WO 2011/ 073112PCT/ EP2010/ 069436 1 Mannose derivatives as antagoni sts of
bacterial adhesion Field of the invention 5The invention relates to

deri vat i wee 20fy/@si2mannopyr anosi des useful as ant agoni streTwEP2b@0t%®86 al
adhesion, and to their use in preventing and treating bacterial infections.
Background of the invention 10Urinary tract infection (UTlI) is an

i nf | ammat or pat hogen-caused di sease that occurs in_any part,  of the
urinary trﬁannsnsemrdvatw@csaas&ﬂta;goall&t&j@fd@@@terualado hgsi@ns ranging
frommld irritative voiding (dysuria), frequent voiding (pol akisuria) or
suprapubi ¢ tenderness to invasion of bacteria into the kidney (acute

pyel onephr iFiéld )of thie iveatioi r cul ati on (urosepsis) with potential |ocal and
di stant bacterial seeding (abscess), 15nmultiorgan failure or even death (B.
Foxman, Dis. Mon. 2003, 49, 53-70). UTls are anong the nost preval ent

i nfecti gus THesRRNEEN tdlteSRIRvaRE P b-BManAbBREnSidEsaFeful BS affBgonistdde can
be estimated in the United States by the nunber of visits to physicians

(about 8 nitPrieaRlarbssiPn.cindHe st e igPEvRAlingeans LRAYBE Sacterd dufections.
mllion/year). 20Particularly affected are wonen, who face a 40-50%ri sk
experiencin a s rrptomatlc UTI at sone tine durlng their life; nore than
hal f of th ndofdhe daventioBnsecuti ve infection within 6 nonths. In
appr oxi rrately 3 5% of wonen, multiple recurrences of UTI devel op over the
foll ovm ng years. Frequent sexual jntercourse, dia phragm use and | ack of

urinati ﬂg apy sk Ct'Pm(léqu\,&ﬁnsléf@P@an%wa%%%chuﬁ%ird'wﬁﬁe thajoceiEp in

i ncreasi ng ahh@aniewrl RiRaE tedct. Wt id Ehaf@dtéhiZdByPRiREsBEERIM off: 6rR8 AN
pat hogen in ?J?I S is urop gjt ho%%ynl ¢ Escheri Chl%g coli (UPEC) c{mqing >8(§‘r’2§2f

all infect |fr6’ﬁbmi'ﬁ’1'r6ttaﬂ\é9r\’/ﬁ'%'69 SV el WIdiNg PARITHER) O SUREIRKDIGT act s and

nNo system GelieRrisSROMvASoh @ﬁ&eﬁﬁ@na(|H@Qﬁéﬂi’lhh@ﬁ(a%dte@?e)oneﬂﬁ?ﬂ%?oﬁ%lb@d ns express
a nunber of 30well -studied virul ence factors of i nbri ae and

t oxi ns), V\/r‘firELI'{atd%‘f(iUFf@eW%@’Eh?qt%”t%%@cé\h%ﬂqlq‘ﬁtﬁﬂéaﬁﬁ”ﬁ'aﬁe? fhedghscesict eri al

persi st1sncenm%ém%nd@gfr@ee@aeatﬁf(ﬂaarfrmidnoms bibh. 2603, ke, sERE) i bed as an
[ nbal ance of "physiol ogical inflammation®, where both immne system and

antimcrobial factors of the host are no |onger able to control bacteri al

35growt h. lyridhgrl 4rhon dq tﬂg|n\6$‘tjbl%|vélenﬁﬁﬁatctlstﬂ§éa|§QQﬁlr§en@Fdlghdﬂ‘@f C}f(ﬁrgﬂht he

rectal microbiota and enter the nornal sterile urinary b er via the

ur et hr a whéYgeMn by Magnityde e epimaigg | 'Q QLWO'Wl?L@WE@O‘i’@P@"G@N%S .
i nfection (mystiaks Goout § nmrtﬁ]/;k@e)t&woaﬂmdl Bhé@ﬁer@ diagnbsdls (680t @bnB)akhe

i mrune system response or npt treatnent, bacteri a Jay ascend t he uret ers

to reaéf t F@riquipnypEecRd afﬁ/‘@P'Bﬁ%ﬁWq 1are ag0RA% risk W@Gﬂ%{@%a‘ symalomaie YT
treatment qf sbfhé tiFRYIUIAG |tHet‘|r lifd) rSEHE i e bl eliéc® dohb&outile RedcEibh Ng
urosepsis, renpal scarring o rarel % end- st age renal
within 6 months. In approxmately 3-5% of women, multiple recurrences of UTI develop
over the following years. Frequent sexual intercourse, diaphragm use and lack of urinating
after sexual intercourse are risk factors for UTI, further increasing the prevalence of UTI in

25  this subpopulation.

The predominant pathogen in UTls is uropathogenic Escherichia coli (UPEC) causing

>80% of all infections in otherwise healthy people with normal urinary tracts and no

systemic predisposing factors (uncomplicated UTI). These strains express a number of
30  well-studied virulence factors of UTI (e.g. fimbriae and toxins), which define tropism to and

within the urinary tract, bacterial persistence and the degree of inflammation.

UTI can be described as an imbalance of "physiological inflammation®, where both
immune system and antimicrobial factors of the host are no longer able to control bacterial
35 growth. In healthy individuals, most uropathogens originate from the rectal microbiota and

enter the normally sterile urinary bladder via the urethra where they can trigger an



5di sease and hypertension. Once in the urinary tract, pathogens need to
constantly avoi d host defense nechani sns. Host defense consists nainly of
t he fol | omongivdsAe el ements: First, the unidirectional pCremeb/ossane t hat
supports the clearance of the urinary2tract from bacteria. Second, the
10epithelial cells, which forma physical barrier, and third the | ocal

production of inflammtory nediators and antim CI’ObI al proteins to
recogni ze dHECHONdpYIHEDL Ettfleab%terlah't”é??"é@ & At eentiiied by His immupetsysigm ach (P

Chowdhury, r&sgdns®8efempblr@atmane®at@ria MayntR¥eddthe vfdtBA to 68ach kB8 fdAdykdnd | n

order to overcone these protective el enents, bacteria attach to the urinary
tract epit Hi’é!P'PD?’HWi“§OP‘F%r'P%‘ie%!aWé%ﬁd@f?y%Fréemeé‘éOY YT regnigstit in $aveged! und,

W 15Agace,coﬁﬁpl|(§M@H§Fﬂ(@hfe-ﬁqgatem?ﬁnos‘a@&s rlaﬂgﬁscarlﬂa? orGarB), ena]é%\ge&él@al
presumably internaljzed in an active process simlar to phagocytosis once
they are bd&lifgdse Ard hyRAHSPSIRBti ¢ UTI's should be treated with antibiotics to
prevent potential devastating conplications. Unconplicated UTI can be
effectively treated with an oral antibiotic such as 20fl uoroqui nol gnes
(e.g. cipr sincsiated rvpnErdt IRFRRIEAS NeRbiorGORBRADHRV host defense mechanisms.

anoxi ci | |1 Mgt aefanst @rBistsARRAT e RowiRg tHibs eRRdnB: Firkty thefuridi@ e oV
pat hogen. However, recurrent infections wth subsequent antibiotic exposure

can | ead t & Efies Gahrprsrts fin fearareperdne P'@lﬁ%iréﬁc‘f@m Grfiterte- oeped: (Reads t o

treat ngot fepithdliaecalBdwhiellite@sa pRicaPbEReObind Rt aREIEAIGroRIctions: 25Hence,
there is an urgent need for public health to devel op an efficient,

cost - effect”if(?@”éﬁ’farys’a?‘éatﬁbgrﬁ' rﬁ’it’m"HPP’él RIAEMSH) '49BI8E NP 18D BAEICHART t r eat

UTl's W t hoyttefi@eiwiinttRdit Qllt?ﬂ’é hm&]r(PbCﬁbwdiﬂ%SS ANS&cks! NIY. Wheb@ adindyyipe 1
finmbriae-nmediated bacterjal attachment t e bl adder egﬂghel iumis a very

proni si ng £BBFHeASPT 1AM BREIRTHP Svercame depprd plgevePIem S dinciania allaph

type 1 fimuid aehapf triet e@)ﬂlhéhum \Vlﬁlﬁm%ﬂalclidlhggaﬁﬁﬂﬂb%u@%im Q@lﬁﬂeﬂldMOF'IeGIﬂhél fW' i al
cells of t he urlnar\éf]trac his s eC| bi n mgh&@ an |nportant rol e

in t he dev&I93pPentS VGNP 49V. FPe”écﬁ - Werd Ledk BYPreBIMIRY Nralkes

nmannose miighh astivefprodedBlsitiian td BRPERDSs OAcd My Sk bas@. of urinary tract
epithelia. 35Mdre than two decades ago, Sharon and cowor kers have

i nvestigated various mannosi des and ol i gomannosi des as ant agoni sts for type

1 finbri aemr%g hiptsebtRRENs Ehéu M@tagtba/v@tﬁ?am%@dt&%?&ﬂem 8AEN devdrasaingr i al
adhesi on LERer Id N.r Shar on FEIIVB | mrunol QN(gd M gl’\(l)bl ol g2003

. D. L. Hast
38, 181- 19f))mpPEﬁN@O%rU”C\%@HC%?%H h@ar‘a'?ef piRctively treaied yathiag el AR RIBES S Ffer e

testedapn EubBHuhBILABE fo.g.@dryfcsaaIK o nbmb%‘drﬂ)owrumﬁétoita‘éé}n&aénu%lawghméﬂ@
mlli- to mcronolar range were observed. Attenpts to i nlprove the affinity

fol | owed t WEPERFRLPRHE SUSRFRIRURE the pgusgr}geoatrpg@gsﬁg\ﬁe\@r REYTEN A1TesHONS

car bohydr atygthl duggéflentitivldtic exbdiird adr RBAko Qﬂéig@ﬁcé’éf édtlﬁﬁé}gﬁla%k@%ﬂc@y
i nformation obtained fromthe crystal structure of | mberty, Y.M

Chabre, R RSO @aé?ﬁdséaﬁreatm%@a'urwd reddensiig gynge o t%ﬁ@ﬁeuﬁa RBYGNGe

a- D- mannopyr anosi de derivatives for prevention and treatnent of bacterial
10i nfecti ons are described in WO 2005/089733. Further anti-adhesive
saccharPde MEEFEAEETEVREN Y[RERT AR TRT BURcheplf pAvalvp andliicialitecogbeigatibeand n wo

98/ 21220. safe non-antibiotic therapy to both prevent and treat UTIs without facilitating antimicrobial
resistance. Inhibition of type 1 fimbriae-mediated bacterial attachment to the bladder

epithelium is a very promising approach to achieve this aim.

30  The lectin FimH on the tip of type 1 fimbriae of E. coli binds to oligomannosides located on
epithelial cells of the urinary tract. This specific binding plays an important role in the
development of UTls. E. coli adhere specifically to the terminal mannose moieties of

uroplakin receptors on the surface of urinary tract epithelia.

35 More than two decades ago, Sharon and coworkers have investigated various

mannosides and oligomannosides as antagonists for type 1 fimbriae-mediated specific



Sunmmary of the invention 15The invention relates to conmpounds of the
formula (1) 20 RL is phenyl connected to the phenyl ring of forrmula (1) in
nmet a- or wenratposiiki on and substituted by one, two or trCcEEPIMbStI4BaENT S
selected fromthe group consisting of 3l ower al kyl, hal o-1ower al kyl,

hydr oxy-1 ower al kyl, |ower al koxy-Ilower alkyl, optionally substituted

al kenyl , optlonall substituted al kin

het er oar yI Pas&fgkadhggion (ly pfekarLal-nglx§ha gﬁ%ﬁ%&@%ﬁ ‘Fy%/m&%koxy,

| ower al koxgg: IIWUGHK\Qé%r hEH Bdiky biXYies fy JB000ESHARMIRIeE Xisre TBRIcGARNT 0
al kyl mer capt o fc};drox ysul finyl, al kylsulfinyl, halo-|ower al(le}ﬁl sul finy

hydr oxysul oA piey PR ek MteragioatiT Grayteliasds dicomily famaramgir range”
an nosul f odre WhEIrGdd) ARBAIBI |r'n§ro‘\}8Wlhli}ﬂfbﬁﬂv&rtm%é&ﬁtlﬂpﬁ%a@b{e@f('i?th‘ér t wo

substltutents selected from | ower | -1 ower
hydr oxy?| oWEpI98 Ok ultivelsRissarzeygsase |i Qﬁﬁé’? agg Wlthe E%'PFM&P'BQ of Lﬂ%‘PPtQthéﬁ bywo
2011/ 07311%6?%&83%%%%%6% é?i?éiﬂ)dtrubt@%éf FAmky(A. RRsErgPY I IEHdbYe, R. Roy,

substituted_ heteroaryl -| ower or wherein the two substituents on

ni t rogen f6¥WW15@6#Hﬁp8mﬂfﬂwﬁﬂg4é9%rogen het erocycl yl; amino optionally
substituted by one or two substitutents selected fromlower alkyl,

cycl oal kyl -1 ower al kyl, hydroxy-1lower al kyl, |ower alkoxy-Iower alkyl and
di -1 owner aﬁ”ﬂd;ﬁldaﬁ?'ﬁ%ﬂ’r%ﬁﬁm”993{@'1‘03'@%‘1%5\’3%‘{% f%ﬁﬂf@‘{qntt'e%ﬁf‘d X’?%‘I”E%.‘It Ripacterial
optiongply is&Rhk b §kcRbEMAl woojosRRaY Y @HH@M&M&%N@%&&%F.&& derivatives

al kyl carbonyl, optionally substituted phenyl carbon optionally

substi t ut eéuﬁy%ﬁy@ edriyepRiranasides aye dessoihgd lrdNOaQﬁ/é‘tﬂ?é)r bonyl, or wherein
the two substituents on nitrogen formtogether with the nitrogen

het erocycl yl ; carboxynet hyl am no or | ower al koxycarbonyl net hyl am no

subst i t ut edummaryeof elgvengiooup 10such that the resulting substituent
corresponds to one of the 20 naturally occurring standard am no aci ds,

am nonet hyl car bonyl am no substituted at the methyl group such that the
resul tilhg dbglinygntienpredaies tosgeompsindpofghe fasmuten® 20 natural Iy occurring
standard am no acids; |ower al kylcarbonyl, halo-lower alkyl carbonyl,

par a- car boxy, |ower al koxycarbonyl, |ower 15al koxy-I|ower al koxycarbonyl ;
am nocar boni]/‘p eréOn am no i s unsubstituted or substituted by one hydroxy
or am no gr or two substitutents selected fromlower alkyl,

hydr oxy- | owei,a wer al koxy-1ower alkyl, optionally substituted
phenyl - | ower al and |optional | y=sulesti tuted heteroaryl-Ilower alkyl, or
wherein the two substi taseqtis,) ogen formtogether with the nitrogen
het erocycl yl ; 20cyano, halogen and wFtro; and wherein two substituents in
ortho-position to eagh other can Rbrma 5- or 6-nmenbered heterocyclic ring
contai ning one or two oxygen atons and/or one or two nitrogen atons,

wher ei n t h&"h§reif ogen atoms are optional |y substituted by | ower al kyI | ower
al koxy- | owgyis al kyl2o0r | ower al kyl carbonyl;

20

R'is phenyl connected to the phenyl ring of formula (1) in meta- or para-position and
substituted by one, two or three substituents selected from the group consisting of
lower alkyl, halo-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally
substituted alkenyl, optionally substituted alkinyl, cyclohexyl, cyclopropyl, aryl, heteroaryl,
25  heterocyclyl;
para-hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-lower alkoxy, cycloalkyloxy,
hydroxysulfonyloxy;
mercapto, alkylmercapto, hydroxysulfinyl, alkylsulfinyl, halo-lower alkylsulfinyl,
hydroxysulfonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aminosulfonyl wherein
30 amino is unsubstituted or substituted by one or two substitutents selected from lower alkyl,

cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally substituted



25 or Rl is aryl other than optionally substituted phenyl, heteroaryl,
heterocyclyl with 5 or nore atons, and R2 and R3 are, independent of each
ot her, hywoagam7ziiower al kyl, hal o-1 ower al kyl, 30hydr orgTirresn/oed4Bey| ,

| ower al koxy-|ower al kyl, optionally substituted al kenyl, optionally
substituted al kinyl, cycloal kyl, hydroxy, |ower alkoxy, hal o- | ower al koxy,
| oner al koxy- 1| ower alkoxy phenoxy hydrox sul f ony nmer capt o,

al kyl mer ca@%@”y'ﬁ%ﬁr&k%ﬁﬂ‘# Pﬂxﬂ”a”yﬁ%&? igiadh PaWh'QWSFP%We?”’éhQ{?Pém Myl

hydr oxysul fsapatltuerdd Ky hgidbé®rym, to@étwérsmthftﬁemltroga@h@treﬂafymwsul fonyl,
am nosul fonyl, am no optional |y substituted one or two substltutents

sel ected 3ZMHAMPPUSREHY SOV IEGEYANSES- tY"B\ﬁ)éPSt%HtRS‘/‘P selegigd roq) kWR{ak¥wer al kyl ;

| ower al ky|c9é16§l%f]¥é\ﬁéﬁdﬂ®1 r@b.l@&wdwrtawyImvarram,ox;blm)élk@mm. lower
pyri di nyl cai bonyl am no, _caf boxynet hyl am no

o

2011/ 078311 2B IR ONSS 6%‘949’6@‘504‘%%@5“%!?@(&’9@&”%'0H?tfor?@{%%bémuitﬁfj RNAS¥k i t ut ed

at the net whom?lenbﬁmed h@t@'ﬁoab{’l%ll@#&ﬂbédy’ﬂ%pﬁ&%@'shb@iﬂlte@@ﬁér%&ﬁ%’tﬁ}%l to one
St andar

of the 20 naturally occurri am no d
ani nomet hy IOPHPWH PR H{HBd Qwﬁg/iqafttﬁ”éblaEﬁPXXCﬁ@OH%'tQ{ﬂm'@‘?‘@ERP@UQHWPﬁr&t” Phe

resul ting Q\ﬁ&%ul%tlﬂ}élhtsﬁ&f ﬁlﬁ‘é@@ﬂ‘é&n&&ge‘ﬂﬂﬁmﬂﬁ\tﬁé\ﬁltrggemﬁétéfo@%lyl occurring
standard am no acids; carboxy, 5l ower alkyl carbonyl

pyri di nec arCBWYmetBy'PWﬁ%@rH%‘ﬁf%rr%‘éﬁi‘}’PaerM@Pthéﬁam%‘&}sB@Fﬁ?jl 2 tré‘?’ri“ﬁ%’hgr%?lyl

wher ei noamsign thait thesEairnd sibettuert C%H’@%dridldtt@én@wm@@o%ﬂfrﬂwyoc@[lma@‘l no group
or one or two substjtutents selected from | ower droxrglomer al ky

or | ower aISF?dB@'9rq Fep a&!dﬁy‘?m'”f"é‘?ﬁ‘é{?@ft&ﬂ”y'aﬂmbswé et?geéﬂ“e Bethyl 9rpeR sigh
wher ei n t Weh whs tdstieg bsyl glour dofr@sstlisttd BRe bOthe 20halirBIfT odcOfriny atderda Rl

6- menber ed heteroc%cllc ring containing one or 10two oxygen atons and/ or
one or two AR} BYEH at oms, wherein the nitrogen atoms are optionally

substi t ut eq’ovbéf dwmfbo@lykhblo |bmkwdakwf |p@V£éarBd»lW|oWéP alk@xva;brbonyl lower

al kyl car bon pro ru s and salts thereof. Further he invention
relateddto %@ﬁi’) - é”‘mc)cart%mé'r"é'?%e@f?ﬁ"”%'SG’”Sﬂb%'FUt%d OrFgubsHiutgy |

het er oaryl tgfonB Ty@ﬂ’o&?bﬁéwno %axa@b &%@r& e samuutemge@@atd@mbnﬂbw@a@lhylot her,
hydr ogen, | ower alk ower al ky droxy- | ower

al koxy- | OV\éWdré’IXKﬁwer@B‘tyl M\éﬂﬂa{k%m%\ﬁf@lw bap%n@%wbst'w&q Qﬂ?’&lyi |9W§U@§¥Ilaf‘gt ed
al ki nyl, CX)@)h@r@HIIF)éUbstiﬂMQd ﬁét)éroa'r}ﬂWerQiIHWbyWhBﬂalerthleQW@rsuﬁétiﬁ@hYs on ABHen

al koxy- Io r 20al koxy, 0X drox quononxy, mer capt o,

al kyl mer cap?'8! G HPHR IR efrl'tfﬂiig” r§1¥ 9‘ch ul finyl, halo-1ower alkylsulfinyl,
hydr oxggul fcoamd, harlgki| sdl dfiesty! ., aryl sul fonyl, het eroaryl sul fonyl,

am nosul fonyl , am no ogyionally substltuted by one or fwo substitutents

sel ected fPOMWNGIRIR Mg RYASTItURYISID RPN¢-pRRITonOGREN ONGHERN TARGKS-qr SuBPMAPTey

| over al kylheasrdsyand ey Mta.mhg}@w@afvhp@wbaﬁrbfaﬁas é}@jwrcambw\n@mtrogen atoms,
pyri di nyl car bonyl am no, carbox

yl a
al koxycar bdW\prét f'}%ﬂ”é?ﬁer'i‘oat%’ﬂﬁé‘fq @Q}to@allyaﬁu%%teﬁé{yﬁg\{vergqlI@udogch{kqxp{éqwefrhe

resul ting %m@s@mbw@mmkﬁ@mb@ﬁmonds to one of the 20 naturally occurring
standard am no aci ds, am nonet hyl carbonyl am no substituted at the nethyl

group ddch that the resultlng acyl group corresponds to one of the 20

natural Iy @g®UiddmithtbéranstabstionBilySubRaiuEs, p@FleMroaMWe@bwl aah Byl ,

benzoyl , p;gcl)rgla?oerggragonyl pyri m di necar bony | ower al koxycar bonyl ,

R? and R?® are, independent of each other, hydrogen, lower alkyl, halo-lower alkyl,

30  hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally substituted alkenyl, optionally
substituted alkinyl, cycloalkyl, hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-lower
alkoxy, phenoxy, hydroxysulfonyloxy; mercapto, alkylmercapto, hydroxysulfinyl, alkyl-
sulfinyl, halo-lower alkylsulfinyl, hydroxysulfonyl, alkylsulfonyl, arylsulfonyl, heteroaryl-
sulfonyl, aminosulfonyl, amino optionally substituted by one or two substitutents selected

35  from lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl; lower alkylcarbonylamino,

alkoxycarbonylamino, benzoylamino, pyridinylcarbonylamino, carboxymethylamino or



30am nocar bonyl, wherein amno is unsubstituted or substituted by one
hydr oxy or am no group or one or two substitutents selected froml ower

al kyl, hywoasyd7emer al kyl or | ower al koxy-I|ower al kyl; prcetrra@oloyd436 cyano,
hal ogen, or nitro; or wherein two subStituents in ortho-position to each
other forma 5- or 6-nenbered heterocyclic ring containing one or two
oxygen atons and/or one or two nitrogen atons, wherein the nitrogen atons

are 35o0pti 691’&?”%}‘Oé‘lé??é??rtyd?eetﬁy'%@'WO(ﬁH@Ft'taieQﬂt the; BBy HPRRRYEN tBNdPe BRYingor

| ower al kylsgBgthesht torr nB§ RAGHETSE ti 2o ﬁ@th?afﬂ bbeure®y stad¥ard amino acids,
2011/ 073112PCT/ EP2010/ 069436 6 for use in e prevention and treatnment of

i nf ect i ous 3AIRYBRIBKCArBRRYAREO; SHPQE"H"PQGE"“&’%"éaﬂ@éome(ﬁh%&h%eﬁwp%?%t rains

of E. coli, grdugddrielspetddito Bhé Bauhg Z0rdralyndRekringksandaky 4 élhﬁhbfﬂérd% &ehsoxy,
i nvention reI ates to pharnmaceuti cal conpositions conprising t

5conmpouRds WSS VIRREIRYI: BENZoNh Ry AdipeHEdEY!. PM@E@'@SWQUﬂd@WeE@k?’ﬂféaﬁ?@@y'of

t he conpour@sind@Fodne wheRMESHIneNs @Hﬁ:b%f@@d@@hbﬁftutb@@?%hé aldroRy ecdrhiaps, i n
particular urinary tract infections of prevention and

treat ment GFOURRIPNGLE TP P‘étrs“il‘r‘ﬁ"é%ﬁ‘?'%ﬁ%d frBF“i '@werrﬁge,rhyﬁquaﬁovaﬁr Fityb oHPYEF e 10
Treat ment  efdokg-asver afkyk; ltb&rarzslfyebgaiﬁﬁ h&18§&% WhditlorHbf weBin)tivo substituents in

a- D- mannopyr anosi de) and three nmH ant agoni sts (8f, 8a and 7a, FinH =
receptor bi%HAP rﬁ’QS'EI%H] FRCHFOErfohR Pafr §- FE”%P&F%B“‘?{YO&YC“& ”68§9@t§'”61‘9 " o/ kg

in the4gTl txﬁ@@ﬁﬁgeﬁféﬂ&hs aﬁa/@r on?e &t% riutthg@ﬁtalt&ﬁs M@F@@Emlﬁré{ge@ HoMs iaff ecti on
study (n = role 8a were a V. |ntotheta|I vein,

15wher eas PQ;“Q\VE%'V St tl&ﬁd BY é‘ﬂ"‘fey a”‘)&% lopues é|kPﬁéE’E’)Vteé?@V'é)r‘ié‘§’yer altylearRoayl: eadint s

of the 3 hprafregs amnsametgerssbt racted fromthe results of the tested
antagoni sts and the 6 h control group. In all treated animals, bacteri al
counts were only marginally reduced in the kidneys. This Iower response to

the treat mEkthinidie igThléHliba §8181es tS coriipdUnababfomdiKgl)! Whéhelnf er ent bact eri al
adhesi gn nechanlsns i n bl adder and ki dney. Whereas in the bl adder adhesion

20i s nmedi at'dd by %t gpe | pili (via the CRD of FinH), P pili-dependent

interacti orps .@5@ %mgﬁw drBeterbgcpebegi on in the ki dneys P - val ues were
calculated parin thetreatment@(grou ps with the 3 control group.

(*) P<O. a”(j*R)ar‘F’ Pepgent e pagh athey, Hyaroggn. yowrsialkyl: é‘ﬁlor'PWQ relkYldet er i ned

by Mann V\hIhk/aue)xﬂcﬁﬁr)alkyplowe&@rkbkyxloweldarkyubpm,anﬁs@smuaéw@kenympkomW,
25ALog10 CFU = AL urine) or gan (bl a

o nousy Ctbsitilen Hayb rreaol TN onRC BRI oo Brer Skapdane,

conpounds @ikokiiehlerbXL hdrokysulfonyloxy; mercapto, alkylmercapto, hydroxysulfinyl, alkyl-

sulfinyl, halo-lower alkylsulfinyl, hydroxysulfonyl, alkylsulfonyl, arylsulfonyl, heteroaryl-
sulfonyl, aminosulfonyl, amino optionally substituted by one or two substitutents selected
from lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl; lower alkylcarbonylamino,
alkoxycarbonylamino, benzoylamino, pyridinylcarbonylamino, carboxymethylamino or

25 lower alkoxycarbonylmethylamino substituted at the methyl group such that the resulting
substituent corresponds to one of the 20 naturally occurring standard amino acids,
aminomethylcarbonylamino substituted at the methyl group such that the resulting acyl
group corresponds to one of the 20 naturally occurring standard amino acids; carboxy,
lower alkylcarbonyl, benzoyl, pyridinecarbonyl, pyrimidinecarbonyl, lower alkoxycarbonvyl,

30  aminocarbonyl, wherein amino is unsubstituted or substituted by one hydroxy or amino
group or one or two substitutents selected from lower alkyl, hydroxy-lower alkyl or lower
alkoxy-lower alkyl; tetrazolyl, cyano, halogen, or nitro; or wherein two substituents in
ortho-position to each other form a 5- or 6-membered heterocyclic ring containing one or
two oxygen atoms and/or one or two nitrogen atoms, wherein the nitrogen atoms are

35  optionally substituted by lower alkyl, lower alkoxy-lower alkyl or lower alkylcarbonyl; and

prodrugs and salts thereof



WO 2011/ 073112PCT/ EP2010/ 069436 7 n is 0,1 or 2; Rl is phenyl connected to
the phenyl ring of formula (1) in meta- or para-position and substituted by
one, two wo 20twogslisubstituents sel ected fromthe group ecma@Epsdiong43é 5| ower

al kyl, hal o-1 ower al kyl, hydroxy-I1owes al kyl, |ower al koxy-I|ower alkyl,
optionally substituted al kenyl, optionally substituted al ki nyl, cycl ohexyl,
cyclopropyl aryl het er ogar yl , heterocyFIyI par a- hydr oxy Iomer al koxy,

hal o- | ower f&1486%Y the Rsgisntign RBYYEptHEf O PT@SWJS USRASERI KGN 8§WGC“OUS diseases’
hydr oxysul fc@nyédoawv.rui&tmrr&a@bptf cal, iy parasganirManhysbt ctighd.i nyl

al kyl sul finyl, hal o-1 ower aIkyIsqulnyI hydr oxysul f onyl , aIkyIsquonyI
aryl sul fonyl, heteroaryl sul fonyl, antnosulfonyl wherein amno is

unsubst i t utraheimce e ihleHteH réléite@'?@pl%m{a‘d@utﬁ:@b&imﬁdéﬁt@ﬂé S,orfr‘aFlhﬁrﬁ‘gj gdsérom
| ower al kyl, cycl oal kyl -1 ower al kyl, hydroxy-I| ower al

al koxy- pow@PmQPR’WS IHMegied af ynay W?Gf @Ss‘bﬁ%’ﬁwur]dévﬁé’rth%tjﬁlpf tBad
optionally c@%@hhds‘%?fﬁeﬁﬁé@nﬂ@ﬁ ¥hd h@é(tﬁ‘fen%f‘ﬁé'cter@fmf@@%r%‘ h Mﬂ’ﬁtuﬂe\t@lrmary

15substituents on nitrogen formtaogether with the nitrogen heteraocycly
ani no opt i ¢R&! INfECleNSs #n t&%weﬁgpd&t@redﬁntwwb%%tmﬁnt@ﬁyg Q%qt%r&'é'tﬁeqt'%?n
| ower al kyl, cycloal kyl-1ower alkyl, hydroxy-I|ower alkyl, |ower

al koxy- Iovver al kyl .and di-| ower al kyI am no-1 ower al kyl, or by one

subst i tuentBrl?;;aeéﬁT'RW" obtheifdaura v substituted phenyl, optionally
substitgted heteroaryl, alkylcarbonyl, optionally substituted

phenyl carbonyl , 200 tlonaIIy substltuted p dylcarbonyl al koxycar bonyl or
am nocar borly$atmgpt effieacyioh therer etr%eéiQH?PPt‘%é'llMs hentyl sriPTeRgeRPYBResIt g8 her

with the n'tﬁr%@@‘ﬁﬁH hBtRORRMBY I8a SmdTRAOKAE L hydeiarMhdg dAMER of a fimbrial tip
alkoxycarbonﬁlnet ylam no substituted at the methyl group such that the

resul ti ng $dbetinkai@rosase PeabBakS it H1edhl ’B@USPHEOdZ’d)aﬂ%ﬁ?urr‘ af infechiers wPrPAgEd

standard am B@ RpfedBon &%V@ﬂ?%hé’drﬁ@)bﬂn&’bﬂéﬂm wHRsddplisd B¢ ib tﬂé"t%n R?thh)”
group such 25that_the resulting p corresponds to one of 0

2
nat ur allPy d¢ERas TRjvag arrlisd @ ali %g%ﬁﬁg% (refessise): dhayran FouHs Pf thﬂéﬂ tb | ower

al kyl car bomthetioRatete %%t%’féﬁ froR IR reliIkOo XA tR RN tad AR arftl XMt EURT
al koxycar bonyl ; am nocarbonyl wherein amno is unsubstituted or substituted

by one hydigsR4p- B alkigaied ariplas. brcterr cavnts Were oy marginalyraducedde thedkidnaym
| over al ky|Th|§5IQ\W¥|drre§|?fd/rTs|eQWe @éatfmlemt \A/lEP\V\ﬁFnFﬁérKé’g‘thtQWro@ddﬁWJue RRfiteER! | ¥

substituted phenyl -1 ower al kyl and optional d% Substituted 'heteroaryl -1 ower
al kyl, or \k)ﬁ‘é‘i%iﬂ'rﬁdthﬁgoﬂWﬁcbﬁw%mﬁtmféﬁ@%er@ﬁdr'ﬂ evdeheeas in the fadreradiesient he

nitrogep he %e@wwwp&van@na Rl sy Fﬁm Pigiit@&pendent intBREIIREAB IR a0
substituents In ortho-position to each other can forma 5- or 6-nmenbered

35het er ocy d01itae pARpiiRthe KifrRysoRe Values Werasaleidzied Dy semaANLIhe figateantt wo
nitrogen atg@ips withthe 8 hlddAf3ildrdleTHE 201y, 06P4 3% &1, (**) P < 0.001, (-) not

significant (determined by Mann Whitney test).
C = control; U = urine; B = bladder; K= kidney;
25 ALog10 CFU = ALog10 CFU/ml (urine) or ALog10 CFU/organ (bladder, 2 kidneys).

Detailed description of the invention

The invention relates to compounds of the formula (1)
30
HO HO

HO
HO y

wherein



wherein the nitrogen atons are optionally substituted by | ower al kyl, |ower
al koxy-I ower al kyl or |ower alkyl carbonyl; or RL is aryl other than
opt i onal lwo=ohat7stint ed phenyl, heteroaryl, heterocyclyl PeirtEP280069436 NMOT €
atonms, and R2 and R3 are, independent7of each other, hydrogen, |ower alkyl,
hal o- | ower al kyl, hydroxy-lower alkyl, |ower al koxy-Iower alkyl, optionally
substituted alkenyl optionally substltuted al ki nyl, cycl oal kyl, hydroxy,

| ower al koxXyS Onhrp2 1 ower al koxy, |ower al koxy-|ower 10al koxy, phenoxy,

hydr oxysul f onyl oxy; nercapto, al kyl nmercapto, hydroxysul finyl, alkyl -

sul finyl, halo-lower alkylsulfinyl, hydr ul faonyl , aIkyIsquonyI

aryl sul f onyFiar Is pleqryt WP%QF? Hﬁﬁhe”)ﬁrﬂnﬁdﬁﬂr%@ﬁ/@) In G183 HREa-BREIanyand

substi t ut e@ubynt@te@ b9'bné Voo Bk "sbﬁs@lfﬂeﬁtssé%ll&ﬂfé(ﬁﬁorﬁ Yyl OpBEN MY lof

hydr oxy- Iomer x | ower al koxy- | ower yl; | ower al kyl carbonyl am no,
al koxycar b&a 616'06@\“{%@)&&1# XyﬂW?rd?'Ml'%‘ﬁ?’b%WéW?f@'ky' optionally

car boxynet @mbﬁmjte@ afkenyl SR AIyEdURaNUGATNIY | dVBloRY.yRIBy BIBpBRIS biyl, WeRsoayl, t he

nmet hyl group such that the resulting substituent corresponds to one o
20 naturalﬁ?‘ﬁ@@@Wflng standard ami no aci ds, am nonet hyl carbonyl am no

subst i t ut eghapd-hydrexyTRIWRY haIkgkR WRIcSIB&Br ARGy, IoWér BRSKY-lowad aREXY, cgélwwoxy
corresponds to one of the 20 naturally occurring standard am no aci ds

car boxy, | SWEOXGFUWONERhonyl , benzoyl , pyri di necar bonyl ,
pyri m dpnegadrbspty| alkyim¥ehpta! Mwﬁ&@@mh@ﬁyélkylémmm rha@ab\h@mkylsww ein amno is

unsubstituted or substituted oXy or am no % or one or two
subst i tutemer%@tﬂfemo@'k%‘%ﬂﬁonﬂmlsahfwi herﬁ/%ﬁ%lﬁg)fqn&,\é ingskfanybwhersiRer

al koxy- | oweimi@d kYUnsubLituted 6t Mbstit€iAN: orldadr g6 BubLitutévts rs@lect@a fr‘Uﬁﬂbﬁ‘abﬂalkW)
substituents in ortho-position to each other forma 5-

het er ocycl IC¥CIPRIRY- QUM MNE OOV afkib Q48] GROX ¥t YR a%HPB‘i“”@H@WW‘&W

ni trogen atp‘h@‘ﬁyl IM/(?&raﬂi{ynaﬁ&@pt@nbﬂ@ﬁﬁi@tut@fé@l%t&b@ry?l@%ﬁhlﬂylabHWheﬁéhh&ﬁé twg ed by
| ower alkyl, |ower al koxy- wer a écar bonyl ; and prodrugs

and sal'?s tSHB?tE‘bq’”tS %F"ttrﬁé?'?rﬁ’rr@ t?@?éh%/rﬁ’\’)@ﬁf‘%ﬁmﬂ%'ﬂata 28V onpounds of

formula (| bmum@ﬂstwnallyﬂsu bstitdtel ) ond or3WREubstinabs seldeedmal bvePalkyl,
het erocycl yl ; anp have the neanin i ndi cat ed aboye; and prodrugs

and salts PM@P%’W '?‘%‘?r GU% hiyﬂrof(}‘lép"ﬁ’&}%(hﬂqvfﬁ'i%ﬁ‘t‘?iiy s efshandd-oWsTect i ous

di seases, SigRandso- |dWee@n<ypuf5b>dbﬁeematu@m@/@@ahkyl mpﬂdmbmnéut%tufuaé &byl E. col i,
in parti cular uri na?/% ct _infecti WO 2011/ 073112P EP2010/ 69436 9

Mannose- spé’@f'?riaé'y &t 'é”t& heterpzry ok ‘Faéb%ﬂ%r?ﬁt'?rf?é'y FHRFIEBRBTY A RAM b

| ectingoi n ophdredlgRastRIte@ByridiRarRMApe aikexycafbopt dte@enddarstngR Bl ABrefrthBost
ti ssue nedi at ed such lectins is considered an inportant initial event in

bacterial i'}f &¢RgiBeniss UBPeELRFB ARSI MY herigae BefeIYEHe bacteri al
surface |e(2:beZ!)$(ym€t|ﬂ @wndmomﬁd@mm@nﬁmmkf@m albgtifutessatendmesiyl §long i n

the | ack of t#ﬁ]?ﬂ] Jt 0 %ﬁ%flﬁte |nfe%tuon Tﬂ% %Bes?nﬁllnventlon
rel at es t o Sych that the resulting substituent corresponds to one of the 20 naturally occurring
standard amino acids, aminomethylcarbonylamino substituted at the methyl group such

25 that the resulting acyl group corresponds to one of the 20 naturally occurring standard
amino acids;
lower alkylcarbonyl, halo-lower alkylcarbonyl, para-carboxy, lower alkoxycarbonyl, lower
alkoxy-lower alkoxycarbonyl; aminocarbonyl wherein amino is unsubstituted or substituted
by one hydroxy or amino group or one or two substitutents selected from lower alkyl,

30  hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally substituted phenyl-lower alkyl and
optionally substituted heteroaryl-lower alkyl, or wherein the two substituents on nitrogen
form together with the nitrogen heterocyclyl;
cyano, halogen, and nitro;
and wherein two substituents in ortho-position to each other can form a 5- or 6-membered

35 heterocyclic ring containing one or two oxygen atoms and/or one or two nitrogen atoms,



particularly active group of mannosi de derivatives, which can be
successfully applied as FinH antagonists (FinH = receptor binding domain of
a finbri avotop/asihesi n). The conmpounds of the inventi onPsii@r@0/069436
substantially higher activity than cusrently known nmannosi des. 10 A further
aspect of the invention is the use of the conpounds of the invention as
drugs for the prevent| on and treatnent of infectious di seases, |

parti cul ar Whersiafie riregan qiame afq %‘H@”awbéEF\VE’Ht%(d%W‘%ﬁa'MéOWrﬁ#‘&Wd@Ner
derivati vesgf otibRed Apedrbeiy;over state-of-the-art antibiotics is the fact
that formation of resistance to carbohydrates |eads to mutated |ectins
15rendering thensel ves ineffective with respect to adhesion to host tissue.
The gener alor RET By USRS thet ehtivpelipsdsaitbd el NAéERan! RiebaRiy witRerWi t hi n
the context of this di scI osure the foll ow ng nmeani ngs, unless otherw se

i ndi cat 8d: MUTREBFENx "1 ower” denotes a radical having up to and
including a maxi numof 7, especially up to and including a maxi mum of 4
carbon atons, the radi cal s | noguestl on being either |inear or branched with

single or RIAPT @rgriadrasngnt of each othge Pedrpgen. lwer akvt balerpwer g f or

conpounds, wmo&wovmdjmk/hwdrlsﬁ@x%mmﬁerIaﬁ(yt aﬂsmanpsmm&ﬁaké@l dpSoil e
conpound, salt, or the ke bonds I n principle can have E- or

Z- confi gur éﬁjpﬂﬁu"eq‘ﬁﬁ"rﬁ/bﬁﬁﬁﬂﬂ@é Ry @WPF]%'E?P{V Bﬁ'oﬁﬁ‘vert%@xéf'BW§r eperlowsr

i SONBrhg NMakoy 8sheRbxys h@oRySUFOMEG: mlef-caafbt aﬂi(plﬂfdrédpﬁ@ hyatoRy YR Llkyl-f or ns
are intended. 30 Anécml%{ ynmmetric car bon %ﬂ present in the (R)-,

(S)- or (RS&fin¥oRlpT ﬂ'&yﬁulﬂﬁv'e?wgmsylw eHls Hgn_yl &ry' PEPOURRIPRMAT i on.

The CO”DOU%dﬁodW)én{nHWs‘éjlf&%/l RUrRIRE BptickallfE XSRS ©f oheﬁ@fff&/bi‘sugétlt@tén@lsl’e%cted
i somers, preferabl éias enant i omer - pure di astereone

2011/ 07311 3eEroEenad; ssurydowsr %{\‘%/‘Pwﬁ%@k‘?’ﬁydﬂ‘i"ﬂr %”8" 1@Nerp%"@1*<‘&f%£my§ﬂn?'%m 1
to 7 car bO%Ik@&?&?bor@Mmh@ Hehﬂ@ﬁémi‘ﬁb ;Wr@m@t@aﬂ)onﬁbmo b§rbl@kﬁﬁ&hﬂ§ﬂn}ho|d?wer

al kyl Lovver a Q/ P bon ataops and is butyl,
such addn- BRIYs7Il %é@rbo@“’ﬁﬁf‘wm Os%’l%fﬂtyied%‘H}qmﬁtﬁvlﬁro%?%ﬁwat the pasuliag

n- propyl orsubﬁ@tﬁ@r@@wres@hbyto &fe csmmehyd) natBra%@b@mhug ét@H&ird@'rrKrYd adigs,met hyl or
ethyl. C2-Cr- alk%/ is |ower, al w th at st two carbon atons, for

exanpl e et RJNNOR tBﬂWrbB?y'%UWIS“gW‘H%éF Wlm?{@é‘ U RICA N} the tesuling pRY

car bon atorgﬁoumwreapdnd@eto@ﬁéubmblmmrany d&%#h@@tédﬁbﬂﬂamﬁlog}cld@ycdrﬁw al kyl
or | ower al koxy exanp| e,

cl ohex cl opent yl
met hyl cycl 6%’&?&%}?3/% ”ébé\gwbw”do IngGarbony:, P&UPéf”ee?E’Péﬂr'S)ﬁéT a'k&fyw%gmélnds
for a pono-anffodatsangl, Mefelwsmlmbl.@gnmmwd%rgnwmtw btnoﬁehsadrwy @adirbma at ons
optionally car r(%/_ %I substituents, such napht hyl ,

o Peal LY gesin dioatiey o bk seeeps ForTIOun 4 kmd RN ber o SrRERy |

group, suchi@syldwkrR¥yl; talid2¥ElI, @yano, halogen, or nitro; or wherein two substituents in
ortho-position to each other form a 5- or 6-membered heterocyclic ring containing one or

two oxygen atoms and/or one or two nitrogen atoms, wherein the nitrogen atoms are
25  optionally substituted by lower alkyl, lower alkoxy-lower alkyl or lower alkylcarbonyl; and

prodrugs and salts thereof.

Furthermore the invention relates to compounds of formula (I), wherein
nis 0,1 or2;
30 R'is aryl, heteroaryl or heterocyclyl; and
R? and R® have the meanings indicated above; and
prodrugs and salts thereof
for use in the prevention and treatment of infectious diseases, such as infectious diseases
caused by virulent strains of E.coli, in particular urinary tract infections.
35



or tetrahydronaphthyl, all optionally substitued. Preferably, aryl is
phenyl or indanyl or tetrahydronaphthyl, in particular phenyl. The term
"aryl carwgiog/esihstituents” stands for aryl substit ut edClmEre@otneosBour
substituents 20i ndependently sel ected9from | ower al kyl, hal o-1ower alkyl,

cycIoaIkyI-Iomer al kyl , carboxy- | ower alkyl, Iomer al koxycar bonyl -1 ower
al kyl; aryl al kyl or heteroar¥lalk yl, wherein or heteroaryl are
unsubst i t uNANNgEe-8RRRITS REcd igprias afeoa't‘%rrge*é‘eé“ PP'I“UE’thst‘s"ét lgEinSd" f r om

| ower al kylentetatsd ceitia@Pyhe adiskml P Wathogéky brgahRWRIto AbkiGk¥ue hﬁédrawwgdcﬂnyl
am nosul fonyl, tetrazolyl, carboxy, halogen, am no, rano and

hydr oxy- | oWt SGANSIdetsAn IBPRERY- '”'%Ied in hplerial infet 6x§°'PB‘ﬁé@rbﬁhK9’Ptes

het er oaryl Qé‘db‘g'n@é@'by%éﬂ‘iéoter%ﬂ gurfatce\r@dtmehdfﬁbrtwhé QuRSsicH t@womd&ﬁ@rt%rtytué ower
al koxy-|ower alkyl, | ower é ower al koxy-1ower al kyl; am noal ky

I
wher ei n5amr‘ﬁ%”ti“§ intheaek ‘PfttU? éH‘“ o &\t infastiels Wy %ﬁ@%mvewnsrﬁ@é% tf’u'r’ent s

sel ected f rp@ﬁlch@“@bctﬂ)e‘@fbup Bﬂ/rﬂérﬂ‘?@érd|e%0atﬂ/'eg,\ﬂhhlct@bé@%é/su&\é@sfulﬁyl doplie@psl
am no- | ower_ al one substituent al kyl carbonyl , carbonyl,

ani no- | over” 'raﬁeesara@arstfdf H = rggratorinding d @’B%PfééalW'akt%%*ﬁé'ﬁ IThgnd

am nocar borttstn,pooﬁdsvttr@rﬁ@rnmertthﬁ sho@ aS3UpstantisfHighe? Aciity HRgedurfedtkdaget her
with the nitrogen heterocyclyl; optionally substituted al kenyl, optionally
subst it ut ed3RFIAGS:, cycIoaIkyI aryl, heteroaryl, heterocyclyl hydr oxy,

| ower abkoxy, hal o- | ower alkoxy, Iomer al koxy- Iomer alkoxy,

cycloalkyl-lomer alkoé¥ %ony aryl -1 owner alkox%% %ony | ower al koxy,
het er oar y| dX§/rheleisepef 3}‘?6'1“ RN 4% 8PS Oh Beciogmoy N - o iy iesasaygs for

optionally tﬁéjb@weﬁtr@h%datelsaﬁydtonﬁfe&@ts o8& dey, |ﬁlp@$ttcufauhﬁh€br9\|trjébtﬂb{ﬁe@ﬁ6h
cycloalkyloxy, heterocyclyloxy hydrox squon}bV al kyl nerca

hydr oxysul fliRyAdvanipes, pe Manppside dedvativegsing 1%&#@3%&8/9669436 11

| ower al kylaautnbmdsmé thetmetrtﬁaofsmatt@ﬁbt resitdiice ¢! CABBNY drates Yadlb td RiYdted lectins
heteroarylsu anm nosu n amno is unsubstltuted or

subst i fat edeMp r'aéét%rsetr% '%ettfﬁstrywttbweee%cr adhesiPip GRS USRS al kyl |

cycl oal kyl -1 ower al kyl, hydroxy-| ower aIkyI | ower al koxy- 1| ower aIkyI
cycl oal kyl ,_ op t|onall% substltutedﬁghen 0 t|onall¥ substituted

phenyl - | owdinegergial teggs Usehaerpnbeiops anq Nersinatien RpisARy h%"ﬁd""tﬁm fhereanieyt of
substi t ut eehib@lselos@eithe fdlvRingdhdahingsOtlinl¥dLstREMNiddAdibadSUDST i tuent s on
nitrogen formtogether with the nitrogen heterocyclyl; am no optionally
substituted by one or two substitutents sel ected frontlomer al kyl ,

cycl oabgyl ﬂh@\@tﬂéﬂx&ldﬂér demows@(bérdkﬁv\ﬁié’vrr@ thyto,anldommm tsm@mmwal kyl,

di - | ower aIk nol ower aIk cl oal k ggtrona l%Hsubstrtuted

phenyl - | ow@rs nLYIUpaIHd‘”qu V%WB%‘E P{‘h{;@ 1 giogtse fSARgIcas dhaYesiPRy | | or
by one subgkingusihbr bt eNsrhhohesiuRe difdgié 6AmpRiBRrandhiig. onal Iy substi t ut ed
het eroaryl, alkyl carbonyl, optionally substituted phenyl carbonyl,
optionally substituted pyrrdylcarbonyl al koxycar bonyl or anlnocarbonyl,

and wher ei WiadrlYhe Sllrall RI@Ilis Béddyior bcﬁrn@(ﬂﬁthscs’tﬁg AFRMhE Bk WS 19 thkdre@ Byan
hal ogen, |ovwer al koxy lél%jcéaheteroaryl or optionally substituted am no, or

wher ei ROt h@'%s'§@B§PF‘P8 b9 & ¥Sgen form together 15with the nitrogen
het er ocycl yl ; carboxynethylanlno or | ower aIkoxycarbonylnethylanlno
substitute t he net oup such that the resulting sub trtuent ,
corres pondcéotué legiadgfn @%@ p%o ?{g??r‘)’reaﬁ 197 ZocQeNigy R grﬂ“&r?& QuRgH 9fdhig dvgation
ani nonet hy|n¢@tﬁ@ﬂé¥dré@kr@ﬂa§r@@ﬁbhé Hb@etedbr §ihgle MBI 1B SPesitistbdth aonidhie
resul ting E@ﬁ§zgroug corresponds to one of the 20 naturally occurring
standard a ginendedower al kyl carbonyl, hal o-1 ower al kyi car bonyl ,
200ptigpal ly substituted phenyl carbonyl, optionally substituted

het er oar yl car bon car boxy, | ower al kox car , . l.owe | ko | ower

al koxycar by |asyémerrtfc%r VPR PIERFH § Qébfs@'st’ri : '%P”ﬁéu@ﬁ‘ﬂ“str t ut ed
by one hydrpeeryraory iR )gérqopcorrﬂgorm.oﬁrrrte/&nswmaétﬂaty&rﬁtt§b§orbe@ﬁte@ from

| ower al kyl, ? alk -l ower al ﬁéqr - | owner alky , | ower

al koxy- | owdhixty JSOEVET B KRN '%%Tﬂqr% PIP(R eranlPRar-pHENASIS BNBE Sal ky|
and optronally substituted 25 heteroaryl-lomer al kyl, or wherein the two
substr on nrtro en formto her with fhe nitrogen heterogcyclyl;
cyano. Jhal JgeTeRien HHPo<ioG R GRB aH s ol BECPTVBIIE SoBIIBbos < on to
each other can fornta 5-, 6- or 7-nenbered carbocyclic or heterocyclic ring
cont ai ni ng one, two or three oxygen atons, one or two nitrogen atons and/or

one sul fur atom wherein the nitrogen atons are optionally substituted by
| oner al kyl, |ower al koxy-



30l ower al kyl or lower al kylcarbonyl. In particular, the substituents may
be i ndependently selected from |l ower al kyl, halo-lower alkyl, hydroxy-|ower
al kyl, | omenoaldieny- | ower al kyl, optionally substitutedpalrkeoyloocaps i onal |y
substituted al kinyl, cyclohexyl, cyclwopropyl, aryl, heteroaryl,

het er ocycl yl , 35hydroxy, | ower al koxy, hal o-1ower al koxy, | ower

al koxy- I ower al koxy, cycl oal ky phenoxy, hydroxysul fonyl oxy;

al kyl mer caﬁt”&" h?ﬁ/fd?’BWQJIZf Prﬁiﬂrab'é}{rRS?I 1319|71“Fq{ n aiRgISe AN Reipeangn branched.

2011/ 07311 Mi¢yT isEfrefe iddhy0eRé B8kl 2 aIkyIsqulnyI hydr oxysul f onyl ,

al kyl sul fonyl, aryl sulfonyl, eteroarylsulfonyl am nosul fonyl wherein
amno is unsubstltuted or substltuted by one or two substitutents sel ected

from | ower L@lNK;VbIk |¢té§l1qal7kweférgwr1 tatkeatbonhBtethe%id lsaeyl, sﬁucméls,n ttﬂywéec-
al koxy- Iomer and optional |y substituted phenyl-lomer al

wher ei ndt hé’“%ds Btiert Gém Sromy’: sHeh BYRWIRYF o IBeRIgRY HRIPYIRF f‘}?”t%ed r?1fiefartﬁ)\gen

het er ocycl YdwerailyNia nedthyI @R atHy) GSLUBSikyl istiSWletdiky® Reth QF leh¥aws W Rdontdib e tisr
sel ected fromlower alkyl, cycloalkyl-Ilower alkyl, hydroxy-|ower aIkyI

| ower al koﬁf"a'InB(ﬁeﬁtmélFP{Wy' ogPUWower al kyl anmi no-1ower al kyl, cycloal kyi, or
by one substituent optionally substituted phenyl, optlonally substituted

het er oaryl , alk&ycarboqy tionally substltuted phenyl car bony
optionally Cygloatkykhasgie 6§ﬁrq|yd§F%%tF"%ﬁ‘§fP°” 81%9E%F@MWIU”GPbSI'@%Qﬁocar bonyl ,

or whengi n stb&itlita®, Syhstibheienky oPRwar biIkege TytioamRyItio et @mpnd, ?clbtﬁ‘@(yﬂl trogen
het er ocycl yl ; carbox nethglantno or | ower al koxy carbo Ineth am no

subst i t ut eGYEPPETHY: REHFYClopaniy A RYROPTRRY! 't”tf@rttcé'?\ﬂlct/? Oeﬂbstl t uent
corresponds to one of the 20 naturally occurring standard am no aci ds,
anlnonethylcarbonylantno substituted at the nethyl gﬂgﬁg such that the

resul ting AYYISVSIY &BPPYPHiYSIGIysemhEnggromadc SG)UP feald GpriRtRtPF g
st andar d ar@pﬂ&taﬂ?'cﬂﬁymé @w.tt@n&yb@@rmnyl hataghihgmrz @édhmﬁ&rrfamxd

carboxi%5 | ower a carbonyl , | ower | ower ~al carbon
b 8

ani nocap bomrtiafi sty %Wmcl@edﬁ@at‘}@mpf'ﬂf‘ DBP”SQ@!&%%H F f\e’t‘f'ﬁ&’/g’%’hé’ INIER-oxy
or am no gro‘atmraﬁﬁdr@ﬁé’pfﬁlﬁylté’lﬁbpﬁ@ﬁ‘éﬂy'sﬁjﬁétﬂﬂ@(ﬁ Fegferblye eryi [sQReh AR indahkiydr,

hydr oxy- | ower al | oner al koxy-1ower al kyl, optionally substituted
phenyl - | omé?traétyfésﬂnaatﬂtay'otatqaatwalarph%%st| tuted heteroaryl-1ower al kyl, 20or
wherein the two substituents on nitrogen fornttogether with the nitrogen
het er ocycl cyano, hal ogen, and nitro; wher ein Lmo supstituents in

| ;
or t ho- posi %ﬁ_ hgermy-aay CATHNG SOt eNESH SHANgS @Or a@(l SEOSFHEHB PYHP MR 1O8F BiRFLIUeRtS, | ng
cont ai ppng inRPeAdertiNReRYBAFINAIAEP ARMIN S-S a0y, t:y@oétkymcst@@ral@t @aﬁaoxy-

wherein the nitro n atons are i onal | |tuted b | ower
al koxy- | one?Wel|akpf: ‘B’Yerlaﬁﬂﬁé)/caé'i’%ﬁ) &’&tebéwyary%&y ?rioéﬁéﬂ iy "E’l%‘?t‘? Péd
phenyl , SU%Edr@ét?Iﬂir@ uaétﬂ)snfueéoecsras@byntm@%y u@'t&zﬂree B@ttsmtdemegeleﬁté@vﬂrom T

al koxy-1 oner a cyc ropy | ower al hal o-] ower al koxy,

| ower " al kos&kY|: GMéPpFSPYJoWg ﬁWbﬁ’é\tﬁré‘ Xy WGW&M@W' ngRYoN¥lar boxy,

| owner al koxe‘tmb@orwbox@mant@@ar&samml eyahtsd;h@wtoaﬁwt@ﬁ;aroh@nmlkyl lo@leF ameXxy! |
hydr oxysul f on am nosul fon hal o, 30cyano or nitro, Qartlcular

Ca boxyo. | SRR R SRR BERA K iR SraRa e Ay bABErARS B ST
tetrazol yl ,hewro@wlmgmlkmybwemtﬁrl@aéwélkd@%mmos(y%warmtamnw@mp
containing at | east one heteroatom sel ect en an

fromnitroge
sul fur, and"heEeiRgAyO i§unpksfikigdor sy ?H'%ﬁ‘?ﬂ%%?”éé’r ‘tﬁﬁgbsgwgtsl t/rgFﬂdsffom
35anocycl IlSwdrelien, a8 nky-Idwdr BB afkoRy-loveFBRDIEIRIGNNBS- BRIy, BF BYBSe

containing subst%uen% a?<ylcarbonyl alkoxycarbonyl, amino-lower alkoxycarbonyl, lower alkoxy-lower

30  alkoxycarbonyl and aminocarbonyl, or wherein the two substituents on nitrogen form
together with the nitrogen heterocyclyl; optionally substituted alkenyl, optionally
substituted alkinyl, cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy, lower alkoxy, halo-
lower alkoxy, lower alkoxy-lower alkoxy, cycloalkyl-lower alkoxy, aryloxy, aryl-lower
alkoxy, aryloxy-lower alkoxy, heteroaryloxy, heteroaryl-lower alkoxy, heteroaryloxy-lower

35  alkoxy, optionally substituted alkenyloxy, optionally substituted alkinyloxy, cycloalkyloxy,

heterocyclyloxy, hydroxysulfonyloxy; alkylmercapto, hydroxysulfinyl, alkylsulfinyl, halo-



het eroat ons sel ected from nitrogen, sulfur and oxygen. Bicyclic heteroaryl
includes 9 or WD 2011/073112PCT/ EP2010/ 069436 13 10 nenbered fused-ring
het er oar yWwogonoupsii2Exanpl es of heteroaryl include pyrrolpgir/epediopoabe furyl,
pyrazol yl, imdazolyl, triazolyl, tetmazolyl, oxazolyl, isoxazolyl,

oxadi azol yl, thiazolyl, |soth|azolyl thi adi azolyl, pyridyl, pyridazinyl,
pyrimdinyl, pyrazinyl  and benzo or Pyl’l dazo fused derivatives of such
monocycl i c '%@#%ﬁuyuny'ghxﬂiwsuwwh alfy'sufiery ﬁW'Slﬁi?szh‘?FP@é%?lgﬁpny benzofuryl,

qui nol i nyl anis@uubi® WhBidin afinonaamdubeittitedRi sUBStRRYA blbRE or iwd sldgdmntgi ne,
or purinyl, all \ptl onal | %Vlsubstl tuted. Preferably eteroaryl is pyridyl,

pyri ndi nyl Sejggied gy lowepaiviasysiay-omsr atiyh hydspra QWPw'ky' 'ﬁwaa%'bwrlower
thi azol yl, aoga@y@é@kwl optlbﬁéI@'ZéleyﬂltuteG)bﬂé@}I)’éptl0h§|®>@b§ﬂltwed pheRy bR IR,

pyrrolyl, rrol opyridine or imdazop dine; in particular
pyridyid pmw%v ﬁylpst'ttﬁ%* BSterRAry! aBQPPE%{E”Y\WbS“ %&%ﬁgﬂaw'icm%a&%arw

t hi azol yI viheaslh Wte/v)é'subétithé\rﬁ@bb{hltro'gaﬁfﬂrw togeﬂMér’f \mtrpﬂw hitfigeR heferocyclyl;
i m dazopyrl di.ne. The "het eroaryl carr substituents" stands for

het er oaryl %U'H%?ﬁ’tt%?%swt”ﬁﬁ?dtw PG Edwe GH%%ti“{tﬁ'étﬁtS%'ePﬁ%Iéﬁ?@h‘@é’ﬁf PYlsel ect ed
from | ower cabikykyl- Ié’\ﬁér%llly@‘fﬁﬂro&“@@er alyk I laoxy Q)M%rr a&kkml HowBY Sik@miniconer

al kyl, | ower al koxy-1o yl.oxy- | ower eteroaryl o

15| ower al kgwer 5\'Wwéb’c'aff"Kﬂx@pt'PBQ\}é’rSUQPWBWH SMHOWFI%{'?VJ a'&‘?‘rPﬁ’ﬂ?&?lkWUbsmﬁ'Eﬁdel n

am no Hg urh%té@ééryrtlu\tv@dalm cﬁllbl??dnletsk!bﬁtﬂuém o@f"&]aﬂy s@mmé&)Fﬁériyu%t.@naﬂyel ect ed
fromlower al m no- | ower

r oxyl ower y-1lower a
Ryl ol ke P R oA RS0t SUPTHEPY B ROIAERS b Ao A Buer
al koxy- | OW%Ubﬁ|tlkt@d)b?ﬁ’d}h&'?b6nyﬁ@ﬂkoﬁyﬂam§rMHoca@lﬁﬁrin%aH |V\)he$éi|b§ﬂ<yltdﬂ(ﬁﬁbr
al kenyl, optionally substituted alk K ar het er oaryl,
aryl al kyI G yb'@r?@@%%%er VP&PWPbSt\M%ﬁ’ Qyﬁa'ﬁg%’l‘ "B’Yerr%'ioé‘?/ he graaryl or
unsubsti t Uto@dorﬁanly %ub&ﬂuté@bmﬂwobw WRerk th@lt\@@s@csshﬁkhtsttﬁ]rﬁlﬁo@e@ﬂ fefh Qjéefrfe@m
| ower al kyl, | o-1 ower?tﬂg& ower al am no, n%/ano and

nitro; 1ﬁydrvw3}he PG BB S HOTEIRL waew'o & AlsPRYRPRRY MR RgR ™ @Dk oxy

cycl oal kyl @yystitGie bﬁmbkﬁéth%l@\“&fp ek @t th@regbmx%r sutdstislent &Mﬁsp@ﬂmd@t&)@ne of
het er oar yl ox het eroar%/qrH ower  al kox al ke%

| ki
al kyl mer cafi620 BRW(AX QPEYTFYe SaRdaTd Ay acids @ @R'@%M"?@f?%’# %P'WISEWFLHWI

aryl sul f onwk thehﬁémylcgawd mdhftﬁwhe red0itinG I fged coMeepeids taishe ef ihe 20
unsubstituted or substituted t wo su stltui‘«?1 iﬂs sel ected fr

| ower al kyMUEy Qs iRps siapdard %F'R%’C'dﬁg)a‘("%&%)k}{ CRARRONY, 'OWF’b%\)é)"CarbO”y

al koxy2b ow@rpt@%dﬂy Isubﬁmé@ghéwoarmtyl opdriaily subsititédih&eroaReddybonyRRhivORA! | Y
substi t ut e?@/?m | -1 ower al % B |onalklé)¥ substl tuted het eroaré{9 and
optional ly HRopuFARRONE VS AKXV IR KSATPONYY: AHRQGET PNy hehgrlp amino is
30subst i t ugRbSosbitutéd b @@gnufe@rwdn@g@ahﬁy oWaHhotgjl@u;ﬂbrt 6@&nwb%b@§tmmbyl
am no optionally substituted or two su stltutents se ected from

ower ol ky POREIHITET Ry Plskirs Sy iowsy ek BTGRPV RiT: MBI oRy-oneT

al koxy- | O\A@ukyalcwbalkﬂlodt.@mary s@bgmht@mpﬂ@nymveér adyKarhd o&bﬁbﬂ%ﬂédbiéhtuté@lptl onal 'y
substituted phenyl -| ower al tlonally

substituted E‘ge%'}/l olptl onal | B ly Ip
subst i £at edeHEPAYaws alkdrivgioasn {hesimospsiifbienis ﬁ@ﬂ“é%ﬁ? Jarm tgggtherayily the
al kyl car bowfogeaﬁa{df@w@aw&wha@ge@ranacamaf bﬁ@Where?rﬂdvd/\élﬁUsﬁtU@nt@hrkWtthf

| ower al kyl in each case ma%ébe substituted by haI og e | ower al kox aryl,

het er oaryl POFIIBRHIQ 19RErSABLIM 2P §- Ind S MRSF or heterocyclic ring
2011/ 0731 12BRIGINFPEHO NS 8B ReclokyybresohR, bﬁn@outm rﬁﬂiig%hleitékﬁélbﬁd/@ﬂorﬂl $ufagen

formtogether with the nitrogen erocycl yl ower al k
hal o- | ower ZRyVRELFIRRR/NIroget ?@Wélﬁr?oeﬁ ly ?QHS@H”%@HQY‘% 'Eﬂn‘;‘)l"%r K oxy,

| ower @bkowﬁ@:rgmq,nw |0Wbpg{|@y|cﬁb&g,>|<y | ower al koxycar bonyl; am nocar bonyl
wherein amno is unsubstituted or substituted by one hydroxy or am no group

or one or two 5substitutents selected fromlower al kyl, cycloal kyl -1 ower
al kyl , hydnepyric@we thead pglitueht@Wely be independently selected from lower alkyl, halo-lower

alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally substituted alkenyl,
optionally substituted alkinyl, cyclohexyl, cyclopropyl, aryl, heteroaryl, heterocyclyl,
35  hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-lower alkoxy, cycloalkyloxy,

phenoxy, hydroxysulfonyloxy; alkylmercapto, hydroxysulfinyl, alkylsulfinyl, halo-lower



al koxy-1 ower al kyl, cycl oal kyl, optionally substituted phenyl, optionally
substituted phenyl -l ower al kyl, optionally substituted heteroaryl and

opt i onal lwo=ohat7stint ed het eroaryl -1 ower al kyl, or wher eiPOTIEPROD69436
substituents on nitrogen formtogether with the nitrogen heterocyclyl;
cyano, hal ogen, and nitro. 10 In particular t he substituents on het er oar yl
may be |ndependentl sel ected from | ower al ky hal o- | ower al k

cycl oal kyl Akylpyffing KXPIFOXMSHW%W' élWl?Wo']yb\ﬁ@f'Sl&PRyll hetP'ES\ﬂ@’r’SUHPRBH@“'PB%fP”V'

al koxy- | OWQ\Phe?énk)é|n|ndJiBtuhém%ltqueosé’rQ,%bkﬁtUtfeG(ﬂ)yfﬂnlé%'ﬂ}(/{/o stitu@tad bdlegedEbint Ut ed

al ki nyl , cl oaI Kk het er oar yl dr OX;?/ | ower al koxy
el 03l oyt SRS S g Py fourians PSe v ey AL s koRs OWeY YA i nyl
hal o- | ower o@hdﬁr}dl@@htﬁstmbd pRéAY|ower BROY br wRéEInSHE ted ¥ilibstitBh R ifr@dehl form

wherein_amno i s unsubstituted or sugstltut ed by one or two substitutents
sel ect ed f regatheswath the RWIOQ%Q‘%"PE%WW amm@pt'aw%subﬂw%w OPBREWY| kyl ,

| ower al kO)éMbétQM@ﬁts%blé)é{ed fﬁb)hﬁlo%? EM&/I; c;fanidl@ll@bdeyaﬁirlbﬁi?drbx&I—@WepQIRWIbwer
optionally substituted bstituted

yl-1o | kyl
het er oar yl 2&efy-iytar gl ij'oyﬁbéw'?ﬁ‘tr@dowgt%Maﬁyﬂoa|k¥|\n€? byaprig/substivedher ei n

the two 2Q>pﬁd>l’£b$l§/ Istibited Qﬁerfyl tdpﬂ&%llyfsgbﬁitlﬁt@&ﬂét’éﬂfarw Alky1&ar8oriyi, topRsedly
het erocycl yl ; am no opti onal substituted or two substitutents

sel ected fsYRFt It@%Ph%WrbOW&@PB%%WU?%M?d BYFI&VICWWM'V BXgxYCBROPYIA Ky

| ower  apkoxynihsuarsondl, BVWhel‘élrrth@\fvﬁé s@hiHleAts dipm{r@g@ffoﬁ:h kogethet With @ad Kyl ,
al kyl car bonyl , al koxycar bon éor am nocar hon i and wherein al kyl or I ower
'%E’B Q}&‘/\%r

al kyl in e&dfpoeadet clyk cathgymethylaging,on! kepkeReoimehy I

substi t ut egupghtined aﬂmemhﬂlgwdd@cﬂmém%eﬂé@ﬁﬁlhé g@csmume@ﬂcdnetsb@@mofo%mf
t oget her wit h the ni trogen het er ocycl %f?%l ower. al kgl - carbon hal o-1 0

ower
al Kyl car bo§f 20 BEHEUX §S BB EnINE £PUSR BRFS PG y'a?rtae&sglam%aépbstltuted

al koxycar bemye; métRyINPe@s QfUﬂMhaMﬁ@Fe%UﬁmQ@bﬂ@rélﬁ) wﬂl%ldb@idstté'bﬂé oPthegbst i tuted
or. one or two substitutents selected from

by one hydro or am no oulp

| ower &P kylnat%?li/l Q?éPrIE‘j?QIS%WQ? daﬂ"R'ﬂ?P aC'H?dPW%ﬂ"%%éPO%/I' W'O 'OY"SD\%'FV'%QFP%% | ower
al kyl or cwﬁlm%]lquer Moxpbabenyn, [bRer élN@(y-?r&ﬁéH%ﬂRdebtﬁBb@ylCé?nlﬁbédrl@(ﬂ@nwﬁéﬁém
together with t al ogen, and nitro. In

e nitrogen heterocycl ))/ano
opti onal | y 35UBR S unghRsitHied ey ks tllltedsq}'é%teft GQWé’réF@Op?r@F%P%meyorltW/er al kyl ,

hal o- | ower sab&uutentls@é@btealfwwvdeow a;bdfwyrlowdéwylowbomds fb%@lxé’lkyl
hal o- 1 ower al kox oxy, car ?xy,

| ower  al k ower al kox
| ower al koWH%ﬁaﬂ)%ﬁytPSt'“&ﬁﬁi HB%“CY %’d‘f?y?'ky'tﬂﬂﬂ*r%'g?'i‘%{i{h% év%éﬁ‘ﬁeroﬁ%'t'?‘é{%ﬁ'w
anm nosubf oy wheR Be il 30BstRIentd b ﬁ.trogé/moizraldg&ﬂ&maﬁﬁg hﬁB@@rlﬂét@&%a@l 15
Al kenyl contains one or t hree, .doub onds,

pref er abl y V8e"N3QORRAN, ”'té%@ﬁdé(‘g‘eie'” B’Y‘g)éjbém“@m?l'” OTh%PB%%QMO eagh |°§heror

vinyl. 5A kaRYdrn §5p<5r€6 Rletideled r@t&bc@n&shﬁg bontéHﬁn@ o?h% dﬂft\ﬂ?@@kﬁ;\éh a@ms and/or
acetylenyl. In optional Igtesubstltuted al ke stituents are

pr ef er abl y MBWREMANGIEN Figsy WhpRE)S ”Wé’%” a@ﬁﬁ %"ﬁé’lpF ?/@'ME%*P?“{“U%BV SR or

optionall yawb%wgr@u@qyweﬁeram@wﬂ|0W&rgjkwdaeb&gnnect ed with a saturated or
unsaturated carbon atom of al kenyl or al kinyl. 10 Heterocyclyl designates

prefergﬁly a saturated, partially saturated or unsaturated, nono-or

bicyclic r |Irlﬂ@pﬁdh@tlﬁktﬂﬁtlt‘&rteboprﬁiwmumm&rntsséré@)ré?éll%blytlté\@eﬂa“lk)ﬂ Hagelohet gkpat oms
sel ected from ni tro en, ytlgen and sul f unl ess ot herW| se

speci fi ed, Igyver aloxy oW @ M@I%WOPY'HRV@&O vxh?é’reé?'h‘”éY }I‘P'ﬁdo‘ﬁ?rﬁ ‘Eﬂj‘é(n O¥Fbm may
opti oni'sll Iy ah@rﬁ—ml Ia1k@s<¢dném |@Tegf@¢yph>|1f§>qlsa|¢%r@d>xpr@ﬂbd@%ﬁveaélkwyca?onyl :
am no-1 ower a , ower a n afrln carpon atom
may be subm'TQl‘)téét?P 9¥V¢fﬁé¥'g@|”Q9?rb°%tﬁ%azfogdéw%ﬁlxm'%nxﬂr 9"“”038'{8”3/ |- Baler

al kyl, 30 cyano or nitro, in particular carboxy, lower alkoxycarbonyl, aminocarbonyl, hydroxylamino-

carbonyl, tetrazolyl, or aminosulfonyl.

Heteroaryl represents an aromatic group containing at least one heteroatom selected from
nitrogen, oxygen and sulfur, and is mono- or bicyclic, optionally carrying substituents.
35 Monocyclic heteroaryl includes 5 or 6 membered heteroaryl groups containing 1, 2, 3 or 4

heteroatoms selected from nitrogen, sulfur and oxygen. Bicyclic heteroaryl includes 9 or



het eroaryl, |ower al koxy, hydroxy or oxo, or which nmay be fused with an
optionally substituted benzo ring. Substituents considered for substituted
benzo ar ewvohos@7sEDt i oned above for optionally substitutred/eeeyloocHsanpl es
of heterocyclyl are pyrrolidinyl, 20aazolidinyl, thiazolidinyl,

pi peridinyl, norpholinyl, piperazinyl, dioxolanyl, tetrahydro- furanyl and
tetrahydrogéranyl and optionally substltuted benzo fused derivatijves of

such nonoc IW%“%?%F‘&?@Q(Y!”@I““@F%?W'&{%% EXpRAsechheterasad nsludeqyraivhy |

benzot hi azahibslj My, py@zb@hmueamylnmbmwt,etraﬂslylbmé@sil Rosa 2T OKadiaZ I yl
desi gnat es, for (ylcarbon ycl oal ky]l car bonyl , a §¥Icar on

aryl -1 ower @PWY'C%?"BEH?‘V' ”Ber‘ ?F@ﬂyérpdél%ﬁh Wé'PBHHX)i PYriTiQiaY!. %)69?'”3(' 'Hrtéﬁ”é%’bl y

| ower al kylpgagd¥eTided dlé?lvﬁﬁ%fe%lcﬁﬁu@fmBﬁ&?/bFRﬂYétet@bryﬁgl%hﬁé .such asdewroxyal kyl
I's especially hydro | ower al kyl erabké hydr oxy nethyl hydr oxyet hyl

30or 2- ﬁydPSW”‘P%PU[\;PP”ZMHSH'PRWW R RMR squﬁ'raéf"é'ryélﬂ’lyvo'@%{f?dﬂ%t hyl and

cyanoet hyl |mldazopyrlb‘tfhboé\4 dﬂx‘lh?/l' all @fﬁt@)ﬁ@ﬂ)ﬁ@b)étltme‘domé‘ér%ﬁlly; héiérl@@ﬁy'l al dyvidyl,
trifluoromethy 3,3-trifluoroeth or 35pent afl uaroeth

2011/ 07311@#@‘\"}*’@@9&@?'@%‘9%@'%@'}-@! %éﬂ?y'iaéo'ﬂ (R pERlY!, tBF?‘IZB'N'i Héad'?ﬁob’r‘n ne, or
i odi ne. LowedzoBj, @éiol*l&s@ﬁa@@@l aottiazoBl, |1Q/¥rbé/l ﬁﬂdW}byrrbli)@?rrd?tﬁ)é’bDXy, or
|

tert-butyl oxy. SAr I ncl udes ary as defined hereinbefore,
and is e. g'mﬁéﬁ%@’l”d'”f 'ﬁrpéﬁ@vmpyrdﬁy' ?J/B'W&‘i’é‘ﬂ Wraz'%tpé“?'%“v’l' AYBAPYncl udes

het er oapy! .raiadz@ylkthhaz@@l dRAdiasly NesL I el ey Iepyradlshyriging o8 imidazopyridiRé.
4-pyridyl methyl, 1- or 2-pyrrolylnethyl, 1-pyrazolylnethyl,
1- |n1dazolylnethyl 102-(1-imdazolyl)ethyl or 3-(1-im dazolyl)propyl. In

substi t ut edhangme; helé?@a@k@@lnb%@ﬁétﬂué}ﬁ@ d@é@fs%ﬁk@lt&rob?o&ﬂ)sﬂwmol N@stoatiree
substituents hereinbefor cular, substituted am no is_ al kyl am no,

di al kyl am #Y" StB‘ﬁW‘%WQFH’%Pd%ﬂ)\é%‘?p?‘ﬁ?%ﬁo'ﬁr'?M’%frﬁ"% hagioivghalkylycxslfgdey|-oweed

aryl al kyl arémyo,hydj@wrov@rIé}klyp&fmmmkbwnom@r aﬂ@lbgﬂmyll@lfi@rfylkyl heteroa ony-
pyridyl carbonyl anino, |ower al car bonyl am no or tiona stituted
e alke B b ot

am nocapPboreRYb 'OVPi%rc?éhoeiééo"‘éqf@ §b&’¥eélalk}" EBVRGIN B WhEFRI
-S(0) OH, - Sa8)EAtEd or bSitHSd)by de®H Brv®bulsstit @ARCIENSE S frdr IdWeralkyl, l)wﬁdjr@xy-

derlvatlzed as |inear or branched, al k% 20hydr oxyal kyl , nmet hoxya
ami noal ky! Jowgriad alkoxy1qwey alkyp RBYRA-owEEAKY)| '%%P%Wr‘ré\”wvcarbon ami

lower alkoxycarbonyl, lower alkoxy-lower alkoxycarbonyl and aminocarbonyl; optionally
substituted alkenyl, optionally substituted alkinyl, cycloalkyl; aryl, heteroaryl, arylalkyl or

20 heteroarylalkyl, wherein aryl or heteroaryl are unsubstituted or substituted by up to three
substituents selected from lower alkyl, halo-lower alkyl, lower alkoxy, halogen, amino,
cyano and nitro; hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-lower alkoxy,
cycloalkyloxy, cycloalkyl-lower alkoxy, aryloxy, aryl-lower alkoxy, heteroaryloxy,
heteroaryl-lower alkoxy, alkenyloxy, alkinyloxy, alkylmercapto, alkylsulfinyl, halo-lower

25  alkylsulfinyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aminosulfonyl wherein amino is
unsubstituted or substituted by one or two substitutents selected from lower alkyl,
cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, cycloalkyl, optionally
substituted phenyl, optionally substituted phenyl-lower alkyl, optionally substituted
heteroaryl and optionally substituted heteroaryl-lower alkyl, or wherein the two

30  substituents on nitrogen form together with the nitrogen heterocyclyl; amino optionally
substituted by one or two substitutents selected from lower alkyl, cycloalkyl-lower alkyl,
hydroxy-lower alkyl, lower alkoxy-lower alkyl, di-lower alkylamino-lower alkyl, cycloalkyl,
optionally substituted phenyl, optionally substituted phenyl-lower alkyl, optionally
substituted heteroaryl, optionally substituted heteroaryl-lower alkyl, alkylcarbonyl,

35 alkoxycarbonyl or aminocarbonyl, and wherein alkyl or lower alkyl in each case may be

substituted by halogen, lower alkoxy, aryl, heteroaryl or optionally substituted amino, or



ester. Most typically, the al kyl, hydroxyal kyl, nethoxyal kyl, am noal kyl,

al kenyl and al kinyl group contains 1 to 12 carbon atons, preferably 1 to 7
or nore pweferiabbm2l to 4 carbon atons. 25Further prodr eg3/ERe@oned43g t o
this invention are conpounds wherein ®@ne or nore, for exanple one, two,
three or four hydroxy groups of the mannose ring and/or a hydroxy group in
one of the reS|dues are derivatized by conversion into a group

such as, bUfeFRip ”lqt?’f‘iotsé‘BSttt'c'Je”t%%HB@Qﬁ'&f‘EméQG‘%tPer"’A‘Hbtlhﬁtngroglef‘ hetesyelht e,

chl or oacet adveer di§BaftRGl, Rab8owsH W&W&cﬁ'&@gﬁ&féﬂ@%@bstlﬁfted phen lcarbonyl,
phosphoryl oxy- net hox carboné rE)@roug’_ amate prodru hgdroxg %roups
are al so i relapredoveraipycaraemdrave FFauroye alkyy H%{ﬂyé aé’é”f‘%‘%aé AGWEEFINat e

esters of hygR®rINglssiRTed blySUbRKNte@NURe tﬁ/ﬂﬂ)x‘)%rr laMtd g??r@dp asoneaéthvexy) net hyl

and (acgloxy et hyl ethers, wherein the ac¥ roup i s Iower al kylcarbonyl
opt i onaPl y SeB#lyiERigSelgCisy rog 9yeR alkply etaaiy!- OI"V@\V\@W'aF%SW lowgt AlkYlalRWEDT

car boxy. N%Wk%x%&érfalkf‘yl @y@ﬁmkﬁSopitlaﬁéIlycé@bétﬂ@tleé%ﬂéﬁntopf%nélfy%ubytﬁﬂt@@l%ﬂeﬁ\}lﬂm of
t he hydrox&agrou ano¥ thyl, 1-(1ower

al kanoyl ox Véeirr%)?y' OPt'?l'?é%t”WPbs{E”‘(@%b\%@%Wéﬁ%)‘?PW'é?% 'tUt‘F Q@Proary' -lower

al koxycar beyl, exwheleiihe the8BstiBldrexyt Atrbgen loatitdraimsr Mith,the Mogen

2011/ 073112P /EP2010/069436 17 SUCCIn0y| | oner al kanoyl, hal o-1 ower

al kanoyl , ASEHWHYEYE S0 Splegamyand r%{F%/Icarbonyl substituted a- am noacet yl
or a-(apam noacetyl am no)acetyl, wherein each substltuted a- am noacetyl
group is |nde endently derived fron1a natural |y OCCUFFIH% L- am no aci d,
“P(0) (OH) 2N 9%@9‘)? mﬁe?UbéFtHEBk‘?)oﬁ hefgrogyy\ gy he inderendeatly selpctpé SaMmIPWEr f r om

t he rermvalalkgf halo B IR, @b@ﬁﬂkyﬂBwéMkﬁGW&C@k@ly IB\QémIIQjI @N@raduhﬁ@y@mt e).
Parti cul ar prodru s are conpounds of formu (¥%9%ﬂ ein all four h droxy

groups of CHEXYAYE G PPiRyally substittsd %'{‘%ftv' 'W§U9$tﬁut@§61é<&yblcwo Ikd,
phar maceut izea) Héfer@@@ﬁh’y@r@k? |@\ﬁértaskc9<fy @yaraawm§ amenfy@&mdnanﬁéw alﬁynch salts

are forned, fo ani ¢ or
i nor gaﬂ?c é&‘?ra%"to!fﬁ”g]r‘oﬁug@bfblﬁa'ﬁd%w‘?ﬁa”fy&%‘ﬂﬁ‘lybathbsuf%?rtyh aé)"%’é@f‘ﬂ ?ﬂ“t”P%‘@lfé’ Ylat om

especi al l'y V\TlHéﬁenﬁ) bAoA @HEussaluted GGuepitalel By Daklos wSidsaRientd sRe@adfremaci ds
are, for exa g% halo en 15aci ds, such as hﬁgrochlorlc acid, sulfuric

acid, or p R @y%le k-l dverogiinwer gk owar @lkoxysiowsy zligt gycloalkyl,

car bOXyl I c,oppmﬂlp@@u%tm;te@ bhér@ﬂﬂlcﬁ)tl@ﬁallij%hlﬁﬁmm aﬁemloﬁe@blwamﬂr@uﬁcet ic
acid, propiopic a oct anqi c_aci decanoj c aci dod n0|

gl ycol ic aéPBst'tlvtsgf‘PE?r%Y'@”dfoﬁH%m”x suR§tig e Dgter Orﬁﬂé '%f?r& ky ereénzi%& two

pi mel i goacisdbsthudies b€ nm@géln foameb@étﬁera,wthcthe Rdoigen A6lefocytIgr bﬁhl'ricﬁopﬂlﬁhéll ci t ric
acid, am no acjds, such as tam c acid or_as artéﬁ?g0|d Ie iC ?CI

hydr oxymal SHBstEPd by pae HW%? sttulgaisselesieq %%E%% Y &WP?'EV A, a'ky

adanmant ane+ @@k&lmwérlamyawwbr alkeRy Rivier akiyd di-Ioakt @Wlamm@qo\ﬂer eﬂky’ﬂrﬂya@gmw cylic
aci d, phthallc aci acetic acid, mandelic acid nnam ¢

id,
ot hane opkyentevs aRPORLEORRIAY amynaaaEhay 8o 4REE 7l 0k loxer @ikl in eath

et hane- 1, 2<di& Hia@%@ls‘abﬁﬁutdd b?%%ﬂ@w BDG;th)naH?y %bsﬁMf@@F&?ﬁuh@'&Wlﬁ €y C
acid, 1 5 naghthalene di sulfonic acid

25benz&Res (WP SHPRITUSAFRON HEPHRN fgunmﬂqtfte%thdhe e»&rﬁmn?tﬁwey'a@wsr alkyl-
dodecyl sul ferdohylaRalE-loeraiaRexyl, SalbbRyTIGvearGikbxy ddr a/h)fdwer oy Mder or

N—propyl sul fam c aC|d or other or ani ¢ protonjc.aci such as ascorbic
aci d. Fr omOMabrIy: Gingsampny! wher %%"H”‘g&LH‘SF%ELF?‘E)H%?U%PHEF&W @Y.
substit Iult ecnhyb?oxgz aF R, gr&?ﬁéﬂ c‘ltri% drayo b@bé‘tﬁglﬁ@f&ﬂ sWlettad wtsﬁ |atta/bg?|ﬁﬁt ¢y?ra>3nky|-
especially wi naceuti ca accept abl e cati ons uj tabl e cations are,
e.g., sodi Lﬁﬂ’er&&g’éggi’@ﬁif %r@imﬁiowsﬂé@ &Y- M%@}kémP'BWﬂa?rWemé?e %o

cat i ongpdersup&udits o AtrdHet fopid tég?é!lﬁ@rﬁﬁlthﬁﬁé Yiitroge6 AB@edcycl9F cyiol habyerdBhges
cont ai ni ng, for exanpl e, | ower kyl, hydroxy-|ower alkyl or hydroxy-I| ower

al koxy- | owd¥tr%| kyl groups, e.g., 2-hydroxyethyl anmoni um
2-(2- hydroxyethoxy)ethyld|nethyl- 35ammoni um di et hyl ammoni um

di (2- hydroxyeth trime u
( y r¥opt| na?ly gm%tltute heteroary stLstltuents arrg preferably lower alkyl, halo-lower
alkyl, lower alkoxy-lower alkyl, hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-
35 lower alkoxy, methylenedioxy, carboxy, lower alkoxycarbonyl, aminocarbonyl,

hydroxylaminocarbonyl, tetrazolyl, aminosulfonyl, halo, cyano or nitro.



triethylamoni um 2-hydroxyet hyl di met hyl anmoni um or

di (2- hydroxyet hyl ) net hyl - WO 2011/ 073112PCT/ EP2010/ 069436 18 ammoni um

al so fromvoanrigwpnndi ngly substituted cyclic secondary aou/Epee¢tDiosd4g6 am nes,
e.g., Nnethylpyrrolidinium N nethyli peridinium N-nethyl nmorpholinium

N 2- hydr oxyet hyl pyrrolidi nium N-2-hydroxyet hyl pi peri di nium or

N- 2- hydr oxyet hyl mor phol i nium and the like. 5 For isolation or purification
purposes it is also possible to use pharnaceutically unacceptable salts,

for exanmpl e Ringr In@SnPEnPET Hibe0E 3t B orfttiee! MRILARDEIHISCatbig prétBfaY| a/ lower
phar maceuti cal | y accept abl e salts or free corrpounds are enpl oyed (where

appl i cabl e &5¢"Yhaughdsnt- c?frzﬂ’r\’é?%ée‘?fpppdﬁ/ll B Ain¥ti ons), and these are
therefore preferred. 10 In view of the close relationship between the novel
compounds in free formand those in the formof their salts, including
those sal t $\HMAIS RIGIETIRYY loweralkyh Sy #RrRe¥! orespyleRdhpl e in the
purification or identification of the novel corrpounds any reference to the
free compounds herei nbefore and hereinafter is be under st ood as

referring & 8gfignglly ﬁé)si%%jr?'@Wbﬂb@'ﬁ@y's%qsgtue%@ %%B%?P'&ﬂ@%ﬁﬂ‘%%l ent .

The conpounrgexpfhaldoptibrall} klibdlitmed ¥a) @\aéﬁt.@nmasrumﬂ@ﬂe@%%%arw gfealel €s. The
invention also relates to conpounds of formula their odrugs and

salts as déPMpRAehEfhp ﬁBté'f%?‘éo'f ‘H’rsaﬂg%teﬁé:a%’ﬂ%‘Hﬁ@%ﬁ@e”%%%‘ ¥und of formul a
(1) acggrding to the invention shows 20prophylactic and therapeutic
efficacy ed_[)em a gai nst bacterial infections, in particular against
infective eé%raglé%\){é%ﬂg'&i%veﬁ‘sf%%P|S@FHF%IG%QEI“'%”E SaE’&?tP§ or %”S@%Yﬁﬁeﬁe@élf‘? ve

bact er i um GRBRYAICYinGVSAGNgY-1 O atdn&ImpridirgSdneNavaddr ti@eMebrosteed selegai Ss.
Most E. coli strains are harmess and part of the normal flora of the gut,

however, t R@MUHARIMALYBN T HSUTHY é’ﬁtcf‘dP?yaPB'eﬁ% etharwiseSrardied, R E3FERR Obf

infective %l.t&@@amﬁk@ameﬂanby rig hitlogBh afini Ma SpBdnally b8 8Gdtituted By Brddpcul ar
in the treatpent o %astroenterltl s, diarrhea, food poisoni ng, uri nary

tract iAf eSEIe6Rs TopymsRakHr PTIng-lowrEd Y aiv- 'Hié’ﬁf RY'Eand aCUusRGABY9E. col i

strains, a'c%ﬂ)ohrhtérﬁ%dyrt%aéu&ﬂhte@fbyuwértﬁﬂkylldﬂﬁlﬁﬂdw/e@ addyS@%ﬁF%?yl%W@r@kWy
virulent E. coli strains, P‘Elartl cular in the treatment

of
haenol yti cNGrREMTY Wﬁﬂ%ﬁ’é‘/ OMEISKY Ohd: PHANICH Sayhgstipeq With aegrianallyng

pneunoni a @;ablﬁﬂ?@ie@}beﬁzom@ Substfiudrag Ebrisidenéd ﬁor@u@a‘nﬁné&geﬂz@ drélfhdé&e of a
conmpound of formula r aﬁ)ﬂsﬁ}?}d%’?< r eof accor

0
i nvention &ée"é'oﬂ%?‘a‘é/ﬁéﬂftOFft'SPa'{ytfé‘%B?tléK‘?Q et Pldipiarae VJ)P elRy”ﬁL\ﬁ’ gyl
i nfectpgns o&a,ttﬁuam.ybméion@mi/ll p.pervmyzQﬁddpﬂal&lfﬂ%wa(zﬁm@i&do%%%@am%ro-
conbi nati ons, dm ni strat |(g EX ound of the invention arg}ﬂ one
or nore ot ﬁ‘érﬁ‘”lf'ﬁ@%‘i}% PIOPYGBH: &N %ﬁ’tﬁ’@a %tgij uiad Ranzgifused dervRiNERaEFHY Yy of
one anot hermor@bﬁéhh%efé?é@kl?ﬁ%r%iﬁin@!esihd@hyloBe@‘oxéidh@ﬁypQaﬁzdﬂﬂéidﬁamyland one
or nore other t era@gutl c agents, 5Th erapeutl c agents for possible

conbi nat i oSN linyl | apd ezt M- sul f anet hoxazol (co-tri noxazol ),
f1 uoroqui nol one (e.g. ciprofloxaC|n | evof | oxaci n or norfl oxacin),

amoxi ciLin/clavul ani c acid, and nitrofurantoin.
25 ' Acyl designates, for example, alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, aryl-lower

alkylcarbonyl, or heteroarylcarbonyl. Lower acyl is preferably lower alkylcarbonyl, in

particular propionyl or acetyl.

Hydroxyalkyl is especially hydroxy-lower alkyl, preferably hydroxymethyl, 2-hydroxyethyl
30  or 2-hydroxy-2-propyl.

Cyanoalkyl designates preferably cyanomethyl and cyanoethyl.

Haloalkyl is preferably fluoroalkyl, especially trifluoromethyl, 3,3,3-trifluoroethyl or

35  pentafluoroethyl.



Wth the groups of preferred conpounds of fornmula (1) nentioned
hereinafter, definitions 10 of substituents fromthe general definitions
ment i onedwbengiitbakor e may reasonably be used, for exanpl®EPe@onepbace nore
general definitions with nore specifi® definitions or especially with

definitions characterized as being preferred In particular, the
invention refers to conpounds of formula (1), wherein nis 0 or 1,

15pr ef er ablHpIegends ByrineeehQifss Piamjes 1o 'qddﬂe Rl with the nmeani ng substituted
neta- or para- phenyl are |lower al kyl, halo-lower alkyl, |ower alkoxy-Iower
al kyl , cyclo gg para-h dro , Iomer al koxy, hal o- Iomer al koxy, | ower

al koxy I owé1° ! 9’9’ IS 6 ?Wy?@ﬁéﬂr'wpym}%r%ﬁ%wwwyl 200Xy,

hydr oxysul f onyl , am nosul fonyl | ower al kyl am nosul fonyl, di-Iower
alkyanrnosulfonyl | ower aIkyIsquonyI am no, | ower al kyl carbonyl am no,
benzoyl ani ﬁéy'a'bwr'”ﬁ%%a?ﬁﬂ@ﬁgilaﬁ% #odeftogd lS‘SF&VFP@FCH?i A R6- %?fl’e'[‘%)ﬂh/érphe”ethy' or

al koxycar bgmytgmeinpy| am no substituted at the methyl group such that the
resulting substituent corresponds to one of the 20 naturally occurring
standard am no aci ds, am nonethyl carbonyl am no substituted at the nethyl

25 group smrérerba@ranryhmcméyhétbraerﬂ@wa aByARcHREd ﬂérléﬁfb@ﬁ)ré Qrdngef 21 BeoR0
naturally occurrrn%ﬁftan ard am no acid S, para-car

0
al koxycar bdmMradyRiathe claopemyrolyimstbrol PW@E@Y'B@H}W 1 'Hﬁarzﬂyfrﬂﬁthﬂcar bonyl ,
prperrdonoqamhmn%bothme%guamhmggapggﬁyw, tetrazolyl, halo, cyano or
nitro. 30l n another particular enbodinent, the invention refers to
compounds of fornula (I), wherein Rl is aryl ot her than optionally

substi t ut egh plyytiyted &ﬂtnermers)abstmh@rteé@cprereydbrw\rhbbe meffiordI £ @berraents Aryl
ot her than optionally substituted F %g% r ef erabl qﬁtronal
subst i t ut ed©EBRERE N PartayFH JUSRMHIE] 'B%tslac' %E!”QL%%{%H% P, oRjigpEbhal 1y

substi t ut e@;ubﬂﬂ’@t@&bwl&ﬁrn@ﬂidtr@ﬁﬁly'éﬂb§ﬁi@t@¥j |a‘i'}klz§lﬁ3darﬂlnb}’|@f/v@r aIQy’IcarbonyIamrno
tetrah dronaphth |. Prefera nmeani n

th t t ha
opt i onaPl y PEDES inp.oyEgylowy éﬁmmonga'éexyﬁerbeuwgwrtorﬂré)at'err?élwrbrtguted
optional |y apiifsdarionyRenimgidanyl or optionally substituted
tetrahydronaphthyl. Aryl Rl in conpounds of fornula (I) clainmed for use in
the prevention and treatment of 5infectious diseases is optionally

sugst i E uz eqdbr@drﬁge/bre éﬁbbbr@l’@f&drﬂpﬁ%ﬁb§%%ﬁ@irﬁﬁi g;ognphtslw}orﬂ arS(owa?r by
substitute lonally ups Ut e or option
Subet it ut e RORNaw of ResRRoman IR IS BEayalran by i b Dianched 2y,
opti onapl y hgulsyaikylt aethpRemy, ,anmmau@nelndeyryrsarhmtﬂ bréral Ueﬁ@lﬁrayrh ph@rﬁethyl
optional Iy substituted tﬁérah dr onapht h rticul ar

opt i onal | y eStahsYIpstdRicRlipHBaR Y mro I”eetﬁ‘??‘é/ﬁ@&t ?emoel!fybﬁ@ﬁw a”Sra'kéﬂyéo

phenyl 10cragcddpehind1 tde2 @J}@&ybtomsngrerératﬁrprrrwmréﬂ&e breférabia-teasdaithamn,
phenyl substituted by ortho- or neta-hydroxy, or phenyl substituted by

ortho- or MRMScarboxy. Heteroaryl Rl is preferably pyrrolyl, thienyl,

furyl, pyr azol yl, im dazol yl, tri azol yl, tetrazol yI oxazol yI i soxazol yl,
oxadi azol t hi azol , |Isot h| azol yl , thr adi azol B‘E‘y“ dé P%rr dazi nyl ,
15pyri ﬁ?dr @Fhew%&lﬂﬁ%cori"ﬁa& (s '”16%'2[‘ 0P ”ds rr“f‘ﬁlP ore, for

pyri dopyrr elan lelHel, B, Wre@getoyit hydrwyng}bu;rwd)f,the ﬁ@qnbm.ﬂgwdd/omymmyl inyl,
or purinyl, e trgnall sub ;rgutgg rou are usual |
car bon- ||nr9é<aJp'B ferrreidees® . fhér & effe ErﬂV? QS’PV%fﬁ@”h@P@r%a‘r%uC@roup

carries hydsogamot lTﬁrYecﬁtbS@ ph@sﬁhbfdw@rna&étélee%or&c@fa% ainloy@aoBﬂate s pyridyl,
pyri m di nyl , razi n azi t hi en yraz |n1dazolyl
t hi azol ylI | hg c5ingf fjrmettr?r/ Iaé{'grap%e)(ate or phosghorylgxy me’%oxycarbonyl group.

30 Carbamate prodrugs of hydroxy groups are also included, as are carbonate prodrugs,
sulfonate esters and sulfate esters of hydroxy groups. Hydroxy groups are derivatized as
(acyloxy)methyl and (acyloxy)ethyl ethers, wherein the acyl group is lower alkylcarbonyl
optionally substituted by halogen, hydroxyl, lower alkoxy, amino and/or carboxy. More
specific examples include replacement of the hydrogen atom of the hydroxy group with a

35  group such as lower alkanoyloxymethyl, 1-(lower alkanoyloxy)ethyl, 1-methyl-1-(lower

alkanoyloxy)ethyl, lower alkoxycarbonyloxymethyl, lower alkoxycarbonylaminomethyl,



20t etrazol yl, oxazolyl, isoxazolyl, isothiazolyl, pyrrolyl, indolyl,
benzi m dazol yl, pyridopyrrolyl, or pyridoimdazolyl, all optionally
substi t utwg,2oiwm7paet i cul ar pyridyl, pyrimdinyl, pyrazi pgir/Epreoioazaby! ,

tetrazolyl, oxazolyl, isoxazolyl, isatthiazolyl, pyrrolyl, indolyl,
benzi m dazol yl, pyridopyrrolyl, or pyridoimdazolyl, all optionally
subti tut ed. Partlcularl referredls pyridyl, prlmdlnyl pyrazi nyl

triazolyl, SP%‘%'?%Vid?Wra'WPV'oWP 'OWW&&%PV' garynarionss akanoyLAYIE-IBRM r o yI

2501 pyri deumtd@é@bydmm@édetﬂ@r txi@ditehhr)ba%u@ew.wb@&yr WhEkRy dRH sﬁb&ﬁ@tba gent s
considered for RL with the neani n(T:; ment'i oned het er oaryl groups are

al kyl, hal GMIRRASPIYABTOYP IS indeRasndrRiM dqrwﬁgﬂom%Wtura"b\wrérurerr%ﬁmmq al kyl ,

| ower al koxy(baoef,, abkoxywk ORExyd, lsr/@r C&Pramhicﬁr SYlEid frothesk @inkRaydf.a
optionally substituted 30al ki nyl heteroaryl, hydroxy,

| ower aPkoxkyd “Kyéﬁﬁﬁﬁiyﬁﬂ%yma%ﬁﬂeﬂWFSQWCmQP%Wﬁ?P xy, hydroxysulfonyloxy,

| oner al kyl mercapto, hydroxysulfinyl, |ower alkylsulfinyl, halo- Iomer
alkylsulley hydroxysulfon |, lower alkylsulfonyl ryl sul fon am no
optionally Syt %rtpiﬂdé%gso%fe(?ﬁ@peﬁ‘”qwf%r f')(‘i‘ﬂbﬂ%ﬁ'f‘sa”%H"é‘éf’%yrgf I%Wé‘r

al kyl', cyclainkyé rih@uRy achliatbd. hydroxy-Iower al kyl, [ower al koxy-I ower

al kyl and di -l ower al kyl am no-1ower al kyl; or one 353ubst|tuent cycl oal kyl

| ower al kyl carbonyl, phenyl carbonyl, pyrlnldlnylcarbonyl al koxycar bonyl or
ani nocapbomits arnespadRMEine rﬁrbhﬁécé@lfrcéll@%berﬂéﬂﬂa’ lsaltgbf%ﬁrpogﬁ@@ofrfwmb@u) WO
2011/ 073112PCT/ EP2010/ 069436 21 substituted by | ower al koxy or optionally
substituted am no; carboxynethylam no or | ower al koxycarbonyl net hyl am no

substi t ut eguah shifCardBbiMEd, grreu@mfsrécsls holdbddiien sRGYplefdiBbl§ WA tordam@ér
corresponds to gne gf t he 20 natur @’ét" |c‘iurrl ng standard am no acid

am nomet hy MABHYHFFIATFTTPE SABRIUNAG L (Ravithet RpIC Rjiredsy Ae@neshesially iy

resul ting %Mr‘mﬁe@ﬂ&ll‘?%@éé&@m@gﬂﬁs SQrtéHI@m@F dnlteacidd erretfur@tdnsblmewgehng
standard am no aci ds; wherein the two substituents on nitro form

t oget hdP vvraﬂﬁ’st%hrﬁstr}ygﬁ)éﬁ"’ﬁ%?@rjow&f@Pc'di SREPSRINE 1ac ik BHiRRlE Orgér"é ACHRer

al kyl car bonryd, forcekahia] catbdwfic, phdepkymiar et or s@aiic atiieXyrd:x@wple acetic
al koxycar bonEX/jyp am nocar bonyl wherein amno i s unsubpstituted or substituted

by one hyd@5Ky PEPIOAIA 3RS QP@GB'C&C'doH%C%‘P'CtW dagetaneiGrastt Veicat® PHIF om

| ower al ky|acrdCMé?@|déw| shEveE a@lb Jadipic 388ysimenyadi®vRbedd Kiid, azeRWRdcid, malic
al koxy-1 ower al cycl oal k or V\/ner in the t Wo gubstltuents on
%’éé‘? RE/F:

ni trogen fG&Fitht ERCR mmot%ﬂ@e SR SAid OLIRREIC Atk PRI and

nitro. 2@r efaerdr Belrs |éit weiat ﬁreﬂ@ﬁﬁdl&@b@r@ éyuohaskarvuctarbo&he JRAAHABaMBbnEE
ment i oned pr ter Qa r .al kyl , hal o- Iower al kyl,

erre ro r owe
| ower al ko@%oé%&a%q 97‘20"&?%;@' cf'%’rl @@9@0% %m%ﬂw"r aaérpfa'r%)a?' »hal o- | ower
al koxy, }pﬂénﬁéd@i’l&écidoh?ﬁhdéﬂd&)@(crnﬁ@ﬁ[&@@)ﬁ nrmﬁeméL 8REtharklé- emromc acid,
hydroxysul on}y oxy %%‘rlf fonyl , .am nosul f on | ower a . sul fonyl

ani no, | ow&r! é”WP@éF‘ Onig ACido e tBRE sy flistHORS, acﬂfirbleﬂﬁr‘@éﬁ‘ r'fyg

car boxynet ki mttHferesulfaieicidl ko ysrandieny b isgitdhd £, 120, @@batmétnwed at t he
nmet hyl agroup such that the resulti n%SSUbStI t uent correseonds to,one of the

20 nat gral IBPNERTETHIGNIGRLS dRefaY/BuvRE Ridagthysuliugigiagly doegsYisei YR acith bonyl ami no

subst i t ut edN-gfcidhaRyIB@EdMYE a6l ONPnetthEN N-&tayI- bhe-pr@sublifangc asiy] ordtidtdbrganic
corresponds to one of the 20 ngtur ally occurring standard am no aci ds;

car boxy, | AIPNISPRIRYUSP BERFFOOACKocar bonyl , hydr oxyl ani nocar bonyl ,
tetrazolyl, hal o, cyano or nitro. Mbst preferred substituents are
hal o-l ower alkyl, 1o r kox ¢, be ower al koxycarbonyl, tetrazolyl,
Cyano. and fomGomsa i aTaEy ) RAAGH fnchR SHEPE S abSs oo bureBitst y
pyrrol gdi n%ébltsd méglbelfmre@mth §d’tﬁ@l§@b?&1$n¥épecwllpwm%gb(ﬁaceﬁﬂéaﬂl ebcerméble 5
pi peraziny i 0 t et rahydrof ura tetrahydro i ndol i .n
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or benzodi eyl br Mbo cﬂ@ﬁé@bﬂv@j@pr@mumﬂomymw eeémw d)rﬁBﬂlﬁryCHmmeé
possi bl e, nitrogen- 30I|n ed, wh ehn a rlng k rog atonlnam oprlonally
be substi t&p@@r&g gpr&xemﬁ W@é?@&l ydroxy-lower alkyl or hydroxy-lower alkoxy-lower
alkyl groups, e.g., 2-hydroxyethylammonium, 2-(2-hydroxyethoxy)ethyldimethyl-
35 ammonium, diethylammonium, di(2-hydroxyethyl)ammonium, trimethylammonium,

triethylammonium, 2-hydroxyethyldimethylammonium, or di(2-hydroxyethyl)methyl-



fromlower alkyl, am no-lower alkyl, aryl, aryl-lower alkyl and acyl, and a
ring carbon atom may be substituted by | ower al kyl, am no-I|ower alkyl,

aryl, arywelowa73abkyl, heteroaryl, |ower al koxy, hydrorgT@P2@0069436
wherein the benzo ring, if present, i optionally substituted by | ower
al kyl, hal o-1 ower al kyl, |ower al koxy-Iower al kyl, hydroxy, |ower 35al koxy,

hal o- I ower al koxy, |ower al koxy-|ower al koxy, net hyI enedi oﬁir%/ car boxy
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et r ahydr oduniRAEgnum. BE e imige BTy or N-prigy S BUTFeNRET 799
wher ei n sughe geOUp RL nmay by carbon- or, if possible, nitrogen- Ilnked
wherein_a ring nitrogen atom may optionally be substituted by | ower aIkyI,
aryI-Io§er al kyl or acyl, and a ring carbon atom nay be substituted by

| ower al kylror &@iafien prflcaﬂldiéurp@sfe)éht is als¥lpokapeto @éé‘?ﬁarnﬂ@étﬂfe@ﬂy yl, lower
al koxy, hydroxy or o0xo mhereln t he benzo ring resent, is
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am nocar borﬁﬁfo”ﬁf&PWm%ﬁi’%&@PB@ﬁ P”S)t%ldrt!a%%ﬂ e, therRioRe BIF GBSy | | hal o,
cyano gp nitro, nore preferably by hal o-1ower al kyl, |ower alkoxy, car boxy,

| ower al kox carb03¥ tetrazo”yl ang or nitro. 15Preferred as R2 and R3
are, indep Yignof @%%E’nre&t'%? ph?%@@éﬁ? ”QVS{/\%Qm%ﬂ%QF in freg f8rm@\W€Fh%§PR’§/I
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al koxy- P owéPTasRaPAing|sali S APRYAREY RBY al koxycar bonyl ani no,
benzoyl am no, pyri d| nyl car bonyl am no, carboxynet hyl am no or I ower

al koxycarb Irreth n1 0 substitute the nmet hyl grou h that the
resul %/i ng ﬁnéwrtpe S?f&??&@%@h‘&%"etv@ﬂ@ﬁ%} Wrmﬂ%o'%%cﬂgf%e |qs R BUFRoRg
standard anmiigaceRtdsds ,coﬁhﬁbmjmifmo'rhmar @pméurammcrgwrb@&altstasaﬁﬂaéd héveintetory |
group such _that the resulting a r P(bespogds tgqone of the 20
25nat ur al | JOHEFST C%?%[H%Q’r %qurqg Ogg‘ﬁ%a ACEURINI P Vel Ve8P RWP bony! |
am nocapbopydphyRee @Wih@moégﬁ@ém@éwl espé@alryaezgamslt ba@@mﬁm&tbﬁ@% patigligs

cyano or nitro. P rtlc | ar | referr sybstitu and hydr ogen,
aer ol kyPoeR] BECBURE SRS AU AYIRBRIT FUHEr S ReSAM nadaie bactium

al koxy- | ombmaidf@xfbun@man@merhﬁ@ktmémwamwode@mgmrsn%ombfErwn str@iﬁﬂs no
| ower al kyl car bon%%ﬁam no, bhenzoyl am noam no, car box | am no or

al koxycar b& harst! )¢ Rast RO @WaﬁtWtWP W@HSPE@? the

resul ting samkstiord éh@rllseﬂm n'tB6 ReaMsent of iaRet@ ditdised Gaddus\alilulen®Seding bivg

st andar.d amﬂ aci d an nonet h | car bonyl am na Hbstl t(gt ed at the net htyl
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uoro. pneumonia caused by E. coli.
30
Particularly preferred is the use of a compound of formula (l), a prodrug or a salt thereof
according to the invention as a medicament for the prevention and treatment of urinary

infections caused by E. coli.

35 A compound of formula (I) can be administered alone or in combination with one or more

other therapeutic agents, possible combination therapy taking the form of fixed



Preferably, the invention refers to compounds of formula (I), wherein Rl is
a residue of 5fornmula (A connected to the phenyl ring of formula (1) in
nmet a- or wenratipusiiki on R4 (A) wher ecm/ER4010969436
trifluoronethyl, cylcopropyl, para-hyroxy, |ower alkoxy, |ower

al koxy-1 ower al koxy, phenoxy, hydroxysulfonyl, am nosul fonyl, |ower

al kyl am nosul fonyl , di-Ilower al kyl am nosul fonyl, | ower al kyl sul fonyl,

ony - . . y
ani no, | owEPMRINEPRS PhAEHT BB 2GPMRRIAGOf the dnyep PRA ARG odper

| ower  al koxysrapdriougBRts heingnstaetatostditdntifdephdéhtly deh8vhotegwptheuch t hat
the resulting substituent corresponds to one of the 20 naturally occurring

standard afPRYNgdidaninisirtien sEtxRA CMBRHPPaANHENE AbTPre b edheiePeHie aenisy |
group such that the resulting acyl group corresponds to one of the 20
natural Ly qccurring standard anmi no aci ds, para-carbox

. Ci ¢ . Xy, | ower
al koxycar bdhrarediis agrnks Ko RYTSPIeEPPRBPIN0 S e8B! tﬂ@BWPPW(%lf%%@PWI :
pi peri di noged-Bipbikazol YId6@YYinaIBha ¢ gr dsroildxacineleladdXalih or AbkloRaciky ano, or
hal o; preferably para-hydroxy, am nosul fonyl, |ower alkylam nosul fonyl,
di -1 ower alRRAGHNERYYIANEARAD. apERERTYRRIOINS ul f onyl, ami no, | ower
al kyl car bonyl am no, para-carboxy, |ower al koxycarbonyl, am nocarbonyl,
nor phol i nocar bonyl , pyrrolidi pocarbon pi peri di no- 20car bo

| p | ) nyl, . .
tetrazol yl ,\Vif ‘ﬂ“P@,rOWé’ﬁB,ref%rfedn%qf‘&?ouaﬁéOWQEP'é'M')m?é‘“BWWG'P?fﬁ% - GRTINft9PRuI a
(A) maygbe o Yiitditientssih tHeldeddrdN efididcHsnétiohbd RE@inbefor® aly e&a8éhabl( By or
(O 25wherein R5 is hydrogen, trifluoronmethyl, cyl coprqul .. | ower
al koxy, | om?d,éprmnl%mérepéﬁ%wﬁ 95Re™RY felnglne? W&PW%%(?,SD% dlipitions or

hydr oxysul fe@FéfdiauyaMihmiHItiB@@M_haraét@N!%rd Rl deyrlsprefepayl , ani no, | ower
al kyl car bonyl am no, benzoyl am no, carboxynethylam no or | ower

al koxycar bonyl net hyl am no substituted at the nmethyl group such that the
resul ting In particular, the invention refers to compounds of formula (1), wherein n is 0 or 1,

15  preferably 0.

Preferred substituents for R' with the meaning substituted meta- or para-phenyl are lower
alkyl, halo-lower alkyl, lower alkoxy-lower alkyl, cyclopropyl, para-hydroxy, lower alkoxy,
halo-lower alkoxy, lower alkoxy-lower alkoxy, phenoxy, methylenedioxy, hydroxysulfonyl-

20  oxy, hydroxysulfonyl, aminosulfonyl, lower alkylaminosulfonyl, di-lower alkyaminosulfonyl,
lower alkylsulfonyl, amino, lower alkylcarbonylamino, benzoylamino, pyridylcarbonyl-
amino, carboxymethylamino or lower alkoxycarbonylmethylamino substituted at the
methyl group such that the resulting substituent corresponds to one of the 20 naturally
occurring standard amino acids, aminomethylcarbonylamino substituted at the methyl

25  group such that the resulting acyl group corresponds to one of the 20 naturally occurring
standard amino acids; para-carboxy, lower alkoxycarbonyl, aminocarbonyl, morpholino-
carbonyl, pyrrolidinocarbonyl, piperidinocarbonyl, hydroxylaminocarbonyl, tetrazolyl, halo,

cyano or nitro.

30 In another particular embodiment, the invention refers to compounds of formula (1),
wherein R' is aryl other than optionally substituted phenyl, heteroaryl, heterocyclyl with 5

or more atoms.

Aryl other than optionally substituted phenyl is preferably optionally substituted 1-naphthyl,
35  optionally substituted 2-naphthyl, optionally substituted indanyl, or optionally substituted
dihydro- or tetrahydronaphthyl. Preferably, R' with the meaning aryl other than optionally



WO 2011/ 073112PCT/ EP2010/ 069436 24 substituent corresponds to one of the 20
natural ly occurring standard am no aci ds, am nonet hyl carbonyl am no
substi t utwag 2at1/a7BE2et hyl group such that the resulti ngpratEP2e0069336
corresponds to one of the 20 naturall20 occurring standard am no aci ds,

car boxy, |ower al koxycarbonyl, am nocar bonyl , hydroxyl am nocar bonyl ,
tetrazolyl, nitro, cyano, or 5ha preferabl Yd ogen, trlfluoronethyl

| ower al koXybstiyfed pa%”%ﬁQRS'??a”ybsé‘ﬁﬁtWtSQ)mda&M(H(S’p ienally §ulstityteghigtrahydro-

al koxycar beaphthyt et razol yl, nitro, cyano, or halo; or of fornula (D 10
wherein R6 is hydrogen trifluoronethyl, cylcopropyl, |ower alkoxy, |ower
al koxy-| ower al koxy, phenoxy hydroxysul fonyl, am nosul fonyl, | ower

al kyl sul f omwfl R'3MCcHApolrAISRS farhkld @108y kB h th@%@%h@rﬂhrﬁ@treatment of
car boxynet hyl am no or | ower al koxycar bonyl net hyl am no substi tut ed at the

net hyl érodﬂe%tlﬁ’é'ﬁ dtsﬁafest'HQpV%‘?dYﬁﬁ’%‘“&‘iﬂ)@rﬂ‘?ﬂyhé’ﬁyo'ﬁﬂ)’ PeRGHeS 11'8PBYne of

the 20 nat wpabd @Qb‘éiﬁdtéd]g n%bﬁﬂh?labgtlcﬂmlﬁﬁjt%ﬁlu@&i mé\éﬁyﬂmbi‘bﬂaﬂﬁémww’dﬂ no
substituted at t suc i ng acy

cor r espondd! rtygrq;ﬁétegqahy%@n@@tmtﬁfpng}y @é‘& Rr Isrfgot@f‘%h(cﬁéfpat'tétﬁfj @89%1361 ds,

carboxy, | @wénamylsgwmé@mwh , @rrﬁpiﬂgl%ﬂlﬁ/l%@Bé‘ﬂtuteb%’lfa@ﬁ&ﬂoﬁﬁbrﬂﬁ)}ﬂalh%ﬂ}éhlar
tetrazolyl, nitro, preferab

dr
trifluor onétjﬁ@lﬁ I %@?a'HI%BWUteg@éﬁ”%sfoh%’fwun%’é’ts% prleENve?ra'SO phenyl

20al koxgcardeamadied foethé PRENVY ling Bf fofrBula @lymrtmhoqcsosh@ho@hew Qibsfittedbyaorb) or
1(E)(F) N\\ R7/R7 wherein R7 Is hgdro | ower al ké{j | ower al koxy- 1| ower
p

al kyl , | owdtet@nygioxuras GRGTY! solstigy (?B}‘lg'ith(i/ & JIsd3 ke henyl car bonyl , or
am nonet hyl carbonyl substituted at the nethyl group such that the resul ti ng
acyl group corresP nds to one of the 20 natur allg(goccurrl ng, st andard am no

aci ds; pref&teBry R @r%‘if@'f?b&’rpWMMérth'ﬁWnyW' QYEaTolk Iidargly!; Maggll, tetrazolyl,
2011/ 07311%&@dlﬁ,ﬁ§&&69@%ﬂ&ﬁaiﬁll, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl,

15 pyrimidinyl, pyrazinyl, indolyl, benzimidazolyl, benzofuryl, pyridopyrrolyl, pyridoimidazolyl,
quinolinyl, isoquinolinyl, quinazolinyl, or purinyl, all optionally substituted. Such groups R’
are usually carbon-linked, but, in the case where the nitrogen of the heteroaryl group
carries hydrogen, may also be nitrogen-linked. Preferably, R' is pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, thienyl, pyrazolyl, imidazolyl, thiazolyl, oxadiazolyl, triazolyl,

20 tetrazolyl, oxazolyl, isoxazolyl, isothiazolyl, pyrrolyl, indolyl, benzimidazolyl, pyridopyrrolyl,
or pyridoimidazolyl, all optionally substituted, in particular pyridyl, pyrimidinyl, pyrazinyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl, isothiazolyl, pyrrolyl, indolyl, benzimidazolyl,
pyridopyrrolyl, or pyridoimidazolyl, all optionally subtituted. Particularly preferred is pyridyl,
pyrimidinyl, pyrazinyl, triazolyl, tetrazolyl, pyrrolyl, indolyl, benzimidazolyl, pyridopyrrolyl,

25  or pyridoimidazolyl, all optionally substituted.

Preferred substituents considered for R' with the meaning of the mentioned heteroaryl
groups are alkyl, halo-lower alkyl, cycloalkyl-lower alkyl, lower alkoxy-lower alkyl, lower
alkoxy-lower alkoxy-lower alkyl, optionally substituted alkenyl, optionally substituted

30  alkinyl, cycloalkyl, aryl, heteroaryl, hydroxy, lower alkoxy, cycloalkyloxy, alkenyloxy,
alkinyloxy, hydroxysulfonyloxy, lower alkylmercapto, hydroxysulfinyl, lower alkylsulfinyl,
halo-lower alkylsulfinyl, hydroxysulfonyl, lower alkylsulfonyl, arylsulfonyl; amino optionally
substituted by one or two substitutents selected from lower alkyl, cycloalkyl-lower alkyl,
hydroxy-lower alkyl, lower alkoxy-lower alkyl and di-lower alkylamino-lower alkyl; or one

35  substituent cycloalkyl, lower alkylcarbonyl, phenylcarbonyl, pyrimidinylcarbonyl,

alkoxycarbonyl or aminocarbonyl, and wherein alkyl or lower alkyl in each case may be



or of formula (G -"'"y (G ZR8 wherein R8 is carboxy or |ower

al koxycarbonyl; X or Y or Z or X and Z, or Y and Z are 5nitrogen atons and
t he ot herwet2onm7x%12Y and Z are carbon atons; or of fornelca/mpki)10/0694809
wherein RO is carboxy or |ower al koxynarbonyl; and 10prodrugs and salts
thereof. Also preferred are corrpounds of formula (1), wherein RL is a

resi due of forrrul wherein R4 is hydrogen, trifluoronethyl,

(A
cyl copr opy[Sub$ 5%@? bél'W?'kOFb%?thPR'waWEP SLER I@@RRPXV’HE@W@W”O or lower

hydr oxysul faﬂdb)(i/oarl?dﬁyﬁﬁ)éﬂdﬂ/lérﬂﬁﬁb' subkiRURH aatHeyﬁrétHyrfga&yd suchithftAhe F@WRihg
al kyl car bonﬁl am no, benzoyl am no, car met hyl am no or | ower

al koxycar bé& 9?"%%?9%’1%9‘?8‘1% {18 9f el a%%farlr'é ORB{AYY SIgRLRIA 8t atidEmings

resul ting sydigfitdrbearkinb SESRAANES at the ARENA GrdupesudR tHAtHe REUNNPESH BFdupY
standard am no aci ds, am nonethyl carbonyl am no substituted at the nethyl

group stch SPHEEPAHE 1¢ g, Pt thego Qé?’lra'k)jr%ﬁw”e%ﬂa@%r@r?d@”? aCigher ythesin Hie t’2’9
natural |y %G%tﬂlﬁériwoﬁh%gérﬁ forATbFahaGiithsSthe ‘hﬂr”o@@%ﬁete?&%l&l RIWEP¥IKGREIRBAY
am nocar bonyl , hydroxyl am nocarbonyl, tetrazolyl, nitr cyano, or ha o or
of formul a h@@-loyyer I@Icarbonyl carboxy, [ower alkoxycarbonyl lower alkoxy -lower alkoxy-
carbonyl; aminocarbonyl wherein amino is unsubstituted or substituted by one hydroxy or
amino group or one or two substitutents selected from lower alkyl, cycloalkyl-lower alkyl,
10  hydroxy-lower alkyl, lower alkoxy-lower alkyl or cycloalkyl, or wherein the two substituents

on nitrogen form together with the nitrogen heterocyclyl; cyano, halogen, and nitro.

Preferred substituents considered for R" with the meaning of the mentioned preferred
heteroaryl groups are lower alkyl, halo-lower alkyl, lower alkoxy-lower alkyl, cyclopropyl,
15  hydroxy, lower alkoxy, halo-lower alkoxy, lower alkoxy-lower alkoxy, phenoxy, methylene-
dioxy, hydroxysulfonyloxy, hydroxysulfonyl, aminosulfonyl, lower alkylsulfonyl, amino,
lower alkylcarbonylamino, benzoylamino, pyridylcarbonylamino, carboxymethylamino or
lower alkoxycarbonylmethylamino substituted at the methyl group such that the resulting
substituent corresponds to one of the 20 naturally occurring standard amino acids, amino-
20  methylcarbonylamino substituted at the methyl group such that the resulting acyl group
corresponds to one of the 20 naturally occurring standard amino acids; carboxy, lower
alkoxycarbonyl, aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, halo, cyano or nitro.
Most preferred substituents are halo-lower alkyl, lower alkoxy, carboxy, lower alkoxy-
carbonyl, tetrazolyl, cyano and nitro.
25
Heterocyclyl R' with 5 or more atoms is preferably pyrrolidinyl, oxazolidinyl, thiazolidinyl,
piperidinyl, morpholinyl, piperazinyl, dioxolanyl, tetrahydrofuranyl, tetrahydropyranyl,
indolinyl, isoindolinyl, benzoxazolidinyl, benzothiazolidinyl, tetrahydroquinolinyl, or
benzodihydrofuryl, wherein such group R' may be carbon-linked or, if possible, nitrogen-
30 linked, wherein a ring nitrogen atom may optionally be substituted by a group selected
from lower alkyl, amino-lower alkyl, aryl, aryl-lower alkyl and acyl, and a ring carbon atom
may be substituted by lower alkyl, amino-lower alkyl, aryl, aryl-lower alkyl, heteroaryl,
lower alkoxy, hydroxy or oxo, or wherein the benzo ring, if present, is optionally
substituted by lower alkyl, halo-lower alkyl, lower alkoxy-lower alkyl, hydroxy, lower

35 alkoxy, halo-lower alkoxy, lower alkoxy-lower alkoxy, methylenedioxy, carboxy, lower



WO 2011/ 073112PCT/ EP2010/ 069436 26 R5 wherein R5 is hydrogen,

trifluoronmethyl, cylcopropyl, |ower alkoxy, |ower alkoxy-I|ower alkoxy,
phenoxy, Wwedooxorsukf onyl, am nosul fonyl, |ower al kyl sul PomEr01@ns938¢ | ower
al kyl car bonyl am no, benzoyl am no, carfoxynethylam no or | ower
al koxycar bonyl net hyl - 5am no substituted at the nethyl group such that the
resul ting substituent corresponds to one of the 20 naturally occurring

standard arfkosYGERY!: BHHIGESIRATNY NEAPRERPINGFATRBNEUBETZ0N AN aulTPRY. Bake:hy |

group such cyaad otdigo.r esul ting acyl group corresponds to one of the 20

naturally occurring standard am no acids, carboxy, |ower al koxycarbonyl,

am nocar bonyl , hydroxyl am nocarbonyl, tetrazolyl, nitro, cyano, or halo;

or of for Mghge (o@feranyV\RefsqjyﬁoRﬁnyl %%aydrdng@rhdcmhylf sHAEAMBL tafrlahymshmﬁarngpyl

| ower al koxy, | ower koxy-| ower al k phenoxy, hydroxysul fon

am nosuff oﬁ\ybe”4Q9Wé(Fjr°£lFrKl;/I”sQﬂrW‘b‘rlﬁFI'”doé{ﬂY'n‘ﬁSherP@v'éé'Ph ﬂ%ﬂlp@l"&%)f@b g%ﬁ’f’l%df
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substituted at the nethy such that the resulting substituent

cor r espondOWes vk apx- 'Q"I‘Fé Weﬁcl}!l’ anfl § rhe GaroNRicB AR SHOSHIRY bydpwe

ani nonet hy laq@f, Bamyd-_RWePaIk§IURST, bWMcﬁﬂar%lkyF h@tef&tdﬂylbm@r au&(ys Hy‘d}ok)héﬁm&)hér
resulting acyl group corresgon s to one of 20 naturally occurri n?kyl

st andard amh%e'%le&enzeaﬂad
hydE Exybamww&aen@swdwertawtyr, ATAoXY, |omrtan|€bxypwaa’@mwe%lkbﬁskqbwérralk@&yiimerruI a (B
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alkoxy, methylenedioxy, carboxy, lower alkoxycarbonyl, aminocarbonyl, hydroxylamino-
carbonyl, tetrazolyl, aminosulfonyl, halo, cyano or nitro, more preferably by halo-lower

alkyl, lower alkoxy, carboxy, lower alkoxycarbonyl, tetrazolyl, cyano or nitro.

Preferred as R? and R® are, independent of each other, hydrogen, lower alkyl, halo-lower
alkyl, lower alkoxy-lower alkyl, cyclopropyl, hydroxy, lower alkoxy, halo-lower alkoxy,
lower alkoxy-lower alkoxy, phenoxy, hydroxysulfonyloxy, methylenedioxy, hydroxysulfinyl,
hydroxysulfonyl, lower alkylsulfonyl, arylsulfonyl, aminosulfonyl, amino optionally
substituted by one or two substitutents selected from lower alkyl, hydroxy-lower alkyl,
lower alkoxy-lower alkyl; lower alkylcarbonylamino, alkoxycarbonylamino, benzoylamino,
pyridinylcarbonylamino, carboxymethylamino or lower alkoxycarbonylmethylamino
substituted at the methyl group such that the resulting substituent corresponds to one of
the 20 naturally occurring standard amino acids, aminomethylcarbonylamino substituted
at the methyl group such that the resulting acyl group corresponds to one of the 20
naturally occurring standard amino acids; carboxy, lower alkoxycarbonyl, aminocarbonyl,

hydroxylaminocarbonyl, tetrazolyl, aminosulfonyl, halo, cyano or nitro.

Particularly preferred substituents R? and R® are hydrogen, lower alkyl, halo-lower alkyl,
cyclopropyl, lower alkoxy, lower alkoxy-lower alkoxy, phenoxy, hydroxysulfonyl, amino-
sulfonyl, amino, lower alkylcarbonylamino, benzoylaminoamino, carboxymethylamino or
lower alkoxycarbonylmethylamino substituted at the methyl group such that the resulting
substituent corresponds to one of the 20 naturally occurring standard amino acids, amino-
methylcarbonylamino substituted at the methyl group such that the resulting acyl group
corresponds to one of the 20 naturally occurring standard amino acids; carboxy, lower

alkoxycarbonyl, aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, halo, cyano or nitro.

10



WO 2011/ 073112PCT/ EP2010/ 069436 27 wherein R7 is hydrogen, |ower alkyl,

| oner al koxy-1ower al kyl, | ower alkyl carbonyl, optionally substituted
phenyl carwonygiio7erizam nomet hyl car bonyl substituted at treTmeitplosgsoup such
that the resulting acyl group correspsnds to one of the 20 naturally
occurring standard am no acids; and 5prodrugs and salts thereof for use in
the prevention and treatnent of, infegctious diseases, such as infectious

di seases calRséaraiged subsEiHens Y AR @re Rydeosn. 'QVY?rﬁﬁﬁOE‘Y’cﬁHP%PS Mmatheayyand act

i nfecti ons.haly eli@ sL£chipro@dawgsoar e the tetraacetates. 10 Most preferred are
t he conpounds of the exanples, in particular the exanples 1-71. A conpound
of the invention may be prepared by processes that, though not applied

hitherto f grefeR@NeW ifPEAIOH MEIErsab chbMBoPRSERrmiuly @ Whersin Rf B Ki@eWle LI Se€,
in particular a 15process, wherein of formula éé%,”mhereln t he

a compound of
hydr oxy®f ufemum &) spnreriediorne REFTO YT SirBET e MAindMpiPo PR 8ROSHEN wher ei n RL
is halogen, is condensed with a reagent repl aci ng hal ogen by aryl,
het er oaryl of ?glié°a§0|yl’ the protective groups are renoved, and, if so

desired, an -ob{ apbl e conpound of formula (1) is converted into another
conpound of forwaka (1), a conmpound of formula (1) is converted into a
prodrug, a free 20conpound of formula (1) is converted into a salt, an
obtai nabl e salt @ a conmpound of forrmula (I) is converted into the free
conpound or, 1 I . %t ] i i f mul a
(1) 1 sopat BPERE IS Sftcrom IR iafhubbi el gl 1IEG i R TORR RO b
repl aci ng hloggerneraxbpadrpkysufamhaminosilfedy Hewer akylgmhinosultoaybdHowgs| i nked
het er 00y Cl Yy Aiinostihyl 195 ONk S ABheISah ol BRe REIEREAG G riRa PRl BHlb Mo,
catal yst, a reaction known under the nane’ or Suzuki "reacti on. er
reagentl8 t lvatboxgmethglaosedord owerdsisaiy cdrbdnylmethylerimpsubstiiuted\at tRuimetiny| grSup..
Buchwal d, - - -14 i.vely, hal ogen
’%‘ﬁgﬁ)fﬁ% ﬁeqegt@/nﬁﬁstl gr?tﬁcgrr%%?onjd%t?&oﬂe éﬁhﬁ%@’?ﬁlahﬁélfp}/fciﬁcuglbéup

R1 may be replaced b an eroary eterocy
const r uct ectangdamtaininb enidanemihamethyicarbonylaglirechsubstiuted at the methy! grpudaiht | on

e, B e Rg b B yc8S s g SR B el FRAFD sl
2011/ 073112P0T &9 DAfDETUGE, R8vep atkorymaeomly, smirmegrivaglemarmhobmidadreabl.y a
tal 1 . : A ;
SRR S S S L e e e L e e
groups condelmed agai nst unwanted secondary reactions, such as acyl ations,

therifi . >0 ‘ . . . "y o ar
Feact | ons. P ERONFHERALER chiftburgi I8k A ROUBAR. Guio BB hE
t hensel ves sulferdi,llgwerialkylsuiipnyhanina.ldes aliedcaseaytadzing, paeacarboxs lowes r enoval |

tvoi cal | e . ; . . Activity,
ot examn e nd A, PR ENR SRR Bl oBiREP R RIE ana
20  carbonyl, tetrazolyl, nitro, cyano, or halo;

and wherein the phenyl ring of formula (A) may be further substituted by chloro or fluoro;

or of formula (B) or (C)

_ NN
(B) (©)
RS R

25  wherein R’ is hydrogen, trifluoromethyl, cylcopropyl, lower alkoxy, lower alkoxy-lower
alkoxy, phenyl-lower alkoxy, phenoxy, hydroxysulfonyl, aminosulfonyl, lower alkylsulfonyl,
amino, lower alkylcarbonylamino, benzoylamino, carboxymethylamino or lower

alkoxycarbonylmethylamino substituted at the methyl group such that the resulting



10t hat they are not present in the end products. The specialist knows, or
can easily establish, which protecting groups are suitable with the
reacti onswoenitjoosad. The protection of such functional grompribpssaeh
protecting groups, the protecting graodps thenselves, and their renoval
reactions are described for exanple in standard reference 15books for
peptide synthesis and in special books on protective groups such as T.W

G eene & PS@WUW%”GS‘[’PP% e teg %QlB%tharll'y EFEURNE SIB)FRrA&sNIRe acidy.| ey, 3rd

edition 19%Qmndrﬁethin@arad@vlémme%hbﬂm@@%sthétr@@ V\% | AP SR tidttthe®esdifag beW,
functional groups of the starti n%g nmpounds ich should not take part in

the reacti &P rrlﬁ’ép%déstgﬁf‘epﬁthﬁ r"@t“é"@'ﬂye%PCPBWﬁ]WPFW'”B@%’FOQ%E ¥d for
exanpl e by |qng a%xy&:rr Sor, aiifodRFENGE hiydMOx@aRinBsarBBRj | teRSLbIIETiRd, RgaRY, @r under
"pr ot ectl ng@%doups The protecting groups are then wholly or partly
removed®ac ing to one of the nethods described there. In the conversion

of an obt alpr?eefbﬁaglngﬂmyéndtnﬂuorb%myl %v&ér)alldoﬂ* Guahat Rith SQNEHINBx R andRd,or nul a

(1), an am no graoup be al ky l'at ed or acyl at ed to give the
correspondPﬁﬂFVyéﬁW%&$‘BW%HbEWHﬁﬁhﬁ%ﬂy % \Vatq: Shha8y be performed with an
al kyl halide or an activated al kyl ester. For nethylation, diazonmethane may
be used. Al kylation may al so be perfornmed with an al dehyde under reducing
condltlonsorPHP”H@9IQilon the correspondi ng acyl chloride is preferred.
Al ternatively, an acid anhydride may be used, or acylation nay 30be
acconpl i she IRt he free acid under conditions used for am de formation
known per se i pgptide chem stry, e.g. with activating agents for the
car boxy group, adP1- hydr oxybenzotriazole, optionally in the presence
of suitable c \@Iy ts or co-reagents. Furthernore am ne may be transforned
into heteroaryl d heterocyclyl under reaction conditions typical for such
cyclizations. 3§§5MD 2011/ 073112PCT/ EP2010/ 069436 29 correspondi ngly
substiqgted conmpounds in a procedure related to the one described for an

m no group. Alk kati on may, he or ne or , an
2Ct 1 vated. Tingpi B o Areds lEn it v cap apgnEoRErE i ass Sfiolirces,
acyl ation talﬂ@xgzmhreasmhglcumgy%lﬁmhyldﬁhmsuﬂ‘enwlowet@lkmhmdyu geincaywee used, or

| at d :
e e eI oBT RETR, bRt e EFRE o P e SR G R gy v
group 19 glaw&nd bubstitutecestiioe ety gioup Gugt thiapthieseslotirg, substituentwotrBsponas tgpowder

car boxy S susBeicl ecs R FEEBRARRR it iy oLt Hiamipo

condi ti ons substifuttd &t theinoketh §l grovat such tMMrepeltmgacyllgrqm@piondepoﬂdem) she ¥yt e.g.

th th d tivat th b ,
Such as 1 AR RS BN SEETBEr B o iard o oRe BT EPOR Cani 0
catal ysts @lrmmart&mgehyaoxwamewmonﬁrtemdw mt&d@ysmdmtrhalutent |n an aryl

react on_witdoa B PeERbe BruaBrEvbae BIERY.o%h S, eiftioRvat® ™

descri bed albloxgcariZdivt, oetrarglyl, mftroacyzmaspouhmioof formul a (I) are prepared in a
manner known per se, in particular by a standard esterification reaction.
Tetraacetates are usually fornmed already at the stage of an internedi ate,
since the aceffprmglugEp is al so a customary protecting group in sugar

chem stry. In this case, benzyl esters are used in the aglycone to allow

their selecti 0 \tion. 25
\

\ \

R’ R’

wherein R’ is hydrogen, lower alkyl, lower alkoxy-lower alkyl, lower alkylcarbonyl,

25  optionally substituted phenylcarbonyl, or aminomethylcarbonyl substituted at the methyl
group such that the resulting acyl group corresponds to one of the 20 naturally occurring
standard amino acids;

preferably hydrogen or lower alkyl, such as methyl;



Salts of a compound of formula (1) with a salt-form ng group nmay be
prepared in a manner known per se. Acid addition salts of conpounds of
fornmul a (WP 20my78ties be obtained by treatnment with an aeca/Epromiotdaza
sui t abl e ani on exchange reagent. 30Salsts can usually be converted to free
conpounds, e.g. by treating with suitable basic agents, for exanple with

al kali nmetal carbonates, alkali netal hydrogencarbonates, or alkali netal
hydr oxi des, typically potassium carbonate or sodi um hydroxi de. I t
shoul d be epBh@#hdigdcthat reactions anal ogous to the conversions nentioned
in this 35chapter may al so take place at the | evel of appropriate

i nter medi at esy P 2011/ 073112PCT/ EP2010/ 069436 30 Al l process steps

descri bed here [€an be carried out under known reaction conditions,

pref erably U:SJ;%?EEQE speci f(@al |y nentioned, in the absence of or usually
in the presence of solRfents or diluents, preferably such as are inert to
the reagents used and able to dissolve these, in the absence or presence of
cat al yst's, WherRie fis isepraQemr OWaT aeuY ¢aaPenyl: Aerohglehtd X 3nst el andeZ Rsn
exchangsr s nittogh Gy akih O PSEROLEY Snd Z00re 8XBBRGMd) the H form
dependi ng on the type of reaction and/or reactants at reduced, normal, or
el evated tenperature, for exanple in the range from-100C to about 190C,
preferably f 6paQ4ly) - 80C to about 150C, for exanple at -80 to +60C, at
-20 to +40C, at r.t., or at the boiling point of the solvent used, under
atnnspheric~p§§§ﬁure or in a closed vessel, where 10appropriate under
pressure, and/dr Wn an inert atnosphere, for exanple under argon or

ni trogen. may WE)present in all starting conpounds and transients,
if these contain\salt-form ng groups. Salts may al so be present during the
reaction of such tgnpounds, 15provided the reaction is not thereby

di sturbed. At all "Yeaction stages, isoneric mxtures that occur can be
separ at ed iHcpoih Reld cdrbSly\dr Bidr IR SonyB 8¢ di astereomers or enantioners,
or into any mxtures of Irsonmers, e.g. racemates or diastereonmeric m xtures.
20 The1Pnv®mdrees and salledheipefo to t hose forns of the process in which one
starts froma conpound obtai nable at any stage as a transient and carries
out the mssing steps, or breaks off the process at any stage, or forns a
starting ety praferigd &3 cemeoyndaof fosmuledhdivbereinsy is@ ragidde efPemya &k i ng
material in the formof a reactive derivative or salt, or 25 produces a
conpound obtain by* means of the process according to the invention and
further procesigzgggé said conmpound in situ. In the preferred enbodi nent,
one starts fro e starting materials which [ ead to the conpounds

descri bed herei nabove as preferred, particularly as especially preferred,
primarily prefergpgd, and/or preferred above all. 30In the preferred

enbodi nent, a conpound of formula (1) is prepared according to or in

anal ogy t o WheeeipFodcusieageantiiiiperet L. syleprrone iowetalkexy: lweErkasy-oyer  The
conpouRgs %ﬁko&?,rdﬁ'éhéxy(, h%?rok&é%\f%l,%ih&@lfbnﬁﬂh\hgr ?Wl&lﬁh |,°?rﬂf%afo%P' e in the

formof hydrates, or 't r crystals can inc > for exanple the sol vent
used for ceyytcarionylaminm bepzaylangspeaproxymathyganirepilawesalkoxycarbonylmethyl-

2011/ 07311%%6 gtﬁ%gtjd%OOQQﬁéﬁmthyl group such that the resulting substituent corresponds to
one of the 20 naturally occurring standard amino acids, aminomethylcarbonylamino
substituted at the methyl group such that the resulting acyl group corresponds to one of

20  the 20 naturally occurring standard amino acids, carboxy, lower alkoxycarbonyl,

aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (B) or (C)



31 New starting materials and/or internediates, as well as processes for
the preparation thereof, are |ikew se the subject of this invention. In the
pref err edwertbndi7eapt , such starting naterials are used 20W/EPR@ONEBIB6
conditions so selected as to enable tde preferred conpounds to be obtained.
5 Starting materials of fornmula (1) are known, commercially avail able, or
can be synthesized in analogy to or according to nethods that are known in
the art. In par ular, conpounds gk formula (1) wherein Rl is halogen are
obtained inateaction of a suitah ﬁ\.ctlvated and protected

a- D-mannopyr angside, fgj exanple the corr@gpondlng trichl oroacetimdate, or
10al so 1-hal og Si des or thiogly des, ‘'with a phenol, benzyl al cohol or
phenyl et hanol ,ectl vely, beari\ng #he proper substituents R2 and R3, and
Rl as hal ogen. The present inventio 5relates al so to pharnaceuti cal
conpositions thaR conprise a conmpourd of formula (lI) as active ingredient
and that can be used especially in the 15treatnent of infective diseases
ment i oned a\the'télﬁ! RB&ghyaﬂrrbge@ trﬂoasrpa@itrtw @plsoi)ropylem\er alkme;dldweiratkbay iower such
as nasal, ccal , rect ure al or e nlnlst{atlon and

oot bt AR e RRE yarorist vy, HrinSS Y dowk A S roP Y TsB ok or
subcut aneom&yaadmomylahﬁr&i, benzoytamiki@ roarbax9me g ladiin srad Iswe&amcybadbbyyldmemns

are especi al l. rr The P 05|t se the.active in

2 one- o, prute P snd RERSOIBIS s ot PahERTRLATE LBy oRprainrs ™ °
carrier. Th;aedmmgm mafturtahgeocamtrringestaﬁ@mdmemtaodﬁpemdﬁ)memwrcatrMytHnﬁmse to be
treated and spe its i vi dual nditi

the i ndi vi aHATRa AR LB RAhE el Mo i ekliing A7 gt et R ae R o gpe o™
present i nvend oaturaﬁiy@b@ﬁme@@teﬁdabIaymrt@acpdmrcmwlowaialmvwsortylons that
conprise a 2500 ug or

phar naceut i 85”?(‘3? gBY%(BT‘ﬁa@QP?aF{)ES%yI’tetﬁ?&ﬂlfyé’t tr%rcyg%cf)\%ﬂ thereof and at

| east ao0e pharnaceutlcally acceptabl e carrier. The invention rel ates al so
to pharnaceut | ositions for use in a nmethod for the prophylactic or
espe0|ally(¥ﬂt ﬁBgﬁtﬁg nmanagenent of the human or ani mal body, in
30particular in net hod of treating infective di sease, especially those
menti oned h \ ove. The invention relates also to processes and to

t he use of co ds Q% formula (1) thereof for the preparation of
pharnaceuticah pr i ons which conprise conpounds of fornula 35(1) as
active conponeft actlve ingredient). WO 2011/073112PCT/ EP2010/ 069436 32 A
pharmaceuti cal cignposition for the prophylactic or especially therapeutic
managenent of arR’infective disease, of a warm bl ooded ani mal, especially a
human, conprising a novel conpound of fornula (1) as active ingredient in a
quantity t hailerdis ROisomalydgeet irtiabroyhetyl, @laegnoayll wiehelkape ldwet alkoyy-Roder ve

t th d.d t |
commos! t | orlORuASENSS: TSR ARTEr o, PR ARRY, BT pooBHher | ve
i Rgr gdhsn: ,afll@lcagioayldm @éﬁild’yleﬁrﬁll'i/@,tdaﬁfbxﬁ/ménmaﬁm@t | oi Iswegalk?xymewlmbgqyr-e?
enmbodi nen rom X %to mat e 0% acti.ve | ngredien
o Tormnt antigt SR8 e nbuRRoipl sRD et s tnabr R Opp St o
enbodi ment ohe @rthbGapEtesilyedciingsYaridardppinoxdcigst adnjnoa%wmtrbmlanmg@ edi ent .

Unit dose fsﬁggﬁutgcrj %t theorrr1ethyl group such that the resulting acyl group corresponds to one of

the 20 naturally occurring standard amino acids, carboxy, lower alkoxycarbonyl,

20  aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (E)

7\
0 NS
m

7



exanpl e, coated and uncoated tablets, anpoules, vials, suppositories, or
capsul es. Further dosage forns are, for exanple, ointnents, creans, pastes,
foans, tiwotwr@g3iiki p-sticks, drops, sprays, dispersiongCcTatPeo10Bsaepl es are
capsul es containing fromabout 0.05 @7to about 1.0 g active ingredient. 15
The pharmaceuti cal conpositions of the present invention are prepared in a
manner knomn per se, for exanp means of conventional m xing

granul atind e&%’&ﬁ l"?ghydﬂ‘?gﬁé‘o'lc\‘t"eﬁalktﬁ'r lowep BIkPYY-2vRH2lkY o '8@’@5%'53/'032@@?3@ erence is

given to thptissRy @libstilied pRer/I@kdnlE oREhinbehetiii=RsingNéubsailtbdedt 3 methyl
suspensi ons or dispersions, especially isotonic aquegus sol utions,

di sper si on9'YP %Eﬁ@téheo%um eRy! IFWP ORERRANES| t?lo't“h@f thg<h %f“r?'VCf&QPrr'i”Sed
conposi t i OR%reafPihmbRgidshshaact i ve ingredient alone or together with a
carrier, for exanple nmanni tol , can be made up before use. The
pharnacéutPH&VU@%ﬁ%b%¥¥FWﬂ§Onay be sterilized and/or may conprise

exci pi ent s forf e |@5@@8@rﬁioﬁbﬁ§ﬂéé{tﬂidnvgﬁlnfe%ﬁ&@dlée%\%é§ susR bt ifféctiede BisSagyad/ or
enul sifiers, solubilizers, salts for | at | ngy osnoti ¢ _pressure and/ or
S

buffers an@H$ed ?}’r\é'b‘é%“éatrt“ﬂs af‘r:réﬂ’hé“rp% BEansEact fnhgcligRinpl e by neans of
conventi onal dlssoIV|ng and |yophilizing processes. The said solutions or
suspensi ons. may nprise viscosity-increasing agents, typically sodium

car boxynet t%??f@ér??j quddi% arg i l§k9ae#es-cel | u 1 ose, dextran,

pol yvi ngl pyrrolidone, or gelatins, 30or also solubilizers, e.g. Tween 80(r)
(pol yoxyet hyl ene( 20) sor bi t an rmno-ol eate). Suspensions.in oil co r| se as
the oil co Biertaoarg e ApPINds phihg ?E‘p'eér'”%ﬁticu?yﬁter@tam?‘tﬂ

cust onmary for injection purposes. In respect of such, special nention may
be nmade of uid fatty acid esters that contain as e acid conponent

| ong- chai n@dcq qupd 5 Kie; IBVaRion H@yft}ecm?@ar%bggrocggﬁgﬁaatt fhpugh B applied, 22a

carbon at omgherid®r &leCt0torasdtPas 8nthe Preddnem@er tRhnt é(rea@tbd/n?)‘é'if €&,5n padic@ar a
maxi mum of 6 carbon atons and i s a npbnaval ent

or
2011/ 07811 PEREEFEPASION GePAHEURS Ohioryyiai(B; n‘t’herP'Brth%QkauaCtt%‘ﬁ G thegg-D- or

trivalent, n?’drﬁu%B&’r‘anoﬁé@@:‘é‘ crbie¥ted %8 Yherdid Rgts\’r%%&n |s'%%n6éﬁ§etzlrvﬁt$l eplfeabé’ﬁtt y
acid esters vegetabl e oil's such as cottonseed , al nond , olive oil,

castor oi | rerjagagpalegen bysgiybaatereary! oéhgtewglwdmpr@qeptlvgrgo&sp@"g|rgrpp\9ed

useful . 5Thaqnpesibagicd! g Qtﬁtain@blé%ﬁt%ﬁndpbﬁf@ﬁﬁ@é '(I?l%scdniéert’édllﬁ{d sholddrr i ed out
under sterile conditions, as is ling, for anpl e, into ampoul es or

vials, and cPRROYRGPf fﬁ@mﬂ? (h, H?eCQfTEﬂﬂUafj ﬁéfoémdel)ﬂsa‘Eﬂré’eﬂ% int@? grogrig, édfseci al | y

fillersg suehpBindsddfmula {19l XM BnloALsMS Sn obRFBRY é%ﬁt%f a%ﬁ»;bbhﬁcﬁ or
sorbitol, cellulose preparations, and/or cal ci um phosphates or exanpl e

10t ri cal ci Wﬁ@bﬁ&?%v%teddrﬁpéh%fﬁ?%%?%%‘ﬁ pROSHAREH, Bedlar amiusi dhder o,

such as st dHRaR colfPouRIPHIbE IR (INis sePSated |ﬁtoCtﬁe WduvRﬂf%%@méFsarCh
net hyl cel l u | ose, hydroxypropyl nethylcellul ose, sodium

car boxymet hyl cel | ul ose, and/or pol yvinyl pyrrolidone, and/or, if desired,

di si nt egr atytsple $ nt%,SfoF #é%la%%"r%td’@ﬂtww%% Sl ifked ﬁlef%?oa(‘rﬂrol?%ébbtsﬁi hy|
starch, crosslinked polyvinylpyrrolidone, alginic acid or a salt thereof,

such ag9sodinkrf Neleogyadees e/Qic*PQrP@ﬁéP'déi(b‘ff‘Blpé@ﬁeﬁc%tPEa Ballpdtimaratylyst aw

condi ti onerg;ABH khWH Uﬁ@é?'ttﬁe ndrRE oBEAIM Ratlid. Oitiferadthdgbntd lﬁbf:@anséee@sre'dcaréc' d
or salts thereof, such as rra%em umor calcium stearate, and/o

pol yet hyl e,ﬁi@s%qﬂgoﬂor exgmplerip M iRubegs.+hkerByphwald, Accounts Chem Res 2008 41,
1461-1473.

30 Alternatively, halogen R' may be replaced by cyano and the heteroaryl or heterocyclyl
group constructed by addition and further ring elaboration starting by addition reactions to
the cyano function, see, for example, N.A. Bokach, V.Y. Kukushkin, Russ. Chem. Bull.
2006, 55, 1869-1882.

35 Suitable reagents for replacing halogen R by nitrogen-linked heteroaryl or nitrogen-linked

heterocyclyl are, e.g., the corresponding heteroaryl or heterocyclyl compound in the



Tabl et cores can be provided with suitable, optionally enteric, coatings

t hrough the use of, 20inter alia, concentrated sugar solutions which may
conpri se wormawrEbiie, talc, polyvinyl- pyrrolidone, polyethypene/oglgeol

and/ or titanium di oxide, or coating s®l utions in suitable organic solvents
or solvent m xtures, or, for the preparation of enteric coatings, solutions
of suitable cellul ose preparations, such as acetylcellul ose phthal ate or
hydr oxypr op¥gSeBER ¢ %@”Elﬂ%@é”%ﬁ?‘ﬂ%ﬂaﬁ!( 8 caiglyst vhereh d}?&ﬂ% R/ Piséeralided t o

t he tabl et sodmie.t abl et 25coatings, for exanple for identification purposes
or to indicate different doses of active ingredient. Pharnmaceuti cal
conpositions for oral adm nistration also include hard capsul es consi sting

of gel ati nThapbtabtry Felids mapakadly HRRFEdRS inGHB&irsérs R8d @hoWe badted tind a
pl asticizer, such as 30glycerol aor sorbitaol. The hard capsul es may contain

the act Pve TnFgPRRIigERMPsicRNEeTBed Bgaingunyaaisdisesondapy reagtinnsi siahpsamrations e

with fill ere?rxeruﬁé'éﬂbn@%s@&fﬂ@atﬁin@r@*idat#@h@%(@lys%nﬂpﬁ&émﬁlbﬂ r"é@@tﬁo‘hs Biech as talc
or nmagnesi um st earate, and opti onal | éhSta ilizers. In sof BSUl es, the

active i ngPBafaéW'Sﬁ'%Ofﬁ}f%tP%¥r§lﬂr9uQﬁ Bagherigndh %@ﬁd@%ﬂ"ﬁfﬂ'%w a%tlt@dPF'Eﬁﬁ d
exci pients ,se§mr>a@amr¢sytoq’eln@valpgg@5w sy §UI\}oly%i’s Pédill'éh@h @ﬂbw%@wr@rs@ Wl ycol s

or fatty acid esters of ethylene ropyl ene yCoO whi
st abi | i zer $"a¥He 8%*{VétVd€h?>@me'%l=‘”‘é%€§%¢ EOQﬁaMW@OH%FWM'O'%%P%'%‘ér%Q an
fatty agidteftiesy 4r¥P6t preBantd H1@ dha REUIREs. Th¥EHE&Ibt ksl P6aH &P 10/ 069436

34 Pharmaceutical conpositions suitable for rectal admnistration are, for
exanpl e, s@SFOUSH HNIBPLrPRGINTYFAYRSreSHitaple Wilp thtatersiPrsmmentiengtt i ve

i ngredi ent and a suppository base. Suitable suppository bases are, for
exanple, natural or synthetic_ triglycerides araffin hydrocarbons,

pol yet hyl ed@edqrotesion Asusn Yretong| %Qi/i@ﬁ ky Sll'fé‘rprﬁéP@?ﬁ APHPS: HofpRiestin BToyRS

aqueous SO'thﬁm%sOén@fﬂ\eﬁ%mM\%l réX@tieslH f8tdekerivaatier exaf pidinastdriiaf refétence
exanpl e_of a water-sol uble salt, or aqueous in ectl on_suspensi ons t hat

cont ai N°vi £O8%3 fpyp?ﬂ@reesé(gihﬁé'%ﬂﬁﬁ%?& bogksyo 9ie6 five qrgppgsHeh as T.W.

car boxynet lorbed & W.e9e, wete! Hrbtebtivklaidpom (d@éh%@]/nth@@@" Wileyd8kti@fn 1999.
stabilizers, are espeC| ally suitable. The active ingredient, opt| onal |y

t oget her vvlth exci pients, can also be in the formof a Iyophl lizate and can

be made i ntoth mht@hamo&%fsgt@sp@drﬁéu glitals REMAifgidtiohal Qroups dfh% @Q@Ihgl on of
sui t abl e sol vents, ns such as are useg for exa

par ent er al CRARPHALY WREh BW@%HOtd?@op%'”l%F?&CB%@aé CiPHESEST B ngmt%ﬁt?%)mm

Pref erped preasgberbtéeRdaboxafple BXEHEIbrEmordIt tHaxpraReting grousd maaticreor bi ¢
acid, or mcraqbicides, such as sorbi¢c ECI d or. benzoic acid. 2QThe present

i nvent i on MEreRzOVe Ypdeie PIATENG 8Ty Pire T AB ATABING YRS TR HisnorN K AT BRtét ment

of an i nf e¢émyeedhReRHRY toWhe @ tHONBthb8S eRABRMthBkEr | Ng a conpound of
formula (1) or a pharnaceutically acceptable salt thereof, wherein the

radi cal s and synbols have the neanings as defined above for for mula (1), in
a quantity |efHeasthi¥riondrbASbtasRibl CHnfRARE of fdPmalaViB iftb Bhemdecbrasdumalof

requiripg such treatnent. The co ornula (1) can be ,
25adni APst ?@H"aaé) S0 Mg 9r9Lp &Y. %ijﬁ?{e&ﬁéa‘?y@rtﬁq @ré%@ﬁ%@%ﬁq%g'y
conmposi t i oR@bstRitedByMBsindeaAlkylafién B¢ bapeHbintal Wih aPaR)ISAN ¥r da@aRgount

effective agaj nst he sai d _di seases, to a warm bl goded ani mal, for exanple
a human, @%}{I ‘?th‘?fg /@Rty lation . figromethanepayche useds R@M'ai'%m?mm béhavi ng a

bodywei ght p@ffoml\ﬁlltﬁzﬁ)n Kuehm et rsedd@mg coldNiigHss E6r £ latisn irre%ar@eﬁémmgmt ely
0.01gto a%ﬁ i(c;rlggﬁsep%ferre% Al errﬁ;tﬁ/re Y, aX afma %Wh?éjr%reor%(elqynt?é Sslgéj or acyla%on may
30  be accomplished with the free acid under conditions used for amide formation known per
se in peptide chemistry, e.g. with activating agents for the carboxy group, such as
1-hydroxybenzotriazole, optionally in the presence of suitable catalysts or co-reagents.
Furthermore amine may be transformed into heteroaryl and heterocyclyl under reaction
conditions typical for such cyclizations.
35

A hydroxy group may be alkylated (etherified) or acylated (esterified) to give the



30approximately 0.1 g, of a conpound of the present invention. The

foll ow ng Exanples serve to illustrate the invention without limting the

i nvent i orwonvitwsgeope. WO 2011/ 073112PCT/ EP2010/ 06943 @C3EPEXanpI486
General nethods 5Commerci al |y avail abd9e reagents were purchased from Fl uka,
Al drich, Merck, AKSci, ASDI or Alfa Aesar. Methanol was dri ed by
distillation from sodi um et hoxi de. Di chl oronet hane (CH2C 2) was _dried by

filtration CPHPERIGAINAYAYSSHIHedieRMPRYRISN aPrpedyre; &igiag to “T’%IOU%H@S‘W&@ &vi%d” by

di stillati @mmihd gisup OMlkysERENZPBE BBEGHhed MR SRV héﬁdeaér'éh”eﬁ:tlv\ﬁé@almlaés\t@red at
20C on a Perkin Elner 341 polarimeter with a path | ength of dm

Concent r at ifGREepEatigNAazqmetigneonaybe URRR Fopaexiationae Orb%'itpaf‘ﬁjfagl a¥l a Bruker
Avance 500 chicti@ Sha&d dnmprriat nVRiliseal oloWiatidn Mdg Helactomhpihed th 1he YEE

(130). Chem cal shifts are ql ven in ppmand were calibrated on 15resi dual
sol vent 2pedk¥ B\ & yitekieacHidRg12960t ane as internal standard. Multiplicities
are specified as s (SI ngul et), d (doublet), dd (doublet of a doublet), t
(triplet), g (quartet) or m(nultiplet). Assignnment of the 1H and 13C NWR
spectra wa oA @ nie HpUpm %ttm@s%%\ary I%Q@eroaﬂilﬁr%%t&r%‘{ey@%s wer e

performed abrribdnBRanin® ouBfis §o1RITe. Mwith ikdh powvder tnyalédhoPaswith otk t zer | and.
ESI mass spectra were recorded on a ters mcromass ZQ instrunent. High

resol uti onr%wgsﬁﬂ@d?ﬁ'a wer e obtai ned on an ESI Bruker Daltonics mncrOIOF
spectrapeter equipped with a TOF hexapol e detector. 25M crowave- assi st ed

reactions were carried out with CEM Di scover and Explorer. Reactions were
moni t or ed BYCRXYEPYRYINA %Eoﬁr%é’ém%ﬂd’rﬁﬂewa@lqrw ay bagmieaiod unpder

vi sual i zed chyditiéisngelVor dribié famation krbywm,b@rgenmgewdemh@nmﬁyybga&v% gl ution
(a 0.02 Msolution of ammnium cerium sul fate di hydrate and amoni um

nol ybdat e tCQEF?%H%V‘HF‘Qtaé“'P‘?\a%‘é]6%Sﬁ%vai@@/@%@Zf)th‘%\PQFHOWe%[PPPrgSUPBailidt‘z‘df%‘ﬁ/ 5

mn. 30 CO'UéHibtﬁé’!a’cﬂH%bﬂ@{aﬂiiﬁthh@@‘ﬁes@ﬂbé of st bletatalfe®1dH do-rdaferftompani on
(I'SCO, . Inc.) using Redi Sep normal phase di sposable flash colums (silica

gel). ﬂ?éver sed phase chronmat ography was perfornmed on Li ChroprepRP-18
( Mer ck, 40-a évtorB; Blbmodrfsdo st,dbgt.tnfeapwaa]tarwmrch%t&@amcgmlﬁm% btaeém&e@ Hyl )

wherein Rl is 4-nethoxycarbon tejhenv car boxvrgpenvl nples 1 to

21) the foIpIhBW'r‘?@arPPB%G’GF'\éat'i" é%ﬁ?t'o"(‘a""fﬁé‘ssy‘l't%'?'PBHe Iborggic G4 N B Stzuk
2011/ 073112&4TibkFBE Q48¢re84B6ve.

20  Prodrugs of a compound of formula (1) are prepared in a manner known per se, in
particular by a standard esterification reaction. Tetraacetates are usually formed already
at the stage of an intermediate, since the acetyl group is also a customary protecting
group in sugar chemistry. In this case, benzyl esters are used in the aglycone to allow
their selective deprotection.

25
Salts of a compound of formula (I) with a salt-forming group may be prepared in a manner
known per se. Acid addition salts of compounds of formula (1) may thus be obtained by

treatment with an acid or with a suitable anion exchange reagent.

30  Salts can usually be converted to free compounds, e.g. by treating with suitable basic
agents, for example with alkali metal carbonates, alkali metal hydrogencarbonates, or

alkali metal hydroxides, typically potassium carbonate or sodium hydroxide.

It should be emphasized that reactions analogous to the conversions mentioned in this

35 chapter may also take place at the level of appropriate intermediates.



36 different hal ogenated phenols 4a-f with trichloracetimdate 3

(obtai nabl e from acetyl at ed a- D- mannopyr anosi de 1 by sel ective

deacet yl avoamiiobilowed by condensation of 2 with trichl ecamebenioty4sé e)
under Lewis acid catalysis gives the 3sannosyl at ed phenyl hal i des 5a-d
(Schene 1) and 5e-f (Scheme 2). In a follow ng paI | adi um cat al yzed Suzuki
coupl i ng, the 5mannosyl at ed phenyl hal i des 5a-f and

4- et hoxycéfl BBPEASH ﬁ@r@;‘lldﬁé‘fr&‘?ﬁ@e&e‘c?@ b earierh QW ngar kY reastiangiRagidons.

condi ti ons phétetddsy méarhw@§§>é<ﬁﬂ¢bﬁ>>dmbhmmeayuln&h&abgiane%hemsuéhy Alee pRsbhes
met a- substi t ut ed bi phenyls 6e-f ('Sch 2).. Conpounds 7a-d (Schenel) and

7e-f (Scherpksgyenys gr @)‘B{ansnBr(?f%9b'ZéHﬁ] %ﬁar&émr&toé ¢ FegenisdseRiops @akiten of the

met hyl est gjissolvk dseyinGhe 86sdrid o$9ﬁé'serﬁ‘&e5<ﬁ|c'fe%lﬁ@s féoﬁ&q;hmg% hts&iﬁ%eﬁealfsmg
(Scheme 2). 10 Ac00 AcO R2 H I R3 Br (1) AcO AcO Ac | -1 R3
\Br o0, bci 3gbis, for example ion exchangers typically cation exchangers, for example in the H*

form, depending on the type of reaction and/or reactants at reduced, normal, or elevated
temperature, for example in the range from -100°C to about 190°C, preferably from about
-80°C to about 150°C, for example at -80 to +60°C, at -20 to +40°C, at r.t., or at the boiling
point of the solvent used, under atmospheric pressure or in a closed vessel, where

10  appropriate under pressure, and/or in an inert atmosphere, for example under argon or

nitrogen.

Salts may be present in all starting compounds and transients, if these contain salt-
forming groups. Salts may also be present during the reaction of such compounds,

15  provided the reaction is not thereby disturbed.

At all reaction stages, isomeric mixtures that occur can be separated into their individual
isomers, e.g. diastereomers or enantiomers, or into any mixtures of isomers, e.g.
racemates or diastereomeric mixtures.

20
The invention relates also to those forms of the process in which one starts from a
compound obtainable at any stage as a transient and carries out the missing steps, or
breaks off the process at any stage, or forms a starting material under the reaction
conditions, or uses said starting material in the form of a reactive derivative or salt, or

25  produces a compound obtainable by means of the process according to the invention and
further processes the said compound in situ. In the preferred embodiment, one starts from
those starting materials which lead to the compounds described hereinabove as preferred,

particularly as especially preferred, primarily preferred, and/or preferred above all.

30 In the preferred embodiment, a compound of formula (I) is prepared according to or in

analogy to the processes and process steps defined in the Examples.

The compounds of formula (1), including their salts, are also obtainable in the form of
hydrates, or their crystals can include for example the solvent used for crystallization, i.e.

35 be present as solvates.



34a-d5a-d 7a-d, R'=CH3 8a-b, R'=Na Schene 1. Synthesis of the
para-series of biphenyl mannosides. (i) TMSOIf, PhMe, r.t., 5 h; (ii)

4- met hoxyweanbomyBuabkenyl boroni ¢ aci d, Cs2C03, Pd(PPh3) 4, pdir@pane/ocwuddC, 8.3
h; (iii) NaOMe, MeOH, r.t., 24 h; (ivw NaOH H20, r.t., 24 h. 7e-f,
R'=CH3 (iv) D 8e-f, R'=Na Schene 2. Synthesis of the rreta series of

bi phenyl mannosi des TMSOT Ph \Me, r.t.

4- met hoxyc&i%‘bﬁ?ﬁ'ﬁﬂ@?%‘?%?%’?ﬂ’%r '&*@f’Hed'é@QOWNe'b’t‘RFF‘Pﬁ%B)S&Sf%”(‘ﬁ(arﬁ@arai?rt‘)c 8.3
2; (111) Nakdvbof, MRQiewlsetthe sidfedtof thisvihve¥aiBhY Ih2es prefdrred ebtbddiméntEaApl e 1:

3,4, 6-Tetra-0-acetyl -a- Dmannolpvranose

1, 2,3, 4, 6- PLting ’E?a'&é'é'tsyﬂre Hsﬁ?%ﬁéﬁ%”a‘?%gi("e%s pa selggieqjas E‘%erl?bllﬁﬁ@P)or‘F‘cg”ed

di ssol ved icBmMImdsX8 balabtaitdedr azi ne acetate (3.54 ng, 38.5 mmol) is added
and the_mxture is stirred at r.t. under argon for 3 h. Subsequently, the

reacti oA mixture is dissolved in et hyl acetate (80 10nlL). The organic | ayer

i's washed \Etéﬂﬂng\@fa%rla(ioﬁorﬂrﬁﬁb reékﬁgwhrddﬁﬂnér%la}{y 3(dhablk) or cHAB A HERESed

| ayers are extract ed with ethyl acetate m_) and the conbi ned
organi ¢ | ayefRaIag¥elofr |aé%Pr6‘0§rt° &8993 th afﬁée @’tﬂ"%‘ﬂtt gt '%HﬁU‘éH‘af (FOTREUH Sand

the resul tIommrmaﬁal(gwmewﬁIRﬂI.@l@bl@g}brﬁ&é@ﬁ@tr@iﬁﬂ@h&a&@nwblsqwatgﬁtactﬁbtétﬂd‘mﬂ wi th
petrol eum et her/ Et 4:1 to 1: 1) to give (7 g, 89% . 15 Exanple 2:

2,3, 4, 6- Tetpr%e@e%e@wanaowrmw&%awle tf‘?F@'ﬁﬁﬂ%ﬁ'@@tt”qwctﬂ%‘@t'mate or
2,3, 4, ggTeliy phéﬁ@@?&dsm%s%rﬂﬁ&ﬁ]%\éfd@@%lﬁté henol,3%n8yl a¥cdnbi cﬂ“ﬂ%la}uylétﬁanol

dlssolved in drg; di chl or omet hane (50 %rlc;oroaqetonltrlle (11.25 nL
and cesi umresnesbyeat: @e@mthﬁ@rogergubqﬁtﬁgn;s Rt andhidd@ad sha@sthalogeract | on is
flushed with argon. The m xture is stirred for 3.5 20 h at r.t. Renoval of
t he sol vent_ by evaporation under reduced pressure |eaves a residue that is
purified byheireseat Byerionyediesslsg tephgemaceutieal sgmppsitrnsdhatsoapiseeher / Et 0AC

(19:1 to 1c$%§59nd'bﬁbﬁmﬁé %l?a@a&we?r%&duent\/&ﬁdztﬂélﬂdaﬁ70%%%5’%6&?@91@4%69436 38

Exanpl e 3: r ono- 2- chl or ophenvl
2, 3, 4, 85t etiieatrormi @IN{ACHYE BiseratsSPRNIaRSS pldee bsaipningoCemaesitians dorsiterel on of

2,3,4,6- teta'aﬁﬂrQst?é?ti%h duch o EBANBRYE A RSN urbtdl 6#%@6&%&'%%”&%%&%@5@
4.84 mml, 1.0 equiv) and 4-bronp-2-chl orophenol (4a g, nmol

1.2 eqUI v) forrparey) @t@h@d"("ﬂ@trﬁ{‘)” SHefeas @Frgtﬁﬂowwuww OﬁQqug'talf‘SQU%nDI 0 1
equiv) is %@ﬂﬁr%t%bﬁﬂ‘éﬂv%mybl@oo@drdnﬂﬁﬁs dpecibBARIhAHE, bt sdpbbibRApterfeqt - foOr
5 h and then diluted with toluene
The compositions comprise the active ingredient alone or, preferably, together with a
20  pharmaceutically acceptable carrier. The dosage of the active ingredient depends upon
the disease to be treated and upon the species, its age, weight, and individual condition,

the individual pharmacokinetic data, and the mode of administration.

The present invention relates especially to pharmaceutical compositions that comprise a
25 compound of formula (I), a tautomer, a prodrug or a pharmaceutically acceptable salt, or a

hydrate or solvate thereof, and at least one pharmaceutically acceptable carrier.

The invention relates also to pharmaceutical compositions for use in a method for the
prophylactic or especially therapeutic management of the human or animal body, in
30 particular in a method of treating infective disease, especially those mentioned

hereinabove.

The invention relates also to processes and to the use of compounds of formula (1) thereof
for the preparation of pharmaceutical preparations which comprise compounds of formula

35 (l) as active component (active ingredient).



(15 nmL) and quenched with saturated agqueous NaHCO3 solution (15 nlL). The

| ayers are separated and the aqueous |ayer is extracted with toluene (3 x
15 m). TWeennbsned organic |layers are dried over Na2S®@¢Tardoioomeat r at ed
in vacuo. The residue is purified by £l ash chromat ography (petrol eum
ether/EtOAc 19:1 to 1.5:1) to yield 5a (538 ng 85% loas a white solid.
[a] D20 +60.6 (c = 0.40, CHC 3); .1H NI\/RéCDCIS 6 2.02 (s, 3H CQAc), 2. 02
(s, 3H, OA(',O) phazmggel{tugal o\g;pppogﬂely foréhq@rop ylaefiq or@gegmalld t@ﬁ{a?%lc njanage@ep;z
(1§d2 5'2 51Efaizrﬁr@@6tweﬂhslagse( @dﬁwa?m)tﬂocﬁeb‘%nm?al%dﬂéma?y 8 hiihan lddmgishl.a 4- 24
2H, H1, H"yel CQWS’QU'E%&]”OJ““'% ('iaﬂi‘c“vfdnﬁlreé%f”t g g auanily thaf '?o@ro?ﬁy'agf%'g% 8
Hz, 1H CoBpecidilydRerafélticdfy é’otﬁe'a‘%am& tBe EBid diddaséd iB3ikewkePletefled J= 2. 4 Hz,
1H, C6H3); 13C NWR ( 1 3): 20 21.1 (4C, 40Ac), 62.3 (0-6), 65.9
(0-4), 88 9 (03), 69.4 (0-2), 70.1 (0-5), 96.9 (CG1), 115.9 (Ar-C ), 118.4
(Ar-0Q), 125’h§ %éfm&lehtlééﬂ%goﬁpéﬁfor@oonﬁge%oﬁﬁpp@mmété A p§5'o>)|maﬂeﬁiy9 9,
170.0, 170. 170. 4C=0); ESI-Ms cal cd. for C201-122Br ClOlO [I\/HrNa

559. 0; four?é/%s%‘@'v@ '”%%?”t sipglp-dgse paminisygiion opms eappasingindie greferredy, 12
found C 204eddimdnt froddapprsaiBles 2b% o @S@mgte‘l?ﬂ@o:%@mﬂ redient and forms
2,3,4,6-tetra-0-acety I-zf Dnanngjpvranoﬁwge 2?8' oundé (900 ng, 1.83
mml) is tﬁ%%@é%”%qfﬁ'”@'ebq%ﬁﬁy%e %C}W%PSH@H%H& Pre ed@@@oﬁﬁneréf@@ nmol ) and
TMBOTT 1041 a'ﬁSEronné]t&y BPi0) appfoxirRbieR A ctiVe)in @@I@Iﬁld URB db&e fohfs BrRegdur e
25for 5a, Exanple 3. The residue is purifie @y% | ash chr onmat ogr aphy

(pet r ol eum@amBles ceateghand ‘_‘L@C(’ftecdota?'e§ IPPPYes:;Vélg) SHRPQSBEES ST CTINESas a

whi te foamFuHﬂér[Eos’h%Af&m@%rer fdr &@m;@‘@lriﬂ%ent%"br%ﬁs(&@@s%oan@ #ndddrebs, 3H,
Orc) | 202 (s ). o G003 (s, 3H Ohcj 4 01 (ddd,
J= 2.3 He, I s@clﬁzdro(gs ABys. dispersioss, €tg. E‘?@”{péﬁf arg.capsules gontaining frpp abpjif
+6a) 4. 2% dslho dboub1 @ HHatyd bfediin, 1H H6b), 532 (1, 'J= 3010.1 Hz, 1H,
H4), 5.39 (dd. J= 3.5 Hz, 1H H2), 544 (d, J= 1.7 Hz, 1H H 1),
5.48(aé,J-35Hz 100Hz 1H, H3), 6.87 (dd, J= 2.8 Hz, 8.9 Hz. 1H,
C6H3), 7. Zﬁ'h(a%harlnaceatlé’al Hémpéé‘ﬁlorﬁﬁiﬁ:ﬂ)e pr@s@rﬂ |r(\/ént|<s% a*re?or&pd’r@d mH‘knaﬁ]@ér‘ 13);
13C NWR ( |3é 9 lb (4C, 40 %] O'S - 6), C—4%_I 68 8
(C3), 69 )oer%@ wae YBe3Ns & .CP veni@@al KRB Qfa?UIati”EGC@at Ar -

170. 1, V\D 2011/ 73112PCT/ EP2010/ 069436 39 170 7 (40=0); ES| - |V5 cal Cd fOI’
0201-122Br 01010 [ M+Na] : 561.0; found 561.0; Anal.: Calcd. for

0201- 128Br (PLErbncEiddvén’to thb tsd 8f sdAE ofihd4cild inbtedich) anBaiugpSrisions
4- Br ono- 2, 6- dj chl or ophenvl 3,4,6-tetra-0-acetyl -a-D nanno vran05|de (5c)

5Conpound é)ré@%fsr?@s qspggla%lﬁptpnp@qp?%%{s[ RN +ISReA3 DI BUE %ﬁsﬂﬂﬂS(W Bhenol
(4c, 530 NHor ekakPldBhe c@éé%fTMﬁffiedé&mf@moﬂs J;Smm‘léhh@ therbctitd MgRRIidn? alBhe

according to the procedure for 5a, Exanp 3. The residue is purlfled by

flash chr oRaiSGHEH M ERaMesH f@[jﬁ’u‘%‘ﬂﬂ’i%mai@%‘ﬂccanl@ Page,up befofy Us PPel d ¢

(438 ny, 4%%rnﬁ’e§:e@tldﬂ1'bblﬂp$§?ﬁfﬁs rﬁ@&] b stehied a08/or n‘;bi/Q:Bmp%éﬁdlpleﬁ-tH HIVR
CDC13 (s, 3H, OAc) 3H, QAc) 02. 07 (s,

(S £5 m(gj(amglelpges(e(g@tlvgs, séab\#lzp&s W%Elng alqgnts_ﬂqd/o’:l_ew SIer&S g?luggéerso‘%cglls éorl
Hz, 12 4 Hzegulddingtdshidtic pﬂes@ﬂre(eﬁﬂﬂ)r bdfferd. a%d'dle p@p@re‘dﬂn a¥Rarhet&nowitbertded) |
5.33 (d, J—18Hz 1H, H—lf) g 1H, H_%{ﬁ, 5.%6 dd, J=
3.3 Hz, 10.f9r gpmpigby ’PP%')SOSGO‘?SE”I“&B 'dJSSO'VQ"Q()a"IQZ'yOF’é‘"@”ﬂzprO Seq41of s # 46 (s,
é? 90?3 iz)soluiﬁ& Msf)m%)maﬁ otbride visbobity- |3(3re53|(1é@gerﬂ@AgbleaI@%oéluﬁﬂ 6) .

130.0, 132 C§r6b M’Q%B68'6‘?0%A9§r€5’x3)”196@y'@eq'“&’?6 J?X”?L"Yd’oiy" iRy r8“d(olli‘grér)97e'%@ﬁu VS

cal cd. 3bor P3R-sbRbMALES2D40T N (P5I95x thyﬂe%g@)&%ta% méidbleate§:al cd. for
0201- 121Br012010: C 41.98, H 3.70; found C'42.22, H 3.73. Exanple 6:

4- Br onp- 3, 5-di chl orophenvl 2, 3,4, 6-tetra-0-acetyl -a-D nmannopvranosi de (5d)
Suspensions in oil comprise as the oil component the vegetable, synthetic, or semi-

synthetic oils customary for injection purposes. In respect of such, special mention may be
made of liquid fatty acid esters that contain as the acid component a long-chained fatty
35 acid having from 8 to 22, especially from 12 to 22, carbon atoms. The alcohol component

of these fatty acid esters has a maximum of 6 carbon atoms and is a monovalent or



20Compound 3 (907 ng, 1.84 nmmol) is treated with 4-brono-3, 5-di chl orophenol
(4d, 535 ng, 2.21 mmol) and TMSOTIf (41 ng, 0.18 mmol) in toluene (9 n)
accor di ngvoaotingspaeocedure for 5a, Exanple 3. The resi deeTiEr2@onsdssed by

fl ash chromat ography (petrol eum et her33Et OAc, 19:1 to 1.5:1) to yield 5d
(807 ng, 77/0) as a white foam [a]D2 +76.3 (c = 1.00, CHC13) 1H NNR
(CDC13): 6 2,02 (s, 3H, QAc), 2.04 (2s, 6H, 20Ac), 252.18 (s,

3.99 (m 1}90'3’#9'85“ foq eéﬁmf’@di mgnes, gi- QFWa'e'i@a"z‘OW eSPﬁC'aW@'&‘}O' aﬁd 95/0?@8 Asj =
6.4 Hz, 12.dxtbdes o*kétty"écﬁpésterﬁ etdble difs skh las'détton]sb'edkﬂrl”e)lmo@ &8 ofittdeil J= 1.9
Hz, 34Hz 1H H2), H H1, H-3 é 2H, C6H2) 13C NVR
(CDCl3) Esgstgr 0'26"993”’%9” (’foéf%a” qtﬁg@)gromdw ?baré)eSp gjally ‘{Séf%) 68.7 (C3),
69.1 (C-2), 69.8 (C5), 96.3 (0-1), 117.3, 117.5, 137.0, 154.8 (60, 6Ar-C,
170. 0, 170 1, 170.7 (40, 40=0); ESI-M cal cd. for 300201-121Br012010

[ MENa] : 5599 hg:manyiariuirs 9 infectakiigypreparalipes's usullypap e Bréarsterte cendiionsg,  H
3.70; foungsGs the fiiithg, fdr Sxiple EXREh R UEs VR BRA eCsHaNh @ BNAB Ebntainers.
2,3,4,6-tetra-0- acetyl -a- D-mannopvranosi de (5e) Conmpound 3 (900 ny, 1.83
nnDI) is treated with 5-brono-2-chl orophenol (4e, 455 ng, 352.19 mmol ) and
TVSOTT (41 gifitable- céﬁle@mle)esbeclélg/lfm@rses&& 48 Ju Ak r dixB@ipleQadtbse, Bagafisee WO
2011/ 073112PCT/ EP2010/ 069436 40 for 5a, Exanple 3. The resi due is purified
by flash cRIBRHEIRISpHY!: G%‘M%@I%‘Eﬁﬁr%t{%ér?”O\é?rd%&ic'urwh‘isﬁhétef tor f)<a”£‘6'ey| el d 5e
(654 mgo GY%alcﬁiﬁn@hM\éBhta% (ﬁrQ%IBlurBﬁ%@%Qen"ﬁﬁos%hél% an@alg@bln@bﬁl&)oh adtthivhes,
(CDC13): 6.2.02 (s, QAc) Q (s, 3H OAc), 2.18
(s, 3H, mé?rexﬁmﬂ? ‘EQW ‘Wiigat.jgics OFPP’@if)StaEPhZ%‘ethél e”lﬂos%hidr%yp“i@'l 5Hz, 1H,
H-6b), 5. 33ne(thylce1|ulol;@ s’bdhiln cérbbx%é}hylceﬁlui%ge(éﬁd/&?olybﬁnitlpyhbl%bne%rﬁi%r(|m 1H,
H 3), 7.14 J= 2. é@? H3) 35 (d,
J= 2.1 He, ﬂreobétﬁmi%grato_@éuww fhesbog-megti dgstarﬁﬁesl a{S@cpartzﬂmfff ¥b2. 4

(0-6), 66. Qtdréh, 4rosshitked dogfaihy 990@06@ a?%mlc%@lo(br(aosa'ﬁ)thergﬁf QU({rﬁésléodlLﬁ'Ro 6
(Ar-C ), 120.7 (Ar-C Ar-C Ar-C (Ar- 0),

(Ar-C )15 1 Plinpte-Yytslitpnahexginge %@reﬂ%@?'a”yééﬁw ‘RSE‘dEQP‘éFé a”f’d‘u‘brt‘}ébtf fPQQB?’”Oﬁ'@lO
10[ MeNa] @ SfidicQicidf, @) dte26id alid oﬁ\@,allts the@@\‘ (‘s@ch £EOMARESinrhd2 BakilhlSeargted4. 67, H
4.12; found C 45.18, H 4.21. Exa 8: Br onophenyl

2, 3, 4, 6- t eddopPa¥eyEne Il PR ?%Vﬁééh%o“( 5f) Conpound 3 (900 ny, 1.83
nnDI) is treated with 3-bronophenol (4f, 379 ng, 2.19 mmol) 15and TMSOTf
(41 ng, O.18 oluene according to the procedure for 5a
Exanpl e 3. TPRE P‘éé?&ﬁré £ Orqyifedry @0&)159“?1 %'ﬁ”%‘%r%ﬁ%ﬁ%@?%ﬁﬁ?tw thp &R

et her/ Bp 0A¢nteﬂ:9+alc(§rﬂzeﬂttr5tea)su§é} s}éllﬁibﬁls @hich %?gdﬂ%pr@@ maefraac Viict ,@ol Joiyal

[a] D2 +66. 8 q CHC13 H, 2.03
(2s, 6H, 2 MEESlidone polyethylene xide orcoatln solutlons in swtable

organic solvents or solvent mixtures, or, for the preparation of enteric coatings, solutions

choI and/or tltgnlu

of suitable cellulose preparations, such as acetylcellulose phthalate or hydroxypropyl-
methylcellulose phthalate. Dyes or pigments may be added to the tablets or tablet
25  coatings, for example for identification purposes or to indicate different doses of active

ingredient.

Pharmaceutical compositions for oral administration also include hard capsules consisting

of gelatin, and also soft, sealed capsules consisting of gelatin and a plasticizer, such as
30  glycerol or sorbitol. The hard capsules may contain the active ingredient in the form of

granules, for example in admixture with fillers, such as com starch, binders, and/or

glidants, such as talc or magnesium stearate, and optionally stabilizers. In soft capsules,

the active ingredient is preferably dissolved or suspended in suitable liquid excipients,

such as fatty oils, paraffin oil or liquid polyethylene glycols or fatty acid esters of ethylene
35 or propylene glycol, to which stabilizers and detergents, for example of the polyoxy-

ethylene sorbitan fatty acid ester type, may also be added.



2.18 (s, 3H OAc), 4.05 (m 2H H5, H6a), 4.25 (dd, J= 6.4 Hz, 12.6 Hz,
1H, H6b), 5.32 20(t, J= 10.0 Hz, 1H, H4), 5.40 (dd, J= 1.9 Hz, 3.5 Hz,
1H, H 2) ,wb.24iA/7812J= 1.7 Hz, 1H, H 1), 5.50 (dd, J= 3P6THP20120603¢1z, 1H,
H-3), 7.00 (ddd, J= 1.3 Hz, 2.3 Hz, 749 Hz, 1H, OBH4), 7.15 (t, J= 8.0 Hz,
1H, 061-14), 7.18 (dt, J= 1.4 Hz, 7.9 Hz, 1H, C6H4), 7.29 (t, J= 2.0 Hz,
I OSHA): 13CNWR (CDCL3): 6 20.9, 2L 1 (40, 40Ac), 62,4 (0-6), 66.1
(0-4), 68 9 (03), 69.4 (0-2), 69.5 (0-5), 95.9 (0-1), 115.7 (Ar-C), 120.1
(Ar-0), 123’h@rrﬁ£€w%él coﬂq?)@slﬂonéﬁl|téﬁéf&)recté3&nﬂn|€ﬁéhcﬁ)are1155ex%n€;ﬂé'C)

169.9, 170.1, 170.2, 170.8 é 6(2 ESI - M5 cal cd. for 0201-123Br010 [ M+Na]:
525. 0; fouﬁapg%toriestﬂﬁmon&s f| 2 eomipipatiqn.ql hey aelip (ngredignt #nd PSUPPOSHIORY - f ound

C 47.81, Hb%s@%wtable supgds?tﬁ’@) 8as3s alEdNExample, natural or synthetic trl%ycerldes
-(2,3,.4,6-tetra-0-acetyl - a- D mannopyr anosyl oxy) - 3' - chl or o- bl phenyl -

304 car ﬁoxyi’lafﬁ '@361&903@9% eplyetavens 9'5%0'?3 or RiERETFPNRISt h 5a (720 ng, 1. 34
nmmol, 1 equiv), 4- nethoxycarbonylphenylboronlc acid (289 ng, 1.61 nmmol, 1.2
eqU|v) cesium carbonate (1.31 3 equiv) and Pd(PPh3)4 q77 4
ng, 0.067 mPbPareptend aggp %/tfat'o“l*h%q”teelé%s?'gt'%lsdgéa ac%wﬁdea@é@atmwv%%rgw%b%eem e

and fl ushedow, dr eheple of@v@é(télﬂ%lﬁtilésﬂﬁ-)or a@ué@%dﬂe&%ﬂ%@ﬁ@&wsﬁdﬁfs 1194 c_Bht%m35and
fl ushed vmtha on for. another 20 m n, added. The cl osed tube

degassed i iSC y20‘1r§?¥3'7%iﬁWﬁEﬁ?bﬂWﬂ%"'ﬁfa[hof()”&%mcﬁ”%%ﬁehS‘WBFO'15 mn,

f 1 ushedoaganb/ondekrad, g if sirdd, stabiizand arxepeedily suitibk! PHEYEtVelif@ddiaht, on at
a controll ed ten‘ger ature of 120C for 500 min. The solvent is evagor ated in

vacuo. The 9Py dogetheg il spGiaignisn caplep be (imiederym ol ReRiizate Adbranke (2 x

10 nl), dringshe(iNa2S$tiondeebre PREARralddRtnisRatlbA®yAhe A8@tIGrESH stiigolb SoRetsf i ed
by flash chromat ography 5(petroleumether/EtOAc, 5:1 to 0.5:1) to yield 6a

(333 ng, 42% as a white foam [a]D2 +66.3 (c = 1.06, CHCI 3); 1H NWMR
(CDal3): GS%IlQ@né 3§ch @é‘bre%@é@)foré’xa@fﬁ)lé 5’for p’ﬂrbnt@%ﬁédmlalsﬂﬁtldrﬁcarfé‘rbo g¥c), 3.92

(s, 3H jw? (dd, 2.4 Hz, Hz, 1H H6a), 4.17 (m 1H H5),
4.28 F%Oy&dﬁf'”fwo@sﬂﬂt'oan H-6b) 5.39 (t, J= 10.6 Hz, 1H, H4),

5.54(dd J= 1.9 Hz, 3.4 Hz, 1H H2), 5.59 (d, J—18Hz 1H H1), 5 62
(dd, J= 3.5 Hz 1H, 1H, C6H3), 7.44 (dd, J = 2.2

Hz, 8.5 Hz Prqurre@g[_q?)arva*givq?ger@A[olr_;?ganle @%;tllggdantg _sugh gs ﬁgcorglﬂ ac@69r 14), 7.65
(d, J= 2.2 nhirobitldes idB)as sBrifiSadi®or Benfc . BB, J= 8.5 Hz, 2H, C6H4);
13C-NWR (CDCI 3); 6 20.9, 21.0, 21.1 (4C, 40Ac), 52. 5 (CIIHS) , 62.3 (C6),
66.0 (CG4), 69.0 (C3), 69.5 (G2), 70.0 (C5), 96.8 (C1), 117.4, 126.7,
126. 9, 2829 The ptaddnbinvdddnTelaRe, fur?lﬁfrm@re {34 mbthbd fdr3Re Arel/bitida én,d tAehEmént of
(Ar-C), 151. BFé@r- C), 167.0, 169.9, 170Q.0, 15170. 2, 7(%. 7 Sé‘for) ; ESI - M5
cal cd. for aJHpEHE SpNIE corBRiises admiifring & compoiing of Torpuig () ortd
C28H29C101 Bhafmaruiidally Idcéep‘i?éiole Eatmdrcof, Mhefén thd rhdR3ls aﬁlﬂ%@rﬁibelslﬁve Mgt hyl

iyl- gtze:g( gb)?néa%%&%ag a?p@(}/at@pvg ormm?mlﬁg% ?tg]gs lta\gtﬁy\ﬁffﬁ{l_vgglgglrngtbslalJ]&leseA'tocar bo
4- et hoxycarmblsb@éwémgn@qmna@s@br(t%latm*gnt Phd EompBinds of &MU (DR ®eat e
(91 ng,. 0.28 mmol ) and Pd(PPh3) 4 0. 006 Mol %qll n di oxane (1 n)

accor dPRg @Swmﬁe@ﬂ&é&vﬁ? “F%ect?é& '@J?ﬁ?r%l"b ofpharfpacaulica! GaaPPElioNs i f| ed by

flash chro la@fiéilly OP gleF e ticalIf frefol 4t ACa amdurtt efféctive Bhainet e ehid 6b (41
749% a?%“’%.te gol id. @25[1 %2%@ }O n% )el_ 0. 98, ?:H ?'3%W1H INNR

ng,

(CDCI 3) : 6 Jisegges; 40 a wgrmeglpoded singaly Qgexagp,;ple n, Feqiifing suchsireatgpl In 3 g7
(s, 3H OCit case. cﬁén(nﬁﬂlwad'él hbblﬁg af&oaﬁhelgﬁt @%béLﬂCVO kb tFre aa@/ dl'dise ahﬁlﬁstbl?ed 1H
HBb), 5.3 (t. J=10.0 ot 8 L

(m 2H H 1 W?Ppro?“”ﬁ?fe%@cm g toappr |rpately81 qr&fera_p,h( frqulquroxwaje‘lyprgS gziq
C6H3) , 3@ . 4bpbv‘b.xm?atel9f0 P4\ BB combotind othElbreséht intéitiod4) , 8.02 (B, B of

AA BB, J = 2.2 Hz, 2H C6l-14); 13C NWR

The following Examples serve to illustrate the invention without limiting the invention in its

scope.

35



30(CDCI3); 6 20.9, 21.1 (4C, 40Ac), 52.4 (OCH3), 62.2 (C-6), 66.1 (C4),
68.9 (C-3), 69.4 (C 2), 69.6 (C-5), 96.2 (C1), 115.7, 118.3, 129.4,
129.6, 12908p111@2118 (8C, 7Ar-C, Ar-C ), 133.2 (Ar-C), bedm241bnedds), 143.4
(Ar-C), 155.8 (Ar-C), 167.1, 169.9,35170.1, 170.2, 170.7 (5C=0): ESI-MS
cal cd. for C28H26CI 012 M+Na]: 615.1; found 615.2; Anal.: Calcd. for
C28H26CI 012: C 56.71, H 4.93; found C 56.59, H 4.94. WO
2011/ 07311 F@MA8$010/ 069436 42 Exanple 11: Methyl
-(2,3,4,6-tetra-0-acetyl - a- D mannopyr anosyl oxy) -3', 5' - di chl or obi phenyl -

carboxylate(GC 5¢c (50 ng, 0.09 mml) is treated with

4- et hoxyc%@@@l boronic acid (19 ng, 0.10 nmmol), cesium carbonate

(85 nmg, 0.26 mmol) and Pd(PPh3)4 (5.1 ng, 0. 004 nmol ) in 5di oxane (1 ni)

according to the procedure for 6a, Exanp . The residue is urlfled b%/
26

flash chr o@“HB‘?FQEHXIa(%‘@?'ﬁd?%&ﬁﬂt%‘f"ﬁ'@rg%‘fr@%d frgmFlyle, é\'dS'C'i‘)M?'@ yAPE: eD

gy, 309 a%rﬁlfﬁ‘l‘i\'e&@r Méﬁﬁno[\ﬁiwrl (ﬁst(ll@tlon ftod QodihChéthoxidé! Diofortdthahe: 6
203 (s, 0AC), 2. 17 (s, 3H,  OAC

(2s, 6H, 2 AC% cl. 3.92 (s, 3H
ocHB), 4. 1éCUa%I2)VYPSdZ'eé byfiltrafion shrppgh i@Ps (Eligq) basic:2505-Bd5 mphTokiepe mas 12 4
Hz, 1H, H- &agdb d?sﬁlla(tiéﬁqir»onﬂsod?ur@/bbﬁzoi)ﬁeﬁodéz 10.1 Hz, 1H H5), 5.40 (m
2H, H1, H4), 5.61 (dd, J= 3 ., 10.1 Hz, 1H, H3), 5.80 (s, 1H H?2),
7.55 (s, 2H, O6H2), 7.56 (A, A of AA BB, J= 9.5 Hz, 2H, ©6l-14), 8.09 (B,
B' of A& B@ptwél#o&h@nd’%are%as@@é’d‘%t 20@%%4«%89 3416p619nr9ete2\1ntl9a p%t‘h 1
(40, 40Ac), 52.4 (OCH3) (0-6) , (&4, 9 (0-3), 69.5 (0-2),
71.0 (0-5) lengdyoisT dm. @?”Cei‘if?t'cins(azeg'vﬁmn @)1 Oﬂ‘is 1 (20 2Ar-C), 15129.6 (20,
2Ar-C'), 130.2 (Ar-C), 130.6 (20 2Ar-C), 138.6 (Ar-C) 142.3 (Ar-C),
149.4 (Ar-C). 166.8, 169.9, 170.0, 170.1, 170. é . ESI-MS calcd. for
028H280120 I} fRRelje Werg blaingdpma Beuker Avange00. Uliraphigld SPS?”%@%WZMP%J?Z C

23 60, H 4. I\ﬂ?z §[ H?Uﬁf@@?@@ll—@Q”Cb" Cﬂwe’%ﬁcal%ﬂﬁé%@bleeﬂ-% p;:M?Iarh'd/Were calibrated on
etra-

%%j D~ mannopyr an %% Fﬁ‘fQ | or o-

bi phenf}f5 4%%?%?9'?’%&"@3? 9”%@?’%*‘%@””@ in ')Stqnga'idr &/Mt@amvﬁwe

4- met hoxy c apbei & (uirl i (§oasie 8 Hald | &gt e
(35 T, B Sl S e B B o e ey T e

accor di ng tBUIREDASIGYTEY Of Hie G'eﬁ‘”dEx%w%s@eCtFPH’éasr feyge U F'§9§@rméﬁh8@5 by

25f 1 ash chroostogisad)y (petrol eum ether/EtOAc, 5:1 to 0.5:1) to yield 6d
(24 nmg, 28% as a white foam 1H NWR (CDCI3): 6 2.03 (s, 3H, QAc), 2.05 (s,
3H, OQAc), 2.06 (s, 3H, OAc), 2.18 (s, 3H, OAc), 3.92 (s, 3H, OCH3), 4.08

(m 2HpoH Mlcﬁaﬁéﬂ)’ses‘w&g (aﬁfﬂnmehratfih@DbBartrﬂé’nt‘bf tﬂhemﬂslrﬂy lbhl@@f)sny 5f Bebe(t, J=
10.1 Hz, 1H, H4 1H, m 2H H-

, 9
301, H3), S?"""Z‘?E”% E§Hma PQeloir)a Wefe é‘%Por‘éedl%" TW ators’ ”Hﬁ"é? ss %Q 'B?t YReis
8.5 Hz, 4H Hugﬁ}eséﬁlﬁlon ha6s DRt W&eb btairfedp dh ESIBAkéSaltoARARIcrCTDFS ( OC|'|3)

62.4 (0-6), 0-4), (G
spectrome er eduipped with'a TOF hexapole detector.

25  Microwave-assisted reactions were carried out with CEM Discover and Explorer.
Reactions were monitored by TLC using glass plates coated with silica gel 60 F,s4 and
visualized by using UV light and/or by charring with a molybdate solution (a 0.02 M
solution of ammonium cerium sulfate dihydrate and ammonium molybdate tetrahydrate in
aqueous 10% H,SO,) with heating to 140°C for 5 min.

30
Column chromatography was performed on a CombiFlash Companion (ISCO, Inc.) using
RediSep normal phase disposable flash columns (silica gel). Reversed phase

chromatography was performed on LiChroprep®RP-18 (Merck, 40- 63 um).

35 For the preparation of compounds of formula (1) wherein R’ is 4-methoxycarbonylphenyl

or 4-carboxyphenyl (Examples 1 to 21) the following procedure is used: Glycosylation of




3), 69.2 (0-2), 69.7 (0-5), 96.3 (CG1), 116.9 (20, 2Ar-C), 129.7 (20,
2Ar-C), 130.1 (Ar-C), 130.3 (20, 2Ar-C), 133.7 (Ar-C), 135.4 (20,
2Ar-C ), WwOboR/7An2C ), 155.5 (Ar-C ), 167.0, 169.9, 17@CIL/EPL¥I0/08943d70. 7
(50=0); ESI-MS calcd. for C28H28C1201®[ MrNa]: 649.1; found 35649.1; Anal.:
Cal cd. for C28H28CI 2012: C 53.60, H 4.50; found C 53.74, H 4.52. WD
2011/ 073112PCT/ EP2010/ 069436 43 Exanple 13: Mt

- (2, 3, 4, Giftesert hatpogpale Phenals fadhwl NEWCQF%%‘W'B‘%{%{ e A (oRtRingkle HprGeM218d car bo

xyI ate (6e)y- D5@ar(n%ﬁ§raﬂ83|d@1 60 serelive de%cbfy%%bﬁ’fbll%b@ by condensation of 2 with
4- met hoxycar bonyl | boronic acid (143 ng, 50.79 mmol ), cesium carbonate

(645 ny, 1twlq+fﬁ%ﬁt9>m%il upgierHiens acid gatalysigglives s mannesyiaterhpnyibalides 5ed ni )
according t(gcﬁé?ﬁe p)re%%lf@ch%e% |n%>fam.@g gauazﬁmm 6£§Iy£lébeSuz°ukpéUu'pf| Gge%é)y
flash chronat ogra Pg pet rol eum et her/ to yield 9e (179
ng, 46% aé“%‘”@/ﬁ!!'@téd amyIhglidpppa$end §- m%th&xmawnyldlmyﬂaoromwwﬂ/ﬁrq CDCI3): 6
%)AS)S (g 9:23%?2\@?‘@1 un@ept%lc(“&mav%%on@ﬁ@ﬁs to tﬂ@ggraos%béﬁtute%%lpr@ﬁ&?% 6a2d é@%h@ﬁe ?dd
J= 5.8 Hz, and tqthﬂzmet@ﬁu Hﬂ%}* b' eBW'S@?'f (3@61709%) ﬂ@mpswndalaw' (8@631'3910§n 1H,
|(""52) 1H5 602|_7éem(Sgﬁfémébﬂ-are%b@medn?_)é@erﬁﬂgm délprogelztlén %:poﬁlfl&tﬁﬁ:ofm%mgﬁ?) 7.42
of AA BB, este r%f'rza"wﬂlvearme giium 3its &%bi&ﬂ%h@n(ecﬁ@r@)% fa(SQbenﬂe’ZZO 9, 21.1 (4c
40AC), 1B2. 4 (OCH3), 62.4 (0-6), 66.0 (0-4), 68.9 15 (0-3), 69.5 (0-2),

70.0 (0-5), 96.7 (C-1), 115.9 (Ar-C), 122.9 (Ar-Q), 124 5 (Ar-C), 127.1

(2C, 2Ar-C) 129 7 (Ar-C) 130.4 (2C, 2Ar-C), 131.2°A e 140.2 (Ar-C),
144.0 (Ar- glofg Ar-C) 166 & 170.0, 170.0, f?A 0.7(5 C=0);

ESI - M5 cal c 8H26CL1Q 1 W] 615. 1) found: 615.2. Z20Exarle 14:
Met hyl (2 3 4, 6- tdatrgco acetyl _a- Fi}mamnopyr anosyl oxy) - bi p yﬁ_—%;
carboxylate(6f) 5f 01 mml) is treated with =

4- et hoxycar bonyl phenyll-lboronl c acid (21 nmg, 0.11 mol), cesium carBonate
(93 nmg, 0.29 mol ) and Pd(PPh3)4 (5.5 ng, 0.006 mmol) in dioxane (1 nl)
according to the pBocedure for 8ad Exanple 9. The residue bsdpurified by
25f 1 ash chromat ography (petroleumether/EtOAc, 5:1 to 0.5:1) to yield 6f
(29.6 ng, 56% as a white solid. [a]D2 +69.8 (c = 1.01, CHCI 3); 1H NWR
(CDC13): 6 2.02 (2s, 6H, 20Ac), 2.04 (s, 3H, OAc), 2.19 (s, 3H OAc), 3.92
(s, 3H, OCH3), 4.0%° ogH, H5, H6a), 4.26 (dd,H? 5H5 Hz, 12.2 Hz, 1H,

H-6b), 5.36 (t, J&AX Be, 1H H4), 5 46 (dd, %5 , 3.5 Hz, 1H,

H2), 557 30u(dd, J= 3.5 Hz, r10.1 Hz, 1HgH3), 5.60 (d, J=1.6 Hz, 1H
H1), 7.10 (dd—3= 1.6 H2P K Hz, 1 H G8F=*4), 7.31 (&; . 1H,
C6l-14), 7.35 (m 1H, C6l-14) J7°38 (t, J= 7.9 Hz, 1H, CBH4)7.63 (A A
of AA BB, J= 8.5 Hz, 2H OBM21 .08 (B, B of AA BB, 2H,
C6H4): 13C-NMR (CDCI 3): 6 20. 8, % .1 (4C, 40Ac), 52.4 ( ng..4
(C-6), 66.1 (C4), 69.0 (C-3), 69.5 (C 69.6 (C-2), 96.1 (C1), 11575,

116.3, 122.2, 127.3, 129.5, k3.3 35(9C, 8Ar-C, Ar-C), 7dd.F@=CA-C ),
144.9 (Ar-C), 156.2 (Ar-C), 167.1, 170.0, 170.2, @0.2, ..

Scheme 1. Synthesis of the para-series of biphenyl mannosides. (i) TMSOTf, PhMe, r.t.,
5 h; (ii) 4-methoxycarbonylphenylboronic acid, Cs,COs, Pd(PPhs)s, dioxane, 120°C, 8.3 h;
(iii) NaOMe, MeOH, r.t., 24 h; (iv) NaOH/H;0O, r.t., 24 h.

15



WO 2011/ 073112PCT/ EP2010/ 069436 44 170. 7(50=0); ESI-Ms calcd. for

C28H30012[ M+Na] : 581.2; found: 581.1; Anal.: Calcd. for C28H30012: C 60. 21,
H 5.41; fwondii®75Q278, H 5.48. Exanple 15: Met hyl PCT/EP2010/069436

3' -chl oro-4'-(a-D mannopyr anosyl oxy) -35i phenyl - 4-carboxylate (7a) 5 To a
solution of 6a (764 ng, 1.29 mol) in MeOH (20 nL), 3 M NaOMe in MeOH (110
4) is added. After stirring at r.t. for 24 h, the m>%ture is diluted with
MeOH (40 ni), geutrallzed with Dowex 50 x 8 (H), flg Ei@oand concentrat ed

i n vacuo. ThgC e is pUI‘ILI ed by, reversed- phaseA ogr aphy
(wat er / MeOH, Lo 1) tq yre a (69 my) . 12% as a whige solig.
10[ a] D20 +97.4 (c = {. 0%, MeO NVR (CD30D): 6 3.64 (m 5), 3.72
(m 1H, H6a), 3.78 (?[fz H 2, H-6b), 3.91 (s, 3H, 00H3), (dd, J= 3.4

Mz, 9.5 Hz, 1H, H-3), N 11 (dd, J= 1.8 Hz, 3.1 Hz, 1H, H 2§, 5.60 (d, J=
1.1 Hz, 1H, H1), 7.46 (d, J= 8.6 Hz, 1H, 06H4), 7.58 (dd, J= 2.2Hz, 8.6
Hz, 1H O06H3), 7.6% (A, A of AfeBB . J= 8.4 Hz, 2H, o06%eta), 7.72 (d, J =
2.2 Hz, 1H, 06H3), 8.08 (B, B of AABB', J = 8.4 Hz, 2H, 06H4); 130- NMR 15
(CD30D): 6 52.7 (OOH3), 62.8 (0-6), 68.3 (0-4), 71.9 (0-2), 72.5 (0-3),
76.2 (0-5), 100.8 £L~1) 0acll8.7 (Ar-C), 125.58 (Arxo )0H127 8 (20, 2Ar-0O,
127.9 (Ar-0O, 129A<9> Q) , 130.3 (ArcoGre), 131 3H Ar-Q), 136. 4o
(Ar-C ), 145. Ar“é@% 168,.4(0=0)"° 5T

0201- 1210108[ ]: 447.08 sadd 447, 6888~ 20Exanpl e946: ,

3' -chloro-4'-(a-D mannopyr y| oxy) - bi phenyl - 4- car boxyl & To a
solution of 6a (380 ny, k64¥ mMmol) in MeOH (10 niL), 3MeNaS®e in MeOH (100
ut) is added. After stirring at r.t. for 24 h, 0.5 MNaC]—I (18 m.) is added
and stirring continued fo e;mother 24 h. This solution J ntrated in
vacuo and the residue is purified by reversed-phasg Eg;s rriat ogr aphy
(water/MeOH, 1:0 to 1:1) to yield 8a (222 ng 25800 edf, RifiNee sol i d.

oh oo stabsie 2, SydReqit Bhthe gidiaisbRod clttiend Mool (st pffe 8.5,

1H, H 3) 4. 1 4ii ) (ddmethoxylcadbdry phdhyIbddo Rk aci, @gzc((h;s PdGH’hs)zt-dm)xan?e, 020°Cd8.3h;=

8.6 Hz, 4 7.37 (A, A of AA BB,
J= 8.1 He, ('ﬂﬁQH@ﬂF %&é 394%4]%%"%“%%'&?}13’) 86 (B. B of AABB, J =
308.1 H&, 2H CBI-14); 13C-NWR (D20): 6 60.6 (0-6), 66.5 (0-4), 69.0 (0-2),
70.5 (0-3),.73.9 [ 6,(C . C).. 123.9 (Ar-C), 126.2
(20, 2Ar- XS < Beah, 2Ar-C), 135.2 (Ar-C),
135.3 (Ar-G33 43649erﬁa(d§écét7}hoc-ﬂb5ﬁarﬂqc>(o*9fan@s@ie (11715 @26@1%00!%.5@@ i VA or
C19H18CI NaO8[ M+H] i : 433.0666; found 433.0

2011/ 073112 Eﬁwi@%@?ﬁ%eﬁ% Egmphe “1'?0') r@eaqsiﬂi and the mixture is stirred at r.t.

2" - chl or o- %ndé@ar@oﬁ@ﬁ@@ﬂu@é\&ﬁ%h%)@e #é'a@t"tﬁf%ﬂ(tuﬂe %%.Maﬁ 8th§/l758etat§?$b
sodi um 2' - chl oro-4' - (a- D- mannopyr anosyl OXé@(O enyl-4 car boxyl ate (8b) To
1|Q°(@'9’

a sol ulPon M- Bie pramoicayer ts, washerwi)water ( anddyripe (B xpo &1 MeOH
(35 pl) isadessd lapdit afe SlttaticddNathadthyl abetated® x2 oML 4R tHE ¥bmbRel Srgapid t
(1:1). One part is diluted 5Swith MeOH (40 ), neutralized with Dowex 50 x
8 (Hi), filyvereareshigd QuachiaaSt &be Pﬁ'V%d%E?mOI’ﬁé i paqugadite rrkiling B
rever sed- phagfedhy 68 h\wics Ge M@t whit étﬁblehn%thbﬁ)EhOA@i 1719 1 ny,
86% as a Vrﬂ)ﬁl te H;% lid %@“Z Oot her g|cé)art |gs rrr?g(ed with 0.5 M a(gueousmNgO-l
(6 nL) and 94 @) &cf 80i9%Mmot her 24 h and then concentr at ed in vacuo. The
residugsis purified by reversed-phase chromat ography

Example 2: 2.3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl trichloroacetimidate (3)

2,3,4,6-Tetra-O-acetyl-a-D-mannopyranose (2, 7.80 g, 22.4 mmol) is dissolved in dry
dichloromethane (50 mL). Trichloroacetonitrile (11.25 mL) and cesium carbonate (730 mg,
2.24 mmol) are added and the reaction is flushed with argon. The mixture is stirred for 3.5

20  hatr.t. Removal of the solvent by evaporation under reduced pressure leaves a residue
that is purified by chromatography on silica gel eluting with petroleum ether/EtOAc (19:1
to 1:1) to yield 3 (10.6 g, 96%).



10(water/MeOH, 1:0 to 1:1) to yield 8b (82.2 ng, 94% as a white solid.

Met hyl 2'-chl oro-4' - (a- D- mannopyr anosyl oxy) - bi phenyl- 4-car boxyl ate (7b)

[a] D20 +1W®O.2811(av3Hw21. 02, MeOH); 1H NVMR (CD30D): 6 3.58 fpdudr2diw/iodedds Hz, 5.4
Hz, 9.8 Hz, 1H, H5), 3.73 (m 2H, H3%, H6a), 3.79 (dd, J = 2.4 Hz, 12.0
Hz, 1H, H6b), 3.90 (dd, J = 15 3.4 Hz, 9.5 Hz, 1H H3), 3.92 (s, 3H,
OCH3), 4.02 (dd J-19Hz 34Hz 1H H—2)555(d J-17Hz 1H H1),
7.17 (dd, Sxampi 34A-Bromo-24ehion ' 205 -D-0anspp SENYN

AA BB, Ny )
1. 14 19}%\'a53t|"7e85§‘ﬁt|o%#2 %344)6 t%@&yl @D 91%01_4&% é)gyl*%trl(zhol(_ﬁ'aéetmdaté'd 0-2).
b o) 1538 a7 60BN, 100y GV brcine ST asheanl (8301 30 013 D BIa28 21 ( 5L

(- 168 o3y g dueL Aol OO 0% d S RAPL S e b fodeg g

447 0828. Doefiwiga via syringe. The reaction is stlrred at r.t. for 5 h and then diluted with toluene

"-chl oro- C
a6 (o <15 i) EReIRRM RIASHLSNNA s RERaeh SRR ) (Rp) oM g
m ﬁ 3255)sep®aw gneh th@ puaeus layar Begxtriacied with4ologng (o 13 mL3. Thetgombined HzH
)7 s TS lery 3o frich gfep NSO Lha eabiratda vl (the i ABiiad "
A of AA BBy flagh dl@ﬂ@tquapfwwpetcﬁqum@)herlﬁt@@c (18;1 1. @ﬁ)t&A{@BSa (§B8mg.. 835%-)2
2H, C63p14): (D20): 6 61.2 (0-6), 67.1 (0-4), 70.4 (0-2), 71.0
(0-3), 9 7 (C1), 116.3, 118.8, 129.3, 130.0, 132.7 (7C,
7Ar-0), 132@]82°(FA®6@)=043DMI8 {[FANMB (GDQIR55 9.0As.-38,)QADAA08 (§, AH, OAX), 155. 9

455 ok, - 2l ot Bash TRk Sy Bl R Ve ah B YL M iy PP RPtadbioune

3", 5' - di chlJor 2741z 6 Hx, TehHopii,ahos s - br |5mel1‘lgll1-242 Har btotyba) 6.35(7c)=  To

a sol ution 191 }gg(}('_?%?%)grg 493 3t AP o) 5%@9&" 192’111% 103 M W'Mes)s'?gg/ﬁu,t od

(40 [tL) is adé I'frihg at r 24°N he m Xt ur
with MEOH (J208.81Hz, 16N6sH1).a1.3¢ G, W—t2h4 B@v\&ﬁ Ha-com 8sHahi 7).53 {d, Ut=el.¢ tizahid,

chr omt ogr sk CEaTHR (GBRT) SR8 5| P A TR S G PR CaL 68 i « o
;al i El_ 6<[31a] EG%)QB) 9(%—6) :91;6]9 @IL‘,I:) WEQBD(Ar-G:lz'I NgR (A(Bmgfl)S 7 (Sgri-ﬂC :Y))QS(I@(ArJC))):ﬁ?’ SSHL
cin 0% STaPEL ol ey 160.9, 170D, g g o 4o s B i ros Cimrcly

H5), 4.34 [I(/IdNaTJSSQLO Golnrd 559.04; Aal.: ¢hlcd HoRE,HSBASIOH C d4=67,.H4 H2; follhtl CH- 1) ,
768( ﬁ’ﬁfﬁ J= 8.7 Hz, 2H, O6l-14). 7.69 (s, 2H ©8l-12), 8.05
20+ AféO@B 8.4 Hz, 2H, CBl-14): 13C-NMR (MeOD): 6 52.9 (OCH3),
626(0 6), 679(04) 72.1 (0-2), 72.3 (0-3), 77.0 (0-5), 106.4 (C 1),
113.0 (Ar-€ ). 1282 (2C_2Ar-Q) 1291 (2C 2Ar- Q). 130.9 (Ar-C)  131.1
(ArC) 132 '4 3-chl 6 3 { 0. t D 2 e

éﬁﬁ mzjl(g o) caﬁ%ayﬁd@qb@@imgf 2536208 nsa%leoqg.&wmo 4B nof @BNebsHas, 0430,

2', 6" -dich I%T%mmol)@@d DMRARIAY meh 8P Bsp ibiopieanyd M) aasaseing taihe procedyre

25 for 5a, Example 3. The residue is purified by flash chromatography (petroleum ether/
EtOAc, 19:1 to 1.5:1) to yield 5b (580 mg, 59%) as a white foam.
[a]o® +76.9 (c = 1.00, CHCI3); "H NMR (CDCls): & 2.01 (s, 3H, OAc), 2.02 (s, 3H, OAc),
2.03 (s, 3H, OAc), 2.17 (s, 3H, OAc), 4.01 (ddd, J = 2.3 Hz, 6.0 Hz, 9.8 Hz, 1H, H-5), 4.05
(dd, J = 2.3 Hz, 12.2 Hz, 1H, H-6a), 4.25 (dd, J = 6.0 Hz, 12.2 Hz, 1H, H-6b), 5.32 (1, J =

30 10.1 Hz, 1H, H-4), 5.39 (dd, J = 1.9 Hz, 3.5 Hz, 1H, H-2), 5.44 (d, J = 1.7 Hz, 1H, H-1),
5.48 (dd, J = 3.5 Hz, 10.0 Hz, 1H, H-3), 6.87 (dd, J = 2.8 Hz, 8.9 Hz, 1H, CgH3), 7.26 (d, J
= 2.8 Hz, 1H, CgHs), 7.50 (d, J = 8.9 Hz, 1H, CgHs); "*C-NMR (CDCls): § 20.9, 21.1 (4C,
40Ac), 62.3 (C-6), 66.0 (C-4), 68.8 (C3), 69.2 (C-2), 69.7 (C-5), 96.2 (C-1), 116.0 (Ar-C),
116.9 (Ar-C), 118.8 (Ar-C), 134.3 (Ar-C), 135.3 (Ar-C'), 155.3 (Ar-C'), 169.9, 170.1, 170.1,




20To a solution of 6d (51 ng, 0.065 mml) in MeOH (10 nmL), 3 M NaOMe in
MeOH (40 [tL) is added. After stirring at r.t. for 24 h, the mxture is
di | ut ed wwohoMa0OB11€20 ni), neutralized with Dowex 50 x @cgHirro1ofosd48er ed and
concentrated in vacuo. The residue is3purified by reversed-phase
chromat ogr aphy (water/IVEOH 1:0to 1:1) to yield 7d (29 ny, 77% as a white
solid. 25] a]7D20 +96. 7&é = 1.01, NEOI—% 1H NWR %CD30D) 6 3.
H5), 3.70 (/7 GAONELI-NP galpd foy CeglaBREIOp [M+blag: p61.07found 5&1 Oma' I—pé'b‘ﬁ*
3.85 (dd, ~?or~cz§H%Bk§©1o9c514'#7 H1J:'12 'T'b@ad 03149739 954163"' OCH3) 4.00 (dd, J=
1 8 Hz, 3. H H1), 7.28 (s, 2H,

12) 7.31 (A, A" of AA' BB, J-83Hz 2H CGI 14), 806(B B' of
AA BB, J Ex%m%lel‘g% Igﬂdmo@b Moro%ﬁy%ﬁ‘r(ﬂvﬁ@@@ a@et?lzq% &Mran@gldé (éé:f 6)

683(C4) 71.8 30 72.4 (CG3), 70.1 100. 6 118"
Ar-C), 330 CK)”(FZIDmdQABOQ))ng 183. nlle)\IS-t@a)ed wign4 ‘DFC(FQQZZ 62d\¢hlolpph@3$(® 620 - C)

o coo1- 1356008 TRNAT "M TAAL me Bt dEgh iphsn Wt GbcoMing BHES et e

2011/ 07311 2PERAERI0N 37,6208 A HEXRHNSIsF0Tiak PN Gash chromalography (potroleu
hl 7 d
ohi oo R Oﬁ@@&%ﬂ%ﬂtﬁﬁ).&é& éb}sg@nﬁboz,g Canppydaate (7e) an

SOdI um 4' - rano -4-carboxylate (8e) To
a solution [®1E>2°668 LA6F NGy, GHAB2 HTNM@(GDCINESJELOGJ(G 31'L)QA<8M B VBH, @AVROH (35

1] d { 4 h t 1
ane pan? T 0 e Haaft B BB 1 Mo, 38 A by Tl fe P ol Y-
(H), fil t er Bt Hantl. édﬂ‘zcéHt Hefbpdt.6h(ddecdip 2.2THe, 5.@ $izdU@2iHgz, pir H5) 683D(d, J =

d- hy._ / L dyf
675 aer s Fe TR SR (9SE! MO, 350 AU oy Bt e gy
(2.8 nl), $t15@ddJEQ0 Hn@. betz, P4, +H+233,r7d46 seRHCogGEta- ammj(@mcw)awe 9, Zhe,

L7 0 T T I 6 T BRI

- chl 050- 317 (G4 8B.0R1B2ONYIHAIZNSE| OANTY, Hi6pIeNFOLo A+70ar, BRI (ACO(; 7@ NRLD26,

1 (m 1o GO by %4@@35% el Btoafir iy @?%H

H3), 4. 16|-(gid0 féumd &.42. HH3.78. 2 Hz, 1H, H2), 564 (d, J= 1.5 Hz,

H1). 7.36 (dd, J= 2.0 Hz, 8. 3 Hz, 1H, OBH3), 7.51 (d, J = 8.3 Hz, 1H
C6H3), 7.70 (d, J = 1.9 Hz, 1H, C6H3), 7.77 (A A of AA BB', J= 8.4 Hz,
2H, C6H4), ESadid&.4-BronRf3 Mlcﬁﬁ)roph%ﬁvﬁz,é,d'@tetraf@ abétd)- D rﬂagt@rdwl%n()g@g(@@) 6
52.8 (OCH3), 62.8 7% 5 %O o),

0-4), 72.0 (0-2
101.2 £& 1)C0nippﬂné(3((§&9%®p 1§ésmnzolé Kriregfed wig‘54@)rqm9 é(}lchlqr?BthCW@ SAr-0),

130.6 (Al 45. 8
(Ar.C § r 1?1 g%i%n'%l)(a%gﬂ\%'fﬁ)m m790@93113 rﬁm()t‘)\"ﬁ@uenég‘%nﬂ; 8?&0{%%:10% MiNa]

447 0823: oERasdUrefor @gfyan‘g&ﬁ rhe reS|due is purified by flash chromatography (petroleum

- chl or o- %the(r/@‘[@AH&@“pféyf Qﬂﬁ’/ﬁR)V}}léléfﬁh (%PH@”ﬁ%ﬂa§§mﬂéYda@ﬁ e (8e) [a] D20
+1083(c—100 H20) 7 (m H5, H6a, H 6b),

4.11 25(dd, [al3®+786. 320|=|z1 OQ} GHG); |'1N R—LQ@CEMS 2:@2((‘953"' 94\0)1-? 04 (2956592@%0) 1H,
H 1), 55242(%(s33|=r @A@) %b‘émC@th 5)74 6‘6’(&0%—12‘& H‘Eﬁi‘@z Hz71|42H16<3) 43%5 Gy 1H,
c6H3) , “7. 57 oH, CBHA) AA' BB' |
T2 1 Lo CAd Mook oA Nefk) BB} 6 180 94,16 iy d). 68BEH51.9 69 58 HG: 3

(%543 gude %2%95?& GRS s By Eabg) “Cieli¥ 2Gd c08Bd )
139. 9 (Ar- (B0GQAC)1824 5CHEAGES |G- 415& 700QBA690 [G-2)1 BS.8ACKE)=00.3 (BROME 7cal cd.
for CLOHIBCANAOBEMsHA 8 (6C, 6Ar-C), 170.0, 170.1, 170.7 (4C, 4C=0); ESI-MS calcd. for
30 CaoHxBrClOs [M+Na]": 595.0; found 595.0; Anal.: Calcd. for CooHzBrClOq: C 41.98, H
3.70; found C 41.64, H 3.69.

Example 7: 5-Bromo-2-chlorophenyl 2,3.4.6-tetra-O-acetyl-o-D-mannopyranoside (5e)

Compound 3 (900 mg, 1.83 mmol) is treated with 5-bromo-2-chlorophenol (4e, 455 mg,
35 2.19 mmol) and TMSOTf (41 mg, 0.18 mmol) in toluene (9 mL) according to the procedure



433. 0666; found 433.0665. WD 2011/073112PCT/ EP2010/ 069436 48 Exanpl e 21:
Met hyl 3' - (a- D nannopyranosyl oxy) - bi phenyl - 4- car boxyl ate (7f) and sodi um

- (a- D- meonropyu7anesyl oxy) - bi phenyl - 4- car boxyl ate (8f) pCo/ER2@0losd4son of 6f
(195 ng, 0.349 mol) in MeOH (10 ni),403 M NaOMe in MeOH (40 [tL) is added.
After stirring at r.t. for 24 h, the mxture |s spllt (1 1) One part is
diluted with 5Me0H 830 n), neutrallzed wth L@flltered
and concenf®R% GXPRPIEat (58 rasilie s ltitRd t?ysf'%nrcf‘fqnéﬁo%?pﬁ‘)tﬁp redhert 0. 2%

HCOOH NbG\IEtoﬁCZ%HféODBH)%ﬁelasbgGéMﬂg Smywédmﬁéfda% ny, 52% as a white
sol i d. The,,other part is mxg M aqueous stirred

for anot helolpZ *A2-2rda =theh CHrivent NM‘%@QQSN%@ (s 71He Q’%‘%‘)i %é@ C §Hp%0?| ed by
rever sed- DW(SCWWR&)OW@R@G#@N@WM te O, H-50H162), 4. 36 (dgOu ¥ieed Az8f2.{ 51. 9

rrg 75‘;/% as a white solid
- (a- D mahifopliir Hrd3ya- &Q)Jbﬂﬁﬁéﬂ%ﬂlﬂ‘hl‘b@r BdR\Matl: 7 Y1-3)apBe M+ 7. id-3.c =

0 96, MeCN/ 451 7
5 61 (m 17H?42£dd J )21 ﬂi'z" é\B/Hz( W%%:géi;z@(n{f 14 cgmihﬁkb (#ﬁﬂh’)ﬁz 1H; @?A
1H, OH6), 3£5NMFQ( %la) f.i_ 9le1 3)4C 4 @8c)( B34 (@1@) a6 2(-5 4), $3F(C3.H9. Cifq? 20—!— 2)

284 (A AN s ‘>d1?80’%w70?1'a@7<sé%12@% R 2 e
5 e hic)o2 Ch A0 AT 4 DVBIO.AIE, 96-62. @I(mmqaood B1CEHLB Y 66, 7
Egr 4)C) 15023Mm?ﬁ)5%79 f%ﬁfoel (%én%b S%ﬁf}) ﬁ %(<§\611)c:)441§75§4147(1?' 86??1%&116 °

130. 2 (Ar-@p,18140t.21.( Ar - 20C) 144. 4 (Ar- 156.9 (Ar- 166.0 (C-O)
HR- M5 cal cd. for C201-12208[ M+Na] : 413. 1212 found 413. 1217 " Sodi um

- (a- D- mannopyr anosyl oxy) - bi phenyl - 4- car boxyl ate (8f) [a]D20 +76.0 (c =
1. 00, H20) ExhMpN\VR 3 BMaphén8 27334, 6etratB-addivi-o-Dinmannbbwanodidetisy), 4. 09 (d,
25J= 7.6

H H 1H, . H- =
o e S Cogiounds g0 igh 788 adl) s tidafed i SbdiRoqnnty (@ 3rg nfg, Vrglimon)”
6l - 14)15 7 .26d TMSOH (4thng°A1BBnmol) méto&l\c}ge I(%rzn(l)_Z bccdufihg Yo thé. p?idoe@Bre Bt 5af
AA' BB 1-14):..13C
50 6 (C ) Exampl dhbiresiis & g Sy B Aandthorihl StbiRieSTEBAE T o
121.7 (Ar- (ﬂ)151@609|e(d25I(64253~mgC)0%l2é9aﬁ/h(tétban2Ar 0, 130.4 (A-Q. 135.5

Cal od. for lGreReRIGa MR Sebd! MR ns o s3ds thboARA 0315, BFcagnat on-

of conpounds18fs, $laronER4 0B)mWbET Bi5) HRSa) £.28{dd, Iropheryy 2 8z, 4H, H-6b), 5.32

tetrazghyl phemyl, § BSafw! €9, 3% A&, 508 J AL 209, Brass Bt d S USEEE 1
1), 5.50 (dd, J = 3.5 Hz, 10.0 Hz, 1H, H-3), 7.00 (ddd, J = 1.3 Hz, 2.3 Hz, 7.9 Hz, 1H,
CeHa), 7.15 (t, J = 8.0 Hz, 1H, CeHy), 7.18 (dt, J = 1.4 Hz, 7.9 Hz, 1H, CgHa), 7.29 (t, J =
2.0 Hz, 1H, CeH.); ®*C-NMR (CDCls): § 20.9, 21.1 (4C, 40Ac), 62.4 (C-6), 66.1 (C-4), 68.9
(C3), 69.4 (C-2), 69.5 (C-5), 95.9 (C-1), 115.7 (Ar-C), 120.1 (Ar-C), 123.0 (Ar-C'), 126.4

25  (Ar-C), 130.9 (Ar-C), 156.4 (Ar-C), 169.9, 170.1, 170.2, 170.8 (4C=0); ESI-MS calcd. for

CooH23BrO4o [M+Na]™: 525.0; found 525.1; Anal.: Calcd. for CyH23BrOq: C 47.73, H 4.61;
found C 47.81, H 4.56.

Example 9: Methyl 4°-(2,3,4.6-tetra-O-acetyl-a-D-mannopyranosyloxy)-3’-chloro-biphenyl-
30  4-carboxylate (6a)

A microwave tube is charged with 5a (720 mg, 1.34 mmol, 1 equiv), 4-methoxycarbonyl-

phenylboronic acid (289 mg, 1.61 mmol, 1.2 equiv), cesium carbonate (1.31 g, 4.02 mmol,
3 equiv) and Pd(PPhs), (77.4 mg, 0.067 mmol, 0.05 equiv). The tube is closed, evacuated
through a needle and flushed with argon. Dioxane (15 mL), already degassed for 30 min

35  and flushed with argon for another 20 min, is added. The closed tube is degassed in



Schenme 3. Synthesis of the tetrazole 11. (i) 4-cyanophenyl boronic acid,
Cs2C33, Pd(PPh3)4, dioxane, 120C, 8.3 h; (ii) TMSN3, TBAF, THF, 85C, 2 d;
(ii1) NaONb,20MaOBi12r.t., 24 h. 5 Exanple 22: PCT/EP2010/069436
4'-(2,3,4,6-Tetra-0-acetyl -a- D- mannopsr anosyl oxy) - 3' - chl or o- bi phenyl - 4-
carbonitrile (9) Corrpound 5a (60 ng 0 11 rrrml) is treated with

4- cyanophenﬁl boroni ¢ acid , .cesium carbonate (109

0.34 ol ) UHRFORE LRBHEY 45 (’H‘ é'“ﬁ'bed @%D\H'tfhﬁiﬂo)‘ f?rr?olfﬁ'”cﬂ”@%ﬁ@sqdztorﬂl'frowave
accordi ng feadiftRniit acRdusIRdf teMmpaturésanm e 8r 5o“t'imnr $ﬁé dueems Supofdtedlinby

flash chromat og r rol eum et her/ E ield 22

o B55h . SuB TPty a espiaY PO OA), BathadAE no R Bty 6
2.02 (s, g‘NaQ’@) ,and- c@ﬁcérﬁrate’iﬂn vEARD. Thé r&ideSis p@hﬁeo%cf)ash%h%ﬁna(@graﬁw OA\C)
4.08 (dd, 415 (ddd. 15J= 2.2 Hz.

H
10. 1 Hz? 1Hpetplepm eﬂl‘ed?tQ/ﬁa“ﬁO G5:1) fﬂzy'g'fiﬁaé?’?ﬁz glﬁ%)r@%%yvmt‘sfc@g“ (t J—
Es)l H% 25*[&]84%6%3(5 =930, @HClQ) wNRAFi-g:Dés)?s big3 (é&' 6H+zé)Ac) 52 ﬁé (é BH Zhic)Hl
c6H3), 7. 6@ %OA(S 2, %C)M9§BS 3H 00%5)54 @%iddzm %"1211@3"'? és'zl *('r@a) J4—172(n2 Hz,
1H, C6H3), Ezs'%dd Qf = MrBzBm 3% aH4H|:§b2 @kbét%%besﬂ@th& Gl 3y 6
20. 9, 211 4C4421622é) g 69.5 20(C 2),
70.1 (C- 5) J 96941z 84z, 1th H- ?A'z|9 (@M 1181HZMler1)C§'>6 1@[@»@—?@%2 194517
(Ar-C )g 13@ B- é)AWE)(s 11—?66 N 2G4 (&ﬁUQQ HZ 8. 55H£ AFH@)Hs)lﬁ%?gA(@%fAﬁ?s"g 0,

135.4 (Ar-C
(4C=0) : ES|J1&5<H%| 8H 'zb«f) 7&5&4@@@4\@&@ M‘%@‘] 8ifp(B1 B 9%8558(2 85 Henal .
Cal cd. for Gs@lqz;l,@ [ N
2.32. WO 22(9_’2L1f0‘g’3112PCL?'/ 2610/ 069436&%6 1%!% EQA(J %E'%CtO%HS% 625 (d‘b)‘}Gg.@
5-14' - (2, 3,4 46r6|99@(%3®5@cfe@2% 500(@aﬁin%§r(@ﬁ¢s1ﬁl7cﬂm¥6§ 190t 23-Dilghenyl - 4-
are added 9040 00 00T rabl 0T Gaai )P PP RSr ath B ST B 100 o
(r)mgl35 155I éd0|2v)17@ﬁ(ﬂ5Q=F@L§§ﬂ&/lﬁJ¢e?}¢<hmmfdmC@b MtNal& 6(1'§E§Aﬁ?jun|dr61:ﬂ-2FAoel 2 trrg
nmo X4 Wr ed under stirring a
85C for 3 &z%?%dsf"? |)c(/‘)?clgé r%eéabg fo‘i]h%‘lgxﬁir%&% dggsso?%/ed in ethyl acetate
(10 nmL) and TBAF is renoved by vvashl ng the organic phase with 1M HCl
e, SOkl (i AR T -
(CH2C12/ Me®ihhehyISt- a:a:rbde]a)temb)yl eld 10 (28 10rrg 67% as a white soI id.

(2 2, 5023 89 gy o migpl i WM Sy EhigRunenyisioniGatid o Sad

él.gdl Hz, lh'hmbB @aiumicatiBor(atkel (91 rﬂ%a A28 mhirol) a¢1d7Pd'(l?Ph:94 &.4ng, 1LB0D6 hkndgl) in4. 29
J=5 .4 = 10. , 1H H4).. .56 (m
i 12 Zicgne LT k) pBaqrdfh g Btacgusol b4, pagiid Theipeitle Kol 0)
(d, J= 8. 6flkkgh cHrbIma(Bf@jrﬁt)hy (Betdde(rddthe/EIAAQ Stizto B5:3) tdzyield idb (CHMY) 74%) 62a( d,
J:21HZ ltH @ 7.64 (A, A of AA BB, J= 8.3 Hz, 2H, C6|-14), 8.16
(B, B of NArtgsol J—82Hz 2H, ©6l-14): 13C-NVR (CDCI3): 6 21.0, 21.1
(4C, 408c) [0]f2+38.0Cc6)0. Q@E%IQ)OMNM%@E&K)@ 308 (598|-5 CQ/Q?),ZQ 00 (4%, BH( £DAY),

(5c, oo PG Ohe I SRIEGT GG A dhmh. ey 4 2as T W%Sl e
20151. 2 ( 2@z, 2A H@D), 5.30Q; 1+ 1@2)045 1MF04)95 307d. J)—MG@M;H ESh); BRsqml 2d, for
C2TERT NIOLD WPl (B29L) 4 Loung 620, 2 EXOTBl £ 20 Cotih 70 (AIE (1)
To a sol utixpmBRf Q.1 B2, 77/, CHLP3D2NBOB) ofi AN BEOH=(22 Miz) 2H ICM, Na@GVRVRT MeOH
(100 4)30 (CDCls); § 20.9, 21.1 (4C, 40Ac), 52.4 (OCHj3), 62.2 (C-6), 66.1 (C-4), 68.9 (C-3), 69.4 (C-
2), 69.6 (C-5), 96.2 (C-1), 115.7, 118.3, 129.4, 129.6, 129.8, 132.8 (8C, 7Ar-C, Ar-C),
133.2 (Ar-C'), 134.6 (Ar-C'), 143.4 (Ar-C'), 155.8 (Ar-C'), 167.1, 169.9, 170.1, 170.2, 170.7
(5C=0); ESI-MS calcd. for CysH2CIO 12 [M+Na]™: 615.1; found 615.2; Anal.: Calcd. for
CasH20ClO12: C 56.71, H 4.93; found C 56.59, H 4.94.
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25i s added. After stirring at r.t. for 24 h, the mxture is diluted with
MeOH (10 nL), neutralized with Dowex 50 x 8 (H), filtered and concentrated
i n vacuo.woheiwmsildue is purified by silica gel chromat egrapbyl0/069436
(CH2C12/ MeOH, 1:0 to 1:1) to yield 1142(9 ng, 54% as a white solid. [a] D20
+59.0 (¢ = 1.42, DvS0); 1H NW\R (DMSO-d6): 6 3.45 (m 2H, H5, H6a), 3.54
(t, J= 3094Hz ,360(d,J 112Hz 1H H-6b£,376(dd J =
3.1 Hz, 9.3 : h4.6¢i8k aget G, 0%) Sgg-diahlora (4bs,
4H, 4 OH), bﬁ)h%ﬁw(@@ar%kwahbtéo) 7.46 (d, J= 8.7 Hz, 1H O6H3), 7.69 (dd, J =
2.0 Hz, 8.6 @(AAofAABB = 8.3 Hz, 2H, C6l-14),
7.84 (d, J§C;15Qm9z0 Oﬁrmmdaﬁéyeat with ﬂwet@xyétrbwlsenylbwrm@CI<|L|fz19 gy, 0.10

Col - 14) ; 1%% M% Q'E?Mi%rs@atega Qﬂg%é&nﬁ)al)eﬁ@tﬁﬂbﬁhé}@ﬁ% % ()64%)mo|)7|9 6
(G2), 75.5 (C'5) 51), 117.6 (Ar-C 2 126. 4
(Ar-0), 51261|c9<a(1§d mt.)s@m@ydmg@ﬁhg p(cg‘@durg;{pt@, xamgeQ The reS|due |s purified by
2011 07311 3BGTCREIRAAANIAE St Sheheldhc @1 1011l Golao Ad0adf 42 C )
151.3 (Ar-C), ; - cal cd. for HI9C1N406 [ 457. 1;
found 457. Wh'tPﬁO%ﬂ aI ter native mode of synt hesi s, a-D- mannose pent aacet ate

is directl Xoé]cmqgg@t(gd 6o, @tﬁ@m}mmﬁw for%?u? ge)?l(gagvd]\@m)v@gll@gé%t y@p\ci S

reacted to give a further oun erel'n

4- et hoxyc@rﬂo(ﬁﬁ%k@h@)l 383ds. @t@@thﬁ\ﬂph%(ﬂﬂl JER@ gl 85421, fild, B3Pp), 4.29 @8, R =
Ac R = H i ) - 4 20,
¢ R =,6H3 0/(5 53 64%42'3?1% REHH-6 S&‘?g l(él. Hé,e ﬁ'?ﬁlg‘?ﬁ’@ﬁw, 1( gh»é%%t

tol uene iy 4° rret oX yl boroni ¢’ aci d,
Pd2(dba)3 28. Phbd- 4h|5eﬁ<1a(|dé/~tol3ti’elrté108”bbbz 11Hl- 31 5180 (8i THL)HRAONED, (sMBIBH, Li OH,

H20, r.t., df,) %EQR'&‘&QAélsBWWhE%C% Hy) §09 (B, B/ of AN'BBY, J = 8.3 Hz, 2H,

2,3,4,6- tetra 0 acetyl - a- D- mannopyr anosi
1,2,3,4,6- I@th)a“G-I‘&MBt(ﬂDCdtr)E&Z&ﬂrﬁﬂp@rﬁn‘o@ﬁdéoﬁa) mzrm@m G2eMtCrEL 66t (€- 1,

500 nmg, 15 u S

4- brom)pher]%?b% érg%béé 5%9099) '7¥§ OSI g@{qgu%)ﬁﬁé 5 g%S((ﬁ%@ t%)érate
(30 4, 18. 242e60LC, EAQCezqu:BO@(Aré))sﬂttﬁl;@m@rﬁﬁlrﬁ)am&(ma) dyRidneeC)THO 4 xt ur e
is stirred for r f S o} ssolved in
t ol uene ( Zégitgio%‘?hé; 18?%32?%6:11:7%1?6}?2 9subs d&u%%f'vlb Cve\'g%h Og% ﬁgdg?ﬁ ur at ed
NaHCO3 sol ymi-Na]*( @4B. tilfpurahéd R ;tAnahr Caled.(far ;B0 .: CThk6@dled0sfodfd 8yer s
are extracts%}?\/\%ES ol uene (2 x 40 nmL). The organic |ayers are conbi ned and
dried over enoval of the solvent by evaporation under reduced
pressure | eaves a residue that is purifi ed by chromat ography on silica gel

Wﬁlet reoéﬁ x%rm% /E %(thvl %O(ZOB 2 6tt8tr O:L g etvI oc- %%n%p\}r%n szvdlf&vgg”ﬁ’%%h?oor _as a

blphenvl-4-carboxvlate (6d)

5d (50 mg, 0.09 mmol) is treated with 4-methoxycarbonylphenylboronic acid (19 mg, 0.10
mmol), cesium carbonate (85 mg, 0.26 mmol) and Pd(PPhs), (5.0 mg, 0.004 mmol) in
dioxane (1 mL) according to the procedure for 6a, Example 9. The residue is purified by
25 flash chromatography (petroleum ether/EtOAc, 5:1 to 0.5:1) to yield 6d (24 mg, 28%) as a
white foam.
'H NMR (CDCls): 5 2.03 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.18 (s, 3H,
OAc), 3.92 (s, 3H, OCHj3), 4.08 (m, 2H, H-5, H-6a), 4.29 (dd, J = 6.3 Hz, 12.4 Hz, 1H, H-
6b), 5.34 (t, J= 10.1 Hz, 1H, H-4), 5.42 (dd, J = 1.9 Hz, 3.4 Hz, 1H, H-2), 5.50 (m, 2H, H-
30 1,H-3),7.21 (s, 2H, CgHy), 7.30, 8.10 (A, A’ and B, B’ of AA'BB’, J = 8.5 Hz, 4H, C¢H.);
¥C-NMR (CDCly): § 20.9, 21.1 (4C, 40Ac), 52.5 (OCHj3), 62.4 (C-6), 65.9 (C-4), 68.7 (C-
3), 69.2 (C-2), 69.7 (C-5), 96.3 (C-1), 116.9 (2C, 2Ar-C), 129.7 (2C, 2Ar-C), 130.1 (Ar-C'),
130.3 (2C, 2Ar-C), 133.7 (Ar-C"), 135.4 (2C, 2Ar-C'), 141.2 (Ar-C'), 155.5 (Ar-C'), 167.0,
169.9, 170.1, 170.2, 170.7 (5C=0); ESI-MS calcd. for CsH2sCl,04, [M+Na]": 649.1; found
35 649.1; Anal.: Calcd. for CzsH2sCl,042: C 53.60, H 4.50; found C 53.74, H 4.52.



1H NMR (CDCI3): 6 2.06 (s, 9H 3 OAc), 2.19 (s, 3H OAc), 4.06 (m 2H, H 5,
H6a), 4.27 25(dd, J= 5.6 Hz, 12.4 Hz, 1H, H6b), 5.36 (t, J= 10.2 Hz, 1H,
H4), 5.4800dd/o7311z 1.8 Hz, 3.5 Hz, 1H, H2), 5.48 (d, PerEPZoibD6o43é1, H 1),
5.53 (dd, J= 3.5 Hz, 10.1 Hz, 1H, H 3B, 6.98 (d, J = 9.0 Hz, 2H, C6l-14),
7.41 (d, J = 9.0 Hz, 2H, C61-14); 13C-NWR (CDCI3): 6 20.71, 20.73, 20.74,
20.91 (4 OAc), 62.10 (C-6), 65.85 (C-4), 68.77 (C3), 69.26 (C2), 69.32
(G 5), 95.88 (C-1), 115.59, 118.31, 132.56, 154.65 (6C, C6H4), 170.01 (4
C=0). VO ZQdd/pfer B Mdted BER2D] 8186 2438cedd- 5 NS pdBin odRdy Y-l -chloro-
4'-(2,3,4,6-tetra-0-acetyl-a- D mannopyr anosyl oxy) - b phenyT - 4- — car boxyl at e
(13)  Cs20®iphenyigt-gagboxylda (6ipl ) is added to a dry Schlenk tube. After
evacuat i ng sangss H@S@%%orﬁ Istrréaréww.m &Jmearrcggearﬁor?%rryme%ya agd (143 mg,

2,3,4,6- tetra 0- acetyl - a- D- manno- 5pyr anosi

equi v) &nd 04ZhBrebx SR8k GaPPRAtE KA BB OhPR namlbar(chad@PﬁgM (38 23@9%963 1.5
equiv) are n?rﬂgfﬁir &l&(atnggﬁ Zac@r&ﬁ%f@th@%ré’@eﬁuiesfor 64 %ﬁ%léﬂ@dfﬁeh‘@s@ﬁ@%

degased in a ultrasoni dba)

0.01 equi v)pugtigd teéfﬂfwbschrcamzowphro retPisuRRIher FOAs, @gdwﬁngrtey@%%(ﬂa
change of @l age,)fcemkigdoh@. orange indicated formation of the activated
catal yst. The reaction m xture |s stirred 10and kept at 80C for 14 h. The

reaction milsdbUré4iss(cdi P37 e@HEION HONME £RG): il 8% SaSifed 2403 ks St @A) ed

NaHCOB 1ol ut 'm"?ﬂa ( panatad
aqueous Iaye(?f@a?gogg%)r %é?g%ﬂ W't %%%?:i? H %é%l ﬁ%)dg“%élgf*é @1?;&‘16;? are
conbi ned armtSkHAiZedddwvér NHBOL.1 Mzt &irl. Evoapdr3f (ton=d0.1 He, ‘EJ'd)IH/-éht5 551évéUuo
the resul t'l—EQ ), Slasd pzmqth/%rg% kdd Wf ﬁ?ré)%ﬁ;zfoglfla@h-}’&om '1F|a_99ﬁ

eluting wt et r ol éeum’et her Ac ) to el
69% as a \Zh46t(e| 46183 Hz] Bi.0xH:B 3., @é) :éA;LA BB ofmaﬁvﬁf@mﬂa% 602

3H, OA 2 91
(5! 3n ooy 8ep 7 2Eb: pF e padin BSGaPe2d (). b (i eed)
H5), 5537 (C3), 69.5 (C2)170:0 (CHH, 967 45-1)51 459 (AteC), 122.9. @r4), 1218 (AzC'), 1171
H2), 5.56 d J=
56 Ho 18 A BhARO TR 10 ddepzarcT Bie [BrcBiinod @i, {a 0GRS
(CDCl 3) : 6 130.776\-C20 1669, 200.0717@R0, T9.2,4 70M 15 C5Q); Bl(mmcdewrmgr(z@sleyz
65. 90 (0-4 , 69.37 (0-2, 0-5), 95.79 (0-1), 116.091,
126. 70( 1225'\"3@?‘? 5@50%32’“”1"2%@ © 134 84( 144. 75, )155 70 ((120,)Car), 167. 00,
169.78, 170.02, 170.05, 170.57 (5 0=0): M5 (ESI) calcd. for C28H30Na012
[I\/HrNa] 581 2: 7: .

- (a- BP VarAE : 5 qnnopyranosviony-bighenwlday 13 (57
ng 0.1 rrm@bbborxﬂaw(sﬁ)ol ved in dry rret hanol (5 m), a freshly prepared

sol ution of d| u tho added an reaction mxture is
SCi T e at 5F 148 mard 4 MOasik igbte yiloh meh R bR e By P it B . O
(100 ng) I$nradgiezrésruﬁ1 éiaab@na@é (%rméaﬁwmrncﬂ))farrdrraj(Peagr mmgt@eomﬁhw @ is
neutralized % ﬂﬁ‘ngchan e re Dg ryT 5%) é é@ éTfl;.erEd and Waﬂ‘?(fd W th
MeOH. The SHPGBR PEPEVRY q mf@ ure{ar ¢ &xpEeln § P HELURURT BY ed by
rever sesphaisen eﬂnbm&ié;@@wqb&trdlédaﬁ/eme/ﬁtow 5N 1000.8:9) t)yidle 6¥ (28).6Im§asa% a8 o,
37% as a white | i
a white solid
[a]p® +69.8 (c = 1.01, CHCls); "H NMR (CDCls): § 2.02 (2s, 6H, 20Ac), 2.04 (s, 3H, OAc),
2.19 (s, 3H, OAc), 3.92 (s, 3H, OCHs), 4.09 (m, 2H, H-5, H-6a), 4.26 (dd, J = 5.5 Hz, 12.2
Hz, 1H, H-6b), 5.36 (t, J = 10.1 Hz, 1H, H-4), 5.46 (dd, J = 1.8 Hz, 3.5 Hz, 1H, H-2), 5.57
30 (dd, J=3.5Hz, 10.1 Hz, 1H, H-3), 5.60 (d, J = 1.6 Hz, 1H, H-1), 7.10 (dd, J = 1.6 Hz, 8.1
Hz, 1 H, CsHy), 7.31 (d, J = 7.7 Hz, 1H, CsHy), 7.35 (m, 1H, CeH,), 7.38 (t, J = 7.9 Hz, 1H,
CsHa), 7.63 (A, A’ of AA'BB’, J = 8.5 Hz, 2H, CgH,), 8.08 (B, B’ of AABB’, J = 8.5 Hz, 2H,
CsHa); ®C-NMR (CDCls): § 20.8, 20.9, 21.1 (4C, 40Ac), 52.4 (OCH,), 62.4 (C-6), 66.1 (C-
4), 69.0 (C-3), 69.5 (C-5), 69.6 (C-2), 96.1 (C-1), 115.5, 116.3, 122.2, 127.3, 129.5, 130.3
35 (9C, 8Ar-C, Ar-C'), 141.9 (Ar-C'), 144.9 (Ar-C'), 156.2 (Ar-C'), 167.1, 170.0, 170.2, 170.2,




[a] D20 +103 (¢ = 0.1, MeOH); 1H NWR (500 MHz, MeOD): 63.60 (m 1H, H5),
3.72 (m 3H, 35H6a, H6b, H4), 3.89 (dd, J= 3.4 Hz, 9.5 Hz, 1H H3),
4.00 (dd,woé=201/83H2z, 3.3 Hz, 1H, H2), 5.51 (s, 1H H lpcT/EPI®0(O6H43d= 8.8
Hz, 2H, 06H4), 7.60 (dd, J= 8.6 Hz, 144.8 Hz, 2H, V\D

2011/ 073112PCT/ EP2010/ 069436 53 C6H4), 8. 01 (d, J 8.2 Hz, 2H, C6H4) 8. 46
(s, 2H, 06H4%) 13C-NMR (IVEODI) 6 63.24 (0- 68. 90 (0-4), 72.56

72. 99 (0- 3)1707d56800=MS ¢algd-Aor @@Hgopu[ 6714581281‘0@00' Aol dpal.ig 'C@éor
(12C, CGH4)028I-M§)1(ZE§|61)2013|—|@41 ff&;nd@g913@0ﬁ5[4\é1' 376.12; found 376.12. SFor
the preparation of conpounds of formula (1) wherein RL IS
3-(5-nitroindolin-1-y1) (Exarrpl es 28 to 30) the foll ow ng procedure |s

used: %%ﬂfglém Q\)Iéth%g %
(ii) 5-nit

80C, 535h; Tpia $9lutimCi6a (REDIAY, t. 29 mmdBlnH\lle(EﬂaZﬁJhé) mvl N?&OM@IUUH&@W(HO ul)
2,3, 4, 6-tetd a o%gaﬁﬁ{zyénrr %tW'}QPQMH %H??A Hﬁre(%é Lttifwgﬁ%%@@ VaC“at ed

flask is chaf *15mmol, 1.0
equi v) and n@uiraidethdﬂov(edtrﬁO x18 Eﬂs )g‘;lte&ad]eﬁldmmbentnatad Bgacyg. Th@hesndmlgent S

Bra. &1 20 ( DI lor Vg B Ece HIRaR Y A RRBORL TR IS RRE FocbE,

m xt ure i s 12v)asedviiiersdi@®. h at 40C. | ce-cold NaCH solution (1 M 40 nL) and

The or §ani cPayer e SEERAFRIE AR ICODT 5% 36, hP R TRu B %e o <

are extractes (m,t2nHlHs6Ee 302 (¥, FOAGH,),Theo aragarH 34 HayesHzar e, BIGB*}bi.med and

or eosur o | dvek 13 ra et SR s Vi R Bl P4ty B 1 TEa o

(pet r ol eumGHReT 5BI(GAG) = 20HE, §6tHE, 2HITHY, 068 @i, ™ aaﬁ,(\ABm Jo; 8.86%4) 2H[ a}H30

+110.1 (c Cl 1 | 04 m
oH, H (25 71%40'6& 2 %Hésﬁ'?’%iﬁ%@ 5 5@*”3@ 5 %&%%‘4%'\' g 39
deB Z%1ﬂzl(@Dlgdzu:>) Sﬁﬂncﬁuﬁ 628 23-6), B84BT (-4, 7:]9(@2) T%%(@JS) 75&21Qc;15§15H28(dd
Hz, 1H osiéy): 1718477(/‘(@) 1?@ %%:B‘Mzﬁ) 1%55,&(&&/#/(\(@01%39 @\ b%?%‘tr@gﬁ% 06
(4 QAc), 62A86) (@1@(206QA9&) (1@6@(Ar@5) 5.6 QARY), 189.A0-0591664 (CD); BRRMS
C-5), 95.98 (G 1), 116.3 16, 132.44, 156.16 (6C, CB8H4),

169. 93, 176G3kq. f03610’rb101@8f“&ﬁ!?]7ﬁ4?@8@%d?u”q\/e47((ﬁ’é0) calcd. for

C201- 1231Na010 [ M+Na]: 573.0; found 572.9.

20 Example 16: Sodium 3’-chloro-4'-(a-D-mannopyranosyloxy)-biphenyl-4-carboxylate (8a)
To a solution of 6a (380 mg, 0.641 mmol) in MeOH (10 mL), 3 M NaOMe in MeOH (100
wl) is added. After stirring at r.t. for 24 h, 0.5 M NaOH (18 mL) is added and stirring

continued for another 24 h. This solution is concentrated in vacuo and the residue is

purified by reversed-phase chromatography (water/MeOH, 1:0 to 1:1) to yield 8a (222 mg,
25  80%) as a white solid.
[a]p® +61.6 (c = 1.00, H,0); "H NMR (D20): & 3.66 (m, 1H, H-5), 3.73 (m, 2H, H-6a, H-6b),
3.79 (t, J= 9.8 Hz, 1H, H-4), 4.07 (dd, J = 3.4 Hz, 9.8 Hz, 1H, H-3), 4.14 (d, J = 1.4 Hz,
1H, H-2), 5.47 (bs, 1H, H-1), 7.04 (d, J = 8.6 Hz, 1H, CeHa3), 7.24 (d, J = 8.6 Hz, 1H, C¢H3),
7.37 (A, A’ of AA'BB’, J = 8.1 Hz, 2H, C¢H,), 7.41 (bs, 1H, C¢H3), 7.86 (B, B’ of AA'BB’, J =
30 8.1 Hz, 2H, CsH,); *C-NMR (D,0): § 60.6 (C-6), 66.5 (C-4), 69.0 (C-2), 70.5 (C-3), 73.9
(C-5), 98.6 (C-1), 117.5 (Ar-C'), 123.9 (Ar-C'), 126.2 (2C, 2Ar-C), 126.4 (Ar-C), 128.4 (Ar-
C), 129.6 (2C, 2Ar-C), 135.2 (Ar-C'), 135.3 (Ar-C'), 141.0 (Ar-C), 150.4 (Ar-C'), 175.0
(C=0); HR-MS calcd. for C1gH1sCINaOg [M+H]": 433.0666; found 433.0670.



WO 2011/ 073112PCT/ EP2010/ 069436 54 Exanpl e 29:
3-(5-Nitroindolin-1-vl)phenvl 2,3,4,6-tetra-0-acetyl-a-D mannopvranosi de
(16) A dwe28cid7enk tube is charged with Cs2CO3 (266 ngpcO/Epi@onvabs 3
equiv). The tube is evacuated for 30 4%in and then flushed with argon gas
and 3-iodophenyl 2,3,4,6-tetra-O b5acetyl -a-D mannopyranosi de 15 (150 ng,
0.272 mmol ,_ 1 equi v) IS added to the tube, foIIovved by Pd2(dba)3 (2 8 ny,
0. 0027 rmolExampie117: Mathyl 2chiore-45esd-mgnmppyganosylg 25 Xyhalg

mxture i s _gdH$8G

ultrasonic 57
equiv) is deceshlutipnef Fbx240 egi @%@a‘t@d) md\/légwﬂ:(%ﬂ mi0i ¥ MeNe@Me is¥leRH TLC

trol th
Foact o s L assPd e Safndd 575 A s RERLE IR GO PEGRR AR Ul 11
duri ng $he withdde@d $4@ ML), neutralizet |W)tlh Dd%m 5(11>a8 (M éa‘ﬂteredjaryd qywcentraied {12 nl)

dd
Fegai n f ul 1905 dnr e o ele RO B s oo e e PR o o
NaHCO3 sol dt1)ddy(aﬁﬂ7bﬂ])4 rag, é36&’dc&sch White $ndidr eacti on m xture. The | ayers are

Aaucous | ayaroy o PRB SIS oIS NEC oGP 4o s o anBls p

rac € conmblned~organi c
| ayers ar e tithn @dmcamtrd’ceclxlwmQ Thiel reeideel isgnudified by eaversetiedhase deomasiiamsy

ressu rif il ogr aph etrol eum
gt her/%ﬁOAI\nggePa |enﬁ qlr%ofnlr') tg y%‘?cf &B%QC%WZ) %V\}fgé?’% - ,p )(;%( pl S

obtai ned as an orange solid. 20[(lvo+ 59.3 ,e = (1, CHCI3); 1H NMR (CDCl 3):
6 2.02 (m 2H, CH2), 4.11

(m 4H, CHé\;? thy gACﬁ'ﬂ%‘S %819( ?@”B‘I%jf’dr%s&'b’fﬁf W—Ize%yllﬁcarlqp%%el_%b)37 (t, J=9.9
Hz, 1H, H 49],*°51482(6= 1102, Mécﬂa HNMR (cmsthI; 5 Bt58,(ddt, 3)s 2.8.H4 50z, D.&HB, 3

Ol - 1a) . o b M) ITA oAty P %ajﬁo%?%d 92241 g D et T6o wihwm

(CDCI 335 E2M A9,9.801z92H, EL@ 93492 333@6@)3H3)22102 2dd 2b= (| ®Ae), 3.2z 2H,(HBR)B.5553. 36

() 82,39 £ P OB It 10 58 9 i v O T 2088 S Suc et o)

arom Q), 1A3A?tﬁA(°JJ§B AE®B HEA), CkBi2), 646 (Bl@ ofarpom C=N)5 HI6™H Q%H4ﬂ%23,
170. 25, 170, 71& C=0): NS (ESI) calcd. for 31 N2012 éM+ 30EX
30: 3- (5- NNYB{ RSP PR o P2\P1 (e A2. %(Cbﬁhﬁﬁ&d&ﬁ)aﬁbgu(ﬁe?)(ﬁ%( &M@;ﬂ%ﬁé

conmpound 1606 42¢- 115911639 2hgmraky. 3' $370 SE N@@ 'mr dr YAFIEt) hedd (ArTiyTh34.82

freshl éﬂ prepared sol ution of sodi um et hoxi de (0 m.) i s added and t he

reacti 88 mi(ReGDel49st €riQ ) 488-8(AFCY.. 168k (O= ODL@R("@{E@EQ/ fReOH4CIPs [Bhdled

di sappear aqgfg ) 3tfg§nosg43\;r(§gﬂg material (23 h). Gacial acetic acid is used
to neutralize the reaction m xture. The mixture is 35concentrated and

purified by reversed phase chr omat ogr aphy (H20/ MeOH, gradient from 100:0 to

28:1‘11? 2)7%21?3%%1%? ?ﬁ%&‘@%@g%} g%é%’gg? Ibé%%%sb 1H NVR ( MeOD) :

6 3.07 (t, [ds°876.6He = 12@41 HzER)'H VIB3D4@): 5 BEGS (IddB)J 2.598z,(5r1HA19,9 Hie 61, H+6b

. 1o 2):510 B E e Frpaoriph g M 0 Sa i iy A g fidd e

8.2 Hz, 1HHZBL-HA)IH, 61-BB8566(d,2H: 1661z, 14, H@d;Lms)(dd 6,085y, 8BHHz,A6H4) , 7. 22

hoom: & BBl o Pehth 160 b 030, oA PTE T R i 13%%

(0-2), 72 ANEB; 3)3,8.7Bz52ZH,(CHR), PCLRMR(D,00-51§1.2 {©6),%3.1, (CLIR 784, (0121)3713@ (30,

06H4), 114.68 : 6 0 7 44. 43

(20, ar om (@A YKTSY SR Dt T, BIR0S. 12025 1380 157 QRO AARON 2 il

cal cd. 3por 162Q3LALZINEE3) MrNa] 1444%ALCHf BE8l (AH4T), 3753QC 0); HR-MS calcd. for
C19H1sCINaOg [M+H]": 433.0666; found 433.0666.




In an alternative node of synthesis, conmpounds of formula (1) wherein RL is
4-(5-nitroindolin-1-y1) (Exanples 31 to 40) are prepared: QAc QAc A5000
34i,j 18, WoO=20dar311B2= H 19. Rl= 4-1, R2= 2-C. PETIEPO® 0864386 6!
(1) TwsOrf, Ph Me, r.t.; (ii) 0s2003,465-nitroindoline or indoline, x-Phos,
15Pd2(dba) 3, PhMe, 80C; (iii) NaOMe, MeOH. Exanple 31: 4-| odophenyl
2,3,4,6-tetra-0- acet I-a Dmannopyranosrde (18) In a dry fl ask 3
2. 03 mmol ) =80 SHIME 1RG i h Oy l9XVbip
tol uene (6 #dy under an at rmsphere of argon TI\/SOTf (45 1 rrg, 0. 203 20mol )
is added and the m xture is stirred for 2. .t.. The reaction mxture
i s dil uted Towsggion o s 2G50y @P@Dm@ﬁgmrﬁ)@ Q/\mt-h 3EV| NaOMsD MePHAMHnL)

turated tracted
o th Bt onc AT AR TR B e Bilurc B A BR BeH BESEL P Raosasand
t he sol 6entneut$alrzedmtéchygexe6@ap%ﬂét)|frﬂﬁrasrlrﬂmlrcone@mfaé@ prvessride rasigue issi due
Is purifie {%{eosw :‘e%érsgﬁ lgrh %E W@Q’?Eﬂw é\ﬁngfggf e, 19 toﬁ%)%@%eﬁ P@E%' rﬂ? 020

petrol eth to 5yi el as a white’so
+72 (c = 170m@§@)wmmm CDC13): 6 2.02 (s, 3H, QAc), 2.04 (s,

e el iy g 35 B 3,

H2), 5.45383 (tlH=9]8-H3 AHG Had), B.BE (5, BH, ©CH,), 1098 (dez = ﬁ—BHEL%ﬁ Hz6184H¢], J—

8 20, 50075y aRM a2 Qe My 1T Poia B ad < Mg B A MR o4 b %;’”

69. 41, 69. 48 HD-TH, HB15Y,6896. BLOfAZEBBLd=18.7 HI52191C(HE), 1)§9 (18H 9BH 1 3NHS,

ES17 18 cal 10! PR o S5 Rl R (899053 2 a2 18 Sy g L

32: 2- Chl oug-7-1 @lophtersy(c-2), 37.4,(6-3)e1064 (C-a}; eti$l10-(Ar-0H)mea81d (BC, 200-8)) 2 1.9)

Fr1 onl o oadet: ey 158 (Bos T Be el 4 (25 2 OnT R A6 b dadast) 4

309 ny;51. 231 rmnr)c)ar@ 2GS0, WedMBcatbay for @HAETISD M+Naf Ue8e0433; idyndunder  an
at nosphere rg TVSOTf (22 56 ng, 0.1 mmol ) is added and the m xture
is stirred §5hat r.t. After work-up the residue is

Example 19: Methyl 2’,6’-dichloro-4’-(a-D-mannopyranosyloxy)-biphenyl-4-carboxylate
(7d)

20  To a solution of 6d (51 mg, 0.065 mmol) in MeOH (10 mL), 3 M NaOMe in MeOH (40 uL)
is added. After stirring at r.t. for 24 h, the mixture is diluted with MeOH (20 mL),

neutralized with Dowex 50 x 8 (H"), filtered and concentrated in vacuo. The residue is

purified by reversed-phase chromatography (water/MeOH, 1:0 to 1:1) to yield 7d (29 mg,
77%) as a white solid.

25 [a]p®+96.7 (c = 1.01, MeOH); 'H NMR (CD3OD): § 3.54 (m, 1H, H-5), 3.70 (m, 2H, H-4,
H-6a), 3.78 (dd, J = 2.3 Hz, 12.1 Hz, 1H, H-6b), 3.85 (dd, J = 3.4 Hz, 9.5 Hz, 1H, H-3),
3.91 (s, 3H, OCHs), 4.00 (dd, J = 1.8 Hz, 3.2 Hz, 1H, H-2), 5.54 (d, J = 1.4 Hz, 1H, H-1),
7.28 (s, 2H, CeHy), 7.31 (A, A’ of AA'BB’, J = 8.3 Hz, 2H, C¢Hy4), 8.06 (B, B’ of AABB’, J =
8.3 Hz, 2H, CsHy4); *C-NMR (MeOD): 6 52.9 (OCHs), 62.7 (C-6), 68.3 (C-4), 71.8 (C-2),

30 72.4(C-3),76.1(C-5), 100.6 (C-1), 118.0 (2C, Ar-C), 130.6 (2C, 2Ar-C), 131.1 (Ar-C'),
131.7 (2C, 2Ar-C), 133.8 (Ar-C), 136.0 (2C, 2Ar-C'), 143.1 (Ar-C'), 158.0 (Ar-C'), 168.4
(C=0); HR-MS calcd. for CxH2Cl,0s [M+Na]": 481.0433; found 481.0432.



20purified by silica gel chromatography (5-30% gradient of EtOAc in petrol
ether to yield 19 (430 ngy, 73% as a white solid. [a]D20 +60.2 (c = 0.5,
0H2012); Wb 2biMR760R013): 6 2.02 (s, 3H CQAc), 2.02 (s, 2HI/FPA@ID/069A3O5 (S,
3H, OAc), 2.18 (s, 3H, OAc), 4.05 (dd7 J= 2.3, 12.2 Hz 1H, H6a), 4.09
(ddd, J = 2.3, 5.3, 10.2 Hz, 1H, H5), 4.25 (dd, J= 5.3, 12.2 Hz, 1H,

H 6b), 535(t J= 101Hz 1H, 25H—4) 548(dd J-19 34Hz 1H, H2),
5.50 (d, J X_ AW ,: , -9 Igro_ pn 108 !oo anvi-4 b tg o0 (d,
J= 8.7 Hz, JLHheoR6H3 2rhnod Zi 4 (d, J =21
Hz, 1H, 06ab‘s09| ot 88 (o2 0s
(0-6), 65.90 g $pldtion c63e8567(m930 28Emn38) |(1(Me;()H (1KDmD)43(\,0N5@Me8|5NIBD|'((ﬁ5M|)

T6o. 05, 164 eisshendfingy ik Aol ghe Rk e gy kit 1 nad BB 100
[ MtNa] : 560 MefH (2(bmbhjln60’6alﬁéd \AEhi?qWGex BXx 8 H oﬁutmetdramdrud)obemFalGWM)vpbm%/I
2, 3,4, 6-
ooy PSR AR BB ISE o un e TR 40 B o
nmol ), 052?&:&(%4401991671@ ama)wynt@srdld5 nitroindoline (91.6 ng, 0.56 mmol) in

WO 2011 3 P P 9.1
To. 0. 019 MG R L ARaY S O Sheshu e e o il o Rk i
pre-sti rredlhefrmonténtmted at va40Q The resigue &l pusified b%rd&ersle)j phaseclang"@(cbgréﬂge'

‘ : 140

500 g 14 i Saer Bk ﬂ?‘fﬁ@?ﬁﬁoaﬂﬁ(@? Egat*&é%%(%%ﬂﬁaﬁ?ﬁ'gié'(&Aihed Wghath
agueous sat NaHCO3 5sol ution (2 x 50-100 nL) an rine (50-100 niL The
ot R A PR AR S D R e A TR S e e
ator 2??:’2?9””?2%%““ oL aPIg (Ao T et o Bt on T h et el Sother).
(4] 20" +55 (fic T2 1-S0bAR: SALONR. ¢ GBS~ 64919 82. T4+ -Bufiyio G0k (&
gﬂ éﬁg\i)s) I&og& I-r|T§1QI-(Hr2)35'L64@9\g) 135@ 1(#5; BH7 3646 _J£2©942(83Hz ®1,6 Hz,
oL B T 1 Pt B a0 b b ST, By 2R Ky Al

?_53 (gdHZJ—J—lsﬁ H—iZQHlU6 Cnglio (B B of ANBR JF= §45Hz 1291 d;erhia 13C11NMFH(§D30I§) g3 (d
Col- 14, Co18)8 (Oﬁ% 2s8 (Gh). 6@:&@ 4)66§01@)2) 2. @SC(?’MG 1J(C-5)z1§1 |2|z(C 18 ‘gﬁ-&

%? 2$6F|3 @ﬁr‘ %4! g%ﬁg)"\ﬂs(ﬁg;lc?»)) 128415602, £80.8¢Ar- é% 1893 (%(13 ORr- (:§10AC)

L Pl 2 (S hiarcds 145 5 a0k O sy s V08 1 b deth fon g,

o6H3) . 121. 27 (CBH3), 128.40 (Cbl-13
137, )21 (CarC322H2 6 ggh.%]zz“fglgoglzg%f%h%ég%o 7((3 (c_za) ESI -I\/B(cal cd.)for

CZ8H31N2012[M+H] 587.19; found 587.29. 20 Exanpl e 34:
20 (218" g, S} Ik LR B ARBEREN) BB RSB Y Bl U e e
sol ution of[a]s?adnmmephcﬁo tieOf; THMMR (B1Q): BS. 7ao(deetHaHe|4 tHa8, H-SacHicb) 4. 61
Sboer 0 byl tie AR RERE SEa R R P BeRl s he LE ST PR 23 e
W th aceti dHaGsls), T.aOcEH, &kldg), ARl (d,e= 4.6s11du@H,), 7.57 (A, A’ of AA'BB’, J=8.2

Hz, 2H, CsHs), 7.91 (B, B’ of AA'BB’, J = 8.1 Hz, 2H, CsH,); *C-NMR (D,0): § 60.7 (C-4),

66.6 (C-6), 69.8 (C-2), 70.5 (C-3), 74.0 (C-5), 100.0 (C-1), 116.4 (Ar-C), 122.6 (Ar-C),

123.5 (Ar-C'), 126.6 (2C, 2Ar-C), 129.5 (2C, 2Ar-C), 130.6 (Ar-C), 135.6 (Ar-C'), 139.9 (Ar-

30 C'), 141.5 (Ar-C'), 151.0 (Ar-C'), 175.2 (C=0); HR-MS calcd. for C1gH1sCINaOg [M+H]:
433.0666; found 433.0665.




purified by reversed phase chromat ography (H20/ MeOH, gradient from 100%to
80% H20) to yield the unprotected mannoside 21(77.7 ng, 509 . [ak a) - +57
(c = 0. 1,wbeoH)a73thbl NVR (CD30D): 6 3.21 (t, J = 8.6 Hz, peiHEP@MB)69436 62 (M
1H, H5), 3.75 (m 3H, H6a, H6b, H#4), 3.90 (dd, J = 3.4, 9.5 Hz, 1H,
H3), 4.01 (t, J = 4.8, 3013.1 Hz, 2H, CH2), 5.48 (m 1H, H1), 6.77 (m
1H C6H3) , 720(d, J-90Hz 2H 06114) 73(d J-90Hz, 2H,
-14), 7.Exemplg 2 Netind 8 -fea)-mannepign biphey|-dscanoxyiate ¢ :
62 86 (C-6 ) ), 75 62(C5) 100 69
( C . 1 6)34clo€>§ nﬁQm(o,%v%é)fgs%&xv%g.pﬁQO%4ca7rgo>é/f*até Em? >13), 123 b2 (26
-14), 172p. aleoIthmHSﬁf (1E8@%).34Cammid)) in VeDHE O(nﬁl:)0§3 M ESDMeBn dEQHt (40f1dy)

0201- 123N208 4 7.

2011/ 07311 oA Ers B bR B B a7 Eudbia ¥ tish Qe pa's sy it

2,3,4, 65teN@@(&(me);lneatrihzaﬂMbp@owevoé@ dé (HQ)Z])uIter@d)hmcbmrmgntratedmmwdure of
Ex I 33, .

' o200 3R T pbc s Bildr 29 HEDIFRBRG B HER R B 3 0. 6
ng, 0.0037 1Intjod yiekntf (B dw, ba%)egavﬁntag;phc{) 56 mmol) in tol uene (3. 5 rrL) for
140 h. 5Co 9 9

chr onmat ogr?&%y%?ngen%éftl('l %g%dewrh((gg%%}éu;epggy\%?ﬁ f\@@_g Jite %}&n]%pr)é ig ?Z{ her

[ a] D2 +39. 3hdrcconcantra@? @ icyo. THeNERIYECBIUBjied By ﬂavege(jg;hasﬁphl@ﬂma)qgraor@4 (s,
3H, OA H, 8 4 Hz, 2H,
oH2) | @87%‘{”?@’&%0%140 ﬁ?ﬂ)ztﬂ%'e '§(‘$"'2?% @?yasf W%'Pezgé"fz 2 1H H 6a),
4.14 (dd, J= 5.3, 10.1 Hz, 1H H5), 4.28 (dd, 10J= 5. 3, 122Hz, 1H,

H 6b 1H H- 3.4 1H H2),
5, 45)(d J(R"éhWH&“E”F?”%pX fanogylosy %)c? e”ﬁs‘i ‘(?rﬁoxy%é éfﬁz 1H, H—3) 6. 71)(t,
J= 7.3 Hz, [éL]|3?°+¢@l83(c =596, lA’éCN/6|2®54(1ﬂ HNl\m(DmsBZd )38'B4f3§rh|33HCF$J4 M, H-7. 00
. 7.08 (m 3H, , CGI—M&), 11 -7.17 ( C6H4) ; 13C M§

(CDCI 3): 6680 39%1 0‘21%&*% 3Tk 1Ha B 34)2%6@2) 457 29@%@?42‘)51 3. W1 QB |
66. 23 (& 4u.76%s11H,(CHSI), 4@&91%)%71|€|Qa9)4 %05 [, 1 6; OH-2 95462s (1&, H-1), 23404, 80

16999 i%%%&s%z% HoBiHa 764 bt LG ST Mt ﬁfiﬁ

564.55; fogud @4 3nA §Bam@4 @1&& 2|4 CJ,HWO% NNHRMiMstzﬁyls 52.2 OCH3) 61.1 (C

a- D- mannopvr anosi de ),

treated w h ﬁ@a?)(\%%% Ode(§c¥)i B@»& (prﬁ)%@q@@) :9@ 0 %a) éﬂﬁﬂr(éa%b\ﬂéﬁ 9n(§’61¢t) at

(r) E:, }\/goﬁ; 1‘19(1)('5_?I (hh@)?%rp%@ctzﬂﬁicm%@m-cz)%é@ﬁ (7@, 2@7&913d@k/920ﬁ12@23A£0J=_
2.4, 524, @)814&4(&'I—p)l—l5§)9(%@8166é(@201MRNﬁCq1¢d63>F%F&b& [IMtNa]GHZ) 3.89

(de H3), 3.99 (dd, J= 1.8, 3.3 Hz, 1H H2),
.39 (d, Jf"iq?’ﬁzfg“’%ﬁ“w 6.58 - 6.67, 6.78 - 6.87, 6.88 - 6.99, 7.01

7 17 (m 7H, C6H3, C6l-14); 13C NVR (CD30D): 6 29.18 (CH2), 54.02 (CH2),
0e 1) Toa 1 Folrnbhpadfatdss Riondhrtaskilne @ 35 (C0)- 390, 0
141. 00, 14%]38+7652c841.40,2GD):CHHEVIRIBHEY): § 35T (VB H; &l-4,cH-5f 863, H-6b), 4.09 (d,
C201- 123N06{ MBal, 139643 4 HOWd 1 BP3A85 88 (s 1H, H-1), 7.16 (d, J = 7.6 Hz, 1H, CeHa),

7.39 (bs, 2H, CeHa), 7.45 (t, J = 7.8 Hz, 1H, CeHa), 7.67 (A, A’ of AA'BB’, J = 8.0 Hz, 2H,
CeHa), 7.94 (B, B’ of AABB’, J = 8.0 Hz, 2H, CeHa); *C-NMR (D,0): 5 60.8 (C-4), 66.7 (C-
6), 70.0 (C-2), 70.5 (C-3), 73.5 (C-5), 98.4 (C-1), 115.9 (Ar-C), 116.5 (Ar-C), 121.7 (Ar-C),
126.9 (2C, 2Ar-C), 129.6 (2C, 2Ar-C), 130.4 (Ar-C), 135.5 (Ar-C'), 141.7 (Ar-C'), 142.5 (Ar-

30 C'), 156.0 (Ar-C'), 175.4 (C=0); HR-MS calcd. for C1oH1gNaOs [M+H]": 399.1056; found
399.1055.

For the preparation of compounds of formula (I) wherein R’ is 4-cyanophenyl and 4-

tetrazolylphenyl (Examples 22-24) the following procedure is used:

35



Exanpl e 37: 2-Chl oro-4-(5-nitroindolin-1-yl)phenyl

2,3,4,6-tetra-0-acetyl -a- D mannopyr anosi de (24) Fol | ow ng the

pr ocedur evof2ofaixespke 33, but using mcro wave irradiati ecTiEP2@oacs3eof heat,
352-chl oro- 4-i odophenyl 2, 3,4, 6-tetra®0-acetyl -a-D mannopyr anosi de 19 (60
ng, 0.1 mmol) WO 2011/073112PCT/ EP2010/ 069436 59 is m crowave irradiated
with Cs2003(100.2 ng 0.3 mml), x-Phos (4.9 ng, O. OFQO nmml ), Pd2(dba)3 (2.21

mg, 0.002 mmol) and 5-nitroi nded+peaf50.5 ng, 0.3 °%n toluene (1 nm).
Conpound 24 my; 56% is o“%é%%}asdan or ange siul ftes silica gel
chr omat ogr 35%.gradi ent of Et0Acjin petrol ether).o? NMR ( CDCl 3):

6 2.03 (s, 3H OAc),
OAc), 3.20 (t, J= &
J= 2.2, 12.3 Hz, 1H, ), 4.21 (m 1H . . .
1H, H6b), 5.39 (t, J = 10.1 Hz, 1H, H4), S#&A6wn 5.54 (m 2H, H2, FHWN),
5.59 (dd, J = 3.4, 10.1 Hz, 1H, H3), 6.82 (d, J = 8.9 Hz, 1H C6H3)"N~N7.08
- 7.26 (m 2H, C6HB), 7.30 (d, J = 2.7 Hz, 1H, ©B6H3), 7.99 (m 101H, C6H3),
8.03 (dd, J= 2.3,98.8 Hz, 1H, C61-13);913C NMR (CDCl 3)= 1828782, 20. 94,
21.11 (4C, 40Ac), 27.31 (CH2), 53.70 (CH2), 62.31 ((@?E.,116§=ﬁ9 (C-4), 68.90
(C-5), 69.53 (C-2), 70.00 (C-3), 97.42 (C 1), 106.00, 118.45, 119.52,

121. 42, 12BcBB8meB25yitBesid 3Bthd3etrald®. PH (i) 4-3¥atdbhedBBorddic atidl7 C4G04152. 91

(12C, 2C6 od09. 94, 170,04 . 2 0. 4_C=0) .. _ | e~38:

5 i or o- 4 (PRI KRS TR0 gt BHERDY S B TR P i [ 55 e e 8 i ng
to Exanpl er3424 donpound 24 (36 ng, 0.058 nmmol) is treated with NaOMe (475
[tL) / OH (1 m.) and stirred over night to afford the deprotected
conmpound 25 (16.5 ng, 63%. 1H NWR (CD30D): 6 3.19 (t, J = 8.6 Hz, 2H,
CH2), 3. 60 ExathpR224: @i-(26814.6CHRra-Bkag ety B)-mibnn @86anos3lo-I ddloralbipBerdy-49. 4 Hz,

1H, H3), 4.08 (dd,.J= 5.2, 13.5 Hz, 1H, H2), 5.47 (d, J= 7.7 Hz, 1H,
H 1), 6.80—@8%—&4—&(-@60 SIS H3), 7.21 (m 1H, C6H3), 7.30 - 7.43 (m 2H C6H3),
2.2793- ( g : gfn:dngpougwsag&b mg3D,11 hagolwmre(a%ﬂi@) dé-cfﬁarﬂ)bheﬁyllg@gﬁ); 30542(74198 @Hg
7 -6), 68.27 (C 4), 71 -2), 72.4 3 4 (C5), 101.25
(C-1), 106.”’?’E?'Sz’ffé'}lésc,a”i%’?ﬁ%é,ogﬂé%ﬁim@.%fﬁ@é@%ﬁ%’?@z g‘,’g%’%’. 7,
]2.32:.2873012.3314'&%8%1234&690((01@69 ’é&tﬁ?b&)dgdﬁ‘élfog&,@bﬁﬂle Q.GTQe residue is purified by
5C201- 121l MtNa] : . 475.8; fou 4, 96. ; .
32 Gl or o- 4 TP hAUPTRISHAY sReRyeurs e Eh et LB LB IS 922 a5 2B e
(26) Fol | ewiitegodrhe procedure of Exanple 34, conpound 19 (60 ng, 0.1 mmol)
is mcrowave 30irradiated with C52CO3(100. 2 0.3 )., xzPhgs (4.9 ny,
0501 ol ) 1S IPa(B0ay 3 (5 £ il TRBBDGRIDH; 5 408 (bratblIAR: 1.8 5 Shy Ohisha
mmol) int Ql.oee(f@,esre,lo%)} 2.20Q8 8N AR 64.08 b JER .4 42, BIB HS 1 H,bH@a?,em Bgidan
orange solid after silica gel chronataq rapr'\%_éiﬁo- 25% gradient of EtOAc in
pet r ol 1@t helr)2-2 Hz. 5.1 iz 1850H2.451. 61-pk 427 {(dd neD Py H2 AZNRE (1EDE-89): 969 4L d7 (s,
3H, QAc), 2000H%StH,3t4), €88)(dd. 2/ 3.9 Hz, 3.3 Hz, 1H, H-2), 5.61 (m, 2H, H-1, H-3), 7.25 (d,
J=9.1Hz, 1H, CeHs), 7.41 (dd, J = 2.3 Hz, 8.6 Hz, 1H, CeHs), 7.60 (A, A’ of AABB’, J =
8.5 Hz, 2H, C¢Hy), 7.62 (d, J = 2.2 Hz, 1H, C4Ha), 7.71 (B, B’ of AABB’, J = 8.4 Hz, 2H,
CeH.); *C-NMR (CDCls): § 20.9, 21.1 (4C, 40Ac), 62.2 (C-8), 65.9 (C-4), 68.9 (C-3), 69.5
20 (C-2),70.1 (C-5), 96.8 (C-1), 111.5 (Ar-C'), 117.4 (Ar-C), 118.9 (CN), 125.3 (Ar-C'), 126.7
(Ar-C), 127.6 (2C, 2Ar-C), 129.5 (Ar-C), 133.0 (2C, 02Ar-C), 135.4 (Ar-C'), 143.7 (Ar-C),
151.8 (Ar-C"), 169.9, 170.0, 170.2, 170.7 (4C=0); ESI-MS calcd. for C2H2CINO1o
[M+Na]": 582.1; found 582.2; Anal.: Calcd. for C,7HsCINO4o: C 57.91, H 4.68, N 2.50;
found C 58.47, H 4.96, N 2.32.

.05 (§, 3H, OAZN"S 06 (s, 3H OAC),
,—(23§H,—>CHz), 4.t S_ ;’: Hz, )2H,

25



35(s, 3H, OAc), 2.14 (s, 3H, OAc), 3.06 (t, J= 8.4 Hz, 2H, CH2), 3.82 (t,
J=8.5 Hz, 2H, WD 2011/073112PCT/EP2010/069436 60 CH2), 4.05 (dd, J= 6.6,
12.2 Hz, Wb 20H/BGa)1z 4.14 - 4.28 (m 2H, H5, H6b), 5.32CTtEP2d8/089230 Hz,

1H, H4), 5.40 (d, J= 1.6 Hz, 1H, H 1%, 5.48 (dd, J= 1.8, 3.4 Hz, 1H H2),
5.55 (dd, J = 3.4, 10.0 Hz, 1H H3), 6.67 - 6.74, 6.94 - 7.19 (m 7H,

C6H3, C6H4) 130 NIVR 6 20. 93 20 96, 20. 96 21.13 (40AC) 28. 31
(CH2), 52.& : 3. 4 Tra- geetyleo-Panaynopyangsyloxy. C D ph y|-4

69. 84 (0- 5)\/” ﬁ.zte?rgz&g-(ﬂd), 108 14 117 18, 118.87, 119. 53 119 78 125 38
125.49, 127.37, 1I31.30, 140.98, 145 58, 146.82 (120, 06H3, 06H4), 170.01,
170. 02, 1760139F985EW vig e@ﬂ@%‘i Wlt@wr@thgtlrrg a@ﬁ?@‘fi%i Ql(d(q fﬁﬁo@ pﬁmIUQ}slb phenvl

D-
2()@332303%%@% rq@thg% ) az.aQ/(\chmlggo 75 hfnd|es B&&QEQWW@JH&@S fodidm (1

m) andSst .flp@@cua GHeF) i T (93 m-g 03§ nmel, aépﬁ%tVé—c"ff@deéldmm%”ﬂs hepded] mg

ZL% m[2§Ck%na§r7sti$rlﬁd%t85@C§§ '3 %H}he &W@M@cflm@@re |§3d|§s&\ﬁao(|h ethlll ac<§atﬂx

Hz, 1H H 3j0 m4) gad TRAF igremoyed bysvazzhlmsltlze orglanlcm%@e with 3[&4' Wa aquleoqs 5 Hz

1H H-1), @o@@on@f?’é mL): ﬂ?eoréa&é Iage?rs]oﬁ’ledgNéz%Oﬂaé)’&-c&rmeni?ﬁed%V&uooﬁ%)
130 NWVR (CD30D): 6 29. (CH 0-4)

72.26 (0- 2yesiqye ip@u(itrayyy sie. gpéclef@ﬂ@jogra_mw (§17*2@'@’JVBOH ﬂo@tq@)t@w‘('@éo(
120. 50,1012 095%773%93‘&%“91&%%38 128. 35, 128.88, 130.59, 132.75, 142.02,
147. 98. Sl -M5 cal cd. for 0201-12201 NO6[ MtNa] : 430. 84; found
430. 74. 20[<F]or +BRE (prelpllt SHER: ot NV SIS 8104f(Br I%Q)JQOMFer?’éh, PARY i s

g, ( %6' adg'g%éldg @Egﬁr@ké)sg‘ﬂ (%%@?A&%PM giddQWSPQ HR 8??‘14% ®H §-6458%i8 (ddg282

J=1.9Hz, 4.7 Hz, 9.9 Hz, 1H, H-5), 4.29 (dd, J 52Hz 12.3 Hz, 1H, H-6b), 5.41 (t, J =
10.1 Hz, 1H, H-4), 5.56 (m, 1H, H-2), 5.60 (s, 1H, H-1), 5.63 (dd, J = 3.4 Hz, 10.1 Hz, 1H,

15 H-3),7.21 (d, J = 8.6 Hz, 1H, CeHa), 7.42 (dd, J = 1.9 Hz, 8.5 Hz, 1H, CsHs), 7.62 (d, J =
2.1 Hz, 1H, CgHa), 7.64 (A, A’ of AN'BB’, J = 8.3 Hz, 2H, CeHa), 8.16 (B, B’ of AABB’, J =
8.2 Hz, 2H, CsHa); *C-NMR (CDCly): 5 21.0, 21.1 (4C, 40Ac), 62.3 (C-6), 65.9 (C-4), 69.3
(C-3), 69.5 (C-2), 70.0 (C-5), 96.7 (C-1), 117.4 (Ar-C), 123.5 (Ar-C'), 125.1 (Ar-C'), 126.6
(Ar-C), 127.8 (2C, 2Ar-C), 128.1 (2C, 2Ar-C), 129.3 (Ar-C), 136.1 (Ar-C'), 142.1 (Ar-C'),

20 151.2 (2C, 2Ar-C'), 170.1, 170.5, 170.9, 171.0 (4C=0); ESI-MS calcd. for Co7H»CIN4Oso

[M+Na]": 625.1; found 625.2.

Example 24: 5-[3'-Chloro-4'-(a-D-mannopyranosyloxy)-biphenyl-4-yl]-1H-tetrazole (11)
To a solution of 10 (22 mg, 0.036 mmol) in MeOH (2 mL), 3 M NaOMe in MeOH (100 uL)
25 is added. After stirring at r.t. for 24 h, the mixture is diluted with MeOH (10 mL),
neutralized with Dowex 50 x 8 (H"), filtered and concentrated in vacuo. The residue is
purified by silica gel chromatography (CH,Cl,/MeOH, 1:0 to 1:1) to yield 11 (9 mg, 54%)
as a white solid.
[0]p®® +59.0 (c = 1.42, DMSO); "H NMR (DMSO-ds): & 3.45 (m, 2H, H-5, H-6a), 3.54 (t, J =
30 9.4 Hz, 1H, H-4), 3.60 (d, J=11.2 Hz, 1H, H-6b), 3.76 (dd, J = 3.1 Hz, 9.3 Hz, 1H, H-3),
3.91 (bs, 1H, H-2), 4.54, 4.82, 4.86, 5.18 (4bs, 4H, 4 OH), 5.55 (s, 1H, H-1), 7.46 (d, J =
8.7 Hz, 1H, CgHs), 7.69 (dd, J = 2.0 Hz, 8.6 Hz, 1H, C¢H3), 7.83 (A, A’ of AA'BB’, J = 8.3
Hz, 2H, C¢H,4), 7.84 (d, J = 2.1 Hz, 1H, CgH3), 8.10 (B, B’ of AA'BB’, J = 8.2 Hz, 2H, C¢H,);
3C-NMR (DMSO-d¢): 5 60.9 (C-6), 66.5 (C-4), 69.9 (C-3), 70.6 (C-2), 75.5 (C-5), 99.3 (C-
35 1), 117.6 (Ar-C), 123.5 (2C, 2Ar-C'), 126.4 (Ar-C), 126.9 (2C, 2Ar-C), 127.0 (2C, 2Ar-C),




28e, 4'-R5=0CCH2Ph 28f, 6'-R5=CO2Bn 28g, 5'-R5= CF3 5'-R5=H 29h, 5'-R5=N 02
29i, 5' -R5=CO2Me 29j, 5'-R5=0Me 29k, 4'-R5=CCH2Ph 291, 6'-R5=CO2H 29m

5' - R5= CRBO 20/@281/ 073112PCT/ EP2010/ 069436 61 Schemne 7pciEpe@p/ouBe K2003,
L-proline, DMBO, 90C, overnight or CwW1, K3POX4, trans-1, 2-
cyclohexanedianine dioxane 106C overnight (b) AcZO/pyridine DVAP, 2-4

h; (ii) 0.5 S dol-1- vl)phenvl

a- Dnannop\ﬂ%ﬁdér&?é k%g%%f%&?%%@f- Mééa%ﬁ&f@sﬁ?&%t dsd26pIed-deh| enk
t ube conpouym &9N%i4ﬁwﬂmﬂ Qﬁaa ﬁﬁmhM67§pl (10 mg, 0.05 mmol), indole (35
ny, 03rrrm|§j-I 5 mol), L-proline (11.5 nmmol, 0.1 mmol),
and a stir bar are added and the reaction vessel fitted wth a rubber
septum Th t Ois
SEPLUT | T F SRS oS (O SHBRUAL D AIRIATB M DeR 00, HIBROUSO |
t he conbentthe dbeorsephengdiesivativyeCrbige imiughis.redadied toegiva @ Giither Wcool ed

tor.t. d'fdr\ﬁu‘i’éjglw_nvﬁe}eﬁtﬁmg é%@th&k@arb@ﬂggﬁedﬁ sﬁc?ﬁ]-cém&#@;{éng (EL(MPI@F 28% Ite.
The fil t ace at ed

with Ac20/ @yvidine (DMAP). The reaction is quenched by addition of

met hanol , the m xture concentrated and the residyg_Ruegfied by silica-gel
col um 15chromat ography (petrol eum et her/ et hyl 4:1-1:1) to provide
2-chl or o- 4- (| yl )(phenwo AC4 6-tetr@- 0- ac® D- mannopyr anosi de
28a (40 ny, a (40~ miR ) is—dissol ved K met hanol and
treated at rt wi t by 5MCHB ONa/ MeOH (14 [tL) until co ion of the
reaction. The reactlon mxture is nevwrs]ized with anberl IB5Xfiltered,
the filtrate is cqncentrated anqlthe due is 20purified by ica- gel

col utm chr omat ogr aphy ( CH2C12/ MeOH 10 ) %6 afford thg, ges%crHE @qmﬁ% d 29a

(20 g, 70% as a white solid. [a]20D +171.6 (c @ H NVR
(CD30D): 6 7.62-7.54 (m 3H) 745-7.38(m 3H), 7+ R=H=REld Hz, 1H),

b3 U o1 SefigheE iydomSuiiol gy, Bilesd. Wudiy, 30, 3‘?#)<'m,-méite%v,”c‘at€w-

TR L LN E ML IR o R LT CI TR AR E A M TS
(Ar-0) . i\'aég\"‘%é%%?'g H@%' %ZQG t5d- 72 38 o o '

Example 25: 4-Bromophenyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside (12)

1,2,3,4,6-Penta-0O-acetyl-a-D-mannopyranoside (o-D mannose pentaacetate 1, 500 mg,
15  1.28 mmol, 1.0 equiv) is dissolved in dry toluene (5 mL), 4-bromophenol (4g, 266 mg,
1.53 mmol, 1.2 equiv) is added and BF; etherate (30 pL, 0.24 mmol, 0.2 equiv) is
subsequently added via syringe. The mixture is stirred at 30°C for 30 h. The reaction
mixture is cooled and dissolved in toluene (20 mL). The organic layer is subsequently
washed with saturated NaHCOj; solution (20 mL) and with brine (2 x 30 mL). The aqueous
20 layers are extracted with toluene (2 x 40 mL). The organic layers are combined and dried
over Na,SO,4. Removal of the solvent by evaporation under reduced pressure leaves a
residue that is purified by chromatography on silica gel (petroleum ether/EtOAc, 10:0.5 to
0:10) to obtain 12 (248 mg, 38.5%) as a white solid.
'H NMR (CDCls): 8 2.06 (s, 9H, 3 OAc), 2.19 (s, 3H, OAc), 4.06 (m, 2H, H-5, H-6a), 4.27
25 (dd, J=5.6 Hz, 12.4 Hz, 1H, H-6b), 5.36 (t, /= 10.2 Hz, 1H, H-4), 5.43 (dd, J= 1.8 Hz,
3.5Hz, 1H, H-2), 548 (d, J=1.7 Hz, 1H, H-1), 5.53 (dd, J = 3.5 Hz, 10.1 Hz, 1H, H-3),
6.98 (d, J = 9.0 Hz, 2H, CgH,), 7.41 (d, J = 9.0 Hz, 2H, CsH,); *C-NMR (CDCls): § 20.71,
20.73, 20.74, 20.91 (4 OAc), 62.10 (C-6), 65.85 (C-4), 68.77 (C-3), 69.26 (C-2), 69.32 (C-
5), 95.88 (C-1), 115.59, 118.31, 132.56, 154.65 (6C, CeH4), 170.01 (4 C=0).
30



(CG3), 71.84 (CG2), 68.22 (CG4), 62.70 (C6); ESI-Ms calcd. for

C201- 120CI NO6 [ M#Na]: 428.09, found 428.04. 30Exanple 42:

2- Chl or o-weo(2btmi78riei ndol- 1- v1) phenvl a- D- mannopvr anosi dectZ®b)io/069Bé owi ng
the procedure of Exarrpl e 41, starting2from19 (117 ng, 0.2 nmol), but

repl acing indole by 5-nitroindole, conmpound 29b (54 ng, 60% is obtained as

a yell ow SO|Id [ a] D2 +85 7 (c = 0. 25 IVEOH) 1H NVR CD30D) 6 8.63
(d, 3 = 2 Gxegplodl N £ -(e.0dctia-ShacayloDanagronyipposviogshiphenyldn 4,
7.48 (dd, %a,-bogiwgte (23;5 Hz 1H) 6.91 (d, J = 3. 0 Hz, 1H) 5. 65 (s 1H,

H1), 4.14 ITH_H2), 4.01 (dd, J= 9.5, 35Hz 1H H3), 3.83-3.72 (m

WD 2011/ 07§§1Q©€ﬂ1/7§mﬂﬁ4)@9w68 godeziio afirg Schiank tubg. Afigr evace@ingmnd1H, H- 5)

125,75, 1558 pepftafndiyy b ddoricy 2 i o yaldsciive Bitally 557

(CG1), %6. mra(ngseye (1227930, (0053mmo?ﬂ Orsqt(io gy 4- @3t.h1>8y0(®an)ylpheayIB@oolc,asbd
ESI M5 cal v/ ; 73. 03 B 3:
Met hyl Ci ‘i?%z §9rf Bro- Iﬁ'%g g%ogqhdl wg%%els&fﬁoxy Ubﬁylg%ﬁbl(%rﬁ%d%mw(ﬁhé
car boxyl at éugeogrgasedn aauliresed mih éorSéhnienRd(dibeds ébﬁrmm AdP018 nimal70.Ad, 0.2

1), .22
ol )| kapOTEpAERTSPHds 1S3 R do7s 1RGO gl Fo S Box YA o el U
0. 06 nmol ) reditedorangs indichied fermatiga gethe @hwtedmeatabfatcirh@reaszé@smlixtuireﬂs glifregi th a
rubber éeptaumkeﬂd}g 8?%5&)‘?'14 hS Th&R &Y %ﬂ%@dlﬁ% M@éﬂeé'lz bﬁérﬂﬂﬂash@ﬂe”

1, 4-di oxane 1Is under a stream o argon reac e 1s quickly
seal ed and Witheatoated Nasi G4 sohusian 480 m5®lw@dmy91ﬁme @ Néoﬁ’@dcfhe)mnﬂra@tedlr eis

cooled to rqpe?usqb S8R %rtalete%tvm%lcﬁ t(%&?oarﬂé ).fhbb a%Q: |5%I‘Q§@C&ntﬁlllé’w of

celite. The els concentrate eresu Ing crude mxture is
acet yl at ed and tdnedo2e) Nab0di After epppatiorifdhe eelvarit gnvaoso dheereshiging bywdaddi ti on

of net hanol b
o1 om0 ProguiEisBthéll 6y %@?@%ﬁ%ﬁ%‘“& Sfic LGP R S juin BGHEISAE, P
provi dé528(§1Q870 hg4) toamye 1268.1mg, O)fﬂﬁ@wlt@‘rﬁ@lo) is dissolved in dry MeOH
dt t t t f
?Re r:a:gt |egn] O%r(géct ?gﬁ:ﬁi Ml urmh??giz(@e%éw@%‘%? E@%é é%’,iﬁw °
filtered, t($1€8l-f iQA0).R. 9 (ss 3toDéeh Brat (ed3ln@eH ) e 08 g8 2HeHi%s I-b@a)l f2édddhy =
silica-gel ot | : f f t red
oLl 1o 9ot seolur S o8 a2y (RILMGAHAD: st 90 Bhdl e oSt e
(s, 1H), 7.82),6db6 (%28, E| 1—|zt-| 201 A6 (@, J7 8(iz, 24, H ar),5657 (dd, 3H)8.6 61z863.@51z( d,
J= 3.0 , 5. S, _ H31),.,3..93 ) S X ,
370 (an fH bR TRy = s 3 Rl e BncliyBlan 74. 28 76 20 T ad B )
Hz, 1H, H 9Ac)B50 &HY, 62m1 @b), Bi58b,(CH) BB;87HSH3) MR .2& 6937 (002, CGB2I4B20 NOS
Mit+Na (o) . . :

[2 Chi Lr o 4?9513”18 Gh%xa?ég@if?%:%)%ﬁ'gﬂyEi?d%’%%“’ 144.75, 155.70 (12C, C ar),
2, 3, 4, 6- t et16@:00; ¥6ET§,1178:0R- NEN0H3ITPYE746 CHAIEMEABE)) calcd. for CrsHaoNaO1,

[M+Na]": 581.2; found 581.0.

25
Example 27: 4'-(a-D-Mannopyranosyloxy)-biphenyl-4-carboxylic acid (14)

Compound 13 (57 mg, 0.1 mmol) is dissolved in dry methanol (5 mL), a freshly prepared
solution of sodium methoxide (0.3 mL) is added and the reaction mixture is stirred at r.t.
After 95 h water (10 mL) is added to the reaction. LiOH (100 mg) is added. 7 days after
30  start of the reaction, the mixture is neutralized by ion-exchange resin (Dowex 50 x 8),
filtered and washed with MeOH. The solvent is removed in vacuo and the resulting
residue purified by reverse phase chromatography (H,O/MeOH, 10:0 to 10:4) to yield 14
(14.3 mg, 37%) as a white solid.
[a]o® +103 (¢ = 0.1, MeOH); '"H NMR (500 MHz, MeOD): §3.60 (m, 1H, H-5), 3.72 (m, 3H,
35 H-6a, H-6b, H-4), 3.89 (dd, J = 3.4 Hz, 9.5 Hz, 1H, H-3), 4.00 (dd, J = 1.8 Hz, 3.3 Hz, 1H,
H-2), 5.51 (s, 1H, H-1), 7.19 (d, J = 8.8 Hz, 2H, CeH,), 7.60 (dd, J = 8.6 Hz, 11.8 Hz, 2H,



According to Exanple 43, starting from19 (100 ng, 0.17 nmol), but using 5-
nmet hoxyi ndol e i nstead of benzyl i ndol e-5-carboxyl ate, conpound 28d (56 ng,
53% is obbannadsms a white solid. 1H NVR ( CDCl 3) PCO/EP2&15/06%36 J = 2.5
Hz, 1FD, 7.38 (d, J =9.0 Hz, 1H), 7.83 (dd, J = 9.0, 2.5 35Hz, 1H), 7.29
(d, J = 9.0 Hz, lH) 722(d J =2.5H, 1H), 7.12 (d, J = 2.5 Hz, 1H),
6.89 (dd, J= 9. d J=3.0 Hz, 1H) . 5 64 (dd, J= 10.0,
3.5 Hz, 1H CeH4)3§3 01 (Wa( 7@?1'7'@?@&92’#@% EP19 201 Ged436CAVB (KeODy, 5 63:24 (G6)y7
£11H31H( éé J% 59?()(6% 72*56%0@) 7% ébkgézs '7%%?350558%0(10 (011*)01@8 04 lezs O7€)H112¢"9§,)
H5), 4.1318483 (32& Qeihb M&(Eﬁlrﬁalcdﬂfw GoldPs M §7612; fogpy 3?%? 2 22 (s

3H, OAc), 2.09 (s, 3H, OAc), 2.06 (s, 6H, 20Ac); 130 NWMR (CDCI3): 6 170.47,

169.97, 169.80, 169.74 (40, CH3Q0), 154.68, 5149.53, 135.79, 130.96,
129. 78, 512§00§1e pregaration qfcoorrm@undsooa‘fommula (|I57wl7ere|n1R7|sﬁz(5 mtnomdmn 1333 73,

102. 78 (Ar é@am@@s Qéftc(ﬁ))]tﬂefo@gwﬁg p(“&e%hve 6952 (G2), 68.68 (C-4), 65.74
(G6), , 20.7 .69, 20.68 (4C, CH300). Exanple 45:
2- Chl oro 4 (5- et hOXVI ndol- 1- vl)phenvl a- D- mannopvr anosi de (29d)

10Acetyl ated gl ycoside 28d (50 ng, 0.08 mml) is gissokved in dry nethano
and treated at r.t. with 0.5 M CH3ONa/ MeOH (17 [de_ &l TLC control

i ndi cat ed tQCO ‘etion) of t¥e action. The reacton xtur I
neutral i zed Wo er'yst- %o red, thefiltrate |% ed and
the residue is purids.ed by silica-ggl colqnn chronatogra O H
10:1) to afford 29d (25 ng, 69% as te SO|Id 151H N CD30D) 6
7.55-7.52 (m 2Hy, 7.41 (dd, J=18.0, Hz, 7. 36 3¢ {emc2H), 7.12
(d, J= 1.5 Hz, 1H), 6.83 (dd, J= 9.0, 2.5 Hz, q F{EHB 0 Hz, 1H)
5.60 (s, 1H, H1), 4.14 (m 1H H?2), 401(dd J—95 15 lH H-3),

3.82 (s, 3chLaED) (,)§,|(§j% h &24@,@& oHoRRne Hictc, bbﬁb(’uéﬁ'nﬁl)omd%
(CD30D): 6 156.U0b, 6L, 136, 41, 135,45, 131.45 129 37, 126.65 125 59,

124. 591011@82803 ﬂiﬂ(dlba) lﬂ10$81,|i0>§?@1¢= 652,0 DMCBd"Eﬂ 8@%@,6’)3 hZ(DlNaOMB (V@Ol') rt76. 08
(0-5), §§h(o 3), 71.84 (0-2), 68.22 (0-4), 62.69 (0-6), 56.13 (OCH3);

ESI - M5 cal C for C21H22CI NO7 [ M+Na] : 458. 10, found 458.11. Exanpl e 46:

2- Chl or o- 4- (4- benzvl oxvi ndol-1- vl)phenvl a- D-mannopvr anosi de (29e)

Accordi ng
4- benzyl oxl%(g ester, 29e

(20 nmg, 34% heaed)b)rﬁcaemdams flask rsfchargddlv‘tma cﬁ—ll-mahnokbl pblhﬁa(:éf%QD)Z 069, 5.12

Lo ory 182, Siheia i bgglivgng Tiedopbend 4 Sty o mmoy fiz el The Ersﬂ%‘;qfs %6516 °

(dd, J= 9 Qliss3lved Irizdry ldtiertd dhder stiriidg én@ng(omatrﬁbthéfeﬁa'hehﬁg 130

NVR (CD30D 8 71.83 (C-2 71. 0 2 C 4
62. 65(9 (C 631 02E§F‘°ﬁ/§-?g%%\g.é%$gd€£?ﬁl¥2'é%:| % “é& sfigred f%@ﬂg é‘i) é >
WO 2011/ 07 33cL2dENBRLELIQI0NG948@0 mL) and toluene (50 mL) are added to the reaction

mixture and the phases separated. The organic layer is washed with brine (2 x 50 mL)

20  and the agueous layers are extracted with toluene (2 x 50mL). The organic layers are
combined and dried over Na,SO,. Removal of the solvent by evaporation under reduced
pressure leaves a residue that is purified by chromatography on silica gel (petroleum
ether/EtOAc, 10:1.5 to 2:1) to obtain 15 (1.57 g, 56%).

[a]o® +110.1 (c = 1, CHCIs); "H NMR (CDCls): § 2.02, 2.16 (s, 12H, OAc), 4.04 (m, 2H, H-

25 5,H-6a),4.25 (m, 1H, H-6b), 5.32 (t, J = 10.0 Hz, 1H, H-4), 5.39 (dd, J = 1.9 Hz, 3.5 Hz,
1H, H-2), 5.47 (d, J= 1.8 Hz, 1H, H-1), 5.50 (dd, J = 3.5 Hz, 10.0 Hz, 1H, H-3), 7.02 (m,
2H, C¢Hy), 7.38 (d, J = 1.4 Hz, 7.3 Hz, 1H, CsH,), 7.47 (s, 1H, CeH,); "*C-NMR (CDCls): &
20.90, 20.99, 21.06 (4 OAc), 62.36 (C-6), 66.07 (C-4), 68.90 (C-3), 69.40, 69.51 (2C, C-2,
C-5), 95.98 (C-1), 116.33, 125.80, 131.16, 132.44, 156.16 (6C, CeH,), 169.93, 170.11,

30 170.15,170.77 (4 C=0); MS (ESI) calcd. for CxH3INaO4, [M+Na]": 573.0; found 572.9.



64 Exanple 47:

1- 1- 3- Chl or 0- 4- (a- D- mannopvr anosvl oxv) phenvl) - 1H i ndol e- 6- car boxylic acid
(29f) FoWbawimgstibe procedure of Exanple 43, starting Pcomp2@b/o6436 ng,
0.033 mml ) but using 2 N aqueou# NaCH i nstead of sodi um net hoxi de for
deacyl ation, 29f (10 ng, 68% is 5obtained as an off-white solid. 1H NWR
(CD30D)6816(s 1H_H—1),781(d J-80Hz 1H),766(d J= 8.0 Hz,
1H) 7. 62- EX§NDE4Y: N Ol | 4 t gcety] 3 | 4§
(s, 1H, H-)6402(de 90 30Hz 1H H—3)383373(m3H H—6a
H 4, H 6Db), 68 (m 1H, H5); 130 1%@&0 3), 71.82 (0-2), 68.22 (0-4),

62. 70 (0- 6} de§Chika@§1€dﬂCh4"©f3d with 1GeCPNEE0 a0 16 mmol, §Bauivy e tueiso4.
Exanpl e 48:52cfdPloP 3¢ liPahd tHeh YRERERRY A/ BF’ bs gxnd’é)l&j&)ﬂ%yl 2, 3 4 6-tetra-O-

2,3,4,6-tetra-0O acetyl -a- D15mannopvr anosi 28Q) I"ow n(% he procedure
of Exanﬁl e aggtyl-gttamannepyranasided 5 (126 meg 0. 2@22r5ﬂﬁhﬁaleyu'bh@ addemty the tube,

bt ai ned. ad- SHPIERT AR IER T QRTEHALHIN Ry el nle Bing oo’ 3

(d, J = 2. mmel, 0.0B)equiv). 5Be(naixtuge is dsEIVRE jn qu)fiiox}z\oer(ﬁa@Ll dherelvenSsHz, 1H),
7.35 3 H 3
5 62 E(T Jﬁ%gagsga g%iﬁ%orﬁPgthWé %0}#% (ﬁeﬁ% &lg&,%do]lgeé&l_gmﬁoiﬂ?'ﬁ?ollkg )
(t, J = 10.eQuimyis atlided. I-'FW)mIXHJF@E hedited t9 891Q a0d stred faz 53 DHTLWFHT)OEUIIH the(/ddd
‘(Jslo 0405 t03\§§ @énd Hﬁfﬁ@bar%séo%%@moﬁlgﬂ%a &&a e%cl?)mm %tﬁ)f(ggn’ah%n 23
17Ec):hl42 169)1c gafrtlaImatgtylal@gmaanqsmmrmg1@)9@@@8&@?tf@:?ea@@nswa@m@smg

2 4- | |

Acetyl at ed 9 Glidic HeNRRY IRl ashyd b LY s s eyl
and treat edegsin fully proigated maﬂnmldﬂ-lﬂ'maﬂ@'ﬁﬁ(ml-mndﬁamlrateﬁmlll?ousm_@l"G@act i on
mxture is gfﬁ'ﬂ&ﬁ #d mefh gae@mjlﬂélré( |0|Jr§1|xtfnle| TR& ers e{l‘@ Ar]éfeﬂta‘?ld'tﬁe

concentrated and the Tesidue I's purl by SI
chr omafl bgr 2psaniq @EE IPWAITE Wilh trnet(8 X0 ok d Tlaggq@wswerm%e@r@ctadmmt e

ST gL TR AL g SROBL Bt B

1H |+1) goncentiatediunderreplyicedip@ssyrddihelresigdus js wrﬁewﬂhﬁmca gei3), 3. 83 3 73

135, 75, 13098 o PyaRudipheinhy Shdknylo NG bR e s

125. 41, 123“95&0"/3)2530@&”6@]88@& 056\@6550#11) 119. 65 (q J= 4.13 Hz), 119. 20,
(0-4) . 22, 10 5.y o] (R hn MR (9Bl pei b sto el © 266088 Puna
496. 05. OQhJ@Gft5hVCZHDCBz) 4.11 (m, 4H, CH,, H-6a, H-5), 4.26 (dd, J = 7.3 Hz, 1H, H-6b),

5.37 (t, J = 9.9 Hz, 1H, H-4), 5.43 (s, 1H, H-2), 5.53 (m, 2H, H-1, H-3), 6.84 (d, J = 8.3 Hz,

1H, CeHa), 6.98 (M, 3H, CeHa, CeHa), 7.30 (t, J = 8.1 Hz, 1H, CeHa), 8.00 (s, 1H, CeH3),

8.05 (d, J = 8.8 Hz, 1H, CgHs); >C-NMR (CDCls): & 20.89, 20.92, 20.94, (3 OAc), 21.12

25 (OAc), 27.29 (CHy), 53.36 (CH,), 62.30 (C-6), 66.07 (C-4), 69.01 (C-3), 69.54, 69.56 (2C,

C-2, C-5),96.00 (C-1), 106.66, 107.96, 111.47, 114.09, 121.37, 126.13,130.70 (8C, arom.

C), 143.38 (1C, arom. C-0) 152.64, (1C, arom. C-N), 169.92, 170.23, 170.25, 170.71 (4

C=0); MS (ESI) calcd. for CpgHz1N,012 [M+H]": 587.2; found 587.2.

30 Example 30: 3-(5-Nitroindolin-1-yl)phenyl a-D-mannopyranoside (17)

Acetylated compound 16 (127 mg, 0.21 mmol) is dissolved in dry methanol (5 mL), a
freshly prepared solution of sodium methoxide (0.2 mL) is added and the reaction mixture
is stirred at r.t. until TLC (CH,CIl,/MeOH 4:1) shows disappearance of the starting material
(23 h). Glacial acetic acid is used to neutralize the reaction mixture. The mixture is

35  concentrated and purified by reversed phase chromatography (H,O/MeOH, gradient from
100:0 to 60:40) to yield the unprotected mannoside 17 (68 mg, 60%).



AcO Ac 0 OAc OGAc O 31, R5=H32, R5=H 33, R5=NO234, R5=NO2 10 Schene 8.
(i) 4A M5, TMSOTf, toluene, 2-fluoro-4-iodophenol (4k), r.t., 2 h; (ii)(a)
Cul, K20080 2btiprreiiene, DMSO, 90C, overnight, (b) (Ac)20ppyrmErditnasi4BVAP, 2-4
h; (iii) 0.5 M CH3ONa/ MeOH, r.t. Examyl e 50: 2-Fl uoro-4-iodophenyl
2,3,4,6-tetra-0- acetyl a- D- mannopyr anosi de (30) 15 A mxture of imdate 3
(4 05 g, 8.22, % 2-fl uoro-4-i odophenol gh 10.08 mmol ) and 4A
mol ecul ar i?‘bvéé% (@ry! MsQibng! NYRSMeQidyd t07r(ttJ %3@ 2 BHa{oH12).t 3 h(MVsOT

(160 4, 0.8 'P%‘b éGB%maQPIePl e%t HEGG H- 4T)h§ 8"!16&& UrL3 '3-°stb'4rlrlfql-f QL3¢23k2 Ghen
f||tered The filtrate is l'uted wi t'h washed w th A)a ueous

NaHCO8, br imk’Ana %ﬂﬂ‘l@d%v@ﬁ){\f&@@dﬂ BrieHa A &ri2).i 54Q Grdield- 1|)rf5 Vatdid Tand

the residugsjg p1+|i| H §]| bHC eb.59! hHo of &p 2 (;pﬁgrﬂJ|eum
et her/ Et OA? 4: Z C\526 6%( |ve %g@ E:unsg 61%15180 @gqg ggJa% white solid.

1H NVR @CD@eH)), 7@57(8 A1, (Qﬂda) 38919, 01, GHg); ﬁ,@ NMR)(MGYDE@BS 2468 (3 @My, 5439 Hz,

(dd 893 Ye.cupn fo 7y E’E‘tsh%@as & @34 981G 27 720 Lc 3 7. 's‘a(g%ﬁ %d@;%,)(& ;49

10.0 Hz, 1HO7R34)109842%613.3( 3Q]:€e|ﬂQ 014.63.52M01, 124. 81—I(3’§%1)CeHé) 151.¢2 4 J-

(s o r G BT (g g ol S5 151300 areff, %%’18§§96*‘36%§r" &%
130 NMR WIS (H3) %%I@F@WWENMWMWA@ tgoyreDEt By 6 170. 46, 169. 90,
169. 7740169. 71 (4 0=0), 153.12 (d, ArC-2, iJcF =252.12 Hz), 143.37 (d, 2JcF

=10.75 Hz, ArC-1), 133.59 (d, J=4.0 Hz, ArC), 125.98 (d, 2JcF =20.6 Hz,
ArC 3), 12®n 8N attanajve mydeof fyathesis, emmpaings of fenmela45 whetein Rhis@-@rnitre9. 70

(531 (5% Hdfidbn St soPgolfllied). ©2.02 (0,8, 20,00 20-67

a- D- mannopvr anosi de ( Fol | owi n@Ht he procedure AcExarrpl e 43, starting
from30 (142 ng, 0.2 nol) the iq group, is byln ple and the
tetraacetate 31 H{d dto giv u-nd>32/§ , s a white

solid. 10[a] D20 -4-125.7.(c &,0.1 OH); 1H NMR ( CD3QD 6 7.61 (d, J=
8.0 Hz, 1H), 7.55 (1, J =@ 0z, . 7.50 (d, J—80 _w) 7.39-7.36
(m 2H), 7.30 (d, J= 9.0 H# 1H), 7.17 (t, J = 8.0 Hz, B 7.11 (t, J= 7.5
Hz, 1H), 6.64 (d, J=3.0 Hz, 1H), 5.56 (d, J= 1.5 Hz, 1H M), 4.12 (dd, J=
3.0, 1.5 Hz, 1H H2), B.95 (dd, J%ig. 5 3.0 Hz181R=44B}=H3.77-3.72 (m
4H, H-6a, H4, H6b, H5); 130 NVR (CD30D) 6 15497®'=(4d, RAIZEL=245. 88 Hz),
143. 96 (d,

OAc OH
AcO 0 HO 0
AcO (iii) HO
_>
o 2 o RZ
Y VA

R
| ) RS | R®
Z N P '\‘:Q/

20, R?=H, R%=NO, 21, R?=H, R%=NO,

22, R?=H, R%>=H 23, R2=H, R®=H
24, R?=CI, R°=NO, 25, R2=Cl, R®=NO,
26, R2=CI, R5=H 27, R?=CI, R5=H

Scheme 6: (i) TMSOTf, PhMe, r.t.; (ii) Cs,COj3, 5-nitroindoline or indoline, x-Phos,
15  Pdj(dba)s, PhMe, 80°C; (iii) NaOMe, MeOH.

Example 31: 4-lodophenyl 2,3.4,6-tetra-O-acetyl-a-D-mannopyranoside (18)
In a dry flask 3 (1.0 g, 2.03 mmol) and 4-iodophenol (4i, 536 mg, 2.44 mmol) are
dissolved in dry toluene (6 mL) under an atmosphere of argon. TMSOTf (45.1 mg, 0.203

20 mmol) is added and the mixture is stirred for 2.5 h at r.t.. The reaction mixture is diluted



15J=10. 88 Hz), 137.22, 136.46 (d, J=8.88 Hz), 130.87, 128.97, 123.51,
122.06, 121.44, 121.35 (d, J=3.38 Hz), 121.00 (d, J=2.0 Hz), 113.74 (d,
J=21. 3 Hzwo 201207882 104.74 (ArC), 101.78 (C 1), 76.05 (@cT)EP20MB/08%434 O- 3),
71.83 (0-2), 68.21 (0-4), 62.70 (0-6)56 ESI-Ms5 cal cd. for 0201- 120FNO6

[ MkNa] : 412. 12, found 411.97. 20Exanpl e 52:

2- Fl uoro-4- (5- n|tr0| ndol- 1-v1) phenvl a-D- nannopvranosi de 3ﬁ%ﬁ)13|:0| | ow ng

the procedifie BPARENPIe angsatdtaigd 3qigops HaT 18062/ ulony 00 JUOHE | odo

group is repeasad e&wa&e@ww@t@ﬂl@l@x apg nt berﬁeaidnmﬁ&m @m@i’agemrdrhlea@e@k to
gi ve corrpound 4 (453”8[3'6520 as el l ow solid 454 44, MeOH);

1H NVR ( CDARY ntyis erpo yei’ﬁﬁ’oraﬁorlﬂ”‘{edde‘]“fed pga%urenge 5331'@6 1H),
7.65-7.58 Gﬁburﬁlﬁhybyl‘lllﬁégé%,rorﬂato r%pﬁy (éfra@iellﬂzof 5%‘-@0%7Et@¢\cﬁrdpet&)l gther) Qo Hz

1H), 6.91 . Vé] H 1), 4.12 (m 1H, H2), 3.95
(dd, J=%9. 'e'%p@ﬂﬁct 1§+42 T, 31)00/%38& ‘8§°bﬁ*n 4H, H6a, H4, H6b, H5); 130
NVR ( CD30D), 1620354 (62 0 \ 1 54,
R (() §0s ]@29 z&(@ 1géHcki‘zﬁ m@ﬁgcﬂ%l ')426)2 oége.fs?l?cz)mézkﬂl@, 63, i@Ae) %4@
120. 89 (d, ($3H, PHA-02 fmyaﬂfi)iﬁ -51H@ag . 231(19'&! 43 5(%|12;5-|22_L 12‘1:» "B@Mz 321t15|l-60
106. 71 (Ar G, dENHEH- @CS:QDNédJ6J4$8 (8:3%)z 1Z|2H3éé §Q533 . 1H h- 7)75(4@ 8& J $8.518
(C 4), 62.70 (0-6 cal cd. for 020H19FN208 [ M+Na] : found
457. 15. v@0210*iZ_L/1 3 3) BEH/(epDD B) lHo ABE B, GAE (hak= ASTTY AébCNsz §

Scheme (§. (Ebcf @ %SGT%%fm @QthﬁbRéPg%izg‘r?n&@Xé’dodi@(@h) 681 (I3t 6o, 412 h;

(||)(a cul’, trans-1, 2-cycl ohexan di oxane, b5-nitroindol e,
106C, over r$i991|$t(C 2.69-5), ﬂ@)OZ(IDth) A5, (DMAP18.954138:69 (4G.)Cebla)5 15.EFECNEF MeOH,

r.t. 5 Exa d t YR

2,3,4,6-tetT ?%qsg%ét% il @ﬁﬁﬁ@%‘anos. z%cak{‘—d If?rc\:/ﬁonﬁ”\{aoéo Voiakiure of
Exarrpl e 50 57Br®2dﬁ>had57’\6895 ng, 1.64 mol) is reacted with 4-

i odo- 2- net hoxyphenol (41), 4A nol ecul ar sieves, and TMSOIf in dry

di chl oronet hane (in place of toluene), to give conpound 35 (843 ng ny, 89%
as a MBteEs<ahipth32U21(B—thW-(o@D§fh®)¢l B34, tetrda-0Q-Acétyt-o-DEhanfoPanodide J$9)8. 0 Hz,

10.0, 3.5 3 .5 1.5 1H,
H-2) 5 42(Fdﬂow' Ihel‘?r%b‘?ﬁﬁ{re T{EX%‘&? #éor)éﬁe ¥”§h‘?13€3—gf11(§ H'CpérOdfﬁﬁmﬂa%z?
4.28-4.23 ((ﬂ@o @b, 1.64 GanoljHark) 2- cI4IoEb74-ﬁdnopﬁélhol k46809 m3, B22 (r8nol Bale dRSHRE 2. 18

s, 3K, OA‘%)N (anhy06ro&ss)toluehe QAr%k)under an g?rhosp'ﬁ'éreobf‘a)rgon T%dﬁ (22%513 mg, 8.)1; 13C

(
NVR

mmol) is added and the mixture is stirred for 2.5 h at r.t. After work-up the residue is
20 purified by silica gel chromatography (5-30% gradient of EtOAc in petrol ether to yield 19
(430 mg, 73%) as a white solid.
[a]o® +60.2 (¢ = 0.5, CH,Cl,); "H NMR (CDCls): § 2.02 (s, 3H, OAc), 2.02 (s, 3H, OAc),
2.05 (s, 3H, OAc), 2.18 (s, 3H, OAc), 4.05 (dd, J = 2.3, 12.2 Hz 1H, H-6a), 4.09 (ddd, J =
2.3,5.3,10.2 Hz, 1H, H-5), 4.25 (dd, J = 5.3, 12.2 Hz, 1H, H-6b), 5.35 (t, J= 10.1 Hz, 1H,
25 H-4),5.48 (dd, J=1.9, 3.4 Hz, 1H, H-2), 5.50 (d, J = 1.7 Hz, 1H, H-1), 5.55 (dd, J = 3.4,
10.1 Hz, 1H, H-3), 6.90 (d, J = 8.7 Hz, 1H, C¢H3), 7.48 (dd, J = 2.1, 8.7 Hz, 1H, CgHs),
7.70 (d, J = 2.1 Hz, 1H, CsHs); *C NMR (CDCls): § 20.90, 20.92, 21.08 (4C, 40Ac), 62.24
(C-6), 65.90 (C-4), 68.85 (C-3), 69.38 (C-2), 70.04 (C-5), 85.77 (1C, C¢H3), 96.72 (C-1),
118.78, 125.80, 136.85, 138.96, 151.42 (5C, CeH3), 169.95, 169.97, 170.14, 170.66 (4
30 C=0). ESI-MS calcd. for CH2ClIO1,[M+Na]": 607.47; found 606.94.

Example 33: 4-(5-Nitroindolin-1-yl)phenyl 2,3.4,6-tetra-O-acetyl-a-D-mannopyranoside

(20)

To a mixture of 4-iodophenyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside (18, 200 mg,
35  0.37 mmol), Cs,CO3(364 mg 1.12 mmol) and 5-nitroindoline (91.6 mg, 0.56 mmol) in a




(CDCI3) 6 170.54, 169.93, 169.84, 169.76 (4 CO, 151.54, 144.80, 129.81,
121. 74, 120.81 15(ArC), 97.42 (C 1), 69.46 (C5), 69.37 (C2), 68.81 (C3),
66. 08 ( C-wWp,206A72iA2( C-6), 56.06 (OCH3), 20.88, 20.70, 2@C68&P2010/069%3¢ COCH3) ;
ESI - M5 cal cd. for 021E1251011 [ M+Na]:57603. 03, found 603. 16. Exanpl e
54: 2- Met hoxy-4-(5-nitroindol-1-yl)phenyl

2,3,4,6- tetra 0- acetyl - a- D- manno20 ran05| de (3% Accor di n%oto Exan'8l e 43
starting frRSRie8 &meﬂ’efsergew RBos @ hag. BRDP JmaeianaBiA¢any (hEhzg 0-0037

i ndol e- 5- caﬁr{aawhﬁérehéwb&nrbrérsmréw@ras nﬂ@apwndn%@ {omner% 58&?@ afeSad@bg ai ned
as yel |l ow sol id. 1H NWVR l&j‘CDCI 32) é H),
8.11 (dd, J The rgaqylonp@urrqzls dfgﬁsseg iy pliirasonic. @th@nggp{zr d 111_9 h a’?8gr§ (Tae J =
3.0 Hz, 1Hygacfiormiktlie |§H|Dlute@|n9@td°@ 5@hﬂbgaﬁd%sﬁ§t$jwm°)aguéi)u@ safd. NaHTO; VWO

2011/ 073112PCT/ EP2010/ 069436 1H) 1H H3),
5.57 (da, $elugom(25¢1 PQmLiﬁnd |brr"2§ (5051%mb}:| Thgaqzewsﬁayeraﬁre %Ch)extrscta@ (t,
E]LE éo (23 g'zwnia"EtONc@x% -12f rﬁlﬂ)lanlalfthe bbrﬁ%me&o?glan(c%yéé"are"brﬁe@)oveﬂNé@d dd, J=

OCH3)

3H, QAc), i"tﬁ'@d@é‘d CQ'PPQ”@@\ “"@' D??dflﬁed @"ﬁSS‘@rﬁo (1§§"W5?%E§C9@%m%d i?é”gB
169. 98, 16%@2%6 s@ﬂt@gfte?rzsll(cégﬁ) chré®dto Z)?ﬁ\é)h?}(‘%ﬂ@% gradiéntlst EtOARS iBSstrol 8the B0,
131. 35, 128.2 119.76, 11 117 116. 95, 110.34, 109.58, 105.50
(ArC), 97. Teo( t58)c =@oCHEl; OHEHMRégD@ls (30R-93 (5. 68, @Al 3.0 (5. 618, 40245,
62.28 (f-6)s, 6 ( 3H2é9A@)13 1%0@ 8J& 8%@4Z7QH e, 04, degxﬁplzﬂﬁ% CHESPII-BQ/S-I
cal cd. for 029H30N20 b 6, found %
2- Met hoxy- @)(%Z%Mdﬁér 11215 E)B‘hé'h%) éﬁﬁ(Wmﬁb@Hérﬂ(ﬁbﬂ'ﬁ@ @:#)(dd GoTp&und 36
(67 ng, 0. BOOLaTY .| 255 5dsaos(aOJ¥acb HB, A, H- ﬁr?%w(eh ﬁa@, 5, heatied mt H3)l 6.794 th
0.5 M CH3ONa/ MeOH until_ conpletion of the reaction. The reaction
mxture is (fel® P& |Zzé \%e hCa'ﬁ:b)eM%F 3, CeHleakﬂséc? 2% e . 1GsHaCeHi)d-95

trat |
chr omat ogr Sy CApOTHNLORRAL TR e PR 1B SRR, SO (CDCHES, o o
yel | ow180l i28.901 0. QIRRKQ&D@O[@)’S (608\0)327(2& (Ch2)=53. 86 (Bip). 8HPS (8-6036 ¢(C-9), =

2.0 EZHle)lGB ok (@43)(8‘ éé (gﬁ@?éﬁz@éﬁ? 36- @7)096 gg(caﬁ)%zlzm 111?)9&(5 ,?1 (d )

6.89 (d, J£sBs)012-llz32 (L%)"s) 52803((§5H41I—126I-27J(}35H34 112§3 1U(Celita), 1352HCardy, , H- 2),

3.97 (dd, P37 (1@  4H,
0 505 16948, 2ro.fo.arbs, 16 7dhcHoy BB ol IR MR BT, TR
135. 37, 13:@0&1@i 5812%9 90, 120.56, 118.89, 118.58, 118.09, 111.70, 110.72,

106. 26,4ArC), 101.74 (C- 1), 75.82 (0-5), 72.41 (0-2), 71.97 (0-3), 68.37
(0-4),762.77 (0-6), 56.76 (OCH3); ESI-M5 cal cd. for C21 H22N209 [ M¢Na] :

469. 12, Xdmpg 2 il 3B ACTDERR HOdige Scheme 10. (i) 4A

NB, TMEOTT .. DM, | e

K3PX4, trans%e(gcogv L@Qaér?re( ?gﬂ{l %Bgﬁr%lgls( g%ﬂvedt"li dryn'\ﬁo({s"él,(é I’B%‘C?}re%y
over ni ght, p(dzpar@d%;@l@tﬁjnp;fsodhummerne@bﬁﬁﬁ’e (EMn1 n(Ll)us Jdd@dmni tIGHBERES M Gltred at .
SExanpl e 56y gﬁtﬁaceﬁﬁil Oéoqﬁﬁngf?&%#‘s‘?ﬁ hg m feriplas observed by TLC (CH,Cl/MeOH

2,3,4,6-tetra NNOPVT anosi
25 4:1).The reactlon mixture is neutralized with acetic acid, concentrated and the residue

purified by reversed phase chromatography (H,O/MeOH, gradient from 100% to 80%
H,0) to yield the unprotected mannoside 21 (77.7 mg, 50%).
[a]o® +57 (c = 0.1, MeOH); "H NMR (CDsOD): § 3.21 (t, J = 8.6 Hz, 2H, CH,), 3.62 (m, 1H,
H-5), 3.75 (m, 3H, H-6a, H-6b, H-4), 3.90 (dd, J = 3.4, 9.5 Hz, 1H, H-3), 4.01 (t, J= 4.8,
30  13.1 Hz, 2H, CHy), 5.48 (m, 1H, H-1), 6.77 (m, 1H, CsH3), 7.20 (d, J = 9.0 Hz, 2H, CsHy),
7.3 (d, J=9.0 Hz, 2H, CsHy), 7.99 (m, 2H, CeH3 ); *C-NMR (CDsOD): § 28.03, 55.07,
(2CH,), 62.86 (C-6), 68.50 (C-4), 72.13 (C-2), 72.54 (C-3), 75.62 (C-5), 100.69 (C-1),
106.41 (CeH3), 119.08 (2C, CeH4 ), 122.02 (CeH3), 123.52 (2C, CeHa), 127.14 (CsHa),
137.95 (Car-N), 154.98 (C=0); ESI-MS calcd. for C,0H,3N,0s [M+H]": 419.14; found
35 419.17.



Fol l owi ng the procedure of Exanple 50, imdate 3 (1.37 g, 2.85 mmol) is
reacted wth 2,6- dichloro-4-iodophenol (4m 988 ny, 3.42 mol), 4A

nol ecul arweizenag3iland TMSOTf (77 4, 0.428 nmol) in dry €d2@r2omocysel d
conpound 38 (647 ng, 37% as a white solid. 1H NWR (CDCI3) 6 7.46 (s, 2H),
5.76 (dd, J= 3.0, 2.0 Hz, 1H, H2), 5.58 (dd, J= 10.0, 3.0 10 Hz, 1H,

H 3), 541536(312 2H H-4 H—l) 468(ddd J-100 5.0, 25Hz 1H,
H_5) 4. 28 (“-eo_ ‘4 O|I-_ eyl en 3 Negiel O, ACE yl-¢ _- p e

H6b), 2.1 OQ%, n{;ﬁg

(CDCI 3) 6 Fola 'n%e%@qur‘%gg@%&(ﬁ'ﬁgyc ndi)sqgoﬁg'gesgibbls? 'f¥§%2t%4
(ArC), 101.a0chiankitybe with §8.G-(864 mggl. 122)”7(7@1)2% hes (S0 MLE0)19 BBoBP L (dbays
62.25 (G 6)3

o2 25 ¢ 12&12 %% ;)0%9 nirgo%g@d M?nr%g(gﬁ? r{@%@_ )nmcié%13@r%8(_b%Lf1%F140h
2, 6- Di chl OrQanpqugd PACEY mf]%)\ﬁlgtﬁw@ﬁq,psawhlte solid after chromatography on silica

2,3,4,6-tely %ﬁ@@g%p%l,e@o%mgwﬁgmrge (39) Accordl ng to Exanple 43,
starting from3 repl aci ng@benz

20i ndol e- 5{elaT b@Q)gI (are, l@'leizhl %(ﬂ@D@s) 3276 OBZRE-04ds ot .PMSd2.84

Il | d; - 8..1g J = 9.5,
13 S4B Aok (- eagh i 0 e £
Hz, 1H), 5%) (AceP (ddl, £=2.3 122 BZH;H Ht6a), H12)(dd.5/ 63-3( #ei] HL’”ﬂOH@) 829 (ddz,
1H, H 5, 475 2 d 1%.0 . 1H,
ey ijzJ 43 "Jé_@{%nm #68WH5;36 q‘lﬁqo‘} ﬂzf’m ﬁd4) %33 1,9 2520332155'1@'2 ™
H 256b), 2" 2)15(4§> (A3 1@6; 1H Hr1), (3555 (deH, Jf)’&é‘r) 10@ |‘120 1('|$H 3. 70&@)/ 23 68, (s,

3H, OA 1 4 O y/ 4 .95,
T4, 66 130 0 S 0q By VEDr g, HDeRR B 7 o FR s g P e 1
110. 16, 1067787 (W&, Colo ToMo); C- MI\)(IR((ZDC&(B Y20-99, 216/9. (86, OBcRPS. 485(0618) (c- 3),

oo, 2o per AO5T Bl AR S A B T g Bk g oo

2, 6- Di ¢Bl orl67 80( TBaTQ, r1oomo1m@w)15t8@nw19 82,C1265620 0P B2 (12T, @eH¢ oHl,), Conpound

39 (57.2 0 ) n ated
at r.t. vmn?ﬁg%?(:%? Wb 25, 37(%%?@8&%}& ? %/Icgﬁf?rgﬁﬁﬁ Pon %Wq)%a (rgg%ég ion.
The reacti dioundl56t4l.29e is concentrated and the residue is purified by
silica-gel colum chromatography 35(CH2C12/ MeOH 10:1) to afford conpound 40
(21 nmg, 50% as a yellow solid. WD 2011/073112PCT/ EP2010/ 069436 70 1H NWMR
(CD30D) 6 Exadpled36: A#Irﬂioﬁn-l"rlzvl)pﬁélhvl ofD-iranfdolradeside (@3) 2. 0 Hz, 7.70 (s,
2H) , 8 J = J =30
o 11705 Gy 3235 s n gfy BBOts Lisesia Wiy NiDhae aag?f%@éd i H2),
4.27 (dt, E;tafkﬁble()% any stitred d\H;r nigh® at r.t3toBfofdlthe dbprdledied Sorbpdimd 2BH58 IrG3)
3.87 (d, Jz 73 0 1H H4), 3.83 (m 2H, H6a, H6b); 5130 NVR (CD30D) 6
150. 84, 14378 139 87, 136.99, 132.73, 131.30, 130.34, 126.57, 119.15,

118. 98, 111(;]5%+125)6 (85 0(5°~H\AE)OH)106N4B?(@B31)D) 3 2.994G1,(JO= &1, Hz?2H22HQ)O8B)4 71.93

50716, Folithe TA8paT s b 3 Bmoahas G SHvi 6 (1S ot et . 89 (&

4- (7- azs- 5=chh oy oiHd 0 - &3y139@@ﬂnd =1158,4. 4 Aizama 1528, \63widnde -4 Hy 1IH,(HRranpl es
59-62) the 6f508| | 8V€\5‘7ng7gr 7d%r868 ! 39"9',3‘?.8:1 —7.17 (m, 7H, CeHs, CsHs); *C NMR (CD;OD):
8 29.18 (CH,), 54.02 (CH,), 62.81 (C-6), 68.50 (C-4), 72.21 (C-2), 72.56 (C-3), 75.38 (C-
5), 100.91 (C-1), 108.61, 118.96, 119.67, 121.13, 125.97, 126.80, 128.08, 132.24, 141.00,
149.39, 152.84 (12C, CsHa, CsHs); ESI-MS calcd. for CooH2sNOs [M+Na]': 396.4; found

30  396.08.

1H,

Example 37: 2-Chloro-4-(5-nitroindolin-1-yDphenyl 2,3,4.6-tetra-O-acetyl-a-D-manno-

pyranoside (24)

Following the procedure of Example 33, but using micro wave irradiation in place of heat,

35  2-chloro-4-iodophenyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside 19 (60 mg, 0.1 mmol)



Schenme 11. (i) (a) Cul, K3POX, trans-1, 2-cycl ohexanedi am ne, di oxane,

azai ndol e, 105C, 18 h, (b) (Ac)20/pyridine, DVMAP, 2 h; (ii) 0.5 M

CH3ONa/ Ma@#i,2011/0731125 Exanpl e 59: PCT/EP2010/069436

2- Chl or0- 4- (5-chl oro- 1H-pyrrol o[ 2, 3- 9l pvri di n- 1-v1) phenvl 2,3, 4,6-tetra-0-
acetyl - a- D- mannopvr an05| de (41a) To a reseal abl e Schl enk tube conmpound 19
(88 ngy, 0.15 pmol), rr(ggEi 0.012 m"rol(%g

5- chl or o- 11§ @W?‘%@V@['Q‘a@a‘ﬁFWW 2483 (BP- 19 U5 g avmisinos ks peng. O L3ammgh: 0. 6
20mmol ), t WQ@bé)s?(QQM%@Wﬂﬁioﬁ%ﬂ% KitfoiRddBe (80. Q%gmmj %mo@ﬂrﬁitcﬂheﬁe' r bar

are added, ? the reaction_vess sflttgd with a rub ptum The

vessel is thte eVARIAISAS GRIG I5§s4ﬁé"‘d°t?}§i"f‘ﬁ ay GBHra”ﬁﬁéﬁ"QLa‘cﬁercﬁ"'@i&ﬁb (1.5 n)

i s added uRHRIMAoGHPBAD-TE% JFRsht oﬂE@Acaa@)btr&rbtﬁérpe is quickly sealed and
t he contents are sti rred at 105C overnig reaction mxture is cool ed

to r.t.5 di HINMR (WPEh):S1aH4 (sadkt @he); 2fq5|(§e$'*éd)/b¢?r%96tﬁs 3HOfg) 126 B
25l uting \WAd), @Q@'(ttJQ%aé HE@W'C%%@G JI@Q) Pﬁt'th’ @H;) '451(53%0@%%19% ﬁnd

t he resultlng crude m xture i s acet

2y wth A ﬁ di ne )
reaction i é"zqu@anf?@éIa b3 eerdin.iFoR). 4120 hémé” 1%8H‘J?eﬁ v Br@d. 23% (tt he 1Pelsi due

is purifi eqi-lszfHSH14)C§4@e|5 &pdnv@m ¢35 Qg @%@@Bwél@&t r1@|1eﬂ+'£n1?—t &)E@%& Sl
to 1:1) to prowde 41a (74 829 e solid

8.28 (d, J=8:9H3. Hd, Cetly). 70}8*9%%@&“ 3/?"—Cé'|e()> 180 (dllll)-277"'81”(|dcs Js) .9
303H) Hg 69 H( @%‘Hs)Js 0 gdoo J = —22 8 z#'é Hzlh'% cH ?23& ﬂlg/ldR] (€S )55 b‘é 921;11@ 94, 7213111 ( d, J
H3), 5.59 (‘&@ 4%)1253H.QCH2’D,I-53 T 10H.) 52581 (GA). 26:99/(6::‘@,1@529113@ EP@Q@/(GE)’QABG

71 (dd, J 0 Hi , T - , dd,

11 8% 5 T8 RCot i (@I, sdh, 1 Pa s (losp Tatlp Ky, (b rbt fhagiaBeabd, |
(dd, J= 12.18].62, 1J538-&4 111FL91|-|1@b91 (1202206%3,), ™9, 9404¢9.04 211921, 4 70.8B1(4 O&E), 2. 06
(s, 3H OAc), 2.05 (s, 3H OAc); 130 NMVR (CDCI3): 6 170.49, 169.94, 169.77,

169.73 (4 CO, 149 75 145 60, 142. 32 133 84 5128 98, 128 37, 125 49,
125. 0215124&x88 ] g Py(ah

a8 © . /4 B 6 . ) ),
69.29 (0-2), 0. 68
20, 66 ( cootkSk %‘% Bhlec of P%ﬁ%@%ﬁ%@o@% ?kzma%@%sﬁﬁa‘i%mﬁe
631. 32. (475 Hx)a g @H 60mL) and stirred over night to afford the deprotected compound 25
1-14-(2, 3, 21§5Tet r 9 acetyl - a- D- mannopyr anosyl oxv) - 3-chl orophenv11l-1 H
10pyrrol of 83/‘1 di ne-5-carbonitrile (41b) To a reseal able Schl enk

tube 19 (148.NMRYCDOREH smmj()t J €86 H3.281 ory), 3060023 1800M) 6H1CH,, H-4, H-5, H-

o052 5 PP L0Es YRR ALl 38 TR D-AAIE Bl TR 3

stl r bar ame, added,), @B@I(rhhﬁH r@;@ﬁ} |7cm (wewebsmg 13@ Leronamnt @FﬁO&HQbTEVQ sept um
The vessel is tw ce evacyate

(2.0 ni) i $-Oided k) acé‘!M%éﬁP@QD)aég%r% (%) ﬁée?ét(%'ﬁ) @&8@ (Psﬁ)q‘iﬁ el %r

seal ed and 4y hg 8@(@-@1"?? 4@(5@ :§t76043 B 16926 (@v8r et 119188, 1 8@t '19'1‘ o xture
i's cooledtor t dilute ‘acetate and filtered throug apI

of celite. "#RAS1f 12635112905, é%%rﬂ@?é?ﬂea%% BASS (@341 2¢aht): ESIWS ?ﬁ's‘& iere |gs

acetyl aged o%pqzl"mﬁg@p[{ WP dung s(fa¥h74.98€ reaction is quenched by addition
of net hanol, the ure’is concentrated 20and the residue is purified by

silica-gel colum chromat ography (petrol eum ether/Et0OAc
Example 39: 2-Chloro-4-(indolin-1-yh)phenyl 2,3.4,6-tetra-O-acetyl-a-D-mannopyranoside
(26)
Following the procedure of Example 34, compound 19 (60 mg, 0.1 mmol) is microwave
30 irradiated with Cs,CO3(100.2 mg 0.3 mmol), x-Phos (4.9 mg, 0.01 mmol), Pd,(dba);
(2.21 mg, 0.002 mmol) and indoline (36.7 mg, 0.3 mmol) in toluene (1 mL). Compound 26

(25.6 mg, 43.3%) is obtained as an orange solid after silica gel chromatography (0-25%

gradient of EtOAc in petrol ether).

[a]p®® +42.6 (c = 1, MeOH); '"H NMR (CDCl,): & 1.97 (s, 3H, OAc), 2.00 (s, 3H, OAc), 2.01
35 (s, 3H, OAc), 2.14 (s, 3H, OAc), 3.06 (t, J = 8.4 Hz, 2H, CHy), 3.82 (1, J = 8.5 Hz, 2H,



S white solid. 1H NWVR (0DO13): 6
Hz, 1H), 7.78 (d, J = 2.5 Hz,
1H), 7.58w0m11ak1127. 33 (d, J= 8.5 Hz, 1H), 6.73 (d, J=p8rRAEPbRin/0dHE; 5.62

8.57 (d, J = 2.0 Hz, 1H), 8.25 (d, J
(dd. J= 10.0, 3.5 Hz, 1H, H3), 5.60 s, 1H H 1), 5.54 (dd, J= 3.5, 2.0
5

2:1to 3:2) to provide 41b (120 ng, 80%
= 2.
1

Hz, 1H H2), 5 41 (t J =10.0 Hz, 25 1H, H4), 4.29 (dd J— 12. o 5 0
Hz, 1H, H 6b ddd, J= 0.0, .0, 2.0 Hz, 1H, H—5)pr :gnz

H6b), 2.2F 2%4%ﬁq(ddo&c)G;G,é?&H%,slH,i’h?a)cﬁ\é)“,—”2.2%@“(%1,% Hé&é)5 2 tofzt-(s
3H, OAc); %3 AWRH GPDLBMD (8, 170.639z, 116885 48680705 15694647, (141, OQ), 5550. 26,
147. 74, 146.25, 133.1 92, 130. . 6. 123. 46 120 64,

, 19, 126. 36, 125. s
16 o8 1190d5 = §d5160 Hziia 3. G778 4O Bh — G99 b6 10 6 bl 5 CIRMR)
G8. 53 (0~ 2)Cr0R) 6208 896530 88 40rShonIORnT j%H%Q)ZGB'i) () 84126 60
( COCHB) ; cal cd 8H260I ound 622.10. WO
2011/ 07@11@5@/(@&@0@@D@6@@3@9@ @(&)ﬂﬁ?@“é 5) 97.73 (C-1), 108.14, 117.18, 118.87,
2- Chl or o- 4-1(155@,“%1%;"?8 WSI%W ﬁﬁ%@é 223371 Pyt 86"1&0%8{'145’5@“134'6 82 (126, Cetg

a- D- mannopyr anosi (%@ To a solution of 2 mol) in
dry met han&eHé)zﬂl‘lWOWQ BN OH4 PN t L) is added at r. t and then
stirred for 2 h. The reaction mxture is neutralized with 5 anberlyst-15,

filtered, the f||trate |s concentrated and t he residue |sz7pur|f|ed by
silica- gel 1zaudlel = iheny onBmannepyranesidefa7or d 42a (34 ng

63%) Sasom'Atceoamg tgt elﬁogm é%&zpmplﬁ@,& ekl 7% 3o Raolfhs ) saregﬁeggdi J
(dd, J = 8v6th I\Ea@\ﬂ&lt?;?OﬂH))/NVeCH(KmL) and:stgre@ dwzrmgm)tp aﬁoﬁﬁhedﬁptﬂ)tectai 5 Hz,
1H), 5.60 4.14 (dd, J = 3.0, 1.5 Hz, 1H H?2),
Ay 10(dd%951985n%37§14¢m§ {-QVH-B) 3 a0s 7 (m 3H H6a, H4 H-G%J),
33282(() leIMDZ;HSBB (c tmwgmw@%mg GCDMDZ ﬁ33-054§-£58-414f2254CHlﬁg-5921

101. 02 (C %’)868 %J‘%‘gc}g @)Jz‘ ﬁ%}ke)}%&%@, J%i.%éqa’lg’(sd%’ﬁ"g%'%)z%%é%‘ﬁ 555672
(E)C();IG) | ; Eglz H51HaHa). 5.39(d, GEOHES(2] 2N2861) VBN 85-46:62, 0405  Guid 74637.02 (15
113 Chl or/bh FstlnCoilararndMR LR QR 53 ¢9 BRI 53R S0P HP2 (G 19589 G- -
car boni tri I7e As429), 7790 aC-30! 76! 160(T-8Y, 161197 G-42 119.110118F8,Mm0150, 190 .68y

methanal (4,110 Pawad R0 HANE0 044 | ézL%%uk‘*?Zﬁddi%a%@%é oAby then

ESI-MS calcd. for CxH2CINOg [M+Na]': 430.84; found 430.74.

20
For the preparation of compounds of formula (I) wherein R is 4-(1-indolyl) (Examples 41

to 58) the following procedure is used:

OAc OH

19 28a, 5'-R°=H 29a, 5'-R°=H
28b, 5'-R%=NO, 29b, 5'-R°=NO,
28¢, 5'-R5=C0O,Bn 29¢, 5'-R5=CO,Me
28d, 5'-R°=OMe 29d, 5-R°=OMe
28e, 4-R°=0OCH,Ph 29¢, 4'-R°=0OCH,Ph
28f, 6'-R°=CO,Bn 29f, 6-R5=CO,H

28g, 5'-R%= CF,4 29¢, 5'-R%= CF,4



20 anberlyst-15, filtered, the filtrate is concentrated and the residue is
purified by silica-gel colum chromatography (0OH2012/ MeOH 10:1) to afford
42h (73 myo 20M9473m3 white solid. 1H NVR (CD30D): 6 8.58p(Cu/EPI018/089486 Hz,

1H), 8.45 (d, J =2.0 Hz, 1H), 7.91 (d, J = 2.5 Hz, 1H), 7.86 (d, J = 4.0
Hz, 1H), 765(de 9.0, 25Hz,1H),7.54(dJ 9.0 Hz, lH) 682(d,
J = 4.0 Hz, 562 (d, ' J = 1.5 Hz, 1H_H 1), 14 (dd 1=

1H, H2), é_ceg_gd(&zia) U'r§z%osér§0'+r;f DiMg0:1903: 0@@@“@%'(&# @Wanﬁﬂe%

H- 4, H 6b) cydofdkanddidmint=dibRarkd, 1965, odemidHE, (b)'Lkbszb iHinel BMANVR A A% : 6
152. 28, 149, 09 147.03, 134.69, 133.72, 132.29, 127.15, 125.23, 124.83,

122. 49, 11 6H:ONaefH. o3 79, 103. 20, 100.97 (C-1), 76.10 (C5), 72.40
(0-3), 71.81 (0-2), 68.21 (0-4), 62.67 (0-6); ESI-Ms calcd. for

020H1801. N3Q6 [ M+Na] : 454 08, f ound 454 07 30 For t he preparation of
corrpounés &xampledn: 4 Hndghd-yhpheryl g-D-manngpyranoeside (29a 1) (Exanpl es

3. 64) L he Agld r%‘ﬂor&aﬁ{dﬂ,ﬁﬁﬂ% & b HHATSCHIIR taeéemawmaga@w&ﬁ%% 73
5-(4,4,5, 5Q%£T%W@t@19im@ sndeieot3a1es O Rmmmly KyCQHSHTSI6H25 B pypiainge,
Pd( Ph3P) 4, J{ngmrﬁMeﬁ ARGk, aWd'QstQ bgr %%%nmﬁbrearctlén vexlsX Pt Gt
2-Chloro 4 1H pyrrol 0l-2,3-b-1 pvri envl
2, 3,4, 6- tetrw%peosaretéwthvﬁsehﬁﬁwgwaw&dd@ff leshed wih argass EagaBMSCSehl enk
t ube cqgPouRded AndS% émanpof]a'@gdﬁmh% redd6RBR)is ﬁ@icla g@ale@a@@ﬂé d?iﬂ@n}s are
5-(4,4,5,5-tetranet hyl41, 3, 2] di oxaborol an- 2-y ﬁzﬁd H¥|to rol o-| b] pyri di ne
(40. 3 ng, @th%a%p)ovem@ heqgagiapgmixtyre sscogred|ty r a?'itﬂlt%@' ‘g'ﬁh ?thb'aace&t%
added, and jhhe Itér%@%EQWQ p}(@scﬁ%bhtb ST H‘é ﬁlttrﬁg |é’\&6rl%eﬁtrété'@9ﬁ’é th%erBELng J U@e vessel
is twi ce evacuated and fl ashed wth Iﬁ hen di oxane (1.5 nl) added
under a st ME¥HioFcehriaied WithheQPp%dding (P AB Th§ ra%ﬁt'ékl'%/qlé%‘ﬁh%fﬂbﬁaﬁ@”ﬂwf

contents arn?etﬁ?érld rtﬁ@nﬁ%&ur%%ﬁc&ﬁ:%’féﬂ MtheT&‘?dJe?ﬁﬁFﬂb@By gjjid- Hélecohﬁ'anOO' ed to
r.t., diluted éegacetate and ltered throu ug of celite.

The fibr atcerqngategfﬁe@h pledmeaikeratey pealipiguETy! sﬂﬁmprob/idé@ Wr@ﬁ‘rw dgr aphy

on silica 9% hdriyed @Qll6?étﬂe@jacé?ﬁ&-%aﬁn3py%ho¥rd@28tac(4@mgoQgi%‘ff?’ (48 ng, 56%
as yellow solid.” TH = 2.0 Hz,

1. 8. 07 @ln (0 ma2007 vl desphad sty rskiond 200 ode AT VEhS5 . 5t
25 v, 1HCHENRRR () glinduder vl ooty e dilon il €3 7, 0 5

H1), 5 57 nedtlalizéd wath mmbkrigstHd, filldded Hhfilirate. |éi}0rﬁ¢e,ntréted:b(hd0hé-ESllebl is H 4)
4.31 Hr |
Tt A pufiy Bfsika-g Bt dRbmstoaRbny (CfEAE8Y o8 aReaindite %692 o8
(s. 3H mcpmp@umma(zoahg T08e)as 2wbite ¢alid. 3H, OAc): 13C NVR (CDC 3)
170.49. 16 5 4 128.5
127. 85 123‘?] ”%g% 4! H@éﬁ'}) %N@%%C[?@lé%%ﬁgﬁm% gé?%(mﬁ VO
2011/ 07311:3m17 mvaoleﬂasezgm)nm@ 1), 7.691z7TH), 8:65)(s, B, 361((6-1), H-68 479
0-3 6 0-6) . 21, 03, 6 70. 20,67 (,000F3) .. ..
ranpl o oa ot G . £61 {00 2 SO, 187 Se1, 580 [ 48t 1aBh, HOLVE. o)
a-D- nagaop\ﬁrcanwm @dmsoo}}})s 157181, a1 3330yt 3622,0/3043 . § 2098127040875 68014 g1 dry
met hanol  (2.94,00;2, 3 FHEDMEN 111,00, 104.71 (Ar-0), 101.03 (C-1), 76.11 (C-5), 72.38
(C-3), 71.84 (C-2), 68.22 (C-4), 62.70 (C-6); ESI-MS calcd. for CooHaCINOg [M+Na]":

428.09, found 428.04.

30 Example 42: 2-Chloro-4-(5-nitroindol-1-y)phenyl a-D-mannopyranoside (29b)

Following the procedure of Example 41, starting from 19 (117 mg, 0.2 mmol), but

replacing indole by 5-nitroindole, compound 29b (54 mg, 60%) is obtained as a yellow

solid.

[a]p® +85.7 (¢ = 0.25, MeOH); "H NMR (CDsOD): § 8.63 (d, J = 2.0 Hz, 1H), 8.11 (dd, J =
35 9.0,2.0 Hz, 1H), 7.65-7.55 (m, 4H), 7.48 (dd, J = 8.5, 2.5 Hz, 1H), 6.91 (d, J = 3.0 Hz,

1H), 5.65 (s, 1H, H-1), 4.14 (m, 1H, H-2), 4.01 (dd, J = 9.5, 3.5 Hz, 1H, H-3), 3.83-3.72 (m,



(0.18 nL) is added at r.t. and then stirred for another 2.5 h. The reaction
m xture is neutralized wth anberlyst-15, filtered, the filtrate is
concent r avedoand3tibe residue is purified by silica-gel eormPr010/069436
chromat ography (OH2012/ MeOH 10: 1 to 7621) to afford 44 (14.8 ng, 42% as a
white solid 101H NNR(CDBOD): 6 8.39 (d, J= 1.5 Hz, lH) 8 17 (d J=1.5
Hz, 1H), 7.69 (d, J= 1H) 7.5513§:|§3Id, J =8.5 7.46 (d,
J = 8. Hz3FELh}687*4Lst68 3556:(”3 15, {z5); TRNMB (6B:08): 53152373@1%52114})145 59
gsszlg 7;* 11)347% 4@2 éslimsé'dn 'rh72é5 1)&59/% 6215’?7 JA991511898, 18,791k 1.58) 106 68
152.52, 15 (NB%&D@@O (f3o1r) ZﬁL@M@@ N263 (ChviNA] 784@@)(53@?&@:%6299 (ézﬁ) %%drcd
for [MHH #8940y faw@qjgéwoggmal 47047 $RaRIeRRY al i on of compounds of
formula (1) wherein £-C3H i m dazol - 4,5-b-1 pvridi n206-vl) (Exanpl es
65-66) Phe foI I oW ng procedure is used: Schene 13. (|) K3PO4, DIVF,

6

i m dazo[ 4,
CH3ONa/ I\/bOIdartxovaateZ(BQE)xarrpl e 65:

ceotyl . o DR RO SEhleBk R omosiRy WS g 02 "&‘ﬁﬁ‘ -ﬁ%ﬁfgé‘%?s%ﬁﬁéaig'
(88 ng, O. b&noi‘r)‘;thiehzylﬁ?dibléﬁ-dpmb)(ylétﬁ.(ﬁgmggo.m.rﬁ}ﬁéﬁ Kgﬁ’ﬂ4)(159 mg 0.72 mmoI)
Son] oy Dat s g PRIl RiEIe foas el Lod X080 SrA d b3l WG O |

bar are addeaktion v&s’éﬂ)ﬂﬂdd]mma APOGEf Eéiﬁﬂ)rihOTlﬁ)sﬁ@ek’sél i Bwiae dvd duatedesmdtfiashedressel

is fitted wi.th ar I um. T es stvvlce ev uate fl ashed
wth o oon Vibihedorl BEF Y S8BT s HGd FRRF R shidahil B T B0 0g 0

reaction ttmluE:kineqled@InHyhesecait@ds atircbd ditel 0600 bedrhight. |Theeebembn hﬁﬂﬁ:reoyeoasié@ht .
The reaction m xture to ed wt h ate, and

(Tt erod 1 i phudSyliee G SeaRis &d tfered ftpih Pk bliefles e MBI “he ot at .
The fi N6r atcencentrateticant thatestltagdrideenixese Cd;LIEetyi:’atquWItrﬁ AesD/pyridine (DMAP).

o O ass M refdioR S afheRed oy kiR B Ay e Bitulgs SRiceotefiah i 45! 02
(d, J = 2. Gedittye it idrifiedl ©)Bsilfca; gelbblurrﬁ dbitonfastography (pbir6!§zu(rdethdr/E:tOAcE4 Hio1:1)H) ,
7.44 (dd .28 (d, J = 8.5 Hz, 1H), 5.64 10(dd, J =

10.0, 3.5 i&proﬁﬁéﬁcé%“? é@d J =20 H, 1H H1), 556 (dd, J = 3.5,
2.0 Hz, 1H28EHPY mg50407 frtmolYis disdoBedtin dry MeOH a)d trdat2d af dtwith9.58. 0, 5.0 He,

éH95H£ 28) 3@ Mdga (éfS(ngL) L@lt_isco&%%noné)% r(egctlo‘?Hﬁ%r&a)c}onZﬂ@ﬁur{g is H 6b)

QAc), 2. 03 nestralzeld wihambelg&t-19VRtdraDEhSjiltrate id ¢Onebbirattd and the residue is
purified by silica-gel column chromatography (CH,Cl,/MeOH 10:1) to afford the desired

methyl ester 29¢ (10 mg, 80%) as an off-white solid.

'H NMR (DMSO): § 8.36 (s, 1H), 7.82 (d, J = 8.5 Hz, 1H), 7.77 (m, 2H), 7.56 (m, 3H), 6.86
25 (d, J=3.0 Hz, 1H), 5.57 (s, 1H, H-1), 3.93 (m, 1H, H-2), 3.87 (s, 3H, OCHj3), 3.77 (dd, J =

9.0, 3.0 Hz, 1H, H-3), 3.63 (m, 1H, H-6a), 3.54 (t, J = 9.0 Hz, 1H, H-4), 3.50-3.44 (m, 2H,

H-6b, H-5); ESI-MS calcd. for Cx,H,,CINOg [M+Na]': 486.09, found 486.10.

Example 44: 2-Chloro-4-(5-methoxyindol-1-yl)phenyl 2.3,4.6-tetra-O-acetyl-a-D-manno-
30 pyranoside (28d)
According to Example 43, starting from 19 (100 mg, 0.17 mmol), but using 5-

methoxyindole instead of benzyl indole-5-carboxylate, compound 28d (56 mg, 53%) is

obtained as a white solid.

'H NMR (CDCls): § 7.55 (d, J = 2.5 Hz, 1H), 7.38 (d, J = 9.0 Hz, 1H), 7.33 (dd, J= 9.0, 2.5
35 Hz,1H),7.29 (d, J=9.0 Hz, 1H), 7.22 (d, J = 2.5 Hz, 1H), 7.12 (d, J = 2.5 Hz, 1H), 6.89

(dd, J=9.0, 2.5 Hz, 1H), 6.60 (d, J = 3.0 Hz, 1H), 5.64 (dd, J = 10.0, 3.5 Hz, 1H, H-3),



3), 65.81 (0-4), 62.09 (0-6), 29.87 (NCH3), 20.84, 20.68, 20.65, 20.64
(000H3); ESI-Ms calcd. for 027H2801 N3010 [ M+Na]: 612. 14, found 612. 20,
cal cd. fowo[2bi73090. 15, found 590. 15. 20Exanpl e 66: PCT/EP2010/069436

2- Chl or 0- 4- (3- net hyl - 3H-i m dazo[ 4, 5- b3l pvri di n- 6-v1) phenvl a-D nanno-
PVranosi de (46) To a sol ution of 45 (105 ng, 0.178 mml ) in dry net hanol

h
ot hbr 2. - 60rHe Felat ERoH iAol (68 Dades 21 Hed i o 2ot 10042 87, K

fi : ter ed25t4h|ﬂ (de: yeat)@htsso H@nwm?\@t?%2012}]@0({4@?0@@0 Hs, ﬂer B, ad1ff 26
silica- e um. cnr ra Q. artor

B e e O P Y B8 A R ket BB ol DAL 258
33 398(; 1|(§ 6@2@% dsCﬂIﬂ@gdb(ﬁ?)z81'7@4771679497(,(169@0—1@3'&MZ) CH‘Q:O)71551%8( dd,
1) 451510065, 335, 68.8 5000515475 msqa,azges 0% b 200153 38 77 41 A0,
T hays 1o R W% 94 B3 el Dgpoh obiom) S de GaPebraig). L M
130. 02, 128589 (OG 2@72320 49,8048 (4%@H8@ }C-1), 76.12 (0-5), 72.39
(0-3), 71.81 (0-2), 68. 20 (0-4), 62.64 (0-6), 30.29 (NCHS) ESI - VB cal cd.

for 019H200I N306 [ M-Na] : 444.09, found 444.04, calcd. for HLZ 422. 11,
found 422. Gxampke 5A@-®M0mf4}06%meﬁmmndmﬂﬁwlmhamdmla-nmnoavranoswlem 9dd| | owi ng

DhoC eSS, el el o oL gResayh iRl St CheaH
MeOH Et OAc r.t.hgith A.5 M GH:QNaiMaQra{ TAg;) uBlii TLC dontiol mdishtedZlg Coropletion Qféhe)r
met hanesul fonyl - chloLERn Fidh isAdR e with amberst-15, filtered, the filtrate is
concentrated and the residue is purified by silica-gel column chromatography
(CH.CIx/MeOH 10:1) to afford 29d (25 mg, 69%) as a white solid.
15 "H NMR (CD3OD): § 7.55-7.52 (m, 2H), 7.41 (dd, J = 9.0, 2.5 Hz, 1H), 7.36-7.34 (m, 2H),
712 (d, J=1.5Hz, 1H), 6.83 (dd, J = 9.0, 2.5 Hz, 1H), 6.57 (d, J = 3.0 Hz, 1H), 5.60 (s,
1H, H-1), 4.14 (m, 1H, H-2), 4.01 (dd, J = 9.5, 3.5 Hz, 1H, H-3), 3.82 (s, 3H, OCHs;), 3.81-
3.67 (m, 4H, H-6a, H-4, H-6b, H-5); *C NMR (CDs0OD): § 156.06, 151.61, 136.41, 132.45,
131.45, 129.37, 126.65, 125.59, 124.59, 119.28, 113.47, 111.78, 104.55, 103.81 (ArC),
20 101.04 (C-1),76.08 (C-5), 72.38 (C-3), 71.84 (C-2), 68.22 (C-4), 62.69 (C-6), 56.13
(OCHa); ESI-MS calcd. for C»1H,,CINO; [M+Na]": 458.10, found 458.11.

Example 46: 2-Chloro-4-(4-benzyloxyindol-1-yl)phenyl a-D-mannopyranoside (29e)

According Example 43, starting from 19 (72 mg, 0.122 mmol), but using 4-benzyloxyindole
25 instead of indole-5-carboxylic acid benzyl ester, 29e (20 mg, 34%) is obtained as an off-
white solid.
'H NMR (CD30D): § 7.76-7.26 (m, 9H), 7.07 (m, 2H), 6.75 (d, J = 3.0 Hz, 1H), 6.66 (d, J =
6.5 Hz,1H), 5.61 (s, 1H, H-1), 5.22 (s, 2H, OCH,Ph), 4.14 (s, 1H, H-2), 4.01 (dd, J = 9.0,
3.0 Hz, 1H, H-3), 3.83-3.67 (m, 4H, H-6a, H-4, H-6b, H-5); *C NMR (CD;0D): § 153.85,
30 151.82, 139.06, 138.75, 136.30, 129.49, 128.79, 128.48, 127.49, 127.05, 125.53, 124.99,
124.43,121.52, 119.17, 104.69, 103.09, 102.06 (ArC), 101.01 (C-1), 76.08 (C-5), 72.38
(C-3), 71.83 (C-2), 71.01 (OCH,0OPh), 68.22 (C-4), 62.69 (C-6); ESI-MS calcd. for
C27H26CINO; [M+Na]": 534.13, found 534.10.



iii) CH3ONa/MeOH, r.t., 2 h. Exanple 67:

(5- Ami noi ndol-1-v1)-2-chl orophenyl

3, 4, 6- twonati@7anet yl - a- Dmannopyr anosi de (47) 10To a eolrmreewn/0694328b ( 166
ng, 0.268 mmol) in nmethanol/ethyl acewate (1:1,4 nl) Pt02(16 ng) and

nor pholine (12 4, 0.136 nmmol) are added. The reaction mxture is stirred at
r.t. under 1 atmh dr ogen for 1 h, then f||trated through a pad of . cellte
and washed ExaBpidihllsiSvhio QP -MANDORYTE ghepyly l@-BreaEnoxylic:

under vacuuypgg o gl ve corrpound 47 (158 rrg quant ) as off whlte foam It IS
used for néxt step without further purification. 15 1H NMR (CDClI3): 6 7.54
(d, J= 2.5 FRallowingithe grogeriure oBEXamPI8EP, starting froen 28§ £23mg, (1533 mayol) *?}th'é'”(J@ J=
2.0 Hz, 1Hp a@e@%s(\@@)H n]nstea§05sod2unq rﬂé}hoxfd@for @ef&la@gm benggmg %) idH) , 5. 63
(dd, J=_10.0 3), d, ), 56 (dd, J=
3.5, 2.0 Hpbtamdasze)noffswkmewhd J— 10 0 Hz lH H-4) '4.30 (dd, J=12.0, 5.0
Hz, 1H, Hﬁﬂ)valﬁ(éé égg@mg ?HOI-HE‘?B gQJ’goH&"HHj‘H@S(g‘lJl%dﬁ%

12.0, 2.5 Hz, H 2708 (s DOAC (s,
6H, OAc); IZSf?—TVSNmI 8id). 7fAdr(mCABHERGH (s20/ID S Gdks] 1HH89). 1615 (soliHdHZ84.0%,
calcd. for ' L RG&T 068436
77 Exampl e G 20 & P o LR, o A S R e 0

2 3, 4, 6-t etNMR (CRgD )y b-1dB 12 BROPVISARTST BB 7 48PS, 04.G0, 432. 28115&745& 125.7(71

d
A el ot Shen 28y EehBrTde Of7 1020 13 R4 EL PR AR 1o G Tdd on
Smi xture i CSY)i F1.8U(GL), 168122 (Cek), 62.10 (GxbY:&rS|dM@ nalhd.rfgr W1HthN@d’|[M1(]Na]( 100 4)
t he sol vent47a%8r]% 3{3?2 Hﬁlder vacuum and the residue purified by

(i
4-
2,

chr omat ogr aphy (p ‘ether/Et0Ac 3:1 to 2: 1) to afford conpound 48a (82

ng, 94% as a white foam [a] D20 +52.91 (c = 0.565, CHCI3). 1H NWR (CDCI 3):
6 8.03 (s, , 7 : : d : Hz,
1H), 7.44 (@ 5 j 3L EavEa

J= 3. 015iz, nié%opﬁraﬁélsutﬂéiQBq&— 10. 0, 3.5 Hz, lH H-3) S. 60 (d J— 2.0 Hz,

1H, H1), 1H

d 2 t
oy 2 1 oligvhg e SectR fE, Wi%afmglf?@s oG4 o, V255500 fLustid & 1y
1H H-5), 4iflérdrakethylihdele idsté€ad & Hmithoxihtiolé}28l) (143 mE0 8T %) &, obtdihed\BHCOY-, 2. 22
(s, 3H, owhtgos (s, 3H OAc), 2.06 (s, 3H, OAc), 15 (C-1), 69.89 (0-5),
69. 29 (0-2)"™M8&3 (0-3), 65.78 (0-4), 62.11 (0-6), 20.85, 20.68, 20.66
(40, CH300)'H NEBR-(OBCERIST98 {son H)FHBERO1RNZD U= b ot 1HT, 277546, JE=BIBEIZ7 2H), 19.

22D maBopriGer G5 PacHP. 175 e HrT R oF Sokz( 40 B (80 04 BB 351 ary

][ret hgngl (2m1=|)3)95f62% %?WM@H%Q)%%Y (6 pegsd2 atHz, 1t—| HAlf)tE%?tEUHI ng
or m r S N | ere

the fil1ran0CEncehiralas dig 422 FAd Rech el dF0004 1 TG0 &0 zzééa an

chlr ,O{Ft (iar ﬁlpwg}q %gexad I\%g;riz 002. 5)Hzf G)H;’vllf-lfabl)dz 2@@ 6E20nB), 28)@% 3%, GAKND

?3 J = f@éf( Oﬁqy%cf%fc%@s)( %17814)2 1@9%75 169, 79J-§L6937b(4H§0) 1P, 3761%—%2%d

Z]ads 82'5'3 1%hf)86 52@@1 (138. 5@%2&%51)12541»91625 @@(q ~1/‘ Zops7 ﬂfz)51izi7,20 M3pdd,2), 4.02
(ddd, J = 9118425%/ §50Hf—lz1131@9 ((HJ 44ﬂ?@ %\W dﬂ@d&@%l@)%ﬁ@%%@%é

(1 gg) -1 151, $8-5) 13268521 88:689C-3h365. %3(041%25@ (01@22@@5 20368, 4067448, 96,
CH5CO).

30 Example 49: 2-Chloro-4-(5-trifluoromethylindol-1-y)phenyl a-D-mannopyranoside (299)

Acetylated glycoside 28g (110 mg, 0.17 mmol) is dissolved in dry methanol and treated at

r.t. with 0.5 M CH3;ONa/MeOH (34 pL, 0.017 mmol). The reaction mixture is neutralized

with amberlyst-15, filtered, the filtrate is concentrated and the residue is purified by silica-

gel column chromatography (CH,Cl,/MeOH 10:1) to afford 29g (70 mg, 87%) as a white
35 solid.



129.48, 126.75, 125.43, 118.81, 118.57, 115.09, 110.99, 104.70, 100.62
(G1), 75.45 (05), 72.07 (0-3), 71.45 (0-2), 67.85 (0-4), 62.33 (0-6);
ESI - M5 cavo@o11fimB11027H24012N207 [ M+H] : 559. 10, found. 5P@TAE2201000436
2011/ 073112PCT/ EP2010/ 069436 78 Exanpise 70:

2- Chl or 0- 4- ( 5- met hyl sul f onam doi ndol - 1-yl ) phenyl
2,3,4,6-tetra-0- acetél -a- DrrannOﬁ%ranom de (48’_@ Conpound 48b is pr%pared
in a simlaf PBJERPR) S 7 Aol 7d8lal - SEXEmAre 695 (3; gFYi el {9 ohT

19, 0oL M), 5 68, GBPHOT, 4 824, 15 abl A 0e(ns 8 A8 Ao i) S AW,
(ChC13): 6 7.60 (d, 4 , d, J’=8.5
1H) 7 32 @G, Féa, NSO, 3/6:6|—()m 17"2@~5Qd CJ\IMR?(O@sQE) 81152“71 1138(7%al,133. 32,

1-0 o 3 5HZ‘H§1]3?)H13(E4-§6|2§ iz 75°>((g ﬂ%6§%z§1297§ﬂ 251@ gg§ 341%;@3 %q]g—-

Hz, 1H, 5H 3)5 HB),439.66, (q Jk= i030'|29|z11912® 181 78, 106.43, 1@6@9 (@'@27@16505) HE2. 201H

o, 1H oty STER) B2 4@&%‘%&?@' 55590 cafbofor Gy SENGE Ny,

QAc), 2. 06 406,083taundAgs. 052 05 (s, 3H, QAc); 13C NWR (CDCI 3): 6 170. 45,
170.00, 169.83, 169.73 (4 CO, 150.09, 135.16, 134.39, 129.77, 129. 44,
129.19, 126.54, 125.42, 123.59, 119.04, 117.81, 115.92, 111.08, 104.11,
96.98 (C-1), 69.91 ( AB 69. 28 (CoR), 68.67 (C—3) ©f85.76 (C-4), 62.10 (G
6), 38.82 (CHBS . 85, 20. 69 20- 6 4C A ESI-I\/[ﬁi)caI cd. for
15C29H31CI N2012 689. 12, d 71 .

2- Chl or o- 4- ( 5- net hyI sul tjonageldm -o 1- yI)phenyI a- D- manngpvr anosi de (49b)
Compound 49b i s prepar ed h a sini I ar procedure as conp 49a (Exanpl e
69). 20Starting from 48b +55 nmy, 0.082 mmol) 49b (34 ny, i s obtained
as a white foam 1H NWR (CD30D): 64%.57-7.54 (m 339 7.44-7.'41 (m 3H),
7.13 (dd, J= 9.0, 2.0oAiz, 1H), 6.63 (dd, J-SOOQ Hz, 1H), 5.62 (d, J=
1.5 Hz, 1H, H 1), 4. 4>A(dd J= 3.5, 1.5 Hz, 1H,

AcO
AcO (“') Hao

e N

33, R5 =NO, 34, R5=NO,
10  Scheme 8. (i) 4A MS, TMSOTHT, toluene, 2-fluoro-4-iodophenol (4k), r.t., 2 h; (ii)(a) Cul,
K,COg3, L-proline, DMSO, 90°C, overnight, (b) (Ac),O/pyridine, DMAP, 2-4 h; (iii) 0.5 M
CH3;ONa/MeOH, r.t.

E

Example 50: 2-Fluoro-4-iodophenyl 2.3.4.6-tetra-O-acetyl-o-D-mannopyranoside (30)

15 A mixture of imidate 3 (4.05 g, 8.22 mmol), 2-fluoro-4-iodophenol (4k, 2.40 g, 10.08 mmol)
and 4A molecular sieves in dry toluene is stirred at r.t. for 15 min, then TMSOTf (160 pL,
0.84 mmol) is added at r.t. The mixture is stirred for 2 h, then filtered. The filtrate is diluted
with EtOAc, washed with 5% aqueous NaHCO3, brine and dried over Na,SO,. The solvent
is removed in vacuo and the residue is purified by silica-gel column chromatography

20  (petroleum ether/EtOAc 4:1 to 2:1) to give compound 30 (4.44 g, 94%) as a white solid.
'H NMR (CDCls): § 7.46 (dd, J = 10.0, 2.0 Hz, 1H), 7.38 (dt, J = 8.5, 2.0 Hz, 1H), 6.94 (t, J
= 8.5 Hz, 1H), 5.53 (dd, J = 10.0, 3.5 Hz, 1H, H-3), 5.49 (dd, J = 3.5, 2.0 Hz, 1H, H-2),
5.46 (d, J =2.0 Hz, 1H, H-1), 5.35 (t, J = 10.0 Hz, 1H, H-4), 4.25 (dd, J = 12.0, 5.5 Hz, 1H,
H-6a), 4.15 (ddd, J = 10.0, 5.5, 2.0 Hz, 1H, H-5), 4.07 (dd, J = 12.0, 2.0 Hz, 1H, H-6b),

25  2.19 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.031 (s, 3H, OAc), 2.026 (s, 3H, OAc); *C NMR




H2), 4.01 (dd, J = 9.5, 3.5 Hz, 1H, H2), 3.82 (dd, J = 12.0, 2.5 Hz, 1H,
H6a), 3.78 (t, J 10.0 Hz, 1H, H4), 3.74 (dd, J= 12.0, 5.5 Hz, 1H,

H 6b), 3.w820ddd311d= 10.0, 5.5, 2.0 Hz, 25 1H, H5), 2. 90T(P2018/669436
CH3SO02NH) ; 13C NWR (CD30D): 6 151.97,66135.90, 135.43, 132.01, 121.23,

130. 36, 127.03, 125.67, 124.95, 119.76, 119.26, 116.29, 111.75, 104.73,
101.02 (C é 76. 10(C—5()5 72. 39(C— )7 71.82 (C2), 68. 24(0-3 62. 70
(C-6), 38.36DCEEISTING) 16%89. 18- a6/ 1 {HF=C211235¢E (RpbE52[ MpnEAS2Z ¥o2)ps,

found 521. 133 33QEO?U A5, 75)9@9@@@ 1)l 98B 6 (&9@@@%@% 1§9©9‘(ﬁ &, Epohes.ei n RL
is 4-(pyridyl-2 car%oxy | at e) 3-triazol 4-carboxyl at e

(Exanpl es 79C78)130:&1 #6F). %%d%?)oé%a@@ Js Beldz. Arpes), 69.70 (C-5), 69.09 (C-

2011/07311 7 - 5. (i
0L 07241 STESHPLSTSIC 6 58y B by G ook (1)

5-(4- hyéroxyphenyl) pyri di ne- 2- car boxyl ate or et hyl
1- (4- hydr oyl plagrwd. h-ditibrd.A2rtidi- ﬁ'vﬁéﬁérﬁn dD-aERhORKIGU SR (3B 3E1 20, CH2d 2,

0C, 3 h, 40%Ttor 51, 79% ¢for 52, (II1) MEONg, 4 h, 36%for 53,
74% f or 54;Following @ezprmcedyre NeExample 8 8;, starting from/?@r(ﬁﬁé mg, Oa’,’@b"emppéhe ipgo (Hi ),
pH 3-4, 31%§ f

D 5. 4. b Tottunys Pl ol g EABRadteft p1 byorgysedi o sumound 2 @33
prepared a(ETEg)rZéH’/Q")@StaoNhIWeGdllﬁterature [ Car bohydr. Res. 1999, 317 210- 216].

Exanpl e
Saar T2t ST Pts7 o2 019 MeOH: THNMR (CDIOD) 8 761 (ol = 8.0 1z, 1H), 766 (t o7,

15To an |C@-Q:Hk,d1l-$)0760|(@,n! B'B Orkdst, H¥A), 7.39-7.36 (m 2H), 730 d,J= 90 Hz, 1H), 7. 17 (t, J

mo. 0,57 meah) En M S ST O B et 587 e st T3 PR

t he m xt ur d),i413{dd; vedB.at1.D8zf ti, IBR), 39fe(d: he St a8d HDn‘IH $H-guerahed2 WnI h

The o gani ATt 5yo 2 ek e R R IR R R s RE He T e opug “ht)

The or gani d=h@ageHz),s137\40, 286.4¢ (] 318 3BEH) ERRBIN 26 92A3B 3N, 122.06, 121.44,
121.35 (d, J=3.38 Hz), 121.00 (d, J=2.0 Hz), 113.74 (d, J=21.3 Hz), 111.08, 104.74 (ArC),
101.78 (C-1), 76.05 (C-5), 72.31 (C-3), 71.83 (C-2), 68.21 (C-4), 62.70 (C-6); ESI-MS
calcd. for CooH20FNOg [M+Na]™: 412.12, found 411.97.

20 Example 52: 2-Fluoro-4-(5-nitroindol-1-yl)phenyl a-D-mannopyranoside (34)

Following the procedure of Example 43, starting from 30 (114 mg, 0.2 mmol) the iodo
group is replaced by 5-nitroindole and the tetraacetate 33 hydrolysed to give compound
34 (45 mg, 52%) as a yellow solid.
[c]p?°+54.0 (c 0.44, MeOH); "H NMR (CDs;0OD) & 8.63 (d, J = 2.0Hz, 1H), 8.11 (dd, J = 9.0,
25 2.0 Hz, 1H), 7.65-7.58 (m, 3H), 7.44 (dd, J = 8.5, 2.5 Hz, 1H), 7.34 (d, J = 9.0 Hz, 1H),
6.91 (d, J = 3.5 Hz, 1H), 5.59 (s, 1H, H-1), 4.12 (m, 1H, H-2), 3.95 (dd, J = 9.0, 3.5Hz, 1H,
H-3), 3.84-3.69 (m, 4H, H-6a, H-4, H-6b, H-5); *C NMR (CD;0D) § 154.62 (d, "Jcr
=252.12 Hz), 145.01 (d, J=10.63 Hz), 143.54, 140.08, 134.79 (d, J=8.88 Hz), 132.98,
130.06, 122.03 (d, J=3.50 Hz), 120.89 (d, J=1.88 Hz), 118.95, 118.81, 114.42 (d, J=21.25
30 Hz), 111.60, 106.71 (ArC), 101.61 (C-1), 76.13 (C-5), 72.30 (C-3), 71.77 (C-2), 68.18 (C-
4), 62.70 (C-6); ESI-MS calcd. for CyH19FN,Og [M+Na]": 457.10, found 457.15.



coll ected and dried over Na2SO4, concentrated and purified by

chromat ography (petrol ether/EtOAc 4:1 to 1:1) to afford 51(0.10 g, 40% as
a col orl ewe20ito73tikl NVMR (CDCl 3): 6 8.93 (dd, J = 0.5, 2peThP2010l069486 ), 8. 20
(dd, J = 0.6, 8.2 Hz, 1H, Ar), 7.99 (@dd, J = 2.4, 8.2 Hz, 1H, Ar),
7.61-7.58 (m 2H, Ar), 7.25-7.23 (m 2H, Ar), 5.60 (d, J = 5 1.8 Hz, 1H,
H1), 5.59 (dd, J= 3.6, 101Hz H,H-3),548(dd J=1.9, 3.5 Hz, 1H,
H2), 5.41 (t, J=1 Oic Hz, 1H HS’, 4.30 (dd, J= 5°%, 12.4 Hz, 1H, H6b),
4.11-4.08 (m 24, 50 %3 (s, 3H @OAc), 2.07
(s, 3H, QAc), 2.438 , Exaomd e 74> Met hyl
144-(2, 3, 4, 6-tetra- 0- acgt yka; D- mamnopyr anosyl oxy)phen 1- L H 1,2
,3-triazol e-4 -carboxvl aﬁ]é (52) onmpound 52 is synthesifzed) in a simlar
procedure as 51, ExanpleNp3. Starting from55 (400 , Dl ), et hyl

1- (4- hydr oxyphenyl ) -31H 1, 2, 3-tri a#bl e- 4- car boxyl at e $178 rrg, 0.76 nmol ),
BF3Et 20 (0.44 nL, 3.60 mml) in dry nethylene chloride (8 nmL), conpound
1552 (341 ng, 79% i Aobtained as colorless oil oHH NVR (500 MHz, CDClI3): 6
8.47 (s, 1H, triazoNePac 7.72-7.70 (m 2H, Ar S99-7.27 (m 2H, Ar), 5.60
(d, J= 1.7 Hz, %% (de@o 1H,,H3), 5.48 (dd, J =
1.9, 3.0 Hz, 1H H 2), ,J:10.0Hz,1H,H-,47(dd J= 7.2,
14.2 Hz, 2H, CH2), J= 5.4, 12.4 Hz, 1H, 4.11-4.07 (m 2H,
H5 H6a), 2.22 (s, Noes, 3H, CQAc), 1 (s @ac), 2.05
(s, 3H, QAc), 1.44 (t, ) BH, CH3). Exanple :
544- (a- D-mannopyr anosyl oxgg) Pherwwt| - pi col i nate (53) Tgr a ution of 51 (60
ng, 0.1 mmol) in dry MeOH (5 nm.), 0.5 M MeONa/ MeOH (50 [tL) is added at
r.t. After Ss:herrne|9ng) ABHMSB Tlh/JSCb'FfeDCUaétloaijrrmethcmyeherml utrt.al hz@dawCuh

anber | yst 0 C

purified bgfs I(::)Er))/stt?az 17 Za)Z(%I%H;?'x% 5960['5’@9%#9?9"% 5%@%% 1@8% Oe%'lg%ﬁ? (hi NVR

(DVBO- db) : (Bc)g)m)&rrqrde DMAP 22-2 hgiii) AWM @\H)QN@IN&DI—( ad, J = 2.3, 1H,

Ar)8§1(d\] 8.2 Hz, 1H, Ar), 7.80-7 78(m2HAr)726724(m2H,

Ar) 7 (d, J =1.4 Hz, 1H, H-1)509(m1H Oo+2), 4.88 (d, J =5.8
1H, OHEKEmpie 8P 4€Iddo-2 rretbo8/phiznyl 213,46} tbtra- @Qac%)vl oc@-d%nhbpwénosrcﬁa @5Hz,

1H’ OH 6
i) Ok PG Biegtobedibe o Bdamdle 86, iridfie 3boding) 16% it D e vt )
ALY B'Td’r?adrﬁme”?°§?f&e3®§%mﬁ‘3m*gmwﬂEmEzliﬁi‘ dﬁmmb?’@@?”ﬁmﬁ@
Comaund SPacE BRI g S kel 35 B4 1ng it DY A8 e Gt sofEh " Enarp! o
th a_Stnggt ;r\g NI\VIIQIQCB@IJ?E 2T, m«%%Rm)rrels)z @Qn@emge%iﬂ()(aw H(“@I JAN.0| gg H7z 60

| |
(m 2H Ar)1Ha*7‘m%5%%1é§d i 3%}41 5413, 1£|Cﬁzsr?g %62?%J11?¢7z i Hﬁé 34 (t 4=94( dd,

J= 1.9, 3.40kkrHz,HH, HJ4)2)4,28?4 @@(rﬁSZH 3H6a¢®®§3hﬁ)7, n81${lr(6t9,3@2fs %rﬁoc%& Hz,
1H, H3), 3. 5, 9.7

70- dd
L) S 000 o0 B o o 1t 88 0oy 48, (Ad dus 8RS %
acid (55) 690@)5@?@5&%9053 289.84016w76 @ O3H 18MBL) 14408dVROYI8H 2121 79, 120 B1
addedOZN@S r&ﬂ(a t he reaction mxture is stirred for
24 h, flhen (N&ut94f? )\/§i9t4r§ @21%@?9%&0% &8B1(G-3) 86.08i(Crder @427 €rf). 56.06
concentr at SGJCHI)hQO 138SH¢7E 20568390'6f7'(§€bdi’-)é) rE@!M§@@Ic@h@rS®21H£K§%l}TﬁMﬂ%]aphy

(RP-18, H20/ to yrel 5 (3 ng, 31% as a white solid
603.03, found 603

Example 54: 2-Methoxy-4-(5-nitroindol-1-yl)phenyl 2.3.4,6-tetra-O-acetyl-a-D-manno-
20  pyranoside (36)
According to Example 43, starting from compound 35 (84 mg, 0.145 mmol) and replacing

benzyl indole-5-carboxylate by 5-nitroindole, compound 36 (78 mg, 88%) is obtained as

yellow solid.

'H NMR (CDCls) & 8.63 (d, J = 2.0 Hz, 1H), 8.11 (dd, J = 9.0, 2.0 Hz, 1H), 7.46 (d, J= 9.5
25 Hz, 1H),7.42 (d, J = 3.0 Hz, 1H), 7.25 (m, 1H), 6.99 (m, 2H), 6.84 (dd, J = 3.0, 0.5 Hz,



15 1H NWR (D20): 6 8.63 (s, 1H, Ar), 7.96-7.95 (d, J= 8.0 Hz, 1H, Ar), 7.82
(d, J =6.6 Hz, 1H Ar), 7.56-7.54 (m 2H, Ar), 7.13-7.11 (m 2H Ar), 5.54
(d, J= l.woHairarbi1zH 1), 4.07 (s, 1H, H2), 3.96 (dd, JpreT&P201096434iz,
H3), 3.70-3.58 (m 4H, H4, H5, H 68 H6Db). Exanpl e 78:

1-1- 4- (a- D- Mannopvr anosvl oxv) phenv1l-1H 1, 2, 3 triazol e-4-carboxylic aC| d
20(56) Corrpound 56 |s synt hesi zed in a simlar praocedure as_caonpound

Exanpl e 77.178t%P (4 Conpéuties 52) 1 W Y 5 85 2fhieE) Tt dhvpba (QGJ(5 Ny,
29% s Otha)HQdﬂ-ﬁEH Q)\Ghl()t(EﬁﬂhOde 1H, H-43H M@n(moa 5)&:&(&01@514 éd')L Ar)

7.58-7.56 2H, Al 1 2H Ar
[ 587,50 e B Ao, B TP AT o s A o § 3 . 3428501 5 B,
H3), 3. 73@\0572 éms 4H, oﬁmﬁzdéré 3t ORe); Pb@ﬂ\)lR (CDCF%W@% mgegaaﬁaé Bon of

conpounds of fornu erein ar bo
2 (pyri a§11§9aar<ﬁ&@m AN W%ﬂsﬁﬁ% D0 0t Ao 25, 2 Bt 54529, 85)

the fol | owRg, 9§0PT63§§C#%%4' $091583d|05 5‘6QA?<§?1@>7? 96‘%-’113%%95@29)1%%3&% 82
61: X=C, Y=N 8
Bi s(pi naco|6§t7§)(§r®ofa“é)ﬁ6 (@d@ @]?Z%Qj(ﬁpﬁ) @2@1@0"4@@&& 010RAF88, 2018, gN68ACR D o

(L1)For Steumms biba 306 SARNZODYN Abrl @R Al edrers, PA(C12) dppf . 2C12,
KP4, 5 DM, 80C, 78% ftor 59:

met hyl - 6- chl or o- 3- pyri di necar boxyl ate, Pd(Cl12)dppf.CH2C12, K3PO4, DMF, 85C,
6 h, 8Q80 THumBR saTelhidhory- a:*aésqrtr%.n%opyrvﬁér\émp@bbméamyﬁanoe%%ﬁ dppf .

CHZCIZ K3POZ,” DV, 80UC, 1Z h, b8% (rri VEONa, MEOH, r.t., 4 h, 86%for
61, 24% f oICHMOUBGBBHGF MGRE. 109 wWma) i3 dwsa%fed MM metkaial and treated abr. nght

Zm?ir |4y;t 5%)% M %{Iﬁa/%@?@@&g ué?gﬁtﬁ%g% e?lgn Sf th[a)reehctlon The reaction mixture is

2,3,4,6-t etrlleatrﬁhzada\ntylamtmrlg‘stﬂﬁnﬁﬁmyd ah@ﬁlntrd’@ i§¢ SFncenateidandwaey esstdubes | S

char ged W L AAPYIL I8 ohB8R M SpRRpfVLA cutiRS, (A0 ok SRRTRL Y7

0. 017 nfol X42 migeBothaes b ybow solgleal ed, evacuated, and flushed with argon.

After addi t},QMR%cD,0D) 58.62 (d, J = 2.0 Hz, 1H), 8.08 (dd, J = 9.5, 2.0 Hz, 1H), 7.64 (d, J =
3.5 Hz, 1H), 7.57 (d, J = 9.0 Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.16 (d, J = 2.0 Hz, 1H),
7.07 (dd, J=8.5, 2.5 Hz, 1H), 6.89 (d, J = 3.0 Hz, 1H), 5.50 (s, 1H, H-1),4.13 (d, J=1.5
Hz, 1H, H-2), 3.97 (dd, J = 9.0, 3.5 Hz, 1H, H-3), 3.90 (s, 3H, OMe), 3.83-3.73 (m, 4H, H-

20 5, H-4, H-6a, H-6b); *C NMR (CDs0OD) 6 152.99, 146.56, 143.35, 140.30, 135.37, 133.22,
129.90, 120.56, 118.89, 118.58, 118.09, 111.70, 110.72, 106.26 (ArC), 101.74 (C-1),
75.82 (C-5), 72.41 (C-2), 71.97 (C-3), 68.37 (C-4), 62.77 (C-6), 56.76 (OCH3); ESI-MS
calcd. for Co1H2oN,Og [M+Na]'™: 469.12, found 469.19.

OAc OAc
OAC OAC
AcO ' /.\Co (")
AcO AcO
CCI3 i
3 4m 3g C© !

OAc OH

e ﬁ@~ =y S o

25



15DMF (1 nl), the solution is degassed and flushed with argon for 5 mn.
The tube is heated by mcrowave irradiation to 120C for 2 h. The reaction
m xt ure iwoesiwmEstied wi th CH2C12/ H20 (50 nlL/50 nmli). Theprorgeniio/obmger is
washed with H20 (50 nmL) and brine (509mL), dried over Na2504, concentrated
and purified by chromatography (tol uene/ Et0Ac 4:1) to afford conpound 57

(0.12 g, 50% as col_or%ess ojl. _201H éﬁCDCI 3@ 6 7.76 (d, J = 8.6 Hz,
2H, Ar), 7.&%— 03 (1):ABNME. IMSCIH DQMZ%O' org-4siedppRensHdm)sr e nd@ia)fuly g,
3.4 Hz, 1HK3P’OZ)tran5 13270§dlohe~9<anéeﬁarﬁlnbizdlo>3alﬂe Bknﬂbomdﬂale?306@,ovdmlg5nt Qo) 12. 0 Hz,
1H. H-6b 8 |_)| g“\/@BH QAc), 2.05 (s, 3H,
QAc), 2. 03 %)2 /@W'd'@ﬁd%'\"/*& %é Q§051"é|$ a@d% eO

2011/ 073112PCT/ EP2010/ 069436 83 Exanpl e 80: Met hyl

5-1-4-(2, 3,4, 6- tetra 0- acetyl - a- D- mannop ranos | oxy) Pherwi | PVri m di ne- 2-car
boxyl até '.':‘f'. & .'! | ’i.: ..’9- | ¢ o4, 2trazioeg JCCRyH n'ﬁ.";u"" rames|Gay 38 1
mol ), metipy -
Pd( C12) dppf &@h?"tﬁéﬁ&&ﬁ&éddﬂé et E‘)@a‘n?pl@@lf)?ﬁ%dﬁtéﬁ‘ﬁ G?&QFQB n%ng?lsmét%d with 27}6
evacuat ed &idFodd h\ﬁﬁ@'ﬂ"‘@l‘ géhmas B nmwel). (41B~ rmgbecwgr %i@‘(ﬁ:sda”Cﬁ'ﬁMSpé"é& i on
mxture isegls Mdfﬂfary@w b &E@?lecoaplenmﬂ 847 g1 895 Pas SaRROIIbAL € 1S

al nost consuned (nonitored he react| ture 1s diluted wit
Et OAc (50 rlrI:I)NMlarﬁGD%?s&élev(ﬁtZH)l-QGG((M Jr_3.0a28 I-tzr |1 HeH(Z05.68 Ydd, The1®b.gahi c

over 18, S5 0uh, 9230k pEORCRL Lo i BN AU U Tt i gn

chr omat ogr ap
ng, 78% aidcyell# d)ﬁmoﬁo Hz;LH-HNNAEaQ@DOI@pI J6& 12.51Q.5 97, 12K H-8b)) 2.18.(6BH, CIAIC)(m

55, 100 A G A 2808 I onq G R Eae Fg et s etegr psgE 15

Hz, 1H, H 43 COY, B®.€41d 37,5+, 52684 (M2CQ 162 ,044B1)HGBY (C-6),153-20 @72) 68.65KC-3 5,

A (s Eg)eféé&éf 65. %%@5? S QR/é?h%‘P 652048 (86 ZoMhs Breasr )

6- 1-4- (15 3,CheH67 ClelOr aVO-NE} e B0 98- oumd 64 p.r anosyl oxy) Pherwl | ni coti nate (59)
Compound 59 is synthesized according to the procedure described for
conpound 58, 20Exanple 80. Starting from conpound 57 (50 ng, 0.09 mml) and
met hyl 6- clExampRys7: ¢i63BichBreas bakiviraiob 14yHdheryl 28,408 tdimand acer@pauindnm® (40

ng, 80% is obtain as yellowoil. 1HNWR (CDCI3): 6 9.25 (dd, J = 0.7,
2.2 Hz, 1HRYgnEesid (dd, J = 2.2, 8.3 Hz, 1H, Ar), 8.06-8.03 (m 2H, Ar),

7.77 (dd, J\ceorg;r? géggémhb431bltartmg)fron?3231274 R0, €.mmdl) afy be,pla'ém@%e@ﬂyél J3:51 7

Hz, 1H, H1 J=3.6,. 10 1 1H,_H3),. 5,48 (d
He, 1HZOH- z%dole -o%ae) é@at@tby ShizogoR 1 (74 Qﬁﬁ?)'g Oﬁta@fgﬁéde“%"’ S g 120
Hz, 1H H 6R)NMR . (EBch) §6.65 ZH,zaLﬁz )68 7 (&, I §.5, 2.8z, Wm% 2 (s,
3H,OAC)207S(H> );Ibl }go&L ’(?,OASH3
Exanpl e 8274\%{@W|=20Hz 1H 688(dd 3.0,0.5 Hz, 1H), 583(dd J=35,2.0 Hz, 1H, H-2),
5-1-4-(2, 3,56H6He) EaoQ, @Qﬂthw%)ﬁgmcwz@ﬁlwlmxywwm lddd, J = 10.0, 5.0,
30pyr azi ne- 2- car boxyl ate (60)

2.5 Hz, 1H, H-5), 432(dd J=12.5,5.0 Hz, 1H, H-6a), 4.24 (dd, J = 12.5, 2.5 Hz, 1H, H-

25  6b), 2.21 (s, 3H, OAc), 2.11 (s, 3H, OAc), 2.10 (s, 3H, OAc), 2.06 (s, 3H, OAc); °C NMR

(CDCls) § 170.59, 169.89, 169.72, 169.71 (4 CO), 148.95, 142.68, 138.38, 135.99,

130.60, 130.27, 128.68, 125.23, 118.60, 118.43, 110.16, 106.73 (ArC), 101.40 (C-1),

71.00 (C-5), 68.58 (C-2), 65.68 (C-3), 62.26 (C-4), 60.37 (C-6), 20.84, 20.74, 20.72, 20.66

(COCHa); ESI-MS calcd. for CasH26CloN,01, [M+Na]™: 675.08, found 675.13.

30
Example 58: 2.6-Dichloro-4-(5-nitroindol-1-yl)phenyl a-D-mannopyranoside (40)

Compound 39 (57.2 mg, 0.0875 mmol) is dissolved in dry methanol (4 mL) and treated at

r.t. with K,COj3; (12 mg, 0.0875 mmol) until completion of the reaction. The reaction

mixture is concentrated and the residue is purified by silica-gel column chromatography
35 (CH.CIl/MeOH 10:1) to afford compound 40 (21 mg, 50%) as a yellow solid.



Compound 60 is synthesized according to the procedure described for
conpound 58, Exanple 80. Starting from conpound 57 (70 ng, 0.13 mmol) and
met hyl 5-wbl20r10py1riazi ne- 3- car boxyl ate (28 ng, 0.12 nmol pcocmrpaunchtd (48
ng, 68% is obtained as a white solidio 351H NVR (CDCI 3): 6 9.30 (d, J=1.4
Hz, 1H, Ar), 9.09 (d, J—14Hz lH Ar) 811809(m 2H Ar) 727725
(m2HAr)564é J=1. 60 (dd, J=
2011/ 073112BNMYELS 1@@1}%@@@@ 814- Z}q HW@)) )g. 342@ (’&cP 03201'“'29”43, 757%_8 ZHH
H2), 5-407(68%1‘]:/‘ 1505F1zHZH6) 3"62654‘.7@:904H§0|I-()d@94§d'ﬁ'§0 HTZ211416'?3251 (Jde =H D),
4.13-4.07 ﬁq{ a @)Z OAC) OAC) ,
2.06 (s, 3HZz djvlc)*1)24§9¢(<tds~’-aﬁ-|5 o' 1@@5%&@@3»’1\/&%%%2 1H H5)3
544- (a- D- maanopy 6 8N NK) ntst)n:ybhdwamdmem Hﬁlr)bs)ésfhﬁtﬁ-l (@é) H@B)mound
61 is synt heS| zed In a simlar procedure as describ

%12@6% is

Starting frorNYEhisduRP) 585039, ﬂrﬁ3 89. 139-81md B4 9%0@&%63630(1@

P R et sty N B of o i b g
H1), 4.52 6(7579 (CHY). 62.53 (CB): (S callH. TodEMBI": 58782, fodnd 50218, 5, 9.5 Hz,
1H, H3), 3.67-3.62 (m 3H, H4, H6b, H6a), 3.48 (ddd, J = 2.5, 5.2, 9.5

Hz, 1H, H5). Exanple 84: Met hyI .
644- ( a- D- ndnend)syarapaiatjomeiicoptpennds offormetla Ahwhere®oR ' is 4-(7 @aayineheromgok kyl)

nt he e i qting 15
P om cadoo %@H%M%@tm%ﬁ%%%%ﬁzwm%@f%g e R 09 e
a white solid. 1H NVR (CD30D): 6 9.04 (dd, J 0.7, 2.2 Hz, 1H, Ar), 8.28
(dd, J = 2.2, 8.dacHz, 1H, Ar), 70R6-7.93 (m 2H, Ar), Hu85 (dd, J= 0.7, 8.4

Hz, 1H Ar), 7.487.16 (m 2H £y 5.49 (d, J= 1.7 H odH, H1), 3.93 (dd,
J= 1.9, 3.29pR H2), 38 3H,, COOCH3), 3. J = 203.5, 9.5
Hz, 1H, H3))°376713. b (@ SH '6a, H 6b)@ 349 (dbd, 3 = 2.7, 5.5,

9.5 Hz, 1H, H5). e—8'5: I\/Eth

N=—

5-1-4- (a D- mannopyr a I oxy) pherw | 2| e- &’ar boxyl at Co nd
63 is synthesized in & similar pr ocedure cr| be‘g{?l Ne %arrpl
Starting 25 from é®npound 60 (2® RigS! 0. 03 36%

obtained as a white solid. 1H4MMROECOD30D): 6 9 14 (t42bJRGfN2 Hz, 1H Ar),

9.09 (t, YARN QY oA ),
299 (4 Icheilth: iith off Yor8, b Boidhofbhediine Bl B st
3H, COOCH3)18 K3 (BYACEA/pyddire DEMAPI2 b; (ifz 0.5IHCHOBR/ME0KBG-t3. 60 (m 3H, H 4, H
306b, IE—LGa) 3.47 (ddd, J = 2.5, 5.2, 9.5 Hz, 1H, H5). Exanple 86:

5-1-4- g D- Mannopyr anosyl oxy) Pherwl | - pyri m di ne- 2-carboxylic acid (64)
Conpound 6£xaspty5d: ReShla@ed-(5ctdorst TH-barolgRBskidutdin-dsy| deeoi R [3et6tetraE®anpl e

77. Starti n% f [OE cogound 61 (2 52 0. 015 mml ) conpound 64 (6 ng, quant.)
i s obtaine —a- rangs|dg (31 2011/ 073112PCT/ EP2010/ 069436

To a resealable Schlenk tube compound 19 (88 mg, 0.15 mmol), Cul (2.3 mg, 0.012

mmol), 5-chloro-1H-pyrrolo[2,3-b]pyridine (27 mg, 0.18 mmol), KsPO, (133 mg, 0.6

20  mmol), trans-1,2-cyclohexanediamine (7.0 mg, 0.06 mmol), and a stir bar are added, and

the reaction vessel is fitted with a rubber septum. The vessel is twice evacuated and
flashed with argon. Then 1,4-dioxane (1.5 mL) is added under a stream of argon. The
reaction tube is quickly sealed and the contents are stirred at 105°C overnight. The
reaction mixture is cooled to r.t., diluted with ethyl acetate, filtered through a plug of celite,
25 eluting with additional ethyl acetate. The filtrate is concentrated and the resulting crude
mixture is acetylated with Ac,O/pyridine (DMAP). The reaction is quenched by addition of
methanol, concentrated and the residue is purified by silica-gel column chromatography
(petroleum ether/EtOAc 4:1 to 1:1) to provide 41a (74.5 mg, 82%) as white solid.
'H NMR (CDCls): § 8.28 (d, J = 2.0 Hz, 1H), 7.93 (d, J = 2.0 Hz, 1H), 7.81 (d, J = 2.5 Hz,
30 1H), 7.60 (dd, J=9.0, 2.5 Hz, 1H), 7.47 (d, J = 3.5 Hz, 1H), 7.31 (d, J = 9.0 Hz, 1H), 6.59
(d, J=3.5Hz, 1H), 5.63 (dd, J = 10.0, 3.5 Hz, 1H, H-3), 5.59 (d, J = 1.5 Hz, 1H, H-1), 5.56



85 1H NVR (D20): 6 8.91 (bs, 2H, Ar), 7.60-7.58 (m 2H, Ar), 7.17-7.16 (m
2H, Ar), 5.55 (d, J = 1.7 H, 1H, H1), 4.05 (dd, J = 1.9, 3.5 Hz, 1H,
H2), 3.980(dd/ 07311z 3.5, 9.1 Hz, H3), 3.66-3.55 (m 4HpclHEP201bk694341+ 64,

H 6b). S5Exanpl e 87: 71
5- 1- 4- (a- D- Mannopyr anosyl| oxy)phenyl I -pyra2| ne- 2- carboxylic acid (65)
Conpound 65 is synthesized in a simlar procedure as described in npl e

77. Starti dgf-~omPcdRpFunl: H32)(%4i1n§ J 5. 1815001 F-Ebtpd RS 63 1€6: R, Hunant )
i s obtainedHas$i-6b wlmzh @d@pl/bdm d% (B\IMR) 9@2{9 H -6),4. 19|4(dGSJ Jxlzio QJS)HZ a+89:- (s

1H, Ar), 7.85-7 Zeﬁg d,, J=

Hz, 1H, H BP) 2226, é'ddOA9)z2£’8éS #l, EP‘M‘Q 29@4 ﬁerg Ack QSd%JH QA_) 3CEJ‘“V'B 4

Hz, H3), ECES&@ 361770(4@ 16@494 Hre‘é 77tHBg. 7@*(5@0)%4@@5 145. 650142@6 1@8 %@ar ation

of conmpounds of "formula (1) wherein R1 rﬂé hol i ne- 4-carb
phenyl , 93, 928i%) &8, 412ﬁ3ﬂ19r 038/ pheliag 188, 212%\9 tZr%QL Ul ﬂ@Ml%ﬂ@ﬁ?l(C 1),
4- (et hy' S%bfsfbf‘(bté) 69. éé@@@%s i) (&3%3'7‘?{(@%’7%2 é@@l@)ﬂb@%ﬁﬁo 8@)266139 20.66

foll owi ng procedure 1's used oroni c acid or boronic ester,
Pd( C12) dppfCeattel £SHdFpecd. mﬁzv%@@zNz@h MsNalodha!.Q9, founiiedNs2- MeOH, r.t., 4
h, 75%for 67a, 78%for 67b, 76%for 67c, 86%for 2067d. Exarrple 88:

[4 (2,3,4,6-Tetra-0- acetyl a- Dmannopyranosyl oxy) - bi phenyl 4-y11-

(mor phol | u.! APl Ael4(2806-Talra-fhacaiviie-Pimanaopwanesy eyt Swhiorortenybiiid 18

(110 rrg i mypnol i ne- 4- car bonyl ) phenyl boronate (70
ng, O 8 = H g, WD 2011/073112PCT/ EP2010/ 069436

86 0. 006 m'f@la)reaﬂaiaM@l%hleﬁBmmg‘lQ (0462 mgril. 28 miried), CekSd1 mg, GVacwat e dHand

fl hed th Th

hea ot o SUEDRER PRy ARs BrEarieni e b Tad s D' R @31 Mo by k. e
t trethen 2-t\&lathiek aaeith &8.& 0. 50nri’ﬂb] dch stiapbesr dﬁbdl'dﬁ.‘ﬂt &0 nL

;ﬁgcblricﬂemggo 1L c}&The r r:tnm (® teﬂl’bo\l 0(7 ed)oas]r 5NaZSO£El)W nc t?ated)

ond The resSarB ke R d I A R seP Rt e SeSi s M el A0 BT )

t7 o6gf f7 @2(71 mmmpag%mﬁ T6)6ﬁ1(741(l]ﬂ;gxar@ f;mmlgadaid yrﬁidr@wtr@ghm;é‘bkgdﬁl.\/ﬂztié @a@tllar) H3§S

5oy (sl §BeySGuickhpenibu 5 Sie ashd Bid stffed o a8 Sioplia o Mot

5.1, 12.2 IaixtudeHs cbbleb)o r.4. dllé’feéi vith dinyl a2étatd-hriasriltebdbthrough a8ldy éﬁze(lm TB(H 4

g:::?) OA(Z:) 22 4 %Fé;og@en(%l)atedl and tﬂe résu’ltlng crudOA‘ m?xture is ace{y?éteg with %zalbyrldme S

‘- (2, 3, 4, bV aFH- reaetionl is e,ueﬁhdniad|b9pyidﬂmsﬁ/memheISthéarﬂxﬁjremro@n&nrm’@tmiyI -4-

o (o6 SHTIRLRSCEER, B R 0 PPl g RGpL
mol ), pi n&cbio I:3) to-pedvideudttnE120 mg, 80%) as white solid.
'H NMR (CDCls): 8 8.57 (d, J = 2.0 Hz, 1H), 8.25 (d, J = 2.0 Hz, 1H), 7.78 (d, J = 2.5 Hz,
1H), 7.58 (m, 2H), 7.33 (d, J = 8.5 Hz, 1H), 6.73 (d, J = 3.5 Hz, 1H), 5.62 (dd, J = 10.0, 3.5
Hz, 1H, H-3), 5.60 (s, 1H, H-1), 5.54 (dd, J = 3.5, 2.0 Hz, 1H, H-2), 5.41 (t, J = 10.0 Hz,
25 1H, H-4),4.29 (dd, J=12.0, 5.0 Hz, 1H, H-6b), 4.18 (ddd, J = 10.0, 5.0, 2.0 Hz, 1H, H-5),
4.10 (m, 1H, H-6b), 2.21 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H,
OAc): ®C NMR (CDCl): 5 170.39, 169.88, 169.72, 169.64 (4 CO), 150.26, 147.74,
146.25, 133.19, 132.92, 130.19, 126.36, 125.06, 123.46, 120.64, 118.26, 117.32, 102.77,
102.28, 96.76 (C-1), 69.86 (C-5), 69.18 (C-2), 68.63 (C-3), 65.66 (C-4), 61.98 (C-6),
30 20.79, 20.63, 20.61, 20.60 (COCHj3); ESI-MS calcd. for CsH2sCIN3O1o [M+Na]": 622.12,
found 622.10.




hydr oxyphenyl ) boronate (51 ng, 0.20 mml), Pd(Cl12)dppf.CH2C12 (5 ng, 0.006
nmml ), and K3PO4 (57 ng, 0.30 nmol), conpound 66b (57 ngy, 52% is obtained

as col or lwe=onid73112H NMR (CDCI 3): 6 7.42-7.40 (m 2H, APLI/EP2014/069432 (m

2H, Ar), 7.07-7.05 (m 2H, Ar), 5.90 2bs, 1H, -OH), 5.59 (dd, J= 3.6, 10.05
Hz, H3), 5.56 (d, J= 1.8, Hz, 1H H1), 5.47 20 (dd, J= 1.8, 3.5 Hz, 1H,

H2), 5.40 , J= 101Hz H-4), 430(dd J= 4.8, 120Hz 1H H 6b),
4.14-4. 08 Examplg 61125ehlong:-45(5-ctijores1 H-pyrialel2. 3cblpyridin 19/piphenyl ge)-mange- 2’ 06
(s, 3H m%ran%s@é(‘(?a) 3H OAC) Exanpl e 90:
4'-(2,3,4,6-Tetra-U-acetyl - a- D- mannopyr anosyl oxv) - N- net heny

25sul f onamT@ea $ddion Oféém&ﬂ#nd“%@d 22 rggihinHEE MetRnet Corkl &é M 6 B(H@a/MQQﬂédur e

d b d f
0-21rmol ) G (R arhe] S AR sribior PREThS ReclbP AR sHEs W o
Pd( C12) appfarrmezlysltz X Bltenrgd tie Ot etenraodncentiaigd ikBPUE (e6ituas PWIifid bynsiicy-gel

67 92. 7. oqopm QyPglolfEthy  GPHQEDIH BF) © g aigi i ST oo WM R )

7.21-7.19 (mNMRi(CmD)sae@@ B7 Z5rHz2H), BOB, (A 32,5 Bz, 481)( BE) (I< 126, HZ3. 4

iy Y S Rt Y A R Fea bty FpM 2 RS ) iso N P G0 kR By s
2. 72 (d, 3K, J=3%5. Kz, Hr)), NEHB), J 21.324z( $H, BH), M Jdd, 2.20870,(65 HZHI H.DAR), 4.1 05
(E)S( rrgH ‘iéd P= 8% 43 HS4H, B95) 3,800 201 O 1361 2P T BEY A% Q694861 8Y ¢
4'-(2,3, 4 mmmag@p)aéeﬁyjsemmwnmwr 8303, 118%\2D; 429 6Bt 78Ul 2B81,1) -

bi ph I 6 t

decr bed { QPOEBniRNG 850 Bdpi B2sa: 1o B8 (G TetienEe iR e sH fs

0. 09 Mol ) ,2)482eetC), $2J677 40YH)) PHlem |calcBbior GRHGGUN,O (MON 4L, 463,040 founm! ) |

Pd( C12) dppf Cl2 (3 ng, 0.003 mmol), and K3PO4 (29 ng, 0.14 mml),
conmpound 66189(6 ny, 44% is obtained as a yellow solid. 1H NWVR (CDCl 3): 6
8.00-7189 (m 2H, Ar), 7. 74 7.72 (m 2H, Ar), 7.59-7. 56 (m 2H, Ar)
7.23-7.18 ﬁ“améré 22,28 , 8

Hz, 1H, H A4y, : 49

H 6b), 4. 13a410®8nlér(r42t2H H-5 10H— 6a) 2.22 (s 3H, OAC) 2.07 (s 3H
QAc), 2.05 QA

& (2, 3, 4. doredlop e yFrone Ganm bl Hibey meRFRoE o nameLaNNerH | o

(66€) Coerrmw6 no) |§66ded|5at8rytnér’fmeﬁ eﬁkr@r:rc)mz ¢hi. Mige teactudérerfgdmg%wueradm%%nh}ed }‘ ;)r
conpou a e . arti n n ,
S oneBnog st g e Hlsted: the Blials 5 B fialsn ORI Crha fpurGRg by ST go s,

0. 004 mol )ooluanﬁbriﬁ@rﬁ%g(aba?(®B20|9M90Hmm1))to aﬁompnmds 9(1%3‘ésmute58% is

b 764 FMRICRAGDR p sose B, B 3 ontin B (din/ 320 Mﬁ%m 435 He

5. 60-5.57 (1m), 2bb gd+J]:4bH-|?z)1H§ 7465 (gde =39, 2§Hz?4Hb H54 (di+J2=)905~|z4@H§t6 820J=
10. 1 Hz, H—4) 0 (dd, J= by, 4-4.

J H,
H 6a, H 5) 2’2& O(Hz. 15y 5.6, J—21 é’ﬁZ(%H dﬁ) Johd:jdd i-éé @@ Hél—‘!H %402 04
(s, 3Hp50Aqdd, .8 HO31H, H- 3) 3.82- 372£m 3H, H-6a, H-4, H-6b), 3.66 (ddd, J = 10.0, 5.5,
[4'-(a-D I\/annopyr anos Isoka/I henv1l vll( nmor phol i no) net hanone (67a
2.5 Hz, 1H, H5§/ CN D30D) 5 152.28, 149.09, 147.03,'134.69, 133.72, 132.29,
127.15, 125.23, 124.83, 122.49, 119.27, 118.72, 103.79, 103.20, 100.97 (C-1), 76.10 (C-
5), 72.40 (C-3), 71.81 (C-2), 68.21 (C-4), 62.67 (C-6); ESI-MS calcd. for Cz0H1sCIN3Os

[M+Na]": 454.08, found 454.07.

30

For the preparation of compounds of formula (1) wherein R' is 4-(7-aza-5-indol-5-yl)

(Examples 63-64) the following procedure is used:



To a solution of 66a (50 ng, 0.08 mmol) in dry MeOH (5 nL), 0.5 M

MeONa/ MeOH 25(50 [tL) is added at r.t. After stirring for 3 h, the reaction
m xt ure iwoneutaradizzed wi th amberlyst-15 to pH 6-7, fil Permb2@0d69436
concentrated. The residue is purifieds3by crystallization from MeOH to

afford 67a (27 ng, 75% as a white solid. 1H NWR (CD30D): 6 7.71-7.70
(m 2H, Ar), 7.63-7.63 gm 2H, Ar), 7.52-7.50 (m_ . 2H Ar), 7.25-7.23 (m
2H, Ar), 5.56 (d, J =4.7 Hz, 1H, H1), 4.05 (d = 1.8, 3.4 Hz, 1H,

H2), 303.95 (dd,\J= © 9.5 Hz, 1H H 3) a8 054 (m 12H, H 4, H5,
H 6b, H 6a, 4CH2) Ac 94 AcO

3,5-Difluoro-4'-(a-D man pyranosyln&&) bi phenv1l- 4- 67b) Conpound 67b
is synthesized in a simlar ocedure as described in rrpl e 93. Starting
from conmpound 66b (40 ng, O% Dl ) compound 67b (21 obt ai ned
as a 35white solid. 20117073112PCT/ EP2010/ 0692‘536 88 1H OD): 6
7.52-7.49 (m 2H, Ar), 7.19-7.14 (m 4H, Ar), (d, J = , 1H,

H1), 4.04 (dd, J= 1.8, 3.4 Hz, 1H H2), 3.94 (dd, J= 3.5, %-5%’ 1H,
H3), 3.78-3.73 (m 3H, H4, H6b, H6a), 3.63 d, J =25 51, 9.8 Hz,
1H, H-5). 5Exanple 95:

4' - (a- D- Mannopyr anosyl oxy) - N- et hyl - b| pheny'9d-:
67c is synthesized in a simlar proc gure as descri
Starting from conpound 66¢ (40 ng, 0.07 nmol) conpou
obtained as a white solid. 1H NWR (CD30D): 6 7.90-7.8

narglde (67c) Conpound
ed i n Exanpl e 93.

C (22 ng, 76% is
, Ar),

7.80-7.79 (m 2H Ar), 7.66-7.64 (m 2H Ar), 107.26-7>25 «ﬁl Ar), 5.58
(d, J =1.7 Hz, 1H H1), 4.06 (dd, J = 1.8, 3.3 44 1H, 96 (dd, J
= 3.4, 9.5 Hz, 1H H3), 3.79-3. 74 (m 3H, H4, H6b, H6a), (ddd, J =

2.5, 5.2, 4 oHr : d\%—g
4'-(a-Dm%chﬂr%@éfa1r%g§agg>?zy‘)@§)ﬁ 1'5ul fon Wﬁ%gkﬁ&a%@cﬁnzxg&jmound
67d is syn@h&fglb&?e@b]puri@in%,iRﬁ(Ph:rP)Ap‘rQib@de@mabt tie §cr MsedsONe/Me@hipre 93.
Starting from conpound 66d (20 ng, 0.03 nmol) conpound 67d (12 ng, 86% is
obtained as a white solid. 1H NWR (CD30D): 6 7.90-7.88 (m 2H, Ar),
7.76-7. %4 (Exempld 6 A2YChIGro5B(TH-pBTdlofR, 2Mpyridin-S-yNphanyr 2 BHA étetrepGtacaty)-o-05. 46
(d J=1.7 nobtlandk .93 (dd, J=1.9, 3.5 Hz, 1H, H2), 203.81 (dd, J
3.4, 9.5 .69-3.61 (m 3H, HA4, H-6a H6b), 3.50 (ddd, J =
2 5, 5.4, Jom rtdzealalble Sldh@)mk tLB)eOEs)n(pmpnde(&B-Blp 0FF5rmmd>1¢ Pdofepalae man of

carounds Sodi@imHk 4194 SRSHEMTe Bl oAb 58 AR Yrine

(40.3 mg, 0.165 mmol), K3PO4 (49.8 mg, 0.225 mmol), and a stir bar are added, and the

10  reaction vessel is fitted with a rubber septum. The vessel is twice evacuated and flashed

with argon. Then dioxane (1.5 mL) is added under a stream of argon. The reaction tube is
quickly sealed and the contents are stirred at 100°C overnight. The reaction mixture is
cooled to r.t., diluted with ethyl acetate, and filtered through a plug of celite. The filtrate is
concentrated and the residue is purified by chromatography on silica gel (petrol ether/

15  EtOAc 3:1 to 1:1) to afford 43 (48 mg, 56%) as yellow solid.
'H NMR (CDCls): § 9.74 (s, 1H, NH), 8.49 (d, J = 2.0 Hz, 1H), 8.07 (d, J = 2.0 Hz, 1H),
7.46 (m, 2H), 7.39 (dd, J = 3.5, 2.5 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 6.64 (d, J = 4.0 Hz,
1H), 6.56 (dd, J = 3.5, 2.5 Hz, 1H), 5.66 (dd, J = 10.0, 3.5 Hz, 1H, H-3), 5.61 (d, J=1.5
Hz, 1H, H-1), 5.57 (dd, J = 3.5, 1.5 Hz, 1H, H-2), 5.41 (t, J = 10.0 Hz, 1H, H-4), 4.31 (dd, J

20 =12.0,5.0 Hz, 1H, H-6b), 4.24 (ddd, J = 12.0, 5.0, 2.0 Hz, 1H, H-5), 4.13 (m, 1H, H-6b),
3.08 (s, 3H, NHAC), 2.22 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H,
OAc); C NMR (CDCls): & 170.49, 169.97, 169.78 (4 CO), 150.37, 148.15, 141.99,
128.54, 128.44, 127.85, 127.10, 126.51, 125.91, 124.86, 120.19, 117.51, 101.32, 96.77



Scheme 18. (i) TMSN3, Bu2Sn(0), DME, 150C p.W 10 min, 81% (ii) MeONa,
MeOH, r.t., 4 h, 80% WD 2011/073112PCT/ EP2010/ 069436 89 Exanpl e 97:

5-1-4' - (2y8,20116073|kr a- 0- acet yl - a- D- mannopvr anosvl oxv) bi poempriedieduie 1
Htetrazole (68) A mcrowave tube is ®harged with conmpound 66e (30 ng, 0.06
mmol ), tri rrethylsilyl azi de (16 4, 0 12 rrrml) di butylti n oxi de (2 ny,

0. 006 mol ) % 9 ted to 150C fo

10 nmin by cr)OQ/%K/ (G-p- &di ét(Po’ﬁ 6%6%&%&% @ét%dcaﬁdﬁ% e (Qéél?ddé? BHB6s 2&40: by
chromat ogr aptyy (COE:12/ MeOH 9:1 to 8:1) to afford conpound 68 (26 ngy, 81%
as a colorless 0|I IH NV\R (CDCI 3): 6 8.18-8.17 (m 2H, Ar), 7.69-7.67 (m
2H, Ar), 7.58-7.56 (m 2H, Ar), 7.18-7.17 (m 2H, Ar), 5.60-5.57 (m 2H,

H1, H3), Rl 4: 21¢1a|or|aL42?1H @r&ﬁo[@t&bléwdlr@(ig/l)bﬁemﬂ-@fﬂb ﬂ)annépﬁgnc(s(ﬂj% (447
5.4, 12.5 Fz, H6D), 4, 10-4.08 7. 2T 3H OAc), 2.06

(s, 3H 50adp.a solein(as 433@ rrmep%7 J_nrmi 'Osd"y mqthamﬁéz MER G I OBla/MeOH
5-1-4' - - (a- [y Yo Ry s @RS k 9anl B &Namel+dr anblnek 4 ﬁt'lfrfézrgéﬁloﬁ%)(tur@@”pound 69

is synthesized In a simlar procedure as described in Exanple 93. Starting
15f r om conpéytiglized wWith@nagrlyss: @f'lﬁﬁfﬁqi ~the Birpteun gom@niraedagd thrieasidup is s
obtained a uﬁflé’%ﬁb}l ﬁnéaoééléoluﬁq'ﬁ M%ét@%ﬁﬁl} 55@ CT/l@@Oﬁ 1%61 {om:1 Abhatfbrd) 44
7.72-7.71 (m 2H, 7.13(m 2H, Ar), 5.46
(d, J= 1. 7(%8%42%)9338\@@@0('% J= 1.9, 3 5 Hz 1H H2), 3. 83 (dd, J =

3.4, 948 HZHMMh(bb?@@.%@E%(%,gl 1(5sz31'|14 BH14( d"1756}5|h‘26|¢):)$:§9?@jd§§ HZ =

2.5, 205.4 preparatlon ounds ornul a
(1) wher ei AHR17.p% (g, ¢rrot-phdl iHrzToilzt% Mrﬁddn{/i)B 5 idhei)l 7.48xAnpt 86 HR-11HD®).5% he

2 (ror pinat RETE S e, 0 080, A RIS Tm B 148 400 99,7 = 4B S Pl
DVF, 80C, &)3.8B8% ((n, BN, N’Eﬁ?leJ 4, 01, 3J69t( m, MH i-5)8 0% NMREOCD;OD): 5 152.52,
2011/ 073112R6 B, EN2Dd0/38943520.73, 129,09, 128.33, 127.94, 127.76, 125.39, 122.32, 118.93,
15 101.79, 100.89 (C-1), 75.97 (C-5), 72.42 (C-3), 71.90 (C-2), 68.25 (C-4), 62.68 (C-6); ESI-
MS calcd. for CroH1oCIN,Og [M+Na]': 429.08, found 429.04, calcd. for [M+H]* 407.10,
found 407.01.

For the preparation of compounds of formula (1) wherein R’ is 4-(3H-imidazo[4,5-blpyridin-

20  6-yl) (Examples 65-66) the following procedure is used:

OAc OAc OH

OAc OAc OH
AcO Q AcO 0 HO Q
AcO T AcO cl HO cl
0 i —_— 0 (i, 9)
[ =

N N

19 45 R 46 LD
N7 N N7 N
Me Me

Scheme 13. (i) KsPO4, DMF, 3-methyl-6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3H-
imidazo[4,5-b]pyridine, PdCl,(dppf), 100°C, overnight; (ii) 0.5 M CH3;ONa/MeOH, r.t.

25
Example 65: 2-Chloro-4-(3-methyl-3H-imidazo[4,5-b]pyridin-6-yl)phenyl 2.3.4,6-tetra-O-

acetyl-a-D-mannopyranoside 45

To a resealable Schlenk tube compound 19 (88 mg, 0.15 mmol), PdClx(dppf) (3.67 mg,

0.0045 mmol), 3-methyl-8-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3H-imidazo[4,5-
30  b]pyridine (42.8 mg, 0.165 mmol), KsPO,4 (49.8 mg, 0.225 mmol), and a stir bar are added,




90 Exanple 99:

[4'-(2,3,4,6-Tetra-0-acetyl -a- D mannopyr anosyl oxy) - 3' - chl or obi phenyl - 4-
V11( mor phwbi2onyoretibanone (70) Conpound 70 is synt hesi zedTapeanasaags t o t he
procedure decribed for conpound 65, Bwanple 88. Starting from conpound 5a
(100 ng, 0.17 mol), pinacol 4-(norpholi no- 50ar bonyl ) phenyl bor onat e (60
ng, 0.19 nmol), Pd(Cl2)dppf.CH2Cl2 (4 ng nmol ), and K3PO4 (54

0.26 nmol ) a”éé*ﬂﬁ)@@ﬁfdP”?‘(?s(sﬁ'O%%ed CLLG r#%bebﬁ%%'ﬁeﬁheaéesﬁﬁi ip bifice pyacug dr@m

( CDC|2ﬁ) A6 flasit Wigh argorr Theh IZbMF (db* mlﬁrs) add7ed5.ﬁrd§r §§tré£§ﬁ1 o?b‘fgoﬁ\r'ﬁhe r%a@ﬁbn7lﬁ8
/(A\;n) 5 64r (tl&a? |s\guwf<lg sgalejdL@ngltl&e ccmtgant ﬁ_l@?d at51 0@0& @dernmgt il'hg rp@ctlommlxtﬂ_ql)s

(5d36 de Q:ooléd% r.8. d‘}luféij Wlﬂn"éth 'éét,ate5<aﬂé-flﬁéred th'lrng]n—a é@gQ)f b@hte Jéﬁjtlnbhlﬂ'% 4.30
mor phol 5ne)add'§°'7@ eﬁwkacqtﬁtp ?hl? "%t,ep%@riq%asrateé azétf(esres@we 'Wyﬂed zf'tbs (s, 3H,
OAc), 2.05 Cﬁﬁ)mﬁb%;a@ﬂcén sificdldel With GHICILBASOH 20:1 to 15EXRMBHOR] 49B5 mg, 96%) as

[ 3" - Chl oro- mannopyr anosyl oxy) - bi pheny1-4-yl | (mor phol i no) -

15met hanoné t{r‘?‘ﬂfﬁ‘ sOlopound 71 is synthesized in a sinilar procedure as

described i'p Nimr(@b@ls?% 8. §t @r U'J'EOfHZO'TTP-IF@m@OQd”QI 72Q) H%Om)ng ost 1451)@@41 1s,

conpound 71 2:% as a white sol

( CD30D) : 6117* 578657 F@H1H)Ar7)44 (¢d4¢ B:83-3 7. Uh; 72\1‘3)(d 5= 49 Fd?d1HJ 64 6

Hz, 1H1020 cl)J 40@136q1& 1H—H%)95613§1d4J|42203H'2' 1hH21)1) §5@Ehd(9d3§=2@H4 1|9 5
mb‘i* g H 5 ine), 3.3

(bs 2H %)néﬁodé)»f i§< %ﬂ, eHag4). 43?% (i’ 720, &Q)Hh% "!1§§)a§ 2194, n‘i‘ght

cul tures ofy0@, 5a), b'(ﬁﬁi‘&kﬁ#Sﬁhm%C%GﬂJ&?)s e, BH, nehg) fzsztﬂ(@lsfH I8§x0318) are

25prepared by suspendi ng colo material from agar plates in

trypticase 2$(¥7y(3b3|dI(HAQ)T%@)4 (éa?d% Q. 3- %(ﬁ@éﬁe@%br CLEMEB(GPGy): @7@ 4%.he

cul ture of ol t the r f | f35CNn h
169,940 dg ¥4, 1'69% ;d?@r Mgy, 7(2“1%7 Wb 1&%&“14%@% 1&‘; g ‘-‘0('?)31,%36"3?l

agitation on a horizontal eac
cul t ur 85ar d20d<hdeb. {4i126. 0\714 124.96, rﬂﬁﬁ@ﬁo@@ﬁ&t(@ 1D UF%F & @d5b§943ﬁé0(2?@ ToieC-

centrifugaty 1 t

o suspensi brioat Ve B2 Rl SP O ARRE e 26 o8 RESER GCML PSS
step, the eplcdciar CothdiiNyaiMeva i, fﬁ@laQ@ﬁédoam(h(ﬂ}rdMﬁHH@@ 18, ouhdr C.
al bi cans (ggprgsponding to approx. 5 x 107 viable cells/ml) and to 3.0 for
E. coli (correspondl ng to approx. 5 x 109 viable cells/nl). Defined

sol utions of test inhibitor substances and a-D-mannoside are prepared in
PBS or ,,Wh C 0 of . : g 5%
DVEO, Eoch%[xgg[af‘ev\iaf?aq&ﬁbﬂo&i J-SBHINSH: ho:

t he desiregyczoosidat46iti on, and 33 pl of E coli suspen5| on is added and

m xed by s

2011/ 07311;8%@5%'8%%38%@8 @%ﬁ‘méﬁ] Q’S{enr?@?%% & Oog MqéH dﬁ@"/MGOH
total vol urtes pt)id@0ded atperamethen smeoafonelgnahen&eh cTherrpactg)nmnmmis neuttehmell I
|sleftW|thut addlt nof The ncu ted faor 20 mn at
57C on a hoPPATIERNSE saRusTod e Brele 5 FaFerPl Ale Ak O AR puidleed Tt e
for 1026 n get caluthn chehateyraptey (@&,Clh/MeGH il 0dpe 6t do wffdrt 46128 hey, p7%) asa
magni fi er fw%ﬁte\/sic)ﬁ&al cl unps. For

'H NMR (CDs;OD): § 8.63 (d, J = 1.5 Hz, 1H), 8.39 (s, 1H), 8.22 (d, J = 2.0 Hz, 1H), 7.74
(d, J=2.0Hz, 1H), 7.59 (dd, J = 8.5, 2.0 Hz, 1H), 7.50 (d, J = 8.5 Hz, 1H), 5.61 (d, J=1.5
Hz, 1H, H-1), 4.13 (dd, J= 3.5, 1.5 Hz, 1H, H-2), 4.01 (dd, J = 9.5, 3.5 Hz, 1H, H-3), 3.96
30 (s, 3H, NCHs), 3.82-3.72 (m, 3H, H-6a, H-4, H-6b), 3.67 ( m, 1H, H-5); "*C NMR (CDs;OD):
5 152.96, 147.98, 144.37, 136.09, 134.95, 130.02, 128.14, 126.37, 125.43, 118.96,
100.83 (C-1), 76.12 (C-5), 72.39 (C-3), 71.81 (C-2), 68.20 (C-4), 62.64 (C-6), 30.29
(NCH,); ESI-MS calcd. for C1gH20CIN3Og [M+Na]': 444.09, found 444.04, calcd. for [M+H]"
422.11, found 422.08.
35
For the preparation of compounds of formula (I) wherein R is 4-(1-indolyl) (Examples 67




5 each substance the mninmal concentration that prevents clotting of C
al bicans cells is noted. Each experinent is perforned in triplicate. The
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Scheme 14. (i) PtO,/morpholine (catalytic), MeOH/EtOAc, H,, 1 atm, quantitative;
5  (ii) 4-chlorobenzoyl chloride or methanesulfonyl chloride, EtsN, CH,Cl,, r.t., 1 h;
(iii) CHsONa/MeOH, r.t., 2 h.

Example 67: 4-(5-Aminoindol-1-y)-2-chlorophenyl 2,3.4.6-tetra-O-acetyl-a-D-

mannopyranoside (47)
10  To a solution of 28b (166 mg, 0.268 mmol) in methanol/ethyl acetate (1:1, 4 mL) PtO, (16

mg) and morpholine (12 uL, 0.136 mmol) are added. The reaction mixture is stirred at r.t.
under 1 atm hydrogen for 1 h, then filtrated through a pad of celite and washed thoroughly
with ethyl acetate. The filtrate is concentrated under vacuum to give compound 47 (158
mg, quant.) as off-white foam. It is used for next step without further purification.

15 "H NMR (CDCls): § 7.54 (d, J = 2.5 Hz, 1H), 7.33-7.26 (m, 3H), 7.17 (d, J = 3.5 Hz, 1H),
6.96 (d, J =2.0 Hz, 1H), 6.69 (dd, J = 8.5, 2.0 Hz, 1H), 6.49 (d, J = 3.5 Hz, 1H), 5.63 (dd,
J=10.0, 3.5 Hz, 1H, H-3), 5.58 (d, J = 2.0 Hz, 1H, H-1), 5.56 (dd, J = 3.5, 2.0 Hz, 1H, H-
2),5.41 (t, J=10.0 Hz, 1H, H-4), 4.30 (dd, J =12.0, 5.0 Hz, 1H, H-6a), 4.23 (ddd, J =10.0,
5.5, 2.0 Hz, 1H, H-5), 4.13 (dd, J = 12.0, 2.5 Hz, 1H, H-6b), 2.22 (s, 3H, OAc), 2.08 (s, 3H,

20  OAc), 2.05 (s, 6H, OAc); ESI-MS calcd. for CasHCIN,O19 [M+H]": 589.16, found 589.15,
calcd. for [M+Na]": 611.14, found 611.23.
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t he maxi rrals 55H202I-i)l ¢.56i(@d) £19.00Hz, 1H) TR af 319; PAAmU VHBH), U@?Fodnw—@?@Hby
s 73.05 e of five

ekl (TR PR AR T TR IS I NS e L T
t est cormoumqi) Bcsﬂ(b@ J€5C5 ofo hepty H-2); Eiman!&mZ@pwﬂmqwm 31Tl ¢=22.0r 1 C50
T e T o e R S 5 S EE Thlela 7 0 e
(measur ed 18, H8b)2BG0 @GS, 1HIENRCORDSAY (5, BH OAC) DB 0AT), 2.08 (HSHY TRE),
bi nding assz‘?(}g (s, 3H, OAc); "*C NMR (125 MHz, CDCls): & 170.44, 169.96, 169.79, 169.72, 164.69
15 (5 CO), 149.82, 137.85, 135.47, 133.58, 133.40, 131.01, 129.52, 128.95, 128.85, 128.66,

128.63, 128.48, 126.35, 125.36, 123.42, 117.84, 116.99, 113.44, 110.43, 104.30, 96.99

(C-1), 69.89 (C-5), 69.29 (C-2), 68.70 (C-3), 65.78 (C-4), 62.11 (C-6), 20.85, 20.68, 20.66

(4C, CH3CO); ESI-MS calcd. for CasHapCloN,Oqq [M+H]': 727.15, found 727.19.

20 Example 69: 2-Chloro-4-[5-(4-chlorobenzamido)indol-1-yllphenyl a-D-mannopyranoside
49a
To a solution of 48a (80 mg, 0.11 mmol) in dry methanol (2 mL) 0.5 M CH;ONa/MeOH

(22 plL) is added at r.t. After stirring for 2 h, the reaction mixture is neutralized with

amberlyst-15, filtered, the filtrate concentrated and the residue purified by silica-gel

25  column chromatography (CH,Cl,/MeOH 10:1) to afford 49a (52 mg, 85%) as a white solid.
'H NMR (CDs0OD+CDCls): § 7.96 (s, 1H), 7.92 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 2.5 Hz, 1H),
7.50-7.38 (m, 6H), 7.35 (d, J = 3.0 Hz, 1H), 6.63 (d, J = 3.0 Hz, 1H), 5.60 (s, 1H, H-1),
4.16 (dd, J=2.5,1.5 Hz, 1H, H-2), 4.02 (dd, J = 9.5, 3.0 Hz, 1H, H-2), 3.83-3.76 (m, 3H,
H-6a, H-4, H-6b), 3.70 (ddd, J = 9.5, 5.0, 2.0 Hz, 1H, H-5); *C NMR (CD3OD+CDCls): &

30 167.40 (CO), 151.53, 138.55, 135.69, 134.65, 134.56, 132.20, 130.45, 129.96, 129.61,
129.48, 126.75, 125.43, 118.81, 118.57, 115.09, 110.99, 104.70, 100.62 (C-1), 75.45 (C-
5), 72.07 (C-3), 71.45 (C-2), 67.85 (C-4), 62.33 (C-6); ESI-MS calcd. for C,7H24CI,N,0O4
[M+H]": 559.10, found. 559.12.
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Example 70: 2-Chloro-4-(5-methylsulfonamidoindol-1-vl)phenyl 2,3.4,6-tetra-O-acetyl-o-D-

mannopyranoside (48b)

Compound 48b is prepared in a similar procedure as compound 48a, Example 69.
Starting from 47 (59 mg, 0.1 mmol), 48b (55 mg, 82%) is obtained as a white solid.
5 'HNMR (CDCl): § 7.60 (d, J = 2.0 Hz, 1H), 7.54 (s, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.32 (m,

2H, NHSO;Me, ArH), 7.29 (d, J = 3.5 Hz, 1H),7.13 (dd, J = 9.0, 2.0 Hz, 1H), 6.66 (d, J =
3.0 Hz, 1H), 6.50 (s, 1H), 5.64 (dd, J = 10.0, 3.5 Hz, 1H, H-3), 5.61 (d, J = 2.0 Hz, 1H, H-
1), 5.56 (dd, J = 3.5, 2.0 Hz, 1H, H-2), 5.43 (t, J = 10.0 Hz, 1H, H-4), 4.31 (dd, J=12.0,5.5
Hz, 1H, H-6a), 4.23 (ddd, J =10.0, 5.5, 2.0 Hz, 1H, H-5), 4.14 (dd, J = 12.0, 2.0 Hz, 1H, H-

10  6b), 2.98 (s, 3H, CH3SO,NH), 2.22 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.06 (s, 3H, OAc),
2.05 (s, 3H, OAc); °C NMR (CDCls): § 170.45, 170.00, 169.83, 169.73 (4 CO), 150.09,
135.16, 134.39, 129.77, 129.44, 129.19, 126.54, 125.42, 123.59, 119.04, 117.81, 115.92,
111.08, 104.11, 96.98 (C-1), 69.91 (C-5), 69.28 (C-2), 68.67 (C-3), 65.76 (C-4), 62.10 (C-
6), 38.82 (CH3SO,NH), 20.85, 20.69, 20.67 (4C, CH3CO); ESI-MS calcd. for

15 CxH31CIN,O4,S [M+Na]": 689.12, found 689.18.

Example 71: 2-Chloro-4-(5-methylsulfonamidoindol-1-yl)phenyl a-D-mannopyranoside
49b
Compound 49b is prepared in a similar procedure as compound 49a (Example 69).
20  Starting from 48b (55 mg, 0.082 mmol) 49b (34 mg, 82%) is obtained as a white foam.
'H NMR (CD30D): § 7.57-7.54 (m, 3H), 7.44-7.41 (m, 3H), 7.13 (dd, J = 9.0, 2.0 Hz, 1H),
6.63 (dd, J = 3.0, 0.5 Hz, 1H), 5.62 (d, J = 1.5 Hz, 1H, H-1), 4.14 (dd, J = 3.5, 1.5 Hz, 1H,
H-2), 4.01 (dd, J = 9.5, 3.5 Hz, 1H, H-2), 3.82 (dd, J = 12.0, 2.5 Hz, 1H, H-6a), 3.78 (t, J =
10.0 Hz, 1H, H-4), 3.74 (dd, J = 12.0, 5.5 Hz, 1H, H-6b), 3.68 (ddd, J = 10.0, 5.5, 2.0 Hz,
25  1H, H-5), 2.90 (s, 3H, CH3SO,NH); *C NMR (CDs0D): § 151.97, 135.90, 135.43, 132.01,
121.23, 130.36, 127.03, 125.67, 124.95, 119.76, 119.26, 116.29, 111.75, 104.73, 101.02
(C-1), 76.10 (C-5), 72.39 (C-3), 71.82 (C-2), 68.24 (C-4), 62.70 (C-6), 38.55 (CH3SO,NH);
ESI-MS calcd. for C1H23CIN,OsS [M+Na]™: 521.08, found 521.12.

30 For the preparation of compounds of formula (I) wherein R’ is 4-(pyridyl-2-carboxylate) or

4-(1H-1,2,3-triazolyl-4-carboxylate) (Examples 72-78) the following procedure is used:
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Scheme 15. (i) HF-pyridine, CH,Cl,, 40°C, overnight, 87%; (ii) methyl 5-(4-hydroxy-
phenyl)-pyridine-2-carboxylate or ethyl 1-(4-hydroxylphenyl)-1H-1,2,3-triazole-4-

5  carboxylate, BFs-Et,O, CH,Cly, 0°C, 3 h, 40% for 51, 79% for 52; (iii) MeONa, MeOH, r.t.,
4 h, 36% for 53, 74% for 54; (iv) 0.2 N ag. NaOH, MeOH, r.t., overnight, amberlyst-15
(H"), pH 3-4, 31% for 55, 29% for 56.

Example 72: 2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl fluoride (50)

10  Compound 50 is prepared according to the literature [Carbohydr. Res. 1999, 317, 210-
216].

Example 73: Methyl 5-[4-(2,3.4,6-tetra-O-acetyl-a-D-mannopyranosyloxy)phenyl]-
picolinate (51)

15  To an ice-cold solution of methyl 5-(4-hydroxyphenyl)-pyridine-2-carboxylate (100 mg,
0.44 mmol) and 50 (304 mg, 0.87 mmol) in dry DCM (5 mL) is added BF3-Et,O (0.33 mL,

2.62 mmol), and the mixture is stirred at 0°C for 3h. Then the reaction is quenched with

satd. ag. Na,COj3; (50 mL), extracted with methylene chloride (50 mL), and the organic
layer is washed with 0.5 N aq. NaOH (50 mL) and brine (50 mL). The organic layer is
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collected and dried over Na,SO,, concentrated and purified by chromatography (petrol
ether/EtOAc 4:1 to 1:1) to afford 51 (0.10 g, 40%) as a colorless oil.
'H NMR (CDCls): § 8.93 (dd, J = 0.5, 2.2 Hz, 1H, Ar), 8.20 (dd, J = 0.6, 8.2 Hz, 1H, Ar),
7.99 (dd, J=2.4, 8.2 Hz, 1H, Ar), 7.61-7.58 (m, 2H, Ar), 7.25-7.23 (m, 2H, Ar), 5.60 (d, J =
5 1.8 Hz, 1H, H-1), 5.59 (dd, J = 3.6, 10.1 Hz, 1H, H-3), 5.48 (dd, J = 1.9, 3.5 Hz, 1H, H-2),
5.41 (t, J=10.1 Hz, 1H, H-4), 4.30 (dd, J = 5.0, 12.4 Hz, 1H, H-6b), 4.11-4.08 (m, 2H, H-
5, H-6a), 4.04 (s, 3H, COOCHj3), 2.23 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc),
2.05 (s, 3H, OAc).

10 Example 74: Methyl 1-[4-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosvloxy)phenyl]-1H-

1,2,3-triazole-4-carboxylate (52)

Compound 52 is synthesized in a similar procedure as 51, Example 73. Starting from 55
(400 mg, 1.14 mmol), ethyl 1-(4-hydroxyphenyl)-1H-1,2,3-triazole-4-carboxylate (178 mg,
0.76 mmol), BF3-Et,0 (0.44 mL, 3.60 mmol) in dry methylene chloride (8 mL), compound
15 52 (341 mg, 79%) is obtained as colorless oil.
'H NMR (500 MHz, CDCls): & 8.47 (s, 1H, triazole), 7.72-7.70 (m, 2H, Ar), 7.29-7.27 (m,
2H, Ar), 5.60 (d, J = 1.7 Hz, 1H, H-1), 5.56 (dd, J = 3.0, 10.0 Hz, 1H, H-3), 5.48 (dd, J =
1.9, 3.0 Hz, 1H, H-2), 5.40 (t, J= 10.0 Hz, 1H, H-4), 4.47 (dd, J = 7.2, 14.2 Hz, 2H, CH,),
4.29 (dd, J=5.4, 12.4 Hz, 1H, H-6b), 4.11-4.07 (m, 2H, H-5, H-6a), 2.22 (s, 3H, OAc),
20 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.05 (s, 3H, OAc), 1.44 (t, J = 7.2 Hz, 3H, CHs).

Example 75: Methyl 5-[4-(a-D-mannopyranosyloxy)phenyl]-picolinate (53)
To a solution of 51 (60 mg, 0.1 mmol) in dry MeOH (5 mL), 0.5 M MeONa/MeOH (50 uL)

is added at r.t. After stirring for 3 h, the reaction mixture is neutralized with amberlyst-15 to
25 pH 6-7, filtered and concentrated. The residue is purified by crystallization from MeOH to
afford 53 (15 mg, 36%).
'H NMR (DMSO-ds): 6 9.03 (d, J = 2.2 Hz, 1H, Ar), 8.25 (dd, J = 2.3, 8.3 Hz, 1H, Ar), 8.11
(d, J=8.2 Hz, 1H, Ar), 7.80-7.78 (m, 2H, Ar), 7.26-7.24 (m, 2H, Ar), 5.47 (d, J= 1.4 Hz,
1H, H-1), 5.09 (m, 1H, OH-2), 4.88 (d, J = 5.8 Hz, 1H, OH-4), 4.82 (d, J = 5.8 Hz, 1H, OH-
30  3),4.49 (t, J=6.0 Hz, 1H, OH-6), 3.91 (s, 3H, COOCHj3), 3.86 (bs, 1H, H-2), 3.73-3.69 (m,
1H, H-3), 3.61 (dd, J = 6.1, 10.3 Hz, 1H, H-6b), 3.53-3.45 (m, 2H, H-4, H-6a), 3.40 (m, 1H,
H-5).
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Example 76: Methyl 1-[4-(a-D-mannopyranosyloxy)phenvl]-1H-1,2,3-triazole-4-

carboxylate (54)

Compound 54 is synthesized in a similar procedure as described in Example 75. Starting
from 52 (55 mg, 0.09 mmol) compound 54 (28 mg, 74%) is obtained as a white solid.

'H NMR (CDs;OD): § 8.94 (s, 1H, Ar), 7.72-7.69 (m, 2H, Ar), 7.25-7.23 (m, 2H, Ar), 5.48 (d,
J=1.7 Hz, 1H, H-1), 3.94(dd, J = 1.9, 3.4 Hz, 1H, H-2), 3.85 (s, 3H, COOCHj3), 3.81 (dd, J
= 3.5, 9.5 Hz, 1H, H-3), 3.70-3.60 (m, 3H, H-4, H-6b, H-6a), 3.48 (ddd, J=2.4,5.5, 9.7
Hz, 1H, H-5).

Example 77: 5-[4-(a-D-Mannopyranosyloxy)phenyll-picolinic acid (55)
To a solution of 53 (10 mg, 0.026 mmol) in MeOH (2.5 mL) is added 0.2 N aq. NaOH

(0.25 mL) at r.t. The reaction mixture is stirred for 24 h, then neutralized with amberlyst-15

to pH 3-4, filtered, and concentrated. The residue is purified by reversed-phase
chromatography (RP-18, H,O/MeOH 3:1) to yield 55 (3 mg, 31%) as a white solid.

'H NMR (D;0): § 8.63 (s, 1H, Ar), 7.96-7.95 (d, J = 8.0 Hz, 1H, Ar), 7.82 (d, J = 6.6 Hz,
1H, Ar), 7.56-7.54 (m, 2H, Ar), 7.13-7.11 (m, 2H, Ar), 5.54 (d, J = 1.4 Hz, 1H, H-1), 4.07
(s, 1H, H-2), 3.96 (dd, J = 3.5, 9.2 Hz, H-3), 3.70-3.58 (m, 4H, H-4, H-5, H-6a, H-6b).

Example 78: 1-[4-(a-D-Mannopyranosyloxy)phenyl]-1H-1,2,3-triazole-4-carboxylic acid
(56)

Compound 56 is synthesized in a similar procedure as compound 55, Example 77.

Starting from compound 54 (18 mg, 0.05 mmol) compound 56 (5 mg, 29%) is obtained as
a white solid.

'H NMR (D;0): & 8.40 (s, 1H, Ar), 7.58-7.56 (m, 2H, Ar), 7.18-7.16 (m, 2H, Ar), 5.55 (d, J
= 1.4 Hz, 1H, H-1), 4.08 (dd, J= 1.9, 3.4 Hz, 1H, H-2), 3.95 (dd, J = 3.5, 9.5 Hz, 1H, H-3),
3.73-3.57 (m, 4H, H-4, H-5, H-6b, H-6a).

For the preparation of compounds of formula (I) wherein R’ is 4-(pyrimidyl-2-carboxylate),

4-(pyridyl-3-carboxylate) and 4-(pyrazinyl-2-carboxylate) (Examples 79-88) the following

procedure is used:
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Scheme 16. (i) Bis(pinacolato)diboron, Pd(Cl,)dppf-CH,Cl,, KOAc, DMF, 120°C uW, 2 h,
50%; (ii) for 58: methyl-5-bromo-2-pyrimidinecarboxylate, Pd(Cl,)dppf-CH,Cl,, KsPOy,

5 DMF, 80°C, 8 h, 78%; for 59: methyl-6-chloro-3-pyridinecarboxylate, Pd(Cl,)dppf-CH,Cl,,
KsPO,4, DMF, 85°C, 6 h, 80%; for 60: methyl-5-chloro-2-pyrazinecarboxylate, Pd(Cl,)dppf:
CH,Cl,, KsPO4, DMF, 80°C, 12 h, 68%; (iii) MeONa, MeOH, r.t., 4 h, 86% for 61, 24% for
62, 36% for 63; (iv) 0.2 N ag. NaOH, MeOH, r.t., overnight, amberlyst-15, pH 3-4, quant.

10 Example 79: 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl 2,3,4,6-tetra-O-acetyl-

a-D-mannopyranoside (57)

A microwave tube is charged with compound 18 (240 mg, 0.55 mmol), KOAc (161 mg,
1.65 mmol), bis(pinacolato)diborone (152 mg, 0.60 mmol) and Pd(Cl,)dppf-CH,Cl, (13 mg,
0.017 mmol). Then the tube is sealed, evacuated, and flushed with argon. After addition of
15  DMF (1 mL), the solution is degassed and flushed with argon for 5 min. The tube is
heated by microwave irradiation to 120°C for 2 h. The reaction mixture is extracted with
CH,CI,/H,0O (50 mL/50 mL). The organic layer is washed with H,O (50 mL) and brine
(50 mL), dried over Na,SO,, concentrated and purified by chromatography (toluene/EtOAc
4:1) to afford compound 57 (0.12 g, 50%) as colorless oil.
20 "M NMR (CDCls): 8 7.76 (d, J = 8.6 Hz, 2H, Ar), 7.08 (d, J = 8.6 Hz, 2H, Ar), 5.58-5.55 (m,
2H), 5.45 (dd, J= 1.9, 3.4 Hz, 1H, H-2), 5.37 (t, J= 10.0 Hz, 1H, H-4), 4.28 (dd, J = 5.0,
12.0 Hz, 1H. H-6b), 4.05-4.02 (m, 2H, H-6a, H-5), 2.20 (s, 3H, OAc), 2.05 (s, 3H, OAc),
2.03 (s, 6H, OAc), 1.33 (s, 12H, 4CHy).
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Example 80: Methyl 5-[4-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyloxy)phenyl]-

pyrimidine-2-carboxylate (58)

A two-necked flask is charged with compound 57 (55 mg, 0.1 mmol), methyl 5-bromo-
pyrimidine-2-carboxylate (20 mg, 0.09 mmol), Pd(Cl,)dppf-CH,Cl, (2 mg, 0.0027 mmol),
5 and K3PO4 (29 mg, 0.135 mmol), evacuated and flushed with argon, then DMF (1 mL)

is added. The reaction mixture is heated to 80°C until methyl 5-bromopyrimidine-2-
carboxylate is almost consumed (monitored by TLC). The reaction mixture is diluted with
EtOAc (50 mL), and washed with H,O (50 mL) and brine (50 mL). The organic layer is
dried over Na,SO,, concentrated and the residue purified by chromatography (petrol

10  ether/EtOAc 2:1 to 1:2) to afford compound 58 (40 mg, 78%) as yellow oil.
'H NMR (CDCls): 8 9.10 (s, 2H, Ar), 7.64-7.61 (m, 2H, Ar), 7.30-7.28 (m, 2H, Ar), 5.62 (d,
J=1.7 Hz, 1H, H-1), 5.58 (dd, J = 3.5, 10.0 Hz, 1H, H-3), 5.49 (dd, J=1.9, 3.5 Hz, 1H, H-
2),5.42 (t, J=10.0 Hz, 1H, H-4), 4.30 (dd, J = 5.6, 12.9 Hz, 1H, H-6b), 4.13-4.07 (m, 5H,
H-5, H-6a, COOCHj3), 2.23 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.05 (s, 3H,

15  OAc).

Example 81: Methvyl 6-[4-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyloxy)phenyl]-
nicotinate (59)

Compound 59 is synthesized according to the procedure described for compound 58,

20  Example 80. Starting from compound 57 (50 mg, 0.09 mmol) and methyl 6-chloropyridine-
3-carboxylate (14 mg, 0.08 mmol) compound 59 (40 mg, 80%) is obtained as yellow oil.
'H NMR (CDCls): § 9.25 (dd, J = 0.7, 2.2 Hz, 1H, Ar), 8.33 (dd, J = 2.2, 8.3 Hz, 1H, Ar),
8.06-8.03 (m, 2H, Ar), 7.77 (dd, J = 0.6, 8.4 Hz, 1H, Ar), 7.23-7.20 (m, 2H, Ar), 5.62 (d, J =
1.7 Hz, 1H, H-1), 5.59 (dd, J = 3.6, 10.1 Hz, 1H, H-3), 5.48 (dd, J = 1.8, 3.5 Hz, 1H, H-2),

25 540 (t, J=10.0 Hz, 1H, H-4), 4.31 (dd, J = 4.8, 12.0 Hz, 1H, H-6b), 4.12-4.06 (m, 2H, H-
5, H-6a), 3.97 (s, 3H, COOCHj3), 2.22 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.05 (s, 3H, OAc),
2.04 (s, 3H, OAc).

Example 82: Methyl 5-[4-(2,3.4,6-tetra-O-acetyl-a-D-mannopyranosyloxy)phenyl]-

30 pyrazine-2-carboxylate (60)

Compound 60 is synthesized according to the procedure described for compound 58,
Example 80. Starting from compound 57 (70 mg, 0.13 mmol) and methyl 5-chloro-
pyrazine-3-carboxylate (28 mg, 0.12 mmol) compound 60 (48 mg, 68%) is obtained as a
white solid.

35 'H NMR (CDCls):  9.30 (d, J = 1.4 Hz, 1H, Ar), 9.09 (d, J = 1.4 Hz, 1H, Ar), 8.11-8.09 (m,
2H, Ar), 7.27-7.25 (m, 2H, Ar), 5.64 (d, J= 1.7 Hz, 1H, H-1), 5.60 (dd, J = 3.6, 10.1 Hz,
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1H, H-3), 5.49 (dd, J = 1.9, 3.5 Hz, 1H, H-2), 5.40 (t, J = 10.1 Hz, 1H, H-4), 4.30 (dd, J =
5.2, 12.4 Hz, 1H, H-6b), 4.13-4.07 (m, 5H, H-5, H-6a, COOCHs), 2.23 (s, 3H, OAc), 2.07
(s, 3H, OAc), 2.06 (s, 3H, OAc), 2.04 (s, 3H, OAc).

5 Example 83: Methyl 5-[4-(a-D-mannopyranosyloxy)phenvl]-pyrimidine-2-carboxylate (61)

Compound 61 is synthesized in a similar procedure as described in Example 75. Starting

from compound 58 (30 mg, 0.05 mmol) compound 61 (18 mg, 86%) is obtained as a white

solid.

'H NMR (CD30D): § 9.10 (s, 2H, Ar), 7.69-7.68 (m, 2H, Ar), 7.24-7.22 (m, 2H, Ar), 5.49 (d,
10 J=1.6Hz, 1H, H-1),4.52 (s, 1H, H-2), 3.94 (s, 3H, COOCHj3), 3.82 (dd, J = 3.5, 9.5 Hz,

1H, H-3), 3.67-3.62 (m, 3H, H-4, H-6b, H-6a), 3.48 (ddd, J = 2.5, 5.2, 9.5 Hz, 1H, H-5).

Example 84: Methyl 6-[4-(c-D-mannopyranosyloxy)phenvl]-nicotinate (62)

Compound 62 is synthesized in a similar procedure as described in Example 75. Starting
15  from compound 59 (36 mg, 0.06 mmol) compound 62 (6 mg, 24%) is obtained as a white

solid.

'H NMR (CDs;OD): § 9.04 (dd, J = 0.7, 2.2 Hz, 1H, Ar), 8.28 (dd, J = 2.2, 8.4 Hz, 1H, Ar),

7.96-7.93 (m, 2H, Ar), 7.85 (dd, J = 0.7, 8.4 Hz, 1H, Ar), 7.18-7.16 (m, 2H, Ar), 5.49 (d, J =

1.7 Hz, 1H, H-1), 3.93 (dd, J = 1.9, 3.4 Hz, 1H, H-2), 3.86 (s, 3H, COOCHj3), 3.82 (dd, J =
20  3.5,9.5 Hz, 1H, H-3), 3.67-3.60 (m, 3H, H-4, H-6a, H-6b), 3.49 (ddd, J=2.7, 5.5, 9.5 Hz,

1H, H-5).

Example 85: Methyl 5-[4-(a-D-mannopyranosyloxy)phenvl]-pyrazine-2-carboxylate (63)

Compound 63 is synthesized in a similar procedure as described in Example 75. Starting
25  from compound 60 (20 mg, 0.03 mmol) compound 63 (5 mg, 36%) is obtained as a white

solid.

'H NMR (CDs;OD): § 9.14 (t, J = 1.2 Hz, 1H, Ar), 9.09 (t, J = 1.2 Hz, 1H, Ar), 8.10-8.08 (m,

2H, Ar), 7.21-7.20 (m, 2H, Ar), 5.51 (d, J= 1.5 Hz, 1H, H-1), 3.94 (dd, J = 1.9, 3.3 Hz, 1H,

H-2), 3.92 (s, 3H, COOCHj3), 3.81 (dd, J = 3.5, 9.5 Hz, 1H, H-3), 3.66-3.60 (m, 3H, H-4, H-
30 6b, H-6a), 3.47 (ddd, J=2.5,5.2, 9.5 Hz, 1H, H-5).

Example 86: 5-[4-(a-D-Mannopyranosyloxy)phenyl]-pyrimidine-2-carboxylic acid (64)

Compound 64 is synthesized in a similar procedure as described in Example 77. Starting
from compound 61 (6 mg, 0.015 mmol) compound 64 (6 mg, quant.) is obtained as a
35  white solid.
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"H NMR (D,0): & 8.91 (bs, 2H, Ar), 7.60-7.58 (m, 2H, Ar), 7.17-7.16 (m, 2H, Ar), 5.55 (d, J
= 1.7 Hz, 1H, H-1), 4.05 (dd, J = 1.9, 3.5 Hz, 1H, H-2), 3.93 (dd, J = 3.5, 9.1 Hz, H-3),
3.66-3.55 (m, 4H, H-4, H-5, H-6a, H-6b).

Example 87: 5-[4-(c-D-Mannopyranosyloxy)phenyll-pyrazine-2-carboxylic acid (65)

Compound 65 is synthesized in a similar procedure as described in Example 77. Starting
from compound 63 (6 mg, 0.015 mmol) compound 65 (6 mg, quant.) is obtained as a
white solid.

'H NMR (D;0): & 8.94 (s, 1H, Ar), 8.89 (s, 1H, Ar), 7.85-7.83 (m, 2H, Ar), 7.19-7.17 (m,
2H, Ar), 5.64 (d, J=1.7 Hz, 1H, H-1),4.17 (dd, J = 1.8, 3.5 Hz, 1H, H-2), 4.05 (dd, J = 3.5,
9.4 Hz, H-3), 3.78-3.67 (m, 4H, H-4, H-5, H-6a, H-6b).

For the preparation of compounds of formula (1) wherein R’ is 4-(morpholine-4-carbonyl)-

phenyl, 3,5-difluoro-4-hydroxyphenvl, 4-(N-methylsulfamoylphenyl, 4-(methylsulfonyl)-

phenyl or 4-cyanophenyl (Examples 88-96) the following procedure is used:

OAc OAc

OAs 0 OAs OH
AcO : ! g ACO - (i)
/icO cAcO —_— O
67a-d \©\
R

ael
ey

0L
LD
v Uy,

Scheme 17. (i) Boronic acid or boronic ester, Pd(Cl,)dppf-CH,Cl,, KsPO,4, DMF, 80°C, 4 h,
52-99%; (ii) MeONa, MeOH, r.t., 4 h, 75% for 67a, 78% for 67b, 76% for 67¢, 86% for
67d.

Example 88: [4'-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyloxy)-biphenvl-4-vyl]-

(morpholino)methanone (66a)

A two-neck flask is charged with compound 18 (110 mg, 0.2 mmol), pinacol 4-

(morpholine-4-carbonyl)phenylboronate (70 mg, 0.22 mmol), Pd(Cl,)dppf-CH,CI, (5 mg,
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0.006 mmol) and KsPO,4 (64 mg, 0.30 mmol). The vessel is evacuated and flushed with
argon, then DMF (6 mL) is added. The reaction mixture is heated to 80°C until compound
18 is almost consumed (monitored by TLC). The reaction mixture is diluted with EtOAc
(50 mL) and washed with H,O (50 mL) and brine (50 mL). The organic layer is dried over
Na,SO,, concentrated, and the residue purified by chromatography (petrol ether/EtOAC
2:3 to 1:4) to afford compound 66a (139 mg, quant.) as yellow oil.

'H NMR (CDCls): 8 7.60-7.47 (m, 6H, Ar), 7.19-7.17 (m, 2H, Ar), 5.60-5.58 (m, 2H, H-1, H-
3), 5.47 (dd, J=1.9, 3.4 Hz, H-2), 5.40 (t, J= 10.1 Hz, H-4), 4.30 (dd, J = 5.1, 12.2 Hz,
1H, H-6b), 4.14-4.08 (m, 2H, H-6a, H-5), 3.78-3.45 (m, 8H, 4 CH,), 2.22 (s, 3H, OAc),
2.09 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.04 (s, 3H, OAc).

Example 89: 4'-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosvloxy)-3,5-difluoro-biphenyl-4-
ol (66b

Compound 66b is synthesized according to the procedure decribed for compound 66a,

Example 88. Starting from compound 18 (100 mg, 0.18 mmol), pinacol (3,5-difluoro-4-
hydroxyphenyl)boronate (51 mg, 0.20 mmol), Pd(Cl,)dppf-CH,Cl, (5 mg, 0.006 mmol), and
KsPO4 (57 mg, 0.30 mmol), compound 66b (57 mg, 52%) is obtained as colorless oil.

'H NMR (CDCls): § 7.42-7.40 (m, 2H, Ar), 7.14-7.12 (m, 2H, Ar), 7.07-7.05 (m, 2H, Ar),
5.90 (bs, 1H, -OH), 5.59 (dd, J = 3.6, 10.05 Hz, H-3), 5.56 (d, J = 1.8, Hz, 1H, H-1), 5.47
(dd, J=1.8, 3.5 Hz, 1H, H-2), 5.40 (t, J = 10.1 Hz, H-4), 4.30 (dd, J = 4.8, 12.0 Hz, 1H, H-
6b), 4.14-4.08 (m, 2H, H-6a, H-5), 2.22 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc),
2.05 (s, 3H, OAc).

Example 90: 4'-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosvloxy)-N-methvl-biphenyl-4-

sulfonamide (66c)

Compound 66¢ is synthesized according to the procedure decribed for compound 66a,
Example 88. Starting from compound 18 (116 mg, 0.21mmol), 4-(N-methylsulfamoyl)-
phenylboronic acid (50 mg, 0.23 mmol), Pd(Cl,)dppf-CH,Cl, (5 mg, 0.006 mmol), and
KsPO4 (67 mg, 0.32 mmol), compound 66¢ (105 mg, 84%) is obtained as a white solid.
'H NMR (CDCls): § 7.92-7.90 (m, 2H, Ar), 7.70-7.68 (m, 2H, Ar), 7.57-7.55 (m, 2H, Ar),
7.21-7.19 (m, 2H, Ar), 5.60-5.57 (m, 2H, H-1, H-3), 5.48 (dd, J = 1.8, 3.4 Hz, 1H, H-2),
5.40 (t, J=10.0 Hz, 1H, H-4), 4.38 (dd, J = 5.4, 10.8 Hz, 1H, -NH), 4.30 (dd, J=4.9, 12.3
Hz, 1H, H-6b), 4.13-4.08 (m, 2H, H-5, H-6a), 2.72 (d, 3H, J = 5.4 Hz, NCHj3), 2.22 (s, 3H,
OAc), 2.07 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H, OAc).
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Example 91: 4'-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosvloxy)-4-(methylsulfonyl)-

biphenyl (66d)

Compound 66d is synthesized according to the procedure decribed for compound 66a,

Example 88. Starting from compound 18 (50 mg, 0.09 mmol), 4-(methylsulfonyl)phenyl-
boronic acid (20 mg, 0.10 mmol), Pd(Cl,)dppf-CH,CI, (3 mg, 0.003 mmol), and KsPO,

(29 mg, 0.14 mmol), compound 66d (23 mg, 44%) is obtained as a yellow solid.

'H NMR (CDCls): § 8.00-7.99 (m, 2H, Ar), 7.74-7.72 (m, 2H, Ar), 7.59-7.56 (m, 2H, Ar),
7.23-7.18 (m, 2H, Ar), 5.60-5.56 (m, 2H, H-1, H-3), 5.47 (dd, J = 1.8, 3.4 Hz, 1H, H-2),
5.40 (t, J =10.0 Hz, 1H, H-4), 4.30 (dd, J = 4.9, 12.0 Hz, 1H, H-6b), 4.13-4.08 (m, 2H, H-5,
H-6a), 2.22 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H, OAc).

Example 92: 4'-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosvloxy)-biphenyl-4-carbonitrile
66e

Compound 66e is synthesized according to the procedure decribed for compound 66a,

Example 88. Starting from compound 18 (330 mg, 0.60 mmol), 4-cyanophenylboronic acid
(96 mg, 0.66 mmol), Pd(Cl,)dppf-CH,Cl, (15 mg, 0.004 mmol), and K3PO,4 (192 mg, 0.90
mmol), compound 66e (187 mg, 59%) is obtained as colorless oil.

'H NMR (CD30D): § 7.73-7.71 (m, 2H, Ar), 7.65-7.64 (m, 2H, Ar), 7.57-7.53 (m, 2H, Ar),
7.21-7.19 (m, 2H, Ar), 5.60-5.57 (m, 2H, H-1, H-3), 5.47 (dd, J = 1.9, 3.4 Hz, H-2), 5.40 (t,
J=10.1 Hz, H-4), 4.30 (dd, J = 5.1, 12.2 Hz, 1H, H-6b), 4.14-4.08 (m, 2H, H-6a, H-5),
2.22 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.04 (s, 3H, OAc).

Example 93: [4'-(a-D-Mannopyranosvloxy)-biphenyl-4-yll{morpholino)methanone (67a)
To a solution of 66a (50 mg, 0.08 mmol) in dry MeOH (5 mL), 0.5 M MeONa/MeOH

(50 pL) is added at r.t. After stirring for 3 h, the reaction mixture is neutralized with

amberlyst-15 to pH 6-7, filtered and concentrated. The residue is purified by crystallization
from MeOH to afford 67a (27 mg, 75%) as a white solid.

'H NMR (CD30D): § 7.71-7.70 (m, 2H, Ar), 7.63-7.63 (m, 2H, Ar), 7.52-7.50 (m, 2H, Ar),
7.25-7.23 (m, 2H, Ar), 5.56 (d, J = 1.7 Hz, 1H, H-1), 4.05 (dd, J = 1.8, 3.4 Hz, 1H, H-2),
3.95 (dd, J = 3.5, 9.5 Hz, 1H, H-3), 3.78-3.54 (m, 12H, H-4, H-5, H-6b, H-6a, 4CH,).

Example 94: 3,5-Difluoro-4'-(a-D-mannopyranosyloxy)-biphenyl-4-ol (67b)

Compound 67b is synthesized in a similar procedure as described in Example 93. Starting
from compound 66b (40 mg, 0.07 mmol) compound 67b (21 mg, 78%) is obtained as a

white solid.
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'H NMR (CDsOD): § 7.52-7.49 (m, 2H, Ar), 7.19-7.14 (m, 4H, Ar), 5.54 (d, J = 1.7 Hz, 1H,
H-1), 4.04 (dd, J = 1.8, 3.4 Hz, 1H, H-2), 3.94 (dd, J = 3.5, 9.5 Hz, 1H, H-3), 3.78-3.73 (m,
3H, H-4, H-6b, H-6a), 3.63 (ddd, J = 2.5, 5.1, 9.8 Hz, 1H, H-5).

Example 95: 4'-(a-D-Mannopyranosyloxy)}-N-methyl-biphenyl-4-sulfonamide (67¢)

Compound 67c¢ is synthesized in a similar procedure as described in Example 93. Starting
from compound 66c (40 mg, 0.07 mmol) compound 67¢ (22 mg, 76%) is obtained as a
white solid.

'H NMR (CD30D): § 7.90-7.88 (m, 2H, Ar), 7.80-7.79 (m, 2H, Ar), 7.66-7.64 (m, 2H, Ar),
7.26-7.25 (m, 2H, Ar), 5.58 (d, J = 1.7 Hz, 1H, H-1), 4.06 (dd, J = 1.8, 3.3 Hz, 1H, H-2),
3.96 (dd, J = 3.4, 9.5 Hz, 1H, H-3), 3.79-3.74 (m, 3H, H-4, H-6b, H-6a), 3.63 (ddd, J = 2.5,
5.2, 9.7 Hz, H-5), 2.57 (s, 3H, NCH,).

Example 96: 4'-(a-D-Mannopyranosyloxy }»4-(methylsulfonyl)-biphenyl (67d)

Compound 67d is synthesized in a similar procedure as described in Example 93. Starting
from compound 66d (20 mg, 0.03 mmol) compound 67d (12 mg, 86%) is obtained as a
white solid.

'H NMR (CD30D): § 7.90-7.88 (m, 2H, Ar), 7.76-7.74 (m, 2H, Ar), 7.58-7.56 (m, 2H, Ar),
7.17-7.15 (m, 2H, Ar), 5.46 (d, J = 1.7 Hz, 1H, H-1), 3.93 (dd, J = 1.9, 3.5 Hz, 1H, H-2),
3.81 (dd, J = 3.4, 9.5 Hz, 1H, H-3), 3.69-3.61 (m, 3H, H-4, H-6a, H-6b), 3.50 (ddd, J = 2.5,
5.4, 9.7 Hz, 1H, H-5), 3.05 (s, 3H, CHa).

For the preparation of compounds of formula (1) wherein R’ is 4-(1H-tetrazol-5-yl)phenyl

(Examples 97-98) the following procedure is used:

OAC OH

OAc OH

() Ao Nl i) Heo o=l
66e — > )

N N

68 2N 69 2N
HN II HN /s
=N ~N

Scheme 18. (i) TMSNs, Bu,Sn(O), DME, 150°C uW, 10 min, 81%; (i) MeONa, MeOH, r+t.,
4 h, 80%.
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Example 97: 5-[4'-(2,3.4.6-Tetra-O-acetyl-a-D-mannopyranosyloxy)biphenyl-4-yl]-1H-
tetrazole (68)

A microwave tube is charged with compound 66e (30 mg, 0.06 mmol), trimethylsilyl azide
(16 pL, 0.12 mmol), dibutyltin oxide (2 mg, 0.006 mmol), and DME (1 mL). The reaction

mixture is heated to 150°C for 10 min by microwave irradiation, concentrated and the

residue purified by chromatography (CH,Cl,/MeOH 9:1 to 8:1) to afford compound 68

(26 mg, 81%) as a colorless oil.

'H NMR (CDCls): & 8.18-8.17 (m, 2H, Ar), 7.69-7.67 (m, 2H, Ar), 7.58-7.56 (m, 2H, Ar),
7.18-7.17 (m, 2H, Ar), 5.60-5.57 (m, 2H, H-1, H-3), 5.48 (s, 1H, H-2), 5.39 (t, J = 10.0 Hz,
H-4), 4.29 (dd, J = 5.4, 12.5 Hz, H-6b), 4.10-4.08 (m, 2H, H-6a, H-5), 2.21 (s, 3H, OAc),
2.06 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H, OAc).

Example 98: 5-[4'-(a-D-Mannopyranosyloxy)biphenvyl-4-yl]-1 H-tetrazole (69)

Compound 69 is synthesized in a similar procedure as described in Example 93. Starting
from compound 68 (26 mg, 0.03 mmol) compound 69 (18 mg, quant.) is obtained as a
white solid.

'H NMR (CDs;0OD): § 7.98-7.96 (m, 2H, Ar), 7.72-7.71 (m, 2H, Ar), 7.58-7.54 (m, 2H, Ar),
7.16-7.13 (m, 2H, Ar), 5.46 (d, J = 1.7 Hz, 1H, H-1), 3.94 (dd, J= 1.9, 3.5 Hz, 1H, H-2),
3.83 (dd, J = 3.4, 9.5 Hz, 1H, H-3), 3.68-3.61 (m, 3H, H-4, H-6a, H-6b), 3.52 (ddd, J = 2.5,
5.4,9.7 Hz, 1H, H-5).

For the preparation of compounds of formula (1) wherein R’ is 4-(morpholino-4-carbonyl)-

phenyl (Examples 99-100) the following procedure is used:

OH

AcO ) HO -0
AcO HO Cl
o
5a Br 70 o 71 O o
O 9 L
o} o}

Scheme 19. (i) 4-(Morpholino-4-carbonyl)phenylboronic acid, Pd(Cl,)dppf-CH,Cl,, KsPOy,
DMF, 80°C, 4 h, 95%; (ii) MeONa, MeOH, r.t., 4 h, 80%.
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Example 99: [4'-(2,3,4,6-Tetra-O-acetvl-a-D-mannopyranosyloxy)-3'-chlorobiphenyl-4-

yll{morpholino)methanone (70)

Compound 70 is synthesized according to the procedure decribed for compound 65,
Example 88. Starting from compound 5a (100 mg, 0.17 mmol), pinacol 4-(morpholino-
carbonyl)phenylboronate (60 mg, 0.19 mmol), Pd(Cl,)dppf-CH,CI, (4 mg, 0.005 mmol),
and K;3PO4 (54 mg, 0.26 mmol), compound 70 (105mg, 95%) is obtained as yellow oil.

'H NMR (CDCls): § 7.64 (d, J = 1.6 Hz, 1H, Ar), 7.58-7.56 (m, 2H, Ar), 7.50-7.48 (m, 2H,
Ar), 7.43 (dd, J = 2.3, 8.6 Hz, 1H, Ar), 7.25 (d, J = 8.6 Hz, 1H, Ar), 5.64 (dd, J = 3.5,
10.0Hz, 1H, H-3), 5.60 (d, J = 1.7 Hz, 1H, H-1), 5.56 (dd, J = 1.9, 3.4 Hz, 1H, H-2), 5.41 (,
J=10.0 Hz, 1H, H-4), 4.30 (dd, J = 5.2, 12.3 Hz, 1H, H-6b), 4.20 (m, H-5), 4.11 (m, 2H,
H-6a, morpholine), 3.79-3.51 (m, 7H, morpholine), 2.22 (s, 3H, OAc), 2.08 (s, 3H, OAc),
2.05 (s, 3H, OAc), 2.04 (s, 3H, OAc).

Example 100: [3'-Chloro-4'-(a-D-mannopyranosyloxy)-biphenvl-4-yll(morpholino)-

methanone (71)

Compound 71 is synthesized in a similar procedure as described in Example 93. Starting
from compound 70 (100 mg, 0.15 mmol) compound 71 (59 mg, 80%) is obtained as a
white solid.

'H NMR (CD3OD): § 7.58-7.55 (m, 3H, Ar), 7.45-7.33 (m, 4H, Ar), 5.49 (d, J = 1.6 Hz, 1H,
H-1), 4.01 (dd, J = 1.9, 3.4 Hz, 1H, H-2), 3.90 (dd, J = 3.4, 9.5 Hz, 1H, H-3), 3.66-3.48 (m,
10H, H-4, H-6a, H-6b, H-5, morpholine), 3.39 (bs, 2H, morpholine).

Example 101: Preliminary clotting assay

Overnight cultures of C. albicans (strain ATCC 60193) and E. coli (strain RS 218) are
prepared by suspending colony material from agar plates in 10 ml trypticase soy broth
(TSB) each and incubated for 16-18 h at 37°C, the culture of E. coli without shaking, but

the culture of C. albicans with agitation on a horizontal shaker at 200 rpm. The cells of

2 ml of each culture are washed twice with 1 ml phosphate buffered saline (PBS) by
centrifugation (10 min at 2500 x g), discarding the supernatant and re-suspension of the
cell pellet in fresh PBS. After the last washing step, the optical density at 600 nm is
measured and adjusted to 5.0 for C. albicans (corresponding to approx. 5 x 10 viable
cells/ml) and to 3.0 for E. coli (corresponding to approx. 5 x 10° viable cells/ml). Defined
solutions of test inhibitor substances and a-D-mannoside are prepared in PBS or, where
necessary for reasons of solubility, in PBS containing 5% DMSO. Each test well is
supplied with 33 ul PBS or the test solution of the desired concentration, and 33 ul of E.
coli suspension is added and mixed by slightly tapping the plate. After 5 min 33 pl of C.
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albicans suspension is added to give a total volume of 100 ul per well. As a negative
clumping control, one well is left without addition of E. coli. The plate is incubated for 20
min at 37°C on a horizontal shaker at 150 rpm and the cells are allowed to settle for 10
min at r.t. before the wells are inspected with the help of a magnifier for visual clumps. For
each substance the minimal concentration that prevents clotting of C. albicans cells is

noted. Each experiment is performed in triplicate. The following results were obtained:

Table 1: Activity of FimH antagonists in the clotting assay

Antagonist Average conc. to prevent clotting
HM (Heptyl a-D-mannopyranoside) 42 uyM
29a 1.111 uyM
29b 0.556 uM
32 5.556 uM
34 0.833 uM

Example 102: Aggregometer assay

In analogy to N. Firon, I. Ofek, N. Sharon, Biochem. Biophys. Res. Comm. 1982, 105,
1426-1432, the following assay is conducted: E.coli strain UTI89 is statically incubated in
Luria-Bertani broth for 24 h, washed twice and adjusted to an optical density at 600 nm
(ODego) of 4.0. The percentage of aggregation of UTI89 to guinea pig erythrocytes (GPE)
is quantitatively measured using an APACT 4004 aggregometer (Endotell AG, Allschwil,
Switzerland) at 740 nm, 37°C under stirring at 1000 rpm. For calibration, first the protein
poor plasma (PPP) is measured using PBS 1% and set as 100% aggregation, followed by
the protein rich plasma (PRP) using GPE at an ODgq of 4.0, set as 0% aggregation. After
calibration, the measurement is initiated using 250 uL GPE and 50 uL bacterial
suspension. Following the aggregation phase of 600 s, 25 uL of the antagonists at
different concentrations are added and disaggregation is monitored over 1400 s. The
FimH-deleted mutant of E.coli UTI89 is used to proof FimH-specific GPE agglutination.
For evaluation, the area under the disaggregation curve (AUC) is calculated and
compared to the reference, heptyl a-D-mannopyranoside (see Table 2). The activities are
reported as rel. ICsq (rICso) with heptyl a-D-mannopyranoside as reference compound

(rICso = 1). The FimH-deleted mutant shows no agglutination of GPE.
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Example 103: Competitive binding assay

As described by D. Stokmaier, B. Emst et al., Bioorg. Med. Chem. 2009, 17, 7254-7264,
the following competitive binding assay is performed: Flat-bottom 96-well microtiter plates
are coated with 100 pL/well of a 10 pg/mL solution of FimH-CRD in 20 mM HEPES,

150 mM NaCl and 1 mM CaCl,, pH 7.4 (HBS-buffer) overnight at 4 °C. The coating
solution is discarded and the wells are blocked with 150 uL/well of 3% BSA in HBS-buffer
for 2 h at 4°C. After three washing steps with 150 pL/well of HBS-buffer, 50 pL/well of the
test compound solution (0.2 nM to 250 uM in HBS-Buffer containing 5% DMSOQ) and

50 pL of a 0.5 pg/mL of streptavidin-peroxidase coupled trimannoside-PAA polymer are

added. The plates are incubated for 3 h at rt and 350 rpm. The plates are then carefully
washed four times with 150 uL/well HBS-buffer. After the addition of 100 uL/well of ABTS-
substrate, the colorimetric reaction is allowed to develop for 4 min. The reaction is
stopped by the addition of 2% aqueous oxalic acid and the optical density (OD) is
measured at 415 nm on a microplate-reader. The ICso values of the compounds tested in
duplicates are calculated with prism software (GraphPad Software, Inc, La Jolla, USA).
The I1C5 defines the molar concentration of the test compound that reduces the maximal
specific binding of trimannoside-PAA polymer to FimH-CRD by 50%. For heptyl a-D-
mannopyranoside it is 73.05 = 7.9 nM (average of five measurements). The relative |Cs
(rICso) is the ratio of the ICs, of the test compound to the ICs of heptyl a-D-manno-

pyranoside.

Table 2: rICs, for FimH antagonists in the aggregometer assay (Example 102) and the

competitive binding assay (Example 103)
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Example 104: Flow cytometry inhibition assay

The GFP tagged E.coli strain UTI89 is statically incubated in Luria-Bertani broth for 24 h,
washed twice and adjusted to an optical density at 600 nm (ODggo) between 2.0 and 3.0.
The human epithelial bladder carcinoma cell line 5637 was grown in RPMI 1640 medium,
supplemented with 10% fetal calf serum (FCS), 100 U/ml penicillin and 100 pg/ml
streptomycin at 37 °C, 5% CO, in 24-well plates. Cells were infected with 200 ul bacterial
suspension (multiplicity of infection of 1:50 (cell:bacteria)), premixed with 25 pl of
antagonists at different concentrations. To homogenize the infection, plates were
centrifuged at room temperature for 3 min at 600 g. After an incubation of 1.5 h at 37 °C,
infected cells were washed four times with RPMI 1640 medium and suspended in ice-cold
PBS for 5-20 min. Samples were measured with a CyAn ADP flow cytometer (Becton
Dickinson, San Jose, CA) and analyzed by gating on the eukaryotic cells based on
forward (FSC) and side scatter (SSC). A total of 10* cells were measured per sample.
Data were acquired in a linear mode for the SSC and logarithmic mode for FSC and the
green fluorescent channel FL1-H (e.g. GFP). The mean fluorescence intensity (MFI) of
FL1-H was counted as a surrogate marker for the adherence of bacteria. Quantification of
adhesion was evaluated with the FlowJo software 9.0.1 (Tree Star, Inc., Ashland, OR,
USA). ICsp values were determined by plotting the concentration of the antagonist in a
logarithmic mode versus the MFI and by fitting the curve with the prism software
(GraphPad, inhibition curve, variable slope). The relative ICs (rlCso) is the ratio of the 1Cs
of the test compound to the 1Cs of the reference compound HM (n-heptyl o-D-

mannopyranoside.

0
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For i.v. application, the antagonists (HM, 8f, 8a) were diluted in 100 uL PBS and injected

15 into the tail vein. For p.o. application, antagonist HM was diluted in 200 yL PBS and
antagonists 8a and 7a were first dissolved in DMSO (20 x) and then slowly diluted to the
final concentration (1 x) in 1% Tween-80/PBS to obtain a suspension. Antagonists were
applied i.v. by injection into the tail vein and p.o. using a gavage followed by blood and
urine sampling (10 pL) after 6 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h and 24 h. Before

20  analysis, proteins in blood and urine samples were precipitated using methanol and
centrifuged for 11 min at 13’000 rpm. The supernatant was transferred into a 96-well plate
and analyzed by LC-MS.
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Table 4. Determination of antagonist concentration in urine and plasma after a single i.v.

and p.o. application of 50 mg/kg of antagonists 7a, 8a, 8f and HM.

Antagonist Antagonist Compartment i.v. application | p.o. application
applied detected AUCo24iv. AUCo. 24 po.
(Mg x h/mL) (Mg x h/mL)
+
HM HM Pla.sma 34.3 £33.3 ~
Urine 2469.3 £ 636.4
8f 8f Pla.sma 19.316.2 ~
Urine 139.9 £ 118.8
8a 8a Plasma 20.8+7.3 n.d.
Urine 209.6 £72.3 27132
7a Plasma 1.02 £0.32
Urine - 1.89 £ 0.37
7a
8a Plasma 2.1+ 0.61
Urine - 21.69 £ 3.88

5 The plasma concentration of orally applied 8a was below the detection level and only a
small portion was present in the urine. However, after the p.o. application of the prodrug
7a, metabolite 8a was predominantly detected due to fast metabolic hydrolysis of 7a.
However, minor amounts of 7a are still traceable in plasma as well as urine; n.d. not
detectable; (-) not tested.

10

Example 107: Mouse model of urinary tract infection

Mice were infected as previously described (J.R. Johnson et al., Infect. Immun. 2005, 73,
965-971; W.J. Hopkins et al., Infec. Dis. 2003, 187, 418-23 and C.K. Garofalo et al.,
Infect. Immun. 2007, 75, 52-60). Female C3H/HeN mice, aged between 9 and 10 weeks
15  were anesthetized with 1.1 vol% isoflurane/oxygen mixture and placed on their back.
Anesthetized mice were inoculated transurethrally with the UPEC strain UTI89 by use of a
2 c¢m polyethylene catheter, which was placed on a syringe (Hamilton Gastight Syringe
50 uL). The catheter was gently inserted through the urethra until it reached the top of the
bladder, followed by slow injection of 50 UL bacterial suspension at a concentration of
20  approximately 10° to 10" CFU/mL.
For treatment studies, FimH antagonists were applied i.v. in 100 yL PBS into the tail vein
or p.o. as a suspension by the help of a gavage, 10 minutes (7a, 8a, 8f) or 1 h before
infection (HM).
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hydroxysulfonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aminosulfonyl wherein
amino is unsubstituted or substituted by one or two substitutents selected from lower alkyl,
cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl, optionally substituted

20  phenyl-lower alkyl and optionally substituted heteroaryl-lower alkyl, or wherein the two
substituents on nitrogen form together with the nitrogen heterocyclyl;
amino optionally substituted by one or two substitutents selected from lower alkyl,
cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkoxy-lower alkyl and di-lower
alkylamino-lower alkyl, or by one substituent cycloalkyl, optionally substituted phenvyl,

25  optionally substituted heteroaryl, alkylcarbonyl, optionally substituted phenylcarbonyl,
optionally substituted pyridylcarbonyl, alkoxycarbonyl or aminocarbonyl, or wherein the
two substituents on nitrogen form together with the nitrogen heterocyclyl;
carboxymethylamino or lower alkoxycarbonylmethylamino substituted at the methyl group
such that the resulting substituent corresponds to one of the 20 naturally occurring

30 standard amino acids, aminomethylcarbonylamino substituted at the methyl group such
that the resulting acyl group corresponds to one of the 20 naturally occurring standard

amino acids;



102 | ower al kyl carbonyl, hal o-1ower al kyl carbonyl, para-carboxy, |ower

al koxycar bonyl, | ower al koxy-I|ower al koxycarbonyl; am nocarbonyl wherein
am no i s woheat7stint ed or substituted by one hydroxy or pamiEPe01g/n6e24p6 Or one
or two substitutents selected fromlawer al kyl, hydroxy-I|ower alkyl, | ower
al koxy-1 ower al kyl, optionally substituted phenyl-1lower al kyl and
5optional | substl tuted heteroaryl -l ower alkyl, or wherein the two

substit uen%{ VY P W%F%@éh@'&r'%@@d‘&‘ﬂ%@% PR FREDY P&@éﬁ'kﬁéxcgrtz?@y'elower

cyano, hal egeRy-IcWed alkoky@irbhyH aMveIciTdnlMEhF6iR SiddBNINSubdlitAEd BosuBRStutddoNn
to each other can forma 5- or 6-nenbered het eroc%cl iC ri ng}cont ai ni ng one

or two oxyQ¥PNETYHEOX%RERBINOSHRURPT QMR Ve BRI 8RS AelecteaiieBT lewar #1ke:
ni trogen atr]‘?%lecﬁvémﬂdypw&)élk%u)fa&iw&H'Fk?ﬂobbbn'a ibs@tuted phelnzbﬂ@ﬁveralkyl and
car

al koxy-| ower al I ower al ky bonyl ; |s ary er than
opti onaPly °§H‘Ei’s?t”vtSH?%H“%B%'WO?‘ﬂHéQVW@é{W IOFWH@'EG& %‘EQ‘HP;SPbW%%t%OFbF'”%%

at ons, opt |f&ﬁaﬂobyth§u@ﬁﬁ tﬁeu{,@(gbemhwb@ayno or optionally substituted
phenyl 15t hi our ej do; and R3 are, independent of each ot her,

hydr ogen, %3R3 hgloggn,, a"ﬁ*aﬂ'tbolomer al kyl, hydroxy-1|ower alkyl, | ower

al koxy- | owgihd Heydin t\@cpédb%ﬂﬁhbhté i BRBE- bbéflﬁ&ﬂto@a%ﬁ"@lﬁer c@rpfdrmrzaads | of 6bmbireut ed
al ki nyl, wé‘Cl oal k%‘b&@g droxy, |ower al kox hal o- | ower al | ower

al koxy | owdieteseRc C%‘%WBSW”G HE/HY%%YQE'P BloRY B Q'?@roéé‘%‘? B' fogen atoms,

al kyl rmocamfére.mfférmwwl dtbmy |are Sbtovihtty susfitutlby 16@éCalkyPewerdd ki IoWdd nyl

hydroxysulfon kyl sul fon aryl sul fonyl, heteroaryl sul fonyl,
am nosul f o YordﬁW'ﬁbg/%(fqu‘?féﬁll y substituted by one or two substitutents

selected from | ower alkyl, hydroxy-Ilower alkyl, |ower al koxy | ower al kyl ;
| ower al kyl car,bonyl am no, al koxycar bonﬁEl am no, benzoyl am n

pyri di nyl c& BofAHRRY, haneriskg hesutsitiadRieay! bepmast. heterocyclyl with 5 or

al koxycar bomyb eIt loptidrizfly substititéd peshyfimihdleor BBtidhdlly gtestiutsdisherfyhat t he
resul ting substituent corresponds to one of the 20 naturally occurring

standard affifyelde; @ ani nonet hyl car bonyl ami no substituted at the methyl
group such that the resulting acyl group corresponds to one of the 20
natural |y ogcurrl ng standard am no aci ds;  car ox% | ower al kyl carbonyl ,

benzoyl , ~ pyY idf e AP HBIRACI I R Bt PidRgen. 19 kya"RIgKowWar #edy |

30ani nocar hgaxy-IoWee iyl [cWer Rifkok - WS ul&gt bptibrafly Siibstituasd alkéﬁye%ph&naupe
or one or two su stltutents sel ected from | ower

hydr oxy or am
al kyl , hydrSHFZ?}'“FtSaéﬁ"rﬁ(l IEYFOF Y| YRy alORE X 9K PnaR O WS/ alkaxyt IPY S oRKXY-I8Yaho

hal ogenp oralkdxy, fhendxy, W&beygmlfbrvwb@umétdabuﬁamsﬂmdacmé g diRRGSIirgN a1k<y| each
other forma b red heterocyclic rin one

oxygen atoﬁE'f'HWd?%??%gﬁﬁylsty'nhW RIS kY aﬁy'ﬂﬂfg”}ﬁ'r ‘?tS'ré’éW'atorrs

are 3sopti %O%Hy}/ a$rﬂlli)§§ulfbr*ﬂ}| Qﬂmh&{ obﬁtyiﬂ%lly §ud<sY{uted @y\@rﬁe @Ht%kﬁbétﬂ%ﬁts%’ebﬂedor

| ower al kyl car bonyl n ro ru s and salts thereof. WO
2011/ 07311ér|e@|-|pgp?@|[m/ I@@g&g@owg lkyl, lower alkoxy-lower alkyl; lower alkylcarbonylamino,

alkoxycarbonylamino, benzoylamino, pyridinylcarbonylamino, carboxymethylamino or

25 lower alkoxycarbonylmethylamino substituted at the methyl group such that the resulting
substituent corresponds to one of the 20 naturally occurring standard amino acids,
aminomethylcarbonylamino substituted at the methyl group such that the resulting acyl
group corresponds to one of the 20 naturally occurring standard amino acids; carboxy,
lower alkylcarbonyl, benzoyl, pyridinecarbonyl, pyrimidinecarbonyl, lower alkoxycarbonvyl,

30  aminocarbonyl, wherein amino is unsubstituted or substituted by one hydroxy or amino
group or one or two substitutents selected from lower alkyl, hydroxy-lower alkyl or lower
alkoxy-lower alkyl; tetrazolyl, cyano, halogen, or nitro; or wherein two substituents in
ortho-position to each other form a 5- or 6-membered heterocyclic ring containing one or
two oxygen atoms and/or one or two nitrogen atoms, wherein the nitrogen atoms are

35  optionally substituted by lower alkyl, lower alkoxy-lower alkyl or lower alkylcarbonyl; and

prodrugs and salts thereof.



2. The conpound according to claim1l of formula (I) wherein nis 0 or 1;
and prodrugs and salts thereof. 53. The conpound according to claim1 of
fornmul a (WP 2ehe7eii@ n is 0; and prodrugs and salts ther eoft/Epdo10Dbe3€ onpound
according to claiml1, 2 or 3 of formuba (I) wherein RL is 10neta- or

par a- phenyl substited by |ower al kyl, halo-lower alkyl, |ower alkoxy-I|ower
al kyl, cycl opropyl, para-hydroxy, |ower al koxy, halo-I|ower al koxy, |ower
al koxy- 1 ower al koxy, phenoxy, nethyl enedi oxy, hydroxysul fonyl oxy,

hydr oxysul fzomsHe,coamonﬁ@ ubéc@dmdrz to &IeWET offokiyliian) nestid ey or ti arldBredrugs
aIkyanlnosquon Iomer al kyl' sul fonyl, am no, |ower alkyl carbonyl am no,
benzoyl ani §99 366? 891 ar bonyl am no, carboxynethylanlno or | ower

15al koxycar bonyl met hyl am no substituted at the nmethyl group such that the
resulting substituent corresponds to one of the 20 naturally occurring
standard an nNGCHOMPOUNG AEGRENES IR/ 18IAY hShiPrramne ABWQGE%"{ P SRIrodrhes arg hy |
group such shitathetdt® resulting acyl group corresponds to one of the 20
natural ly occurring standard am no aci ds; paracarboxy, |ower

al koxycar bonyl, am nocar bonyl, nnrphollnocarbonyl pyrrol i di nocarbonyl,
20pi peri di mOCI&fe%ﬁiﬂoun@ﬁ&EcﬁéﬁMb antigiac arbeny bf fotniliia @fﬂhé’ﬂein Reko, cyano or
nitro;, optionally substituted 1-naphthyl, optionally substituted

2-napht hyl , optionally substituted |ndanyl or optionally substituted

di hydr ag ormétglcsrqﬂyéiF@é}@pmd@y{ed t§§/5Wéﬁé1KW|hald—IBM@ﬂ¥Ikyl fowey hlko |ba/épéw|,,
i m dazol yl trlazoI%é tetrazol oxazol |soxazolé_qu oxadi azol

t hi azol yI, cydgpRPYy r91hydWVal6W%z%'F%y h%?(C?VWIa'kOMr'M KR 'OWrﬁ”?ﬂXm nyl ,
pyrazi nyl, phBa&dyy mettyRshetidk &@@r‘o&bsulf@ﬁi{léﬁj Wy doxyfoh @l mih 68U fshyl, Iower
pyr|d0|n1dazolyl qui nol i n i soqui no qU|nazoI|nyI or purin al |
b2 onal |y lsdahesiiam. dupyiavRe e Ton et ARy Tomi s o )

pi peri di nylcartmag/lahmd Byhzoyrynp@cs Epzyhdw&arbaimhamélrboxkfﬁkrrgmﬁ@wb%yI
tetrah drop ran i soi ndo enzoxazo

benzot HPazd ‘ﬁodY‘?/ﬂ/*PO”y{"é‘ftpﬂﬂ%‘ﬁﬁoﬁﬁ‘G?WHﬁeﬂ Ay fhe %?thH&ﬁQ%?WdP%}ftﬁ‘? {Asultigg

optionally s@ymajérﬁ dbeskpoRas tody df)fh&ﬁ@ﬁétUFdHS/ e hed¥th AGEre dmikys ad, i onal ly
substi t ut ed g rE%Ithloureldo and prodrugs and salts thereof

2011/ 07311% M%Pe@éam@%etast't@ed ?h@e Y GRHPRUCB At R 'Eeéu'élﬂ%ﬁé of
claims 1 t@r&d%&ﬂe@béhd@&o@ﬂé‘ oﬁﬁeazoawaiwﬁnmnmnb@mrdaai &Mino derdsOpdrawer

al kyl, cyclo | ower al koxy, |ower al kox ower al kox henox
hydr oxysul fcaﬁ%?%? eI EBRYTY - Wﬂ%rbqworéh%vpeaap%ﬁw%m ‘ﬁ%ocarb%y'

benzoybgm rpq)enama&é}@asmmyhvdxgwmc@rbdnzwraablypKa{l@aé;laaablf Adohy| anmi no
substituted at the nethyl group such that the resulting substituent

corresponds to one of the 20 naturally occurring standard ami no acids,

am nonet hylo@ﬁémWh@mm@d $uBhinl L besbnally émt.mcmhagrtwpo;ﬁ.@ﬁguytdﬂu@bntm@a
resulting ac group. corresponds to one of the 20 naturally occurring

standard afi y'aef longlly oR U tad Sliiemdrey A SEAOXF 98I N Y ani nocar bony! |

hydr oxyl am nocar bonyl, 10tetrazolyl, halo, cyano or nitro; and
25  pyrrolyl, thienyl, furyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolyl, benzimidazolyl, benzofuryl, pyridopyrrolyl, pyridoimidazolyl, quinolinyl,

isoquinolinyl, quinazolinyl, or purinyl, all optionally substituted;

30  pyrrolidinyl, oxazolidinyl, thiazolidinyl, piperidinyl, morpholinyl, piperazinyl, dioxolanyl,
tetrahydrofuranyl, tetrahydropyranyl, indolinyl, isoindolinyl, benzoxazolidinyl,

benzothiazolidinyl, tetrahydroquinolinyl, or benzodihydrofuryl, all optionally substituted;

optionally substituted phenylamino, or optionally substituted phenylthioureido; and
35

prodrugs and salts thereof.



prodrugs and salts thereof. 6. The conpound according to anyone of clains
1 to 4 wherein R2 and R3 are hydrogen, |ower al koxy, or halo; and prodrugs
and sal t swoherweos11215 7. The conpound accordi ng to anyeoe/Rrboioloedsse 1 to 6
of fornmula (1) wherein RL is a residuesof fornmula (A) connected to the
phenyl ring of fornmula (1) in neta- or para-position (A) wherein R4 is
trifluoronethyl, cylcopropyl, para-hydroxy, |ower al koxy, |ower

al koxy- 1 ower 20al koxy, phenoxy, hydroxysul fonyl, am nosul fonyl, |ower

al kyl am n0$U|'IfHérbb|mpodhd lb6yRding kd<xin Rk P SIEIMPT 4 wheneey R%A@/Rwefr@awgen

am no, |ower al kylcarbonyl am no, benzoyl am no, carboxynet am no or | ower
al koxycar bdRWAT VH?PE’HPWSF%'MSWC{OM%' We{ﬁ‘&“’?%t'%‘?r %Mﬂ)o‘é‘ﬂ(ﬂ*oﬁ%at t he

resul ting pubadiyt Hﬁﬂbxﬁgﬁé@s RIS UIEN YR MRS, 1I6WEr ARy IGAbIHyRIniNo, %ﬁ%warﬁﬁo
standard am no aci ds, ‘am nonet hyl car bonyl am no substituted at the nethy

group sbch C?ﬁ%oﬁ)é!f‘etl*‘bi'é‘”}‘ré’s‘&ﬂ '9‘!"%3”&ES}’FarBQ'E)\G’ﬁe@M'@F&‘bWEtUFé’ Prilee @thyh@'og@

natural |y @gemrat e rééam%smmmsp&dsw@bﬁe QﬁthBQ@)hatdrﬁlgﬂfccurrmg
al koxycar bonyl , am nocar bony, ol'i nocar bonyl , pyrrolidinocarbony

pi peri di noéé?rﬂgémm'”ﬁfﬂpéxﬁfp'aﬁmﬁ%g?ﬁ@ﬁyFam'rt%ﬁurbéEtH fegiat the pethy! 9!95916“‘3%r

hal o; and wharied rstife abﬁ@yd Tprdoﬂﬁsﬁtfnd%% BHé of tﬁé\)zorfﬁmr’é)lﬂ/ dadutringrstamdBet 1 t ut ed
by chloro or fluoro; formula (B

2011/ 073112609 2699 f@yt@ébzi@‘ﬁerﬂj@xyca "RETE WB?@IF%PWB hydrogylamiipsarbonyl.

trifl uepomeétisoyl, %glocgﬁgr@pylmtrd anegr al koxy, |ower al koxy-Iower al koxy,
phenyl - | ower aI Kox enox hydr oxysul fonyl, am nosul fonyl, |ower

al kyl sul f oMjRdrugg? Sa”%%é? al kyl car bonyl am no, benzoyl am no,
car boxynet hyl ami no or | ower 5al koxycarbonyl net hyl am no substituted at the
met hyl group such that the resultin substltuent corresponds,to one of the

20 nat ur al 1 TGEEHICHEY SEGRHHAR &P MORS ChERERS T tont WSR2t BomrgI ATI96™:

substi t ut eqovadr KRy B HAY; aB PrIArSY4GhdtdaRs tHehgofr esul ting acyl group
corresgonds to one of the 20 naturally occurring standard ami no acids,

car box | ower al koxycarbonyl, am nocarbonyl, hydroxylam nocarbonyl,
tetrazolyl 7. mrierdbmdb]dﬁ@@ccc@dﬂiné%\@wbhe@f claimd Ofdwbﬁo(rﬁz)la (I) wherein R' is a

residue of formula (A) connected to the phenyl ring of formula (1) in meta- or para-position

z R
(A)
wherein R is trifluoromethyl, cylcopropyl, para-hydroxy, lower alkoxy, lower alkoxy-lower
20  alkoxy, phenoxy, hydroxysulfonyl, aminosulfonyl, lower alkylaminosulfonyl, di-lower
alkylaminosulfonyl, lower alkylsulfonyl, amino, lower alkylcarbonylamino, benzoylamino,
carboxymethylamino or lower alkoxycarbonylmethylamino substituted at the methyl group
such that the resulting substituent corresponds to one of the 20 naturally occurring
standard amino acids, aminomethylcarbonylamino substituted at the methyl group such
25 that the resulting acyl group corresponds to one of the 20 naturally occurring standard
amino acids, para-carboxy, lower alkoxycarbonyl, aminocarbonyl, morpholinocarbonvyl,
pyrrolidinocarbonyl, piperidinocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or
halo;
and wherein the phenyl ring of formula (A) may be further substituted by chloro or fluoro;
30

or of formula (B) or (C)



wherein R6 is hydrogen, trifluoronethyl, cylcopropyl, |ower alkoxy, |ower
al koxy- I ower 15al koxy, phenoxy, hydroxysul fonyl, am nosul fonyl, | ower
al kyl sul fwoybi1/amiro, | ower al kyl carbonyl am no, benzoyl agirmP2010/069436
car boxymet hyl ami no or | ower al koxycanbonyl met hyl am no substituted at the
met hyl group such that the resulting substituent corresponds to one of the
20 naturally occurring standard am no aci ds, am nonet hyl car bonyl am no
substituted at ihe nethyl group suchathat the resulting acyl group
corresponds toYone] of 20t he 20 Iy occurring standard am no aci ds,
car boxy, | ower lall 1 necqrbongl . hydroxyl am nocar bonyl ,
tetrazolyl, ni of formula (E) or (F) WO
2011/ 073112P P2)10/ 069436 106 perein R7 is hydrogen, |ower alkyl,

er al kyl, lower al kyl carbonyl, optionally substituted
phenyl carbonyl, R am nonet hyl car borgd substltut ed at the nethyl group such
that the resulting acyl group corresponds to one of the 20 naturally
occurring HH-ARARP & %&jénaﬁiﬂQ@ronfé'fh)@fcylfc%r@H*lalo(A@ alkexy, Yowler GfbxRver
wherein R8 is carboxy or | ower al koxycarbony or Y'or Z or and Z, or
Y and Z ar &kpynirheaydawen Ay apiereKe VUQT%VSL@CPBHBWX'”OSU'&%' bowgr alkylsp i,

atoms; or @hih®IdWralkydarbonylamino, benzoylamino, carboxymethylamino or lower

5 alkoxycarbonylmethylamino substituted at the methyl group such that the resulting

substituent corresponds to one of the 20 naturally occurring standard amino acids,

aminomethylcarbonylamino substituted at the methyl group such that the resulting acyl

group corresponds to one of the 20 naturally occurring standard amino acids, carboxy,

lower alkoxycarbonyl, aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or
10  halo;

or of formula (D)

wherein R® is hydrogen, trifluoromethyl, cylcopropyl, lower alkoxy, lower alkoxy-lower
15  alkoxy, phenoxy, hydroxysulfonyl, aminosulfonyl, lower alkylsulfonyl, amino, lower

alkylcarbonylamino, benzoylamino, carboxymethylamino or lower alkoxycarbonylmethyl-

amino substituted at the methyl group such that the resulting substituent corresponds to

one of the 20 naturally occurring standard amino acids, aminomethylcarbonylamino

substituted at the methyl group such that the resulting acyl group corresponds to one of
20  the 20 naturally occurring standard amino acids, carboxy, lower alkoxycarbonyl,

aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (E) or (F)



RO wherein RO is carboxy or |ower al koxycarbonyl; and 15prodrugs and

phar maceutically acceptable salts thereof. 8. The conpound according to
anyone ofwolaime3tizto 6 of fornmula (1) wherein RL is a resirpo@oobosBor mul a
(A) connected to the phenyl ring of fie¢mula (1) in neta- or para-position
(A) 20wherein R4 is para-hydroxy, am nosul fonyl, |ower alkylam nosulfonyl,
di -1 ower al kyl am no- sul fonyl, |ower alkylsulfonyl, amno, |ower

al kyl car bonyl 3 a- car boxy, | owe glkQx rbonyl am nocar bonyl ,
‘%I nocarbonyl tetrazolyl
/

nor phol i nocar bonyl , olldlnocarbonyl,
nitro, cyano, or\ha V[)201§)073112Pm _
phenyl ring of fo | a (A) may be further 1Y bs \tuted by chloro or fluoro;
or of formula (B) or (Ch? R5R5 5wherein R5 is'hydrogen, trifluoronethyl,
| ower al koxy, such as net hoxy, benzyl oxy, am no, carboxy, | ower

al koxycar meékem REtd RaRdgeh, Ioiet BRyI, RWaR8IkoB lohal Qlk |0|bwaf alkyleémb@l ( D)
10wher ei n is hy droggg%etrl f 1 uor onet hyl | ower as net

car boxy, | SRy RYSS 'Pn%fly'caft&”ﬁ/h?bﬁ@?I”O”}‘ﬁ”MQ?eréﬁH’St”HFedr?élﬂeﬁ ey

group such that the resulting acyl group corresponds to one of the 20 naturally occurring

||oyr

5 standard amino acids;

or of formula (G)

T, -

wherein R® is carboxy or lower alkoxycarbonyl; X or Y or Z, or X and Z, or Y and Z are

10  nitrogen atoms and the other atoms X, Y and Z are carbon atoms;

or of formula (H)

SN

g(“ (H)

R9
wherein R? is carboxy or lower alkoxycarbonyl; and

15  prodrugs and pharmaceutically acceptable salts thereof.

8. The compound according to anyone of claims 1 to 6 of formula (I) wherein R' is a

residue of formula (A) connected to the phenyl ring of formula (1) in meta- or para-position
z R4
(A)
20  wherein R* is para-hydroxy, aminosulfonyl, lower alkylaminosulfonyl, di-lower alkylamino-
sulfonyl, lower alkylsulfonyl, amino, lower alkylcarbonylamino, para-carboxy, lower

alkoxycarbonyl, aminocarbonyl, morpholinocarbonyl, pyrrolidinocarbonyl, piperidino-

carbonyl, tetrazolyl, nitro, cyano, or halo;

069436) 107 and wherein the



or of formula (E) or (F) I1(E) e----N \\ R7R7 15wherein R7 is hydrogen or

| ower al kyl, such as nethyl; or of formula (G y (G ZR8 wherein R8

i s carboxyoanillosae al koxycarbonyl; X or Y or Z, or X amrdTZpP2aw/o4ed Z are
20nitrogen atons and the other atons1¥; Y and Z are carbon atons; WO

2011/ 073112PCT/ EP2010/ 069436 108 or of formula (H) RO wherein RO is
carboxy or | ower al koxycarbonyl; and 5prodrugs and pharnaceuti cal |

accept abl e 284 MhereimEiediieny! g of fmulhio iy RedEBhelisy Stttkbteﬁr?y&ﬁ@r(b‘f’rfﬁioé‘??ns 1
to 6 of formula (I) wherein RL is a residue of fornula (A) connected to the
phenyl ring of formula (l) in neta- or para-position (A) 10wherein R4 is
par a- hydr oy Of lFHE4B) 8'dRy1 , | ower al kyl ani nosul fonyl, di-1ower al kyl ami no-
sul fonyl, |ower alkylsulfonyl, am no, |ower alkyl carbonyl anm no,

par a- car boxy,_| al koxycar bonyl m nocar bonyl, norphol i nocar bonyl,
pyrrolidi nocar honyl, p(iBg)eri di nocahbonyl, tetrazolyl, nitro, cyano, or halo;
g (C)

R5 R5

5 wherein R® is hydrogen, trifluoromethyl, lower alkoxy, such as methoxy, benzyloxy, amino,

carboxy, lower alkoxycarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (D)

10  wherein R® is hydrogen, trifluoromethyl, lower alkoxy, such as methoxy, carboxy, lower

alkoxycarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (E) or (F)

~d
m (E) \Qi} (F)
\ \
R7 R?

15 wherein R’ is hydrogen or lower alkyl, such as methyl;

or of formula (G)

\(X\Y
<« (G)

wherein R® is carboxy or lower alkoxycarbonyl; X or Y or Z, or X and Z, or Y and Z are

20 nitrogen atoms and the other atoms X, Y and Z are carbon atoms;



and wherein the phenyl ring of fornula (A) may be further substituted by
chloro or fluoro; 15and prodrugs and pharnmaceutically acceptable salts

t her eof . woQo1iltre1ipr odrug of a conpound accordi ng to anyom&ped10obaBées 1 to
10 which is the tetraacetate. 2011. Aogonpound of fornula (1) WD

2011/ 073112PCT/ EP2010/ 069436 109 R1 is a residue of formula (A) 4 (A
wherein R4 is_hydrogen, trifluoronethyl, cylcopropyl, |ower alkoxy, |ower
al koxy- | owd¥ °5iokBYY (Hhhenoxy, hydroxysul fonyl, am nosul fonyl, | ower

al kyl sul fonyl, am no, |ower 5al kyl carbonyl am no, benzoyl am no,

car boxymet hy | ayp or | ower al koxycarbonyl net hyl - am no substituted at the
nmet hyl group spch Nhat t resulting substituent corresponds to one of the
20 naturally o ring st'andard am no aci ds, am nomet hyl car bonyl am no
substituted at the nethyl group such that the resulting acyl group
corresponds to onepoef the 20 naturally occurring standard am no aci ds,

car boxy, |ower al koxycarbonyl, 10am nocarbonyl, hydroxyl am nocarbonyl,
tetrazol yl whardif & iscosbsky ddlloverlaKoxpdarigdnyf;@hgul a (B) or (C) wherein R5

i s hydrogen, trifluoronmethyl, cylcopropyl, |ower alkoxy, |ower alkoxy-Iower
15al koxy, phenoxy, hydroxysul fonyl, am nosul fonyl, |ower alkyl sul fonyl,

am no, bowgkodrugs and pharmaceutically acceptable salts thereof.

9. The compound according to anyone of claims 1 to 6 of formula (I) wherein R' is a

residue of formula (A) connected to the phenyl ring of formula (1) in meta- or para-position

5"
(A)

10  wherein R* is para-hydroxy, aminosulfonyl, lower alkylaminosulfonyl, di-lower alkylamino-
sulfonyl, lower alkylsulfonyl, amino, lower alkylcarbonylamino, para-carboxy, lower
alkoxycarbonyl, aminocarbonyl, morpholinocarbonyl, pyrrolidinocarbonyl, piperidino-
carbonyl, tetrazolyl, nitro, cyano, or halo;

and wherein the phenyl ring of formula (A) may be further substituted by chloro or fluoro;

15  and prodrugs and pharmaceutically acceptable salts thereof.

10. The prodrug of a compound according to anyone of claims 1 to 10 which is the

tetraacetate.

20 11. A compound of formula (I)

HO HO
O
HO
HO 1
R
O—ﬂCHQ;—4<:;;Z ,
R
3
) R
wherein
nis0,1or2;

25



al kyl car bonyl am no, benzoyl am no, carboxynet hyl am no or | ower

al koxycar bonyl net hyl am no substituted at the nethyl group such that the
resul t i ngveubsivi7suuent corresponds to one of the 20 nat uralripp2@006948¢ Ng
standard am no acids, am nonethyl carbenyl am no substituted at the nethyl
group such that the resulting acyl group corresponds to one of 20the 20
natural ly ogcurring standard am no acids, carboxy, |ower al koxycarbonyl,
am nocar borﬁll's,aﬁ‘iﬁhf? IAFAUYDHERr bonyl, tetrazolyl, nitro, cyano, or halo; or
of formula (D) WD 2011/073112PCT/ EP2010/ 069436 110 wherein R6 is

hydr ogen, trifl /iyl , cylcopropyl, |ower al koxy, |ower al koxy-| ower

al koxy, phe oxysul fonyl, am nosul fonyl, |ower alkyl sul fonyl,

am no, |ower al rbonyl am no, benzoyl am no, carboxynet hyl am no or | ower
al koxycar bonyl net hyl - 5am no substituted at the nmethyl group such that the
resulting substi gAbent corresponds to one of the 20 naturally occurring
standard am no aci'ds, am nonet hyl carbonyl am no substituted at the nethyl
group such wHeadin Riés mesadeni mijuaropiettyt, ayisopropylespendikotyo lowvee atkbxy-toeve? 0
natural ly qgcurring standard am no acid r box I r. al koxycar bonyl ,
o nocar ooy e, PR R b AR Ros Tpp A RRE Mool EplRIb58E *hal 0! 10
or of f&r malkylcaEonylamir), bBTzopteemies icaRbxysethydirogeor, lowemakoxgcapbnylinethyt-

al koxy-1 ower .al kyl .. | ower, al kyl carbonyl,. .. optionally substit.uted

pheny! car oy Sl mAERisgR e gl deetuine SRRk R roonsg foup
such that tone of WX natgrathcydcugingugtarciard emporatilst amoenettyldanteord@nmiad ur al | y

i ' i ds: d.sal h f f ' h
e et o LA e B0 o DR S5y QBB RGO sl i B
accordi ng ttlee 20 adtarall§ oceuronly stgsdaad dnmitasacies eathoga | I bwerastiaptabbmryl,

10  aminocarbonyl, hydroxylaminocarbonvyl, tetrazolyl, nitro, cyano, or halo;

or of formula (B) or (C)

I —N \
(B) (C)
RS Rs

wherein R® is hydrogen, trifluoromethyl, cylcopropyl, lower alkoxy, lower alkoxy-lower
15  alkoxy, phenoxy, hydroxysulfonyl, aminosulfonyl, lower alkylsulfonyl, amino, lower

alkylcarbonylamino, benzoylamino, carboxymethylamino or lower alkoxycarbonylmethyl-

amino substituted at the methyl group such that the resulting substituent corresponds to

one of the 20 naturally occurring standard amino acids, aminomethylcarbonylamino

substituted at the methyl group such that the resulting acyl group corresponds to one of
20  the 20 naturally occurring standard amino acids, carboxy, lower alkoxycarbonyl,

aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or halo;

or of formula (D)



salts thereof for use in the prevention and treatnent of urinary tract

i nfections caused by virulent strains of E.coli. 13. A process for the
manuf act we 20fr/@3nenpound accordi ng to anyone of cl ai nmspeTiEP2d18/0698a30\her ei n
a conmpound of formula (1), wherein the hydroxy functions of the a-D nmanno-
pyranosi de are protected and wherein Rl is hal ogen, is condensed with a
reagent replacing hal ogen by aryl, heteroaryl of heterocyclyl, the
protective grou are renoved, and, if so desired, an obtai nabl e conpound
of fornmula (T)W\is/converted into another WD 2011/073112PCT/ EP2010/ 069436
111 conpound of rnulgy (1), compound of formula (1) is converted into a
prodrug, a free coypound of formula (I) is converted into a salt, an
obt ai nabl e sal \ a conmpound of forrmula (I) is converted into the free
conpound or another salt, and/or a m xture of isoneric conmpounds of fornula
(1) is separatedRinto the individual isoners. 5 14. A pharnmaceuti cal
conposition conprising a conpound according to anyone of clains 1 to 12.
15. A net hodeodin R ésltyidnagen, triflnoramettan;icuigopropelcioeer akoxynfoer iatkoxe-tomer i si ng

dri ni ) 0 . . .
Cher apeut i E0rg BeFaRE MY gRGRA Ml SuBRIIORe Al TofR, k8. el 167
nmet hod of pEikelcartongigmind)hebzayiamhind, radmixymathiylamansramtower alkorycarbomgmethyl-
drmi i ! X : X
ot ophy! det redrf s STRELE A BRI 0Rb 3y B0HAERe o iR Tl cdfptobnds o
one of the 20 naturally occurring standard amino acids, aminomethylcarbonylamino

substituted at the methyl group such that the resulting acyl group corresponds to one of
the 20 naturally occurring standard amino acids, carboxy, lower alkoxycarbonyl,
aminocarbonyl, hydroxylaminocarbonyl, tetrazolyl, nitro, cyano, or halo;

10

or of formula (E)

=

N
\
R7

wherein R’ is hydrogen, lower alkyl, lower alkoxy-lower alkyl, lower alkylcarbonyl,

optionally substituted phenylcarbonyl, or aminomethylcarbonyl substituted at the methyl
15  group such that the resulting acyl group corresponds to one of the 20 naturally occurring

standard amino acids;

prodrugs and salts thereof

for use in the prevention and treatment of infectious diseases.

20 12. The compound according to claim 11, prodrugs and pharmaceutically acceptable
salts thereof for use in the prevention and treatment of urinary tract infections caused by

virulent strains of E.coli.

13. A process for the manufacture of a compound according to anyone of claims 1 to 12,
25  wherein a compound of formula (), wherein the hydroxy functions of the a-D-manno-

pyranoside are protected and wherein R' is halogen, is condensed with a reagent

replacing halogen by aryl, heteroaryl of heterocyclyl, the protective groups are removed,

and, if so desired, an obtainable compound of formula (l) is converted into another
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compound of formula (I), compound of formula (1) is converted into a prodrug, a free
compound of formula (I) is converted into a salt, an obtainable salt of a compound of
formula (l) is converted into the free compound or another salt, and/or a mixture of

isomeric compounds of formula () is separated into the individual isomers.

14. A pharmaceutical composition comprising a compound according to anyone of claims
1to 12.

15. A method of treating a mammal having a bacterial infection comprising administering
a compound according to anyone of claims 1 to 12 in a therapeutically effective amount to

a mammal in need thereof.

16. A method of preventing a bacterial infection in @ mammal comprising administering a
compound according to anyone of claims 1 to 12 in a prophylactically effective amount to

a mammal in need thereof.



