sblution dpk=2836) was r%l@gi:r@t@d atg0egsi Br 3 hours in the presence of 0.4g.
F(q%ap nzzon Qﬁgbﬁﬂsﬁ 7 é%;cglﬁ'/st Rgaitloﬁ'\%&fﬁwgéé’hl@afe@%r%u%h ChiRtY¥ pad,

mtbataaammho pylcml, Boredtrated in vacueneesiiue puptied i 8 renarse-
E+Z - 5 P
SeF PR Vg S Eh gy i Berhoes
@107d. (23D rof We(tﬁl@)oomqogad,e‘egﬂdlahyf)'@@sam 36 4 €, @1+H) 74005,

ﬁN@ﬁ%%ﬁﬁ@%ﬂ% 5% (1, 1H):3. 74(m, 2H);3.98-4.06(d,2H)6.32-6.42 (s, 1H);

8.5615.60(s,11 H);8.98-72( (st ) 23@A402sdHpoxyl ate in 40 nL THE
and 40 nL phosphate buffelr:. E §B|3lﬁtl on (pH=6.36) was

hydrogenat ed at 40 psi |n t he pr esence of
O f ¥ =

purifi ed on a reverse- phase col umm (anberllte) usi ng

5% .1
0 107%%& %ﬁg%r}ﬁh‘&?lﬁe%Sca?m))\(’?gﬂ:tacugaveh crystals,

m IO 360 . a4salition\sfHiperpholines3-caboxylis axigRB9629, 082 (rEnaiH; water (20

PPy 2 (R Mg 0 e SBolpLS it Bt o o

(allowedipy sEﬂianphltﬂté%E Pgepamanolpim shall BRti@E) The @xiure was stirred

7} ﬂg’%e{ jn*i'r) : 8&’& tlgp(?'{c%ptl at‘r‘:éa [ hué 928 5630 to 35 °C. The residue

amalEtiorgd with3200. ral hfeanetéheeam filtered. bidheyflirate andsdevapbrated pnd the

i R RSBSOSt B0 Wk v

\Bx5@ ml @Q'DHF itd give 49.80 gbfdlgd’eyellnwtfom‘nglS (GAH mdd68.2 (M -H).
(

m xt urTehe\/\srsdst4i-mitresbmorphollne-3-carboxyl|c acid (11.0 g) from step 1 was
dissolved in THF (250 ml) and cooled to 0 °C. A solution of trifluoroacetic anhydride
(7.4 ml, 52 mmol) in THF (20 ml) was added with stirring over 10 min. The resulting
mixture was stirred at 0 °C for 5 hr, and warmed to room temperature for 16 hr. The
solvent was evaporated and the residue was diluted with 250 ml of ethyl acetate and
stirred with 30 g of anhydrous potassium carbonate. The mixture was filtered through
a pad of silica gel and the filtrate evaporated. The residue was washed with a

mixture of ethyl acetate-ether to give 3.80 g of a white solid; mp 132-133 °C; MS
(ESI) m/z 143.1 (M+H).
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20 at 0 Cfor 1 hr, and then concentrated under vacuum
at 30 to 35 C. The residue was stirred with 200 m of

waewbosissand filtered. The filtrate was evaporetEBUSHNE020891

the residue treated with 50 m of THE and
concentrated. The process was repeated with 2x50 m
of THE to give 11.87 g of light yellow foam Ms (ESI)
mz 159.2 (MH. Step 2:

-divytio-2 aznlpfhizbic azind-2-carboxylate

_&__mﬂm_&.@..@&_@_ﬂm&____\;
T APERBLIIII I AN B4 By PRl 201 Ajprepingiiium->-

dléteg3 111}@;194 n@l‘nsl? il o;g;?claner](smrﬁ) (v%()addﬁ)i ethytipropiolatel (2.6 no), 26
C. solution of tri a
ol g orreees trerel TREEE ot EReRR i fRmon o

e’lt m&bnoﬁfe@vé@m@h biddet amd theunigture@was tiirradeat refiuxfoCts br. The

t t for 1
o nohiaeS e LOSRENASIRS, 8 e e Yenclf
I"Hbdd?e 2)5Q1eltﬂyleﬁfe chtdmb aRd Glerdreesan ). 3Mhesddlution avasi fass@Dthgough a

#4 3lee SokphioR Hia nevat e o pevEREctipled fRranes.

RUGRST By ethyl ddetate CRicthiivyl\siestatesibent wastdvaaoratadmnﬂtbe oé5|due

et hyl acetateeher ive 3..80 i i d:
Wesheg i sheene gly?séngqﬁff it sotaqyopPa e, B 1971
130588 PCT/ US2006/ 020891 St ep 3 Et hyl 6
- ' 410X32'|nethan :i\r boxvl at

Po 4- s!éhhlwﬂ loPethiyt 6, 2-dihydiooxegyezolofd, #-cB1 d]ob(ézlﬁé-amzbdxyﬁte (1.57

B anrBen n mbPuns Faiode B0 waB 58t bERS of &1 IpsoiB3 of

B@a%bﬁtyldh!irﬁiﬂuﬁht hydfifle (ﬁ rhéthyRn8 ichiofde adldl?C,i umdet mﬁo@errﬂAfter
(19 mmcz@ et hyl propiol ate was t hen adde fd & |
ﬁﬁlrﬁn@qu Br %ttq e élafe@txtwrsmawarmedi%mm teppReratpfefgr 2 hr. It

92k HdroreNes wﬁl"( 30 71 3F SsturEEAmMRANFTEhIGHHE ddRioh&mid@tBacted
was dissolved in a mxture of rrethgl ene chl ori de an

Mith sihyb agetatsy Therpganis|seiytion Wrgavashed wih Pring, g d overapiydrous

§6d|§ﬂn| duffated fitteréd end Bfaporatb & fo Qeél 1571 @"dléd’&'lééfbbh MS (ES!) m/z
hylene chl ori de- hexanes, ol | oned by et hyl

éé@@él\"é’ The et hyI acet ate eI uent was evaporat ed and

4
7-Di h\Ta’r%sﬂ'H'%P §ZT"HW@’%“’E’TR”?@P&%&?ME Alpxazipeg-yjaganct (1.08
B0 7@ malolitin drR-dichietdeyHane (30 ml) was added 5.4 g of activated manganese
Riokidp absoof ehioBtautar Shad Hieumb iR R st i JC for 1 br
\ghﬁ tﬂﬁdtetd{e%?atn‘bomftempéraméé/lfﬁoiaﬁn Tlfﬁtla fihal rﬂqﬁtlure was flltered through
i i Sobu un n e d.n ene chl o
@ ot aich cael HoPomvat Gt T, Pl o%6) &%, Blutdey . methytene

tdibnﬂh)(ibudj\&ed’\ﬁy? ethgl agtaté OThieDéilhiyl S0V 2lughewho evébdnated and the
t hen treated

ChpiENS LB Sirki0 8116 e BiS soid: mp 81 56, AR Mz 153.2
(M+H).

Step 6: 4-Nitrobenzyl (5R)-6-[(acetyloxvy)(6,7-dihydro-4H-pyrazolo[5.1-
-6-bromo-7-oxo-4-thia-1-azabicyclo]3.2.01hept-2-ene-

2-carboxylate
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with ethyl acetate. The organic solution was washed
wWith brine, dried over anhydrous sodium sulfate,

w0 2dobaswEes and evaporated to give 1.27 g of a cedDUS®86020891

oil; M5 (ESI) mMz 20 155.3 (M+tH). Step 5:

6. 7- D hvdr o- 4H pvrazol of 5. 1-clii.41oxazi ne- 2-car bal deh

yde To a solution of

6, 7-di hydro-4H- pyrazol o[ 5, 1-c] [ 1, 4] oxazi n- 2-yl met hanol
(1.08Toga spluwtionnefl MgBr: (0.94 @i thi dnoeb Harrcet@itrilg (25.vad) under

ﬁ@@ngng g,taé 2884 e@r@&iwc%-gﬁfémﬁb%msﬁect}[1 dﬂg&?& g%ﬁz%ar{)gﬁt%)yde (0.26

ure wth s rring. € mXture wa eat e
801.C niroel) Bt rgon? Sraprfatureewitly siirring. A selutierbal (GEDr&bigme-7-oxo-
. 6 L. i _ _ i [ fil I
i iR ol TR b Bl 050 .15
prewblwirs TEIFU(25d M) whs rtieernptiders anshther mirduref was epelgd iy —20 °C.

-h etate. T | 3c. I
THaYRBT Lol 3t P ABieef HElhe Ry BO5R1Efat 20
wiin thesdark dor Brpr.9lwas tHdB ttEBid witth acdtie3arthyd(idé- (9.6 n306.0 mmol),
St : 4- Nit rohenzv] .. o
B - et o cine 24 s 9-2:mmsy) A98 aptept P.°C for 18 hr. The
@rﬁit&re%@%l Sadérhdg?ﬁatéd)mmy|rési@izdmg$mis|§elw@irﬂiﬂwbi aeeiam taz e ethyl
icyclol'3,. 2. ept - 2- ene- 2-carpoxvl.ate - .
SEPEIe: SORGT MER BeSBE MR 0R%: CroAda SR soHity Biesrbonate
606lufidh, Gind thing, afieal gver anByRbWSddiurh Sulfs2, and evapderted. The crude
nitrogen saqded b sl L(E _CH2CI2/1:5 . f
@?af‘?rtﬂg M@?a?:'ﬁmé BYERDST Wjth sifica g¢l (FIQAG GHRT/ oL 10 9ivg Bf 9 of
white f6an2:aMS GESD .n7/z BTBL)(MaH)r oom t enperature with
stirring. A solution of (5R, 6S)-6-brono-7-o0xo0-

Stif 7 S6R. EARACY Hiflato 2o ERIofs, £2F1. 18

L gtal3.24 ’ -2 tcarky .'\ aciah| ed tO- 20
C T : i:

and tﬁlé) mgéix tﬁarne%é'gglgl rzpi‘e(gRg'? J[(_a%%&loéwﬁ%% 1@%?%2010[5,1-
][hAloxazinygag)roetbyl]-bbeermed-wothithiee tazabieydin{d.2i (eept2-dhe-2-
By BWEt . o 8 o X O AROAGH Sk o0
wassphaite buffersobdion (@ SM) pHIGS)i and 12@mgdif 996 ReE. iThe mixture was
\?\ggbﬁggﬁﬁt\ﬁggj %& gg)/-SE_t}:%i RhEut iag]’g tirEiRky tﬁfgsdgh:%ri]té’.‘ﬂ"ﬁe filter pad was

oCltric ac saturate

ashed avity EHFs @ndt therfiltrate gvasy peactes with efhydr acetatedilbe wrganic
i 3 o T j .

SR e e KRR ] A 480 o B o g rsiue

WSy washed withy efher to \give 0.99amoiNVe Yatiow) salid; BRI caled for

( e y . 1 - _

i G A s S R o by e
A)nt1B- Bhé) 2H), 482 (s, 2H), 6.36 (s, 1H), 6.55 (s, 1H), 7.17 (s, 1H), 7.55 (s,
opH; fo. B8O & :)1_zabi cycl of 3. 2. A hept - 2- ene- 2- car boxyl i c

acid To a éorluti on of 4-nitrobenzyl
(5R) - 6-[ (acet yl oxy) (6, 7- diﬂﬁmﬂslék pyr azol o[ 5, 1-
Preparation of (5R)(62)-6-(6,7-5H--Dihydropyrazolo[5,1-bJoxazin-2-

Imethylene)-7-0x0-4-thia-1- azabicyclo[3.2.0]hept-2-ene-2-carboxvlic acid

sodium salt

Step 1: Preparation of ethyl 6,7-dihydro-5H-pyrazolo[5,1-b][1,3]oxazine-
2-carboxylate:
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c] [ 1, 4] oxazi n-2-yl ) et hyl ] - 6- br onb- 7- oxo- 4-t hi a- 1- azab
i cycl o[ 3. 2. 0] hept - 2-ene-2- carboxylate (0.35 g, 0.6
wornwb)136588 THE (20 nml ), under nitrogen, was addecr/BS200$/020891

of a phosphate buffer solution (0.5M pH 6.5), and

120 mg of 10% Pd/C. The m xture was 20 hydrogenat ed at
40-50 psi for3 hr, and then filtered through Celite.

The filter pad was washed with THF, and the filtrate
Tmtheesﬁtremsm&pdnswbn lof atHIWIS heydeixgt1 &1- pyT&@le}Bgarqu(ylawtma?étg,

pDad 0 7 RS oFRSRGR 1 OF ) bPAc e was oo
131 Da og 1 mdularombramneodanctjreﬂwm&)r tGhouwtsf dhe reactlfm mlxture was
B 50l ipdefbglany s Wil iyt o shBuRo Athed AL
abefshit(ile, TREl)ijtrale @8s (:enccmu)atedao 86 ofls Tha Fysidug was dissolved in

%Eg;fgqu%#s %?tra%te'a‘)wnh]\%atég "‘IpeSOrg;niU)pha@(@QPhﬁeg’éver MgSO,
4risRVepEotdit tbairyheSst SHChy df topyiesitol odct wak oteinest 88%), m.p.

%@gw&igf %9%1 odxgegt ) gl Zné- 2-carboxylic acid, 30

i 21 PreparatiGh of 2 B-diBydroxbHipvnazobd[Sci-bif1.3 oxazin-2-yl-

@ezhagolpvdro SH- pyr azol of 5, 1 bl f1 3l oxazi ne-

te: -112 WO 2006/ 130588 PCT/ US2006/ 020891
To thEo sther reficred usplitien onf 06,7 tiygro-5HpyrRzele)5.1-b][1,3]oxazine-2-

%B%)[X% Ie 3-carboxylate (10.34 g, 0.66 nmol) and
g of potassium carbonate in 500 m of

@c®g,0240 miol)ef aE0CaribiefdT HA wag addest 0.71 g-of fithiusmrbprobpdiife and
@Bs glléfml oﬁ;? JGuti N Ss nddibd SEaRE foPE Fhat. ufl'?e ﬁé@étlon was

to co oroomtenperature enfl tered
qtlmd;@d byl 1NRCwarchadjusied to BHAckanshstiried|as roorn terpperatugs for 1

E??é&lﬁﬁhﬁﬂuﬁﬁé‘aghéted ?hgo %%ﬁ!hqéﬂéo\é’a%éjﬂe‘ééﬁﬂnvrﬁ&ture

cetate an trac

wag ama,ctqmu@bewsaqﬁate&mgawg aynr Wﬁ%d"%i/@‘(% Mﬁ%&h fpd

ﬁﬁ% fated B §r90ﬂ3 aﬁ’c‘i c&l?ﬁm%?érfiég’cggr?bﬁ’%dgtg géﬁﬁpggg?rf ggﬁ‘iﬁ)enswed

BWOdECtSBE%E\iM*bDGWpyrazoI of 51- bl f1 3l oxazi n-2-yl - 10

o%ﬁ rh28)o.1-b1[1.3]oxazine-2-
oxazi ne-

sashaldehivdes: (4.0 g, 20 mol) of in 100 mM of THE was
24 @@st@reajsoﬁm@ﬁ of £ @tﬂlh%r@-@H%WéHdld]b 1551\‘1 3]éxa93|-ﬁ-gprﬁ1ethanol

met hanol Tesolutlon was heat ed

The r &a88 i%n dmadnmely ig BhaNerl ©:Gl Wﬂ—@pde‘érﬂj%o\cﬂ g5 M2 Th
b@spebisibn 3vad) feffixed I8 22holiroRad eATPRFoEH! ftrfo8phédre. The reaction

mixture was filtered through a pad of Celite. The filtrate was concentrated to give
yellow oil. The product was purified by chromatography. 2.15 g of the product was
obtained (78%).

Step 4: _4-Nitrobenzy(5R)-6-[(acetyloxy)(6,7-dihydro-5H-pyrazolo[5.1-
bl[1.3loxazin-2-yl )methyl]-6-bromo-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylate:
6,7-dihydro-5H-pyrazolo[5,1-b][1,3]oxazine-2-carbaldehyde (330 mg, 2 mmol) and
the dry THF solution (20 mL) of (5R, 6S)-6-bromo-7-oxo0-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 4-nitro-benzyl ester (0.794 g, 2.2 mmol)
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hour. The reaction m xture was adjusted pHto 8 with

k2CO3. The reaction m xture was extracted with ethyl
W@e@baswsss The organic | ayer was dried over M) SET/US2006/020891

concentrated to an oil and col umm chronmat ographyed to

give 2.08 g of the desired product (67%; (M+H) 155.
20 Step 3. Preparation of

6, 7- di hvdr o- 5H pvrazol of 5. 1-bi | I . 31loxazi ne- 2-
werelzadde lsychessiVely ththegiry ﬁ@@dﬂlmﬁ (#5irok) ssfution of anhydrous

Iﬁgé bg?gfj é? Z?Qhr@err%ﬁ%r&[rpaté\gghjl[xére%l g@@geﬁ% ré{hre”ﬂ\?tgraé&ling

9. 29 °§, Bf.NNB@NL)TWas addsddn onepotties. The |rea9<:éan V@?S"’twﬁ%ur
éﬂ?/g%d \ﬁtth'o lé{? g r%o%tnﬁﬂﬁ PR r%afﬂ_@nfxﬁﬂg Wag '%tn%éd fBrot A 20 °C

[trate was
arohiceated wite dcetis @Wérndq/(étowmonemélom J@edﬁa%)@ mixture

\9%{ {Mfahﬁ%d {3%%‘(/; BﬁggﬁrﬂﬂmP My £oe. Theimikiife REOHHRED WRR ethyl

dceltite mob avashed Rjth 6% oemm;ac;d aWEPLS sqlulinr, saiprtetseRivmz ol
k)%’cﬁ?ier] ?Jréémb el%a_zy'nongﬁé oFﬁamc layer was dned (MgSO4) anhd filtered

azabl cycl of P
traugh-a pad of-Gelitd olyd padewas washed with ethyl'acetate. The filtrate was

&J\%eﬂgg%ﬂ ufla eeéfée%lzﬁ?égaﬁ tﬂm %ﬁ%@&%@tﬁf@?e@@&umn

THE sol uti on
mroynatﬁgram, tf\@syhescqlur@ﬁﬁvas -elisted wﬂh iyl qcetatgl fexahs (1:1).

gbﬂ‘é&éd){r%ctr%ngmﬁé)&n%e?ﬁﬁea uﬁ@érqeéﬁéehcpré’é‘s'u% andsthe mixture of

nitro-benz ester WO
Qlee@r%@gwsrsw@rpw@odemm P@l@ﬂ@"%a@em@ee%é@& vislq;

696%35%rm@p§fg)mtrl le (15 m -) solution of anhydrous
O( 1.2 )under_an argon at m)shere at rot%m

ﬂ.l

terrpe 0 66.2)+6-(b J5okinBihydropyrazolo[ Sz -blexazin2yimethylene)-
moaﬂ@iﬁa 1l Bzéﬁl%gﬂ@[?,tz mpfh%ﬁeeﬁesmayw@ssalt s®@iam salt
cover

reacti o

i xt ufieNifaRenzy (3R)Ed (3esHyioxyN6 g itysso EHpYsRRPIQI Jal Bloxazin-2-
W the@ﬁﬁf-@i-ﬁro?ﬁthw&b-‘iﬁhél1-Qﬂatﬂéy):ld&@z Oﬂ%ptlgfehé@car%b@llate (350

reacton mxture and st|r 5

Fici 0.6 Tomon s, dissaad viaGTaE 130 ALl dotsttlp! (10ebd g 0.5 M

9ﬁ§spr@tﬁémdfféw oH 9%, Cﬂé& hiQ aed (ﬂ\g@@géﬁhktéd Sdgbt;tm%w Pd/C at 40 psi

saturate rogen, car bon and brine.

Brasaties Ate] d hritlhe dEAGaT s oairad CPBH 1 Gughd 01 M

alamriwaé afigdd toeadjt]Et] BH8 @, 3VePhe il F At dvasi wdshet! thh ethyl acetate and
cetate. The fil ratet%s 10 concentrated und

GUEPUSEL RS SoRIEHSE o TR, BIERYSIRYET M8 CBCRtateghunder high
gad:uum tBh °Catb Igﬂ/&meﬂﬁw ppduipitatd) eThé btbdloleﬂ \M?mpm?fédﬂityuﬂlem resin
ex ec racti

Fteds b vevEh R Rl ea tpab 1 i e siotsd vt
aeionized whter dRaltsenad laiemaith 182 eadetdietfilet OVatext Fhefractions

Fc):gl'\t%ian {hevﬁrgémcrt alréroeucs;ollsecéeldddnd\@oglcgntrated at reduced pressure at room
temperature. The yellow solid was washed with acetone and filtered. Dried. Yield:
103 mg, 52%; as yellow amorphous solid; (M+H+Na)327.
'H-NMR(D,0); & 6.97(1H, s), 6.93(1H, s), 6.47(1H, s), 5.65(1H, s) 4.28(2H,
m), 4.10(2H,m), 2.21 (2H,m).
Example 36

Preparation of (5R),(62)-6-[5-(3-carboxypropionyl)-4,5.6.7-
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0.76 g, 65% MH 579. 15 Step-5:
(5R) (62)-6-(6, 7-5H - Di hydr opyr azol of 5, 1- bl oxazi n-2-yi m

we@edhvgha03ey - 7- oxo-4 thia-|- PCT/US2006/020891

azabi cycl of 3. 2. A hept - 2- ene- 2- car boxylic acid, sodium
sal t

4-Ni trobenzy(5R)-6-[ (acetyl oxy) (6, 7-di hydr o- 5H pyr azol
o[51b][130xa2|n2¥l .

Thesphye eneniioned crerppptsrdsNasz@emreyl by ﬁg@@?@}ggﬁ gp@aedom all the
8%8\, ARdEL, %tgﬁlnégoms(Sﬁfg&Z%%fﬁ (ﬁtPo%‘énﬁyl&(géarthﬁyl%f)roplonyl]

on 'm xXtu cool ed
m5 Na@btram@lrww@dbS@mmn aiiiraethgens)-7rako-fithiprTat e

4B A; dgfaéﬂiﬁ‘ﬁ days. cé\%smk%cﬁ%dmgam@sm@ alnayer

e aqueous | ayer was concentrated

bm@gehatgig it wlﬁaa‘ﬁ é1t0%95 2z6 1 ofi (V4% ef (SR AP at e.
Eﬁoo&{/&%ﬁr‘m a5, d?' rtétfdh?dlroﬁ a'z'ﬁgﬁ 8. sz@ﬁz-&mﬁ)ﬂéwe] 7-0x0-4-

ase” co I nit I he” col um was

émaﬂe@zahiwnlo[mplhﬁptz%anmar pxylig acids <14§odal|+m splhwes isolgtedhas
é; a@ﬁ%%HJu@' Fd Mﬁtﬁd gﬁéc)f TWNMI@{[%O)"EP@h@ éthHg A40e(t, 2H),
uct were co ed

concentra at reduce

@GR, Bt72r(b@). Q%ﬁrﬂ@%ﬂh?—@) 4Tty 628 dbRHY 4A3 (8. 2H),
rf}!‘ﬁfé"#gz M, tdB@(“sefmné gl 1fH)| é.5% (%d 1H§>r 7 @@l(s YH;?hdog (s198).

% 'as yel | ow anorphous sol'id 327. 30
' H NMR(D20) ; b 6. 97(1 H Sxampled( H s), 6.47(1 H,

(2006/ 130588 PCT/ USZOOG/ W&dl salt ’

s 2@%&6‘@%%5@% Voot roeyr@a@o@m;é &W.ncz>
arthih-fliazadidydlorsnd. b]h’ébﬁz-ah@\za:aam@n@a@d AP sdIt(Ed@ample 25)
RECReE P ik, TP ey ey (o4 ML) ' sbiition"of (3R 887 B 4.5.6.7-
(Stéﬁh)(d‘ﬁ@yrﬁzcﬂcﬁ‘l Is?a];sﬁazlmqmaémyieaesy&m@q raga)Hiye[ 2 YiHept-2-
£ne-gearboxylic At sopYMLSt Gpemple, 23), (638 Ma)was Added,P-d ¥ NaOH
}aq7sgqnw-téadgisap% toh12 t5 a’é 0°C. To the rrglxture was added methoxyacetyl
azabi. . e e r box o
s'gﬁ]f’”%%gb&hg'f‘g)aﬁlﬂer ﬁfdpoge H@”rﬁt %ﬁ/éﬁ" c& igg“) Al"0 °C and
Zrﬂéthngyaﬂety(ldmd@dec(f) 00it)), v(aﬁ;Za)ddéd t& tHe3mixture. After stirring the mixture
g@f ? ﬁ%{ %ﬁ}@ #gﬁje%atgg?g 0t1eIE/Ir|\EI‘£8Iq %ﬁsa%&’éed[ o’ adjuas]t %Wto 8.05.
tTinanﬂxthaabas: y:mhue['lﬁat@d (m:nhelphlgﬁ vaouun at 36X i The concentrate was
Gt 1 DU Rpp 1, 3L, a8 Rele, Y, Y PO o
2chtomatograitly, Aflei6adsorhing Hre c@umd was eldtdd, with H5 4— NIECN (1:0 to

(8%).2Hne GorBinbl frattidns WersEohtentilld uflaerhidtt vadidh at 35 °C and

lyophilized to give the title compound as a yellow amorphous solid (509 mg, 65%, pH
7.58).

Mp 170 °C (dec); 'H NMR (D,0) [J 3.28 (s, 3H x 1/2), 3.29 (s, 3H x 1/2), 3.78
(t, 2H x 1/2, J=5.4 Hz), 3.89 — 3.93 (m, 2H x 1/2), 4.09 (t, 2H x 1/2, J = 5.4 Hz), 4.14
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4.87 (s, 2H), 6.33 (s,1 H, 6.34 (s, 1 H, 6.53 (s, 1
H, 7.00 (s, 1 H, 7.09 (s, 1 H. Exanple 37

woe@pas@Ess on of PCT/US2006/020891
(5R). (62)-6-15-(2-net hoxyacetyl )-4.5.6.7-tetrahydropvr
azol ol | . 5- 15 al pvrazi n-2-vl net hvl enel - 7- oxo- 4
t hi a- 1- azabi cycl o( 3. 2. d hept - 2- ene-car boxvlic
aci d. sodi um sal t

(5B x(BZ) J F B@HZz)H 4(20, (5, B XDt 4.25 (&l 2bpy 1 R.c4.61 s, BHA 1Y), 4.66

B T ST BER T2, 022 (5 dbx Y2k, 830, (5 Iy 12 6372 (6. TH x

4(2)06.83 (gt B.8B{(s,(IByanpl e 25) To the THE (64 rrL) and
H20 (64 nlL) solution of (5R),(6Z)-7-0x0-6-(4,5,6,7- 20
tetrahydropyrazol o[ 1, 5-a] pyrazi n-2-yl met hyl ene)-4-thia
-1l-aza-bicycl o[ 3. 2. 0] hept - 2- ene- 2-carboxylic acid,
sodium salt (Exanple 25) (638 ng) was added 0.1 M NaCH
aq slowy to adjust pHto 12.5 at 0 C To the m xture
was added net hoxyacetyl -chloride (0.28 nL) over 5
mn. The m xture was stirred for 0.5 h at 0 C and

nmet hoxyacetyl chl oride (0.09 nL) was added to the

m xture. After stirring the mxture 25 for 0.5 h at
the sane tenperature, 0.1 M NaOH ag was added to
adjust pHto 8.05. The m xture was concentrated under
hi gh vacuum at 35 C. The concentrate was applied to
Diaion HP-21 (78 nmL, Mtsubishi Kasei Co. Ltd.) resin
colum chromat ography. After adsorbing, the colum
was eluted with H2O - MeCN (1:0 to 9:1). The conbi ned
fracti ons were concentrated under high vacuumat 35 C
and 30 lyophilized to give the title conpound as a

yel | ow anor phous solid (509 ng, 65% pH 7.58). M 170
C (dec); 1H NWR (D20) 0 3.28 (s, 3H x 1/2), 3.29 (s,
3H x 1/2), 3.78 (t, 2Hx 1/2, J = 5.4 Hz), 3.89 -
3.93 (m 2H x 1/2), 4.09 (t, 2Hx 1/2, J = 5.4 Hz),
4.14 - 115 WO 2006/130588 PCT/ US2006/ 020891 (t, 2H
x 1/2, J =5.4 Hz), 4.20 (s, 2H x 1/2),.4.25 (s, 2H x
1/2), 4.61 (s, 2Hx 1/2), 4.66 (s, 2H x 1/2), 6.19
(s, 1L Hx 1/2), 6.22 (s, 1 Hx 1/2), 6.37 (s, 1 HXx
1/2), 6.372 (s, 1 Hx 1/2), 6.87 (s, 1 H, 6.93 (s, 1
H - 116 WD 2006/ 130588 PCT/ US2006/ 020891 Exanple 38
Preparation of (5R) (6Z)-6-F5-(4

5- D hydrot hi azol -2-yl)-4.5.6.7 tetrahydropyrazolol'1
5-al pyrazin- 2-yl nmethyl enel -7-0xo0-4-thia-1- 5

azabi cyclol 3 2 A hept-2-ene-2-carboxylic acid sodi um
sal t
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(4 5 6 7-Tetrahydropvrazol o(1
5-al pvrazi n-2-yl)-nmet hanol Methanol (150 m) was added

W@ 2006h80588 Xt ure of 2-hydroxynet hyl -6, 7- di hydr oPCHHS2006/020891

pyrazol o[ 1, 5- a] pyr azi ne- 5- car boxyl i c aci d

4-ni trobenzyl ester (Exanple 25) (2.38 g) 10 and 10%
Pd-C (50% wet, 1.19 g). The reaction m xture was
stirred for 2 hours under a hydrogen atnosphere. The
m xture was filtered and concentrated under reduced
pressure. The residue was lb%‘é to silica-gel colum
chrormt ography t hen th s el ut ed7vmth 50%
Ripa & 545 i ia ‘

Hydr omethambl (JIlﬁOdaI) @@sradldéd )o thel rumtttsﬁ of ﬁ fwﬂé%xumet@{-‘ﬁ-@rd'hydm'

%‘9 7 M) was added to the nethanol (20 m) sol ution
(4,5,6, 7-tetrahydropyrazol o[ 1, 5-a] pyrazi n- 2-

yr)azasiall‘ll;‘r'aa}plyra(zme%cqpowhq acid 4-nitrobenzyl ester (Example 25) (2.38 @)

ngeli) %hﬁ:# )s?tg% wé, 3.8 @y Y sl Jf'*é%%%r? n(l)@tu%wg% stif8& for 2 hours

e was're for The m xture
mserqmemnogdn \atmhsphesd.|  Tharpuureovas att%neataé‘tﬂi %Fﬁ%féétﬁﬁ’nundef

c{@?@?ﬁ&sﬁ% ut "I'l‘?@r SHueSad %/%Jei?é)to %’lﬁ!:a il cBluAth cth:ﬂat%@raphy,

CoShaS "concent rated u red uce pressLtJ1 J q
rttwl the column wpdkeluter with §0%;raethan@|in shjpiglerm The fitled compoun

U RIS 2PRYritb 38Rl (1 £ Was el uted with 10%

hanol he titled conpound
obt ai AANME HOWNIS @OR) (3229 32 1. 4 iqwée* £ - 4.08

ok A 1, Jo .

_2H), 6. 07 (s, 1 H. (5R
(6Z) - 6-[ 5-(4.5-D hvdrot hiazol -2-yi)-4.5.6.7-tetrahydro
t'1.5- al pvrazin-

2-vlmet hvl qlhﬁ‘droaer%ﬂloﬂdé hzaném}a:éaml@wqh odigthgl Elnee0.72ml) was
ene-2- carboxylic acid

2006/ 130
e 2 TBMeBE0 120 THeSohEeD @5(‘%@6r?atﬁé'ah3éc§%m(’?¥% jorf grajeorazin2-
(;Jr éthafldl e Ezdanhoz-m%ylemﬁwla SHihgblotiafos 111.038§). The

e oA e b o T i e b s

Gam@int 0P 8AUFREV PHRIsHIUM: cafithate solution, dried (MgSO,) and filtered. The
filtrate was concentrated under reduced pressure. The residue was applied to silica-

gel column chromatography, then the column was eluted with 10% methanol in
chioroform. The titled compound was obtained as a white solid (1.49 g, 89 %).

'"H NMR (400 MHz, CDCls) I 2.04 (brs, 1H), 3.39 (t, 2H, J = 7.5 Hz), 3.90 (t,
2H, J = 5.3 Hz), 4.06 (t, 2H, J = 7.5 Hz), 4.21 (t, 2H, J = 5.3 Hz), 4.66 (s, 2H), 4.69 (s,
2H), 6.07 (s, TH). '

SR 62)-6-[5-(4,5-Dihydrothiazol-2-yl)-4,5.6,7-tetrahydropyrazolo[1,5-
alpyrazin- 2-ylmethylene]-7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2

carboxylic acid sodium salt

-ene-2-
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reaction mxture was refluxed for 1 hour. After
refluxing, the mxture was filtered 5 through a pad of

wa@zdootiansshd the filtrate was concentrat ed undepCT/Eso0€e20891
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pressure. The residue was dried in vacuo and the

crude 5-(4, 5-di hydrothiazol-2-yl)-4,5,6, 7-

t etrahydr opyrazol o[ 1, 5- a] pyr azi ne- 2- car bal dehyde was
obtained as a colorless solid. The crude al deh

t hus oPheotwi(e Sanginasag\gduxise (16.72 Qir\’y’asaé@i%%tthﬁ? Ingixture of

éﬁ‘ ﬂ@é%ﬂtreigéﬂggrﬂpm Wikion (7086 ﬁ% (ﬁﬁQ@ﬁd/d?otﬂn'aEél%ﬁPMe?-

terrpera urethe m Xt ure was
sdtiahydrdpyrazoldl , Svalpytazin-2-W]-thephane=(3 30 0) At joosn fempasauty:  The

W.J 20 014 (4. q
[eggtian Mg ureéwa%ﬁeﬂll.ﬁ%ﬁ * 3‘%@ a%ﬂ%rerte?%ﬂ%xﬁﬁrrﬁlx% was filtered
add@gh arpadrm‘ Qelite iand . tha liiliratee was iconcentraied umﬂ@ regyeadeeressure.

! ’ :
L%errpgl he (Was 8@541 xnu S/é&%c? Qﬁ% 6hecl?:ﬁ1cf§et§33é 'g?ﬂjelyg é&@l ARA$4.5,6,7
thl‘ﬁhvmbWNOﬂW-aﬁlymZIr(eiZ}Qarbglﬂew W@%pb@'@ﬁfﬁﬁd? p@jgrless solid.
mp,ﬁg@ﬁ% 8I'dgh VBRI Solblka?rﬁeéig ? P}%&%‘B@H 8 a'Tar&té&aﬁanme (200 mi)

hours at O
rsokition ef MgBs (21136@) @(jden a hitregeryatmasehereat serm \;@gmgture then the

th 5%
Vﬁaét] Wﬁ%tﬁégqg nﬁ‘gg iAREe O%Sdrzjl-tl;tq,'z@@ i) §6 “(ﬂ"aégﬁ?'% 20,014 (4.16
|Q)WHS agded cinddble niiky&O4Rs aecled {9 t20 &Q. Th%n frlqﬂwaéﬂ“@e (11.3 mi)
5 acd%gfi %Péﬁ({‘é&%ﬁ NGe r[e?rgfdﬁ%ségl R2:8 ¢bfered Wth fbl%l éﬂ(@@de light.

vva apprli ica gel colum chromat ogr aphy,
élhet ehctibn fmintune vease stitedrdaed -5( howrs alhd2e h'ifbr%*F’oV?ﬁted with 4-

gﬁ@gﬁp@h‘%ﬁl?ﬂms-@% (T?? gﬁ@@cet@c BhRaHIS 48 LAY 'lrﬁ oné ﬁoﬁlon The

et rahydr opyr azol o[l 5'_
pyaetpnnnlxtuye }uamquep tg O Comnsl stireshigt 40 hgpes-at.0 he mixture

J!%t'lﬁl @thgﬂ Q@&Efezar?d‘%gheoamﬁxﬁ%' itrRCadid aqueous solutlon

enz ter was obtained (5.41 g, 75. 4°/|g)
(@ltureteg) scsiu{r(\ Fydregest earponate,(ands brine. The' organic Tayer was dried

d I\@&LE%HH %ﬁé}]edz :‘hé fiflra® Wad corfcentrated under reduced pressure The
tTa ropyr azol ol[ , b-a] pyrazin-2-yl]- X} m?]
rpslgxgmstqppgedlto silica gel column chromatography, the uted W|th n-hexane-

aK@@EtC(X %hé cﬁto@dfbﬁﬁt n%tr%ﬂsr@ 19ar'|h@<(5h BRSYB- {tRS) acetoxy-[5 (4,5-

nitrobenzyl ester ssol ve% gﬁ}g
nqilyxy(gﬁﬂjnag@d-yhﬁ 3. ﬁﬂetetrgtydfﬁgyrazp]o&gﬁﬁ}pyéﬁm 3{1]éaet bromo-7-
dihed-4-4rdd-16 hbic 9&%3@ Ghéplo éne@-@éﬂ%ﬁ%i@ &uid faenitrblpdnzl Bster was

111 M) were ad to the m xture reacti on
v@@é’@?“@@ So(ef& with foil to exclude light. The

react i opngn xt ysR Gﬁ g{‘gRS)-M@@S{BWé S\t)vla ; r gghglﬁmthlazdmmm 5,6,7-
CetiahyO R0l BV ey el ST N Bes ot e
B - acld ittbleinkyle eetdr (5.41
}/\E@aﬁmm O]Hei.?,ée—i:gegﬁ tgamox%nt X g%l e4acrtWa eE{Izj‘{ eleet é ( {g; \gas
B AR et A b S FRE SR M 16 )
L%yrerossévgg:gf pl;%?gtlafeﬁlbﬁtbrt(ﬂdeﬁ i -ghmi)-vi€r8 étﬁeﬂ&@ﬁhdﬁﬂﬁﬁ& The
aﬁ‘fﬂcl QR VeSS V\QSOYPWQE‘&Q'L{F{%'E"%FXC EQ?B]C oﬁ%%nlleagt 0?1 mure was

vigorously stirred for 2 hours at 30 to 35 °C. The reaction mixture was cooled at 0

°C, and then the pH was adjusted to 7.6. Ethyl acetate was added to the reaction
mixture and filtered through a pad of Celite. The pad was washed with water and
the aqueous layer was separated. The aqueous layer was concentrated under high

-118 -



Kasei Co. Ltd.) resin colum chromatography. After
adsor bing, the colum was eluted with water and then

wowaok/13888 0 15% acetonitril e aqueous sol uti on.PdEs2006/020891
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conbi ned active fractions was concentrated under high
vacuumat 35 C and 5 I yophilized to give the titled
conpound as a crude yel | ow anorphous solid (1.60 Q).
The crude conpound was purified by preparative HPLC

JM Gt 35! CRPTha @6RcertAbT b e wmn HPAEL (1785nlx Mitsubishi
é@i& % tcht)q' )Oge s&rrr?lgzlglu hosrgg% %f% fﬁ? §%Ayg ‘the column was

deral wigd w&[broéhd)tiiﬁrpmtllﬂl?:% 1o &Y% racet@&ﬁﬂe rdquedis sabfigmi The

e e it Yk bl ShBP QY Dt 35 C ane
@oﬁé’rﬂzedws gﬂJ@Qh&tlﬂ&BﬁdmﬁdﬂnNMQ a(dBZ@) yeuow arﬁorphpuszswlld {1.80 g).

7.6 Hz';'he erudg c%qnpogrpqi was gurgleg %M;%gpaﬂg’tgl;ﬁi&c &Iﬁ&dhtyéll RP-
6§GP RAKTO GHEMICAL CD.HINC.,B557250smm1 0145, mal -pao@gmatelbuffer (pH

zgi ée;gérﬁ% ]3@8%9 %%Féhgé(?(g@gsgbg Ieg%ﬁgpﬁpéglalgﬁ%ﬂm resin

@1{1‘:\) rfl; gfltﬁukﬂl@ﬂilh@srébeb ladyto)give theditldd cempatmdi asuelew. 3-
¢l pyridin
@m% hfuﬁfﬁé (\:/M’f%\éi%% %%P%?S)ene 2- carboxylic acid

Prepar at i ompiocEtdydec); 'H NMR (D,0) O 3.18 (¢, 2H, J = 7.6 Hz), 3.60 (t, 2H,

A B39yl By P A Bkl AT o2 P R AT 3 200 &
AHG) hepi(s 21106677 (4, Nkt 178 I(s,41H); tR Kkl ¥38i o 252, 1606 cm™; O

ri (5H1- carboxyl ate The titled conmpound was
f(w %gd%f%%%meg grams of nethyl 2-fornyl-4,7-
di hydrof uro[ 2, 3-c] pyri di néxe(rwg%ar boxyl at e and 1.155
grams f 4 'tr8 éﬁ%é etho carbo |- ,5,6,7-tetrahydrofuro[2,3-
-bro LIS = yCTT O[ 3. Ept - Z-ene-Z2-C
O | YT hﬁ- neth AEE 14/ ~0X0-4 h AT L 'u‘" SeidjBinepird-on e-2-

vvhigh ﬁed directly for "t he next step. ME:
%—%@—Prepar ation of (5|R

2-[(a Jrfa Jn QNJH @%ﬁa:@d f.%% 0.669 gram of methyl 2-formyl-4,7-
{[(4-ni car -7-0x0-4-thi a-1-azabic cye
Idngierug:][h,épﬂp)g o)~ yw@pn@qt? and 1.155 grams of 4-nitrobenzyl (5R)-

46-h oﬁ‘ﬁJ‘Y g'fxgmufhg-@aéa&% RI[3. Q'oﬁ}%pﬁfz@hb-zaéérbwétat eyielded 1.65

|e ded produc sed

<?(3 deco ngo
JgramesE pragict (B4 e)owigh mas uses) Fh'% by dor-the nexteﬁieF( MS76§2.2(M+H)
- 119 VibheqfdieS¥idrd Sr3@ RYZ) [6Fe- MR 6vd®Bdnyl)-4.5.6,7-tetrahydrofuro[2.3-

-7-0x0-4-thia-1-azabicyclo[3.2.0lhept-2-ene-2-

carboxylic acid

The title compound was prepared from1.65 g of ethyl 2-[(acetyloxy)((5r)-6-bromo-2-
{[(4-nitrobenzyl)oxy]carbonyl}-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-2-en-6-yl)methyl]-
4,7-dihydrofuro[2,3-c]pyridine-6(5h)-carboxylate, yielded 0.386 grams of product
(41%). Mp: decomposed at 175°. Ms: 375.0 (m-h). H-nmr(d20): 0 6.91 (s, 1h),
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6.84(s, 1 h), 6.62(s, 1 h), 6.39(s, 1 h), 4.41(b, 2h),
4.04 (g, 2h, j=5hz), 3.52(b, 2h), 2.42(b, 2h), 1.14

W@ 29063803584 =5hz), 5 Brief Description of Bi ol ogPCHUSZEE020891

Procedure(s) and Text Sunmary of Results.
Antim crobial susceptibility testing. The in vitro
activities of the antibiotic, piperacillinin this
case, against resistant pat hogens expressing class-D
6'821 TRR), 6Y82(S mteessr(srrgd 43%1(bhﬁ\)n4 64 dar 2, fratiz). @t520n 2h),
y the National 10 Commttee for
gﬁﬁdﬁﬁ@ ﬁ‘?@' gt andards (NCCLS). (NCCLS. 2000.
I\/Et hods for Dilution Antimcrobial Susceptibility
Tests for Bacteria That Grow Aerobically; Approved
St andards: M/-A5, vol. 19. National Commttee for
BrieNDestriptidio b Biolygicst Test Rrossduve(s) and Tgxt Bummary of Results.
Muel l er-H nton Il broth (MHBIIl) (BBL Cockeysville, M),

was used for the testing procedure. Mcrotiter plates
cont awwtingcﬁibmll_sqm:epmillty telstingo The inofitep aetivitigs of the antibiotic,

glﬁ%ﬁlﬂt n, lmpcl)agg; gﬁéngt l%ﬂpng 9&?14 Ef@g%&f\?\%%& -D enzymes
wmuétatmmlemuyhhémgobmﬂw duhmrr@thoﬁcas)/re@ommenéed by the National
ety %{%lm‘i’cea{‘zéi)%{oépétaﬁﬁ# gl sfOPNeELS! 5o, Methods for
ﬂllu%DG\ntmlenmblah nSusxeptibilith eTemtm i faw| Baateriehi khaf yGrow Aerobically;

@Fq%%&egﬁahagrdthﬁR% {&r 1 Nahér’%fpléﬁrﬁﬁ tﬁ@@sfog th'nl%ﬁﬁ Léﬁoratory

concen ion o antimcro
&amquis atikdnpovanRApi MuetierdHigioovit Arath (MhiBII rfpgq\ep&syllle MD),

B’% flﬁéeﬁ e t8Gin rb%c%%gr e)(/ﬁ‘crotﬁ@@plaﬁ%%ﬁtaﬂﬁﬁg%@ﬁ[ %bﬂﬁ@ll of two-

ove Sal procedure are en sted Iin Ta
Asld aerialodilutions pf plpemcﬂllnl Gombines! with mc@s@tamham@um(%@/ml) of a B-

q%ét%‘g?esm é@% rﬂc@qlﬁf) %\'j:\g&ogﬁ %Lékﬁééw@a to P/Ield the. appropriate

/ﬂgnbﬂ} ?V@%Fm&f)tlﬁ 10@|ﬂlﬁﬂiﬁbhﬁﬂume TRbplads, we‘ré Iricupat2d for 18 - 22
Table 1: Mnimal Inhibitory Concentration ( M C50

(hpund_ )t BEPEG: in| arobienB&iC The nnranﬁbmh@ltAgapwmentra%%wCso) for all
Excﬁgtlég % Cégﬁ%ads@slzthfc %ﬁej%o%géﬁra(t%oﬂ %’ﬁ?ﬁﬁfrgﬂlal agent that

8004|npletely inhibits the growth of the organism as detected by the unalded eye. The
MICs, data obtained by the above said procedure are enlisted in Table 1. As a
control piperacillin has an MICs, value of >64 pg/mL. Both OXA-10 and PSE-2 are
class D B-lactamases. (Bush, K. Jacoby, G.A., Medeiros, A.A. Antimicrob. Agents
. Chemother., 1995, 39, 1211.)
Table 1: Minimal Inhibitory Concentration ( MICs) (ug/mL) Data: Inc:
35°C for 18 hours
Against class-D producing organism E. coli GC 2883 (OXA-10+PSE-2)
Example MICs, Data

o~ N
B BININIEIND S
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- 121 WO 2006/ 130588 PCT/ US2006/ 020891 \What is
clainmed is: 1. A nethod of inhibiting class D enzynes

WO poobha0sss eat nent of bacterial infection in a PEI/US2006/020891
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patient in need thereof which conprises providing to
said patient an effective anount of a conpound of
formulal: A . BX O\ NORS5 0 wherein: 10 one of
A and B is hydrogen and the other is an optionally
substituted fused bicyclic heteroaryl group; Xis O or
R5 |s H Cl -C6 al kyl, C5 - C6 cycloal kyl,

IkyI and RB i s hydrogen, Cl1-C6 al kyl, C5

- 06 cycloalkyl optionally substituted aryl, 15

t|onIIy bst.itut ed-h : _r P
It Reegtor ARG, bS5 P S It f2aient of bagteral nfecton in 2
mseﬁém:th awbthérm mmdrhodommis&s progidingriotsaid patiepbamefféative amount
%g adnmi ni s ]{fe MY‘@ a G3-lactamantibiotic. 3. The

P ABEPEULLP'PHEYRS clai m 2 wherein the ratio of
13-l actam antibiotic to the conpound is in a range
fromabout 1:1 to 100:1. 4. T% met hqd according to
claim3 wherein the ratio offt E:('rafla{ tam anti biotic
to the conpound is |ess than 91N OIEe nmet hod
according to claim1 wherein Phe bi cyclilc heferoaryl

group is W , 2?2~ -W)t z2, 0 W 3 1-£- 122 W
2006/ 130588 PCT/ US2006/ 020891

wherein:

one of A and B is hydrogen and the other is an optionally substituted fused
bicyclic heteroaryl group;

XisOorsS;

Rs is H, C1 —C6 alkyl, C5 — C6 cycloalkyl, CHR;0COC1-C6alkyl; and

Rs is hydrogen, C1-C6 alkyl, C5 — C6 cycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl;

or a pharmaceutically acceptable salt thereof.
2. The method according to claim 1 wherein the compound is co-administered with a
B-lactam antibiotic.

3. The method according to claim 2 wherein the ratio of B-lactam antibiotic to the
compound is in a range from about 1:1 to 100:1.
4. The method according to claim 3 wherein the ratio of the B-lactam antibiotic to the

compound is less than 10:1.

5. The method according to claim 1 wherein the bicyclic heteroaryl group is

1"A '122'



wherein 5 Z1, Z2 and Z3 are independently CR2, N, 0, S
or NNR, provided one of Z1 - Z3 is carbon and is

wherdashssd t he remni nder of the nol ecule; W, REI/EHIHOMNBR0891
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are independently CRAR4, S, SO 502, 0, or NR; wth
the proviso that no S-S or 0-0 or S-0 bond formation
can occur to formthe saturated ring systenm 10 t=1
to 4, R is H optionally substituted Cl-C6 al kyl,
optionally substituted aryl, -optionally substituted
het eroaryl or nono or bicyclic saturated heterocycles,
optionally substituted C5-C7 cycloal kyl, optionally
substituted C3-C6 al kenyl, optionally substituted
C3-C6 gl kynyl with the proviso that neither the double
bond N8¥™®B the triple bond should be present at the
car bOfZﬁQQmth@ lare mddpermﬂehileRh Mked, 8 @r N-R, ppavidedainieyof Z1 —

bstituted Cl: rfluoroal ptionally
%§FPEW@(§M&{? deegft hsfen Of the Lﬁ)?e‘gﬂgopt i onal 1y
subst |Wu,twg and(nga&t eﬂeperydentlpﬁRuI@naS SO 5805t Of at N€R1, with the

- C=Car vyl onal.l

()%'?Yl%q]ﬁrq‘t -@S?r Q‘ o)t %bé_ égg%tlg_% ?C% F@ fo?rjnktxé 'saturated

afrigi systeint;y subst ituted 20 C=O nono or bi cycl ic

sat uratre]d hft erocycles, optionally substituted Cl-C6

al kyl a 'optionally substituted Cl-C6 al kyl

het eroﬁaﬁ yis Hopoptionally wubstitged t Qt-€6 alkyl, - aittiogsliyalskbstituted aryl,
L |1 [ et er | - Cl-.C6 .al

OBHeRR <poSHEl PGP B AR iR, Biltog hterocyls

scartlonaﬂyec‘subettetedcﬁﬂ -6%, cyghealkyhalopijonalips subsiituied C3-C6 alkenyl,

%ﬂhﬁg}?ﬁggﬂﬁeoﬁ(ﬁ% QiGla(?Igﬁ\g \{9 I?r{]thegnta s Fﬁ@l‘ﬁ@??hﬁ ?(oqble bond nor

oi}heitdplalboyndzﬁwos:lqbee mtaaeeuat thelcprban- aﬂolzrywh@hys dlrectly linked to N;
0- al kyl - heteroaryl,
tioﬂQ %sﬁéﬂ: ﬁ u@ej%rﬂ@ +%ﬂ§?/ )

I'on subs ary al kyl, optionally
S ubst i fS,( plienallycwbsiitated allkwlor ary Mhedﬁ‘l Rlis §-2, optionally substituted

SUbSt ' tCﬁ"@%t@rro)é XVpfighall %Pf)étﬂ’url lQ‘-éH&FngilHﬁé?I? substituted -C=0

| ox t eroar BtIO substit

16@6 Rwaloptl@)q}lmsy stlt@tpdu-ﬁn@K¢§rC§b9y§koaH<Mt ogtigrllgsubstituted -
abk?bl rﬁB + 8?‘5#& If&ré%\%jr)ﬂed r%%trb&)%@ Mptlﬁl%\E%Ebﬁéﬁhﬁgd C1-C6 alkylaryl,

oXy a |'am nes, ti onal tuted

apktmﬂ)aﬁmwe [SEREEEY lj)eterggryé jpnallytsagpstituted aryl-C1-C6 alkyl,

apyidPaiF SuBAaRNed hé’térdé&flJCﬁ[@é EM%ISHQ%'&]HW&%*htuted C1-C6 alkyl mono
het er oar yl oxy car bony optional ly

b TG Fetraies Deteargtes. opianaliEsysp SRSk vialketn athto 6§ carbon
abi@ﬁ&y | CONRGR‘-)nalSG hﬂéh?%ﬂtiéhﬁl@ SubstRuted lé)‘}ﬂﬁvl\&(jyloxyaIkyl optionally

haI cyang, opti.onal l

ﬁ%SS Bl M@’@BW@ZG’@%M"% b%'??t!tﬁfﬁéd -alkyleg-alkyl-heteroaryl,
abbt@h‘éll Bwﬁgtlﬁﬁdd afixy ARG d)pfloﬁélﬁlsshlbktlthé@ rﬁa"téfbaryloxyalk){l optionally

0 substituted hetero
o Bt ltt%ﬁ! éa/'%VRw %F'W%'X;?”%?twﬁ%\ﬁ{yﬂf@‘é{hefémqfﬂn%‘?ﬂwa"y ubstituted
C1-C6alkylaryloxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl, optionally

substituted alkylaryloxyalkylamines, optionally substituted alkoxycarbonyl, optionally
substituted aryloxycarbonyl, or optionally substituted heteroaryloxy carbonyl;

Rz is hydrogen, optionally substituted C1-C6 alkyl, optionally substituted C2-
C6 alkenyl, optionally substituted C2-C6 alkynyl, halogen, cyano, N-RsR;, optionally
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substituted aryloxy, optionally substituted
het eroaryl oxy, optionally substituted C3-C6

w@bkdengisexy, optionally substituted C3 -C6 al kpemyUs2096/020891

10

15

20

25

30

Cl1-C6 al kyl am no-C1-C6 5 al koxy, al kyl ene di oxy,
optionally substituted aryl oxy-Cl-C6 al kyl am ne,
Cl-C6 perfluoro alkyl, S(Oqg-optionally substituted
Cl-C6 akyl, S(Oq optionally substituted aryl where g

Isﬁ?sﬁuutéclj ;m 86 aqg@tsdﬁfs tﬂroxw apiictialiy sobstmyted iatyl gortiondiynsybstituted
opti ona ubstitu
Bssearuc SaoHey ontelely sl U Bt AlyBgheslgoptonaly

@hB@titlﬁt@@ ahexyy bptianally Qlﬂt&ltltmecBMGItqatylqu optionally substituted C3-C6

elictarpriaily SreiitercPe: 68 alkuleShep Lt s Blaino-01-08

Aok Nalkliene Sdibgy, i @ptbaduwswaltmmyarylofzy-en@ﬁ Jaﬂ<yd: aanmoe; C1-C6

3}9?)‘ @f%;&%lxgz&sﬁp?gﬁ%'g nsﬁh%#%?g 2331:39{3 "é}ﬁ(ﬁ éO)q optionally substituted

2yl | weieral & ik ,0, OptdromaCDNR‘aIBbstguautdwb or cyclic guanidino, optionally

s §§%§§rgycly1q,é¥a' W%Ha?ﬁ?l :gl qb%?tﬁté@if}ér&fa%f%ptlonauy substituted C1-

e/ akyiheteroargl; yloptlmdllgat |sUbEttmniedheﬂ'eteraaryl G%:C yalkyl, optionally
nal.ly s tuted Ci1- I

&HLF@H'@PI ¥>;’1 {jg Y'u qock” %&;ﬁlﬁgyfgat?gﬁ%a/xyrﬁ%% %&Ies optionally

ombsmnahl amas«ehyn oft BlttedGacqrbam( widnks; | SOgRFan apti qna"y substituted

r@g &l%glt{ ‘fyl-gﬂg@ %?{) ox@"é?tth d nb/l %ikypal}_%éﬁonally substituted

detéroadldxyalkyibs taptionatig  GiubShtutedk y Brylaxysryhf mthngllmsubstltuted

ClL-C6 al krggpé} %&'&’éﬂt”%’q‘?‘oge?’{w&%ﬁ' 1, O nay Bifituted C1-Coalky

targlekywyl wioptioridilp csabsiduted 0 GIRCEh alkndgryloxeheiencahed optionally

y§ S
g Bl oyl By Shidhelly puisBicd SSBpRRIT o oBtonaly
NsubStitutes={IKylaryloxpaikyamined to 2), and N-R ; and 25 R6
and R7 are independently H, optional Iy substituted
Cl-C6 al kyl, optionally substituted aryl, optionall
subst i RutigHi, hetlmadimsylbstlttttpd Carz Rlkyls ope iof Ruie@HCE1eg6 alkoxy, -

akkyi ag 4u§yl Oég alN A RS URSSNR 1, doramﬁ anky 'together be =0 or RR,
'SUPST I't ally

opt1 onal ut ed ’heteroar | aI@%/
stq:gsthet with dhecearben 4¢ whichdbey @&r'c}ﬂaCh MRY fam aﬁplfééﬁS‘B@" of five

L RISERE FHBer%m\ dr w?tnzutr{ﬁ %s%ﬂcé ?F HeRFSHorhb %@le‘éﬁé‘éltf%ﬁ\ N, O,

opt I onal havi ng one or het eroatons 30 sel ected
fSa(@)N(WUﬁred’i -@'[0 2), anhi- %e?h‘é)d according to claim1

wherein the bicyclic heteroaryl group is - 124 WO

2006/ 130588 PCT/ US2006/ 020891 WL | WD , \ V\Ed) t 2 W8 X
7273 Re@nd R; are independently H, optionally substituted C1-C6 alkyl, optionally

substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C6
alkylaryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl,
optionally substituted C1-C6 alkylheteroaryl, or Rs and R; can be together to form a
3-7 membered saturated ring system optionally having one or two heteroatoms
selected from N, O, or S. '

6. The method according to claim 1 wherein the bicyclic heteroaryl group is
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wherein Z1, Z2 and Z3 are independently CR2, N, 0, S
or NNRL provided one of Z1 - 5 Z3 is carbon and is

whoerdashssd t he remni nder of the nol ecul e; WL, RRT/HIHOMNBR0891
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are independently CR4R4, S, SO, SO2, 0, or NNRL;, t=1
to 4; Y1 and Y2 are independently Nor C wth the
proviso that if the aromatic ring portion of the

bi cyclic heteroaryl group is imdazole, the
nonaromatic ring portion may 10 not contain a S

adj acent to the bridgehead carbon; Rl is H, optionally
substi tut ed (\};]L C6 al kyl, optional I y substituted aryl,
opti onal I%n\éub;(lehut ed het eroaryl or nono or bicyclic
sat ur at eéBei-avocycl es, optionally substituted C5-C7
cycl oal kyl | 3 optionally substituted C3-C6 al kenyl,
optionally sybstituted C3-C6 al kynyl with the proviso
that neither the double bond nor 15 the triple bond
shoul d be present at the carbon atomwhich is directly
| i nkedvheseiR;, optionally substituted Cl-C6

per fl upf o3l M z3 al%( Qb@pé?ﬂéhﬂV‘@RLYNSGbSterR‘?grcﬁﬁdé)ﬂ' orlof Z1 —

aryl ere ptional |y substituted

Zﬁdmtt@noandws bowldi to repnaingss of thetraelecwescar v |

opt i ongf Iy, ww afréltn@e erfdeRtly CRIRSS), sa,lad,, oopi Naal |y
substitlted - ?cycl oal kyl, optionally

subst ik odh 20 C—O mono or Dbi cycl i c saturated

het er 0@?’ SHET> a@hdéﬁéﬁhbﬂt fﬁNkb‘FtO twiithefle Glovidd ﬁ%bkl‘f ki somatic ring
opti ona substi t uted %alq%o het er oar

Ol s BBt heleTBR! GHOYP AMIGSEole. A honasyTtsifipg Rertion may
ShiTbhiait £€ Ja?c@haartwé bifelgeRBadbipbn; opt i onal | y

substi t uted nono 8 91% LIC sat E tuted |
het er oRydp el %’B?“%‘Ma yRstitter G 1- Riiora Is‘u plityted aryl,
&pk’;l%ﬁaﬂiargi}bﬁtltufélﬁo l'ﬁ%teroeﬁﬂ\ﬁﬁ Rihono SR l\Bﬁfb_ﬁc gafurAed | heterocycles,
gclgjg;&lplﬁmu: S |tg a éb&gx o%lpw %%h 'éﬁn aﬁpé%uted C3-C6 alkenyl,
S@ﬁt@hbﬂwﬁﬂﬁtmﬁé&&i% {ﬁsﬂh}hyi wiﬂeﬂ'erp?ﬁ\ﬂyd that ﬁ@ithe‘blﬂid diouble bond nor
Zttf Ieltglgﬂer%)(%l&gg alfﬁj%pbﬁtdﬁe;ﬁon@%é SUbf'qé: is dlrectly linked to N;
aom!dnama.sudsntmgmcommeyfnwmwllt Et Ied alryl oxyhlet eroaryl,
option subst a 0X . .
ogt i on%(dsp %qg'ﬂg?qyﬁﬁ'b%tg %% I@}%‘F BQ%ﬂg SPiap3lly substituted
opt i onat+Qheterchf dmmmg&umaﬂaaa -0DakyS2pA6HAREaB4tituted -C=0
' ed al.kyl.ar [, Kyl am opt |, onal |. .
Kb i Bl cbiige “CsBR SRRl Bpidnaty pubstiuted -
aCymmpnalobbmyd:h,c saturatet | heterbtyclesy bptiortally sdbstituted C1-C6 aikylaryl,

SR A KA SEERSEY oo e 0BEA, AR RRR 010 avon

Capfaadriaﬂymyubstmmd be‘tatdayyl-ﬂjbﬁﬁ bk, edtldbﬁllﬁubdtlkyewm -C6 alkyl mono

hﬁhgggcglc sggﬁgtgd h@ke g‘ﬁ%f) %ﬁ g% lyl%stlﬁ.}f%ds Enjly ﬂWe?lgl oqjs tgﬁlﬁ carbon
optoms, a-K]QNRdEbSt +SQMR7, optionally substituted arylalkyloxyalkyl optionally
substituted -alkyl-O-alkyl-aryl, optionally substituted -alkyl-O-alkyl-heteroaryi,
optionally substituted aryloxyalkyl, optionally substituted heteroaryloxyalkyl, optionally
substituted aryloxyaryl, optionally substituted aryloxyheteroaryl, optionally substituted

C1-CGaIky|aronxyaryl, optionally substituted C1-C6 alkylaryloxyheteroaryl, optionally
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het eroaryl, COOR6, optionally substituted al kyl
aryl oxy al kyl am nes, optionally substituted aryl oxy,

W@piobosEBs y substituted heteroaryl oxy, optionaPCHUS2006/020891

substituted C3-C6 al kenyl oxy, optionally substituted

C3 -C6 al kynyl oxy, Cl1-C6 al kyl am no-C1-C6 10 al koxy,

al kyl ene di oxy, optionally substituted aryl oxy-Cl-C6

al kyl am ne, Cl-C6 periluoro alkyl, S(Ogoptionally
stubsﬁthtbdtMléﬁﬂJo@&llqlajmine§( ahtipnafiy subrsiitutsd slisbxyicathonyi optionally

b 08 8o o o S 1B oy

al kyl aryI optionally substituted aryl al kyl,

ot o ijﬁyé}ﬁg%b, {Db{[O?Ig'l)ﬁ&lgbgﬁglg?dy e é%e%g§la?ét¥4nally substituted C2-

a}f albaayl) gptidhalyubgistituied G246 aBymal, kfyallogmngyano iN-ByR4, ioptionally

a@%#@ﬁ{ggdcr%eélg&%&b hﬁ%o%%ggﬁ%ly s)ﬁbstﬁ@'%?%l E}Sﬁonally substituted

dpﬁteroalafl | ¢O§Ifbest optionelly swbslitatedy lalktharwqxv aﬂpdamnam pptionally

?gtﬁtg{%ﬁ;ﬁg\ %%Eﬁﬁaﬁ\g‘éyh%tﬁgﬁ{i nBRAoRy! Bplibridty Slbstituted C3-Co
aaﬂgarmo)(w yipfionghy i substitujeds lﬁjj;t—tqana@@nyloxy, C1-C6 alkylamlno -C1-C6
SRR TARBI, SR8 SR e e 1
cmriltmalallvl S+ ontionaly ibsiiigtes) mrqhybgﬂéf@p ajly substituted
gﬂ'g g/ﬂ%lé é dlssb'b§t6t5t %@)I\ﬁiﬁoxﬁﬁéﬂfdﬂo or r%:‘cf?tf‘yulabﬁdmo optionally

het er oaryl oxya , Oor optio
saupstitutad: © -Gl alipylaryly pbﬂefallkymaﬁu’q@d arRlalhyb ogtionally substituted C1-

oqé O%'ik}?r{(e}’erﬁé'@ﬁt 'ZJQHQ%@XC&J%WE ey | I’Eeé%%grypﬁ F@fﬁ ' %Ikg'| optionally

-UbsieiRd ;C C6Raml MagNot czgebﬁwwbéatutﬁted imtewcycles optionally
t%@#ﬂ'ﬁ?éd ngetn pmcgrtg% F&P@ﬁ'eﬁ&n& h§®2mﬁ6$27% fsig substltuted

orma’spir temof five R(g ers Wt
o?rywkb'mm'kl"he %F'@%Mceswt'mcbr @é!'@fv@ k| eentiogaliy orﬁUbSt'tUted

Nnet@roary%)&y@k?l (V?A'b%ﬁal? Quﬂs’ﬁt@éd %ﬂﬂb)&'a@l’ %‘lﬂnr%ﬁy R&ubstituted

aré i ndependen H, optional l Substi t ut
cqry@smtwpryl oPESEIRY PetesiandbraDile coRioRlY §1ébﬁt@ﬁaqi |G1-Cbalkyl
&E@&yérw e%h@iamyoaswbmu@at | oN&s! yalﬁ}l@r?lok%ﬁt@t@aﬁ}l C6 optionally

opt i 1y substituted aryla

oﬁ{hse aﬁryq yarg'enssﬁ'fy! uP@EOfl?é't’eF'é)%t'W%ﬂ kigﬂteroaw,!ﬁ%m | 97 optionally

ssUsstiiutat SIRyISoGalRyidminBet eroaryl, or R6 and R7 can be
together to forma - 126 V\D2006/ 130588

PCT/ US2006/ 020891 3-7 nenbered saturated ring system
opt i onRY liy H)apticrallp @absmutémm@s akgRbAs®f R3 M OFf, €1-C6 alkoxy, -

0 e d ac ding to claim ]
oRAEER Ak GPER R e SRR oo 58 jesesier R =P or RR,
(tog@ier witBZhe carbon to which they are attached may form a spiro system of five

to eight members with or without the presence of heteroatoms selected from N, O,
S=(O)n (where n =0 to 2), and N-R; and

Re and Ry are independently H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C1-C6
alkylaryl, optionally substituted arylalkyl, optionally substituted heteroarylalkyl,
optionally substituted C1-C6 alkylheteroaryl, or Rs and R; can be together to form a
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4Y2-WB  1-C wherein Z1, Z2, Z3 and Z4 are
i ndependently CR2 or N provided one of Z1 -Z4 is 10

w@ 200608058d i s bonded to the remni nder of the PEl/E82006020891

10
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WL, W2 and WB are independently CR4AR4, S, SO SO, O,
or NNRLi with the proviso that no S-S or 0-0 or S-0
bond formati on can occur to formthe saturated ring .
system t=1to 4; 15 Y1 and Y2 are independently C or
N$-7 Rhefmbetdd sgttiratetilring systest idptiorally Havity ahéyor, two heteroatoms
0 stituted aryl, optionally substituted
h%ﬁ%i?%fg%fg}% '@Lbb o or bi cycl i c saturated heterocycl es,
optionally substituted C5-C7 cycloal kyl, optionally
substituted C3-C6 al kenyl, optionally substituted
C3-C6 al kynyl with the proviso that neither the double
b ntheaiethitd dcoerding tp lciirh dnehesGiadhelbibycliphetszodrybgroth s
carbon atomwhich is directly linked to N, optionally
substituted Cl-C6 perfluoroal kyl, -S(OP optionally
substituted al kyl or aryl where p is 0-2, optionally
substi t utzgoz‘v ~EzxChet er oar yl, optionally subst i tuted

- C=Cary! 7 @ptii diekl y substituted -C=O (CL-0C6) al kyl,
opt i onal Fy Z3b¥si t ut ed - C=0( C5- 08) cycl oal kyl ,
optionally substituted 25 C=0O nono or bi cycl iC
saturated Heterocycles, optionally substituted Cl-C6
al kylaryl, optionally substituted Cl-C6 al kyl

het er oahyﬂem optionally substituted aryl-Cl-C6 al kyl,

optional | stit tedhteroar -
opti ona Y2080 2h 8 leaeRaany FRasha Peidsidogng pL2Z1 24 i
sedrobmbRd isinded &y hkesmaintbr sk vlezulest i t ut ed

*SCorrbr e Bt Peteent BRSSPt o v e

opriovigb ahatyno S-SLar O- @Qr@%bdrﬁpﬁﬁﬁam ééd%&ﬂjﬁk@?&&f?&\e saturated
substituted -al kyl -0-al kyl -aryl, optionally

sUBEEYYMed - al kyl - O al kyl - heteroaryl, optionally

subst i t=ut edd;ar yl oxyal kyl, optionally subst i t ut ed

gf;leggyé\%g}‘?wal kﬁ%‘?’f’aﬁnﬁ tg'ﬂtglglf?qt utsggsglr;lugiy(jhet eroaryl,
opt i onRY | ig By brmtnohallyedubéﬁlut%atksﬂeara}ldyoxamoﬂally substituted aryl,
étliog\%@{ l gub%’tf{ﬂtc' toJ tt}lgtﬂS%ra kyI Mlo&ylgy%j he%ﬁrggtgay\'\éterocycles
opp’tlcm_ali\y I wtsuwmd tQh-€7 ayioalityl ardpdingally spbstﬂulabl Y3-C6 alkenyi,
SR R USRI b AR LR WIS o o
sthgstribteubent! stioults baipkgdent aptheocaxbory amubamlmuseﬂreerly linked to N;
optionally substituted C1-C6 perfluoroalkyl,
-S(0), optionally substituted alky! or aryl where p is 0-2, optionally substituted
-C=0Oheteroaryl, optionally substituted -C=Oaryl, optionally substituted -C=0
(C1-C8) alkyi, optionally substituted -C=0O(C5-C6)cycloalkyl, optionally substituted -
C=0 mono or bicyclic saturated heterocycles, optionally substituted C1-C6 alkyiaryl,
optionally substituted C1-C6 alky! heteroaryl, optionally substituted aryl-C1-C6 alkyl,
optionally substituted heteroaryl-C1-C6 alkyl, optionally substituted C1-C6 alkyl mono
or bicyclic saturated heterocycles, optionally substituted arylalkenyl of 8 to 16 carbon
atoms, -CONRgR;, -SO,NR;R;, optionally substituted arylalkyloxyalkyl, optionally
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C6 al kenyl, optionally substituted C2-C6 al kynyl,
hal ogen, cyano, N-R6R7, optionally 10 substituted

W@100683@Bkoxy, hydroxy; optionally substitut edPr/y52006/020891
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optionally substituted heteroaryl, COOR6, optionally
substituted al kyl aryl oxy al kyl am nes, optionally
substituted aryloxy, optionally substituted

het er oaryl oxy, optionally substituted C3-C6

afubstifyfesixy, -Qilp)tl-icbﬁl&]/'f%fyls ubBtianally e gulsditutesb aa"rw—@ralbdeeteroaryl

B, G Aot oonsy

Gubshitutes! pryamdr eptignriy substltgyed wlpxmrpgryb @pg@nallutsyastltuted
CéT %a%@é"ylﬁé%@%ﬁél@%bgﬁ‘tgfww bblgllgﬁjalr)élai eﬁ%’n‘@%&? optionally

an no or c

@Mbstbfntﬂdl @Jkylwlbsyalkmf@ldeélDlm;r@l"kyuaﬁfmted alspxynasranyl, ‘optionally
t I

TSl R or oBRpAMp Sl bty Bkttt carobi

het er oar yl - CI C6 al kyl, optionally substituted Cl-C6

a' Kyl '%%%o hcxﬁdn‘éu? wtlﬁf@(?jken f'éfk?ly gbﬁ&all% substituted C2-

ti onaf subs tute

6 gtk @ntpnaﬂacﬁwmed @@tﬁ: akyny). Raleaan, cyanayl N-ReR;, optionally
adupsaluked @ﬂ‘-ﬁ%' &iidxy, ﬂ?&rb?;“%dt%nﬁ&bﬁfbbﬁtﬁe%daryl optionally substituted

aryI oxyal opt Ironal
Hteiogtiy GO kgptonaih | sRaiipds il janewet alkylamines, optionally

aédﬂsﬁ%&@{ AyloxP thé’r‘ih?lb'sﬁb&ﬁ@t%ﬁ'hte%gré‘é}yloxy, optionally substituted C3-C6
gl oxyheteroaryl, substituted heteroaryl oxyaryl

B y)p§9ﬂ!%'v| guRstitptesh - Qﬁsm@@@lkyavlyxbx%r% Yalkylamino-C1-C6

oakmnaelukyyen%u E%&%g??ﬁfg% s@@sll"flggaw Q{’y)dx?bﬂéﬁé gﬂggﬁrﬂrlnme C1-C6

0 onaII 25 su
lgﬂiﬂ‘t‘?’?tﬁ“% HeWeordianglyosupatitad C 1060%4 SHR)-pptionaly substituted
SéWISthI:H gdisap kY| @r | m3g| a%émdlng%r' &yclik fuanldlno optionally

OB 158 S s ek inprhonalg b -

,COr didieteraaryl, 0 BptibsHIly b esubStitifedRARA h
tih}glsgar boncﬂt égm??ﬁ t hgy are ! atet ache%lrog@I bqgfgm gr %VV: Edg)tlonally

alvleingano (REnBisydicysaiyraied mmtﬁmvcl%e optionally
psmtsemmeﬂ afyldieingr 68 55165 8hrbeh &florhs, OSDIR

en=0to2). and N-RL: and -128 WO 2606?6[‘@"2 pubstituted
%[5%5’6?5%‘%6208’6&6 aﬂépsﬁg?'é?‘g |W@E¥@Hﬂbht?8ﬂ°ﬂa“y substituted

oim&temaqlld»walkwbstdptldﬁéﬂgi Céu@ttﬁéderyl@@lePnat)bﬁbnally substituted
ero

| | b tut
éjlg (S%Ii#% sagub%.[bsytaf A lg)gala@.: a(?g}ﬁ)na pgptaﬁiilg'tpg, 'C1-Céalkyl
samrlwvarut e«bptwr)dllgal ls;abstltoﬂetil obaldey @Mﬁé@lokyﬁéi&oaryl , optlonally

I PR e M—

aSleﬂtUYemmbdyaﬂqﬂmmeEd ring systemoptionally

havi ng one or two heteroatons selected fromN, 0, or

S. 8. The nethod according to claim2 wherein the

R-| act Rmisiht, oblieilg sulsstiaee Cr1e06 afkylponé bERglis)OH C1-C6 alkoxy, -

antrzﬂb tamgll oéOéRperNﬁ;hl ’l Idbﬁﬁtévb,l & k4CR4 r%a}??oge%?er%e =0 or RR,

together with the carbon to which they are attached may form a spiro system of five

to eight members with or without the presence of heteroatoms selected from N, O,
S=(0O)n (where n =0 to 2), and N-R,; and

-128 -



10 and a cephal osporin antibiotic. 9. The nmethod
according to claim8 wherein the (3-lactam anti biotic

WO 20082588 ed from t hegroup consisting of pi peP@UUE10061020891
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amoxycillin, ticarcillin, benzylpenicillins, o
anpicillin, sulbenicillin, cefatrizine, cephaloridine,
15 cephal ot hin, cefazolin, cephal exin, cephradine,

aztreonam and |atanmoxef. 10. The nethod according to
cl ai m Bs @P@Reiafe inderendandy thraptienallgisgbstiuted C1-C6 alkyl, optionally
caracid Li . ) The,gRlo _ )

CARBNGN <Dl optorlll il nébroaly. | RRIGRID Bustityied 01-00
i akylgivhepaiianally nsithsdituted panylalikare doplionaltie pbstitiad  heteroarylalkyl,
i - - C& O di t i,

R S eBled €1 B BRECS REMR] Saf PRy o fom 2
i &7pieUibgead sefuraied pingi sypterpreptiopally2Baving @ge or two heteroatoms

selected from N, O, or S.

8. The method according to claim 2 wherein the p-lactam antibiotic is selected
from the group consisting of a penicillin antibiotic, a carbapenem antibiotic,
and a cephalosporin antibiotic.

9. The method according to claim 8 wherein the B-lactam antibiotic is selected
from thegroup consisting of piperacillin, amoxycillin, ticarcillin,
benzylpenicillins, ampicillin,  sulbenicillin, cefatrizine, cephaloridine,
cephalothin, cefazolin, cephalexin, cephradine, aztreonam, and latamoxef.

10. The method according to claim 9 wherein the B-lactam antibiotic is piperacillin
or amoxycillin.

11. The method according to claim 10 wherein the B-lactam antibiotic is
piperacillin and is provided to the patient intravenously.

12. The method according to claim 10 wherein the B-lactam antibiotic is
amoxycillin and is provided to the patient orally.
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