Cycl oundecadepsi pepti de conmpounds and use of said conpounds as a nedi canent
The present invention relates to cycl oundecadepsi pepti de conpounds. It also
rel at es twothm/szxm9of t hese conmpounds as a nedi canent, POTABRIMY/CMBEr as
antiviral agents, nore particularly for preventing or treating Hepatitis C
i nfections or HCV induced di sorders. BACKGROUND ART: HCV was cl oned and
characterized about 15 years ago_by Choo and col | eagues (see Science 244,
(1989), 359Cyslpundrcadepsipeptidecompoyndsaand tiseaof saidconpri ses an
envel oped nucl eocapsid and a singl e-stranded RNA genone of positive

pol arity (seentpoiudtds asgamedicamentntiviral Res. 60, (2003), 91-102).
HCV is transmtted primarily by bl ood, blood products and verti cal

transm ssion during pregnancy. |Introduction of diagnostic tests for

screeni ng WHlehti b WA f 4 @gp?gq XS
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ri sk for |ijaucéd Hisoasers. and hepat ocel | ul ar carci noma (see Poynard et al.,
Lancet 349, (1997), 825-832). There is no vaccine avail able, and
t herapeutic options are very limted (see Manns et al., Indian J.

Gastroenter b%g@@l ) . (2001), C47-51 ; Tan et al., Nat. Rev. Drug
Di scov. 1 8}(\%@5{ %i) Conpounds whi ch bind strongly to cyclophilin
have bd&nh identified but those conpounds were i nmunosuppressi ve (Nakagawa M
et al., Bi ] | ' ' Wels 1,6 Press
- 01 andacvRY A bigheq gt BN Aol SBGH £ CATRUD 67 OB on CARRLES ), 51
14) . Ther ef ofsee Stience244g 1089}, 359-362)r HCVabelongsto tie fardlyck laeiviridaerarst r y
t udi h b ducted with th imto identif -] i
ioﬁpgﬁﬁdsa\s’&mgﬁgescg# eHSelgpeXiM nucleocgpgild né‘ndoa Isin(gagape-Istrgncri]é)é1 RII\]A ggrcl)osr%g%rfesm ve
positive polarity (see Bartenschlager et al., Antiviral Res. 60, (2003), 91-102). HCV

15 is transmitted primarily by blood, blood products and vertical transmission during

pregnancy. Introduction of diagnostic tests for screening blood products has

significantly reduced the rate of new infection.

Still, HCV remains a serious medical problem. There are currently about 170

20 million people infected with HCV. The initial course of infection is typically mild.
However, the immune system is often incapable of clearing the virus, and people
with persistent infections are at a high risk for liver cirrhosis and hepatocellular
carcinoma (see Poynard et al., Lancet 349, (1997), 825-832).

25 There is no vaccine available, and therapeutic options are very limited (see Manns
et al., Indian J. Gastroenterol. 20 (Suppl. 1), (2001), C47-51; Tan et al., Nat. Rev.
Drug Discov. 1, (2002), 867-881).

Compounds which bind strongly to cyclophilin have been identified but those

30 compounds were immunosuppressive (Nakagawa M et al., Biochemical and
biophysical research communications, Academic Press Inc. Orlando, FL, US, Vol.
313, N°1, 2 January 2004, pages 42-47, XP004479114).



as NIM 8 11 or other conpounds presenting also a high potency to inhibit

H V-1 replication and essentially |acking of immunosuppressive activity,
see WO O00WBLo1/0k2ss6\VWenger et al .; DEBI OPHARM SA) and Teptgheshoonobett., 4 1
, (2000), 7193-6. It has been found that non-i mmunosuppressi ve conpounds
which bind to cyclophilin have an inhibitdry effect on Hepatitis C virus
(HCV). Persistent infection by HCV, which has been identified as the major
causat i ve abfwatefase, duwingsherlast 20 jearst atriunbarsf imeedicioehcheatsisty studise have
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therapy with interferon or a conbination of interferon an avirin.
However, sifRBkcation and essentialylackinagwhintreungsuppressie aetivital seeW®he HCV

Bt ernabi iU 1Y Rnber Pl R TIARIY SV R debioion RefsdndrPiot o ac

on inhibiti®bM3e6. hepatitis C virus (HCV) replication are already known from
WD 2005/ 021 028 (Novartis Pharnma GVBH) and WD 2006/ 038088 ( DEBI OPHARM SA) .
Hanssons MJ et al. Journal of Bioenergetics and bi onenbranes, plenum

bl i shi ng, \ - : 407-413
conpounas |ecnave n | one O ese
peg?id ang r s%n‘fv] n Olé‘ﬁf\gi . clinical .trief[s there is stilhaneed
o devaPop RRmRiseEen Byslicd. whishtirsdiianura i o e @aidy BsphYs bi ¢ ¢ he
replicati omgednt of RoRA, ofHs %patfﬁ‘s\/p%ﬁbeeﬁ_ansiaeréao§lg§§gée|r*agés ) Rigrneti

profile (e.d. hepatic transporter Inhibition profi ting
drug- drug idiseasestsushsds ehranigi hdpatitips lpes girthmsiscor hepatpeeilarcgreingma. The

non-i NMuNos essive.activity .and resulting adverse.events)._Accordingly,
The presencavRrbRaep! dicee st sidtHess T Arbndf pRBICh ST ERh B ERER
anti-HCV therapy is restricted to therapy with interferon or a combination of
15 interferon and ribavirin. However, since the virus is not eliminated from about a
half of the HCV patients treated with these known agents, there is still a strong

need for alternative anti-HCV agents.

Cycloundecapeptides having the property to act on inhibition of hepatitis C virus
20 (HCV) replication are already known from WO 2005/021028 (Novartis Pharma
GMBH) and WO 2006/038088 (DEBIOPHARM SA). Hanssons M J et al. Journal
of Bioenergetics and biomembranes, plenum publishing, New York, NY, US, Vol.
36, n°4, 1 August 2004, pages 407-413 (XP002330699) reports the better
potencies of mPT inhibition by the compounds described in WO 2006/038088.
25 However although some of these peptides are presently involved in clinical trials,
there is still a need to develop new antiviral agents having satisfactory property to
inhibit the replication of, in particular, HCV, along with improved pharmacokinetic
profile (e.g. hepatic transporter inhibition profile and resulting drug-drug
interactions) and with improved toxicology profile (e.g. non-immunosuppressive

30 activity, and resulting adverse events).

Accordingly, the present invention aims to provide further non-immunosuppressive
compounds to be used in the prevention or treatment of Hepatitis C infections or

HCV induced disorders. Those compounds have the unexpected advantage either



conpounds to be used in the prevention or treatnment of Hepatitis C

I nfections or HCV i nduced di sorders. Those conpounds have the unexpected
advant agewei2btvarstszeor educe the potential adverse effectspeehigsod@st he

i nhibition of hepatic transporters or the potential drug-drug interactions
related to the inhibition of hepatic trandporters or even both. In addition
it is also an object of the invention to provide conpounds that are easier
t o synt hesi togreduce she pelgntial advesse effdctstrelated o thiecinhBiticEFofEP@RCPTI ON OF

THE | NVENTI ON:  Ther ef or,e e aimof the.present inventjon . L0 _provi de
new ant i r SPSERITS oh it belBpal ekt aeraRts iRet ks BatBEs " ang
sur pri si ngl Nepatidteendperters opedert Bath. 1N88&itibA G5 'ATEAh DbRICE of thefihéiibrdi
cycl oundecadepsi pepti de conmpounds, as defined in Forrmula (I

CyCl O ( AXX1PIRxide gompoundethakae: easier imeyntitesige/invpariculas et peNrRdustial) 1 2 3
456 758 9%9 11 in which AXXi is MeBmt, 4-fluoro-MBnt, dihydro-MBnt,
8-hydroxy-|\/% n? O acetyl -MeBnt; AXX2 is Abu, Val, Thr, Thr(Owe), Thr(QAc),
Thr (OCOCH 2CH2CH2OH), Nva, 5-hydroxy-Nva; AXX3 is D MeAI a,

D 3-fluoro-MAlLa, D-MSer. D MSer(OAc), D MeSer(O CH 2CH20H), D MeSer ( OCH
2GoNEL ) . BRIRERERCRIE TIONGF TREUSMENTINA: . Nenet (O it h O mean ng

t hat sul phur atom of nethionine is sul phoxyde or sul phone, MeVal, MThr,
MeThr (QAc), MeThr(QtBu), MeThr(Owe), MeAla, Melle, MeThr, EtVal, Etlle,

Et Phe, Et TyTherefarerth©am of Ml pras@at invehtidly wasNb provi@dmew aivira( Glyents MePhe;
AXX5 is Leu, Val, lie, Ala; AXXe.is MAla Sar, MeLeu; and AXX7 is Ay, Ala.
10" "having the abéve-mentloneg improved properties and surprisingly it has geen
found that these requirements are fulfilled by cycloundecadepsipeptide

compounds, as defined in Formula (1)

Cyclo-(AXX1-AXX2-AXX3-AXX4-AXXs-AXXe-AXX7-D-Hiv-MeLeu-Leu-MeVal) ()]
15 1 2 3 4 5 6 7 8 9 10 11

in which

AXX; is MeBmt, 4-fluoro-MeBmt, dihydro-MeBmt, 8-hydroxy-MeBmt;
O-acetyl-MeBmt;
20 AXXz is Abu, Val, Thr, Thr(OMe), Thr(OAc), Thr(OCOCH,CH2CH,0H), Nva,
5-hydroxy-Nva;
AXX3 is D-MeAla, D-3-fluoro-MeAla, D-MeSer, D-MeSer(OAc),
D-MeSer(O-CH,CH,0H), D-MeSer(OCH,CH2NEt;), D-MeAsp(OMe);
AXX, is Melle, MeMet, MeMet(Ox) with Ox meaning that sulphur atom of
25 methionine is sulphoxyde or sulphone, MeVal, MeThr, MeThr(OAc),
MeThr(OtBu), MeThr(OMe), MeAla, Melle, MeThr, EtVal, Etlle, EtPhe,
EtTyr, EtThr(OAc), MeThr(OAc), MeTyr, MeTyr(OAc), MeTyr(OMe), MePhe;
AXXs is Leu, Val, lle, Ala;
AXXs is MeAla, Sar, MelLeu; and
30 AXX; is Gly, Ala.

Another object of the invention is to provide for a pharmaceutical composition for
preventing or treating Hepatitis C infections or HCV induced disorders, comprising

the compound of formula |, together with one or more pharmaceutically acceptable



Anot her object of the invention is to provide for a pharnaceuti cal
conposition for preventing or treating Hepatitis C infections or HCV

i nduced dveanthaisssseconpri si ng the conpound of fornul a | pctragsjohyed7sed t h one
or nore pharnaceutically acceptabl ediluents or carriers. A further object

of the invention is to provide a phar macétiti cal conbi nation conpri sing at

| east a) a first agent consisting of the conpounds of formula | or the

phar naceut idildentsodpeaitierssn, and b) a second agent having properties to act
agai nst HCV replication. Conpounds according to Fornula | nay be used in

t he manufacture of a nedicanent in the treatnment of prevention of Hepatitis

C i nf ecti ong furthdr@bjedtdi trslindeAtonl & & provideta pRarnedeutiBhESSMBhatios
invention is to provide a nmethod for preventing or treating Hepatitis C

i nf ecti ons GMPISIng AtilRastala fisstrgest ponsistingpibe qampritdis ¢idprnela | or the
Ll i . ripi . i .
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t o the i nveagainst HGVrepliwttionel y a nmet hod for inhibiting HCV replication in

a patient in need thereof, conprising admnistering to said subject a
therapeutically effective anount of the conpounds of Formula I or the

phar maceut i hid i i i I of BRI EF

bEScR i o AP RERER GBSOt Bl B B R of B et 1 on and
t o show hownedieasemtimting tbeatownt bédraventior df ElepatitishEriafeatibhs woWdé shown by
way Of1 xanpl e cgﬂl.é q's‘%ecifi c enbodi nents, nethods and processes according
to the §re§ Juced iSRS with reference to the acconpanying drawings in

whi ch: Figure 1 shows the chem cal synthesis of the conmpounds according to
the invention in conparison to conpound according to WO 2006/ 038088 i . e.

[ DMeAl a] 3-A petviairther abject DEthieonverd)on is to provide a method for preventing or

treating Hepatitis C infections or HCV induced disorders in a subject in need
thereof, comprising administering to said subject a therapeutically effective amount
15  of the compounds of Formula | or the pharmaceutical composition according to the

invention.

Alternatively a method for inhibiting HCV replication in a patient in need thereof,
comprising administering to said subject a therapeutically effective amount of the
20 compounds of Formula | or the pharmaceutical composition of the invention are

also provided.
BRIEF DESCRIPTION OF THE FIGURES:

25 For a better understanding of the invention and to show how the same may be
carried into effect, there will now be shown by way of example only, specific
embodiments, methods and processes according to the present invention with

reference to the accompanying drawings in which:
30 Figure 1 shows the chemical synthesis of the compounds according to the
invention in comparison to compound according to WO 2006/038088 i.e. [D-

MeAla]*-[EtVal]*-CsA (Debio 025).

DETAILED DESCRIPTION OF THE INVENTION:



DETAI LED DESCRI PTI ON OF THE | NVENTI ON: Unl ess ot herw se defined, all
technical and scientific terns used herein have the sanme neani ng as

comonl y wodeieadseszd by one of ordinary skill in the art peg/msvosbotén S

i nvention bel ongs. Although nethods and materials simlar or equivalent to
t hose described herein can be used in thedpractice or testing of the
present invention, suitable nethods and naterials are described bel ow All
publications, patent applications, patents, and other references mentioned

h t hei r. 1 t n, th f

cont 11ct <t eSS Bt Befirlet, 2 HB i) iR B pRhY 1opd nefisn F3EEAF% o1

I n additi Onsarﬁ@@némﬁrﬁj agbﬁmm@m?(@ﬂﬁers’w@d %%@' (ﬁ‘?orélrnﬁry élhllliﬁ et ary o Wplch and
are not intended to be limting used herein, the follow ng definitions

are suppl i 8is iRventiasy b@'@"ﬁ%a‘?\uhqhﬂlhefn?ﬂ@@rﬁi& melaitalssimlar oreqgivelan to
i nventign. RE, ‘dSEéﬁqet e eﬁgarﬂ) :bgsl%%aqﬁ gr};é § ?@8 ong?étiﬁgecgfﬁﬁég)ré’%erdtnc' ude,

that is to say perm

conponent s.invéntioh, snitathip enéthotis tdmd rpaksialy arerdestiibed betoviar AV pdlislidations,
cycl oundeca deg3| tlde conmpound of Fornul a (

CyCl O ( AXXr MSA?@QDK)@(TE@WQ%%EB@'L@PW&WU) 1234

g- ﬁy?ﬂr gxg- @%@#’;"@fﬁ%ﬁ ;E/ e n{d th | eétyA[)r{Jd,h%%#?Whr , ﬂ'fﬂ %%?sé\ﬁhr ( OAC)

Tr | r ( OCOCHXsRdfidatibl), inoladintg dgfavitions, Milhcormtro{3In add]ticMzAha,maneBaﬁsl matiedde Al a,
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Etlle, Et Phe Et Tyr, Et Thr(OAc), MeThr(QAc), MeTyr, MeTyr(QAc), MTyr(Ow),
MePhe, MeMet (Ox) wherein the sul phur atom of nethionine is sul phoxyde or
As used herein, the following definitions are supplied in order to facilitate the

understanding of the present invention.

15 The term “comprise” is generally used in the sense of include, that is to say

permitting the presence of one or more features or components.

It is an object of the present invention to provide for a cycloundecadepsipeptide
compound of Formula ([)
20
Cyclo-(AXX1-AXX2-AXX3-AXX4-AXXs5-AXXs-AXX7-D-Hiv-MeLeu-Leu-MeVal) (1)
1 2 3 4 5 6 7 8 9 10 11

in which:

25 AXX; is MeBmt, 4-fluoro-MeBmt, dihydro-MeBmt, 8-hydroxy-MeBmt;
O-acetyl-MeBmt;
AXX_ is Abu, Val, Thr, Thr(OMe), Thr(OAc), Thr(OCOCH.CH>CH-OH), Nva,
5-hydroxy-Nva;
AXX3 is D-MeAla, D-3-fluoro-MeAla, D-MeSer, D-MeSer(OAc),
30 D-MeSer(O-CH,CH,0H), D-MeSer(O-CH,CH,NEt;), D-MeAsp(OMe);
AXX4 is Melle, MeMet, MeVal, MeThr, MeThr(OAc), MeAla, EtVal, Etlle, EtPhe,
EtTyr, EtThr(OAc), MeThr(OAc), MeTyr, MeTyr(OAc), MeTyr(OMe), MePhe,
MeMet(Ox) wherein the sulphur atom of methionine is sulphoxyde or

sulphone;



sul phone; AXX5 is Leu, Val, lie; AXX6 is MeAla, Sar, MelLeu; and AXX7 is Qyvy,
Al a. According to | UPAC adm tted definition, cyclodepsipeptides are natural
or synt hevpeooaspssands havi ng sequences of am no and hy@coaptooesBexyl i c
acid residues (usually a-am no and a-hydroxy acids) and the residues are
connected in a ring (see | UPAC Conpendi urf of Chenical Terni nol ogy, 2nd
Edition (1997). Such cycl odepsi peptides are depicted as heterodetic

pepti des i b df Leu, Mahdle; one ami de bond has been replaced with an ester

bond (see JaxRe [ Cl : -8 (2004)). The conmpounds of the present
I nvention Com?ﬁéé\ﬁéﬁlgﬁl%rj@e&%%&% ten being a- am no acids and one being

a- hydroxy akXH; igldlg, Alahydroxy acid is (2R)-2-hydroxy-3-mnethyl - but anoi c
acid, also known as D a-hydroxyi soval eric acid and abbrevi ated as
HDHvVv-OH In Formula (1), this hydroxyl acid is in position 8. It formns

on the earh, ' [ wa l@%}p | ] f..th
a- am nogac i /Séi?dﬁ&i@g?{étl 952\ "(‘ga&‘ﬁgﬁég @@f met’ ﬁ%kpghgﬁﬁgﬂaghga%r @%ﬂlﬁg IPhygr oxyl
end an est esynitoeti eorhpouris laving sgduencesi af ayninopanaf hydrexyl-canbowyliaaicd i n

i ti 7, | | ani | yci Th - ami d f F | )
rent i oned P RiesyuSyabuEamdte dhd colrary AElishang e ASYSE Bt
am no aci ds; gRg (s&eIUPACTEHBBEARGIURTOf ShEmFRIN freaminoiddy02™ EAItiBR190Er Wi se

speci fied. The residue nunbering starts from AXXi representing
N- et hyl - (4Rychicyq@epsiprntides|dre depisted bs hetarodetic peptidesiibBuhichaatilsast

et byt 107 ot aiTEie e Ao Pe5hagaBRt Wil Sl BoR e T BERUR 56 38 O an
am no aci d,11)832084))s that such an alkyl group is fixed on the ami no group

of said am no acid residue. An advantage of the conpounds according to the
present invention may lie in the

The compounds of the present invention comprise eleven residues, ten being a-
amino acids and one being a-hydroxy acid. This a-hydroxy acid is

15  (2R)-2-hydroxy-3-methyl-butanoic acid, also known as D-a-hydroxyisovaleric acid
and abbreviated as H-D-Hiv-OH. In Formula (1), this hydroxyl acid is in position 8.
It forms on the carboxylic acid end an amide bond with the amino group of the
a-amino acid in position 9, namely N-methyl-leucine, and, on the hydroxyl end an
ester bond with the carboxylic acid group of the a-amino acid in position 7, namely

20 alanine or glycine.

The a-amino acids of Formula (I) are mentioned using the three letter code
abbreviation usually used to name amino acids and their configuration is
L-configuration, unless otherwise specified. The residue numbering starts from

25  AXX; representing N-methyl-(4R)-4-[(E)-2-butenyl]-4-methyl-L-threonine or MeBmt
and its structural derivatives as defined above. When an alkyl group such as a
methyl group Me or an ethyl group Et appears before the abbreviation of an amino
acid, this means that such an alkyl group is fixed on the amino group of said amino
acid residue.

30
An advantage of the compounds according to the present invention may lie in the
impact of an ester bond within macro cyclic backbone in comparison to the regular
cyclic amide backbone of the corresponding cycloundecapeptide compounds
described in the prior art. Without being bound to theory, it is believed that the



I npact of an ester bond within macro cyclic backbone in conparison to the
regul ar cyclic am de backbone of the correspondi ng cycl oundecapepti de
conpoundswdesuovaskesd in the prior art. Wthout being boumrdTtuB20nfve@ssl, it is
bel i eved that thereplacenment of an am de ;)y an ester bond between

am no-acid AXX7 in position 7 and DDH 'V i'n position 8 results in a strong
effect upon the conformational and physico-chem cal properties. such _as

i ncreased JBRRBSEMANt ghan amidgihy an tsyte( pangbetweest aming-aeidAKKain Reshemi cs

of  Chain rﬁ:CB'I-fﬁﬁ inpULHidn ﬁ"r‘%?%dlt%hﬁrasstad}% Is%ofﬂﬂe gﬂﬁﬁﬂ-[a'tukaﬁéwnd?‘s wel |

as the absence onor bon ieve ese
struct ural m'fyathcﬂmmlcahprfoqnemésJSles)mnc@Itediddh@mrmmmmal fiexibitity (in P.J.

Egﬁ;gﬁﬁaghﬁ%r@ﬁ&@fsﬁép@co 918 of GreneMBlereh Fransh Biblivasrsaly, adfe.
possi bl & r i lonllly LIS, APIETNEEb g RBRY wcggg@ﬁ%oher 88hAC aci d

substitutions nsyst mat i1 c stu de in an i1 ncrease of the
confornatlonal space with respect to the bioactive conformation (V. M kol

et al. - I{\@'behg{éééj th4t4RE&3 s@@étuhefféatﬂ@s) traﬁé?oﬁﬁ%?a?&%o&rf&ed diff rences in

cycloundecapept| anal ogues o prior art, single or
repl acerrenttlae;physlosmhleumsali, phamgwmhmebeamdémlagibabpmpemesmfptbe| t ion 2 and

am no-acid in 05|t| f t he nat raI | oundecade tide

obt ai ned e o raianed @ e HesS 57 R e RdaRodin 03,

Exanpl qp4, Aibéﬁsﬂe rétnoﬁﬁlsruk the Obddifed Rlght kA8rapiceltb miRb I Sulsv@Tdris iRs tO
Cyclophilin as evidenced by the |ist of conpounds nmeeting the criteria of

t he presentsystereatid SAR sipdiesivangside iman inoreasseof thetqwfcbrmﬁﬂqm@l apageni t | es

o conpoundibrespae b Bk Siseiostlftmy. Mikoit dtap. L&Y ERbh 50EE

(Debi o 025)451a86een observed. Apart fromthe irrproved active profile (see
Exanples 5 and 6), the new class of conpounds also offers an inproved
preparation process, especially at an industrial scale. The invention also

enconpggses, %Bﬁ%gtatjo é%ﬂﬂria%%b88§de°£né|8§u&°8ﬂﬂ\é%r%fn, single or multiple

replacements at positions in fragment between amino-acid in position 2 and
amino-acid in position 7 of the natural cycloundecadepsipeptide, as obtained
either from US 5,116,816, Example 2, or from WO 02/092033, Example 4, Step 4-
1, result in the retention of high binding capacities to Cyclophilin as evidenced by

20 the list of compounds meeting the criteria of the present invention. Most notably,
an increase in the binding affinities to Cyp A of factors up to 2-4 for the
compounds of the invention compared to compound according to WO
2006/038088 i.e. [D-MeAla]*-[EtVal]*-CsA (Debio 025) has been observed.

25  Apart from the improved active profile (see Examples 5 and 6), the new class of
compounds also offers an improved preparation process, especially at an

industrial scale.

The invention also encompasses chemical modifications of the compounds of

formula | to prolong their circulating lifetimes. Examples of suitable poly(ethylene
30 glycol) derivatives that possess this property are described in e.g. US 2005171328

(NEKTAR THERAPEUTICS AL CORP) or US 6,713,454 (NOBEX CORP).

More preferably, the compounds of the present invention are defined by



formula | to prolong their circulating lifetines. Exanples of suitable

pol y(et hyl ene glycol) derivatives that possess this property are descri bed
in e.g. U80200815755328 ( NEKTAR THERAPEUTI CS AL CORP) or BETAB223par36l ( NOBEX
CORP). More preferably, the conmpounds of the present invention are defined
byFormula (I) in which AXX1 is MeBnt, dihydro-MeBnt, 8-hydroxy-MeBnt; AXX2
is Abu, Val_ Thr, Thr(Ow), Thr(OAc), Thr(OCOCH2CH2CH20H), 5- hydr oxy-Nva;
AXX3 is D Meginwlarl)an whigdt o- MeAl a, D-MeSer, D-MeSer (OAc), D- MeAsp(OMe):
AXX4 is Melle, MeMet, MeMet(Ox) with Ox meaning that sul phur atom of

met hi oni ne i s sul phoxyde or sul phone, MeVal, EtVal, Etlle, MTyr,

I\A/b;oT()ér ( OAE) ,AX/KTV ?/ismmml t,Amreyarl' Ovamﬁf&ﬁygTdXYNg§Bh{t,O°\C) : I\/ETh(rj (OVe), MePhe;
is Leu al, lie X IS a, Sar Leu: and AXX7 is Ay,
N Even mbXEe s bt YehyhrcOREOMeN THHOARMIROGGCREEHRMARAL nt hat
AXXi is Bnt , %dﬂ;{/g,rogyw Bnt; AXX2 is Abu, Val, Thr, Thr(Owe), Thr(QAc),
Thr ( 2 CH2 CH2 , 5-hydroxy-Nva; AXX3 is D-MeAla, D-3-fluoro-MAl a,

D- MeSer, D-AX¥Zerié OabeAla) DASABGroNdeAladDMaSer\BVeSeNEMi), DNEeASH@Ye);

uher et 1% AR S, RS WAYRLoaFMRL oy g oLy oL
enbodi ment  of t hpetHiifAé iLSulpROXRIGISIBhomO BN A, EtValaEfiedfidTipd I n that,
MeTyr(OAc), MeTyr(OMe), MeThr, MeThr(OtBu),MeThr(OAc),MeThr(OMe),
10 MePhe;
AXXs is Leu, Val, lle, Ala;
AXX¢g is MeAla, Sar, Meleu; and
AXX7 is Gly, Ala.

15  Even more preferably, compounds of Formula (I) are defined in that,
AXX; is MeBmt, 8-hydroxy-MeBmt;
AXX, is Abu, Val, Thr, Thr(OMe), Thr(OAc), Thr(OCOCH2CH2CH20H),
5-hydroxy-Nva;
AXX; is D-MeAla, D-3-fluoro-MeAla, D-MeSer, D-MeSer(OAc), D-MeAsp(OMe);
20 AXX; is Melle, MeMet, MeMet(Ox) wherein Ox is —-SOMe, -SO,Me, MeVal, EtVal,
Etlle,MeTyr; and
AXXs is Leu, Val, lle
AXXs is MeAla, Sar, MelLeu; and
AXX7 is Gly, Ala.
25
In a particular embodiment of the invention, compounds of Formula (I) are defined
in that,
AXX; is MeBmt ;
AXX, is Abu, Val, Thr;
30  AXX3 is D-MeAla;
AXX, is Melle, MeVal, EtVal;
AXXs is Leu, Val, lle;
AXXs is MeAla, MelLeu, Sar; and
AXX; is Gly, Ala.



AXX1 is MeBnmt ; AXX2 is Abu, Val, Thr; AXX3 is D-MeAla; AXX4 is Melle,
MeVal, EtVal; AXX5 is Leu, Val, lie; AXXis MeAla, MeLeu, Sar; and AXX7 is
Ay, Al a.wocorodisesfot o one of the best nobde of the i nvenconBoeneinds of
Formula (1) present the follow ng formnul

CyCl o- (MeBrTIt - AbU- D- MeAl a- MeVal - LeU- MeLelU- A y- D- Hi V- MeLeU- LeU- MeVal ) (1 a)
CyCl o- (MeBi TI't - AbU- D- MeAI a- Et Val - LeU- MeLeU- Al a- D- Hi V- MeLeU- LeU- MeVal ) (I b)
Cyd O (MeBrTIt-Val -D MeAl a- MeVal -1 | e- MeLeU- d y- D- H V- MeLeU- LeU- MeVal ) (I c)
cycl o- (MeB (1d)
a0 ( wear g Bl ARkt odk e Bintof dodBrftarBtEdmEly) ' (o)
Cyd O ( MeBi ies¥at thB-fotidwingNbiallake U- MeLeU- G y- D- Hi V- MeLeU- LeU- MeVal ) (I f)
Cyd O (MeBi Dt - AbU- D- MeAl a- MeVal - | | e- MeLeU- G y-D- Hi V- MeLeU- LeU- MeVal ) (19)
CyClo- (MeBi TIt - Val - D- MeAl a- Et Val - LeU- MeLeU- Al a- D- Hi V- MeLeU- LeU- MeVal ) (| h)
(1)

CyCl o- ( ¥eBidiklo (IMMQAMAJML&&%&% @%D%Hu\)v’eLM%xLLQé&M@\VéI 1)
cycl o- (MeBnt - Val - D- MeAl a- NeVal - Val i v- MeLeu- Leu- MeVa W&l k) The

above |i st &chdmmd%b%'aﬂ%@ﬁgmﬁ'ﬂﬁu?ﬁﬂ?w&'ﬁﬂ HypMelguwhkey-MeVah e nost

i npor t ant Cdycbe(Me@nﬂfvéumeMeA%smevam@maémsy-mwnaé@%umwwerren& of the
chenical synthesis, the pharmacol ogl cal gropertles t he phar macoki netlc and

t oxi col ogi c‘%chop(Mﬂante%bu efpMeVahbaMebayilmBHivdrlesiesrMeValmddh | ower

potency, asg @W-Aw MAJa%i/al VQI M@Rrbmé diﬂWéEelL[@;ﬂﬁl@Vél‘)er@e)SUCh as
MRP2 or OATP1B1. Therefore, ds_are ex&lec ed reduce either

the potlént |%04M?&"§eV%ﬁM§6@ M@Va LeH;J\G%Lre&rG'inQrbﬁ'\h h-ay- Ly MQY@')poﬂant i al
drug- drug i ¢ycRtMEBNRIRHUS- MbAl&\‘MéVaHh@N@Qéuf@ﬁBCHﬁﬂ\#eLém_éU Meval) sugp) as

atorvastati n) reI ated to the inhibition of hepa
cyclo-(MeBmt-Val-D-MeAla-EtVal-Leu-MeLeu-Ala- H|v-MeLeu Leu-MeVal) (lh)

cyclo-(MeBmt-Abu-D-MeAla-Melle-Leu-MeLeu-Gly-D-Hiv-MelLeu-Leu-MeVal)  (li)

cyclo-(MeBmt-Val-D-MeAla-MeVal-Val-Sar-Gly-D-Hiv-MeLeu-Leu-MeVal) (k)
15
The above listed compounds correspond to an overall optimisation of the most
important criteria of the present invention, namely the improvement of the
chemical synthesis, the pharmacological properties, the pharmacokinetic and
toxicological profiles.
20

Notably, these compounds demonstrate a much lower potency, as compared to
Debio 025, to inhibit hepatic transporters such as MRP2 or OATP1B1. Therefore,
these compounds are expected to reduce either the potential adverse effects (e.g.
hyperbilirubinemia) or the potential drug-drug interactions (e.g. with HMG-CoA
25 reductase inhibitors such as atorvastatin) related to the inhibition of hepatic

transporters, or even both.

Additional compounds of the invention are the followings:

30 cyclo-(MeBmt-Val-D-MeAla-MeVal-Val-Mel eu-Gly-D-Hiv-MeL eu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MeThr(OtBu)-Leu-Mel.eu-Ala-D-Hiv-MelLeu-Leu-MeVal)
cyclo-(MeBmt-Val-D-MeAla-EtVal-Leu-MeLeu-Gly-D-Hiv-MelLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MeVal-Leu-Sar-Gly-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Val-D-MeAla-MeVal-Leu-MeLeu-Ala-D-Hiv-MeL eu-Leu-MeVal)

35  cyclo-(MeBmt-Thr-D-MeAla-MeVal-Leu-MeLeu-Ala-D-Hiv-MeL eu-Leu-MeVal)
cyclo-(MeBmt-Val-D-MeAla-MeVal-lie-MelLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)



transporters, or even both. Additional conpounds of the invention are the
fol | ow ngs:

CyCl o- ( MaBOBb10/0F2959 D- MeAl a- MeVal - Val - MeLeU- G y- D- Hi V- MelpetHBRBI0Y/Mes@l )
CyClo- (MeBi TIt - AbU-D- MeAl a- MeTr I r (O Bu) - LeU- MeLeU- Al a- D- Hi V- MeLeU- LeU- MeVal
) CyClo-(MBiTIt-Val -D MeAI a- Et Val - LeU- Me Qu-a y- D- H V- MeLeU- LeU- MeVal )

cycl o- (MeBnt VaI Leu-Sar-d y-D- H v- MeLeu- Leu- MeVal )
CyC o- ( VeBi %‘&%&%ﬂ%{* JMederLaulel oA R-Rivaiebepileu-MeVal- LeU- Meval )
cydo- f MeBntoydib MEBriEdNueD-MeAMaiMdleliedebeu-Aa-8-Hiv-MeleuMEueeMau - MeVal )

&yA O (MeBIclh (Mé’émtﬁ?/a!\!%h@m{’ﬁwél Val- I@e%!ﬁ@a% ﬁlv@n%eﬁt%@-ﬁfﬁﬁﬁe'-eu Meval ) &y d o-

(MeBrTIt-Val- val)
Cyd O ( MeBreyflp- M&ﬁﬂ-‘ﬂ%@y&{'eﬁww@LE@MB&EMN'QME}%LVUW@Y@M LeU- MeVal )
oyd O ( BeBrcwbw@mt&bwaﬁmmmm-mwémm BVHa-NRL Yedewhh LeU- MeVal )

o (MmeB - = Hi V- MeVal
ool o ( vem e BRI b e e BB MUA BB Vo) T
cycl o- ( MeBrYClFHYgBmEAbUD- MENP'&—“I%‘«@! Meleqy-GleDettiv-Mekeur eriMeMeB Leu- Leu- MeVal )
CyQd O ( MeBidgio-NdBrk-Ava4d-mekih WTyH—LQJd‘M&'e@-Nta@-HNW&d’th&@M@VbI}-eU‘ MeVal )

ool o (NEErTE RIS NER AT Vo ¢ S e o A B ou- veval)
cycl o- fIQkeBrayclafiveBmtNiaAD MeRa/ElV atleey- M@Ee&laﬂp -HivEMdliey-LeMeVal) eu- MeVal )

X9 O (NeBicHbwalm R DA YA e bl bFrumB o ekl LeU Neval )
CIO(IVEBr | t - AbU- D- MeAl a- Ve H V- MeLeU LeU- MeVal)

Coyd O ( MeBioYFe- (Mg lﬁbN/cPA'r"aA'Rzé'\?é(F' ‘N? éﬂekfé‘%@%( DA'[*RQ MsLei-teuMe¥R) LeU Meval )
cycl o- ( MeBroyeld/éeHtibAIDaMbAI Y M eVelale-NEAla-MayD-BiviieL elvbdieMeVau- MeVal ) Ot her

corrpounds Hiewm I ormul ae: cycl
- Thr(l%@%ﬁ%ﬂeﬁ% 'qunél BELQ G%B Al aé%lu L?\\,/\Ml\a/gflzu Leu- MeVal ) cycl

q (NEB%_
g- ( (8- nydr oxy) MeBnt - Abu- D- MeAl a- MeVal - Leu- MeLeu- Al a- D- Hi v- MeLeu- Leu- MeVal )

Cya O ( MeBrGiner 6&@11%@1)&%%@5 ARMabniifdéd b il fob@ing foruldeU- LeU- MeVal )
cycl g-(MeBnt-Thr(OR) (R = - COCH3
- COCH2CH2CH2- OH) - D- MeAl a- MeVal - LeU- MeLeU- Al a-

cyclo-(MeBmt-Thr(OMe)-D-MeAla-EtVal-Leu-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-((8-hydroxy)MeBmt-Abu-D-MeAla-MeVal-Leu-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)

20  cyclo-(MeBmt-(5-OH)Nva-D-MeAla-MeVal-Leu-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Thr(OR)R = -COCHs, -COCH,CH,CH,-OH)-D-MeAla-MeVal-Leu-MeL eu-Ala-
D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MeVal-Val-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Val-D-MeSer-MeVal-Leu-MeLeu-Ala-D-Hiv-MeL eu-Leu-MeVal)

25  cyclo-(MeBmt-Abu-D-MeSer-MeVal-Leu-Mel eu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeSer(OAc)-MeVal-Leu-MeLeu-Gly-D-Hiv-MelL eu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAsp(OMe)-MeVal-Leu-MelLeu-Gly-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Val-D-(3-fluoro)MeAla-MeVal-Leu-MeLeu-Gly-D-Hiv-MelLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-(3-fluoro)MeAla-Melle-Leu-MeLeu-Gly-D-Hiv-Mel eu-Leu-MeVal)

30  cyclo-(MeBmt-Abu-D-MeAla-MeMet-Leu-Mel_eu-Gly-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MeMet(Ox)(Ox = -SOMe, -SO,Me)-Leu-Mel.eu-Gly-D-Hiv-MeL eu-
Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MePhe-Leu-MeLeu-Gly-D-Hiv-MelLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-MeTyr(OR)(R = Ac, Me)-Leu-MeLeu-Gly-D-Hiv-Meleu-Leu-MeVal)

35  cyclo-(MeBmt-Abu-D-MeAla-MeThr(OR)(R = Me, Ac)-Leu-MeLeu-Ala-D-Hiv-MeL eu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-(3-fluoro)MeAla-EtVal-Leu-Mel eu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(MeBmt-Abu-D-MeAla-Etlle-Leu-Mel eu-Ala-D-Hiv-MeLeu-Leu-MeVal)
cyclo-(dinydro)MeBmt-Abu-D-MeAla-MeVal-Leu-Mel eu-Gly-D-Hiv-MeLeu-Leu-MeVal)



D Hi v- MeLeu- Leu- MeVal )

Cyd O (MeBi TI't - AbU- D- MeAl a- MeVal - Val - MeLeU- Al a- D- H V- MeLeU- LeU- MeVal )

cycl o- ( MaBot20 Mals2939 MeSer - MeVal - Leu- MeLeu- Al a- D- H v- MeLegciraB2ovyMeBgl

cycl o- (MeBnt - Abu- D- MeSer - MeVal - Leu- MeLeu- Al a- D- Hi v- MeLeu- Leu- MeVal )

cycl o- ( MeBnt - Abu- D- MeSer ( QAc) - MeVal - Leu- MeLeu- @ y- D- Hi v- MeLeu- Leu- MeVal )
cycl o- (MeBnt - Abu- D- NEA)@Pe%O\/e - MeVal - Leu- MeLeu- G y- D- Hi v- MeLeu- Leu- MeVal )
Cyd O ( MeBi Scto-(Rnydroxy F‘EJG%‘C?M‘%EWEM&PM%@J' tixtiveiglepl pp-Me¥al) e U- LeU- Me
Val ) c cIo~(£\86h droxy)MeBmt-Val-D-MeAla-EtVal-Leu-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)

CyClo- (MeBrTIt- JD(S—TI Uor O) MeAl a- Mel | e- LeU- MeLeU- G y- D- Hi V- MeLeU- LeU- Me
Val) cycl g-(MeBnt-Abu-D- MeAl a- MeMet - Leu- MeLeu- d y- D- Hi v- MeLeu- Leu- MeVal )

Céglz Ng) ( &mﬁgﬁp&lygéhw&%%éﬁég%m%e obtained by applying classical

CyCl o- (1g=Brgdgtidét(solutith A solilPhbee pebtite sghthesis; Ir HoWbde Lalelie Mdthd@d bf cycl
g- (MeBnt - Aby- D- MeAl a- MeTyr 05% =_Ac, . i
Me) - Leu- NELQEQQB'QICBBHI'M% 22d. vHI-ChigfcM. Goodman, Thieme Verlag,

q- ( VeBnt - = . . .
F %%?%%%éﬁ%@hﬁgy)or biotechnology, for instance by applying

CyCl o- ( MeBi thetchabtied)-16&ls Hsldar0ribediby-Wengéer incddelve Caloh AAetaDEF S0MBHe 1884 U- Me
Val) CyClo-(NeBi TIt-AbU D-MeAl 3- Et1]e- MeLeU- Al a- D- Hi V- eU- LeU- MeVal )
cycl o- (di h r'B%ﬁn@ébﬂbﬁ%'h&I%@ hﬁ9§§) %E&Y- einploying U%@%Q%‘d'ﬂ%w )
cycl 10  reagent described in Rich, D.H. et al, Comparative studies of the couplin% of N-

g- ( (8- hydr oxy?l\/me - Abu- D- MeAl ' a- Et Val - Leu- MeLeu- Al a- D- H v- MeLeu-Leu- MeVal )
cycl o- (( 8- hyethylatpdestaticalyl hindened amifo\adids during SEIRA TetDLdttersvidbe 898 &u- MeV
al) The co g@g i t he present invention may be obtai ned by applying

cl assi cal gi%ﬁ] ? ‘ol uti on or solid-phase peptide synthesis; in Houben -
Weyl, Methods of Organic Chemstry, Vol. E 22d, Ed.-in-Chief: M Goodman,

Thi eme Verlag, Stuttgart, 2003) and organic chem stry or biotechnol ogy, for
i nst ance byFAppsianae, enrotpessikigigensml Schsmeceansiys 40 BIenasa due fiagments.

and by ool STl RGN A FladefE ortalhlo Eiserciatpdsiies il 1

Conpar at i vewhéndeesssiry threagpropriategpotedtivetand adtivating igesups lang, inl thedastd
am no acids during SPPS, Tetr., Letters., 35 5981- 5984 (1994). . L
steps of the preparation, to link them together to obtain an undecapeptide which is

then cyclized to the cycloundecadepsipeptide.
20 Forinstance, Fragment (Ax) may be as follows:
H-D-Hiv-MeLeu-Leu-MeVal-AXX;-OH (Ax)

and Fragment (Bx) as follows :

25
H-AXX2-AXX3-AXXs-AXX5-AXXg-AXX7-OR, (R being an alkyl group) (Bx),
then Ax and Bx are coupled to the undecadepsipeptide Ax-Bx, H-D-Hiv-MeLeu-
Leu-MeVal-AXX;-AXX2-AXX3-AXX4-AXX5-AXXe-AXX7-OR (R= alkyl,H)
and the final stage is the macrolactonisation.

30

Fragment A, which contains the a-hydroxy acid residue D-Hiv, may be obtained by
degradation of a natural cycloundecadepsipeptide (namely Cyclo-(MeBmt-Thr-Sar-
MeLeu-Leu-MelLeu-Ala-D-Hiv-MeLeu-Leu-MeVal), the preparation of said



For instance, one of possible general schene consists to prepare two
fragnents, nanely Fragnent A and Fragnent B, containing the appropriate

resi dues,woizbfyospdzen necessary the appropri ate protecti verapshoavessyat i ng
groups, and, in the |last steps of the preparation, to [ink themtogether to

obtain an undecapeptlde which is then cycld zed to the
cycl oundecadepsi pepti de. For instance, Fragnment (Ax) may be as follows:

H D-Hi v- NELCB'alq_LusuenadepsipeWcm—bQingﬁeaqmibaf eifmanio UBR)114:8 1@ Exansple ZHoaxX

2- AXX 3- bei ng an al kyl group) (Bx), then Ax
and Bx afé%%ﬁ?%’éa'ﬁxé%g& epti de Ax-Bx, H D H v-MLeu-

LeU MeVal - AXX1- AXX2- AXX3- AXX4- AXX5- AXX6- AXX7- OR (R= al kyl . H) and the final
stage is the macrol actonisation. Fragment A, which contains the a-hydroxy

aci d resi dudh dvartagawy ﬂﬂﬁecwpaun@%aggordwtgdae inMensipnvensus the) prior art lies

Yl oungec a0 s PSSl B g g pproves

sai dcycl ounstepartipai jropeddesgmiidlly afescndbstdaksddier in US 5,1 16, 816,
Exanple 2, or in WD 02/ 092033 Exanple 4, Step 4-1 . An advantage of the

C o 8 S AT P MBSl '
prepar ati on iy Meees- Qﬁ@ﬂlWMéLél‘ﬁL@uﬂMéWTﬁtsbbqilg&%a1 Qhejeve%lpahél'd@goir fem the

nat ural conpounds (CsA and Cycl o- Sar - Me
Leu- MellBu- Ayatosis otmwdﬁ@adaps‘aeptld@aealaggess are > &(]%zcomaaed tay2@Ydfor f or

20% 1 or DEREPE262P[IRRER 1B a0 28 RPUBS I RORortvebBR 2006, 0ss0s,

DEBI OPHARM 510 RHARM Swnt hesi s of the expenS| ve di peptide derivative
Boc- D- MeAl a- Et Val - OH (i ncluding 4 chem cal steps) is not needed. In
addition, sone of the corrpounds contain a CGtermnal dycine (la, lc, If,

g, 1i, | k)2 % é\%ﬂr\@ﬁé lf t?etgfpéﬁﬁlcal &Bépt?&eeael‘?\;atlve Boc-D-MeAla-EtVal-OH
15  (including 4 chemical steps) is not needed. In addition, some of the compounds
contain a C-terminal Glycine (la, Ic, If, Ig, li, k), which facilitates the last step of

the synthesis (macrolactonisation, no epimerisation).

3. The costs for reagents and starting compounds are considerably lower in case
20 of the compounds according to the invention. Notably, the “reagent of Meerwein”

used for the ring opening reaction of CsA is not needed.

4. Fragment B (hexapeptide AXX-AXX7) can be efficiently obtained by standard
solid-phase peptide synthesis using commercially starting compounds (see figure
25 1)

5. In optimizing the preparation of Fragment A from the natural starting compound
as well as the condensation (fragment A with fragment B), macrocyclization and
final purification steps, the overall yield for obtaining the pharmacologically

30 interesting compounds can amount up to 80%.

6. Overall, the indicated aspects results in a good efficacy and consequently in
cost of goods, in particular with respect to the synthesis of the compounds of

invention at industrial scale.



t he synthesis (macrol actoni sation, no epinerisation). 3. The costs for
reagents and starting conpounds are considerably |lower in case of the

conmpoundsweeey@@bizg to the invention. Notably, the "reagemiBsbo/dizesmei n”
used for the ring opening reaction of CsA is not needed. 4. Fragnent B

(hexapeptide AXX2- AXX7) can be efficientli13obtained by standard solid-phase
peptide synthesis using comrercially starting conpounds (see figure 1). 5.
In optimzing the preparation of Fragnent A fromthe natural starting

e condensat i

d I ].. f t Awith fr. t.B
macr ocycl | 25 BTl BE cERTCR di3Fe brFErEpbening o il fERjPeiel ptHCY
obt ai ni ng thgs BRGWATE ! replicod adsdydrd Bl di@nBamPaEsHe eCaImRHEEupBRedsieB0%
6. Overall, the indicated aspects results in a’'good efficacy and

consequent | §ctivity wastevsluaied ds a T-aelbaraliferatian agsay (sesslpxamples & ard 6).nt hesi s
of the dQprrpounds of invention at industrial scale.The ability of the
conpounds of the present invention to inhibit replication of HCV was shown

in a replicArnaspamunosuppressivatodmpblid abssrdiry) tof the (prugaftuingradai shaill be
activity was evaluated in a T-cell. Br_ol i feration assay (see Exanples 5 and
6). A "non YnAfistesd Asrasempeund owbishrie ahleast P fefdiess amPneswRressive fian

hall b ' LS. f "
isrr?runosﬁpgr sgﬁgﬂﬁﬁﬁ(%@qw%ﬂﬁne h?@@'%gbgﬁ%@' If(ggé)? a?ﬁﬁubltor%f t he

|'oSpor 1 ne e ratio
| C50 (hal f cumcenthtiomioflihé copnpounddotthalCorof Qfclddperiadhi@ysncornpotmed/ ICH0 of

cven 1 405 1REANCR DN 18RRI S Ty PNEFLRST B 20RPId GO0 TR EYey
the conpoungss gfar g.gw.gg%@; th&¥BrboliAls LFTREMSERRSIPASY S rft | Vity in

vitro of at |east 2 ence wth CsA in Concanaval I n- A-i nduced
T- Cel | pr ol irfreurnsuppressiveyactivitydn ditregdfyat least 2 logpditierdncefwitth€sprimsent

ant i viral SGoREney Rl AoguGr d7E el BrelyS R R AR kNt 1 ng or treating Hepatitis
C infections or HCV induced disorders.
15  Accordingly, the compounds of the present invention are considered for use as a
medicament, in particular as an antiviral agent, and more specifically for
preventing or treating Hepatitis C infections or HCV induced disorders.
Hepatitis C infections or HCV induced disorders are e. g. chronic hepatitis, liver
cirrhosis or liver cancer, e. g. hepatocellular carcinoma. The compounds of the
20 present invention may also be used for example as a prophylactic treatment of
neonates born to HCV infected mothers or of healthcare workers exposed to the
virus, or of transplant recipients, e. g. organ or tissue transplant recipients, e. g.

liver transplant, to eliminate possible recurrent HCV infection after transplantation.

“Treatment” refers to both therapeutic treatment and prophylactic or preventative
25 measures. Those in need of treatment include those already with the disorder as

well as those in which the disorder is to be prevented. Hence, the mammal to be

treated herein may have been diagnosed as having the disorder or may be

predisposed or susceptible to the disorder.

“Mammal” for purposes of treatment refers to any animal classified as a mammal,
30 including humans, domestic and farm animals or pet animals, such as dogs,

horses, cats, cows, monkeys etc. Preferably, the mammal is human.



Hepatitis C infections or HCV i nduced disorders are e. g. chronic
hepatitis, liver cirrhosis or |iver cancer, e. g. hepatocellular carcinona.
The conpowodsioafs2ishe present invention nmay al so be usedpConBEN#IDEBE as a
prophyl actic treatnent of neonates born to HCV i nfected nothers or of
heal t hcare workers exposed to the virus, & of transplant recipients, e. g.

organ or tissue transplant recipients, e. g. liver transplant, to elimnate
possi bl e r & tesm: “thesapeuticallyiefiective amounkirefarsde an amountofediwgfifective er s

to both thgégl%(;%'f‘x”ai&sé%s@&ﬁ@i%r@ﬂ&egrﬁmma@tiC or preventative neasures.

Those in n treatment 1 nc those already with the disorder as well
as those in which the disorder is to be prevented. Hence, the manmal to be
treated hergi

n may haye en di agnosed, as hayi ng, the di sorder or ma e
bt edi sposed 1 cbeuns af Betrerl ararioadnay badHrm SRy fRrpySase Blely
treat megt nefEhstidd iﬁﬁé?@,%ms(taéﬁcéﬁﬁbér‘lpﬁpatéé i a PrEEShcerltfited i et

donmestic and farm ani mal's’ or pet animal's, such as dogs, horses, cats, cows,
nonkeys etc. Preferably, the manmal is human. The term "t herapeutically
effective

unt" refers.to an amunt  of dr effective to tregt a
di sease. or esgrmepinds & i AaretEnEn, hett el adenalesdien my
be adm ni stgnayf @@-dl@bs'tﬁérfe@ﬂ%é?éfﬂdp}{céble,amﬁ?ffﬁeeéﬂmlrﬁlstéﬁé%ﬂin thefornnsf ance
i ncorporated in a preconcentrated mcroenul fi on. The conpounds of the

present i neharmgseuticalicompesitionde whiemthey arede gsaeciatieamith aand pr o- dr ugs

tpﬂg ﬁgié uﬁb@%‘?m%g%ﬁcg@?: aﬁ%eﬁ%’bﬁ?@ﬂgﬁgyﬁﬁgﬁt% éarr'riélhfh I)Rfe'fnt &nr%ﬁan}i or treat

C are 1n associ ation

phar mageut iHepdtitis aC irdpttidnscoraddiCUvadicedddisoriers.or carrier, in order to
prevent or treat Hepatitis C infections or HCV i nduced di sorders. The
present invention also provides a pharnmaceutical conposition conprising a

conpound of i i : Ge&yyi it ifg 82l t
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accept abl e cadipounat of thelpresentamverdionj er a pAsrmaceuticallp mcopptlabteesalikibiepdaint s,
di luents and ,adj U\Ba ts,d rfefgrence may. be .{Fadehto t he tst ndar d tI ' ferat ure
descri bi ng a5 Inbgfore’defined, in association with a pharmaceutically acceptable

adjuvant, diluent or carrier. As to the appropriate excipients, diluents and

15 adjuvants, reference may be made to the standard literature describing these, e.g.
to chapter 25.2 of Vol. 5 of "Comprehensive Medicinal Chemistry", Pergamon
Press 1990, and to "Lexikon der Hilfsstoffe fiir Pharmazie, Kosmetik und

angrenzende Gebiete", by H.P. Fiedler, Editio Cantor, 2002.

The compounds of the present invention may also be entrapped in microcapsules
20 prepared, for example, by coacervation techniques or by interfacial polymerization,

for example, hydroxymethylcellulose or gelatin-microcapsules and poly-

(methylmethacylate) microcapsules, respectively, in colloidal drug delivery

systems (for example, liposomes, albumin microspheres, microemulsions, nano-

particles and nanocapsules) or in macroemulsions. Such techniques are disclosed
25 in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semi permeable matrices of solid hydrophobic
polymers containing the compounds of the present invention, which matrices are
in the form of shaped articles, e.g. films, or microcapsules. Examples of sustained-

30 release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
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hydrogel s (for exanpl e, poly(2-hydroxyethyl nethacryl ate), or
pol y(vi nyl al cohol)), polylactides (U. S. Pat. No. 3,773,919), copolyners of
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pr esent10i nuhsipradtitionetr wheds treating \aneartiduladpatpendi ng upon the host
treated, the particular route of admnistration, and the severity and ki nd

of the illness being treated. Accordingly the optimum dosage may be
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phar maceuti cal " conpositions of the invention may be fornulated as creans,
gel s, sol utgelsisolutiomspeimiments,) spepansions or plpktess efe witan intdretedi fot topdeal f or

E)?pltl(r:;l | pg%i%}sﬁr%&ibg;nfor];%Fnifaﬂgma%r? Eng/?rt\r%aqgtiobr{ e'.gn.haasI é%r'o%gl’s c?r'(?r'y p%%v e?sr; oPl S
oral administration, e.g. in the form of tablets, capsules, gels, syrups, suspensions,
15  solutions, powders or granules; for rectal or vaginal administration e.g. as
suppositories; or for parenteral injection (including intravenous, subcutaneous,
intramuscular, intravascular, or infusion) as a sterile solution, suspension or

emulsion.

20  The active compound of the invention may be administered by any conventional
route. It may be administered parentally, e.g., in the form of injectable solutions or
suspensions, or in the form of injectable deposit formulations. Preferably, it will be
administered orally in the form of solutions or suspensions for drinking, tablets or
capsules. Pharmaceutical compositions for oral administration comprising a

25 cycloundecadepsipeptide compound of the invention are described in the
Examples. As demonstrated by the examples, such pharmaceutical compositions
typically comprise a cycloundecadepsipeptide compound of the invention and one
or more pharmaceutically acceptable carrier substances. Typically, these
compositions are concentrated and need to be combined with an appropriate

30 diluent, e.g., water, prior to administration. Pharmaceutical compositions for
parenteral administration typically also include one or more excipients. Optional
excipients include an isotonic agent, a buffer or other pH- controlling agent, and a



oral admnistration, e.g. in the formof tablets, capsules, gels, syrups,
suspensi ons, solutions, powlders or granules; for rectal or vaginal
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(i ncluding intravenous, subcutaneous, intranuscular, intravascular, or

infusion) as a sterile solution, suspensi® or emulsion. The active
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oref er b MDD 1n8 kauh ebogt 26 FakSTAR eBerte pmoyRt oLt 300 mosm 1)
Addi ti onal @yewmid%%aeépéieémdeaédrﬁgéuﬁ@bfﬂfeahvaﬁmmilsixrfd@rétead@@Be% found in
U S Pat. Nos. 5,525,590 and 5,639,724, and U S. Pat. Appl. 2003/01 04992.
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dosage nmay bhe from about 1 ng/kg to _about 50 ng/ kg, preferably from about 1
ng/ kg t18 apdanifioantrgiuetionef seruachl | activiblintthefpadient.

Numerous factors will be taken into consideration by a clinician when determining
trial doses for testing efficacy of a pharmaceutical composition comprising a
compound of the present invention against HCV infection. Primary among these

20 are the toxicity and half-life of the chosen cycloundecadepsipeptide compound of
the invention. Additional factors include the weight of the patient, the age of the
patient, the general condition of the patient (including significant systemic or major
illnesses including decompensated liver disease, severe preexisting bone marrow
compromise and other viral infections), the stage of HCV infection (acute vs.

25 chronic) as indicated, e.g., by serum alanine aminotransferase (ALT) levels, the
particular genotype of HCV, previous therapy of HCV infection, the presence of
other drugs in the patient, and the like. A course of treatment will require repeated
administration of a pharmaceutical composition of the invention. Typically, an
adequate drug dose will be administered 3-7 times per week, and duration of

30 treatment may be from about 4 weeks to 6 months, preferably from about 4 weeks
to about 12 months. Treatment may be followed by determinations of HCV in
serum and measurement of serum ALT levels. The endpoint of treatment is a
virological response, i.e., the absence of HCV at the end of a treatment course,

several months after initiation of treatment, or several months after completion of
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ve agent wi
combination of active agents employed, the condition of the patient being treated,
and other factors discussed in the previous section. Such additional active
ingredients will generally be administered in amounts less than or equal to those
for which they are effective as single therapeutic agents. The FDA approved
20 dosages for such active agents that have received FDA approval for administration

to humans are publicly available.

The compounds of the invention may be administered as the sole ingredient or
together with other drugs, e. g. a drug which has anti-HCV activities, e. g. an

25 interferon, e. g. interferon-alpha-2a or interferon-alpha-2b, e. g. Intron A®,
Roferon®, Avonex®, Rebif® or Betaferon®, or an interferon conjugated to a water
soluble polymer or to human albumin, e. g. Albuferon® (Human Genome Science),
an anti-viral agent, e. g. ribavirin, lamivudine, NV08 or NM283, an inhibitor of the
HCV encoded factors like the NS3-4A serine protease, the helicase or RNA

30 polymerase or a prodrug of such an inhibitor, an anti-fibrotic agent, e. g. a N-
phenyl-2-pyrimidine-amine derivative, e. g. imatinib, an immune modulating agent,
e. g. mycophenolic acid, a salt or a prodrug thereof, e. g. sodium mycophenolate
or mycophenolate mofetil, or a S1 P receptor agonist, e. g. FTY720 or an

analogue thereof optionally phosphorylated, e. g. as disclosed in EP 627406A1,
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Al buf eron(r) (Human Genone Sci ence), an anti-viral agent, e. g. ribavirin,
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pyrrolidones, polyacrylamides, polyvinyl alcohols, carbohydrate-based polymers
and the like can be used. Such interferon-polymer conjugates are described in U.
S. Pat. Nos. 4,766, 106; 4, 917,888, European Patent Application No. 0 236 987,
European Patent Application No. 0 510 356 and international Application

20  Publication No. WO 95/13090. Since the polymeric modification sufficiently
reduces antigenic responses, the foreign interferon need not to be completely
autologous. Interferon used to prepare polymer conjugates may be prepared from
a mammalian extract, such as human, ruminant or bovine interferon, or
recombinantly produced. Other forms of interferons include interferon beta,

25 gamma, tau and omega, such as Rebif (Interferon beta 1a) by Serono, Omniferon
(natural interferon) by Viragen, or Omega Interferon by Boehringer Ingelheim. Oral
interferons such as oral interferon alpha by Amarillo Biosciences. Preferred are
conjugates of interferon to polyethylene glycol, also known as pegylated
interferons.

30
Especially preferred conjugates of interferon are pegylated alfa-interferons, for
example pegylated interferon-alpha-2a, pegylated interferon-alpha-2b ; pegylated
consensus interferon or pegylated purified interferon-a product. Pegylated
interferon-alpha-2a is described e. g. in European Patent 593,868 and



JP2002316985, W003/29184, W0O03/29205, WO03/62252 and W03/ 62248 that are

I ncorporated herein by reference in their entireties. In specific
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nodi fication sufficiently reduces antigenic responses, the foreign
interferon need not to be conpletely autol ogous. Interferon used to prepare
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or Orega Interferon by Boehringer Ingelheim Oal interferons such as oral

i nt er f er on 2dpinisteredatea dailydaragecefe 9-Preferred are conjugates of
interferon to polyethylene glycol, also known as pegyl ated interferons.
Especially preferred conjugates of interferon are pegyl ated

al fa-i nt er fEmepegylbted interferon may be administered parenterally one to three times per

15 week, preferably once a week, at a total weekly dose ranging from 2 to 10 million
IU, more preferable 5 to 10 million U, most preferable 8 to 10 million IU. This may
correspond from 0.5 to 2.0 micrograms/kilogram per week on a weekly, three

times a week, every other day or daily basis.

20 In other embodiments, the interferon alpha is a pegylated interferon alpha-
2a and the amount of pegylated interferon alpha-2a administered is from 20 to 250
micrograms/kilogram per week on a weekly, three times a week, every other day
or daily basis. Preferably, the interferon peg-IFNa2a is administered at an amount
of 180ug once per week.

25
Antiviral agents typically used for the treatment of HCV are also encompassed in
the combination according to the present invention. Such agents include
compounds or biologicals that are effective to inhibit the formation and/or
replication of a virus in a mammal. This includes agents such as ribavirin (1-beta-

30 D-ribofuranosyl-1 H-1, 2,4-triazole-3-carboxamide) from Valeant Pharmaceuticals,
Inc., Costa Mesa, CA; Rebetol® from Schering-Plough Corporation , Kenilworth,
NJ, and Copegus® from Hoffmann-La Roche, Nutley, NJ, ribavirin analogues in
development such as Levovirin and Viramidine by Valeant, and Mizoribine

Monophosphate.



exanpl e pegyl ated interferon-al pha-2a, pegyl ated interferon-al pha-2b ;

pegyl ated consensus interferon or pegylated purified interferon-a product.
PegylatedanDHmBEﬁBn-alpha-2a is described e. g. in EurepeaB0pbeEnél 593, 868
andcommerci al ly avail able e. g. under th% t radenane PEGASYS (r)
(Hof f mann- La Roche). Pegylated interfero alpha 2b is described, e. g. in
Eur opean Patent 975,369 and commercially available e. g. under the
tradename PEG | NTRON A(r) (Schering Plough). Pegyl ated consensus interferon
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Exemplary non-substrate-based NS3 protease inhibitors such as 2,4,6-
trihydroxy-3-nitro- benzamide derivatives (Sudo K. et al., Biochemiscal and
Biophysical Research Communications, 1997, 238 643-647; Sudo K. et al.

20  Antiviral Chemistry and Chemotherapy, 1998, 9, 186), including RD3-4082 and
RD3-4078; may be used.

Additional experimental agents that have been shown to be efficacious in
HCV therapy include HCV NS3-4A serine protease inhibitors BILN 2061 by
25 Boehringer Ingelheim, VX-950 by Vertex, SCH-6, SCH-7, and SCH-351633, by
Schering-Plough, and other HCV protease inhibitors in preclinical and clinical
"development by GlaxoSmithKline, Bristol Myers Squibb, Abbot, Roche, Merck,
Pfizer, and Gilead. Additional agents that are currently in clinical development for
the treatment of HCV that may be useful in the combination of the invention
30 described herein include TMC 435350 (Tibotec) and ITM-191(Intermune).

Nucleoside analogs also may be used. An example of one such analog is
telbivudine by Idenix (US 6444652, US6596700, and WO0196353). Nucleoside or
non-nucleoside inhibitors of HCV NS5B RNA-dependent RNA polymerase, such
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ixcal Research Communi cations, 1997, 238 643-647; Sudo K. et al.

Ant i vi rgl Chem stry and Chenot herapy, 1998, 9, 186), i ncI udi ng RD3-4082 and

RD3- 4078; rmlsofcentwmlateelc@ﬁetuhhmbrmmhénmg@fs iRtenHEM lifatcychvsudbead shown
to be efficacious in HCV therapy include HCV _NS3-4A serine pro}ease

i nhi bi tors @§l gﬂplzméMBéWééérﬁ glarg@prthgarﬁ@mmwa@r by W@?f‘@‘x

SCH- 7,

i nhibitors 1n prec

Bri stol

usitH 6,
ore |§ﬁﬁ‘t§5&fﬁ’ﬁ{néeg §?§$QF ?ﬂ?ﬂa aﬂe&\plel pnent b axo Eﬁ%sltﬁlé
My dike réqeptob {(“TARSpagomstshiaclulierAdkA245, ANA971, ANA975 (US

15 5041426, 4880784) by Anadys; CpG-10101 a TLR-9 agonist (Coley
Pharmaceuticals); an IMPDH inhibitor, mycophenolic acid, a salt or a prodrug
thereof sodium mycophenolate or mycophenolate mofetil, or Merimebodib (VX-
497, by Vertex); thymosin alpha-1 (Zadaxin or its combination, by SciClone); SCV-
07 (SciClone), Belerofon (improved IFN-a by Nautilus); CIVACIR (hepatitis C

20 Immune Globulin) by NABI, or a S1P receptor agonist, e.g. FTY720 or analogue
thereof optionally phosphorylated, e.g. as disclosed in EP 627406A1, EP
778263A1, EP 1002792A1, WO 02/18395, WO 02/76995, WO 02/06268,
JP2002316985, WO 03/29184, WO 03/29205, WO 03/62252 and WO 03/62248,
the disclosures of which are incorporated herein by reference in their entireties;

25 Resiquimod [VML 600] by 3M Pharmaceuticals, an imiquimod analogue that is a
potent inducer of interferon-a and other cytokines. In addition, the compounds of
the present invention may be used in combination with Interleukin-10 (Schering-
Plough), AMANTADINE (Symmetrel) by Endo Labs Solvay, caspase inhibitor IDN-
6556 by Idun Pharma, HCV/MF59 by Chiron, CEPLENE (histamine dichloride) by

30 Maxim, IDN-6556 by Idun PHARM, T67, a beta-tubulin inhibitor by Tularik, FK788
by Fujisawa Healthcare, IdB1 016 (Siliphos, oral silybin- phosphatidyl choline
phytosome), Dication by Immtech, hemopurifier by Aethlon Medical, UT 231 B by
United Therapeutics; HepeX-C SM1 , PPVO-Bay55-8800 (Parapoxvirus ovis) by
Bayer; Refanalin(HGF mimetic) by Angion, R803 (Rigel), JTK-003, JTK-002, and
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piperidines (U.S. Pat. No. 5,830,905); N-(phosphonoacetyl)-L-aspartic acid,

benzenedicarboxamides, polyadenylic acid derivatives, glycosylation inhibitors,

and nonspecific cytoprotective agents that block cell injury caused by the virus
infection.

20
The compounds according to the invention may also be employed in combination
with a vaccine or antibody-based approaches to HCV treatment. Therapeutic
vaccines include vaccines by Intercell (Therapeutic peptide vaccine IC41 HCV),
Epimmune/Genecor, Merix, Tripep (Chiron -VacC), immunotherapy (Therapore) by

25 Avant, T cell therapy by CellExSys, monoclonal antibody XTL-002 by STL, ANA
246 and ANA 246 by Anadys, a therapeutic vaccine directed to E2 by
Innogenetics, mAb against E2 envelope protein by XTL Bio, GI-5005
(Globelmmune Inc), InnoVac-C (WO 9967285, Innogenetics), IC-41 (Intercell),
interferon alfa-n3 (Interferon Sciences).

30
In accordance with the foregoing the present invention provides in a yet further
aspect, a pharmaceutical combination comprising at least a) a first agent

consisting of the compound of the invention or the pharmaceutical composition
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caused by the virus infection.
15 invention.

Another object of the invention is a method, comprising co-administration
concomitantly or in sequence of a therapeutically effective amount of the
compound according to the invention or the pharmaceutical composition of the

20 invention and a co-agent selected from an agent having anti-HCV properties.

The terms "co-administration” or "combined administration” or the like as utilized

herein are meant to encompass administration of the selected therapeutic agents

to a single patient, and are intended to include treatment regimens in which the
25 agents are not necessarily administered by the same route of administration or at

the same time.

The administration of a pharmaceutical combination of the invention results in a

beneficial effect, e. g. a synergistic therapeutic effect, compared to a monotherapy
30 applying only one of its pharmaceutical active ingredients. A preferred synergistic

combination is a combination of the cycloundecadepsipeptide compound of the

invention with an interferon, optionally conjugated to a polymer.

A further preferred combination is a combination of compounds of formula |



The conpounds according to the invention may al so be enpl oyed in
conbination with a vaccine or anti body-based approaches to HCV treatnent.

Ther apeutwo 24a323%¢S | ncl ude vaccines by | ntercell (Thepapagidosopspti de
vacci ne | C41 HCV), Epi mmune/ Genecor, Merix, Tripep (Chiron -VacC),

i mmunot her apy (Therapore) by Avant, T cel4 t her apy by Cel | ExSys, nonocl onal
anti body XTL-002 by STL, ANA 246 and ANA 246 by Anadys, a therapeutic

vacci ne di raenosdingdo tre wenmrog@themymhambcagai astaltEr aprodragthereof, ern by

IX-CI-:I-_4?I ?I nt e‘?’i}gg%{ grﬁggpwgﬁmﬁpfe)a-gng ('l @grfepc/)\f gg?éﬁggs) I nln(r)]gg(r;gglr g:t)nce

with the foregoing the present invention provides in a yet further aspect,
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R O N
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conposi tion of the invention. Another object of the invention is a nethod,
conpri si ng Gunpeunds @tferaed tmorciodicated mrihlSySRﬁleiqatIQqu\éWwaﬂV of collectively,

t her apeuti cal eff t t conpau n venti on
or the phar%acéﬂ IaI 8&?&@%@1&0%@3&&@ ?%85‘%]8{)%5@[%&53 (groftegg}éﬁg -hgef ected
from an age;b‘t“eséﬁt%n@@lo@uﬁfe' is tkéfefore Re bl hsidered as in all aspects illustrated and

15 not restrictive, the scope of the invention being indicated by the appended Claims,

and all changes which come within the meaning and range of equivalency are

intended to be embraced therein.

Various references are cited throughout this Specification, each of which is

20 incorporated herein by reference in its entirety.

The foregoing description will be more fully understood with reference to the
following Examples. Such Examples, are, however, exemplary of methods of
practicing the present invention and are not intended to limit the scope of the

25 invention.

EXAMPLES:

Example 1a:
30
Preparation of cycloundecadepsipeptide (la) : Cyclo-(MeBmt-Abu-

D-MeAla-MeVal-Leu-MeLeu-Gly-D-Hiv- MeLeu-Leu-MeVal) (la)
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MeVal) (US 5,116,816, Example 2, or in WO 02/092033, Example 4, Step 4-1)
15  (3.00 g, 2.40 mmol, 1.0 equiv.) and 1,1'-carbonyldiimidazole (1.17 g, 7.21 mmol,
3.0 equiv.) in 15 mL of anhydrous CH,Cl, was stirred at room temperature for 2.5
h. Progress of the reaction was monitored by analytical UPLC. 81.1% conversion
was obtained. Additional amount of 1,1'-carbonyldiimidazole (0.39 g, 2.40 mmol,
1.0 equiv.) was added to the reaction mixture. After additional stirring for 16 h, a
20 98.8% conversion was obtained. The solution was evaporated under reduced
pressure. The residue was dissolved in AcOEt (45 mL) and washed successively
with 10% citric acid (45 mL) and brine (45 mL). The organic phase was dried over
Na,SO,, filtered and evaporated under reduced pressure to give a mixture of two
compounds (1A) and (2A) as a white powder
25  UPLC-ESI-MS (m/z): (1A): 1342.75 [M + H]" ([CesH117N12015]"; calc. 1342.73),
(2A): 1274.77 [M + H]" ([CesH113N10O15]"; calc. 1274.65)

Preparation of Cyclo-(MeBmt-Thr(O,N-carbonyl)-Sar-MeLeu-Leu-MeLeu-
Ala-D-Hiv-MeLeu-Leu-MeVal) (2A).

30
A solution of compound (1A) as obtained in the preceding reaction (3.41 g, 2.40
mmol) in dry DMSO (15 mL) was stirred and heated at 100 °C for 2 h under argon

atmosphere. Progress of the reaction was monitored by analytical UPLC. Full



The foregoing description will be nore fully understood with reference to
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of the invention. EXAVPLES. Exanple la: Preparation of
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conversi on was obtai ned. Additional anount of 1,r-carbonyldiimdazole (0.39
g, 2.40 mol, 1.0 equiv.) was added to the reaction mxture. After
addi ti onal RreparatigniofH-DeHiv-MgLeg-lgay-MeValrMeBmtv@Meditagment (A)anethylt i on
was eva'%orgéﬁg h%er reduced pressure. The residue was dissolved in AcCEt
(45 nL) "an £ "successively with 10%citric acid (45 nmL) and brine (45

m.). The organi c phase was dried over Na2SO4, filtered and evaporated under
reduced pressure to give a nmixture of two conmpounds (1A) and (2A) as a

white povvdeTO a solution of the cyclodepsipeptide as obtained in the preceding reaction (1.00

g, 0.78 mmol) in 30 mL of MeOH (dry), cooled at 0 °C, was added Ca(OMe), (0.24
g, 2.35 mmol) in one portion, under argon. After 5 h at 0 °C then 1 h at room

15 temperature, a control of the reaction advancement by UPLC indicates 98.6%
conversion. The solution was cooled at 0 °C then neutralized with an aq. solution
of 10% citric acid. Methanol was evaporated. The ag. mixture was poured into 100
mL of a mixture of ACOEt/NaCl 23.2% (1:1 V/v). The organic phase was dried over
Na,SO,, filtered and evaporated under reduced pressure. Crude mixture was

20 separated by column chromatography; to give the pentapeptide -D-Hiv-MeLeu-
Leu-MeVal-MeBmt-OMe (3A
UPLC-ESI-MS (m/z): 669.16 [M + H]" ([C3sHssN4Os]"; calc. 669.48).
Preparation of Fragment (Aa) H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-OH (4).

25 A solution of the pentapeptide as obtained in the preceding reaction (3A) (1.15 g,
1.72 mmol, 1.0 equiv.) in THF (8.6 mL) and water (1.1 mL) was cooled to 0 °C in
an ice-water bath, then 2 M LiOH (1.72 mL, 3.44 mmol, 2.0 equiv.) was added
within 20 seconds. The cooling bath was then removed and the mixture (pH = 12-
13) was stirred at room temperature for about 3 h. A control of the reaction

30 advancement by UPLC indicates a full conversion Subsequently, the solution was
cooled to 0 °C and neutralized with 10% citric acid. Tetrahydrofurane was
evaporated under reduced pressure. The residue was dissolved in AcOEt (50 mL)
and washed with 10% citric acid (3 mL) and 23.2% aq. NaCl solution (60 mL) (pH



UPLC-ESI-M5 (mz): (1A): 1342.75 [M+ H+ ([C68HNn 7Ni 201 ]+; calc.
1342.73), (2A): 1274.77 [M+ H + ([ C65H1I 3N10Q ]+; calc. 1274.65)
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AcCOEt/ NaCl 23.2%( 1 : 1 v /v ) . The organic phase was dried over Na SO4,
filtered antb ewabdiont afdhematural €dclodMgBratSor-8ar-Blaldu-héw-Maleundla-B¢ar at ed

CeuNeval - NARREE LR IBRA e SoBlal ek i Ifomass oy Bt 18 Tamelachis ey
(Ile?Hl 365:/96@8 EE’{JO@Q@B?{ E%h@fe %:a(aa;alnﬂ) (3”@)9 2.40 mmol) in dry MeOH (90 mL),
cooled at 0 °C, was added under argon MeONa (0.519 g, 9.6 mmol, 4.0 equiv.).

15  After 1 hour at 0 °C then 2 h at room temperature, a control of the reaction
advancement by HPLC indicates the completion. The solution was cooled at 0 °C
then neutralized (pH 5-6) with an aq. solution of 10% citric acid. Methanol was
evaporated. The aqueous mixture was poured into 150 mL of ethyl acetate. The
organic layer was washed with H,O (20 mL) and brine (20 mL) and dried over

20 MgSO,, filtered. Solvent evaporation in vacuo and flash chromatography on silica
gel gave pure H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-Thr-Sar-MelLeu-Leu-MelLeu-Ala-

OMe

Preparation of H-D-Hiv(O-(N-imidazolyl)carbonyl)-MeLeu-Leu-
25 MeVal-MeBmt-Thr(O-(N-imidazolyl)carbonyl)-Sar-Mel eu-Leu-
MeLeu-Ala-OMe (1B)

A solution of the undecapeptide as obtained in the preceding reaction (2.96 g, 2.31
mmol, 1.0 equiv.) and 1,1’-carbonyldiimidazole (1.50 g, 9.25 mmol, 4.0 equiv.) in

30 53 mL of anhydrous CH,Cl, was stirred at room temperature for 22 h. Progress of
the reaction was monitored by analytical HPLC and TLC. The solution was

evaporated under reduced pressure. The residue was dissolved in 150 mL of ethyl



A solution of the pentapeptide as obtained in the preceding reaction (3A) (
1.15 g, 1.72 mol, 1.0 equiv.) in THF (8.6 n.) and water ( 1 . 1 nL) was

cool ed t owB 20fé/0sps5an i ce-water bath, then 2 MLiCH ( 1 péZ/iptens/dordéh nmol ,

2.0 equiv.) was added within 20 seconds. The cooling bath was then renoved
and the mxture (pH = 12- 13) was stirredt roomtenperature for about 3
h. A control of the reaction advancenent by UPLC indicates a full

conver si on RVeirfeqnshvashed pReceassivelyowithnd § % oiticacid ¢30 nat )a hdOn@0tmb) anéd

bressure. e @b, TEORELMAE e NiRepvBER=R0v. A e el aPbretadss
citric aci dirlderméductttprédsdi. Jte dradé pesdudt weiz durffiedlby faH3shroftiographpi C
phase was dried over Na2SO4, filtered and evaporated under reduced &rsessure

Lo i ve FrdBieive Hedivig-BlinidagehdisarhanyReNat wk s Menak e Brst- Bhviar

Car ant oo i szelfcaleivaa- i ol MeLSLRGOVRIR) 55 ef Al sfiinef” - ©°

Leu- MeLeu- Al a-OWve To a solution of the natural
Cycl o- (MeBmt. - Thr - Sar - Mel -Leu- Mel eu- Al a-D- H v- MeLeu- Leu- MeVal ) (as
obt ai ned ei maratimfﬁ-bﬂl,\dg-,(Nﬁ;mmaowl)earbﬂml)fﬂlel_z,e@ams-

Exanpl e 4, St 4. 3 .40 ). in d Ve 90 , ol at 0
oC nas aadBeValdeBREThERS-carenyl)-SaisMelket-ley-Mekduy Ao Ghe |
hour at O Clgﬁ)hen 2 h at roomtenperature, a control of the reaction
advancenent HPLC i ndi cates the conpletion. The solution was cooled at O
C then1peutral i zed (pH 5-6) with an ag. solution of 10%citric acid.

Met hanol was evaporated. The aqueous m xture was poured into 150 nL of

et hyl acet & solufibe of tlgnondedapeptideas otsined imthdpidcedingOreaicliomn3.286 gne (20
m.) and dried over MgSH, filtered. Solvent evaporation in vacuo _and fl ash
chr omat ogr &’Ppg% nyRoN i ﬂ%DMﬁOééQ@LF)MQS stirred and heated at 100 °C for 3.5 h under

HD-H v- NELa?Hé#r%HﬁyEM?éré!vp%ﬁré@ bF thR Fe%ﬁ&’r’in)a@%%kﬁga'ﬂﬁ LERd analytical
HPLC. Subsequently, the solution was dissolved in AcOEt (200 mL) and washed
15  successively with ag. 10% citric acid (2 times, 30 mL), H>O (1 x 30 mL) and sat.
aq. NaCl solution (1 x 30 mL). The organic phase was dried over Na,;SOy, filtered
and evaporated under reduced pressure. The crude product was purified by flash
chromatography. The residue after solvents evaporation was dried in high vacuum
to give the undecapeptide H-D-Hiv(O-(N-imidazolyl)carbonyl)-MelL eu-Leu-MeVal-
20 MeBmt-Thr(O,N-carbonyl)-Sar-MelLeu-Leu-MeLeu-Ala-OMe (2B) as white powder.

Preparation of H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-OMe (3B)

To a solution of the undecapeptide (2B) as obtained in the preceding reaction

25 (3.054g, 2.17 mmol) in 100 mL of MeOH (dry), cooled at 0 °C, was added MeOK
(0.456 g, 6.53 mmol) in one portion, under argon. After 1 h at 0 °C then 1 h at
room temperature, a control of the reaction advancement by HPLC indicates the
completion. The solution was cooled at 0 °C then neutralized with an aq. solution
of 10% citric acid. Methanol was evaporated. The aq. mixture was poured into 100

30 mL of a mixture of AcOEt/H,O (1:1 v/v). The organic layer was washed with H,O
(1 x 10 mL) and brine (1 x 10 mL). The organic phase was dried over Na>;SO,,

filtered and evaporated under reduced pressure. Crude mixture was separated by



Preparation of H D H v(O (Nimdazol yl)carbonyl)-MLeu-Leu-

MeVal - MeBnt - Thr (O (N-i m dazol yl ) carbonyl ) - Sar - Mel _eu- Leu- MeLeu- Al a- Owe

(1 B) A sovotzoowsessot he undecapepti de as obtai ned i n t heppraBmdd/may3éieacti on
(2.96 g, 2.31 mmol, 1.0 equiv.) and 1,1 -carbonyl diimdazole ( 1.50 g, 9.25
mml, 4.0 equiv.) in 53 nL of anhydrous &®C 2 was stirred at room
tenperature for 22 h. Progress of the reaction was nonitored by anal ytical
HPLC and TLRTeparativedifkE o givesthenaniapentigedrdHiv-Malosid-¢r-MaMal-dMeBmé

resi due was Rllies&@ ved in 150 nmL of ethylacetate and washed successively
with 10%citric ac?'ld (30 M ), H20 (30 nL) and brine (30 nm.). The organic
phase was dried over Na2SO4, filtered and evaporated under reduced
pressure. The crude, product was purified by flash chromatography to give

H D- H v( O ( Rreparation ofcH-BohjviMel.ew-Leu-MeVal-Mam O (Ni ni dazol yl)

car bonyl )-S@-%Leu- Leu-MeLeu- Al a-Ove ( 1B) as a white powder. Preparation
of H D A v(Bs( agmﬂMgﬁ) car bonyl ) - Mel _eu- Leu-

MeVal - MeBnt - Thr (O, N- car bonyl ) - Sar - MeLeu- Leu- MeLeu- Al a- Ove (2B) A sol ution
of the undecapeptide as obtained in the preceding reaction (3.26 g, 2.22

mmol ) in dry sbitich (ofthéTpentapephdé b @btAiRgd e tieesreabdihdGebctich (13265 §, wisder

argon atnosphere. Progress_of the reaction was nonitored by TLC an
anal yti cal mmat. 1.8@sweguént Hf, (18H:migiwas eroled o Bi°Csiolarcigetwatae bath, {0 nil)

and washed ' |t . 10%¢citric,acid (2. tine 30 , H2O ( 1
20 ey a2 EroL e R AL 8 el % D Ediy e R Rise e pbumis
dried gqger W&&lingﬂbéthQ\Fé%ﬂh@ﬁdemb@léﬁraﬂdel%el#ﬁﬂ(ﬁlrer(pﬂw¢2‘-1F3’)Wtﬁred'réle
crude product was purified by flash chromatogra . The residue after

h
sol vent s evapat tempafate ferraautiZd hi(dkCreaniial). A béequéethetnma@uﬁ@rémane
H D Hi v(O (i

| Qklyl ( Vi) - Meley- = -

Vet - Thr ( QIO 8 R B Rl RSV HCHPE &) T vgolfn ¥oBouder
Prepar at i onevaiporhted indeMeddriteitedBfel TNERPeSid(Rvds3dibsdidedtirsALOEL prO®@f the
undecapeptide (2B) as obtained in the preceding reaction

mL) and washed with 10% citric acid (1 x 20 mL), H,O

15 (1 x 20 mL) and brine (1 x 20 mL). The organic phase was dried over Na;SOy,

filtered and evaporated under reduced pressure. Crude mixture was separated by

CC to give the pentapeptide (sodium salt) H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-

ONa as a white powder.

HR-MALDI-MS: 677.46 [M + Na]" ([CssHs2NsNaOg]"; calc. 677.4465).

20
2. Preparation of Fragment (Ba) :
H-Abu-D-MeAla-MeVal-Leu-MeLeu-Gly-OMe (Ba)
2.1. Preparation of Boc-MeLeu-Gly-OMe
25

To a solution of commercially available H-Gly-OMe'HCI (4.0 g, 31.8 mmol, 1.0
equiv.) in dry DCM (240 mL), cooled at 0 °C, was added under argon DIPEA
(32.88 mL, 189.0 mmol, 6.0 equiv.). Subsequently, after 15 min, HATU (15.72 g,
41.34 mmol, 1.3 equiv.) and Boc-MeLeu-OH (7.8 g, 31.8 mmol, 1.0 equiv.) were
30 added in one portion. After 15 min at 0 °C then 22.45 h at room temperature, a
control of the reaction advancement by TLC indicates the completion. The reaction
was quenched by addition of 10% NaHCO3; (40 mL) and stirred 15 min. Reaction
mixture was diluted with DCM (400 mL) and washed with 10% citric acid (1 x 80



(3.05 g, 2.17 mmol) in 100 nL of MeOH (dry), cooled at 0 C, was added MeOK
(0.456 g, 6.53 mol) in one portion, under argon. After 1 h at O Cthen 1 h
at room twopereisesse, a control of the reaction advancenmeot/1B300$Ri7651

i ndi cates the conpletion. The sol ution cooled at 0 OC then neutralized
with an aq. solution of 10%citric acid. t hanol was evaporated. The aq.

m xture was poured into 100 nL of a m xture of AcOEt/H20 ( 1:1 v/v). The
organi c | ayBk). W (Hax80dmia ard bpiae (1 x 80 mb.).nihe arganig phasg wasydried avey. The

or casure | AT plsbed Eladardndd; ol BRSS IR fogHRlq kB0
pent apept i @@pufﬁewlwgﬂ«aﬁ_me ds@eﬂwyMeLMaElm -oﬂ&aé 3mhltd3<blﬁj3%@ﬁ‘t i on of
H D-Hi v- MeLeu- Leu- VeV, f[ spl ution of t he

pent apept | d& s Fe%lr'é{'%(é@r’z? ﬁ39 R23% Mc*éh'@hgﬂ@@b'@@"i‘%‘#ﬁ(%s]l ca53§; 180688 mmol

1.0 equikv.) in THF (18.8 m _) was cooled to O Cin an ice-water bath, then
0.2 MLIOH (18.8 nL, 3.66 nmmol, 2.0 equiv.) was added dropw se over 20 mn.
The cool i n@. baEteparahbhmfhl-cMnhmﬂded)Mée m xture (pH = 12-13) was stirred
at roomtenperature for about 2.5 h (TLC control). Subsequently, the
solution was cooled to O C and neutralized with 0.1 M HC (pH 2-3).

Tet r ahydr of an&ﬁ i &?ﬂ‘r\q d
di ssol ved |Nn§%2g%ﬁ% %%Hrréﬁ?ﬁ i msﬁggg\(}mH?ﬁg (F)%A) cit &cacgglﬁd(geg? g?ggafﬂ_)

H20 ( 1 x 206mol,)1. ﬁlequlyr) lneTRA/IDOM 280 nil), 2: TNk oragampt apba’ﬁefon/% rdini aad! Dver

Na SO4 filtered apnd evapqrated under reduced, pressure. Crude xture was
separ at' 8d B’S/at(‘f@o!"bted'ﬂﬂeagaéh%éﬂlﬁ’ﬁﬂtéﬂﬁmea eur’r?i‘éﬁ pressure. TWe crud

H-D-Hi v- 'Vékf[? @%W&@Hﬂéo%wﬁﬁeﬁm caéma(zmt %@%ar %Wsd\ﬂ 677. 46

[M+ Na]+ 62 N4 Na c 6/7.446 ion o Fr agrrent
(Ba) : H Awadadéed andithiamittare Wak ¢ritufated @B (Bajth DIPEAP{Z20 anlgtto i 648
Boc- MeLeu-d y- Owe
to neutralize an excess of TFA. After evaporation and drying the crude amine
salt of the dipeptide H-MeLeu-Gly-OMe was used to the next coupling step
15  without further purification.

UPLC-ESI-MS (m/z) 217.0546 [M + H]* ([C10H21N203]"; calc. 217.1552).

2.3. Preparation of Boc-Leu-MelLeu-Gly-OMe

20 To a solution of the dipeptide, as obtained in the preceding reaction, (3.38 g, 15.63
mmol, 1.0 equiv.) in dry DCM (160 mL), cooled at 0 °C, was added under argon
DIPEA (8.08 mL, 46.89 mmol, 3.0 equiv.). Subsequently, after 10 min, HATU (7.72
g, 20.14 mmol, 1.3 equiv.) and Boc-Leu-OH (3.98 g, 17.19 mmol, 1.1 equiv.) were
added in one portion. After 15 min at 0 °C then 15.45 h at room temperature a

25  control of the reaction advancement by TLC indicates the completion. The reaction
was quenched by addition of 10% NaHCO3; (36 mL) and stirred 15 min. Reaction
mixture was diluted with DCM (240 mL) and washed with 10% citric acid (1 x 60
mL), H,O (1 x 60 mL) and brine (1 x 60 mL). The organic phase was dried over
Na,SO,, filtered and evaporated under reduced pressure. The crude mixture was

30 separated by CC to give the ester Boc-Leu-Mel.eu-Gly -OMe as a yellowish oil
UPLC-ESI-MS (m/z) 430.0120 [M + H]" ([C21H40N30¢]"; calc. 430.2917).

2.4. Preparation of H-Leu-MeLeu-Gly-OMe



To a solution of comercially available HAy-Ov HCO (4.0 g, 3 1.8 mmol,
1.0 equiv.) in dry DCM (240 nm.), cooled at 0 0C, was added under argon

Dl PEA (32w62010523589. 0 mmol, 6.0 equiv.). Subsequently, pafrtiBzo0d/B07861n, HATU
( 15.72 g, 4 1.34 mol, 1.3 equiv.) and Boc- MeLeu-CH (7.8 g, 3 1.8 nmmol,
1.0 equiv.) were added in one portion. After 15 min at 0 C then 22.45 h at
roomtenperature, a control of the reaction advancenent by TLC i ndi cates
the conpletion. The reaction was quenched by addition of 10% NaHCO3 (40 ni)

snshed w ¢ 1P 15Ro o FEEGIHERRE, 4 BpBiePinthpfrebedthd fedtdn, (90 JT080 1
80 m _). ThameloroiequihpiseT MADCIVI(@d miver:1 N3 Sias kdptlat ereslfornich anaot at ed

under reduced pressure. The crude m xture was separated to give the ester
Boc- MeLeu- @tyoometeay. aanththeeselventsiremevepundesredusedmressigeoTbezaudey + Naj +

(! IS0 e 30 BBt (B Y ShASti BEAT 0TS

solution o ide, a tal ne

1.29 mmol, Wadaeded dnd thé mikibrdwWids(tAturated. atd & with DIPEXStdSH7-8t00 0C for
45 min and 2 h at roomtenp and the sol vents renoved under reduced

pressure. TRut@lizeansxsase of TEA. Afies evaperationiagd drviegdhe Craderamine salt

wth b pea F55SlSLe SO el Rdne JeholkB L W R, = © ©
evapor at i ompuaifidatisryi ng the crude amine salt of the dipeptide

H MeLeu-d y- Owke d h [ i ]
DT R Pl e ) 30 3223 T 6 SRLRE RN [ek A0 AEHRY $52.0016.

217.1552). . ta f1+Bagx L i fi+.t h
i pept i de, L7 ST e RNATROI 00e, e M o BB BISGEAAGS 1%
equi v.) in chig EBMG2B)0 nL), cooled at 0 OC, was added under argon DI PEA

(8.08 nm., 46.89 nmmol, 3.0 equiv.). Subsequently, after 10 mn, HATU (7.72
g, 20.14 mol, 1.3 equiv.) and Boc-Leu-OH (3.98 g, 17.19 mol, 1. 1 equivVv.)

wer e added 3 5 pRgAIafibh BF BAEMEVARLS MéllelRGh-OMEn 15- 45 h at room
tenperature a
15
To a solution of the tripeptide, as obtained in the preceding reaction, (2.3 g, 6.98
mmol, 1.0 equiv.) in dry DCM (105 mL), cooled at 0 °C, was added under argon
DIPEA (3.61 mL, 20.34 mmol, 3.0 equiv.). Subsequently, after 10 min, HATU (3.45
g, 9.07 mmol, 1.3 equiv.) and Boc-MeVal-OH (1.78 g, 7.68 mmol, 1.1 equiv.) were
20 added in one portion. After 15 min at 0 °C then 15.45 h at room temperature a
control of the reaction advancement by TLC indicates the completion. The reaction
was quenched by addition of 10% NaHCO; (25 mL) and stirred 15 min. Reaction
mixture was diluted with DCM (150 mL) and washed with 10% citric acid (1 x 50
mL), H20 (1 x 50 mL) and brine (1 x 50 mL). The organic phase was dried over
25 Na,SO,, filtered and evaporated under reduced pressure. The crude mixture was
separated by to give the ester Boc-MeVal-Leu-Mel.eu-Gly-OMe as a yellowish oil
UPLC-ESI-MS (m/z) 543.0484 [M + H]" ([Co7H51N4O7]"; calc. 543.3758); 565.0467
[M + NaJ* ([C27Hs0N4NaO4]*; calc. 565.3577).

30 2.6. Preparation of H-MeVal-Leu-MeLeu-Gly-OMe

A solution of the tetrapeptide, as obtained in the preceding reaction, (3.56 g,
6.56 mmol, 1.0 equiv.) in TFA/DCM (12 mL, 1:1 Viv) was kept at 0 °C for 1 h and



control of the reaction advancenent by TLC indicates the conpletion. The
reacti on was quenched by addition of 10% NaHCO3 (36 nlL) and stirred 15 mn.
React i on woxbiwes2isas diluted with DCM (240 nmL) and washedTaBidey/a@361ci tric
acid ( 1 x 60 nL), HO( 1 x 60 nm.) and 35%% ( 1 x 60 nL). The organic
phase was dried over Na2SO4, filtered an vaporated under reduced
pressure. gﬁ crude m xture was separated by CC to give the ester

Boc- Leu- MeLe0-38r9oMdgPasang (e savinin rempveprodesiad e@r?ftz%su&%oﬂaﬁzo [M +
+ cC2 1
Ilzﬂl-Let(J[NELeulgrg- P‘@g?oductso slcﬁrilegdggrgf&]fit %htv%lcﬁ‘um%gl?@{ 2bs quenttthCM

epti as obt ai ne

precedi ng r(déahL))was@Eded@,nd&héiBnmtmé wa]stﬁtwqted/at)o PO WITRADIPBW (dgH-8 1: 1
v /v) was kept at O Cfor 1 h_and 2 h at rogmtenp.,. and the solvents

renmoved undemeuii@lizeanmxeess peTHAnAfter au@qrﬁaan@ndmmerth@&rw?d%mm gh
1
P tur afoq S thRICEAMIANE HMclA AR LUIGR. OREaHaS (0o fEUD ol 7,008
After e\éapocmxplmg stepiwithgutrfgrthbepuarificddioanm ne salt of H-:c__eu MeLeu dy- Owve
t .
ot c et - MUPDE S8 khs B2 af g 08baMM"t HISH FerklestolSa itls. 44538 e 0063

352.001 6 [M# t e 65.30858)c. 352 4248) 659. 1626 [2M + H +
([032H63N6 N‘E] f[ QI—Q%Q 162@) 2.5. Prepar ation of

Boc- MeVal - Leu I\/ELeu G y-Ove To a solution of the tripeptide, as obtained in

cool ed 1t o FRAraTn AT BRe MEAT MY wiekey Bl Y 510> ™

equiv.). Subsequently, after 10 min, HATU (3.45 g, 9.07 mmol, 1.3 equiv.)
and Boc-MeVal -CH (1 .788e 68 mml 1.1 equiv.) were added in one
portion. Aftea sphitignpfihe tetrapeantide. a%ohtsﬂme%tn ihedirecedipareaction, £.90 g,

6.56 mmol, 1.0 equiv.) in dry DCM (110 mL), cooled at 0 °C, was added under
argon DIPEA (3.39 mL, 19.68 mmol, 3.0 equiv.). Subsequently, after 10 min,

15 HATU (3.24 g, 8.53 mmol, 1.3 equiv.) and Boc-D-MeAla-OH (1.46 g, 7.21 mmol,
1.1 equiv.) were added in one portion. After 15 min at 0 °C then 17.45 h at room
temperature a control of the reaction advancement by TLC indicates the
completion. The reaction was quenched by addition of 10% NaHCO3 (25 mL) and
stirred 15 min. Reaction mixture was diluted with DCM (150 mL) and washed with

20  10% citric acid (1 x 50 mL), H2O (1 x 50 mL) and brine (1 x 50 mL). The organic
phase was dried over Na,SOq, filtered and evaporated under reduced pressure.
The crude mixture was separated by CC to give the ester Boc-D-MeAla-MeVal-
Leu-Mel eu-Gly-OMe as a yellowish foam
UPLC-ESI-MS (m/z) 628.56 [M + H]" ([C31HssN50s]"; calc. 628.4285); 650.53 [M +

25 Na]" ([C31Hs7NsNaQg]"; calc. 650.4105).

2.8. Preparation of H-D-MeAla-MeVal-Leu-Mel.eu-Gly-OMe

A solution of the pentapeptide, as obtained in the preceding reaction, (1.6 g,

30  2.55 mmol, 1.0 equiv.) in TFA/DCM (6 mL, 1:1 V/y) was kept at 0 °C for 1 h and 2
h at room temp., and the solvents removed under reduced pressure. The crude
product was dried under high vacuum (about 15 min). Subsequently, DCM (20
mL) was added and the mixture was triturated at 0 °C with DIPEA to pH 7-8 to



control of the reaction advancenent by TLC indicates the conpletion. The
reacti on was quenched by addition of 10% NaHCO3 (25 nmlL) and stirred 15 mn.
React i on woxbiwes23sas diluted with DCM ( 150 nl) and wasiret/iB2oodro@B8b citri c
acid ( 1 x 50 n), H2O (1 x 50 nL) and brjne ( 1 x 50 nL). The organic
phase was dried over Na2SO4, filtered an %vaporat ed under reduced
pressure. The crude m xture was separated by to give the ester

Boc- MeVal - lnaytilize angxgessef 1§Aa Afler ryapemtion @andmryingdhe pgdeaminesaalt 0484

[M+ H+ ([ Je (b AL oL 335 A
(1 co7rbonaiaely Pentpeplaed EboeAlinayEl oy Al Mg Wi dsed to the

H- MeVal - Lewndye beupliagystepbvithaan furtherrpuoificatien.t et r apepti de, as obtained in

t he precedi tj.on . P. 58, I .Q.equiv.) in TFA/DCM (12 ni,
1: 1 v/iv) %Eétﬁ%lf'{ﬂgt(’@flgégg&g [&/Fﬁ?ﬁngg%‘l"@@ugddﬂﬁ%régq-% -the sol vents
renovedgunder reduced pressure. The crude product was dried under high
vacuum (about 15 mn). Subsequently, DCM (45 nl) was added and the m xture
was tritur &.90Prapayationi ofiBot#Abu-DeMeAlarMe al-LeauMedleuzGlyx@Meacess of TFA

After evaporation and drying the crude am ne salt of the tetrapeptide
H MeVal - Leu- MeLeu-d y-OVve was used to the next coupling step w thout

further purtd iealtion.of Yre peht € Mg dbtafedif e [pMbcedih réacﬁ%ﬁ!‘ﬁﬂﬁ@@?] +;
cal c. 443.3233): 465.0063 [M + Na] + ([ C22H42N4NaGs] +. calc. 465, 3053). 2.7.

Pr epar at i or2.92 nBook, -0vequix-)Ne day DCA (6@ ) - Gvgledid 0TE, avasodddedundsdr t he

tetra tide, a ' Nt recedi . t . 9 . 0. b6 [,
150" andby! ronf BRAISS i) 3 G yho B kay. T b sHhiehfin i ackio. sA T
DI PEA (3.3 1 4, i i o 1 i TU
(350 4 5 4260, P2BGRR 1.3 SalivolUidBoc ABMORIORT Y2 77 hRlol 701 Bl AT
1 equiv.) wesre attthbednioneoprrtipor Aftem15 win et 026 thien aver oightat heom17. 45 h at
room t enper,at ur e contr

o D e Sk P e AR, e oo™ 5 L
\jvit 't Lf ed 15 dmplefffCtHeOR ARt ISh W difshchiel WyestdidoPfd(NEACT,)(186L yashed
15  stirred 15 min. Reaction mixture was diluted with DCM (100 mL) and washed with
10% citric acid (1 x 40 mL), H>O (1 x 40 mL) and brine (1 x 40 mL). The organic
phase was dried over Na;SOQy, filtered and evaporated under reduced pressure.
The crude mixture was separated by CC to give the ester Boc-Abu-D-MeAla-
MeVal-Leu-MeLeu-Gly-OMe as a yellowish foam
20 UPLC-ESI-MS (m/z) 713.1513 [M + H]" ([CasHesNsOg]*; calc. 713.4813); 735.1010

[M + NaJ* ([CasHeaNeNaOg]"; calc. 735.4632).
2.10. Preparation of H-Abu-D-MeAla-MeVal-Leu-MeLeu-Gly-OMe (Ba)

25 A solution of the hexapeptide, as obtained in the preceding reaction, (0.82 g,
1.15 mmol, 1.0 equiv.) in TFA/DCM (6 mL, 1:1 VIv) was kept at 0 °C for 1 h and 1
h at room temp., and the solvents removed under reduced pressure. The crude
product was dried under high vacuum (about 15 min). Subsequently, DCM (25
mL) was added and the mixture was triturated at 0 °C with DIPEA to pH 7-8 to

30 neutralize an excess of TFA. After evaporation and drying the crude amine salt
of the hexapeptide H-Abu-D-MeAla-MeVal-Leu-MelLeu-Gly-OMe was used to the
next coupling step without further purification.
UPLC-ESI-MS (m/z) 613.1925 [M + H]" ([C30Hs7NsO7]"; calc. 613.4289).



10%citric acid ( 1 x 50 nL), H2O ( 1 x 50 nm.) and brine ( 1 x 50 nm.). The
organi ¢ phase was dried over Na2SO, filtered and evaporated under reduced
pressur e.woheioustkse nm xture was separated by CC to gi vepthapasdedizel
Boc- D- MeAl a- MeVal - Leu- MeLeu-G y-Owe as a yell owi sh foam UPLC-ESI - M5 (m z)
628.56 [M + H + ([ C3I Hs8N5(8I +; caI C. 6283%285); 650.53 [M + Na] +

([ C3i H57N5NaC8] +; cal c. 650.4105) 2.8. Preparation of

H D- MeAl a- MeVal - Leu- MeLeu-d y-Ove A sol ution of the pent apepti de, as

Tear bowt (6 Coubling §° Figme thaand Frade®nt 483k 1'ans 2 h arrom tem.

and t he solvents renoved under reduced pressure. The crude product was

dri ed under 8h vacuum (about 15 min). Subsequently, DCM (20 nL) was added
and the m &t BreparationtafDdHiv-MeLeu-ten-MeVal-MeBmi-Ahy-D-MeAbarMeValri ze an

excess gf ation and drying the crude am ne salt of the
pent ape%tlg'%Ll@rA?y% Leu- MeLeu-d y-Owe was used to the next
coupling step without further purification. UPLC—ESI-IVB (mz) 528.49 [M +

H + C C26H50N5Ce] +; calc. 528.3761). 2.9. Preparation
Boc- Abu- D- NE@ £0Mkion|of the hexarentidelHdau-PoMg Mﬁv%ﬁean@h%uﬁm%spw de,

bt
ry oow (60iinkdh BEGRLCAMS EAEHOEN0. 11d. 134 chmofl 108 el in by DM (83) 1"
7.56 mmol , rﬂcheqleldvat)O °(Subaeqddedi hy\deaércgmn DIIPEﬂ(OsBiM]u :142 mrabl, .0 3. 28
mmol, 1.3 equiv,) and Boc- Aby- OH qui v. were

Toaed 110 ot Submeaueriy alisr a0 miny Foos) {058 do A8 mielc 1 S Bqulis

t t | T
compl et | on PEEREIEDEIV-MEL AEBEL N AMBBARTATIO26 & S 4 BTREE ' TBeME) ang
stirred 15 were.addeadhiope psnrmbmlr,eftma’ss eHith at edonh&h 1IBC2M hh@@omrh)tempxéramsé]ed

wth 10%citric acid ( 1 x 40 H20 ( X and brine (.1 x 40 nL).
The or gani @ ¢ATHEA ofdhe Eﬁﬂcé'GnWé‘ﬁnWS@by ﬂ-pt'ﬁg'éateéﬁbeé’@ﬁﬁﬂ?téﬁ’b hénder

reduced presatidh walQuehted BY Huiton6i1 0% REHESE! (RY miey ah el 19Rifst
15 Reaction mixture was diluted with DCM (130 mL) and washed with 10% citric acid
(1 x 35 mL), H2O (1 x 35 mL) and brine (1 x 35 mL). The organic phase was dried

over Na,SO;,, filtered and evaporated under reduced pressure. The crude product

was purified by CC to give the undecapeptide D-Hiv-MelLeu-Leu-MeVal-MeBmt-
Abu-D-MeAla-MeVal-Leu-MelLeu-Gly-OMe as a white foam

20 UPLC-ESI-MS (m/z) 625.6903 [M/2 + H]" ([C32Hs9Ns07]"; calc. 625.4415);
1249.7793 [M + H]" ([Ce4H117N10014]"; calc. 1249.8751).

3.2. Preparation of D-Hiv-MeLeu-Leu-MeVal-MeBmt-Abu-D-MeAla-MeVal-
Leu-MeLeu-Gly-OH
25
A solution of the undecadepsipeptide, as obtained in the preceding reaction, (1.30
g, 1.04 mmol, 1.0 equiv.) in THF (10.4 mL) was cooled to 0 °C in an ice-water
bath, then 0.2 M LiOH (10.4 mL, 2.08 mmol, 2.0 equiv.) was added dropwise over
10 min. The cooling bath was kept and the mixture (pH = 12-13) was stirred at 0
30 °C for about 20 min and 30 min at rt (TLC control). Subsequently, the solution was
cooled to 0 °C and neutralized with an aq. 10% citric acid (pH 3-4). The solution
was evaporated under reduced pressure. The residue was dissolved in AcOEt
(140 mL) and washed with H>O (1 x 30 mL) and brine (1 x 30 mL). The organic



MeVal - Leu- MeLeu-d y-Owve as a yell ow sh foam UPLC-ESI-MS (mz) 713.1513 [M +
H + ( C 35H65N6(Qg] +; calc. 713.4813); 735.1010 [M+ Na]+ ([ C35H64N6Na(y] +;
cal c. 735y8@81)0s5253910. Preparati on of H Abu- D- MeAl a- MeValtherpodbdzesr G y- Ove
(Ba) A solution of the hexapeptide, as obtained in the preceding reaction,
(0.82 g, 1.15 nmml, 1.0 equiv.) in TFADRP(6 nL, 1: 1 v/v ) was kept at O
Cfor 1 hand 1 h at roomtenp., and the solvents renoved under reduced
pressure. TpRase was dped@yer NaaSOdr filtated andreviapgrated cunder fethoed pressura) .

w th D1 pea The 195 gealelwi uifEg By 58 18 B T sk AiFlde DifaRd . ana
drying the Béu%\ﬂ!hl\n@mﬂﬁlbuqb MéﬂlahlﬁéVQEQéuIMeLeu -Gly-OH as a white powder
H Abu- D- MeAl a- MeVal - Leu- @Iﬁé used to the, next coupling step

wi t hout furYRbl-BakMS 6644)6335 6-[Mst W[@ﬁd"b)ls%ﬂ@ﬂ]l%@'({ Ni2851§504).

([ C3OHSEN6OrJ+; cal c. 613.4289).3. Coupling of Fragnent (Aa) and Fragnent
(Ba) 3.1. Preparation of D Hi v-MLeu-Leu-MeVal - MeBnt - Abu- D- MeAl a- MeVal -
Leu- MeLeu- GLyM&biolactanisalioni Premiratiba dfeyapes{MetBmt-Abu-D-MeAla-MeVal-

H-Abu-DI\/E - MeVval le Owe, as Qbtained in the preceding
reaction, ‘?L“'ﬁjyﬂltr@l“’ Hlie ‘QHBFVM?V?ﬁ {Jﬂ/ DCM (33 ml ), cooled at O

C, was added under argon DIPEA (0.59 m , 3.42 mmol, 3.0 equiv.).
Subsequently, after 10 m n, HATU (0.56 g, 1.48 rrm)l, 1.3 equiv.) and
pent apept i déoaseilutideane&eO\é&kg 4HBdtrmaid], (D0 2Guiy,. ) dnd Bbenmattiazdl-18 equi v.)

tenper dbur O aEHPRsnGHasRboRua e e fucionieanrials (RIEQLR(I AP allt ne
conpl eti on.mig, 3. ge&gnppmvmw peschesway Rdd drepwite é@%d\ﬁﬁ%t{&poﬂﬁ 2)

and stirred 15 mn action mxture was diluted with and
washed wi t hundpgadepsipeptide acid as abtaihed injthe prepeding kea;monu ?&@l 1b€ e (1 x

25 ), e DoAY 46T (088 AL rORAR e b S0 el
undecapept i e dadifion deddidiwaslcoviplete; Medittthe mixture was transferred to a
15  separating funnel. Total reaction time = 24 h. The solution was washed with 0.1 M
HCI (20 mL) and the organic layer was separated and dried over MgSO,, filtered,
and concentrated under reduced pressure. The crude product was purified by CC,
thereby giving the cycloundecadepsipeptide cyclo-(MeBmt-Abu-D-MeAla-MeVal-
Leu-MeLeu-Gly-D-Hiv-MeLeu-Leu-MeVal) (1a) as a white solid Subsequently, the
20 obtained compound was repurified by preparative HPLC (to give the cyclo-
(MeBmt-Abu-D-MeAla-MeVal-Leu-MelL eu-Gly-D-Hiv-MelLeu-Leu-MeVal) as a
white powder. Purity 99.38% (80 °C, 30 min).

(Ce3H112N10013, MW = 1217.6226 g/mol).

25 UPLC (40 °C, ACQUITY UPLC ® BEH C1 1.7 um, 214 nm, 50 — 95%, 7 min) tg =
2.923 min.
UPLC

The overall yeld to obtain the undecadepsipeptide cyclo-(MeBmt-Abu-D-MeAla-

30 MeVal-Leu-Mel eu-Gly-D-Hiv-Meleu-Leu-MeVal) starding from the natural
undecadepsipeptide Cyclo-(MeBmt-Thr-Sar-MeLeu-Leu-MeL eu-Ala-D-Hiv-Mel eu-
Leu-MeVal) is above 50%.



Abu- D- MeAl a- MeVal - Leu- MeLeu-d y-Ove as a white foam UPLC-ESI-Ms (1 z)
625.6903 [M2 + H + ([ C32H59N507 +; calc. 625.441 5); 1249.7793 [M+ H + (
C 64H117NyOQuojo/os255eal c. 1249.8751 ) . 3.2. Preparation ®CT/1B2009/007361

D- Hi v- MeLeu- Leu- MeVal - MeBnt - Abu- D- MeAl a- %eVaI - Leu-MeLeu-d y-OH A sol ution
of the undecadepsi pepti de, as obtained i & he preceding reaction, ( 1 .30
g, 1.04 mol, 1.0 equiv.) in THF (10.4 nL) was cooled to O OCin an

i ce-wat er tﬁxampleeﬁm. 2 MLiOH (10.4 m, 2.08 mml, 2.0 equiv.) was added

dropwi se over 10 m.n, The cooljn ath was kept and the m xture (pH =
12-13) was Gampeurdsficy . (i85 %303 (B can %eamepgtedﬁwoa@metw@ﬁ@@&m rol).
Subsequent | i ed to O OC and neutralized with an aqg.
10%citric rﬁ??%&fgimww%ﬁéﬁgﬁﬁ{ on was evaporated under reduced
pressure. The residue was dissolved in AcCEt (140 nL) and washed with H20 (
1 x 30 nL) and brine ( 1 x 30 nL). The organi cphase was dried over Na2SO
filteref arkixamyple 2t ed under reduced pressure. The crude product was
purified by CC to give the undecapepti de D Hi v- MeLeu-

Leu- MeVal - MeBnt - Abu- D- MeAl a- MeVal - Leu- MeLeu-d y-OH as a white powder

UPLC- ESI - MS_(m z) 1235.7690 [M + H + O C63HL15N10QL4l +; cal c. 1235. 8594).
4. Macr ol adteapacation obcysloandecadepsipentideflb)bu- D MveAl a- Meval -

Leu- MeLeu- G y- D Hi v u- - VeV (] @) \dQ a | ut j,on, of P (0.907 g,
4. 144 mol ,c%."b'(@&@%;‘% &W@Kﬁ%ﬁ%&lﬁ@%%% 'd -N&Hﬁ“—’ﬁwﬂ@e\?ﬁ ni um
hexafluorogngsphate (PyBOP) ( 1 .078 g, 2.071 mmol, 2.0 equiv.) in DCM (128
m ) was added dropwi se over 2 h a solution of undecadepsi peptide acid as
obtaind@ in the preceding reaction ( 1 .28 g, 1.036 mvol, 1.0 equiv.) in

DCM (20 m _). _The m xture was stirred overnight (22 h).after the addition
of acid was2cBrgparationtefdiragment,{BbLir e was transferred to a separating

funnel . Tot al Hgﬂs i-ﬁﬂw&l\'%EngléLgh-ﬂéLeetﬁglé’-Ul\ﬁd \(/jv?isegggoted with 0.1 MHC

(20 m ) and the organi C yer waS separ at ed an er MgSHA,
filtered,
2.1. Preparation of Boc-MelLeu-Ala-OMe
15

To a solution of commercially available H-Ala-OMe'HCI (2.00 g, 14.32 mmol,
1.0 equiv.) in dry DCM (130 mL), cooled at 0 °C, was added under argon DIPEA
(14.68 mL, 86.0 mmol, 6.0 equiv.). Subsequently, after 15 min, HATU (6.52 g,
17.18 mmol, 1.2 equiv.) and Boc-MelLeu-OH (3.512 g, 14.32 mmol, 1.0 equiv.)
20 were added in one portion. After 15 min at 0 °C then 48 h at room temperature
(RT = 2 days 15 min), a control of the reaction advancement by TLC indicates the
completion. The reaction was quenched by addition of 10% NaHCO3 (20 mL) and
stirred 15 min. Reaction mixture was diluted with DCM (200 mL) and washed with
10% citric acid (1 x 40 mL), H20O (1 x 40 mL) and brine (1 x 40 mL). The organic
25 phase was dried over Na,SOy, filtered and evaporated under reduced pressure.
Crude mixture was separated by CC to give the ester Boc-Meleu-Ala-OMe as a
pale yellowish oil. The sample (30 mg) was repurified by semi-preparative
RP-HPLC and the peptide was lyophilized to give the ester Boc-Meleu-Ala-OMe
as a white powder.
30
2.2. Preparation of H-MeLeu-Ala-OMe



and concentrated under reduced pressure. The crude product was purified by
CC, thereby giving the cycl oundecadepsi pepti de

cycl o- ( MaBot20 32939 Ve Al a- MeVal - Leu- MeLeu- @ y- D- Hi v- MeLeaTiBzoodeozaél) (1 a)
as a white solid Subsequently, the obtai conpound was repurified by
preparative HPLC (to give the cyclo-

( MeBnt - Abu- D- MeA| a-?g/e\/al -Leu- MeLeu- Q3 y-D-Hi v- MeLeu- Leu- MeVal!) as a white
powder . Purfsplulion sielineptide assebtained. in tog pracesingeastiomit £013 b714 pygol,

g/ nol). UP -G ra. H. 18 7 ) 95% 7
mn) tR = ?8%#@'"@8%3%&2‘?3?%@% lé)épc;[ba[tgnrg; ﬁé%ﬁldggggi%m pep(% | de
cycl o- ( MeBrgoividnits FerivbvédiuniieMalduced presdite O ive Brudevprifalietivhe dribk Vinkder
starding fromthe natural undecadepsi

i d
Cycl o- ( welenl@ighwacw—(% Lr@iu)-L%lebm@aﬂ&elﬁtCBl aiQ/m%W%ﬁq_d@d-MIe)miX&Ur&bove
50% Ex » Y and (| 9
Seor o 50 Sl FRIBENT Ul bR i) ol iAol ol Babgpy s opere

Prepar at i ong@seguehtiyndactisie pixtnapiviad&lilited) with DCM (60 mL) and washed with
Cyd O (MeBnl t - AbU- D- MeAl a- Et Val - LeU- MeLeU- Al a- D- Hi V- MeLeU- LeU- Meval ) (I b)

2. bPr epar athizfh (bx 16 mbiend brive)(1:x 0 mpy)- Dhewrganicphase was filkered,-dried: Ove
Bb) 2.1. P i - - Al a- T ' f i al l
o | abi e HNEPOR e RpB a8 Gptighattihgbr Ridh Vet ot bR AmERTR (120

m _), cool ed-MéLdu-Rla-OMe aadamsedTaethegatobbfifstepwilfoutturt@ér. gurification 6. 0

equi v.). Subsequently, after 15 mn, HATU (6.52 g, 17.18 mml, 1.2 equiv.)
and Bod9MeLeu-OH (3.512 g, 14.32 nmmol, 1.0 equiV.)

2.3 Preparation of Boc-Leu-MeLeu-Ala-OMe

To a solution of dipeptide as obtained in the preceding reaction (7) (2.17 g,
9.42 mmol, 1.0 equiv.) in dry DCM (108 mL), cooled at 0 °C, was added under
15 argon DIPEA (6.45 mL, 37.68 mmol, 4.0 equiv.). Subsequently, after 10 min,
HATU (4.65 g, 12.25 mmol, 1.3 equiv.) and Boc-Leu-OH (2.39 g, 10.36 mmol,
1.1 equiv.) were added in one portion. After 15 min at 0 °C then 15 h at room
temperature (15 h 15 min), a control of the reaction advancement by TLC indicates
the completion. The reaction was quenched by addition of 10% NaHCO3; (10 mL)
20 and stirred 15 min. Reaction mixture was diluted with DCM (50 mL) and washed
with 10% citric acid (1 x 20 mL), H20 (1 x 20 mL) and brine (1 x 20 mL). The
organic phase was dried over Na,SOy, filtered and evaporated under reduced
pressure. Crude mixture was separated by CC to give the tripeptide Boc-Leu-
Mel eu-Ala-OMe as a yellowish oil. The sample was re-purified by semi-
25 preparative RP-HPLC and the peptide lyophilized to give the tripeptide Boc-Leu-

MelLeu-Ala-OMe as a white powder.
2.4. Preparation of H-Leu-MelLeu-Ala-OMe

30 A solution of the tripeptide as obtained in the preceding reaction (2.00 g, 4.50
mmol, 1.0 equiv.) in TFA/DCM (10 mL, 2:3 Viv) was kept at 0 °C for 2 h, and the
solvents removed under reduced pressure. The product was dried under high
vacuum (20 min) to give the crude material. Subsequently, DCM (20 mL) was



were added in one portion. After 15 mn at O C then 48 h at room
tenperature (RT = 2 days 15 mn), a control of the reaction advancenent by
TLC i ndi csbeasi1mdsesseonpl eti on. The reacti on was quenchedPoy/1Bzidd/vi7een of 10%
NaHCO3 (20 nlL) and stirred 15 mn. Reacti m xture was diluted with DCM
(200 nL) and washed with 10%citric acidféi x 40 mL), H2O( 1 x 40 nL) and
brine ( 1 x 40 nL). The organic phase was dried over Na2SO , filtered and
evapor at ed aﬂﬂmaméﬁlﬁ:@w\arree\yg@tréura@@abo r?Cletlh DIREA todhr 8 dadsinuse t o

e e, e PRE AR R T AR R B eGSRk (0

| yophi | i zecarhinegH:\L@u-helLeatAs-Ge wWélgsedcatheviex@soapiy stephatieit furthe?.
Preparation of H MelLeu- Al a- OMA sol ution of  di peptide as obtained in the

precedi ng rRiificatign The samgle @51mghwas rep_urtu‘leéhtay §eml-prﬁpﬁrm\&ﬁPchL@| and 2: 3
v/iv ) was _l;t gtpréﬁ dé proﬁbgfnh;e&"to {]'j‘log éﬂ d&eﬁit.\ﬁ%’ﬁ iehE’MBK&?’fgé“éﬂw? a%dé@&%

pressure. cru was d h vacuum

Subsequently, DCM (10 mi ) vvas added and the mi xture was triturated at 0 C
wi t h DI PEA H7-8.to n of TFA. Subsequently, reaction
m xt ur e wasig !g[ﬁ%’a%"f‘w 8@1‘3'}%‘ akOHshed w t h HO ( 1 x 10 M ) and

brine ( 1 x 10 m ). The organic phase was filtered, dried (Na2SO4)
evaporated and dried under high vacuum The crude am ne salt of
H MeLeu- Al Bavb-MellaiEtali@in wadscobtainedcsianingrfgprs tBae-i MbeAla- Vélu@Maemsing

i f t 2.3 Fr. ti Ove.T I
G pept 11 duiking FERARRoNEMyRortaial FlbERbRY pigrois st feTBetils
(eg ”'4; )m in a%r?cbrcg?ﬁ@"té h&&aﬂge.peaﬁqqlaﬂéouat GlichouVPh DAHes emm@a “@@Mv@hﬁ’ﬁA
, .0 equiv Subsequently, after 10 mn, HATU (4.65

g, 12.25 nanalogues @q@wl%panae Boqpmmagerxtznsgllgi 14 G agsitérsies Sciencesqui v. )
wer e added i f 0O OC then 15 h at room
tenperatureu'? %%ﬂﬁQ%L%;\?%n 5@@) 1‘?5&?)' qfﬁj ‘he reaction advancenent by TLC
i ndi cates the conpl etion. The reaction was quenched by addition of 10%
NaHCO3 %10 m_i);

1 2.6, Preparation of Boc-D-MeAla-EtVal-Leu-MelLeu-Ala-OMe

To a solution of the tripeptide H-Leu-MelLeu-Ala-OMe (0.096 g, 0.291 mmol,
1.0 equiv.) in dry DCM (8 mL), cooled at -8 °C, was added under argon DIPEA
(0.15 mL, 0.87 mmol, 3.0 equiv.). Subsequently, after 10 min, HATU (0.13 g,

20 0.35 mmol, 1.2 equiv.) and the dipeptide Boc-D-MeAla-EtVal-OH (0.1 g,
0.29 mmol, 1.0 equiv.) were added in one portion. After 10 min at -8 °C then 40
min at room temperature, a control of the reaction advancement by HPLC
indicates the completion. The reaction was quenched by addition of 10% NaHCO;
(1 mL) and stirred 15 min. Reaction mixture was diluted with DCM (20 mL) and

25 washed with 10% citric acid (1 x 5 mL), H20 (1 x 5 mL) and brine (1 x 5 mL). The
organic phase was dried over Na,SOy, filtered and evaporated under reduced
pressure. The crude mixture was separated by CC to give the pentapeptide
Boc-D-MeAla-EtVal-Leu-MelLeu-Ala-OMe as an oil. The sample was repurified by
semi-preparative RP-HPLC and the product was lyophilized to give the

30 pentapeptide Boc-D-MeAla-EtVal-Leu-Meleu-Ala-OMe as a white powder.

2.7. Preparation of H-D-MeAla-EtVal-Leu-MeLeu-Ala-OMe



and stirred 15 mn. Reaction m xture was diluted with DCM (50 m _) and
washed with 10%citric acid ( 1 x 20 mM ), H2O( 1 x 20 mM ) and brine ( 1
x 20 mL) .wohelosgmni ¢ phase was dried over Na2SO4, filt ecedBzmogoesapor at ed
under reduced pressure. Crude m xture was qseparat ed by CCto give the
tripeptide Boc-Leu- MelLeu-A a-Ove as a y owi sh oil. The sanple was

re-purified by sem preparatl ve RP-HPLC and the peptide |yophilized to give
the tri pept"l" 88'”@86 of ¢he pepliapgplide aoabtaiged indhe rregedingreastion (A2 Far at i on

g]; e?eﬁé reactlon ?ﬁS@J'%c}llﬁtfggngmwﬁ 'ﬁ[% V)%asaﬁer@étwwp?r{hhez 3

viv ) was k& thetsolvehis ternoded undefrédiced Prasyiirs. Tl@érm@@tx@mgrdrre@dsw

pressure. The product was dried under hi gh vacuum (20 mn) to give the

crude mat erhigh vagméa@m [Subseanentho DL (8 aldaxas added radhe Mixikirgxes

R

H Leu- MeLeurpA aAﬂv‘Eems)rat&ﬁﬂalﬁ@dMﬁg (X érudeyphing Gatttcf phavpbRRipeptide tHet
purification. The sanpl was repurified by sem -preparative RP-HPLC

Bnd the. pr ddatie aa/sahgeadwaeagoﬁaw@.w psad {0 hedid BRUPINGHSREVINAUAl . OV

as a solid |

was obt ai neértﬁ? 'Iﬂﬁ%h boﬁ%@mcp I%@%% %?p@é usﬁ%ﬁ%&%&%tyé&RaNﬂ_C&'
Triet gyl oandmhiblpnptidbwva Bophitizéd te divieythé Yiekead nvisiesof dhe peatapephide d$-Der
according t jter re an Fr V0|s lchou PhD thesis entitled "De
nouveal]rd aﬂﬁﬁébjéef%iewg ebepdHa ﬁgﬁ’é’mdeé-nt i -VIH 1", Faculte des
Sci ences, Universite de Lausanne, 2001 , p.121-122]. 2.6. Preparation of
Boc- D I\/EAI a- Et Val - Leu- MeLeu- Al a-Owe To a solution of the tripeptide

H Leu- MeLelR.8! BrepitrationGsfB oc-Abhw-DtMenda-EtVabLeytMel-¢uiAlacdWMeDCM (8 nl),
cooled at - 8 C, was added under argon DIPEA (0.1 5 nL, 0.87 nml, 3.0
equiv.). Subsequently, after 10 m n, HATU (0.13 g, 0.35 nmol, 1.2 equivVv.)

and the di prphisefitiBAGIthdRAldE FéMabeflitid 8s dbthined in the preceding reaction

15 (0.2 g, 0.36 mmol, 1.0 equiv.) in dry DCM (10 mL), cooled at 0 °C, was added
under argon DIPEA (0.18 mL, 1.08 mmol, 3.0 equiv.). Subsequently, after 5 min,
HATU (0.19 g, 0.5 mmol, 1.4 equiv.) and Boc-Abu-OH (0.088 g, 0.42 mmol,
1.1 equiv.) were added in one portion. After 15 min at 0 °C then 1.15 h at room
temperature (RT = 1.5 h), a control of the reaction advancement by TLC indicates

20 the completion. The reaction was quenched by addition of 10% NaHCO3; (2 mL)
and stirred 15 min. Reaction mixture was diluted with DCM (50 mL) and washed
with 10% citric acid (1 x 10 mL), H,O (1 x 10 mL) and brine (1 x 10 mL). The
organic phase was dried over Na,SO;, filtered and evaporated under reduced
pressure. Crude mixture was separated by CC to give the hexapeptide Boc-Abu-

25 D-MeAla-EtVal-Leu-Mel eu-Ala-OMe as a yellowish oil. A sample
(30 mg) was repurified by semi-preparative RP-HPLC and the product lyophilized
to give the hexapeptide Boc-Abu-D-MeAla-EtVal-Leu-Meleu-Ala-OMe as a white

powder.
30 2.9. Preparation of H-Abu-D-MeAla-EtVal-Leu-MeL eu-Ala-OMe Fragment (Bb)

A solution of the hexapeptide as obtained in the preceding reaction (0.187 g,
0.25 mmol, 1.0 equiv.) in TFA/DCM (3.0 mL, 2:3 VIv) was kept at 0 °C for 1.5 h,



0.29 mmol, 1.0 equiv.) were added in one portion. After 10 mn at - 8 0C
then 40 mn at roomtenperature, a control of the reaction advancenent by
HPLC i ndiwaten/tskzsoconpl eti on. The reacti on was quenche@ChyBzdedi7den of 10%
NaHCO3 ( 1 nlL) and stirred 15 mn. Reacti&? m xture was diluted with DCM
(20 m.) and washed with 10%citric acid ( x 5nm), HO (1 x 5 nL) and
brine (1 x 5 . The organi c phase was dried over Na2SO4, filtered and
evapor at ed SRR depP¥ad ypder rackiced RIBSSHIRt R@ Cliede RregHFbwas dpgdcec t o

give the p I\#)A}S

sanpl e wasel'rlqicgé&rl# %CIE% g% prgggégfél nggﬁlgn@a%dé?gggéﬁémé&p@

| yophi | i zedwas trjurated heomerwmmeAaowm Mkm@b@der}@rdhﬁd@'? PAaAfdE as
a white powder. 2,7. Preparation of H D MeAl a- Et Val - Leu- MeLeu- Al a- OVBA

sol ution of€aRoraion ape pivine thescrygeAaiag ivibthe precedi ng reaction (0.45 g,
0.69 g , l% I\QeRI%“EW% LeD-MECE M- gﬂ\né’ V\}ngce (93tpvt‘n¥ r?ex\"@él.lr;ﬁﬁ@tsté‘b H\chgu for

1.5 h, and he sol vents renoved un ressure e resi

dri ed underfulthghpurficafion( A.saniy)le othmqumuby(zmm (V&8 redpurified bydskani- and

the m xture was trit d. at hDIP acknus- ry to
neutral i ze R{RP @5?&@9&’?"%”5&3?%”8 e ¥as @rg‘?’%gr@%ea aan' ne
sal t of thGHWdU—Qﬂﬂ@h!éiét\P'élfM%fM@LeﬁlA\(éloM%Uaé\@\nﬁﬂe'ﬁd%v was used to the
next coupling step w thout further pur i fication. A sanmp e (30 ng) was

purified byUBLGHEDK-bSaralz) 641 J%QI-[NLfZI'Hn(:[Ct;MM@t]I dzalmﬁé1]4f56ﬁh| lized to
gi ve m% free am ne of the pentapeptide H DMeAl a- EtVal - Leu- MeLeu- Al a- Ove
as a te powder. 2.8. Preparation of

Boc- Abu- D- M AL Gu pling of ERigmvEheka) aivdIvaghferit (BY)ut i on of the crude
pent apeptide as l?liotgl ned 1 n the agrecedl ng reactlon (0.2 g, 0.36 mol, 1.0

equiv.) in dry DCM (10 nL), cooled at 0 C, was added under argon Dl PEA
0.5 mmol 24 B o R N MR AV bR R A b MR Bt ° 0,
added in one porl_teupMeLAht-Ara.q)Merri nat O Cthen 1.15 h at roomtenperature
(RT = 11.55 h), a control of the reaction advancenent by TLC indicates
To a solution of the hexapeptide H-Abu-D-MeAla-EtVal-Leu-MelLeu-Ala-OMe as
obtained in the preceding reaction (0.16 g, 0.25 mmol, 1.0 equiv.) in dry DCM
(10 mL), cooled at 0 °C, was added under argon DIPEA (0.214 mL, 1.26 mmol,
5.0 equiv.). Subsequently, after 5 min, HATU (0.12 g, 0.31 mmol, 1.25 equiv.) and
20 the pentadepsipeptide H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-OH (4) as obtained
above (0.16 g, 0.25 mmol, 1.0 equiv.) were added in one portion. After 15 min at 0
°C then 1.15 h at room temperature (RT = 1.5 h), a control of the reaction
advancement by TLC indicates the completion. The reaction was quenched by
addition of 10% NaHCO;3 (3 mL) and stirred 15 min. Reaction mixture was diluted
25 with DCM (40 mL) and washed with 10% citric acid (1 x 8 mL), H20 (1 x 8 mL) and
brine (1 x 8 mL). The organic phase was dried over Na,SO4, filtered and
evaporated under reduced pressure. Crude mixture was separated by CC to give
the undecapeptide H-D-Hiv-Mel eu-Leu-MeVal-MeBmt-Abu-D-MeAla-EtVal-Leu-
MeLeu-Ala-OMe as a white foam. An analytical sample (18 mg) was repurified by
30 semi-preparative RP-HPLC and the product was lyophilized to give the
undecapeptide H-D-Hiv-MelLeu-Leu-MeVal-MeBmt-Abu-D-MeAla-EtVal-Leu-
MeLeu-Ala-OMe as a white powder.



t he conpl etion. The reaction was quenched by addition of 10% NaHCg 3 (2 niL)
and stirred 15 mn. Reaction mxture was diluted with DCM (50 nlL) and
washed wiwb 2000se3sbric acid ( 1 x 10 nL), H2O ( 1 x 10 mCy/1Brdo/bo7Bele ( 1 X
10 nL). The organic phase was dried over Na SO4, filtered and evaporated
under reduced pressure. Crude m xture \Nas41separat ed by CCto give the
hexapepti de Boc- Abu- D MeAl a- Et Val - Leu- MeLeu- Al a-OVve as a yellowish oil. A
sanpl e (30 $g) Praparatipn:of HLrHiy-Melsu-beugieVal W%tM@aMéNar@%ﬁbduct

| yophilized to epti de Boc- Abu- D- MeAl a- Et Val - Leu- MeLeu- Al a- Ovke
as a white po gﬁ\m%g?pp’fg)ebggratlon of

H Abu- D- MeAl a- Et Val - Leu- MeLeu- Al a- O Fragnent (Bb) A sol utlon of the

hexapept|de as obtalned ha the preceding reaction (0.187 g, 0.25 muol, 1.0
equiv.) in Aeal Heu ecapeg)tugp\;ng tq{éﬁOt&?m@dd@:“F%Pr ecexling BAgtieRe

I t d
ﬁ."gxeca?uu&f’f%e@ ?i?ﬁ"?énéﬁﬁaﬁeﬁyﬁfﬁﬁw 38 1, S Solleaidd o Fraf el Vv
triturated @th(hend.2 M DIGHA211d mt, 42 rﬁir@ﬁ:lQTO%qDNO)EW}isTaddeGm@N"ﬁE/&veAf ter
evapor ati on _and dr%eng the crude am ne H Ab

D- MeAl a- Et VA iR (LHg:¢eqling atweasthen seeyved at"ﬁéhﬁé&'ﬁt%%[aﬁrn@ 31%¥p wi t hout

further pur . { r28h I led b
Ser pr epar cTA T B g LR o T o ey
(Ba) H Abu-Subdefuenty,\the-sohitiobblasi cddled @O Csand abidifiedowitldr0 MURCCESH- M5

(mz) 641 .259 [M+ H + ([ C32H61 N6QOy] +; calc.641 .4602). 3. Coupling of
fragnenf (At Ihe salulipreves edgporatad updeiredyced pregsure. The residue was ]

H D H v- Melg dﬁ%]a Yab Leu-Ala-Owe To a
sol ution of exapepFWL%Hd&%d%@ I/ ?_'eu- eu- Al a- Ove as
obt ai ned i M1th@ milr)e e (ﬂg« genlCy amhbfife 16x@ mL).2therorjanicl pRasswas driedn dry

DCM (10 nmL), cooled at O was added under argon DI PEA (0.214 nL, 1.26
mmol, 5.0 &Y@F\Na}zs%u@&%&d@m gvapgraied under fﬁdmﬂwr(eésq@ dhegrade migure 1. o5

equi v.) andyas separated by CC to give the acid H-D-Hiv-MeLeu-Leu-MeVal-MeBmt-Abu-
15 D-MeAla-EtVal-Leu-MelLeu-Ala-OH as a white powder. The sample (40 mg) was
repurified by semi-preparative RP-HPLC and the product was lyophilized to give
the undecapeptide H-D-Hiv-MelLeu-Leu-MeVal-MeBmt-Abu-D-MeAla-EtVal-Leu-
MeLeu-Ala-OH as a white powder.

20 4. Macrolactonisation : Preparation of cyclo-(MeBmt-Abu-D-MeAla-EtVal-
Leu-Mel eu-Ala-D-Hiv-MeLeu-Leu-MeVal) (Ib)

To a solution of DMAP (0.048 g, 0.39 mmol, 4.0 equiv.) and benzotriazol-
1-yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) (0.102 g, 0.196
25 mmol, 2.0 equiv.) in DCM (12 mL) was added dropwise over 1.5 h a solution of the
undecapeptide as obtained in the preceding reaction (0.124 g, 0.098 mmol, 1.0
equiv.) in DCM (4 mL). The mixture was stirred after the addition of acid was
complete (RT = 24 h), then transferred to a separating funnel. The solution was
washed with 1 M HCI (2 mL) and the organic layer was separated and dried over
30 MgSO., filtered, and concentrated under reduced pressure. The crude product
was purified by column chromatography, thereby giving the
cycloundecadepsipeptide cyclo-(MeBmt-Abu-D-MeAla-EtVal-Leu-MelLeu-Ala-D-
Hiv-MeLeu-Leu-MeVal) (1a) as a white solid. A sample (77 mg) was purified by



t he pent adepsi pepti de H D Hi v- MeLeu- Leu- MeVal - MeBnt-OH (4) as obtai ned
above (0.16 g, 0.25 mmol, 1.0 equiv.) were added in one portion. After 15
mn at 0 WO20tes255915 h at room tenperature (RT = 1.5 hpcTaBmondereél of the
reacti on advancenent by TLC indicates the %orrpl etion. The reaction was
guenched by addition of 10% NaHCO3 (3 m_) nd stirred 15 mn. Reaction

m xture was di]uted with DCM (40 n1_ and washed with 10%citric acid ( 1 x
8 nL), H20 $emi-preparative Rig- Fﬂﬁ’LG@n@ eyprgdugtwasriyepbitigethiacgivadie was dri ed

over Na2SO4, eyé:i%dnto‘ggﬁ p che[?@/ 1o gﬁleﬁme/&bu AN RYPSS UL RMLdRIaTH X ur e

was separ at ecapeptr de
H D Hiv- I\/ledN—MeUeM‘éaI-MWBm(Mlas devNEAIp@MBeVaI -Leu- MeLeu-Al a-Owve as a

e tpLC. ancUPheBeLU (3205 B I s B (b=divabubis ot paBeg). o

HDHv Lyl W@I Nf\érg MeAl a- Et Val - Leu- MeLeu- Al a-Owe as a
white post\Eer hg Prepl_p I on -GQ?LM&)

H D- Hi v- MeLeu- Leu- MeVal - MeBnt - Abu- D- MeAl a- Et Val - Leu- MeLeu- Al a-OH A

sol ution of _t he UP iczzapepti de nethyl ester as obtained in the preceding
reacti on (OEXAMAPI® 31 nmol, 1.0 equiv.) in THF (2.5 n ) was cooled to 0 C
in an ice-water bath, then02ML|O—|(211n1,042mmI 2.0 equiv.)
was added dropw se over 10 min. The cooling bath was then renoved and t he

m xture (pHpreparation-af'cyEio: nﬂaVﬁIDIWIéNaT-EtVQIULtélNMéE@H-NEQr 1h

20 mn (TLC control). Subsequently, the solution was cooled to 0O OC and

aci di fiqed WtHiv-MelMdf LéQ-M'éVaB ([h? sol uti on was evaporated under

reduced pressure. The residue was dissolved in AcOEt (40 nL) and washed
with 10%citric acid ( 1 x 8 m.), HRO( 1 x 8 nL) and brine ( 1 x 8 nl).

Th h drj , d d
‘oduced pr eV pEparRIPLOt R WHS opd ey by anai e B R RthR oE Coltboie.
H D- Hi v- MeLgyidésatibaValE oAbu- D- MeAl a- Et Val - Leu- MeLeu- Al a-OH as a

white powder. The sample (40 ng) was repurified by sem -preparative RP-HPLC
and the product was |yophilized to give

15  Fragment (Bh) was prepared by applying similar reaction conditions as described
in Example 2 for the preparation of Fragment (Bb). Then, fragment (Bh) was
coupled to Fragment (Aa) by applying similar reaction conditions as described in

Example 2.

20 The macrolactonisation was then conducted by applying similar conditions as
described in Example 2a to result in the cycloundecadepsipeptide cyclo-(MeBmt-
Val-D-MeAla-EtVal-Leu-MelLeu-Ala-D-Hiv-MelLeu-Leu-MeVal) (lh)

UPLC-ESI-MS (m/z) 1259.888 [M + H]" ([CesH119N10013]"; calc. 1259.8958);
1260.788 [M + 2H]** ([CesH120N10013] %*; calc. 1260.9037).

25
Example 4:
Preparation of cyclo-(MeBmt-Abu-D-MeAla-MeVal-Leu-MelLeu-Ala-D-
Hiv-MelLeu-Leu-MeVal) (Id)

30

Fragment H-Abu-D-MeAla-MeVal-Leu-MelLeu-Ala-OMe (Bd) was prepared by

applying similar reaction conditions as described in Example 1 for the preparation



t he undecapepti de H D Hi v- MeLeu- Leu- MeVal - MeBnt - Abu- D- MeAl a- Et Val - Leu-
MeLeu- Al a-OH as a white powder. 4. Macrol actonisation : Preparation of

cycl o- ( MaBot20 32939 Ve Al a- Et Val - Leu- MeLeu- Al a- D- Hi v- MeLeaTiBzoodveozaél) (| b)
To a solution of DVAP (0.048 g, 0.39 mml,_4.0 equiv.) and benzotriazol -
1-yl oxytripyrrolidi nophosphoni um hexafl uo“’%phosphat e (PyBOP) (0.102 g,
0.196 mol , 20eU|v)|nDCM n.) was added dropwi se over 1.5 h a
sol ution of© tﬁf@gmedlé&%)eahpaeﬂ@scqsmlag ﬁ@&ragmente(ﬁﬁ)@é@dhﬁgna@aactwqt@nl24

g, 0.098 r K t he
addi tion 21]379 %CI%)F\%@USEEB(‘:HO%FBP Ig @3; I%Eﬁ%c;uom&ﬁgﬁ]t@ébgr?%fe”r@&{joﬂ gqge Lereliatl ng
funnel . Thedogesuit wothuewajslomsibeddapsnﬂ)eritldm ¢yClo-(MeBt- MDt—MeAiH-WMad:-LIeayer
was separa d and  dr d, .and concentrated under reduced
pressure. EL%V%@%%F'B’GW Mﬁvﬁﬁé@ by col urm chr omat ogr aphy, t her eby
Qyel o hebre R Mo a’@E{‘%ﬁ?’@B@ e L O Rpebtsro s cale- 12818208 (1a) s
a white solid. A sanple (77 ng) was purified bysem -preparative RP-HPLC and
t he product_was | hilized to give the cycl oundecadepsi pepti de

Exgmels
cycl o"MeBmtE=X8M Al a- Et Val - Leu- MeLeu- Al a- DHi v- MeLeu- Leu-MeVal ) (1b) as

a white powder. UPLC-ESI-M5 (mz) 1245.787 [M+ H + ([ C65H117N1OOL3 +;
cal c. 1245.8802), 623.465 [M2 + H + (calc. 623. 444) Exanpl e 3:

Preparatio . - = Val _eu-Al a- D Hiv-MLeu-
Leu- %Val)qﬁmp?wsf@gta gnﬁgdﬁ @%&ﬁ%#gﬁﬂt ed by anal ogy to the )
prepar g@pi on of conpound as described in Exanple 2. Fragnent (Bh) was

prepared by applying simlar reaction conditions as described in Exanple 2
for the prepadeterminewhethey tiee cygl@dectidepsipeptidereompoBhyls whthe present

invention have anti-HCV activity, experiments were carried out that compared

inhibitory effects of these compounds in a HCV replicon system.

15  Assays used Huh 9-13 containing the hepatitis C virus genotype 1b Con1 replicon
(Lohmann et al. 2001. J.Virol. 75:1437-1449; and Lohmann et al. 1999. Science.
285:110-113). Cells were sub-cultured in cell growth medium DMEM
supplemented with 10% FCS, 1% non-essential amino acids, 1%
penicillin/streptomycin and 2% Geneticin (Invitrogen) at a ratio of 1:4 - 1:5 and

20  grown for 3 - 4 days in 75cm? tissue culture flasks (Techno Plastic Products), were
harvested and seeded in assay medium (DMEM, 10% FCS, 1% non-essential
amino acids, 1% penicillin/streptomycin) at a density of 5 000 cells/well
(100ul/well) in 96-well tissue culture microtiter plates (Falcon, Beckton Dickinson)
for evaluation of cytostatic/cytotoxic and antiviral effect. The microtiter plates were

25 incubated overnight (37°C, 5% CO,, 95-99% relative humidity), yielding a non-

confluent cell monolayer.

Cell density and cytostatic effects were estimated in parallel cultures in regular 96-
well plates (Beckton-Dickinson) using the MTT assay (CellTiter 96 AQueous Non-
30 Radioactive Cell Proliferation Assay, Promega). In this assay, 3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
is bioreduced to a formazan that is quantified at 498 nm in a plate reader.
Formazan production is directly correlated with number of life cells. Absorbance



coupled to Fragnent (Aa) by applying simlar reaction conditions as
described in Exanple 2. The nmacrol actoni sati on was then conducted by

appl yi ng worznicens2ssendi ti ons as descri bed in Exanpl e 2a troTnBmod/H07361 t he
cycl oundecadepsi pepti de cycl o- ( MeBnt -

Val - D- MeAl a- Et Val - Leu- MeLeu- Al a- D- Hi v- Mel¥l- Leu- Meval H h) UPLC-ESI-Ms (mM z)
1259.888 [M + H + ( C66H119N100O13! +: cal c. 1259.8958); 1260,788 [M + 2H] 2+
([ O66H1L20NMWRS Bleasured:al @ wavelematin ol 498nm4Safiee’ 4T ecan)amsh epticahdepsities

v e 50 e B e Yo (19

applying simlar reaction conditions as described in Exanple 1 for the

prepar at i ortHe Esrapoends (Ve distbied ih MMSOURtd Bshdehtriatias 8 at mivig/LaBebdkhe
macr ol act oni sati on were conduct ed b}/ applying simlar reaction conditions
(¢}

as descPi be®lytionswers immedigtalyused to et yxtheyeipsnimptadE co@porads were

DLC 51 - Vo 2R BYkptRlior i BBA oo ey 16 foblaRoipyL; )
Exanpl e 5: Tfh"dﬂlhighégt_rcbrﬁfehﬁ@tiﬁn oh DMSCVN tiephssfway Setrmined &5 B 21.5% (ahet her
t he cycl oundecadepsi pepti de conpounds of the _present invention have

anti - HCV actQOuM {inalsgnsentratien apeurd). Byfing e assmpselal. thenPMS@r y
effects of Hs(H%i : S C uh 9-13
cont ai ni ng ‘%‘%‘?‘ﬁ%ﬁgﬁ% ,([8 'S dvélbrn%g Hgt\eéﬁ‘g?%fé‘ cﬁé&:ré%%lﬁ%oprﬁé@grﬁﬁ?ﬁﬁﬂwaé:n et al.
2001 . 10. Vicophpouffat. 1437- 1449; and Lohmann et al. 1999. Science. 285:1 10-1
13). Cells were sub-cultured in cell growth nmedi um DVEM suppl enented with

10% FCS, 1% non-essential ami no acids, 1% penicillin/streptomycin and 2%
R U e
with dry monolayer were stored at -80°C awaiting extraction. Following thawing of
the plates at room temperature, the cell monolayer was lysed with 100ul of cell-to-
15  cDNA lysis buffer (Invitrogen). Lysis of the cells was allowed to proceed for 10min
at room temperature after which all liquid was transferred to a PCR plate (Axygen).
The PCR plate was incubated for 15min at 75°C (T3, Biometra). The lysate was
diluted 1:2 with RNase/DNase-free water, after which 5ul was transferred to the
real-time PCR plate (Applied Biosystems).

20
Replicon RNA content was quantified using a real-time quantitative one-step RT-

PCR method (RT-gPCR): Low Rox One-Step RT-gPCR master mix, Abgene). The
forward and reverse primers used were 5-CCA GAT CAT CCT GAT CGA CCA G-
3'and 5-CCG GCT ACC TGC CCA TTC-3', respectively. The fluorogenic probe
25 was 5'-ACATCGCATCGAGCGAGCACGTAC-3'. The analysis of the samples were
performed using a SDS7500F (Applied Biosystems, standard thermocycling
profile: 30min at 48°C, 10min at 95°C, 40 cycles of 15sec at 95°C and 1min at
60°C) after which replicon RNA quantities were converted to percentage of
untreated controls.
30
The ECs (value derived from the dose-response curve) represents the
concentration at which 50% inhibition of viral replication is observed. The CCsg

(value derived from the dose-response curve) represents the concentration at



harvest ed and seeded in assay nedi um (DMEM 10% FCS, 1% non-essential am no
acids, 1%penicillin/streptonycin) at a density of 5 000 cells/well

(100m / walWb)oioms2B9wel | tissue culture mcrotiter plategCcCAptooom73@eckt on

Di ckinson) for evaluation of cytostatic/c %/ otoxic and antiviral effect. The
mcrotiter plates were incubated overnight™(37C 5% CO2, 95-99%rel ative
hum dity), el ding a nopnconfl uent cell nonalayer. Cell density and .
cytostatic ‘@I'peéhg Ao AGHWEY @ thercolls '§Ir?€IJCQ§IJIQ§|Qe/$°I theyrBgtabelic gstivilie) |
pl ates (Bec n) using the MIT assay (Cell Titer 96 AQueous Non-
Radi oact i vte’IICQIIIégIB I:QII%gr ation Assay, Pronega). In this assay,

3-(4, 5-di net hyI t hi azol -

-vl)-5- henyl ) - I [
b1 or educed RESURYIMADE PRARTTHENG AT R BEEHBAPE of FGh o SeBdpthder)
For mazarm, pr(%IHQtIdrP@r SR @e’Ve)CWhYchCI@rtﬁé Ie?fb@ﬁl\/é"béﬁbé?\lﬂr@%ﬁ r@&unI’écI ® |ﬁﬁIbI|t5HCV

Absor bancewas neasured at d wavel ength of 498nm (Safire2, Tecan)
optical denrsiplicess replicatien b¢§p°/wrtd eidbCert &0 tvmmveepoagbleafwhlnhn@mesd

controls. The co nds wer oncent atl on. of

oL srmeet R Sttt b ihe olbET R RapB e iy kB belf <
The conmpounsls 50y ECIs@%hQGD@éo -QSDCIIaIlu@é W@Ire ealeaRfed ?éép@@ﬁvél?@gltﬁg n’Iéd?Iﬁh of
0.0001 mmole/L to 100 nmmpol e/ L. The 8 hest concentration o Oin the

assay was dalt %\erﬁﬁmet GQ@eVQIUQ%-‘I@&Wed e 3dndivigHaldnseateiseanss CUpves.

concom ant THE SPPRbvIGAREEYsrht Rtk Br W YRGB 3T Cfpopng
eval uation wés aalculdted bs ¢iéd esticshetaeeayCORMHNIEGss aspirated and the plates

with dry nonol ayer were stored at -800C awaiting extraction. Follow ng
thawi ng of the plates at roomtenperature, the cell nonol ayer was |ysed

h 100m I I
urth 100m PAnEal AR, B B Ltodd N o RIS, €] Bl 5 1o
t r ansf er r edvdloesiotiB Jdledted compoenis i tree RGR Qgﬂabells/vas i ncubated for 15nmin

at 75C (T3, Bionetra). The |ysate was diluted 1:2 with RNase/ DNase-free
water, 1@ ter which 5nM was transferred to the

Compound ECs0 CCso SI
(umole/l) {(umole/L)
mean sd mean sd

Debio 025 | 0.034 0.02 25 06| 735
(1a) 0.034 0019 | 60.1 1791.8
(Ib) 0.037 0023 | 523 1398
(Ic) 0.022 o006 | 86.9 4024.1
(1d) 0.025 0.013 | 44.4 1745.9
(le) 0.07 0.02 83 33| 1179
(If) 0.025 0.02 81.8 3236.8
(lg) 0.033 0.016 67 2045.2
(1h) 0.022 0.02 20.5 950
() 0.041 0023 | 254 623.8
(Ik) 0.075 0.033 98 09 132

Table 1



real -time PCR plate (Applied Biosystens). Replicon RNA content was
quantified using a real-tine quantitative one-step RTPCR net hod (RT-gPCR):
Low Rox Qme-28toa32:9- qPCR mast er m x, Abgene). The forwaPdTARZN09/@07861S e
prinmers used were 5 -CCA GAT CAT CCT GAT CCA G 3 and 5 -CCG GCT ACC
TGC CCA TTC-3', respectively. The fluorogénic probe was

51 - ACATCGCATCGAGCGAGCACGTAC-3 1. The analysis of the sanples. were perfornmed
usi ng a SD3YSeBeentmion framprung is ensiderdiia eliaita oapeielaniyirakeffadt én theoni n
at 48C, 10m f ?ﬁﬁ A 5006

whi ch repl mizdg\n/w qua t?ﬁ\gégﬁ\/\’e#éh%t nve?@éﬁgﬁeg@%é'ém {Qgegérgf %%ﬁ%?@fg e%lt
control s. ThevelGidvevhe 7d% ¢hreskoldfandmd mere dsam Be¥peasietion invmetabrpicesent s
t he concent r(ilti on al;_t) vvhi&h 50% i nhi bition of viral replication is observed.
The CC50 (\AAUYRY $PRSRIMEEr om t he dose-response curve) represents the
concent gation atwhich the netabolic activity of the cells is reduced to 50
% of the netabolic activity of untreated cells. Results fromthese

exper i ment Apehonvn irethble ctieseiresults ottab@d isbiytsddhddeels show that theser St d.

Dev.), which is the effective entrati.on required.to inhipit HCV

Copi | con r cRrRaH S taishy Rl 56 Ponistisd o FRRaffi e inisdeplidn Sk cn i s
t he concentgutur®Bnd eevidritraté)8imilaifo Righer pbrerieyahah E¥edid 05 AfitheRegNRNbesl |y
growing cells by 50% EC50 and CC50 D val ues were cal cul ated respectively

as the nedilathefouble digié neasmolasracasend ginitay tadrighersaledivity frdexesndi vi dual
dose-r gponse curves. The selectivity index (SI), indicative of the

t herapeutic wi ndow of the conpound was cal cul ated as the ratio between CC50
and EC50. ERAmpleBows the results of the conparison of the EC50, CC50
(mmol e/L) and SI" val ues of the selected conpounds in the Huh 9-13 cells.
Tabl e 1A concentration of conpound is considered to elicit a genuine
antiviral effect in the HCV replicon system when, at that particul ar

concent r at iINon-irnenamosuppiressionfdctivitys wel | above the 70% t hreshol d and
no nore than 30% reduction in netabolic

15 To determine whether the cycloundecadepsipepide compounds of the present
invention have a non-immunosuppression activity, experiments were carried out
that compared the dose-dependent inhibition of Concanavalin-A-induced T-cell

proliferation (see Table 2).

20 The method of the assays were performed as described by Dayton et al. (1992.
Mol. Pharmacol. 41. 671-676) and Mishell et al. (1980. Cell proliferation in
selected methods in cellular immunology, V, XXIX, W.H. Freeman Co., San
Francisco, CA. 153-160). The ICs, (half maximal inhibitory concentration) of the
compounds was derived from the dose response curve and compared to the |Csp

25 of CsA (ICsg ratio).

Compound ICs0 (micromole/L) IC5 ratio
Cyclosporin A (CsA) 0.006 1
(1a) 2 333
(Ib) 9.44 1573
(Ic) 0.984 164
(1d) 1.435 239
(le) 2 333




activity is observed. As shown in table 1, these results obtained in Huh
9-13 cells show that these conpounds selectively inhibit the replication of
hepatiti swg 2diggssssvepl i con in cell culture and denonstr @tenBrd/b@seit O

hi gher potency than Debio 025 with EC50 val ues in the double digit
nanonol ar range and sinilar to higher sel4Ctivity indexes. Exanple 6

Non- i mmunosuppressi on activity To determ ne whet her the

cycl oundecadepsi pepl de condfinds of |t he pr&&snt inventi diR8®ave @
non- i NMUNOSUppPr essi pR—act -ty —expertrenrts—were—carret—out—that conpared
t he dose-dependent inhibiti of CorlcanavalPR- A-i ndiced $*%el |
proliferation (see Tabl'e ZY)The meflhod of yFhe assays wepg perflorned as
descri bed by Daytonjet al. (~1992. NMdl. Pharnmacol. 4 1. 671-676) and

M shell et al. (1980. Cell (fijolifergtion in68el ected nmetdsds in cellul ar

I rmunol ogy, V, XX X—W-H—Freerar—Cd——San—tFranetsep—CGA—3153—3160). The

| C50 (hal f maxi mal nhibit&n§ concertratioﬁf4of t he conp%ﬁhds was derived
fromthe dose response curve and conparggde the 1C50 of CSA (TC50
ratio). Table 2 In this study, Conpounds Ia?, (I'b) and (1d) are at |east
ca. 300 fold | ess i munosuppressive than cyclosporine A (CsA) (in term of
| C50 ratio). Exanple 7: Hepatic transporters interactions To determ ne
whet her the cycl oundecadepsi pepti de conpounds of the present invention
interact whhhiReady, Corhposnds LI8Y, ib)2rREId)ERE T |t @aC300 fAd 1634 t hat
conpared the concentration-dependent inhibition towards the multidrug
resi st afce IEWBYROSMPPTESSIVE Hian cyclagrppine A (fesAr (Entare eflCSHA ratiahsporti ng

pol ypeptide 1B1 (QATP1B 1) , the bile salt export punp (BSEP) and the
sodi umt aurochol ate cotransporting pol ypeptide (NTCP). These transporters

are invol veExafmple7:

Hepatic transporters interactions

10
To determine whether the cycloundecadepsipeptide compounds of the present

invention interact with hepatic transporters, experiments were carried out that
compared the concentration-dependent inhibition towards the multidrug resistance
associated protein 2 (MRP2), the organic anion transporting polypeptide 1B1

15 (OATP1B1), the bile salt export pump (BSEP) and the sodium-taurocholate
cotransporting polypeptide (NTCP). These transporters are involved in the
hepatobiliary circulation of endogenous compounds such as bile salts or bilirubin
(for a review, see C. Pauli-Magnus et al, J. Hepatology, 2005, 43:342-357). Some
of them also contribute to the elimination of xenobiotics.

20

MRP2 and BSEP were expressed by SOLVO Biotechnology in Spodoptera
frugiperda (Sf9) ovarian cells, by infecting the insect cells with a recombinant
baculovirus. The inhibition of the transport of the radioactive probe substrates
(estradiol-17-beta-glucuronide and taurocholate for MRP2 and BSEP,
25 respectively) into inside-out membrane vesicles, containing the transporter, was
measured by scintillation counting.
OATP1B1 and NTCP assays were performed with Chinese hamster ovary (CHO)
cells expressing these human uptake transporters. The amount of the transported
probe substrate (estrone-3-sulfate and taurocholate for OATP1B1 and NTCP,



hepatobi liary circul ati on of endogenous conpounds such as bile salts or
bilirubin (for a review, see C. Pauli-Mgnus et al, J. Hepatol ogy, 2005,
43: 342- 35Wwp.20Bansessef t hem al so contribute to the el i m na&CraB2009/007361

xenobi otics. MRP2 and BSEP were expressed by SOLVO Bi ot echnol ogy in
Spodoptera frugi perda (Sf9) ovarian cell s‘}8 by infecting the insect cells
with a reconbi nant bacul ovirus. The inhibition of the transport of the

r adi oact i verespesively)puas determined by dingid scntilatiengerluarescent phetometry after

t aur ochol atgelﬁggisl\/RPZ and BSEP respectively) into inside-out nenbrane
vesicles, containing the transporter, was neasured by scintillation

counti ?g. )(]ﬂﬁ@:l%oxdaﬁrmbd\ﬂmea&ﬁmtngﬁoa re@.nifem;( for dnhvibiting Ghe neaepdrs]mnsfstr@r f
ovary (CHO c S expressi se human take transporters. The anmpunt o
t he transpo?rpgﬁ %Paﬁgtes%é&?%}@' m%&'mgﬁ@h%mpaﬂ%ewﬁm o rBPRUAGS
QCATP1B1 san ; i ; ) Lgu it y or

fl uor escsenSN %%gtg g@ﬁéﬁﬁw}é&dﬁ?&ﬁﬁé?@ﬁ%ﬂﬂﬁgﬁﬁ%h?gSP ﬁr@géa;gd f[I'LeZiUE,S’Bf
concent r at i Debioddphi (1€¢h ratio exphadsiediasy fold eabia@2pdirnt theftables).pr obe substrate
by 50% half meaxinmal inhibitory concentration) of the conpounds was derived
fromthe concentration-response curve and conpared to the 1C50 of Debio 025
(1C 50 ratiRPEARE prhiAAriving firdeefer Bil&4alts intdpendeAbbiRs low Mrddrdrspbhte gai n
driving force for bile-salts independent bile flow and transports a w de
spect r um ofwidegpeictrummeoierganisaaniensigchiding biirubiaidigluewosisied dile salte sal ts

ot er adfh ort v ies S5 vERVE Svital s ToHE SRR Td RERLSBY M nféabis, o
i nhi bi tion thedeldtdéd sBRIpotals cowadkehis tkNEBortBr.l transports bile salts in a
sodi um i ndependent manner. Furthernore, numerous drugs are substrates of

OATPs. Table 4 shows the results of the interaction of the sel ected

conmpounds fRrepds OATP1 B 1.[M 15 0. 03
ICso (M) fold Debio 025
Debio 025 15 1
(Ib) n.i. n.a.
(Ih) n.i. n.a.
(1d) n.i. n.a.
(le) 20 0.73
(lc) 2.2 6.6
(la) n.i. n.a.
(If) n.i. n.a.
n.i no inhibition
n.a. not applicable
15 Table3

OATP1B1 transports bile salts in a sodium-independent manner. Furthermore,
numerous drugs are substrates of OATPs. Table 4 shows the results of the

interaction of the selected compounds towards OATP1B1.

20

OATP1B
ICso (uM) | fold Debio 025

Debio 025 0.42 1

(Ib) 6.2 0.07

(Ih) 12 0.04

(1d) 7.9 0.05

(le) 0.58 0.72

(Ic) 2.3 0.18

(Ia) 18 0.02




Table 4 BSEP is the main bile salts efflux systeminvolved in the secretion

of the chol ephilic conpounds fromthe liver cell

into the bile canalicul us.

Tabl e 5 swowsindsesspesults of the interaction of the sel ectrasoneands

towards BSEP. Table 5 NTCP nedi ates the s
salts from portal
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iU
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L@$Epm a) related to theji nt\i bitioh ef . Ih'e\pe\t iAc
S en oy g T ‘iif"t:t‘ - iCsp [iM) " fold DaBiq 2
rerlﬁtme'i/en hoth.list of QBHr eviat|bns Abu |-a-

fgtb)l AcOEt ethyl acetate{®dBH acet|tbacid

(Ih) 0.30 0.80

(1d) 0.57 0.42

(le) 0.60 0.40

(Ic) 0.16 1.5

(la) 0.40 0.60

(1) 0.48 0.50

Table 5

i nvention were al so eval uatedwith respect to in
har macoki

e@,echx'é’nr dts fromthe
A0t RIS much

e ForRBoLAS faﬁﬂﬂéﬁvté*‘?%'gﬁ?%ﬁ%@rs DS TalR S Show

| n5parthe¢e$uits ofstbeentenaqbourufshe selectad cdepowsdofowarts E3IERN t owar ds

MRP2 and/or up to 50-fold | ower potency towards OATP1Bl. Therefore,

conpounds are expected to either reduce the potential

etic

t hese

adverse effects (e.g.

transporters,
educt ase

n of hepatic
am no-n-butyric

or

NTCP mediates the sodium-dependent uptake of bile salts from portal circulation,

which is essential for bile formation. Table 6 shows the results of the interaction of

the selected compounds towards NTCP.

NTCP

ICso (uM) | fold Debio 025
Debio 025 3.2 1
(Ib) 65 0.05
(Ih) n.i. na
(Id) 2.5 1.2
(le) 26 0.12
(Ic) 30 0.11
(la) n.i. na
(1f) n.i. na
n.i. no inhibition
n.a. not applicable

Table 6

Apart from these in vitro investigations on hepatic transporters, the

cycloundecadepsipeptide compounds of the present invention were also evaluated



Al a L-al anine Boc ferf-butyl oxycarbonyl BSEP bile salt export punp f-Bu

terf-butyl Ca(MeO) 2 cal ci um net hoxi de CC col um chr omat ogr aphy DCM

di chl or ongbhatvasisPEA L/, L/ -dii sopropyl et hyl ami ne DVAP pCT/1B2009/007361

4- (L/, L/ -di et hyl am no) pyri di ne DVMBO di net hyl sul f oxi de Eq equi val ent

ESI - M5 el ectrospray ionization mass spect®®netry EtVal L/-ethyl-L-valine
Frmoc 9-fl uorenyl net hoxycar bonyl HATU L/-[ (di met hyl am no)-1

H 1, 2, 3-t r i witho regpecttaoinpwitro dihikition of metabglicceredymas), -asevélyasrphamnacokinetio
hexaf | uor ophaosphat e Noxide .D-H v D hydroxyi soval eric acid g gramme HCOOH
formc aci QPFHBE eﬁi'ﬁﬁ"ﬂﬂ?%dﬁ’r‘(ﬁ/ﬁce l'i quid chromat ography HR- MALDI - M5 hi gh
resol ution MALDI - TOF nass spectronetry HR-Q TOF- M5 high resolution Q TOF
mass spectronetry | m2CO N. N-carbonyl -di m dazole (CDI) Kg kil ogranmme KOwe
pot assi um nb¢ fbewadn tables3-Gutheresyiisifrom dhe insvitra transpert experiments show

desor ptigon/ tihgmh%%ic%%d\éﬂn'als'dgﬁoﬁét@é o mlibh %&er%ﬁén@%ﬁhﬁ%ﬁoﬁe hepatic
transporters as compared to Debio 025. In particular, some compounds show an
absence of inhibition towards MRP2 and/or up to 50-fold lower potency towards
OATP1B1. Therefore, these compounds are expected to either reduce the
potential adverse effects (e.g. hyperbilirubinemia) related to the inhibition of

10  hepatic transporters, or the potential drug-drug interactions (e.g. with HMG-CoA

reductase inhibitors such as atorvastatin) related to the inhibition of hepatic
transporters, or even both.

15



Me net hyl

D- MeAl a L/ -net hyl - D-al ani ne MeBnt
L/-methyl - (4R)-4-[(E)-2-butenyl]-4, 4-di net hyl -L-t hreoni ne MeLeu L/-nethyl -
i _-1euci ngovefddsaszet onitril e MeOH et hanol
mlligramme nL milliliter
mass spectronetry M BE net hyI-tertio-butyf-P1

MeVal L/ - et pyiraB206ebi7B& MO

MRP2 mul tidrug resistance associated protein 2 M

et her NMR nucl ear nmagnetic

resonance NTCP sodi umtaurochol ate cotransporting pol ypeptide CATP1B 1
organi ¢ ani on transporting pol ypeptide 1B 1 PyBOP

(benzotria
reverse- ph

rrolidi no) phosphoni unhexaf | uor ophosphate RP

| -1-yl -tri
;':bst%l'@fﬁglwg\z{?ﬁéﬁgphase HPLC RT reaction time Thr

TFA trifluoroacetic acid tRretention tinme THF tetrahydrofuran Tj

tenperature of the jacket TLC thin |ayer chromatography Tr tenperature into

the react orABIPLC ul tra penfeuaminos-buiytt éeichr omat ogr aphy
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Ac
AcOEt
AcOH
Ala
Boc
BSEP
-Bu
Ca(MeO);
CC
DCM
DIPEA
DMAP
DMSO
Eq
ESI-MS
Etval
Fmoc
HATU

D-Hiv

g
HCOOH
HPLC

lm2CO
Kg
KOMe

oxide

acetyl

ethyl acetate

acetic acid

L-alanine

tert-butyloxycarbonyl

bile salt export pump

tert-butyl

calcium methoxide

column chromatography

dichloromethane

N,N-diisopropylethylamine
4-(N,N-dimethylamino)pyridine

dimethyl sulfoxide

equivalent

electrospray ionization mass spectrometry
N-ethyl-L-valine

9-fluorenylmethoxycarbonyl
N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridine-1-yl-
methylene]-N-methylmethanaminium hexafluorophosphate N-

D-hydroxyisovaleric acid
gramme

formic acid

high performance liquid chromatography
HR-MALDI-MS
HR-Q-TOF-MS

high resolution MALDI-TOF mass spectrometry
high resolution Q-TOF mass spectrometry
N,N-carbonyl-dimidazole (CDI)

kilogramme

potassium methoxide

L-t hr eoni ne



Vol . volunes (1g of key raw material neans 1 volune)Clainms 1. A

cycl oundecadepsi pepti de conpound of Formula (1)

CyCl O ( AXXd 200600232855 X3- AXX4- AXX5- AXX6- AXXT7- D- Hi V- MeLeU- LedTiyBMadmo76é) 1 2 3
456789 10 11 in which: AXXi is MeBnt, 4-fluoro-MeBm, dihydro-MBnt,
8- hydroxy- MeBnt; O acetyl-MeBnt; AXX2 is %u, Val, Thr, Thr(Owe), Thr(QAc),
Thr (OCOCH 2CH2CH2OH) , Nva, 5-hydroxy-Nva; AXX3 is D MeAI a,

D-3-fl uor o-lMeAl @, D- MeSer ,litgr MeSer (QAc), D- MeSer (OCH2CH2OH), D- MeSer ( OCH

2CH2NEL 2) Asp(OVE) : AXX4 i 5. Mo Vet .. MeVal .. MeThr, MeThr (OAC),
VBAI a, E% V:N,H‘QFIIE,( Et %hé“fg%ﬁﬂa;?%!“ﬁ ‘?%FE%%SFP“R/&? a}ﬁﬂﬁ?&, R/ETyr, ()
MeTyr (OAc) ,MAEDKTCORVE) , Mt of-Mghe k(e spebromiettyt he sul phur at om of

met hi oni ne i s sul phoxyde or sul phone; 5 is Leu, Val, lie; AXX6 is MAI a,
Sar, MeLeu;M@nd AXx7 is amethyl a. 2. The conpound according to claim i1,
characteri seghdai, that, inpF |13~ : i is MeBnt, 8-hydroxy-MeBnt; AXX2
is Abu,?’Vaﬁﬂalléﬁ‘?? Thr(ove)'\,mﬁir"(@&é{a?m r (OCOCH 2CH2CH20H) ,  5- hydr oxy- Nva:

AXX3 is D NééBmt D- 3-f| uomMbmdtiyisd RPANESER-bubehiSe AL @Amhyl D-IedSHOEOVE) ;
AXX4 is Melle, MeMet, Mem?\zé%% wherein Ox is -SOWe, -SC2Me, MeVal, EtVal,
Etl1le, MeTyYelethd axxs is N-Bethykirieuipeaxxs is MeAla, Sar, MelLeu; and

MeCN acetonitrile
MeOH methanol
10 MeVal N-methyl-L-valine
mg milligramme
mL milliliter
MRP2 multidrug resistance associated protein 2
MS mass spectrometry
15 MIBE methyl-tertio-butyl-ether
NMR nuclear magnetic resonance
NTCP sodium-taurocholate cotransporting polypeptide
OATP1B1 organic anion transporting polypeptide 1B1
PyBOP (benzotriazol-1-yloxy)-tris(pyrrolidino)phosphonium-
20 hexafluorophosphate
RP reverse-phase
RP-HPLC reverse-phase HPLC
RT reaction time
Thr L-threonine
25 TFA trifluoroacetic acid
tr retention time
THF tetrahydrofuran
Tj temperature of the jacket
TLC thin layer chromatography
30 Tr temperature into the reactor
UPLC ultra performance liquid chromatography

Vol. volumes (1g of key raw material means 1 volume)



AXX7 is Gy, Ala.3. The conpound according to any of clains 1 or 2,

characterised in that AXX 1 is MeBnt ; AXX 2 is Abu, Val Thr; AXX 3 is

D- MeAl a; wWwasroth/gsssshel e, MeVal, EtVal; AXX 5 is Leu, ValcthB®i9/60$%610 1S

MeAl a, MeLeu, Sar; and A XX 7 is dvy, Na_4 . The conpound according to any

of claimlto cIa|m3 havi ng the follomf’%g formul ae:

CyCl o- ( MeBml - AbU- D- MeAl a- MeVal - LeU- MeLeU- @ y- D- Hi V- MeLeU- LeU- MeVal )

CyCl o- (MeBni - AbU- D- MeAl a- Et Val - LeU- MelGl@imisa- D- Hi V- MeLeU- LeU- MeVal )

cycl o- (MeBnt - Val - D- MeAl a- MeVal - | | e- MeLeu- @ y- D- Hi v- MeLeu- Leu- MeVal )
)
a

CyCl o- (MeBm - AbU- D- MeAl a- MeVal - LeU- MeLeU- Al a- D- Hi V- MeLeU- LeU- MeVal

Cyd O (MeBrTIt 5 = Val.- - - i\ U LeU MeVal
cycl o- (MeBnt - Va&% @é‘%@“ﬁ‘%ﬁ’ﬁ%‘é’ﬁkﬁmd@h Bwr%g[%h?mu MeVal )
cycl o- (MeBnt - Abu- D- MeAl a- MeVal - | | e- MeLeu- @ y- D- Hi v- MeLeu- Leu- MeVal )
CyC o-( al U LeU

vl o- ( ReeneyoBIAR RO e R AR S G OB VDA P %&qu% (
CyCl o- (MeBi Tl t - Valy D- Mol a- MeVal 4 Val 5SaP-g3 y-D- Hi VgMeLelg Lejg MeVq

A pharnaceutical conposition for preventing or treating Hepatiti s C
i nfections ioWMCV. i nduced di sorders, conprising the conpound according to

any of claiml to claim4, together with one or nore pharmaceutically
acceptable diluents or carriers. 6. A pharmaceutical conbination conprising

at |east a)ArXxfi |wememtﬂmsméshﬂ9dm§/dﬁdlmemﬁﬂoemya r@QENelnY to any of
claiml to claim4 or the pharmaceutical conposition according to claimb5,

and b) 18 second @WY'ngpropertl es to act agai nst HCV replicati on.
AXX; is Abu, Val, Thr, Thr(OMe), Thr(OAc), Thr(OCOCH,CH,CH,OH), Nva,
5-hydroxy-Nva;
AXX3 is D-MeAla, D-3-fluoro-MeAla, D-MeSer, D-MeSer(OAc),
D-MeSer(OCH,CH,0OH), D-MeSer(OCH,CH,NEt,), D-MeAsp(OMe);
15  AXX; is Melle, MeMet, MeVal, MeThr, MeThr(OAc), MeAla, EtVal, Etlle, EtPhe,
EtTyr, EtThr(OAc), MeThr(OAc), MeTyr, MeTyr(OAc), MeTyr(OMe), MePhe,

MeMet(Ox) wherein the sulphur atom of methionine is sulphoxyde or

— e e e

e)

TDQ T OoO 0O oo

S
N N N N’ N

ANATRTTN AN AN N AN AN SN N

X
o

sulphone;
AXXs is Leu, Val, lle;
20 AXXg is MeAla, Sar, MelLeu; and
AXX7 is Gly, Ala.

2. The compound according to claim 1, characterised in that, in Formula (1),

25 AXX; is MeBmt, 8-hydroxy-MeBmit;

AXX; is Abu, Val, Thr, Thr(OMe), Thr(OAc), Thr(OCOCH,;CH;CH,0H),

5-hydroxy-Nva;

AXX3 is D-MeAla, D-3-fluoro-MeAla, D-MeSer, D-MeSer(OAc), D-MeAsp(OMe),

AXX, is Melle, MeMet, MeMet(Ox) wherein Ox is -SOMe, -SO,Me, MeVal, EtVal,
30 Etlle, MeTyr; and

AXXs is Leu, Val, lle

AXXs is MeAla, Sar, Mel_eu; and

AXX;7 is Gly, Ala.



7. The pharmaceutical conbination of claim6 for use in the prevention or
treatnent of Hepatitis Cinfections or HCV i nduced disorders. 8. The
conpound woQoioisBget 0 any of the claiml to 4, as a nedipeanBivosodssilhe
conpound according to any of clains 1 to 4 as an antiviral agent. 10. Use
of the conmpound according to any of clai4 1 to 4 in the manufacture of a
medi canent in the treatnent of prevention of Hepatitis C infections or HCV
i nduced disorders. 11. A nethod for preventing or treating Hepatitis C
infections or HQ/4 i nduced disorders in a suybject jn peed thereof.,

conpri si ng adni ﬁ(sﬁh&?qmp(g%nigp(&org‘ggjtganyao%t%pgpta{ ?cﬁrll?r?‘:%"lsggt"i‘ Natanount
of the conpound according to any of clains 1-4 or the pharnaceuti cal

conposi tion according to claim5. 12. A nethod for inhibiting HCV

replicati olPXK: ds pleBreht in need thereof, conprising adnministering to said
subj ect za t a I C ffective anount of the conpound according to an
of cl ai §B Wﬁﬁgﬁé’?ﬁgﬁrﬁteuti cal conposition according to claimb5b. 13. X
met hod accdxnds DoMaMraone of clains 11 to 12, conprising coadm nistration
concomtant]y or in sequence of a therapeutically effective anount of the
conpound a iimylalle. MgValiEtMali ns 1-4 or the pharnaceutical conposition
according t | ad t | east a second agent selected froman agent

havi ng the%r(% Zérp}eé’s‘e?g”gtt agai nst HCV replication.. 14. The nethod of
claim 13, viXgiinMaAld, Mgeet, Bariand anti - HCV properties is sel ected anong
the grqup c isting of an interferon, such as interferon-al pha- 2a or
interf on-’@?%hés- ,,:%l?. an interferon conjugated to a water sol ubl e pol yner
or to human al bum n; an anti-viral agent, such as ribavirin, |am vudine,
NVO8 or NMR83; an inhibitor of the HCV encoded factors |ike the NS3-4A

pr ot ease, theheld.ddeccamp®ik potordimgde @nyand claim 1 19 blaimid hayigttheuch as a
N- phenyl - 2-f ﬁ)%&l m'fdi ne: am ne derivative; an i nmune nodul ating agent.such as
mycophenol i'@ 'ng;logpuizes 1 p recept or agoni st such as FTY720 or an

anal ogue thereof optionally

15  cyclo-(MeBmt-Abu-D-MeAla-MeVal-Leu-MelLeu-Gly-D-Hiv-MeLeu-Leu-MeVal) (la)
cyclo-(MeBmt-Abu-D-MeAla-EtVal-Leu-MelLeu-Ala-D-Hiv-MelLeu-Leu-MeVal)  (Ib)
cyclo-(MeBmt-Val-D-MeAla-MeVal-lle-MeLeu-Gly-D-Hiv-MeLeu-Leu-MeVal) (Ic)
cyclo-(MeBmt-Abu-D-MeAla-MeVal-Leu-Mel eu-Ala-D-Hiv-MeLeu-Leu-MeVal) (Id)
cyclo-(MeBmt-Abu-D-MeAla-MeVal-Val-MeAla-Ala-D-Hiv-MeLeu-Leu-MeVal)  (le)

20 cyclo-(MeBmt-Val-D-MeAla-MeVal-Leu-MeLeu-Gly-D-Hiv-MeLeu-Leu-MeVal)  (If)
cyclo-(MeBmt-Abu-D-MeAla-MeVal-lle-MeLeu-Gly-D-Hiv-MeLeu-Leu-MeVal)  (lg)
cyclo-(MeBmt-Val-D-MeAla-EtVal-Leu-MeLeu-Ala-D-Hiv-MeLeu-Leu-MeVal)  (lIh)
cyclo-(MeBmt-Abu-D-MeAla-Melle-Leu-MeLeu-Gly-D-Hiv-MeLeu-Leu-MeVal) (i)

cyclo-(MeBmt-Val-D-MeAla-MeVal-Val-Sar-Gly-D-Hiv-MeLeu-Leu-MeVal) (k)
25
5. A pharmaceutical composition for preventing or treating Hepatitis C
infections or HCV induced disorders, comprising the compound according to any
of claim 1 to claim 4, together with one or more pharmaceutically acceptable
diluents or carriers.
30

6. A pharmaceutical combination comprising at least a) a first agent
consisting of the compound according to any of claim 1 to claim 4 or the

pharmaceutical composition according to claim 5, and b) a second agent having
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properties to act against HCV replication..

7. The pharmaceutical combination of claim 6 for use in the prevention or

treatment of Hepatitis C infections or HCV induced disorders.

8. The compound according to any of the claim 1 to 4, as a medicament.

9. The compound according to any of claims 1 to 4 as an antiviral agent.

10. Use of the compound according to any of claims 1 to 4 in the
manufacture of a medicament in the treatment of prevention of Hepatitis C

infections or HCV induced disorders.

11. A method for preventing or treating Hepatitis C infections or HCV
induced disorders in a subject in need thereof, comprising administering to said
subject a therapeutically effective amount of the compound according to any of

claims 1-4 or the pharmaceutical composition according to claim 5.

12. A method for inhibiting HCV replication in a patient in need thereof,
comprising administering to said subject a therapeutically effective amount of the
compound according to any of claims 1-4 or the pharmaceutical composition

according to claim 5.

13. A method according to any one of claims 11 to 12, comprising co-
administration concomitantly or in sequence of a therapeutically effective amount
of the compound according to any of claims 1-4 or the pharmaceutical composition
according to claim 5 and at least a second agent selected from an agent having

the properties to act against HCV replication..

14. The method of claim 13, wherein said agent having anti-HCV properties
is selected among the group consisting of an interferon, such as interferon-alpha-
2a or interferon-alpha-2b; or an interferon conjugated to a water soluble polymer
or to human albumin; an anti-viral agent, such as ribavirin, lamivudine, NV08 or
NM283; an inhibitor of the HCV encoded factors like the NS3-4A protease, the
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helicase or RNA polymerase; an anti-fibrotic agent such as a N-phenyl-2-
pyrimidine-amine derivative; an immune modulating agent,such as mycophenolic
acid; or a S1 P receptor agonist such as FTY720 or an analogue thereof optionally
phosphorylated.



