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2,4 (4,6) PYR M DI NE DERI VATI VES The human genone
enconpasses sone 2,000 proteins that utilize adenosine

wo2e06t06i4phosphat e (ATP) in one way or anot her PODEBIN®056619

500 of these encode for protein kinases, i.e the
protein-tyrosine and protein-serine/threoni ne ki nases,
that share a catal ytic domain conserved in sequence
and structure but which are notably different in how
there catalysis is regulated. Substrate
phosphoryl ati on by these enzynes is nature's

predom nant nol ecul ar way of organi zing cellul ar
signal transduction and regul ati ng bi ochem ca
processes in general. It is not surprising, therefore,
t hat abnormal phosphorylation of cellular proteins is
a hal l mark of disease and that there is a grow ng
interest in pRODUSTION OFBNIRCTAMBINSINGLE CEELSN ugs for
therapeutic intervention in may di sease states such as
cancer, diabetes, inflanmation and arthritis. In fact
the search for such agents has recently culmnated in

t he : : [, i i nhi Bbi t. r

e IRl Bl o0 Ao i oo
amd $o/dedis that daoibe peeti ic alichysaluctider cept i n(r) (Trast uzumab)

I's t 31 QAR doRStnBS EurtdRtiy24rd Bldduddd bR @ @BMerclaY SR By filamentous

ki nase found to be anplified up to 100-fold i n about
nygoprganisnag. iseqhtas Repiclivmplarseaseusy Heeptomysercaiavuligerys, Nocardia
1§0tanidueails ahdl haremolieh eRpsdgehdm, ds BhdsdeHausaEondafy Metdbolites.

L

dsipeaisitiin Mnfisoppdninilin N andcCeamiilin G,hve plagpy Compodods, suGaas er

| . . ¢

SGEL bbbl P 5P e BBl 2. ©

<£ﬁa?3§!@§9ha'm&0r§@%aﬁ*ﬂjar&@?ﬁ5 pey-7gminogesacetipentilerqranipacids,

captsydspbin) C gﬁ%f@h@@?ﬁdin&@_@%ﬂ&fﬁpér?ﬁc a&gﬁ slevant ?ﬂ’n‘irlﬁmﬁk& such as
| . PC Iy a n | YA | . sm C

o PR red rhasiotr BubRTRh 4 W ebnF Sy Rl &R ¢

nednobadtam pgrepavpds gl as adilegeam.a (CML) and 15% to 30% of

adul _Exmslésezﬁhauaén'cg-iactaﬁmtﬁr@ddcm BRAREMAS biemsb@,F}ﬂ@@g)\i Adulhny),
clinical trials eevec(t i matinib nmesylate) showed
AGremaBiNT Ay PIEYSogeRUTY feryYini (Encarteiortl Flavohacterume Kelichramsa (K.
tbtaygk) tNcaniaNpaasaburas, Ni inifrmis) edniilltin EUEmyssgémim, PThe

speed of jpassage qof i s.agent 4 hrough ckinical drials
Bt AR ind L ORERE L B BHETR P

Slguspusey Eyaspseepicus Brlipaiei).- BJ. & Lydon N., "Lessons

| ear meslprbduetior I8¢ BfaNE-RBEB Yompburdl ithé cériimersialeapiiduas e
i nhi bitor for chronic ngelo enous | eukaem a.", 2000,

oRgaRisIMg hpsbeegtincreaged coppiderplly QvRtithe YeArst ioPrinsiangg G\eedeer
Reaicijoimaohrysydensmpeodkictioa Sieain [saspdoee to pouues abaut H®50 g/l, whereas

o4 Bl ol o A oIS ) U g
contyibutipps to ghet epdy eevsiopmentnt penicillin angtcephainspprinundibigics £t News
s2yIre-278 R der, RIB.(200B)IAdistiadsosucidr of pbrRctdmeitiiotics, AdpEMicrobiol

.reat ment,_ of _pon-mal i gnant di seases of
éé‘?f @gg’ﬁe@ﬁgg} ar proliferation such as psoriasis,

beni gn prostatic hypertrophy, atherosclerosis and
restenosis. It is accordingly an object of the present
invention to provide further kinase inhibitors useful
in the manufacture of nedicanments, in particular in

t he manuf acture of nedicaments for the treatnent of
cell proliferative related disorders. This invention
relates to 2,4 (4,6) pyrimdine derived macrocycl es of
fornmula (1) that have been found to have kinase
inhibitory activity. In particular, the conpounds of
the present invention were found to have an
anti-proliferative activity and are accordingly useful
in nmethods of treatnment of the human or ani mal body,
for exanple in the manufacture of nedi canents for use
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di (G -4al kyl)-am ne-, or imdazoyl; in particular L1

represents Q sal kyl optionally substituted one ore
wob@se6essi bl e two or nore substituents sel eCPEHEP20051056619

phenyl, pyridinyl, methylsulfide, hydroxy, thiol,

t hi azol yl, cyano, hydroxyphenyl,

pol yhal oUMal kyl - phenyl -, Ctal kyl oxy-,

CMal kyl oxyphenyl -, am nocar b®nyl, C3_6c¢ycl oal kyl

am no, nono- or di (G -4al kyl)-am ne-, or imdazoyl; L2

represents Cl-8al kyI optionally substitut ed one ore

e SuBR eCe BUERL Y S L e A0
(Ellnder, R. { 1983 )Sttajn lmp(pyer_n@]t ahgy phesecvatibe ofyi-lact@n producing
AL R e (P ROSHE A ) SRR o i
spractyre ¢ Spamger-YerdagoNew &ntksN.E., 97-A#®y| optional |y
SUbSEdHdide, 2B |cglr d?\ HRebEbiRaR HNA t@chh?ﬁﬁesorﬁsdﬁ% fh production of

Cﬁé}bSt Egﬁ%frﬁtsz'b ermjlC g‘igemg gf}at B(%Hrgwy Have H]e(aaY 4y to produce penam f-
|ao€a?:hs‘©ﬁly) On feltther haridl, AEBMBSIET tstaifd, ’\)mlckysbmmw pramaielcyphem

%ﬁgél{n:d%uen hetgeléecal #dﬁﬂr%@?%ﬁwlcgp% nyI pyri di nyl |

met hilpweyef, |a@enom;dcﬁmm«;k of e usb of mhroangehlyﬂns naiyrallwsapable of

procdEig -RIGRIE s thakThde erjakiemy ben&auaewnémkdﬁy bsgaRising Buring their
nmono- or or_imdazoyl; in particular L3 rs\d;resents

pegduglion phpseq hhis @ﬁ’ﬁ?’l‘t%%’lﬁ‘ﬂ’é‘i P‘tsﬁf gfriop diffigylies gyeng:the fermentation.
Tipe astudl Ireeologp istighlyieperaiehisini cLliee tendRiehsearidesn thiamge from pellet

OB O o 5 A 098 R e cavr
"ﬁﬁﬁ@ns taroxmeo@anﬁerkwrwemﬁrﬁ dhe 'n@dl@im%ﬂmm ofthe bmbﬁ% pre

dﬂ!érént’&tiﬂ@h!bnnghlﬁi feﬂ:ne'hfyﬂoﬂ'%l% tI$@§rBW|h deeg Bﬂlﬁﬂ&eﬁl Ywith C}h(T_lséo-called
|

d
BEser bt P puRL E’%&Hftg[ﬁ“é&éw*w K9 il anc
timenaid andohrighdyi \(a@JoI|a¢d<<§elll$ dheseatifferanttelle nax difeniy produgtion levels and
r&."%ﬁ(b ff’eré“tl k@étﬂtw@r&gnéﬁng r%ﬁﬁ&.dd]&#&%@@%%ﬂ y represent

an de
r opr ?@H'E'g’h AR50 KPS ST S Ve P fienco b
labtapry pro@bdtich i8 @Blyfeasibiplisig thésglfilamesoqs) inaftlygdactam producing

RPN 135 poRASecb g es e e isb SRLRFY e il peresie o
staintidrd m’aﬁacular hidlegyeeghaigaed Tansfomnation iIswiadrabijedprotsplasis in

o e RAROD Wi 84 B a8 bR ldioPa i, ang

represent a % sel ecte om
iHSgratoniMesfly fanEOTm?f‘ﬁ’ Bultierry oRY fop opihaidhe byphgl cogpartments are
nfliltPuciedieranl thdmselnrpoaan@pécmsw aihdlsdadtéh[im A8 noRbluanatie and

: d i
A el I plefPCeiied ity RETEUTAHR SRlseh Hfrtypamoer
thedigendfication of dseandalgeyet. e sel ected from pyrrolidinyl,

2- PYFérahis fiaBéh Wére isH MBIré B HAY B-Rictali-producigitydaniéhne it Bre better
said Het7 and Het8 are optionally substituted with one

SH'Fed\X?fé?’Ee'B‘E%"s‘?’%qL@t'ct’\/ﬁS‘d dhat e Pt hRv&1Ne fisadvgpiaggaup eroperties typical
fdnditabhetiiadls iriztobthariamb. Ih BdeiANEepld ¥ désirp tEea@ bf Microorganisms
Jﬁ%}eﬁ{fg&é’r‘é lln‘?/olggd |ﬁ:f3tl§ﬁ nﬁ 5‘386‘&0@%!& 5&91' Heq'hd?é{ Ieasilf MOésﬂbé{Ld.

azeti di nyl rol 1 di nonyl’, piperazinyl or

pi peri di nyl mhereln said Het9 and Het 10 are
optionally substituted with one or where possible two
or nore hydroxy or substituents; Het 1 1 represent a
het erocycl e selected from pyrrolidinyl or piperidinyl
wherein said Het 11 is optionally substituted with one
or where possible two or nore substituents sel ected
from Cral kyl , C3.6cycl oal kyl, hydroxy-C 1-4al kyl -,

Cl- 4al kyl oxyC al kyl or pol yhydroxy-GC -tal kyl -; Het 12
represent a heterocycle selected from norpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het 12 is optionally substituted with one or where
p033|ble tmo or nore substltuents selected from

~N o~ o - ~
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Het 23 and Het 24 each i ndependently represent a
het erocycl e selected from pyrrolidinyl, piperazinyl or

w@eensdehyl wherein said Het23 or Het24 are optT/BPBDS/§56619

substituted with Het22-carbonyl; Het32 and Het 33 each
i ndependent|ly represent a heterocycle selected from
nmor phol i nyl, pi perazinyl, piperidinyl or pyrrolidinyl.
In a further object, the pre8ent invention provides
the 2,4-pyrimdine derivatives of the formula (1) c s
of fornmula the N-oxide forms, the pharnaceutically

bI ddi t I dth
s omdp R FiEsChBF oS of fyelpln aroolsdh RSNER Tz Hicgepia
sRal,ec&&wé?.&o&i@dsulﬁ?édaebsdﬁrénfmbras for the conpounds of

for myl @ﬁrgtlc))mnﬁ{eg 's gﬁf [9[581? thé'scﬂ E%?@% r??‘;y tllityseo-calledf Non

[imtations as gr oups
Rtlmspmaimtlctﬁsmtbleme glags of ea&yrr@efm Hi@opahe@ &mﬁe\frm@pyl)rt

REER L eRo et Y e ol bl B 253 5 ety Sy s o
apwaégg@qn@tlwnd\supﬁgpgg@ﬁ@tge berd f@@par@rp peciés like bakers’ yeast (S.
cekevisiad) doaidyhave sudh enzprthdsy thefefrdltight ndthe Bqlh [b’peH-td\Ib'érﬁﬁ}l kledh a

r%agi?nlr. én'e dItIOI%%JIe e%erng gentldlgg %%8%%? |9ap%§;ab}a<t¥lk 12 k!'l) Bng With
o;nildteﬂangr terginatsg-tan ex;@ss®a|cn§s|ett¢\pi.1@®b He¢ds3o be stably mtegrated in the
yohst &QhKyI-NR n - CHz2- CO-NH—O -3al kyl - X1 represents a

d rect bond 6- Ci - 2al ky| -

et 23“%?6"0%?“?&)[‘ ot iy s one of ibpgepueriy s

bioepdraistant sorahéhe matlhon;dlso;@nlcﬂllﬁ)l\(%ynﬁai;d(WNS). This erfZ@Pndlis

s&{e@%ﬁ\hk@ﬁ%ﬁ?ﬁﬁe{m%@gaﬁb rc%%ouggg']ﬂ ‘tl'ie cell (g%mﬁ%%k 'pH changes
emr\feaetmaanumzugham@emteselaurmer cartaintgspwih cayditions, gpssibly causing
se‘?efi\‘é iMibition @frthe @Qsl\éﬁzﬁ& RL r epresents hydrogen, hal o,
?ép?g%egﬁ d st?ﬁ/ IHIB acéarr%e g¥ '?I'Eegllrét csatalr_lé%eg g’bé é&ke{ln ICE% acyl tr%nsfer se
(NB) I8 enéeded bypa gsn}nmsrrthmeﬂ kyghree fungal infr@no As fpdast BaEr (&&Gfﬁ\lvsenes

@4 ﬁ{;}r%ﬁ{ me%ﬁ aFéaehébF%f%%rﬁ frdh g&?&‘lﬁ @oﬂ¥ ‘i’rﬁﬁ‘%g Bled 8 %E Bemaved to pbiain

mppheweaseon inereastdp aqiwthneﬁ @@@htf@cmmﬁgeelwtermg_ous dimer. The

M@gﬂn%ﬁgi@ ard o thQBaVEdDY a%@ir(b’%b&ng fi3kbtha ﬁﬁilaﬁidﬁyp@ﬁﬁjb encoded by
I n enden

r
<A SrarRyTe 0 R SRR Pl B iR Wadorpibasinayiwork

Imyﬁﬁbgﬂm Het 3 represents pyrrolidinyl; Het 17

r epr pe8aAM eRBfeb ald r{blﬂno@sffoﬂh&?nhﬁébllﬁyénd/iﬁ@éﬂlrﬂnrﬁé‘lt f Het

17 is optionally substituted Het23 and Het 24 each
filameatoen egis §auirepd odeganerstaropinuausheivién new RYmaes tp support the

cpytinualsi pridduigtion@f B{zicizetsalt ismgt knowin befbtcharid ifyeasts atsb have this

cong @EF% @ cording to the present invention consists
r AYEAOY ounds of formula (1a) wherein one or nore

of t Natuiab}-laglammgodueers hast dvolued sgotion syBtensrsdedizally adapted for

| -, -C3.9al kenyl -

oHERRARERR i o SEREARRh ool oY . U N
-G . kast klwnowpasg@dmmsgare (t_gxlc.p@dugtaj Mgr-natymal producers may not be

%g#%*J X1 represents a direct bond, O
ea@é%gg@%%hﬁ ~"Qr -2al kyl; X2 represents a
i 1 BRooBRI> T resRptinecion e Bypiovap tSon Barkje! Hegam
pFRIERB AH Be 68tabIISIEAIN a Mtkddrgdinisk thatAb&s/hdb¥turallyptoduce a f-lactam
represents hydrogen or halo; R3 represents hydrogen or
cyano; R4 represents hydrogen or halo; R5 represents
hydrogen, halo or C - al kyl oxy-; R6 represents
hydr ogen; R7 represents hydrogen; Rl1l represents
hydrogen or R16 and R18 represent hydrogen; and R17
and R19 represent hydrogen; Het3 represents
pyrrolidinyl. In a further object, the present
i nvention provides the 4,6-pyrimdine derivatives of
the forrmula (1) conpounds, hereinafter refered to as
t he conpounds of forrmula the N-oxide fornms, the
pharnaceutlcally acceptable addltlon salts and the

o, S e A o T . r —
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nmet hyl - 18- oxo- Ot her special group of conpounds are: -
t hose conpounds of formula (1) wherein -X1- or -X2

wo epreean s - O ; - those conpounds of fornul a $dVEP2005/056619

wherein - X1- represents - Cl-2al kyl-NR 16-; - those
conmpounds of fornmula (1) wherein - X2- represents -C
-2al kyl -NR 17-; - those conpounds of fornmula (1)
wherein - Xl1- represents eit#her of a direct bond, -0,
- O Cl-2al kyl - or -NR 16 G -2al kyl- and wherein - X2-
represents either of -O, -OC -2alkyl-, -NRL7-Ci

- 2al k - Het nds of
cPEPHTE P msiaéﬁ'wohatées R
tthalinba}lbraof@ frlaetamicompoux@- Thuein e §shaspectitiRlreseit iRednkigrl provides a

m \Aﬁ%rggr#snﬂqit 30%& th naturﬂ'llg L%@@éﬁ&@@gM%gﬁngnd a4 [ﬂél i@ trgﬁgformed

represen articu
vmoamynuclqomevqb@mhﬁ prodiggtior @fraﬁzlaatamlcpmmmdeu n -X2-
repr
Conpo eI, Bt At R ol ey pradbEs o p-19qi ompound
asavs iRthe fespraf sipgle sells] more PtGﬁQIBb!Y s @rapbaryelic migrogrganiam thaigryws in
tNmSﬁ'r%f%lnB% deRD N@&Q)?éféra@l the michbeRaniSIA MR HEE oPhatlraly Prddiice a

( represents hydrogen; - those conpounds
B'?gt?rgf?m‘foémf %2 A %r ein Rl represents chloro or fluoro;
-t hogitablegopstsiode uedd if tHemudsent ihyentidneare SaccRaromeqse S edetredisiae,

é“?é%fa&gse% Q)Bgugg)ab@l&:&yib ?Iabr%ﬂg %ﬁﬁsoﬁp:%yﬁb‘lﬁ &l ?Eé“é‘ Boidinii

represen y-, I'n par
Cfrévma)by) meemﬂ%e%%{@étm Hsm@ffﬂa@t@r Kuthermofoferaise rY@PWaFMna

olhﬁi@fl emmat(P éngdgta GERansendif pSEMEPRE) ) @s,@ltdﬁmé) OYdmeWia lfpbitica,
resents C3-9al kyl and R1 and R2 each

e RRIHRy PP lor caent -0 or CON4 - those
conpdhatesn ingleaelts] bsiuged)in tb eordéxt offthe presed imertion refers to

mlé?oorﬁéﬂ isyd thgﬁrom%@mlﬁaﬂtly ¥ sole1ﬁ1/1\ ﬁﬂ'elféﬂn d}‘lﬂ'n&;@célfg N

mlglﬁorg%ﬁ( W th "I\tllqpf‘ﬁ &edonmnwréfle grcm,lln the form <')¥ hyphae, pellets and/or
as Glameatbls/drgde@nist-Hhis €®ahﬂebétﬁsly aHdV\I'S)du ltlQ‘aiDoNbf- thé filorddrg=@isedto a

nlutjf:Whl her d%‘E’PH %ul(? F p er Ay n ; (re]tOPsé g@gfﬁgrﬁs

“5al Rymeties. mp@m'ﬂ%hﬂw of a ricronsgania e eirally 9ows s a single
cellthayBd dahgdd@ublith &.3-derbtidihddificatdh Kvdr instanéd, mdaiiéatibns are known

tr%ah%tgl%ﬁw_%a%%s in ypast eﬂ“ﬁ?\‘"!e&@e%P W upggrstand that such a modified
orgainisBithddyray et reCe4setily @pwsOlelyan the e of sidtlle Balls kil is @in the
s%e@fﬂ%%é%ht‘mventlotnhose compounds of formula (1)
wherein Y represents - Cl-5al kyl -NR7-CO-Gi - 5alk¥ , .
- a]l'lp@q)reqx@q_ @(gnton hgg.seygral a@\p]@ﬂta_g%ar@pqceqi_wwsny of the fermentation
brdth, al. i ydweNslinesdeed siMfite€d ensure appropriate mixing of the fermentation

bro& trgé ;ﬁ%&l? Ngg&ﬁlﬂ%gwgﬁmrgﬁgfer rate in the fermentor, thereby

allewings3 iRyr Paseéfeﬁiﬂ ate ofihararben SOHIRY9 the fermentalign) the pessibility to
obiéﬂﬂ- He? cddbbn, ﬂux@ro@ﬁhﬂ@}/ﬂ tacteka-paeind§,-rio@iffdréntiatio between cells

%/ﬂ CONH-rC"aI r}/g Het ~- CO-,

P\pelisipibeprogig or -Het~d-sal kyl -

N|+ CA pelgthuciebtide ihvolvad fnuthe preduaiorhafci Friantamodortphendoewdsks a
[ ' t [ y R1
P bkl B n 5 oh R o i 1Rt it patiy.
Exaroples ofrenzymestthat amoagtwb@teuﬁtla@wn biogynthetie patbwinearer and i s
at position 5, the X1 substituent is at position 3",
the R5 substituent is at position 4' and represents
hydrogen or Cral kyl oxy- and the R4 substituent at
position 5 of the structure of fornmula (1).
Al ternatively, the X2 substituent is at position 2',
the Rl substituent represents hydrogen or halo and is
at position 4', the R2 substituent represents hal o and
is at position 5, the X1 substituent is at position
3", the R5 substituent is at position 4' and
represents hydrogen or and the R4 substituent at
p03|t|on 5 of the structure of forrrula (I) The

o Y " o, .
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nmenti oned herei nabove are known conpounds and may be
comercially avail able or may be prepared according to

wa@edoskeaem procedures. However, in the synt hesPGT/BP20051€56619

conmpounds of fornula (1), the present invention

further provides; a) the internedi ates of fornula

(I'11) the pharmaceutically acceptable addition salts

and the stereochemcally isoferic forms thereof,

wherein V represents hydrogen or a protective group

pr efer ably selected fromthe group consisting of

met h r bo et h .

T+ af k§TRBPONS syitielstey sustteS ol s ol Bhvetne

g roup pymﬁm&kﬁA&VS)eé g(:dnedjeﬂ Ib9 metﬁwAlg pengof Cemisillism ichgsagienum,
) Ob gt >S/|aox-¥11ce:r%(ra \%g)r{n n{%nln i@x&é% %SCS%E%?{] %(éq,engllllpo ?yﬂfﬁgges(lPNS)
phenyl erg ﬁg:ode@yah«mbcwm%n@”uemmpg@@mrk

-d. sal C‘%me%’es g&hgsﬂirk%lm%e eg%c%to%tﬂél%ﬂg Efdof OF

CO- NH-; "X repr esents a
d| rect SH@W&"’WG@C@"F’QQ%’FKW VVI th the oxygen atom
at t achegdyltrandrérasdalzactyds 6-APEACHIEDA adyranlerada ATy e.g. encoded by

NR18, - 2 9-,-Het 24-, -Het

24-C -“%e&éﬁge" s §PRliim ghSsoqiud lkyl-; RL

r epr ts &pandhsasisugeas, deggeetnxycepbdlespotiry@ smlyasex%(h@& comprising
G - eal Iﬂ'%x&ﬁzym(genco@éoﬁi{tlthe ce:ﬁ?*u%neib?ﬂb’rlemSﬁ!}IpQ%@@hm or the cefE

Het 20, - alk subst or or
R1 replg‘é'iee‘?ﬁsﬁ’e’éf’m SCPVUIGRISt i t uted with one or where
possé bll-ledrbmases suvh rae dssd@swlbéplelmtsﬁorn@ sothask danpiising enzyme

N KB S AR A YR
hal o, Aydro yca oxycarbon
G ~al kyﬂt@l@tp@m?flc VU’lQﬁﬂUﬁocar bonyl , mono-or d C

al ky$ antdeferdsBO8th as dé%rlﬁﬁ{oyl}fﬂansferg?e @Al LY bncod&d by the cmcH
Cycl oal kr¥ am nolgul nono- or

0 (o aEa o AP RUHGPRY G - aal Ry sul f de, C

al kyPeferdbiy tM@olymuclethlcmworboeyl in théxpr@dgddiomofracp laeamtogpound
hr}ﬁgF c?ogni?is,e e{ po&?\ué&lﬂ%g Leq,u@é&eo %&LJ % esﬁ%irgt? ItI];lal'(IBSs a mﬁ)glgrtl]/e

am ne,
fectarn elpyadyglipn ofa A-lagiam moe%lw 3 m@@@@@@ﬁwt@at does ot naturally

de%j%é?a?' Mp@&% Wi’th a%ﬁddﬁwe f&@ﬁdn%ﬁ\leéﬁf tr%'t’@ébf&téi‘ﬁ 8ot an

enyl, indoly dr oxy
?tb?n%ar'iﬂﬁf theeh'ﬁSWSE%i'P lBBtﬁWY °ftﬁ,1-’tj|?1%}§ly @gmwﬁ but ggﬁ{ th% protein

|§Tﬂi§&@ssa§ff orcHfflcfent GL%HKW procdBREORONecek$ErER7 siidiert® - Iéi:%ﬂbraddbﬁon
R18 and R19 each i nde endentl ent. hydro

es
mMeSns hatRe ROtein BavbaRspentialdordi-acta '@lpg%*t‘%tlﬂ’" eofen abserit no
Brydtrd brodudligh is reeairable in tHé MrydrganBinD eVeazihal lall Alevant biosynthetic

Bl e e Ao Bresriery 348l Bralep s agam gregucton

lesebid. where aisentsetbe bveladtara prdayction jyymedsataBleriepe eseodrgantsm.

Ig%etelroc cI e Stﬁ e]cted frogng rrolidinyl,
ARYPT QAP ADIGI "V P PR E;‘I”CttS’P 35t peri di nyl wherein
sai de Héieaulatgrycvmt@mrtheﬁ-leetb@tblqsmtleellcmmwab isechoas oppfh(Schmitt,

ossi bl %yéﬂ( ltfp’&;ﬁ
Eydr oxE% l{%k N&E&Jﬁggf}}" Egla Ky -&‘gl?'ﬁg"té r[?g%(ec'r&a lly to
1-4al k Pta'|a°Hé‘l! 'BSYPE‘B?"%E%'WF i refpiqcHp Hepen ’@%‘é%é’é@% X rom
pyr r ol itrehseyiption fagdrf) @rbial Chyrh. 2M89848-9853); akdRi(eéréHb Redondo R,

or - or BoutasEt ERlra e e F B LHBLABrEiNR o egloces

pol yhydr oxy- G ~al kyl -; Het 17 represents a heterocycle
sel ected from norpholinyl, pyrrolidinyl, piperazinyl

or piperidinyl wherein said Het 17 is optionally
substituted with one or where possible two or nore
substituents sel ected from C3_6cycl oal kyl, or

pol yhydroxy-C al kyl -; Het 20 represents a heterocycle
sel ected from pi peridinyl, norpholinyl, piperazinyl,
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,

i m dazol yl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolldlnyl mherein said Het20 is optionally

L T Y 1 a1 e ~A A 1 1 1 I I T 1 ~
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with one or where possible two or nore substituents
sel ected from hydroxy, Het22-carbonyl -

whyasos2CVal kyl - or in particular Het27 and HetRBPRNE056619

each i ndependently sel ected from nof holinyl,

pi perazinyl or pyrrolidinyl; nore in particular Het27
and Het 29 are each independently selected from

pi perazi nyl or pyrrolidinyl;6éHet28 represents a

het erocycl e selected from nof holinyl, pyrrolidinyl,
2- pyrrolidinonyl piperazinyl or piperidinyl wher ei n

sai d is O tlonaII t ed e 0 ere,
S sai bt igs R AyHE e HeAE ol P g e IANE o
hydr ox piosynthesar it Imkabl &r théldad Banate-Saltiahyter dfictase (canf gene, Mol.

hol i nylMlchAlcﬂeﬁ%éHW%? ‘BEaF@ eFé%LLIQéﬁbY#J LlFQ%rlbe(ﬁhguez Garcia A,
particul ar I's selected from

pi per aMadin JFor19%%) NSW'%‘PWF"G (@5aR) FRaviredt faf sReBRmAYGn 25
f or mul @la(\adi ddiEprpdrticran Sueptéraydey claﬁmgma hirplifkdebntresuts in

't . )
2112 bl SAERTTRILATL o ORI LPE P eI
bonde Crangpdricyproteds {I%ahédieendrecu@BFsthe)BHgdtam niosyndhetic pathway

said Cl- %Ql g;y %pr%agssng ﬁ']:]thg Q%fll sucﬁ:%s K?IID @g)eigéndﬁg%as%ﬁtte (AI%NO)

opti ona
or nor @rquéke 8@k ae% agblagtq. @@2 fW@ @ﬂ /éﬁ%?%andﬁmb as Ypilti-

ani nos ghéiRag Sup@ﬁ’éﬂn‘wwgi Hro@ik IRNT (Ullan, R.V., Liu, G., Casqueiro, J.,

ot oS DRI BN % Bl 5. P the 5 ey of Acromorium

Cl- 5al Ic;rrlysd’anlB@ efitodessapltstive nmlhdﬂlgleﬁlyk p@ap peteinttbat significantly
Her 23, w@fegges?c%b#éfésp%r{ %m&u@%m @eﬁét%@n@ﬁﬁc@ 96£@73-683),
the phenyl ring o represents hydrogen,

cyand, ERgynees myylggq)lmpnmﬁmnpﬁ}qlboh@ @pp,\qg:;@i}y mvcdyedgaﬁhﬁyqrmatlon of
hal o-p Ipﬁmadym‘eaddamayihamrél Precurkrt 79 cys@méﬁ 8lidx@XYassS, encoding O-

bsti t t th |
Fopr csarttd Lnis mifupsiiiig sshlst deribepafes g o
or nor dysiwalSasnueiont Sutisrbz 5t Bafiutlpo @ Hijerubia J, Mettin IB. ($999)
hal 0; I&%né e%ﬁ@ﬂtlfenBMQhQﬁ@l@@geﬁMﬁ%ruﬂi@ﬁ 85 thdy§Y §eRk leads to

hyd
& el kppadim iR el MF A e, o 4
al ky#¢ amna@tssmaedsgary for @etvhiion of theSitie Ghdik \s08H as phehyl acetyl

cycl oal ;
di (cwm"%'i e sul&%ﬁ&%d o R g R0 oxi de,
C1- 4n1 IEgPstAsvGoin tp activativn AfamindREidsdyASYSn tsh as the

hydr ogeRpe ?M@'Hibulaﬂb bﬁd%Pho%ldht%ﬁdyﬁ rRfdrask bhcABEbPhpd ! €
substit

s selected from
byl - PTG S ek onong 150 e Arce 1 HEHar(2003) The
cyano, npgl/cfwAgetie engodesy plutative dapHosphodpantetfieinyl transferase which is

al kyl 0’é¥§éﬂﬁ£?HF}Slanlcﬂh@ﬁb@ﬂfl:]@élpH'Héberglllﬁ@ﬂtﬂﬂé% Curr Genet. 43:186-
di (G - 4a|ky|)an1nocar onyl - - 6al kynyl -, Cs-

cycl oallR9} oxy-, an1nosu|fony| nono- or

d"CMal Iey2\adsieobd Ppgtoxiséme ﬂl@llflébéh&ulké PER11P, encoded by pex11

G ~al k Cral kyl sul fide or G - al koxy-; R5
repres§h§%0ﬁ3§?ggen cyano, hal o, hydroxy, fornyl,
Ci - 6apacdsom the Gatura&\r taphiering berles epdading B-laciarb binsyinthefigienzymes or

opflel posing BOUSK e B0 et i\ s cap e
nde alse OWFEBF‘QC'%L‘;‘Q ﬁm%"wnﬁﬂd'wc@wntﬁ pidhgse enzymes or
sel ected from hydroxy, Het19 or halo; R8 and RO each

i ndepedently represents hydrogen or Ctal kyl optionally
substituted with phenyl, indolyl, nethylsulf de,

hydr oxy, thiol, hydroxyphenyl, C al kyl oxyphenyl -

am nocar bonyl, hydroxycarbonyl, am no, nono- or

di (G _4allcyl)-am ne-, imdazoyl, cyano, Cl1-4alkyl oxy,
pyridinyl, C3.6cycloal kyl or guanidino; in particular
R8 and R9 each independently represent hydrogen or

Cral kyl optionally substituted with phenyl, indolyl,
met hyl sul f de, hydroxy, thiol, hydroxyphenyl,
Cralkyloxyphenyl , an1nocarbony| hydroxycarbonyl,
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2-oxoethyl]-, 1,1-dinethylethyl ester A m xture of
internmediate 10 (0.012 nol) in MeOH (30 m) and THF

W@ 2®ombi2svas hydrogenated with Pd/ C 10% ( 1 g)PEBEP2005/056619

catal yst in the presence of thiophene solution ( 1
m). After uptake of H2 (3 equiv.), the catalyst was
filtered off and the filtrate was evaporated, yielding
3 g of internediate 11. ). .Prcparation .of benzoic
acid, 3-[[5-cyano-2-[[3-[[[[[(I,Iffitj. rnediate.1.2
dinethylethoxy)carbonyl]anino]acetyl]anino]nethyl]phen

seonf AR ST a0 Py N Sfpers WU TR PP ince (uch

a8-ao kehizanodrbactiityec adiffereet looatizatiom)mir dlffér@nlﬁfbééiﬁbltymé gonipardo@he

flreSenkviiaSork ﬁsEd for 2 hours, then internediate 11
%OeOOO 6 m;Ip was added and the reaction m xture

sti r FRemicEpragnisy ihat deesngbpatiraltyPardies, &: 'acfﬂ"h%W%?””q ‘PPéWhe’e'”
BARCtArh Isdo B BstétfisticithctdidifgXdthaiRvkrtiremaesini@fierity Bélprepard@s
coIIected ielding internediate 12. d).Prep.aration.
dipgetq st théE?’Bmo Y'f’[°2’"["[n§e aftt i t er medi at e 1.3
[ [ (am noacetyl ) ami no] net hyl ] phenyl ] anmi no] - 5- cyano- 4-
pyr i Biiedly.ApglyaHeleptife ingolyadyin dractant prpmcé@m@mbatlr@omra{@ igfg a
s[]ﬁgb)e VeBtoP SURnTE (octdn CQCIM 4 ércma) or‘ﬁﬁéar R/?@(gt ﬁ%d&l%ﬂ theVBUEr may

roomterrpera ure and he so
P&)’&’ﬁ@f"&?’@%’ TeRlicaiPg Ry eP'I‘f?‘Q“r?éH’ieé(?‘émloytsB@d'i‘ﬁ)ﬂleé‘ONG DNA of the cell,
of mafPhé&qeasiatel ittegrativh of fh@tpelyﬁt&iﬂoﬂdeeinto dhe gen6raé.[Rrérfeiably ahié dector is
[f%xggréssrr@:\%&? P%wldiﬂg'fst{r g?ﬂ} ot We gg%#dclebtlde involved in B-lactam
prodyetion @r)(tye Buqnq)qrgamtsnpﬂmm B- Ie(c@nos gﬂ)q'ﬁsta))llshed The coding sequence

A DS OB 1o/ ST Fo s b IS o
ensuriny/EXRrass ol thaygrcoded palypgptitle. BERUEHUlaiery $8quspeasInay\igtteg ones
n%?a"?g%@iatea_ h fﬁe)ébéﬂﬁﬁsébﬂénc@ﬂ Guslictthr Mal Be sequences selected for

Et %@?géb(cjlbgttgéjure fqlthPlg Ie&iessgnﬁ% t?wh guclga r%\lﬁ\ll'nva swgmge Polyntgjc'leotldes

lrwlagrbln Stladart ptohualllply may be in¢rporgied ihdo areystiat o inte separaik eectors

bl S S A =

prqgipctl@n e\pa combined it |ppos§@tebamogldaeaqﬂ1 polynuclectide with an individual

r&g%ﬂeﬁcﬁy %@]oﬂ ?ch@?&@&ﬁ%ﬂ%w R'20¥%hd regulbt&?ﬁ@di&%%@ two or

ester A mxture
m%% B?'}‘Pé‘a'P%ttdés ﬁa&cczf@n@t%t%e $hotajledmenarishenic G oRREN Srystys)- It s also
pbdibte to400bing caven fopeiucigmited ie dnatectod and tisergeparateveetork ésr other
?l Wofigddnder a 3 bar pressure, then filtered. The
ra e was evaporated till dryness, yielding 24.1g
(> 106%13f@|fnap9n B¢ fgtlgroggctlogg%mlg\uﬂeot@y intgoa g\pproorganlsm of
ch@itd 48 cBhrhonl{ beilabIE fr vaHols typeof hl&é&gérfﬁﬁis

1 4-

| GepeHlor e, IR v RIS b rorny o iffrent veastcel
pru_[at@nsmm yriaesfenpied with ene ¢fthe(deSiredmiojynagiebtides, and subsequent
cﬂ)sglh% NP obipd k%ﬂéc@v@tran@foﬁﬁé?%%ﬁé%lﬂ&i&Qﬁorﬁ%t@%@taﬁ”g)a doBulation

(Qeaﬁ}%%l r&all(oéthg fe&wﬂpylymogq?tagétaepr{aﬁglyt S’I‘f@ transformed,

yoast tells eambesresrimsforddd Giging dithbroudifferént selectioh etper atthe sandr) dpon
d reac

oA e ey e sefEBle'sy B PO o0 b B FRR S rouows

and extra titaniumtetrakis (2- propanol ato) (O. 001

nol ) and NaBH(OAc) (0.001 nol) were added. After

stirring for another 5 hours, water was added and the

m xture was filtered. The organic | ayer was separated,

dried (K2CO ), and the sol vent was evapor at ed,

yielding internediate 16 (S) (used as such in the next

reaction step). b .Prep.aration. ofjnte pnediate . 1.7

L-proline, 1-[(2-am no-4-chloro-5-

fl uorophenyl)nethyl]-, 1,1-dinmethylethyl ester A

m xture of internediate 16 (0.009 nol) in EtOAc (150

m) was hydrogenated W|th Pt/C 5%( 1 g) as a cat al yst

o o o " o o o AL +
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over silica gel (eluent: DCM 100). The pure fractions
were collected and the sol vent was evaporat ed.

woe@bdérgs 13. 6g (80% of intermediate 50. b P PCT/EP2005/056619

p.aratiori.of carbam c acid,

[ 2- (2- bronoet hoxy) - 5-chl orophenyl ] -, 1, 1-
internmediate.5. 1. dinethylethyl ester A m xture of

i nternmedi ate 50 (0.0615 nol )8 1, 2-di br onoet hane
(0.0313 nol) and cesium carbonate (0.0615 nol) in DV
(150m ) was stirred at roomtenperature for 48 hours,

QPTRoRP i Gl s odmbRafpry e olsTgfiny bl dfplagid onas
Riniqranalt23c5506565:daio HVEBBCH AP (2002) Appichtion pbFLIPYRR Tssitesperific DNA

r%bﬁ]‘éﬁm@yﬁ%ﬁ% buantyaféﬁebmgl(ﬁww@m termediate 51.
This product was used diréctly in the next reaction

st epIn e epsp%rgergtop%ﬂwou@fplqgglﬂ}gd’mcerygqgeaum pcbAB, pchbC, penDE and
pl[;:ﬁgeﬁbd @hébditg [AE-VB( NS RT @ﬁu PEL, despa&tﬁely)'imaerdcontrol of a S. cerevisiae
oxypr o t
sgés(cgf% rp rﬁte(r?%er t}eug ME'}QL ? eormr(r)e d%ag{' S gyce]iev S@e(?gi%tj‘ cqgrmld/atorh@/ the
ME TR&itermiriatosang intesrate the snaratagkoression Eﬁ@elft‘fssofe #He)yeaatgenome.
ThE dete@sinA68 of &lﬂlritdé(é‘éilvﬁl@sf of ;ﬂ%sé" fOUF &ﬁer&n’ﬂ %Hﬁﬁ%@?@d&@ dcdoﬂilng to
uo our ou O water a n cte r
S ke i o6 b e Bl il BF benca of Babrene
sbedifireissays iaeclsed/BpE@prmifing the spabific actd/lty dfdhesayizyreetExamples of
s@&?&géﬁtcgg bé FbuM@fﬁl#HeugZQ:‘a H, @51‘\ Igéi'?B R’Azﬁfd'ef C%vgﬁberg R, Nielsen

col um romato )é over silica el uent
U@WW&@P"WVQ@F G”'Qb"”th'éfS?SJGF"é'“ W'%‘Sét 1255 anpéqrgants over
ezpressire)t thapeniulint bissystbéticgebes\BidteehrapBibeiger?; 3794388.dForgACVS);

9 f
ek Wity 3PP e oy 7 B e 0
Mnlemlahwaeqctﬁauz@)m aftheragyl-3agniyims] Aviseranicilingy agyltippderase gene
(BéHﬂfE? oM Wﬁi}éﬁllblm ch@%ﬂdﬂﬁﬁ&l&pe@ﬂﬁ@ﬁldﬁar%@nki tabﬂﬂg@lf recombinant

eﬁd’d‘ééd” Et%‘%d‘é’? ol B ”g'r %%Og??%’ et @&%M’é"( a’(‘ o ehartnez-

Blamicy Haﬁhj/eterEletGayctlam Piez B,(Ba02@6JLndlofeno MADSKI¢igpent ) Salto F,
LT&g;oWHéb@rM\%&uféF bl&ﬁu?g%r@texﬁre&fﬁn @% ﬁttn%rﬁgé%? RSN

was po ut rnto
SevAomoPgBRiida Pzﬂ?%"ry' %99" Q% igage-dipe ofithisggne ijgeseye the
réte bf lmheyl perdciliin bibgynthesiy irRenistiisimeohaysogent de Biol Cteeou @71:33581-
35§?é( ﬂ?s purified by colum chromat ography over
I'ca " (eluent: DCM MeOH 100/0 to 98/2). The pure
fr athQﬁfgdqﬁm@f@&r'PW 6eMpavad ererding|tg etinugation or of a B-lactam
wﬁé(r?n%@lﬁt%tllﬁéjAC\y eIl Y Bnvedi e(’@flb@ de‘Perln@d By fEB? 5Bh& LZ3MS based
Preparation .of acetic aci t | uor o-
agsa[yfz (2-ami no-4- interaiedi.ate. . 54

chl oAspdvad aspersdfithd ifjehiidmeooptannest dprgess for therpydduetion b priastam

ester TF Cto astirri .

ety betibpntatal Bedfingiodi b Srlofbaier iy e

naimorgmsrm efdig firstragpect urder eanditipna epnduoivado theipraduetion of sal
nﬁi’ouﬁcp qme % rpctoHalﬁ"‘onsta t %@Qg& ﬁ’lte ﬁﬂreﬁt’&n Vﬁ&\hl%d thata

I nt er nedl at e roduct
P%I‘I”?' %cpt’ Pdyicedn CPW@‘OH'éé%'E‘O"Y”eC&ET’P B1pdiaagg conditions can be

us&[ q] ﬁe KilRb ipersbn Wil e&$Iy RAdEr§tariCthél the type of B-lactam compound that is

[2-[4-chloro-2-[[6-[(3-hydroxy-4- 1ntepnediate 5.5

nmet hoxyphenyl ) am no] -4-pyri m di nyl ] am no] phenoxy]

et hyl ] (3- hydroxypropyl)-, phenylnmethyl ester A

m xture of internediate 38 (0.019 nol), internediate

54 (0.017 nmol) and HC1/2- propanol (20 drops, 5M in

2-net hyl - 2-pentanol (25m ) was stirred and refl uxed

for 20 hours, then evaporated in vacuo. The residue

was di ssolved in DCM TFA was added. The m xture was

stirred overnight. TFA was added. The m xture was

stirred at roomtenperature for 3 days, then

evaporated in vacuo. The residue was dissolved in

Et OH. Pot assi um hydroxide (30 m, 2M solution) was

added The mxture was stl rred and refI uxed then

o ey 17~ o o - I
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M|l M10 m) for 4 hours at roomtenperature. The
resin was filtered off, washed with DCM ( 1 x), MeOH

W@ 3008p614pDCM (3 x), MeOH (3 x)][4 x], washed WCTEEXON/056619

(3 x), then dried, yielding internediate 91.. ) .P . p
ti n. ofinteinediate . 9.2 A solution of

N-[(1,]1-dinmethyl ethoxy)carbonyl]-4-(trifluoronethyl)-
L- phenyl al ani ne (0.00108 nol ¥,

t et ramet hyl f I uor of or mam di ni um hexaf | uor ophosphat e
(0.00108 nol) and DI PEA (0.0018 nmol) in DMF dry (10

rpcbea L speriaen e bRiugtr Sty saie e atngeet B isreerganism of
tlehfabtempdobr 48 hours at roomtenperature. The resin was

fil t‘f—'ﬁ&[ﬁla@tﬁhco &nﬁq)ré‘férﬁlg]Y e@g&h (:liﬁn peﬁﬂéllﬁrh\/ [MpEHLA 3 X)

DCM (3 x)] [5 x], then dr di ng I nternedi at e
agwqde§acetpxstpephalo'c]p01@nicacrﬂ (acimy! hli)%)mr édippyl--ginordedi at e
cﬂr%aﬁm@il&@ﬁethplf%pﬁéfﬁh}’ca\fm%@ Qi ddboWHEAC@K) dOthohElIyUﬂﬁe process

dr oxi de nono
L PR Son S ok R ok 3 Bl Sofblpt {haitha
positianry ilthe fflackanecaspoonid is awweghesd tenablapsodustioh ofvag.é-anjib®
, t | TBS, P ( ) 1 x with MeOH and

pg%'"%%t%Idﬁp%rkhp‘%%rf’g%gﬁr?ap%a%&?f\as cl eaved with

TFA/ Al pepact FSiepinvedliorosaarerds te usesof thevmigrobidaniemedithe ficst
atsb&t {oiidéntifigenssamdePlatiesiied infildHee Bfotdin %ﬂéuoﬁ&ﬂ K8 c&0Bd dbne

for 1 hour with TFA/ TI S/ DCM 25/ 2/ 7 en filtered and

by gdange|of ppeEmapls fordtstascted. The fi I trates were

conbe nedovangjwmmpsalcemwtyawasd ﬁ-iemam p:bdmhngts. BIOGsiamoheer

N2 flow Acetonitri 2 g % Shd%Fa|then ith
concenfPSVEEP %{B’a{Pﬁ p%& ”%6%?9”? 'y °°’9Haé'P%| Ryraviduatresponses wi

i nt er maddilable ‘c@BcsBecttiqepa (eed. iremscaftomics, prateramicss oef@bdnuiss, etc),
Exanpl gnBlengs \ﬁllotth%]S Q:ferelﬂlaé %nij %%Tn?prddu%ma@‘ CEBRANAH a

. tetraazatetracyc
| ~9, 13@@@9& Giffreqt P—Iac ms whlle growmg under relevant conditions and

24), 3, 50 g ' ihdivided( 8 Sgonds il a@&ta@%eéhﬁ&? tdehfgUeR@ag.t

I bb t.al 0. 000 R t
Nurbe. ToRbHpsmed drosoaL MRlARbEES il orrmadi ale 1

(0. 000 8/1onify the xpression of each geGON ﬁilactaﬁrhredmm icomvisiae (knock-

m Xt ur%ul?é%d&tdexhlreggodﬂ dpk HisSio né%ll Lh .ﬁ&i &%‘i‘Fes onses
was evaporate er re pressure & residue was
puri f i &dfhpyailatle @mlf:SCtn@fmme%@rgabmpcnpr@r@% PERRAEIICS, metabolomlcs
fracti@&§ were coll ected and the sol vent was

2. Pf cAP S Sy FyflaH ovie i thodleedag e s TR, RNAs,
t et r aazpsteeamaeguldtiog RNAs.3:td) in f-lagtam-produding sqebmm@@dlaoalyze
iA'l o |3 ut%l orﬁ}(ﬁ\?&% uagregéon;g’%\ﬁi?r aa%%b%zorﬂlgg’ 3&%”!% g@h Q?a%tf irg{olm“?cs
(0. 003 pmmqmwmgtag@lyrn@s €00 m ) was added in one

por t 5 OrMon@y the %&]{ulﬁ édﬁaltl&fs (e.g. media compositions, shape of culture vessels

R A T UL M X

was St icereeisia@arth doﬁfpbtexﬁﬁlnﬂlmduélfesb@tseswﬂnak/aildilﬂen ozl téshniques
The SOgé’g%an%étowc%po&éé{%@s %?a%o ohrfidU §d pressure and
the re UE Wb opurin |ca gel filter
(el uent: DCNTNECH 99.5/0.5). The product fractions
were collected and the sol vent was evaporated under
reduced pressure. The residue was stirred in DCM MeCOH
(98/2), the resulting precipitate was filtered off and
dried, yielding 0.1806 g (16 % of conpound 2. Exanple
B3 Preparation .of 18-oxa-2,4,8, 15,25- conpound 3.
pent aazatetracyclo [17.3 .1.1~3,7~. 1~9,
13~] pent acosal (
23),3,5,7(25),9,11,13(24), 19, 21- nonaene-6-carbonitrile
14-oxo- A m xture of HBTU (0.0004 nol) in DVF extra
dry (50 mM) was stirred under N2 at room tenperature,
then a mxture of internmediate 5 (0.0004 nol) and
DIPEA (0. 004 nDI) |n DNF extra dry (50 n1) was added

o o T
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Het 2 represents a heterocycle selected from
nmor phol i nyl, piperazinyl, piperidinyl, pyrrolidinyl,

wo kioewoersphol i nyl or 1, 1-di oxot hi onor phol i nyl WheT/BP2005/056619

said Het2 is optionally substituted with one or where
possible two or nore substituents selected from
Cl-4al kyl - optionally substituted with one or nore
substituents selected from NR27R28, Cl-4al kyl sul fonyl,
am nocar bonyl oxy-, am nocar bonyl - and nono- or
dKI?aIkyCHninocarbonyl , or G -4al kyl oxy- optionally

subs i tut th G -4al kyl ox or Chal k ycC rbo I

opt Sheerg ollbesh e e PineoRi e daBE R ey
gsedrate teads for bnthénjmiproxgmenOif-fdadtary poryetioa imd3-lactam producing species
Cl- 4al kyl - | car a .
it (Bl o o afl p DR, AR R 8 o).
from hydroxy-, G -4al kyl oxy- and Cl 4a|ky|su|fony|

Het 3 represents a heterocycle selected from

t et rahydropyranyl, tetr a%“@;&g anyl, furanyl,

1,1- dloxothlonnrphollnyl Zi ni nonyl ,

tetrahydro-1, | -di oxi do- 2Ht hi opyr anyl , plperldlnonyl

azet i di nyl orExamplet: |Qﬂ’ﬁb’ﬁ9ﬁ°ﬂ/ﬁf@?‘éﬂeﬁ5'sawﬁct%t 3is
optionally substituted with one or where possible two

T%g egtgé{sfoﬁ ggesgér:s twéeenc%% eéil?arsgd( éweﬁgﬁﬁ ;%84%% ﬁ%K(ESRI &_S and
Hiet¢rCR { 108D kA bystem ofsbutild watidrs andaeist besEstrdiad designed fobeficient
n‘PefnlpGIaﬁ& @ldm(ﬁgbébﬂarog{cés@eﬁﬂsnae %{:@Q’ZZ 19—27) The Met25

4al kyl - sul f onyl -

pmqtqs ﬁﬁ# F%V“@atesﬁeg@w@tl"%"t Myéfl @8??&9‘56%90'6%'?6 ?ﬁP&?W

Sar:cﬂdﬂina/ceeq:nrmtchrmohm«s)(mcNaﬂJre:SWBm&qbplf)r 8)1190) was isolated
; . gyl '

P RS b RSN o vephi VAR o coptes

eypregnsral hﬁg@bgwseorwtms rdifierantgengtishsckareynds. Cs‘meéé@ dtp-122).

JonSrachiRsT Bﬁ@403@|e1245<?ﬁnl§ }SRS&@HM&!&’ bR§41bM@@|5‘Wé|s Tesftcted with Sstl and

4al kyl ox tlonall substl
NG TR 110 et P orSR ) R o At Sy sogust basfion gidie
fraginert irdal S$tl/ Ndamal dgequRWB ,ancppMz(Slhgrbkl Ro8 pardiHikitery P, 1989)
réédﬁté‘i‘ﬂ%ei ddAWEPGN ks, di oxol anyl, thiazolyl, oxazolyl,

I mdazo I soxazol yI oxadlazolg d nyl or
Gopsirustionf ﬁ?ﬁ%ﬁ@%% SRA0GMS25: PR %@N@{%twwtweﬁwﬂa st and
Kphl rééuiting irp® M8t2B [pfonicté? apd tenﬁuhaosﬁd@afeht sette§ueneligatdrest this

fiaélgg%tﬁé #&b@ﬁbd. e%t&fﬂ%404 ?ﬁd é@é KiShorg )(?/i §04rn8’|ﬂ(e 5y1969)
fmtS'nﬁWQ%@hl?'%S"ad%et erocycl e selected fromfur anyI
ARdsRRS %@BMe&QchCQIPNSCHeHe)OWENQ ds@d kor integration of the IPNS gene

o BElE e Orgreme, FaSF RN PR RPN fifhe B ¥Suéiiin pobe
gene (Gari dGn pkatnideP &1, Sctesizd MHie tI5Quesnep SVé ral Ingolia, T.D. (1986)
&g@tdnﬁ léfqﬁgsf WntohthBYs%BQrﬁéﬂhn ﬂ%rﬁl%tas@%@ﬁe fr(g?'(rgi Pen|C|II|um chr%sogenum

am no-, , Hete an
éﬁéﬁ@% 9“?@5?@@@nts a heterocycle selected from
pi perazinyl, piperidinyl or pyrrolidinyl wherein said

e R L GRS AT TR no: 1

angdr oxy- G - 4al kyl -, Cl1-4al kyl oxy- C1- 4al kyl - and
sCEldndcaadMtiacrapArsert STechekeseaypIN: 2¢l ected from
t et rahydr opyranyl, tetrahydrofuranyl,

1, 1- dloxothlonDrphollnyI plpera2|n|nonyl, tetrahydro-
1,I-dioxido-2chiopyranyI, pi peridi nonyl, azetidinyl
or 2-azetidinonyl wherein said Het8 is optionally
substituted with am nosul fonyl, am nocarbonyl, nono-
or d*Q‘al kyt yam nocar bonyl -, nono- or

di (Cl- 4al kyl ) am nosul fonyl -, or Cl-4al kyl - optionally
substituted with one or nore substituents sel ected
from am no, nono- or di (Cl-4al kyl)am no-, NR33R34,
Cral kyl sul fonyl, am nocar bonyl oxy-, hydroxy-,
C1-4alkyloxy- an1nocarbony| and nono- or

o ~n 1 I T 1
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pi peridi nonyl, azetidinyl or 2-azetidinonyl wherein
said Het3 is optionally substituted with one or where

w@omsiobl4es t wo or nore substituents hydroxy-, aP@TiBP2005/056619

Cl- 4al kyl -, Crcycl oal kyl - G ~al kyl -, am nosul fonyl -
nmono- or di (Cl1. 4al kyl ) am nosul fonyl -,

am no- Cl- 4al kyl -, Mono- or di (G -4al kyl)am no-

Cl- 4al kyl , NR35R36, Cl1-4al ky11-sul fonyl - C1-4al kyl - or
Ci - 4al kyl oxy- optionally substituted with

Cl- 4al kyl oxy- or hydroxy; or Het3 represents a

het erocycl e sel ected from nof holinyl, piperazinyl,

pi peridinyl or pyrrolidinyl wherein said Het3 is
sOlpHehu&Tmt:lbryngalu et pGRIT@ROMI Véctariflevitogenhaecerding fsthd bretdcole

%5plrg@ F)EthF frl?&tﬁt%ﬁ @05\%5 ?gtﬁggrcti{n%ﬁ@?ﬁ%ﬁon with Xhol and Spel,
386§VQ§ﬁ%eF‘§/"9§Lﬂ5‘§tf¥ hewel rW’f‘eﬁ‘t @%Wﬁ?ﬁ!\ﬁs’“@red Iﬁ’é@f‘@ﬁ?‘@et% vector.
ddastéicti cﬁﬂl’f %@ULSnt@grbﬁinQild%ﬁt&;bFGS@SMélﬂsﬁﬂ pRB2IBMBYS was restricted

Rl)dba Ie@r aztetp it tiallggm'-lgtj big Xstedlg I} Ir ed PELE er% %(AIO
o ik R AP

|oxo oxazoly
97@@&&&05@D“Bdwaﬁﬁazolyl pyrldlnyl or pyrrolldlnyl
wherein said Het4 is substituted wi th one orwhere

SPGB AP ACTRE) R . 3 ang
56 AABASATGGATIOEGCTAGEQATBAAGAT-3ASERQYD ¥y 4).or  hydr oxy;
Het 5 represents a heterocycle selected fromfuranyl,

perazin 1, 1- di oxot hj onor pholin
Qapeicion st Pen uedralion RSO GRAENREPPIDE: dreperBE Sene
(Pdthirt dtiah) PYY0RWHS PCRIiapplifiediwith thd prinfe®y phol i nyl or
pyrrolidinyl wherein said Het5 is optionally
substituted with hydroxy, am no, nono- or
%iQ%PA@AFQQATC@ﬁCHi@GTCET GARBAGH3, (SEELID NPId) Bt 7 each
5- AT ATENTIOr AGRBERSATE STRCATHTOOS YSE @ IpRbegt ed from
pi perazi nyl, piperidinyl or pyrrolidinyl wherein said
heterocycles are optionally substituted with one or
and sebseqrtestly' restaciecswitheXbad BachHf r berdsyiltimappenDE faginaxt-was ligated into
oREdE Aol ARl i xoay Gahy| 0xy- Chal k- and

represents a heterocycle selected from
QOégtftgpﬁrbqf Wpcbﬁ%yﬁe&@r@p Blespig W{S404DestACVS was as follows.
PlasinidiyR8d0abést was pdistricad by figst p@pliyngthe CaydcaBlselbttiah yalisetie of
=di pxj.do- , piperidinonyl, azetidinyl
pé’ﬁﬂ%@@tt%?ﬁ '% ﬁ%y?"r%eg?én said Het8 is optionally
substituted wt h am nosul fonyl , am nocar bonyl, nono-

SOGGQ%'G(G@'GGcé@dsMAWMAT&@MAGH@N@:AA@GTAAAATGATATAAAT-s
g%é§$ é@%éﬁh)gﬁtnosulfonyl-, or Cl-4alkyl- optionally

( NOLO&9Wi th one or more substituents sel ected
5-G6RCAEGRECCRARAAGITTAT [ETACRNAGIITSAGAAAC CTARBSFZATATAAAT -3’
(5& ﬂghgy%pulfonyl am nocar bonyl oxy-, hydroxy-,

Cl- 4al kyl'oxy-, am nocarbonyl - and nono- or

di (C] _4al kyl ) am nocar bonyl -, or C] _4al kyl oxycar bonyl
falpivedbAighondntd pCRL 4 TEP ONididingthe prasmiarmoezzsrwa&i:d B.T®8 pRismid

T e

@QBBQ'QQS SRSHP4NIet2re vigld Hﬁ§4@4%€t§b§f‘6 p@téwt%ns @'e?e Beéputierrez,
§ TEHefY, AILOXMn Solﬁberﬂﬁ' k3t @erYrooNCH. Ghe ﬂrﬁt‘tﬂﬁy.j .. L{héQ@PYﬂle' cluster of

ol abiebe s Ry b e Hisoag oot Hobang

substituted with am nocarbonyl, nono- or d| (C

1- 4al kyl ) am nocar bonyl -, nono- or

di (C] - 4al kyl ) am nosul fonyl -, or Cl-4al kyl - substituted
with one or nore substituents selected from NR33R34, C
. 4al kyl sul fonyl , am nocar bonyl oxy-, hydroxy-,

G - 4al kyl oxy-, am nocar bonyl and nono- or

di (C]. 4al kyl )am nocar bonyl -, or (. 4al kyl oxycar bonyl
optionally substituted with one or nore substituents
sel ected from hydroxy-, G . 4alkyl oxy- and

C] 4al kyl sul fonyl , or C] 4a| kyI car bonyl optr onal I y

L T 1 o o o o s R " oy S o
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V = hydrogen or a protective group such as for
exanpl e, nethyl carbonyl, t-butyl, nethyl, ethyl,

whenwspbi4e3 trial kyl silyl groups X7, Rl and R2 aP@I/EP2005/056619

defined as for the conmpounds of formula (I)
Deprotection of the internediates of fornula (1V) as
described in Protective Goups in Organic Synthesis by
T.W Geene and P.G M Wits,123rd edition, 1998

foll owed by ring closure under M tsunobu conditions

gi ve the macrocycl i c conpounds (1) that are used as

AR R Bl v e 1 i kape i pcos Sha penDE genes,
JwBigk hem.\265:516859-16860) was dbéaired iplg efmplifieition\sing thedriogesn  or
a protective group such as for exanple,
meth | car bon t but%\ net h}/ et hyl , benzyl or
AT TGAACTUARE A §550 1D HOSHAPR are. def i ned as
5-ATACCEAGOBRGBTEFTOR (BEQND IND: (10) In brief, said
macrocyclic conpounds of formula (1) are derret hyl at ed
using art known conditions such as for exanple
T|be slintcraded RCRFngmeny wagglongstinto RENT BED/P-dppcoVestpr Oyviteagen),

it suppllePs ﬁlﬁn@i’% 86 bk erR@DA., such as for

9{% scrl be her |naf in
6 B o e A RAcDRsACN e pPaoL é%é%tf%‘?yoﬂ% Boachn o
p(ElNTBfﬁID-Ag:VS plagthid (With eE;BNAD)esmdorde@ INHRGel'F Getgway nanual.
DMF, was heated under m crowave conditions to 140 C
until conpletion (30 mnutes). The reaction m xture
was allowed to cool to anbient tenperature and was
t hen poured onEgarple 2vhiaasfornidtionof St cerevisiae fil t er ed
and the yell ow precipitation was re-dissolved in
DCM MeOH (9:1) with sone HCOOH and purified over
Top rsgltingyelfsnfigd agrying thegenes thadeneade @ ATVS, (PNS) PCiTaed Aliwere
ta‘aﬁﬁsﬁﬁeenﬁome Saﬁgbécﬁ%ﬁ%es%\éﬁw@faébﬁﬂ mdcmreemm r&ifipe S

drdeh g 4p 5@# Aoflhta®l Bags EXARE porkndlmtiohal it
tr(aasp@qen gehesain cegklired 10 Ologliquptake df heXob4s, in WaschatbdydesHdBrevisi48, FEBS
L &ti4Ba:H20) ZSWsl £proad)] tIHJ‘IggHBQfF&&H'CQ V%t fr%fo‘?rﬁﬁﬁ)h 'S%edure based

m Xt ur e. m xt ure was ra| eate
%#Itmvfédo%"dtﬂﬁ@gtse‘%‘éaéﬂeﬂ PE'Adfﬁ? entasAse Y et D, Woods
meommafszonmaubn(bﬂyb&twmmahlemmafé/strglemhdeﬁ@amer C and

PRGBS pl SR meliph Mehoak Sl 86 7,05k b SRy
integrants U%’dﬁib%ﬁwmﬁt)léup raarkers bl \EHo Rt a WRA Was ernpleyed as known
irCihy Siktal HeZéHultlﬂ@ strirPRArBored He Pﬁﬂhlllﬁlf)'ﬁ)@n%eﬁéiééheg efidodinh Acvs,

P AT oL e P e S ad b PRSP R r pr cent &

C _4al kyl substituted with one or where possible two

or DI exsHprR i3t b%%&&%&?ﬁrﬁﬂté&%ﬂh\é@ @eNzyrhea@

ChMal kyl gxy-p NR7R8 or IAr4 Herél R'/y and Iﬁgyare
defined as for the conpounds of formula (I)

The b&teﬂb&feﬁlbﬂln pPaauauos tyédst ﬁtﬁursum&emeaed fof e&y(ne heedties W growth

al cohol, % and triphe hosphi ne ui v
o P D) 1Y N0 rgma’g@ aﬁtsm%sez nder e

Pl i 'ﬁqet%? el Bl B Fg%e@a‘a%@aeth'°"me Yeast
was gswnrazernighiduntiledfingr QRO 0t ddwes reesbed. Subsequendy tiie clis were
acetonitrile to afford pure 3. For those conpounds of
formula (3) wherein RL or R2 represent acetylene the
foll owi ng synthesis schene (Schene 6) is generally
applied. In brief, the hal ogenated form of the

conmpounds of fornula (3) is acetylated using
trinmethylsilylacetylene foll owed by deprotection of

the acetylene group to yield the conpounds of genera
formula (5). Incorporation of acetylene noiety. Schene

6 Pd(Ph3P)-CICul O-L- , 75 C 4 wherein Ris defined

as in Schenme 5 hereinbeforeTo a stirred solution of 3

( 1 equiv) in pyrrolidine was added

f N 1Y 7 NN 1 AA
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roomtenperature and filtered. The filtrate was
diluted in CH2O 2. The organic | ayer was separ at ed,

waleioede 4ty SO4), filtered and the sol vent was eREPBPADE6619

to dryness, yielding 13g (96% of internediate (8)
(S-configuration). c) Preparation of internediate (9)
A m xture of 4-chl oro-7-nethoxy-6-qui nazolinol acetate
ester (0.0162 nol) and intertgediate (8) (0.0162 nol)
in CH3CN (150m ) was stirred and refluxed for 4 hours,
then cool ed back to roomtenperature, the solvent was

R L Ry e
fraetjpas andttle saubleslipeivaBtiyere Serbéred dat peaicitiin biosyntrelivenryme
p%ct?“ﬁﬁ%@&se\g?rte Qarq&%:&ﬁ on cO&hst[?@s?éiﬁébesééirﬁék g@@%nd by

I e y colum ¢ el

uri _ ) romat ogr aphy over silica
stae Apttingsshewingtheprodyption of tge pigsygthetic enzymes 3-Gij1S weggsed to
ddedhstiatd thé REhatON Bf e penidii bieshbasidintrrhdtifatesCAG N ¥@BPen G.
evaporated, yielding 3.099 (37% of internediate (9)
(S-configuration).d) Preparation of intermediate (10)

A mixture of i rfa@mplesd:Retection of antihimic a¢lvily i n

NH3/ CH3OH (7N) (20m ) and CH3OH (100m ) was stirred at

omt erature for 40 hours, th e rated. to .
e Ul §4at sics ke (RlSTor e 2l rop Piies AL EIE oS ragigtion of
Practan pind incubatgd $or 241168 hewds atf26 Garitie Hactadh sepkitivedt. iegl ES9 Strpin

0 i, nter j M-P...: y . .
(DI Yot V8 R, lePoul Ly SbrRarv e e amin shuing of
eERPAES qeneDOE3haAsE pubktiate sEerEtgitt for Renishin - iApRI Eswiron
Midtotsi6| 170 8Ds- €266 10ds dulivated i XY Yo hid-I6Y phab¥End &t In prddarmed

lo was stirred. room tenperature for .1 hqur.
oBf B oM Ene Caroniy nfh e ey e Res it A BBl a4 ©
oyermibbirfr lactam iptbdpaindyeasts atsl Vsitigbyir glednig-zqng @roundine caldiesi.a so-
c'ﬁﬁ{éghgio_xture was stirred at roomtenperature for 3

ours, poured into H20 and extracted with Et OAc. The
organi c | ayer was separated, dried (MgSO4), filtered,
and the sol vent was evaporated to dryness, yielding:
2.89 (quantitative yield) of internediate (11)
(S-configuration). f) Preparation of internediate (12)
A mxture of internediate (11) (0.0042 nol) in HC
(ag.) (6N) (20m ) and di oxane (100m ) was stirred at
600C for 3 hours, then cooled to roomtenperature and
evaporated to dryness. The residue was taken up in

et hanol /di ethyl ether. The precipitate was filtered
under N2 flow and dried in vacuo, vyielding 2.24g
(100% of intermediate (12) as a hydrochloric acid
salt(.3.02HA .1.88H20 S-configuration; MP. 175C).g)
Preparation of internmediate (13) Internediate (12)
(0.0018 nol) was added portionwi se to a warm sol uti on
(500 of EDC (0.0037 nol), HOBT (0.0037 nol) and
triethylamne (0.008 nol) in CH2C 12/ THF (50/50;
1000m ) over a 3 hour period, under vigorous stirring
at 50C. After evaporation of the solvent, the residue
was taken up in K2CAB (aq.) (109 . The m xture was
extracted with CH2A 2. The organic | ayer was
separated, dried (MgSH), filtered and the sol vent was
evaporated to dryness. The residue (1g) was
crystallized fromethanol /DI PE. The precipitate was
filtered off and dried. This fraction was crystallized
again from CH3CN. The precipitate was filtered off and
dried, yielding 0.2 Ig (24% of internediate (13)
(MP.: 270C, S-configuration). h) Preparation of
intermediate (14) A mixture of internmediate (13)
(0.0001 nol ), sodiumsulfide (0.001 nol) and lithium
chloride (0.001 1 nol) in DM (Im) was stirred at
roomtenperature for 5 mnutes, then heated in a

m crowave oven at 90C for 15 mnutes, poured into
saturated NaHCC3 and extracted with diethyl ether

.
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intermedi ate (52) (quantitative yield). B. Preparation
of the conpounds Exanple Bl Preparation of conpound

W@ 1goeMiTRs (0. 00195 ol ) was added to a stirredPGDEPLD®OS6619

of internediate (6) (0.00069 nol) and DI PEA (0.00324

mol) in N iV-dinmethylacetam de (250nm ) at room

tenperature, then the reaction m xture was stirred for

3 hours and the sol vent was o- evaporated with tol uene

under reduced pressure. The obtai ned resi due was

purified by reversedphase hi gh-performance |iquid

chr omat ogr aphy (el uent 1: %ﬁg el uent 2: NHAHCCB) .

The pure product fractions coll ected and the

sol vent was evaporated under reduced pressure. The

obt ayned £ ﬁ.ﬁ;rdérb%ni(sﬁ% 952 Bo&®) notBsturaiyrddike é?fl’éotd‘nﬁ &fhpound but

2-propanol, then the resulting precipitate was

that [stcapabip efProdFieD @ Plastan seapQuRe by qenetwdmrig’ cgfiop PSR of

,&&gagmgn_( 1) . Exanpl e B2 Preparation of conpound (2)

and conpound (3) conpound (2) conpound (3) A m xture

of internediate (15) (0.0002 nol),

2- (n2t hylAamicroo)gahisarastordify ©@RHN rrita) isdradsfb@©aWvith agolynucleotide
r

ol S R Pt sBLt ki e it

with the W@'MKXJPFW aaid Bthctem ¢pmpER™- 2. The organic | ayer

was separated, dried (MgSO4), filtered and the soI vent

was evapor at ed to dryness. The residue (0.16g

puri $i ed AHPICEOMIFAEMATEBHBL B HUP Ry WhsrRIp thepg q0t'de involved in

tifegprodustion cEBECE-2CCERBEAryNbOE aPBlydddBobde dequd@é 2Bdotling ;an enzyme

dth I t
or bRt R S BB RS “Compound ()
(S-configuration) and 0.05g (31% of conmpound (2)
( S; C/an : %ﬁmﬁ:rdo%)usmm to%%r %}rﬁ grg%ngfm{gge%%thetrc

(4) A mxture I nterme ate

PRiWeY of At fdRER I09mRUNE 1 Ssiected fqro %‘FBCOQ?!?}'"R? VS, IPNS and
Amaq.) (0.0002 nol) in CH3CN (1.5m ) was stirred and

refl uxed overnight. iV-(2-am noethyl)acetam de and

K2CO3 (aqg.) were added again. The m xture was stirred

and H.ef | UxmigrdocganBmiescording toraims 24 Ithedi istfartheotpansformed with a
p%ﬁd% ﬁuen%@ Qﬁ&qrn#; @rtp?ote_iﬁ ﬂaﬁ% aegﬁgécﬁ'ﬁ;eef CW) d.h the production

e organi c Fayer was separ
of fseFtam oMPRYEY and t he sol vent was evapor ated to
dryness The residue (0.146g) was purified by col um

chro a over Kkronmas eluent; . . .
D b ARPRIEEM GSFTAES fpam 1 48 Pisigdino dim thatj g yeast.
pure fractl ons were collected and the sol vent was

evaper at e#d eag%corﬁrﬁ Q)L@arr(\% QAr8in tr?e?(&st‘ﬁ(@%n t¥ %?ehuszs%feaed
fromdi etcgln§§et er. re(ﬂ%ate was tere

fromdhe gnewry tinopf §@ccﬁar@ ges( dao’fluié’ﬁf?ﬁyﬁ?ﬁzl Yeﬁe)dazyma Pichia,
YaBowiaWaugnspartaj ), Zybbdacchatdndfces.Exanpl e B4 Preparati on
of conpound (5) A mxture of intermediate (15) (0.0002
et hanol am ne (0.0005 nol) and K2CO3 (ag.).
( 0. 0502 rfoPrpcash fartip@reduetion of 3 Brastamyeamnoded eompripiag pyltivating a

nAME6rGariEM accordighb ¥Rsof %qﬁébedﬂ& Baiflsthidr@oN@tons bédal &tk Blhe

pé%s*rr%e BLp faﬁtaetco&eounﬁh@e Blebon PRl alysp vy ipton =
dried (MgSO 4), filtered and the sol vent was
evaporated to dryness. The residue (0.1 2g) was
purified by colum chromatography over kronasi

(eluent: CH2CI 2ZCH3OHZNH 40H 967470.4 to 86Z4Z1. 4;
5nmm . The pure fractions were collected and the

sol vent was evaporated, yielding 0.048g (33% of
compound (5) (S-configuration). Exanple B5 Preparation
of compound (6) A m xture of internediate (17) (0.0001
nmol ), iV-(2-chloroethyl)acetarnide (0.0001 nol), K2CO3
(ag.) (0.0003 nol) and potassiumiodide (0.004g) in

et hanol (3m ) was stirred and refluxed for 3 days,
then cooled to roonrtenperature poured into H20 and



cephem b-lactans in Penicilliumstrains that naturally
have the ability to produce penam b- |actans only. On

wo bweostaes hand, Acrenoni um strains, which norpel/ER2005/056619
produce cephem conmpounds, have been genetically
nodi fied to produce penam conpounds. However, a
serious drawback of the use of m croorgani sns
natural ly capabl e of producitsgy b-lactans is that these
organi sns generally are filanmentous organi sns during
their production phase. This filanentous nature poses

ser | di,f ficulties during the ferr atign. The .
PRI T PR s TR SR PP et R s 0 iHetam compound i 2
ceptiegii.t i ons and can change frompellet growh to

vi scous growth. The former causing nutrient transport
problens, the latter causing limtations in oxygen
t r an2f er .A FOpashapqerting to el 8. iydeteinthe P-lastemeerPaiitt is peicillin G,
pehiEiR YPERAPA 8ol ASE & HuipsiH7AC S 7LAKEA RACCA, 7-ACA.
fermentation: fromthe grow ng apical or tip cel

(Wth the so-called 'spitzenkrper' as point of new
growih) , Useef the migoapahismeafl ddirgs 1-3 dkidergifySadierp ittaiinfluence

C . the old and highly vacuolized cells. These
Fﬁ??%ﬁ?gﬁ958@||s may differ in production |evels and
respond differently to culture conditions, hanpering
process control. In addition, investigation directed
to factors that are involved in and/or influence b-

| act am production is not feasible using these
filamentous, naturally b-lactam produci ng organi sns.
First, conpared to organisns |ike Escherichia col

they are poorly accessible to standard nol ecul ar

bi ol ogy techni ques. Transformation is via fragile
protoplasts in polyethylene glycol, conplete

epi sonal |y mai ntai ned plasm ds are not avail able, and
integration is nostly random and nulti copy. On top of
that the hyphal conpartnments are nulti-nucl eate and
the nost inportant species, P. chrysogenum has no
sexual cycle and also the alternative, the parasexua
cycle, is very inefficient. Al these factors severely
hanper the identification of essential genes. For this
reason there is a desire to have b-lactam produci ng
organi sns that are better suited for |arge-scale
production and that do not have the di sadvant ageous
properties typical for filanmentous m croorganisns. In
addition, there is a desire to avail of m croorgani sns
wherein factors involved in b-lactam production can be
nore easily investigated.Up to now, the establishnent
of b-lactam production in non-fil anentous, m crobia
single cells was not feasible due to several factors.
The first conmtted step in b-lactamsynthesis is
catal yzed by the so-called Non Ri bosomal Peptide
Synt het ase cl ass of enzynmes, in this case

d- (L-a-am noadi pyl )-Lcysteinyl - D-valine synthetase
(ACVS). These nodul ar enzynes catal yze a conpl ex
series of amno acid activation and subsequent peptide
bond formation. Species |ike bakers' yeast (S

cerevi siae) do not have such enzynes, therefore m ght
not be equi pped to performsuch a reaction. In

addi tion, the gene encodi ng ACVS, pcbAB, is
approximately 12 kb Iong. Wth pronoter and

term nator, an expression cassette of 14 kb needs to
be stably integrated in the yeast genone. The second
step in b-lactam synthesis is one of unprecedented,
conpl ex bi ochem stry, a non-hene oxidation by
isopenicillin N synthase (IPNS). This enzyne is
severely inhibited by many standard conpounds in the
cell (glutathion, M, Zn, pH changes, etc). Yeast has
qui te high glutathion I evels under certain growh

Y L o o 11 ' 1 * 4 - "



