USE OF SANGUFEHRI N I N HCV The present invention

relates to a new use for nmacrolide conpounds such as
wa@anghsgsehri ns that bind to cyclophilins. The PCT/US2006/023394

sanglifehrins are a class of polycyclic nmacrolide

conmpounds initially isolated-fromacti nonycete

fermentation broths. Sanglifehrins have been found to

exhibit activities to bind cyclophilins, and in the

case of sanglif [ ive
activities and ng QI tor@Ga%%@my@ﬁ@ot h B-cell
and T-cell proliferation. However, unlike the known

i mrunosuppressant and anti-inflammatory conpounds such
aShe preisentpioventien relaias K606 use dorghadrelivei cosnpdandosudhease

sanglnFeﬁﬁEs mapgihql_%)@‘cdga%%l or calcineurin inhibitory

fehrins provide a novel cat egory

o'frhéj(éjéi'&gn%ﬂnﬁ% eré%eclg & doll d &8 crmacquj e Cq%gsc'fplt}éﬁi H:g%aed from

eren VI LY rin
actinomyeetadermenatipn bratihss;| SaWImnaha‘c&qumeeM aativité to bind

cyclopﬂ%gz%gﬁn th\éQagélo?Zg Aq%feh?iﬂg A i Wéﬁp@:ﬁesﬁ/ thl\/%s 8hd inhibitory

ehrin erivatlves m ni sa
aCt'VI’UQéé) both &dcallrang Tagall roniéeragion. lzloweyermﬂnk(em kndWMQ 3859;

B e T T
sanglifghens §@0eichavh SKBPHainding ofpiily (o aalbinedimighibitonylactivityr |Trln$ls
sanglifa@M S‘rrc‘)w'dg hi r%\/ eggr%spérugg%ﬁéﬁcem?h' thinis & o SFTH&? gtructure

& ccor sent invention provi
and difjeien Ct'é("‘&(:@*@f"@@hl I i n- bi nd| ng conmpound such as a

sanglifehrin for the Breventl on or treatment of
hE*pﬁa@ﬁtftg“@hms adibeinstsodsHovtheif duensdatifingse deseribedrin WO

97/022g8) WD V803744, 2R8 FUS o0d 1Ru2ky| AGkfsd 6\‘35‘%%&@%8@%“%3 mini-

act|V|ty or. condi tions associ at ed

sangliighdias sesdesrreedifiel - (g 906 800 126 4108) B84%L38RRHN OrgeChem.
2000, B5 cEnglapebi snd ARG RIHer®fint. Ed. 1999, 38(16), 2443-24486.

It has now surprisingly been found that the cyclophilin-binding sanglifehrins have an
inhibitory effect against hepatitis C virus (HCV).

Accordingly, the present invention provides the use of a cyclophilin-binding compound
such as a sanglifehrin for the prevention or treatment of hepatitis C infections, HCV induced
disorders, or inhibitbrs of peptidylprolyl cis-trans isomerase activity, or conditions associated
with liver diseases. The agents 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. liver transplant recipients, to eliminate possible recurrent HCV
infection after transplantation.

The present invention relates to the use of macrolides, referred to herein collectively
as “sanglifehring” in the prevention or treatment of hepatitis C infections. Sanglifehrins are
isolated from actinomycete fermentation broths. Commonly known sanglifehrins include
sanglifehrin A through D, e.g. of the formula
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In accordance with conventional practice in macrolide chemistry the atoms of the
Sanglifehrin primary macrocyclic ring are numbered as indicated above for Sanglifehrin A,
starting with the carbon atom of the carbonyl group of the macrocylic lactone linkage as
position 1.

Sanglifehrins A to D may also be characterised by the presence of a novel bicyclic
Spiro system attached at the 23 position of the macrocyclic ring via a hydrocarby! linker

group.

Sanglifehrins A to D may be subjected to extensive chemical manipulation to obtain
yet further macrolides of the Sanglifehrin class. Such manipulations include cleavage of the
macrocyclic ring, in particular at the lactone oxy-group, cleavage of the linker group between
the macrolide and Spiro ring systems, and manipulation, e.g. protection, derivatization or
other chemical modification of substituent groupings; for example, as hereinafter described.
Further means of modification will be apparent to those skilled in the art.

In accordance with the invention it has been found that Sanglifehrins have a
characteristic and entirely novel profile in terms of their biological activity against hepatitis C
infections. In particular they have been found to exhibit the combination of activities as
hereinafter described.
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In that its presence appears material to the biological activity, e.g. of the Sanglifehrins
A to D, the bicyclic spiro system may also be viewed as providing a structural component with
key biological significance, useful as a structural component for further derivatization or
modification both in relation to the production of further Sanglifehrins or for application in the
derivatisation or modification of other drug substances for example, to modify the activity of
other immunosuppressive drug substances of the macrolide class.

Accordingly in a first aspect the invention provides: a macrolide in which i) positions 2
to 6 inclusive of the macrocyclic ring are provided by a piperidazinyl carboxylic acid residue;
and/or ii) positions 7 to 9 inclusive of the macrocyclic ring are provided by an aromatic
.alpha.-amino acid residue; and/or iii) positions 10 to 12.inclusive of the macrocyclic ring are
provided by an aliphatic .alpha.-amino acid residue, in free or protected form, or a salt

thereof.

Suitably the macrolides of the invention comprise two, especially all three of the
characteristic structural features i), i) and iii).
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aliphatic alpha- amino acid residue is a valine residue in free, protected or activated form.

The remainder of the macrocyclic ring suitably comprises a hydroxy carboxylic acid
residue, the oxy-moiety of which completes the macrocyclic lactone linkage and the carbonyl
moiety of which forms an amide linkage with the alpha-amino group at position 12 of the
macrocyclic ring. The said hydroxy carboxylic acid residue suitably has a chain length of from
6 to 20, more suitably 11 carbon atoms. It may be substituted or unsubstituted and/or contain
'one or more unsaturated linkages in particular cumulative double bonds along its length.
More suitably the remainder of the macrocyclic ring comprises a 11-oxy-undecanoyl-11-yl,
especially 11-oxy-undeca-6,8-dienoyl-11-yl, residue optionally substituted, e.g. in the 2, 3, 4
and/or 5 positions. More suitably the said hydroxy carboxylic acid residue is a residue of
formula 1l
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position of the macrocyclic ring, e.g. a residue of

formula | wherein the assigned nunbers represent the
w@omni3ssn7 of the atons of the residue in the PCT/US2006/023394

macrocyclic ring. This residue may be ring substituted

or unsubstituted. Suitably-bt- is unsubstituted. The

carboxy noiety of the aromatic al pha-am no acid

resi due suitably occupies the 7- position of the

mﬁé@wm sCH r@ﬂ & B@Q&eﬁﬁ@a@éﬁ%@m BP}s8) b Iegﬁesgms an extra

9- positi on. e aromat1 c al pha-am no
bond; R34sbsand Bﬂe@l--@@ mlmsﬂH(Qt-lédCbhehBB ahd hidriegether represent a
struct&é%ﬁf?nﬂh'aﬁllby hydr oxy, nethoxy, ethoxy, OnPr, O Pr,
residues in free, protected or activated form The -
car bo noi ety of the aliphatic al pha-am no acid
r esi. ui tably occupies the 10- position of the
macrogyclic ring, and the al pha-amno noiety the
12- posinsi ony Suitably the aliphatic al pha- amino acid
lﬁsffe%%grété@tea?ér#ﬂ&éaqﬁhg gf' n free, protected or
acti vat ed e remal nder of the macrocyclic ring
soiefelmd/maepfidasde aceoregnseoXip tbaimerijon areascerdingd those
onpl etes the macrocyclic
Comprk@t%ﬁﬁgc@n%a%nﬁg%ﬂﬁl\gar bonyl noiety of which forns
an ani de | i nkage with the al pha-am no group at
I§1'T 12 of the macrocyclic ring. The said hydroxy
arbq ALiC acid residue suitably has a chain | ength of
from6 tolM20, nore suitably 11 carbon atons. It may be
substituted or unsubstituted and/or contain one or
nehereimX.AY endiZede fesituag §sii)iandpirasi detihed abavedrat A isca hydroxy

carbogyﬁ&:' 9&8 rQQBS? fh&lﬁ%d abgvé ﬂqgéte%r p'%%%&eé lf'érEa%L ¥alf tﬂgreof in particular

anmcmmvdxyuunﬂémHNMyV 1 1 yI espeC|aIIy
11- oxy undeca- 6 8-dienoy|- 1-yl, residue optionally
' T3, 4 and/or 5 positions.
r sudue of fornuta IlwHerein R1 is H OH or
re rese&ts ansext?a Bondiland R2 is H or represents an

{5 1 & e 8 el 91 o} 2 |
7 -1z

“?‘0\‘/ ‘3‘*2 | CHy  CH,

in free or protected form, or salt thereof

Generally in the Sanglifehrins, the macrocyclic ring is substituted at the carbon atom
adjacent the oxy moiety of the lactone bridge. Typically this substituent comprises a 1-oxo-7-

aza-spiro-{5. 5}-undecan-8-one-2-yl residue, e.g. of the formula VI
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bond; R3is H and R4 is --COCH 3 or --CH(OH)-CH 3 or
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wherein ¢ represents linkage to the spiro residue; d represents linkage to the
macrocyclic ring and R6 and R7 are each OH or together represent an additional bond, in
free or protected form.

The linker group will generally be attached to the macrocyclic ring ét the carbon atom
immediately adjacent to the lactone oxy group, i. e. when the macrocyclic ring comprises an
11-oxy-undecanoyl-11-yl residue, at the 11 position of thereof.

Accordingly the invention provides compounds of formula VIlI

S--L—M

Vil

wherein S represents a spiro bicyclo residue as previously defined; L represents a
linker group as previously defined, and M represents a macrolide ring as previously defined,
in free or protected form, or salt thereof.

Particular compounds of the invention are those of formula 1Xa and IX
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z :
wherein --a--b-- is as defined above, --g--f--is --CH(OH)--CH(OH)-- or ~CH=CH--; --g--h--is

as defined above for --a--b--, and R3, R4 and R5 are as defined above, in free or protected
form or salt thereof

The compounds of formulae | to IX contain asymmetric carbon atoms and thus may
exist in a number of epimeric forms. All of the possible epimers as well as diastereoisomeric
mixtures thereof are encompassed in the invention. However, compounds of formulae VIII
and IX in which the macrolide ring is in ring-closed form and which are of appropriate



The conpounds of fornulae | to I X contain asymetric
carbon atons and thus nmay exist in a nunber of
wepiorassse7 forns. Al of the possible epiners aBCTEF1006623394

di ast ereoi sonmeric m xtures thereof are enconpassed in

the invention. However, comgqunds of formulae VIIl and

I X in which the macrolide ring is in ring-closed form

and which are of appropriatestereochem stry possess

activities which are characteristics of Sanglifehrins,
stereogfierpiginepessess aftiviligs mhichease sbaraciamplias qf Sasglfehrins, as herein
referre‘éIQBgEbfnﬁJ?é b\/ﬂlcﬁ%ééé‘sfs%rahéﬁféﬁnrﬁéﬂdré(dt Atie aBfiitidd &b %Féf@r%d In

gener al , % phar maceuti cal use I n accordance

generaw 9.6 fph@harm@@w icélrﬂseéib PREGTHaNGs Wi the dxuestions shiners shighrpossess
sanglife R é‘ﬁ‘e{r%tbﬁéﬁc%cﬁ\ﬁl‘iésvh uRSor éhb@iéhﬁalelrptﬁé’%ﬁﬂp I1Rddl of substantlally

pure form (i.e. free or substantially free of epiners
free of\gRinagrs|\veugh Ig@h@qngflf@hwn phavpelersticaactivities), aot famprising at least 90%,

e. g. aflefst FHONBf Akl Qplﬁkr (iR2ebmPHIMg Rss %anafo% e@%tle&%m}% of
active epinmer (i.e. conprising |ess than % e.dg

inactive egimerhwh t@o@rgﬁprrpﬁact ive epinmer) will be preferred.
Preferably the 3-carboxypi peridazinyl carboxylic acid
rirefedally ”)e %pargwpmeélﬁgmqyltcgrt@xmc Jakrasigtie A3t PesiEons fép 6 of
the mdeascytliiterifgndsané fllowPRf@hidinafeh: Preferably the
aromatic amno acid ii) at positions 7 to 9 of the
macrocyclic . ring has the L configuration, e.g. is of
confj gurati-on Preferably the aliphatic amno acid iii)
at mosg ons 10 to 12 of the macrocyclic ring has the
ron, e.g. is of configuration Wen the
renﬂin er_ f the macrocyclic ring conprises a residue
of . formila®ll, it preferably has the configurationare
of the confi gurat| on Preferably the

; tlFﬁrg?(eg% IY ﬁéeaqrg%h{uga@/ﬁlg?e}émdﬁ}%ﬁgﬁgtlgnsgﬁ % %ofythe rrneasclréjlclf/gl|c ring has

the L con{igdenidn, €4 GHf-configuratimef er abl y has the configuration

Preferably the aliphatic amino acid iii) at‘positions 10 to 12 of the macrocyclic ring has
the L configuration, e.qg. is of configuration

When the remainder of the macrocyclic ring comprises a residue of formula Il, it
preferably has the configuration
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f Oyl geb&: wherein --g-h- is -CH(CH 3)-CH(OH)-, the
projettgd formwherein the 14 to 17 positions of the
macr ocyclic ring conprise a residue of formula X: Al so
for exanple, 1,3 diols present in Sanglifehrins may be
Praitedlyatle dsoxepPagRspiat 8.5} unbeSdr-8-ohtH288 redidl@ hadthe

. %gscrlbed on pages 118-142 of G eene and Wits i bid.
contigu 'ﬁﬁounds of the invention also exist in salt form
Exanpl s of suitable

2

b

Haee

Et

wherein when --a--b-- is --(Me)CH--CH(OH)--, it preferably has the configuration

HOI
d’ig .
When the linker is of formula VI, it is preferably of configuration




pharmaceutically acceptable salts for use in

accordance with the invention include acid and base
w@oast138307 sal ts as appropriate having, regard POT/UR®06/023394

particul ar substituents present in the conmpound, e.g.

HCl - salt fornms. As previouslOs i ndicated the

macrocyclic ring of the conmpounds of the invention can

be cleaved, in particular at the |lactone oxy group, to

RIVRYA A6 268 W@%%CM‘@‘T %é‘céﬂ?@uﬁ%ﬁ ngé‘éltL&erG%d@i i Ereferably

open form Gener al %@I eava 'actone o

either %e(ggrg?ﬁ )o¥ &8(R), By(FhyWihen y3&iand(R.4| Qgﬂtlg@. rgpresentgn ng‘hhonal bond,
the cofgRIEHBR af bOHARYS mﬁ§§?éfsra59npounds of formila

of forrmula XIl wherein
X Y, , A -a~b-, -e~f-, -g- h~ R3, R4 and R5 are as
defJq negi¥fabove and R6 is H or Cl-4 alkyl, e.g. nethyl.
Such 1 ng* opened forns provide inter medi ate means for
modi fj cation of the basic Sanglifehrin macrocyclic

T ST R0, SRk B0 RS g atpen

inventi@n provides: a nmacrolide as hereinbefore
definedyin rj ng pen d ferm said ring- opened
: , e,e—fe_[ prot ected form or salt

T Of prdmected forn1 or salt thereof; a conpound
T V=L - CH(OH) - L~S, " wherein - Al- - CH(OH)- is a
hydr oxy carboxylic acid residue, e.g. a residue of
“H>as defined above,. and the other synbols
efined above, in free or protected form or a
t, et eof ; a conpound of fornmula Xl lin free or
protected forn1 or sal t thereof a conpound of fornula
IX' :

wherein when --a--b-- is --(Me)CH--CH(OH)--, it preferably has the configuration:

I-IOI
oy
when --g--f-- is --CH(OH)--CH(OH)--, it preferably has the (S),(S) configuration or the

(R),(R) configuration; when --g--h-- is --(Me) CH--CH(OH)--, it preferably has the
configuration:



I In particular enbodi mrents of this aspect the

i nvention provides a conpound of fornula I X" wherein
WO-2000438587 - (Me) C=CH- or -(Me) CH CH(OH)-; R8 PGI/HSMN6/023394

-C(O-ORIO wherein RIO is Hor Me; RO is Hor, when

-a-b- is -(Me)CHCH(OH)- andti-Ris - C(O-- OWw, RO is

Me, and X is Hwhen -N-- N-- represents a single bond

between the two N atonms, or X together with -N-- N

represents a doubl e bond between the two N atons, in

f Pee*Br protected formor a salt thereof.Mre

particularly the invention provides conpounds of

fornmxl ae W Y (Secosanglifehrin A, S

(Beoo-gdngs i-f(Me)C+=CIBY-, ihprefarably hasthentdndiguraties i ncl udes

conmpounds in which the 1-oxo-7-aza-spiro-{5,

-ungecan- 8-one- 2-yl ring systemis in ring-opened
for e.g. a conpound of formula XIIl wherein a, b, L
andjjMare as defined above, in free or protected form

af,a salt thereof. The ri ng- opened conpounds of the

S 57 Bl 0 B P 2 g

closed conpounds The ri ng-opened spiro bicyclo ring
‘gt conpounds of formula X1l is preferably of
conf"ér t|on wherein when -a--b- is --(M)

CH(OH) -, particul ar the invention provides a
Jé\@p‘@mmuws $fdh%nvantz>n(rsah Be i feen PPreferiedipEl &oy- in protected
forms d%r (‘}Hs%%&ijlln‘;‘épfd%w% Gﬁ‘o@é!a' ih drP@rﬁn@SﬁmthEQ@" Wuﬁ%n@fand P.G. M.

for nul ae are usef ul

Wuts, 2n¢t E¢iien 180 bs/ohg WV '{er){e& §P@§)E§'Pat'\|eé9’nYQﬂ‘ 8 PRgICUIRE H groups may be
in protét@ét?foﬁln &.8Cih sk faemIdf Bl etreeedor iRdtaRcetadddcnBeEmNaIYEs @8-86 of

ring closed forns. The co ounds of ormul a nag
GroonpanSPGREPEY bSolOPSaTaGS. BFORHT- TRAY! SRS Ay 1o fnd
carbonates (see e. g. pages 104- 111 of Greene and Wuts ibid). Such protected forms also
include internally protec’ted forms; for example, in the case of macrolides of formula IX, ‘
wherein --g--h-- is --CH(CH3)--CH(OH)--, the protected form wherein the 14 to 17 positions of

the macrocyclic ring comprise a residue of formula X:

CHy

o Q‘—.—‘;"“(Cfia}z ‘
| [ | I x

%
o O ¢ ot W & o 05 Sl W &
AR R I R
L {Hy
Also for example, 1,3 diols present in Sanglifehrins may be protected as appropriate

ring structures, e.g. as described on pages 118-142 of Greene and Wuts ibid.

Compounds of the invention also exist in salt form. Examples of suitable
pharmaceutically acceptable salts for use in accordance with the invention include acid and
base addition salts as appropriate having, regard to the particular substituents present in the
compound, e.g. HCI salt forms.

As previously indicated the macrocyclic ring of the compounds of the invention can be
cleaved, in particular at the lactone oxy group, to provide compounds wherein the macrocyclic
ring is in ring-open form. Generally cleavage of the lactone oxy group proceeds by hydrolysis
(solvolysis), e.g. to provide ring-open macrocycle compounds of formula XI:



a ring closed sanglifehrin, e.g. sanglifehrin A or B
at or inthe vicinity of the |actone oxy group. Thus,
w0 o00623830pl €, the conmpounds of forrmula Y and TP@EF/®ES2006/023394

prepared by treatnment of sanglifehrin A under basic

conditions, e.g. for the cd®pound of formula IIl in

the presence of an alkali netal hydroxide and e.g. for

the compound of forrmula IV in the presence of nethano

an..§ kala. gt al ogrbonate. Alternatively conpounds
?ornula IX" may be obtained as isolates from :

e.g. Ofﬁyhbuggﬁ of a sanglifehrin producing m croorgani sm

Ros_exanpl e, the conpounds of fornmula Y and S may be

obt 3fmed as isolates fromthe cul tures of Strept onyces

sp. A92-3081 10 as hereinafter described. The

i's atN@n of t he conpounds of formulae Y and S from

cu tur MR QY S,—-AR2- 3081 10 is descri bed
in US61 244 ‘The coprpound of formula Z may be
obtga| ned. by (@,L eavaggy Ot he spirobicyclic ring system

e nitrogen atom and the central atom of the
em Alternatively the conpound of fornmula Z
may be Obtained as an isolate frdma culture of a
§z~ﬂw§! GIUNA QHFBAUEIIKG i croor gani sm For exanple, the
i sol atiop-of the conpound of formula Z fromeultures:

of- Stre orryces p A92- 3081 410 i's-described in US61 ‘
24453. ok I-nsaccyr da ce, mth $he isnvention

havi MY-arshi el A \

rracr@;clych ay afso ‘pe su éﬁc

fxeni. n‘@f‘gl i nker gr

fomattd 1D§—rn particul g
resid and 27 to f?ek
Spi r obi tydl B conpounds an
previously -i ndicat ed t hesé olgds’
i nt ersedi ates, the spiro bIC¥C|IC oy et y /6T ™Mt he
angllfehrlns I nparti cut -«-yia an |n%pgral

functional role in-the bi§ 4l activity of the
Sanglifehrins as a P ‘ ‘

p, €.9.

B .
8 ' IX

wherein X, Y, Z, A, --a--b--, --e--f--, --g--h--, R3, R4 and R5 are as defined above and
R6 is H or Cy.4 alkyl, e.g. methyl.

Such ring-opened forms provide intermediate means for modification of the basic
Sanglifehrin macrocyclic ring system and are also part of the present invention.

Accordingly in a further aspect the present invention provides: a macrolide as
hereinbefore defined in ring-opened form, said ring- opened macrocycle being in free or
protected form, or salt thereof; a compound R6 O--X--Y--Z--A--OH as defined above, in free
or protected form, or salt thereof; a compound R6 O--X--Y--Z--A'--CH(OH)--L--S, wherein --A'-
- CH(OH)-- is a hydroxy carboxylic acid residue, e.g. a residue of formula |1, as defined
above, and the other symbols are as defined above, in free or protected form, or a salt
thereof; '

a compound of formula. XII'



cl ass. Accordingly the present invention provides a
1- oxo-7-aza-spiro-{5. 5}-undecan-8-one- 2-yl, in free
wo@eoopnssserted form or a salt thereof, in partPCUUS2006023394

conmpound of forrmula VI' wherein R7. is H, an
optionally protected OH grolfp, a reactive functional
group, or a CH2 -CH(OH)-- CH(CH3)--CH2 -CH 2 -CHO
group or the delta lactol equivalent thereof, in free

R, Or protected formor salt thereof. Preferably the

“Compound of forrmula VI' has the follow ng
~ figuration wherein when -a-b- is -(M)CH CH OH) -,
it preferably has the configuration as previously
ST YR EdMITECT R e THnCHTsos i ncl udes a ri ng- open
1- oxo-3{- aza- Spt o-{5.'5$n:undecan-8-one- 2-yl, in free or
Foretted fol OF a salt thereof, in particul ar a
jound of fornmula XIIl1' X1l 1wherein -a~b~ and R7
: ar¥ as previously defined, iXlfree or protected form
in free gf protacitd fofrRePrewsit thergel, ri ng- opened spiro bicyclo ring
system of conmpounds of formula XIIl" is preferably of
CARRREICh ForMeelXei n when ~a~ b~ is - (M) CH (OH) -, it
preferably kas the confisgurati on as previously.
' 4l s a macrolide of
~J 0 | a preferably of
g--N°- 5 - () O oo -,
2 confi@uration asgprew-aysly
is -(Me)C=CH, itTpreferably
S. previously defiy
r ef évapt8s of

HO.

. ' 43 IX!
in free or protected form or a salt thereof.

In particular embodiments of this aspect the invention provides a compound of formula
IX" ’

Mot

CRy o X"

wherein --a--b-- is --(Me)C=CH-- or --(Me) CH--CH(OH)--; R8 is H or --C(0)--OR10,
wherein R10 is H or Me; R9 is H or, when --a--b-- is --(Me)CH--CH(OH)-- and R is -- C(O)--
OMe, R9 is Me, and X is H when --N----N-- represents a single bond between the two N
atoms, or X together with --N----N-- represents a double bond between the two N atoms, in
free or protected form or a salt thereof.



configuration as defined herein, in free or protected

or ring-opened form or a salt thereof. The invention
w@bk@e/1p8sovi des a particul ar macrolide of formuPEr/KY1006/023394

wherein X is H, nethoxy, ethoxy, OnPr, O Pr; Rl4 and

R15 are independently H, nethyl, alkyl, (d-C- Calkyl,

(Cr 4)-COCH3, or R14 and R15 are fused to forma 5

to 7 menbered substituted or unsubstituted cycl oal kyl :

Sﬂbr%cﬁa?ﬁi:ufarrlg%@m%ntfoﬂ@i‘b@@e%rﬁz‘pouﬁégs of %rrhhla@‘w '\’@ SHCO- :

al kyl or
sanghfghrdw ﬁhﬁ (Seeosargliehyis 3)&”% a cycl oal kyl of for mJI a
XVITT; XVIIT R23 is H branched or,strgj ght chgin
(C1- 10)alk | -and/ or contaln one or¥norg unsat uf at ed
Ilhﬁages i §° partlcular T withsat e~ thoptiTe, ¢ Ml e
bords_.ahong endt be~pr ef erabl y, 3 Q=2 - CH2- OH,
- -£OCH3, - CHO, - COO zoor  of formula @ X&o Sui tabl y
Mo ey BB substituted as gesc |be§ hefein, In another
Mewn p- - of the invention parti€u M1 des are

. delegted fromformula XXIn ajfur
‘i'nyéntivon i ncl udes the macrol i des
inkention, in particular those whi
proditets in substantially purified rm e.g. at |east
90% preferably at | east 95% especig|!ly at | east 98%
“pure form In a particular enbodi nent of the invenTion
Sanglifehrins A, B, C -and D, anpongst others, are
i sol ated from the novel Streptonycest spH A92- 3981 10.
Saaples of uSt r ept onyces. SpA A2 308 10k ar . dephsi ted

*h 't he Deutsche Sanmurfg voh r o0y "sner und
e MUt Em-Gibel Masthenager Vg 14 38124

e BN -AUNSChiEI g, Gbrnany h ot 3,2 1995 unéler the

M e #2 of °'t he Budapest Ei. héye been @§S|gned

MaeefepOdi ti on nunber 0

her ct the
onpounds of the
e nat ur al

HO,

,1.

O

<

Haeans,

In



DSM 9954. The isolation of Sanglifehrins A, B, C, and

D fromcultures of Streptomyces sp. A92-30810 is
waele®ensdsed in US61 24453. Macrolides in accor de@ies20é/r3394

the invention, e.g. conpounds of formula I X, for

exanpl e, Sanglifehrins A -B5-C and D, and their

phar maceutically acceptable salts, hereinafter

generically "agents of the invention", exhibit

sangl i fehrign characterjstic activities, i.e. the
o ] gonbi nation bf activities: have cyclophilin

vi't fePhav® Nl bt ory? acgf Vi ty agai nst

[ pr ol yl cis-b&gns&isonerase;
| prnosuppr essive agtivity; inhibi
Hot h|B-cel s and %
pR. o6k bi ndi ng actifvi t
calfci n€urin acti vity_

ity off
' formula XVl nmay
be denonstrated in. st
met hods, e.g. asMfo y. Proliferative Response O
Lynphocvtes to Alloggnid Stinulation nmay be prepared

as follows. Spleen cel'Ts (2x1 05) fromBal b/c rice

_ (female, 8-10 weeks) are co-incubated for 4 days with

The inyepiion 8lsg incedessempoundsomvwbRA thie deoxof 2azad-epir®{5] 6}-undecan-8-one-
N . _ ' [.S. i rolifenative
2y i s W et B, S5 ey BBl i on” i ch

i's neasyred by | abelled precursor incorporation into

t he . Macrolides invention, e.g. conpounds of

for a “and their pharmaceutically acceptable

saltgl e,g. Sanglifehrins A, B, Cand D, have 1C50 in

the r e from about 30 up to about 200 nM as conpared
with Jan €50 of about 20 nM for cycl osporin A when
t est et his assay. (T. Meo (1979) The MR in the

wherein a, b, L and M are as defined above, in free or protected form, or a salt
thereof.

The ring-opened compounds of the invention are preferably of conformation as the
preferred conformations identified above for ring- closed compounds. The ring-opened spiro

bicyclo ring system of compounds of formula X!l is preferably of conformation:
' Mo )

Ty

fhesdes

I

Aatinm

™ Nit,
wherein when --a--b-- is --(Me) CH--CH(OH)--,

In particular the invention provides a compound of formula Z (Sanglifehrin E)



"1 nmunol ogi cal Methods", L. Lefkovits and B. Pernis,
Eds. Academ c Press, N Y pp. 227- 239) Spleen ceIIs

W@ 2008/1865)7 f rom CBA mice are incubated for 48 hpCr/BES206/023394
50 .mu. g/ M LPS plus test conmpound. Proliferation is
rreasured by | abel |l ed precur&or incorporation into DNA
Macrol i des of the invention, e.g. conpounds of formula
| X and their pharnmaceutically acceptable salts, e.qg.
Sanglifehrins A, B, Cand D, inhibit B ceol

prollferatlon and haveIC50|ntherag romabut 40

Cytotoxicity is deterni nep udi ng the human

Nﬁell line THP1 (5x1 04 cell. el | ) which are
|ncubat ed in the presence of | FNgamm= (100 Un) ang

I t{ est corrpouncf (up to 10 =
%é%oglo%cq%ﬁmﬁﬂ %aoga)gﬁﬁre f 37. degree. C. Living
C'IéIIeI ®ngrognds afforrhuled 1Xf's Sn’g Wh¥, Xidil amirZ amtusieml irgerchedlisites for the

preparg/tq— T\ m%\ﬁghf %% génépﬁ ﬁﬁkﬁ) Hg rn'g@ Ic\oggcg] %&Hartt[»g E%Wnded ring

closedmtmsol i des of the i nvention, e.qg. conpounds of formula
| X and their pharnmaceuti cal I y acceptable salts, e.g.
Saeglonfpshingds sf farmBae X"anay I3; pleaaed Bsdeafgalwdite macrolide ring of

e o 000 00T, 24 Sonfoml S5B3RS A58 e o
group. dbks,paexagretthe aordpeundgiod Edrmuapp hing atare preapared by treatment of

| sanghfgrgrm %gﬁé%‘[ﬁa%&b@?ﬁhg § 4 PG @ﬁérﬂégund]of f Lﬁﬂ?r ol?ll?l‘?%éresence of

nonuc gar ceI s ar
an alkqjlgmetpH@qdacpxmlﬁ autie gf foh gl aohmpound oﬁtoemau@ M3 thg presence of

I separation according to the
methaifd) SR8 g HIRAMN S Rt (1991). Cells (105

Alternatively compounds of formula IX" may be obtained as isolates from cultures of a
sanglifehrin producing microorganism. For example, the compounds of formula Y and S may
be obtained as isolates from the cultures of Streptomyces sp. A92-308110 as hereinafter
described.

The isolation of the compounds of formulae Y and S from cultures of Streptomyces sp.
A92-308110 is described in US6124453.

The compound of formula Z may be obtained by cleavage of the spirobicyclic ring
system between the nitrogen atom and the central atom of the spiro system. Alternatively the
compound of formula Z may be obtained as an isolate from a culture of a sanglifehrin
producing microorganism. For example, the isolation of the compound of formula Z from
cultures of Streptomyces sp. A92-308110 is described in US6124453.

Macrolides in accordance with the invention having a spiro bicyclo residue attached to
the macrocyclic ring may also be subjected to cleavage of the intervening linker group, e.g. in
relation to formula IX, in particular at the linkage between residues 26 and 27 to yield
separate novel Spirobicyclo compounds and further macrolides. As also previously indicated
these compounds are useful as intermediates, the spiro bicyclic moiety of the Sanglifehrins in



cells/well in 200 mcroliters RPM 10% FCS by vol une)
are incubated with serial dilutions of the test
w@eovposssas for 30 min at 37.degree. C prior tRCT/82006/023394
addition of stimulus. Interferon ganmma (100 U m) and
LPS (5 microgramnml) are used as stinmuli to induce
Tunour Necrosis Factor (TNF)al pha rel ease by
peri pheral blood nononuclear cells. After 3 h
[
P e e B e bl gty Shinb b fnrf ec 2
class. TNF present in the cell supernatants is deternined
using_ a conmercially avail abl e enzynel i nked
iAREQ Ry hemresess iyemtian Praxideson il hxe-ofza-$riro-{av Bhtndsean-8-one-
2-yl, ing 6231 0
R mag%ggtablgéggﬁqgﬁri@gﬂﬂbgﬁgXﬁPgﬁﬁpﬁgéﬁBP@?ﬁ%fgﬁghﬁﬁéNM
have 1£50 in the range from about 200 nmto about 1000
nm whe tested in this assay. A suitable cyclophilin
bi ndi11g say Is the conpetitive ELISA test described
by Cmesn'aux in Eur. J. Inmunol. 1987 17 1359-1365. In

this® “-the conpound to be tested is added during
t ' ion of cyclophilin (human reconbi nant
cycl iin A) wth coated BSA- cyclosporin A and the:

concenfratPon required to give a 50%inhibition of the
control: reactji,on without conpetitor is then cal cul ated
(1C50) . An afternative assay is the conpetitive

d b ider et al. in .

B By 38R0 40 B5 T g, Grpeiive Ihstivaa aroup, ora -

CH; '-@l_d(ﬁ}ﬂ)l—-(ﬂH@Hsb -eGlt, c@Hpr}(mrmD( %mpr@gthdt&rl;cgmmdﬂedqhmmf thereof, in
[ e Ihin uman reconnl nant

free 0”?\5@%@%% oqgmle?ﬁ&coat ed BSA- cycl osporin A The

dtreigrablythelsiooponyd aft fednaly dl'dpkitthe folibwing donfigurtion

presen and absence of a test conpound is determ ned

by incuiatjimen with streptavidin-coupl ed al kaline

phosg at &se. Macrolides of the invention, e.g.

conp nd@ of. formula I X, e.qg. Sangllfehrln A. B, C and
Mt €50 in the range from about 10 to about 100
nR}f gred with an 1 C50 of about 80 nM for

3 L A when tested in these assays.

wherein when --a--b-- is --(Me)CH--CH(OH)--, it preferably has the configuration as
previously defined.

The invention also includes a ring-open 1-oxo-7-aza-spiro-{5.5}-undecan-8-one-2-yl,
in free or protected form, or a salt thereof, in particular a compound of formula XIiI'




Further in vitro assays which nmay be used to
denonstrate the biological activity of Sanglifehns are
WO Ro0g/1888pDrt er gene assays and ConA-sti nmul at edPGPUSBNG/023394
cell assays (indicative of effect on T-cel
activation). Mcrolides of 1he, invention, e.g.
conpounds of fornmula I X, e.g. Sanglifehrin A, B, C and
B, do not have FK bi ndi ng protein binding activity and
heR@f -JanBL-kink H'37aér€'a@%‘ﬁé\héhsﬂﬁéléﬂﬁ'eh)’ln%%rbr% Q? Ld?m or a salt
standard tests for these activities
thereof; Fh@ ARg-cPenpe 3@!%‘?'9W'%§”$)W@Pﬁ@é9@ﬁ1@@w@8 oéfcgmuasxnr is preferably
of confbf¥B4idasuppr essi ve as well as an anti-inflammatory
and/or antiviral agents. They are, in particular,
usefuP“for the prevention of disorders associated with
hepa isw&viral infection, particularly, hepatitis C
Addltloqaly, the agents of the invention have
theA etic use in inhibiting disorders associated
idyl proly cis-trans isonerase (PPlase)

ci s-trians isonerization of proline imdic peptide
bong %Pl i gopeptides. Macrolides of the invention

oo O e LR R (G hbrafoBis Yo donefiETag oo

Hto nnune di sease and of inflammtory condltlons in

mtm&% 81 alsB bl IR LA SorBRB b ANR, Wy ' an_ael | of 0gy

i ncl ne conponent suUch as arthritis

(for exa ie rheunat0|d arthrltls arthritis chronica

pro ‘gg%gﬁte and arthritis defornans) and rheumatic
di'seas I™a series of further specific or

alternative edodi nents, the present invention also
pihexsinl &6is almdcrélideatngas datined BBy iri pgtiulartd @atiol@e of formula

XV hepatitis Cinfections or HCV induced disorders such
as Ijf ver¥fibrosis, liver cirrhosis and hepatocell ul ar

preferably of conformation ‘



t hereof, conprising admnistering to said subject a
therapeutically effective anount of a

W@ y®bopesNt i n- bi ndi ng conpound such as a sangl i PENUE2906/023394
e.g. a conmpound of formula _ alone or in conbination
wi th one or nore co-agents.19t. 2 A et hod for
inhibiting HCV replication in a nmedium conprising
applying to this nmedium an effective anount of a
cyclophjd i n-bi ndi ng conmpound such as a sanglifehrin,
e.%ﬂbzfiggggégg&ggfigrnula _- 1.3 Anmethod for
I gt b r ation in a patient in need

gonpri sing ddn1%|§5er|ng to this subject a

ical ly effectife afount of a

cycl ophlli n-bi ndi ng conpound such as a sanglifehrin,

compownd, of w@—x1. 4 A method for
[ rrewnce of HCV infection in a

§ 4 need thereof, conprising
adrg,ni steri g to sgid recipient a therapeutlcally
effec a cycl ophili n-bi ndi ng conmpound
such @ sanglifehrin, -e.g. a conpound of formula _
2. Use a cyclophilin-binding conpound such as a

SHRG MEINT 191 I8 réMp GiaP B GrPrelepkly hesba Eputguration as
prewo&sﬂﬂ&%nb& 5A8 Wieh -4R%-1 18 --anY) Oq FRerefy H@éjth@lgﬁ?ﬁggurg’uon as
A ‘phar maceut i cal_“conposition use I n -an as
previoysbt defiagd aﬁaw@encﬁ}wﬁ) B Agp fase,q/t@ggwﬁr thew-atoe mﬁfeﬁgbly of
config ¥ RO EEPEE Reftn, n faH el er%'&fe‘drbrtrHE%pQﬁéd ¥érinD o PR 8aiPhereof.

more pharmaceuti cal 'y accept abl e | uents or carriers
tTﬁ@r”é‘fe@F'on IO RN IdgSrhP HEH B m%@'iq@féﬁrm%Xthent i on
whi ch possess cyclophilin binding activity, may be
tsrin displacement immunoassays for

X XVi

wherein X is H, methoxy, ethoxy, OnPr, QiPr;

R14 and R15 are independently H, methyl, alkyl, (C4-Cy)alkyl, (C4-C,)-CO-CHs, or R14
and R15 are fused to form a 5 to 7 membered substituted or unsubstituted cycloalkyl:
selected from e.g. formula XVIl;

x

R16 is H, or Me or (C,.)alkyl;



application WD 95/07468. This patent application
relates to an assay procedure for determ ning the
w@omveastsnat i on of an i mmunophi | i n-bi ndi ng PCT/US2006/023394
phar maceutical, e.g. Cyclosporin, in blood; the
procedure conprising addi n0a bi ndi ng conpetitor that
di spl aces the pharmaceutical from i mmunosuppressant -
i mmunophi | in conpl exes in the bl ood; adding a receptor
t r i-cal L g f
e 450G ENOIFE P el e A b T A 64y o
formulg &¥Bbt or - phar maceuti cal conpl ex from the sanple; and
determ ning the anmount of the pharnaceutical .
18 Sanglifehrins may be used as the binding conpetitor in
F S assays; for instance, to displace cyclosporins
ycl ophilins, thereby rel easing thecycl osporin
5 qéantitation, e.g. by a nonoclonal antibody which
specific for the cycl osporin. In accordance with
oregoi ng the present invention provides in a yet
urt her S/RECt: 4. A pharmaceutical combination
conprisifig—a) a first agent which is a
cycl ophi l'i n-bi ndi ng conmpound such as a sanglifehrin
12, is &, b@mmpbechdr sifaidhdichaih4Cl. ﬁo)aa«ydarhﬂ/onacamanagaabr mereg.

I Ty W L A,y
preferablyy -Cldebido1fiHe0t) ACHFOCH;,s6H e RE@OHY br af formula XIX

therapeutical ly effective amunt of a
I i n-bi nding conpound such as a sanglifehrin,

HO
|

fo theinvention may be adwilj sgeréd by any
entional route, in parti A enterally, e.g.

ly, for exanple in the fQrnmof solutions for
rlﬂklng, tabl ets or capsul es or ©arenterally, for
exanple in the form of injecidble solutions or
suspensions. Preferred pharmaceutical conpositions may

o bg e.g. thosegbasgd on m croenu| si ons as
S AT NP
23
HO, MeO, EtO, lPrOJJ\/\/|\ HO, H c\/\/\/i\ Mzs

Suitably R23 may be substituted as described herein.

In another aspect of the invention particular macrolides are selected from formula XX

P
Z P P
050
0.0 050 ! 0a.0 WOH
H H NH o Q H
WH o Q NH o Q N ) NH o Q
(o} N (o} N N (o}
N N
H H

N
H
HO



described in UK 2,222,770 A. I n anot her aspect,
sui tabl e co-agents can be co-adm nistered in
W@ vbhi188807 on or alternation treatnment. The terP®I/US2006/023394
"co-adm nistration” or "conbined adm ni stration” or
the like as utilized herei-@lare neant to enconpass
adm nistration of the selected therapeutic agents to a
patient, and are intended to include treatnent
ns in whi agents are not necessarily
the s
Fi xed

0g 0 %
E? & . [
N—4Q r maceut natl 0

"ft h me§ent N
q-
i enefi ci al eﬁ , e.g. i ¢ 6r Jaddiy ve
rapeuti c effeek, corrpared to not her apy eby
y one of the rmaceuti cal | ctive ingre ts is

appl i ed. Co-agents suitable for co-administratiron with
t he conpound of the invention include but are not
I ifurgeertaepedt e inventioh érchrues dine tajolided & cn‘mpounds of the

overtd B BB Bt d TR I g, ..

least 9PRPilefarabin @t leasti8egs, mspéaalyrataddsh 98% HuBe h:eml ng
Corporation, Kenilworth, NJ), (c) Roferon(r),
e 8 pabticnlan embadisehtofdhe iiveatictaSénglifehning A; BaCRarcche, amongst

others, %*s%ed\ﬂ%m tlf:i;i ?Qﬁéﬁ‘tﬁ&‘(jces’ﬁfg@? ?6%2?)2?:"0r f% gf%treptomyces
sp. A93-3P&110eare depddited vithviag Dabisehg Barimlungyean Mikgergegiismen und
Zelikul’tghﬁ‘lr gﬁ%ﬁu%ﬂ%éﬂe’rod eg I dq%?{a’lféi B gc%hwe aé )qumﬁny on the May 3,

eron end
1995 upggrahe tarms of thsdiﬂolaoﬁﬁ Trgaip anyl h@gc) bigeén a$&£gr'@d(dep931tlon number

|
oon s Pistie) & I, T e SOEY e
A92-30 MUWQ:IQIQS&Q&&% Bri sbane, CA and Angen, Inc.

Newbur dy Park, CA),
Macrolides in accordance with the invention, e.g. compounds of formula IX; for

example, Sanglifehrins A, B, C and D, and their pharmaceutically acceptable salts,
hereinafter generically "agents of the invention”, exhibit sanglifehrin characteristic activities,”
“i.e. the following combination of activities:

have cyclophilin binding activity;
have inhibitory activity against peptidylprolyl cis-trans isomerase;
have immunosuppressive activity;
inhibit proliferation of both B-cells and T-cells;
but do not have FK binding protein binding activity, and
* do not inhibit calcineurin activity.

Biological activity of macrolides of the invention for e.g. formula XVI may be
demonstrated in standard in vitro and in vivo test methods, e.g. as follows.

Proliferative Response Of Lymphocvtes to Allogenic Stimulation may be prepared as
follows. Spleen cells (2x10°) from Balb/c mice (female, 8-10 weeks) are co-incubated for 4
days with 2x10° spleen cells from CBA mice (female, 8-10 weeks). The allogenic cells induce



(1) Alferon(r), a mxture of natural al pha interferons

(Interferon Sciences, and Purdue Frederick Co., CIT),
w@poovitssgder on(r); (k) Conjugated interferons iPCI/US®N6/023394

for exanple, Al buferon (Human Genonme Sci ence) which is

conj ugated to human al bumi-22 -l nterferon conjugated to

a wat er-sol ubl e pol yner or polyal kyl ene oxi de

honopol ynmers such as pol yet hyl ene gl ycol (PEG) or

a prohf@r%lth@ FERPYhENR taé v&abmer@[aie)éﬁm?bmd@wm %{sared by labelled
copol yners t her eof nmers t ereo

precurggr inSomaraias inte the PINY. chﬂge@ﬂvg@%ggd coppyunsis of formula IX and

their pr%frﬁﬁgéut\éshwaé&ara@rétéa@t@né §. Wféhahsmssc@ aﬂé E)dﬁé\tré RSy in the
yVvi ny yrrol i dones, pol yacryl am des, yVvi n&éMcfah

range fgme ah@qﬂs% %Wtﬁﬂwm%& M 35 SeRPaEIA T an Kevo oft emw P

f; bed
cyclosﬂb‘?m%ﬁ/ﬂen gél%?)égf i %l@%%@sglmﬁﬁ é)‘é)(z Q%gbgg%eelglgg I@E%Qﬁ&fs'e e

"'mmurﬁ@a'%aﬂﬁ@dﬁmwﬁ@vﬁ@%% RataiIspBHs: fisaremiedeess, <NaY1 Rk 227-

239) sufficiently reduces antigenic responses, the foreign
interferon need not be conpl etely autol ogous.

Igpheinf @119 sz@;drdr@oevmaé ardPRENBERED £ ABYRBESHtEY.nREy/mI LPS
roma nmammal i an extract, such as hunan

r ed
plus tedt gempaiind Jrroistatiag 1§ Measired B labgficd regwisPRagRPgration into DNA.

Macrolﬁé@@ﬂ%dnve@hbﬁre &. Qfoﬁﬁ)ogﬁdé @ﬁf@i‘rﬁtﬂé PEnd ﬂfehr%@rmaceutlcally
terferon bpeta, E{gfée;l such Rebi f

accept@tﬂ? 8t Pcth Sééa%teﬁra)s %;B &@%B mb@ﬁ. kmol(fﬂréf'cen and have Gz i

the rangemm‘ ﬁs&mho% tYeb&ga00 nﬂéroﬁamagf reh@dsf 81 aﬁd byJanossy, 1972,
lheim Oal interferons such as oral

E"C'fatlpﬂpéﬁ?%&a/ﬁ %ﬁa EPNREHEITBFRONEE B¥ SR RERce hinping,kaands,
Transpmpa@t/ . 188¢1 Ubaosal, @xales. Gfealsd, ellgfiqirlglﬁ‘ﬁpﬁoﬁﬁblédﬁ/ahon I,

 Respof R PasTR m@}ﬁ%é@%&&ﬁ%ﬂ?@fﬁh@ﬁ@?ﬁpdﬁu R e

CC%/?cﬁoxmiPy is determined using the human monocytic cell line THP1 (5x10* cells/well)
which are incubated in the presence of [IFNgamma (100 U/ml) and LPS (5 microgram/ml) plus
test compound (up to 10 micromolar) for 24 to 72 h at 37.degree. C. Living cells are quantified
using the colourimetric read-out MTT which measures mitochondrial dehydrogenase
enzymatic activity in living cells (Mossman 1983). Macrolides of the invention, e.g.
compounds of formula IX and their pharmaceutically acceptable salts, e.g. Sanglifehrins A, B,
C and D, have IC5, of about 1000-5000 nM after 24 h incubation in this assay. (Mossman T.
J. (1983), Rapid calorimetric assay for cellular growth and survival: application to proliferation
and cytotoxic assays, J. Imm. Methods, 65, 55'63)5

Mononuclear cells are prepared from the peripheral blood of healthy volunteers using
Ficoll-Hypaque density separation according to the method of Hansell et al. (1991). Cells (10°
cells/well in 200 microliters RPMI 10% FCS by volume) are incubated with serial dilutions of
the test compounds for 30 min at 37.degree. C. prior to the addition of stimulus. Interferon
gamma (100 U/ml) and LPS (5 microgram/ml) are used as stimuli to induce Tumour Necrosis
Factor (TNF)alpha release by peripheral blood mononuclear cells. After 3 h incubation, the
cells are centrifuged (1200 rpm for 10 min) and the supernatants are collected. The amount of
TNF present in the cell supernatants is determined using a commercially available enzyme-
linked immunosorbent assay kit. Macrolides of the invention, e.g. compounds of formula IX



interferon or pegylated purified interferon-D product.

Pegyl ated interferon p-2a is described in European
wP210en3858603, 868 (i ncorporated herein by refer ePCBEUS006/023394

its entirety) and conmercially available e. g. under

the trade name PEGASYS (r)-43+Hof f mann-La Roche).

Pegyl ated interferon- D-2b is described, e.g. in

Eur opean Patent 975, 369 (i ncorporated herein by

and théuebmrﬁﬁ@@ﬂcauy é@ceﬁfzhtb!er@élt)é E%W%Aahl X Ya, |h@% R, in the

under the trade nane erin
range fFﬁP'% FGAYyt zqﬂe@}/ faakeyt d6PQ BMavRen tﬁﬁtéﬂﬂré'ihdﬁﬁﬁsﬁYd escri bed
in W 96/ 1 1953 (i ncorporated herein by reference in

‘F suights qvstophiilin binsngygesay, jsrthe spmpeiive &iLISYy st desraped by

Quesni‘a@mEGrdS Iﬁfmth‘ldm 10873 1355365 ahenigtdeahé ¥8mb@urﬂd‘t'8'bté' thsted is
mation and/or replication of a virus I.n

added ﬁ'ﬁﬂ%i%e IAgPE UG qyal@ghlé\@ ERIEB EPPHE ek GYEloBN A vith coated

BSA- blbb]ﬁ)’nnméﬁd e ddnbé\htrd’ﬁ@ﬁ h@dwr%ﬂ% Qﬁé RL Yhffont d1ehe control
rati on and/ epljcati virus in a mamal

reaction NEROYCOTIRSLA 1 fﬁero peluiediGe) béf‘ GHEMGEY] assay js the competitive

binding fésﬂdésbh@efdlb)ﬁsa‘rrféﬁid@‘él(élmn@bcﬁdnﬂéﬂ))/@bgﬂ)gbs 8218 8224 wh|ch
i cal s

invoives B 6t B bR e5R 120 FRernc eRoh AbpIPH B0 SikRIn (humar

recomlﬁiﬁ@rﬁ@yaémﬁlhrf Apnitteddte@BBAL aydREpBAR ANchJr;] @bhoulEUof biotinylated

Rt e

incubatibmeph osshalidn- cbableﬁ’hﬂ@ﬁ@@wdsﬁhathbé Qﬂ%cr!t)lfdé;s@f g‘%rlﬁ\éé?]ftlon e.g.
rine ase su ubst r at e- base

compoliod N 519 o5& QT EtddoB. Crorih B, Paa | G 416 Taegs e about

10 to adeuti M0@triNy,edmpRsd With 8813 6P8oul 888 M Bt Eydstborh Adkhen tested in

h Antiviral Chem stry and Chenot herapy 1999, 10,
these asegy $73; Attwood et al, Prepar ation and use of am' no

3o R AR A e B B Sl BB by o
Sanglifehos @ss Bs2 rqpariti geneadspyhamhCohA -stiiulatddisplddpdcell assays

(indicaﬁ\;eodfee?%gt; onp'g(lz—ely\é)ctivation).

Macrolides of the invention, e.g. compounds of formula IX, e.g. Sanglifehrin A, B, C
and B, do not have FK binding protein binding activity and do not inhibit calcineurin activity
when tested in standard tests for these activities.

Agents of the invention are useful as pharmaceuticals, e.g. as |mmunosuppresswe as
well as an anti-inflammatory and/or antiviral agents.

They are, in particular, useful for the prevention of disorders associated with hepatitis
viral infection, particularly, hepatitis C. Additionaly, the agents of the invention have
therapeutic use in inhibiting disorders associated with peptidylproly cis-trans isomerase
(PPlase) activity. PPlases are a type of cyclophilin which serve to accelerate protein folding
by catalyzing the cis-trans isomerization of proline imidic peptide bonds in oligopeptides.
Macrolides of the invention bind to cyclophilins and inhibit PPI activity.

Agents of the invention are also useful for the treatment of autoimmune disease and
of inflammatory conditions, in particular inflammatory conditions with an aetiology including an
autoimmune component such as arthritis (for example rheumatoid arthritis, arthritis chronica
progrediente and arthritis deformans) and rheumatic diseases.



98/ 17679), including al phaket oam des and

hydr azi noureas, and inhibitors that termnate in an
web®@etsssphi | e such as a boronic acid or phosphPCEUS2006/023394

(LI'inas-Brunet et al. Hepatitis C inhibitor peptide

anal ogues, PCT WD 99/ 07734)24 -Pr ot ease i nhibitors

disclosed in U S. patents for the treatnent of HCV,

for exanple, U S. Patent No. 6,004,933 to Spruce et al

In WdHds HrSHhRSesHRfe! ésﬁlt&fﬂaﬁ)éséﬁ]geﬁ‘ iRl %ec'epéc_eseﬂt invention also

inhibitors for inhibiting opept 1 dase
providgsat ent No. 5,990, 276 to Zhang et al which discl oses

1.1 YRR or Bmlenh‘tiiﬁgoétstr@itln@%a‘tlgé gesgfe\é'n{)ﬁorgftév lndlljced disorders

pr ot ease,;
Puph pa deerdibraaiss lives GO andheratpgetiler @@c@omﬁ ipi@\subject in need

%r@@f 86 RpiHi r?gcé&ﬁﬁ%térmg\@@s%@f 9%&?% %F] %@@2? fectiye amount of

I nter nat i onal I nc. and WO
BLYSIoRBINBINIDSY GR5inaung ﬁuplm‘a&awﬁrmhftearm,te 9. pepompesnd of formula _

Rat s. 6,534,523,
\gtﬂﬁegb r%\%ﬁorﬁlﬂ@&tlo‘ﬁﬁ@\ dﬁo&trﬁorgo%hﬁéhgsle\? | ngel hei m and WO

1.2 e?znt%'m@z@rtlah'mm@tﬂﬁv NpRlicatisR un b MEdibr gunRisit Bepleing to this
bNr)é?dlﬁ’ﬁ ahene&ivenididt bf @B%dléﬁnllne&)\dm%@rmqb QlchdRS: &hglifehrin,

3 serine protease inhibitors of are
&% @ @ERPUNe olfomouir 48172 to Schering Corporati on;

I di n r [
1.3 Wcﬁdra|P2@gllﬁgcfﬁ%¥'e\l§%llxﬁﬁfoh R 9 &tti%ﬁts% n%@ﬂgb%rﬁbﬁ Q&mprising

egristgtingte taﬁcﬁumb@ﬂmwtwlyﬁffegm arnpmtsaf sqqypl@@hmn binding
@bﬂ\%@ﬁrﬁlﬁélﬁih% J‘ﬁ hf@hm/ égfe{eé&ﬁﬁﬁmdrbfmﬁiura .

entireties); 17679 To Vertex Pharnaceutical s and

14 Wonedrosder E@VF@'rErtﬁ§tr8PurW1§les°f3ﬂ1@V tifealioglonh Yanspdant pesjpient in

PEed apseof, Hahiphting Sacﬁﬁlﬁﬁ%rnlﬁgrt@t% hesigibm Q)‘thér%klsutﬁ:'éﬂﬁ effective
in thel entiretie rg)n Non- subst r at e- based

ﬁFkﬂ“@B A cyanrhilipdy %gcp\magund such as a sanglifehrin, e.g. a compound of
Zorfhfx tri hydr oxy- 3-ni trobenzam de derivatives (Sudo K
al.., Bj ochem scal and Bio si cal o ]

2. gé? e E‘&‘iﬂ%‘ff@“%@@?guc}zfﬁ gaanglieprindy day rrepagation of a

@harwﬁﬂebﬁdaﬂ %m@mmn&bf Ns@ﬂ%n@?ﬁéfﬁé&@é ahhed 198, 9,
%‘q% i ncl udi ng RD3-4082 and RD3-4078;
p armaceutlcal composition for use in any method ‘as defined above, comprising a

cyclophilin-binding compound such as a sanglifehrin together with one or more
pharmaceutically acceptable diluents or carriers therefor.

In addition sanglifehrins of the invention which possess cyclophilin binding activity,
may be useful as reagents in displacement immunoassays for cyclosporins and other
cyclophilin binding compounds, for example in the assay procedure described patent
application WO 95/07468. This patent application relates to an assay procedure for

determining the concentration of an immunophilin-binding pharmaceutical, e.g. Cyclosporin,
in blood; the procedure comprising adding a binding competitor that displaces the
pharmaceutical from immunosuppressant- immunophilin complexes in the bloéd; adding a
receptor that binds to the pharmaceutical but not significantly to the binding competitor;
separating the receptor-pharmaceutical complex from the sample; and determining the
amount of the pharmaceutical. Sanglifehrins may be used as the binding competitor in such
assays; for instance, to displace cyclosporins from cyclophilins, thereby releasing the



(5) A phenant hr enequi none possessing activity agai nst
protease in a SDS- PAGE and aut oradi ography assay

w0 s@basssd’ from the fermentation cul ture broth PET/US2006/023394
Streptonyces sp., Sch 68631 (Chu M et al.,
Tetrahedron Letters, 1996,- 2% 7229-7232),. (Chu M et
al ., Tetrahedron Letters 37:7229-7232, 1996); Sch
351633, isolated fromthe fungus Penicillium

l
s AN Shetlo BSIAIN E,

CYClospRE: gned” based on the macr onol ecul e eglinc , V\,hl chis
isolated fromleech and is a ?otent_ i nhi bitor of .
'%%Qfé’nf ncgéfwﬁhﬁae [Areqaingsibs PserReR! Byergiongrpyidessingr vt duthes aspect:

V-ch%mrmtrypm n, chymase and subtilisin (Qasim

4. Am%fméPelﬁica' ¢ %@ﬂ@m@mﬂysr@e :2) 2578t a9e1 hichgs 7) cycloghilin-binding

5
cAegsL e A o e s Mt o 0

et . FEB
08‘? Oérﬂ‘”%ﬂ%"pﬁgﬁlﬂ@asmf%\eq*?@m%rﬁlﬂy, 1997, 247, 242-246.
i vati ves whi ch show rel evant

hi | idj
5. ATRRBH 2P deTTied SOV GaBAS b as SOMBIRY 168 dvgansomantly o i
sédﬁ&a/néés dflaSthélmeinaﬂ’y sifetiice MSoANES aséé*éﬁfghmﬁ%lrﬁdﬂéd&rﬂﬁound such

iral Research,
a%é&éeg'ﬁ?ﬁ&  ESBSARO iﬁg%ulﬁiﬁ_@s%mf@g%%swe or more drug
agemaagpydvidei refrginsubstituted with a | ong al kyl chain,
RD4 6205 and RD4 6193 (7) HCV NS3-4A serine protease

iThkidoirtpousd bht@bﬁtdﬁeg’@or\%hb%bé@@hrhyte ar’@&,%hvent:onal route, in
. | hei VX- 95 t
partrculg%%ﬁ@ﬁlgg%g %{9%@29{54%13 er_tﬁ gﬁLﬁgfs rmé)g aolgtlcp{és%or,_@y]kmgo{a@@g%or
capsulésndri dzir¢ e slly, Hopsealpldinahnd formcb oljédbsialsoRieys @H@'@;ﬁﬁnsﬂiﬁs

oton GBI 5l V%5 S0 Bk Bl e o

describdlimUK22&71yAl deni x (US 6444652, US6596700, and W001
96353). Nucl eosi de or non-nucl eosi de i nhibitors of HCV
NSBB R espepie Bditbte dRNAYeMtd garEs®@ adBiridierad irRcorklBationl or

alternation treatment. 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 patient, and are intended to include treatment regimens in which the agents are not
necessarily administered by the same route of administration or at the same time. Fixed
combinations are also within the scope of the present invention. The administration of a
pharmaceutical combination of the invention results in a beneficial effect, e.g. a synergistic or
additive therapeutic effect, compared to monotherapy whereby only one of the
pharmaceutically active ingredients is applied. Co-agents suitable for co-administration with
the compound of the invention include but are not limited to:

(1) Interferons or conjugates of interferons such as: _
(a) Intron-A®, interferon alfa-2b (Schering Corporation, Kenilworth, NJ),
(b) PEG-Intron®, peginteferon alfa-2b (Schering Corporation, Kenilworth, NJ),
(c) Roferon®, recombinant interferon alfa-2a (Hoffmann-La Roche, Nutley, NJ),
(d) Pegasys®, peginterferon alfa-2a (Hoffmann-La Roche, Nutley, NJ),

(e) Berefor®, interferon alfa 2 available (Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT),

(f) Sumiferon®, a purified blend of natural alpha interferons (Sumitomo, Japan),



3'-OL-valine ester ribofuranosyl cytidine (NW83,

| deni x) as disclosed in WO 2004/ 002422. Branched
woewbasssites di scl osed by |deni x Phar maceut i caPGI/i82006/023394

the use of treatnment of flaviviruses (including HCV)

and pestiviruses in Intern&6i-onal Publication Nos. WO

01/90121 and WD 01/92282 (i ncorporated herein by

reference in their entireties). Specifically, a method

f Qgﬁ) wemeﬁoh@atymbbragmhﬁ.a%wrﬁauw m‘ @tak&g}nﬁlﬂﬂﬂe

 avi vi ruses and pesti Vi ruses In ns and her

(deflef%?ﬁlﬂvrﬁ%sqn§uw@éﬁ HeEerom ( 'f‘Wé‘\”P@%ﬁh&mﬁ%Pi'@éﬁ ingnPrisbane,

CAandhﬁhbehr]ﬁJ; uﬂgﬁb@grl’pe{ﬂk%,@rl ng an effectlve amount of a
bi ol ogi cal | y active 1', 2', 3 or -branced B-D or

(lﬁAlierbld@' @aﬁXtd@sOf%malmaﬁ%ﬂ@tdn@,qinltéﬁea@&sateﬁ@seaﬁ@bgrdue
Freden&% fg:grrug t hereof, adm ni stered either al one or
t

ion with another antiviral agent, opti on_al I y
?J e th aceutically acceptable carrier. Nucl eosi de
alal 55? ‘ot her patent applications disclosing the

(Ks€onjligdtee teresnondihchapabl &iasngle, AlbuerdnELHER Genome Science)

01/32153: filed Novenb 3,
i A S A ot e S0
polyalk?l@ﬁd))xﬁe Ihemobalyﬁlemﬂﬂa@ yethyldneaglycol (PG )Y gopropylene

Y N s T
alternaflwd tlecholatkykeny okBie-t236a polyimlees] etiyctMeryatondarfigenic hﬂaﬁenals such as
St PR A AL SO 2 B e
polymeBs AP Gik¢ Tan b ubpd.ilhtetidronHdBer COBUGR1ed 298 Beddribb@mh US

areo1dy LS Bhae Aved 208 ey TR 818 R o VBT BB st e

* polymerie frexdéfication suffidienitly redddes eintigsnic Zspbhaess mucﬂeﬁ}mm@ﬁéron need
' ed.j icati t.o Eno

notbe SorRGERE s Paos PP E B EPalRoass Robris AdostRs By bb

prepareghfrom etrgammelidn extett,"s2ich BS homanucheesit debdvine interferon, or

nucl eosi des di scl osed by Eldrup et al.
recomb?ra ﬂ?g@fdlugclg%n V, Hepatitis C Virus,

Other forms of interferons include interferon beta, 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;

In another aspect, additional examples of interferons include pegylated interferon alpha,
for example pegylated interferon 0O-2a, pegylated interferon 0-2b, pegylated consensus
interferon or pegylated purified interferon-0 product. Pegylated interferon 0-2a is described
in European Patent 593,868 (incorporated herein by reference in its entirety) and
commercially available e. g. under the trade name PEGASYS® (Hoffmann-La Roche).
Pegylated interferon-0-2b is described, e.g. in European Patent 975,369 (incorporated herein
by reference in its entirety) and commercially available e.g. under the trade name PEG-
INTRON A® (Schering Plough). Pegylated consensus interferon is described in WO 96/11953
(incorporated herein by reference in its entirety)..

(2) Antivirals



Fl aviviridae; 16th International Conference on

Antiviral Research (April 27, 2003, Savannah, GA));
wokwbasssite anal ogues and 2' -nodi fi ed nucl eosi PEBUS2006/023394

di sclosed in Bhat et al. (Oral Session V, Hepatitis C

Virus, Flaviviridae, 2003 {&%al Session V, Hepatitis C

Virus, Flaviviridae; 16th International conference on

Antiviral Research (April 27, 2003, Savannah, Ga); p
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hel i,case I nhibitors, such as VP _50406 by ViroPhanma and

Monophig 1ds from Vertex, other helicase inhibitors
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or aifh i L Mo Sheth e R S8R, B nailrs go et
Inhibitw of bainki@iotaasksnpattiedtilylrepadiid C388is NS3 protease; PCT WO
98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate in an
electrophile such as a boronic acid or phosphonate (Llinas-Brunet et al. Hepatitis C inhibitor
peptide analogues, PCT WO 99/07734);

Protease inhibitors disclosed in U.S. patents for the treatment of HCV, for example,
U.S. Patent No. 6,004,933 to Spruce et al which discloses a class of cysteine protease
inhibitors for inhibiting HCV endopeptidase 2; US Patent No. 5,990,276 to Zhang et al which
discloses synthetic inhibitors of hepatitis C virus NS3 protease; U.S. Patent No. 5,538,865 to
Reyes et al.; Peptides as NS3 serine protease inhibitors of HCV which are disclosed in WO
02/008251 to Corvas International, Inc., and WO 02/08187 and WO 02/008256 to Schering
Corporation HCV inhibitor tripeptides which are disclosed in U.S. Patent Nos. 6,534,523,
6,410,531 and 6,420,380 to Boehringer Ingelheim and WO 02/060926 to Bristol Myers
Squibb (incorporated herein by reference in their entireties); Diaryl peptides as NS3 serine
protease inhibitors of HCV which are disclosed in WO 02/48172 to Schering Corporation;
Imidazoleidinones as NS3 serine protease inhibitors of HCV which are disclosed in WO
02/18198 to Schering Corporation and WO 02/48157 to Bristol Myers Squibb (incorporated
herein by reference in their entireties); WO 98/17679 to Vertex Pharmaceuticals and WO
02/48116 to Bristol Myers Squibb also disclose HCV protease inhibitors (incorporated herein
by reference in their entireties).

(4) Non-substrate-based NS3 protease inhibitors such as 2,4,6-trinydroxy-3-nitro-
benzamide derivatives (Sudo K. et al., Biochemiscal and Biophysical Research
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. (7) HCV NS3-4A serine protease inhibitors including BILN 2061 by Boehringer
Ingelheim, VX-950 by Vertex, SCH-503034 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;

(8) Nucleoside analogs

Telbivudine by Idenix (US 6444652, US6596700, and WO0196353). Nucleoside or
non-nucleoside inhibitors of HCV NS5B RNA-dependent RNA polymerase, such as 2'-C-
methyl-S'-O-L-valine ester ribofuranosyl cytidine (NM283, Idenix) as disclosed in WO
2004/002422.

Branched nucleosides disclosed by Idenix Pharmaceuticals for the use of treatment of
flaviviruses (including HCV) and pestiviruses in lnternétional Publication Nos. WO 01/90121
and WO 01/92282 (incorporated herein by reference in their entireties). Specifically, a
method for the treatment of hepatitis C infection (and flaviviruses and pestiviruses) in humans
and other host animals is disclosed in the 1denix publications that includes administering an
effective amount of a biologically active 1’, 2’, 8 or 4’-branced B-D or B-L nucleosides or a
pharmaceutically acceptable salt or prodrug thereof, administered either alone or in
combination with another antiviral agent, optionally in a pharmaceutically acceptable carrier.
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Ga); p A75);

2’-modified nucleosides disclosed in Olsen et al. (Oral Session V, Hepatitis C Virus,
Flaviviridae; 16™ International Conference on Antiviral Research (April 27, 2003, Savannah,
Ga)p A76)

Preclinical compounds include R803 (Rigel), JTK-003 (Japan Tabacco), HCV-086
(ViroPharma/Wyeth), R-1479 (Roche);

(9) Nucleotide polymerase inhibitors and gliotoxin (Ferrari R. et al. Journal of Virology,
1999, 73, 1649-1654), and the natural product cerulenin (Lohmann V. et al. Virology, 1998,
249, 108-118);

- (10) HCV NS3 helicase inhibitors, such as VP_50406 by ViroPhama and compounds
from Vertex, other helicase inhibitors disclosed in U.S. Patent No. 5,633,388 and PCT WO
97/36554;

(11) Antisense molecules directed against HCV genome or any cellular component that
is required for viral replication.
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and maturation such as Celgosivir (MBI 3253), a glycoprotein processing inhibitor by Migenix,
fusion inhibitor by Trimeris, ACH-0137171 by Achillion;

(15) Immune modulating agents.

Receptor agonists such as toll like receptor (;TLR’) agonists include ANA245, ANA971,
ANA975 (US 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 Immune Globulin) by NABI, or a S1P receptor
agonist, e.g. FTY720 or analogue thereof optionally phosphorylated, e.g. as disclosed in
EP627406A1, EP778263A1, EP1002792A1, WO002/18395, W0O02/76995, WO 02/06268,
JP2002316985, WO03/29184, W0O03/29205, WO03/62252 and W003/62248, the disclosures
of which are incorporated herein by reference in their entireties; Resiquimod [VML 600] by 3M
Pharmaceuticals, an imiquimod analogue that is a potent inducer of interferon-a and other
cytokines;
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(19) Any other compound currently in preclinical or clinical development for the
treatment of HCV, including 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 Maxim, IDN-6556 by Idun PHARM, T67, a beta-tubulin
inhibitor by Tularik, FK788 by Fujisawa Healthcare, 1dB1016 (Siliphos, oral silybin-
phosphatidyl choline phytosome), Dication by Immtech, hemopurifier by Aethlon Medical, UT
231B 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 JTK-109 (all
from Japan Tobacco), HCV-086 (ViroPharma/Wyeth), ISIS-14803 (ISIS Pharmaceuticals),
(GS-9132 (a polymerase inhibitor by Achillion Pharmaceuticals), HCV-793 (Pharmasset and
Roche), R1626 (Roche). |
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Utility of the a cyclophilin-binding compound or therapeutic agent such as sanglifehrin
in treating diseases and conditions as hereinabove specified may be demonstrated in
standard in vitro or clinical tests, e.g. in accordance with the methods described hereinafter.

A. In vitro

The effects of various sanglifehrins of the invention on the replication of the HCV
genome are examined using the HCV replicon cells.

The HCV replicon cell line, clone A, is licensed from Apath, LLC. The cells are
cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco), containing 10% heat-
inactivated fetal bovine serum (FBS, Gibco), 2 mM L-glutamine, 1x nonessential amino acids
(Gibco), and 1 mg/ml G418 (Invitrogen, Carlsbad, CA).

To determine antiviral effect of the compounds, HCV replicon cells (clone A) are
treated with compounds serially diluted in DMEM supplemented with 2% FBS and 0.5%
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aheyelgipbt fréatmizhbahd@osages required to achieve sustained virological
responses in hepatitis C patients are to be determined in further clinical trials involving greater
number of patients and longer treatment time of up to 12 months with 6 months follow-up.

Daily dosages required in practicing the method of the present invention will vary
depending upon, for example, the cyclophilin-binding compound employed, the host, the
mode of administration, the severity of the condition to be treated.

Sanglifehrin may be administered as the sole ingredient or together with other drugs,
e.g. a drug which has anti-HCV activities, e.g. an interferon alpha, a pegylated interferon
élpha, ribavirin, an HCV polymerase inhibitor such as NM283, or an HCV protease inhibitor
such as SCH503034 and VX-950. Daily dosages with respect to the co-agents used will vary
depending upon, for example, synergistic effects with the compound employed, the host, the
~ mode of administration and the severity of the condition to be treated.
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macroSuidiriagpare Baiged behn kliphatic alpha-amino acid residue wherein the carboxy
moiety of the aliphatic alpha-amino acid residue occupies the 10-position of said macrocyclic
ring and the .alpha.-amino moiety of the aliphatic a-amino acid residue occupies the 12-
position of said macrocyclic ring, the remainder of the macrocyclic ring comprising a hydroxy
carboxylic acid residue having a chain length of 6 to 20 carbon atoms, the oxy moiety of
which completes a macrocyclic lactone linkage and the carbonyl moiety of which forms an
amide linkage with the .alpha.-amino group at the 12-position of the macrocyclic ring, in free
or protected form, or a salt thereof.

3. A method for inhibiting HCV replication in a medium, comprising applying to this
medium an effective amount of a cyclophilin-binding compound such as a sanglifehrin.

4. A method for inhibiting HCV replication in a patient in need thereof, comprising
administering to this subject a therapeutically effective amount of a cyclophilin-binding
compound such as a sanglifehrin,

5. A method for preventing the recurrence of HCV infection in a transplant recipient in
need thereof, comprising administering to said recipient a therapeutically effective amount of
a cyclophilin-binding compound such as a sanglifehrin.
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R23 is H, branched or straight chain (Ci.i0)alkyl and/or contain one or more

unsaturated linkages in particular cumulative double or triple bonds along its length.

12 A method, use composition or combination according to any claim 11 wherein R23
is selected from the group consisting of -CH=CHa,-CHz-OH, -CH,-OCHj, -CHO, -COOH, or of

- formula XIX’
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