HETEROCYCLI C ANTI VI RAL COVPOUNDS The present invention provides

non- nucl eosi de conpounds and certain derivatives thereof which are

i nhi bi t ongoebhioRMesodependent RNA viral pol ynerase. These pcompoan@dsoidz €
useful for the treatnent of RNA-dependent RNA viral infection. They are
particularly useful as inhibitors of hepatitis C virus (HCV) NS5B

pol ynerase, as inhibitors of HCV repllcaltlon and for the treatnent of
hepatitis Cinfection. Hepatitis Cvirus is the |eading cause of chronic

| i ver di sease throughout the world. (Boyer, N et al, J. Hepatol. 2000
32:98-1 12) . pReypidtroN MieEliep W th HCV are at risk of devel oping cirrhosis
of the |iver—and subseqguent hepatocel | ul ar carcinoma and hence HCV is the
maj or indication for liver transplantation. HCV has been classified as a

menber of t h?he pér&éﬁt ]THMILX re'l:altc%éb %'n{e'tlﬁi)a%}tﬂ rofi V\,hﬁj gﬁls2 hﬁﬁ %ﬂ)‘?ﬁ -
flaviviruses, pestiviruses apacei vir IC epatitis C
viruses (Ri cglyce@ﬂ ivhost FetlvawerSpctaﬁcallsr e pversplmtswnmmdeshém rep@pll)th ion. In:

Fields Vigol Edi t.0r.s P, ey,

Li ppi ncot% I\%fnatﬁ?u%fvm Se‘FVEICh ghablét ?ynh N O%XCK &ﬁ%ﬂf qdz Bme O\fl 959 1996) .
HCV is an enpepapeidl ftommarecanmbmdmpnagarmqmsf glymlsﬁmessntng&eamm alanded RNA
genone of ap 0 e vi ral ne co s of .a hly
donserved 5 PGRBFomLrY e iadn  Curs e P gRG TR TN g P Toncodi ng
a pol ypr ot ei the predactionef 1 2fpragpedidli mately 301 1 am no acids, and a short 3
UTR Cenetic analysis of HCV has identified six main genotypes which

di verge by over 30% of the DNA sequence. More than 30 subtypes have been
di sti nguighed z-plrdspahmol@o@nafeog@dagu@m)ﬁwmgjorIbﬁme@ﬁélﬁldalltmhsvwldblgllugedhave
Type | a and Ib |nfect|on Eeé‘ Is the nost preval ent subtype in Asia.
(X. Forns ant acompapgs of wspthia PPHeﬁfPf\féﬁmSEP]%aé%fé’uti@é@“@ule@@Sﬂ J. Bukhef
al, Semn. Lbdémeﬁ%sshqul@gée %e':hts‘l%()(ﬁéﬁ)ts anleirhilf?fﬁteb'ﬂa&r%lﬂcﬂé’ﬂlﬁdsl Sln@@ ?QIPD)HS i's
nore resistant to therap han either type 2 or Igenoti N. N Zein,
cin. M crobprsicallysiive, enazme@len@llmsmm?ratWrﬁll k1P gight papf ﬁp@@ﬂleu ns i ncl ude
a nucl eocapsin@er&?fo‘?n{%ﬁfeglebg}lc(l@ralad?gh%m Oﬁ&‘f@%ﬂl@ﬁlcﬁlgycom oteins, El and E2.
HCV al so encodes two profeases, a zinc-dependent netall oproteinase encoded
by the N52-NS3 region and a serine protease encoded in the NS3 region.
These protea ' [ [ f..1he
precur Sor  pol snr i AR LR hafesE BIATE GloRRAR b chorb Bl feR ok

nonst ruct ur aianlwcﬁtlelndllH@ of mmmmtﬁtm QOh&)ORNA—lldiepmdd@inrm\dA pol yner ase.
The function | t a 1B, and

t hat of NSSAh(r?Pepé?ﬁfﬁl{(;& e%l{r%rlgﬁgfgﬂi ]f%% #ﬂnohs??{?ﬁ B)Efél (grﬁ he% g remain
unknown. It o@rlmﬂere\mdet\ﬂa&h inpstduai ftdrtEpmpyiermt Thecdhamadal s;ymtj]tem yisldencoded by

t he HCV d RNA t Cu t I ted
number of) apPrByEd 1 HePApRe T eredg o PR G bR 1 reS Pt et ey

infection. Newygnebl. @@nsénungamh@mamemtheslsapwp@ﬁmhe@a foexil rédoartd ad 164V

i nfection and nh| it ng HCV NSS%},p se.activity have been

revi ened: R. ¢ REodyftion ’Hﬁrge RGBS olpyspro ‘f&@ U3 § ABpeapyPreRleligif M M and
Bacon, B. R ofeﬁeir@ﬁﬁdntd1gndbgmmrﬁlaﬂ,asﬁaettspber. 1999 80-85; G Lake-Bakaar,
Current and Future Therapy for Chronic Hepatitis C Virus Liver D sease,
Curr. Drug Targ. Infect Dis. 2003 3(3):247-253; P. Hoffmann et al., Recent
pat ent ons exPes RALR 1 DhRE opaﬁa/dlctl%n bERBLilcd By Qlc\fbcrrgtasnsinﬁffﬁﬁﬁ LRhrs@d 999- 2002) ,
Exp. Opin. Ther. Patents 2003 13 1707- 1723 P. Wal ker et al,

Proni si ng CartbrepigsdKIpyger aﬂlﬁéclaeﬂlélatlﬁé t(Hetth dhE o AYR) hfélffm NiEs 209Dk Opi .

| nvesti ng. 6 Ty I Iﬁ%@l s C

Ther apeut i cgbu%]r ?ﬁ?%ﬁ%ggngg%ﬁ%&%ﬂ g(r:zal?g%)ﬁg%& }(\latur eBF\[’Zv Drug

Di scov. 20027.9488%-881; J . Z. W and Z. Hong, Targeting NS5B RNA- Dependent
RNA Pol ynmerase for Anti-HCV Chenot herapy, Curr. Drug Targ. - Infect. Dis.
2003 3(3):207-219. Ribavirin

(I'- ((2R 3R, 4BS5R§713) 4ndR A0 BRY dSchiyatho rypdedtion of t.8tHufig sesafuaxaept 8- y1 ) - | H- [
|,2,4]triazo r hoxyl i Virazole(r)) is a synthetic,

non- i nt erfer!éeno-xyﬁgexg& B e\é %Bm%g Os%%gb?um antiviral nucl eoside anal og.

Ri bavirin has in vi tro actl vity agai nst several DNA and RNA viruses
including Flaviviridae (Gary L. Davis. Gastroenterol ogy 2000 118: S1O%4- S1
14). Although, in nonotherapy ribavirin reduces serum am no transferase

| evel s to normal in 40% of patients, it does not |ower serumlevels of
HCV-RNA. Ribavirin also exhibits significant toxicity and is known to

i nduce anema. Viramdine is a ribavirin prodrug converted to ribavirin by
adenosi ne deam nase i n hepatocytes. (J. Z




Wi, Antivir. Chem Chenother. 2006 17(1):33-9) Interferons (IFNs) have been
available for the treatnent of chronic hepatitis for nearly a decade. |FNs
are gl ycopoavmnseopr oduced by i mmune cells in response troTaPe@b/osNBECt i ON.
Two distinct types of interferon are recognized: Type 1 includes several
interferon al phas and one interferon beta, type 2 includes interferon
gamma. Type 1 interferons are produced q?lnly by infected cells and protect
nei ghboring cells fromde novo infection. IFNs inhibit viral replication of
many viruses, including HCV, and when used as the sole treatnent for

hepatitis C IM@%O'O%B%EN@ SR 23RS, ﬁ@ﬂh%sﬁ@érlﬁé\é%}@hl%ﬁ@r sataklg |evels.
Addi tionally, I'FN nornmalizes serumamno transferasée |evels. Uafortunately,

the effects oF cPrnptedandiselagiedt trishowsahaaeqdpapdilitich trpipguce d20MR o a 70%

rel apse 1 at ey aRckianl bl sdindh ML aﬁy%e@hoﬁgn\srﬁ%egg&gé WgRRAgSe wi th
normal serum al anine transferase |evels. (Davis - aar, pra) One
limtation ofreg@aptiamsaNpouties spgle wagulrlalpmajltatioemhatr%@th@bmmr psuhsmunntf romthe
bl ood. Chemi j pzat i I has
Ceaul ted Tn SrsiaFhol@hcR B dadiplibd, PR Mok XLEAGAHAASL RO
properties. W@( of)thd genes anoojingat aédA amdaglbﬁraomwa BH davldsea eétﬁtnﬂada branched

nmononet hoxy PEG an n terferon W& 2b and a
12" kD omo. neRbRY ko HOTR R e Mo B

24(9): 1363138&Sephospl(ﬁl21k@ﬂ8ksle (tpird) add botMsuH'h[tS DEpyrukateGbﬂﬁat‘t@lyaseRﬁﬂAB}ae 2001
72:217-224) i nati n t hera ri bavirin and jnterferon-al pha
currenty 1 s OHETBIE ot PRl iy el B0 BT RGO BaGT [P and PEc 1 N
(infra) nesufdSeitatioas.sustai ned viral response (SVR) in 54-56% of patients
with type 1 HCV. The SVR approaches 80% for type 2 and 3 HCV. (Wl ker,
supra) Unfortunately, combination therapy also produces side effects which

pose clini cath&mldl&agl%%n uPBBY RS iR arf fdﬂnhpﬂsein%mmti&é&naagcﬁ!@tdaesrs&actl ons
are associated with subcut aneous | FN- al Iﬁ)a and enol yt| C anema IS

associ at ed wior heguedugtionef 112-erapiediel WiZtFP) Tha isrfpisher a0 HiyRg deedPr pot ent i al
mol ecul ar t afgebadinffrodalradl itk ORMRRkeBR sdihld prbiek. t herapeutics have now
been identified including, but not limted to, the NS2-NS3 autoprotease,

the NS3 p? ot ease, the NS3 helicase and the NS5B pol ynerase. The

RIA- dependent, B ROYRRLR S Gird Ses S Qhitlitbd BFEALA Lol Rins S AL bBlchn of the
si ngl e-stranded, positive sense, genone.” Thi's &nzynme has icited

si gni fi cant ﬂmﬂ@ﬂ@sﬁnamwm@mhnﬂnﬁmmamumw@nws®grmNWGMe05|de i nhibitors can
act either as a chain termnator or as a conpetitive inhibitor that
interferes with nucleotide binding to the polynerase. To function as a

chai n terninﬁoeMvamewmm@ﬂ@m§ﬂﬂ@maﬂamn@nmumﬂoﬁéwmahﬁmouﬂﬂbmbﬂMebgbﬂl in vivo
and be convert ed En VIVO Lo mto c as a substrate
2t the poryrbESe RSt o i REREP AT T BRIy faf BFBRN A ne

tri phosphat &nleﬁpeﬁﬁf?f&’mﬂfﬁqn snmiiaat wherblyy thetdrbtinasubdetareas @ tatin Cpro durpon bf

addi tional s ructur limtations._.on .nu osi de. ti n this

requi r ement $8Fmﬁﬁ% ?i?ﬁ?ﬁ@HmFﬁﬁﬂ¥§ﬂ¥W5‘ ﬂ?@ﬁ@xQVEQRé?q%h ®hucl eosi des
as inhibitor §an&ft1n|1'Mhé @@bdneﬁmrman Elﬁﬂﬁﬁﬂ)lbﬂb%lﬁ@ﬂ@%@ aycsomall stréins Waich R et ah,
U S. Patent No.._ 6,846, 81 C. Pierra et al 006

49(22) : 6614- w@cal? adigtecis fagswesific Euiggments Oﬁmlf moeerdaf? anﬂg@ﬁl%%ref%

Chenot heps 2806ifid8lyRhitedDoPusedn thelproctdsatdor@ihg @l the indentiygd. Chem 2005
48(17):2005). Cbnblnatlon t herapy has beconme standard therapy in the
treatment of HIV and simlar practices should be beneficial for treatnent

of HCV as s afnepa?tqula?ftﬁ@&&éeﬂﬁn%ﬁ@@%dﬁe@a{ ﬁos{ Qe?lnf)drflétﬁﬂ}y aqu’cfo%F%?nﬁﬂm’roved
therapies for HCV include ribavirin, &3 ated interféron-alp
€

( PEGASYS), petil. athich i encanepisd m@rp@wahlgz PR RrRarmedaeid! L A8 mher on

al facon- 1 . J0Ghagy iGRIRILALAG AvGPIBLARL WABB! 1d BIPANLI fom Lhe present
i nvention and one or nore of existing thérapeutics wou e beneficial.

Ot her bi 89 ogwshining productien @@em&ss andshvge vgsubettataior podwdtioedf .8 t he group
consisting o t bav se
R

anti sense coapbunﬂsmenucleotlde anal ogs, nucl eosi de anal ogs,

i mmunogl obul i ns, i munonodul ators, hepatoprotectants, anti-inflammtory
agents, antibiotics, antivirals and antiinfective conpounds. Such

conbi nati on therapy may al so conprise providing a conpound of the invention
either concurrently or sequentially with other nedicinal agents or
potentiators, such as ribavirin and rel ated conpounds,



amant adi ne and rel ated conpounds, various interferons such as, for exanple,
interferon-al pha, interferonbeta, interferon gamma and the |ike, as well as
al t er nat ewbanrmoi1edo4i nt erf erons such as pegyl at edi nt er f eromgEP20dd@dsd18Dnal | y
conbi nations of ribavirin and interferon, nmay be adm ni stered as

conbi nation therapy with at | east one of the conpounds of the present
invention. O her interferons currently in devel opnent i nclude

al binterferon-a-2b (Al buferon), IFN-omega with DUROCS, LOCTERON(tm) and
interferon-a-2b XL. As these and other interferons reach the marketpl ace

their use i nCorRadihRR JrFART ARG, %ﬁloQQQIP%Hi%IaH}f/ &R Fﬁﬁﬁﬁ‘&r daiention is
anti ci pated. HCV pol ynerase inhibitors are another targef for drug

di scovery anty p&w@éu‘ﬁ%@l i pngdregeet dppreduce ihyh leneds CIQJ;I.ZG’Z&)anFﬂ@J(?Q -PD)

| DX184/ 1 DX10 Lead), A-
837093 and A€V§48§§@9?‘2%@C&a,fﬂﬂ% C\i{%wé@%% Wh%g%%?agﬁ%%g%%@g 54{3

(d axo), ANAB98Y (Ratdadyts)0)o, yBYcHARy ¢t lraBaYYo, parfhillytfeslent 88%e HOV NS3

prot ease al s i b3l | I tyseat ment of
. “Pr ot Sasb T FETIEh? RS, MRS of BLERE o BN bt Mol v

Vert ex), SO—WB@Mly(anlaole&pI?%land uSEh@NYny)th all MB43638lling WithiottecdbMedi vi r) and
ITMN1 9 1 (I g Brot Selﬁ;hlbitOI’Sin earlier stages of
devel opnent fl%élleﬂuc'f‘ §m§l% 90052 (Bristol Myers Squibb),

VBY- 376 (Virobay), |DXSCA/ | DXSCB (I deni x), Bl 12202 (Boehri nger), VX-500

nvest Gat i oft § WY DU BGUPGBHTT AT eDt tare SIRPER o HBI S ERA N ng t o

NS5b, ni t@zopaniudely Sfab@essxi r (M geni x), an inhibitor of a-glucosidase-1,
caspase inhibitors, Toll-like receptor agonists and i munosti nmul ants such
as Zadaxin (SciClone). There is currently no preventive treatnent of
Hepatitis C Iﬂdn@%mﬁ)b@&nm%eqw&aﬁéﬁ laho@RBI %ﬁi@ulfaﬂﬁ‘ﬁ ﬁr@dr@&gaﬂﬂm 6hsu@nl st only
agai nst HCV, are |imted. Design and devel opment of new pharmaceuti cal
corrpounds i sisesavidedivdnch iyprpable @é@ﬁf‘uqlrr&}é%h Iebfﬂs o letprgpanediobdrpdidhuhedc cor di ng
to formila | mwﬁronglﬁ%fﬁﬂﬁ@m(% GRldn¥o@es SR s%1c§1ﬁ)lsttceilh[%"rt§‘c‘iﬂarl apd the use
of such conpoéunds for the treatment of a host infected (Y,\/ Conpounds
of the plesemicroqigainl gritrainels BEHRSIAYIS Ovsrexpsrshpiopanediol mdqrgdmsam ogen, C L6
al kyl, C1 ha y, cyano,
NRaRb, car boxfg,&ﬁ) AmC‘Ihﬁ %3’?3? d@%@? Q)ééé(rgr %?(dé% %&%yél?n@?l%o}p@olr%ag%%r C13
acyl am no G (f@leglivityCi 6 hydr oxyal koxy. R2 is selected fromthe group
consisting of: (a) -[C(R8 p-Ar 1 (b) -[C(R8"p-QAr 1, (c) -(CH2)nC(=0 X, (d)
-NR 7C(=O)Ar 4, (e) -Cl1-6 alkyl, (f) -Cl-6 haloal kyl, (g) Cl-6 al koxy, (h)
Cl- 6 hal oal kbxone efnbddieat6thh yrdremiongirémyides a(hodt chiy,draoicylarly k midradrggesm of 1)

hydr ogen heno su I 1 2] p- NReRf,
(3;;) (gE) - Q%E n%?ﬁ) T}é&a@ﬂ%ﬁ%pri‘ﬁuﬁz‘*&) é‘@@&@%ﬂ?ﬁ%%”%g%lﬁ[sﬁ ep]eﬁdent ly in
each occurr egoenhygtyogehss thagobocaydon sQilrde, athsiy@ar lveryell, pattatubolyasidido, C13
oo a e et iy & SRR o S 30 R en-dpeiatig o5 Y
al koxycar bo nwlecteaatfohomagiodp corfsrsuﬁg oﬁg’lﬂfdéﬂﬁﬁe}@dr(@aﬁaké’{gld@ lifydexyacdténef our,

and r is 1to 3. Ar phen |d|n yrim.di nyl,

pyr azinyl Wflsaé%a@ﬁn%@? I/YHW SIS‘E?"P‘E)%‘&%SIAS Oﬁagﬁﬁﬁlﬁéﬁmay@%su tuted with
one to tBS eeoaidsductabd a&@J@CIBaQﬁIcquQ/ tcBQntﬁfdeliﬁ GONR 1k M tQther)
hydroxy, (b) G - al koxy - al kyl, TB( Ig‘l drox¥al kyl wherein one
or two car boWlthflk?r%ﬁneo‘H]PP%ﬁ%I‘ plg?pwﬁwb@@(éfﬁua@éﬁ(fWMQ%f@ﬁ lsrdonded t he

repl acenment Qﬂﬁ%ngﬁgené %c%lﬁg%é(&?ﬁeQWt?@elQ&Wfrorﬁ%)e gg)up?boﬁélh yrQG _6 al kyl,
(f) bhal ogen, (Q) ano, (h) oxycar bon - al kylsulfonyl (1)
X1( CH2) L eccelmcerql h@xogyn@@@yglém ﬂ&y@ochauomyf!mase :(qha@:mcb nNRaRb, (m

( CH2) nCONRa @@F{g@ ( Cl-6

hydr oxyal kyﬁﬁetgig%y&(i%@ﬁﬁ\ag% yl or as(r) %%b%?%gwg&% RIE‘)tg%(e (1)

i ndependéht | gpropmediatdxiduedvcrendecQ)ajtiitydr ogen, (b) G - alkyl, (c) G-3

hal oal kyl, (d) C - acyl, (e) G- alkylsulfonyl, (f) G- haloal kyl sul fonyl,
(g) C3 7 cycloal kylsulfonyl, (h) C3 7 cycloal kyl-C 3 al kyl -sul fonyl, (i)
Cl-6 al koxy- Iﬁdbe@mbbdﬁyllegtuihéciurvyhtjon(grgvm@alm)ast&NR&ﬂﬁ,cul(aﬂy a BAFO@RdBNR R11
wherein R8 a e as

al kyl sul fam)é;{{am ()vn cagaﬂ [kroiﬁjumqgr% agmleée%s) ((r‘a) % Xclholy(ll 2'?Dp))wlan

al kyl car banoyl, (q) G -3 di aI kyI car barmyl (r) benzoyl said benzoyl
optionally independently substituted with one or two groups selected from
the group consisting of am no, hal ogen,



C - al kyl or C13 al kyl sul fonyl am do, (s) G - carboxyal kyl sul fonyl, (t) C2_6
hydr oxyal kyl sul fonyl or (U Ra and Rb taken together with the nitrogen to
whi ch t heyoanm/mbdoached are (a) an optionally substitut edTmpedoiomsanst ne (b)
(CH 2)2-3qg C(O or (c) 2-oxo-oxazolidine; Re and Rf when (i) taken

i ndependently are selected from (a) hydrogen, (b) G _3 alkyl, (c) 4.7

cycl oal kyl, (d) C3.7 cycl oal kyl carbonyl (e) phenyl said cycloal kyl and said
phenyl novieties are optionally independehtly substituted with one to three
groups selected fromC _3 al kyl sul fonyl am do, Cl.3 al kyl, Cl1.3 al koxy or
hal ogen or (gﬂo}vn‘@ﬁ%ﬂ/c&%kﬁsr{hé QUL sBhR8 gvh‘éieﬁrhsaichfostmehr[%g@dﬁlatrl s¥f3i ch they
are attached are a c¢yclic am ne iIndependently substituted wth one to three
groups sel ecPRUOREaATCI sGaia| ik pngitdefedriy Parfiies aglvegobddeydrogmascd gioxy or
hal ogen. X i Qnal l'y
substituted %\%tlt %lﬁgeg_ggﬂt}ﬁ%%ﬁs&ﬁﬁ ?%dg{egﬁtﬁ%sggﬁl‘@(g%%ggé}% %‘?‘n&%ﬂh% réoup

consi sting ofntrO(he?)ngI‘lalS@@éWt c¢lbipedhatmathythe geoy eDdBe hypdmessdatlky ! (d) am no,

e) am no | am ' | kvl
kgt (g el fricch s, Sbo NS, ekl uert B EROET (75
car boxam do adtikity @ch@s wdxptessﬂafdcgiydewtﬁdq,dro(g@asag_cﬁé@l alcm/lmdlcﬁngn’ylﬂaht do-G _3
al kyl NR7 | sul fonam do, (n) Cl.6 alkyl, (0) G _6
al k)(;xycfam)ongl Opanﬁﬁm(%’)l(l%% a§<‘3y fucCﬁ% % d are (z)(i aldependent ?/y i E] )each_
occurrence: (a) hydrogen (b) Ar 2, (c) Ar 2-G _6 alkyl, (d) C3.6
cycl oal kyl tiona Yo Sul t| ut ed Cl di.al k I am no, 1Ci 6 al kyl.sul f onam do
or Cl.3 hydr R\b? YRRt f‘:ﬁ,a‘}m&% f-Qartieyh ary(?r)lcrefrg%m%ﬁ‘ Roxy- G _
al kyl, (90 pytfamdwmdh 1@<fappmé bobrB¥lcingihigh 1avdiyydf 1$39@rdp4hmlbdluzym))aﬂidnonal |y

substituted with anl ClB?IkIamno 13d| ty m no,

al kyl sul f onyE'sH 48 Eheiof s fole @ibor sqyiRy | e %ﬁﬁéﬁ“é?FlP(;??lgulfarmyl
(h) thienyl ﬁlﬁ&d)d?gﬁlhshyorss%%t isrehlglﬁé@réﬁﬂte Bo @Qpré?ss @'dﬁl‘g{lhroxfzdc)atoﬁ@hﬁﬁs@‘(&tﬁky| or

het erocyclyl G al kyl wherein the heterocyclyl group is pyrrolidine or

pi peri di ne s%ﬁUdThélpe% 8&’9@1‘3}?@1@}3‘&% oxiglorsAuqGtash AuFY) actibisy. prigeWarlpy ¢0-C1. 3

al kyl or OXOmtr()H\)cH%ﬁng’m@hgd( kel tmgéjﬁ%%lﬂldthé’%engénc(oﬁl)ng@%p%ﬁf?fﬁé}N%Rh or (H Re
andR d together with the nitrogen to are attached are
pyrrolidihyl Oﬁﬂorﬁlﬁ@ﬁ‘? @ilnglac%‘db’ha mnewoelmg&r@lydmwmmnp)ﬂngwt@hql@ut ed with
Cl. 3 al kyl, e I h , h

substi t ut ed W tL%c()&rée %gof% regs)e%}sd%std??ﬁeﬁ%ﬁsneﬂ(n Seeg(g %{e) y seﬁ%ﬁlegﬁ%rom t he
group consi spiopgnedipl gajor@ucBsalfiodl) a¢tjityam no, (c) amino C al kyl, (d) C1L.3
al kylam no, (e) Cl1.3 alkylamno-G . 3 alkyl, (f) G _3 dialkyl am no, (g) OCH
2CO NRgkh 1, (h) C1-3 al kyl sul fonylam do, (i) d _3 alkylsulfonam do- G -3

al kyl, (j) Mrﬁine(émbbdhymlent(jhe irﬁzemtﬁdnydr@ddla‘samasticdm pa(tic)llaﬁ,jtaalim«;igmﬁymbkyl, and

(D) hydr y. Ar 4.1 i di z

by ai 21 i Sl BRERG o elae RN 1 hops B B2 ent s

i ndependent | yr szeloﬁcglyedr intﬁ@amﬂe @ERr bﬁﬁ@@vhfefeﬂm idtesgretiymritansiysiiing of (a)
amno, (b) G 03 Y . é%‘ : 3 al ké/ ar?i osl§(1§)th1h3 1

hal oal kyl ami ’Pir‘bcroo(r%%n € Orastfaﬂnkx%ﬁ P T\t (“Flje_g&"&% yjthase fyesdy. 3 _
Aol (1) N O S byl Q6 al kel Shl G onam o' (k] bﬁ%ﬁ“@%ﬁw‘tﬁ?‘ 3"
alkyl, (m CI8 %F%d&frald b#} %toaet%w“&m%?ne ewﬂvaa& (CH 2) NCONR
aRb, (q) 25 0(5%“&1&}&1@& @D actividy, a iy I%hﬁ%th%%%@n nt_'ﬁas’éf(ﬁll B are

i ndependently h }tX/ Lr?8en or Cl. 3 al vvherel n Rl and Rj

are i ndepend@hit’ at Baaresysad %?tﬁyglyoxaﬁwn@seémﬁw%a&r%w alongjyithcth

al koxy-Ci p@bﬁgml O}M&e&;@ta@ @lyc@)g@tg\}wl am ne. R3 is hydrogen, C 6 aI kyl,

C 6 hal oal kyl, _6 hal oal koxy, Cl1.3 al koxy-Ci -6 al koxy,

hal ogen, O(CH 2) 6X3 vvherel n X3 is OHor N(R 7)2; or R3 and R4a toget her
are CH2-0O an i

2. 3- i hydr obarasroran syt B ALANR O e S bl flary ATRORR AL

[ ndependé(ht | straar, Whmhohcazpeblecfmddlicmmm ¢fyl, X propangdipl (CL2-PD)avliep| | (H) G _2

al koxy, (H) _0 f I ) roxy (vi)
CORH, ~ (Vvii) %Sg_”g%&g oglrog%r E@/ N éartfoéuslgﬁ‘ Yg@?‘é%g 3&?’@%@%&&%@%& Sé‘))Oi(b) when
t aken toget hmric,roc(r'ga)msm@r senid, IRAhgm@gdtthe(n cgress @zlygenobddhydregamagndldRAc i s
hydr ogen, k hal.ogen, cyano or

G _2 fl uoroaTHk lféydr((’b)aceﬁﬂlekyna q—% t% 1Ve1 leﬂg\/\‘}l‘”hnt8 ﬁmp%:né)’rdlgon to which they
are attached are 3-oxetanyl R4c is hydrogen G -3 alkyl, or (c) either (i)
R5 and Rd4a or (H) R3 and R4a together are CH2-O or (CH 2)2 and with atons
to which they are attached forma 2, 3-di hydro-benzofuran or an indane and
Rdb and R4c are G -3 alkyl or (d) Rd4a, R4b, R4c together with the carbon to
whi ch they are attached are cycl opropyl, trifluoronmethyl or
2,2,2-trifluoroethyl;



R5 i s hydrogen, halogen, G _6 alkyl, hydroxy or R5 and Rd4a together are
CH2- O and together with atonms to which they are attached form a

2, 3-di hydwohenzatenan or an indane; R6 is (a) hal ogen, @bx/EB2006/0sd18YI
wherein one or two non-adjacent carbon atons optionally can be replaced by
oxygen, (c) C - haloal kyl, (d) G -3 al koxy, (e) X1-C2.6 hydroxyal kyl
wherei n one or two non-adjacent carbon ons optionally can b e replaced by
oxygen, (f) cyano-C _ 3 alkyl, (g) Xi( 2) CO2H or (h) X1- (CH 2)2_6NRgRnh.
RO is hydrogen, CH2O0H, CH(Me)OH, CH(Me)OR 9 or CH2OR9 , wherein R9a is (a)
CX CH 2) SCO2h;uhresiRlale Gudc oGyt ﬁ’ar’@(l&ﬂ’d‘r}yb(y 1@@1%1119@18%5&%11%&@ n ROb is
hydrogen, nethyl, zso-propyl, zso-butyl, "sec-butyl, phenyl or

4- hydr oxy- phei thegaee @oedinga ppasnsdiehodoralucaseficsRyednitogaes eeodiapa and RIc
t oget her are (\q/gaq{ s C-6

al kyl, pi periglg(ls;"r_lt-ﬂé?f?e %drégﬁsgﬁélé% ﬁ %Hg%al%rﬂ F?x;g//g%ettjggtﬁ}nt% %Jet a%fa;c/?v@ SilléLlll is O N R7,
or a bond; X® axpre® seid glyoRrp] dets dengenaRh(ghd/e and dibpdiosienattone kiyaie 6hel) or Ci - 6

al kyl or r i h they are attached
are an op%%o%é;gtﬁpal%‘gég ?&t é%ptdge ﬁgxgcrﬁteglg&% (f:ilés)o):,\%h% endently in each
occurrence hydrogen of C| 3 al kyI mis zero to three n is independently
in each occuyrence g wo. .. T r\p%ese1 ¢ |nval ! ]ﬁﬂ rtr er . conpr ri ses the
neutral nol edui’s G\ % ethel cOaIIW/ §§8 QUSAMSY £ REF 8GR IRR" aci di ¢
or basic at omnammnemﬁﬂle mmrcdlucmmglelemerzlﬁdpdnemal (32LMD) vilea pr esent

i nvention al so prov desa thodfor i nhi ation, of H |na
el T by nam BRI Bt rieRat aetett S R i bartusnl s

eL fecti V@OtOm:ldﬂdﬁtirQalnﬁsnl‘@é_ \étrathiie eipdif@eddtto bmméslserggebleoddagmgae& (]gldA) o |
phar maceuti ca osj tion nmpri sing .a caonpound according to fornmula I an
at | east one? I}S‘t?al?‘%g ]:2{ a@%{flﬁ Sea(E‘(gé‘%laéBY‘@’@g‘?gr‘i"‘él}theBquﬁ%ﬁﬁt gilor exci pi ent. The

phrase "a" opxid@8ductid afﬁaO)%mu@eﬁarmﬂa@lyrbyrcefle&&iuaﬁg Qi ost BRI €ogefhet hat
entity; for exanple, "a conpound” refers to one or npre conpounds or at

| east one cowﬁbﬁmen%ewe@le&a propgneligt ppedorgguctags (fuckh eytivitypgraeencadipg? | and
"at |east ongy c&élrhef?}%r&g%ﬁgse'(%ﬁz@f &Jaaang&e;hlgly/oﬁ%l’yﬁﬂhase (ﬁageA)OAaﬁaagﬂsuc@és gefined

herein above™ refers to roadest defrnition for each group as provided

in the Slimaeipres saihelyeaiolalshydspecasse (gldAbngarskx] slypeilsmthits (Wged in this
specificatio LB with i 51,9 b he body of the
claim the tgebrtlrvrsmg g \rvlhsteh?g Jpag%& og@%ﬁ&?{sﬁéﬁc%ay%} be interpreted as
havi ng an open- ended meaning. That is, the terns are to be interpreted
synonynously r ast"

Aoy TOUS Yt I AR A NG 356 eSS Ol Lot
process i ncl siches waichlieeaptble b@roémrtgenglslbmlrsqf ll;mpropmydmlr(djzddb) valddi ti onal

st eps. n used in.the c conmpqund Sitl

Tconr i sPihg EE sl Bka! S S eimdo BPTRNREL A BRI RSty e M onet " he
recited feat hhﬂcﬁéﬁor@’nlmodimtrﬁﬁnﬂsSnglhnda'tedl’fayo—a}hﬁéss haitydteyadont kiamal(dfagat ures or
conponents. The te "i ndependent | y" i.s. usg ed herein to indicate that a
variable is ?Blﬁ@%thymg]ﬁo’éaﬂvgﬁﬁg (Flﬁg)aar‘fgelt ?%‘ﬁ‘?h T?‘EBE’P?P"F%? the presence or
absence of aoMadrt@itase (riadd)ragmtdyalbarﬁ@mywyoa 1ﬁlt(fdfuelh§[ﬂsadﬂfdstmeﬂlt(§gléth‘ét thin the

sane compound,  Thus, in ound. i n .whi appears twi ce angd is defined
as "i ndepend¥ft fif geafi-%ﬂc? iy @ 09?1198@}1“1 Ay “ﬁtaP? @uféﬁﬁ%@yc%ﬁn%wco B¢h R's can

be nitrogen, d1ﬂ§rdr@£5%cc%ne%ﬁhs@@lh@l@)’£ﬁ% rﬁéiﬁlylglkl@xa%&ﬂtﬂésem %é’/@%fivny\%@masany
varlable(e% R1, Rda, Ar, or curs nore than one tine in any
rt

moi ety or f oforRIPESRas delmdffgﬂya%@neé%ﬁ @Mé o msdutdoxeityedsA) cl ai med in

the present jdaNgRt hl‘aﬁgwltﬁﬁle%‘%ﬂaﬂédﬁdl%i&d%d&%@@f%@)’ {c80®e s independent of
its definition at every otheéer occurrence. conbi nati ons of

substituents and/or variables are per m ssi bI e onI y if such conpounds result

in stable COffpRY %ﬂlﬁodl;l;l?ﬁt ﬁl%é gﬁ%@*{'éon F;)rowt 8 th?[ cEi %aﬁfouﬁrlp?ﬂgcrg&ﬁamsm glr awn

t hrough a bond eac ol n atta ctional group
or ot her 3¢hestiagtawhinbiigtapalle of preduycamthighf leydireofrio] propdnediof (LRHRIIwlhen is a part.

Thus, for ex g%wn%n glycerol as the sole carbon source, wherein said host cell, particularly said
microorganism or strain, is engineered to co-express a glycerol dehydrogenase (gldA), a

dihydroxyacetone kinase (dhaK) and a methylglyoxalsynthase (mgsA) activity along



MeC(=0) OR4 wherein R4 = A bond drawn into ring system (as opposed to
connected at a distinct vertex) indicates that the bond my be attached to
any of theouioabdoe ring atons. The term "optional" or ‘PopiEPes@ioks32 as used
herei n neans that a subsequently described event or circunstance may, but
need not, occur, and that the description includes instances where the
event or circunstance occurs and instances in which it does not. For
exanple, "optionally substituted"” neans that the optionally substituted

noi ety may incorporate a hydrogen or a substituent. The term "about” is
used herein I%v‘Rh %%E‘o;fé{?&ﬁ&)&kﬂ@ﬁe@hdfase (Rcd PRl RYpeRicQnly ByPUSRYduch ifr ound.
When the term "about™ is used in conjunction with a nunerical range, it
modi fi es t hatai¢ basgecllygeather vl itheeenhenchdiog 8 aropenedmbevidoradugtape(fast he
nunerical va erein to
nodify a nurrieérﬁrvg}éi%%{l/eglegge&dgﬁov%y %ﬁd’ﬂ%@dgo\%&{;bﬁ% ({@} e%ﬂgﬁ%‘ki@ﬁ%ﬁ%&?. ance of
20% As used(dheikind 2 nihdglsospenthisedaildy) achdhoatled torkmesissid glyctrel word "or "

is used int ve" sense
o oi t hey 1 onhy gl SRS Ricor Bl a0 etk Mo RIS, 27 ST
variable is (mgset)detdnttes alvogwith tiehmopahérboliomiderstliame iyOpbatipitact i ced with the
vari able equal to any of the values within that range. Thus, for a variable
which is inherently discrete, the variable can be equal to any integer

val ue of t helnmumeembodimentathgénventivdl puchideg athbe celapdulatle a @ficrbbrgariange.
Simlarly, faor. a i.abl V\:hChISIn rently .continuou vari abl e can
be equal to HMP il P 68#pr{)ﬁjﬂ$"}$ %eésl Oflaznlfj8panie‘>:‘8 (ﬁ](}lﬂr{%‘f}% end- poi nt s
of the ra(mgegro:ana oargl}exlemlte@ sode daaionabhree, Whicfeh dafil IS Resbuasiyhadi ng val ues
between 0 and.2, can be 0,. 1 or 2 for variabl es whi ﬁh are inherently

di screte, anBEAEESPETHOIGIaY, i engingied tp Corppress  elyierobdhafraEACVE e f or
vari abl es wWhijghy @1t the PRPaLIAIIJ] ¥xidOREIIMLE UBeO RMPIBU Pasic@irf Brdsul a | exhi bit
tautoneri sm Tautoneric conp ounds can exist as two or nore interconvertabl e
speci es. Pr otnaf@?lt?mgdn@%ﬁh@%%@lbtoge%%wﬂhﬁheogﬁnﬁ RECOiNG R REGPBREAHH a coval ent |y

bonded hydr Ogﬁ@or@&lﬁ%pffﬁé@%@tl&lf%géﬁ%@éﬂéodﬂg&'%%@@BISdeQﬁﬁﬁE@ak‘bfv@rxsh@ﬁ asl N
equilibriumand atte t'o 1 sof ate ani ndr vi tautoners usual ly produce

a mxturés mht@seép@ﬁﬁeﬁ%dcﬁycemhdelpfﬁsﬂéﬁse@ﬂﬂvm alobg Witk Shegrepapeshdiosidersduciiseh a
m xture of c URgsty, The position of the equilibriumis dependent on
chemical features wthin the nolecule. For exanple, in many aliphatic
al dehydes and ketones, such as acetal dehyde, the keto form predom nates

while; in phenglSmph “%ﬁxf% %é’\ﬂ&%‘ 3L&en %R Ay REE M%@ﬁ }aUtonerS
i ncl ude ket o/ enal v A oam dél EH@ t'a r§

-C(-0H) =N-) stragh, aﬂfoﬁ%ﬁgi@ble()ﬁmgicmg-hg}ﬂevdw-ﬂ)u\prppmmbkmﬁﬂﬁ))gm Ifat ter two
are partb ul arly n[h eter ryI and eter t rlrtn P 1and t he

pr esent ﬁve%tl or?nér?'ggrﬁp?sseesso ea‘falr OMUWSWH (S rmsosoc?e e 1% 5 ﬂds It

wi || be appr sdradrgahidmyortsheinsikichdingralrtd b@ﬁfprésbah aldofetoatductaee mn’m)unds of

formula | contain one or nore chiral nter r ef Xist in two
or nore st eréB‘i‘gs?fﬁ]eme(Prqp(%?%Ol O’f‘ﬂgreﬁ (t:aéﬁ'g)(l flV‘?yhBQYgC‘fl agéo ]ffﬁ

i ndi vi dual | faH®R4ss a&ﬁdtyﬂﬂvbﬁblﬂfs%ﬁntﬁﬁﬁtb@ﬁbeﬂgénla PR AtoioBal gas, wel | as

di astereonmers _when there are twy chj enters and m xtures partially

enri ched wi t }ISfFadion B goye cuPEEReP I%Aelﬁ%ma#ae éfg%%@ﬁ@cwﬁx °Gr esent

inventions | ntéiildingd® sdidihbdh sl BRAREGHALRAIY chdd@ing kipkdpaekdadit | san t hat
substitution of the tropane ring can be in either endo- or exo-conf

gurati on, an%l@%dlmaé%@mohaﬁ%m £IRS FE0ERS abgtlerkelpntdugateactivis. The present

invention i nglydesiyal thictdda F&fél %&&ealfroﬁ%tﬁé hﬁ@&i‘%‘fsﬁn%@fc&gAedﬂ%Bt {apers),
racem c m xtures or partially resolved mx ures of e conpounds of formula

| and, wher eansipighdprehas éo exprass saidipldo-Hetairedugiaseonstyintalonsy wigh thper eof . The
racemates c 6 HS Eoki@Se RLGE: aki resolved into their individual

i soners. Th;el&r0 eﬁt&én %an af(?%rdg ereochemical ly pure conpounds or

m xt ures3@nriched in one or nore |somers Met hods for separation of isoners

are well kno l.j.n li el

St er eocher spryt Eigftnels" @8 Dy ARt ool pulypyhlly s FBLE RS e oo

met hods suchstesn, &vrhrorhrmd;apgjﬁlapfnrodlsmggnﬁl lerly &1, 23atsmbdinkt (1, 2FRI®|WheduaI i somers
can be prepared in chiral formfromchiral precursors. Alternatively

i ndi vi dual isoners can be separated chemically froma mxture by formng

di astereoneric salts with a chiral acid, such as the individual enantioners
of 10-canphorsul fonic acid, canphoric acid, a-



bronocanphoric acid, tartaric acid, diacetyltartaric acid, nmalic acid,
pyrrolidone-5-carboxylic acid, and the like, fractionally crystallizing the
sal ts, amsotzbhmmitsoeei ng one or both of the resol ved basesT/EPpicoosab: y
repeating the process, so as to obtain either or both substantially free of
the other; i.e., in a formhaving an optical purity of >95% Alternatively
the racemates can be covalently |linked to a chiral conpound (auxiliary) to
produce di astereonmers which can be separated by chromatography or by
fractional crystallization after which tinme the chiral auxiliary is

chem cal l'y rennyed gweel%f {:Qhds A G rtRIsBurBO e Tl BhosTRB, SoiRRMYdgidof formul a
| may contain an acidic or basic functional groups. Suitable acid addition
salts are fomiRsePrEapissY Grspiat has hearenginpered treugh respmipingn LIVA gaehiiques.
Deprotonation of an acidic center by a base |likewise forns a salt. Salt
formati on may confer a desirable pharmacokinetic property on the active

i ngr edi ent  whi @k ewbpdmahfs thainviepfianiyeovidas adabttcelfl. parficulariy a magroergemsmposi t i vel y
af fect thg phar toits
herapeutt ¢’ At or g e HEd B BgaChl AR BRI M EIAPEEL oot abi o
salt" of a cmwpmunrgingl’ehwﬂsaf lshbltoparieéltolﬂsz blh}awhmmgmm craglbzger@lcasdwtsalel e and

t hat possessgs t he des o) activit arent conpound.
Such St REMIRE IRl SRR ER RGeSk “FoiB i an o ac: s

such as hydr oghdtioe lrmraﬁncde nfeyaﬂblcslm mmerﬁlﬁnddnersLﬂ;h]iithbstmelaamadl,cullarly kdi€¢ aci d,
phosphoric aci dé and t % d with ai’ gani C_aci dg ScIJCh as acetic
aci d, propi oMi%¢ Oé%%nbsm?féiélﬁoﬁsée ‘t‘:tiV&m W‘&‘P%Sﬁélﬁ? REBP 815 BAieISd Y, gl ycolic
aci d, pynovi miss@pdibulbadtinge agivily. mal oni ¢ acid, succinic acid, malic acid,
mal eic acid, fumaric acid, tartaric acid, ci tric aci d, benzoic acid,

3- (4-hydroxybenzoyl ) benzoi c acid, cinnamc acid, nandelic acid,

met hanesul f ofy ¢hed3mb8dim@ht AL %ﬁu@htﬁdﬁ%r&w@& laGhost kel -pﬁﬁf&alfaﬁy anﬁé%b&%ﬂhﬁn 8ci d,

2- hydr oxyet hanesul f oni ¢ acid, benzenesul fonic acid | or obenzenesul f oni ¢
acid, 2- naphtiffdl €Redinete ficdnieien and 2t deserabrd darerdisiare. a’&lll‘dl is eRpIiOf sul foni ¢
acl d, 4-neth WohGyechil Rvds & I'P?Itopa?ne&@? 112-68] PRAYdrben %gl?cer&la%'%qgﬁt oni ¢
acid, 3- phenyl propi onic acid rimeth acetl c acid, tertiary butylacetic
aci d, | adfyl casbanfsgpice, veerain said hRﬁbq?ﬂllep96%¢1’é?f1}’gfpl§ltf%lﬁli0@rga@ﬁlﬁ or bf{adit. éx y napht hoi ¢
aci d. - sal i Cyhiude hftne HkEAIH AGhahyIAVGANIEoRChiboa A, W NLY AL Or (2)
salts f or med en an acidic proton present in the pareént corrpound either is
repl aced by pertiedaly seidmicewogganismrer sikdialiy dofesting injtbnmetabolamkd] | ne earth ion,
or an alumn 0 g

et hanol am ne}ﬁ%&%pmg%o ug% Jnl‘é!bh%%1 :812 gfbgz&m% 3 %elg‘?gat;rn&ﬁgﬂ &Hdup

N- net hyI gl uccmnsuseng drguyobchlesel siyktem ijgiyoxalaseesystew Ihdacmwn deinbﬂregwketzs see Berge
et al, arm Sd Med. Chem
2007 50° bosv a0 RS hPpAREesr el BH MBI Bt Bhe meant ng
commonl y undexisdecdod mixgingrbogflaslsiydtém il activivg. art to which the present

i nvention pertains, unless otherw se defined. Reference is nmade herein to
vari ous nethodol ogies and nmaterials known to those of skill in the art.

St andar d r ef Br @B embvainkst, &eﬁﬂvieﬁlganfpads\tldrr:stalhastgemq)raﬁiculpﬂ'y B&i@bagadfm or

phar macol ogy incl ude Goodman and G | man's The Pharmacol.ogi cal Basis of
Ther apeut i cs$THDIHOERS,© ?%E@VQW% nd aptrpared dsreRefore. \EiF e F#PPI9961) . The

startingasmat ﬁl’fotl@dnﬁ% @gmlema@em prop&Riol (1,2PPBPRANNGoWNES ByERNMROURASIcgener al | y
are either avail from comerci al suppl iers, such as Aldrich Chem cal

Co., or are fﬁr@ﬁlasroér&e BYPCHE HHROSKerOPRTHGIAr 52l TRIRIOPTERIST 9T BN 4T t f ol | owi ng

procedures sglrdQL {dind Hle{a%l%hﬁ&%?ydrd@&c%{ohﬁﬁo%pha&eeﬁgﬁﬁteﬁlb@&‘iﬁlehﬁ's“mél' ke to
whi ch reference are nmade in | om ng description and exanpl es are

obt ai nabl e fheshrdlopariewiriy sa@d@lﬁ@@gamamlOéstgal@tlh@fwﬂg@mﬁbq agtabasmerfal

synt hetl c pr i eser and
Fi eser's Reagigl (ﬂH;{)%etQ@ﬁQS e Ia%gﬁ)fd %éég%%g&itriogﬁfp%s%ﬁgtggsﬁgéféﬁlgﬁﬁ%fk Vol unes
1-21; R 3@ LaRock, Corrprehenswe Organi ¢ Transfor mat i ons, 2nd ed|t| on

W1 ey- VCH, i and

I oy VO S AGR, §COTRRE NSRS 4 G S RUMER Ao Bl P 20,
Chemi stry, AstraR aols(aﬂmgttaﬂrylmdtldﬁanﬂ\hs Raseisbed Bds)n Réorgariersin Gxd ord 1984, vol .
1-9; Corrprehenswe Het er cIic Chemstry Il, A. R Katritzky and C W
Rees ( Eds) PmFCéOaOr’r%amsnd(TEO 1996, vol. 1-11; and Organic Reactions, Wley &
Sons: New York, 1991, Volunmes 1-40 and will be familiar to those skilled in
the art. In one enbodi nent of the present invention there is provided a
conpound according to formula | , or a pharnaceutically acceptable salt
thereof, wherein Rl, R2, R3, R4a, R4b, Rd4c, R5, R6, R7, R8, RO, m n and p
are as described herein above. In all other enbodi nents provided bel ow,
substltuents whi ch can bepresent |n each enbodl rrent and V\:hl ch are not

..... N Y o, . I N Y N o



I n anot her enbodi nent of the present invention there is provided a conpound
according to formula | wherein: Rl is hydrogen, G _ alkyl, G -6 hal oal kyl,
hal ogen, wpdooyxo260€ - 6 al koxy, Ci- hal oal koxy, cyano, NReREpr2@@nbumsy, C13
al koxycar bonyl , carboxam do, am no G -3al kyl, C13 acylamno G _3alkyl, C-6
hydr oxyal koxy; R2 is selected fromthe group consisting of: (a) -[C(R* 2
p-Ar 1 (b) -[C(R8 Ip-OAr 1, (c) - (CHZ)gnC( =0 X, (d) -NR 7C(=O Ar 4, (e)
-Ci-6 alkyl, (f) -Cl1-6 haloalkyl, (g) C*-6 al koxy, (h) G -6 hal oal koxy, (i)
C -6 alkyl, (j) G -6 hydroxyal kyl, (k) hydroxy, (1) hal ogen, (m hydrogen,
(0) phenoxysul fonyl, (p) -0 (CH)lnAr 1, (q) -[C(R 8)2]p-NrReRf, (r) C2 4
(al kenyl ene) Ar 1 and wherein R8 is hydrogen, carboxyl, Cl1 3 al koxycar bonyl ,
car boxani do, InGrg cppediprytatirjiventonreyidesia nthas faribe asaarptidnofddro to four: Ar
1 is phenyl, i y, onaIIy

i ndependent | gﬁga{r‘bglto Pétdﬁ%rgg’ arﬁoga}ﬁh:%alr?cdlp%l&%é{él@%hﬁgfthf@é{rgg? édogwe':l e@?ﬂeéd fromthe
group consi stmiverdionfis gryen oxan, appiopGata lomstly medinm@ ontaiayig, a sgiple garhgrivousegal kyl |

hal ogen, a b are
|ndependentc'_%‘)|ér\}ﬁﬁ§g’r %@C%%)EBB%E%H: Q%rwg %M‘g%ﬁgﬁ?eﬁ?qlp ‘l%raqs@ul f amoyl
G _3 al kyl sufctavwod and Gl Becisalykyrgietlf anoyl , car barmyl C13 al kyI car banoyl ,
C13 di al kyl car banoyl or benzoyl said benzoyl optionaIIy i ndependent |y
substituted with one or two groups selected fromthe group consisting of
am no, hal oghimartuta@ tkd ilnyénnon pfolidlead inyﬂhsmbfmngdcmgi ldbproﬁmeamdbfﬁrowmlgn (i)

t aken i ndepen entl ar.e se | ected from hydr.oge cl oal kyl
or phenyl 'f‘g"s&{j‘é YRy Ya%‘B“é‘é’F%?“BHIe‘WFmB ?“iOBCH‘é% ﬁo;}ﬁﬁi lﬁéﬁé’ﬁ(%ﬁd’é‘ﬁtnloi}/

subst i tutl(ed Porh Ehtgbkecaksontsbbs@tcgémpisingel ect ed from C1 3 al kyl sul f onyl ani do,
Cl 3 alkyl, G -3 al koxy or halogen or (ii) when taken together along with
the nitrogen to which they are attached are a pyrrolidine, a piperidine or
an azepinyl ri n@i? optchRia stlth?{%Bl@;bdﬁiaﬁl'aMy %'cbﬁﬁdr&dﬂéa%@sni/\brtshaﬁn&c&@n%hr ee
groups selected fromG -3 al kyl sul fonyl am do, -3 al kyl, -3 al koxy or
hal ogen; X is OH, OtQ@leéﬂV%%Panﬂl%ﬂﬁﬁcrd?edﬂﬁre@be&reayhl@}}ﬂ%@ﬁy , pyrl di nyl or
thienyl each opti 0n%Ivér&p?é's@éstﬂr&ﬂah&goI‘fodlaregﬁ‘&asEquE@f &Sy l?l?&hlteﬂ'ﬁlﬁlnt S

sel ected fromthe group consisting of: (i) halogen, (ii) hydroxy, (iii)

G -3 hydtdxyal kyl , (cpwmalmarmn fergentabli Aeyba@) subgraig. legiereby (hearbpn 3° al kyl ani no,

(vii)O‘-3aIkyIam I G-3

di al kyl am no-G 3 a@%/StrQe(Ss% car %Ag aémdﬁkﬂcl)dn) (f@f%n%&%&l Slé&?{gsatr}ﬁ?%%ﬁ %rm do,
(xii) G -6 alkylsul fpmdytm(ddr@mpa@e@bll(w Panat (g samg iNGh8d tickph~ Ci _6

al kyl sul f onam do; ce Rc
andR d are (z) i ndepe&ggﬁﬂ%ﬁ%ﬁn gé)al}cel%lggtg@{r}(ggce’l %f h?s ﬁ&f:p a@éﬁ&ﬁf@?

(c) Ar 2-Gi _6 al kyI m1¢rd)>rg@ﬁsrﬁ ocytolim atdoydingtotthainednkiyn Hltdjh%ptaphmdthIS

di al kyl ag no or . Y oa kyl, (f) C13
al koxy- al K3 I ?c\é)verm t %lf% pgne)db(i? X }l%eglaxﬁrggg 3 ﬁ%l sa(, 'd pyridinyl
optionally substl tutopdorwllph am no, Cl13 al kylam no, C1 3 dialkylamno, GC -6
al kyl sul fonyl am .do, sulfanpyl, C1 kyl sul f amoyl , Cl1 3 di al kyl sul fanoyl ,
(h) thienyl opt iIBnaIpPVLyé‘l?EE%/fef%‘feé% ‘\?é'?‘%/?p@fd]i??al kyl, (i) heterocyclyl or
heterocyclyl Ci -6 alkyl wherein the heterocyclyl group is pyrrolidi ne or
pi peri di ne sald he eroc group is optionally substituted wt

al kyl or oxoll qeymegdige qq@{he I?Yﬁna%a?l mfermw&bﬁ( d%nfuhm&%aawgi. i) Rc

andR d toget Ql@éerwptrépaian@n %ﬂfe@lﬁﬁﬁa?ﬁpéﬁ’@ﬁ&fboﬁﬁﬁﬂngaglﬁ:eﬁdl LB AgRlriBY oF at
pyrrolidinyl 7§Iperldln both o ch are optionally substituted with
dr

G -3 al kyl, %’yp%‘rlcullﬁjéroéﬁylﬁﬁ 73%, parteylarly af atéeqsts%%%@ﬁmculéﬁxp ally
substi tut edWleEé’t‘ S%Gpairf?cutld?fy%@ aﬁl@&% 90‘% %ﬂio’ﬁla!rl? @F&%a@ﬁ%t% %aﬁfehl@ﬁ& gfjatf romthe
group consisting of (a) amno, (c) amno G-3 alkyl, (d) G.
3 al kyl am noleaﬁ(tg?%@ln Bm(klﬂo%m no CI 3 alkyl, (f) G -3 dialkylamno, (g)
G _3 alkylamno-G _ 3 alkyl, (h) G-3 al kylsulfonyl amdo, (i) Cl1.3

al kyl sul f onanmi do-C 1. 3 al kyI (j) NG -3 alkyl-C 1-6 al kyl sul fonam do and
(k) G 33hydhoxspatify bmbc(dlmem)/tm glxgerelids ¢ dyer@CH pROOIRbRYeen 80Ap aml 9050,pheny|
or pyridinyl ho ‘{1 611%50)’ substituted with one to three substituents
mdependentl?/ I n each occurrence fromthe group consisting of (a)
am no, (b) CI. 6 al kyI sul fonyl am do, (c) sulfanoyl, (d) G -3 al kyl sul fanoyl,
(e) G -3 dialkylsulfamoyl, (f) G -6al kyl sul fonyl an1 do-C _3 alkyl, (g) NG
-3 alkyl-C _6 al kyl sul fonam do, (h) halogen, (i) C-3 alkyl, (j) G-3

al koxy, (k) G _6 acylam no, (1) hydroxy, (m halogen; (n) (CH 2)nCONR aRb
and (0) -Q(CH 2)nCONR aRb; R7 is hydrogen or Cl1.3 alkyl; R3 is hydrogen,
Cl-6 alkyl, G 6 haloalkyl, C -6 al koxy, G -6 hal oal koxy or hal ogen; R4a,
Rdb and R4c (i) when taken independently are selected i ndependently from
G -3 alkyl, G_2 alkoxy or G _2 fluoroal kyl or (ii) when taken together,
R4a and R4b toget her are CZ 4 et hyI ene and R4 |s Cl 3 aI kyI Ci -2 al koxy

L~ o o o - o L~



to three; n is independently in each occurrence zero to two; or,

phar maceutical ly acceptable salts thereof. In another enbodi nent of the
present iwoentomamotthere is provi ded a conpound accor di ng@creErb@onsdiaz |
wherein: Rl is hydrogen, C -6 alkyl, G -6 haloal kyl, hal ogen, hydroxy, G -6
al koxy, G -6 hal oal koxy, cyano, NRaRb, carboxy, G -3 al koxycarbonyl,
carboxam do, amno C -3alkyl, G-3 acylamno G _3al kyl, C -6 hydroxyal koxy,
R2 is selected fromthe group consi sti ngdnof: (a) -[C(R 8)2]p-Ar x (b)
-[C(RY 2 p-OAr 1, (c¢) - (CH2)nC(=0) X, (d) -NR 7C(=O Ar 4, (e) -G -6

al kyl', () - fd onc @mBBAiRRhKME nok- @rmgta‘tﬁe é’e[rgcg?‘s)ﬁbstl(am QlClﬁarE/athQ@x{lH@XY: (i) G-6
alkyl, (j) G -6 hydroxyal kyl, (k) hydroxy ? Po en, hydr ogen, (0)
phenoxysul f oghygerol(nsyparagpiCe Ctﬁf dherelélc!?)?fmﬁ[ @(Sli?eef}@}}pmNFbCélR@ toky (E)- or (2)
- RBC=CR 8Arp%]ian§@1h fein R8 is hydrogen, carboxyl, Cl.3 al koxycarbonyl,

car boxam do ydr oxyal kyl, C1.3 alkyl or cyano andp is zero to four
and (s) hydrogen; Ar 1 1is phenyl pyridinyl, pyrimdinyl, pyrazinyl or

pyri dazi nyl i | n t

pye i daziny! AP S0k PAERRARIN Y SUBRA M S 05 b nLGE

G -6 al kyl, @serﬁoekiyldneomeﬁré;Wherdmadt bfg;ecgll payaad.arlyca mﬁ-rcmlrgamsynmsbmn,yl]

car boxyl , Cl 3 I Q(CH
car bo ol S il e S R RS Ry RIS R,

i ndependent | ig ehginéeydr o @esrexftiss Prophieyio] oﬁlieerlﬁtayd: (fudD)- 6 aI kyl sul fonyl, G -6
hal oal kyl sul fonyl, C3.7 cycl oal kyl sul fonyl, C3.7 cycloal kyl-G -3

al kyl -sul fonyl, C -6 al koxy-C -6 al kyl sul fonyl, sulfanmyl G -3

a: ty: sul IE)@UTD}H Qnegﬁbgdlglieﬂﬂl, Ely |11§i'dhtf)(ﬁlrmb’\}idd§"d$gét}2dﬁl\@p?oduﬁgg Eafﬁﬁ(}ﬁalnecﬂjl-a§ .

al kyl car bano ia car ba r benzoyl sai enzoy tionally

i ndependent | S%ét@%m@@rénwhﬁr% C%Bara?@%rfysa BE[EEREHT S Phe gr oup
consi sting OfccafindQo tHRaREGSh andias @es@-ﬁﬂféd'hefb’in @for@ 1sﬂlswin%uidfp96b¥§saﬂﬁléip Re and
Rf when (i) taken 1 ndepend entl%/ are selected from -3 al kyl,

C4. 7 cycl oal RyhgigeergHe §oexass @t et pemdddifionglitgzeeg HO%WeSﬁ Fteéﬁpmdhpm ly

i ndependent | isti 1 I a tetlsd (RO - 3

al kyl sul f ony ggﬁ%ylgﬁksoﬁg&dé%lto d@%@ro%éh EJ‘(gﬁ@\) I%!I?gstgﬁée‘értlc%({\)‘:r |Sai( ‘ when t aken

t oget her 12l oﬁgl mﬁthﬂglvwlﬁyn@mg@ﬁsm@lmv@ﬁlt ﬁerym%neélo @&I%mtaéﬁ(éuc@)
pyrrolidine,, ﬁIperldlne or an azepinyl ring optionally independently
substituted Wlt one to three groups selected fromG -3

al kyl sul fonyl am do, G _3 al kyl, Cl.3 al koxy or halogen; Xis OH G _6

al koxy, NRcR r I tionally
oLORY, (NE B s Bl SN LEY SRl Sy RS A1)

consi sting oﬁcco(dm)g thdieogentmr(and)as heysdnbnd;hera@n bafdre @Jﬁsedywdnemxyealldayﬂ ane (i v)

am no, vi) Cl.3 al kyl am no al kyl am no-
s el kyP? (TP S el g bl SooE G TP Re i ForR ' 5 ey

(x) car boxam pioductixh hdsi bebn adakytasadl f onyl am do, (xi)

G . 6al kyl sul fonylam do-C . 3 alkyl and (xii)NG -3 alkyl-G .6

al kyl sul fonam do; Rc andR d are (z) independently in each occurrence R c
andR d are (mparthdRpenicebial Mufafits GAGRUREAG Wt HBCE E. (41), aRYdEDgRIein 0B orAr , (C)

Ar -G _6 alkyl, (d C36cc|o|ky tionall bstituted G -

di al kyl ani nozﬂalfe%‘@eﬂsﬁ&% i gyexy aé%%@ﬁemelawiﬁéi@i fsyglewa&aaww (f) G-3
al koxy- Cps  3dalyltpbenabd (IaMA) ‘ély@)(jlrlas(érsyﬂé’rﬁ m(lﬁeﬁIecﬁ} bPinddtkptionsaXitek lﬂwtérdl nyl
optionally substituted w -3 | am no, Ci -3 dial kylamno, Cl.6

am
al kyl sul f onylTegHP@IPOSY la%ﬂéwde éﬁhyéroama% IWF pegiulgrctiveted-3 di al kyl sul f anoyl
(h) thienyl optionally substituted with G -3 alkyl, (i) heterocyclyl or
heterocyclyl C _6 alkyl wherein the heterocyclyl group is pyrrolidine or
pi peri di ne shiaothet @nkedipedng|a ngerobis! mgta@tpxrlsmmnagﬂcyhﬂxw Eutoddnyipnths G - 3
al kyl or oxo or (i)
ReandR d ¢ ogathereliflc BrE¥hdssaat sl snlept P A SRR
pyrroliddhyl or piperidinyl both of Whl ch are optional I y substituted with
G -3 al kyl, I i onal l'y
substi t ut ed %’a{ﬁ 1%%% Og %E’g)e%gru H{ %létkn(%fgtr?lﬁq akéva r&?fé'?)?b@g% ected fromthe
group consi stnletagolmfnieaéed@ithihtabkgolcesébc)coatmgwtothe(m?enamn no G -3 alkyl, (d) G
~3 alkylamno, (e) G-3 alkylamno-G -3 alkyl, (f) G -3 dialkyl am no, (9)
C -3 alkylamno-C -3 alkyl, (h) C-3 alkylsulfonylamdo, (i) C-3
al kyl sul fonam do-G _ 3 alkyl, (j) NG -3 alkyl-C -6 al kyl sul fonam do and
(k) G- 3 hydroxyal kyl; Ar 4 is phenyl, pyridinyl, pyrazinyl, pyridazinyl
or pyrimdinyl each optionally substituted with one to three substituents
i ndependently selected in each occurrence fromthe group consisting of (a)
anmno, (b) G _6 alkylsul fonylam do, (c) sulfamoyl, (d) G -3 alkylsulfanoyl,
(e) G -3 dialkyl sul farmyl (f) CI 6 aI kyI sul fonyI am do C| 3 al kyl, (9)



C -6 hal oal koxy, halogen or R3 and R4a together are CH2-O and together with
atons to which they are attached forma 2, 3-di hydrobenzof uran; Rd4a, R4b and
Rdc (i) wwernotealesvsi ndependently are sel ected i ndependerCirEpPhoonsdGs: 3

al kyl, G _2 alkoxy, C _2 fluoroal kyl or hydroxy or (ii) when taken
together, R4a and R4b together are C2_4 nmethylene and R4c is G -3 al kyl,

G - al koxy, halogen or G - fluoroal kyl {PB(I ii) either R5 or R3 and R4a
toget her are CH2-O and together with ato to which they are attached for a
2, 3- di hydro-benzofuran and R4b and R4c are C -3 alkyl; R5 is hydrogen,
fluorine or B%n@@glbaﬁﬁleﬁﬂﬂﬁ{ehﬁ\;en%@ a%%o@s@ﬁﬁilstlg&%shﬁéhdﬁ §Ba®Ms 0o which
they are attached forma 2, drobenzofuran; R6 is hal ogen, G -6 alkyl
wher ei n one partiqukgslyrard self ﬁ@éhM%éﬁ%W%iﬁhﬁlaomne@th\éﬂ}iy can b e repl aced by
oxygen, G -3 haloal kyl, G -3 al koxy, G -6 hydroxyal kyl; mis zero to three;
n is independently in each occurrence zero to two; or, pharnmaceutically
accept abl e shians emhedimeft of khe igtenfipn, ahlersh ene ditirgtineremcodifig anhemzymesent

et s LS| BRI g SATRRUTH,SERRLAING i LALEL ). e i 1

hal oal koxy, ¢1§mho>;}msam kiizae (thaly) ar@me:%h)aglkmisymhdmemmgsA)@ad boyarmadadd, am no

Cral kyl, Ci1.3. al kox IS seI ected from
t he group coh¥ Orfx’/(,uﬁ %&uc 3un%fi%ﬁkm%°1 Of g “icqu(cqe prfn@f%f 8% 1“16&4 ", (c) -
(CH 2) nC( =0 ¥abi(eke 1ndﬁEibVeq§(reiﬁ)tA’r pékticyl@)y a@ranﬁD atdaydter. (f) - Cl-6 hal oal kyl
(g) Cl1-6 al koxy, (h) Cl-6 hal oal koxy, (i) G- alkyl, (j) G _6 hydroxyal kyl,
(k) hydroxy, (1) hal ogen, (m hydrogen, (0) phenoxysul fonyl, (p) -0(CHa)
1nAr 1, (1(0]) h{(ﬁé&lﬁbcﬁ]nlantmt@%venﬁd&ﬂ a(sﬁ)theti@ropérZh ispr&A@GaaRuddA thk-, (S)

hydr ogen, rvVherein R8 is car Cl. 3 al koxycar bonyl
car boxanmi do, &1@@0@* mlrb%&&}ewwenﬂei%?r% %ﬂ ost %e?%hvaft}qu ﬁﬁmaliooeyéﬁla R10 is
i ndependent | sltﬂame@&&p@ééﬁiﬁg ﬁﬁ%?ed&%ﬂiﬁﬂ@i&tw@ sele@{elﬂﬂom et groHIY G&r@?@ﬁﬁé kyl,
cyano, C al koxycar onyl , carboxam do, 2/ G o6al , P 1S zero to

four, r is 1°kgyegrol éﬁwdm%e(aiwa%wrﬁ@eﬁewéwsy dhyldt v en or G- alkyl or
R8 and Rh t ogy ?%Iyo%l thtﬂa@é?(n[gskﬁ RaRAy Elgn ke hletpli‘&iién&ﬁ& oRidbrRafesdcare an
optionally substituted cyclic am ne; i s phenyl, naphthyl, pyridinyl,
pyrim di hévfl (fagfagtivipt n wren@aélrrﬁyﬂ of&m ingsntipn; theegspesamedding thpakayendent | y
substituted

consi sting O%Etfvﬂ 69%% r%@?ﬂtﬁﬁ O{SMQ-E&%FBE%@J&I%&? %Rﬁhﬁ% %?% %%)% I%JH.Q%%O

hydr oxyal kylpmh@teelhut@ﬁnecldb’ath?QMmOMOns optionally can b e replaced by
oxygen provi ded the replacenent does not form a oxygen-oxygen bond, (e)

C 3 alkoxy-G _ 6 alkyl, (f) halogen, (g) cyano, (h) Cl.6 al koxycarbonyl,

(i) G -6 al kin swlembodiment( § yynderib opeydn is pkovided coraprydirgthergenCiencodingl kyl , (1)

(o b AR AR Ol e B B e O 'S

hal oal kyl, ( p&)te@ sceced Ylom the Frolp ecﬁlsﬁinkg/d)f%]&cfefa)ﬂl&éh,yd](o@na@ dﬁlydroxyacetone

hanaIkyIsuI on k ulfo cl oal k

o ky e sul £ onfinetang iy ik SHhees ey REHT 6 T et e nrorn,

(k|) f SO2( ICH 2%helg &il‘éE@k ilﬁl)ll}n‘gﬁf p%p@hédld?%xﬂﬁﬂdﬂ%sa(fﬁi@? glﬁ'ﬁrblﬁ&li}l/c&bg(léﬁjﬁ&e (1%3 |

sul f anoy sul f ano yl sul f anoy n) carbamoyl,
(0) G .3al ky?@&(ﬁ%}ﬁﬁwm X@_éet I&IP/RWS@/B BB or () benzoyl said
benzoyl optionally |ndependently substituted with one or two groups
selected fromthe %roup consi sting of am no, halaogen, G -6 al kyl or Cl.3

al kyl sul f onylndific g&oo Fne’(ltwheﬁépﬂéﬁﬁ‘éllfipﬁmﬁ é‘l@é‘ﬁ‘“‘tgd@élte%‘fenwft‘ﬁufl‘iif‘éﬂ}?lOPP‘i‘i‘éen to
whi ch t hey aBiean%&&ﬁJTbeﬁoﬁBér ﬁo@a)tmﬁ@rb%ﬁdr&’&ﬁdskl{nc@l%&tﬁr&ﬂét@r‘j cyclic amne (b)
(CH 2)2.30C(O or 2- 0x0- oxazol idine; Re and (i) taken

i ndependently are seI ected from (a) hydrogen, (b) Cl 3 aI kyl, (c) C4.7

cycl oal kyl o aIIy

i ndependent | {/n (gng)t?rsnp ?‘?‘g‘%}ééﬁ el \g%llﬁ{)erpt‘?ﬂ gl(%éh(?sgeggogd?rg‘g‘t}g%%g éel(h:ltl ggée??%m

al kyl sul Bonyiranserihsd u®in @dmtlloylfrom@ﬂld@paﬂokm foltovhyatege glddr didki, fuCWnen taken
together along with the nitrogen to which they are attached are a cyclic
am ne i ndependently substituted with one to three groups selected fromGC -3
al kyl sul fonyTMMtioﬁur&elaﬂelayds to mlyr&cabﬂk@xyolmuldsazt ogetmuctsXparscuitly C - 6

al koxy, NRcR OngldAa'ind\ie to{ lc% rlsln ésorr]n%l !1%’0 Se:uogsa{[clcgr 1tne§j éth one to
three substiPOtEAT S95EFGE eglfrOm e rou consist ng o & hal ogen, (b)
hydr oxy, (c) C hydroxyal kyl, (d) am no, (e) am no- O -3 alkyl, (f) G-3

al kylamno (g) G -3 al kyl am' no- G -3 alkyl, (h) G -3 dial kyl am' no, (i) G-3
di al kylam no-C -3 al kyl, (j)carboxam do, (k) C -6 al kyl sul fonyl am do, (1)
C -6 al kylsulfonylamdo-C -3 alkyl, (n) NR7-C -3 alkyl-C -6

al kyl sul fonam do, (n) G -6 alkyl, (0) C -6 al koxycarbonyl and (p) carboxyl;
Rc andR d are (i) independently in each occurrence_R c andR d are (i)

A ~ 7 N A ~ o~ ~



cycl oal kyl optionally substituted C -3 dial kylam no, C al kyl sul fonam do or
C -3 hydroxyal kyl, (e)C -6al kyl -C3-7 cycloal kyl, (f) Cl.3 al koxy-G _ 3

al kyl, (gwvopyrodeewyl or pyridinyl C _6 al kyl said pyridiroyEro@iosnat | y
substituted with am no, Cl.3 al kylamno, Cl.3 dialkylamno, C 6

al kyl sul fonyl am do, sul fanoyl, G -3 al kyl sul fanoyl, C dial kyl sul fanmoyl, (h)
thienyl optionally substituted with C alkyl, (i) heterocyclyl or

het erocyclyl C _6 al kyl wherein the heterocyclyl group is pyrrolidine or

pi peridine said heterocyclyl group is optionally substituted with Cl1.3

al kyl or OXOmVEHtlofllaj}ld ﬁcdeﬁ’d?ﬁi)&l AortiA9efoREMmdWb B&t EJH% PR MitBoitish they are
attached are pyrrolidinyl or piperidinyl bot which are optionally
substi t ut ed ngﬁowl%ﬂg@yldpoll'bgnd?lé@éyle@?dmm -OXY- Q/ alkyl; Ar 2 is phenyl
optionally substituted with one to three substituents independently
selected fromthe group consisting of (a) Cy alkyl (b) amno, (c) am no Cy
al kyl, (d) Ci1.3 al kyI am no, (e) Cyal kyI am no- Cy aI kyI (f) Cy dial kylam no,
(g) Oyal kyl agRiPr B a \ - _

al kyl sul fona 7 ? . do, (k)
Cl. 3 hydr oxyHBighksell, and (1) Mydmmsthmanon%ﬂgomheﬁwildt}myyl(blahlq‘oﬁts) aquyr azinyl,

pyri dazi nyl or pyrlmdln naII sub t|t o three
substituents i ndependenﬁ{’fnggliamét?ﬁ%b oy thgr(%%r?r n?urt%lrtnhta%e Ci;roup

consi sting of (a) am nObaré)mfH)y’olﬂlb}kddffatmltl’mmu(lt@bfdlbﬂlsagl}@kﬂ)aﬂmmﬂle (d) G-3
hal oal kyl am no, (e) G 2 kt}/ ul fonyl am do, (f) sulfanoyl, (g) Cl1.3

al kyl sul fanoyl, (h) C1. %“H‘ir% "RW sul fanoyl, (i) G- al kyl sul fonyl ani do- Oy

a: ty:, Ejrlr(; gﬁggrteykm kyl - Cl1sa@cl§hiﬁﬁc|: &Mbvflfgrbﬁﬁﬁtg()ﬁa}ﬁ@gherﬁlﬁig(l(gﬁ?D ﬁ)\(hlkh G -3( )

al kyl , al koxy, ac ydroxy, (p) halogen; (q
(CH 2) nCONR aRb, (r) - ‘@Jsﬂﬁ@@@% ?USS}IS BeH 2)nNR R} wherein R and R
are i ndependgftiley 3 Ry4r ogRBAE ngS'& gﬂi'sﬂﬁy s-dedckibed Wihih (fehihv2hlR . (U) _
Cy- hal oal kyl, (v) G -3 al koxy- koxy, (w) C3.6 cycloal kylamne; R7 is
|ndependently in each occurrence hydrogen or C -3 alkyl; R3 is hydrogen,

C _6 alkyl, G _6 haloalkyl, G _6 al koxy, G _6 hal oal koxy, C -3 al koxy-GC .6
al koxy, haI ogen or R3 and R4a together are CH2-O and together with atons to
whi ch thé§/ forma 2, 3-di hydrobenzofuran or an indane; Rda, R4b
and R4c (a) e ly from
and R (2), e A8 UERRCIIRIL e i BRE RS S0 8o SRR

hydr oxyal kyl m@lecwlmjwmgldmdm@l can b¢ b)lglwh@andﬁdakrei@ubbgémded CO@p?SGR@é and R4b

R T T R S S AR

whi ch t hey apwimatot ayaimxdmar”éheaem‘eiobmydledﬁde "itlsis p ynhanlgeefprs@ia Bolajnklydf or (c)

ei ther (i nd R4 r eth
wthoaroRh «BNATTRE Bl sl oCe Aite oy SRAE bt S B IE D, an
i ndane and %mﬁal%@ltae@nﬁleoﬁd%dsw GapdRe d)fSlndbylﬁfralgﬁl‘intoflemr)ﬂ ReAor R5 and

Rd4a t oget her toge her wth ich they .are attached
forma 2, 3- dP ?rgﬁﬂ%f’ﬂ?%seo? igHed AdaR aaﬁélcleéc afgqseﬂ%ﬂnff‘g‘éfﬁh“( b) G _6

al kyl wher ei ﬁhvaﬂﬁn@rsoﬁrmﬂlcﬁt a6t &R otafvbortahodEcdpiriapR @lckaof e b e
repl aced by hanaIkyI -3 al koxy

xyge
hydr oxyal kyl gq,%ﬁg%r@FﬁO%ﬁéulafltusw ﬁ%coamlaéw EIPHIGRS %‘@d?rﬁ"(eﬁﬁiﬁﬁnal ly can b
e repl acesd byeq@éh\él@gplﬁmy(lmca@eda Siciiéaid), ld¥denerd cbdoryibdtRgRAs medBOH, CH2OR9"
wherein ROa is SCO2H wherein s is one to four, C(O CHR 9bNHR 9c
wherein R9b leﬁ%%@e@ﬁrw%@ﬁwﬂceﬁ ig ahigh g third pesitiqh afyppe oBerepelesitd  pheny|
or 4-hydroxy &Q%ﬁo&ﬁgsﬁgﬁuﬂeé wht}{%&élﬁ&s@&ndgrd@o;@rhd%%é(Fe@fd?&"()ébtze%t‘ 5 zero
to three; and n’i1s independently in each occurrence zero in yet

anot her embodi (H8AD): @hts‘{ﬂh"eetﬁie@% 4n|4\Fé>ﬁi‘10|11@he&%éﬂ@@)sTb?@Vnﬁéldnwle@@%ound
accordi ng to;f V. : | oal kyl ,
hal ogen, hydlrscl)%f{m&?c-h Léng\g%}g%%}? ng;lellégﬂg IHE gd%f?éag?/%n%h% ncgde% oxy, G _3
al koxycasbongPNAgand oM sdwcodgrdibne gaie, @al kyl, Cl1.3 acylanino C . 3alkyl,

C -6 hydroxyal koxy. R2 is selected fromthe group consisting of: (a) -[C(R"
2 p-Ar 1 (b) -[C(R8 Ip-CAr 1, (c) - (CH2)nC(=O X, (d) -NR 7C(=O Ar 4, (e)
-C -6 al kyl Thqtedm "dOnstrugt"haflesad kp]a$m'(dg§in@i alﬁor@hioosiyrep(ita)tingiisecﬁerwal oal koxy,

(i) G- alky 1 -6, hydr ox I drox, in

hydr ogen, 5’ha§%é%%u>?ff) l%ep%équeng@ﬁf% In%\r % Ozfq)smg%d%%?]ﬁ] ralﬂfﬁd D%A OI%r) (E) -
or (2) - RlOC—CR 10Ar 1-, (s) hydrogen, (t) -CCArVherein R8 i s hydrogen,
car boxyl, G _3 al koxycarbonyl, carboxam do, C13 hydroxyal kyl, C13 al kyl,
-(CH 2)rNR8Rh or cyano, R10 is independently in each occurrence hydrogen,
C -6 alkyl, G 6 hydroxyal kyl, cyano, Cl.3 al koxycarbonyl, carboxam do, or
C _3al koxy-C _ 6alkyl, pis zeroto four, r is 1 to 3, and R8 and Rh are
|ndependently hydr ogen or G-6 aI kyI or R8 and Rh toget her W|th the

o e . o o o




pyrazi nyl, pyridazinyl or quinolinyl each optionally independently
substituted with one to three substitutents selected fromthe group

consi st i ngoabiofmreohydr oxy, (b) Ci -6 al koxy, (c) G -6 al lpgir/Epeabp/o€132 10
hydr oxyal kyl wherein one or two carbon atons optionally can b e replaced by
oxygen provided the replacenent does not form a oxygen- oxygen, (e) C13

al koxy-C -6 al kyl, (f) hal ogen, (9) cyan]c% (h) G -6 al koxycarbonyl, (i)

C -6 al kylsulfonyl, (j) carboxyl, (k) G acylamno-G -6 alkyl, (1) (CH
2)NNRaRb, (m (CH 2)nCONR aRb and (n) -Q(CH 2)nCONR aRb. Ra andR b are (i)
i ndependent | RNA”d&%H‘ fl%ﬁlcdlﬂ "s@lﬂ&en{\@ﬂlc}hygﬁrﬁlgz@'afm(c@otl@ Se u&ké‘sﬂave b&h G -3
hal oal kyl, (d) Ci - %/ C'-6 al kyl sul fonyl,

hal oal kyl sul foangg for re(igﬁl I@IWOWEIII%EICRI}BF@@IOFlGﬁWh 18 Gfﬁ’ﬁb fmtr@9‘&1ft¥aﬁ kyl - 3

al kyl - sul f onyl ) 6 .2 KRR Ve a 0 ¢ £ R8Rh

(0 s0o( o 23 LRI RAR B e aeoRy e L A bt ool IIzrs’“'e“

sul fanoyl Ci aQ@ivay keebwlingf ta thyihven(ion al@ig Bitldipprdoyiatdl frdrenylbted iqq)ler@ani.uzarmyl

(0) G .3a§ kyllg&{ bamoyl, (p) Cl.3 dial kyl carbanoyl, or (qgq) benzoyl said
benzoyl optionally independently substituted with one or two groups

sel ected fromthe group consi sti ng of am' no hal ogen G -6 alkyl or C1.3

al kyl sul fony " Ra and ni t.rogen to
aht ot hey. aF B s efialion of M TR SREr ARSI E Rt 8 ne Cb)
(CH 2) 2. 30(:(@11arftrer(he)ncammaﬂemxmlelochcme Re and Rf when (i) taken

i ndependently are selected from (a) hydrogen, (b) Cl.3 alkyl, (c) C4.7
cycl oal kyl or (d) phenyl said cycloal kyl and said phenyl optionally
ilngeloenldfm I ?Zh&ugﬁtéxbw%%&l"}attblh t@fc]:ﬁ tlfgﬂscflgtﬁ(ﬁﬁmgl’[@ﬁ@‘l&loﬁ% @fﬁilb@ﬁbdh&t@fﬁn&m -3 )

al kyl sul f onyl am 1 a , Cl a X al ogen or_ (i1 en taken
toget her al ofgeRPY! ﬁgf éher?F‘I‘I%I‘geéﬁﬂ%eo‘%%Pr@ %Hag)h%x c Q%&P@fﬁ%}%agla cyclic
am ne i ndepeagd@ftfbyths Is%%éﬁc"e'éf géil grddhlctqmrsI Qarfs&{‘&ﬁ t(9£ éﬁhﬂ}ﬂmﬁ-ﬁ{aﬁﬁkﬁﬂ fromG -3
alkylsulfonylamdo G -3 al %\ g Xis G-6

al koxy, NRcRuhish lsmfteeanmsseegqr§%@rﬂjrhe@ﬁh¢ H%‘IYWC@J.? élteﬁfteageé@l\m Bh one to
three substi {r%ﬁ%ﬁnté%e%B@mEﬂt%& Qﬁegfdaua 1Pt‘1'=1@§én%tlca]'r&gwtqga fodin.hal ogen, (b)
hydr oxy, é C hydroxyal kyl, (d) an no, am no- E , (f) G-3

al kylamh (g) G- 3 al kylam no- C -3 al kyI (h) G -3 dial kylam no, (i)
G-3 dialkyl lasindral K ¢ b carhgxan K)ol 3 y!l sul f onyl am do,
() G ealkyl & ?‘B%Tsan? S Yorog by Egﬁr,a(%)r_ﬂs%‘%he%lo}e% ‘%%‘F-o -6

al kyl sul f onaglirgmosofa) el@ner@ ofibrksarrying@enaSiwhéchadrk notyed oHida pentahaetepylismar boxy| .
RcandR d are n > (1)

i ndependent | 91(%11%1“%”3 occ %e}%écf{%& ?ﬁcgfljaﬁl%g(got)%feen&&?%? W‘gg’ﬂ’f‘?’) SeA 2-C _6

al kyl, (d) C3.6 cycl oal kyI opt| onal | y substituted Cl 3 dial kyI anmino, C

al kyIsuI na do or. C3 7 ¢ al. k I (f) C
al koxy- C?(? lﬁl re%%lﬁ‘w i:c{ dlo%e] prgs%nt’ piyém%ﬁatlﬁlil re%rs lg/afe-seg]l C%yarvim nyI
optionally sﬂiﬁstﬁOnhuireldow ard aapradacd t@hs&mbkzyleameﬂiqﬁ gCtnldincirat®yh@m no, C _6
al kyl sul fony] a kyI sul fanoyl, C1.3 dial kyl sul fanoyl ,
(h) thienyl mrg‘ro%'?‘\} é‘ﬂﬂ%‘{?tifa?%%‘e h Cl.3 alkyl, (i) heterocyclyl or
heterocyclyl C _6 alkyl wherein the heterocyclyl group is pyrrolidine or

pi peri di ne sa “het erocyc| yl s optionally substituted with Cl1.3

al kyl or oxo; flf‘otﬁme Lﬁpeﬁﬁyem%@é &S?%E\é’ﬂ%@? ew%pﬁmﬁ%lomemd‘é HVEWhi ch they are
attachedpar ere@hﬂﬁfog él@lhéh\t’s] su@Ii ad pembRt, AY knihaéd? apd thIéInk@ Iﬁhaae@mpﬂﬂe epal |y
substituted wth 3 alk hydr oxy or hydroxy % : i's phenyl
optional Iy sw@%ﬁl@wé@aaﬁﬁewfejﬁ@e%taretq%@éteéaw one Iﬁ%atq Iﬁ‘d’éﬁétrﬁﬁléﬁ‘ﬂq y

sel ected from ¢ hg.sar Fésé}&ﬂéﬂsﬁid ﬁle&fmt@l%)st fels Bwal fé%‘wn(d?&tte@mtﬂ&e of C) amino
Cy al kyl, (d) Cl.3 alkylam no, (e) Cy al kylam no-Cy al kyl, (f) Cy

di al kyl am noord(ngyy sy hiniha %?ﬁlﬁdh@ypfafdemd qfﬁsgu@iorgalavwriwn@@aynm do, (i)
Cyal kylsulfog% m do- Cyal kyl, (J) NG -3 alkyl-G -6 al kyl sul fonam do, (k)
Ci -3 hydroxyal kyl, and (1) hydroxy. Ar 4 is phenyl, pyridinyl, pyrazinyl,
pyridazi 8yl or pyri m di nyl each optionally substituted with one to three

substi tuent s e S| i f . oup

consi sting of Ma T A oot g FELBRrq Iy ERaR: AGFH ENGR: VR HRGAIOTE (o)
Ci - 3 hal oal kgunawisba suppyes@on & aati'kiw thatlchioby/draimaaioatinf yn whibftenmporlitcafg) CL1. 3
al kyl sul f anoy| Cl1..3. di | s fam) I amdoQ/
alkyl, (j) I\I&%ﬁ% A GEat lg%ﬁg? g ﬁ 8%“3%‘%8& ?’i%}“pt 4"“@‘%& p%ﬂi C al kyl |
(m Cy alkoxy, (n) G _6 acyl am no (o) hydroxy, (p) hal ogen; (q) (CH
2)NCONR aRb, (r) -Q(CH 2)nCONR aRb, (s) -OQ(CH 2)NNR R wherein Rand R are
i ndependently hydrogen or G -3 alkyl, (t) -NRi(CH 2)nOR , (u)

Cy-hal oal kyl, (v) C -3 al koxy-C -6 al koxy, (w) C3.6 cycloalkylamne. R7 is
i ndependently in each occurrence hydrogen or G - alkyl. R3 is hydrogen,

G _6 alkyl, G 6 haI oaI kyI G _6 aI koxy, G _6 hal oaI koxy, C| 3 aI koxy G.6

o ~A a2 T s o~ v N o v



i ndane. R4a, R4b and R4c (a) when taken independently are each sel ected

i ndependently from (i) G-3 alkyl, (U d 2 alkoxy, (U) G _2 fluoroalkyl,
(Jv) G - 3 Wwpdomxa2dokyl (v) hydroxy (vz)cyano or (vii) halpogar2am/ofdap2 when
taken together, (i) Rd4a and R4b together are C2.4 nethylene and R4c is Cl.3
al kyl, G . 2 al koxy, hal ogen, cyano or d _2 fluoroal kyl or (ii) R4a and R4b
t oget her with the carbon to which they are attached are 3-oxetanyl R4c is
hydrogen, Cy alkyl, or (c) either (i) R5 and Rda or (U R3 and Rda toget her
are CH2- O or (CH 2)2 and with atons to which they are attached for a

2, 3-di hydro-pﬁ.ngfq inAgasn I | or (d)
R4a R4b, R4c toget rgﬂr%f\/ar,rF {e%ﬁn ne car%,b%ﬂg% %{ﬁg‘% SB%yﬁéerogg}fégﬁde%f are

cycl opropyl , nen-fupetipgplonee Mgt the exppession pradpétilesss tefungtion (s exampts ¢lasigan,
fluorine or t omsto whi ch
they are att Hohaa R B R o e T (o)

hal ogen, (b) essﬁntlallyathkyUPWMelpephthot@nfoWmmewévdrmnd bx:ardmnomt ons
optionally c r ) 3 al koxy,
(e) car boiyl Lt (1% fgeﬁg%?%gﬁrag% t&fégﬁl%\?\ﬁ{eo?lelrsgatooﬁlearﬁg 8]?}&%11 01( gg S&cgenr?t car bon
atons opti onwdcblydir@adt%énwwpém@eobxbmpbxwgmn ma@rbe@ﬂaptmyealn:o lﬁylowgku}sl RO is
hydr ogen, CHZO—|

) Qoomnt wher Brna R iR s A PR O ik D SRS g ot Y (RO

hydr ogen, nethyl o propyl i so-butyl, sec- butyI phenyl or 4-

hyd - ph i k. b RO9b d RO
ot h: PheTbrieh Sy Baciplafomy eyoe thiin B aﬁorl%wgg#lﬁg%@%éfn?@ék AR s

i ndependent | ntbfuced@ o M6 eIl TaRGRgHEHitAs baihdWin v, SndEdtRQekaBAL rdgivnk her

i ncl udes pharnaceu%rcally acceptabl.e salts f t he ﬁ ounds therein. In yet
anot her enbolHE MoEenEHE args%f‘ew#l?&/%rrﬂq%ﬁ CtaBT o %"E%eavr e a conpound
accordi ng toaﬁt%[dfulr@swltan\ﬂ@gé'r@} Rcdwdd b&vé&dﬁ&%manﬁﬁgf%ﬁs This agtekOXys Ccyano,
NRaRb, carboxy, Cl.3 al koxycarbony car boxam do, G _6 hydroxyal koxy; R2 is
sel ect ed fr ot 2grraGpvad p%tThﬁ@elbfthat@a\)e wilgrgeaieg ofopabagation e¥pnt and o R

8) 2] p- CAr\ (fh}e ra@e@'ﬂh@gfﬁ%ﬁgrém&l@lre sgll&tgcﬁ(}g@tﬁr oﬂ’a s@ﬁ%ﬂve%‘row‘[ﬁ nﬁ'dﬁ])ﬂ ()
Cl- 6 al koxy E hydr oxyal k oxy, hal ogen, fol’r)* hydrogen
(k) phené)§<y @1 )that@e‘(q.mngyr,gmpe ajdouy, %}ﬁrecop@(tﬁng) g]ep:lege ich ‘(hg}lat{@)gen as(z) -
R10C=CR 10Ar % @e)cea%%nilaCM% JoRe. B Se%cggydr ogen, G _3 hydroxyal kyl, G _3
al kyl, - % th or cyano, i's i ndependently in each occurrence
hydrogen Ci- al kyl, G - hydroxyal kyl, cyano, Cl.3 al koxycarbonyl, or

car boxam do, -

pyri m di nyl, TQ%/’F 132 ny'r%“%????t a%’F%‘{ﬁf‘ y'L|Co 3 onnsfjgl) #Cg C%Q@géggﬁg%@ktgbgﬁhs Y tut ed

w th one or amrwwsmwhanﬂnehmbﬂmteadmfamsmlbdmeom@rkmncammsr sting of (a) G-
al koxy, % ) G- alkyl, (c) G. 10 hydroxyal kyl wherein one or two carbon
atons opfionally can b e replaced by oxygen provided the replacenent does
not forma oxy@eﬂn M()yig‘enmelﬁohlé cabdn SL(Bfktraﬁe“édskl@e(Mﬂ@e—lﬁesahtkly\rentnﬁreﬁefelfﬂaﬂoogen (f)

cyano, (g) G 6 a C rb -6 aI IfonyI ), X1CCH2) 6CO2H,
(j) G-3 acy?"‘é‘?ﬁ“rf&} s(‘ia 8 r(ﬂriht S“SE‘*R%‘ ' @HP‘???F glvﬁﬁj’rg(a@%l“é‘i AOENK aRo, (m)
G _6 hal oal kyibomeads if B)set@rdiexopenouRaleatchRicbepisre () i ndependently in each
occurrence (a) hydrogen, (b) C-6 alkyl, (c) C-6 acyl, (d) C-6
al kyI sul fonyl, (e) G -6 haloal kylsulfonyl, (f) C3.7 cycloal kyl sul fonyl, (g)
7 cychoal kyl T@amdso@ﬂsyﬁe@ug ng@nmpm ) Blaid bakdefunelin & by | ony! ,
(|) (CH 2) | -3NR 8R , % 2) LENRBR11 vvhereln g and Rh are as
defined abov&s 2 qoposnt § ‘éHS |ppbrﬁﬁyrresneswhaema@utaqakyﬂr%l@b%mpri or (U Ra
andR bt akengdpaethe uld\ﬁétag&ﬁ‘@c&l&ﬂt@%@nﬁ%e&b‘&Iaerid?@@’ﬂlﬂﬂses%tc& aohed are (a)
an optionally substituted €yclic amne or (b) 2-oxo-oxazolidine, Re and Rf
when (i) tak@ﬁp@@dﬂéb@ﬁd@hﬁﬁpp@@&y setive camartiomesiaallyurdyenasions of ) c4. 7
cycl oal kyl, 7 Ty i Xyl noiety is
optionally sé‘ﬁ’éﬁg@lﬁ%g?@f‘ﬁ@%ﬁﬁﬁa%w %E@n%r% lgg&)ﬁﬁ%r 1) when taken
t oget her 3@l oplysisagieat dpplicationogen t o V\/nr ch they are attached are a cyclic
am ne substituted with Cl1.3 al kyl sul fonylam do; X is OH NRcRd or Ar 3; Ar
3 is phenyl optionally substituted with one or two substitutents sel ected
fromthe group popasidst ( g POH car(t&)prothllccrglennic(dm)gahydls dooyn, sugzr) asaﬂmbﬂm;tes( d)
amno-G -3 alk carb xam | sul.f on (g G _6
al kyl sul fony'fmd s%% r(ao)l oule qreceﬁgyéar eanaat‘lrveé s%séﬁ}([es s&glbaés ce{gl ﬂav’en each
occurrence: (a) hydrogen (b) Ar 2, (c) Ar 2-G _6 al kyl, (d) CB 6
cycl oal kyl optionally substituted Ci -3 dial kylam no, G -6 al kyl sul fonam do
or G -3 hydroxyal kyl, (e) G -3 alkoxy-GC -3 alkyl, (f) pyridinyl G -6 alkyl
(g) heterocyclyl or heterocyclyl C -6 alkyl wherein the heterocyclyl group
is pyrrolidine or piperidine said heterocyclyl group is optionally
substrtuted wth C| 3 al kyI ~or oxo, (h) Cr 3 aI kyI im'dazol-4-y| or (i)

1 A\ o~ AR IS NI M —~ g



attached are piperidinyl optionally substituted with hydroxy-GC -3 al kyl;

Ar 2 is phenyl optionally substituted with one or tw substituents

i ndependemdl2y10aabaat ed from the group consisting of (a)pCraP2a&bkydh) G -3
di al kyl am no, (c) OCH 2CO NRgkh 1, (d) G . 3 alkylsulfonylamdo, (e) C-3
al kyl sul fonam do-G -3 al kyl, (f) G -3 hydroxyal kyl, and (g) hydroxyl; Ar 4
i s phenyl, pyridinyl, or pyridazinyl each optionally substituted with one
or two substituents independently selected in each occurrence fromthe
group consisting of (a) am no, (b) Cl.3 hal oal kylam no, (c) G _6

al kyl sul fonﬂltﬁ@@tgpoonglgéralh@-h%ﬁgn fo@ﬁge a@'ferﬁleﬁ‘ﬂam suptfate 1%’[6331 cﬁtlelgoé%)éar (g) G_6
acyl am no, (h) hydroxy, (i) -Q(CH R1RJ wherein R and are

i ndependent | Wrmp@'@éﬂnm? I@YGSBI%IWTOI eS(SPI)UaﬂNR'tb@l%@)@f@f%mfm@b’el n Rland Rj
are i ndepend r l, ) G-3

al koxy-G . 6 E]@.{?%%(ésf&’o el pb% e(t:};%:l?lgb %%?{JgrmB%gl)pr&essgsgﬁ] roéﬁ%Jr?rOI%éL 6 al koxy,
G _6 hal oal koipr b}GpEOQu@Ith@@mkﬁ@lup e &0 ?(d%W) drthfhlabdlwhpromd R4b and R4c (a)
when takep independently are each sel ected i ndependently from (i) G -3

al kyl, ( G _2 alkoxy, (H) G _2 fluoroal kyl, (iv) G -3 hydroxyal kyl, or
(v) hydroxyl Th@pres(ebt)invwm'nn nakemvtd@gatihmrqvedb)otdaldmlegi@I Pbbest ﬁgeelneher are C2.4
nmet hyl ene and R4 dr oge dr oxyal kyl ,
nal ogen cyansisriont b PRI (G Pof ety naie Be R s R T e
carbon to V\hsubhltrettds]@yrtlaﬁl@rlﬁﬁ tmdhglgicmlq)r@mmeﬂi arigtebiRde cabohydtsogeis, Cl. 3

al kyl, or (c) either Rda .t oget are CH2-0O or
(00 25 2" g VB el Ak A SRiet fht TS FRCr B on of F2

2, 3- di hydo o- pepaetlier are-pb) Alhd samafigeaATit ﬂi@sbntaﬂ&n{?ékcfuaha pebvides ahpapledor (d)

R4a, R4b, RA4c.toget her th the carbon to which t are attached are

cycl opropy! ; MEBORT siipt %@ﬂareﬁmc&g%ﬁy adapteg toyhg gipect waqlwwelaﬁ oH8iSand R4a

t oget her ar epIGb&?duQ a%ﬂgrettﬁé}%%bed@ﬁéahlyﬂ&%ﬁfoh@eYi»f%@ obQieYccdfdngabtigched form
a 2, 3-di hydrobenzofuran or an indane; R6 is (a) halogen, (b) G -6 alkyl
wherei n one BVEHIRB: non- adj acent carbon atons optionally can be replaced by
oxygen, (c) C -3 haloalkyl, (d) G -3 al koxy, (e) X C2-6 hydroxyal kyl
wherein one or two non-adjacent carbon atons optionally can b e replaced by
oxygen, {§) Byearefeapd ersbagiment, thy pypseit igygnyion progdepidr biocqyprtirg glygol or

2) 2. 6NRgRh; r [ CH 2) SCO2H
wherein s isgf%Olé @y&l\)@ p(ﬁ%ﬁ iR aébgﬁ'%%rgem e?éﬁ)]&h fee dﬁ?f(ﬂg%‘%% or

zso- propyl, pheganRGiol ussngi‘wldﬁw@npamcu@b aamGrOR&@m‘sm@eStWelr ﬂaﬂt baS(hwn P(O (OH)
2; Xlisab i yle or R8
and R0 toget AesioE 1 o pke FREVAROE K e IR b i
optionally su5$tapanﬁd&dl(b3ﬁ<BD|) ﬁomrglywyolmpamculadmpémjeeﬂ |pyrt1|cuiald!3a‘dlh occurrence
hydrogen G . . n cmds, 0 Nyl Sml ntge ag nt rcgbach occurrence
zero, ond ormfcv\%o gal a‘?nc?fﬁ rcé?rg di' et S e ?eesee lflee?l ention there is
provi ded a C&ﬁ@ﬁunﬁhtmmd]m‘i@e'sCb[frﬁdlutfblhﬁecbmeeﬂiteﬂoﬁt caz plamcplaﬂylyl pyri di nyl,

rimdinyl, azin ri.dazi alkox X
Pre "R 12 R DR oS TR B et R i g L PR Bt of & KO
her ei nbef or edlhydro@meét&epho@mmnﬂ&Mhyoglydxbgtvracr BSMcutsOveMipoaidstingke i S
provi ded a congound a cording to f ).2] P- Ar

)r I
Ar 1 phenyl , Piggyqtgp ﬁ§i wa\orly raPaﬁlf‘/@omé;%r%% Hwamcawa%@éﬁ%wp%ﬁuﬁgw R3 |s
hydr ogen2or fdicr&or@dnk@xyt; stri@, @Eﬁwt‘&d LB o REQRcledtBPfrath [theOtrbigy

substitutents are as defi ned hereinbefore. 1n anot her enbodi nent of the
present i nveffIRsing tfeeresieacqdingsnawees sXbiins a slycaekdhyingeney &8y RuPa |

wherein RL i gn{ygt &Qg&@n 91&1215@36%\9‘?& a mBhylg§oxal- Iﬁla@ a?cltl%tf‘ﬁnd]a #opahedbeny!
pyridinyl, pyrim pyr azi ny , pyridazi ny pis 2 I s hydrogen or
met hoxy: R6 p@dqfadt@@émact@y,bémqhwnzsonesae #leaoleowert ghyserol 5!, 219191)@@610%9 are
hydr ogen, Qzahl) @h?girg sUbskidutents are as defined hereinbefore. In
anot her enbo |nen 0 tRe present invention there is provided a conpound
accordingdto fornmula | wherei n Rl is hydrogen or hydroxy, R2 is -[C(R

8) 2] P- Ar zinyl; p
82 RS s yrERERY oo L el RHERE W R ERY

hydr ogen; R6calsstﬂay1dsm@émthhah@§pep¢ ofGhe pregenkipbention.Ci 6 al koxy and, R5, R8
and RO are hydrogen, and all other substitutents are as defined

her ei nbefore. I n anot her enbodi nent of the present invention there is
provi ded a conmpound according to fornula | wherein R 1,is hydrogen or
hydroxy, R5, R8 and RO are hydrogen, R2 is -[C(R 8)2]P-Ar 1, Ar 1 is phenyl
or pyridinyl substituted at least by (CH 2),, NRaRb, n is zero or one, Ra
is hydrogen and Ro is C b al kyl sul fonyl, G _6 hal oal kyl sul fonyl, C3.7
cycl oal kyl sul fonyl, C3.7 cycloal kyl-G _ 3 alkyl-sulfonyl or G _6

al koxy-C _6 al kylsulfonyl; pis 2, R3 is hydrogen or nethoxy, either Rda,



anbiguity and the phrase "substituted at |least by (CH 2)n NRaRb" as used in
reference to the conpounds herein neans that the aryl or heteroaryl ring is
subst i t utwd 2by/apsoam ne (n = 0) or an ami noal kyl group @EOTEPR)09/0EEIBEr
unsubstitued positions on the aryl or heteroaryl ring are optionally
substituted with other groups with the scope of the clains. In another
enbodi nent of the present invention therg is provided a conmpound accordi ng
to formula | wherein RL s hydrogen or hydroxy, R5, R8 and RO are hydrogen,
R2is -[C(R8 2 p-Ar 1, Ar 1 is optionally substituted

4- et hanesul ft%ykﬁﬁhﬁgglyﬁﬁﬁ&{whﬁ tﬁ@ﬁr@éﬂﬁﬁbén%ﬂ{{hﬁmoﬂﬁndw&ﬁd@ dyReof|l or 2-
met hansul f onyl am no- pyri di n-5-yl; 2, R3 hydr ogen or” net hoxy,

ei ther Rda, b rmyidy) Repe @P@GWEIPHQWCUOR@H®Lﬁ?ﬂ%@g@ﬁﬁateﬁaﬂ wowh of@braalkyl or
Cl-6 al koxy, r ore. In
anot her enbodi rTg' &4& a% gogr%gfg%%{tér%r\?/ﬁldﬁ %{%@%}ﬁern gﬁ{: g&gﬁj{g\;}?cﬁgﬁ!g%éonp und
according t odeflmnﬁmat@d ﬂhat\m@t eff the REaiismhigeiedyemn notintpgidecdnycrudzlycsrol [ C( R

8)2] P-Ar 1 A yridazinyl: p
% Re s FmRaRblys bbb bllihauoi By oBERAZE! 2V L0
and, R5, R8 glmcbrmamb@utﬁ;sdd ﬂgiem;n deadralRbatoaivdo RAddyoarg®ni@is. Bloauiakyl and R4c is

or ?ftv?dhfy&?ﬂi‘gﬁuc’n s @i s L ERE s ) ne and
Rdc is Cl1.3 @hklylg],yc@bl f2ora blodicyel-phaluagarr aiyianive 8surésh c2n ftliemfma;tekyl or (c)

Rda and R4bto t he thth carbon to.which.the attac

S oxetany!  atiiieh g gRToPes gt Ry B e S Rt Y and raa
or (H R%anmrﬁéaprb&gﬁﬁmra o@h@alCtiwabRcatbGirkotyod iR fdimwthtionalr€dEsed fr Whi ch
they are attached fo 3- di hydrobenzofuran or an indane and Rdb and Rac
are C1.3 al kyPmandre “%{hd RO is hydrogen, and all other substitutents are
as defined hereinbefore.ln another enbodi nent of the present invention
there is provided a conmpound according to fornula | wherein Rl is hydrogen
or hydroxy, Rdrglycpreymemyaiops pprtigulagy qrudaselycedprergitipnsiiom pigdicslipist i t ut ed
at least w tﬁoét%o?%mdudﬂ@ﬁ‘%ﬁ m‘%fgﬂe@e ﬁsédsin ﬁl%'b?ocgsrs a@é'b?dmggﬁ‘) thSpilyglf ogen and
Rb is al kyl sul fonyl, P’oal kyl sul fonyl, C3_7 cycl oal kyl sulfonyl C3 7
cycl oal ky? - GnVefsloaIf%mm@angdﬂyﬂroﬁﬂﬂec@l (62aﬂﬂéoxy G _ 6 alkylsulfonyl; pis 2;
R3 is hydrogen or nethoxy; R6 is halogen, G _6 al kyI or G _6 al koxy and,
R5, R8 and RO are hydrogen; (a) R4a and R4db are C _3 alkyl and R4c is

sel ect ed fr omf{rit)keCpregursdricompoun(i) thEiprRluétiongrathadak yd 1.2 prdpynediol 3. YA oxyal kyl

Rac 15 c Al kg o Ry hds AR PR ROGHARL BieulitatoliFR Y, °TC) “Ria

and R4b t Ogeeslsmnal/\prbdurioh eom;wubd; nhibaghwhe edivithef/a acbylatyoad hgtdhae engAoxet anyl

and R4c d (U R3
and R4a ge%fﬁ ggfg’&f_é)b omes ? é_]‘lyé‘)ogve(rtﬁé 1n€% FQactatl(éell”l%det 5 S\R,gar uﬁn Sil éfilledar A
attached for gl@ce&‘olgdehgaﬂrhtyxéraoah@nﬁ@if donedtt glyceasl intoRaneS-dachldefpleanticiRic ar e

C 3 al kyl and ot her suybstitutent.s are as
Ger s nad her ol s @i kS pr 288 TR e R Mt iy RSB T on € har e
i's provided actmyrpptuaﬁosae@n@gtdplsemo protiad|ral b-Poheseitit Rlacialilchiyndr @gen or

hydr oxy, | R 8 - Ar lis tional | stitute

met hanesul f oﬁjff Eﬁrﬁa&deﬁw%ﬁ tobg ﬂwewh%mw@r @ﬁpwgmeﬁ%l E?raﬁhwtaﬁe &JC%

2- et hangsl f @Ryh a3, REmRMIS- 1d¢talde1§rdyim091lzspﬁ& Alg3ad Nmy@wg%h@rd angt hoxy; R6
is halogen, G 6 kyl or C__6 al koxy and 5, R8 and R9 are hydr ogen; (a)
R4a and R4b 5?@0@}’“6@3@4!@\}9 iJpy Rk 11%-KéPbcted from (i) O _2 al koxy, (H)

C _2 fluoroal kyl, (H) Cl.3 hydroxyal kyl or (iv) hydroxy or (b) Rd4a and R4b
taken together are C2_4 net hyl ene and R4c is G _3 alkyl, G -2 al koxy,

hal ogen, cyaHavaprthaefo hypefbesersil Kyt bpintrodicimeauonsAelliapidorsgeetirerfugd) h™ t he
carbon to wh en or

G 3 Al ke B B S D R e
CH2- O or 39 Cany Qe @mﬁndmfoh aggtepiinee the Swhiagtiomds of lagieklcltde dotveuveiaen tg 1,2

2, 3-di hydrob . and, R8
and RO s hydebaedbrl Benf PuiRa0R Rt R ARt R RS fonoRlfithe

her ei nbef or e(fud® aanmtyhaigh‘ebwbmchssmylfor@foduhwnpﬁ éemdpanelrdrit 2OD)tflver e i s
prowdedac accar di r mu wherein R is -[C(R 8)2]P-Ar 1
Ar 1is naphglﬁyﬁro mde %rlldﬁo |frr}%l é%l%gl llPat V&t least with (CH 2)n NRaRb
wherein n is zero or one, Ra is hydrogen and Rb is G _6 al kylsulfonyl, G _6
hal oal kyl sul fonyl, C3.7 cycl oal kyl sul fonyl, C3.7 cycloal kyl-G _ 3

al kyl -sul fonyl or G _6 alkoxy-GC. 6 alkylsulfonyl; pis O0; R3is



hydrogen or G _6 al koxy, and all other substitutents are as defi ned

her ei nbefore. I n another enbodi nent of the present invention there is

provi ded wocorgpnueewd according to forrmula | wherein R2 i eCCEP20020878R 10Ar

1; Ar 1 phenyl, pyridinyl, pyrimdinyl, pyrazinyl, pyridazinyl; pis 2; R3
is hydrogen or G _6 al koxy, and, R9 is hydrogen, and all other
substitutents are as defined hereinbefor I n anot her enbodi nent of the
present invention there is provided a coﬁﬁ)ound according to fornula |
wherein R2 is (E) RIOC=CR 10Ar 1; Ar 1 phenyl, pyridinyl, pyrimdinyl,
pyrazinyl, pyridazinyl; RLO ishydrogen; R3 is hydrogen or G _6 al koxy; and,
RO is hydrogen and all other substitutents are as defined hereinbefore. In
anot her  enbodrersdinglpfa wikktype etsdnthai dpgemetiveniuedatestable aprosvis ¢882a conpound
accordi gt 0pALTHLR - IPHSh DBl kR EAGRERAA00E: y AiBhEAY.

pyridi nyl, Opdgglr p)sfrrazrgd/g?m pyr‘@da{zrgn)@T R IABS h drloglen s

hydr ogen or maphtmyted R@hraoolryau@gede c@prbargmud@ptlc@rsg®ea¢er@m6}dm%md, Rl, R5,
R8 and R9, ar ubstitutents are as defined

her ei nbef or e&op%n%gﬁp@ﬁdor%%%ddfm%Qgt{ flt?lt he present invention there is

provi ded a conmpound according to for rrul al wherein R2 is (E) R10C=CR 10Ar 1

Ar 1 phenyl ridi prrmdr razrn r|d

hydr ogen; RSIHP(}SI g?%lm B %rthe T §Y< the elﬁﬁ%m%ng r8 lflr%rfeﬁil%%se R6 is

hal ogen, G &uoo)layﬁwgrwa@ chonadl km)(g/hosaﬂl@amﬁﬂthﬁ doaaaoapd)dﬁe& cﬁreetahlydr ogen, and
all other substitutents are er ei nbef or e. r enbodi nment
of the pr eseRToMNI I BHPRUTY 1 A0 G0 Bt S hs e ReL BRI ED For ml a
| wlherer m% mmhﬁmélﬁheﬂﬁﬂ&iﬁﬁnﬁ@érycérol Lﬂiﬂerloxthanﬂherﬁb’dnoQﬂ’c c@ryd’lthdiisnwd ngbsti t ut ed
at | east nis zero or n is G_6
al kyl sul fony Veref resnapﬁ%rpwr@al PodRrrduciess @Jcépertbvgryr%yﬁréiﬂg cligamf7

cycl oal kyl - G 23repakadici gubponpyl or Cl.6 al koxy-Ci-6 al kyl sul fonyl; R3 is
hydrogen or met hoxy, either Rda, R4b and R4c are methyl, R6 is hal ogen,

C -6 alkyl or CG-6 alkoxy; R1, R5, R8 and RO are hydrogen and all other
substitutent 8§ @ker RSy pledurdde E'orﬁﬁduﬁ!i HPEE ProBuctioh thH%)hf%rl ?ﬁ%?ﬂk&i@ﬂ@l nf the

present invention there is provided a conpound accordin formul a |
wherein K2 iBDy E)dﬂmsrl@@s@ntozmmhosnhateﬁ(ﬂ)@ms neHe ﬁ@h@dlmynt% tiveptieig an

4- met hanesul 5@5]1% iNn-2-yl or

2- met hansul f%l Itl@ {}hggrenqdlﬁwr |slbh5%rmc{)t%gﬁbﬂ§§lrw (hrng;, ei ther R4a,
R4b and R4 aplepmdlhy(ll 2 FB)-iyatheyie seggincerévhintygenicraBial raan, pgiticgerlCintanal koxy. R
1, R5, R8 an fols fined
ner oi nbef or e 00 oy Ve Gy ARRR e AR SRR Db G S BB

provi ded a caripgenods @gdeaodi megvdrb aétowgroulghycbrolphespbiata kRasd (glpkE) R10C=CR 10Ar 1
Ar 1 pheQ |, pyridinyl, pyrimdinyl, pyrazinyl, pyridazinyl; R10 is
hydrogen;” R3 i s hydrogen or nethoxy; (a) Rd4a and R4b are Cl.3 al kyl and R4c
i s sel ected fommiculay, a@®NAK nﬁilé(:ﬁbé)tom(ahbm@mﬂ:ldoltltlﬁweqaédcybnco(lllnlig)1 gGterdl

T Y bl RS S S5 R ERa BTN RIS eF 5
f1uoroal kyl Reést 61cghmﬁﬂapaar¢dlaﬁ§rbﬁt ageﬁdaerrh&vgéda ehdftﬁnfg&hé)gmcofrdl whi ch they are

attached are xet an nd R4c hydr ogen or or. (c) either (O
R5 and Réda of® ir%)og%%@ A4V {0 arrélrfr%rgr ’@FGP r(ﬂenu%lz WA/ th at oms
to whi chot he];(mraﬁda%h@pih@caSilggbl@plgsnﬁddr hydr o- benzof uran or an i ndane and
Rdb and R4c are Cl.3 alkyl; R6 is halogen, C -6 alkyl or C -6 al koxy; and,
R1, R5, R8 and R9 are hydrogen and all other substitutents are as defi ned
her ei nbef or efnl &e%&%&l%mﬁﬁ@%@dd@@&m@ thé Q@c&&l%ﬁyﬁrogeﬂé(s%%lhﬁgmﬁgﬁé eis

provi ded a conpound according to formnul wherei n 0C=CR 10Ar 1
Ar 1 phenyl, clpyﬁrdrlnrfpmswtabﬂﬁynlrsmldjrlnyg with g genei qnwdlnaocyhydd@wmne kppep j s

hydr ogen; Y/ C2-4
rydroRen s A RIS SRR AR AR ke OBRA nfy 6,

f1 uor oal RYI ; ispBted $romed @gehact@strﬁmarakl}quladw agdrittobdRer fiREdiiRGaiand RO ar e

hydr ogen, and all other substitutents are as defined hereinbefore. In yet
anot her enbodi nent of the present invention there is provided a conpound
according to formula I wherein R2 is (E) RIOC=CR 10Ar 1 Ar 1 phenyl,
pyridinyl, pyrimdinyl, pyrazinyl, pyridazinyl; RLO is hydrogen; R3 is
hydrogen or nethoxy; R4a and R4b together with the carbon to which they are
attached are 3-oxetanyl and R4c is hydrogen or Cl.3 alkyl; R6 is hal ogen,

C _6 alkyl or G -6 al koxy; and, Rl, R5, R8 and R are hydrogen, and all

ot her substitutents are as defined hereinbefore.



In still another enbodi ment of the present invention there is provided a
conpound according to fornmula | wherein RR is (E) RIOC=CR 10Ar 1 Ar 1
phenyl , pyoi2diongbso4pyri m di nyl, pyrazinyl, pyridazinyl; PRIEre@ohydspgen; R3
i s hydrogen or nethoxy; either (i) R5 and R4a or (H) R3 and Rda toget her
are CH2-O or (CH 2)2 and with atons to which they are attached for a

2, 3-di hydr o- benzofuran or an indane and ﬁ4b and R4c are G -3 alkyl; R6 is
hal ogen, Ci -6 alkyl or G 6 alkoxy; and, R 1, R5, R8 and R9 are hydrogen,
and all other substitutents are as defined hereinbefore. In another

embodi ment  ofy fBfePERRAMent Wtﬁ@in'v@rﬁiohhtﬁégl E&oIRIcRYdrGRdasR (%Qﬂpggéﬁ@% accordi ng
to fornula | wherein R2 is (E) RLOC=CR 1 X\r 1; Ar 1"is phenyl or pyridinyl
substituted epndddateta syjtabie Flamnid inderae ofindrsepanate frpm thesglycest! one, Ra is
hydr ogen and [ I LKkyl sul fonyl, G -6 hal oal kyl sul fonyl, C3.7

cycl oal kyl suf %‘I;?’g‘?ngs&@d%@ym oal kyl -G _ 3 alkyl-sulfonyl or G -6 al koxy-Gi.
6 al kyl sul fonyl; R10 is hydrogen; R3 is hydrogen or nethoxy; (a) Rd4a and

1 uor oal k1 - Rk FredBeE Ao AR GE Ve O lnals Rfer M) o ra

t aken t oget hglycavlaleliRirdgenest iglldnandamd dRd/droxgac@bn8kiahdeylhaKThetRitglakoxy,

hal ogen, cyano, or C -2 fluoroal kyl or Rda and.R4b. together with the
car bon 1 o whlET vordyr & a HBE Pl P B PR R B s gen o
Cl.3 al kyl, @araBaD)either (i) R5 and R4a or (U) R3 and R4a together are
CH2-O or (CH 2)2 and with atons to which they are attached for a 2, 3-

di hydr o- benzofuran or an indane and R4b and R4c are C -3 alkyl; R6 is
haljogleln, 1@'h- 6heagel§y§ ofahkis Glterfatiat bﬁl(\)&aydﬁpf_ibld gih%dra&acégﬁ%eq{hdspﬂl&eaﬁ@dh%dh@gen,

and all other substjtutents are as defjn erei nbefore. | n _another

enbodi ment ofVEe dﬁL)@g%‘ﬁ?{laSﬁﬁsé& drihg W@(EO’T@C%‘?I@ 'I@é%l(dgalﬂ)cﬂ?ﬂ?f}@’nd accor di ng
to formula I yheniy nﬁgw%tﬁo&hceel&%%dk?ﬁholﬁ orBdnish {ogetB@tiignal 1 y
substituted 4-net hanesul f onyl am no- phenyl, 5- ) )

met hansul f on§elgaickstdsoMeriphe thenugleotile yequngssarsdgpthapiondegivl i di n-5-yl; R10
i s hydrogen; o&orE(ﬁlcﬁ)s’éj@@&%@c@\rityn@map%}%ra{e@)a_s Rasy idnd otk i8h asldied @l kyl and
R4c is selected from (i) -2 al koxy, ( C -2 fluoroalkyl, (H) Cl1.3

hydr oxyalky| whereinjthe codipgsengnasris yuler apgrobgfdts ReB Prakaser ang gemietionr e C2. 4
met hyl eneand,; I I . Qr 2

fl uor oal kyl SSgla?’ggﬂmaeg%%ﬁﬁ&%%sett.t%%gigyhéglrhgl\?\na%ﬂca?ﬁe&car r%l%%tf’d1 gﬁ 1 iogﬁil% hey are
att ached ar esi@glorletmaidydr infamR4 e syrthdiigdperge poroprisiils tYoak ke oferid @edesei t her

(1) RS and - (CH2)2 and with
atons to m?@@eﬁﬁg%bﬁaﬁoﬁ %%%@ﬁo%@t?@%ﬂ%rgﬂa%ﬁg%}l o~ Je'nzofur an or an indane
and R4b and R4c are C _3 alkyl; R6 is halogen, C _6 alkyl or G _6 al koxy;
and, R1, ,R5, R8 an re hydrogen,, and all other substitutents are as
et f ned Abr elisroPelmeRl  ARiBIRERT neihr ane iRt RS eehith et on

t here is prowldedna dhgdioryHecionckindsd (digK) ectivay ailcionkd whesigilaplkanids ( E)
R10C=CR10Ar 1:. Ar 1 .is optionally substjtuted . .

& ot hanesul PBIS) Pt SoBRas F cons sl FORYPLA OB RSy or

2- mﬁt hansul f ﬁmyity(a_m‘) @%wplgﬁigg c&nyﬂis:(ing%l%gb snddw%% @@@l&éromﬁeh&&roﬁc}fﬁ%ﬂ ge g or

met hoxy; either (i a a or (Fk an t oget her are -Oor
(CH2) 2" and wigﬁ%>£Wlthdﬂmpe%eﬁlﬂw%@ua&af645%93 aftgity opr & plasmid

2, 3- di hyds o- banaRindraRn®éncading DRG0t AR (dR4R) AbL: Fth Beal Kyl ; R6 i's
hal ogen, G _6 al kﬂg gg? C _6 a kox?; ?:’Ihg R1, RS,( R8) an?RQ are hydrogen,
and all ot hePrOE%éﬁol‘?’ﬁ@%?f’t—%taﬁ‘r@u agfdfityned herei nbefore. In anot her

enbodi nent of the present invention there is provided a conmpound accordi ng
to formula I wherein R2 is (E) RIOC=CR10Ar 1; Ar 1 phenyl, pyridinyl,

pyri m di nyl , Inype gmbpdimentyy plagpaidiingpatedy whigchzommasep g gpRecmeyite ogly@iale al koxy:
and, RO is ) j 1&%' @ﬁ;gg }g\(gge,g,' S is oneto
four, qqu%%ﬁﬁ%%ﬁ??%ﬁg%gdi S ﬁ?ﬁ?%@%é rret?;%/l , zfs%%{lllﬁr opyl,

i so- but yBO spropdngtipl oxiginedwptasaifucd) akipdiyoxy- phenyl and R9c is hydrogen or

C -6 al koxycarbonyl, and all other substitutents are as defi ned

her ei nbefore. I n another enbodi nent of the present invention there is

provi ded a cOhpouinds gnesrqdemgs ¢reodiog thaldéffdrenvbieryeicractiRAtigssnayMiR aft@fged®) Ar 4
and all ot her, sUbRLLIII SIS, 818 A3y RIS d AL RLOPEI NS ok Do A gL her

embodi ment of" th& present 1 nven on ther8g provi ded a co 6ufid accor di ng
to formula I wherein R is -NR 7C(=O Ar 4, Rl and R5 are hydrogen and R3 is
C -6 al koxy, and all other substitutents are as defined hereinbefore. In
anot her enbodi nent of the present invention there is provided a conpound
according to formula | wherein RR is -NR 7C(=O Ar 4, Ar 4 is phenyl
substituted with one to three groups independently sel ected




fromCl 3 al kyl, halogen, (CH2)n N R aR b and (CH2) nCO2NRaRb, n is zero,
one or two, Ra is hydrogen or Cl13 alkyl and Rb is hydrogen , Cl13 alkyl, Cl
3 acyl, Gve@omldydosul fonyl, C -6 hal oal kyl sul fonyl, C3. PCI/EP2009/059132

cycl oal kyl sul fonyl, C3.7 cycloal kyl-C _3 al kyl -sulfonyl or G -6 al koxy-C _6
al kyl sul fonyl; Rl and R5 are hydrogen and R3 is G -6 al koxy, and all other
substitutents are as defined hereinbefor I n anot her enbodi nent of the
present invention there is provided a co‘%)ound according to fornula |
wherein R2 is -NR 7C(=O Ar 4, Ar4 is phenyl substituted with one to three
gr oups 'ndepﬁ%@@ﬁﬁdﬂelsﬁla@&ftl%ﬁotfcroﬁﬁﬂogreéﬂd%&ﬁéé uch@l 998Ring gﬂ%}té} MR aR b and
(CH2) nCO2NRaRb, 'n is zero, one or two, Rais %y drogen or 3 alkyl and Rb

i s hydrogen POIWGKK&’I@EI%@P%@@PS :Jn@éwmbc@m@ltdhkgb’mﬁml‘f eAPyaN, is @Jldef COﬂtrOl of

hal oal kyl'sul £,04hcibChrofmofY GlaRRbtN ayLuf de G¥ELeRa!l kyl -G _ 3

al kyl - sul fon lfl orclc:lgi§r0 3 gday- gﬁ &6 aal GIP& Rl and R5 are hydrogen;
R3is C-6 aI koxy and R4a R4ab and R4c are nmet hyI and all ot her

substi t ut gnt i f t [ of the
prosent | ventrin: PR RERE LRSBL R sHRATG D RORE T o
wherein R2 |§r1es|§ﬂloﬁﬁk(axe®)om*era4¢ (tA) oflthe glypdrigmypatlswlysbmpetbaa\mﬂwnbtﬂlykghexalo t hree
groups i ndepen ent e fr m n NRaRb and
(CH 2) nCO2NRA ntl ?2@& g“ Org"hr 0 r1Vet pro?é‘nex@l H%i?@g‘%{ﬂd lo‘tin Aal kyl and Rb
i s hydrogen encﬁdlngnﬁ{h&}gllyoxﬁllsy&hmyﬂay belincdorpakatad is thefspmyittic dperod in order

hal oal kyl sul f o | sul f.onyl T cloal kyl -G _ 3

al kyl - sul fon{® ﬂﬁ?th?:ﬁ%llcg%w%a]é(gOganﬁfl@w&ﬁ%ﬁ%hfc}iﬁl and R5 are hydrogen;
R3 is C 16 al koxy and (a) R4a and R4b are Cl.3 alkyl and R4c is selected
from(z) G -2 al koxy,. (H 2 fluoroal k (Ui hydr oxyal kyl or (iv)
hydr oxy  or (B‘)Onﬁﬁﬁbaﬁ@gﬁfé%&wﬁ“%@%F’H@‘ﬁeéﬁ IE%‘C&P‘?F@E RyrErercdrd e i s
ClL. 3 al kyl, Elnphisalck@xaitidnab %%@nesfily\ii)'%d%th@lhhg'dlfokyﬁéét@ﬁlbﬁdébha% pdieyayR4a and
R4b t oget her with the carbon to which the ey are attached are 3-oxetanyl and
Rac i s hydr otjedldgiondgene @yelyed th%pm(iet)twépf methylelyoxaepagicyladyd or (U) R3 and
Rda toget her @f,6oGhi1-Qritlasd Sdile PaticaRely Wintdth AR s[ An¥MIeh: Jize¥ ar e attached
for a 2, 3-di hydio-benzof uran or an indane and R4b and R4c are C _3 al kyl,
and all &ther substitutents are as defined hereinbefore. In another

enbodi nent o gxgqﬁ ccordi ng
to fornul a |*“6éf]§r§1é ngep¢1 %%d(k)r%%%/{h H“gntaﬂﬁé%d i Rés?yéndgﬂ»tﬂﬂ% su fgﬁ% tlathlt ed with
one to threehgt ellps sirgidepueldie nnibje efarebirind detpmhlmm@nm &yli2 propdnegieln, ( CH

2)n NRaRb an en or
Q'3 alkyl and £ FARTEDEERsn byl o QoG REchiOioR Gk GughPHED, OF )
G -6 hal oal k¥l ®dlsfranyl , C3.7 cycl oal kyl sul fonyl, C3.7 cycl oal kyI G_3

al kyl -suLfonyl or G -6 alkoxy-C -6 alkylsulfonyl; RL and R5 are hydrogen:;
R3 is C =6 al koxy; R4a and R4b taken together are C2_4 nethylene and R4c is
C -3 al kyl, M@on2 eaalbkmmynt dialedgentiot rtosairgdaisnhas o actbalakgpinosand al | ot her
substitutents a efined hereinbefore.. In yet anqther enbodi mnent of the
o esent -1 nveRERBTrETE MR P IS b BB S BHG £5 g e |

wher ei n R2 i mactN&RineClt 76} tAne 4f thAl’esséntlaiig@i@@ﬁhyblvwiﬁahé drafiesdc wictdbolne to three
groups i ndepen entlly sel ec}led from Cl. kl¥ hal. qQ (CH 2)n NRaRb and
(CH 2) ncoeNR%ﬁgas orjegappleghe gipg epgodinggibu eawatﬂvc@é?fa%} Teq. 3 al kyl and Rb
i's hydrogen eor%dﬁd%%'ﬁﬁﬂuns &pd cdtivdidd in nfhinfl ﬁikiﬁﬂﬁl%'dhtﬁﬁﬁﬁg'glycgoi under 0x1c

hal oal kyl sul fo 7 cycl oal kyI sul fonyl,  C3. 3/C| oal‘ajy

al kyl - sul f on§id SGWIQ‘IOXGOSP g, d thesl, %PWP@GMMFD RISOY fRB“&We hydr ogen;
R3is G-6 a};‘g)gpﬁgtaﬁgfgn@ﬁglyg{&p together with the carbon to which they are
attached are oxetanyl and R4c is hydrogen or C -3 alkyl, and all other
substitutents are as defined hereinbefore. In still another enbodiment of

t he present i mul a |
wher 6 R 1 0 R B B A POl ot o e
groups i AlepbRdemenedid €l,28De Gofrade@lyc8rohpikpdratidnal ThgemouftCef RYn NRaRb and

(CH 2) nC2N yar | and Rb
's hydr ogenw glol(ﬁkzzflﬁj)c&%g%c%afed‘%%cogﬁ%ﬂe {&o‘i‘ gﬂﬁ/ﬁfo%fag%toﬁe Ahky

hal oal kyl sul (dbaly[) andZ3. a7g13zxy:0:ﬂ dehyld;dgsmﬂsé gmry:I(gld@to@ethgwldahkgﬂopmedmB

al kyl -sul fon X 6. alk Isu fon d ar e. hydr ogen;
715 oo atkefSesl e AL Py ilhrlVoatgf g o v A A Sl her Yar e
CH2-O or (CH 2)2 and with atons to which they are attached for a

2, 3-di hydr o-benzofuran or an indane and R4b and R4c are C _3 al kyl, and all
ot her substitutents are as defined hereinbefore. In another enbodi nent of
the present invention there is provided a conpound according to fornula I
wherein R is -NR 7C(=O)Ar 4, Ar 4 is pyridinyl substituted with one to
thr ee groups |ndependently sel ect ed from Cl 3 al kyI hal ogen, (CH 2)n NRaRb

e~ RIS o -



hydrogen or Cl.3 al kyl and Rb is hydrogen, Cl.3 alkyl, Cl1.3 acyl, C-6

al kyl sul fonyl, G -6 hal oal kyl sul fonyl, C3.7 cycloal kyl sul fonyl, C3.7

cycl oal kyweGbiodi2doky! - sul fonyl or Ci -6 al koxy-G -6 al kecswrbamawbgisRl and
R5 are hydrogen and R3 is C -6 al koxy, and all other substitutents are as
defined herei nbefore. In another enbodi nent of the present invention there
is provided a conpound according to for al wherein RL and R5 are
hydrogen, R3 is G -6 alkoxy, R2is -(CH 2)nC(=0O X, mis zero, X is NRcRd,
Rc is hydrogen and Rd is Ar 2 said Ar 2 being phenyl optionally substituted
with on to thfLeehdh &td&%%ﬁiﬁ)'a)ﬁd&%@&%&gl Jeh QM YR Yo (ofdA)6 al kyl ,

C -6 hydroxyal kyI halo en d wherein"'n i s one or two, Ra IS
hydr ogen or @mcgaanq&wlgs@ml SRbthﬂ% gﬁ%ﬂrt&géhtog@herwlﬁlltk%/l)rop@fdlgl acyl, Cl.3

al kyl sul f ony y, .7

cycl oal kyl - bmd&d‘?w% %Xb)s dfOQB fhe u@ fkhc())>§<tyC%1C1:|§)%Lulﬁ&lﬂ?]lléL {“%?Uf‘ 2grllly and al |
ot her substlcahltsemt@lrar‘ehlalsalﬁéﬁfem lhetrleaShtquﬁrd@ noppravotiveerthenpodi ment  of

t he present i de n rmul a |
whor o1 n re. i SRR B kSl BRBNLEE L £ TRHIRBFRRULORA R g R
is Ar 2 sald Ar 2 bei ng phenyl optionally substituted with on to three

Pl ogen, | (on 3 s aRh Gt BEAVAY PeBlan a) f g ey oolBR ey cL 5
alkyl, Rb i Sglh)}&ddiahgemcogl iSprafekeyd, ,ho@é.veBt}&Oy\}entl&EﬂJs Botaledq{&tsdﬂoftmmyl C-6

hal oal kyl sul f on: | fonyl, C3.7 cyc| oal

al kyl - sul fonmecxéFd@ran@elﬁ?'ﬁd&V%@/ro Idﬁﬁlbéﬂﬁélﬁwl E?Fdsuﬁﬁlﬁéefoﬁit% and R4c are
met hyl , amd pdopartiiae(l, >seibsirbdustient s are as defined hereinbefore. In a

anot her enbodi ment of the present invention there is provided a conpound
according to formula I wherein R is -(CH 2)nC(=0) X, mis zero, X is NRcRd,
Rc is hydroger @ﬂdx%ds%eﬁ(yns?ra@@kﬂo@%e&ﬁ@@r %) éﬁd‘lﬁﬂt‘{dn STRitd ONBlopdhedidbst i t ut ed
with on to three groups independently selecte rom hydr oxy, -6 al kyl,

C - 6 hydr ox{al-RyFisomen d geapanadol SEBCﬁRPé repgediplerasidafedied-s” one or two, Ra
is hydrogen or Cl1.3 alkyl, Rb is hydrogen, Cl.3 alkyl, Cl1.3 acyl, Cl1.3

al kyl sul fonyl, G -6 hal oaI kyl sul fonyl, C3.7 cycl oal kyI sul fonyl , C3 7

cycl oal ky? - CMethods fycbtagning dasiyed gone raaéw@rw%@omereeﬂovzfymwnﬂmw and ()
Rda and R4b . koxy, (H)

C -2 fluoroa O%m%z}% a)%@f%é&ﬂ%%g’%%fiﬁﬁﬁ(u vg‘gﬁghéngigﬁlo%e %14(R4a and R4b
t aken t oget hisrovay suit@ple gewmmtiblibreries nagycbeRAgataddy @Istdtigh kydonudase dlgbw@xy

car bon o whi R TEHE AR bt E R A0 IR p R M o 13

al kyl, or (cihesiqubgr i{ Blated thmHNRAaane aply)ifiRBusmgkstiRdlar dtpoiget Hieectedr e CH2- O or

(CI—|2)2a are attache

2, 3-di hyggo %néﬂlfa “‘F“anﬁetg?a/gﬂ&‘ aﬁé’ﬁrg(éw LG CTRIbg “@4@{ (P Bt Yo kyl, and all
ot her substi 46882023 tasbeaidsmo@ftd cﬁf&ﬁ\lﬂ@nﬁ@bl’@h‘@ft@erneforrhemoam@m@epspr@a‘h&d| ment of

t he present |nvent|on th reis ovi ded a co ccordln to fornmula l
wher o R | Ay T e Rheanry G RO RRERERINTe ae dof  ned
her ei nbef or egenbmi@DNA8S-48 Rty BRHaclaled M6 REBSLMY ubdive fhihs@int here is
provided a conpound according to fornula | V\/nerel n R2 is qﬁLLC‘(‘}RB ) 2] p- NReRf ,
RS is hydr og@Rrepigiediopts (midyectopirre WHauSP Peigg AP taarpapmpdiekts” are as

defined her ejnRgfi@re DNA GRAGHINE Lo@B 6l o8 AdveQt Ichi@nPE %mthelcaymw on there
is provided a conpound according to forrmula | wherein

- [ C(R8) 2] p- NIRgRgnCe RBichds 1gerddgepnckiingsang Aebsequcpimrenag-aken aﬁ@e Rreighget her
with the nitpROEH §QinMaiE the thE¥q@nge Ablachsd x@[l%lséc&}f&ﬁ% bdkingr a
pi peridine or an azepinyl ring optionally independently subsStituted with
one to threeregh@l}[@%5®élaé@?@d afid e CRiIsgnas RYIkSIs ISP ARSI 13 al kyl, C13
al koxy ot halagefin @dofldin Qi SERSEI dhRIVesioA B @S tr%%rﬂsﬁcggog* ei nbef or e.

I n anot her e ment e present invention there I's provi a conpound
accor di ng0 t osuiteblprbcterial ddnésyaa¢ welRdescritRdin Sealgrologjet. NP3 T}fplanEtocféwrtﬁon to

whi ch they a hy/ roet hyl and
R e T e AN
Sai d conpoundslogeteaks, @mmmanedwkosmg®n6fdmbowmﬁvdxmvCéﬁmdwammﬁhyI ani line
(CASRN 72678-1 quo oeth ni 395 17-0)
utilizing th%nﬁ% ﬁ%%ehnmﬂ&%%é%r HAﬁgﬁeF%ﬁm i gh% k%@x%né%%P%nf f the
present invention there is provided a conpound according to fornula I
selected from1l-1to 1-293 or HI to I1-9 in TABLE I . In another

enbodi nent of the present invention there is provided a conpound accordi ng
to fornula |



selected from1-126, 1-137 to 1-175, 1-180 to 1-184, 1-186 to 1-188, 1-200
to 1-211, 1-213, 1-219 to 1-246, 1-248 to 1-250, 1-261 to 1-275, 1-288 to
1- 292, Hwotwoidizéd4and 11-5 11-8 in TABLE | . |n anot hercempogionent2 of the
present invention there is provided the use of a conpound according to
formula | wherein RlL, R2, R3, Rda, R4b, Rd4c, R5, R6, R7, R8, RO, m n and p
are as defined herei nabove or as antivir agent for the treatnment of a

di sease caused by the Hepatitis C Virus‘%*KNO virus. |In another enbodi nent
of the present invention there is provided the use of a conmpound according

to formula I et BichriBihack?: DifRe t&ﬁa’ckﬁ‘ﬂ% pr&Gy thBéos SB@ ar&leavi@@andPe M N

and p are asdefned herei nabove in conbination with at | east one | mmune

syst em nodul &ragn BNy lépacéf@geldélﬁg thedysad pavtipn/ofithg bagtgapl virahpartigleyHihpiet s
replication gfhic\y h@I{‘lBéﬁé rA%ER i Ble Holieht &RAYEAL A o dhjsgape caused
by the Fbpat'tls C ru 5@rus ulnfﬁﬁ%ﬁﬁer embodi Trent gfj ﬁe pr esent

i nventi on t hetaethg selbﬂwfpl@@d O ciigdarges endeiothp oddiuenca of te dpnygickoerfderinul a |
wherein , ) d p are as
defi ned %r el nargg&vgr IIBr By (ﬁ%aegts o?fcﬁMgBB%AR?ath ble 1ntr0|3§Cengd ¢ r?_]sgedglﬂ tem
nodul at or seteeghli@dart hastcellse gr oup consi sting of an |nterferon i nter

| eukin, tunor necrosis factor or colony stinmulating factor as antiviral
agent ifor the treatment of a disease caused by the Hepatitis C Virus (HCV)
virus. | n anOhter gcashadicaendlarell abdies smqme@tpu't mwethé pubitictdomeie, ths provi ded t he

use of a co und accor r a, R4b, Rdc,
Re. R, Ry BT i AR sne He e e THvREbuab oS e TmbrRac | on
with at h@asikiden ke daystientheoglivaiind fernee Inaglicd drdah 0k, tbateid] Otkfins,

consi sting of anignterferon ra chen%pally derlv%ilzed i terferon as
antiviral ag¥WbS e mHBmels and phes clsr TS srgiBewarkds pbantapsput ﬁ@erﬁ%@a@. tis C
Virus (HCV) Wikd&nsdnBusadBichesk t&mcbefﬂ%@hnﬁéd ﬁshl% RERBENMIighRRBLiAN there is
provi ded the use of a compound accord |ng formula | wherein RlL, R2, R3,
Rda, R4b, R4gneREompger picro-pepanis®s, apg %ﬁ&al% dspeucrés el B dneARY S| nabove i n
conbi nati on which t}étco}r%%ﬁd&g‘gen@@&ﬂ s cﬁ&'ﬁedﬁgﬁf&heﬁﬁj efilRdriciomudhe group
consisting of a HCV protease inhibitor, another HCV polynerase inhibitor, a
HCV heli & seteiﬂl’ﬁmll%tﬂ olegulgatiplomyi avewell kishyrtp thsrartzand ate daovibediddion i nhi bi t or
as antiviral e nt of a di sease caused by the Hepatitis C
Virus (HCV) ??r I%%g%%%ﬁ%?’ggg%dinent of the present invention there is
provi ded the use of a conpound according to fornmula | wherein Rl, R2, R3,
Rda, Rab, Rag, I gher ei nabove
for |nh|b|t|ng F@bﬁ%@%FF%ﬁl@?pﬁg%ngg%ﬂgmﬁﬁgﬁ&ma ?n&gﬁg§£g%§%ltreatlng t he
cell. In anoﬁmeﬁxmﬂhﬂdmﬂemﬂambnmmsmpﬂemahmfhnhenbnmgtmhebﬂmmwnpmbv|ded a
nmet hod f9 tre§tun neaste a%,ﬁ1 Xrnl% ) .is CVirus (HCV) virus
conprisifng a ﬁ%%?g %8;? C(:F ent"] ﬁ e %Jw % red% a therapeutically
effective quantity of a conpound according to formula I wherein Rl, R2, R3,
Rda, R4b, R4 R5, Re, as defined her ei nabove.
R PR R B 0, LD BB Al 25, def e gt ppebove,
for treatingvatdd ﬁleﬁseregwﬁ&dccblypetdﬂeoﬂﬂe@&hudn &efdctive. Tithe (deMasd ivirkis
conprising co-adm.nister| L tlent in need thereof, a therapeutically
ef fective quarﬁp%aayowenarahzsw efstr S Xt BreamRgeatt 51 wherein R, R2, RS,
Rda, R4bpsR4c, R5, R6 R7, R8, m n and p are as defined herei nabove along
with at | east one i mune system npdul ator and/or at |east one antiviral
agent that i hbfpalysicleatifes eagqnéwfdlpe ipsption fay eioifee QBT FRMRNBE t he
present '“Veﬂ%k%mbkﬁﬁkésﬁﬁ Rb%y1@@91@hﬁ?tﬁﬁgmkpaph&ﬁﬁRk&Br%ngkﬁﬁ&%e caused
by the Hepatitis C Virus ﬂ virus conprising co-admnistering to a
patient in né‘éﬂcprﬁ%I@WCh%ﬁ & qeeoiu phasplesdd procipitateenrpkidiugueiiaride presitate.c onpound
according to r R7, R8, m
nand pare deaer R i B o R e ay st e
modul at 0B0 seflewididic Feaenbe erirgy, dupayd@rpgd@gﬁ@g vaifo wping antagpropraspackadieg | euki n,
t unor necros | ating factor. In another enbodi nment
of the prese% “lgi&ﬁ{m%%p%%lgg%ﬁé&ﬁgﬁblded a nethod for treating a disease
caused by the Hepatitis C Virus (HCV) virus conprising co-admnistering to

a patient in nnaenelgretppe ér?e%fembodlment of the vector of the invention the polynucleotide is



therapeutically effective quantity of a conpound according to fornula I
wherein RlL, R2, R3, Rd4a, R4b, R4c, R5, R6 R7, R8, m n and p are as defined
her ei nabowe 2aicongsowi t h at | east one i nmune syst em nodul ateEprs@vesdier from
the group consisting of an interferon, or a chemcally derivatized
interferon. In another enbodi nent of the present invention there is
provided a nethod for treating a disease caused by the Hepatitis C Virus
(HCV) virus conprising co-admnistering %o a patient in need thereof, a
therapeutically effective quantity of a conpound according to fornula I
wherein RL, R,y lllﬁﬂ@dtOBQ’Ig%essBﬂ(\contRﬁsedﬁ@ncB; alldfing BprddsiBhfh Podhri@s defined
her ei nabove along with at least one antiviral agent selected fromthe group
consi sting ofr akygviqneds edsdatpdfipdgiopothereginot her HCV pol ynerase inhibitor, a
HCV helicase inhibitor, a HCV prinmase inhibitor and a HCV fusion inhi bltor.
I n anot her enbodi nent of the present invention there is provided a nethod
for inhibiti Egorﬁsei@himﬁatid priyoiclepi@le dompeisqséﬂahscljetiqjedf theeralymgclgotetsnpound
according:to 4 R7, R8, m
n and p a5r e %JG%W fhi %ﬁgﬁhlglgg&\;ﬁ F% E%%emﬁ £8r11%&?rel:§$m{ le pr esent

i nvention tharkeryioéc milevucﬂield aaacpbraiﬂ maiuegﬂl ICdBl arciospposils.iaopnawt alldi ng to
formul a | Rl R4b ahe as

R3
defi ned herel ﬁrélglg{}"én %‘f“(]lﬁlordh ntcﬁ ﬁﬁtl giscflﬁrq% adtef{lla?f?mﬁe%a?f T "Fg ccept abl e
carrier, dil kemn tothosxddilxdamthe aﬂfh"éhetyell‘smlfy&bklyhse raqulaisg deduenek snsatibgrout

further limtati.on enote E‘EP gi cheg, branched chain, saturated,
nonoval ent hPEPERAP LTS REP YR WER ]iyri?O g‘gflgfl%ls THUERE SERNABE . The term

"1 ower alkyl {rardaﬁptoﬁsncastgdln@ngﬂnbftﬁé trﬁl{salﬂﬁhﬁdhn@d”iﬁl ﬂagdﬂytdfymaﬁémnmi}esi due
containing 1. to car bon ' as refg?ls tqQ an k conposed

of 1 to 10 cﬁ‘F‘b‘SﬁEaHS%%‘?B‘Iﬁé‘é waH a%ﬂrwla“@%alﬁ@nqeﬁsc PoREIc gl g S| i mited
to, methyl, g&hwting @Jp@k@Mbn inZorQa@RYik hoft cBWtBnpride; BYL M JaZ np ot ib'c pentyl,
i sopentyl, neopentyl xyI heptyl, and octyl.\Wen the term"al kyl" is
used as a suplpns@termlr?MZr?@ SRRSO IS EHtoRCIGIREtSIGEANNg cRElessiongp

" hydroxyal kylykarybfi Bost &ells '%lPeQH@'E@X? Or 681 PhrobiBteRh RhdYbeshic QbhenRSv1EIES | Ned
above, being substituted with one to two substituents selected fromthe
ot her spéti f Meatspynsibdmionthgintigsion PhiranscrigfionsueirpgwatoryshramyisandnAlso denot es
t he radi cal an al kyl ene
radi cal as dé(:agfnli_s red” @{1 109 tgmhﬂafl Pllgmg‘%gi%ﬂs)\?ﬁﬁg%@lgk%hhgggn (laeo<l'§11tﬁ % achnment poi nt
of the phenyl al kyI m)l ety w Il be on the al kylene radical. Exanples of
aryl al kyl ra C t hyl ,
3 Bhonyl pr opgl T pRut R gihBh SRt el b LR 0ot AEREY DL BREHGE
SI mlarly exd@l}éA eRprea;ssona/lactar ng\f]a(d’hm‘aiama)ﬂp@DW pRc/CMTétpﬁBNWlalbdmﬂM or

"(het)ar ky re int t y an aryl or
a heteroaryl Ira |O§8Ifer)1 @E@kﬁﬁ?ﬁ%&%@h@? rﬁéﬂi@%{f&@—wqo&ﬁ eli’y o 4 group
wherein R ipUQYS-tdivey blasmids. Riefbiablgl dajd vener is Bhexjpression’ Vad:tklydnﬂl’d)Ea gag used
herei n denot es ? di val ent satyrated |inear hydrocarbon radical of 1 to 10
Carbon at onstSIog Ot B YoF o LTSy SR Ve TPBATE S SRt  hydr ocar bon

radi cal of 2retrovikfdes; aideiiia AieWlefEasgociatedHiMe - heBfes v Bowhig fapdtoma unl ess
ot herw se i ndjcated

" al. kyl ene" refers oallner or branched
sat urated di VSeRaY h%/EFFOgE‘Hde‘b‘f?W %fﬁh%%ﬂlywkﬁﬁeé PhyFCer 2 @SI‘IHS?P%‘EHHB or, in
the case20f fapyetddisll pdpuydtienaviestisGatich ave R8I ki to tds&iileddn tHeek@as t0 a

| i near saturated dival ent hydrocarbon radical_ conprising 1-4 carbon atons
or, in the chswehfo Eostruchiscnhipinsiisal vaepisaice,ifer gampleeyc ERMEE in the case
of nethyl enedesEIkl%dQngﬂnM%ke'@@%5% A ARuRY l%b@)nﬁlt%ﬁlt%w{h% pBRhudidiaghed to
the same atom Exanpl es of kyl ene radicals include, but are not limted
to, methyl enand veetays ofthe, inyantigrydasrbe recpnstigtted intodineppnas er, delivery to target

1, 1-di et hyl ghhyl ene, butyl ene, 2-ethyl butylene. The term"aryl" as used
hereln denotes a phenyl or naphthyl radical which can optionally be
substituB@ed with one or nore, preferably one or three substituents

i ndependent | . . i . al ower

nal oal Koxy, TP B entaf Ul R i ad it Eod YaNRnc@alt Lreifeit S o

al koxycar bo nycblymalrebﬁdﬁ ofalhdqu@an@he @habk@ab am:mwn oafhie rve(a;bﬂ«gflthe invention.

al kyl am noal Kyl am K fon iLnyl,

al kyl am nosuF‘%{gRg?l% ary é)ﬁl}flﬁé%cﬁ glﬁnl mdélf:{( ﬁy Lgf%m?/ ng%oﬂ%xy b eltfher

aryl sul fonyl am no, carbanoyl, al kyl car barmyl and di al kyl car banoyl ,

aryl car banmoyl , al kyl carbonyl am no, aryl carbonyl am no, unl ess ot herw se
indicated. Alternatively tw adjacent atons of the aryl ring nay be
substituted with a nethyl enedi oxy or ethyl enedi oxy group. Exanples of aryl
radi cal s include, but are not limted to, phenyl,



napht hyl , indanyl, anthraquinolyl, tetrahydronaphthyl,

3, 4- met hyl enedi oxyphenyl, 1|, 2,3, 4-tetrahydroqui nolin-7-yl,

|, 2, 3, 4- twDratwdeeissoqui nol i ne-7-yl, and the |ike. The porapeotdssdastitut ed
at least with (CH2)nNRaRb" in relation to any noiety indicates the noiety
is substituted with (CH2)nNRaRb but additional substitution also is
permtted if free sites are present on tﬂf noi ety after substitution by
(CH2) nNRaRb. The term " C2_6 (al kenyl ene)™ as used herein refers to a
straight or branched C2 6 al kyl ene radical as defined herein in which at

| east one pablrok%ot?cddr%fil{%?}otﬁ%JPQzﬂﬁbe' lirﬁlfe%%nﬁb’bﬁhgﬁ’dépée@l B s for

exanmpl e, ethenylene thus refers to - , propenyl ene refers to
- CH2CH=CH o#clCRRZY@eE., The term' cycIoaIkyI as used herein denotes a
saturated carbocyclic ring containing 3 to 8 carbon atons, i.e.

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cycl ooctyl . S@8hdstesibmanbdprokasotigsedubaarcsic nelk dhe pelynusleanideycledat iy
conposed f

oyel oal K91 afteyfeliGHRENS phRuk BREREPOAHEL full Bel R We sgpome 2 1
a cycl oal kyl oﬁthdh@fsatellas itdedyi beevlaimemed ﬂgtraalndmséomaﬁy dn tla$ k:yrbeena igdeh oal as
defi ned herek JM |L nderﬁﬁﬁpdun haH gh§ra %Hwngﬁé&qglntlof t he
cycl oal kyl al RyY"RBI 089‘ Frp Be On THE & S|°k§‘/f‘8%é? rad Apfas™
cycl oal kyl al iy can@d uﬁeﬂlfSr gt thudetingh wid/ @ "gemeatplhdemeh® dfot @storing a mutant
cyclopropylnethyl cl.ohexyl met hyl., cycl opentylethyl. C3.7 cyc oaIkyI C13
al Kyl "t of er oS08 OF o8 CleAgn e tiapiaens i oo SRS eskmbingor: stEIPRGFMERA R i s CL3
al kyl enei@s §RhLEINEA19Y0N;60yher, Tige ﬂ“@rfgﬂﬁri'ghmmﬁitikalpr&ﬁwlﬂiﬁdﬂorbﬂ?fn@defbltﬁenOt es a
unbranched or branched chain al kyl group as defined above wherein 1, 2, 3
or nore hydrB@%h atons are substituted wth a hal ogen. Exanples are 1-
fluoronethyl, 1-chloronethyl, 1-brononethyl, 1-iodonethyl, difl uoronethyl,
trifluoronethz trlchloronethyl trrbrononethyl trrrodonetﬁy
1- f 1 uor oet hyhe hostgellsapbg #y prokarystie Apekapptic aell Highas hhacterl enfiegabet hy! |
2-chl oroet hyle) £5 REQMRSL BYdnimar- c'e@daQﬁ‘atIHM!ihan%elg ofd Eh A RBIHNY hartidndyoTopr opyI

or 2,2,2- trifluoroethyl. The term "al koxy" as used herein means "an

-0 al kyl 13r obasterighesrfangal egllkDieforred h@st&jelﬂhhréhpsabmlhsu@ﬁﬂé@ peupigonyof et hoxy,
n- propyloxy 1RY he up ek furaldh Bt b 0k ¢h | oxy,
hexyl oxy, %%,%5qp ﬂgganggghe%égéxll ?Q ?ﬁgé?reagBﬁseg hegéﬁgﬂﬁinotes an
al koxy gr oupAwergﬂluss, S¢oghve®mmek,ﬁchlzgaa9@proa’5’cm évmmhayommers,riedna G -

10a|koxy i a . i s Cuo. The
terns alkoxygigge g ?(ﬂigﬁﬁ S%ﬁ%%g?ﬁhﬁhﬁ% as use he%g%%ldghotes a group
of fornmula ﬁmu@ymﬁhmmefﬁeqwaesscahkymedﬂwamyi%m@@p@ﬂtiwekmnamdmhhkyl and
aryl are,as bon r ef

"o to 20 TP e eREF B R B RSt i PR R B R where
R i s hal oal kfdr tteexpiefsionad aheiiginm. actT\h'@l ab@d’rdiling Rethepilekant inhérdion arokisgdicher ei n

refers to a group -.S ere Ri.s hal as .defi ned herei The terns
hver oxval oy PosRRy B OR nfie Bo B P T e B PRl ol s
herei n defi nedro%&t%re'Emeremetetr(I:lbhﬁ@emhmibﬁgeanAaltoeﬁmroracdjbﬁélﬂlrsent car bon
atons is/are r ced by hydroxyl or_al koxy groups respectrvel . A C13
al koxy-C al K¢ }‘Pgr‘%‘fr Eéycar%cg §%man?§a %acgi%yftr@t?&%rwéﬁﬁeq AM@RASch 1 to 3
hydr ogenaat omstqrre‘err&ﬂharcqueslem iftveidh &b koxyi, grrg:lpr;nh@mp@ls@;m@& matdeaeiyrent  of
the al koxy is the oxygen atom The term"C 6 quoroaIké ) as used herein
i

denotes a unHWdﬁ@H@ﬂS ilipy el iede srasiss Anddaegiorgrisapsresic &P EEFUBEB¥e wher ei n
1, 2, 3 or ngﬂe;gxgrogen atons are substituted with a fluorine. The term
halogen or halo as used herein neans fluorine, chlorine, brom ne, or

iodine. The term"acyl" as used herein denotes a group of formula -C(=OR

wherein R i S@;Fb}éﬂ’fc%%ﬂpl@sr E&M‘ﬁhelﬁde‘%’che@ﬁ:h%%fohup Oé?‘?y f(ﬁ*rﬁc 766‘@2 term or

"al kyl car bon as used erern ornul a C»R wherein R
is al kyl 3&s Befimaed Brare?400-2A58 it Meidhagilt c62ld0)0), Eatrerrichia ewliaXlgh-Blwe - C(=O) R

contarn 1 O\RHERRRALTE SuIE R SAEN 0L P S RS A g, uherei

unbranched. [(actisrif, 44 §IPSBL, @ngzéhz@@@f@@%ﬁéciemqe @a’v‘ﬁé&% @gpbup of formul a

=O R wh
“ary1 car bony PGl REIED IR 22 R P BERE R oINS, £ e

and "di al kyl am no" as used herein refer to -NH2, -NHR and -NR2 respectively
and R is alkyl as defined above. The two al kyl groups attached to a
nitrogen in a dial kyl




noi ety can be the sane or different. The terns "am noal kyl ",

"al kyl am noal kyl " and "di al kyl am noal kyl " as used herein refer to

NH2( al kylwoeptojo1Ridi( al kyl ene) -, and R2N(al kyl ene) - respectrippedog/oshisr ei n R

is alkyl, and both al kyl ene and al kyl are as defined herein. "Cn O

al kyl am no" as used herein refers to an am noal kyl wherein alkyl is G io.

Cn O alkyl-amno-C 2 6 alkyl" as used herein refers toa G io0

al kyl am no(al kyl ene) 2 6 wherein alkyl i CM Cand the al kylene is (CH2)2 6.
When t he al kyl ene group contains three or nore carbon atons, the al kyl ene

can be |ineagio) e1dp, 1 11085A) EdnfcnRr BR8] I%/[ﬁ)‘il-Bioli, 16GR284); EschBgerter m

"phenyl am no" as used herein refers to - NHPh wheréin Ph represents an
optional | y sedistM09t{€enepB®rRyH (P8O pEschnehivean DTSR (3. Mely Baln i, 65Bal kyl " as
used herein ) - (; 2)i _3NHC(=O R where R is hydrogen, nethyl or

et hyl The te{lgé?)ﬁ’ﬁfl% es%%?fonyl " and "arylsul fonyl" as used herein denotes a
group of fornmula -S(=0) 2R wherein Ris alkyl or aryl respectively and al kyl

and aryl are_as defined herein. The ter 3 al kyl sul. f onyl am as used
o e 1 of er B SIS oeapEdret &1 [rh doden Bk S AR et ned
herei n. The m&fsbialsultdndyoybreinasmusedl eyt Activirdes 18 ofved i@ nrpastiucéle

-S(O 2NH2. The, ter "N-al kyl sul famoyl " and "N, N-dial kyl sul fanoyl" as used
herein refergatli“?ﬂaytgﬁgver@m Ef’gf‘/"e-agf @I?‘Néeﬂ?ﬁ?’r LIS FheRnzydic BEUVITSS hydr ogen
and | ower al ktbdaing s Acdnd 1R co@p&e Foraapem deakylyb-aneyntiakKydtiviteapeet)i vel y.
Exanpl es of Nal kyl sul f anoy!| e)%gbstj tuents include, but are not limted to

met hyl ami nostPYYhYP © H8aqsr ey Paripheseli't Grpper BXahpPedn gider to improve

N, N-di al ky!| sednfvamy b RSt ihfowetyell HGl, UP8osphME-iRERitRR Indtdnbt BPsA Gan

di met hyl am nosul f onyl , i so-propyl - net hyl am nosul fonyl. The prefix N-al kyl

or N, N-di al kit idenificBby paspandieeariontifragiey pbiaind byrasy mpthod gencsstpeyerisfionor ot her
radi cal to ipdhaabEindsGRASRIIGR& AL Q% r-'b?ode%@zuE?/ﬁ&lolsi%ﬂts%inwé}ahicﬂla{a&OUIO
other than alkyl. Thé term "sulfam de" refers to a group NHZSO2NHZ:

Sul f ami des carcobelanah pravioysls dnaginvagidii groseithosihatenspmeepse tplrened ni t r ogen at ons

and are di st} i ; £11 sl i . '
_NHSO2NH2, i i %@Pf%ﬁgfgreﬂgaﬁlgﬁoﬁﬁ%?%ﬂ ﬁlgsltl}ﬁ? g%%}%%nﬂ“%?”ﬁaé‘?@%ﬁ%‘?ni t is
necessar ¥5 t oomi@tichguvesiolidpediaf By adpliga-plathNigSORIN iRRiak theasfoimantrg@hitead o whi ch

is not |inke ' i t o N, - et hyl

sul f anoyl am ?%a? ﬁgiegggﬁﬁgﬁg%%ﬁ%k&doﬁﬁ @%%FOqgﬁﬁFa%BﬂI%@ﬁéh}gg? ers to -
NVESO2NH2  ancbnbbd¥atichsrod tiiphbspbatk hixhglydeastion DHAS @lage € oclonyBIBOcANHMe .onl N t her e
is no designatjon ither nit n.can be stituted. The term

21 Kyl st ondiedbndiaedfior Ph bR FUEA RS R RS Pieph S & bt at

can be repl ag@hl sigyifiodddectivith ek pdlilee t6:8¢ Rvenbf madylgibsal sugbscas: dhydh or

het er oar ¥(5) to indicate, gwg ghenyl sul fonam do -NHS( O 2-Ph. Thus "G -6

al kyl sul Fdnaffngerirapels o 8ROPRAE NH S(0) 2-CL6 al kyl " N-al kyl al kyl sul f onani do”
refers to the radical -NR-S(O) 2-al kyl where Ris a |ower al kyl group. The
term"” G -6 alkylsulfonamdo-C -3 alkyl-" refers tg the radical -NRH S(O
2-CL6 al kyl WHeFRhasPhete isoperass mpwantscpgy) Be generpied ay iﬁsmbgfi kg methylelpexal-apl aced
by other chegingakd Mutaib. uta{nesdhﬁ@}essisgsmdan%sinéyaﬁbd &fnc&ﬁﬁlgfgﬂﬁ%{' to

i ndi cate, e.g. phenyl sul fonam do - NH S(O) 2-Ph. "N-al kyl al kyl sul f onam do"
refers to thknptiggpecdfentified apmypsing preyith kipgtics omeongplgx m@gbém (aBiiriagietlp. The
term"aryl sph ,g_'déoé%&'" lyB& oM RAMPBRE) M bRt SRS Qovier SPAPUR Whniplrcline
formula Ar-$S( . The ?er.m "carbanmoyl " as used herein neans the radical
-CONH2. The forted wnmodificslskyin g thaahypprol asyetp soNcrfaficatbry prdsauiigroyhercaseans a t he

radi cal CON K Bw?fa e Ve LYipher &N L.h and R' groups are
i ndependent Tg{"gﬁ;}%ﬂgs e#?n%%ﬁﬁééreealgﬁ.rb gJupéreeﬁlx%%%ryl cabanoyl " denotes
the radical CONHR wherein R is an aryl radical as defined herein. The
term " het er ogxglHly @t RS 81 ARYEL Rindfol SGACNELERA HeNSl RRvdiTaRg YVl ent
saturated cyclic radica , consisting of one or nore rings, preferably one
to two rBhgsof o7 PDbieenthaiseTidytaratatiwsep by sa ¢atlgd MGredng@aseass ingialstep. or nor e

109 Nt 0oL QT LEDSED ST s A R G FRDFRENR 1 e

subst i t uent sins@lvedéres the mpaytl, axy prodxdive pytaways. | ower al kyl, | ower al koxy,
| oner hal oal koxy, al kylthio, halo, haloal kyl, hydroxyal kyl, nitro,

al koxycar bonyl , am no, al kyl am no, al kyl sul fonyl, aryl sul fonyl,

al kyl am nosul fonyl , aryl am nosul fonyl, al kyl sul fonyl am no,

aryl sul fonyl am no, al kyl am nocar bonyl, aryl am nocar bonyl ,

al kyl car bonyl am no,




aryl carbonyl am no, unl ess otherw se indicated. Exanples of heterocyclic
radicals include, but are not limted to, azetidinyl, pyrrolidinyl,
hexahydr ospepiomibso4oxet anyl , tetrahydrofuranyl, tetrahyacotdreaphsnygt,

oxazolidinyl, thiazolidinyl, isoxazolidinyl, norpholinyl, piperazinyl,
pi peridinyl, tetrahydropyranyl, thionorpholinyl, quinuclidinyl and
i mdazolinyl. The terns "azetidine", "pytrolidine", "piperidine" and

"azepine" refer to a 4-, 5-, 6- or 7-nenbered cycl oal kane respectively
wher ei n one carbon atomis replaced by a nitrogen atom The term "cyclic
am ne" denot 5, cABLURRKES (1RARRAROH, hﬁ&obﬁﬂﬂﬁt@ﬁt@'p@ﬂwﬁl"aﬂmn%tah@ o ECaibon at ons
as defined above, and wherein at [east one of the carbon atons is replaced
by a het eroa@r@m@tﬂl@@d wherpipn ohe piheorg b e g@@ﬁ@i’l@ldlnﬁ@lwylﬂﬁe swteps sddl wher ei n
the N-atom | ﬂ{%ﬁi r
pi per azi ne, r pho Oé)olat: %odrg}oﬁ'}%@%éeflésﬁggadl - b%(lg%sﬁﬁglg%% ﬂaﬂ%{gfy% ol i di ne,
pyrazol i ne, inp¢tdatiol @fdhermastfazauiamrmm%md@ldﬁhxdﬁeleh:syhzcmenaseér(bhiﬁ) dvreons are
optional | it . sel.e . m t he group
consi st Ty of “RABHLAR i R08 ki cEREE SRS LI AHER Sy n RIS, | L. 9
al kyl sul fonyfuanmcnhal, en@ﬁm6acallvkrpk,,thr6)1gl13fcalekamye cmgkrgaydkrmgbmuatﬂmsw@n aa carbon
o eIy LB e B Ry BB 2
al kyl sul fOnyinactT/la'edtlﬁ["tl’mlaﬂylalndjtaﬂlybvh@em@ @Jtrkydlarl)fbfpaitlsulﬁldy@, pattiesiaily 8t ent
with the foll ounds of. th resent i.nvention and their
somer o or HaTaAep it e B st SEhCEER Mot REFRER 6 8l s
ﬁsef ul i mo tC r Q,&Eehfﬂglbmj gmy@yam dy@l@m‘ﬂlr(gloFD Nicead %&@&mg%ﬁs@&lﬂﬂh&dw ar,

epatitis i nfection ses. in |lvi osts en us
Combi nat i on HYPHIEEARGE HE@HCL\ et B Oggw%a@feééﬂgrl&?toa&mes&@négent s,

i ncl udi ng bufigaRtic ldnlitogehatOA (A18A Do URCHRARYI Sting of interferon, a
pegyl ated interferon, ribavirin, protease inhibitors, polynerase

inhibitors, small interfering RNA conpounds, antisense conpounds,

nucl eoti de apalRYmbolHEhERSHcdtvana, leﬁcrob1m{?t9ﬁ| SRS anl TERINRIRAUI at or s,
hepat oprotectants, anti inflammat ory qent S, fibiotics, antivirals and
ant i i nf eél i vis pevrgsduvigesin @Qéwe@émf’fgeﬂg %aetwetvépybqqﬁyaraﬁlbboréblﬂwpr| se

providing a ggp,g{égd of the invention either concurrently or sequentially
wi th ot her icinal agents or potentiators, such as ribavirin and rel ated
conpounds, amant adi ne and rel ated conpounds, various interferons such as,
for exanple, ] t. 0 t he

| Tkor as wei I 28 S B R e AR LR RR LR oh e BRd P8 A SRR PO

i nterferons. stﬁdfdlpantloudaﬂ}l yprobarpotivaticongzaofmy ¢.pa icoli,ns andivitad erifsebdity may be
adm ni st ed n..addi L nat.i on, t ne of the
corrpoundg(5 of ! t %ﬁhé t%ylg %%%W?ﬁmt?n andéormn%%%ﬁgq%lflﬁatemeﬁ%&fﬁns of the

present i nvemhis Qrucale@adrhjle@1ﬂaomfaabrtmﬁ dydxyhreA ygefrably ia oobbinaionevithwi t h ot her
active therapeutic ingredients_.gr agents to tre tjents with an HCV

T ral i nf ect Pasivadont SRF R0 el SRS ekt SR rE. ittt de e apeut | ¢
i ngredi ent ugegr fp@S&ﬁMdﬁ@HbMumiem tihe petiRaeiBodinchh e siiieBabficitdivent i on
can be any agent vin erapeuti c effect when used in conbination with
t he conpound® Ht?‘hg’oﬁi?g%t%‘h"lcmﬁ‘\?gﬁidf%ﬁeneﬁor exanpl e, the active agent used
in conbipation with the conpound of the present invention can be

interferons, ribavirin anal ogs, HCV _NS3 protease inhibitors, nucl eoside

i nhi bitors of? auefeipdripdincase, Strwaﬁnaﬁmt@dg PEBIPIHP AP 284 IEGt80l yrer ase,
and other dr légt%tefn‘i’ertaﬂohé?ﬁ‘té 418y h@ﬁva%n o gi&d;k'&%%e Ahgheforkxamhgs of the

nucl eosi de NS5b pol ynerase i nhibitors includde, but are not linited to

NM 283, val opélpiuckbii¢reconRiiging thegspes 6&@@“{%F@@5 6)zymepRIgY salseted Axnale (| deni x)

nclude. but EarB Aot 13 o T b Ak e o N AR GAP I ALk Goe,

VK- 3281 fver dikydronyeketai@kinaRy (8K | Momwnemmsedu@m@@@%uam GSK625433

(d axo), er 8837 (Abbot
Labor at ori es?qga\%ig/ ng(é I%yggghlgécﬁg\g%e T ]%]da)"‘)angoé éeﬁ 7%3%9@“ ?(ﬁ% / NVS), VBY
708 (Vi r oBayjyntheenzpendrdia not lenicdrto that showes 11( Masnd pPP MDA, it cal be M@n1/ 47833,
H. Hashinoto et al. WO 03/000254, P. L. Beaulieu et al. WO 03/020240 A2; P.
L. Beaulieu et al. US 6,448,281 Bl; P. L. Beaulieu et al. WO 03/007945 Al),
benzo-1, 2, 4-t hi adi azi ne derivatives (D. Dhanak et al. WO 01/85172 Al, filed
5/ 10/ 2001; D. Chai et al, WO2002098424, filed 6/7/ 2002, D. Dhanak et al. WO
03/037262 A2, filed 10/28/2002; K J . Duffy et al. WDO03/099801 A, filed
5/ 23/ 2003, M G Darcy et al.



W02003059356, filed 10/28/2002; D.Chai et al. WO 2004052312, filed

6/ 24/ 2004, D. Chai et al. WX®X004052313, filed 12/13/2003; D. M Fitch e /.,
WC200405846Qp10id1beed 12/ 11/ 2003; D. K. Hutchi nson et al. pAfARO&@OL9M84, fil ed
8/ 19/ 2004; J. K Pratt et al. WO 2004/041818 A, filed 10/31/2003),

| , | -di oxo-4H- benzo[ |, 4] thi azin-3-yl derivatives (J. F. Blake et al. in U

S. Patent Publication US20060252785 andéas | - di oxo-benzo[ d]i sot hazol - 3-vyl
conpounds (J. F. Blake et al. in U S tent Publication 2006040927).
Exanpl es of the HCV NS3 protease inhibitors include, but are not limted to
SCH- 503034 (%%Tk@ﬁverﬁgﬁl@ refof 1o %rafnl Rk BRELRM 1ﬁaraV§1'6§eerﬁétaboﬁkrhl% 065
(Boehri nger- | Egel heim BMS-605339 (Bristo Myers Squibb), and I'T 191

(1 nt er nune) . VEs &iplEeelof the interferons include, but are not limted to
pegyl ated r| FN-al pha 2b, pegylated rlFN-al pha 2a, rlFNal pha 2b, rlFN-al pha
2a, consensus | FN al pha (infergen), feron, reaferon, intermax al pha,
r-1FNbet a, i hfapthencrahvdineant.iastreinereferfily bntewanegetshriPURCSyatal ih M@ton,

| oct eron, ¢ Al int.e I AVI - 005,
PEG- | nf ersgenBt"IJa%d-‘gP é?abOB&?fs tgfngﬁﬁfg%ie‘?& Igl{]—ﬁ‘%{)g\g?&flg& rlllg‘JI %chog%galﬁ ‘Ele{g%l bavirin
prodrug VI r amduhtarse a(tt\anyl Bavactivity) enbadigg gmemaradefrsmer@chpwf Ehcalingeees er ons to
control om ﬁxsﬁd abtgl evﬁl1 hgons i ncl ude: acetyl (Ac), aqueous
(ag.), at m)sf)cheprg g(d £ gg s i phenyl phosphi no) -1, 1" -bi napht hyl
(BI'NAP), tert-butoxycar bonyl (Boc), di-tert- butyI yr ocar bonat e or boc

anhydri de (B Bn but Abst ts Registration
Momor | AR e PR R clprs S Sycon g A Binsrat (i Ataz o1 2 CCr).
di benzyl il((ﬂena@@ﬁix@ﬁt%toé@ﬁﬁ)lse ﬁroﬁanedlba@a(hnr&medaa{(ﬁc@)aimmeﬂ@}g@ragal( DBN) ,

| , 8- di azabi c cI o[ 5, 4. 0] unde ene hex ) cay bodi i mde
(DCO), 1, 2- REHR s %P]‘%SIIE%QE)D L RGP ﬁt%m cncoding ald

di et hyl azodi E@é%&b@ta@mﬁ ) Dkgh 028 Qv By MRYLRAZ A Hmar RQKh 8diRaihikk AD) |

di - zso- but yl al um nunhydrl (DI BAL or DIBAL-H), di- o- propyl et hyl'am ne

(DI PEA), N, Negilsygyesye! a&%%P%OH@e(DI\/A) 4-N Ndi net hyl ami nopyri di ne ( DVAP),
N, N-di met hyl f or mami de (DWF), dinmethyl sulfoxide (DMSO), |-(3-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl oride (EDCl), ethyl (Et),
et hyl acé? at B { Be@rb)prefetrphbeiphod{rmnoH)siraip-ieachinsd in M Gue-Hetateriectabobigin boxy | i ¢
acid ethyl egt t

azabenzor i agn PSR R oA L, Al lne g, BB o o
acetic acid waucta&(émw agé ingthy lataesy, SyaﬂlNEIﬁglgiremqﬂbénlzpltdmlézol e (HOBt),

hi gh pressurgy & I pet hanol
(MeOH), nel t?ng—nq%Hl ?X%EL} &?gfdﬁ/%rg%%&(c&wﬁgw I\ieﬁ‘ngp 8{? cfil (3 %@d acetonitrile
(MeCN), m ¢ hplesnod @CBE 12 endocudtoviattd (ViCRBANM mmn@pmutergﬂmm(ohw)qarbmt hyl

tert- but et her (MIBE), Nmet hyl norpholine (NWMM, N-nethyl pyrrolidone

(NMP) , eny Clsh) propyl (Pr), zso-propyl (i-Pr), pounds per square inch
(psi), pyridine (pyr), roomterrperature (rt or RT) satd. (saturated),

tertbutyl di | sil t - BuMe2Si B ., trie or Et3N),
Lritrats or EREtof HhTTeris 1 Vgt SFTOLOdt b preRjer B, dnd 7ok &

O benzotri azgfaqﬂs-exbrei\d;ﬂg r®levaNt erlz@ink bty lclgORItIA RS iadive FoRaRat e (TBTUY),
thin layer chromat ogrzﬁ1 gTLC) t etrahydrofuran (THF),

t et r amet hyl ef}l’iW%ﬁﬁ’g’&l DAY, trimethylsilyl or Me3Si (TMB),

p-tol uenesul foni c acid nonohydrate (TsOH or pTsOH), 4-Me- C6HASO2- or tosyl
(Ts), N-urethane-N-carboxyanhydride (UNCA). Conventjonal nonenclature

i ncl udi ng t h& NIPERFIgalle ferfingfor pinenzymp agfivity agcordipg (oriBraprgsepisigrenyion eady t  ar y
(tert-) and %&ed%YﬁsFoHﬁbftr%&EPtﬁ@ﬁ%t %%l@%n%?ﬂﬂe%%ﬁq Vs EhnABnig! Ky !
nmoiety. (J. R gaudy and D. P. Kl esney, Nonenclature in %)’ganlc em stry,

| UPAC 1979 Phirqyarto thosy efsadingy plytldn the aftxanpl es of representative conpounds
enconpassed by the present invention and within the scope of the invention
are provided in TABLE | . Physical constants are tabulated in TABLE I1.
These ex3pl &k @einique ppderantiabngsodio blItrOﬂ@IeIﬂtvm ganes praalie elesth 5o enabl e t hose
skilled int o ce the present

i nvention. ﬂgd%éﬁraﬁ?d%{c %éyevag%llh%("fn ered §1§1’1’%‘a1§ﬂ}% th{?ﬁgpélléope of the

i nvention, bcibctmemetwn [arstobalicaigbé 4 ful¢wsathic\hetcarekonepmes efibiatesteec tihedeof .
Compounds of tarr]l%x rses§enrlfte tornbe wnéelnon Caqerbaendn%enmrpa){oraﬂ%s?‘ {’,éc r%lsOf osmatsep ods
depicted in i FUstrat Ve syntaTPe P BEE T ON S e he e s shown PaRa descr i bed
bel ow. The startl ng mat erials and reagents used in



preparing these conpounds generally are either available from commerci al
suppliers, such as Aldrich Chem cal Co., or are prepared by nethods known
to those wbizbioad2don the art foll owi ng procedures set forCh/EPRoMESEBENCES
such as Fieser and Fieser's Reagents for Organic Synthesis; Wley & Sons:
New Yor k, Volunes 1-21; R C. LaRock, Conprehensive O ganic
Transformations, 2nd edition WI ey-VCH, w York 1999; Conprehensive
Organic Synthesis, B. Trost and | . Flening (Eds.) vol. 1-9 Perganon,
Oxford, 1991; Conprehensive Heterocyclic Chem stry, AL R Katritzky and C.
W Rees (Eds), ftﬁ%%ﬁ@%lsta%%hgtols%ﬁét ceMQ{hat cbnfdin {CAHIY ﬁﬂ&ﬁﬁﬂ‘f@plﬂé@ﬁcﬁr OCyC| ic
Chemstry Il, A R Katritz C. Rees (Eds) Perganon, Oxford 1996,
vol . 1-11; aweglmngtaﬁh@st Realtrq iHepd) bequegﬂn&l ThnBrotoxhieqiek the poparativpefumes 1-
40. The 1ol | ouiipdo SyBLAGL Ccils R B RENEIRARECIBRIBbYib] biigt taive of
sone net hods V\%ﬁ%ﬁﬂ ﬁecoe Sounds of 1 he rc‘zése)(rrartt3 Q:&n\?entlér)or?plj?h _ber'

synt hesi zed, Aacmidlvarortb@mvmmnfth@aﬁtnﬁi)mgocﬂwed hieslectsoporahiat dre preégientiebn  schenes
can be e S es LA ng referred
to the g?gsjcl@g ?%gsg%)cr?i) ?%tggl%rl %%Oﬁ&}fggﬁgg flﬂrugﬁlg a%el&ré?lg&%&%&%\r{r%t erials and
the inter rredglamesomfstlmgrd giygcmtohéethydrogaaset (gtﬂA)scﬁhﬁime/a@mnemmases@hd‘i)ed and
purified if de nv naI t hm but not
limited to, Ff ﬁ?’fr:ga?'tof(% nﬂ% @ngsﬁ g'fm cﬁ%()pan? gg?tasggﬁlc@ﬂwﬁ%’ ‘'ography, and
the Iike. Such materials can be characteri zed usi ng conventi onal means,

i ncl udi ng physi.cal . const ant nd s data., Unl ess ecified to the
cont rary. ¢ nERHERLF BE et A Re RE R et Bt RO AR ndor an
i nert at nosphemel @lls abmeﬂmhe\rmﬁnné &% SSahdravk, Qupfagalicigoittic eoRauat tide r ange of
from about -78 0 t 150 preferably fromabout 0 Cto about
125 C, and negfﬁlogr%cr &a@r re&hﬁﬂ@&ﬁ%}@%ﬁg thg?reaseonarﬁaa[yp%@mdre anbi ent )
tenper at ur e, inferion nﬂlé%u torodk@rytic RARBIICRARAL BteskiOn L &tdrOVbAniRE pRIRSrar e

depi cted as a Markush structure with generalized substituents; however, one

skilled in t¥gueicss WiiFl faciimiiha edicientimratan ef the peerad@olyapiectidppret he R
groups as defed&flodnfediBf with M MRsCRR: é&%fésﬁgn é’e’%to@' %fﬁld&ﬁ? chiftaib ' Aipesded
clains to afford the various conpounds contenplated in this invention.

Mor eover 15 t heepliestien.iagrioraespid Prd oiegniapter exepibisepseibhernat. tdiahard srealionfdi t i ons
can be i dent jfig LS SPHREEIRRhAT LA ThI RSndiSARY bRIaSEAYENCES 1N
the foll ow ngoexar%‘\glh %?ﬁ‘ce not meant to Fﬁl@& “the sc% e o? R{l}a@r nvention as
set forth i nhestecanbapivwn in fergemers and cultheednogrediog @tt@n’r@queﬂeldlown in thic grt
Application NOM(tm v. 4.0, a Beilstein Institute

conput eri zed{"?ﬁgfgie I%Iﬁlﬂ-r gener ation of IUPAC systematic nonmencl ature. If
there is a discrepancy between a depi ct ed structure and a nane gi ven t hat
structur t ed structyre~i.s r

addi ti onSO J?%%a%gtcee?l gﬁreorwnstsb %Tm ppsrf)lrnatet u?(g ?&r?m%ngegafa lnthsetructure
i s not indicplet méﬂmpnﬁmrdeﬁxairmlsmthdmj dg. @JﬁlnﬁﬁlﬂihﬁdﬁuhﬂMQSQntilh}lﬁg gtycetck ure or

portion of the structure is to be in ret conpassj ng .

Dt bt somer & ibonSirgy, EaiSoR et S e ey e o SBRe HAPIA B bn ar e
substitut ed BrophsibdurauitoRytidsd '(SD)&yrerne)r d'e:rsrt WaRiltiBkESct (TRB biddh maywhsgbaunber i ng
schene is used to refer to the su strtuéﬁ?{}ﬁ sites on the core

subst r uct ur e“ISREMUBS PRINCIETHEEY I doT 5 Q! e RITRYIPORICFOrENER Vi b8 et hod

for the psodugdwndy fersbn kiREPRANELH SHmitloBIN @y VE Ri@EntatonRBiShceCEAd e oMOT €
specifically the present invention describes reconbi nant enzymatic
activities wWHEH keﬁ\albr%n?drréatesgﬂrﬁbﬁe@.r@oreﬁweféer%lgror/erdgrectﬂbree g, ¥cligoner of
propanedi ol §{.QRiRU" 6" ﬁ&%pﬁésﬁéﬂeﬁe Bf §RAE AlchQiR 25 - AbtpREBhate, -ﬁhﬁ‘y aRbBs ent
invention al so provides suitable conbinations of overexpression and

i nacti vat i oninggrpriatpd dirte theireacten media.tSheilghohacns efrreeits knopage opdnleti ol .

1, 2- propaned I that is
wi dely used é&%ﬁﬁ%ﬁ%ﬁﬂ@ ggfS M%glgegi %?‘ﬁ%}gtgg ?)ﬂcgisa ;lllgag??rlgrl?? .wﬁg“h%kﬁ?ﬁeﬁi‘!cf euti cal
f or mul at B&ns LA woduetivi gy b¢ igdiincasmetigenitisor a@@mhlaﬁmaélvahdgeamq freeze or
de-icing fluj pr l%cﬂ:g,e 1,2-PD is optically active, enantionerically pure
preparations o ki D m ght be of special interest for nedical,
agricultural or physiological applications. 1,2-propanediol is currently
produced from petrochem cals by chem cal synthesis that involves handling
of | arge anobunts of toxic conpounds |ike epichlorhydrin or



hydr operoxid. In conventional chem cal synthesis, 1,2-PD is obtained by the
hydrati on of propyl ene oxide, which is produced from propyl ene. The

chem cal wynotvaae@4yi el ds racemi c 1, 2- PD and denands | arge/reomanssispf wat er
in order to prevent formation of polyglycol. Conventional chem ca
synthesis is dependent on fossil resources and | eads to the production of

| ar ge anmounts of by-products; thus it apfpars probl ematic in terns of

envi ronnent al and econom cal aspects. is known that 1,2 propanedi ol can
be produced by m croorgani sns fronlsugars as substrates (Kl uyver and

Schel | en, 19§171)abfe H os Forthe feﬁg&@noﬁ ﬁlletb%fv@e%n pﬁd st to%@pg]-@ v(h EFASH 5)0 198)
(Cameron, D.C., Caneron, D. % H, 2006; US 7 049 109
B2). US 60870146 Oahﬁre@geé?@@sg@zfoa&@emnﬁéom teorpru@ma ra#y sfperformadmnglerom
sugars excep i [ 073364,
US 2007/ 0722%6983%‘1C %%%%%Q&S%S%ESW“Q it Abge 83?%"5%#&0\?@:? §9§1§8‘38ner at ed
and sel ect edarepefersdow enhanced capabllltles to produce 1,2-PD from
unspecififd carbon sources. More specifically, inactivation of a set of
genes is taught to create strains harbouring single or nmultiple nmutations

t hat are theBlwasums! Coringos Hesgegugiots: §Félle©n$érmmopessmmsltafoetcbyned1@drmﬁst at -
fermentatlon§rm ﬁifﬁﬁuﬁ/oglﬁﬂﬁgﬂlﬁlﬁﬁ nﬁgplls on.th ehln Ctl%ath?% of the
genes encodi Y ah" al dA“RggPoR SCTALY S AVFe%ﬂgé?%g’%e exanpPesAre gi ven
for E. coli &ﬁ%ﬁﬁ@mhhakuha&tmgmamg@ﬂ&emﬁmamahﬁamﬂnbhﬁbkﬂhb@Mﬂhgltmo genes:

tri h h t h . subuni.t te-f te |
(pi DAB) . For DGO B gy SRS g i Bar g eftes R Raedndl © 1o

car bon- sour cB ifid@ulafe@wiBnhaddsétBorgailien 6r drganiditraall rRc@tidinopérmieddo i n t he
art for inproving the hiotechnol ogical rocesses for the rodu i on of

1, 2- pr opanedPSPT {IE NSNS (i sustPE. FYgRH hosR v GhriHeatc e 1Sn%%t61ved

m crobi al st fah REpdchRLhEAMIRA AR GaibBn SHESE AAd RIQFRS Sre otBiEmBdLsENt i nvention
addresses this unmet need by providing solutions to the problens that had
so far prevefidallige st wahes PRArbYwaEhtscoration dhamegboltpanddivast hese

probl ems, thgERieM of ViR s9§lerﬁ rcﬁ’éﬁ'gg @@nsﬁtﬁtl* ﬁﬁ){OQH@ﬁnQ{hQ e aRRGkQoL cal
process for t he production of gﬁge io froma

non- fernéﬁtaﬁMﬁmdﬂNékp@W@hVéﬂ@%ﬁb@ﬁmg @ﬁ@ﬂ@haﬁﬁé¢bﬁwhﬁﬁéDEh%bon substrate
IS sustalnln 1409 A St Al g nSHRS ek

production o oampﬂgposgn%gﬁ% y%ﬂ@% “ﬁ5g3§l&he sa ILHQ g& e %fgé%n

i nvention fuh@ﬁéﬂfQMvadssﬂ$m@h@ﬂ@dmmwmhabmaﬂegmnaﬂméwmﬁﬂbhnhg@h%e
specifically,af i e and are
thereforo soBarPsaryRehie PR Sl ol B AT il DL B OBEEA D, 2

i nventi on. Imrpaon orcthe anandairdlbatqusastemm ihn¥ediBatoh fqnmauatdn&yﬂerha&hﬂchdel I

parti cul m. cr.o0or anlsn1or engi.ne ed Lo, roduce hi gh
| evel s o 1 ﬁls%srugﬁlélﬁlendl Pre eft ?VE%BOH\%H arla% n8tsa tgplga% %ers%eﬁl% 5 e carbon
substrate, V\MStﬁnymtab@doﬁmbmmemsbst}rea&rﬁlenmnmb@bmmgechatth@ﬁstem agf Dbi onmass

and serves as substrate for productian anediol (1 PD) at the

et e, pie R SR ofiRaERbRe Bhigny B i orRE SEBE SE R SH S hur ce. I

one enbodi ments @Elratblmetoihm#eelnﬁlltesaramoan@@siub@t&dté in t]@alﬁlédlslM@rslhrymaatmkﬂfeoor gani sm

or strain, is provided which is en to, prﬁ %ce high Levels of 1,2
af@ém? fHen g

pr opanedi ol e%uaésmat%%eﬁ%%mcf msyis difjenlcandds Qerefsh sour ce,

wher ei n @i de@ihiae@lof lhcAasis 3f ME hMBesf n{urite AttoAtsubeATH, dR%Ivdaar ticul arly
of at least 75% particularly of at |east 80%)Ppart|cul arI of at |east

85% parti cuPaigeyanskthgpartisd RESsURh Weskergares §Peras ¢ QOfubgk Bﬁféhglad Iepslefgatch
particul arlyggheitich®asoAnsh @ﬁﬂjwélpkﬂo‘%vn]iggl@art%a Bx dJles'dﬁy%QBéldflﬁ’-l l'ing

within the above defined ranges al so being conprised heréwth.

speci fi c enbBdickestpra. it kelsglopatemplated gt ﬁle@@&roéé’vo@id boadpntgblefo deatinueeh 80% and

90% fermentation methods. Continuous fermentation is an open system where a defined

30  fermentation media is added continuously to a bioreactor and an equal amount of
conditioned media is removed simultaneously for processing. Continuous fermentation
generally maintains the cultures at a constant high density where cells are primarily in

log phase growth. Continuous fermentation allows for the modulation of one factor or



particularly of about 85% In one enbodi nent of the invention, a host cell,
particularly a mcroorganismor strain, is provided which is capable of

pr oduci ngwbixgtv/diesoel s of 1,2 propanedi ol (1,2-PD) when growmpemogiiyrerol as
t he sol e carbon source, wherein said host cell, particularly said

m croorgani smor strain, is engineered to overexpress propanedi ol

oxi doreduct ase (fucO, particularly by introducing a gene encoding a
propanedi ol oxi doreductase (fucO acti vi% I n one enbodi nent, the

invention provides a host cell, particularly a mcroorganismor strain,
which is capaR! finfbbr Hd4s 't}ﬂgaf{fﬁcg&lll L¥ehSr 0fd &0&095&9@%@61@ IFof deafipRD) when
grown on glycerol as the sole carbon source, wherein said host ceP

particul arl yo@eﬁl@hQﬁ wlgurigfainiadimiong sutrient Ruchiag the sgibae equees o gitegeeleptless at

| east one en glygerol
dehydr ogenasé (g QE% gdc? ndhl%ﬁrag%&/}%g %%@1%&&? ﬁggg&%&g ﬁﬁgﬁé} d{e{ralrlgtal %&?g%ryogxa

synt hase ( ng@A‘)Ofsaﬂf@n‘fglgv&r@whtchlebq:)frlt@min?@dmrwlouﬂxWhrltr‘éldadt eecntibiio®) activity,
particulagly e gene
ncodi ng 5 pPObARIY S BHHELRT i Re Bt Tyl LRI B biE

addi ti onal ggeelyencagowil canm&mwnéthas:me\wlﬂ gpsscéieacmdhafoemgdtalm o@fmuqm

consisting o ce e dro dA h on i nase (dhakK)
and rmet hyl gl {’/%@aa%ﬁlc[ﬁgr%mgt tﬂé(( sﬁ%t glgtée {e) lg?)t} eslgdozsflﬁﬁdoeilm dl%{ll ¥ es al ong
wi th the propareads ald gmowtﬁdztcmﬂuﬁirasmm(uf)uscf@)neatatwn/pmyessels s onk aeptindjusent , t he
i nvention pr vides.ah st ce tlcu ar m Cr.oQr gani or. strain,

whi oh 1 o capbPEsBrEpe Saus Rbprh B rgipdie te it Bt Sutia | poy
whengr 0}/va ?)nmgﬂro‘dé@b@} and$: viafiety 90 nethGdy 40 BetSiRU G BrodMIQIHe. ghé@ﬂed:nhos'[ cell,
particul arly, said m croorganismor, strain, gi neered to co-express a

gl ycerol deh{fdfitige m@e@&%a%d usieg eitier haigl. (’5?#ng?%% COMBUpYIBATEG: Bt

oxi dor educt ag@t e(nfylltﬁ@fn Aelid yi fE]YnenRﬁBﬁ ot ak kyitable, A@diNbdaAgUEiNg in sai d host
cell together vvlth he gene encodi n% a propanedi ol oxi doreductase (fucO)
1

activity, a g@HRHebLRTEIemY Yoiarebilgehgur sgstizises virlamll @elistiend such as

to express sgjphc@lYSRIRARNYIIRATORGA, iejogﬁkdlﬁ%rb&dch%n along with the
propanedi ol oxidoreductase (fucO activi I n one enbodi nent, the

i nventi ohd provi des a host cell, particul arI y a m croorgani smor strain,

whi ch is capgpl 13% BIOSQﬂe(aQ)‘F doflgt Qérgtgeﬂﬁe @cl)lac‘te(?froﬁl e Q‘B@R%ﬁ%ﬂdr c(:ﬂ-ulgr PD) When
grown on glycerol "as th o e carbon source, wherein sal

particul arl yIYSdeTm' i@qal@mlgﬁ@dlpgnﬁ@twls@iﬁéﬁ mlcrvtsalbfanﬁ@e’VleﬁpdeﬁC@d) expr ess a
di hydr oxyace i ol

oxi dor educt aél%B%fe %@ﬁa cti 9%@0&§g¢t Oznj‘(i:lu lif/gdtég?rtr% ro %lggﬁﬁ)g%?n sai d host

cell toget hepropartehnotsifmngénﬁermwodr clguampn ommlaed:l kmlowoxn ternedicc teseld,f ucO)
activity ene od| dr oxyac ne. ki t|V|ty such as
to expr es% groaangﬁlﬁ >§ (?I’ OX bqal %cpn %0 cxlym (? g)r’] ec t?le gei:ac‘uorﬁ)mlxélr(?lvI t h t he

pr opanedi ol amad@cnﬁdlucatraﬁ@rﬁd gm@)lt asﬁlllamoh ynd ddhurﬁmehramm@lnmr(U S.tPhe

[ ti t t | [ train,
uhi ch i o capdbt & 9¥ B adtictry el et s Br B RRR A IMine3. pD) "when

grown on gl ygﬂfsqfataﬂso SJ®688D3)e car bon source, wherein said host cell,
particularly said mcroorganismor strain, is engineered to co-express a
met hyl gl yoxal synt hase (ngsA) activity along with the propanedi ol

oxi dor edpgt ap& ihdudG ) apphtdishd, )6ur1iﬁ&f1€)ﬂ @1u1l ,AptoparMios ﬁbrﬂ'ﬂir%@lU&ﬁl’ﬁéb dtn sai d host
cell together with the gene encoding propanedi ol oxi doreductase (fucO

activity, a &éﬁ@t@%@arwlrﬁﬂ ff?étlF’RﬂrﬁPlvd%’é‘F @9%9%9&%%%%9 QeYFeAMey such as

to express sa'cﬂd@}“ehwmulfxamhé&%rﬁﬁﬁ@b&ﬁy@é}lﬁ@s&fewb&&elﬁ{a%lgoméh the
propanedi ol oxi doreductase (fucO activity. In one enbodinent, the

i nvent i on prpfebenediobeithgrly exéhetionps wefer (A Rhang sepatation pfrasiilukinpuritics

from the partially purified monomer. Broth clarification will typically proceed either by
30 filtration, centrifugation or crossflow microfiltration. Suitable filters are manufactured

for example by Millipore (Millipore Corporation, 80 Ashby Road, Bedford, Mass.) or

Filmtec (Dow Chemical Co.). Centrifugation effectively removes the bulk of the cells,

but, depending upon the nature of the broth, does not always achieve complete cell



strain, which is capable of producing high |levels of 1,2 propanedi ol
(1,2-PD) when grown on glycerol as the sole carbon source, wherein said
host cel Iwoparodigsskarly said m croorgani smor strain, i ecempeieasad2to
co-express a glycerol dehydrogenase (gl dA) and a di hydroxyacet one ki nase
(dhaK) activity along with the propanedi ol oxi doreductase (fucO activity,
particularly by co-introducing in said t cell together wth the gene
encodi ng a propanedi ol oxi doreductase (fucO activity, genes encoding a

gl ycerol dehydrogenase (gl dA) and a di hydroxyacetone ki nase (dhaK) activity

such as to e?%ﬂfo‘?rﬁscﬁ)@éfﬁmgthﬁéi%ﬁﬂ@itloﬁ‘F?Mﬂre%éﬂé?@165191193% BRdo Ry Ruyacet one
ki nase (dhaK) activities alon panedi ol oxi doreductase (fucO

RtV ty . ) noRere S e oRhereknTantHiBH 15100 ndebe sbihbPUeRidhd

par Ly oularl Vo henPALBRTAI By Riie) TPkl RRARLS LRI 19 b o

car bon sour cksingyrepleyed. Watedreidecstonc)étllle,clapiélﬁd broth iaedrypleaied byrtherheghr gani sm or

strain, cer S ) and a

et hy! gl yoxal L 2 RS AR FaRy BEEaLE] HRBNRT AN flif

oxi dor educt abtatl(rﬁml@)acaﬂﬂplmh¢d}by apambnycnﬁ l@thloyts, hr;chmimg avapopdivoidingillationsai d host

cel | toget her A ncodi n propan 0 X1 d duct ase. (fucO

cotivity. gometbiete bl H S TIEER P SudnBar SRR AL Bl B HA SRU LS AN

met hyl gl yoxamhay b¢ nas & mmﬂﬁ)eda@etwatertmlmh tl&&ldrﬁieekmﬂe%msmﬂd)dgiaycer ol

dehydr ogenase |,.dA) . and net 0 synt hase ( activities along with

he pr opanedtUYEPHbTERIT Pl AT P aa O Eor T SE S GrEIaR — ¢ ne

i nventi omo pr etk desotapp@sto Gt 1,2-paphrcdisl fbl’cl)\}ér}al\/lléln@fa@@fe@ﬁmld‘gmlﬁ bt r ai n,

e T

grown on gly e

parti cul arl yeigRl d) oW RN SMpRpaioRir&taining vRARY aRESHEGeddnSIScBXRI LSS a
Cdhak)

di hydr oxyacet one ki nase and a rnet hyl gl'yoxal synt hase (m:lsA) activity

along with tH@“pl?aéif‘éﬁéHW%}Pr %lféuoaef Bylsetless Etyinpg bp-ragepsdielyr (iBbgltovcul arly by

co-i ntroduci pAcdoR oBRhEr 4RSI ]fgr%bénealggﬁﬁltfbet%tamlﬂgtbtﬁé??ncﬁk%ﬁl%s %%%‘r&&lta

pr opanedi ol oxi doreduct ase cO activity, genes encoding a

di hydr oxyacetuesiorinedod (iiid rﬁal(gfelafrddelﬁeMbwsg BRI ESF TRt AGES MRESAPCact i vi ty

such as to e i

met hyl gl yoxal s f;}%? \g/gggd 46( ; gﬁo\?\fﬁégg&é@ggéﬁ&h@ﬂﬁﬁg S%?%Sgsn(e ol .

oxi dor educt as%én((Smem,t@brmS madetlyy Mllhpcmé\/léhmw(lmmatlom IlBedfOrd/MﬂS$ bn provi des a

host cell, p ] r i $ of

pr oduci ng’ hy ity pRBKARDLSIL ALy Bh By AR 1 2pGRRREE 01 o1 s

t he sol e car menbseuracted imhegaiins@aing. Buusblecelvbyt \xpanrtchtdalalaolhqls ;mahals

e e G e R

met hyl gl yoxahlsyhiotshaseal{otgadyd ach asvcbctayloﬁad oytgwhekhletahevqjmmameldlwithm the
oxi dor educt ase activit icul ar b o-introducing in said host
O 1ot et harsnht AEEh Gt rtion oo § d s g Ry R tertsd. $Pueo)
SCL [ \d/I ty, genesmenend, ngrog?]@%wmagdabe ﬂﬁéﬂﬁyﬁfoﬁ@?ﬁ@t&@})ﬁ @isdv%)wn 12 Vari01'1£

i hydr oxyacet ane ki nase a a nmet hyl g y xal synt hase S activity
such as to ewﬂv%%é a%%ift??nlji ‘9@&“@30 B Ry ﬁa“sl% K IngAgh asaﬁm%?%}&%&é& one
ki nase ( dhakjheanskriont ixlze Pysxal Eymbiiasee Iﬁm&)ﬂy@ﬁﬁabw Fbigswvias eifgr W th the
propanedl ol oxidoreductase (fucQ activity. In one enbodinent, the

i nventi on pr&\iagan of 2Awsrtiopghartially guritied ). Zpropanedigl W@}dﬁeg%fmeé RSMINgt r ai n,
whi ch is capahl ge @cotﬁ?mg@b}naeafogﬁl)lsﬁ \(ﬁdﬁcu@o{rlyll’sgfupﬂbp@éﬁ‘lﬁgé)%hléh]utﬁlzgs[)) when
grown on glycerol he sol e carbon source, "wherei n sai
parti cul ar | ya sankingtios obargbaidsaiiay cxshange memb@neﬂrfglbme}aé@ntoe apdcatiopt ess a
gl ycerol deh e uct ase
(fucO acti v?ﬁtg I;i/l%ﬁés f%gfh éga{ﬂglegd;&g%if%ﬂt r gé%%?’ng@ﬁﬁg* a féhg(g%ﬂe{(i:tgii ?Plt oget her
with t he3@ene:ﬁemeolmhn greacnp frypetrads distllbtmpmd)letdlau@ramey ¢ dwO)n begehi wheryy, genes
encoding a g t Y. j . ycer ol
dehydr af ae- SEe TR ERE AR L Ak £ 0 291 R SHOLERD, Bl

of distillation indicated that materials evaporated in the order of first to last beginning



(fucO activity. In one enbodinent, the invention provides a host cell,
particularly a mcroorgani smor strain, which is capable of producing high
| evel s ofwd,28100mnoganedi ol (1, 2- PD) when grown on gl ycer eCTaP200005506% €
carbon source, wherein said host cell, particularly said m croorgani sm or
strain, is engineered to co-express an al do-keto-reductase activity al ong
with the propanedi ol oxi doreductase (fuqﬁ? activity, particularly an

al do- ket or educt ase activity, which is contributed by a gene, particularly a
m crobi al gene, selected fromthe group consisting of dkgA, dkgB, yeaE and
yghZ, parti cyiRiiby oByankQl HtdOHYS ildedind 1SAhPpiRah! SR AnallPH&L P Ratdlaish the
gene encodi ng a propanedi ol oxi doreduct ase FfucC» activity, genes encoding
an al do- ket osucBduglyesse and piegipttsted y94ids.i cul arly a microbi al gene, sel ected
fromthe group consisting of dkgA, dkgB, yeaE and yghZ such as to express
sai d al do-keto-reductase activity along with the propanedi ol oxi doreductase
(fucO activity. In one enbodinent, the invention provides a host cell,
particularly a mcroorgani smor strain, which is capable of producing high
| evel s of 1,2 propanediol (1,2-PD) whengrown on glycerol as the sole carbon
source, wherein said host cell, particularly said m croorgani smor strain,
has been engi neered t hrough reconbi nant DNA techni ques. I n one enbodi nent,
the invention provides a host cell, particularly a mcroorgani smor strain
according to the invention and as described herein before, which is capable
of producing high levels of 1,2 propanediol (1,2-PD) when grown on glycerol

as the sole carbon source, wherein said host cell, particularly a
m croorgani smor strain, is defective in arabinose netabolism In on
enbodi ment, said host cell, particularly said mcroorganismor strain, is

defective in arabinose netabolismdue to a reduced or m ssing ribul ose

ki nase activity. In one enbodinent, the invention provides a host cell,
particularly a mcroorganismor strain according to the invention and as
descri bed herein before, which is capable of producing high |evels of 1,2
propanedi ol (1,2-PD) when grown on glycerol as the sole carbon source,
wherein said host cell, particularly said m croorganismor strain, is
defective in the netabolismof methylglyoxal. In one enbodi nent, said host
cell, particularly said mcroorganismor strain, is defective in the

met abol i sm of net hyl gl yoxal due to a reduced or m ssing enzyne activity
sel ected fromthe group consisting of glyoxylase systeml|, glyoxylase
system 1|, |actate dehydrogenase A glyoxylase systemlIll, al dehyde
dehydrogenase A activity, but especially due to a reduced or m ssing

gl yoxyl ase system | activity. In one enbodinent, the invention provides a
host cell, particularly a mcroorgani smor strain according to the

i nvention and as described herein before, which is capable of producing
hi gh | evels of 1,2 propanediol (1,2-PD) when grown on glycerol as the sole

carbon source, wherein said host cell, particularly said m croorgani sm or
strain, is defective in the netabolism of dihydroxyacetonphosphate. In one
enbodi ment, said host cell, particularly said mcroorganismor strain, is

defective in the netabolism of di hydroxyacetonphosphate due to a reduced
tri osephosphate i sonerase activity. In one enbodi nent, the invention

provides a host cell, particularly a m croorganismor strain according to
the invention and as described herein before, wherein said mcroorganismis
E. coli.ln one enbodinent, the invention provides a nmethod for the
preparation of 1,2- propanedi ol whereby a host cell, particularly a

m croorgani smstrain according to the invention is grown in an appropriate
growt h medi um containing a sinple carbon source, particularly a crude
gl ycerol preparation, after which the 1, 2-propanedi ol produced are



recovered and, if necessary, purified. In particular, the invention

provi des a net hod of producing 1, 2-propanedi ol by growi ng a host cell,
parti cul avbyom/oRénoor gani smor strain accordi ng to thePCmErRitoOR913DN A
nonf er ment abl e carbon substrate, conprising: i) culturing said host cell,
particularly said mcroorganismor strain, according to the invention and
as described herein before, which host cgll overexpresses propanedi ol

oxi doreductase (fucO activity, in a mediumcontaining a non-fernentable
carbon substrate, whereby the carbon substrate is sustaining production of
bi omass and gRUWEPLAS @ substrate for production of 1,2 propanedi ol
(1,2-PD) at The sane tinme, and the nonfernentabl e carbon source is

met abol | zed Bl foHewie Sxampley propide tllustidtiae ppbediacnts. dp Bt ghMicPrsort strai n,
according tog; i J L - i td i
1,2-propaned?%?ggkgﬁggggggggg%ﬁ?%gg%%ﬁg?ggﬁﬁygég%%?1%§§§gﬁg%ﬁgvapﬁi)

puri fying t h&lloeoglzpapled ar-igensiod eti cxbmpliary anhyeandriheg dimrenats dingehe

i nventiong sai d.nan- r .S r I I
prepar at 1 on. HeSPARs SRS A AMSLEEIGAN AP FULAEBHEFREL ¢y
of at | east p@%ntlpakimeduhigedtynagtr. at | east 75% particularly of at |east
80% particularly of at |least 85% particularly of at |east 90%
particularly of at |least 95% particularly of at |east 99% and up to 100%
I n a specifi allemapaiaiemntand tdeenighesGeceddarh@ostigeiging @roaphggpeidtiaing dederibet ween

80% and 90% . ti L | f abqut % I. di t )
o po ot ~aPER R Ry Bk iiGuaf 2 AR FERE TR wt Jsriage

preparatiion ag. idescibebadl @sesdambheskor @00l snaMdliRe Uil @by imtiabodvizied to 1, 2-
propanedi ol . I n one enbodi ment, the invention provides a method of
produci ng 1, PUOSFyieanetidorhisthideepiitfed herein before, wherein a host cell,
particularly a m croorganismor strain, according to the invention and as
descri bed herein before is used in said process, which is engineered to
over express propanedi ol oxidoreductase (fucO. In one enbodi nent, the
invention prpxix@esLe 1R aPMeRcadise) N9 1, 2- propanedi ol as descri bed
herein befor€, wherein a host cell, particularly a m croorgani smor strain,
according>to the invention and as described herein before is used in said
process which ;i sq,engl.neered to co-express at |east one additional enzyne
protein selecte roup consisting of glycerol dehydrogenase

(gl dA), di hydr oxfacémeneulturadas e d¢faied K)iniandmpditmhay e desisnyghtoragein ngsA)
along with the pr i i . bV

enbodi ment of tﬂggﬁﬁggggﬁ%ﬁ?%%g%@gg&géﬁﬁ%lég?@%%ﬁﬁgihéhg¥%¥%%8§?§anisnlor
strain, accor di myntheset Pe litanmtbaitnedinmaodtamsd:descri bed herein before is used,
wher ei n 96 Ieasu}gﬂg gnzyme activity involved in a non-productive pat hway
conpeting with 1, 2- B broguction has been deactivated. In particular

m crobi al mnut ant$easarrhdétc 02y |y mutants of E. coli, are used wherein one or
nore of the gengzﬁﬁnchi %aglyoxylase systens | and Il (gl oA and gl oB),
| act at e dehydrog 5 e%l hA), gl yoxylase systemlIl (indirectly by

inactivation of Bike2-AREbEItHyDIhiRLEE-(HyReRymetpy-nadidaby deg dehydr ogenase have
been deactivated, |n another enbodiment, a mcrobial nutant or strain,
particularly an ELIQ0-%%€ant, is used wherein the gene encodi ng a gl oA
activityohas bquﬁgqntmgbgygor fully inactivated: In another enbodi nent, a

m crobial nmutant or strain Inactivated in arabi nose
MgS0O,-0,225 ¢

Trace element solution [Pfennig, 1966] - 1 ml

If appropriate, antibiotics were added to the medium. Concentrations used were

30 gentamycin, 5 pg/l, ampicillin, 10 pg/l.

Crude glycerol was obtained from biodiesel production and had a purity of 85 %.



met abolismis used within the process according to the invention.In one
enbodi nent of the invention, an E. coli strain is used as the host organi sm
parti cul avbyosmiksoscol i strain MGL655 and DH5al pha, respetiEPr@opso1Bn one
enbodi nent of the invention, at |east one of the genes encoding an enzyne
activity selected fromthe group consisting of glycerol dehydrogenase

(gl dA), dihydroxyacetone ki nase (dhak) ng nmet hyl gl yoxal synt hase (ngsA) and
pr opanedi ol oxi doreductase (fucO is un the control of an inducible
pronoter, particularly an arabinose inducible pronoter, particularly a
paraBAD promot erg o)1 s8Rk @&P%‘uﬁ@?bro‘{aﬁ artéa'?n blﬂM@aﬁ‘ltoh @fbes ?0t§mthﬂﬁé3(ﬁmpper on is
provi ded and used in the nethod accord% he invention to provide a
host cell, partileo¢udym § ny) @ﬁgéafsé)b@t@%ﬁrﬁe%lﬁd Wrth &bbﬁrwppé@(@ﬁéﬂ)wés@? hYmat | east
one enzyne acti v of r

dehydr ogenase (gk$dg£§ ﬁ?ﬁgd§§gc t one %Egge 'Zieq%gﬁcu&kMﬁﬁLBHﬂ
nethylglyoxalsynvhasgdﬁl S Applesteilvivatyongh oergsaaletl lsonthigmpnte path e gitagion.

oxi dor edugt ase (%%ngﬁg o thm ;!t%e%{?secu‘i’tmggl SRR O b &l&ﬁ {gRLd on, the
genes encoding t ove ac IVI? 'es are under contr n I'n UCIb|e
pronot er, parti caedurhyhagwaspregpiretosden axmhxcoinbiltienqcnndmodzlesed chutinespeci@l |y a
par aBAD pronDter nt e Rrov ded
conprising the &%ﬁ%séﬁﬂ%HMHng? 5Ep%ﬁf8f %H “8 é?g@gﬁ%ﬁ @fﬂognd at | east
one addi ti onal gﬁmenaenﬁ}fgdn r(ngtﬁl\mtleﬂﬂﬂMHﬁva}DlEd)b&WBerSEdlrﬂ(ﬂ@@S fforaxid dnd gr oup
consi sting of g cerol .deh ogenase, .di hydr oxyacet one ki nase

met hyl gl yoxal sy %&%OXQ%C@EEX-\‘%O%EFFWCBW%J? ST PP HERGOE ‘%eﬁfé?tBPPegéiV??ﬁ?l si ng

t he geneso encodidpgicflldoman edicako @uicaeradiset ase (fucO, gl ycerol

dehydr ogenase, di hydroxyacetone ki nase and net hyl gl yoxal synt hase (ngsA). In
one enbodi nent, the synthetic operon according to the invention is under
the control ob an.hRduel bl praAsmier, particularly an arabinose-inducible
pronoter. In one enbodinment of the invention, the nes encodi ng the
successi on of ger¥EISOf hATE MBBRFTRAYEN 1N GHIGEE Pioth ‘Wfég?t%rélilﬁle ddpyebish i s as
follows: MgsA  gfiffbrenidhaibodsfdaBrisild & cHIDNBBLE 8Ra lHPtLQeIndr@ e Hefoas

pol ynucl eoti de nol ecul es or constructs, particularly plasm ds and vector

mol ecul e$S conprilBi@gsipnecatippikebengs wpurofd a@t@éipmfwgh fgentipepmbednon and as
descri bed herein ¢ I |,_host
cells conpr|5|n91%§%glg ?&ﬂg ?g%ﬁﬁﬁgﬁﬁ%%ggg@gékﬁﬁgé%%kMs%l&ﬁ@?h%N OF THE
DRAW NGS AND SEQIENGEMS @F IyNS2Fpwgsk fer dmiltinggusrqapggicatnin dibpihgspnsts gr owt h of
Dol oB: st ant, - harRag pans ARk LTS OF o SRR MR o Bl RY T

met hyl gl yoxal addmdnmmmi%encuktMMngbﬁmEMXMBguﬂgnQ is a schenatlc drawi ng of
pat hways @enerating 1, 2-PD when sugars or glycerol are carbon substrates

Fi gures % & 4 illustrate maps of plasm ds described within the invention
DEFI NI TI ONS The Eeténtihpedayysisc | e@D ﬁeupdrmtammssj‘eteﬁﬂmh@b}eh coldrometgéer to

ol ymeric nol ecul e, of . hi gh | ecu si ngl e- st randed or
80u%|e st randed,™ @B%%%@@' ggn W@@@&@ﬁ%gkﬁg% %2% @Eﬁ Fﬁwﬁﬂ fWygar,
pholsphatle andda 1bac$@d\t‘@¢&ltfrdeﬁ‘suiﬁdrﬁd%ﬁ¥ san &l mhik&l amlﬂ heatéd. H'%ld’eif%r aThg NtA e\rNLn )

ol ynucl eotide " thus primari refers,.to 0 r of or ic
cgn be s ngl e- d}mlzy&%P@u%anaéﬁaéaum&wff%ﬁ@? ewhedend gubsirrtipretoec,
non- nat upal or aldueredirral@etdrdepharasidaanaiel endhe kRCHIPR LIS @M, | Nt 0 DNA
or RNA polymers. Unl ess otherw se indicated, a artlcular nucl ei ¢ acid
sequence of th|§mmﬂ9§ﬁHW6ﬁm§W%@eFW%PWE?@P9fE%é@hﬂd dconservati vel y
nodi fied variants thereof (e.g. degenerate codon substitutions) and

conpl ementary sequences and as well as the
For quantitative analysis, 1,2-PD in samples was measured by GC-MS analysis.

1,2-PD was identified by identical retention times compared to authentic material

30 and by mass-fingerprinting,



sequence explicitly indicated. Specifically, degenerate codon substitutions
may be achi eved by generating sequences in which the third position of one
or nore swbeaotoadz2doar all) codons is substituted with m pedAirass/osngdz or
deoxyi nosi ne residues (Batzer, et al. (1991); Ohtsuka, et al, (1985); and
Rossolini, et al. (1994)). The term pol ynucl eotide is used interchangeably
with nucleic acid, nucleotide sequence may i nclude genes, cDNAs, and
nMRNAs encoded by a gene, etc. The term™ onstruct refers to a plasmd,
virus, autonomously replicating sequence, phage or nucl eotide sequence,
linear or cipRUNMPLEQ! @oRitREidn oPFecBRBRaft SighaRpled DNA or RNA, derived from
any source, Tn which a nunber of nucleotide sequences have been joined or
reconbi ned into a uni que construction which is capable of introducing a
pronot er fragnpend, and, sHERNYUSINGE Ok v@nse! ected gene product encoding an
enzynme aCtIVItymﬂ%lTl—ﬁﬁTﬁm ong with approprlate3
untransl at ed sequent dMGHH6 (B leabda: ihefh- é@mh braahBHSelpha (Fon" or
"transfection” [ o] Hen [ ter the
i ncor por a}fl on of(sg(l)g{:?%ﬂ&@lg fﬁ@%ﬁ%aﬁgfg'})ﬁn@ ejf%)rgerg%l On”d%le gfﬁlsﬁfﬂd iﬁ
transcription anghotrapsiaii, on-1t grgenec/gtoohdclerifatioen thergeivercodil aghdsor  t he
sequence of the ge uct reSS|on cod g for the
sequence of geneigp{rﬁSBlngC i°g Olfll’rlzsriDt15 tiyeléltﬁesrc eb%%lofnoc QN&'@D@%E%@ NA whi ch
is often a nessehgsiurdeNér e&ﬂiphﬁcﬁthﬁl’b,frdléiﬁnttg’euas Geansic DNoeflomeEsseinger RNA is

or ot i n. The 1 o damane e Sregple Rt AN BRI T or oo

to an extoa chrofmsonmal el enent often carrying genes which are not part of
the central netabolismof the cell, and usually in the formof circular
doubl e-stranded DNA nol ecul es. The term "regulator” used in the present

specificati oplgregggﬁont@zd@zogmﬁg%yence havi ng a functi onal pronoter and
any related transcriptional elenent (e. enhancer T box, TATA box,

SPl niety and thefif teﬁéolt&ﬁpﬁnfw@b@?rgbﬁ@whioa%w gl%é%ﬁ@ D NG 28) esent

speci fication ”ﬁ%&%nt&&ﬁ%ed‘ﬁﬁbla@&lﬁi ﬂ&gf&h atiorv) & RIBRA ﬁcﬁ&"?bﬁg%bﬁl Ayonoter, an

enhancer and the |ike, that control the gene expression, a gene of

i nterest lre corisearegefl forampbpeatiab pegesesaefdntergstardladd leéfalble éul%,rhn% to

enabl e expressi f foek gosﬁn er to

t hose of ordi nar%)dlgkﬁoﬁadngr%gﬁﬁgevgrt t sed eph{f);thgqalgéwgl r?ékﬁ}?%gvgﬁltgt or can

vary dependi ng olﬁcpheTHﬁ@sltpurl'fhéPﬂ&ﬁl‘ﬂg‘H@el \EQSllml‘tedj@mheéaﬂh%\wmppﬂ%ssi on of

the activity of i j f on of

activity that ool BEREY ELER b0 PP B nRARSER AgRenBe SRR RS 27, 1L

del etion of at Ic@asoloaippmottormhraiBIA@ ghmngaltlglﬁtyrleglulétéd)nndaxmtqmpreehmdreti on of

aII or apart of t onot er ecess y S o that
is no?oaexpresé’eda”l%l mﬂseasldffﬁ nar 1" §6 ?al utsznllie engéisfl%?n ﬁzduct

I os es its functigne ¢hoimgitaaplom @@%@hdz@ﬁsmg’thapﬁrﬁd's dbpkpdsertl and diidie rgeéne

d). Pref |1y, the deletion af tially th
Cuppr ese on of -t HVRg. Uik eRagse~ sane SOPINe LR EerBidtn mar ker

gene that facil Iﬁrat*eﬁfsecljdéﬁcei i smti 1D @t 30 Mhe gfﬂ@hﬁﬁd:d)fﬂa@;ﬂdlt pEidHakiwat i on of the
strai ns accor di ng to the invention, For ene rrg%/chbe i nacti vated

by honol ogous r eBHHEH H]é&ﬁhBﬁwﬁ%ﬁﬁﬁﬁ’é‘?jOfBSPPtﬁgern?“é@}&lﬁnge?rdm e.g. E coli

(Cunni ngham et @kranscABRObth- o/l A drMk. AR prived fu¥@t foAMnR R0 Q]I veed be as
follows: a linear fragment of DNA is introduced into the cell. This

fragment is obt diSAetp aMPLG the b152aHERcrnspdiagRropsdipkeidieduetesa(fichy t he gene,

and a gene enCOdﬂrd]ﬂEaco?ﬁ’sEQtIQlNG ﬂ?%ﬁ{ @Qq%fate&%@ﬁ{e@ldrﬂ S#AI-site of _
anti bi oti c-resistance gene) |ocated between the two flanking rggl ons. This

fragnent thus priddesgtddsoghtaingberlpspzid @HPg@féOtrmﬁ@lb@@Igl@ ek arbfirel uHger gone a
recombi nation evgit, gt f %ﬁ;@k%ﬁc&dﬂ% tBY Bt 3Rt hy i S AGAR Pen R & Selvact ed by

plating on a selecti Ve growt
30 in SEQ ID NO: 32 was amplified from E. coli using the primers mgsA xhol for

and mgsA_ xhol rev and introduced in sense-orientation into the Xhol-site to
obtain pDP_mgdf. The succession of genes transcribed upon induction from

plasmid pDP_mgdf is thus as follows: mgsA, gldA, dhakK, fucO and lacZ-alpha,



Cell s that have undergone a doubl e reconbi nati on event,
gene has been replaced by the inactivated gene,

in which the native
are selected. The term

"car bon swb<breatigdo4means any carbon source capabl e of becwgrombabnb: zed by

a m croorgani smwherein the substrate contains at

The term "non-fernentabl e carbon substrate” as used in the present

invention refers to carbon substrates t
of a given organisn1to generat e bi onass
acceptors.
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conpared to pure glycerol with regard to bi omass production, indicating
that crude glycerol can be utilised and is in general not toxic to
m cr oor ganDEy01B0@mass producti on was not affected by wohe/rmpomensdizes found
in crude-glycerol preparations. Crude glycerol from biodiesel-production or
alternative sources can, therefore, be equally well utilised as
car bon-source by m croorgani sns and thugygan be used wi thout further
processi ng as a general renewabl e carbonsource in fernmentation processes
for biomass production. Crude glycerol preparations, particularly crude
gl ycer ol R RRAKRY! B TE ROC REOTACTICARTA L GPEOBTR/A PT OTUCT (O MY THET§f or e
be used ijn 1he procelss according to the present invention flor prodycing 1,2
pr opanedi |ohgspKR £¢2D) | CRCEGAST Ce TgrAetGEEGr conpound i n t hg-product{Pon
pat hway to—i 2 propapethor—ti=2=Pb— th-hydroxyaceton—phogphate—(BHHAP) .
DHAP i s céﬁ?éﬁ%ggw?ot%§¥g9T%p§§§g ,Agi%%f essenti al precurgor conpcggh,
t hrough the acti vity|fof clenifi@inpyiRgllyoxal synthase (ngsA). The net hylfgl yoxa
d

becon'es f! na! ! (VAo YaValV]-YR | ad into S act al dahvda A-cao far nni dent! f! -

gl ycer ol -[dehydr at ase| HEFGFEGCREA VA GTH AAFATAASCRE [or 11
S- I act al defpyde,y Whi cprAscdersbgrrigtabol ised to R- or S 1,12- PD
respecti vielv_—VWhereas an endoqgenous reductive activity of tlhe host |celll is

proposed [deBrdduce RETCOCEEGECEHTANT GRGATRGAGEAGES,  t he E:Iactalc§?yde

appear s tpobethe sSupstrateE~f 0 el oL egpctase (Fuqor,;
whi ch ey convert S| actal dshyde i hko S 2. PNt At as N[ . 19997
Applield wkgAEuvironﬁb%ﬁﬁ@CAﬁﬁﬁﬁbiology_(65), 1180- 1185). |kt was,

t her ef or ehypothestzea—that—hy—tatrogductngpropanettol—oxtdoreduct4se
(fucO i n[tdgé‘g— bst  of ﬁ?@%@ﬁgcﬁfmq(?@éw ﬁ?ﬁf% pr oganedi ol H 2- PD)
produci ng network nay be expanded by accepting the S-entantiomer of
| act al dehyde for conversion to 1,2 propanediol (1,2-PD). Furthernore, it
was concl uded that propanedi ol oxi doreductase (fucO activity mght be
necessary fop 3proguhi PRciliict etcoRb LRANEHI DB, (F0S20IRP) 1dkA BIMBIEY 68T RIs:

i ndependent of the nethylglyoxal pathwayAccordingly, a wld-type strain

t hat does not prddie detectable amounts of 1,2 propanediol (1,2-PD) from
glycerol, sirrespeoliVeciqubdRr GREGH LRSI aftUnbivi & R kiR isHP Rk ement ed
wi th a pol ynucl eotide conprising a nucleotide sequence encoding a
propanedi ol oxi doredgetinamies ¢EuEE), batarp pptlimitedrio. gaee Esmppdinemodsiicd: he

i nvention, the 3 I neP i QX g cO activity
was cl oned int oggg olg'?ﬁ %ﬁégg%f@eﬁg M'I’ %@qg gige%%%%gﬂ@%agggg%ﬂéabl e anounts
of 1,2 propanediioéctigdtion-uPDy PCReampifipd &N (Ratgnloy &rA e X(fl0e §8bd Eilh,2081)d host

in mniml nedi cant,ah i g u j ' X
conditions. Over %p?é?@?@ﬁa%ﬁ’%%gggﬁg rgﬁﬁﬁﬁﬁﬁ%ﬁggﬁc 3%%%($E@%$&%%?qvity
resul t edl® n pr odoNAibomoifzods, t2 thpraepaciadicmht itb,hdstRENs (CAnfivglale R. Regt apr ecur sor
conmpound in the ﬁgﬁﬁgction pathway to 1,2 propanediol (1,2- PD) is

di hydr oxyacetone p phate (DHAP). In one enbodi nent of the invention, an
alternative pathway to yield di hydroxyacet one phosphate as precursor for

1,2 propanediol (I|,2-PD)-synthesis is engineered inta a mcrohial strain,
oarthcuarty ©nt B SRR el e bl B essent a
precursor DHAP idgeeppaaemt wailch ihecleadagentdse skapdliahoay. network acting on
gl ycerophosphate kinase (gl pK). In particular, a DNA nolecule conprising a
nucl eot i @ sequence encodi ng a gl ycerol dehydrogenase (gl dA) and

di hydr oxyacet onemkhid asentlofd ol @hd Medibihtioh dF PORLERH fitADN ANRSEouAhgani sm
particularly a E. coli host. The gene encoding the glycerol dehydrogenase

(gl dA) may be i stlcarllg TerigREes B2y eeili Prisparay e spratiicrbudatengd Brte. coli K12,
and cloned into @ansuUirtidblks MASWdlences are listed below. Successful deletion of the

gene of interest was verified by PCR-analysis and DNA-sequencing.

20
Denotation of deleted genes (1-6) and primers used for generation of homologous

linear DNA:



I n one enbodi nent, the gene encoding the glycerol dehydrogenase (gl dA) may
be cloned into a suitable plasm d along with a gene encodi ng

di hydr oxywoevmmazdounase (dhaK) activity. The gene encodipug/Brb@9/059132

di hydr oxyacet one ki nase (dhaK) activity may be isolated froma G trobacter
strain, particularly a Ctrobacterfreundii strain.In another enbodi nent of
the invention, the glycerol dehydrogenasg (gl dA) gene is cloned into a
suitabl e plasm d i ndependent of and separate fromthe glycerol

dehydr ogenase (gl dA). In one enbodi ment of the invention, the introduced
codi ng sequencespeneQeicng agghMcarflendriadrLosnase (9l dA) and/or a

di hydr oxyacet one ki nase (dhaK) activity are under control of an inducible
pronmoter, particul aKiopean at/dbi nose i nduci bl e pronmoter (paraBAD). The genes
of this alternative ; yi e Loy et one phosphat e encodi ng

t he gl ycerol dehydrégg%g§g¥]%ﬁ§A) ggﬁg%ﬂeqﬁﬁﬁygfoxyacetone ki nase (dhakK)
activity, respecti vélhypmesampalecalipgtioodut®d2int e>a w3791 ype host organi sm

t oget her yﬁth a pol iﬁ%t?otide conprising the nucl eoti de sequence encodi ng
t he propanedi ol oxi doreductase (fucO activity, either separately as

i ndi vi dual expression cassEATCEsTTAYEFRMRCRRRCAIBAR MY BequercecirsCallvder
control of its own promptes @ngdot sy nation signal, which expression
cassettes may either be |located on different plasm ds or on a single
plasnid, or in formP&Mea2synt heti c operon conprising two or more of said
genes under the control gRtcoerRRTREeS®i@TTattrcher datoth Seguences. In
one enbogknent of the invention _tge genes encodi ng the glycerol

dehydr ogenase (gl dA) andsﬂ?ﬁydpgxﬁ'&etone ki nase (dhaK) activity are cl oned
to a single plasm d which already conprises a gene encodi ng the propanedi ol
oxi dor educt ase (fuc activity to create a plasmd conprising a gene
encodi ng a glycébol%%@ﬁydrOGéﬁﬁﬁ%d%ﬁ&ﬁﬁyw§1ong with the propanedio

oxi dor educt ase (fuc@ena&cti Vighy, or a plasm d conprising a gene encoding a
di hydr oxyacet one ki nase (dhaK% along with the propanedi ol oxi doreductase
(fucO activity. Inf%ﬁ%SQHﬁ6ﬁ>%ént?c%ﬁbVa§ﬂ$ng@ created, which conprises a
gene encosling a gl yeakshosdmhydéeanase1{okeA) andmodidydr oxyacet one ki nase
(dhaK) along with the propanedi ol oxidoreductase (fucO activity. The
various gene sequenéd&cehcodi ng the different enzyne activities may be
arranged on the pl asm dcstedtragai@cateadcaceyihheii e capef@ircuieiei n two
or nore genes arearranged_under the control of common regul atory sequences
i ncl udi ng pronoter and b%?%é@eﬂ@iéﬁ?on sequences. | n one enbodi nent, the
synt heti c operon i s Puin@dep: control of an inducible pronoter, particularly an

ar abi nosgsi nduci bl e pro I Lt i [ i N the

pat hway g%nerating 1,2 gg%ﬁgﬁégggﬁT%%?%§%ﬁk£h#¥§%g%p §§%§%¥g#§%%gphse (tpi)
of the glycol ytic pat hwd§ezdipided s t h net hyl gl yoxal synthase for DHAP. In
order to drive 1,2 propanediol (1,2-PD) production, ngsA encodi ng

met hyl gl yoxal synthase may be incorporated in the synthetic operon in order
to shift the balBnc&Namswar ddNA pRlypreggsarseniiadd (sigmaBRPrtopr oducti on. I n one
enbodi ment of the iQ%%Qtioq,ogn extended synthetic operon is therefore
provi ded conpri sing in addi t0n to the genes involved in the

di hydr oxg&acet on phodghatien pambaray &oogrdei tE@IaI0 gene i nvol ved t he

producti on of nethyl

| | ticul h | - th ,
particularly a neth 5%@%3@@@5%%%%@@33%%%5@%n%% Z%%%8§¢hes¥28u?f?ngene

plasm d(s) is(are) tPhgrrintroduced in a host cell, particularly a m crobial
host cell or strain, whj i r | I DoUnt s of 1,2
propanedi ol (1, 2-PD) frgﬁgafégggo F%F?%%@%ﬁ%?ﬁ%@g%g%%ﬁgg§§ﬁfF ions for
cul tivation, particul arl(§£@ FDaROE.1%o0l i strain.

30 Primer 2:

CTTTTGCTTGAATGTTCCGTCAAGGGATCACGGGTAGGAGCCACCTTATG
(SEQ ID NO: 20)



I n one enbodi nent of the invention, the host organi smhas no active

ar abi nose netabolismor has previously been inactivated in arabinose

nmet abol i swolkiodabeti ng or inactivating at | east one of wrhe/rrs@ensilal genes
i nvolved in the arabinose nmetabolismsuch as, for exanple, the gene
encodi ng ribul ose-kinase activity (araB). The corresponding strains are
cultivated in mnimal medi um contai ning ycerol under oxic and sem anoxic
conditions, and the 1,2 propanediol (1,2-PD) is isolated fromthe

supernat ants and anal ysed. Overexpression of the propanedi ol oxi doreductase
gene (fucO results NahePr 0dydFbiANe?f 1,2 propanediol (1,2-PD) from crude

gl ycerol preparations. The anounts of 1,2 propanediol (1,2-PD) can be

i ncreased by co-expf®8gi on &p4a di hydroxyacetone ki nase (dhaK ) and/or a

gl ycerol dehydrogen dA) .h i t he propanedi ol

oxi dor educt ase geneq??ﬁbﬁ§$mé%%theFLQ%%éoe%%%%%g may be achi eved by

co- expressi onof a diGhyeneepaldetabgioki nhBE3¢ldhak) &RdL2e6r a gl ycero
dehydrogegase gene &g&ﬂfq,and/or a met hyl gyoxal - synt hase gene (ngsA)
together With the propanedi ol oxi doreductase gene (fucO and/or by the use
of host cells, particul drtTAMAERBBITEI THESCTERIACSCHTT HICREFATSAAMGEACIF ar e
defective in at |east ongx®fipt hE. ran- productive pat hways conpeting for key
precursor conpounds in the 1.2 - propanedi ol production pathway. The
arrangement of the §&H®E2i nvol ved in catalysis in the described manner as
5 -nmgsA, gl dA, dahK, fue@&darksepicatefdedendiiyesciiiect nuentt@rd s not
restrlct?@ to this speC|féed arrag%enent. Any order of the described genes
m ght be suitable for 1,2 %H@pﬁ%e -0 (1, 2-PD) production. The pat hway was
denonstrated to be specific for the production of the 1,2 propanedi ol
(1,2-PD) isomer gof 0 anedépl, siqfe no 1,3 -propanedi ol was detect ed.

Met hods of obt ai ingE sire y@gﬁg@ roma bacterial genone are common and
wel | known in the ardenef noyegul ar biol ogy. For exanple, if the sequence of
the gene is known, suitable genomc libraries may be created by restriction
endonucl ease di gest SASSIRE MY The SEv55BHeFWISERAY probes conpl ementary to the
desired gene sequeng@rokdicRalib&liSERHENER7RS | S6l abe@p7the DNA nay be
anplified using standard prinmer directed anplification methods such as

pol ymerase chai n redéfesh (PCR) (U.S. Pat. No. 4,683,202) to obtain ampunts
of DNA suitable for transfiQidaBbt@RATESENGAARPIORRral A Ae A RIS TCTTTGA
Alternatively, cosmd libraries may be created where | arge segnents of
genom ¢ DNA (35-45 kb) ﬁﬁ?gﬁg B%b%éded into vectors and used to transform
appropriate hosts. @osfere: vectors are unique in being able to accommopdat e

| arge quantities of DNA [ , ) [ ne copy
of the c%g DNA sequenceCaﬁ?%%G?gh%ggggggkgF&ggﬁﬁgéggg%g%%&%u g@%ﬂ%nt
circularization of the f(eFiINNONA4)I n addition to the cos sequence these
vectors will also contain an origin of replication such as Col EIl and drug
resi stance markers such as a gene resistant to anpicillin or neomnycin.

Met hods of usi ng)coswing: vecl-obslokipasetnmmomeansf or mati on of suitable
bacterial hosts are(ﬁggl qu%gibed in Sanbrook et al., (1989). Typically to
clone cosmds, foreign DNA Ts isolated and |igated, using the appropriate
restrict2dn endonuclieasesn nadpacenEtctégent:heE@HOS53 egi on of the cosm d vector.

Cosm d vectors containing t | i.neari z oreign are then reacted with
a DNA packagi ng veh?@F§@%8WQ§8“%§§P8riﬁgﬁgge Ig D@gﬁﬁg t he packagi ng
process the cos sit@singf € cl eaved and the foreign DNA is packaged into the

head portion of the bac ' ' ¢l rt DRy t hen be
used to transfect suita%?%h%8§¥&%§kﬁgg%h%%ngmée%igvggs (%%S?ﬁjecfbd into
the cell, the foreign DN#EZiIDcHbardSzes under the influence of the cos
sticky eggls. In thig aanper |arge segments of foreign DNA can be introduced

. 1
and expressed in reconbl nant host cells.

ACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGATGGAGTGAAACGATG
(SEQ ID NO: 26)



Once a gene has been isolated and its sequences put into the public domain,
the references given, for exanple, on GenBank for these known genes can be
used by two=eimlpdosed in the art to determ ne the equi vetcempr2@ensssz n ot her
organi sns, bacterial strains, yeasts, fungi, manmals and plants, etc. This
routi ne work i s advantageously performed using consensus sequences that can
be determ ned using sequence alignnents yith genes from ot her

m cro-organi sns, and by designi ng degenerate probes by neans of which the
correspondi ng gene can be cloned in another organism These routine

t echni ques ofxmafeckhar 1 Ripp MYHudich Wel | known to the art and are

descri bed, for exanpre, in Sanbrook et al. (1989). In another enbodi nent
the present invention provides a variety of vectors and transformation and
expressi on cg%se@ptz%ngwé&@baoﬁ%Jn%ansybau%-g@wggminw%Iegfu%at ion and
expression of t Z | TVITI | i nvention. Said
vector may be, fUulisettemyiipecpatatipivag erudplyserpldpunty pbdut 85 Y0 evmpared wl  vect or .
Retrovir vecto ' ' j i on defective.
In the latter ca({ssgénﬂgll}g’r@ﬁe %rr%]g%%%g[% ?@%Y%gdggﬁé‘?% 9%? W%(k:ﬂg%fﬁ% only in

conpl enent i ng hosictaedahsms Fhagingaitignot [2ebbadiesicorofgecesrgafims présentznt i on may

be joined to a vegtor .containi. sel. e markers for ation in a
host . GEneraIIyfﬁgaBWQ?%ﬁﬁn$§%@%?c?éEﬁ%@?oaﬁ%ﬁﬁmwhmémgﬁggég5?3?e such as a

cal ci um phosphatminph& eiediviadupplometitebivith diffeednt anide @peciapi tateglyosoli n a
conplex with a charged lipid or..in c on- pased cl usters, .such.as
FulTerons. - Snoutiebasfigpnpget, duid 18 Y R bR a kB ot 0 usi ng
an appropsi at e packadpi@ueinlwak bBenRd iwdien tRdapRpiredhi BRlyceohastadagl [s. In a
nore preferred enbodineqt of the vector of the invention the gol nucl eoti de
i soperatively |iMKe#Y{S0l e EssicoRUEDHtEION SBGEREHYe S VHICTBUFEC BRBIEssi on i n
prokaryotic or edf‘f)%sg)ﬁﬁti: ¢ £&JfIn8d AinimBIGh&LEH cd RGEARES LY NEY:&Aen cFRXBr €SSi oNn

of said pol ynucl eotide conprises transcription of the pol ynucl eoti de,
preferably into HYerAndretaspechiRrebmeadicatrsy (T4 Ynent s ensuri ng
expression in eukaryotic cells such as a bacterial or fungal cells, an
insect cells, an animal cells, manmalian cells or a human cells, but
particul 41y bacterial or fungal cells, are well known to those skilled in
the art. ThefABi¥§:|y conprise regulatory sequences ensuring initiation of
transcriptio ptionally poly-A signals ensuring term nation of

transcri pti oRicanes-produsitibn sustaingd by trudbglycerahgrepargitons. Adetiass oredhctioeg@k at or y

el enents may.. | r Welq t i I ncers.
Poss bl o regtireieh pRRTHLDLDORRr ARic s FANELAL (PR BRORTCS

cel I s conpri saycedl@g/]) forhgowtaindérqzicon ah@dc gmdnwtse$trdins rEpreeoting differdntexanpl es
for regulato el e ts permtting expression in.eukaryotic host cells are
the noa 2B Bk FOBREREF Bl frB RS AR B AR B S dTPubons  bre
for the initaghiianumikr dtmaspheré @hdvonsyedifieegul atory el ements may al so
conprise transcription term nation signals, downstream of the

pol ynucl eotide. In this context, suitable expression vectors are known in
the art suclf as Okayama- Be[g CDNA expr €ssS] QBm¥E prdluctRABYIcride BRIcHBE! ) »
pCDVMB, pRc/ ¢W, pcDNAI, pcDNA3 (In-vitrogene), pSPORTI (G BCO BRL), |pSE380
(In-vitrogeje), or any pBRB22 or pUCLS8- defteldr pigherrogparepitus? abl y,| sai d
vector is an expression vegtor and/or a geREtdRRSHEyRfolt ar geting Vector.
Expression Jectors derived|{fromviruses sjuch as retroviruses, vaccirfia
virus, adenq-associated vi | listalieer pes viru$ds, or bovine papilloma Virus,
may be used f-uulatdl:f-I itVUI y—© ‘éilc potyntctepttdes—or—vector—of—the—nventi on
into targete&mcéﬁlﬁﬁgpulati%%. Met hods whj ch are well known to thossg
skilled in tjheicabhdidganr be lised to construcdl,¥ econbi nant viral vectorls; see,
for exampl e fthe technigues described inSanmbrook, (1989} and Ausubdl

(1994) . Al t 4RAES K@Ajonst he | B ynucl eot i defs®:/




and vectors of the invention can be reconstituted into |iposones for
delivery to target cells. The present invention furthernore relates to a
host cel Iwgenstdigalkl y engi neered with the pol ynucl eoti decofEpkéve/osngent i on,
the gene of the invention or the vector of the invention. Suitable host
cells for the reconbi nant production of 1,2-propanediol nmay be

ei t herprokaryotic or eukaryotic and wll,be limted only by the host cell
ability to express active enzynes. Said fiost cell may be a prokaryotic or
eukaryotic cell. The pol ynucl eoti de or vector of the invention which is

present in thgghgsy. cell may either be integrated into the genome of the
host cell or 7T may be maintained extrachronosonmally. In this respect, it
is al so to beowpisespiduemessaroduptéonst &s exit MG ¢ Enelitareddlysaudeepratues t o

r econbi nant d/ or
“gene repl ac r%n@? Pé@%é&sl[]%%inﬁgsrba&%ﬁ{tﬂ%ﬁ‘gasgcgn alg& eoéﬁggg}utl% 9::j}tpﬁrrut ant
gene via honot @g@usem@@omfmﬁmhser@éas tarboresoawplf@ vt luhdar 0xi€1990) ;

Joyner, Gene E@ﬁ%ﬁ& ét%%re @aﬂigﬁ 5EAhs ﬁ&g&ﬁ% kd @éﬁlﬁ@ﬂb&f’iﬁiﬁ%&d&x iEress. The
host cel ™ can be "any iC or eukaryo cel'l, 'such as a bacterial or
fungal cell ,ccmriﬂm%@pd;vemgbIstdea,rstaaidarduibvm:tainl a manmmal i an cell or a hunan
cell, but particularly a bacterial or fungal cell. Preferred hosts wll be
those typically useful for production of glycerol or 1,2-propanediol.
Preferred fungal cell$ are, for eBidomhss ptddistionl [GDBB0Yenus Aspergil | us,
Saccharonyces, Schi zogggglagt@rrygme Mgﬁacchabgfyl\gggerdﬂ chi a,
Kl uyver onmyces, Candi da senul g Debarsywryces Torul opsis, in
particul ar those of t [pe=—iss e > ofr okaryotic" is
meant to include all bactgria and rchaa i ch@an be” ?

transfected with a pol ynﬁ&f’eoti de®Por tIQemaxpre%i on &0Gn enzynme activity
according to the presg¢nt 39dventi oh0 Prolat§oticl.Rosts K@Y | ncl ude gram
negative as well as gflam fbsitived4Bact e, suchd,8s, fdr3&xjanpl e
Citrobacter, Enteroba¢ter20C ostr$,di um Okdebsi ef,0a, Adrobact er,

Lact obaci | | us, Met hyl bac),@r Esc-hari ch|1ag4 SaI ns)mel I a O @@Ci | 1 us,
Streptonyces and Pseudor i nvention are
E. coli, S typhinurium Serrati a marcescens and BaC| | lus subtilis,

Kl ebsi eI h(g speci es and Saccharomyces species, but particularly E. coI i
speci es. Specific exanples thereof include Escheri chia coli M3l655 (ATCC
700926; BachmABLE 4., pp. 2460- 2488 in Nei dhar dt et al . 1996) Escherichia
coli XLI-Blu manuf act ure trata r 1
(1992)], Esc t?ntlahoglmgoimeségﬁﬁn %"t%lxce“’ ggd]g/ Wi LEDatétgt%)me scheri chia coli
Y1088 [ Sci enelemerﬁs?&ﬁmﬁlﬁﬂalﬁﬁhﬂﬁlﬁj B;oﬁsbe)du@imnafﬂﬂalz MG1&8B0vds Scimpared, 222,
778 (1983)1. Escheri 166, 1

Eachor i chi a BB PRS- SR or Sioerision geR PR aiel e deler PR of
JMLO9 [ Gefe, ardiBmacZd-bleind 8 for rowks GREF bibtendeions at Eﬂﬂé@ul{uad piod, avBiagd;. , 166,
557 (1983)], nd t{}’gé‘hﬁf‘ﬁe Further inprovenents may be achieved in 1,2-PD
product i on b ?Vhéta 12808 t abl e microbial nutants, wherein sone or all
enzyme activities involved in non productive pathmays have been reduced or
el imnated. For exanple, the enzynmatic activities encoded by sA and t pi
conpete for DHAP. Wet hyl gl yoxaPi&yass pradectige {PR54Y (MysA) was shown to be
inactivated by di phqsRbsteh (I—bgﬂgg elykdlol 1972) . pliboQEdEr to inprove
conversion of DHAP|Into nethyl gl yoxal, a ph osp%at e- insensitiye mutant of
MysA can be identi 1¢1€‘éfd1db>)f scr e%’m ng devi ant |i®rari eslegbt ai neg by any

met hod generating [T at TOm W 1T T Y- SEUEHCES mUsA,_E. .
error-prone PCR Mlgrngbi al strgiéns %Z?t. cul a%;j/ E. d(;30I| cl ones, previously
inactivated in tri¢osiepgmsphat eljosoned.aée (tpi A).land &itdogenous ngsA, are

transfornmed with pl f;’hosphatel i br agizes 06’7§TgsA-varL§1nt S 0aﬂ,)d gr own

sulfate 1,5 0,57 1,0 0,16
trace-elements 2.9 0,34 2.4 0,33




on non-selective solid-nmedia. By replica-plating of the initial
transformants (plate A) on agar-plates containing high concentrations of

gl ycer ol wo 2DHAR2d4opl at e B) or hi ghconcentrati ons of di plrosmrados/osad2

gl ycerol or DHAP (plate C), clones that can grow on plate A and B, but not
on plate Cwll be selected. These cl ones encode ngsA-variants with
significant activity that produce toxic LLeveI s of nethylglyoxal in presence
of high concentrations of phosphate. Triosephosphate isonerase nutants nay
be generated as described for methylglyoxal synthase mutants. Tpi-nmtants
that are signbfigcaplihol Wbﬁ&z@né??%ﬁz%ﬂbz@@zr&ra‘?ﬂiﬁdﬁbx%c@%% Shosphfe | denti fi ed
conparing growth Kinetrcs on conpl ex nmedi um (e Curta Broth, LB), glucose
and gl ycerol . Thapessinggiveerp! kingseand glyeds psphate delngragandse compar ed t o

t he unnodified I f ener gy,
whereas growth E(F%%% ?‘g)g%\n&tl ﬁ %%%delﬁé%gto?g@ggr or?ﬂé%gr?@é@ ?g@agﬁéf fected.
Two other najor froudiesncoding ﬂﬂn&dlﬁeya@%pm lonase 6thals) andGueQifrom £.lyakl  ar e
productive in te ) so called
M r educt gs es aan?%}H?% %%pa%eﬁ)a %eo\%@g S’e Jvére Cfmg&/lnyagm%g%@g ?Ooglg%code this
activity that shdaindd bBP sddf. d’m@tﬂn@pﬂéﬂ rmdeMtlomaytomms oethyglybxed conpeti ng,
non- productive pat Y, nvention

murant o, part + cUs AR BRl AR URRR SRR bt el PR B S one or
nore of the genwlmmdmegs gétydxgahaﬂyetlﬁy&bmm Howadr, e tesgddphesatidl gl oB) ,

| act at e dehydro se. A (] stem |11 nd|re

i nactivation of g@#ggﬁ%aé‘fiéﬁs(a?ré)@df’gtpﬁ% %5%%% El\é?’ﬂimﬁ QR n@@%ﬁttr o%%lgase A
(al dA) haye beerknofiagit] sk @itksspledinidsart eclSiafifof fec@fibihynt | @RIT prodiictioRNpl et el y
i nhibit expression of functional enzynme activities, through, for exanple,
si ngl e gene knock-outs. This way, a m crobial nutant can be obtai ned which
has one or nore pfe aTssQ dBiﬁGﬁs't@ﬂa@qlagﬁB§fesérﬂa%fpléls%{1@9DP &‘bf éhli df a nmutant
wherein 2, particular particularly 4, particular e genes

sel ected from t H&l lﬁﬁéu’él%wfﬁqvﬁ@“b‘? glpﬁéma@ﬁ@éffewéfdmea@lygwg?bmth%e syst em

| (gl 0A), gl yoxyd,asgrz¥ 6888 Thb. 5()gﬂ'1ﬁ§)an u'uﬁ@ﬁo?etlﬁlr%ﬁm’eq Qﬂ%ﬁﬁﬁe&nﬁé&’ hA),
gl yoxyl ase system|lll (indirectly by inactivation of t e naster regul ator

rpoS), ahdl al dehgfdie @éﬁgﬁa@@gewgwnﬁalmﬂsgwcmlevqs igefellished &b bipmagne

enbodi nent of t : I E. coli
mutant, is pr ovihﬁec]?v\/ﬁtgfrng?irg\ efl é'&%ﬁg'ﬂ %gﬁgmg %Ha(g;élcglﬁt!tr% ﬁgs been
partially or ful(ﬂ)}iﬁa}pé@@am%l@dwhenﬂlmm lseﬂib@dlsmﬁor@fowthe present invention,
a host cell, particularly a mcroorganismor strain, particularly
aprokaryotic mcroorganism e.g. E. coli, is inactivated inits ability to
met abol i se net hyl gl yoxal (M3 into D and/or L-lactate (M>to-lactate

nmet abol i s achieved by e.g. inactivation of glyoxylase A,
preferab?@7 TX@L énatl on with inactivation of one or nore of the genes
encodi ng gl yaxytadslemoBrout bE. abli ®xtsalphy endsdegingfvac thereof pasScalfithted in

al dehyde-reductase A. ref erred enbodi men a str deficient of
1 St he: abovi e P BRE SR Lo E N GEHas Cupin Gl Ehidh ment - &
strai B i nact fivRicactktiaths ?I’eﬂatllull’tﬁ@i%dlﬁ’ﬁf"ﬁ@@lh ttﬂma@lﬂﬁll‘gdbﬂs Mdet ¢xid mﬂﬁm foes ?bol i 3 m
e.g. by inactivation o yoxyl ase is transformed wit nucl eot i de
conpri sing t PRYS: H‘é‘%ssé?Y?ég SQRUEh IS ¥ Pmaﬂ@@w@effgae "the group
consi sti pg Ogtd%@{aﬁa@ayf@%@ﬂoﬁynt hase (ngsA), glycerol dehydrogenase (gl dA),
di hydroxyacetone ki nase (dhaK) and propanedi ol oxi doreductase (fucO
activity, particularly with plasm d pDP ngdf, whereas the arrangenent of
the genes in the synthetic operon is not limted to that shown in plasmd
pDP ngdf, but can be in anyorder. The invention also refers to a strain not
di sabl ed i n arabi nose netabolism e.g. wild type E. coli. In another

enbodi ment, a strain preferably but not necessarily inactivated in

Mzt ol actate




metabolismis transformed with plasm d-encoded genes that confer

al do- ket oreductase activity. The activity encodi ng genes are taken from a
group of we.2omalizéogenes conpri sing dkgA, dkgB, yeaE andpgghEB200bnsa3s2
preferred enbodi nent, a strain expressing glycerol dehydrogenase (gl dA),
dhydr oxyacet one ki nase, propanedi ol oxidoreductase (fucO and nethyl gl yoxal
synthase (e.g. by plasmd pDP_ngdf) is tyansforned with a plasm d encodi ng
al doket o- reductase activity (e.g. DkgA ]f E. coli) and cultivated in a
medi um cont ai ning crude glycerol as carbon source. In a specially preferred
enbodi nent, a strain inactivated in M>to-lactate netabolism and expressing
gl ycerol dehydragenase (gldA), dhydroxyacetone ki nase, prapanedi ol
oxi dor educt ase|(fucO and net hyl gl yoxal BBipmbsdeodpetiap. encoded on pl asmi d
pDP_ngdf ) expresses al go- ket o-reduct ase ?%$&Q&Mmge.g. dkgA of is|l col
encoded on plasmd pCR2.1) and cultivated 1n a nmedi um contai ni ng [crude

gl ycerol as carnbon souf@enesThe i nvention|also refers to a strain |nhot

di sabl ed in arabinose ﬁ%&%?%%hsn].ﬁﬂgnﬁ qﬁm&%estralnsG%%EoFSS|ng rel evant
enzyne activitijes cited within this Tnveption fromthe- chronosomg of the

m croor gani sm |Bcplol ynlicl eoti de coding fpr an enzyme activity accrding to
the present inyention can be used tQ. tra m or  trapnsf.ect the host cel
using any of th&¥%chniques common? kno%ﬁﬁﬁ% t R o@igggin35?’skill in
the art. The te¢phBhighe [REET erentially uspgyto Inirodugg thesgigenes into
the strain is ¢lectroporation, which is iell known to those skillled in the
art. Briefly, ARHSrleka {#pdra&itdn prot ocol3-kan be-as fBil ows: 0dhe
het er ol ogous g¢peSaipha | M €slprar gl onefh  n an expregsi on vgetor| between a
pronoter and a|terminator. This vecCtor al so possessesan antibiotilc
resi stance gen¢DHSalgkd ¢areB ceklPK t hagdicont® n it Ghd aSPuncti BARa
replication origrmim the host—strarm so 1t cam be marntai ned. _The protocol
requires the preparation of electroconpetent host cells, which are then
converted by el ectroporation by the vector. According to the invention, the

genes Tt r 0dySedy iy, ) AL ONRLATLON. AR BLSISSILLRLL Y, e NERAGCOr i g

consi sting of gliyeepbterdehydrogenase (gl dA), di hydroxyacetone ki nase
dhak) , t hyl gl th d di ol i dor ed fucO
e L SRR (TP RRRDRE) R SrheRLatihrse, L0

them in bacteri aodtainidy goabs cfemtbigstaised WeTdbldkd) ahe wild-ti e c@itiol) @b@nbr ook,
supra). The genetic constructs and.nmethods descri.bed.therein can be
utilized for expFEOUmHt SRS YpETFdands oxireopdiaids Brpimal mediyn
prokaryoti c host&ntalningdBNSr @hde Bydefo@ &§i301F5 MOCHA SheGaRiabMEBYstidnagt er
sequences which facilitate the efficient transcription of the inserted

pol ynucl &bt i de ath@scySErRsriaipnioriettaesd W Ph-hanahwatior FR&Dsopicalssi on vect or
typically contaigsuhObived i #flc 6epl ication, a promoter, and a ternmnnator,
as well as specific genes, which are capabl e of providing phenotypic
selection of the transfornmed cells. The transfornmed prokaryotic hosts can
be grown in fermentors and cul tured according to techniques known in the
art to achieve optimal cell growh. Typically, cells are grown at 30 C. in
appropriate nedia. Preferred growh nedia in the present invention are
defined or synthetic, e.g. mninmal nmedium MD containing glycerol as carbon
source. Conmmon comrercially prepared nedia such as Luria Bertani (LB)
brot h, Sabouraud Dextrose (SD) broth or Yeast Malt Extract (YM broth may
al so be used and the appropriate medium for growh of the particul ar

m croorganismw || be known by a person skilled in the art of m crobiol ogy
or fernentation science. The use of




agents known to nodul ate catabolite repression directly or indirectly,

e.g., cyclic adenosine 2':3' -nonophosphate or cyclic adenosine

2' : 5' - nonwphosyphadoe, may al so be incorporated into the preaarleno/opEd? a.
Simlarly, the use of agents known to nodul ate enzymatic activities (e.qg.,
sul phites, bisulphites and alkalis) that |ead to enhancenent of 1,2-PD
production may be used in conjunction mni$ or as an alternative to genetic
mani pul ations. Suitable pH ranges for the“fernentation are between pH 5.0 to
pH 9.0, where pH 6.0 to pH 8.0 is preferred as range for the initial
condition. Rea@ilpapis may be performed under aerobic, m croaerobic or

anaer obi c conditrons where aerobic or m croaerobic condltlons are
preferred. Bé@éh)%W@mﬁbhﬁﬁhm@b@SF@ﬁwﬁﬁﬁ%ﬂméﬁ@ﬂVmweOﬁﬁegéwﬂm@?Ubess uses a
bat ch net hod,, OB ch fernentation is a cl osed
system where ?ngﬁgnpos?%#%ﬁn%?oghapah 2 |§hset at the beginning of the
fermentati on and not subject to art|f|C|aI aIteratlons durlng the
fermentation e ey o0 . 1S

i nocul ated w.th the desired organi smor organi snms and fer 'f' sV <
permitted toFotur gD haiRbliNdadniad he doied eiprsTapi cal |y, [m?/qugﬁ a
bat ch fer nenjgigilon " " with respect to the addition of the carbon
source and afxredpts GBB often maeiweat conttol ling factors suth asOpH and
oxygen conceltoat i onaraBhe net abobBdaeadand bi omass conpositiors of @h¢ batch
syst em chang@PHdenst aareaBy up to thePtd ne tdd fernentation is Gtoppeéd] Wthin
bat ch cultur‘ Sgel | saraBder at e thmﬁﬁgh a §m@&|c Iag phase t 038 hlgh rowt h

| og phase anff Ffnal. By .a..s A Dhassh e sh..rat®. is. Uik ni shed
or halted. ID ly die.
Cells in |og i on of
end product ¢m i
t he Fed-Batc 0 ¢
i nvention. |PH9ai s vaieBati on of QDR#Hfcamkwaﬂ@ﬂ<§wélen§Athe5§ubst9awe is
added i n §nclenmen 3 he f er neP{@tMasA pr ogr e ed- Bat ch efrs ar e
useful when catabolite repression is apt to inhibit the netabolismof the
cells and where it is desirable to have limted amounts of substrate in the
medi a. Measurenent of the actual substrate concentration in Fed-Batch
systens is dpkfiguhisivapedugionbenel]droestof prvbetbdoin bt heobbisis Fablit he changes
of nmeasurable factors such as p .he partial pressure
of waste gases SHEHS&LRIESINEpCool Gy dRECds LUNUIRINACElORCIIISEy ot ons ar e
common an@ wel | rkmwmdaziyhﬁzawdnda;wﬁba@mW%rWa@en&mmdzahna@@@k supr a.
It is also contenplated that the nethod woul d be adaptable to continuous
fermentati on met¥88%. Continuous fernentation is an open system where a
defined ferment atign MEH80haBaEd dnEaHel RUAWS LWihé @ pRsRidyrFaaisar and an
equal amount of conditioned media is renpved simnultaneously for processing.
Cont i nuous f er mefMtaricdin geraplamedumarritiangd0 ohe gletdy dxccst! sacebist ant hi gh
density where celhge QB@letrldane[s' cio}fe Wit 8Gc BIRARRNOMAM R atiFHABBds NHGH'S
fermentation allows for the nodul ation of one factor orany nunber of
factors that af feeled gless|vigly wigedut @Sltaéﬁlti(spmbw%tc copdiber.- dace/on. For exanpl e,
one nethod w || urce or
nitrogen | evel J?Eg@%ﬁ¥€ﬁ?wg%ghghgﬁgﬂ#%ﬁkﬁﬁﬁn %Pq%gggﬁgﬁ%%§893§gnderate

I n ot her syst ensdays, moybaiondmifesaturomas 37ecti ng grow h can be altered
continuously while the cell concentration, neasured by nmedia turbidity, is
kept constant. Continuous systens strive to maintain steady state growh
condi tions and tAtube erhie)fcﬂm dxpérosent,dmevth ovasdeteaniinel asgptitraadwnsm}f fOasey, be

bal anced2@gal nSt q 113) P% OWtSh ratd t I'n!ﬁ éChDe % ana tS%SOzQSS l\éEt eproggne()f

nmodul ati ig nut ri@ents gnd POt FREAS TPt DY Ot TGS St @b stent 4t 13
processes as welih daglichechin rgaidts (Tabr 7)rm)ﬂomtmterﬁgcdehtéulrlﬁttcﬁiuaionpjf@ﬁiUCt
formation are wel |

vari ety of et ho%lnﬁ?rgg{mﬁaéfi‘%ﬁtgg eﬁ%*’ %%Wn%ﬁ% H%FP‘P {5&5'@;@{# %Yvycéirroll(j a

that produces exclusively the 1,2-isomer of propanediol.
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invention may be practiced using either batch, fed-batch or continuous
processes and that any known node of fernentation would be suitable.
Addi t i onalwbyp1o/dizéos contenpl ated that cells nmay be i molecriereshsnmiaz
substrate as whole cell catalysts and subjected to fernentation conditions
for 1, 2-propanedi ol production. The 1,2 propanediol product can then be
i solated fromthe grown nedi umor cell uI%r | ysates. The isolation and
purification of the mcrobially or otherw se produced propanedi ols may be
by any conventional neans. Methods for the purification of propanediols
fromfernment giigpik £r cultivation nmedia are known in the art. For exanple,
propanedi ol sTcan be obtained fromcell media by subjecting the reaction
m xture to e?(l’tlBéE@Wl"(mlt fhink ol cofi §Hnl 655 serateansformagdswith/ wikeupnlagiid col um
chr omat ogr ap ) ganic
sol vent for |s d?%%(ie)g}slmiag&a clgllcﬁ:?ﬁﬁgg(ane Céltaﬁlﬁlgkﬁlﬂklgfyt&o%ggrﬁ%) For
industrial appriceacingemratipnsraf flp et gh C@ﬁlVitlcm\p%rsabaﬁetdWﬂi ufidep pxit andye vol umes
of fernentor Q es to
be over oot FRLTRRe: FORLGRF B3Rk RROUGHRINEAE Sufte ERIRAR s P Bt BT oy
concentr at i oof tbé ex’b,eﬁmemr(ﬁ)p@mdr%]PD eoritéray inblye wpema@ﬂtrm dﬁtemmteélby KGéiroval and
separation of, resi i m h |aI I r ponomner .
Broth clari frﬂ/[(,saatnalgﬂsvm P?trEtBtLé te‘iadlg ef/tloﬁlﬂtl)n&l{ée@mpgﬂ t Verﬁ% TS%F‘f rsaaf1 oflr
centrifugati dviaioncr ossflow mcrofiltration. Suitable filters are
manuf actured for exanple by MIlipore (MIIlipore Corporation, 80 Ashby
Road, Bedford, Mass.) or Filnmec (Dow Chem cal Co.). Centrifugation
effectivel f renoves the bulk of the celTsgRife |8 Pﬁ{ggllroplgomgnthe naj ure
of the brogh, does not always achi eve conplete ¢ellrenoval. Crossflow
mcrofiltrhtion yields extremely clear filtrate| The concent#étPéDr s a
slurry ratper than a high-solids cake. The skill gg_P@LL /ge abl
adapt the glarification nmethod nost appropriate|fo e errren ation
gppar‘at us ;ﬁgpzzondg:gaersgns bei ng ﬁrrpl oyed. vader reductr on O]:j tlhe clarified
roth is c ‘cat y t [ 2- pr edi wat pr.
Extracti on|®hinl, 2-ipdcapase ?dtsj@cgro?r@tﬁ%o%l g% %r edgbro ﬁgﬁy bg asit:dc%(grrpl shed
by a variefy of nethods, including evaporm/l on/ di stillation, menbrane

t echnol ogy £ ctHpn uy arte—sotvent Ae—agsot pt‘. oh—Retat

evapor at or sM‘Sig?/sS;@ri%ed t GORGyi ti alty redu(l,g wat &7 vol dme in he clarilied
brot h. Thi pMEebt0drdBas enjnoyed googicsuccess in A@pl i cants' hands.
Precipitat|o extraneous_protei ns and I'ts do nhot _appear to af fec

1, 2- propan Mgdfo)gsr ery ﬁb‘?lﬁargoi“echnol y rnal)8 e used eitfer® separhtely
or in conj Mctbsmn a‘de h evaperatdfBxicSui t abfe nemyzanesiwill eitdher (i
all ow passhge—of 1L 2-propanediol _rotalningvater and other food nnlobul es
(ii) all & passage of water and ot her nol ecul es, retaining 1, 2-propanedi ol
or (iii) allow passage of water and 1, 2-pr opanedr ol while retaining other
nol ecul es. In the present inventi on rret hod (i) i s preferred Particularly
useful , are #évelnaimaimeindeimuhioarib d yerty naar@\ Fil nmec, Dow

Cheni cal Co. ) an rgnes made by
MIlipore (MII %5&255@% %ll[ g’e °§§l g‘qﬁﬁs Ba&%?“sﬁ‘?h@@@f%?rﬁg vgbor ation
and nmenbr ane conegrtthaty, orae cphrvauedilnl yinpugliniddedn ¥tk ppegpanet(161g/rey be

Xt ract ef1Nto OLGANYS ALY SN & SUbLaRe dRbYR IR be LRGSR F! conO!
ert-amyl’ Vel o ol €

11%

to

such as coh anol ano pr opah ‘hanol , and
et hanol . Non al CdeIfSrmalyylglbzml bﬂloueedpsmmjbfaslemﬂah@ﬁd;emgmhtaﬂnhwaﬂe and
val er al dehyde. hin the context .of the ent .i nvept al cohpl s are
preferred and etcﬁ’ Alsi¥ CPIEV%(EP nblf"ré’flg’mlaetﬁswﬁf Eargrﬂtﬁtt“?l\/aé% ?“Ed‘-‘ﬂi%%rﬂgdr ol may

be further concenhbghed Gywaidsar idr@mel ot VBF0LESShi amréuﬁlbrulaionaﬂigor bent s.

Activated carbon an olyc xtr n such as t hos roduc d by the
Anerican Maize ﬁr%&f’?&?sE@ﬁ%ﬁ&%W@ P igeay|LAs & °§ﬁ| @He g%F’I“B‘W ‘ng either

ex]E r acéI [ gg ]g)r ada@hbd b4 .E. Bl Mk y glBB hifthd@ A Inhibdti G SRAGAH bPthe Rty e
refine efinin
%raln was observed for extracellular concentration of methylglyoxal equal or
higher than 2,5 mM. The mutant strains were significantly more sensitive,

especially the glyoxylase I mutant (gloA), thus substantiating our finding, that



may be acconplished by electrodialysis (particularly useful for desalting)
which utilizes a conbination of anion and cati on exchange nenbranes or

bi opol ar wenvmmiawd cati on) nenbranes (see for exanpl e, pPGrawpdi®oOmM13Al i st air
S., (1996)) A preferred nmethod of refining in the present invention is
distillation. Distillation may be done in batch where the operating
pressure is anbient or below, e.g. about 35 in. Hg of vacuum Monitoring of
distillation indicated that materials ev%\porated in the order of first to

| ast begi nningwith |ight organics, water, diols including 1, 2-propanedi ol

and finally heavyoA®iehhigt $ad aﬁ%a?'f&ﬂﬁ?&%llﬁﬁ%&ﬁﬁ?&&!aﬁ @E@@% The
sol i ds. EXAMPLES The fol I'ow ng anpl és provide il rative enbodl ments. In

light of the presas f@h@@le@éwréteéh‘?d cleridcdierrdy of mtexjglyoxsd ingibitigrowth of he art,

t hose of skill I nded to
be exenpl ary on}%y cg%gvm%gfé%ﬁgyggésld%ﬁ?%g@ %%P %%@%ﬁ?e%ﬁa sn(ffteer ations
can be enpl oyed méthylglypxadtepshastsng from t he scope of the presently clained
subj ect tter. Al manipul ations and techni ques necessary to construct and
propagate strains described in this invention are known to those skilled in
the art. Techni ddknt@&@nldnﬂfo@%&@hﬂrh@&z&cg‘m n Ausubel et al 1995;

Sanbr ook, J, 200 er,.J. H 92 and, i rel evant publ i catl ons cited
o O 3 o PR Rt shateyah R RS D SR b
cultivation E. g@bducwase aublted iethetlyldycef (M(eﬂnﬁhlmlmj e.greidionifichtivatofwas

designed to cont ow | eve sphate is. a known
"on b tor - of methoT Yok s b IRV B S R RRER B S eG i et

(B M_O(Zgoﬁl(zj 349 Yﬁ@fil&wﬁi@hﬁﬂfeﬁ unde@oﬁc gorﬁﬁlﬁna arrI]d a&at@ﬂcﬁnﬁmggromh cgased i

is y roxyet imno-tr xyrret et g -
0,002 g K2HPO4 - %@éh@d’%‘ buk yergdﬁ%e’)é@yeﬁ@rwswma&ﬂ [ Pfenni g,
1966] - 1nl If appfpeRlidksls Matwdb %u'n@%lh}é\@ 18cRd dRdathve chitey] ki sHiice
Concentrations use wer e genta , anmpicillin, 10 ng/1. Crude

gl ycerol was obtfr ??élepnfa:néﬁv%&ogﬁ’y@@iwﬁ%wwubmteaﬁ@agww abprkerapdof 85 % E
coli strains wergd Qﬂéﬂoﬁﬁi@’mg/h@@@% &8s Jie@ec@éd' fibw&fek %l’gtr)ﬁﬂégﬁﬁr d&atal vol ume
30 M. Inoculum5 m) or glass bottles sealed with ber-stoppers (total
vol une 125, i nb&dPdenckovert ?bsﬁﬁ’ﬁdéqfé@tglwn‘s}’é%ﬂt sgksbxi ¢ conditions. The term
"cul tivation under oxic conditions” inplies cultivation in non-sealed
containments with agitation. Sem -anoxic in that context neans cultivation
of strains without agitation in nediumthat was prepared under oxic

condi tions apdpah é;l osed contai nnents, e.g. bottles sealed with

r ubber - stoppm-rtrpvn inoculation to avoid diffusing in of external oxygen.
Cul tivation SiranesofVare/eMdiés weerated uagdlesmdal_ysd infnpathydxly cxabmettab@iyin- anoxi ¢

Conat P8 1 SEEREE L P PRAGH oy SREH TP B L OPRS S, P or
of 1,2-PD i nwsywonaécanidsr axfic eublitivfiseat B7wt ﬁntnwgfoarﬂdeetaeerdrr(}ft@dh bys t hr ee

di fferent et hods metri.c V\hereas
CPLC uel n saa s S8 ARt % O Bt AR e ey i)

bet ween 1, 2- arandis 10 3aveiag® ¥RIeS, seihdfd dpamesi ol , the colorinetric assay vvas
specific for 1, 2-




PD. GC-Ms anal ysis allowed for sinultaneous quantification of both isoners
separately. Detection levels were 0,5 g/1 for HPLC-anal ysis, 50 ng/1l for

t he col orwoebroaz2essay, and 10 ng/ 1l for GC-MS anal ysi s. PE@EPR @GNS
analysis, 1,2-PD in supernatants was determ ned by a colorinetric method
descri bed by Jones and Ri ddi ck {Jones, 1957}. Basically, sulphuric acid is
added to cell-free supernatant sanple, mxed and heated. Thereafter, a

ni nhydrin solution and sodiumbisulfite I's added, m xed and incubated for
one hour. Another aliquot of sulphuric acid is added and the absorption at
595 nm whi Cfg Eajequi vat ent to I 1WDWP[|FLi1(;)3LPBI[mJg/|f- PO OB5g0cc o] ded.

For quantitafive anaééf,gksg,_lz 2-PQ in sanples was neasurgqd by GC-Ms

anal ysis. 1,R:PD was,hdaiiddied by igentjgal regention 'F| Mes cogpargd to
aut henti ¢ NMoj-et—ad——aa=—iy—qH - R AR oot N Of
reconbi nant prganisns 2.1 Strains| and 3' asm ds used in thig i nventi ¢n E.
coli MGL655 (M2 1PnipRe wG f -5p rpil) land DHEQ pHA (|F 2% 80dP-2c¥DMLS,
A(l acZYA- ar gpjG (18%D No8oR, recAl,| endAP, #k+), ph@A QudeAA! |, Othi-1,
gyrA96, rel AX) and derivatives thereof were used as host| for the pr¢duction
of 1,2-PD. AMGAGsImeB genom ¢ ONA of33MGI6E55 proWi de@d tlhe2dour c@2f ¢r
anplificati opMefiéselgdeBint genes. [Genondc DNA from0GC t@® oacedr fr&ﬂnfi i

(DSMB0040) was used as tenplate fpr the anplification off the dhaK g¢ne. 2.2
| sol ati on angh@hess nghaf genes As| fireR stiep, theoE. @ol|i gane for ¢l ycerol
dehydr ogenaspi@héss (1§ | D NO. 29) wasoi nfgr oduced gl n @l gsne@ pB2ara) (Fig.
3a) or plasnfd pCR2.1 (Fig. 3b). Al priners used for anplification]of
genes of intRjgsEsRrgosi sted in Tableod. Rrinmers gl diyfdrl 2and ghdHlrevl
were used to £f Y e 1,104-bp| gl dAgFragnment from E. |cokig Th
gel -purified '\@é?g a{Bg)rgnt was | nsrtedoi n?)o t he Agtl I(I-JESwaI LI’s?i te g’f1 {he

pB2araJ vectp 1g§%3%§ pDP_g. In jthiﬁépl %sn‘i d g/ %L4-63xpre§%i on gg ynder

control of ppo aBAD, all owi ng tightly regul at gd, i _nduc il 4
expressi on bj se as descfi bed bySGuzman t ar. (G.1129rran, tEM,
1995). The dhaKgene was anplified from C freundii using the priner:
dhaK_forl anfd @Iﬂ@fl_’@r . The obt aj ned2%659- nt seq@enc‘é ils €¢{own P PEQ I D
NO 27, the PMfpe8poieh ng protein| sequenc® in SEQO D NG| 38:3 The0.1
gel -purifiedl Fragment of dhaK was|inserted into the Swal|- Ascl site ¢f pDP
g, resulting|M&16%P ajdhy. g ch cotf ansl®2i bés both @ dAO arld d¥aK. TRe|priners
fucq _forl aMGf68% aldedioAere usled tolanl ify th® 1162-|nt 1@ene @dcpdi ng
propanedi ol pxi doreductase (fucO|fromE. coli (SEQID NGO 31), whig¢h was
| i gat ed i nt ojMmbecsyrdida o, oA e pf p@PB_gd, to obtpai nptHe pl7asm da3pPpP gdf
cotranscri bi ngs absH\ ai@hadhariaucQ Theo468-bp fragmeny df pmsA epgofii ng the
E. coli nethyl gl yoxal synthase as ghown in SEQ ID NO 32 |was anplifi¢d from
E. coli using éh@Sé’réléﬁ,rrEo , oﬁ_xh | _fiqp apd nmgsA xgholgrgv gnd ingpodiuced in
SR :

sense-orientgid Qa4 N{O t,. sfte tg obtain pDfg f.lT % sucg’%s i on of
genes transck i%cg tHoH—ReHe o Hompast-a—pbR ”gngéj He—t+has—as—+ol | ows:

ngsA, gl dA, dhaKfucO and | acZ- al pha, whereas the remai ni ng LacZal pha-pepti de
was used only for transcriptional studies in a suitable host strain (e.g.
DH5al pha) . The nt sequence of the entire plasm d pDP ngdf is shown in SEQ
D NO 28. Cenesrdbabmand -Skoks eRemshngipuhbisbpnetdronal Msreduct ase (SEQ

| D NO 33% and 4-nitrobenzal dehyde reductase (SEQ ID NO 34), respectively,
wer e E. coli MG1655 was inaCtivated (gene knockout) in the genes araB, or in genes

14
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aldA and gloA. Corresponding mutants were transformed with plasmid
pDP_mgdf. AraB-mutants harbouring plasmid pDP_mgdf were additionally
transformed with plasmid pCR2.1 encoding genes conferring aldo-keto reductase
activity, e.g. dkgA or dkgB of E. coli. Cells were cultivated in presence of crude-
10 glycerol (15 g/1) under oxic or semi-anoxic conditions at 37°C for 2 - 5 days or
until optical density failed to increase further. Supernatants were analysed for 1,2-

PD content by GC-MS analysis (Tab. 9).



anplified fromE. coli using Tag-pol ynerase and the prinmers dkgB up and dkg
dw or dkgA up and dkgA dw . Purified PCR-products were introduced into
vect or pGRD.20ib/1kdog. 3b) by TA-cloning (Invitrogen). TABCEEP20080598ZS used
for PCR-anmplification of genes to be cloned in pB2araJ or pCR2. 12.3

Del etion of activities encoded by gl oA, gloB, rpoS, aldA |dhAwthin E
coli host strains Several techniques for 6speC| fic gene-deletion are known
to those skilled in the art. These tech 1ques conprise, but are not limted
to, gene disruption by nodified group Il introns (Karberg, M, 2001),
phage-reconbi nase nedi ated gene inactivation using PCR-anplified DNA

(Dat senko, K. A, 2000) (Ellis, E H ,b2001) (Yu, D., 2000) (Marx, and

Li dstrom 208ABLESH i ntroducing |inear double stranded DNA honol ogous to

t he gene of I 91‘5'@ alr 80)).

The techni qu}éﬁg)a‘rﬁ{e?qgﬁngr???a J}ﬁﬁ&ﬂ&% éxgrelgsntro%%g{g é?é) g%lﬁg@h%géngsfv%% strain
i s el ect r oposwtivated,in whiighl msdlmlc{bntklnmmlytcgfot W@@O@kﬁlﬁ Eélj Cuhivete vaast . | n
LS ot vegt! Sl HOTBRORHS T SEOTRIIAL ARy FER. ATRLLLLEL O har bour ng
sel ectable used. Priners were spec |ca y designed for

t he genes of Pnopar&dreistevelel snpernaaﬂmeﬂedsteammed bysCﬁ@M&edamMs Buoergst ul

del etion of tthe %e ngo% 1at1t erest was verified by PCR-anal ysis and

DNA- sequenm%gev {SXBHObf del et ed genes (1-6) and priners used for
generati on of honol ogous |inear DNA:1) Nane: subunit of al dehyde

dehydr ogenasg—A—Cegargat-dA-Accesser—hruRper ':Mgﬂne. EGHOO35—Ch+erpsonal
| ocal i sat i onfe. cbd 86 25davate 151«8%6%43“ mer  [Lartvation 1,3-PD [mg/I]
AACAATGTAT T A , | DONO stddv 5§ )
Primer 2 : Jggg;CTCTT‘I;g;@CTCA AAACCAC (SEQ I D NO :
16) 2) Na @hydr ogerase i pnonunber :
Ecogene: E61186 Chronosonual | ocalisatioh: D878 Prinmeq 1:
CTCOCCTGRAATRE ALGEREL0 AARBEAGTT] DoNO : o1 1)
Primer 2 : 'CI;'TTTTAGTAGCTTAAA Cf;TGATTCAA TCACT GAAAGTCTTATG (SEQ I D NO:
18) 3) Nanf®'® Iyrrer%gg @9dfgi @%ﬁ Gefe: 0S
Accessi on nufibér: Er?:?)gene é%Sl e ocal i sati JnIg 286 578 =>
2864581 Pri npe 163 FEAGACT GBCEHF TCHCA GCTTAC] TAGT CGESGAACAGCGATTE

MG 1655  araB pDP_mgdf pCR_dkgB |semi-anoxic 340 170 0 0

10



(SEQI DNO: 19 ) Priner 2 :
CTTTTGCTTGAATGI TCCGT CAAGGGAT CACGGGTAGGAGCCACCTTATG (SEQ I D NO: 2 0 )4)
Nanme: G yweybamra2dosGene: gl oA Accessi on nunber: EcogenePCEEP362159132
Chronosonal | ocalisation: 1725861 => 1726268 Prinmer 1:
TACTAAAACAACATTTTGAATCTGI TAGCCATTTTGAGGATAAAAAGATG (SEQ I D NO: 2 1)
Primer 2 : GECECGATGAGTTCACECCCEECAGGAG@ETAGTTGCCCAGACCGCGACC (SEQ 1 D NO:
2 2 ) 5) Nanme: dyoxylase Il Gene: gl oB Accession nunber: Ecogene: EGL3330
Chronosonal | ocalisation: 234782 => 234027 Primer 1:
CGAACGGACCCRAESHEARGAAAGT TTTATCAGAACCTATCTTTCTTTGA (SEQ I D NO: 2 3)
Primer 2 : CTTGCCGEGT TTCATCACAACCTTCCGTTTCACACTGAGAGGTAATCTATG (SEQ | D NO
2 4 ) 6) Namds shawmjiptabisid ndSe civdhpmparatoah ef glygerdl Baneccrdisedowiithpyhrivether
Ecogene: ECGL . . ' [Felrk z> j 1:
MTTATW%%%%@@%&?&@%%%@ C(Og’%%é?b% (e, g )
Primer 2 : ABPORSTAGIGCITT GTCCATNCOUSTE TIHT FRCATGSAERERMAAGEATIGV{BEQ | D NO :
2 6 ) EXAMPLE. 3: - P ' [ ' r ' [ n
crude- gl 3%::) er %(i%}pl’# ‘%% IElrrrrér;g ?tgf&r{)l%g F%nghastg#%)t%a?%;r H%Sr’ g%%%@?%ﬁlssggﬁtﬁgﬁfafé gl ycer ol
(purity aboupur8prepgratconphglgckrolon eswelht anglproceputhe ipasphenathe femserdtiogl ycer ol
(purity > 999@ (gifferent m cr oorgani sns was i nvestigated. A broad

b
variety of n?é?g%Fganins representig different taxa along with E. col
M51655 were grown at unregulated pH in mninml nmedi um suppl enented with

di fferent ampunts af re.and. crude gl ycerol under oxic conditions. Tab. 2
and Tab. 3 aahtsea Bl b S e E T ER! Db f S SRIE | on was
obser ved 1ghesustinigesupstapar @bivenofdbstgbRCER@! the Bsbeads plosphorad@dye ol was
the sole source of carbon and energy. Furthernore, the anmount of phosphate
in a defi ned“HivF b¥e CW%H?@WF@%HbﬁégWEJGéEd by 70 % when crude gl ycer ol

served as source for carbon and energy (Tab. 4). TABLE 2;

Bi omass- production sustai ned by crude-glycerol preparations. Bionmass
product i on wAS shown in table 6, propanediol oxidoreductase activity is indispensible for the

synthesis of 1,2-PD from glycerol. Host cells that express glycerol-dehydrogenase do
15  not produce 1,2-PD. Cells that express glycerol-dehydrogenase and methylglyoxal-

synthase but lacking propanediol-oxidoreductase do not produce detectable amounts of

1,2-PD, whereas additional presence of propanediol-oxidoreductase activity results in

significant 1,2-PD production.

20 As shown in table 7, high titers of 1,2-PD are obtained from glycerol with recombinant
strains coexpressing methylglyoxal-synthase, glycerol-dehydrogenase,
dihydroxyacetone-kinase and propanediol-oxidoreductase under oxic conditions. The
synthesis of propanediol based on the present invention results in the synthesis of
exclusively the 1,2-isomer but not the 1,3-isomer of propanediol.

25
As shown in table 8, inactivation of glyoxylase I activity encoded by gloA in E. coli
results in significant production of 1,2-PD from glycerol. Thus, enzyme activitiy
encoded by gloA is the major competing activity interfering with high-level production
of 1,2-PD in host ells.

30



conpared when pure (purity >99% or crude preparations of glycerol served
as carbon source (10 g/1) for growh under oxic or anoxic condtions.

Strai ns representéong different taxa isolated from envir eocrmre@lo/osaspl es
were cutlivated in mcrotiterplates without agitation under atnospheric
conditions specified. TABLE 3; Conparison of bionmass-production of E. coli
MGL655 obt ai ned by crude- or pure prepargtions of glycerol. Bionass
production was conpared when pure (purity >99% or crude preparations of
gl ycerol served as carbon source for growh under oxic conditions at

unr egul at ed pMBEHIMERTSWHE $HGUINVIMAERSNI N cul tivation tubes under oxic
conditions 07, average, stdev, standard devi ation Bi onmass production

[ OD580] substrate crude glycerol pure gl ycerol ]ag/i] O stdv O stdv 0,63 0,3
0,09 0,5 0,09 1 ; 7 0,10 5,0
0,33 20 5,9 g 41’22088"%“ Q’fh@?)‘gd@o&"%e §ﬁ é’gl*%%é%pﬁgi&%g}%%{"ﬁva o
inpurities pres@iycerqiatﬁlad@legélrbwomce( 10 g/ 1) to substitute for macro

el ement s pof ni d f was
conpar ed %he%n u[?gl) Qﬁfﬁé @dlngé%%?m%g &%Ordgﬂ%l?a }%egérll%ﬁlg 1yc clgarggl served
as source for categma oﬁpld1tymf:actcheaetl7@mapamc1ilmﬂy @frammh 7ﬁ%olpacrt1mkarty «dendti ons at

unregul ated pH. 0 ard evi b0 ction
[ OD580] cul tue bF% (Q,rpag ulﬁfl%gea%\{?asl[s%f@/]%paﬁm lar}(')?fa%g 2%9? OPa C%l &’e%uo st dev
none 4,6 0,75 2,84 1dst38%npirtiodaty df,a0lebst 00%knd uptd@ophosphate 3,2 0,75 1,2
0, 16 sulfate 1, ce-ele 3
Const i t uti on>of %g?ﬁﬁﬁ%‘f ?CBWQ}“gﬁ%?%%E}heg}?r%‘i”g’inﬁGmﬁf’%@&‘i‘%k‘f}%eé’% g’ﬁéigy;??m%yhat e
bypassi Ingo g:c yceriak aﬂbgl'i@@ﬁ'[ﬁﬂg/ glby@?e@B@@Fy(gﬁﬁ/s phosphat Shdeh]}/dr ogenase
Genes gl dA fromE. colj encodin gycero e t ase, ak fr
Gitrobacter freuhdpit C@L"t"&%ﬁdﬁ’é ta? bpareccding ﬁég%? THERE Whsrikhe 3H8Plico f rom
E. coli encodi nghaph QRaEE, lgqht}mflag&ftggl%ct ase were cloned in plasm d pB2aral
to give plasmd pDP gdf. Plasm d pDP ngdf addltlonally cont ai ns

net hyl gl yoxaf- s ilﬁ%is@l 3oCRNE to Ayl qf theA&%f@ﬁ@gﬁ@l pEHMRIHWICHTIHER ehiceal
T e 4 e R R
functi onaf c@nplt‘éh@ﬁgﬁ%ﬂficéﬁdg%tag@l qumeqedmatembgcilmé@tswﬂié@@ smdé@ﬁﬁcag are
rel evant for denonstrated that the
presence of pl ag}%ggééﬁ%Pém%efrgdtﬁBu H‘ﬁ%lh% 1\1}\(‘/% ﬁﬁﬁﬁxbl tion of growmh in a
gl pK- nut ant  of z‘ShO&tgdﬂl aoaménlg@ yloeqfélile mdmaembgd@e@tamni@ubdm(ce (Tab. 5).
o met abol | 56 gl ey B0 AR B et s R R e SRR RS 1 °
equal or even h|@h@ng:@ptppamdiot@q@r@imtﬂasecn‘cnat}c@mmol strain

20 8. A host cell according to embodiment 7, wherein said host cell has been
engineered by introducing at least one additional gene encoding an enzyme
activity selected from the group consisting of glycerol dehydrogenase (gldA),
dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA) such as to
express said activities along with the propanediol oxidoreductase activity (fucO).

25 9. A host cell according to embodiment 7, wherein said host cell has been
engineered by introducing an additional gene encoding a glycerol dehydrogenase
such as to express said glycerol dehydrogenase activity along with the
propanediol oxidoreductase activity.

10. A host cell according to embodiment 7, wherein said host cell has been

30 engineered by introducing an additional gene encoding a dihydroxyacetone kinase

such as to express said dihydroxyacetone kinase activity along with the

propanediol oxidoreductase activity.



(DH5al phabDar aB) or when glucose is the substrate for growth. TABLE 5; An

ar aB- knockout of E. coli DH5al pha and derivatives thereof were cultivated

i n m ni mavormediupsogont ai ni ng gl ucose or glycerol as carlpomrreawosiat 10
g/1. The different strains were cultivated at 37C in cultivation tubes
under oxic conditions for 5 days. Biomass was determ ned as optical density
at 580 nmat the end of the exprinent. Sjdev, standard devi ati onBi onass
production Carbon source Genes inacitvated Plasm d d ucose dycerol E. coli
strain pDP_ OD580 stdev OD580 stdev DH5al pha araB - - 3,7 - 2,0 0,1

DH5al pha ar aB. gll&)ﬁos‘tcal Q:cordgl o angocgﬁ@ﬁh ﬁerﬁﬁ@ﬁdgbﬁ&lgﬁi‘sbg@n - 4,50,2
DH5al pha araB gl pK ngdf g fining a m ninmal set of genes
i ndi spensi bl e f(ﬁﬂg’fﬂé@@hﬁf mém@uqngzmra@dlg@wameleéwdmgcﬁﬁl@hxlélémlsmha@r aB

nmut ant of E. coI %%)M’S [ gds

cont ai ni ng genes %{nggg |e§sstsg1 ﬁégﬁ)@g?ﬂsgﬁhgﬁggﬁl Otngil\))&gﬁzﬁcl:ont rol) and
reconbi nant st r airpnedisleoxaleradustascadtiutyder oxi ¢ conditions in minimal nmedi um
cont ai ni ng 10, g/ o} Jains entered
stati onar% pgza A 13ggf%cg%rﬁﬁjgég\%\%ﬁ%&né%%I7y\§hegaé§alé@54véela%glb§‘;s| s for 1,2-PD
contents. Resul temgme@e@byvmtrodumntgaﬂdmoﬁxl fgﬁBIs_Eno@mng,aglyleaobdnhwmgemashet er m ned

in supernatants upon. tiva st rai

contatni ng 10 o MGRIEHeEbERPGe s & Feburkirs PR pSorTlel) BRecn e, e

1, 2-isoner of pragditgdioalachyne Bamrlatthatids akong elith ted prapansdiepidssiuegsegl ycer ol
dehydrogenase di hvdr oxyacet one ki nase, nethyl gl yoxal synthase and

pr opanedi ol oxi d5H88uct ase encoded in a synthetic operon E. coli M3 655

Dar aB waso t rwsf@hmdem&&dmrg t&\bﬁll’i&bﬁlerﬂhaﬁmwinpﬂﬁ’hﬂﬂdélllﬁ?d’s@eéim tivated in
m ni mal - medi um cont ai ni

a. /1 crude glycerol as carbon source.
| ncubati on was &&ﬁ@eﬂﬁ%@f IHHQ@W%&H%%P?M%“@? ncging AP gh degetasy | n
seal ed gl ass vialng a%étﬁ&ﬁ,ﬂ&o@%ﬁtﬁis’e@ﬁbh(a%%pr@é@@é%& 15QR8lidehRIRSknasEangol i M3
655DaraB wit hout plasmd was the control strain %ncu bation period was 5

days, incubati orm¢tBrglEpiypBastasti e alone itdhepigrardichexidstssbieiitent | growt h
was determ ned agpptical density (OD580), and 1,2- or 1,3-PD levels were
determ ned by GC-MS ‘anal ysis. Assays were done in dupli cate The results

(Tab. 7) ldembhst4 dow callizccerdipRiip empadimentdt Wedcinpaighos fell frededd pat hway t hat

enabl es E. col i Jn@m@ér&?%r?m&?& 2Rkt 1%%&&9@nc%h%%%rdﬁllyd¥o§lgécei% OLHEEs

exclusively the 172-1so opane TABLE noc out stains of
E. coli M3L655 wde rmerﬂa/thgt'@qammh%ﬁtswh\m ﬁm@mtesmaatdlhwrmmfklwand

I ti di
Concentr at i ons. o gesPER IRl Qe e BERLSLp A ERERTE, 0 < ana

sem - anoxi ¢ condictivigns. Bi onass was det erm ned as optical density at 580 nm

at the e th 2- PD cont ent t he super nat ant
Ver e detg i i}éd %h ségllgacco 1ng(t0 emgc}/dstllént% wherein SaldlilOSt call flas been

engineered by introducing additional genes encoding a glycerol dehydrogenase, a
dihydroxyacetone kinase and a methylglyoxalsynthase such as to express said
glycerol dehydrogenase, dihydroxyacetone kinase and methylglyoxalsynthase
activities along with the propanediol oxidoreductase activity.

25 16. A host cell according to any of the preceding embodiments, particularly to
embodiment 7, wherein said host cell has been engineered by introducing
additional genes encoding a glycerol dehydratase such as to express said glycerol
dehydratase activity along with the propanediol oxidoreductase activity.

17. A host cell according to any of the preceding embodiments, particularly to

30 embodiment 7, wherein said host cell has been engineered by introducing

additional genes encoding an aldo-keto-reductase such as to express said aldo-

keto-reductase activity along with the propanediol oxidoreductase activity.



anal ysis; 0, not detected, detection-limt 10 ng/1l. 0 , average; stdev,
standard devi ati on substrate propanedi ol production 1,3-PD 1, 2-PD [ ng/1]

[ g/ 1] crwoeots/o1eesi genes plasmids cul tivation glycerolpc@/rraowsasst dev
strain inactivated [g/i] M3L655 araB none oxic 10 0 0 O O M3L655 araB none
oxic 15 0 0 0 O M31655 araB pDP ngdf oxic 10 203 5 0 0 M5L655 araB pDP ngdf
oxic 15435 11 0 0 3.5 Toxicity of nethylslvoxal to wld-type and nut ant
strains of E. coli E. coli M3l655 wild-type or nutants inactivated in the
genes gl oA and gl oB, respectively, were cultivated in mninmal-nmediumwth
pure- gl ycerolg (10184 111 #20:041S EmbQFimER T PAMhRRH s RN K 6 Y RIafd fdyigli f T erent
anounts of methyl glyoxal. Tests for nethyl glyoxal indicated a period of at
| east 72 h of cﬁéﬁ‘i’lélabut@ttaftﬂ gene felecred feam the gepaip conststipg pedkgiAndkgB, yeaE

m crotiterpl ates, W g@gut agitation at 37 OC under a hum d at nosphere.

G owt h was determﬁ/ at OD580 48,5h after inoculation (Fig. 1; black bars,
E. coli MGL655 wh hosteglpeecorgmgyo bta’rcﬁ therpreeeding em@&@@sntgl\’dﬁzrqmmaémhost ¢edlt ched
bars, E. oI| I\/[flsd%g(fﬁwglnp lﬂ}f&s@'ﬁ? of&lf” bition of gromh of the wld-type
strain was observed for extracellular concentration of mnet hyl gl yoxal equal
or higher than %ﬁomu ébherdmgttaﬂite psatce@nglembwinmerslvgmeim sadhddfyet isotue to
sensitive, especiall d rm n% @1 ﬁgna 11qnt (gl oA), thus substantiating
our finding, t hat ﬁfhb P a? O ﬁ%gc v \ét hway for intracellul ar

met hyl gl yoxa®l1.( S@ﬁo#cﬁ) acca'ﬂdmgrt@sny dehefp.téda:éfngdﬂlb’ﬁchﬁlbnt@,tvﬁletéﬂlaial(ﬁ]hcevaaﬂled

| evel s of net hyl xal .inhi bi 0 E. coli which is a basis for the
Gont 1 cat L on of UG RE RisbefL o Dt g of

met hyl gl yox atz,|Sthb@gﬁBacc&dﬁlghﬁl&ﬂatpkefcb(ﬁgg brﬁﬂfbdﬁ}fliﬂﬁaiflgfenh\/ﬁld/\ﬂdf&ﬁ fsalvk Y "
activity E. coli 5 was inactivate e nockout) in the _genes ose
gene products araerwﬁﬂlf\?gf’v@&“?%eli‘?@f‘ﬁ%’ﬂ;‘i“}’éélg ff e BregapAorsrneel .

det oxi fication oflyd¥glas @@teﬁﬁn 0Bf1Re ks, hdlatk A yRrdBenall JAngS/&B@as@-nd mut ant

strains were cul t| vated in cu%‘tl vati on tubes under oxic conditions and
agitation until YyrteWlH ddhydeidehydipgqnascot agtivity oyt patigalypuglkonviagei d wer e
determ ned by GlyMenanaiwgl s and conpared to |evels that were found when
gl ucose gnegatl ve control) was source for carbon and energ V\hengi%l ycer ol

was subst? at &.f ob hgit 66l #rcordingde kg Sibrobrpesdial cabodiments. Vﬂ@‘fﬁhﬂyﬁaﬂﬁ hot gellpD was

det ect ed. Howev s were observed for
t he gl oA- nut ant %g%f?éet yH{{hgmtalbéllﬂsﬁcg]?@go}%féwo&& %\/[51655 nmutated in

genes invol véd i A heetdelt edoydingato tlrrmnre@ding@mbm@mentcwhmmam_édeﬁect irilyi toral
medi um cont ai ni e@&c%&g{ﬁks/i%étrﬂ)l %h%%%%at@%n%ajsga&%g' vation was perforned

under oxic conditions a unt cease owt h was determ ned as
optical denskiy A @R58E) sccbidoganadi dlthd peelmgwmbedichette rwhichgaodieGGeiVS
dard devi.ati g ganl SNB

or aclie nd hi gn 1 BUar S o Pabsesr) BT R Eke IRt HECRIRLE R
knockout) in t heesmnﬁsy @ BBpropanedivl.genes
26. A host cell according to any of the preceding embodiments, which is a microbial
or a fungal host cell.
27. A microbial host cell according to embodiment 26, which is E. coli.

25  28. A polynucleotide molecule comprising a synthetic operon under the control of an
inducible promoter, which operon comprises the genes encoding glycerol
dehydrogenase (gldA) and propanediol oxidoreductase (fucO).

29. A polynucleotide molecule comprising a synthetic operon under the control of an
inducible promoter, which operon comprises the genes encoding glycerol

30 dehydrogenase (gldA), dihydroxyacetone kinase (dhaK) and propanediol
oxidoreductase (fucO).

30. A polynucleotide according to embodiment 29 wherein the synthetic operon is

extended to further contain a gene encoding methylglyoxal synthase (mgsA).



al dA and gl oA. Corresponding nutants were transfornmed with plasmd pDP
ngdf . AraB-nmutants harbouring plasmd pDP ngdf were additionally

t ransf or w0 20ickh2g@asm d pCR2. 1 encodi ng genes conf erri pgTaiPd@9ksdic:2
reductase activity, e.g. dkgA or dkgB of is. coli. Cells were cultivated in
presence of crudeglycerol (15 g/1) under oxic or sem -anoxic conditions at
37C for 2 - 5 days or until optical densglty failed to increase further.
Supernatants were anal ysed for 1,2- PD content by GC-MS anal ysis (Tab.

9). TABLE 9; Mutant strains of E. coli M3L655 expressing glycerol-to-1,2-PD
converting genesa WokRuchdbkilid ¥abRthgitd efboliiBt 20864 seNvGeRtALOLOQs 9! ycerol or
glucose (15 g/1). Cultivation was perforned under oxic or Sem -anoxic

condi tions at 37@ceding glyeprd Wehy deeesnase (Slih b pepnartidisl oxideredustasq(fagiheanfdat ant s
wer e det erm ned i ge- .

devi at i onRESULTSIQﬁ%Q%%Wa%iﬁ%Ag r?ﬁ%*%@t%ﬁ&%%?%%é‘??% gﬁ@ Q‘B%th& ycer ol
can be utilised sent hwading dihy trexyasetonelssisafdholl) & obiagrblgdronet yreaidiior gani sns
not restrjct t P e | VES.: Bi tign obtai ned
by ut 11 78 ng. 2 uagoyr el AR gt R AR R R BT P D
gl ycerol as carhdssnsdibstrate. Thus, crude-glycerol substitutes for pure

preparations,pf glycerol .in virtuall rocess that is based, on the
Permentati on'of SPORBIGilGacturile my & BOGaRERpbifbebd wIREEN &

c ][ uﬁe- gl yclelr ol mrmugmﬁaoﬁbug@es iﬁ;the}fﬂgﬁﬂlpﬁlﬂdipeﬁdﬂlﬁi ai-m‘gmﬁmub@fhm'c(aly.gr (r)]wt h
be deor eased by ‘ABUNPITONE REOSHBAD L ape e SPBRUREG SHo6i Br cduct ace
aclt: Vi tKui) S i ndiiﬁ@@ﬂfﬁé Ihljoﬁlofeﬁg atﬁfaglbﬁmmiﬂeﬁditge pfombtez- ngf?r om gl ycer ol 3 Hos:1
cells that express. cer.ol -de rogena 0 not produce 1,2-PD. Cells that
.AlA r 0 I ts 1
express glycétol? ag%s}%fﬁmj%ﬁa@@ %@f@ﬁ@?ﬁ%@&gm BISSHPPTAREG ng
%opanedi glj_' ?_Xi %Qillﬁﬂé!%tﬁ@%céiﬁc%iﬂg){o aﬂy&ﬁé&@rlng&iiﬁgﬁt@@%% ?mount St of él 2- PD, 't
0 si gni {1 catt 1AZUPIOOERBERICERHNE RETE RBIR Proted BbIEORIMHI T e BES of
1,2-PD are obt ai fiethhhlc-AMHiNGREAl gotit Whidteis QTR pable Shd@hbH pROSRRE €SS Ng
met hyl gl yoxal - synt hase, gl ycerol -dehydrogenase, di hydroxyacet one-ki nase and
propanedil®| - oxi conetiet@seatfivtierly grdes Phesnlte eapaentratons highar thes .3 mol
propanedi ol based yon. {88 &kt of ﬁﬁ%ﬁé?ttﬂag@jegﬁ% bR c%PPaE&ﬁ o?%ﬂ@tcpﬁs' s of
exclusively the 1,2-isonerbut not the 1, 3-isomer of propanediol. As shown
in table 8, Bhachimetodder thf prgilyetiry blasZpropasdiol Feypremeaniednpy hogitoAl i n E.
R B L L e e
interfering w thcohiaging asnaple pabdusiura@npaficularR-aRitiderglyvesid prepdrstidaMBEDI MENTS
o T LT Mo B Do SRR BRPLE ek Sl A GG PR HEL S o
1, 2- propahedi ol %%n Srbv% IBh ?Q)c Y6F¢ e "TRET SOt WAPBon: BBUKFEe. 2. A host
cell accordi®y tAnichedpceedok ngndobiadhmmtommisarcei n t he gl ycerol has a
degree of purity. of at |east 70% particularly of at. | east %, .
particul arly of 't |C§1é‘§tng§3*9§t Cﬁ‘zﬁf‘ﬁ%?{?'llgdﬁolai}y 8?")/ temlbgéiglteméz% Z‘géﬁht“‘ihcul arly of
and Up 10 1000 3. A TSt oLl Secorana Lo Ay or TR breced o o
up o 3. S ah i ng p

enbodi ments, wher ei MEHE GIHAURST 145 naew&&%g%afsufmﬁﬁwﬁ%ﬂmi& SERH 80% and
90% 4. #shost cell sagaicd NGtafnthedydulfiod dT®idiR¢ Al ol ceOdbiRAL By Wher ei n
the glycerol has a degree of purity of about 85% )

production of 1,2 propanediol (1,2-PD) at the same time, and the non-

fermentable carbon source is metabolized by the host cell into 1,2-

propanediol;

ii)  recovering the 1,2-propanediol produced according to step i); and,
30 optionally,

iil) purifying the recovered 1,2-propanediol.



5. A host cell according to any of the precedi ng enbodi nents, wherein the
glycerol is a crude glycerol preparation from biodi esel and/or bi oethanol
product i omo 2610/042dvast cel |l according to any of the precedrmpeébhsidsrent s
wherein said host cell has been engi neered through reconbi nant DNA
techniques. 7. A host cell according to any of the precedi ng enbodi nents,
particularly to enbodi nent 6, wherein said host cell has been engi neered by
i ntroduci ng a gene encodi ng a propanedi ol” oxi doreductase activity (fucO).

8. A host cell according to enbodinent 7, wherein said host cell has been
engi neered byg i Nk hREHAILADrhe 10985 bf AP Preddfid dRAImIRNELERRQG RGn-aN enzyne
activity selected fromthe group consisting of glycerol dehydrogenase

(gl dA), di hydr oxiyaeatableecaiion aestritd freagrudertdyosed pigpypryaxpdrigirtysse (ngsA)

such as to expr | TEVAN R k h i

oxi dor educt ase 3%%?%??9C?ﬁ%%%?%bgéog%ﬂ%nggﬁpf&éfﬁﬁﬁgeﬁg%?ggghgﬁﬁinent 7,
wher ei n sai d hosltast é1%, s ulade of eiefishddds, edrtioylaiin ot ab dhaeti 8o, asrtiadetix ¢fonal
gene encoding a ol C r 0Sa] ycer ol
dehydrogeﬂase aé?%%%?@”aP%ﬁgﬁaﬁﬁﬁ%?%gﬁ8?%@@%@%#%@‘%??%%?%’ﬁ%?g@g%activity.

10. A host cell H®2ording to enbodi nent 7, wherein said host cell has been
engi neered by, introducin n addi t . onal ne encodi ng di hydr.oxyacet one
i nase such 4% 15 BT abd-ak BUGY R B Bes R R B R R R R ong e
t he propanedi ol Iexkdegredofqiuaiseofdetwicen 83 ddd 9% agiculzd) bf @oaoddb.ng to
enbodi nent 7, wherein said.host ce has been engi neered by introducing an
Saar 1 onal othe ‘SHEURHAGSIREEHYY o DoRaredit mUSaM 5o ATeadi B Co expreas

sai d met hyl gl yox@insaneibhastoa Slidstrhtt Ypatlcangy Wetdiude 3@y cprodp@ape atidlis
oxi doreductase activity. 12. A host cell aﬁcording to enbodi ment 7, wherein
sai d host cell HS§chebhmgRizediodd: ByPaitiobduci ng additional genes encodi ng

a glycerol dghydk agenasscorifl @ o6l By UE pre¥amet @R dkhddas @h&biah st kRieXpr ess
sai d glycerol dehydrogenase and di hydroxyacetone kinase activities al ong
with the propanetirdWhishiiyeeansgict dseveappreys rrgpangdol oxidpsrductas) (fucQe.cor ding t o

embodi ment 743 WR LRk 49800 tans Bf the BRE AEREMIBAGHARET B eRY HoRtikRduci Ng
addi ti onal genes encodi ng a gl ycerol dehydrogenase and a

met hyl gl Yoxal syrshdgeidie pngapecred tesgedssss atdpadt ¢lepasmey sekelsd fevdbhase and
met hyl gl yoxal sy Vit i I i xi. dor educt ase
activity. 14. A r@%ﬁﬁgg Pgég%%?%PﬁEQ?%O%%%%é%@é%@ﬂggﬁﬁﬁg?E%%9§§%d host cel
has been engi neeldbaK)pd imsthytadveaiingntledelimgsdn along etk sheqnempdedig) a

di hydr oxyacet one_ ki avl gl yoxal synt hase such as to express said
dihydroxyacetoné)“#%%%ga%h Cﬁ%?ﬁ%ﬁ%]yoxalsynthase activities along with the

propanedi ol #&i dédnetwdrasediagtoiany bi/the pieceddndraysiiodowdnks, ebeoinclihogt celbis
enbodine9¢ 7, mherﬁiql§%{glgps%>cgll haﬁ.peenlegqineered q%.innﬁoducing
addi ti ona genesuS (%ﬁleng & tlcilggr%’fnec?é “ﬁ/l r%vgoe Ased " n'HliOﬂ‘i} erSQ'gl,a‘é’@{ one
ki nase and a netdotpglingowial s9PChaséucsuchasdsert deaeisatedss sai d gl ycero

dehydr ogenas di h ﬂh xyacet one ki pase angd net hyl gl yoxal synt hase. activities
along wth the o ORAREAraroBsiogsy ahittpceime gty sy gapioff|
accordi ng to anym@hnt! fietiQiegadhiight@rBoaiine nial, what bheot st yf the garepodi ment
7, wherein said host. c%ll has been quigeered b% iﬂtrodg%%ng addi ti onal
genes encodi ng #GPYREFIPIHERPIHT AGRT L (ERAZ8] BB CRAPETE S Ler of
25 (1dhA), glyoxylase system III (indirectly by inactivation of the master regulator
poS), and aldehyde dehydrogenase have been deactivated.
46. A method according to any of the preceding embodiments, wherein a microbial
mutant or strain, particularly an E. coli mutant, is used where the gene encoding a
gloA activity has been partially or fully inactivated:
30 47. A method according to any of the preceding embodiments, wherein a microbial

mutant or strain inactivated in arabinose metabolism is used.



dehydratase activity along with the propanedi ol oxi doreductase activity.

17. A host cell according to any of the preceding enbodi nents, particularly
t o enmbodiwenbiofizesher ei n said host cell has been engi neecedrbynoiordispduci ng
addi ti onal genes encodi ng an al do- ket o-reductase such as to express said

al doket o- reductase activity along with the propanedi ol oxi doreductase
activity.18. A host cell according to enpodi nent 17, wherein said

al do- ket o-reductase activity is contributed by a gene selected fromthe
group consisting of dkgA dkgB, yeaE and yghZ. 19. A host cell according to
any of the pggcedinigg fi&%%ﬁ%ﬁta%y oP¥RE hRE Ui RAIh dA%dntsC GhéreinSn E&HECT T ve in

ar abi nose netabolism 20 ost cell according to the preceding
enmbodi nent, wher#iah ispjed agltp dett oyggnigneparicubaryad de eell BrainyEd phyandi bul ose

ki nase acti vi ty. pRdanid bt | according to any of the preceding
enbodi nents, wher elganpsa{%gpcehcl)\g‘%‘}L cell is defective in the netabolism of

met hyl g yoxaﬂ9 22 mefiod estordied 1o aay obthd pregeding dnitwdmentsedherginatlsed oneeft |
wh dd f t | ect ed
erein said de ﬁgéene er{%%!&mg Qnﬁn (O/%‘é‘d&%y%leéﬂ @Q%ﬁ%&gﬁfﬁ%ﬁ%&é%k y se ecte

fromthe group co 'ase”'s oxylase System I,
| actat e dehydr oggyase dﬁ;ydgjgymv(%‘b) élinsdremabétbne latade hipdie) aiehy dr ogenase A

activity, but part, ul ar ste act.i 3. A host cell
according to any %kclglﬁgx 8@%%(}41 %jrﬁ)g O\/\}ﬁlgreg?c asg};fu%&)r%g]tld Cell is
defective in thethaedmbbd)ﬂaarim@‘mbwﬂiyldbtexpmaﬂﬁmpdimmmemdﬁéble,ﬁrdmér cell

according to the d|n E di nrent, wherein said defect is due to a
reduced or mi ssilf lcfl 8§é’gﬁl PROEomerase activity. 25. A host cel |

afccgr gi ngotosag_yA l@fe\t,\}iﬁhacd@hﬁﬁ)@@laﬁg oﬁﬂﬁb@%beffﬁﬁg‘-eﬁ?bﬁ‘dhh@rb wh@elg@a§nth¢t@h | e\ée![ S
(0] , 2- Propanedi o en cero € S0l e carnon source, u
essentially no 10p§r0n;%%ﬁ§ el 81631038 oplipge ABYJutigR fodreidi? hast oot t he

precedi ng enmbodi ¢Brtsng MiaGthonk SnBnl¥ 6@ s@iect@dilfr@mftlfﬂén hp Osiktgedfl - 27, A
m crobi al host Cé’EF acgcor di ng to@enbo |§f’|ent 26, %@p c%e({. 28. A

pol ynucl eot i de rﬂh’“@&ﬁIdéhyé&%ﬁ?aﬁ%[%)ad@yﬁf’ﬁ@?‘?t%ned@&s%@hﬂlﬁ @td the control of
a1 nduct bl e pr 9Bl Bk WL GRAORGEOD £OTRJ156 GG GRABRINCOTI NG gl ycer o

dehydr ogenase (gld ropane oxi'doreductase (fucO. 29.
pol ynucl &bt i de rﬁﬂl%ﬁu@a@dﬁﬁﬂ)%th@f}’a synt hetic operon under the control of

an 1 duct bl o< pr o6 gk, BRY 816 BRI ALS I BRNERy ERALLAG, ol yoer ol

dehydr ogenase (g roxyacet one ki nase pr opanedi ol
oxi dor educt ase (efngo.di))g th@@bOVAamﬂ}Fﬁ@&l@d@HC@etr‘d@é@m dﬂn‘gblﬁ@r@mdl rrent 29

wher el n the SYnUieid, G ORELAN.LS, RXJADOSALA, I LRT RUNLAIASy 8RR, enoodi ng

met hyl gl yoxal ase ynuc odlnent
29 and 30, wﬁlbr %met%d ag@ncbsg enopdf ﬂlgp@bg(h@@ﬁbodmhwm wgamaslm s(ugnteelséc)r;

pr opanedi,ol oxid edu t ase oxal thase ),
eopoct: o0l y ard SnvarRatpel WAt R AR LNE it gt

di hydr oxyacet onedikiknés@. (dhak) i s obt ai nabl e from Cf reund| | . 32 A

ol ynucl eot i accor.d din d nen which is a
P aom d. 3. S porH gt et g i o Ear GRS P ERE Mot BCLal OB od ment s
wherein the arraag@ﬁamenﬂi‘odmkmsg;en@sz ton thelpRodigdetli Tpropaikaiol | s

5' - ngsA- gl dA-dahK-fucO- 3'. 34. A Ie tide according to any of the
pr ecedi ng enbodu%%ﬁ’fléln%ﬂé?sé‘?rﬂ‘“tgﬁéﬁn}ﬁéf&@l Bt agw@ I%CFIdF%CCéB ing to any one

ar abi noses i nduci dfegbpdiaieRk 1 to 33.
54. A method according to embodiment 53, wherein said host cell is a microbial host
cell, particularly E. coli.
55. A method according to embodiment 53, wherein transformation is accomplished
by electroporation.

30  56. A host cell produced by a method according to any one of embodiments 53 to 55.



35. A mcroorgani smaccording to any of the precedi ng enbodi nents
conprising a polynucl eotide according to anyone of enbodi nents 28 to 34.
36. A nm cwoangane@m accordi ng to any of the precedi ng erbwdipo®oinss132
conprising a phosphate-insentive ngsA gene, which is fully operabl e under
hi gh phosphate concentrations, particularly under phosphate concentrations
hi gher than 0,7 mMin the cultivation rre%ihum or higher than 9,3e-05 in the
cytoplasmof the cell. 37. A method for e production of 1,2-propanedi ol
conprising growing a host cell according to any one of enbodinents 1 to 27
in an appr opREFERENEM.sFedi um cont ai ni ng a sinpl e carbon source,

particul arl y"a crude grycerol preparation, after which the 1, 2-propanedi ol
produced are recovered and, optionally, purified. 38. A nethod according to
enbodi nent 3 i SAN9R; ' ostccell according to any one of
enbodi nent s 1}1?1;39{2‘}?.',13, a%q]éﬁlolﬁ%glg&éé%ﬁrb%{%?leﬁbﬁsséées pr opanedi ol

oxi dor educt adeplesadR. e bendticy 39i 440a 4a2Hi% M cont ai ni ng a non-fer nent abl e
carbon subst Lal G, \M&%&%otg&% iﬁ%&?&lﬁ %*?oﬁ%ab?eeh%u@%éﬁng'A’%k&%te‘%rag&‘UCt' on of
bi omass and serves as a subsStrate for production o , 2 propanedi ol
(1,2-PD) at Wiy $merscitricog.Ya(l@94)he nonf er nent abl e carbon source is

met abol i zed the hpst cell into 1,2- propa iol;.ii) . recovering the

1, 2-pr opaned?ﬁf"bﬁggdg/g’e%fergciébkg}%ﬁtan’t% ES’%B&F’;?‘q%h%d,ld%%% F‘ocﬁa%n?}’ J'i ‘gl )
purifying the& StedbhKer®ds)l SRerpPropaciedi Mbleddar Blolvgd.Modoapadiuvii oiMetbodny of

th di di t ) ' id f I : bstrate i
2 or ude. gl ycaPOI B ETAPAE o VG S GeY 3 A pRSpEr R O Lo AR

gl ycerol ig¢M tthca purity of at |east 70% particularly of at |east 75%
particularly of at |east 80% particularly of at |east 85% particularly of
at | east 9002 £§dulNaslFls Agpd Bes. be%l(ggtl?b%%@ particularly of at |east 99%

and up to 100%meffd, D@pp;gap@ioa{%@mowfgpg@g@ﬂam of the precedi ng enbodi nents,
wherein the glycerol has a degree of puri tééof bet ween 80% and 90%

parti cul ar | yCameeanoxC.d88%; Bigtechnolggy Rwgreacdodt dithég?t o any of the preceding

enbodi ment s, chRhShdn P, TOREEHERNL bR, GALRPRaGHAS LY R ELogPAcdl pul arly the
crude glycerol preparation is selectively netabolized to 1,2-propanediol.

42. A nethod2¥céBrding to any of the preceding enbodi nents, wherein a host

cell is usedp,uhi I8 a9l PERE B L R4B B EXPr ess propanedi ol oxi doreduct ase
(fucO. 43. Aarretlﬁgﬁ' accor allﬁﬁg ?%)’any o? t he precedi ng enbodi nents, wherein

a host cell EBisus8d200AhPHASI(E)eddP9ééred to co-express at | east one enzyne
selected fro I Si |k f.glyc ehydr ogenase (gl dA),
@oh@f’{(@, Mway?%ak@déﬁof? 166 4 g]f‘%'/ (‘35839

di hydr oxyaceton I’'nase xal'synt hase (ngsA) along with
t he propanedGeandisoingdAtigaiuss Sge P{dces®) Fad Biatedhyol. Bd. (199GetIdd7according to
any of t py-ecedi ng li.ment.s erein o] C is used, wherein at
| east ong(?en yﬁ%m%.’gt‘livl\ei/ﬁpggiJ%\I/rng\?gg\é\‘AﬁﬁrloZO%o(ﬁzﬁ’r@26’5‘?#(&/e pat hway conpeti ng
with 1, 2- PD Hanshmtli,@nalhaslobdsl., de@ctT vagedos®ls5. A nmet hod according to any

mutant of £ PEb £Cr a0t el el ErE el Bl ancoding ¢

gl yoxyl ase sysppeisDIl). BaTd; BiocKcali@hIaunthl gl2eBB21-82xct at e dehydr ogenase A

| dhA), gl | tem |1l (indirectly by inactivati f the st
Fegul B or 1 puen oA S RABi AR oo diarbebin oEReProvkdl

25  and related compounds. Anal Chem 39, 1214-1216.
Joyner, A. 1999, Gene Targeting, A Practical Approach, Oxford University Press.
ISBN-13: 978-0-19-963792-8.
Karberg, M., 2001; Nature Biotechnology (19), 1162-1167
Kluyver and Schellen, 1937
30  Le Mouellic, K. et al, Proc. Natl. Acad. Sci. USA, 87 (1990), 4712-4716
Marx, C.J. and Lidstrom, M.E., (2002), BioTechniques (33)5, 1062-1067



46. A nethod according to any of the precedi ng enbodi nents, wherein a

m crobial mutant or strain, particularly an E. coli nmutant, is used where
t he gene wocothiingeoa gl oA activity has been partially or ptwlEPgoconsaB: vat ed:
47. A nethod according to any of the precedi ng enbodi nents, wherein a

m crobial nmutant or strain inactivated in arabinose netabolismis used. 48.
A net hod according to any of the precedi enbodi nents, wherein an E. col
strain is used as the host organism particularly an E. coli strain MGl655
and DHbal pha, respectively. 49. A nethod according to any of the preceding

embodi ment's, MRG! £ (8692). 8BS or NG in BRGNS AR NFaBR ARAY B ACti Vi Ly
sel ected fromthe group consisting of cerol dehydrogenase (gl dA),

gl :

di hydr oxyac etlardoRh foa &echerditany o aey W@W%@ﬁl’f@f&(éﬁtﬁm% epringgdahorand

pr opanedi ol gﬁjogﬂi;rg%g_ase (fucO is under the control of an inducible
pronoter, particularly an arabinose inducible pronoter, particularly a

par aBAD pr ondeidhards@t al AS¥fe tthduridde ov/timgpatnnaltiy (stlulahandpyieleadirng

enbodi men}E S, B)Q@O%B,e}‘m synt hetic operon is used in the nmethod according to
the invention brOV|de a host cell coexpressing at |east one enzyne
activity sel Gbtsalafet aimitBiel. gheup2dde85-3608(do&f) gl ycerol dehydrogenase

(gl dA), dihydroxyacetqne Ki ). and th oxal synt has ngsA)
bt 1y al oSk AaSp b IS A1 GP She BB SRRV EE FRIB VLI 5
met hod accor S¢hgfdlimkasiyn.ofrciite opmeedds/iog Bypadiieent s, wherein the genes
encodi ng t he_abo ctivities are_under control of an inducible pronoter,
particul arl yRﬁwol‘fsa‘gi ]rg‘l'oeééi pﬁ@é@l%?%&%&r but especially a paraBAD
pr onot er 10 52RoNoliE! i@l MEKC 0eldliPaghet @:9a19R (0§94 he precedi ng enbodi nent s,
wherein the succession of gepes transcrjbed upon |nduction from said operon
o SheithERineg Raab

is as fol | onS2mpgpek et ggboratoppiRgKl Sgrond fditiondbiPat i on of a

host cel | thabld¢pRn@BabsEabomitdty FRENCEIRSHRE HaRr N0 Yanyg®ne enbodi ments 37
to 52 for the production of 1 2-prog$ned| ol conprising transform ng said
host cel | wi prmbraghy ;& Russsili BV o@OOD i alcrly GingingméL@oreapddetehtsd 27 to

33. 54. A nethoe R&pehdHaSot LaRph@diprROt 53, wherein said host cell is a
m crobi al host cell, particul ar%éﬂ . coli. 55. A nethod according to

enbodi neht 5Brangim K H%5; Arsbiver efeYlicewiqlegyd¢¢bndl-5hed by el ectroporati on.

56. A host c@ldodPiaslUE &L iR 18B1 100 33¢REAI Ng to any one of enbodi nents 53
to 55. REFERENCE LI ST  Al'tar alg,"‘N’ E, 288({; B?Ot echnol ogy Progress (17), 52-56

Appl eyard, RYukD, 2090 BNASSI7)38) 784983 - 452 (1954) Ausubel, Current Protocols
i n Mol ecul ar {Bi : Publ igshi sociates and Wl ey |Interscience,

N Y. (1994). J%hgélﬁ%g?{,etgﬁﬁ?‘fg?%‘r%ﬁi%@ﬁﬁi ngston, R E., Moore, D. D.,

Sei dman, J . Y@ung, B tand RIW. Davis, &cishee P22, 71Q - 18299H3) Short Protocols in

Mol ecul ar,, Bi ol ogy. A Conpendi um of Methods from Current Protocols in

Mol ecul af Bi ol ogy, 3 edn. New York: John Wley & Sons, Inc. Batzer, et al,
Nucl ei ¢ Aci dPRes LitdQtbd81 (1991); Caneron, D.C., 1986; Bi o/ Technol ogy (4),

Gt ngham RS Bt Mg @i, 7 ot paeaNor AR Kdd n. e W (1980)
Cel I 20, U.S. Pat. No. 5,356,812 US Pat. Appl. 2007/072279
U.S. Pat. N0.7049109 WO 2005/073364
25  U.S. Pat. No. 6087140
U.S. Pat. No. 6303352




223-235). Datsenko, K A, 2000; PNAS (97), 6640-6645 Ellis, E.H,b2001; PNAS
(98), 6742-6746 Gough JA, Murray NE., J . Mdl. Biol, 166, 1 - 19 (1983)

G andi sorwoAbistiadon S., Sep. Processes Food Bi ot echnol . pCmEP2¢02894632 155
177. Guzman, L.M, 1995; Journal of Bacteriology (177), 4121-4130 Hanahan
J., et al., . MIl. Biol, 166, 557 - 580 (1983) Heath, E.C., 1962; The
Journal of Biological Chemstry (237), 4623 2426 Hopper, D.J. 1972;

Bi ochem cal Journal (128), 321-329 Jones L. R & Rddick, J. A (1957).
Colorinmetric determi nation of 1,2-pr opanedl ol and rel ated conpounds. Anal
Chem 39, 12141 A7344s Joyner, A 1999, Gene Targeting, A Practical Approach,
Oxford University Press. | SBN 13: 978-0-19-963792-8. Karberg, M, 2001,
Nat ure Bi otechnol ogy (19), 1162-1 167 Kl uyver and Schellen, 1937 Le

Mouel lic, K et g 4716 I\/arx
CJ. and Li dstro IQIhOStE)&P&I(g r%lg‘%?to &?%ggﬁml(gﬁgﬁ 33?5& Jl%g%)zwhf%égo&ml . H
(1992). A Short gh¢rdes thas@actrben wmrc€enet i cs: A Laboratory Manual and
Handbook for Escherichia Coli and Related Bacteria, 1st edn: Cold Spring
Har bor Laboratory Press. Neidhardt et al. 1996, Escherichia coli and

Sal nonel | a: el | Athagt caha:bchirgaauh@rofﬂhecprex@yli,ngAEMld?M%inﬁm slyécagl het¢aal ., J .
Biol. Chem 260: 2605- gznnld N. & Lippert, K D. (1966). Uber
das Vitanmin B12-B&dts’ Pl‘ilr é P& %gﬁ%\efel bakteri en. Archives of

m crobi ol ogy 55, 245-256. Reynol ds A B. et al. Cell 38, 275-285 (1984).
Rossolini, ef al Mol - Cell. Probes 91-98 (1994 nbr ook et al

Vol ecul ar’ O o b Mo LEEP g TG Y (e BEE i g SHEEB89 Y Spri ng
Har bor Lador at orhas Bssagin€@édbySpirbdi@inkardesy encbilitg a rbPaRlioBantiradikiase) . &
Russell, D.W (20Q01). Ml ecular doning: A Laboratory Manual, 3rd edn: Cold
Spring Harbor La#SB¥®tory Press. Tran Din, K, 1985: Archives of Mcrobi ol ogy

(142), 87-92 Wod, WB., J . MIl. Biol, 16, 118 - 133 (1966) Yu, D., 2000;
PNAS (97), 5978-5983 Jer pseth, B. et al . Strat egies, 5, 81-83 é1992) Young,
R A. and R W Da¥hest C@b%?fé@g ‘toolpim Fygereinzgnl hogtggh haspeprenginerred but ure U. S.

Pat. No. 5,008, 413§0dtlc§g aPRhst oNOad dRRA28Re MeRlindHH enz eaéwﬁ?@el% US Pat .
Appl . 2007/072279 U. Pat. No. 7049109 WO 20057073364 U.S.” Pat. No. 6087140

U.S. Pat 15 No. 63@@3Q@@mpwsnﬂstmg\Oﬁglyeer@lélehydéwn%éégléﬂ) diygrosxaselenhi gh

| evel s of 1,2-prg 5@ WEQL G AR | VoxcT el t | arbon source.
2. A host ceII ac%%? I ng %o aﬁfg%?mﬁg pfgggz:(e%@ Suaf%tsltgr;gxﬁ%ﬁg?lgl n the

gl ycerol has a dwtjviges adngwith @Wtwpalt@étqlr\@edm@@%aam@bt@@?/éfu@) A host cell
according to any one of the preceeding clains, wherein said host cell

5. A host cell according to claim 3, wherein said host cell has been engineered by
20 introducing additional genes encoding a glycerol dehydrogenase, a
dihydroxyacetone kinase and a methylglyoxalsynthase such as to express said
glycerol dehydrogenase, dihydroxyacetone kinase and methylglyoxalsynthase

activities along with the propanediol oxidoreductase activity.

25 6. A hostcell according to claim 3, wherein said host cell has been engineered by
introducing additional genes encoding a glycerol dehydratase such as to express
said glycerol dehydratase activity along with the propanediol oxidoreductase

activity.

30 7. A host cell according to claim 3, wherein said host cell has been engineered by
introducing additional genes encoding an aldo-keto-reductase such as to express
said aldo-keto-reductase activity along with the propanediol oxidoreductase

activity.



has been engi neered by introducing a gene encodi ng a propanedi ol
oxi doreduct ase activity. 4. A host cell according to claim3 wherein said
host cel Iwbasiomaeswsengi neered by introducing at | east omreTamdiwiosniat gene
encodi ng an enzynme activity selected fromthe group consisting of glycerol
dehydr ogenase (gl dA), di hydroxyacetone ki nase (dhaK) and
nmet hyl gl yoxal synt hase (ngsA) such as to press said activities along with
t he propanedi ol oxi doreductase activity (fucO. 5. A host cell according to
claim 3, wherein said host cell has been engi neered by introducing
addi ti onal genes encoding a glycerol dehydrogenase, a di hydroxyacetone
ki nase and a net hyl gl yoxal synt hase such as to express said glycero
dehydr ogenas®, dﬁ%?ﬂﬁ@k%@@éﬂ@ﬁ@am4ﬁ%@ﬁﬂéﬁémﬁéthL@ﬁ@@%@?@ﬁﬁﬂﬁ@gﬁ activities
along with the p i I L Vi el
according to cI5#%?%9§&ﬁg%g?§k§%?ﬁ%ﬁ%§?§§g@fh‘%sE ggﬁﬁ%ﬁéﬁﬁééﬁﬁd by
i ntroduci ng addidongstalg ofenes encodi ng a gl ycerol dehydratase such as to
expr ess sgid glxger%Lb9%§¥dratase activity along with the propanedi ol
oxi dor educt ase a tivﬁiy. . A host cell according to claim3, wherein said
host cell has beén emgiyigeretd by introduci ng additional genes encodi ng an
al do- ket o-r educt.ase ﬁygh as [0 express sai d al do- ket o-reductase activity
along with the 6P pghg'F%V“B MEPRY et ase activity.8. A host cell according
to any of the preceding clains, wherein said host cell is defective in at
| east the negabolism conpounds sel ected. from the. group consisting of: i)
o abi nose |15 et BT Gy BRIRIET v Shar o pac B DS S oA es Tt IR oot cel |
accordi ngot o anyofqaf2-priopanpdieCeEinngowed & Flecerytfak €f spleaidcesouficgbut! evel s of
1, 2- propanedi ol when grown_on glycerol as the sole carbon source, but
essentially no f?%mpﬂgﬁﬁhh%ﬂFQ%Ed . A host cell according to claim9,
which is E. coli. 11. A polynucleotide nolecule conprising a synthetic
operon under the control of an induci bl e promoter, which operon conprises
t he genes entbdihfoyrsteroringdpgaimeridds Egtada) and propanedi o
oxi doreductase (fucO. 12. A polynucl eotide nolecule conprising a synthetic
operon under the control of an inducible pronmoter, which operon conprises
t he genel&ncbli mypplyeysiaetds Bleews sorrtinstaasethetioaeyonander dhe qoataltof ehe
addi ti onal gene ; I i roup
consi sting of gfﬁ@%?%%ngﬁsﬁsﬂé%ﬁgggk?gﬁggysﬂ%ﬁ%%%%%é%@%%%%%ggkinase (dhak)
and met hyl gl yoxalcbydivgragse (gldgs A)d pragnediolppldprmdottesst(fud®).nol ecul e accor di ng
to claim 12 conprising a synthetic operon under the control of an inducible
pronoter, which operon conprises the genes encodi ng propanedi ol
oxi dor educt a$Z2 (A pcl@yclgtiyempletuldednyaisogersastbet{ogipevan undirtyedrootcylad et one
ki nase (g@aK) aqg lﬁhéjgﬁy9x hﬁynth%semﬁgg§ﬁg. &411Amﬂicgo§{ .ani sm
according to any %F % OpPéﬁévl%dX%Vhf coﬁpfﬁ§|%%cg d%?ﬁﬂug Sot i de
accordi ng to anysidralictededfue®) 2dd 4t deadidng dddidonakbgdne dndodingtahenpmneduct i on of
1, 2- propanedi ol conprisin rowing a hast cel] ac ding to one of
i ai s h to 10 dnempeRHeRnS i Bt pechehRE LR e Ay a st ot e
carbon source, paktdréyb@tdng kiha®d (UBEK )Y eRtGlglxeRRltadst QfigsAaf t er which the
1, 2- propanedi ol produced are recovered and, optionally, purified.
25 13. A polynucleotide molecule according to claim 12 comprising a synthetic operon

under the control of an inducible promoter, which operon comprises the genes

encoding propanediol oxidoreductase (fucO), glycerol dehydrogenase (gldA),

dihydroxyacetone kinase (dhaK) and methylglyoxalsynthase (mgsA).

30 14. A microorganism according to any of the preceding claims comprising a

polynucleotide according to anyone of claims 11 to 13.
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A method for the production of 1,2-propanediol comprising growing a host cell
according to any one of claims I to 10 and 14 in an appropriate growth medium
containing a simple carbon source, particularly a crude glycerol preparation, after

which the 1,2-propanediol produced are recovered and, optionally, purified.



