WO 2009/071650PCT/EP2008/066847 -1- Amide compounds as boosters of antivirals The present
invention relates to compounds that have CYP450 inhibiting properties and are therefore useful as
boosters of certain drugs, i.e. they are 5 able to increase at least one of the pharmacokinetic variables
of certain er s St ﬁ%} "administered. The invention further provides thé)%g/)g LN (%anounds as
improvers of the bioavailability of certain drugs. Methéds for the preparation of the compounds of the
invention and pharmaceutical compositions comprising these compounds are also provided. 10 Many
drugs, including some HIV proteagteicoivipayaiBis patbostensidbastidmsieerse transcriptase inhibitors
(NNRTIs), are metabolized by the cytochrome P450 system. The cytochrome P450 system is a group

of enzymes fO%"bFB@éﬁée&%ﬂﬂBﬁ QHfaﬁé’E"% %@@@H&b%&f mlqwmﬁoﬁ RuBaRGody. 15
The activity of c#ochrome P450 % etwe \60 S an eerélpggoulatlo% Small genetic

variations can § é’c“fr%%ﬁﬂﬁn?/ art%e%g eH%erHeg I 8% erg‘:’sge 8 tRUSRow wc%’ e drug is
metaboliz&d. C%ﬁ&:mdW&%@b%ﬁ@%@/\ﬁﬁéhﬁtjﬁﬁ%ﬁﬁﬁﬁkﬁ“%‘h‘&ﬂ@b%@f&@@ﬂléHLi§§forms
Based on the simdarigyoofdheirisieesical Mekerygrisoforfosizee 20adideedtio damilis aaid
subfamilies. £ Mﬁ&@@%suﬁfﬁr&?e?%rmﬂém%gbn%lwB?EBS@«@@J@H@“%%@&%%W“ reflects

their chemical and etic struc tochrome 450, subfaml IIIA niphedipine o e),
polypeptide 4, BTSBQel%d? a{@ u&%ﬁe artl%u arm Vgtatbcx] @u’%e(? )%lﬁig]sbreakdown

and clearance @#Wémmf@ﬂﬁaﬂwmw&ﬁ%ﬁﬂ@w& tain drugs by the
cytochrome P450 system frequently results in said drugs having unfavourable pharmacokinetics and

the need for mmsnf\y%get metaaego%%mhﬁfb@éﬁé@%h%%@ iBsAdRINRIRAHeN Qe drugs

with an agent that S met st e the
pharmacoklneugg (:;F?h%%ﬂﬁ {'H@ﬁ‘?s r@?&gc? ﬁqﬁgirpgfoarrlem{a ct)?\é}%ﬁog %ﬁg Tp armac%? %etlcs of certain
drugs have be&i¢ pRiISISHER. séBecCyOLhap e (X0 HIRE RetnPidtap A@ﬂﬁwﬁ%bf%@@rifé
Chemother., 41h¢piveb4ntd Bl 9017 ) w85t \WOES/042iidbah exfefis dilscis Sadtizentetimach foodynproving the
pharmacq*@neﬁ%%@ﬁ%%h%#%ﬂ%@ﬁ%fm@w CRRERINIBEHHIEE PrIERRRINBIRIR SEampsising

administering to a an |r$ ereo Varcotrin matal%na%f| herapeutlcallgl %‘f ctive amount of a
hexahydrofuro Tﬁ?ﬁﬁy E%‘% aﬁﬁl R \7 Soteaze fi Bltor an ¥h%rapeu%capy)éq?ectlve
amount of a cy@é@iﬁ%%@ﬂﬂﬂbﬁér’”%@?ﬂ‘w Hi6teEse hBeiei#etinical therapy are now paired
with ritonavir taCippebrevex fotifecnagirtiear etlyicmn ntiaghainical sdfiladyr Desdypesotamilied

drug-drug interaeigns r%fgé%d&a %ebgﬂ%tmy BPaRENg @lemrunnenrSimplifietoieatraent regimens
for current Plsw ct or]f @gl burr.aerllj [ gugrp1 of da|I ntakes Scﬂrg%q%eg tonavir
enhancerfiént § |merﬁ?§n af 8 oseg iSO wfhou t 1S ﬁ?onavw S el Aty MV protease
inhibitor. ReS|SW@Qt@m/|H§%§“§)§a%%FWtWWWsé@@@ﬁ&‘n Bredn&micib ardegenstiesistance

mutations. Resistactaesmutations selected by ritonavir frequently confer or contribute to resistance
against other pc%«’éﬁ?om'hﬁm %@f@%@ﬂﬁwt@tm%@l@W@ﬁ@&&l%@f%@ﬁ%@ngg@ different
drugs. For examPI 14661 |s g\g}e with cross- e 5ar Crgetn% cIilnavw nelflnavw ;
fosamprenavir (%ut r? t(t;) naw(}J 82& FD?GS gf%ne IS associate cros réSigtance to
indinavir, But wﬁ%@ﬁﬁ%ﬁ@rﬁ‘ ﬁ%ﬁ&qﬁufﬁﬁgi@%@6%*&*@@é§ié?§?ﬁf@ﬁ§nelﬂnavw fosamprenauvir,
and saquinavirivando@dattantabutasdio résigtarioe thgaingoah avad aBibpretedsmiritebitersiywhile no

single one of th@%t@%ﬁaﬁgﬂ%ﬁ@%sr%%@duwmwus@wﬁz&&m@ﬁw AREeoRdRLHgs partial
resistance, and_the p, r:[resenc? %n éeF eha mutatio s togaether catn a:onfetr)tres% nee. cﬁonﬁe to
t

indinavir is unll%q ﬁwceuge S staﬁceﬁo r?onavwrs&s Suc e?e Wlmll’lsn‘?e need for

alternatives to ﬁ\e@ﬁa@fﬁi% Bﬁ'&ﬁ’rﬁg et inehrindreitsiveeianQlisme MJWWM%W@ THER is also a
high medwal fanalterativgs itapitorrathicapbaostngldysitsnaintededtivg. anth sifes argspHdt treatment
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CYP450 inhibi rtiss andare Usefu boosting agen ese compoun defined in the
first aspect, ar@@?&@%e&b%rﬁﬁﬂ:ﬁ@@/@ %_@9/071650PCT/EP2008/066847 -3- the salts and

stereoisomeric forms thereof, wherein /A \ R is H, phenyl, pyridyl, Ct.salkyl or B wherein A and B are
mepentd%ﬂy fm?\é?f@@m&t@m%  GerBalkyl Oer&!@w %Jb%%ﬁ%wi%@"iwﬁw%bﬁ@g%f&l ora

eteroatom selected from. nitrogen. oxygen or s is option ubsti W salkyl, or
wherein A and %]?6 &R i wf[ heoantTr%Q Hydro#laf Vgggﬁgjr’éagtac%&cgg@r a%‘lf\? réen%geéred
saturated, partiawpﬁ)ﬁ%@(éﬁy‘gr%ﬁﬂ%ﬁ@d‘%f@r@@dﬂ‘i@ﬂh@ RepRieReC 3PambRFEAtsths each
independently sefeeteddutinrintmifpiivexygeuor sUlfuhesaidytidbietel@zidrifsraryioptiot@atiygubstituted
with Cl_salkyl; R1 is selected from the group comprising 15R2 is Cl_salkyl optionally substituted with
OH, aminoalkyl, pyrrolidinyl, morpholinyl, alkynyl or C3-7 cycloalkyl optionally substituted with halogen
; R3is OH; R4 is H or alkyl; 20R5 is pyridyl or phenyl optionally substituted with halogen; Xis 0, S or
N optionally substituted with Ci_salkyl. Preferred compounds are the following compounds with
formula (1), (111) and (IV) respectively; alternatively described hereinafter as Cl, C6 and C7

25respectively. 4  The compounds of formula (1), (I1), (lll) and (IV) have been found to confer
minimal or nno reacictance anainet HI\/ anAd are tharafare i1icefiil alternatiniac far ritonavir (RT\/) ac



4a In a second aspect, there is provided a combination comprising a compound as defined above and
an HIV inhibitor, or a pharmaceutically acceptable salt thereof. In a third aspect, there is provided a
pharmaceutical composition comprising a combination as defined above and a pharmaceutically
acceptable excipient. In a fourth aspect, there is provided a product containing a compound of formula
() as defined pppusicRediam i BRI o RaEReaHl Ay acreaIABleal DeiRgbipsAcombined
preparation foé%ﬁ’u\ﬂlﬁi eous, separate or sequential use in HIV therapy. As used in the tforegoing and
hereinafter, th rbft‘:?éflmtlons apply unless otherwise noted. Whenever the term "substituted" is
used in defining the compounds of the invention, it is meant to indicate that one or more hydrogens on

the atoms meignedior ﬁwg@%mm&sﬁﬁremw WeigpHuRRIiedp ﬁrﬁpﬁﬁﬁqawﬂh@:r\ﬁ'ﬂo
20091071650PCT/EP2008106684 % #zytlon from themdmﬁtﬁ gﬁ dedt att gald
8 t § g |n

atoms' normal VAlency 5ot ExcEE RAPACOBSIRIGBhS r%?cg

compound, i.e@@@&ﬂiﬁﬂﬁtﬁfﬁ@ﬁﬁf&#ﬁaﬁ&@ﬁtri@t%l ArapaiivieculaBansiing |ﬁ|§mﬂ#QDQ€Qree of
purity throughgirGenfiedieRbamenntafitieas e coamvaniat ammgfdhn@fvﬁmdﬁmoahﬁle field of
application. T%@gﬁk@l&(gg %%% ric to fluoro, chloro, bromo and iodo. As used herein "Cmalkyl"
as a group or part o roup nes S ralght or 10 branched chain saturated hydrocarbon radicals
having from 1 to 4 carbon atoms such as for example methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
2-methyl-1 prtjpfd;rtmiasakymenaompassas@mikyif@dk@m@t@h@hendwrﬁokmes tiwgreof
having 5 or 6 Gy W%%’i‘a@ﬁn E’Ft@é‘i?ﬁ}ﬁ"ﬁi\} @%@é\ﬂsé PR3- @%Ebétaﬁééf@?%%h%i‘?exy'

2-methyl-1- bu l, 2 meth |-1- ¥ ethyl2-pentyl, and the like. Of interest amongst
1 Galiyt 10 R A2TR B s SEIGEon @b o AR h SRUREA] B IR YRRy
cyclopentyl, cyttsksapican d20jcisheptebttdetarainiaigraitaquegtizedaied @farsriibutonocyclic or
bi<:>/<;]lif:t ring ?Bfé@m?ﬂe%@? Elﬂs‘?"tﬁf@r%%t@ﬂ%%q)\ﬁf@ﬁl?‘?@c %r@&vg?ﬂ'%ﬂ%ésﬁ%tt%% CRIIGHIEd 'l?aSt
one netero atony,selecte ni en N .or su and sal atloms ar a
Cubatiutod will R TeR SRR B ST A b AR e UG s AREC IS iy wsect
in the defmmoﬁ@ﬁ%sﬁwtﬁwhéﬁe dndnarimoneliiagvting 2rdt ieaemmiIBVEtalbisii 30RAdIgals used
in the definitioggcpfite/ivanabis, F’W,IFL@@l@H@%Sé@EbEQEéarWHH|%$§s§h§mwk@atﬁélrﬁ0frin3tance

pyridyl mcludr—gj L %zn%g%ymd %Wgr”%u‘t\gl q(ﬁgevlgr ug&qu rei ﬁf%t% ngée nélfcn Pounds of

formula (1) forinstance epresen compounds ecom ounds elnventlon OF Sirhilar

terms, it is me&}%m@w&h@r&wﬁa%fm%lﬁ&anmggrwﬁtﬁe%ﬁ@ﬁ@@wmunds
as depicted ingheilblie panddssanmblibddalow Vahiktheqreiglgs ogOof these mutations is

2009/071650RC 1 ERAQOHARGRA e@aéﬁ@é’ng%ﬁﬂlws‘é%'%E)‘Nfﬁﬁu{@ﬁ?@f‘ﬁéppggfﬁﬁnﬁgers

addition salts, soIv ates, quaternary amines, N-oxi es métal complexes, and metabolites of any of the
compounds a5\ fe IRERRAReR cﬁﬁﬁ’ﬁr’@bs”ﬂ% Wﬁom%ﬁ“’foﬁﬂﬂla@’ &F afRSSIBRRSup
thereof specﬁﬁdmem tsindihagithe Nlidtes, Seabisitimvedltesisiessible stieramidomeric forms
thereof. Whenever used hereinafter, the term "HIV antiviral(s)" and "HIV inhibitor(s)" are

[ h d h fth h 10 The
compounds o AL () By Ao DMR R i Ay PN <L R ENE SR RS TFe exis

as stereochenfigal iscineftetivesamt sadenantishiiM ditaimially Tdurre it dtsens highereesiierheric
forms", and eth/alwﬂhmrmim@gwmws% ftﬁf@msd@fﬁwlmf@wp@ﬁé&ﬂeecgmmSamawp of the

15 same atomg hoaded By ihe, RIE oo f2ends bt Baving differeqr Eh{S%‘h%"BSoé

structures which are not%erc an e Lf?vﬂgfh({he compounds %Lgormula ossess
reference to tROREIHEES ARG e (R) or (S) or alternatlvely indicated by 20 an asterlsk (), is used to
designate the absolute configuration of a chiral atom within a substituent, the designation is done

taking into congidgraai, e WhRle fun Péﬁ%?’?ﬂsf&%ébﬁesﬂbﬁ%%w OLI90 e Offigrwise

mentioned or indicated, the chemlcalfi nation of a 25 compound encompasses the mixture of all
possible stere Wﬂ@aﬁ?%ﬁﬂ’r@‘?@@ rf?%r N )sglﬂvéoﬁ\\ﬁgﬁﬁg ARADNG REOPSHIESH AL & Fhay
contain all diagtgbdrmerbamshiogesgenismerbedehednasivinde adad efinerduire fesidicesmemind. All
stereochemicg|pgi [lon the gompounds of the present invention both in pure form or mixed
with each other are intended to be 30embraced within the scope of the present invention. Pure
stereoisomeric forms of the compounds an H!sermedlgtes as mentioned herein are defined as
isomers substantially free of other engntio eric or dlatereomerlc forms of the same basic molecular
structure of said compound& 350 ~NQ-pa Ry, th& term "stereoisomerically pure”
exg;}esmf at led8t 80% (i.e. minimum

s '

concerns compounds or intermediates havingla stere0|s

90% of one isomer and maximum 10% B# the heﬁéosa eA450MHEIS) up to a stereoisomeric excess of
100% (i.e. 100% of one isomer and WO 2009/071650PCT/EP2008/066847 -7- none of the other),
more in particular, compounds or intermediates having a stereoisomeric excess of 90% up to 100%,
even more in particular having a stereoisomeric excess of 94% up to 100% and most in particular
having a stereoisomeric excess of 97% up to 100%. The terms "enantiomerically pure" 5 and

"diastereomerically pure" should be understood in a similar way, but then having regard to the
oanantinmearic eaveece and the diacteareanmaeaerie eaveace rachectivielvy of the mivtiire in Aariectinn Prire



15 chromatographic techniques using chiral stationary phases. Said pure stereochemically isomeric
forms may also be derived from the corresponding pure stereochemically isomeric forms of the
appropriate starting materials, provided that the reaction occurs stereospecifically. Preferably, if a
specific sterRGiSBH8r & Yesired, said compound will be synthesized by sf&yggﬁééfﬂ@% methods of
preparation. These methods will advantageously employ enantiomerically pure starting materials. The
diastereomeric racemates of the compounds of the invention can be obtained separately by
conventional methods. Appropriate physical separation 25 methods that may advantageously be
employed are, tfy example stetectvmrenistallinatinarant aremsiatography, e.g. column
chromatography. For certain compounds of the invention, their prodrugs, N-oxides, salts, solvates,
guaternary amines, or metal complexes, and the intermediates used 30 in the preparation thereof, the
absolute steregchemical configur. tif)n IS not ex é\ﬁmentally determined. A person skilled in the art is
able to determ e'ﬁti% Qagggﬁtﬁgﬁaﬁg&bﬁﬂﬁygﬁﬁucﬁcompounds using art-known methods such as, for
example, X'V?Mﬁ@ﬁtiﬁ%naﬁé@eaFgﬁ%@%@ﬁ’@éﬁlﬂ?ﬂd%ﬁ;ls@da'%etﬂﬂ%? rt]n i[l@taghgwl i§9£raif@apf atorgs
occurring gn the present compounds. Isotopes include those atoms havi same atomic number
put cifereft mCE TS By SEEer e e s b bl i hbei060847
-8- without limiBXYERNSHIBWEY JrHEarsFERtiaaly SHRELMISH WHR Stemiy | SHtYHEESHT Eafhh include
C-13 and C-148 Thgeteemwishoitheigitas; eised Wirchgheytats staxdhes dmsrtreSpivameoisymdlly 5
acceptable deryatiesSysinnig SeEsnaitsy anshrRiaarpRErYNdhHdROAAHIFGA ifbvvo
biotransformat'}g)eq %E)Od%’% ofe @&qﬁrivatixgés4h% %%Y&?EBPP anslt]%efir?qe )i(n tl%g Spgm%tfnggi é)f formula
(). The reference by E80amAN anqd&?ﬁnan? he Pharmacolo icar Bass bf herapeutics, 8th ed,
McGraw-Hill, IReePaions 2 SpHasrivmRuRsiigtas gy, ©+28198) describing prodrugs generally to is
hereby incorporated. Prodrugs preferably have excellent aqueous solubility, increased bioavailability
and are readilynpiaBriEed fRimtheaFbve EbHiissdn vivo. Prodrugs of a compound of the present
invention may be prepared by modifying functional groups present in the compound in such a way that
the modifications are clegved, either by routﬁ anipulation or in vivo, to the 15 parent compound.
Preferred are ppa&acea%}ly ac ble té_e-Sprodr gs thatare hydrolysable in vivo and are derived
from those congpotinds ofrffmulalll) having a'}Hydrox;(oxyl group. An in vivo hydrolysable
ester is an ester;svhich is 20 hy;drS d in the“Haman & aniwfal:body to produce the parent acid or
alcohol. Suitable pharmaceutically acceptable esters for carboxy include Cl_salkoxymethyl esters for

example mathnyu-methyl,-olkangyl thy| rs for mple, piv, et% : idyl esters,
C3_8cyclg%;ko%ca{?bo%§i oagkggl_%éﬁ?(éggte éuﬁ)%ﬂ@x%gg pﬁeﬁ&ﬁc% o’heﬁﬁggﬁg%i- ygﬁh%@'s
1,3-dioxolen-2/BRIRRRIAYE SUrYkF é@éﬁ}bﬁ@él#‘bfb%?-’l’ajéyo%ﬁ?éféHi%@dﬁl%ﬁ@éﬁ?ﬁ’&hd
Cl.salkoxycarbonyloxyethyl esters for example 1-methoxycarbonyloxyethyl which may be formed at
any carboxy gy ipthe compounds of this invention. 30 An in vivo hydrolysable ester of a compound
of the formula (I) containing a hydroxy group includes inorganic esters such as phosphate esters and
a-acyloxyalkyl Biérs @néliefated compounds which as a result of the in vivo hydrolysis of the ester
breakdown to give the parent hydroxy group. Ex les of a; oxyalkyl ethers include
acetoxy-r%%tho i f@qﬁﬁ%‘{ﬁg% %&Qy y3%l%>%n}yﬁlr§%??%%a% lgg &ttion of in vivo hydrolysable ester
forming groupsdas ydixy Mepeenaikpaopbtasazoylirphepyirgetyl and substituted benzoyl and
phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoyl and
N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give carbamates), dialkylamino- WO
20091071650RGFHERAOG/A6684Ts-Srathty fenhviayhorvpoahdsExampesal subsiiipataion benzoyl
include morphel{pp AachpipekAzing ke i adleadionepeAiaRty a8 malhyianeggipup o the S- or
4-position of the benzoyl ring. 5For therapeditic use, salts of the compounds of formula (1) are those
wherein the co{ﬁﬁ%‘?’%}zél@ pharmaceutically acceptable. However, salts of acids and bases which are
non-pharmaceutically acceptable may.also find use, for example, in the preparation or purification of a
pharmaceutically acceptable compo Il salts, whether pharmaceutically acceptable or not are
included 10within the ambit of the presg# irB/ention. The pharmaceutically acceptable acid and base
addition salts as mentionedihereifabove arglmeant to comprise the therapeutically active non-toxic
acid and base i s Whi e compOunas.of fopmula (1) are able to 15 form. The

[DOtHE
pharmaceutically agceptable aid acy 'tio onyenigntly be obtained by treating the base form
with such appropriate acid. Appropriate aci onfprisefor ex le, inorganic acids such as
hydrohalic acids, e.g. hydrochloric or hydrobyomic aéitl, sulfuric, nitric, phosphoric and the like acids; or
organic acids such as, for example, acetic, propanoic, hydroxyacetic, lactic, 20 pyruvic, oxalic (i.e.
ethanedioic), malonic, succinic (i.e. butanedioic acid), maleic, fumaric, malic (i.e. hydroxybutanedioic
acid), tartaric, citric, methanesulfonic, ethanesulfonic, benzenesulfonic, p-toluenesulfonic, PyrinMir,
salicylic, p-aminosalicylic, palmoic and the like acids. 25Conversely said salt forms can be converted
by treatment with an appropriate base into the free base form. The compounds of formula (1)

containing an acidic proton may also be converted into their non-toxic metal or amine addition salt
farme by treatment 20 with annronriate nraoanic and inoraanic hacee Annronriate hace cealt faorme




-10- pharmaceutically acceptable solvent molecules, for example, ethanol, isopropanol,
1-methoxy-2-propanol, methanol, acetone, dichloromethane, ethylacetate, anisol, tetrahydrofurane, or
mesylate. The term "hydrate" is employed when said golvent is water. 5 The term "quaternary amine”
as used hereinbefore defines the quaternary ammonium salts which the compounds of formula (I) are
able to form by reaction between a basic nitrogen of a compound of formula (I) and an appropriate
guaternizing agent, such as, for exaj an optionally substituted 10 alkylhalide, arylhalide or
arylalkylhalide, e.g. methyliodide o zyliodide. Other reactants with good leaving groups may also
be used, such as alkyl trifluprom#thanesulfapates, alkyl methanesulfonates, and alkyl
p-toluenesulfo@t \ " i X pesitivedy charged nitrogen. Pharmaceutically
acceptable cogntefions include chlgto, bromo, @l 5ty cetate and acetate. The counterion of
choice can be iNtroduced using ion %Bichaﬁ%e\r g ~N he N-oxide forms of the present compounds
are meant to comprise the compounds of fokmula (Iyisyherein one or several nitrogen atoms are
oxidized to 20the so-called N-oxide. ItAJFI be appreciated that tha rnmpni Inds nf fnrmille (1) may have
metal binding, chelating, complex forming properties and therefore may exist as metal complexes or
metal chelates. Such metalated der s of the compounds of 25formula (I) are intended to be
included within the scope of the presentivention. Some of the compounds of formula (I) may also
exist in their tautomeric forty. Sufh forms alif ough not explicitly indicated in the above formula are
intended 30to bh&4 i ,\, ‘ epresent invention. The compounds of formula (1)
have two asymynefric centers ias depicted by t risk}below: 35 R(I) WO

2009/071650P® fhe~esompounds of formula (I) have the
stereochemistry as indicated in the structure, of formmia (I-a) below: 5 The compounds of formula (1)
according to the present invention can be selected from any one of the following compounds of Table
1, Table 2, Table 3 or Table 4. Besides the substitution pattern gndicated by R, RI, R2, and X) the 10
LC-MS data (rhig(vprapeurdsngbhaimeleeER) is! b pde@nthe Yo stkieaheexdeines tgivernige

presented to exgiitpéfoihadwhdiemeadgenRotHpbemprst updrasdignitisefthesangiobihginvention.
Table1l Oil QRN (ﬁqm?agg.og&éggm%g\%%%@n) C~ CI 5-thiazoly1 isobutyl 0 ---N

el 3~

It has also been found that the compounds of formula (1) are useful as boosting
agents of other viral inhibitors such as for instance HCV and/or RSV inhibitors.
The combination of the compounds of formula (I} and other drugs, such-as HIV,
HCV or RSV inhibitors is beneficial in that it permits the provision of a therapy
to infected patients which is safe, is effective, and allows a lower therapeutically
effective dose of antivirals, compared to when such antivirals would be
administered alone. A lower dose is always desirable in terms of {oxicity and
pill burden, thereby diminishing the incidence of adverse effects and increasing
treatment compliance, respectively. The combination of the compounds of
formula (I) and HIV or other viral inhibitors provides a synergistic effect on
these antivirals upon administration of said combination to a patient in need
thereof.



\5802.25 r"--- C2 5-thiazolyl isobutyl O -N-\_- 592 2.26 C3 5-thiazoly1 isobutyl 0 606 2.34
---N/) \ [ C4 5-thiazolyl isobutyl 0 -N \ 566

da

In a second aspect, there is provided a combination comprising a compound as
defined above and an HIV inhibitor, or a pharmaceutically acceptable salt
thereof.

In a third aspect, there is provided a pharmaceutical composition comprising a
combination as defined above and a pharmaceutically acceptable excipient.

In a fourth aspect, there is provided a product containing a compound of
formula (I) as defined above, and an HIV inhibitor or a pharmaceutically
acceptable salt thereof; as a combined preparation for simultaneous, separate
or sequential use in HIV therapy. |

As used in the foregoing and hereinafter, the following definitions apply unless
otherwise noted.

Whenever the term “substituted” is used in defining the compounds of the
invention, it is meant to indicate that one or more hydrogens on the atoms
mentioned or comprised in the expression using “substituted” is replaced with a



2.12 /A C5 5-thiazoly1 isobutyl 0 ---N_/0\_ 608 2,08 C6 5-thiazolyl isobutyl S - -NH2 554 1.94
WO 2009/071650PCT/EP2008/066847 -12- Comp. No. R2 X R Ink (M+1) Z(min) C7 5-thiazolyl

isobutyl S - -H 539 2.15 C8 5-thiazolyl isobutyl N-CI-13 - -H
WO 2009/071650 PCT/EP2008/066847

5.

selection from the indicated group, provided that the said atoms’ normal

valency is not exceeded, and that the substitution results in a chemically stable

compound, i.e. a compound that maintaing its structural and molecular identity

in a useful degree of purity through a convenient amount of time. The
5 convenient amount of time will depend on the field of application.

The term halo(gen) is generic to fluoro, chloro, bromo and iodo.

As used herein “Ciaalkyl” as a group or part of 2 group defines straight or
10  branched chain saturated hydrocarbon radicals having from 1 to 4 carbon
atoms such as for exampie methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
2-methyl-1-propyi,
"Cipaltkyl” encompasses Ciaalkyl radicals and the higher homologues thereof
having 5 or 6 carbon atoms such as, for example, 1-pentyl, 2-pentyl, 3-pentyl,
15 1-hexyl, 2-hexyl, 2-methyl-1-butyl, 2-methyl-1-pentyl, 2-ethyl-1-butyl, 3-methyl-
2-pentyl, and the like. Of interest amongst Cigalkyl is Ciualkyl especially
isobutyt.

C, .cycloalkyt is generic to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
20 cycloheptyl.

“Heteroaryl” is art-recognized and refers to 2 monocyclic or bicyclic ring system

goniaining one or two (fused) aromatic rings; said ring system contains at least

one hetero atom sejected from nitrogen, oxygen or sulfur and said hetero
25 atoms are oplionally substituted with Cisalkyl.

it shouid be noted that the radical positions on any molecular moiety used in

the definitions may be anywhere on such moiety as long as it is chemically

stable.

3¢ Radicals used in the definitions of the variables include all possible isomers
unless otherwise indicated. For instance pyridyl includes 2-pyridyl, 3-pyridyl
and 4-pyridyl.

Whenever used hereinafter, the term “compounds of formula (1) for instance”,
35 “the present compounds”, “the compounds of the invention” or similar terms, it
is meant to include the compounds of formula (1) and any subgroup thereof, the
compounds as depicted in the Tables and Examples below, and the prodrugs,



536 1.81 C9 3-pyridinyl isobutyl 0 /-\ 574 2.19 C10 4-pyridinyl isobutyl 0 /- ---N\ 574 2.13 C11
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stereochemically isomeric forms, racemic mixtures, esters, addition salts,

solvates, quaternary amines, N-oxides, metal complexes, and metabolites of

any of the compounds above. One embodiment comprises the compounds of

formula (1), or any subgroup thereof specified herein, as well as the N-oxides,
5 salts, as well as possible sterecisomeric forms thereof.

Whenever used hereinafter, the term *HIV antiviral(s)” and “HIV inhibitor(s)” are
interchangeable and have in the coniext of the current description the same
meaning.
10
The compounds of formula (I) may encompass centers of chirality in their
substituents and therefore exist as stereochemically isomeric forms. The terms
“stereochemically isomeric forms®, “stereoisomeric forms”, and equivalent
terminology as used herein defines all the possible compounds made up of the
15  same atoms bonded by the same sequence of bonds but having different three-
dimensional structures which are not inferchangeabie, which the compounds of
formula (1) may possess.

With reference to the instances where (R) or (S), or alternatively indicated by
20 an asterisk (*), is used to designate the absolute configuration of a chiral atom
within a substituent, the designation is done taking into consideration the whole

compound and not the substituent in isolation.

Unless otherwise mentioned or indicated, the chemical designation of a
25 compound encompasses the mixiure of all possible stereochemically isomeric

forms, which said compound may possess. Said mixture may contain all

diastereomers andfor enantiomers of the basic molecular structure of said

compound. Al stereochemically isomeric forms of the compounds of the

present invention both in pure form or mixed with each other are intended to be
30  embraced within the scope of the present invention.

Pure stereoisomeric forms of the compounds and intermediates as mentioned
herein are defined as isomers substantially free of other enantiomeric or
diastereomeric forms of the same basic molecular structure of said compounds
35 or intermediates. In particular, the term “sterecisomerically pure” concerns
compounds or intermediates having a sterecisomeric excess of at least 80%
(i.e. minimum 90% of one isomer and maximum 10% of the other possible
isomers) up io a stereoisomeric excess of 100% (i.e. 100% of one isomer and
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none of the other), more in particular, compounds or intermediates having a
sterecisomeric excess of 90% up to 100%, even more in particular having a
stereoisomeric excess of 94% up to 100% and most in particular having a
stereoisomeric excess of 97% up to 100%. The terms “enantiomerically pure”

5 and “diastereomerically pure” shouid be understood in a similar way, but then
having regard to the enantiomeric excess, and the diastereomeric excess,
respectively, of the mixture in question.

Pure stereoisomeric forms of the compounds and intermediates of this

10 invention may be obtained by the appiication of art-known procedures. For
instance, enantiomers may be separated from each other by the selective
crystallization of their diastereomeric salts with optically active acids or bases.
Examples thereof are tariaric acid, dibenzoyltartaric acid, ditoluoyltartaric acid
and camphosulfonic acid. Altematively, enantiomers may be separated by

15 chromatographic techniques using chiral stationary phases. Said pure
stereochemically isomeric forms may also be derived from the corresponding
pure stereochemically isomeric forms of the appropriate starting materials,
provided that the reaction occurs stereospecifically. Preferably, if a specific
stereoisomer is desired, said compound will be synthesized by stereospecific

20 methods of preparation. These methods will advaniageously empioy
enantiomerically pure starting materials.

The diastereomeric racemates of the compounds of the invention can be

obtained separately by conventional methods. Appropriate physical separation
25 methods that may advantageously be employed are, for example, selective

crystallization and chromatography, e.g. column chromatography.

For certain compounds of the invention, their prodrugs, N-oxides, salis,
solvates, quaternary aminegs, or metal complexes, and the intermediates used

30 in the preparation thereof, the absoiute stereochemical configuration is not
experimentally determined. A person skilled in the art is able to determine the
absolute configuration of such compounds using art-known methods such as,
for example, X-ray diffraction.

35 The present invention is also intended to include all isoiopes of atoms occurring
on the present compounds. lIsotopes include those atoms having the same
atomic number but different mass numbers. By way of general example and



C17 5-thiazolyl 2-(dimethyl- amino)ethyl O /------ N\ --- 607 1.65 C18 5-thiazolyl 2-(4-morpholiny1)-
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without limitation, isotopes of hydrogen include trittum and deuterium. Isotopes
of carbon include C-13 and C-14.

The term “prodrug” as used throughout this text means the pharmacologically
5 acceptable derivatives such as esters, amides and phosphates, such that the
resulting in vivo biotransformation product of the derivative is the active drug as
defined in the compounds of formula (1). The reference by Goodman and
Gilman (The Pharmacological Basis of Therapeutics, 8" ed, McGraw-Hill, int.
Fd. 1992, “Biotransformation of Drugs”, p 13—15) describing prodrugs generally
10 is hereby incorporated. Prodrugs preferably have excelient agueous solubility,
increased bioavailability and are readily metabolized into the active inhibitors in
vivo. Prodrugs of a compound of the present invention may be prepared by
modifying functional groups present in the compound in such a way that the
modifications are cleaved, either by routine manipulation or in vivo, to the
15 parent compound. |

Preferred are pharmaceutically acceptable ester prodrugs that are hydrolysable
in vivo and are derived from those compounds of formula (1) having a hydroxy
or a carboxyl group. An in vivo hydrolysable ester is an ester, which is

20 hydrolysed in the human or animal body to produce the parent acid or alcohol.
Suitable pharmaceutical[y acceptable esters for carboxy include
Cisalkoxymethy! esters for example methoxy-methyl, Cisalkanoyloxymethy!
esters for example pivaloyloxymethyl, phthalidyl esters, Casgcycloalkoxy-
carbonyloxyCesalkyl esters for example 1-cyclohexylcarbonyl-oxyethyl;

25 1,3-dioxolen-2-onyimethyl esters for example 5-methyl-1,3-dioxolen-2-only-
methyl; and Ci.salkoxycarbonyloxyethyl esters for example 1-methoxycarbonyi-
oxyethyl which may be formed at any carboxy group in the compounds of this
invention.

30 An in vivo hydrolysable ester of a compound of the formula (1) containing a
hydroxy group includes inorganic esters such as phosphate esters and
a-acyioxyalky! ethers and related compounds which as a result of the in vivo
hydrolysis of the ester breakdown to give the parent hydroxy group. Exampies
of a-acyloxyalky! ethers include acetoxy-methoxy and 2,2-dimethyipropionyl-

35 oxy-methoxy. A selection of in vivo hydrolysable ester forming groups for
hydroxy include alkanoyl, benzoyl, phenylacetyl and substituted benzoyl and
phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoy!
and N-(dialkylaminoethyl)-N-alkylcarbamoyl! (to give carbamates), dialkylamino-
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acetyl and carboxyacetyl. Examples of substituents on benzoyl include
morpholino and piperazino linked from a ring nitrogen atom via a methylene
group to the 3- or 4-position of the benzoyl ring.

5 For therapeutic use, salts of the compounds of formula (I} are those whersin
the counter-ion is pharmaceutically acceptable. However, salts of acids and
bases which are non-pharmaceutically acceptable may also find use, for
example, in the preparation or purification of a pharmaceutically acceptable
compound. All salts, whether pharmaceutically acceptable or not are included

10 within the ambit of the present invention.

The pharmaceutically acceptable acid and base addition salts as mentioned
hereinabove are meant to comprise the therapeutically active non-toxic acid
and base addition salt forms which the compounds of formula (i) are able to
15 form. The pharmaceutically acceptable acid addition salts can conveniently be
obtained by freating the base form with such appropriate acid. Appropriate
acids comprise, for examptle, inorganic acids such as hydrohalic acids, e.g.
hydrochloric or hydrobromic acid, sulfuric, nitric, phosphoric and the like acids;
or organic acids such as, for example, acetic, propanoic, hydroxyacetic, lactic,
20  pyruvic, oxalic (i.e. ethanedioic), maionic, succinic (i.e. butanedioic acid),
maleic, fumaric, malic (i.e. hydroxybutanedioic acid), tartaric, citric,
methanesulfonic, ethanesulfonic, benzenesulfonic, p-toiuenesulfonic, cyclamic,

salicylic, p-aminosalicylic, palmoic and the like acids.

26 Conversely said salt forms can be converted by treaiment with an appropriate
base into the free base form.

The compounds of formula () containing an acidic proton may also be

converied into their non-toxic metal or amine addition salt forms by freatment
30 with appropriate organic and inorganic bases. Appropriate base salt forms

comprise, for exampte, the ammonium salts, the alkali and earth alkaline metal

salts, e.g. the lithium, sodium, potassium, magnesium, calcium salts and the

like, salts with organic bases, e.g. the benzathine, N-methyi-D-glucamine,

hydrabaming salts, and saits with amino acids such as, for example, arginine,
35 lysine and the like.

The term "solvate” is used herein to describe a molecular complex comprising i)
the compounds of the invention as well as the salts thereof, and i) one or more



\ C24 5-thiazolyl isobutyl 0 \fr._ 623 1.74 / ---NH C25 5-thiazolyl isobutyl O L 635 3.02
N\ C26 5-thiazolyl isobutyl O / ---NH 552

W 2009/071650 PCT/EP2008/066847
-10-

pharmaceutically acceptable solvent molecules, for example, ethanol,
isopropanol, 1-methoxy-2-propanol, methanol, acetone, dichloromethane,
ethylacetate, anisol, tetrahydrofurane, or mesylate. The term “hydrate” is
employed when said solvent is water.

The term “quaternary aming” as used hereinbefore defines the quaternary
ammonium salts which the compounds of formula (I) are able to form by
reaction between a basic nitrogen of a compound of formula (1) and an
appropriate quaternizing agent, such as, for example, an optionally substituted

10 alkylhalide, arylhalide or arylalkythalide, e.g. meihyliodide or benzyliodide.
Other reactants with good leaving groups may also be used, such as alkyl
triflucromethanesulfonates, alkyl methanesulfonates, and alkyl p-toluene-
sulfonates. A quaternary amine has a positively charged nitrogen.
Pharmaceutically acceptabie counterions include chioro, bromo, iodo,

15 ftrifluorcacetate and acetate. The counterion of choice can be infroduced using
ion exchange resins.

The N-oxide forms of the present compounds are meant to comprise the

compounds of formula (I} wherein one or several nitrogen atoms are oxidized to
20  the so-called N-oxide.

It will be appreciated that the compounds of formula (I) may have metal

binding, chelating, complex forming properties and therefore may exist as metal

compiexes or metal chelates. Such metalated derivatives of the compounds of
25 formula () are intended fo be included within the scope of the present

invention.

Some of the compounds of formula (I} may also exist in their tautomeric form.
Such forms although not explicitly indicated in the above formula are intended
30 to be included within the scope of the present invention.

The compounds of formula (1) have two asymmetric centers as depicted by the
asterisk beiow:

Rg
o o
P /{L * X
R o T Y >——R 0
R, R /

35 3 R N
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Preferably the compounds of formula (I} have the stereochemistry as indicated
in the structure of formuta (I-a) below:

Rs
O @]
R AN OJ\ N N X
1 | | )—R
Rq R, 7
Rs

(-a)

5
The compounds of formula (1) according to the present invention can be
selected from any one of the following compounds of Table 1, Tabie 2, Table 3
or Table 4. Besides the substitution pattern (indicated by R, R:, Ry, and X) the

10 LC-MS data (m/z (M+1) & retention time (R:) is reported. The results and
examples given are presented to exemplify the invention and are not to be
construed as limiting the scope of the invention.
Table 1

0
P )L‘ TN X
SIS g i T g W
Comp. R, R, X R WZ e (min)
No. {M+1)
—
Ci S-thiazolyl isobutyl O N 580 2.25
C2 5-thiazolyl isobutyl 0 "“Nij 502 2.26
C3 5-thiazolyl isobutyl O N ) 606 2.34
/
C4 5-thiazolyl isobutyl 0 “'N\ 566 2.12
C5 5-thiazoly! isobutyl 0O - O 608 2.08
-thiazoly 1sobutly (¥ .

Co6 5-thiazolyl isobutyl S - -NHs 554 1.94




[2---  C30 5-thiazolyl ethyl 0 \..--- 564 2.02  r--- C31 5-thiazolyl cyclohcxylmethyl O ---N \--- 632

2.53 /- C32 5-thiazolyl cyclohexylmethyl 0\ 620 2.53  /2--
WO 2009/071650 : PCT/EP2008/066847
-192.
C . /7
omp R, R, X R WL R, (i)
No. (M+1)
C7 5.thiazolyl isobutyl S - H 539 2.15
C8 S-thiazolyl isobutyl N-CHjs --H 536 1.81
—
C9 3-pyridiny! isobutyl 0O "-N\ 574 2.19
—
C10 4-pyridinyl isobutyl 0 “"N\ 574 2.13
2-(dimethylamino)- a
C11 | Sihinzolyt |- dmethylaminoy N 595 1.68
ethyl 5\
2-(1-pyrrolidinyl)- a
Cl12 | Sehimolyt | > pymolidimyh-y 621 175
ethyl \

2-(1-pyrrofidiny -

0 '“Nij 633 1.73
ethyl

C13 5-thiazolyl

N-CH-

C14 5-thiazolyl isobutyl - =M 564 1.97
' Y (CH)
___N N_
Cls 5-thiazolyl wobutyi O A— 621 177
~—NH  N—
Cl6 S-thiazolyl isobutyl Q / 609 3.01
2-(dimethyl-
C17 | S-thiazolyl (dimethy 0 ng 607 165
amino)ethyl

2-(4-morpholinyl)-
C18 5-thiazolvl (4-morpholinyl) 0 -
. ethyl

637 1.64

C19 5-thiazolyl methyl O aa 338 1.88

—
\
—
N
2-(4-morpholinyl)-
20 | sihiazolyt |7 CTmOPROID g ND 649 1.6
ethyl

C21 5-thiazolyl methyl 0 - 550 1.98




C33 5-tholyl 2-propynyl 0 \--- 574 2.02 2-hydroxy-2- | C34 54hiazolyl 0 ---N 596 1.84
methyl-propyl \ C C35 5-thiazolyl 2-propynyl 0\ 562 2.03 WO
2009/071650PCT/EP2008/066847 -14-
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Comp. m/
P R, R, X R * | R (min)
No. (M+1)
C22 5-thiazolyl isobutyl O - -NH; 538 1.85
—-NH
C23 S-thiazolyl isobutyl O 623 3.03
—N
\
/
—N
C24 5-thiazolyl isobutyl O N— 623 1.74
/
-—-NH
25 S-thiazolyl isobutyl O { ) 635 3.02
N
N
C26 | 5-thiazolyl isobutyl 0 N 552 3.99
€27 5-thiazolyl isabutyl O —NH 566 4,19
2-hydroxy-2-
(28 | S-thiazolyl ETORY 0 ND 608 1.87
methyl-prepyl
—
C29 5-thiazolyl ethyl 0 N 552 2.03
C30 3-thiazolyl cthyl 0 "‘"”Nij 564 2.02
€31 S-thiazolyl cyclohexylmethyl 0 ’“Nij 632 2.53
C32 S-thiazoly! cvclohexylmethyl O - . 620 2.53
C33 S-thiazolyl 2-propynyl O “’NQ 574 2.02
2-hydroxy-2- 2
€34 | 5-thiazoly! Aoy 0 596 1.84
methyl-propyl \
—
C3s 5-thiazolyl 2-propynyl 0O - \ 562 2,03
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C . , m/z
omp R R. X R R, (min)
No. (M+1)
5-b . a .
C36 enzo(1,3] isobutyl 0 —N 617 2.59
dioxolyl Y
2.2-dimethyl-
€37 | 5-thiazolyl neRy 0 NS 606 2.32
propyl
C38 5-tinazolyl isobuty] 0 - H 523 2.03
C39 | S-thiazolyl isobutyl 0 A 551 2.25
C40 5-thiazolyl isobutyl 0 - -CHa 537 2.08
C41 5-thiazolyl isobutyl O - @ 599 2.59
C42 5-thiazolyl 2-propynyl 0 NH 558 1.84
2,2-dimethyl- a2
C43 | Sethiazolyl ety o N 594 231
propyl \

2-tydroxy-2-
c44 | 5-thiazolyl e 0 N 582 1.70
methyi-propyl

45 5-thiazolyl isobutyl 0 -- '< 563 2.40
—-NH
C46 5-thiazolyl isobutyl O LQ 646 1.64
L)

4,4-difluoro-
C47 | Sihinzolyl | oo 0 ”'NG 668 2.36
cyclohexylimethyl

C48 5-thiazolyl isobutyl 0 - <\ P N 6400 219
N/
i o /
C49 5-thiazolyl isobutyl S />--N 652 4.00
- N N\
/ —
C50 5-thiazolyl isobutyl o] —N 590 2.23
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propyl0  7-- --- N\ 594 2.31 C44 54hiazolyl 2-hydroxy-2- methyl-propyl 0 582 1.70 /--NH
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Table 2:
3 LIy
O R
Py @
N O ﬁ v TN
-5 OH H/
Compound No. R m/z (M+1) | R, (min)
Cs1 » 592 2.27
—
C52 580
\
5 Table 3:
C“";\?g"“d Structure (;ﬁg) R, (min)
F
N
i Oy@ \>‘N>\
C53 N oAy N d 598 2.27
8 Ho oH H/
Table 4:
Compound m/z .
No. Structure (Vi+1) R (min)
/N ‘\
o M >
54 3 2 7N st 1.70
Nf\Y\O/U\N N © '
N5 H OH K[/
N
&
S5 N
q Oy@ )
C55 g 540 1.48
‘Sl o
Y-8 OH
[
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Preferred compounds are compounds C1, C6, and C7.

In a preferred embodiment of the present invention there is provided a
combination comprising (a) a compound of formula (I), a salt or a
stereoisomeric form thereof;, and (b) an HIV antiviral, or a pharmaceutically
acceptabie salt thereof; wherein the compound of formula (l) is selected from
C1,C6or C7.

in a preferred embodiment of the present invention there is provided a
combination comprising (a) a compound of formula (I), a salt or a
stereoisomeric form thereof, and (b} an HIV antiviral sometimes called HIV
inhibitor, or a pharmaceutically acceptable sait thereof; wherein the compound
of formula (1) is selected from C1, C6 or C7; and wherein the HIV antiviral or
HIV inhibitor is selected from for instance: nucleoside reverse transcriptase
inhibitors (NRTIs), e.g. zidovudine (AZT), didanosine (ddl), zalcitabine (ddC),
lamivudine (3TC), stavudine (d4T), emitricitzbine (FTC), abacavir (ABC),
apricitabine (AVX-754), elvucitabine (ACH-126,443), phosphazide, KP-1461,
MIV-210, racivir (PSIi-5004), and the like; or non-nucieoside reverse
transcriptase inhibitors (NNRTIs) such as delavirdine (DLV), efavirenz (EFV),
nevirapine (NVP), capraviring (CPV), calanolide A, dapivirine (TMC120),
etravirine {TMC125), rilpivirine {TMC278), alovudine (MIV-310), UC-781, and
the like; or nucieotide reverse transcriptase inhibitors (NtRTls), e.g. tenofovir
and tenofovir disoproxil fumarate (TDF), and the like; or inhibitors of trans-
activating proteins, such as TAT-inhibitors, e.g. R0O-5-3335, BI201; REV
inhibitors; or protease inhibitors e.g. ritonavir (RTV), saquinavir (SQV), lopinavir
(ABT-378 or LPV), indinavir (IDV), amprenavir (VX-478), TMC-126, nelfinavir
(AG-1343), atazanavir (BMS-232632), darunavir (TMC-114) now marketed as
Prezista'™, SPI-256, fosamprenavir (GW433908 or VX-175), P-1946, MK-8122
(PPL-100), tipranavir (PNU-140690), or a protease inhibitor with the chemical
name (1-benzyl-3-{[2-(1-cyclopentyl-piperidin-4-ylamino)-benzothiazole-6-
sulfonyi]-iscbutyi-amino}-2-hydroxy-propyl)-carbamic acid hexahydro-
furo[2,3-bjfuran-3-yl ester, and the like; or viral integrase inhibitors e.g.
raltegravir (MK-518), elvitegravir {GS-9137; JTK-303), BMS-538,158, and the
like; or entry inhibitors which comprise fusion inhibitors (e.g. T-20 or enfuvirtide,
T-1249), attachment inhibitors and co-receptor inhibitors; the latter comprise
the CCR5 antagonists and CXR4 antagonists {(e.g. AMD-3100); examples of
entry inhibitors are PRO-140, PRO-542, TBR-220 (TAK-220}, TBR-652

\2NiN 047

A--
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(TAK-652), vicriviioc (SCH-417,690), TNX-355, maraviroc (UK-427,857),
BMS-488,043, BMS-806; a maiuration inhibitor for example is bevirimat
(PA-457);, ribonucleotide reductase inhibitors (cellular inhibitors), e.qg.
hydroxyurea and the iike; or combinations of any of the above.

Most preferred embodiment is a combination comprising (a) a compound
selected from C1, C6 or C7 , a salt or a sterecisomeric form thereof; and (b) an
HIV antiviral selected from darunavir or a compound with the chemical name
(1-benzyl-3-{[2-(1-cyclopentyl-piperidin-4-ytamino)-benzothiazole-6-sulfonyl]-
isobutyl-amino}-2-hydroxy-propyl)-carbamic acid hexahydro-furof2,3-b]furan-3-
yi ester.

Most preferred is a combination wherein the compound is thiazoi-5-yimethyl
(28,3R)-4-(2-(ethyl(methyljamino}-N-isobutylbenzo[d]oxazole-6-carboxamido)-
3-hydroxy-1-phenylbutan-2-ylcarbamate and the HIV inhibitor is {1-benzyl-3-{[2-
(1-cyclopentyl-piperidin-4-ylamino)-benzothiazoie-6-sulfonyl]-isobutyl-amino}-2-
hydroxy-propy!}-carbamic acid hexahydro-furo[2,3-b}furan-3-yl ester.

In one embodiment of the present invention there is provided a process for
preparing a combination as described herein, comprising the step of combining
a compound of formula (1) or a pharmaceutically acceptable salt thereof, and an
HIV antiviral, or a pharmaceutically acceptable salt thereof. An aliernative
embodiment of this invention provides a process wherein the combination
comprises one or more additional agent as described herein.

The combinations of the present invention, but also the compounds themseives
of the current invention, can be used as medicaments. Said use as a medicine
or medicament comprises the systemic administration to HIV-infected subjects
of an amount effective to combat the conditions associated with HIV. The
compounds of the current invention, more specifically compounds of the
formuta (1) - (IV), are in particular useful as agents in boosting other chemical
entities, such as antiviral chemical compounds, in mammais.

Consequently, the combinations of the present invention can be used in the
manufacture of a medicament useful for treating, preventing or combating
infection or disease associated with HIV infection in a mammal.

In one embodiment of the present invention there is provided a pharmaceutical
composition comprising & combination according o any one of the
embodiments described herein and a pharmaceutically acceptable excipient.

/- =N\
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in particular, the present invention provides a pharmaceutical composition
comprising (a) a therapeutically effective amount of a compound of formuta (1)
or a pharmaceutically acceptable salt thereof, (b} a therapeutically effective
amount of an HIV antiviral, or a pharmaceutically acceptable salt thereof, and

5 (c) a pharmaceutically acceptable excipient. Optionally, the pharmaceutical
composition further comprises an additional agent selected from an HIV
antiviral.

As used herein, the term “composition” is intended to encompass a product
10  comprising the specified ingredients, as well as any product which resuits,
directly or indirectly, from the combination of the specified ingredients.

The term “therapeutically effective amount” as used herein means that amount
of active compound or component or pharmaceutical agent that elicits the
15  biological or medicinal response in a tissue, system, animal or human that is
being sought, in the light of the present invention, by a researcher, veterinarian,
medical doctor or other clinician, which includes alleviation of the symptoms of
the disease being treated. Since the instant invention refers o combinations
comprising two or more agents, the “therapeutically effective amount” is that
20 amount of the agents taken together so that the combined effect elicits the
desired biological or medicinal response. For example, the therapeutically
effective amount of a composition comprising (a) the compound of formuia (1)
and (b) an HIV antiviral, would be the amount of the compouna of formula (I)
and the amount of the HIV antiviral that when taken together have a combined
25  effect that is therapeutically effective.

The pharmaceutical composition can be prepared in a manner known per se to
one of skill in the art. For this purpose, at least one of a compound of formula
(I) or any subgroup thereof, and an HIV antiviral, together with one or more

30 solid or liquid pharmaceutical excipienis and, if desired, in combination with
other pharmaceutical active compounds, are brought inio a suitable
administration form or dosage form which can then be used as a
pharmaceutical in human medicine or veterinary medicine.

35 In one embodiment the combinations of the present invention may also be
formulated as a combined preparation for simultaneous, separate or sequential
use in HIV therapy, as appilicable. In such a case, the compound of general
formula (I) or any subgroup thereof, is formulaied in a pharmaceutical
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composition containing other pharmaceutically acceptable excipients, and the

appropriate  HIV antiviral is formulated separately in a pharmaceutical

composition containing other pharmaceutically acceptable excipients.

Conveniently, these two separate pharmaceutical compositions can be part of a
5 kit for simuitaneous, separate or sequential use.

Thus, the individual components of the combination of the present invention
can be administered separately at different times during the course of therapy
or concurrently in divided or single combination forms. The present invention is

10 therefore to be understood as embracing all such regimes of simultaneous or
alternating freatment and the term “administering” is to be interpreted
accordingly. In a preferred embodiment, the separate dosage forms are
administered about simultaneocusly.

15  The compositions or products comprising a combination of the present
invention, whether co-formulated in a single formulation or formulated for
simultaneous, separate or sequential use, may be administered orally
(including suspensions, capsules, tablets, sachets, solutions, suspensionrs,
emuisions), sublingually, parenterally (including subcutaneous injections,

20 infravenous, intramuscular, intradermal injection or infusion techniques),
topically, rectally (including suppositories), vaginally, via an implanted reservoir,
in dosage unit formulation ini ‘ ; i

acceptable carriers, adjuvants and vehicles.

25 A preferred composition or product comprises a compound of any of the
formulas (1)-(IV) and an HIV inhibitor wherein the inhibitor is darunavir or a
compound with the chemical name (1-benzyi-3-{[2-(1-cyclopentyl-piperidin-4-yl-
amino)-benzothiazoie-6-sulfonyl]-isobutyl-amino}-2-hydroxy-propyl)-carbamic
acid hexahydro-furo[2,3-bjfuran-3-yl ester.

30 Most preferred, according to the invention, is a composition or product
compriging thiazol-5-yimethyl  (25,3R)-4-(2-{ethyl{methyl)amino)-N-isobutyi-
benzoldjoxazole-6-carboxamido)-3-hydroxy-1 -phenylbutan-2-yicarbamate and
wherein the HIV inhibitor is (1-benzyl-3-{[2-(1-cyclopentyl-piperidin-4-ylamino)-
benzothiazole-6-sulfonyl]-isobutyl-amino}-2-hydroxy-propyl)-carbamic acid

35 hexahydrofuro[2,3-blfuran-3-yl ester.

For an oral administration form, the compositions of the present invention can
be mixed with suitable additives, such as excipients, stabilizers or inert diluents,



OH WO 2009/071650PCT/EP2008/066847 -16- Preferred compounds are compounds ClI, C6, and
CT In a preferred embodiment of the present invention there is provided a 5 combination comprising
(a) a compound of formula (1), a salt or a stereoisomeric form thereof; and (b) an HIV antiviral, or a
pharmaceultRYBEB¥ble salt thereof; wherein the compound of form&fa (B RV S8 from CI | C6
or C7. 10In a preferred embodiment of the present"l%()/'ention there is provided a combination
comprising (a) a compound of formula (I), a salt or a stereocisomeric form thereof; and (b) an HIV
antiviral sometimgs padieghtl\bynhikilais orct phymessdtically asetiableisalt tiherealitabarein the

compound of fgrpy, %@ﬁ%ﬁ@?émgtébﬁe@,%@adt&mg{g'%?& ENsarivicl arots HIV
inhibitor is selected from for jnstance: nuca%md reverse.tr scrga ase inhibitors LEN Tl ie.g.
zidovudine (AZfS0 Ri&né’éiﬂ&ﬂﬁﬁ%’f’?&ﬁ:it HQ“E%%‘"C?, SiRla Eg%ﬂ%ﬁa%%ﬁ% MATY &mtricitabine
(FTC), abacavinéiBeyaapriegaddie | Oaasae chalerabife {AGROENS 4AA3PSSh SERERSSIOKP-1461,
MIV-210, mciviii&Rbl-10@4i tiamdriheotikastarononinupieoside reverse g4 storscdptagedaribgors
(NNRTIS) such,as dsiadidie SR, plaepaies) aadapion (hlerrpiddng e calanolide
A, dapivirine ( MClZO?, etravirin (i[MCl?é , filpivirine (TIMr27 ,alovu_‘?l ﬁ\/lbY-Bl(i)) Un-781, and
the like; or nucYESRD 8\%@8"@5’?9 Yiptd§ ?51 RARIRTR) CR% &ne oﬁru A ?e?l%f"oé\msdisoproxil
fumarate (TDFRRRgHeelikeObraAlSAIME SSOIUHANS PHEadivigtinhetelnssugath s atiRmsinieibitors, e.g.
RO-5-3335, Blr2@thirBE thisvaibitoreadyqingieaseghiuibisoeme. poprayieitl Ylyssguinaval¢sQV),
lopinavir (ABT 378 or LP\) dndinayis ARV, AMRIERAVIA 480t MG 20, NRlfinaviE(s1343),

atazanavir (BMS-232632), darunavir (TMC-114) now marketed,. as PrezistaT M, SPI-25
fosamprenavirr@ﬁﬁlﬁ%s‘t@é?ﬁ’ \W@i%?ﬁ‘ﬁ%@ﬁﬂ@%ﬁﬁ BLWB&?WEF%Q%?ékl’%’$40690), or a
protease inhibigd¢algtirth@prefirigl starch, magnesium stearate and lactose and/or other
name(1-benzy&:@ipibhl-birieps néxtdgriperislintidiylagninmg.; beinrothianralekdricants known in
sulfonylpisobutiy;éagr]{_no}-Z-hydroxy-propyl)-carbamicacidhexahydro- furo[2,3-b]furan-3-y1 ester, and
the like; or viral integrase inhibitors e.g. raltegravir (MK-518), elvitegravir (GS-9137; JTK-303),
BMS-538!#58, and the 35 like; or entry inhibitors which comprise fusion inhibitors (e.g. T-20 or
enfuvirtide, T-1D#®orwttashnieisiraiinbitet Lapertolrabentof MsibHessThéngtdioccoprdiahe CCR5
antagonists ang«GXRdiisnsagonistsitengyAMD 3100} saxpraptisologathenbibitisblaraRRM: 140,
PRO-542, TBRsP2041 A 220N TR £R2 WO ANDIAEPORE LER2AR 086 1L 14K 652)
vicriviroc (SCH-417,69 é NX-355, rg:ravwoc %K%??%ﬁ%m?M? 88 0421, BNCE-é)G a Mmaturation
inhibitor for exaBIEISBAYFRAAE PRUBPARBYIAINE St e LIRS Mitkitdts 3 a5 At bitors), e.g.
hydroxyu@Sa as@rBeitikeTbe chibipaiigisanadng veehengbevenor MmoyppiaTentdvBighedin®ént is a
combination casmeiésg Karr e paigidisgracdiey faoenel, CO®iGl ,zgsalt orandtetiedisimeric form
thereof, and (byan Y apiyiral selectrd fam dardgaviny 5eMmAPYREYihike fagmicRlname

(1-benzy1-3-{[2-(1-cyclopentyl-p iperid. i n-4-yla m inp)-benzqth iazo|.e-6-sulfonyl]- .
1c)isobutyl-amfige" -tﬁyotﬂﬁy-ﬁg gﬁ)-éa icg%fg'dex%ﬂgﬁ}o-ﬁghs-ﬁm@ & DPNYBY Most
preferred is a dewfiBlittieniOvhareling & asesFimhiP R SHEREHI IS Vaiethy |
(2S,3R)-4262-(ethyl(methypamino)-N-isobutylbenzo[d]Oxazole-6-carboxamidO)- 15
S-hydroxy-L-phepyianresashagale s sy BinihBopieddrpangéhrerlZan aiso be
(1-cyclopentyl-piperidin-4-ylamino)-benzothiazole-6-sulfonyl]-isobutyl-a nolaz-. ;
oy oromy B EIRE S Co AR, SR SS T IS, TN e SRR ATARET the
present inventioh tHeroBRToNHed Rpretess fit2oopiinaigieasatbiniiich sidSsERiBE@herein,

comprising the géepridecomtining ancompaunst ot fonainiagtics aipkiesthareatinallyfateepttble salt
thereof. aggl an,Hilianbdral. eophauacetise oRtRrRIeeRi A dimallemale .
embodiment of this invention pro |de? a %%E)C%SS Wq?reln.t e combt:Lnatlon c%mﬁns%ione % more
additional agerREGRECHHE HEVGIR ST LB IRITARH OV R e FLR I SO TR 2ISh the
compounds thé@giEvesief the ggeredyvahast, Canosidsed B eeibaYitatdSa80¢563¥ a medicine
or medicameniceprppsissisedyatan)aadmisistatipatory infeistertsulbjentiatiamaniduet effective
to combat the ganelitions ssseriated W HIY . A% CARAUIACS 86 the:gHrI8NHIBKARYIR. dnore

specifically compounds of the formula (l1) - (IV),.are in particular useful as agents.in boosting other
chemical %titiéﬁ‘@?&% 409G\ ral BETRS éj(jc Y FEUHERT S ri mAARPOUE3n gq{?ém@?th
combinations ofgistpresentihventisietaiBacistyanihe ntifadimiei oriredidAnfipe useful for
treating, prevenigggrapksitebating @eirdeiiionongissase assaositiza wWithlelld tdetdiomgn thenammal. In
one embodimegt ot ¢ BresertinyenigndsRisavided anbarmrasulcal fmROS igngomprising a
combination according to any one of the embodiments described herein and a pharmaceutically
acceptable excipient. WO 2009/071650PCT/EP2008/066847 -18- In particular, the present invention
provides a pharmaceutical composition comprising (a) a therapeutically effective amount of a
compound of formula (l) or a pharmaceutically acceptable salt thereof, (b) a therapeutically effective
amount of an HIV antiviral, or a pharmaceutically acceptable salt thereof, and 5 (c) a pharmaceutically

acceptable excipient. Optionally, the pharmaceutical composition further comprises an additional agent
caolectad from an HI\/ antivviral Ac i1iced herain the term "combpocitinn” ie intended to encomMmnpnace a



25effect that is therapeutically effective. The pharmaceutical composition can be prepared in a manner
known per se to one of skill in the art. For this purpose, at least one of a compound of formula (I) or
any subgroup thereof, and an HIV antiviral, together with one or more 30 solid or li UId harmaceutical
excipients a & %Pfﬁé(gﬂr@(? in combination with other pharmaceutical active géﬁﬁ%%?%gs dre brought
into a suitable administration form or dosage form v lich can then be used as a pharmaceutical in
human medicine or veterinary medicine. 35In one embodiment the combinations of the present
invention may ialserfenfarm glaierhas eaponinecyprepal gitatifocspauiktanemdsirsaparssetiog sequential
use in HIV the%ﬁgxaefe&oﬂmgﬁsdréé%%ﬁ a%iEBTB%HS%%QFP@@MQWE%%QBQﬁ any
subgroup thereof, Is formulated In a pharmacedutical WO 2009/071650PCT/EP2008/066847 -19-
composition containing other pharmaceutically acceptable excipients, and the appropriate HIV antiviral
is formulated Sepiasatedtyion@@ifaahidenrneso ATPDEIRR tontdlif L BrecrPREsRRIHSUBCHIS
acceptable excipiaptsitepryanigatyethesthiviocsepdrniapbaroatentenl temnpositisosicassbe part of a

Skt or simultaggoy, 350aralh AL REQUaTHial Hes: ThiHisndiidual epmponars g fombination
of the present invention can be ad [mnlst d se arate % éEent times:. urln%theléggfiglgeof tgerapy
to be

or concurrentlyHFERAGRT oPSIRTIK ¥8Mbi Ffoﬁ FOMPSSHIN S S
understood as lgabribicashasfdhenyerfiiasies Qﬁﬁ@'ﬁ@ﬁé&@ofcﬁlt@ﬁﬁ@ﬁﬁ@ fisaitmrapiosihigtiae term
"administering bisitebecnterpiticdmecopdingbnin & prafdtyedieanodimeit;, theseparatetelosage forms

are adminjste Jsﬂy%@aa RANARROUSIdn [fIeAEaRRSIoRS efrﬁjﬁaucﬁﬁosgmr%@@@raom@natlon of
the present invention, Whether co- for ulated in a SI fmulation or for Late or simultaneous
separate or seff e (B 9B 38 ’H@?er%‘bcg (92 L8 LuSPENShs UK SRk Yablets,

sachets, soluti@HsmRIsRNSBAEERUSIORS), ‘@mmu@weﬁﬁem@fﬁw%clua hg doissiedieous
injections, 20 igtaNeNUST istrgratstarviay aserfoshinjeetioacoiningian tecbwigues) usipigally,
rectally (includiigsippasirissy, Vadiatd:4io. an-EpeianiedigeRivoby Indrrage UBidarmulations
containin onventhn maceu pce[gg ge carrler a Juv. n S I%vehlcles 25 A
preferred mﬁB@ﬂmﬁv %i% Eé'l”é) {Rpridh Hﬁ%&na PR BF fﬁg RN R YT RALIRE an HIV
inhibitor wheref®i#iéoimhibitsrigblgrshisnarana evnipsting wid m@@ﬁ@mla@@wé such as
(1-benzy1-3-{[2tEkiiey cirpentyxpiparidinideilamine)ientiothrarale-6r stifougiidesh uylkafaityo}-2-hydrox
y-propyl)- carbgg‘&g qﬁgmgygﬁ 5fugo[2,3-b]furan-3-y1 ester. 30Most preferred, according to the
invention, is a composition or product comprising thiazol-5-ylmethyl
(2S,3R)-4-(2-(ethyl(methyl)amino)-N-isobutylbenzo[d]oxazole-6-carboxamido)-3-hydroxy-1-phenylbuta
n-2-ylcari$@mafEhgnehareeseLine HIonMmew Herss ¢1 thsnimentign- ey alsp pry RRIpEYRIRIeHylamino)-
benzothiazole- @kaﬂsﬁ@@gm amano}e-Ngahexyepropyireariasicesidreas or organs
35hexahydrofu.rp(£2‘ iy QlHERR Y L\ BRISE AV, @%p?.L@ﬁOP.QTé%g%@@ﬁggZQZQ,ﬂa@grprought by
means of the cu metho SI thes alo rms, such : tablets, coated
tablets, hard c&ﬁéﬁ%g éﬁﬁ%ﬁ% %%f%% g@? G éy Hé??é&??iers are
gum arable, m&gnesed] ﬁfé@ﬁﬁ%l@fﬁ%ﬂf(ﬁfﬁ@%otﬁ%i% @P@Jﬁiﬁ@l’é fpacfadowRIcHE@S I3 starch, in
particularzgornusierehainsbisteasecdthe preparmtsuppasibeycimedaidrbgbaveryand:as moist
granules. Suitabie.pily exeipERif1iSAE AN paRIAbl phaNdEh lnay g adawer oil or cod

liver oil. Suitab ents for aqueous or alcoholic’solutions are water, ethanol, sugar solutions, or
mixtures thereof. Polyethylene glycols and polypropylene glycols are also to useful as further
auxiliaries for dtReteRIpGINESREABHORIINES RO APEEEIAIe TORRORIINEE MAR e JBRPISIRENE may
contain microceystatiinteceititnse; dicaliiung thespiiate cotamminenagsesiemdste anatésaobléartose
andjor Otgr eXRIBIRL, RIBPLarRNendamisiniagip odiARpAR LPiRARKIANAdbhe art 15

The oral administration of a combination of the re |nve ntion, is. suitably p|ISh d by uniformly
and intimately BEShHK @E%@Pﬁ aLh HsE 416! gcﬁn c?rlule ﬁ§%8?%%93 q?)v(\?der
optionally also RetQERY R maw@wa%al|dmdméveélmd%a@@hy@smqwmﬁqm@w%%mple a
hard gelatin 20epapisifiend hessolimhcaniescansinstbdavene dnanpraisnbstanices vdrgtoaitions binders,

lubricants, disintegraginggasnis.criaring agraiseanshitie e caultablesself rerisrs ek, for
example, calcium phosphate, m m stearat Ic sugars, lactose, dextrin, starc Iatln
cellulose 3‘Boly\ﬁﬂ B?Hé)ﬂgﬁ ecf‘ul%?/grrﬁggj éﬁ% Oi’r?? >8 nﬁe Fggfﬁs @WQFSHE?# ¥tratlon of a
combination ofﬁﬁ@pﬁé?lﬂw@aﬁv@moﬁ%%@l%%@@c’é@?ﬁﬁﬁsﬁéa e pripiEnitRy dap SR Ardblets
containing the gegires amouwssiohthe couigeurichtf folmuiatyl) estyrsoptimnatpieleyterasitbla solid
carrier as descgmm@ B@HEW%?CBHBF‘%!HH‘@% desired amount of the HIV 30 antiviral only.
Compressed tablets containing the compound of formula (1) can be prepared by uniformly and
intimately mixing the active ingredient with a solid carrier such as described above to provide a mixture
having the necessary compression properties, and then compacting the mixture in a suitable machine
to the shape and size desired. Molded tablets maybe made by molding in a 35 suitable machine, a
mixture of powdered the compound of formula (I) moistened with an inert liquid diluents. Oral

administration can also be accomplished by preparing compressed or molded tablets containing the
comnontind of formiila (1) ac i11et deceribed the tabhlete nf criitable ci7ze for \ WO



WO 2009/071650PCT/EP2008/066847 -22- When rectally administered in the form of suppositories,
these formulations may be prepared by mixing the individual components of a composition according
to the invention with a suitable non-irritating excipient, such as cocoa 5 butter, synthetic glyceride
esters or po%tﬁﬂ?PéWéﬁéﬂ/cols, which are solid at ordinary temperatures, Bﬁ?’l?d’&i/’élﬁé?%ﬁ /or dissolve in
the rectal cavity to release the drug. In another embddiment of the method of the invention, the
administration may 10 be performed with food (e.g., a high-fat meal) or without food. The term "with
food" means the consumption of a meal either during or no more than about one hour before or after

administration & A ARG FAMBRIER S OlHBSGOM i ApRASRATEL e dBeriMREAMS oIn one
embodiment, the combinations of the present Inventjon contain an amaount of a compound of formula
(), or a pharmﬁl@ﬁt%l%l@%?@é% % é%‘l’f'ﬂ%réﬁ, Wdft\fﬁﬁﬁaguﬁ%ﬁp@%ﬂn éﬁ/ ﬁﬂgl%%it{%
bioavailability @cgasdy inhiisitorep Beniwi fesaifad!'® tRE-BIdalinladimy GMe ALSAIE S PR%ARIbItor or
antiviral is adminigéeres siesne 30/teanotbseambogdionaithitiee cagiiniationsicl the ppelenitinvention
contain an amaytaf 2 compaundal formulauling” aBaraRsRINIGally arcepiable calfiihegeof, which
is sufficient to increase at least one of the pharmacokinetic variables of the HIV inhibitors selected
from t112, Cmif? 7R ‘f‘%{%uc at for 25instance 12 hours, or AUG at for instance 24 hours,
relative to said at least one pharmac,okinetic variable when said HIV inhibitor is administered alone. A
further embodinemoglatesiboaimetiiast theimptovingthiecbioesatiabiltheoiamikibtanbibitoayzomprising

administefing tgeadndiiuabinesd fL.8uh REFRIGYREIOH:AARBIANEIAN 3ReelnRc grein
comprising a therapeutically effective g)q[ount each cg[{HJcl)’annt of said comblnﬁgon. In a further
0

embodiment, VBB d&ELRHRERE r & TAb YERG A (5 YL AN &S ically
acceptable salptiefedf Hetrdraprolier e8RS TEASN0RE DfARE PhAIIBCEKIMNRERONFi&8Id8¢f an HIV
inhibitor selectegrfigiktich atitsrdimate GesindéHaat.for instance 12 hours, or AUG at for instance 24
hours; with the proviso that said use is not practiced in the human or animal body. WO '
2009/071650PCT/EP2008/066847 -23- T?ﬁ?ﬂﬁrm ,"indivigq@l“ as used herein refers to an animal,
preferably a miinARg, RIBEPRIBRNaLT)S FRIFREACIME ndls Bse R iRReBh A F PRafRRY oBCervation or
experiment. 5B0MHabfligy poaemed & faefiatioh 6F siriifstersaiissdy csespigRips&atic
circulation.t112mepsesantsctheshalftfitecat tioneltakemnfomihewiatmattonesnbitiprofotfal Hihalf its
original vaue. Gy i e, eAdy 1R A0S ARGy e R) CERLATSAUMDIGRHI !B Input of

drug equals the rate of elimination. C", |s defined as the lowest (minimum) concentration 10 measured

during the dosiﬂ@t‘in@P\'/%@r%ﬂﬂ%efr&&@ 5 the highest (maximum) concentration measured during

the dosinglnterval. AUG is defined as the area under the plasma concentration-time curve for a

defined period ipf &imaentar dassaneasat Bhpobihkhoeskd THepgestinatiendef tustiivention can be

administered tq, humansn dosags rANgessRGAIIG for saghremponani camprisediiheaidy

combinations. The camponents comprised in said comb'n? ions can b mipistered to e%ther or
RS St e h I

d
separately, ThEBTPIHET it IR Borb TS 0P T 1% Bhd P e A htable sal
or ester thereofafiali¢ms tssdy |ukitersoaiestertidiont 0:02 tonb. O gramisspefr by AVIREN the HIV
inhibitor opsantivisedasesl thecorspound Offofonisithescddministesetiie corsbitatitenghenseight ratio
Of the HIV Inibiigt I rRmpounabel Irania i Hibliindie Anasepbi amahout 40:1 fo about
25 1:15, or from about 30:1 to about 1:15, or from about 15: 1 to about 1: 15, typically from about 10: 1
to about 1:10, and more typically from about 8:1 to about 1:8. Also useful are weight ratios of the HIV
inhibitor to comfpéintiteoEfohadiaent e o ehimaboed 61 i rIsying tee Sidrylabbt af Bfo about 1:4,
or from about 3ivo iahiitol - Zoegremabedmibteriagous 152 dnéioruaboint 3kéd:dftosabbut 1:1.5. In
one aspe%% NS ASPAVKIN Y 180k R BEAH e BRI SRALRY (oG arRATE! afbtapkalitycompound

of formula (I), wherejn the Welg tratl?iof the HIV inl?lbitI%r to the c?.m ound of formula (1) is suitably in
the range of frdfHSIISEEMIUY 8bGACA SPTRIBRIIN 8IH SEUGEUPY about 10: 1, and more typically
from about 1: 1 to about 8: 1. Also useful are weight ratios of the 35 HIV inhibitor to the compound of
formula (1) ranging frgnmabeuitodiniesthebié 6hiestidrorelabmutd tAdaabanit 5: dorapdromd affout 1: 1 to
about 4:1, or AMARGUNE I RROHt3RLITPE-RBR el AR G g o AR i 4o about
1.5:1. WO 2009/071650PCT/EP2008/06684.7 -24-

cordin ne embodiment, the H|V inhibitor
and the compolGRS F6A TS ﬁ?ﬁﬁ%ﬁ% s %Hﬁﬁ%?(f%é) oﬂ'gﬂ\?f@j?&'tgrasaﬁlﬁg %get{']?vr\ﬁclé’?three, four,
fives or six timés-a\feek, PreféldbipbiaiinsitueihiheoumnoemfbiGHE FVNBIRBRBrAY pEdSse is from
about 10 to abeuiHR0mgisaedhezammeisaidhpractitgoundiad fammerteot ppienaldsedis from 10 to
about 2500 mg. In another embodiment, the amounts per dose for once or twice daily
co-administration are from about 50 to about 1500 mg of the HIV inhibitor and from about 50 to about
1500 mg of the compound of formula (1). In still another embodiment, the amounts per 10 dose for the
daily or weekly co-administration are from about 100 to about 1000 mg of the HIV inhibitor and from
about 100 to about 800 mg of the compound of formula (1). In yet another embodiment, the amounts
per dose for the daily or weekly co-administration are from about 150 to about 800 mg of the HIV

inhibitor and from about 100 to about 600 mg of the compound of formula 15 (1). In yet another
oambodiment the amoniinte nar dnce for the dAailvy or wealkhyy co-adminictration are from ahotit 200 tn



300/50, and 200/50. WO 2009/071650PCT/EP2008/066847 -25- It will be understood, however, that
specific dose level and frequency of dosage for any particular patient may be varied and will depend
upon a varid(;%y of factors including the activity of the specific compound employed, the metabolic
stability an é’rﬁﬁ‘ﬂ?’g}]gé?ion of that compound; the age, body weight, ger]f' HF%ZH%%%?,S%X and diet of
the patient; mode and time of administration, rate of*€xcretion, drug combination, the severity of the
particular condition, and the type of patient undergoing therapy. In one embodiment of the present
invention thereTiseprervidadoancursiclanfiddnansifacsises conaprising s, quateastitipn efteotivel to treat an

IV |nrection: SRELPARRAI MAGHAI QMR G BANRLER o caiRm b IS compaption can be

used to treat infecti ; whereln the composition comprises the combination as described
herein. 15 Exa%B@ém?é/BIe 5 gives an overview of the results obtained when testing compounds
CIC55 in various in vitro assays. More details about these assays are given underneath the table. The
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concentration fo fall to half its original value. Cs is the steady state

concentration, i.e. the concentration at which the rate of input of drug equals
the rate of elimination. Cmin is defined as the lowest (minimum) concentration

10 measured during the dosing interval. Crax, represents the highest {maximum)
concentration measured during the dosing interval. AUC is defined as the area
under the plasma concentration-time curve for a defined period of time for
instance at 12 hrs or 24 hrs.

15 The combinations of this invention can be administered to humans in dosage
ranges specific for each component comprised in said combinations. The
components comprised in said combinations can be administered together or
separately. The HIV inhibitors, and the compound of formula (l) or a
pharmaceutically acceptable salt or ester thereof, may have dosage levels of

20  the order of 0.02 to 5.0 grams-per-day.

When the HIV inhibitor or antiviral and the compound of formula {1} are
administered in combination, the weight ratio of the HIV inhibitor fo the
compound of formula (1) is suitably in the range of from about 40:1 to about

25  1:15, or from about 30:1 to about 1:15, or from about 15: 1 to about 1: 15,
typically from about 10: 1 to about 1:10, and more typically from about 8:1 to
about 1:8. Also useful are weight rafios of the HIV inhibitor fo compound of
formuta (1) ranging from about 6:1 to about 1:6, or from about 4:1 to about 1:4,
or from about 3:1 to about 1:3, or from about 2.1 to about 1:2, or from about

30 1.5:1 to about 1:1.5. In one aspect, the amount by weight of the HIV inhibitor is
equal to or greater than that of the compound of formula (1}, wherein the weight
ratio of the HIV inhibitor fo the compound of formuia (I} is suitably in the range
of from about 1: 1 to about 15: 1, typically from about 1: 1 to about 10: 1, and
more typically from about 1: 1 to about 8: 1. Also useful are weight ratios of the

35 HIV inhibitor to the compound of formuia (1) ranging from about 1: 1 to about 6:
1, or from about 1: 1 to about 5: 1, or from about 1: 1 to about 4:1, or from
about 3:2 to about 3:1, or from about 1:1 to about 2:1 or from about 1:1 to
about 1.5:1.



41/0} D33-610ZdA3 VNCO0 :110111qltitn )6 )6 LL vL 32. 90 )C)17 3t7 ogt)443

WO 2009/071650 PCT/EP2008/066847
D4

According to one embodiment, the HIV inhibitor and the compound of formula

(1) may be co-administered once or twice a day, once, twice, three, four, fives

or six times a week, preferably orally, wherein the amount of the HIV inhibitor

5 perdose is from about 10 to about 2500 mg, and the amount of the compound
of formula (I) per dose is from 10 to about 2500 mg. In another embodiment,

the amounts per dose for once or twice daily co-administration are from about

50 to about 1500 mg of the HIV inhibitor and from about 50 to about 1500 mg

of the compound of formula (1). In still another embodiment, the amounts per

10 dose for the daily or weekly co-administration are from about 100 fo about
1000 mg of the HIV inhibitor and from about 100 to about 800 mg of the
compound of formula (1). In yet another embodiment, the amounts per dose for

the daily or weekly co-administration are from about 150 to about 800 mg of the

HIV inhibitor and from about 100 to about 600 mg of the compound of formula

15 (I}). In yet another embodiment, the amounts per dose for the daily or weekly
co-administration are from about 200 to about 600 mg of the HIV inhibitor and
from about 100 to about 400 mg of the compound of formula (1). In yet another
embodiment, the amounts per dose for the daily or weekly co-administration

are from about 200 o about 600 mg of the HIV inhibitor and from about 20 to

20 about 300 mg of the compound of formula (1). in yet another embodiment, the
amounts per dose for the daily or weekly co-administration are from about 100

to about 400 mg of the HIV inhibitor and frem about 40 to about 100 mg of the

compound of formula (1).

25  Exemplary combinations of the HIV inhibitor (mg)/compound of formula (1) (mg)
for twice daily dosage include 50/100, 100/100, 150/100, 200/100, 250/100,
300/100, 350/100, 400/100, 450/100, 50/133, 100/133, 150/133, 200/133,
250/133, 300/133, 50/150, 100/150, 150/150, 200/150, 250/150, 50/200,
100/200, 150/200, 200/200, 250/200, 300/200, 50/300, 80/300, 150/300,

30 200/300, 250/300, 300/300, 200/600, 400/600, 600/600, 800/600, 1000/600,
200/666, 400/666, 600/666, 800/666, 1000/666, 1200/666, 200/800, 400/800,
600/800, 800/800, 1000/800, 1200/800, 200/1200, 400/1200, 600/1200,
800/1200, 1000/1200, and 1200/1200. Other exemplary combinations of the
HIV inhibitor (mg)/compound of formula (1} {mg) for twice daily dosage include

35  1200/400, 800/400, 600/400, 400/200, 600/200, 600/100, 500/100, 400/50,
300/50, and 200/50.
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it will be understood, however, that specific dose level and frequency of dosage
for any particular patient may be varied and will depend upon a variety of
factors including the activity of the specific compound empioyed, the metabolic
stability and length of action of that compound; the age, body weight, general
health, sex and diet of the patient; mode and time of administration, rate of
excretion, drug combination, the severity of the particular condition, and the
type of patient undergoing therapy.

In one embodiment of the present invention there is provided an article of
manufacture comprising a composition effective to treat an HIV infection; and
packaging material comprising & label which indicates that the composition can
be used to freat infection by HIV; wherein the composition comprises the
combination as described herein.

Examples
Table 5 gives an overview of the results obtained when testing compounds C1-
€35 in various in vitro assays. More details about these assays are given
underneath the table. The resulls and examples given are presented to
exemplify the invention and are not to be consirued as limiting the scope of the
invention.
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Table 5: In vitro results of selected test compounds
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nd: not determined
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Assay 18&2: Antiviral activity/Toxicity
The compounds of the present invention were tested for antiviral activity in a
cellular assay, which was performed according to the following procedure.

The human T-cell line MT4 is engineered with Green Fluorescent Protein
(GFP) and an HIV-specific promoter, HIV-1 long terminal repeat (LTR). This
cell line is designated MT4 LTR-EGFP, and can be used for the in wvitro
evaluation of anti-HIV activity of investigational compounds. In HIV-1 infected
cells, the Tat protein is produced which upregulates the LTR promotor and
finally leads to stimulation of the GFP reporter production, allowing measuring
ongoing HiV-infection fluorometrically.

Analogously, MT4 cells are engineered with GFP and the constitutional
cytomegalovirus (CMV) promotor. This cell line is designated MT4 CMV-
EGFP, and can be used for the in vitro evaluation of cytotoxicity of
investigational compounds. In this cell line, GFP levels are comparably to
those of infected MT4 LTR-EGFP cells. Cytotoxic investigational compounds
reduce GFP levels of mock-infecied MT4 CMV-EGFP cells.

Effective concentration values such as 50% effective concentration (ECso) can
be determined and are usually expressed in pM. An ECsp value is defined as
the concentration of test compound that reduces the fluorescence of
HiV-infected cells by 50%. The 50% cytotoxic concentration (CCse in pM) is
defined as the concentration of test compound that reduces fluorescence of the
mock-infected cells by 50%. The ratio of CCs to ECs is defined as the
selectivity index (S!) and is an indication of the selectivity of the anti-HIV activity
of the inhibitor. The ultimate monitoring of HIV-1 infection and cytotoxicity is
done using a scanning microscope. Image analysis allows very sensitive
detection of viral infection. Measurements are done before cell necrosis, which
usually takes place about five days after infection, in particular measurements
are performed three days after infection.

Table 5 lists pECs; values against the wild-type HIV-1 llIB strain as well as
pCCsp values for a selected number of compounds of the invention. A pECsp
value corresponds to -l0g1o(ECsn). A pCCspy value corresponds to -logo(CCxo).

Listed are compounds having a pECse value of less than 4.00 to maximum
4.88 pECso. Darunavir, a commercially available HIV protease inhibitor, has an
pECs; of 8.17. The pECs range of <4 to 4.88, when compared to 8.17, is
significantly lower in terms of antiviral activity, therefore demonstrating that the
compounds of the present invention confer minimal or no resistance to HIV.
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Equally, the toxicity values reported for the compounds of the present
invention, in a range of less than 4.00 to maximum 4.86 pCCso, demonstrate
the low or minimal toxicity of these compounds.

Assay 3: Metabolic stability of test compounds (HLM15')

Sub-celluiar tissue preparations are made according to Gorrod et al
(Xenobiotica, 5, pp. 453-462 (1975)) by centrifugal separation after mechanical
homogenization of tissue. Human liver tissue is rinsed in ice-coid 0.1 M Tris-
HCI (pH 7.4) buffer to wash excess blood. Tissue is then blotted dry, weighed
and chopped coarsely using surgical scissors. The ftissue pieces are
homogenized in 3 volumes of ice-cold 0.1 M phosphate buffer (pH 7.4) using
either a Potter-S (Braun, ltaly) equipped with a Teflon pestie or a Sorvall Omni-
Mix homogenizer, for 7 x 10 sec. In both cases, the vessel is kept infon ice
during the homogenization process. Tissue homogenates are centrifuged at
9000 x g for 20 min at 4°C using a Sorvall centrifuge or Beckman
Ultracentrifuge. The resulting supernatant can be stored at -80°C and is
designated ‘S9'. The S8 fraction is centrifuged at 100,000 x g for 60 min at4°C
using a Beckman ultracentrifuge. The resulting supematant is carefully
aspirated, aliquoted and designated ‘cytosol’. The pellet is re-suspended in
0.1 M phosphate buffer (pH 7.4) in a final volume of 1 ml per 0.5 g original
tissue weight and designated ‘microsomes’. All sub-cellular fractions are
aliguoted, immediately frozen in liquid nitrogen and stored at -80°C until use.

Test compounds and a NADPH-generating system were added 1o human fiver
microsomeas ('microsomes’ fraction, protein concentration 1 mg/mi} suspended
in 0.1 M phosphate buffer (pH 7.4), to get final reaction mixture
concenirations of 5 pM test compound, 0.8 mM D-Glucose-6-phosphate,
0.8 mM MgCl; and 0.8 U/ml of Glucose-6-phosphate dehydrogenase. Heat-
inactivated (10 min at 95°C) ‘89 or microsomes were used for blank
experiments. Reaction mixtures were incubated at 37°C for 5 min, after which
the reaction was started by the addition of 0.8 mM B-NADP. The reaction was
incubated for 0 or 15 min. Next, the reaction was stopped by addition of
2 volumes of DMSO (or acetonitrile). Samples were centrifuged (10 min,
900 x g) and analyzed by LC-MS.

Assay 4: CYP450 inhibition
Inhibition of the metabolism of test compounds by different CYP P450
isoenzymes was determined using E. coli expressed proteins (3A4, 2C9, 206,
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1A2, and 2C19) that convert their specific substrates into a fluorescent

molecule (Table 6).

This fluorescent molecule was measured using a

fluorescent plate reader (Victor2 (Wallac) or Fiuoroskan (Labsystems)).
Compounds inhibiting the enzymatic reaction will result in a decrease of

5 fluorescent signal. CYP P450 enzymes were prepared in house or
commercially bought and stored at -80°C.
Table 6: Conversions mediated by the respective E. cofi expressed CYP P450
isoenzymes
10
Substrate Enzyme Fluorescent molecule
BFC:7-Benzyloxytrifluoromethyl 7-HFC:
CYP3A4
coumarin 7-Hydroxy-trifluoromethyl coumarin
BQ: 7-benzyloxyguinoline CYP3A4 7-HQ: 7-hydroxyquincline
DBF: dibenzylfluorescein CYP3A4 fluorescein
MFC 7-Methoxy-4-trifluoromethyl 7-HFC:
CYP2CH
coumarin 7-Hydroxy-triflucromethyl coumarin
AMMC: AHMC:
3-[2~(N,N-diethyl-N-methylamino}- CYP2D6 | 3-{2-(N,N-diethylamino)ethyl]-7-hydroxy-
gthyll-7-methoxy-4-methylcoumarin 4-methylcoumarin hydrochloride
CEC: 7-ethoxy-3-cyanocoumarin CYP1A2Z CHC: 3-cyano-7-hydroxycoumarin
CEC: 7-ethoxy-3-cyanocoumarin CYP2C19 CHC: 3-cyano-7-hydroxycoumarin

15

20

The assay was performed in black 96 well Costar plates. Test compounds
were added to a CYP P450 enzyme solution in the presence of an NADPH
generating system. After 5 min of preincubation at 37°C, the freshly prepared,
phosphate buffered {(pH 7.4) substrate solution was added. Known CYP P430
inhibitors were used as positive conirols, negative controls were run without

CYP P450 enzyme.

For final reaction mixture concenfrations, see Tabie 7.

Reaction mixtures were incubated at 37°C for 30 min (CYP3A4-BFC), 30 min
(CYP3A4-BQ), 10 min (CYP3A4-DBF), 15 min (CYP1A2-CEC), 30 min
(CYP2C9-MFC, CYP2C19-CEC), or 45 min (CYP2D6-AMMC), respectively.
Then, the reaction was stopped by the addition of 200 pl acetonitrile, and the

fluorescent signal was detected.
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Table 7:Final reaction mixture concenirations for CYF P450 isoenzyme

inhibition assay.

0.4 04

U/.rnl Ufml 0.4 U/ml | 0.4 Uimi

33mM{33mM | 04tmM | 33mM | 3.3 mM
13mM i 13mM | 82pM 13 mM | 1.3 mM
5nM 60 nM 42 nM 5 nM 25nM
1 uM | 200 uM 3 UM 5 uM 25 pM

Calcuiation of CYP P450 isoenzyme inhibition (% inh.):

5
% activity=(100/(average positive control-average negative controt}) x (average
sample—average negative control)
% inhibition = 100 - % activity
10

Assay 5: % Metabolic blocking: Inhibition of TMC114 metabolism
Darunavir (TMC 114 currently marketed as Prezista™) and tested booster
compounds were added to human liver microsomes (‘microsomes' fraction,
protein concentration 1 mg/ml) suspended in potassium phosphate buffer
15 (pH = 7.4), to get final reaction mixture concentrations of 3 uM darunavir and
3 uM test compound. In the non-boosted parallel reactions, test compound
was not added.
Boiled human liver microsomes were used for blank experiments. After
addition {in a 1:3 {(v/iv) ratio) of a NADPH generating mixture consisting of
20  B-nicotinamide adenine dinuciectide phosphate (B-NADP, 0.5 mg/ml,
653.2 uM), D-Glucose-6-phosphate (2 mg/ml, 7.1 mM), Glucose-6-phosphate
dehydrogenase (1.5 U/mi) in 2% NaHCOs3, the reaction mixture was incubated
at 37°C for 30 or 120 minutes after which the reaction was stopped by
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increasing the temperature to 95°C. Darunavir concentrations were determined
using HPLC-MS. The confrol value, obtained when the percentage TMC114
remaining is determined in the non boosted reaction (=absence of test
compound), is 12% (median value of 10 experiments).

To test the "boosting capacity” (=ability of the compounds to enhance the
pharmacokinetics of darunavir) in vivo, representative examples C1, C6 and C7
were given orally (in a suitable vehicle like for example PEG400- or
PEG400/30%saline or HppCD) to a group (n=3) of fed, male Beagle dogs, at a

10 dose of 5 mg/kg body weight, 15 minutes prior fo administration of 5 mg/kg
body weight darunavir. Oral dosing was done by gavage. At all times, the dogs
were given free and continuous access to water. Blood samples were collected
from the jugular vein at 0 (= predose), 0.5, 1, 2, 4, 7, and 24 h after dose
administration. The samples were centrifuged at 1900 xg for 10 min at 5°C {0

15  allow plasma separation. Separated plasma was stored in the freezer within
two hours after blood sampling. At ali times, blood and plasma samples were
placed on melting ice and protected from light. Individual ptasma samples were
analyzed for darunavir and booster compound by means of LC-MS/MS.
Pharmacokinetic parameters for darunavir were calculated using

20 noncompartemental Analysis, WinNonLin software Version 5.0, Pharsight, and
are listed in Table 8. Values listed are the average of 3 dogs. Fold change (FC)
values indicate the difference with the control experiments in which only
5 mg/kg darunavir was given.

25 Table 8: Booster influence on kev pharmacokinetic parameters of darunavir,

ot | 4743 | 1577 | 134 | 72 | 2 | 32

Experimental

Reagents were purchased from commercial sources and were used as
30 received. Thin layer chromatography was performed on silica gel 60 Fosy

plates (Merck). LC-MS analysis was done using either one of the foliowing

methods. Data for compounds C1-C55 are listed in Table 1 (see above)
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LCMS-method 1

HPLC-system: Waters Alliance 2695 (pump + auto sampler), Waters 996

(Photo diode array-detector)

Column: Waters XTerra MS C18 2.5um 50x4.6mm

Temperature: 55°C

Mobile phase: A: 10mM HCOONH. + 0.1% HCOOH in Hx0O
B: CH3CN

Gradient: Omin: 15%B, 3min: 95%B, 4.2min: 95%B

Eguilibration time: 1.2min

Flow: 2ml/min

Injection volume: 5pl of a G.5mg/mi solution

MS-detector: Waters ZQ

lonisation: electrospray in positive and negative mode

LCMS-method 2

HPLC-system: Waters Alliance 2790 (pump+autosampler), Waters 896 (Photo

diode array-detector)

Column: Waters SunFire C18 3.5um 100x4.6mm

Temperature: 55°C

Mobile phase:  A: 10mM NH4OOCH + 0.1%HCOOH in H20
B: acetonitril

Gradiént: Omin: 5%B, 5.4min: 85%B, 7.2min: 95%B

Eguilibration time: 1.8min

Flow: 1.5mi/min

injection volume: 5ul of a 0.5mg/mi solution

MS-detector: Waters LCT

ionisation: electrospray in positive and negative mode

NMR spectra were recorded on a Bruker Avance 400 spectrometer, operating
at 400 MHz. Chemical shifts are given in ppm and J values in Hz. Multiplicity is
indicated using the following abbreviations: d for doublet, t for a tripiet, m for a
multiplet, etc. Compound names were generated using Chemdraw Ultra,
version 9.0.7 (CambridgeSoft).
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Chemistry
The compounds of formula () were prepared according to the general methods

1, 2 and 3 provided in schemes 1, 2 and 3. More detailed procedures are
described below.
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Scheme 1. Method 1
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Schemes 4 and 5 are illustrating the preparation of certain intermediate
carboxylic acids (indicated as I1 in the schemes above) in case they were not
commercially available. These schemes are meant fo be illustrative and by no

5 means lmiting.
/o\},o\

NHs N
HO oH EEEE—— HO g
C

4.1 O 4.2

Scheme 4: Synthesis of 2-methylbenzo[d]oxazole-6-carboxylic acid (4.2)

10
A solution of compound 4.1 (1.10 g) and 1,1,1-trimethoxyethane (5 mL) was
heated at 100 °C for 5 minutes in a microwave. The reaction mixture was con-
centrated under reduced pressure to provide 1.26 g of compound 4.2 (95 %
pure) as a brown powder. "H NMR (400 MHz, DMSO-dg) & ppm 2.66 (s, 3 H),
15 7.74 (d, J=8.4 Hz, 1 H), 7.96 (dd, J=8.3, 1.4 Hz, 1 H), 8.16 (d, J=1.4 Hz, 1 H),
13.07 { s(br 1 H).
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Scheme 5: Synthesis of 2-(ethyl(methyljamino)}benzo[dloxazole-6-carboxylic acid {5.6)
20

To a stirred solution of anhydrous MeOH (4L) in an ice bath was added
dropwise CHsCOCI (490 mL) below 10°C. Then compound 4.1 (486g,
3.17 mol) was added. The mixture was stirred at room temperature for 2 days.
25  TLC (EtOAc/petroleum ether = 1:1) indicated the reaction was complete. MeOH
was removed in vacuo. Water (4 L) was added to the mixture. Ko:CO3 was
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slowly added until pH = 10. The organic phase was separated, dried over
Na-SO; and concentrated to give compound 5.2 {460 g, 80%) as a brown solid.

A suspension of compound 5.2 {3939, 2.35 mol) and potassium o-ethylxanthate

5 (393 g, 2.45 mol) in pyridine (3L) was heated to refiux for 12 hours. TLC
(EtOAc/petroleum ether = 1:2) indicated the reaction was complete. The
mixture was cooled to room temperature and poured into four 5L flasks
containing 1600 mL on concentrated HCI and 10L of ice water. The mixture
was swirled for 5 minutes and the solid product was recovered by filtration. The

10 solid was washed with 1l. of water and dried for 30 minutes. The solid was
dissolved in 10L ethylacetate, washed with 2L of 1N HCI and 1L of brine, dried
over Na;SO4 and concentrated to afford compound 5.3 (390g, 79.3%) as a pink
solid.

15 To a suspension of compound 5.3 (320 g, 1.83 mol) and KoCQOs3 (276 g, 2 mol)
in EtOAC (3L) was added Mel (238.9g, 1.68 mol) below 20°C. The mixture was
stirred at room temperature for 12 hours. TLC (EtOAc/petroieum ether = 1:3)
indicated the reaction was complete. Water (2L) was added to the mixture. The
organic phase was separated, dried over Na;S0O4 and concentrated to give 5.4

20 (320 g, 93.8%) as a pink solid.

Compound 5.4 (5 g) was dissolved in 75 mL THF. N-methyi-N-ethylamine

(13.2 g, 10 eq) was added and the mixture was stirred at 70°C until LC-MS

indicated completion of the reaction. The mixture was evaporated to dryness
25 and the compound 5.5 (5.25 g, 99%) was used as such in the next reaction.

Compound 5.5 (5.25 g) was dissolved in THF-water 1:1 {100 miL). LiOH
(5.36 g, 10eq) was added. The mixture was stirred at 70°C overnight.
Concentrated HCI was added until a precipitation was seen. The mixture was
30 extracted 3 times with 100 mL 2-Me-THF. Combined organic layers were dried
on MgSQ.. Filtration foliowed by evaporation of the solvent gave 5.6 as a
yellowish solid. The compound was dried in vacuo overnight. 4.33 g (88%) was
obtained. 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.20 (1, J=7.2 Hz, 3 H), 3.15 (s,
3 H), 3.58 (g, J=7.1 Hz, 2 H), 7.29 (d, J=8.4 Hz, 1 H}), 7.80 (dd, /=8.3, 1.5 Hz,
35 1 H),7.84(d, J=1.5Hz, 1H),12.65 (s(br}, 1 H)

Representative examples for final compounds made via method 1
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Scheme 6: Synthesis of thiazol-5-yimethyl (25,3R)-3-hydroxy-4-{N-
5 isobutylbenzo{d]thiazole-6.carboxamido)-1-phenylbutan-2-ylcarbamate (C7)

A mixture of tert-butyl (8)-1-((S)-oxiran-2-yi)-2-phenylethylcarbamate (25.0 g)
(6.1) and isobutylamine (10.0 eq) in isopropanol (150 mL) was stirred at room

10 temperature overnight. The reaction mixture was concentrated under reguced
pressure to give 6.2 quantitative. The crude product was dried under high
vacuum and used as such in the next step.

Tert-butyl  (28,3R)-3-hydroxy-4-(isobutylamino}-1-phenylbutan-2-ylcarbamate

15 (6.2) (31.0 g) in dichloromethane was added to a solution of benzothiazole-6-
carboxylic acid (1.05 eq), triethylamine (1.5 eq) and HATU (2-(7-aza-1H-
benzotriazole-1-yi)-1,1,3,3-tetramethyluronium hexafluorophesphate, 1.05 eq)
in dichloromethane (500 ml). The reaction mixiure was stirred at room
temperature overnight. Water was added and the phases were separated. The

20 organic phase was three times washed with a saturated aqueous NaCOs
solution, brine, dried with MgSQ4 and concentrated under reduced pressure.
The residue was purified by column chromatography (eluent: dichloromethane
-> dichloromethane / methano! 95:5) to afford compound 6.3 guantitative,



: 01RUIVut ol 0441 VNI:10 0SedAO IL6 96 96 66 96 96 LL 96 176 96 86 06 P6 96 L6 16 L6 96 L6 96
e 4ifo WW1 0110V 40 199 LO CO 69 ZL 1,L ILg ZL Zg 08 99 V9 69 09 L9 L9 (C 33d) ppm 00-P

0017 00.P 00V 00-17 lo 0.17 00-P 001' 00-17 0017 VI. 60V
WO 2009/671650 PCT/EP2008/066847

-40-

Chlorotrimethylsilane (3 eq) was added to a solution of tert-butyl (25,3R)-3-
hydroxy-4-(N-isobutylbenzo[d]thiazole-6-carboxamido)-1-phenyibutan-2-
ylcarbamate (6.3) (45 g) and sodium iodide (4 eq) in acetonitrile {300 mL). The
reaction mixture was stirred at room temperature for two hours. An agueous
5 2 M NaOH solution was added and stirring was continued for an extra 30
minutes. Brine and dichloromethane were added 1o the reaction mixiure. The
organic phase was separated, washed with brine, dried with MgSO. and
concentrated under reduced pressure. The compound was purified by column
chromatography (eluent: dichloromethane = dichloromethane / methano! 9:1),
10 26.6 g (74%) of 6.4 was obtained as a white solid.

A solution of N-((2R,3S8)-3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyibenzol[d]-
thiazole-6-carboxamide (6.4) (20.9 g}, 2,5-dioxopyrrolidin-1-yt thiazol-5-ylmethyl
carbonate (1.0 eq) and ftriethylamine (1.2 eq) in 2-methyl-tetrahydrofuran

15 (300 mL) was stirred at room temperature for three hours. The reaction mixture
was washed with a saturated agueous Na:COs solution, dried with MgSO, and
concentrated under reduced pressure. The crude product was purified by
column chromatography (eluent: dichioromethane -> dichioromethane /
methanol 95:5) to provide 24.0 g (85%) of pure compound C7.

20 'H NMR (400 MHz, CHLOROFORM-d) & ppm 0.63 — 0.80 (m, 8 H), 1.71 — 1.86
(m, 1 H), 280~ 3.02 (m, 1 H), 3.02 — 3.23 (m, 3 H), 3.41 - 3.53 (m, 1 H), 3.82
— 4.06 {m, 3 H), 4.86 (s{br), 1 H), 4.89 - 5.08 {m, 1 H), 5.16 — 5.33 (m, 2 H),
747 =7.33 (m, 5 H), 7.53 (d, J=8.2 Hz, 1 H), 7.82 (s, 1 H), 8.02 (s, 1 H), 8.17
(d, J=8.3 Hz, 1 H), 8.78 (s, 1 H), 8.09 (s, 1 H)

25
Thiazol-5-yimethyl (2S,3R}-4-(2-(ethyl{methyl)amino}-N-isobutylbenzo[d]-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C1)

Weetsse

30 "M NMR (400 MHz, CHLOROFORM-d) & ppm 0.58 — 0.84 (s(br), 6 H), 1.28 (t,
J=7.1 Hz, 3 H), 1.77 (s(br), 1 H), 2.90 — 2.99 (m, 1 H), 3.00 — 3.41 (m, 3 H),
3.17 (s, 3H), 3.42 (d(br), J=13.9 Hz, 1H), 3.62 (q, J=7.2 Hz, 2H), 3.71 — 4.05
(m, 3 H), 5.05-5.34 (m, 4 H), 7.14 - 7.37 (m, 8 H), 7.79 (s, 1 H), 8.76 (s, 1 H)
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Thiazo!-5-yimethyl (28,3R)-3-hydroxy-4-(N-isobutyi-2-(piperidin-1yl}-
benzo[dloxazole-6-carboxamido)-1-phenylbutan-2-yicarbamate (C3}

N
NI oiﬁgwg%ND
N OH \r

H NMR (400 MHz, CHLOROFORM-d) 3 ppm 0.71 {s(br), 6H), 1.64 — 1.80 (m,
6 H), 2.82 — 3.27 (m, 4H), 3.4 (d, J=12.9 Hz, 1H), 3.69 (s, 4H), 3.75 — 4.07 (m
3H), 4.92 - 5.3 (m, 4H), 7.14 - 7.32 (m, 8H), 7.78 (s, 1H), 8.75 (s, 1H)

10 Pyridin-4-yimethy! (25,3R}-4-(2-(ethyl(methyl)amino)-N-isobutylbenzojd}-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-yicarbamate (C10)

k
r@/\ i on K]/

H NMR (400 MHz, CHLOROFORM-d) 8 ppm 0.75 (s(br), 6 H), 1.25 (t, J=7.2

15 Hz, 3 H), 1.75 (s, 1 H), 2.90 — 2.99 (m, 1 H), 3.0 —3.40 (m, 3 H), 3.20 (s, 3 H),
342 (d, J = 12.6 Hz, 1 H), 3.62 (q, J=7.2, 2 H), 3.71 — 4.05 (m, 3 H), 4.94 (d,
J=14.3 Hz, 1 H), 5.07 (d, J=14.8 Hz, 1 H), 5.07 (s(br), 1 H), 5.23 (s(br), 1 H),
7.00 (d, J=4.6, 2 H), 7.1 - 7.3 (m, 8 H), 8.53 (d, J=5.9, 2 H)

20  Thiazol-5-yimethyl (28,3R}-4-(2-(ethyl(methyl)amino)-N-methylbenzo[d]-
oxazole-6-carboxamido}-3-hydroxy-1-phenylbutan-2-ylcarbamate (C19)

N
Fouiess
L g
NSO N
N8 Hooon |

25 'H NMR (400 MHz, CHLOROFORM-d) § ppm 1.27 (t, J=7.1 Hz, 3 H), 2.85 -
3.96 (m, 1 H), 2.98 — 3.09 (m, 4 H), 3.18 (s, 3 H), 3.37 — 3.48 (m, 1 H), 3.61 (q,
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J=7.1 Hz, 2 H), 3.77 - 4.01 (m, 3 H), 5.03 (s(br), 1 H), 512 — 5.25 (m, 2 H),
5.37 (s(br), 1 H), 7.10 = 7.32 (m, 7 H), 7.10 (s, 1 H), 7.78 (s, 1 H), 8.75 (s, 1 H)

Thiazol-5-yimethyl (28,38)-3-hydroxy-4-(N-iscbutyl-2-(pyrrolidin-1-yl}-
5 benzo[d]oxazole-6-carboxamido)-i-phenylbutan-2-ylcarbamate {C51)

J\é};i@t@
OH

'H NVR (400 MHz, CHLOROFORM-d) & ppm 0.50 — 0.70 (m, 6 H), 1.48 — 1.62
(m, 1 H), 1.98 — 2.09 (m, 4 H), 2.83 — 2.95 (m, 2 H), 3.03 - 3.20 (m, 3 H), 3.64

10 (t, J=6.6 Hz, 4 H), 3.79 — 4.07 (m, 3 H), 5.18 — 5.30 (m, 2 H), 5.42 (s(br}, 1 H),
5.66 (s(br), 1 H), 7.05 - 7.34 (m, 8 H), 7.83 (s, 1 H), 8.74 (5, 1 H)

Thiazol-5-yimethyi {28,3R}-4-(N-ethyl-2-{ethyi{methyljaminoc)benzo[d]-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-yicarbamate (C29)

15

Y ectest

HOHK

"H NMR (400 MHz, CHLOROFORM-d) § ppm 1.10 (t, J=6.7 Hz, 3 H), 1.28 (,

J=7.1 Hz, 3 H), 2.84 — 2.96 (m, 1 H), 2.98 — 3.10 (m, 1 H), 3.21 (s, 3 H), 3.28 -

3.43 (m, 3 H), 3.64 (g, J=7.2 Hz, 2 H), 3.72 — 4.03 (m, 3 H), 5.14 — 5.33 (m, 3
20 H), 7.14 —7.29(m, 6 H), 7.30 — 7.39 (m, 2 H), 7.79 (s, 1 H), 8.76 (s, 1 H)

Thiazol-5-yimethyl {28,3R)-4-(N-ethyi-2-{pyrroilidin-1-yl)benzofd]joxazole-6-
carboxamido}-3-hydroxy-1-phenylbutan-2-ylcarbamate (C30)

25
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"H NMR (400 MHz, CGHLOROFORM-d) 8 ppm 1.02 = 1.17 (s, 3 H), 2.03 (1,
J=6.6 Hz, 4 H), 2.82 — 3.07 (m, 1 H), 3.07 = 3.13 (m, 1 H), 3.28 - 3.44 (m, 3 H),
3.65 (t, J=6.5 Hz, 4 H), 3.70 - 4.03 (m, 3 H), 5.10 — 5.30 (m, 3 H), 5.41 — 5.55
(m, 1 H), 7.08 —7.42 (m, 8 H), 7.77 (s, 1 H), 8.75 (s, 1 H)

Thiazol-5-yimethyl (28,38})-4-(2-(ethyl(methyl)amino)-N-isobutylbenzojd]-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C52)

o & 3 O

'H NMR (400 MHz, CGHLOROFORM-d) 3 ppm 0.52 — 0.71 (m, & H), 1.27 {t,

10 J=7.1 Hz), 1.47 =161 (m, 1 H), 2.86 — 2.97 (m, 2 H), 3.02 — 3.22 (m, 6 H), 3.6
(q, J=7.2 Hz, 2 H), 3.78 — 4.06 (m, 3 H), 5.09 — 5.30 (s, 2 H), 5.42 (s(br), 1 H),
5.56 (s(br), 1 H), 7.06 —7.33 (m, 8 H), 7.84 (s, 1 H), 8.79 (s, 1 H)

Thiazol-5-yimethyl (28,3R)-4-(N-(cyclohexyimethyl)-2-(pyrrolidin-1-yl)-
15 benzo[d]oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-yicarbamate
(C31)

"H NMR (400 MHz, CHLOROFORM-d) § ppm 0.44 — 0.65 (m, 2 H), 0.90 — 1.20

20 (m, 3 H), 1.36 — 1.50 (m, 2 H), 1.50 — 1.70 (m, 4 H), 2.04 {t, J=6.6 Hz, 4 H),
2.81-2.96 (m, 1 H), 2.96 —3.10 (m, 1 H), 3.10 = 3.21 (m, 1 H), 3.21 - 3.34 (m,
1 H), 3.45 — 3.56 (m, 1 H), 3.58 — 4.04 (m, 7 H), 5.08 — 5.28 (m, 3 H), 5.38 —
5.51 (m, 1 H), 7.09 - 7.36 (m, 8 H), 7.77 (s, 1 H), 8.75 (5, 1 H)

25  Thiazol-5-yimethy! {28,3R)-4-(N-{cyclohexyimethyi}-2-(ethy{methyl)-
amino)benzo[djoxazole-6-carboxamido}-3-hydroxy-1-phenylbutan-2-yi-
carbamate (C32)
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"4 NMR (400 MHz, CHLOROFORM-d} & ppm 0.46 — 0.68 (m, 2 H), 0.92 ~ 1.18
(m, 3 H), 1.27 (t, J=7.1 Hz, 3 H), 1.36 — 1.50 (m, 2 H), 1.50 - 1.76 (m, 4 H),
2.83-2.97 (m, 1 H), 2.97 -3.10 (m, 1 H), 3.10 - 3.23 (m, 4 H), 3.23 — 3.33 (m,

5 1 H), 3.40~3.52 (m, 1 H), 3.61 (q, J=7.1 Hz, 2 H), 3.69 — 4.03 (m, 3 H), 5.07 —
5.25 (m, 3 H), 5.25 — 5.39 (m, 1 H), 7.08 — 7.35 (m, 8 H), 7.78 (s, 1 H), 8.76 (s,
1H)

Thiazol-5-ylmethyl {25,3R)-3-hydroxy-1-phenyi-4-(N-{prop-2-ynyl}-2-{pyrro
10 lidin-1-yl)benzo[d]oxazole-6-carboxamido)butan-2-yicarbamate (C33)

N
0 [ ; Q \>~N<j
-8 OH

1\.‘_\\\\
fu7 OV M= A HY 227 (1—
DL 2 A IL, T II’; LA Ly

2, CHLOROFORM-¢) 8 ppm 2.06 {1, J=7

), 3.0 (s(br), 2 H), 3.58 (d, J=13.3 Hz, 1 H), 3.68 (f, J=6.7 Hz, 4

15 H),3.8-4.15(m, 3H),4.18 —4.22 (m, 1 H), 5.05 (s, 1 H), 5.15 - 5.26 (m, 2 H),
7.19 — 7.30 (m, 8 H), 7.34 (d, J=8.1 Hz, 1 H), 7.43 (d, J=8.0 Hz, 1 H), 7.52 (s,
1H),8.77 (s, 1 H)

(o)
A

Thiazol-5-yimethyl {28,3R}-4-(2-(ethyl{methyljamine)-N-{2-hydroxy-2-
20  methyl propylibenzo[dloxazole-6-carboxamido)-3-hydroxy-1-phenyibutan-
2-yicarbamate (C34)

N
(0
NS0 N N
g OH
o
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"H NMR (400 MHz, CHLOROFORM-d) 3 ppm 1.27 (t, J=7.1, 3 H), 1.71 (s,
6 H), 26 —3.15 (m, 3 H), 3.19 (s, 3 H), 3.62 (g, J=7.1 Hz, 2 H), 34 - 4.3 (m,
5H), 5.19 (s{br), 3 H), 7.14 = 725 (m, 7 H), 7.29 (d, J=7.8 Hz, 1H), 7.79 (s,
1H), 8.77 (s, 1H) (2 protons not observed)

Thiazol-5-yimethy! (28,3R)-4-(2-{ethyl(methyl}Jamino}-N-{prop-2-ynyl}benzo
[d]oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C35})

2 @ o T
N(Y\O N N
NS OH \\}

10 'H NMR (400 MHz, CHLOROFORM-d) § ppm 2.37 (t, J=2.26 Hz, 1 H), 3.00
(s(br), 2H), 3.23 (s, 3 H), 3.56 (d, J=13.2 Hz, 1 H), 3.63 (q, J=7.1 Hz, 4 H), 3.85
~415(m, 4 H),4.18 - 4.25 (m, 1 H), 5.04 (s(br}, 1H), 505 -54 (m, 2 H), 7.15
-~ 7.30 (m, 5 H), 7.33 (d, J=8.1 Hz, 1H), 7.44 (s, 1 H}, 7.51 (s, 1 H), 7.81 {s,
1H), 877 (s, 1H)

15
Thiazol-5-yimethyl (28,3R)-4~(2-(ethyl(methyl)amino)-N-isobutylbenzo[d]-
oxazole-6-carboxamidao)-1-(4-flucrophenyl)-3-hydroxybutan-2-yicarbamate

(C53)
F
0 Q N\>—'\>
L )&’@:0 \
N/ﬁ/\o N N
NS H o oH H/

20 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 0.58 — 0.84 (s(br), 6 H), 1.28 (t,
J=7.0 Hz, 3 H), 1.77 (s(br), 1 H), 2.90 - 3.28 (m, 4 H), 3.20 (s, 3 H), 3.36 — 3.88
(m, 1 H), 3.63 (q, J=7.2 Hz, 2 H), 3.85 ~ 3.94 (m, 3 H), 4.95 (s(br), 1 H), 5.18 -
5.25 (m, 3 H), 6.94 (t, J=8.6 Hz, 2 H), 7.15 — 7.20 (m, 3 H), 7.31 (s, 1 H), 7.32

(d, J=8.0 Hz, 1 H), 7.82 (s, 1 H), 8.78 (s, 1 H)
25
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Thiazol-5-yimethyl (25,3R)-4-(2-(ethynylamino)-N-(prop-2-ynyljbenzo[d]-
oxazole-6-carboxamido}-3-hydroxy-1-phenylbutan-2-ylcarbamate {C42)

N
0 O S—NH
P ! }’@c?— e
N/\ﬁ/\o N N
N5 H OH [\
A

'H NMR (400 MHz, CHLOROFORM-0) & ppm 2.34 {f, J=2.4 Hz, 1 H), 2.37

5 (s{br), 1H),2.84 -3.15(m, 2 H), 3.6 (d, J=13.4 Hz, 1 H), 3.8 -4.2 (m, 6 H), 4.24
(d, J=2.4 Hz, 2 H),5.16 -5.23 (M, 3 H), 7.1 -73 (m, 5 H), 7.39 (d, J=8.0 Hz, 1
H), 7.4 - 7.5 (m, 1H), 7.52 (s, 1 H), 7.8 (s, 1 H}), 8.79 (s, 1 H} (1 proton not
observed)

10 Thiazol-5-yImethyl {28,3R}-3-hydroxy-4-(N-isobutylbenzofd}thiazole-6-
carboxamido)-1-(pyridin-3-yl)butan-2-yicarbamate (C55)

_N
! N
0 X0 )
i )/@s
N/Rj/\o N N
N " OH
|

"H NMR (400 MHz, CHLOROFORM-d) § ppm 0.0 — 0.74 (m, 6 H), 1.71 — 1.86
(m, 1 H), 2.92 — 2.98 (m, 1 H), 3.08 — 3.22 (m, 3 H), 3.45 — 3.49 (m, 1 H), 3.89

15 —3.98 (m, 3 H), 4.86 (s(br), 1 H), 5.04 (s(br), 1 H), 5.10 (d(br), J=9.2 Hz, 1 H),
4.99 508 (m, 1 H), 5.17 = 5.28 (m, 2 H), 7.18 = 7.20 (m, 1 H), 7.53 (d, J=7.6
Hz, 1 H), 7.60 (d(br), 1 H), 7.82 (s, 1 H), 8.03 (s, 1 H), 8.17 (d, J=8.4 Hz, 1 H),
8.47 (s(br), 2 H), 8.78 (s, 1 H), 9.10 (s, 1 H)

20 Thiazol-5-yimethyl {28,3R)-4-{2-(ethyl(methyl)amino)-N-isobutylbenzo{d]-
oxazole-6-carboxamido)-3-hydroxy-1-{pyridin-3-yl}butan-2-ylcarbamate
(C54)
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The compounds of the present invention were tested for antiviral activity in a cellular assay, which was
performed akCottit{ty#6%he following procedure. 5 The human T-cell line ¥4 BR{E red with
Green Fluorescent Protein (GFP) and an HIV-speciﬁZ”promoter, HIV-1 long terminal repeat (LTR).
This cell line is designated MT4 LTR-EGFP, and can be used for the in vitro evaluation of anti-HIV

activity of investigational compounds. In HIV-1 infe ells, the Tat pratein is produced which
upregulates the LTR promotor and 10fina||y$eads waul Yae GFP reporter production,
allowing measuring ongoing HIV-infection flgorometrically: sly\MT4 cells are engineered with

CMVEGFP, and can be used for the-# vitro ev%luaﬁﬁbn otoxicity of 15 investigational compounds.
In this cell line, GFP levels are comparably to those of infected MT4 LTR-EGFP cells. Cytotoxic
investigational compounds reduce OFF levels of mock-infected MT4 CMV-EGFP cells. Effective

concentration vEl M BUAP B, CHEERE ORIt oR TEGEB) (640 bd ddteindRdd afFd dre usually
expressed in pNE, AHECHO yadueris dedinedsas-20 gae(egnicen)iratien-oBtest (conzpdingl 2bagsreduces the

fluorescenge of hf)/-inieciad cellety, %0%6he @9?/%93@0&9%%9%%@%@@5({@ pM) is defined
C
[

as the concentratio t o} dt ad, luorescence. of the -inf d s by 50%.
The ratio of C é:%:gdg éargﬁﬁggrgsﬁg)s%éﬁéﬁg fﬁdﬁ%}s%'iﬁd" ég% ic%ftii_t'(in %‘:1‘?#15 selectivity
of the anti-HIV &gfivity, 25 o, thed thtsbitor ) TRS 2 Itin e B divtotity .of PV=17iffe ttioh Bhd’c§fotoxicity is
done using a sgannky SMCrOSEeRe HnagZ@amlys allows very sensitive detection of viral infection.
Measurements are done before cell necrosis, which usually takes place about five days after infection,
in particular measurements are performed three days after infection. 30Table 5 lists pEC50 values
against th® wilReRsesaNeive B sinRiesS NP EYpEESIAdge4asPetReR &ed number of compounds of
the invention. A pECso value correspands to -logio(EC50). A pCC50 value corresponds to
-logio(CD50). Listed are compo irrb[s Qjé\ving a pEC50 value of less than 4.00 to maximum 35 4.88
PEC50. Darunavirgza-commereialtycavailable Hly"n!roteegge inhibitor, has an pEC50 of 8,17, The pEC50
range of <4 to 4. é\,, /hen esmpared to 8.17,!135’*si§jn\\[fi(,‘fari@_ry igw\’eHni’teFms fahti\’ti@g;gc/lijyi}yeht\herefore
demonstratmq\llt \a_lt/,,thl\:(?”com%g,r]&q& of thenpre c}ntlkrwentlonoconfer n“ﬁ?ﬁﬁ;_gll .ﬂo\ﬁfsstanc% to HIV.

OFF and the constitutional cytomﬁﬁﬁpﬁﬁ ( ronEotor. This cell line is designated MT4

Bn OCH R CHoCly Bn  OH L"\«'/ ©
! ,
1A 79 7.3
o N
T |
P \ O gy I
o o N} N ;
o - \\\/O‘ ir/ /l /\WN O §
A TR0
P e NN EtN, DMAR
o o L\T/ Me-THF
C36

Scheme 7: Synthesis of benzo[d}{1,3]dioxol-5-yImethyl {28,3R}-4-(2-(ethyl-
(methyl)amino)-N-isobutylbenzoid]oxazoie-6-carboxamido)-3-hydroxy-1-
15  phenylbutan-2-ylcarbamate (C36)
A solution of (2R,38)-3-(dibenzylamino)-1-(isobutylamino}-4-phenylbutan-2-ol
(7.1) (29.5 g) in dichloromethane (200 mL) was added to a solution of 2-(ethyi-
{methyl) amino)benzol[d]oxazole-B-carboxylic acid (1.05 eq), triethylamine
(2.0 eq) and BOP (benzotriazolyl N-oxytrisdimethylaminophosphonium hexa-
20 fluorophosphate, 1.05 eq) in dichioromethane (500 mL). The reaction mixture
was stirred at room temperature for four hours. Water was added and the
phases were separated. The organic phase was three times washed with a



WO 2009/071650PCT/EP2008/066847 -30- Equally, the toxicity values reported for the compounds of
the present invention, in a range of less than 4.00 to maximum 4.86 pCC50, demonstrate the low or
minimal toxicity of these compounds. 5 Assay 3: Metabolic stability of test compounds (HLM15'1
Sub-cellularti ﬁ@@?éﬁ’grations are made according to Gorrod et al. (Xeﬁgg% i%(g},sg;'ﬁ (bsp7453-462
(1975)) by centrifugal separation after mechanical homogenization of tissue. Human liver tissue is
rinsed in ice-cold 0.1 M TrisHCI (pH 7.4) buffer to wash excess blood. Tissue is then blotted dry,
weighed 10 anshaheppednayselyasian soigital stissbnstThig BShuenpiecesaenedtethogeeaized in 3
volumes of icereqoh Q41 M AORSPRALE BLlEE RHEsHANHENE LENEHR RARSHadBRANY (EReequipped
with a Teflon pestle or ZS&?{[aII O%Em%%ﬂx_%org’g\gemzterf f)otr 7 % 1% 3%0 I@W %aseﬁ tr&% essel is
kept in/on ice m@% fi ozb%(ﬂ St p oFEE BFEEIE h8r%08'én 8 E/8LR rﬁ%ggg at15 9000 x g
for 20 min at 4&4sing a Sorvall centrifuge or Beckman Ultracentrifuge. The resulting supernatant can
be stored &t -80C and is designated 'S9'. The S9 fraction is centrifuged at 100,000 x g for 60 min at 4C
using a Beckmpailatiiaseoiitioses 14 el Esuking B rakanidséacatefalsoasuratedy-alkRa@s and
designated cytg_s((ali'b é’mggﬁ{l%@r_ﬁ- 8%9959.%)2&1%3-.%(%%9%{@ =T (o]y AN : _final volume
of 1 ml per 0.5 g origina] tissu v%el ht and d§S|g(ggi§d ﬁgcr somes', All sytz Iula]gfra ons are
aliquoted, imm@ﬁ%‘glﬂ A flc g’ﬂﬁ%@' i tcg d% _'§08'%ﬁ%‘1? e "rest ¢ }‘npour?ds and a
NADPH-genersgijiepstebfiuiereasddidas mureamiveresiaidrosentes misfowspeardraclibn, protein
concentraiion 1 OrgéihevepensiagiéOcbMarbiospiiate bittard prbs fid)etbayer ilellteeddten mixture
concentrations gf.5 atest epmrRHAd. % M S MassBhe haEs G8IMdMIC12 and 0.8 Uil

of Glucose-6-phosphate dehydrogenase. Heat-inactivated (10 min at 95C) 'S9' or microsomes were
used for blank 30 experiments. Reaction. mixtures were incubated at 37C for.5 mjn, after which the
reaction was st%\rtéﬁ’%y%e QhadkeEr 8B HRMERA ﬁﬂ%@' el ﬁa}?%ﬁ&&%}h%@’fﬁwggr 15 min.
Next, the reactRmings\sioppel byraotiiiorrap B iokathexar i SG.for &ttkorinale) SaAfNES were
centrifugeg (101781 i8%6-% Y rasghanalyrasbhgdyC Mo Bssand €4Y,PAMAIRhDIH e i mmbition of the

metabolism of n y.differe P [ y as.d [ j . colt
expressed prot{(;r:iién{jc:l 4R§C%$(§E?gw\?\§0%%/ 4;0‘112@6 OC‘:%?/EEF%%%\S!/O%%%?@%&% 2 é]agrjm‘cll%zcw) that
r

convert their spREMISiHSAYaLES 1S L8 ahiRGoRIRRETTHEIE §°RFR Ao RN Ccule was
measured usingh@skiorascEnepliiseeadesiivitroith (A stdie)abed aareskin eabSsRMEIPNCompounds

inhibiting the egzrmatie aRghm), iRdesudam deeraasesef RducsespentsignaliGy Pda¢trenzymes
were prepared )RBI%S%VQE qgggpﬁcﬁ% ;ég%gm%%SHHS&%%%tc&‘b%@ii&?,”&ﬁ'éﬂomﬁned'ated by

the respective E. coll express Isoenzymes' 1 Su stra$ nzyme Fluorescent molecule
BFC:7-Benzyld¥giifiofom Y PeRGAeHinedas 784 vorf Ere e GroX)) GrifttitB eV oliffarin 7-HQ:
7-hydroxyqu nalinéi &y dedwal sxyqmasisredyHsnenD BN bemaiThis dsesinavP U fluorescein
MFC 7-MethoxyAgtyifiyaeometiink cosinaiin @5 P2L8f phieCectridydraxyasBiolemethiyl eeamnarin
AHMC: 342-(N,N-die w - thylegu inhydrechlori ;
3-[2-(N,N-dieth -N-’mkgwf amingﬁﬁ}]ﬁ?}% gﬂ@iﬁffjg %&i&g’cg]'% (?n%t{%géd %gl% ’:N_L_F':?:
7-ethoxy-§5cya¥ri§{?8ur1n§r¥n eY1A2E ﬁ@cééﬁo-?-@d o{éﬁggnrﬁrﬁﬂ]c s 631g. J=7.
7-ethoxy-3-cyahacéutafb € ¥ RRT10"C A ¢ 34:§8no KRy trexd Ebumadns(br), 1 H), 5.95 (s,
2H),6.75-6.77(m,3H),7.18 -7.32 (m, 8 H)

Thiazol-5-ylmethyl {2S,3R)-3-hydroxy-4-(N-isobutyl-1-methyl-1H-benzo[d]-
30 imidazole-6-carboxamido)-1-phenylbutan-2-yicarbamate (C8)

N
NC\I/\O)OJ\H&E\;QN?
-8 OH

'H NMR (400 MHz, CHLOROFORM-d) 5 ppm 0.61 — 0.78 (m, 6 H), 1.70 ~ 1.85
35 (m, 1 H), 2.90 - 3.02 (m, 1 H), 3.02 — 3.28 (m, 3 H), 3.39 - 3.53 (m, 1 H), 3.86



The assay was performed in black 96 well Costar plates. Test compounds were added to a CYP P450
enzyme solution in the presence of an NADPH generating system. After 5 min of preincubation at 37C,
the freshly prepared, 15 phosphate buffered (pH 7.4) substrate solution was added. Known CYP P450
inhibitors wefg ?fg]é)ﬁ"gg ositive controls, negative controls were run withBhT EVAS P énzyme For
final reaction mixture concentrations, see Table 7. Kaction mixtures were incubated at 37C for 30 min
(CYP3A4-BFC), 30 min (CYP3A4-BQ), 10 min (CYP3A4-DBF), 15 min (CYP1A2-CEC), 30 min 20
(CYP2C9-MF(s Q’%(R§2(31%CE=C07qrr453min EDP2BBAMME)HiespECtivelp2TiRers tg reaction was

stopped by th itjor, 6f206 @I tonijrile, @p hﬁ_ﬁl e ysignal was detected. WO
20091071650EIISCT/EI£2008/0668 w 15able 7 Final j;jeact?g((r%’nmigﬂjre concentrations for GYP P450

isoenzvme inhibisigacasiative B49MYINEIHCLORAYYREARAS QiatiNSRSAP 040, .602dA0 OWWV
-90ZdA0 330 -ZVI,c1A0 030 61-0ZdA3 Test compou d 10 pM 10 pM 10 pM 10 pM 10 pM 10 pM 10

pM NADPH generating Glucose-6- Phosph 3mM3.3mM 3.3 m 3 mM 0.41 mM 3.3
mM 3.3 mM Glutose- 6- phate -ae dehydro- e 0 4 'WLQ 4 uirni 1 ulim4 1
Bn\
Eth N MeOH
Bn Bn
CH,Cly
8.1 8-2

)L ? EtsN, Me-THF
N Y
N
How(@(}“ NH . o
HCl

O

)]\ )L .Boc
N/Y\O p’i NH FPrOH/ N(Y\O E N
EtyN, HATU | CH,Cly 2Cl
8.5
(? o LI
N/Y\
c27

Scheme 8: Synthesis of thiazol-5-yimethyl (2S,3R}-4-(2-(ethylamino}-N-
isobutylbenzo[d]oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-yi-
carbamate (C27)

10 A solution of the oxalic acid salt of (2R,35)-3-(dibenzylamino)-1-(isobutyi-
amino)-4-phenylbutan-2-ol (8.1) (60.0 g), di-ferf-butyl dicarbonate (0.99 eq)
and triethylamine (3.3 eq) in dichloromethane (1000 mL) was stirred at room
temperature overnight. The reaction mixture was washed with a saturated
aqueous NaHCO; solution, dried with MgS0O4 and concentrated under reduced

15  pressure. The crude product was purified by column chromatography (eluent:
dichioromethane ) to provide 60.3 g {99 %) of pure compound 8.2.

Palladium/carbon (12.4 g, 10% w/w Pd/C) was added to a solution of tert-butyl
(2R,38)-3-(dibenzylamino)-2-hydroxy-4-phenylbutyl(isobutyi)carbamate  (8.2)
20 {60.3 g) in methanol (400 ml). The reaction mixture was stirred at room
temperature under H, atmosphere untif LCMS showed complete conversion.
The mixture was filtered over Celite and concentrated under reduced pressure.



OA U/ ml 0.4 U/ml u0i.m41 9012 3.3 mM 3.3 mM 3.3 mM 3.3 mM 0.41 mM 3.3 mM 3.3 mM NADP 1
3mM13mM1.3mM1.3mM8.2pM 1.3 mM 1.3 mM CYPP4SOenzyme 83 nM 20 nM 5 nM 60 nM
42 nM 5 nM 2.5 nM Substrate 150 pM 60 pM 1 pM 200 pM 3 pM 5 pM 25 pM Calculation of CYP
P450 isoenVETRUB/IEN (/0 inh.): 5 % activity=(100/(average positive &%@K@\%’r{%@%egaﬂve
control)) x (average sample-average negative contrég“% inhibition = 100- % activity 10 Assay 5: %
Metabolic blocking: Inhibition of TMC114 metabolism Darunavir (TMC 114 currently marketed as

PrezistaTM) amhéesteddeooptetgempeanidpuviieiadsied teibrmarchvemmisiagsmes(Erierosomes’
fraction, pmte'818#?1%?891%%%@‘8(&%%8%%/'%ﬂﬁ%ﬁgjém%oéﬁ%%%ﬁ%%%@ﬁ g [4), 1o get

final reaction mixture cgncentratlons 0 %SM darunavir a test compound. In the noh-boosted
parallel reactios {a5PEBHIFFIEFRELhStadded. Boiled human liver microsomes were used for blank
experiments. After addition (in a 1:3 (V/\Q ratio) of a NADPH generatingg mixture consisting of 20

13-nicotinmid® RIS dffudREbRHE HHEEpRRISBINAD P YHRMYMPEEY D), (Isobutyl)-
D-Glucose-6-ptersainzate( 28239/l 57 bropyrralideedeybiplaashiraytruehyldeegeerae (1.9 &) in 2%
NaHCO3, the rgacioamyistigsnanedyatesl fled i tara0/afctd Miputemplterawhighdgereaction
was stopped byoc}{’vnotezrgggt/'%ulrg P G RO 06884632800 mixture was washed with a
saturated agueous NaHCO; solution, dried with MgSO, and concentrated
10 under reduced pressure. The crude product (8.4} was used as such in the next
step.

To a solution of tert-butyt thiazol-5-yimethyl (2R,33)-2-hydroxy-4-phenylbutane-

1,3-diyldicarbamate (8.4) (46.3 g) in dichloromethane (400 mL) was added HCI
15 (5-6 N) in isopropanol (100 mL). The reaction mixture was stirred vigorously at

room temperature unti LCMS showed complete conversion. The reaction

mixture was concentrated under reduced pressure. The residue was washed

with a saturated aqueous NaHCOs: solution, dried with MgSO; and

concentrated under reduced pressure o provide 33.9 g (82 %) of pure
20  compound 8.5.

Thiazol-5-yimethy! (28,3R)-3-hydroxy-4-(isobutylamino}-1-phenylbutan-2-yi-
carbamate {8.5) {1125mg) was added to a mixture of 2-(ethylamino)benzold]-
oxazole-6-carboxylic acid (1.0 eq), triethylamine (3.0 eg) and BOP (benzo-
25  triazolyl N~oxytrésdimethyiam%nophosphonium hexafluorophosphate, 1.0 eq) in
dichloromethane (10 ml). The reaction mixture was stirred at room
temperature overnight. Water was added and the phases were separated. The
organic phase was three times washed with a saturated agueous NaHCO;
solution, dried with MgSOs and concentrated under reduced pressure. The
30 residue was purified by column chromatography (eluent: dichloromethane =
dichloromethane / methanol (NH3) 98:2) to provide 1165 mg (66 %) of pure
cormpound €27. 'H NMR (400 MHz, CHLOROFQORM-d) & ppm 0.56 ~ 0.81 (m,
& H), 1.31 (t, J=7.1 Hz, 3 H), 1.65 - 1.85 (m, 1H), 2.80 - 3.30 (m, 4 H), 3.31 -
3.58 (m, 3H), 3.70 - 4.04 (m, 3 H}, 5.04 — 5.35 (m, 4 H), 5.61 (s(br), 1 H), 7.04
35 —742(m,8H),7.79(s,1H),876(s,1H)



increasing the temperature to 95C. Darunavir concentrations were determined using HPLC-MS. The
control value, obtained when the percentage TMC114 remaining is determined in the non boosted
reaction (=absence of test compound), is 12% (median value of 10 experiments). 5 To test the
"boosting c%ﬁ&ﬂ?’?ﬂab?llty of the compounds to enhance the pharmacoﬁﬁ%ﬁg a%%%%?ﬁ?tavw) in vivo,
representative examples Cl, C6 and C7 were given %rally (in a suitable vehicle like for example
PEG400- or PEG400/30%saline or HppCD) to a group (n=3) of fed, male Beagle dogs, at a lo dose of

5 mg/kg body Wrighb|¥byhitetes PRORR)atZRisiiaIEN -0 Shing/lke: hedjdivrighbraesnavir. Oral dosing
was done by gay a%ﬂibtﬂ- %&I?S)&PQ%W@ﬁ%ﬂﬁ%hf'fﬁﬁﬁ%%ﬂ’é{&‘ﬂ%@_}access to water. Blood

samples were collected from the jugular vein at 0 (= predose), 0.5, 1 and 24 h after dose
administration. The samples were centrifuged at 19&

g for 10 min at 5C to 15 allow plasma

. : o ours after blood sampling. At all
times, blood and plasma samples were pla¢ed d ing i otéléted from light. Individual
plasma samples were analyzed f i gricNboosiér compound by means of LC-MS/MS.
Pharmacokinetic parameters for avir welfe cajpulated using 20 noncompartemental Analysis,

VVinNonLin software Version 5.0, Pharsight, and are listed in Table 8. Values listed are the average of
3 dogs. Fold change (FC) values indicate the difference with the control experiments in which only 5

ma/kg dargnavig,wagaiuesh SHEABRGHR 5501 sy PognaRObiAptic RRKaBefers of

received. Thin (er i i e ht g et §ero%i‘ffal %?%255#6@ PRy ?r\%ﬁrc%g;sfg VS
analysis was d’é@e (sl bith8rofe! dithe fdllofvihy meddds!. Balh fércotspdinds it 1Z0%5are listed in

Table 1 (see ab@R)MMOHR00AD (46308 CTHE RANFT BI6RE 7 13971 1CMS-mEthad @ SPLEsystem:
Waters Alliance 2695 (pump + auto sampler) Waters 996 (Photo diode array detector) 5 Column:

Waters X]’@rraﬁqﬁ% rg* 515@ dz'QQON H4 +
0.1% HCOOH in |ent Oml 0@' 1LA)B 4 mln uilibration
time: 1.2min FI W ?ﬁ(g%? %- L ’%8"3"& o?) ym s%'?u%d’ I:%%Imtect aters ZQ

lonisation: electrospray in positive and negatrve o7
Alliance 2790 (pump-+autosampler), Waters 996 pto Nray getector) Column: Waters SunFire
018 3.5pm 100x4.6mm 20 Temperature 5Cf{ or e N 4000H + 0.1%HOO00H in H20
p. acetonitril Gradient: Omin: 5% : 95% mln 5% qurllbratlon time: 1.8min 25Flow: 1
.5m1/min Injection volume: SpT\j 5mghh1 S-detector: Waters LOT lonisation:
electrospray in positive and negative mode 30 NMR spe ctra were recorded on a Bruker Avance 400
spectrometer, operating at 400 MHz. Chemical shifts are given in ppm and J values in Hz. Multiplicity
is indicated using the following abbreviations: d for doublet, t for a triplet, m for a multiplet, etc.
Compound nartié et ¢ 4nitide CtRiRORERMMas) &jtran e6sion® 78, TniCaibrit§8SoftB5WO

2009/071%50%:[ /EH?OQQ@ 84 14y 3b4EhemistrymT aerpompaundsgy (mulay(2 were grepared

procecines g lod Sl A %?%iﬁq”tﬁ% N 3RFYES

m4H}TtO 738(m 8 H), 7.80 (s, 1 H), 8.77 (s, 1 H)

ode 15 LCMS method 2 HPLC-system: Waters

Thiazol-5-yimethyl (28,3R)-4-(2-(2-(dimethylaminoc)ethylamino)-N-isobutyl-
20 benzofdloxazole-6-carboxamideo}-3-hydroxy-1-phenylbutan-2-ylcarbamate

(C16)
N /™
o) O}/@ S—NH N—
)LH/[ ;Nk( o
OH

"H NMR (400 MHz, CHLOROFORM-d) & ppm 0.62 — 0.80 (m, 6 H), 1.65 —1.85
(m, 1H), 2.29 (s, 6 H), 2.55 — 2.62 (m, 2 H) 2.85 — 3.27 (m, 4 H), 3.35 — 3.43



WO 2009/071650PCT/EP2008/066847 -37- Schemes 4 and 5 are illustrating the preparation of certain
intermediate carboxylic acids (indicated as 11 in the schemes above) in case they were not
commercially available. These schemes are meant to be illustrative and by no 5means limiting. 10 A
solution of %%Wﬂalﬁﬁii (2.10 g) and 1,1,1-trimethoxyethane (5 mL) wasHeAEa* Y0 ¢ for 5
minutes in a microwave. The reaction mixture was ¢dncentrated under reduced pressure to provide
1.26 g of compound 4.2 (95 % pure) as a brown powder. 1H NMR (400 MHz, DMSO-d5) 8 ppm 2.66

(s, 3 H), 157.7¢dd1 }8 A 3dz(s] HH) D@Hdd4 5483, B4z, 93H),58306tel, +i), 4188, (5(H)), Scheme 5:

Synthesis of 2(ethylmethybaminoberzeo[dloxazgler&earbexylic acid (5.6) 20 To a stirred solution of
anhydrous MeOEI (4L) in an i(?e batHP)v’vas aﬂd’ed Fdf?bpwisggCH?, 00l (490 mL) below 10C. Then

compound 4.1 (486g, 3.17 mol) was added. The mixture was stirred at room temperature for 2 days.
25 TLC (EtOACh4xbGAy latletin A {28) IR} iCakad thayah(ilas oime yelapstatthWiet it o)as removed in
vacuo. Water (o), Wif diesl doihe MeKFRidsRA03HaATINIERRA)(OZARRARE| (€R8POB/066847 -38-
slowly added until pH = 10. The organic phase was separated, dried over Na2S0O4 and concentrated
to give compound 5.2 (460 g, 80%) as a brown soligFA suspension of compound 5.2 (393g, 2.35 mol)
gyridineA3L)nvas peated to reflux for 12 hours.

‘ pjetaHThe mixture was cooled to

TLC (EtOAcipetroleum ether = 1:2) indicate
room temperature and poured int blasks eoritaip v
ice water. The mixture was swirlg‘&u 5 minutés apd the salid product was recovered by filtration. The
10 solid was washed with 1L of water and dried for 30 mihutes. The solid was dissolved in 10L
ethylacetate, washed with 2L of 1N HCI and 1L of brine, dried over Na2S0O4 and concentrated to
afford compound 5.3 (390g, 79.3%) as a pink solid. 15 To a suspension of compound 5.3 (320 g, 1.53
mol) and K2COB VR ¢4 @0nbanEHOBRGBDRMS pdl gethNId1§ 238.89) {1.68 iof).&zlew.88C. The

mixtlt{re wWas St'tm?qlﬁts,rgwtmm@er(%wem%ééduﬁw(h@ (E9AsipetaemBtnenT; 5:65 inditca(;eg th
reaction was ¢ e. e e, The ic separated, drie
over Na2S04 §rr?08 ée(r)nric%n A e%ﬁ-(())sglj%i 2 23(%6';.{ 'gg(éﬂjé)ga-&néﬁn éli@q nghyggémf @4 (5 g) was

dissolved in 75 mL THE. N-methyl-N-ethylamine (13.2 g, 10 eq) was added and the mixture was
stirred at 70C uhiihkE-MpHngieAER SERpESlinusbHjespRcERb R BT dMamelBporated to
dryness 25 an Igs ﬁ%@ ﬁ {Q f@ h in the next reaction. Compound
5.5 (5.25 Wa(%sfS |S%%\B§§§r? e\'./(vé terl%‘ % dar\é?L éJII?‘%aH 5.36 g, 10eq) was added. The mixture
was stirred at 70C overnight. Concentrated HCI was agded until a precipitation was seen. The mixture
was 30 extracted 3 times with 100 mL 2-Me-THF. Combiged organic layers were dried on MgSOA4.
Filtration followed by evaporation of the solveft gage 56 a8 a |§E solid. The compound was

dried in vacuo overnight. 4.33 g (88%.yas-gbtajped. -\ 409-MHz, DMSO-d6) 8 ppm 1.20 (t,
J=7.2 Hz, 3 H), 3.15 (s, 3 H), 3.58 Mé?.l Hz, 2 H)éZ,.ZQ\(q@,J:SA Hz, 1 H), 7.80 (dd, J=8.3, 1.5 Hz,

351 H), 7.84(d, J=1.5 Hz, 1 H), 12.65 (s(br), 1 H) Representative examples for final compounds made
via method 1 WO 2009/071650PCT/EP2008/066847 -39- 6.3 TMSCI, Na! CH3CN Scheme 6:

Synthesis of thi -B- 25.3R)-3- -4(N- _
5isobutylbenzoﬁ&@h@-@%b@%@%- - myq%l?tgﬁraglggrﬁgn"?gté C@ H/&’ r1n'i§<?ure1b§?ert-butyl
(S)-1-((S)-oxirdM23y )2 HEdnyRER ERrHaihar 1056 dR61) Bt iSotity i@ 1b Id)ed)GA
isopropanol (1504mb) iwas3stliretl i robrd5 (m, 4 H), 7.05 — 7.33 (m, 5 H), 7.34 - 7.43 (m, 1

20 H),765(s,1H),7.72-7.87(m, 2 H),8.17 (s, 1 H), 8.76 (s, 1 H)

Thiazol-5-yimethyl (25,3R)-4-(2-ethyl-N-isobutyibenzo[d]oxazoie-6-
carboxamido)-3-hydroxy-1-phenylbutan-2-yicarbamate (C39)

N
oy (E] 3;@%\
-8 OH

25



10 temperature overnight. The reaction mixture was concentrated under reduced pressure to give 6.2
guantitative. The crude product was dried under high vacuum and used as such in the next step.
Tert-butyl(2S,3R)-3- hydroxy -4-(isobutylamino)-1-phenylbutan-2-ylcarbamate 15 6 2)(31.09g)in
dlchlorometﬂ‘% WA<'4dbed to a solution of benzothiazole-6- carboxylic 58"8/%{2 ‘ég/gﬁéﬂ"t?lethylamlne
(1.5 eq) and HATU (2-(7-aza-1Hbenzotriazole-1- yl‘)ﬁf'l 3,3-tetramethyluronium hexafluorophosphate,
1.05 eq) in dichloromethane (500 mL). The reaction mixture was stirred at room temperature
overnight. Watéq wagradded andzihe mhasesraresepanated. albe 200080agrie, phage was toree times

washed with aﬁ%%gdﬁ ayepds N"’}Z&Q%S?'W og gyine, %I%ﬂ] V\gtpli]\/lgggm ang, gpcpgtjated under
reduced pressure Th Si s purifie ( dichlgromethane
dlchlorometha::l? %WQ@%&%% §§ 35316%6?“%% ?W%einb?’ I? Hn
2009/071650P@:h%mmcs/meds)am%-?cﬂadmmnh‘étkﬁ;@aiﬁek@*)ac@ Hatsaliddd to a solution of
tert-butyl (2S,3R)- 3 hydroxy -4-(N-isobutylbenzol[d]thiazole-6-carboxamido)-1-phenylbutan-2-

ylcarbamate ( g% S 4 eq) in act nltr g _mL% T e reaction mixture was
stirred at room z WJ&%%%%%‘%UI’ i éauz)e uag'c & Iﬂgso GHioN Was azd d and stirring
was contlnued%ﬁéﬁ'@'}ﬁrﬁfﬁb%ﬁm@@)énﬂ@%@éﬁb?oﬂ@ﬁﬁﬁﬁé"ﬂ’@ré%med to the reaction mixture.
The organic phase was separated, washed with brine,.dried with MgSO4 and concentrated under
reduced pressure. The compound was purified by ¢ matggraphy (eluent: dichloromethane
dichloromethane / methanol 9:1), t026.6 g (Yé%) W ;‘ ed>as a white solid. A solution of
N-((2R,3S)-3-amino-2-hydroxy-4-p ]
0), 2,5-dioxopyrrolidin-1-y1 thiazoM y methyl carbo te (Gﬁ(leq) and trlethylamme (1.2 eq)in

2-methyl-tetrahydrofuran 15 (300 mL) was stirred at roomtémperature for three hours. The reaction
mixture was washed with a saturated aqueous Na2003 solution, dried with MgSO4 and concentrated

under reduced p e. The crude_pro mn chromatagraphy..(el
dichloromethangﬁéﬂ%%ﬁ%j}qc E\Eﬁ%ﬁg\@%@ \'%H%é BC?E?S% (%f E% q (%em%:)%%nd C7.20
1H NMR (400 KnHZ, BH ISR OFCRM- a)asiﬁg%@rasi dﬂ$02(ﬁ~9, 8. 2@, {178 H).86IM3BH[MR.90 - 3.02
(m, 1 H), 3.02 +8,283716 3d1)r3.3 H)y3H85.96 thh, 3.8 - ﬂ@ﬁﬁmBC‘ldﬂ)S%@?(S‘(OF)? 38{n4®9 - 5.08
(. 1 H), 5.16 15.33:m24H), 710773301 51y, 75 (@, q {?H/) Hy82 (s, 1 H), 8.02 (s, 1 H),
8.17 (d, J=8.3 HZ, 1 H), 8.78 es i'H),9.09(s, 1 H% 25 Thlazol- -yImet
(25,3R)-4-(2-(ethyl(methyl)am|no) N-isobutylbenzo[d]-

oxazole-6-carbOhexsid - Bhinpdhgt ¥ 25 3R3A3hytine:ddegibismiatey(c2) pbe iy e N [d0 MHz,

CH'—OROEBORM&Wm&ﬁ%xgrﬁﬁ@}@Eb%ﬁ}lﬂu%%@a*%&@gch77 (s(br), 1 H), 2.90 - 2.99
(m, 1 H), 3.00 -3.41 (m, 3 H), 3.17 (s, 3H), 3.42 (d(br), J=13.9 Hz, 1H), 3.62 (g, J=7.2 Hz, 2H), 3.71 - -

4.05 (m, 3 H), 5.05- 5.34 (m, 4 H), 7.14 - 7.37 (m,&H), 7.79 (s, 1H) 8.76 (s, 1 H) WO
2009/071650PCT/EP2008/066847 -41- Thiazol-

Ingethyl
(2S,3R)-3-hydroxy-4-(N-isobuty1-2-(piperifin-1§1)- Q‘“@
benzo[d]oxazole-6-carboxamid n=2<ylagrbamate (C3) 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 0.71 (8(%), 6H), 1764 01;86\(%‘146 H), 2.82 - 3.27 (m, 4H), 3.4 (d, J=12.9 Hz,

)

1H), 3.69 (s, 4H), 3.75 -4.07 (m 3H), 4.92 - 5.3 (m, 4H), 7.14 - 7.32 (m, 8H), 7.78 (s, 1H), 8.75 (s, 1H)
10Pyridin-4- ylmethyl (2S,3R)-4-(2-(ethyl(methyhamino)-N-isobutylbenzo[d]-
oxazole-6-carbdx Mot 8thiiax - tilihemicRMrD-)leam dhie @ 30) (0. BN DA 8%+-NMIR (400 MHzZ,

CHLOROFORMndX aﬂpm%Bds@()nGﬂ'lﬂ)lSZﬁO(tr e (3:5 lﬂZHﬁ BIRAL-75.65 (rH), PRB72.99 (m, 1

130540 (m 25342 ﬁjnJ‘H];276'dZ B9 (303 19, 522 Ho 3 1 405 (1.3
126, 24,740 7%{% S R G S R L e

(29,3R)-4-(2- (elmyﬁrﬁét(@riaﬁﬁno) N-methylbenzo[d1-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C19) 0 N OH WO
2009/071650PCT/EP2008/066847 -42- J-7.1 Hz, 2 H), 3.77 - 4.01 (m, 3 H), 5.03 (s(br), 1 H), 5.12 -
5.25 (m, 2 H), 5.37 (s(br), 1 H), 7.10 - 7.32 (m, 7 H), 7.10 (s, 1 H), 7.78 (s, 1 H), 8.75 (s, 1 H)
Thiazol-5-ylmethyl (26,39)-3-hydroxy-4-(N-isobuty1-2-(pyrrolidin-111)-
benzo[d)oxazole-6-carboxamido)-1-phenylbutan-2-ylcarbamate (C51) 1H NI1AF1 (400 MHz,
CHLOROFORM-d) S ppm 0.50 - 0.70 (m, 6 H), 1.48 - 1.62 (m, 1 H), 1.98 - 2.09 (m, 4 H), 2.83 - 2.95
(m, 2 H), 3.03 - 3.20 (m, 3 H), 3.64 10(t, J=6.6 Hz, 4 H), 3.79 - 4.07 (m, 3 H), 5.18 - 5.30 (m, 2 H), 5.42
(s(br), 1 H), 5.66 (s(br), 1 H), 7.05 - 7.34 (m, 8 H), 7.83 (s, 1 H), 8.74 (s, 1 H) Thiazol-5-ylmethyl
(29,3R)-4-(N-ethy1-2-(ethyl(methyl)amino)benzo[d]-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C29)



1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.10 (t, J=6.7 Hz, 3 H), 1.28 (t, J=7.1 Hz, 3 H), 2.84 -
2.96 (m, 1 H), 2.98 - 3.10 (m, 1 H), 3.21 (s, 3 H), 3.28 - 3.43 (m, 3 H), 3.64 (q, J=7.2 Hz, 2 H), 3.72
-4.03(m,3}|;%)514 5.33 (m, 3 20H), 7.14 - 7.29 (m, 6 H), 7.30 - 7.39 (m, 2 H), 779(8 1 H), 8.76 (s,
1 H) ThiazoP8:¥iétre26,3R)-4-(N-ethyl-2-(pyrrolid in-1- yObenzo[d]onggl@ 2008/06654
carboxamido)-3-hydroxy-1 -phenylbutan-2- ylcarbanﬁé’te (C30) NOH WO
2009/071650PCT/EP2008/066847 -43- 1H NMR (400 MHz, CHLOROFORM-d)8 ppm 1.02- 1.17 (s, 3
H), 2.03) (t, 9= Grﬁ;HZoﬂﬂ'Dirﬁe%ﬁyi %ﬁiﬂ)@-h&)dﬁdﬂwﬁ@ﬁi@ﬁb@iﬂy'%ﬁ;@Spr&ﬁﬂ&@hibtdl)}-3-535 (t J?6.5
Hz, 4 H), 3.70 - -742(m,8H),7.77 (s, 1
H), 8.75 (s, 1 H %ggo?dg%?&&& (f%fg §H)B4 (%t yl(me %%"nﬂ?r{%))él\l -iIsobutylbenzordi-
oxazole-6- carboxamldo) -3-hydroxy-1-phenylbutan-2s§tcarbamate (C52) 1H NMR (400 MHz,
CHLOROFORM-d)8 ppm 0.52 - 0.71 (m, 6 H), 1.27(t, 0 J=7, N A741.61 (m, 1 H), 2.86-2.97 (m,
2 H), 3.02 - 3.22 (m, 6 H), 3.61 (q, J=7.2 HZY2 H, 3. 8%&@3 09 - 5.30 (s, 2 H), 5.42 (s(br),
1 H), 5.56 (s(br), 1 H), 7.06- 7.33 7‘18,4 ¥ 79 (s, 1 )Thlazol -5-yImethyl
(25,3R)-4-(Nicyclohexylmethyl)- ZNQQy rolidin-1%y1)-4

benzo[d]oxazole-6-carboxamido)-3-hydroxy-1- phenylbuﬁfz-ylcarbamate (C31) 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 0.44 -0.65 (m, 2 H), 0.90 - 1.20 20 (m, 3 H), 1.36- 1.50 (m, 2 H), 1.50- 1.70
(m, 4 H), 2.04 ¢ ?g%%[)(p? m, 1 2 H), 3.21
-3.34 (m, 1 H), @ﬁ&% EED MPMZ %HL '_%)5 )g) %%@&%52(285 583 I§—|nj %5 5?% %55'5@1 , 1 H),
7.09 - 7.3 (m G Hz7 11|51)S B, 4/53?3 M. iy Ffibzof- B (et 3-01=3.22 (. 3 ).
(25,3R)-4-(N- (@Zﬁ)ﬁw@wm@tﬁﬂ)lﬁ (SthA(nTeBdyH-3.49 (M, 1 H), 3.79 — 4.05 (m, 3 H), 4.85 ~
amIn0)benzo[Oﬁca@mleza-gaﬂmans@@nhmdmxy-1@%@39&@%&)',!@5@6(@,&&(@2)0YM,
2009/071650P\9:%/I§P%(:Q8¢pé7§8?5 (4[ MHz, CHLOROFORM-d) 6 ppm 0.46 - 0.68 (m,
2H),092-1.18 157 Hz 3 ) 1 3 1.50 (m, 2H),1.50-1.76 (m, 4 H), 2.83 - 2.97
(m, 1 H), 2.97 -3.10 (m, 1 H), 3.10 - 3 23 (m, 4 H), 3.23-3.33 (M, 51H), 3.40-3.52 (m, 1 H), 3.61 (q,
J=7.1 Hz,2 H), 3.69 - 4.03 (m, 3 H), 5.07 - 5.25 (m, 3 H), 5.25 - 5.39 (m, 1 H), 7.08 - 7.35 (m, 8 H),
7.78 (s,1H),8.76 (s,1H) Thiazol-5-ylmethyl
(2S,3R)-3-hydroxy-1-pheny1-4-(N-(prop-2-yny1)-2-(pyrro
10lidin-1-yl)benzo[d]oxazole-6-carboxamido)butan-2-ylearbamate (C33) 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 2_.06 (t, J=7.0 Hz, 4 H), 2.37 (t, J=2.2 Hz, 1 H), 3.0 (s(br), 2 H), 3.58 (d,
J=13.3 Hz, 1 H), 3.68 (t, J=6.7 Hz, 4 15 H), 3.8 - 4.15 (m, 3 H), 4.18 - 4.22 (m, 1 H), 5.05 (s, 1 H), 5.15
-5.26 (m, 2 H), 7.19 - 7.30 (m, 6 H), 7.34 (d, J=8.1 Hz, 1 H), 7.43 (d, J=8.0 Hz, 1 H), 7.52 (s, 1 H),
8.77 (s, 1 H) Thiazol-5-ylmethyl (2S,3R)-4-(2-(ethyl(methyl)amino)-N-(2-hydroxy-2- 20 methyl
propyl)benzo[d]oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan2-ylcarbamate (C34) WO
2009/071650PCT/EP2008/066847 -45- 1H NMR (400 MHz, CHLOROFORM-d)8 ppm 1.27 (t, J=7.1, 3
H), 1.71 (s, 6 H), 2.6 -3.15 (m, 3 H), 3.19 (s, 3 H), 3.62 (q, J=7.1 Hz, 2 H), 3.4 -4.3 (m, 5 H), 5.19
(s(br), 3H), 7.24 - 7.25 (m, 7 H), 7.29 (d, J=7.8 Hz, 1H), 7.79 (s, 1H), 8.77 (s, 1H) (2 protons not
observed) 5 Thiazol-5-ylmethyl (2S,3R)-4-(2-(ethyl(methyl)amino)-N-(prop-2-ynyl)benzo
[d]Joxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C35) 10 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 2.37 (t, J=2.26 Hz, 1 H), 3.00 (s(br), 2H), 3.23 (s, 3 H), 3.56 (d, J=13.2 Hz, 1
H), 3.63 (g, J=7.1 Hz, 4 H), 3.85 4.15 (m, 4 H), 4.18 - 4.25 (m, 1 H), 5.04 (s(br), 1H), 5.05 -5.4 (m, 2
H), 7.15 7.30 (m, 5 H), 7.33 (d, J=8.1 Hz, 1H), 7.44 (s, 1 H), 7.51 (s, 1 H), 7.81 (s, 1 H), 8.77 (s, 1 H)
15 Thiazol-5-ylmethyl
(25,3R)-4-(2-(ethyl(methyl)amino)-N-isobutylbenzo[ciloxazole-6-carboxamido)-1-(4-fluorophenyl)-3-hy
droxybutan-2-ylcarbamate (C53)



20 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 0.58 - 0.84 (s(br), 6 H), 1.28 (t, J=7.0 Hz, 3 H), 1.77
(s(br), 1 H), 2.90 - 3.28 (m, 4 H), 3.20 (s, 3 H), 3.36 -3.88 (m, 1 H), 3.63 (q, J=7.2 Hz, 2 H), 3.85 - 3.94
(m, 3 H), 4.95 (s(br), 1 H), 5.18 -5.25 (m, 3 H), 6.94 (t, J=8.6 Hz, 2 H), 7.15 - 7.20 gg 3H),731(,1
H), 7.32 (d, WoRHi7195%), 7.82 (s, 1 H), 8.78 (s, 1 H) WO 2009/071650PC RS 06E066847 -46-
Thiazol-5-ylmethyl (2S,3R)-4-(2-(ethynylamino)-N-(prop-2-ynyl)benzo[d]-
oxazole-6-carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C42) 1H NMR (400 MHz,
CHLOROFORM k18 ppm 2.34 (t, J=2.4 Hz, 1 H), 2.37 5 (s(br), 1H), 2.84 -3.15 (m, 2 H), 3.6 (d, J=13.4
Hz, 1 H), 3.8 -4.2 (m, 6 H), 4.24 (d, J=2.4 Hz, 2 H), 5.16 - 5.23 (m, 3 H), 7.1 - 7.3 (m, 5 H), 7.39 (d,
J=8.0Hz,1H),74-75(m, 1H), 7.52 (s, 1 H), 7.8 (s, 1 H), 8.79 (s, 1 H) (1 proton not observed)
10Thiazol-5-ylhetriR PR 4Ry -ﬁ‘;ﬁ’deS!%-‘%{?(N-isobutylbenzo[d]thiazole-e-
carboxamido)-1-(pyridin-3-yObutan-2-ylcarbamate (C55) 1H NMR (400 MHz, CHLOROFORM-d) 8
ppm 0.0 - 0.74 (m, 6 H), 1.71 - 1.86 ¥, 1 A), 2.92- 208 (m, 1 H), 3.08- 3.22 (m, 3 H), 3.45- 3.49 (m, 1
H), 3.89 15 -3.98 (m, 3 H), 4.;36\(%&@7:1 5 s(p ), 5.%0 (d(br), J=9.2 Hz, 1 H), 4.99 -5.08
(m, 1 H),5.17 -5.28 (m, 2 I—ﬁ’, 7.18 - 7.2}5 (m,]1 H),;7.53 7.6 AL H), 7.@9 (d(br), 1 H), 7.82 (s, 1
H), 8.03 (s, 1 H), 8.17 (d, J=8.4 Hz, 1 H¥ 8.4% (s(51), 2 A),8778(S, 1 H), 9.10 (s, 1 H)
20Thiazol-5-yImethyl (2S,3R)-4-(2-(ethyl(methyl)amino)-N-isobutylbenzo[d]-
oxazole-6-carkpxamigolridt yshaxXyols@ysithnds yhbuien whgearbamate (C54) WO
2009/071650PCT/EP2008/066847 -47- 1H NMR (400 MHz, CHLOROFORM-d) S ppm 0.73 (s(br), 6
H), 1.28 (t, J=7.2 Hz, 3 H), 1.78 (s(br), 1 H), 2.92 -12.94 (m, 1 H), 3.04 - 3.15 (m, 2 H), 3.20 (s, 5 3 H),
3.26 (dd, J=141, 8.t Handrid). 53:A(d. Gk Hi D), 3.63 (q, J=7.1 Hz, 2 H), 3.87 - 3.94 (m, 3 H),

5.00 (s(br), 1 H - 5. " 3.H), 7.18.- 7. H), A3 J=8. 1 H), 7.58 -
7.60 (s, 1 H), ?)@; rﬁl%)g%ﬁ% ?;@s'&)qn%&%né%i@rﬁj%%géo &ri%tﬁtaitiéé'geax@nl]&éggfr(l)_éﬁcyompounds
made via meth3dPSHUESA 38R BNy HRERTPRNB HPC 36 EISIPEBNIABEIGEIa9H FOMSUTOIR7: Synthesis
of benzo[d][1,3eimerlcB-gifigtmftich is optionally substituted with Cy.salkyl; or wherein A and

(2S,3R)-4rd2-(ghylimathivbiammo mibldgeRusy ibeieralipxracieiatioranier & hysieerdd- 15

phenyibutan-2-yl te (. i f o o
(ZR,33)-3-(dibgﬁﬁ@f{éﬁr%%ﬁa‘t%i%éﬁ@%ﬁﬁé‘%&%@ﬁ%ﬁ&%ﬁ%@&ﬁa'scgg%mﬁﬁ'aife%@ﬁgrﬁemane
(200 mL) was R68E8 AU SRR AREERSATN RS S b R ¥IATD &%%B%ér%wyﬁé Geid (1.05
eq), triethylaminetg¢téteqisaard BRI BEnzotiiraigt NdtxyEFris@iféthylaminophosphonium hexa- 20
fluorophosphate, 1.05 eq) in dichloromethane (500 mL). The reaction mixture was stirred at room
temperatyte fogfouyr : I . phases were separated. The organic phase was
three timgs%e Wa@é%%%ﬁ%’f?ﬁ%%@%%%@%@ ?" 0081066847 -48- saturated aqueous Na2CO3
solution, dried with MgSQ@4-and concentrate _u_r\\ger reduced pressure. The residue was purified by
column chrom aphy((el nt: ele Vacetz;lé@ : | acetate) to afford 38 g (87%) of
compound 7.2.45 Pglladiur?,i carbop (5 g, 10% w/w Pd % ded to a solution of N-((2R,3S)-
3-(dibenzylamind-2-hydroy-4-phensibuty1)-2-{&thyl(m&thyDAmino)-N-isobutylbenzo
[d]oxazole-6-carboxamide (7.2) (18 g) in methanol (400 mll_g The reaction mixture was stirred at room
temperature uritter Hp dtmetisHereniiptieliyL Wpsténise vEBmpPiEte BoHRRAh. PHENbRte was
filtered over CetitepAtiémeé\alppnstion ©f iheciiatod oplietpls3ehsitatsdpvtindaog&ias obtained. A
solution dtN-((2R,3S)-3-amino-2-hydroxy-4-phenylbutyl)-2-(ethyl(methyl)
amino)-N-isobyrylkenep[d)oxazole-6-carboxamide (7.3) (416 mg), benzo[d]-

R4 is H or alkyl;
25 Rsis pyridyl or pheny! optionally substituted with halogen;

X is O, 8 or N optionally substituted with C+salkyl.



15 [1,3]clioxo1-5-yImethyl 4-nitrophenyl carbonate (1.05 eq), DMAP (0.2 eq) and triethylamine (1.0 eq)
in DMF (10 mL) was stirred at room temperature oveﬁﬁght. Water was added and the phases were
separated. The organic phase was three times washed with a saturated aqueous Na2CO3 solution,
dried with MgS0O4 and concentrated under reduced pressure. The reaction 20 mixture was washed

with a saturatett AGGRILRUIE GO alwWithargschafdmsientrated under reduced
pressure. The crude product was puy column chromatography (eluent: dichloromethane /

methanol 99:1 97:3) to provide 263 (45 %) of pure compound (C36). 1H NMR (400 MHz,
CHLOROFORM-d) 5 ppm Qy72 (Sg€ 28(t, J=7.2 Hz, 3 H), 1.77 25 (s(br), 1 H), 2.94 - 3.26 (s + m,
3H+4H),3.40-3.43 (m, 3/ H), 3. |

(s(br), 1 H), 5. 06.75n876.
(2S,3R)-3-hydroxy#-(N-isobut1-1 Anethyl-1 H
imidazole-6-carBoxamido)-l-phenylbutan-2- pamate(C8) W@2009/071650PCT/E,P2008/066847
-49- (s, 3 H), 3.76 - 4.07 (m, 3 H), 5.00 -5.30Y{m, 4 HY!I¥.17 - 7.32 (m, 6 H), 7.51 (s, 1 H), 7.76 - 7.84
(m, 2 H), 7.94 (s, 1 H), 8.78 (s, 1 H) Representative examples for compounds made via method 3
Scheme 8: SyBthEsiscaintipaant=ybueting to claim 1 having the formula
(25,3R)-4-(2-(ethylamino)-N-isobutylbegnzo[d)oxazole-6-carboxamido)-3-hydroxy-1-phenyibutan-2-yl-ca
rbamate (C27) 10A solution of the of acid salt of (2R,3S)-3-(dibenzylamino)-1-(isobutyl-
amino)-4-phenylbutan-2-ol (8.1) (6. g)y~di-tert-butyl dicarbonate (0.99 eq) and triethylamine (3.3 eq)
in dichloromethane (1000 njL) wé#s stirred afiroom temperature overnight. The reaction mixture was
washed with aéa r QuSNg '\ S dried with MgSO4 and concentrated under

(m, 8H)  Thiazol-5-ylmethyl
N

35q|

reduced 15 préssuje. The cruéle praduct ywas p by):—elfwnp chromatography (eluent:
dichloromethan¥to provide 60.3 go@)g o%o)af pound 8.2. Palladium/carbon (12.4 g, 10% w/w
Pd/C) was added to a solution of tert-butyl I
(2R,38)-35(dibenzylamino)-2-hydroxy-4-phenylbutyl%gobutyl)carbamate(8.2) 20 (60.3 g) in methanol
(400 mL). The reaction mixture was stirred at room temperature under H2 atmosphere until LCMS
showed complete.conversion. The mixture was filtered oyer Celite and concentrated under reduced
pressure. WCfF 2%83/5? ﬁ%ﬁé@@/&%é&dm-%@-ﬁl{@%&mﬁct was purified by column
chromatography (eluent: dichloromettiéng dichloromethane | methanol (NH3) 93:7) to provide 32.6 g
(83 %) of pure compound 8.3. 5A c@ of tert-butyl (2R,3S)-3-amino-2-hydroxy-4-phenylbutyl
(isobutyl)- carbamate (8.3),32,5-djoxopyrroligin-1-y1 thiazol-5-ylmethyl carbonate (1.0 eq) and
triethylamine (1.% ylneth yI-tetrahydnofuran (600 mL) was stirred at room temperature for three

A

hours. The reggtiofymixtare wHS wag
MgSO4 and concentrated 10 undergeduded pressyge, e crude product (8.4) was used as such in
the next step. To a solution of tert-butyl thiayok5-y metl'?ﬂll (2R,3S)-2-hydroxy-4-phenylbutane-
1,3-diyldicarbamate (8.4) (46.3 g) in dichloromethaf!é (400 mL) was added HCI 15 (5-6 N) in
isopropanol (100 mL). The reaction mixture was stirred vigorously at room temperature until LCMS
showed gwmplete conversion. The reaction mixture was concentrated under reduced pressure. The
residue was washed with a saturated agueous NaHCO3 solution, dried with MgSO4 and concentrated
under reduce®pfes80EIRAHRHFOEBETN (92 /0) of pure 20 compound 8.5.
Thiazol-5-y|meth)g(zgﬁ;‘%R(%-s-%ﬂ%%rox%A-(i o%ut Iar1nin0 -1-phenylbutan-2-yl- carbamate (8.5) (1125mg)
was added to a mixIare of o.e ﬁ%rmll?l%) ehiZ I- 8% zole-6-carboxylic acid (1.0 eq), triethylamine
(3.0 eq) and BOP,(payzan@rsiagply iNpidisdimaliy upingabrsehemup.pexafiuorophosphate, 1.0
eq) in dichloromethane (10 mL). The reaction mixture was stirred at room temperature overnight.
Water was added and the phases were separated. The organic phase was three times washed with a

saturatedifaquéoubRae0OB 8RNI GRCARBAANIEhAARTB Oavdreieionientifieinbibiter redlaeuavissure.
The 30 residugrvasopridiercowige e rsERIEERE MBS Y-tRnepL Aiehloramertsas dlichiriamethane |
methanol (NH3) 98:2) to provide 1165 mg (66 %) of pure compound C27. H NMR (400 MHz,
CHLOROFORM-d) 5 ppm 0.56 - 0.81 (m, 6 H), 1.31 (t, J=7.1 Hz, 3 H), 1.65 - 1.85 (m, 1H), 2.80 - 3.30
(m, 4 H), 3.31 - 3.58 (m, 3 H), 3.70 - 4.04 (m, 3 H), 5.04- 5.35 (m, 4 H), 5.61 (s(br), 1 H), 7.04 35-7.42
(m, 8 H), 7.79 (s, 1 H), 8.76 (s, 1 H) WO 2009/071650PCT/EP2008/066847 -51- Thiazol-5-ylmethyl
(2S,3R)-4-(2-amino-N-isobutylbenzo[d]thiazole-6-
carboxamido)-3-hydroxy-1-phenylbutan-2-ylcarbamate (C6) 5 1H NMR (400 MHz, CHLOROFORM-d)
5 ppm 0.58 - 0.84 (m, 6H), 1.70 (s(br), 1H), 2.80 - 2.95 (m, 1 H), 2.97 - 3.17 (m, 3 H), 3.33 (d, J=13.6
Hz, 1 H),3.8-4.0(m, 3H),4.9-5.1 (m, 2 H), 5.11 -5.23 (m, 2 H), 5.41 (s(br), 2 H), 7.14 - 7.37 (m, 6
H), 7.44 (d, J=8.2 Hz, 1 H), 7.57 (s, 1 H), 7.74 (s, 1 H), 8.70 (s, 1 H) 10Thiazol-5-ylmethyl
(2S,3R)-3-hydroxy-4-(N-isobuty1-2-(4-methylpiperazin-
1-yl)benzo[d]oxazole-6-carboxamido)-1-phenylbutan-2-ylcarbamate (C15) 1H NMR (400 MHz,
CHLOROFORM-d) S ppm 0.63 -0.78 (m, 6 H), 1.68 - 1.85 15 (r11, 1H), 2.36 (s, 3 H), 2.45- 2.60 (m, 4
H) 2.83-2.98 (m, 1 H), 2.98 - 3.29 (m, 3H), 3.35-3.48 (m, 1 H), 3.70 - 3.78 (m, 4 H), 3.79 - 4.09 (m, 3
HY 4A04A-E20(mM AH) 710-729 M QHY 79290(c 1T HY Q77 (c 1T HY Thiazonl-B_vimethvl



WO 2009/071650PCT/EP2008/066847 -52- (m, 1 H), 3.54 (s, 2 H), 3.75 - 4.04 (m, 3 H), 4.93 - 5.30
(m, 4 H), 5.86 (s(br), 1 H), 7.11 -7.38 (m, 8 H), 7.81 {81 H), 8.78 (s, L H)  Thiazol-5-ylmethyl
(2S,3R)-3-hydroxy-4-(N-isobuty1-2-(methylamino)- 5

benzo[d]oxazole-6-carboxamido)6-_1-phen Ibutan-2-ylcarbamate (C26) 1H NMR (400 MHz,
CHLOROFORMYABIBRIPE B DiatPimC o ndbisp U WIRMINR Svdr oy garemyl H), 3.36 - 3.52
(m, 1 H), 3.71 cardartric 8dit) HeXshy8r83&(ro[2 Hp [kt (Sht)edtdt), 7.06 -7.42 (m, 8 H), 7.79 (s, 1 H),
8.76 (s, 1 H) Thiazol-5-yImethyl (2S,3R)-3-hydroxy-4-(N-isobutylbenzo[d]oxazole-6-
carboxamido)-1-phenylbutan-2-ylcarbamate (C38) 1H NMR (400 MHz, CHLOROFORM-d) S ppm 0.62
-0.80 (m, 6 H)%‘l&hé}:?- %"é‘%g( ,%igﬁ)‘?'cf%‘ﬂ' : (@(F?%‘f’kﬁ,"ﬁ%@@éﬁetrﬁ?@m?@%@@%? Y1), 3.62
-4.10 (m, 8 H)Mmetyt5(38 GR)4HER-RUYIneshyhaBnino Fie4sadsy be kol F265(6-darhot- 72- 7.87
(M, 2 H), 8.17 4nidd )3 thy8rin DN B 0@ Mbamate  and the HIV  inhibitor is

(25, 3R)-4-(2 R Y DO R i ical 1-benzyl-3-{[2-(1-cydl
carboxamido)-3- lf/dzrioxy-(l- ,%enyrIB an- -3\/'Ycarbgl%a‘fge(?flé%g)i oBanjfo(1-benzyl-3-{2-(1-cyclo-
2009/07 1650 ST E0eEfIBEB YA S0 HAaNKh (280! #1Brs U PmEREPORINMNB Ppin Y SDX)0.80 (m,
6 H), 1.46 (t, JordBybjztmlctibid IiSxaNydrbdrch3, 3B RGN Bybaied8 -3.57 (M, 1 H), 3.72 - 4.05
(m, 3 H),:4.82 -5.04 (m, 1 H), 5.07 - 5.37 (M, 3 H), 7.03 - 7.36 (m, 6 H), 7.54 (s, 1 H), 7.59 - 7.72 (m, 1
H), 7.79 25, 1H),8.76 (s, 1 H) 5 Thiazol-5-ylmethyl (25,3R)-3-hydroxy-4-(N-isobuty1-2-methylbenzol[d]-
oxazole-6-carBoxaifdS MM aeRrdiDR 4 SRkt (Cwbprem NMRCDOMPE, iethi *ORM-d)
5 ppm 0.62 - Girdetimylc H), 1.6E51385-40 ZH et} r2ddbydathind )2B3@0a8y(barkzd]) 13223 28-(m, 3 H),
337353 (1 loR IR . 5ch I LN AR Gl Y PP RABIER § ). 754

s, 1 H), 7.60- 7.70 (m, 1 H), 7.80 (s, , 8. s, 1 H) Thiazol-5-ylmeth

EZS,SR))-:B-hyd?o%}- 9@?@05‘@@% &%}@r&%ﬂﬁf {1 2benzyi-3-{[¥~-(1 -cy)c/:iOpeﬂtyi—piperidEn-4—
oxazole-Bcarlyta@minidohanphthiginiead-eulficaptidsiiotyCam)irktt RHNRI@00 ivtbiny| St BERGEORM-d)
5 ppm 0.58 -0 MeRahydtebRirol 288 Hifurk Al 91885800 (M, 1 H), 3.00 - 3.26 (m, 3 H), 3.39 -3.55
(m, 1 H), 3.77 20 -4.07 (m, 3 H), 4.78 - 5.32 (m, 4 H), 7.10 - 7.33 (m, 5 H), 7.38 (d, J=8.3 Hz, 1 H),
7.50 -7.60 (m, 3 H), 7.65 (s, 1 H), 7.70 - 7.84 (m, 2 H), 8.21 -8.34 (m, 2 H), 8.77 (s, 1L H) WO
2009/07 1650 T/ 2owsiisaiaery assorting dpsojainethywherein the amount of any of the
(25,3Fli)-3-hy%oWM@@%yh@MprQW!bﬁlﬂquhrmaceuticaily al\sl:captgble sHaIt thereof, is :
oxXazole-g-car -Jd- 4= : Z .

CHLOR FOR%%%%%%&O&@%%%E{?@%@%%‘ gaé%@% ég%kﬁ’({l%%‘%tgé RPNV g9 -
3.01 (m, 1 H), 18 kioavailghilisywhamsaiddpty jahibiigs ia agministersdiglone 1 H), 3.79 - 4.05 (m, 3
H), 4.85 - 5.02 (m, 2 H), 5.13 - 5.32 (m, 2 H), 7.15 -7.36 (m, 6 H), 7.53 (s, 1 H), 7.70 (d, J=8.2 Hz, 1 H),
7.82 (s, 1 H), § 78 e Lddhin oH206L9/BFAOORETER20ARI0608A7 -55 Claims 1. A cpmpound of

the formula 5the salts and._stereojsomeric forms thereof, wherein A R is"l'—lu,uri 1en |‘,’“|6§/riﬂy , Cl_salkyl
or NB whereincﬂraﬂaﬁéeofr%ém%gﬁfﬁ\%om EaPRFMACcEHH ﬂgaﬂ%ﬂ%ﬁél%ﬁ?}g%ﬁﬁﬁfeéﬁwith
alkynyl, Rétercaifjicierd hetnosese sdlirast drenafithy eharmeerkoedicivandbsiob oty
substituted withriitealkgiceterhaesin 4,2nd 10 Blogether withdhsinitogen o whigh fheyars attached

form a 5 or 6 membered saturated, .partially or completely unsaturated heterpcyclic ring contajining 1 to
4 hetero atomgoel“'a{c‘szh fr?ﬁ@jqaé§bve(an_(§a%n§@iese éﬂ%%sffroorﬂ%i % en,agg?@e%'gr\é?ﬁﬁe?%al ﬁ@te&@at@ﬁs are
optionally subBthiRéanistAdmisimsredsrRang. selected from the group comprising In

30  11. A pharmaceutical composition comprising a combination according to claim
5 and a pharmaceutically acceptable excipient.



) <cHa ; R2is C1. 6a|ky| optionally substituted with OH, aminoalkyl, pyrrolidinyl, morpholinyl, alkynyl or
C3_7cycloalkyl optionally substituted with halogen ; ‘ﬁ‘RS is OH; R4 is H or alkyl; 25R5 is pyridyl or
phenyl optionally substituted with halogen; X is 0, S or N optionally substituted with Ci_salkyl. -56- 2.
The compound accordlr}lg to claim 1 having the formula 3. The compound according to claim 1
having the forrerd'sPrad¥ R CUHIBINSEE5MERY S efaimmHaihAseersinuig a9is! A.ceishination
comprising a comigbdridhéinitor dings tplitdeimadanidailid it odibitole enlt Hheraogcauticalbnasioeptable salt
thereof. 156. 5&@*&5@%@ f | i vir or a
compound wit tghe chemical %Eﬁ&eﬁ%‘i\%%%@zygéggét%%jy%ﬁ%%%@ﬁh@?&&ﬂ?
4-ylamino)-benzothiazole-6-sulfony1}-isobutyl-amino}-2-hydroxy-propy1)- carbamic acid
hexahydré-furd®, 3-fjtunt Rgtoedieg, 1. Thnrtd@biftstiom dbeoktivignbilitinms danersivitios a

compound is hégebandragthe chemical name (1-benzyl-3- §[2 (1 cyclopentyl plperad|n~4~ |-

(2S,3R)-4-(2-(eth th ino d 0 azole- xamido 1 phenylbuta
n-2- ylcarbamaefe P%(T §1 Xﬁ)ﬂ}? % Itor |sl5:](jrI L}H g{ﬁ(r)or omwo ﬁ?e%g %\
(1-benzy1-3-13%ifheyalaytriie B&@W@?féﬁﬂh@?@énzothlazole 6 squonyIFlsobutyI amino)-2-hydro
Xy propyl)-carbamic acid hexahydro-furo[2,3-b]Jfuran-3-y1 ester. 10 8. The combination according to

claim 7 V\( erei, %Mg 88%9(#&@ f%!a\{llﬂ]?%wge%?# h‘l—:‘@ompound is thiazol-5-yimethyl

(ethyl(met yl)amino)-N-1sob enz oxazole

carboxamido){® AT ' ?W&'&?Q)%ﬁ&bﬁMQﬁ@qw RFERST G R ERRHBBIABWiIth the
chemical nama- (‘ﬂydhenwyl Bt{w&m&mmwm;aﬂpwaatbraﬁd the HIV inhibitor is (1-benzyl-3-{[2-
ylamino)-benzathi F;%@M%%Hﬂidﬁgﬁké%rﬁm&%&i%ﬁ@%@%%ﬁ“ ﬁ%ﬂ 154%9%ming

hexahydro-fur ran- ster combinati C g to 5 wherein tﬁe amount of
any of the cong[ggI s R L‘ﬂ% (f\ﬁcﬂ' eﬁﬁ&%ﬁ%@%@%ﬂ% b'é%'?a%ﬁ! &st8hereof, is 20sufficient
to clinically improve the bioavailability of the HIV inhibitor relative to the bioavailability when said HIV
inhibitor is administered alone. 10. The combination according to claim 5 wherein the amount of any
of the compouitiisfopfotalaa¢crp(tingde aisirariiiewidahytbe cepratsiarshhabdheofpisn2fasufficient to
increase at least one of the pharmacokinetic variables of the HIV inhibitor selected from t112, Cmin,
CMaXt Css, AUC at 12 hours, or AUG@at 24 hours, relative to said at least one pharmacokinetic
variable when the HIV inhibitor is atered alone. 3011. A pharmaceutical composition comprising
a combination according toglaim, e a Qparmaceutically acceptable excipient -58-12. A product

containing a comp ound of fgrmulf

acceptable salt Le;ﬁﬁ‘\a‘é bg

therapy. 513. A uct according ta

with the chemical name

(1-benzyl-3-112-(1-cyclopentyl-piperidin-4- yIamlno“) benzothiazdle-6-sulfonyWisobutyl-amino)-2-hydro

xy-propy1l)-carbamic acid hexahydrofuro[2,3-b)furan-3-y1 ester. 1014. A product according to claim 13

wherein the compound is thiazol-5-ylgethyl

(2S,3R)-4-(2-(ethyl(methypamino)- butylbenzo[d]oxazole-6-carboxamido)-

3-hydroxy-1-phenylbutan-2-ylcagbdme#e and the HIV inhibitor is (1-benzyl-3-{[2-

(1-cyclopentyl- pigeridin 4j@mi j0)-benzothiazole-6-sulfonylkisobutyl-amino}-2-

hydroxy- propylgza amie aag ; ' @ ff rag;{S-yl ester. 15 15. A product according to
for ?

claim 12 in whi e compound has the Qr./

sthaneous separate or sequential use in HIV
he {IV inhibitor is darunavir or a compound

(thy or



NH2 or -59- 16. A combination according to claim 55in which the compound has the formula N/ Or N
H2 or 5 T

N
OH % N/>
(V) .

16. A combination according to claim 5 in which the compound has the formula

or




