;v -.10123e3e+&WNNORMRVEVT&W WD 02/ 085928 - 1 - PCT/ CHO2/ 00222 Modifi ed
cyél osporin i sed as a pro drug and use thereof The present

i nvention rergwée:gof/g&%lg%%-drug consi sti'ng 5 of a cyclicramderapepioiode and
to the use thereof as a nedicinal product, intended in particular for the
treatment of paddhiciiogd cal ceerBioklians.ef ok h%aﬁ’ﬁbe Fﬁ__csjeoiporl ns constitute a
structurally ClllnS I nct tﬁl ass éu Oof CcycIiTC pepttrdes t he
fact that they—cofist 23 hai n of el even am no acids, sone being

atypical either due to their D configuration or due to the conpl ex chem cal
structure of I r..Si chain, or else due to the fact that the am ne group
is 15 al kyl at ggﬁ% ‘Porsédsg%erétf ABYGEC £ AP F 1@QFESosior A n®rieads Ugeeronsbsat ad f rom
a fungal sdur@®é @ndeyehyccyodecapegedazepindesosivhd atgd otfxgggg nafr gl
products haveppgen phtai rﬂﬁ%cﬂ?’c 20 hem s%(gtgesi,s or by tota syntfheS| s Al'so
i ncl uded anong these cyclic uncFécapJelbW SAnalBgsParé igegeal | dasr orthe
depsi pept i des -F*Pagmeafic bifc ppshydegticids crah oMl of negnhest gL | i nkages in
their chain. 25 In the remai nder of this description, and unl ess otherw se
speci fied, thg tgrm "cyclosporin” will be intended to nean both the cyclic
undecapept i desYbbPEPREADEr grRRShbtwEal asoatrecandalhei rdnsel ges Qbtaised by
hem synt l€si sodr cyetlale hesd s, whhehud 30t ept ol,i des obtained from
a natural sourge or the.iselé%ngl oguggﬁgbt g{lé&%d gr; Egnwg‘s?%ttﬁé%i gaSF tﬁhatt'ot al
synthesis. The fYr SOHeder C6f & hirdadyic| @ peliaveramanynbo daves 35 deen

i sol ated and béibmgi denpiikiadd evashdy CHASPHY Nehe1 1N Peptfde chain
constituting a&f/b%%de%ﬁgept i&l@ ring.is as follows: ® &B{ifgguraglon or
- MeBht - Abu- Sar - MeLeu- Var - MET-%f a OSAICR Ve EEHURELEEMEVE] titest X paded
chemical struhtak® bernglas fold aws: the CfghoSpPaELN t%e“'g}ﬁ%%hgr%yii%m
am no acigs whigh 4di$, cyclic 10 undecapeptide conprises, tha ch™is in
the 1 position, nanely N-nethyl- (4R) -4- ( (E) -2-butenyl)
-4met hyl -L-threonine, called MeBnt, is in particular noted. 15 This am no
acid is speciTd Cdd®e CY GHRIRON { Pyt 4,1 i Qssi ble for the ethyl enic group
to be opti ongll reduced. It has & g%%lr%e%% Foap SniRKS i Lefk hipatabed n
addition, th rﬁ%ﬂr@xy uRgdlp SAxde i andar meey | sywkty M@é&@p%ﬁtgagssense
that it is thdmdllay grouhede this,291 epll chic _undecapepti de capabl e of
pr oduci ng, ch%%geél n%cri?l fication. It i sBaFégc%séfg’Iee qe(?nno?etgt%rﬂ%‘iﬁyt hat
it is in a greatly Hidered % ed¥ c tORAL omiBtherikd ng Argo apiebehicly a
reagent extremehy déldseatescPix Tiedecsyebt cadndacapent ides, ether they
are of natural or&g%g-gé gg(@eobt ai ned %yﬂ:synt hesi s, Slgxﬁﬁ% tpe\é\rgho?%a%es
spectrum of bi ol ogi .af‘ acti Vit es, Tafiong SFEhS  Polypeptides  also
containing ester linkages in their chain.

25 In the remainder of this description, and unless
otherwise specified, the term ‘cyclosporin” will be
intended to mean both the cyclic undecapeptides
obtained from a natural source and their analogs
obtained by hemisynthesis or total synthesis, including

30 the peptolides obtained from a natural source or their

analogues obtained by hemisynthesis or by total
synthesis.

The first member of this cyclosporin family to have
35 Dbeen isolated and then identified was Cyclosporin A.
The peptide chain constituting its undecapeptide ring
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-3 the nost well-known are the im no suppressive, antiinflanmmatory or
anti-parasitic activities or activities making it possible to conmbat or
decrease the resistance of cancerous tumors 40 other treatnments. Sone of
these 5 cyclichq?ec%ngtides have been found to possess prom sing
antiviral actiVvities~Pn HaF tlebeur Vah-Mhbetir RARAEDY AQf MBS Lyyd i bi ti on
replication oMaWe -human i mmune deficiency virus type 1 (HV-1). H. In this
respect, a certain nunmber of cyclic undecapepti des, obtained by
henisynthesisﬁand having a structure simlar to that of Cyclosporin A but
in which the A&suexpehddie @GEm-Laci [ 4- ition,.or in the 3- and
4-positiong with respect to the NbB&?ﬁTgﬂgﬁgﬁdb%gg ﬁESQBégﬁwﬁﬁdified, have
been described in patent application WO 00/01715 filed by the present
applicant. Recent pharmacol ogi cal devel opnmengts have made it 20 possible to
hope that the i muno noderating effect of cyclosporins, in particular that
of Cyclosporin A which effe¢t is reversible d non-nyel otoxi c and for

whi ch few side effects hay, en |ist t aken advantage of, in

particular in the field of 25jJopthal o] treatnment, in
particul ar, of superf, ciak_ i conditions fof the eye and of its
surroundi ng appendages. & b ondi tions are,
inter 30 alia, dry i iyiti aHl ed Miry %eye syndrone,

Sj ogren's syndrone, fornsjgof
those resistant to cortigpsteroids, conjunctivitis producijng nucous and
synechi a, herpetitic strgnmal keratitis, immune-related 35pLinbic keratitis
and Thygeson's keratitis, oeraI trapsgl ant rejection,
and as an adjuvant treg _ ﬁrgq y. H 41 The cyclic
undecapepti des of the cycl dsporin hobi ¢ in nature,
whi ch reduces all the nore“their racteristic
is related to the nature of the side am no aci ds,
but also to the fact that the am ne grou these amno acids is
met hyl ated, thus Iimting the possible nunber of inter ul ar _hydr ogen
bond formati ons between the cyclic undecapeptide and, Pgb%géﬁﬁﬁﬁghaﬁ
aqueous solupilizing medium 10 As a result, the intravenous (i.vVv.)
adni ni stratioh°B¥ t hBSe @FMPdsIpar i menirenui a@sds hewdewsl opENL (€¥6T¥g
conpl ex1pharumdetiapept i or md i < mainly in the formof enulsions; which
sonet i nes hg[ygspr e%a?i ous st g@ﬂ@%}%sﬁ é%lc?/t r TR cat @ t 8hatdiee, land

whi ch are sources 3f’ advBedE Ly de @fm%thxl-B&RMay—QﬂEexath%engqg_qt t he

pr epar at i onsn&wyl-I-thnéosing, of cQIgLasPefdgh A cormer cial | % avai | abl e
under 20 thgdgagdemark Sandi nmun, consists of d mi ¢t oeMil sPERLESUAGT as
exci pi ent, a pol yoxyethyl enated castor oil known under the trademark
Crenophor. This preparation is conserved in the formof a concentrate and
must belsli | ahad j s ef.ore it _is_adm.nistered. 25 Due to the use of this
castor oil, whig i%nﬁnggﬁﬁﬁdf%OSBSFﬂFig $SheCBFLlPRBOESRBONEIt sbelng
synthetic nECESRRLE  ies nedef actumeren e orgmngs u%ngbev\hg@tbgﬁggi ng this
prepar at i onredakgdnater ighs made 0f; .4 sgﬂ?O or, failing this, "0 b4

synt heti c ngtgnkalir1 ccordance Wi TP sYahdhr 4§ gretithe aedpetn

Phar macopi a“FoF “F8Pept'dtd eBYRAPENdedtanr onhath Hl0Ogssr;ak! itshex?%r

material s haetableoibe diees@hssi Lhapng oijly gngd of fats. 35 1n a ition, it
warns bhe cé%gigéan(;hgf.this castor oi | i's capabP® ¥éf IEQUP ®f this
anaphyl act of d reactions =nd, “isesanennide r ecopabids tbat igHIRMNEIRYS

adm ni stratfeemical modification. It is

already that it ig in a

also possible to note

‘ greatly hindered stearic
environment making any approach by a rea

. gent extremel
delicate. !

25

These cyclic undecapeptides, whether they are of
natural origin or are obtained by synthesis, exhibit a

broad spectrum of biological activities, among which



- 5 . be used only in cases where oral adm nistration is inpossible. The
devel opment of prom sing uses of cyclosporins by 5 local admnistration in
opt hal nol ogy renai ns sl ownovi ng due al s6 o the difficulty in devel opi ng

sui tabl e phar e | farmyl ati ons which exhibit in particular good | ocal
tol erance andgg% ﬁ%éf gaﬁ”se 1IgJI"ﬁ'l'or"‘(é'bl GF&i o®ud TEx heuppseentweof anstous

agents. 10 Th@l@,flémaltpnmpmfamﬂngsﬁaﬁasﬂgp@rgcggvglt.iega\éq, raear:]g\;i ies
reviewed, in gdaxkhg ggtrbq_.] lype 3001 r{ZﬁéS) 527, all the technica
difficulties which-have to be worked FR2Hue*t GeFREaBPpsHe Inas imttamee of
the 15 phar m@Euriagge riosrami endonst bop raeni nisdaimaig £ chesRoLM A d ggal |y

i n opthal mol ogycand alhddhe -Iﬁﬁ§ | ocal tol erance which these
formul ati ons c%use..ZO One 6%%?%% con2$%g?on SR cht P betar aleSIms t hi s
review i s thattoTsS488e, amol Yoradll @dtdviexiest s iim t pertergual an, eyayash
which can be wgaaehsher edrl ofabdy f.or 4 reat ment_of. conditions of the
eye and of itﬁ sur roundi ng appendag}gs.l‘ e‘ngsltc;elglorﬁ:l dsi 9?&%/1% = prd®iened
to the use of "¥ET oSPOrRR B8FiERENFECcHR rusesypentl ofiIconditi ons of the
mucous nenbranes or of skin conditions. Consequently, there is still a need

to 30 topglingi aqﬁ,u.cg/cl Qsporins, whether they or synthetic origin, or
derivativ cyclosporins, HEan b nad&Ltédd | y nugbepat iodnt , ciyelic

particul ar | egulegamepwhi¢s, avbtdingdt he Lﬁ@m%xﬁﬁ%?é%aﬁééﬁ mﬁﬁlgﬁgﬁe

whi ch have a qygganious wi.gh are difficult_to :

side effects. nake Llal\cjézjti Is\gﬁle Hr e%(?f F\g? r aff e CYFLaRREL BdM i HDUgr abine

T e cot F e phanine (amang Sveasouitamol-posfrionlll S o,
e - 2 M ,

gins, nust be applied localTy tosgﬁgeltely%n’orw%ggi f§5PGFFothRi He aPpBnta es.

g 5 One t RE15Gss?Bidi tiass hean| atddd fiiced hehapecilddst delen iGrif r ont ed

wi th the probkeene fapekiiegtapydigeplebi ha | ogi cally activ nol ecul e
assimlable in a .p%%?%l ogi cal nedi um%?g&?&%chbefg?%% | gyrm'f:l}?%/y RY¥e$®0br der
to confer on®FP-4“F§ nature. hydrophilic

Recent pharmacological developments have made it

20 possible to hope that the immuno moderating effect of
cyclosporins, in particular that of Cyclosporin A,
which effect is reversible and non-myelotoxic and for
which few side effects have been listed, may be taken
advantage of, in particular in the field of

25 opthalmology, for local treatment, in particular, of
superficial pathological conditions of the eye and of
its surrounding appendages.

Included among these pathological conditions are, inter

30 alia, dry keratoconjunctivitis, also called dry eye
syndrome, Sjégren’s syndrome, forms of allergic
keratoconjunctivitis, in particular those resistant to
corticosteroids, conjunctivitis producing mucous and
synechia, herpetitic stromal keratitis, immune-related

35 limbic keratitis and Thygeson's keratitis, and
prevention of corneal transplant rejection, and as an
adjuvant treatment for filtering surgery.



‘ [ [ I cal properties of such a
'n-order to avoid altering the pharmacol ogi ca rti : _
Lﬂarnacologically active nolecule, this chem cal nodification may consi st

[ [ [ [ f this

[ [ 15 precursor, if possible an4i nactive re P cursor, o
Iﬂafgggg{gg?c%llp active nol ecule, w once adnlnls;ered and under_the eff$pt
Bf t he physioI5§¥63V556ﬁd?@¢%ﬁ§P@RFéﬂﬁﬁgOfocablwyaiddﬁbfmm ﬁ%ﬂﬂl?:#ke
Rt ve ol ecule 1o rel sasen L F post e et hep it ¢ PEHTE whde FHE

' I.s el ease , bl e, - _ € wher
phar col 33?’@“%1’62&*%%% TSLUBELRFY o (¥R T4% bFba wiizofaatddi dusnspert
thi s phar macokediateld ytactihee malesidl eot hus eggagedﬁg‘giht Sofslﬁn%s f %ﬁ i on,
this correspopdii tq.g.dhe {825 ngg"lconcept,lr1t e rena!gﬁg RS
i's description, the precursor gueStrof 6P $& d'phafaracsheg yaratt ve
mol ecul e i s c8FPER Ofr Garaigef, thesies alirgadyc kOWMIsPhRH 08 dd Cham, ]
nodi fy the 301§hgg§h§r@ of g@%fgﬁgwin A fOé%t,hge urﬁoszigécﬁggfrrlng o]
t he product optained™a E.né%ure. yqjgﬂﬁ??¥c hﬁg, 8 ﬁg | 'ﬁ:hﬁmeoving
described 35 8°0dj fgadrionp| beavicen WhO1£L395¢ aun@ebogeholabMdn .

(e dm i ot aboexaiopby” sReakagical Ly,astie il el a5, ond o1 CTADI o

themto gross the derm epithelial nmenbranes, : and t|
reversibﬁy grafting onto these nol ecules a side chain consist' ing of
As a result, the intravenous (i.v.) administration of

these cyclosporins requires the development of very
complex pharmaceutical formulations, mainly in the form
of emulsions, which sometimes have precarious stability
15 and are delicate to handle, and which are sources of

adverse side effects.

By way of example, one of the preparations for i.v.
infusion of Cyclosporin A, commercially available under

20 the trademark Sandimmun, consists of a microcemulsion
using, as excipient, a polyoxyethylenated castor oil
known under the trademark Cremophor. This preparation
is conserved in the form of a concentrate and must be
diluted just before it is administered.

25
Due to the use of this castor oil, which is known to
solubilize some of the components of synthetic
materials, the manufacturer recommends using, when
handling this preparation, only material made of glass

30 or, failing this, of a synthetic material in accordance
with the “standards of the European Pharmacopia for
receptacles intended to contain blood”, all these
materials having to be free of silicone o0il and of
fats.

35
In addition, it warns the clinician that this castor
0il is capable of causing anaphylactoid reactions and,
as a result, recommends that intravenous administration



fragnents of a polyarginirle chain. Included anong the pharnmacol ogically
active nol ecul es are nol ecul es which are t%ydrophobi c in nature, such as
Cyclospcrin A. 5 However, such conjugates -are extrenely delicate to handle
and to conser due. 1 facf, as i1s indicated i.n the cited application,
that the pharvn%:orb%&dgaﬁﬁgﬁly c?%vecah%?%cm P18 PdiPdas M ISSER HOn hel HH of
t he medi um exceerzssFible. addi ti on, when this 10 pharnacol ogically active
nol ecul e is rel eased, the polyarginine chain fragnments are released in the
body. Since they are known for their toxicity and their irritant capacity,
t hese pol yar gitithedewedprameatseos r piroatisimg sushst haf wye lafsmirchs by
cyclosporis 15 &qnju j  £4 el dof I cannot_be

envi si oned. Crooks e%rﬁﬁ)%jgts%%?lb%h i %npafgﬁ%ﬁglggﬁio tion 0o/ 6%8ﬁ' t he
preparati on of "PrEiHr U§ee of 24EP 2@ i hamELEycugsm s isuchdaseloping
f1urbiprofen, suitedel pRabeacble;taladmdphst gfi LAEM AL | L 0 Nt get
with the eye, whil.e at the sa tinme avoiding any local 1rritation this
time. They acRi&fe THids f%ﬁogec]e?cf%l]rn hOHBERNEE nédidci R preductausky

i ntroduci ng oxjgenaided 125 cor dumd yexygenairskenad nse MskBEsOLBRhRand, when
w shi ng t{@,subj ect Cyclosporin Ato the sane chem cal nodifications, they

succeeded I n obtaining only products which they describe as being 30
stabl e, in ot ABuswor @sd whiychwaye odt ebeaydd t o Radease déthe £ycl ogpoei n A

whet her this igcl t . WM h seLum i,n osp buffer at pH
7. 4. Consequent IC;?Rt? e %&ﬁ%ufé?’hegg?erhs'enggi' nvéjnttrllaolﬁm%' t oggéima 4 zééi'l abl e
to the clinicPdd prdtdr tfe ofeeyrl¢zl udddddpapttides whithe ltyed osporba

fam |y which, wbirkstl Y.ougan &g adpini red, y 4.0 1 he .ol ogical _nedi um
wi t hout Vi ng to deveol op conpl ex phz?]%agglﬂéc%}lfﬂflo‘?lrraglggﬁggancgﬂfcse%%ﬁdl Y,
can be stored®3AEMpREREICAL Eemnel 2biana admifest er eddniitrticittehamgng t o

worry in partCgolaspabaut hhelpbagepdi tinongpehath® 1994 OuH ng, redi 5
The ai m of thérgﬁfs%nt i pventi an gs al so to nmke available to the clinician
pro-drugs of tyeric andg ag&?ﬁ de5CLRTRREScyER LS Bort ke s ambfigrmHiathi @aa be
adm ni stered ¢a@gaely in general, and in particular on the surface of the
eye or on the nucous nenbranes and 10 which can then release, in a suitable
hal f-1ife time, the pharnacol ogically active cyclic undecapeptide, w thout

| ocal irei‘tatPed. ofo thes adrfeoisiome phasént mapveésd | deamwel af e6mt @ raiProls
drug consi stipg,pfya Gy g undec ti [ ' .he peptide chai

conpri ses at %;as%wor% gdnk‘liér:]to' ag:éd@%g%,dgrgo o?og@‘rﬁlgrggltlopor Satili‘nbetlr}b%m Y O
R5 OR3 R2 p ’ﬁn~ﬁ’fp~4\]1~ﬁp(eétlas.l'l, whigh| qan | b Rdmind@Bed 2@daimhi ch:

- the carbon sdeMmka censitnditeSoPnecalithenls ks Phet R U c?aB?ptii
ring; 25 - the substétuents Y each represent a hydrogen,atom or ogé:t er

constitute a bond? =tHE suPRPTEURAEE - R1L ARUSR3 FEPFe¥EAPn | nAependdst |y of
one anot Rér, krdgdeme@n @b omhean wel kfl  gheupspdtrial Ko @heuploal

het oo MR belL s XA 30 O eyl S SOYE L o 2
to 6 carbon &b, cerddtiPoeps being optional ly substituted with at | east
one of the groups chosen from
Consequently, there is still a need to make available
30 to clinicians cyclosporins, whether they are of natural
or synthetic origin, or derivatives of these
cyclosporins, which can be made readily administerable
to a patient, in particular locally or intravenously,
while aveiding the wuse of complex pharmaceutical
35 formulations which have a precarious stability and
which are difficult to handle, and which are sources of
adverse side effects.



g _ -COOH, -CONHRe, -NHC=NH(NHz) , -NHC=NRB (NHz) , -NHz, -NHRe, -NRez,
+N+R83, -OH, -OPO (OR8) z, -OPO (OH) (ORB) , -OPO (OH) z. -0sSO (0R8) z,
-0sO (OH) (ORB) , -0SO (OH) 2, and the various salified forms of these
groups, each of the 5 substituents RB represénting, independently of one
another, a |ineafhbds héaactgg(qs%lskyl group having from1l to 6 carbon atons;
- the substitueq&§t§yéfnd R4 repré%%#ﬂ?hq meepentent h ¥ . of one anot her, a
hydrogen atom an al Kaf yP¥grdwiptheria bQigﬁqgar or br anch€&asRpr igrequpn £
having from 1 td% @ bore aspng, ;. fhe subSTTt udtit RBeambRbi s@present;.

i ndependent|y of one another, a hyd?oﬁ‘éﬁr%@@@ingnaﬁpéhlﬂ)ﬁgegroup, or a ¥
|l 1inear or bggncged al kyl group having from1 to 6 15 carbon‘atons; and -

t he substituent “R® ﬂé@r$$mmtpoggigggkg | group, an al karyl group, a

‘het er oal kyl growhena %ﬁff’@c' i.C grpu%?sarﬁ‘éﬁi@abméertqpyghgca% oup, _ a
het erocycl i cal kyl , group or” &'t fhearwisrh br anghed ?gggl group h&iHSfgtdkbet 1
20 to 6 carbon af%nePhehid, grou agﬁbgg?optionaP y sGBst i @6t ednakifgat 5
least one of t Fesgimoups, cho gn_from - R FRe, -&&E&b@i(NH%%,
-NHC=NRe (NHz) o iNHZ, - NARE,  SNRISialdtfithat Ghe 19506%?8) 7, "H8EYleH)
(ORB) , -QRO (89°14Y | 60 doRepraer 0osQ (95% %CRe ;- toHrhemiaad 1the
vari ous 25 &al Retedef.or ms of these gr oups, heh ot het supsty @p&ﬁﬁ.ﬁ@
having the definition above. Wen the two substituents Y together tiic
constitute a bond, said am no acid residue of general formula (1) derives
30 from an hLn%@hypﬂﬁﬁﬂ-4t6(E)ag-P§teQ%%2-4;nethyI-Lthreonine residue in
whi ch the hydrmwofe 'ﬂ%£ og t he t Rr@oni Qﬁmmyeem}gﬁtthgEed in the
appropriate n%mer, and th EHth&C(pﬂ}‘Q@in{é@&){;%ctive mof ecul'ERhOSH aall | be
rel eased when tHe prleeuiogli ssgaved jn the cnao]d]yyv@q:tl\zen&biécgﬁea
cyclic uridfecapeptiged,n which the pep Yk BAH worenpd Seg | east oné

N- et hyI-(4R)éh£¥Eé- 2-But'eny PPE8ikdiehydn Lihhregpine residu HHADI a - to
Sinmilarly, when“tHecPhegdabatiivt ueny £, gach r epr esemCGURger ogert aglpmy sai d
am no acid re%(ﬁrdinei@zfeggae[a@ﬁld forpula (T) dBPLEsslier,om awhic

N- et hyl - (4R)=4s byt y! - 4net hy -Lqrfciﬁléoﬁhﬁeelfééic@u%f' ne ki ¢ tﬂé hy 53§ |
group 5 of the threofifie A¥sSbery egbenihied. in the ap r p¥iSd0d ogenngr , and
t he phar nacol%"tﬁaﬂdlﬂyactdlve éecul e V\A;lll h M | Ud“eerelbedped when t%e
pro-drugds eheaygd hn t.he body ?tfl%h%ﬁ’stm@:ﬂiﬁigacl%ﬁ Jjndecageptl de in
whi ch t he pﬁgti de. chaiy &6 sescaivéea%l%%%ll\l- met hyT - {4R) t48t  the
4-butyl) - 4- nBPAFEDLEt hredarticte gesidue (Dh-NE . PHEf eratllonsdd) geper al
formula (1) aetishng,gaid anino acid resiueient Least, of fhe

substi tuent s Rl and r 8fFESentor am aried kyl o OUﬁ gn al karyi-fHsml a 15
het er oal kyl .grliﬁlp?h%rm@cdogy@la'uqygra%%g an al kyl Hef8r yaydl it agie@iin: a
heterocycH(kﬁﬁybigéougforé%Jinear or BFaNﬂ%ﬁFQﬂ&yth@gogglﬁggiBg from1
to 6 caqﬂ)ond%%ns, each of saf'i?i“'gr@mw becbflge§%8§a;li ted wt £ &8t one
of the groups ChoseRfEBA - GBOHEHR0 » - Hc::r\h?mz? EhenHeeNRB ( NHz)

|

—

. -NHS, - NHRES -MRB2ursditRB3y - O - OPO DL - tROS( @s¢ PR ; opy - OPO
2) - Os&r . - 080 )2 on .gs0 AL the various
ggl_?fi )ed forrr%@?)rpﬁéggu ?oggs_?catgd@la? of gy s(f;%i l?ents @W#@Y he

definition above. These 25 groups, acknow edged to be polar in nature,
greatly i nprtoveg tahg_ety%dro hilic nature conferred on said prodrug. Mre
preferaply, said aral Kyl ‘R‘&lﬁylp,ramuereoa&&ybhe%o h(it erocyclic,

al kyl het erocfcﬂclté{renetefocy@lrci;p@ééghgr al Kyl groupsidbovecdi®y syhstit ut ed
with at Ieasnfemreig% thghgrgggs chosen ffom fNRBZ,thé\I+R§;§1,r RO (&) ~ or
t he varioug §?L fied forins t héFedpamupsobeache§f the substitueffs RB
havi ng the Q&fTHrtion above. 35 More preferably, at Peadtydrephil sai d
substituents RL and R3 represents a |inear alkyl group having from1l to 6

carbon at @T§J§ubs§é£§#ed with at | east one of the groups chosen from - NRe~,

- N+R83; - QPO ('OH) agfe et
L} appl&caticn WO 01/139:1- have described’ in patent
. - 7 -en
admlnistration + d& method for improving the

of pharmacologicallv act
' g them to ‘
€bithelia] membranesg
Onto thesge

and for enabli lve molecules

Cross the dermis
COnSisting
molecules g

| and the
in reversibly grafting

side '
chain Consisting of



- 11 various salified forms of these groups, each of the substituents Re
having the definition above. Wen said substituents RL and R3 represent a
linear 5 al kyl group having from1l to 6 cal bon atons substituted with at
| ease one of t oup osen_from -NR82, -N+R83, -OPO (OH) Z or the
vari ous sal i fi%%%r mssog%t h%s@oéﬁ’éﬁﬁéf‘lé‘écw%llﬁ he Iswsidedueatsn®e thavi ng
the defi niti orPhiyoRagoldmical I espandiviag mél@u@@éda&%sirﬁélffcéf’egf%ﬂr&bl y
derive: - eithgle f}{.ﬁ[%] ('ﬂgllec rrggelrli ne, threonine, _allothreonine;
N- et hyl serine, N riet %ﬁ Feont ne or “RE mefH§ P hBRoS¥FlrREPLEsINddes, in any
one of the 15 (D) or (L) configurations, preferably the (L) confirmation,
and in whish tHeedindr 0XYdy i ouf, f tionalized in_the appropriate
manner such tZIafn@Bhe si de chain oi Eﬁﬁ%% aénJIP%o SRt Eere Ydu@%léaﬁgﬁes tehe
pol ar and/ or $6fii9 iFhg-Yrewpseree duer thr ginel Vsiaw, ¥ nid hifngicataikni ne,
N- del t anet hyl dngi ehee,cN-&d p W 14,9 ni-pg .or thyll ysine residues, in
B%pm% i lt?l%fter%gg‘; R %r’{i ©

any one of the gurations, pre ically

acéDzy or é/dﬂ% con

confi gur ati on®“aASSi MUHTTHL € hé Sr Pkt $9@| psardomn onsi nilne grOWE hagebeen
functional i zedednutmhe appreepasat e annerrsuch .the side chain of .these
am no aci,¢ re%hgg%cg%ri.es he pol ar and/ or ?gpg%il}??zi ng Vg‘]'}PSBps. 5B1%nen
the substituents RI, JANELIY RECNE RAPLRARAY t A6 paleleasRld, R jhand/ or
(R3, R9) are BPkyhrgiodps hesing fragmdnte @rearROM: 4045, t hey can form

w thin each pg'iﬁceantggmgylﬁpg ghain which farms, with the 35 carbon %t om
and the nitrogen atom whi ch carry ‘i”ﬁen#oﬁ rq'q?ﬁl.rPrté?”e’r%’oq}y, arby tdumbritute
the side chaih*btt8pr oFRRECcidyi, duchese 1201 Vhegi hheesubsbiiuents, and
R represent,iitngdependgnt!y on th a hydrogen.atom an aral kyl
group, ag al kara/l roup, a %Lg%}éro:% Ky gﬁ’(()su%, acyﬂet %’%&/cl ¢ CGOSRPT Hh

al kyl het &Pocyt? 'qu%‘?‘b% , Alhetkeocékidal kYl Bpghelmodbgy | kRERLLOr be
branched al kydgnwreignd@ying from1l to 6 carbon atons, but said groups are
not substituted with at | east one of the groups chosen from -COON, - CONHRe,
“NHC=NH (NHz) , -NHC=NRe (NHz) , -NHz, -NHRe, -NRez, -N+R 83, -OH, -OPO
(ORe) ~, -OPOY{®H)s (0RY) , al0PO @edrabel0 - @8O ( , - : .(OR8) ,
-0S0 (OH) z, g d é/ffi ous.salified forms of th%gén?:oupé,g&%gr%)cf%é&
preferably represént the side cHAE TRAGF L At noChici BrPedruges, ofn ébrioer (L)

confi gurdl i oA$:f istadreatyt yagantbe (udh canf ifurkigrbr ek, of or esiglues, qf said

am no acids ipa 1, C i [ i vated rms _and optionally having
their anine group %%Igatgggfﬁq it%ﬁ g:ﬁéé[ﬁ/us%%‘f?gfgoﬁrﬁerc(ﬂn&ﬁc}}: e abhe. Mre

preferably, §¥fd afifhol@ci dtresheuesame chibsen Bwvordihe twaity agkge acids

usual 'y cal | edrigturian ame ackds. erably, dn general fornula
(1), the subst ifn_éuentl nl?%éand_ %hgang%%yg%f%ﬁéeoégﬁﬁ'rgﬁfe ntSat&¥8r ogen

atom Al so preferabldf, 1R3! oRECBRCE R d Pyulisttinaert iR ange bt e d
represe> aoki pedyoaygeraneedndhrid Kyl group having from1l to 6 carbon
atons, and the substituent R represents an aral kyl group or a |inear or
branched al kél group having from1l to 6 carbon atons. 30 Modre preferably,
sai d substitd@ntseRStdmr Réandpr ehent wi sitlependenthy et ong anther; , a
hydrogen at om g5 anpge . ef er apl said pro-drug consists of a
cyclic 35 undecapeptide 1n Vﬁl chc{%em%%bﬁ%%tcﬂaﬁn Egﬁﬁr iSs€segdsichgie ami no
aci d resi due®dF3 gB1BBalOHky mpreducr sandht bhis tleryTs das cendecapspiddde,d | ng

wi t1 g a BOr_estalsbauench Obrhep ajbpasaci gnioh ggheral) formyla (1) Dbelow
release the Cyclosporin A, whether this is in contact

with human serum or in a phosphate buffer at PHE 7.4.

Consequently, the aim of the present invention is to
35 make available to the clinician pro-drugs of cyclic
undecapeptides of the cyclosporin  family which,
firstly, can be administered within the physiological
medium without having to develop complex pharmaceutical

formations and, gecondly, can be stored and then



-T- U- V- W MeLeu- Al a- X- MeLeu-Z-MeVal - (11) in which: 5 - T is chosen fromthe
am no acids Ala, Abu, Nval, Val and Thr; - Uis chosen fromthe am no adds
Sar, (D) MeSer, (D) MeAla and (D) MeSer (BCGR9) , with RO representing a
hydr ogen at om, an aecfgaryl group, or a linear or 10 branched al kyl group
havi ng from 1 15 <Gr G at"‘@ﬁ‘%mswrﬁépr‘eséhostanhcamng ach d wafrrtyhe in
general formilmitNRYyaa: apobel nhLhgge it a cids_Val, .Leu,

Ile, Thr, Phe, Tyr and Thr and R1L ét:)elgﬁg%ar{@rr?elgr}?s ngan eﬁuﬁf:%}hddfl@up
havi ng from 1"%0%”&arbon atonms; 15 - Wis chosen fromthe am no acids Val,
Nval and Leu; - X is chosen fromthe amno acids (D)Ala, (Dyser, (DHv,

(D) val and5(D ]Il%r th %D) Ph resentl ng a D-2- hydroxyi sovaleric acid
resi due; and - oSen 8m§3 gsﬁﬁitno ¥FB51iPBuU” afd WEESu.tQ0 Whie,
when, in sai daé(mld@bd@ d Eesi dtﬂeeof eneralardf or @seload(rl@gs t hg ¢t woCY

substituents Yn8iaeh neSRr; en ato rmacol ogi ca fy active
nmol ecul e whi chnvm |l pe ﬁ%eased un%{; :{%%p Je%lv lg'fy t‘H}élﬁgoczﬂSl db@g in

the body, wilPR E‘éﬁérgfrter@ld aqu@llxz uimd epepepd 1 dea@ﬁ the ewelqspardm fam |y
in which the pﬁ@tls(ﬂﬁ:f(g@ N £0 ‘h |

N net hyI 4R) ﬁtyl 4net hyl - % rla}eonl hePediiSu TR R BRMPr 286 ssi #dar | v,
when, i g% 0 G4} dtReR; G’lﬁ—’é&ﬁfsagenm ak fsmmabaleé | haltheifwo time,
substltuents t’héogqﬂfmrma@m% isier g bapd, the cologjcally active
nol ecul e whi ch e reéeasged du}?‘l ng tﬁer%cl e(%ea%{e@of ut"%ie c?y 1Li§f1 n the
body, will cofi s?uBf gce cllff€ll§ﬁt’}é@é‘pept| de of 35 the cyclosporin famly
in which the peptide chain conprises an N-nethyl- (4R) -4- ( (E)

-2-butenyl) - I onine (MeBnt) residue, - 14 Preferably, these
cyclic undeca eg?ﬁges%c%%&pm EQFGE tc;ﬂc’l“b%’b’b%@ﬁsrﬁﬂﬁeaéyt@e@cmﬂmd in
the |itef&t urdras AauEAgtphar et oh ogycahcpmﬂaer ciapd all,.haEhngLd n
their pepti dep@@@i@e glﬂgr cgﬁ g%t hyalt ed‘{?et c§ E)amlno acid residue

but enyl ) - 4- nethyl eonlne
Nnet hyl - (4R) -2 lﬁﬁ%rﬂl rr%@hlwlﬁ t(ﬁ?ebaﬂnw resi due (DhMeBm) Mor e
preferably, the |linear sequence of the ten 10 remai ning am no aci d residues
constituting, with said amno acid residue of gener formula (1), said
cyclic undecapeptide is chosen from t he foI I oW ng equences of fornmnul ae
(1) to (XIv) 15

- Abu- Sar - MeLeu- Val - I\/ELeH-,AL&%ALa-J%/ Wg{eﬁu Veva (1 ;

- Abu- ( D) MeAl a- Et Val - Val “MelL Dt al- (1V);
- Thr - Sar - MeLeu- Val - MeLeu- Al a- (D) Al & I\/EQ_euR?\/EL u- ;
- Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLdu-MWeVal ¢VI) ;

-Nval - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeweige®al (VI1) ; 25
- Val - (D) MeAl a- MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeuMeVal - (VI11);
- Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Val - MeLeu- Leu- MeVal (| X) )

20
in which:
- the carbon atom C® constitutes one of the links of the
undecapeptide ring;

25 - the substituents Y each represent a hydrogen atom or

together constitute a bond;
- the substituents R' and R’ represent, independently of
one another, a hydrogen atom, an aralkyl group, an
alkaryl group, a heterocalkyl group, a heterocyclic
30 group, an alkylheterocyclic group, a heterocyclicalkyl
group or a linear or branched alkyl group having from 1
to 6 carbon atoms, said groups being optionally
substituted with at least one of the groups chosen from



~ Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Thr - MeLeu- Leu- MeVal 30 (X) ;
- Abu- ( D) MeSer ( QAc) - MeLeu- Val - MeLeu- Al a- (DLAl a- MeLeuLeu-Meval - (XI ) ;
- Abu- Sar - MeLeu- Val - NbLeu Al a- (D) Ser - MeLeu”MeLeu- MeVal ( X I ) ; 35

- Thr - Sar - I\/bLeq—C@%lé aa (B}_X MII\&%%LEU ﬁ%E%VQJ { Xl I ; agdls’\mﬁwe

= Abu- Sar - MeL NELeu '. '
pha?naggloglggwﬁy acthésnnhéﬁble-@h@é@RﬁWJI b@mme$wasenaduangotbg)zl )
cl eavage of th@S@r Ragug 'ﬁb§5¥bﬁ¥¥bh [ bggqogzgres L:gﬁ%é'§£$+§ﬁ§t e

fol |l ow ng cyclosporlns Wi th,” as appropri at & { dud™
t hreoni ne wi t B3& 1bdeeny| LowmBNt ) o6r btbgse ( DhdeBubd, chaealchQ/cd:f)spOtha A

| os | os or|n D
(&0 &?&?ﬁ?b%%.gﬁme% 0 NEN%?CSD%(D BRbBeiab iR Alcs 588
(D) I\/bSer(Oac)g e(‘D) §erlB@§Rr( F“?Ibgt?%&:&c ¢H Medk el ngkoghemiagting f\@mZB ed.

Ellis and Westp EI gayben Seobe’ce Publ., Bionedical Division, 1998, pp
1-33); ThrzLeuS_(D) Hi eLeuICSC The Journal of Biol ogical Chenlstry 1991,
266 (24) |, 15576%‘63 SPE)‘S SVENSRES1 Aan§5Rcy€FE§ﬁéﬁnﬁs Andepepdegtly apfl T

bei ng descri bedei mrRrtdgressai mytdmﬁle%gb%gl (r?fn %gﬁg$gékl§‘{/ﬁ%%al E’Sgdvuﬂﬁ
3226ne?go 1§gscr| egqg§|2@¥85ﬁ¥(%os qﬁ% ka8 ﬁE%%g g9§2n967 £r8p2. 120t ®bre
preferably, t@arpen-draygs;of the pBesent |nzenilgn~2a¥$ LfEPSFt'Vﬁ|Y’-
et Ve VR PO B et S ke o
HO-~~OH | 0 'O é&nothey. NOhpdrogen atom, an aralkyl group, or a
linear or branched alkyl group having from 1 to 6
15 carbon atoms; and
- the substituent R’ represents an aralkyl group, an
alkaryl group, a heteroalkyl group, a heterocyclic
group, an alkylheterocyclic group, a heterocyclicalkyl
group or a linear or branched alkyl group having from 1
20 to 6 carbon atoms, said groups being optionally
substituted with at least one of the groups chosen from
-COOH, -CONHR®, -NHC=NH(NH;), -NHC=NR® (NH,), -NH,, -NHR®,

-NR%;, -N*'R®;, -OH, -OPO(OR%),, -OPO (OH) (OR®) , -OPO (OH) ,
~-0SO(OR%),, -OSO(OH) (OR®), -0OSO(OH)., and the various
25 salified forms of these groups, each of the

substituents R® having the definition above.

When the two substituents Y together constitute a bond,
said amino acid residue of general formula (I) derives
30 from an N-methyl- (4R) -4- ((E) -2-butenyl) -4-methyl-L-
threonine residue in which the hydroxyl group of the
threonine has been esterified in the appropriate
manner, and the pharmacologically active molecule which
will be released when the pro-drug is cleaved in the
35 body will consist of a cyclic undecapeptide in which
the peptide chain comprises at least one N-methyl- (4R) -
4- ((E) -2-butenyl) -4-methyl-L-threonine residue (MeBmt) .



‘Abu- Sar - MsLeu- Vai - MeLeu Al a- (D) Al a- MeLeu- MeLeu- MeVal ~ CH3 O txV!). The
pro-drugs according to the present inven;ion can be prepared by applying
met hods of chem cal synthesis well 5 know? to the specialist in peptide

chem stry, ang.nost _particularly in cyclosporin chenistry. Hy virtue of an
appropri at e cgbwégai’)ﬁyﬂ hé’?\%’r itd{?s '%%s?‘iﬂ?%‘gh'f‘éeﬂ‘é?i hi RGCh& SRRSREHei @
resi due of hgehpdabgéfﬁ fatnsml,aheia)id tlaeligllroO- diedds a:mrl dlieng 4o tc_:}’@a@f@flelnt

i nventi on hav 0 t ave ta a.gre e nce rophilic
nat ure corrpargaprt%‘gﬂ?he?gﬁar {cof o igéa)ﬁcfrg/ é&i%mﬁg?‘é{étﬂ @@e’ﬁe‘%&i%fglﬁg?i ng
t he cl eavage roétlstalgletbrdpugneBwefsai;dué examblieh ttitee 1hysebulill idnowd
certain pro- g r.ese i i ! genpetate ¢l osporin A
after cl eél:’va:;j(é?I ?Ega{c hﬁggglgl%%og% El’t :B/nelee% g%%%?%?ff%%ngﬂhg Cof Il(Eﬂpoxglpaotrel”'n A
20 Consequent§ineFe pre- dngyPRATMROINTLENtLY nvehivenredrchd eeadiilch

i ncorporated §yNip aQUepLSe PRARMRGRI | €RL TTdald 0ng Al1so-nnd ably .. hhe

pro-drugs of the present invention 25 are found not to be sensitive to the
pH condi t i onsb%%alwllﬁjenﬁﬁﬁﬁf-ﬁﬁed?ﬁ of tIWEL kg pEnNgecapsHtdsts ohn widi athey
are in aqueowhéoﬁb@pwae bR aaediddn@iyi dete P 0184 89ScAk MGRHRIeNYR) -

i nventi OEOBOW‘gO%nE eiel f ul {XI h}l thgl r role by releasing, with-a - 17

hal f-1ifé i ne ety ér%‘%F ¥bro-foregniner FFEIENE ASHHiMeRT o, the

phar macol ogi cal ly active nol ecul e when they are in contact with the enzynes
present int b=ol ogi cal .hunors. The prese inyention also.relates to
the use of a%ﬁ%%‘?ﬁ%g & dé?crqe&aecra;bog%?‘%égaaqﬁ'\%diéc/er 109 o88eE. 38R a
medi ci nal produicd ¥Tespdeéerabl yeasedoher afhehk) sulesit ntemdnod Patdrad agi cal
condi tions or.gHysd icgl, candhid Ans Jeqyiri bef oy d se of a
cycl osporin, rin par%%%l af'alhof gg%%kkgt hg{ ogi-cal %nd%%%ggﬂr eég:s}l ng the use
of Cycl o$porilictereadayly orapneni cal |y bgtereerobhous igiaem. on. at5 Such

a medicinal producied Srody@Rill gubap it endatkdq aldcuniayp! oaged sury val
of allografts of organs such as™the_kidney, heart, |i1ver, pancreas, |ung,
smal | i nt est idTSHT bSFe MEEIGHE] t 3y lal §5CHB | RR¥ABEd 8O0 3 nikidi 6

replication fardin hatsnd Mmeaedef bei ey Vigriesugdsy/ P8 el igH ¥ubkri tLResuch
applications, the dosage of the pro- d\r‘;gl% of the present 1 nvention when
0

adni ni st er ed "8yt efitcal F§Sby 93°i @5 a UETPPECtTHEFR SR t h&POHne
concent ra0i on GSINHRPG| copUT-NH Oener, at-otHAHNR NGNEL eAVaNE; , f oNHRXAMmRe,of

Cycl osporin A,sQBrespor tot g\apeut i ¢ .£0 n t,i ons | I
recomrended. ggﬁl\fdr% pre ’erabl@,ﬁogﬁgp) 4 rredi%c?i%n(arqqﬁp¢%f§&c5t is%%ébg(gll%ﬁ't he
field of opht#EM8IRgy. andOBe (PHL éABed, |10l cul amnd othehevaréatsent of
pat hol ogi cal £ONdifdPns Qfrdde eye ang Ll i t@:%%fseund'e%%rﬁpp%gda%ﬁe 35

a, dr

| ncl uded anong these pathol ogi cal conditions~are, inter alla, %

ker at oconj unctHRARI RS0 Ral IRV iNg ke sydrfr bt 1epogrbavs - syklesse,

forms of2al | ep@uper alchenleaddd/i tios, beN gsrd+ culrar nbihege ,regkakani, to
improved the hydrophilic nature conferred on said pro-
drug.

More preferably, said aralkyl, alkaryl, heteroalkyl,
30 heterocyclic, alkylheterocyclic, heterocyclicalkyl or
alkyl groups above are substituted with at least one of
the groups chosen from -NR%,, -N'R®;, -OPO(OH), or the
various salified forms of these groups, each of the
substituents R® having the definition above.
35
More preferably, at least one of said substituents R?
and R’ represents a linear alkyl group having from 1 to
6 carbon atoms substituted with at least one of the
groups chosen from -NR®.,, -N'R®);, -OPO(OH). or the



+ '18 corticosteroids, conjunctivitis produci ng nucous and synechi a,
herpetic stromal keratitis, imune-related |linbic keratitis and Thygeson's
keratitis, and prevention of corneal tra |ant rejection, and as an 5

adj uvant trea for _filtering.surager re preferably, the nedicjnal
product of thté’g%?tgggntsﬁ%\l/gﬁfefjonf?’ém%sé%f f g/ge?ﬁe TR Fenteafth dpy  the

ker at oconj uncslpistii¢uetr § R°shelr iagpltheatdednis i ttiler dasage. of the pro-drug
of the present invention is such that the |achrymal concentration of

cycl osporin generated during cleavage of the pro-drug, for exanple of

Cycl osporin AVhsRousdife gpulestetuehts R'5 agfl By kepaksadm nastIawéen. 15
The nedi cigal u t res i hvent o b dm ni st ered

t opi cal | y,Eni naggr??i %ﬁloglﬁp fH(;é(ra\rth’[?g ocal IIt ?gatgngﬁfcc%% %&ﬁo&ﬁ i0 S%*tltl?‘l%d
nucous menbr aé&lorabf LH@F° coMA t dnsther preenserchdseni rfysam t i-0W%r 20
| nt ravenous| y-NIR, MY OHONOHG Bdmidtes WAL 08 abhy i 166N (IR AIE Afpese

i mproving the bioavailability of the cyclosporin, for exa e of the

Oycl osporin ASTQHBRAt heE Feli cP%aI HhdduSHbSE LtNeTSeseRt | ArEARDon tRe 25
admi ni st ered gaféntetahl whosi,t aflle phoravsendicgl aph aparaticons Jay,ds

sterile, ,conc aqueous sol utions, or powders for injectable
preparatﬁ%ns.Sgéégégg%VyaefﬁgeﬁedicinaI product of the present 30 invention

is adm ni stered intravenously. Suitable pharnaceutical preparations for

such an adm nistrati re ggueous olutions for injection or for |nfusion
which are wel | knO\%\%eﬁggt he spgci als'lses 1.1%%5 Nb?%mﬁ?g#”épﬁbl y, THEREIZI nal
product of the preabhothiieeninen i N-auhtihybseriote) ocdl-met hSuittatecnine

phar maceuti cal pregar RLiRRs i Yot 1 aijéréf'éﬁ%é?t ii%“’axip}‘ HALt Leul ar for

an ophthal.m c application, are eye washes, 1n the formoi’ aqueodsS sterile
solutions? - 19 (BphtREl ni(E) oi REREAGEraspRAFal nPEegeirabdyd eptet hallni c
inserts. The presesénfD¥@AEE6R, &MH al$O0whi&nadywantiiAgeous, b g&Bngtl-iaess’ are
presented in detailé Wi%.dk_}out,, p}\%ﬁever, being limting, 1n the exanples and
with the aid of tHREPafrRGEEAMRNEEES FifyUree 12PRFPREGAES MaBOEFe SBIcH n

\éi gr oI conversi gn 1fh&t nethieCSsdid)eE ahptie- ]EB’ﬂJgtlaé_ﬁér dinfichd ?a&b& E@é%ue@]j by
ydrolysis with esferases a _curve t he kineti,cs of appearance o

Cycl osporin A - F%%ﬂﬁleeﬁagﬁappgggﬁt Sr@ﬁ@rﬁeﬁ@ﬂrgﬁ%%l PSin the bl ood
after i.%90 administration of Cyclosporin 15 Ain an oily formin rats; -
Figures 2b and 2c pr t the.Cyclo i1 A level | he bl Qo fter i.v.
adm ni stration of ,&reesg?agftﬂi yé?%,lgaéh a?}g{)lu%is%b% ‘uti %ﬁég?i?gxb og"gﬁgta'
pro-drugs accor di MepteYiaesinieati on N7 lpdes medhy l2rgiFinur e 8rreplesent s,

respectively, the woneentyaihons<seiudd miaf Luel gspordn Anand9f a.
pro-drug according, to the inyention, in rabbit tears. . 25 In the

nomencl ature used {1 the EXBAPPEEEEGCHEscri b@RHETHVdCct s BBEai nedL)t he
Oyl gspozfn ﬁ\ r esicref i@\#iatbﬁoﬂﬁs%ﬁﬂaﬁﬁﬁ_mii%khesl@é)ﬁf@é{ﬂ:?&t?ﬁel _Cét‘h,ikahebl
residue of the oppgsit.e fragnent bein nked to the only functionalizable
group of this cyclolori ulﬁndler%eap«?&ciuébe, h:?% n§ﬁ§W %H@cﬁﬁﬁpﬁ%ﬂ'lzeér otP ofPEhe

am no aci d havi ng agrrdpposi¢ | omnridmetsydr CARE -dhe (| {iHe - 2hhudtrer o¥l )
-4-nmet hyl - Lt hr eoni dveBnt str ral i cal, .formul ae of .the

i ntermedi ate pr odt}gfess( der | v%%l %—?g?n ?ﬁgq@ﬁ}os‘%ﬁgﬁsﬁ\ %E? |PPept e2BR OBl y
the amno acid resduikizHeg 1985uPSsition with the respective side chain.

30
When the substituents R', R?® and/or R?®, and R* forming
the pairs (R', R?) and/or (R®, R*) are alkyl groups
having from 1 to 6 carbon atoms, they can form, within
each pair, an alkylene chain which forms, with the

35 carbon atom and the nitrogen atom which carry them, a
ring. Preferably, they constitute the side chain of a
proline residue.



. . . . la (XV) O
-.20 Example 1 . Preparation of the cyclic undecapeptide of fornu _
-pp O~N~rrpN~p~p HO er-N Abu- 5a~- MeLeu- V. z-l\/pLeu-At a-(D5 1. Preparation
of MeBnt (0 Sar Lys (Ne+Me3) COOCH ( CH3 OCOCHS) ) 1- CsA ( Xv ) 1.1.

Pre aration ofyrsAGaloxy @%@it@éﬁtg' foi)rhcg%l r%eg}%éi?naz%éqgegée%mllwm 7

Preparati on of a-chloroethyl™ para-nitrop
mmlo 1.1 eq) f %%hﬁ@@ééﬁﬁyl a:hhxadn@gerrataeoare atddaegalal 10Grdin

e and 1.7 nm (21.7_mo 1
Zgl) UE):‘ oBy(r):c d?ﬁ%l{aﬁ: 1188@%2J c?f' ch or% orm eé;QC%l%h ﬁxtﬁ%e§%c¥FFﬁFed
far 30 mn at BFERNnd %rheﬁlﬁw*h@rter@ch'cétlcamm teﬁﬁ&’tﬂiﬂ@cﬂﬁ@alﬁ?@tl on

ture isSexgratpedr s N Wad£F , oM £h33.1 N% and then with
\r/]\1/ai<elrJr The organl beﬁﬁhr se |ls dri ed O\t/:e;?'1 K %@% QI‘I ere%> ﬁa}l@%ﬁui%megl y
under reduced-Vacu Y gRVEME yEMCoRGId IRPERS ghves I@tpured ets

(5.8 g) after w25hcrgnsteﬂlda92tat PR fbﬂmﬂ@(a@% u{glé'NNB %éQPH%/J;@ 8:

? EZZ(dPrgEDar agl o (s)ngﬁgl{qM&gf Hﬂ?g?qﬁl t@%bl%eny‘l Hoar boWR'e (ZG)R ? 8 g
(24.4 mol, 1-5'RG) of - @Er,curyome(maea are adpledos) (Or® sol utd

16. 3 lg, 1 (1) o 1009% acetic aC| d. g’ﬁe r‘eébti on
gnxturtrarmllso stl?ggé g 2 d?ﬁ?ﬁn@)ﬂe%f te t(§{'lﬁ|‘r’e MMy e aRzidens i onal
1 g (3.13 mm?alGfQG@q)fQﬁmSTep(furt]haset atreups addhdn Afiey %:tzllerf{éﬁgbrjl;]}gr
further 1 da nt er g e reaction.is co ete

ag;tl c acid Yrélgiig%)ﬂ;gt ggjegf%ggﬁdecﬁ{ r? égcuaumrﬁ hd3HE rESTudeeFs tidken up
in ether. The ch Phase qoéifé)@twl’akictléma/m t lpe Satabbky sokt i @heand tihen

dried over Nazcﬁﬂﬂl durah&ﬂbﬁ ¥y gyapratad dnder 5%9&0391 cugm ;Lo give a
yrel low 13 0|I Thegcr% e, ?oduct is chr orrat ographed onsi 'gJe‘F to" gi ve
)

a col orl ess opfo‘—( % I[LONNQC(WW feprgapnd 8©P‘8101341hd h2Mjing 7. 43

3 P ayion of
(d, 2H) , 6.8hdiy lHEminz 16g6:85;.1p3|—|)a1]5£y§4té§; Hni &9 o f ePré%%?Ia?LI 3 of

|
The Doyl ootar Ty U RThba9LEr boRyF S |yg$ﬁ§emm)>(gm5 amino

acid residues are chosen from the twenty amino acids
usually called natural amino acids.
20
Also preferably, in general formula (1), the
substituents R® and R® cannot simultaneously represent a
hydrogen atom. Also preferably, at least one of said
substituents R°® and R® represents a linear or branched
25 alkyl group having from 1 to 6 carbon atoms, and the
substituent R’ represents an aralkyl group or a linear
or branched alkyl group having from 1 to 6 carbon
atoms.

30 More preferably, said substituents R® and R® represent,
independently of one another, a hydrogen atom or a
methyl group.

Preferably, said pro-drug consists of a cyclic
35 undecapeptide in which the peptide chain comprises a
single amino acid residue of general formula (I} and
thus forms an undecapeptide ring with a linear sequence

of ten amino acids of general formula (II) below:



30 35 500 ng (1.23 mmol, 1 eq) of H Lys(Z) Gbn.HCO are suspended in 2.5 m
of dioxane. 231 ~1 (1. 35 nmmol, 1.1 eq) of13N N-di i sopropyl et hyl am ne (DI PEA)
and 396 ng (1.47 mol, 1 2 eq) of (2) ar € added at anbi ent t enperature.

After stirring for_% _da -?qt_{z%’ﬂ%he% ratur :%h reaction i onpl et e.
A &alce N{? a;n ﬁag

The di oxane is evapor ated o under d the rest is taken
up in 20 mM of ethyl acetate. The organic phase is extracted three tines
wth a 6%citghcyggid.solution (20 m), a saturated NaHC03 sol ution (20 ni)
and a saturated NaCl solution (20 m), dried over anhydrous Na2S04 and
filtered, and the solvent is evaporated off under reduced vacuum The cr ude

product ol ai ned iis chofd £hEEMELEAIRARRASI N & | 9 v ear
transparent oil (§76 C:rrgo) ESI-Ms: nmfz: 501. ??4 ﬁl—ﬁfg ﬁ%g 2§N%l\]ﬂ+ .

5 1.2.2. Prepdf@tiBhiof a-acetoxyethoxycarbonyl -1ysine (4) 50 mg of
pal | adi um on acty ve schaheeah argoaddelet G 156! létd*Qils ofs209 )Ml Mol )

of (3) in 10 0 et hano ring at anbi ent
tenperature u eréAaist &Y JfD ﬁéd[‘lr @661{9 %{aeg‘l o’ﬁ i FEFRI[EL "Ther
reacti on m xthydrogehi | aepad ower edkatrerlandyrdiepfildérate i gievapor ated
under ce v [ in_the. f rmof brovvnl sh crystals,
whi ch |s ? S%e %%c%ﬁ?ﬂnsfégsf %Pw\%lgngrgfneﬂi % ESNSTF 2 - 276 .
87 [ MrH+] . 1 2VSrPPepaﬁat:sonnofawan@c@tmaﬂm:&;&:agemayalI ﬁermeléNE(N:mc))

(5) 20 1.11 rgopf DI REAL 6,53 ARBL Jfron?gghg g%\; ?fSaaés] {?@1 2

eq) of Fnoc-Q Suc are added 1o a so ution acuna 1
eq) of (4) diss™ védTin B nl Ter drskaBar ﬁfftderRstlbﬂillmg faorlllnehaat ca:nbl ent

25 tenper at Ungrarhdited €2Ck{ DNgLSuSORRY 8hE- £ FBR di ezsa%eda%b%\ff%g d off

under reg ced vacuum. and t he resi due is"taken up in c. The
organi c pRase i'5 VRASHIFEYhcer 9t hrg %mlePtF‘Fédﬁci"élsowmallo@r’(dz@%) and a

saturated NaG %ol usi arhd2éh mekrondr tRd oveinanhydraws (30 AMa2S04pand »
filtered, and ol S evap d of f. und reduced vacuum The crude
product obt ai %ﬂ)gfl\g CKBE%P % gé% =y |"{J§§‘ Z{) HLY fSRFSCSHE 129 Gam
(1.026 Q). E@-Msl'nstdnoxyzls@@aleﬁlé’ @chesla&e,.aadg [MrH20+H+] ) - 23

i- 'c:s)’A' IDr(a??((/)awlcﬁrsE cghégepar a&%%ﬂ'ﬁ}%’é ff%%/beﬁ%lé ?18&%‘(?%% 5 4 g (3 33

mol, 1 28) of dry CsA are dissolved under argon in 66 m (0.76 nol) of
br Ormacetyl bﬂl’@iﬂ dewndrf 1Q{(165,84 mMplinsdS §6) g0f ~AL0REAY! 8

ne are
added in snual ortlons and the reaction mxture 1S st |rreg] aggxrér%gEL
t enper at ur e T i AL Thetkf%aEWPorﬁ‘-ikés‘%W%‘b‘ﬁplYet%aCIThe“erm’@cﬁtqf@n B Xt ure

i s poured, caiy@fndgem anton,t hthegopﬁbjﬁm%bnb Rgallpt oaatmfét Uh&18EnMydrogen
15 carbonate i and .cr ushed e. The possible

addi tion of a ew fuqtlhjl? pB%J(?%ﬁg &%%3 Hﬁké:é'eiatva&?ssci’ | €18 oPEPI ng t he
pH of t h&5 soldatigon to 7- 8heThebcscéeyaar atvmdl]aquemnﬁslrmaseolfs extragyeditw ce

wi th dichl or p d as e 20 extracted three
tines with aﬁgigte%% &?]%‘a%ﬁ q-%e'ﬁtic r?q%%é) §§§é§?§r ated" :ﬁ” §8Futi on,
dried over a@ﬁ?@&rl@]@s Nel2&Dd  areritid dtrey edanandﬁ-tntai;lso’ilﬂ/efm 1%- Bwapbrat ed of f
under reducege¢agdum- r i i ude é)ﬂ-%gé 95’%%@&91:15 chromat ogr aphed on

am

silica gel, to give a 25 white fo

30 Similarly, when, in said amino acid residue of general
formula (I), the two substituents Y together constitute
a bond, the pharmacologically active molecule which
will be released, during the cleavage of the pro-drug
in the body, will consist of a cyclic undecapeptide of

35 the cyclosporin family in which the peptide chain
comprises an N-methyl-(4R)-4-((E)-2-butenyl)-4-methyl-
L-threonine (MeBmt) residue.



ESI-M5 : mz : 622 . 6 [M2H] , 673 . 9 [ MtNa++H*] . - 24 1.3.2.
Preparation of MeBnt (O Sar-H)1-CsA (7) —~{Z 5 10 15 20 25 300 ng (0.23 mmol,
1 eq) of (6) are dissolved in 2.3 m of éthanol. 95 ~~1 (0.68 mvl, 3 eq)

of triethyla an addi tional

et hyl anmoni EIJPSE%%%S%‘X a(r]\:el:%S g’%l anbi en?‘?@%ﬁé §F5 Oﬁ?@?‘:giﬂl r%%? ng
for 3 days attB@bFEAtospepénst @rle:eaedij e srenibed i:hetbbl flate2aypraddiang TEA
and addi tion i 15 e yl apgeni t.he
reaction is corr\{)I e g%gga%el%% 0 lrc 4 g)rogfﬁg%gfegl S evap(‘)aranﬂt 1359;}?3% eI?
reduced vacuurhehd PrEtids deeais, t&l%éhle@rp 3m Bthgkhzdet(dRe - 4‘FHe(Hﬂrghm c

phase is ext rggt th-wetg 1andtwrree 3 pgat lut
over anhydrous I\{%]J:O\’L and fi F’tere d n%e EM vﬁ)t N?gse\?gpor%){)ea under

reduced vacuuRft &‘I"%Be‘lpPBEIMér‘loB*?&bbfédLl §hewesideogr appéduen s(lﬁlh-ca
gel, to give nemitt e foam (200 ng) . ESI-Ms: mz: 1273.7 [MrH+] . 1.3.3.
Preparatlon of I\/me(OSar-Lys(Ne(FI\/DCCOOCH( CH3 ) OCOCH3 ) ) ;-CsA ( 8)
~0~0~ O- ~OFi p N~~ ~Gi.,,) :: 1 ,10--N O NH Fnoa) - 25 79 ny
(0.06 mmol, Map opr(afyarabéydl ssﬂie/edlime@rS ebqufen@eChl@fr onehganee(IpCM

d ~ 0. DI PEA |
o 0(7- ashercare iy - i g FReatueR (Rorarorarg with sake ©9
hexaf | uor ophcypineR ea¢ HATYE sddithed @ fryg¢0e 081 miokmula3 €), ofa(8) cgicddel ved
0.8 nm of | f 3 h
at B e e S e b 8h 60558 e of

at anbi ent tenper at ure e reaction I's co

under reduced AFARIAAR ahBL Thet® e§KEWR: 10 i s taken up in 20 m of EtOAc. The
organic phase |s washed once with a 6~ citric acid solution (20 m), a
saturateg soI ut|o 20 m@q a_saturated NaCl solution (20 m),
dried ove? a ‘?‘P?‘ér%ﬁa ARUAL ReMebryeieliey -Medsdrat ed of f

under 15 redudact)vacuum The crude product is chromatographed on silica
gel, to giVeJiﬁMﬁ8ﬂ3ﬂéxygﬁé%b£92Val—MeLeu—Ala-(D)Ala-MeLeu-MeLeu-
MeVal- (IV);
-Thr-Sar-Meleu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-MeVal-

20 (V);
-Val-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-MeVal-
(V1) ;
-Nval-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-MeVal -
(VII);

25 -Val-(D)MeAla-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-
Meval- (VIII);
-Val-Sar-Meleu-Val-MeLeu-Ala- (D)Val-MeLeu-Leu-MeVal-
(IX);
-Val-Sar-MeLeu-Val-MeLeu-Ala- (D) Thr-MeLeu-Leu-MeVal-
30 (X);
-Abu- (D) MeSer (OAc) -MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-
Leu-MeVal- (XI);
-Abu-Sar-MeLeu-Val-MeLeu-Ala- (D) Ser-MeLeu-MeLeu-MeVal-

(XII);

35 -Thr-Sar-MelLeu-Leu-MeLeu-Ala- (D) -Hiv-MelLeu-Leu-MeVal -
(XIII);
and -Abu-Sar-MelLeu-Val-MeLeu-Ala- (D)Val-MeLeu-Leu-

MeVal- (XIV).



ES-M5 mz: 1754.36 [ MrH+] ; 877.86 [ Mr2H+] . 1.3.4. Preparation of

MeBmt (O Sar-Lys(Na2 0 COOCH ( CH3 ) X ) ) 1-CA( 9) MO~OO-NN O ~
O.: NH21t9) 90 ~~I (0.86 nmol, 10 eq) of diethylam ne are added to a 25
solution of 1 ny . TG dj I in, 900 ~1.0f
acetonitrile. %A)lfet e?ﬁgtr?lrgrc?gglgflgr]alg‘% gtCtal%i eh?if%g\r?g%r af”tl}rl % tHéereaE’Fi on
is conpl ete. TRéeaSIEFenBuringyaper attd@aoigeunaér tleugew vao@miandthke
crude product pbgychyomat ciaphed OR=ShHbi , gi a i E gam (52
o) S NS oo inag e 2 e CPesheteivaey, e ore et 10116,108
Preparation ofYREBFPOEG Sar WL§E , ( NES MEDPISBIEE {e CH2 ) restdue )dgrivedCsA .
| - ( XV )5 H @rom0 €hdebnihe~Xw)td 49 B’Qtél@%@?’ MEdme )l ed) Bﬁtﬂr?) ﬁ]bﬁ_
di ssolved in 9[4g ~% \%& anhydrous DCM and then 30 ~tl (0.48 mmdl, 15 eq) of
Mel are added, SPOFF o®ed*By 14 ~1 (0.08 mmol, 2.5 eq) of DIPEA After
stirring for Cyhtospatianiencsh) ;t enperesbaEt TAE gactivon d&/ corps et e.

The DCMis ev of f under.reduced vacuum and t crude product Is
purified by Sgﬁ?i%%g%g%& id\J/e&l‘i'TlgL)C id%’% AT B @olczgtgg?t;hézy RYmMIduUrd i n
the form of a(f§6philisat@)BAIeCsDL5 ES- MDIzt®car4. 37 [ MyHrhricg87. 83
[ ME2H+] 4 oEXxa I KatLan of € iC pti.de or mul
(XVI) 20Jﬁk}nglﬁggggéggg)S&é?{. SPREQ* %ﬁ% N(Hggsggg% in (Me51c1na

Abu- Sar - MeLeuCRamRigEEEY- Xod- @OD).Aled M li dvbted- Nevt+-CE3sBvier Science

Publ., Biomedical Division, 1998, jo)e) 1-33);
Thr’Leu® (D)Hiv®Leu'®csC  (The Journal of Biological
Chemistry, 1991, 266(24), 15570); (D)Val®Leu'°CsA;

15 cyclosporins A, C, D, G, I and T being described in
Progress in the Chemistry of Organic Natural Products,
1986, 50, 124, the remaining cyclosporins being
prepared by analogy with the method described in
Helvetica Chimica Acta, 1984, 67, 502.

20
More preferably, the pro-drugs of the present invention
have, respectively, formulae (XV) and (XVI) below:
v
3 ( W
. O’K/Nm/\n o o’Lk
o H
r‘q Abu-Sar-Meleu-Val-MelLeu-Ala~(D)Ala-MelLeu-MelLeu-MeVal
( Sy O
(XV);
25

and



f~E) - 27 . 1 . Preparation of MeBmt (O Sar-Ser (OPO (OHV) ) COOCH (
CH3 ) OCOCH3) "-CsA, (XVl ) 1.1. Preparation of
a- acet oxyet hoxycar bonyl -serine (11) 5 T 281" Preparation of the benzyl
ester of aacetoxyethoxycarbogyl -serine (10) 1.4 g (6.04 mmol, 1 eq) of
H-Ser-0Bn. HO are suspendB@-1Hn 12 m of dioxane. 1.14 m (6.64 mol, 1.1
eq) of DIEA and 2.1 (7.85 ﬁznl, 1.3 eq) of (2) obtained according to
Exanple 1 are addedlatcﬁnb'e Lt eratyse. After stirring overnight at
anbi ent tenperat ur r,l\?act.?i on is/]\(;o | ete. The di oxane is 15 evaporated
of f under reduced. e yfd “Nhe geso is taken up in ethyl acetate.
The organi ¢ phase i5 extract®d Hhree tines with a 6%citric acid sol ution,
a saturated NaH {Ab OB aR NELGL-SaMAL&J-RE-(DYARIMeE Bl-MeL &Me s €d Over
anhydr ous Na2S0 dagiltered, and the 20 solvent is evaporatéd of f under
reduced vacuum | TRe®crude product obtained is chronatographed{on silica
gel, to give a ite foam (1.7 g). 1INWR (400 WHz, CDCl1l3) : s:17.34-7.41 (m
5H) , 6.79-6.85m IH , 5.72-5.8Z (m IH) , 5.24 (s, 2A) , 4.47 (m 1H ,
25 3.94-4.05 (m 2H), 2.06 and 2.08 (s, 3H), 1.49 and I.50 (d, 3H . 1.1.2.
Preparati on of a-acetoxyethoxycarbonyl-serine (11) 30 40 ng of palladi um on
active charcoal are added to a solution of 400 ng (1.23 mmol) ofXYH0) in 13
m of ethanol. After stirring for 4 h at anbient tenperature under a stream
of hydrogen, ;ﬁhe reaction is conplete. 35 The reaction mxture is filtered
over celite andetRECTAFEAS: 8CCOrEiaorta dditunere?sSeREUBICRESGIMAER Joee t he
Fol 1 owi 10 <5t cp (00 ao) o IaT R (00 M o) e e 1h
ol.I owi ng s ng)... - . . : ). b: 6.3-6. m :
5.8-6.3 (M %Ef)“,gwﬁ. 504 5h¢ rﬁpi%?f%?%-gﬁlé’rﬁp%%e,a@ﬂ)él%‘éw' 1289 JRFY. 50
(d, 3H . 5 Ip@rtfrebarayi tn ofcleBpbiOnSahebast@R OH ) ~ ) COOCH ( CH3)
OCOCH3) 1-CsA, (XVl) 1.2.1. Preparation of MeBnt (O Sar- Ser (OPQ( OH) 2) COOCH (
CH3 ) OCOCH3 ) 1-CsA, ( 12 ) 10 Od ON~~Qn...., O~ O~ O™ ~rr 0O (12
By wvirtue of an appropriate choice of the various

substituents defining the amino acid residue of general

10 formula (I), the pro-drugs according to the present
invention have been found to have, notably, a greatly
enhanced hydrophilic nature compared to the
pharmacologically active molecule generated during the
cleavage of said pro-drug. By way of example, the

15 solubility of <certain pro-drugs of the present
invention, which generate Cyclosporin A after cleavage,
is at least 3000 times greater than that of Cyclosporin
A,

20 Consequently, the pro-drugs of the present invention
can be easily incorporated into aqueous pharmaceutical
formulation.

Also notably, the pro-drugs of the present invention

25 are found not to be sensitive to the pH conditions
usually encountered for this type of application when
they are in aqueous solution.

In addition, the pro-drugs of the present invention

30 completely fulfill their role by releasing, with a



170 nmg (0.13 nmol) of (7) obtained according to Exanple 1 are dissolved in
3 m of dichloronethane under argon. 15 92, ~tl (0.53 mol, 4 eq) of D EA
51 ng (0.26 mol, 2 eq) of HATU and 60 ng ‘of (11) (0 25 mml 2 eq) are

added successh‘éﬁlﬂll‘i'}@er £aRQon . Al Er%rlys_rhéﬁé:%%nf or @,hours qa}g %?/%%%géFed

tenperature, the_reaction is conp et or orrer[ hahe
of f under redé@é’dlEGWQ@uurﬁ%@h&W&‘@@lm@leaﬁenlup imo letcylle ackent e.

The organic phagg Iasr@xtlha%@ﬁta@ﬁe%utdmﬁ%gw t% %C'ptrrésced‘ﬂzc g nSOLHLI on,

a saturated 3 solution and a saturate ution over
anhydr ous NazB38218HAdC Al HEFedS-and the sol vent is evapor ated of f under 25
reduced vacuum The crude product obtained is chromatographed on silica

gel, to give g white foam, (143 ) ESI-M5 : Mz : 1513 . 32 Na+] ,
1508 . 34 [Nwﬁl@%)esenhé Ve@é”?’%ﬁljso Tl Ees [MR2ElE gsel: pro-
Preparation cliriigBas(8eSatibes( @BoyEs! lae~)CaeH di i3 Pr SEGH; ) 1- GsA (
13) - 29 HOO'I~N~- OP-0J O2 0 (13) 130 ng (0.09 mol, 1 eq) of (12)

are dissolved in 880 ~1 of anhydrous CHzCl 2. 20 ng (0.27 mmol, 3 eq) of 1H
5 tetrazol e afechhen addedinkdl | pweduby 5% ~breFekaubbipl us’édeqiio@f the

(A110) ~PNGi Pry Ze ARLRE Sif T 'a@gé)g%rg %ixli aé?rggﬁbf%lt b} e ué.r%lotgr}.ecal

reaction mxture I's cool ed
m chl or oper bef@Bitt dend ar zegddedngandbefiershiand ng tihe comxsenuecbff or 80 10

mn at -60C, C, a 45 ie te rat ofa
afiﬂé SodE 1A nd ?ngléﬁlégb Bt teqpg %hd%é%l &%r o

10% Na~S~05 s i on are added, to the reaction nediumin ~or
destroy the S ERRBaneIUdAd PehdhexisacPfof sl @enet e But Lwiasi 1y

di chl or onet hage. sydicefi 8801 ¢ BRasheksveashad iwHkh+a H0% 15 Na2S205 sol ution
and the rdL§Ch| oronet hane is then evaporated off "under reduced vacuum The

resi due taken up in nethyl tert-butyl ether and this organic phase is

extracted w t3uch 686 middiicti recli dpsotuttonsanth apsatuatied Negtes@bgt icen,
e solvent is evaporated

dried over u and 20.fi]tered nd t p

of f under redg%edyvécuum %%je th,r\a:ev%i o85ctd]o§ LTS i SicTHREDgS d on
silica gel, tas githe akidney .foa®ar®8 ngiyver ESpakBrean,z 1uhGhl sma8 1 MrH+]
, 826 . 35 [ MygaHk 54 P, ti

NEBm(OSar-Ser(cﬁLtmg &S5 (EP O Bood ) B‘Ty@a&?&viof intepded) 5o o N
0 a HO P28 191611@41? J:ely ;z%twn(spf%Wumam efimetodess Mnapdviria g
(0.97 mmol, &g 0f (KRPhB) . 4Pd are added, under argon and at

In such applications, the dosage of the pro-drug of the
present invention when administered systemically by

25 intravenous injection is such that the concentration of
cyclosporin generated during cleavage, for example of
Cyclosporin A corresponds to the therapeutic
concentrations usually recommended.

30 More preferably, such a medicinal product is used in
the field of ophthalmoclogy and is intended, in
particular, for the treatment of pathological
conditions of the eye and of its surrounding
appendages.

35
Included among these pathological conditions are, inter
alia, dry keratoconjunctivitis, also called dry eye
syndrome, Sjégren’s svndrome, forms of allergic

keratoconjunctivitis, in particular those resistant to



5- anbi ent tenperature, to a solution of 184 ng (0.58 mmol, 3 eq) of
BUAN+F-HzO0 in 2 nl of CH2O z. After stirring at anbient tenperature for ten
m nutes, 320 ng (0.19 nmol, 1 eq) of (13) are added and the reaction

mxture is | etbrq S r@'d”%bi Smerature f hirty mnutes. .The
reaction is then conplete T e .fdgan i on m@lx#lusree %O%g%%% yZBEC 8V  addifly a
6% citric aci §Y86FHEPon &EFRSTE Ui EHrOIet Reta t i evaporatee of ¢ 1anddr

reduced vacuumimbhie rexiedde iits & akemdlp iThRldndn acet ate angd- 1 he or%g?i c
phase obtained_is ext.racteg 15 thrage times Wth a 6%citric acid solufion
and a sat ur at BICKEEF 1881 (T o OTdFPdd VAR SR 565 9EZSTY anadf iast eald,

and the sd veatljusaatapotakedmeift undesr re@q&@ﬁ&@umsd}%ﬁude NRb pduct
obtained is Eﬁﬁgg@%gggaphed& on a Sgg PackO cartridge agd then on 20
preparative LeFRSorder 1 i sBFIEELER plﬂré’%ouﬂ i $7€he BIATRBE a
| yophi lisate {84enhgpn ESEsMS useddz : f1593 th32 [ MMaidmentl57lof 81qfdiHH]

. Exanmple 3 2 ¥Si 1 . properties of the cyclic undecapepti des of
formul ae (X\O]‘é%g%"?§§8§n§&g\gl§rl-ss‘ol ubility of the cyclic undecapepti des of

the formula a(XV) and (XVl) 30 The water-solubilities were eval uated by

vi sual exam nagi gi-at g ;anhi; tqﬂ;%er of -t | abor at or gpé)y
directly dissolvi na aa\%)vgi éhe %gjrrqztgdnt_ 0 C%é{{&‘sléfcg@?i %gﬁngg&l p i€ in 57
mMl phosphat e BE#FeRS of LRHBNSéPBNSeA St ypSucThhe Galaes &he gi Vechnyniabl e 1.

Cycl i ¢ undecapeptéfevét esnsSJrubiié 5 RRIFL ( ~> .7 1)>20
mv 20 vk 20 20 M 5. Tabl 2': %Hsis%%ﬁf %:éﬁldi catﬁﬁ?ug)é#ogp}gﬁ N K is
described as FaviFR§ TG THEN wWAPEr -SHATRES | 0§ SYIPspgwAn ab, a shewat at ur e

of 20C and atba gtedcemhthlncor Beapgndsyt 0oLA 12 MEIHIER LANGENt rati on of
0. 027 2. Chem cal and enzymatic stability of the cyclic undecapeptide
fornmul ae EXV) and (XVlI) 15 A first evaluation of the chemcal stability
over tine of The wvgdirdnaddgmapdptt defoftHeorpudae AXV)inMas G | €8n0We

firstly in and i | ut | i sting of mannjtol and, secondly, in a
phosphat e burTar (PR St & PRLBT. 17 andht HEHpG Mt e S 45550 daG47C. 20
The per cent agégeaimayie| 0 potandif detecoéd tire givensi mefdddamel bet owrs 4C

manni t ol 20C neai t ol3h il 376,PBS3Q days3 3% 7. 0923 09 %90
days5. 09g. 0% 25 Tabl e 2 2 21 O OBLr 8 ar
intravenously. It may also be administered orally, with

the aim of improving the bioavailability of the

cyclosporin, for example of the Cyclosporin A.

When the medicinal product of the present invention is
25 administered parenterally, suitable pharmaceutical
Preparations may be sterile, concentrated aqueous

solutions, or powders for injectable preparations.

Preferably, the medicinal product of the present
30 invention is administered intravenously. Suitable
pharmaceutical preparations for such an administration
are aqueous solutions for injection or for infusion

which are well known to the specialist.

35 More preferably, the medicinal product of the present
invention is administered locally. Suitable
pharmaceutical preparations for such an administration,
in particular for an ophthalmic application, are eye

washes, in the form of aqueous sterile solutions,



As can be noted, at the tenperature of 4Cin a solution of mannitol, the
eyclic peptide proves to be stable to re nd for at |east 90 days. - 32
A second study of stabilities, both chemcal and enzymatic, was carried out
with the two |i-i o [ of ( nd I i ssol.ved in
5 a 50 nv Hepgésﬁgﬁf% fl(lraHr1 %gt aga%j.e g‘?%ét 8&@2%2%? e r%gen%‘éggn%p%%%% T&Cof
est erases. Duff§§rtie i ncubation at 37C, 40 ~1 aliquots are sanpled at
appropriate tine periods and anal yzed by HPLC and ESIMS. 10 In the absence
of enzyme, a ﬁgerri cal stability of greater than 3 days is observed for the
two cyclic undE8€apdRatfeE 15NTRBLLEBuY| t f16bt adhed dadftisng adatyayedysis in
the preserge propstreiases ayepbesBnEeMend NAEEHUT € 44 thBG CUNNG,Ofer,
conversi on kipeti cslf.or. t.he cycli (i}undecalge tide (5(\_/I¥’1 IS represented by

di anonds, whi PEXPHe “¢INe T8 Kithethe S¥%Hm ]p%%a?%ﬁc%‘lé epel gdsbrath whes 20
represent ed bgragiuagesn ahiedy be noted, according to this figure, in the
presence of esterases, the cyclic undecapeptide (XVI) rapidly degrades to
rel ease the Cyclosporin A Simlar observation was made for the cyclic
undecapept i de-( XV) Fig8rghé apgresamuecapeptvaeof XVh anid roX\onwwer<Ei on

subj ecte 0 i ncubgt | : | i ne I half-Life tines. of
conver si g'r?t of the %%/%??ébl%n e\gapnde T d(LaH;QL?% %é%?%%%@?i ﬁOAt\l}f@remé"\ngEtdacf%d and
are 3.66 and 3.50 BY Hufzolysisperiitiiel §5t Exaeps e andApal iccatvieonoforthe

| nt ravenous adri ni Btrathon bR bEBCLRLHA N RAUMBSHl U] on 35 Study of
phar macoki netics of . the cyclic g%&ecgpepti des "of f rrrrlsjjlq’la;g’( and ( XVl )

Ir~ order to Trake BYERFEDLIA® t ESPRESENTH ctaR £UISSRANEh As kevelt ermati ve

to the pharnmaceuti€hé blood3afft@yul afl oemOhi SYLLOSERT bR Ay ARy Hsed
in the f(irm of a nj croenul si gn i_n og?\a?xiaet hyl enat ed castor “oi |, "whi ch has

a del i caf@ stabil iy D" 8F&Yi §BF &8t to handl e and induces adverse
effects, pro-drugsFofutehe Bbpras@nt2d nueire¥ent N dee Mooy im! &

aqueous sol uti ons, al ed.far, th urpose of . intravenous

appl i cati on. Thus,l%\ﬁéeft\(?/\L/(\é1 cé;%i glﬁ)ﬁgec ’gte% i geé"()@xﬂmWTWWni 10

sol ution in phospheespectiee]lyvweran adauebsisersdluntioaverfousvy tef rats at a

dose equival ent to,10. g L OSPOLI PLA. r.ef er.ence, a sanple of
Prd-aBok 159303%&9@ OB Bre- i69eRchBheIEN R, £ SAnp

an injectable solutio osporin, comercially avai %3 t he
t rademar R9Sandi nmAL9WES used af t @EPFGiacatise di | uréspecBivebd, sanptés wer e

taken at regul ar iddecadd Sa@honsheesubiiaet e (@A YSE S, O ahhepurpose
of assaying the Zgﬁ%cqlhgs %ri nnA. ,Tﬁe Q}cl ospo?%n A Iﬁ/e(?/% S Z?nalrtlﬁeogl god
t

after i.v. adnini of 2SRRI G i 4P A RSV e ip¥ERtGioFen iR Frabbat2a.
Those obtai ned af ttexatsy. administration of, 25 respectively, an aqueous
solution of the two pro-drugs (XV) and (XVl) are given in Figures 2b and
2c, respectively. The results interpreted fromthe curves in Figures 2a, 2b
and 2c ha%e Peenthevearonendbitwrs beledw. in the examples to describe

the products obtained, the Cyclosporin A residue will
be designated by the abbreviation - CsA, the residue of
the opposite fragment being linked to the only
functionalizable group of this cyclic undecapeptide,
30 namely the hydroxyl group of the amino acid having the
l-position, N-methyl- (4R)-4-((E)-2-butenyl)-4-methyl-L-
threonine (MeBmt). The structural chemical formulae of
the intermediate products derived from the Cyclosporin
A will represent only the amino acid residue in the 1-

35 position with the respective side chain.



30-'Undecapepti deCycl osporin A(XV) (XVI)AUCa_i nF g. h.L-1692296662644699CL

L/ h/ kgQD. 140. 150. 22VMRT h15. 215. 314.9Vss L/kg 12.2 ~2 .23.4T1/21h0.31 10 .55
~0.20T1/22h11.111.811.8 - 34 Table 37 1#%his table, the abbreviations
have the fol |l cwng. Agagings: 5 - AUC: area under the curve; - CL:

cl earance; - NEgT—ﬁeaggresigence time; - Vss: volune of distribution at
steady state; eparar2on pfi thal dyallfid nelddapptang - . r mi,nal
half-l1ife time. As can be noted from Figure 2%5%?Tr(nn%égﬁé?%#ighgkeg
phar macoki neti ¢ paraneters of {he ﬁyntrol experinment 15 with Cyclosporin A
are conparable to those repoﬁﬁkd imthe literature. The area under the
curve for Cyclosporin A genergted during cleavage of the cyclic
undecapeptide (XV) is conpargble to that of the Cyclosporin Ain the
control experinent, ereas ¢hat 20 of the Cyclosporin A generated during
cl eavage of the cy Iicounqeca epubd?ﬂixwm) i s decreased by 25% conpared to

that of the Cycl dspotli f _iLhe jgonirolfiexperinent. The two cyclic
undecapept i des nd (Q%WfLaicthth/Z a simlar blood release profile
for Cyclosporin A _lThese pr@fil'és are simlar to that of the Cyclosporin A
in the phar macemt caj—f 8ePddalgudial-Mel sioxpgbyi-MeabeMeCagimya0i | - 30 From
these results, |itCH;e®ults that the pro-drugs of the present inyention

of fer, for an qquival ent Cyclosporin A release profile, the folll ow ng
consi der abl e advantages conpared to the existing pharnmaceutica
formul ati ons of Cyclosporin A 35 - easy tT0 USe Dy Srmprydrssolving in
wat er; and - no need to use excipients which prove to be toxic; aggg) - 35
- -.no ne to use specific materials for handling them Exanple
Application for topical admnistration to the eye in the formof an aaueous

sol ution Study.of Raepacakiiketi cs of fhe cycli zﬁQQF tide Jhe
formul a (XV) é@obﬁ(Bﬁdﬁ 6 ke aval | apte to ?Lc blﬁ%&%ﬁ%ﬁg%Sﬁ%@Mgibi
t opi cal adm 584 d¥X)t o the eye without irritation or an

unpl easant sensation being felt or without blurred vision being

exper i enced,  pr ot b8yl E0BAPT €SP BN QN the form of sl e

10 carbonate (2)

1.1.1. Preparation of o-chloroethyl para-nitrophenyl
carbonate (1)

15 2.6 ml (23.7 mmol, 1.1 eq) of a-chloroethyl
chloroformate are added, at 0°C, to a solution of 3 g
(21.6 mmol, 1 eqg) of pP-nitrophenol and 1.7 ml (21.7
mmol, 1 eqg) of pyridine in 108 ml of chloroform. The
reaction mixture is stirred for 30 min at 0°C and then

20 for 16 h at ambient temperature. The reaction mixture
is extracted with water, with a 0.5% NaOH solution and
then with water. The organic phase is dried over Na,S0,,
filtered and evaporated under reduced vacuum, to give a
yellow oil which gives a pure white solid (5.8 g) after

25 crystallization from hexane.

'H-NMR (400 MHz, CDCl;); &: 8.32 (d, 2H), 7.44 (4, 2H),
6.52 (g, 1H), 1.95 (s, 3H).



15" aqueous sol utions were evaluated. 1. Preparation of solutions Isotonic
agueous sol utions, containing 5% of mannitol 20 and at pH 7.0, of the
cyclic undecapeptide (XV) were prepared. Fhe “concentrati on of Cycl osporin A
equi val ent is 1% (vei ght/volu . The solutions were sterilized by passing
t hem t hr ough oizﬁz%?n n?%‘ra%ﬁﬁgg%f}seo i P &CE oK viedhatle npe riaonmilraiphem of

Cycl osporin A Q@sberaparéd)in 25 the formof a 1% solution in olive oil. 2.
Determ nation of the tolerance for the cyclic undecapeptide of fornula (XV)
30 Ccul ar tol erance was determ ned according to two nethods, nanely
according to the® nddilPed Dmsilze 1 &te@ndolisimegcargonicacalrd aget SGAY Ng

opt hal noscepe.t®.d Moifised Draihze test j(acut.e tol erance test) 35 Thi's
eval uati on was, Qr med on Si X n§I e(ggl'gi ?ingn%rldbb"i &4 I'—%f thhdéﬁﬁﬁﬁl\{e%ne

erf
eye received i 90l Pt i 8F Acehic1 afid he B utreantdondesckithed ;5 36
above, the attherreayefonoty tgLat gd, (Wals) ,of control. The
clinical eval 'é%itd n of a gossiaglae i rraﬂbg%é:ngn %\é}&%@%‘g‘ﬁ%r med i et | # by
eval uating t hé& SIS sthdr ¢ - 1he™dohj ut-tvaq)hefosiexr cand t heetate
conjuctival rédneskleat.caafting $©itheng! assi i ¢atd descyibed in Table 4
bel ow. QoY ar @%;ntgglrg@u§%har eSlight dfschar gel%g\lsgrgg g—l 3{: ar%éz%‘&%?{lﬁg a
smal | surfaceof the cornéda r ESAFELRTr dE3 I gke a Thegegedritc oft he
cor neaChenpsi 3RoEV@rG8ld gt chenoafeti halkdiwng e Sh4t ahkngAmnpranesevere
eye

chenosis wi thtghege paY t o edSever.e chenosis with the
cl osedRednessNor nal y%l ood %/glléés%l s(LS% me S P réfii €XOireisel with

redness, 2i ndi #i fddiinfesselyt hor easd ythtirscérhedl eeisiNieIg)) € filtered

diffuseSrednesﬁdl(évg@;taJI%tdedTh@n@ si,hle jryitation s observed, 1 n each
ani mal , ggcording tq the rules a%?)verfédg‘téeé{ v%%cﬁllhr{le\r,\%&l FY7 edtd YBS I over

48 hours “af t P11 nst &1F atraKle aRFoducst ak si rehiratatongtasiesd (1dk I s Wasa
calcul ated frogeltheotgtiak a co§5r1§g@ efi 1t I]q gs )mat ed indices. The results

obt ai ned are g%_mi 6I' bllée 4 in point 2.3 bel O\tﬁ. 2.2. Confocal |aser
scanni ng opt ha m)scog‘}e ?t 5.t 6P6Lleval fat B- 3kbdcut @H)oxi Ti4y oder 241)days of
admi ni strati on)87Thig, t &8, wasiearki edupyt 1084t hg sagg type of animal as
previously. 25 ~~1 of a solution as descri bed above were 10 instilled onto
the cornea of the right eye three times a day for four days, and then once
on the folrt apetpe obsef vat imcdfdeye thex{taabohpst al,kation,

the rabbits V\@risgpﬁggat)gg)by adm ni stering ketam né hydr
xyl azine. A total © ~1 of a 15 solution of sodiumfluorescein at 0.5%
by wei ght/volune were instilled onto the eye in order to all ow selective

| abel i ng of tthe .qurfaeespassiddy damaged. Th was _then rinsed for one
mnute with a saline solution at 37C fre TNBRUG1MA0LRER 11 30T (0
cetoxyethoxycarbonyl-lysine (Ng(Z)) (3)

25
500 mg (1.23 mmol, 1 eq) of H-Lys(Z)Obn.HCl are
suspended in 2.5 ml of dioxane. 231 ul (1.35 mmol, 1.1
eq) of N,N-diisopropylethylamine (DIPEA) and 396 mg
(1.47 mmol, 1.2 eq) of (2) are added at ambient

30 temperature. After stirring for 1 day at ambient
temperature, the reaction is complete. The dioxane is
evaporated off under reduced vacuum and the residue is
taken up in 20 ml of ethyl acetate. The organic phase
is extracted three times with a &% citric acid solution

35 (20 ml), a saturated NaHCO; solution (20 ml) and a
saturated NaCl solution (20 ml), dried over anhydrous
Na,S0; and filtered, and the solvent is evaporated off

under reduced vacuum. The crude product obtained is



20 Finally, the eye was observed with a confocal |aser scanning
opt hal noscope according to the nethod described by Furrer et al., J. Ccular
Phar macol ., 1997, 13, 559. The opt hal noscope-was coupled to an i mage 25
anal ysi s syst rder to be able to reconstitute an image in three

in
di mensi ons. and G A9 B Fat PBn_ oF ke dageiged aveagyivENe gegreg 9f

tol erance is évansgietas & I um&g%pf 30 the percentage of corneal
t/o the followmhg rule: - fromO0%to 25% good

| esi ons and agg(ir_ i-ng )
tol erance; - Trom 25%Y& ‘40%! attePidhde BdiSer2nc+1BB+H*rom 40% to 60%
| ow tol erance; and - above 60% unacceptable tolerance. It is noted that it

is generaldy acknew e t hat. a percentage of |lesions | ess than or equal
to 5% - 38 corrgésp%%%g’atr(?%d%ua?gcep‘l'aﬁ@ltpaq}ﬁettﬁlqwcmﬁbmwholy@ingody

not subj ect ed(£d any treatnment. The results obtained are given in Table 5
in point 2.3 5 below. 2.3. Results of the ocular tolerance for the cyclic
undecapeptide_of formula (XV) Undecapeptide (XV )Cyclosporin ADraize, liril

81 , 9CLSO, % Mgsidhspa ladiTabl en SaErareTailerfoalt 22RPEH Sud hat a total
e test for the cyclic 15

irritationirgtexutl'&l 0 in ipt Dr ai _
undecapepli de tq{)a}tle rﬁfw:gtg@(ﬁ ,agld' ﬁaf“m?%%ofo he{Zbr déa Was whneged by
adni ni strati on- iR hi sApEBduGt i Migwe foo Bedwldts Qrﬁlﬂ]?@ﬁtr@%%?\égr#ugl%od
tol erance to urierysal ist nddecapeph is | erance being clear

4 o gg%h%gﬁw c?ll(l)és)pg?ﬁﬁ%&% %g Sﬁﬁpﬁﬁéteer ed in

i nproved comagred L9 ghat obtain _ (
alive oil. ngd;bw b5 PBadBist Uk fie isubf bltevedi mpraaveredt ten 4he yigual
confort by usi Ateaqueousvsebuht o8 I th o] sol uti on was not
eval uat ed” onihe glr_sl\hé@l + 25, Be gtabi lity of thgﬂg% i%i‘%lﬁ‘d@c:aﬁéjpt P& eof
the formula ( >anpl es of T he Wt LPF oRTouEdEt bedyabeile, werts &0 is
conservedP rESF diiveior lyatin G e df @0low Angl 668 l@ysl;lPhg)were carried out

regul arly fogs3meoRi/Bs. - Sﬂm& s were found to have good stability
under such conditi or<s. eSS iE

1.2.3 Preparation of a—acetoxyethoxycarbonyl-lysine
(Ng (Fmoc) ) (5)
20
1.11 ml of DIPEA (6.53 mmol, 1.7 eq) and 1.555 g (4.61
mmol, 1.2 eq) of Fmoc-0O-Suc are added to a solution of
1.062 [lacunal (3.84 mmol, 1 eqg) of (4) dissolved in 38
ml of dioxane. After stirring for 1 h at ambient
25 temperature, the reaction is complete. The dioxane is
evaporated off under reduced vacuum and the residue is
taken up in 20 ml of EtOAc. The organic phase is washed
once with a 6% citric acid solution (20 ml) and a
saturated NaCl solution (20 ml), dried over anhydrous
30 NayS0, and filtered, and the solvent is evaporated off
under reduced vacuum. The crude product obtained is
chromatographed on silica gel, to give a white foam
(1.026 q) .
ES-MS m/z: 499.37 [M+H"], 516.29 [M+H,0+H*] .



- 39 4. Ex viva conversion kinetics for the cyclic undecapeptide of
formula (XV) This conversion kinetics test was carried out by 5 incubating,
at 37C, 25 ~1 of a sanple of the solution2described above, with gentle

stirring, Wth%%Mt tear. 2 ~~1 sanples were taken at
sintervals of 13 - L . 84d were MHBmtd%l%m&y@y( dﬂ‘_‘;h@‘e )1,0 The
resul ts obt ai nEPOSH (@D Qdrauhhé-cyal. irc gngecapeptide of fornmula (Xva“pl ays
its pro-drug role fromthe first mnuie of tontact with the rabbit tear,

rel easing the Cyclosporin A. At 3 minutes, 3% of the 15 pro-drug has been
converted, and theh 4. Beepdraridfd of nMéBst (@cb@ij;yzarl_cch)ye(gi on kinetics
for the cyslic undecapeptide of the fornula (XV) 20 This in Viva conversion
kinetics test was carried out by insgilling a 25 ~1 sanple of the solution

descri bed above, in the right eyegof | e al bino rabbits (4 kg). Tear
3, 4 and 25 20 m nutes, and were

sanpl es were taken at int ervaérm,

then anal yzed by HPLC. The res s~gpt aijned have been given in Figure 3. As
can be noted, this test confirns the" ts already obtained in the ex
viva experinment. The cyclic 30 undgecapepti de of fornmula (XV) (squares)
clearly plays its pro-drug role f irst mnute of contact with the
rabbit tear, releasing the Cycl ospofin circles), and this rel ease
continues over the following 20 mnutes. At 1 mnute, the concentration of
Cyclosporin 35 Ain the tear is 0.025 ng/nm. - 40 @) Concl usi ons From
these results, it results that the pro-drugs of the present invention
offer, for topical admnistration 5 to the eye, the foll ow ng advant ages: -

ease of prepata¥i o o3 amphar macead) calf farub g i gq.esu%%gggl,\gg?e%%ﬁ%@%h by
need fo g

si npl e di ssolakd®n iA eQHs~sol ution w t hout the
J S PYr 2 H‘é’é)a vBFymeaBehr it énamietance, g

oi ly adj yﬁantf; - 4good acute tolera

gr eat er an tHof obPalned weah @fphdtmaﬁﬁylhﬁ@hofﬁ!i«rmgﬁgi Oe][EeOfa 4
cycl osporin iim céhy1f 0pBLt1og@0d ﬁ@b&ﬂ%&)\é agd 15 - half-lite tl e

sui tabl e for qphthal m¢c aé)pl i cation. 03 b88F2 G ixtare FCTACHERZEA0222
d ai s amolent temperature for 40 min. The reaction is then

complete. The reaction mixture is poured, carefully and

with wvigorous stirring, into a mixture of hydrogen
15 ?arbonate (77 g, 0.91 mol), water (500 ml) and crushed
ice. The possible addition of a few further portions of
NaHCO; makes it possible to bring the pH of the solution
t? 7-8. The separated aqueous phase is extracted twice
with dichloromethane and the pooled organic phases are
20 extracted three times with a saturated NaHCO; solution
and with a saturated NaCl solution, dried over
anhydrous Na,S80, and filtered, and the solvent is
eévaporated off under reduced vacuum. The crude product
obtained is chromatographed on silica gel, to give a
25 white foam (3.2 g).

ESI-MS: m/z: 622.6 (M+2H*], 673.9 [M+Na*+H*] .



1.. A pro-drug consisting of a cyclic undecapeptide in which the peptide
chain conprises at |east one 5 am no acid residue of general fornula (I)
below. Y O Rs ORaRxOYR~~O~pN~~~U?’4’"‘. RRalO IR~~aNCH3 Oin
whi ch: 10- the af bpn egfé £ constlﬁutes one of thelinks of the

undecapept i de rlng,- tHe BB Thent S1SPBRER-F_présentsA hylr ogenat om or
toget her constitute a bond; 15- the substituents RL and R3
represent, i ndependent |y of onF angthe a hydrogenatom an aral kyl group,
an al karyl group, aheteroal up, het er ocycl i ¢ group,

anal kyl heterocyclic group, a yZﬁﬂc al kyl 20group or a linear or
branched al kyl grouphavi ng fron11 to" bon atons, optionallysubstituted
with at | east one of the groupschosenjfrom -COOH, -CONHRe, -NHC=NH ( NH2)
,-NHC=NR8 ( NH2 ) , -NHZ , -NHRB -N+R83 -OH, ,25-0PO (OR8) ~,
-OPO (OH) (ORe) , -OPO (OH) 2,-0s0 {CRe ~ -080 (OH) (OR8) , -0SO (OH) z,
and thevarious salified forns of these groups, eachof the substituents R38
representing, i ndependently of one another, a linear oEﬁpbranched al kyl
group having from1l to 6carbon atons; - 42 - the substituents Rz and R4
represent, independently of one another a hydrogen atom an alkaryl group,

or a lined& oBODragched2al lﬂtjdolgf QLUFbcﬂanﬂ"g éyomd 89s?o§@%g0'1 aLons; mP

t he substi tueg}_selg%a Cﬂy esg i ndependentl of ~one ~anot Her
hydrogen atom "an ara I odl P QSI MRear o Gﬁéndhéd tmuqﬂhy@rammehaw ng

from1l to 6 céFBbh atnds; Bandmgo {0t he swhslituent ef) rerr esenlis 27 al kyl

group, an al k,ﬁé,yﬂl DL het y] grou a heterocyclic group, an
al kyl het erocycl i c roucl',pmgm het go&o%yrlé d|ecal k Fégro&pid@rd a | #hear 2P isrENCched

al kyl group h |H’@r$?‘éﬁ$1 tdfBer5 sniboangt ofieyr sai ddglyeupgtbelaag)lent
optional by suhshbdh©ch-aM t t ou osen from COOH,
- OONHRe, - NHC:! NHz) BdahSt?%ﬁ%)% @E ?’?N%FE% 73 %é’ adqirg 3 TEAOH

-OPO (ORe) z,2 l@@Rs)of - GFO (OH) ozm OS@C(ICRe) 1z, ecpso «2H)
ORrR8) , -0SO JZa el Ghe sahbifi r hes r each
E)f t)he substlnge?}?l{s Re hlal%ll nCM?%!gQgéfl %iih'tel g%%aéé%\ég JZ% éoml:f'ﬁ%gﬁ %retfg as

clainmed in clhi APEE -chErEctedmanet i dst harareragederaf £ f omudma (:é)iudefdl ni ng
sai d ami no aciatuwesi dned, tate | east dgee 1sz EQEeﬁUQﬁﬁ' fHerd 1 apd B3,

represen{s a ou an al kar et er oal Kyl group, ®a 30
het er ocycl i c%ﬁﬁg %Qél yidet erBe 8%1 @%gtreoﬁp 1hn&tasrercyandc vyl agr oup

or a linear @ratblrr@r’ﬂﬂﬁedqaﬂkwo?gmoupnhadrngdf boarlrlah(hfy@r@ﬁ@%z@ bYMEngeach

of said grou su | east one o ups chosen
f r om - COOH, i 1&3%@ 35t%"sj“{li'}Hc:_q%\lk%j ‘I%é])h,—eé}{g NHCENR” ?mﬁteg NPE
-NRez, - N+R8FSFUCEr - BPOULORS) Ehe- CPorude) (PRBJuct- CPﬁbtﬁlrlhea, o§o

(OR8) z, C)S@hﬁ:aﬂ)at hed O8Q (9 i&Z th S sal f.ied forns of
t hese g%djps t he substi tuen% saR avi ES ?é]ig%efl ni” ﬁoﬁ 398, -
43 3. e pr as claimed in claim?2, characterized in that said

aral kyl , al kESy’tl—MShetne‘erallkzym, hepverogyclic, al kyl heterocyclic,

het erocycl ical kyl 5 or alkyl groups are substituted wth at |east one of
the groups chosen f rom-NRez , -N+R83 , -OPO (OH) z or the various
salified forks3eb- thés‘epgrr@mp@n each of the subsht{0ephs-R SQQVL hd he
definition abgyey (&f, )‘E?co&-ﬁ as clainmed in claim aracterized
in that at |east one of sal substltuents R1 and R3 represents a linear

al kyl gr2(§up having from1 to 6 carbon atons substituted with at |east one
of the 15 groups chosen from-NRez, -N+Re~, -OfO (OH) z or the various
salified forns of these groups reacly of the su ituents R8 having the

definition above. ﬁp@ ﬁl,a?d? | aim 1, characterized 20
in that, in general f Ia(I) detiniing gaid"”
§—N

NH(Fmoc)

(8)



am no acid residue, the substituents R5 and R6 cannot simnultaneously
represent a hydrogen atom 6. The pro-dr as clained in claiml,
characterized 25 in that, in general for a (1) defining said am no acid

resi due, at |eas S substi tue S and ents i near or
branched al kylg@ tmgﬁ F%géﬁ n@h rbmgl °% & car on® ﬁ?o%ssgﬁae Lfgs%rir ent
R representsoén dlal‘kytoaetgauap ()IECIa) | ivreder omrgranched .l ky[L groups
having from 1.,t@16 car 0 7. Jlhe proydy cl din claimbé,
characteri zedmr n thagf1 %ﬁpdagu@tprlaﬁdenatg] ‘Eé ggd n?ﬁZOIr e?é? ot 8-

i ndependent | y (3f agadearetidrzod -Hydildgen Jatbrﬁﬂretarmttﬂyj/lrgronpumB The

pro-drug as ch@ka@qubeo%@s'@h%tech@ﬁ&@w'azrgﬂ ;) trgl% SR p%l%p fhé' n

conprises a si g am no acid residue of neral fornula
formng an un88&éap@pti @) riAySEPLred | iRea? - eqiencef ofDE%n %ﬂmnoad%&eds of

general for rrulsac(:éls}slbéllwfuﬁdeir g Ve hed=A asr%(i%kﬁlg} ZedeVal -p(1d) in
which: T is ch mthe am no aclds Al a, _Abu Nval, Val and Thr; - U
i s chosen froﬁﬁ“ﬁﬁgn m%r‘?@pa?(?adé“rﬁrr the) rﬁ,@gg'lon( B)s N%‘NFEI%LEG ( Bhaveser’

I(O(:OR9) : \l/)vithsﬁgvra@mml y l@rﬁlrcﬂt’gﬁ auﬁ&dfogé@u@te@rYIvaajhlgﬂr kaﬁegl t%@?%sﬂﬁu%
i near or Jra y group avi pg 0 6 carbon atons; -
represents anygmec%(%{%zglcr &Pof Theh Emﬁté)%ﬁﬂ-Fé © 28X 5ei RG28RoskR from
the amino acidsshedl, chee, Wit Ehrs% Rl'ne:,ril'cyraamd Elarlutanrsh Rﬂ.z@etnllg a dinear
or branched p Vi m 1 arbon ato osen
fromthe am ﬁ%&%%};%{;g@ IN%W S%q Le%u <§)< ﬁl?cl%-%en flsﬁ Fﬁeegmﬁ?&qacr ds
(D)Ala, (D) Seelutrppni \§20(D)H1Wal alrme(db) Chey, @mh@dreud iNagdmsermrid om
the am no aC'ﬂﬁltL@f'eénd Meheuch@. IBevBhLe- dg%g é%agb?a'ﬁ%‘é f@ a'u%?é?

0 | thosen

char act err zed i gt said |inear sequence ten am no acr
from t helPol IBFFHGES elBEHEBs dhef &rrmjieaepl(qqqgttbS(qkyyomatographed on
- Abu- Sar-I\/ELemt]S/bd:al\@éEu fbag iDéAhawh’EbéufUﬁhrel{SME 1) ; 35

- Abu- ( D) MeAl aEgr]\Ygl -)/ar W!SE% ?Mgrg)ﬁl as%eLBeg Iﬁeng\ﬁbVal (1Vv);

1.3.4. Preparation of MeBmt (O-Sar-Lys (Ng-
20  COOCH (CH;) OCOCHs3) ) *-CsA (9)

©)

90 pul (0.86 mmol, 10 eqg) of diethylamine are added to a
25 solution of 150 mg (0.09 mmol, 1 eqg) of (8) dissolved

in 900 pl of acetonitrile. After stirring for 3 h at

ambient temperature, the reaction is complete. The

solvent is evaporated off under reduced vacuum and the

crude product is chromatographed on silica gel, to give
30 a white foam (52 mg).

ES-MS m/z: 1532.79 [M+H']; 766.79 [M+2K'].



- Thr- Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeuMeVal - (V); - 45

-Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeuMeVval - (V1) ;

- Nval - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLe@- MeLeuMeVal - (VII) ; 5

- Val - (D) MeAl a- MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeuMeLeu- MeVal - (VTII)

+ Val - Sar - MeLeti- Vaf - NeEé@pAJr@t(ln)nval Melogu- LeuMeRmt (293¢ - Lys (Ng*Mes) -
-Val - Sar - I\/bLego@(gh-(Eg’gk)e@C&g (\D-Hyx Meleyybeuld Meval - (X)

- Abu- ( D) MeSer ( OAc) - MeLeu- Val MeLeu- Al a- (D) Al aMeLeu- Leu- MeVal - (XI);

- Abu- Sar - MeLeu- Val - MeLeu- Al a- (D) Ser - MeLeu- MeLeuMeVal - (XII) ; 15

- Thr - Sar - MeLeu- Leu- MeLeu- Al a- (D) - H v- MeLeu- Le Val - (XII'l) ; and

- Abu- Sar - MeLeu- Val - MeLeu- Al a- (D) Vq,J I\naLeu LeuMkVal - (XIV) . 20 10. The

pro-drug as clained in an eem?o;,)g | ai ms, havi ng,
respectively, formulae ( ad( I)‘bl O~-NOO \ "~~~ QH ~N
~-- ~u- Say- MeLeu- Va! - MeLeu- NELel%_ Vah 25 (XV)~ and -
46 ~IOp~CHi | o~~~ QA" OO~~~N~ o", N

~u- Sar - MeLeu- Val - MeLeu- Al a- (D

(XV)

49 mg (0.03 mmol, 1 eq) of (9) are dissclved in 640 pul
of anhydrous DCM, and then 30 pl (0.48 mmol, 15 eq) of
MeI are added, followed by 14 pl (0.08 mmol, 2.5 eq) of
DIPEA. After stirring for 1 hour at ambient

10 temperature, the reaction 1is complete. The DCM 1is
evaporated off under reduced wvacuum and the crude
product is purified by semi-preparative HPLC in order
to isolate the pure compound in the form of a
lyophilisate (30 mg).

15 ES-MS m/z: 1574.37 [M+H'], 787.83 [M+2H"] .

Example 2
Preparation of the c¢yclic undecapeptide of formula

(XVI)

20

W

(Xvi)



(XVl). 11. The use of a pro-drug as clained in claim1, as a nedicinal
product. 5 12. The use of a pro-drug as clainmed in claiml, for preparing a
medi ci nal product intended for the tredt fent” of pat hol ogi cal conditions of

t he nmucous nepbranes. 10 13. The use of a pro-dru&)as clainmed in claim1l,
for preparing—a—nB§EEEﬁﬁﬁﬁﬁﬂkumm—Lﬁﬁénded'M@qul 1591 SeF P @t bi -
pat hol ogi cal cooditcapsocdchhe -exge., 1%Xvi4. The use as clainmed in claiml13,
characterized in that said pathological conditions are chosen fromdry
kerat oconjunctivitis, Sjogren's syndronme, forns of allergic
ker at oconj uncii Ui t PsepamaP@opantti culaate tidxyss Heesict ridn¢ - €oFiheosgtenoi ds,
conjunctiv tis producing micous and synechia, herpetic stromal keratitis,
i mune-related linbic keratitis and Thygeson's keratitis, and prevention of
corneal transplanl.rePeepravatiend asfan 2headjhranyl t r esdtreent faf fidtering
surgery. 15. JBE-ugpcehoRypLOndnyg-as,alai mad)in claiml, for preparing a
medi ci nal product |ntendeg to alfow prolonged survival of organ allografts.
- 47 16. The use as clained in claim 15, characterized in that said organs
bearing a graftsage @hesemmidiom i hegki dreyy- heardan | HYEr o rRARE, dqdding,
smal | intestipe and bone marrow. 5 %7. The use of a pro-drug as clained in
claim1, ' or*PréparThg®s MREIMI prddudtli dfefded™@l i nfi-Bi t e@épldTati on
of the human DIRAINe@Rf i gl ency i8S typell (HYV-Ey) of (2) obtained
.AII.AL.AU.A.&.A@&@B.A.A .AU.@?.AA. . A{% A{. A _
A& . AA9. AAQ. AT A RS AUE A Al .’Sﬂﬂ‘ﬁ?ﬁf{& AanY2E . A8CERAs. A9, ABIMRARTIE AE. A
A& A A L A& AeTeryturé . AUBTAAY AOBEifk453n6 overnight at ambient
#.#. p| S?225222>2>2<2| ? ?~>~ 22C2222222222?7227°9222222°7227°7°7
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~x??| | <>~p?? B} Eacesd Shregyinegy wisH3 28 i S 5ie 3rb) >agbub 4780 2 ~<><
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9NGQ xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD*] ca] ca] ca] ca] ca]
ca] ca] c:a]cTa] ca]ca]ca] ca]ca] cha]cal]ca]ca! !9$]
"0 & "N(*!,d-../0nmLl11113347}xsni d_Z] ca] c%l]’ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

\c\i]ca] ca]Bcéa] Gy ca] Ea’ ca] cal cac] caL] ca] %a] ca] caé cal cra]]’ ca] ca] cg] cal 7892(m9’

PPVPPRSTUU} xs1H d tha]—qa]4ca]rca] qal)ga] xafca) cahcales] ca]zca]gca] £n] cal.cag cal ca
] ca] ca] ca] ca] ] cglc aJca]ca]calcalcal UBV=VW X[ [ ! "%B'=_ @

# > D ccde (g (g b] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
ca] cal] ca] ca] ca] c(a] ca] c(a] ca] cal] ca] ca] c"a] ca] cal ca] ca] ca] ca] cal gbgh~j ] Wk k
kI mmDoEopgrr & | ; x}wrlf [ V] ] a] cMal] ca
] ca] ca] caJ ca] ] % fa] ca] ca
! gxxxxxxyy%/fﬁgqq Qﬁs@@@%ﬂ'tﬂeﬁx[ v[ma] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] c”a] ca] c”a] ca]calcald!'$' *-9V8
e|toje [Vje [V]]ca]ca]ca]ca]ca] caD] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] dal3 cla] cd|xe)FEA e a] c§lfcra MeBmt (O-Sar-Ser (OPO(OH)») -
=opt { $79=2{ { v@otuZ(Tis) bletel,saleal ¢ alr]c alc alcalc alcal cal o
a] ca] ca] fo a] ca] ca] ca] c( a] ca] ca] ca] ca] caDL@ ca] ca] ca] cal] ca] calU] ca] caU] ca
| =58i k
@~yt 01( d_ZU] ] ca] ca] calU] ca] ca] ca] ca] cal] ca] ca] ca] ga] ca] ca] ca] caV] ca] ca] ca] ca

] cha] ca] ca] ca] ca] ca] ca] ca] caj ca] cajica] @ral " 7ADnpk2BVzt o) d_ZUj d_ZU] ] ca] ca] ca
] c”ha] ca] ca] c”a] ca] ca] ca] (o} a@ﬁ]}ﬂfl /GLLR/’Q,,] cajic”a] ca] ca] ca] ca] cal] ca]c

aU] ca] ca] ca] ca] ca] ca

VYaanlx{JOQY\ gY~ytoje [ U] é"\a] al] &) c ] ca] ca} c™a] ca] ca] ca] ca] ca] ca]
ca] ca] cal] ca] ca] ca] c™a] ca] c™a] ca] ca] ca] ca] ca] cAa ca! P kWGhGIMJ18xhk>>E34~
ytoje [V]]]ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]@a] ca]ca] ca]ca]ca]ca]calc
a)J ca] ca] c™a] ca] c*a] ca] ca] cMa] ca] c”a] cal 4_c. BUXg=r} xr nggﬁ%ye [V]]]]ca]ca]cra
Ul ca] caU] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] c*a] ca] ca] ca] c “a] ca] ca] c”a] ca] ca
] ca] ca] ca] ca] c”a] ca

A o<auDsTl! b8 qr}g]x ol dariidd o] cakoghabeshaakaakealaaln) <@l cakagbedl o2l oo

cal ca
l‘gg]ngs]z iglr]:?i—s Rir¢ Aiggy ck} ca) ©h] ed] da]:tlé]om}r@a]haa]eca]r@&}zcaqncgc]ma] calca
] ca] ca] cpd ¢ abcalic” ah cabll ealaal cal ea]caﬁ%fﬁicakqa#k% 7h.2 %
U& ()-s! Ys! 10980U& ()-1Ys! 10%'U () T0% 2
U& () - Z3qwU3Fganiabo TU&&(r)dlfﬁL mglo%u&l(l) (@ iowc& ()2 eq) are
|~ &" 10%JU& GHided” H%M%@ééivél '1094d+ argon. After stirring for 5

0, =1 0, 0,
% Eg s@#gfo/f/l' OL'(I‘S atha%T%b B B& r%geé%_tlgr/gf& Q-Le }:Oeagtlioonu llso complloe/ge

The dichloromethane is evaporated off under reduced

20 vacuum and the residue is taken up in ethyl acetate.
The organic phase 1s extracted three times with a 6%
citric acid solution, a saturated NaHCO; solution and a
saturated NaCl solution, dried over anhydrous Na,SO; and
filtered, and the solvent 1is evaporated off under

25 reduced wvacuum. The crude product obtained is
chromatographed on silica gel, to give a white foam
(143 mg) .

ESI-MS: M/z: 1513.32 [M+Na™], 1508.34 [M+H,0+H") ,
1491.36 (M+H"], 746.36 [M+2H"]

30
1.2.2. Preparation of MeBmt (O-Sar-Ser (OPO(0all).) -
COOCH (CH3) OCOCH;) *-CsA (13)



U ()-!" 34nt 1090U& () -

{zX6~_=!1""$109BB& ()--!0" $109BB& ()--!f"10% B B& ()- !"10vBB& ()-"!f 109B&
().-! F109BB& () - | uSl! ** & 109BB& () 28! $& 109BB& ()-S109B& ()- 10zz
1022 N Ny
10zzs10%z& ()-!0" $10%z& () - - IngyJ3 Sl' ly,"1098BB& ()-!n" " "109BB&' () - s!

09BB& ()-s! " 10%BB& () Q! -9,9y" 1L09BB&! () -
g:rP1!ly, "1098B& ! PM 10%5

10}B}B!} 'y, "109% B} B& ()-!" vy, " 109BB&™0) - PR " 109888
|~ "109%BxB& ()-! "109BB& ()- OM 686&' ()- |! 3M 109BB& () -
10B61098& ()- 5 1098& ()-!p )" J0% Bj B& \HN 1) " fooeBe () -

yl (1098& () - G0" 109%& () -

& ) - [0} }B 10} B} B

()- !"109BB& ()-

NG} A 241! |

{13)

130 mg (0.09 mmol, 1 eq) of (12) are dissolved in 880

Hl of anhydrous CH,Cl,. 20 mg (0.27 mmol, 3
5 tetrazole are then added, followed by 52 ul

eqg) of 1H-
(0.17 mmol,

2 eq) of (AllO);PN(iPr),. After stirring for 4 h at

ambient temperature, the reaction mixture is cooled to

-60°C, 44 mg (0.17 mmol, 2 eq) of m-chloroperbenzoic

acid are added, and the stirring is continued for 30

10 min at -60°C, 15 min at 0°C, and 45 min

at ambient

temperature. 0.5 ml of a 10% Na.S;0s solution are added,

at 0°C, to the reaction medium in order to

destroy the

excess oxidant, and then extraction is carried out with

dichloromethane. The organic phase is washed with a 10%

15 NayS5S,0; solution and the dichloromethane is then

evaporated off under reduced wvacuum. The

residue is

taken up in methyl tert-butyl ether and this organic

phase is extracted with a 6% citric acid solution and a
saturated NaCl solution, dried over anhydrous Na,SO, and

20 filtered, and the solvent is evaporated

off under

reduced vacuum. The crude product obtained is

chromatographed on silica gel, to give a white foam (98

mg) .
ESI-MS: m/z: 1651.38 [M+H'], 826.35 [M+2H'].
25

1.2.3. Preparation of MeBmt (O-Sar-Ser (OPO (OH),) -

COOCH (CH;) OCOCH;) *-CsA (XVI)

1



| $gHL! | 10BOP "10% & ()-!/P "10%BB& ()-s 10%B& ()-8!w 109BB& ()-f10%B& ()-
.10B 10B$cWU3HL! ! * 4y, 109BB& ()-' !4y, 1098B& ()-'!n " "10%BB& () -

I x*"109BB& ()- ! "10%B}B& ()- !"109BB& (32 1] I ~\ =11 3(10%

& {()-& 3(10% & ()-& 10B 10B 10B 6 y, z109B& () -6 _
v, z1098& ()-'!} 4y, 104 B}B& ()-' 10! {! 11 "<"wU3~\ =]} @ 3(10% <t <& ()-& Si 03(1
0%&' () - & p03( 10%|&'() & 3(10988& (Hi- & 03(10% |
| & ()-& 03(10% | & () - &<"|"" tﬁwcg %.| &

-f1.0#10%b& ()-f!#10%

|1 & ()-f1C #10%w& ()-f!~3( 109ppa&l () 1 303( 1H0MENEE Y - &~###! SFSSSXVA~\ =! | |
0#10% z*z& ()-f! #10%4T4T -f #10% o

& ()-f! k#1098 () - f'lXO#lO%&'() f1o #1@4&3@4) %'éﬁ'(\ﬂfﬁmw&\:!!! "109& () -
k#10%

& ()-T110#10%& ()-f!0#10%448& () - f10#1009&() f10#10%&' ()-f 9% &N} &&&' XV4~\ =! |
I A03"10% | & ()-!&3"10%Z| Z| & () - XVI) |

3"10% & ()-!,"10%& ()-10,"10% | & ()-!"0,"10%| 4| & ()-'3'S "' """ ' xj\ N &10%

U& ()- 10/|/| 10/|/| 10/]/]13"10%|/| & ()-!(63"10% |\|& ()-
DO3" 10%x& () 2060311094 | 85 ( Juntd¥(,N) BF &), Woib\ e, 518% Wl )t . 14 169K, ¢ -

I~ sF HIO%UU@5$£15 %Feq) of (PPh;3)4Pd° are added, under argon and at
5 ambient temperature, to a solution of 184 mg (0.58
mmol, 3 eqg) of BuN'FH0 in 2 ml of CH,Cl,. After
stirring at ambient temperature for ten minutes, 320 mg
(0.19 mmol, 1 eqg) of (13) are added and the reaction
mixture is left to stir at ambient temperature for
10 thirty minutes. The reaction 1is then complete. The
reaction mixture is hydrolyzed by adding a 6% citric
acid solution and the dichloromethane is evaporated off
under reduced vacuum. The residue is taken up in ethyl
acetate and the organic phase obtained is extracted
15 three times with a 6% citric acid solution and a
saturated NaCl solution, dried over anhydrous Na,S0O, and
filtered, and the solvent 1is evaporated off under
reduced vacuum. The crude product obtained is
chromatographed on a Sep-Pack® cartridge and then on
20 preparative HPLC, in order to isolate the pure compound
in the form of a lyophilisate (342 mg).
ESI-MS: m/z: 1593.32 [M+Na'], 1571.81 [M+H*].

Example 3

25 Physicochemical properties of the cyclic undecapeptides
of formulae (XV) and (XVI)

1. Water-solubility of the cyclic undecapeptides of
the formula e (XV) and (XVI)

30
The water-solubilities were evaluated by wvisual
examination at the ambient temperature of the
laboratory, by directly dissolving a weighed amount of
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5 Table 1

By way of indication, Cyclosporin A is described as

having a maximum water-solubility of 33 pg/ml at a

temperature of 20°C and at a pH 7, which corresponds to
10 a maximum concentration of 0.027 mM.

2. Chemical and enzymatic stability of the cyclic

undecapeptide formulae (XV) and (XVI)

15 A first evaluation of the chemical stability over time
of the cyclic undecapeptide of formula (XV) was carried
out, firstly in an isotonic solution consisting of
mannitol and, secondly, in a phosphate buffer (PBS) at
a pH of 7 and at temperature of 4, 20 and 37°C.

20
The percentages of Cyclosporin A detected are given in
Table 2 below:

4°C 20°C 37° 37°C PBS
mannitol mannitol mannitol

30 days 3.5% 17.0% 25.0% 90.0%

90 days 5.0% 38.0%

25 Table 2

As can be noted, at the temperature of 4°C in a
solution of mannitol, the cyclic peptide proves to be
stable to respond for at least 90 days.
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presence and absence of esterases. During the
incubation at 37°C, 40 Ml aliquots are sampled at
appropriate time periods and analyzed by HPLC and ESI-
MS.

10

In the absence of enzyme, a chemical stability of
greater than 3 days is observed for the two cyclic

undecapeptides.

15 The results obtained during the hydrolysis in the
presence of esterases have been given in Figure 1. The
curve of conversion kinetics for the cyclic
undecapeptide (XVI) 1is represented by diamonds, while
the curve of kinetics of appearance of Cyclosporin A is

20 represented by squares. As can be noted, according to
this figure, in the presence of esterases, the cyclic
undecapeptide (XVI) rapidly degrades to release the
Cyclosporin A. Similar observation was made for the
cyclic undecapeptide (XV).

25
The cyclic undecapeptide (XV) and (XVI) were subjected
to incubation in bovine serum at 37°C. The half-life
times of conversion of the cyclic undecapeptides to
Cyclosporin A were evaluated and are 3.66 and 3.50

30 hours, respectively.

Example 4

Application for intravenous administration in the form

of an aqueous solution
35 Study of pharmacokinetics of the cyclic undecapeptides
of formulae (XV) and (XVI)

In order to make available to the clinician a tool
which is an alternative to the pharmaceutical
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5 present invention, in the form of simple agueous

solutions, were evaluated for the purpose of

intravenous application.

Thus, the two cyclic undecapeptides (XV) and (XVI), in
10 solution in phosphate Dbuffer, were administered
intravenously to rats at a dose equivalent to 10 mg/ kg

of Cyclosporin A.

As a reference, a sample of an injectable solution of
15 Cyclosporin, commercially available on the trademark

Sandimmun, was used after suitable dilution.

Blood samples were taken at regular intervals and then
subjected to analysis for the purpose of assaying the

20 Cyclosporin A.

The Cyclosporin A levels in the blood after i.v.
administration of Cyclosporin A have been given in
Figure 2a. Those obtained after i.v. administration of,
25 respectively, an aqueous solution of the two pro-drugs
(XV) and (XVI) are given in Figures 2b and 2c,
respectively. The results interpreted from the curves
in Figures 2a, 2b and 2c have been given in Table 3

below.

30
Undecapeptide | Cyclosporin A (XV) (XV1I)
AUCq-inspg.h.L™* | 69229 66626 44699
CL L/h/kg 0.14 0.15 0.22
MRT h 15.2 15.3 14.9
Vss L/kg 2.2 2.2 3.4
T1/2:h 0.31 0.55 0.20
T1/2;h 11.1 11.8 11.8
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5

- AUC: area under the curve;

- CL: clearance;

- MRT: mean residence time;

- Vss: volume of distribution at steady state;
10 - T1/2;: initial half-life time; and

- T1/2;: terminal half-life time.

As can be noted from Figure 2 and from Table 3, the
pharmacokinetic parameters of the control experiment
15 with Cyclosporin A are comparable to those reported in
the literature. The area under the curve for
Cyclosporin A generated during cleavage of the cyclic
undecapeptide (XV) is comparable to that of the
Cyclosporin A in the control experiment, whereas that
20 of the Cyclosporin A generated during cleavage of the
cyclic undecapeptide (XVI) is decreased by 25% compared
to that of the Cyclosporin A of the control experiment.

The two cyclic undecapeptides (XV) and (XVI) each show
25 a similar blood release profile for Cyclosporin A.
These profiles are similar to that of the Cyclosporin A
in the pharmaceutical form based on polyoxyethylenated

castor oil.

30 From these results, it results that the pro-drugs of
the present invention offer, for an equivalent
Cyclosporin A release profile, the following
considerable advantages compared to the existing
pharmaceutical formulations of Cyclosporin A:

35
- easy to use by simply dissolving in water; and
- no need to use excipients which prove to be texic;

and
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10 In order to make available to the clinician a tool for

topical administration of Cyclosporin A to the eye
without irritation or an unpleasant sensation being
felt or without blurred vision being experienced, pro-
drugs of the present invention, in the form of simple

15 aqueous solutions were evaluated.

1. Preparation of solutions

Isotonic aqueous solutions, containing 5% of mannitol
20 and at pH 7.0, of the cyclic undecapeptide (XV) were
prepared. The concentration of Cyclosporin A equivalent
is 1% (weight/volume). The solutions were sterilized by
passing them through 0.22 um nitrocellulose filters. A
reference formulation of Cyclosporin A was prepared in

25 the form of a 1% solution in olive oil.

2. Determination of the tolerance for the cyclic

undecapeptide of formula (XV)

30 Ocular tolerance was determined according to two
methods, namely according to the modified Draize test

and using a confocal laser scanning opthalmoscope.

2.1 Modified Draize test (acute tolerance test)

35
This evaluation was performed on six male albino
rabbits. For each animal, one eye received an
installation of 50 ul of the solution as described
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Severe discharge 2

covering a small surface
of the cornea

Severe discharge 3
covering a large part of

the cornea

Chemosis Normal

Slight chemosis
including the nictating
membrane

Severe chemosis with the |3
eye partially closed
Severe chemosis with the
eye closed

Redness Normal blood vessels
Some vessels hyperemic
Diffuse redness,
individual vessels not
easily discernible
Considerable diffuse 3

redness

10
Table 4

The possible irritation was observed, in each animal,
according to the rules above, at given intervals spread
15 out over 48 hours after installation, and a total
irritation index (I;i.,) was calculated from the total
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This test was carried out on the same type of animal as
previously. 25 pul of a solution as described above were

10 instilled onto the cornea of the right eye three times
a day for four days, and then once on the fourth day
just before observation. After the final installation,
the rabbits were sedated by administering ketamine
hydrochloride and xylazine. A total of 25 pl of a

15 solution of sodium fluorescein at 0.5% by weight/volume
were instilled onto the eye in order to allow selective
labeling of the surfaces possibly damaged. The eye was
then rinsed for one minute with a saline solution at
37°C.

20
Finally, the eye was observed with a confocal laser
scanning opthalmoscope according to the method
described by Furrer et al., J. Ocular Pharmacol., 1997,
13, 559. The opthalmoscope was coupled to an image

25 analysis system in order to be able to reconstitute an
image in three dimensions and to allow evaluation of
the damaged areas.

The degree of tolerance is evaluated as a function of
30 the percentage of corneal lesions and according to the
following rule:

- from 0% to 25%: good tolerance;
- from 25% to 40%: acceptance tolerance;
35 - from 40% to 60%: low tolerance; and

- above 60%: unacceptable tolerance.

It 1is noted that it is generally acknowledged that a

percentage of lesions less than or equal to 5%
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1.8 was obtained in the Draize test for the cyclic
15 undecapeptide of the formula (XV) and that 7% of the
cornea was damaged by administration of this product.
These two results demonstrate very good tolerance to
the cyclic undecapeptide, this tolerance being clearly
improved compared to that obtained when Cyclosporin A
20 is administered in olive oil.

For obvious reasons, the subjective improvement in the
visual comfort by using an aqueous solution rather than
an oily solution was not evaluated on the animal.

25
3. Stability of the cyclic undecapeptide of the
formula (XV)

Samples of the solutions described above were
30 conserved, respectively, at 4°C and 20°C. Analyses by
HPLC were carried out regularly for 3 months. These

samples were found to have good stability under such
conditions.
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fresh rabbit tear. 2 pl samples were taken at intervals
of 1, 2, 3 and 30 minutes, and were then analyzed by
HPLC.
10
The results obtained showed that the cyclic
undecapeptide of formula (XV) plays its pro-drug role
from the first minute of contact with the rabbit tear,
releasing the Cyclosporin A. At 3 minutes, 3% of the
15 pro-drug has been converted, and then 4.7% after 30
minutes.

5. In wvivo conversion kinetics for the cyclic
undecapeptide of the formula (XV)

20
This in vivo conversion kinetics test was carried out
by instilling a 25 pl sample of the solution described
above, in the right eye of male albino rabbits (4 kg).
Tear samples were taken at intervals of 1, 2, 3, 4 and
25 20 minutes, and were then analyzed by HPLC.

The results obtained have been given in Figure 3. As
can be noted, this test confirms the results already
obtained in the ex vivo experiment. The cyclic
30 undecapeptide of formula (XV) (squares) clearly plays
its pro-drug role from the first minute of contact with
the rabbit tear, releasing the Cyclosporin A (circles),
and this release continues over the following 20
minutes. At 1 minute, the concentration of Cyclosporin
35 A in the tear is 0.025 mg/ml.
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1. A pro-drug consisting of a cyclic undecapeptide in
which the peptide chain comprises at least one

5 amino acid residue of general formula (I) below:

Y

R7/U\O o 4’1\,( j)\o'"" -----

(1

in which:
10
- the carbon atom C* constitutes one of the
links of the undecapeptide ring;
- the substituents Y each represent a hydrogen
atom or together constitute a bond;
15 - the substituents R' and R’ represent,
independently of one another, a hydrogen
atom, an aralkyl group, an alkaryl group, a
heteroalkyl group, a heterocyclic group, an
alkylheterocyclic group, a heterocyclic alkyl
20 group or a linear or branched alkyl group
having from 1 to 6 carbon atoms, optionally
substituted with at least one of the groups
chosen from -COOH, -CONHR®, -NHC=NH(NH,),
-NHC=NR® (NH;), -NH,, -NHR®, -NR%,, -N'R%;, -OH,
25 -OPO (OR?) 5, -OPO (OH) (OR?) , -OPO (OH) ,,
-0S0 (OR%);, -OSO(OH) (OR®), -0SO(OH),, and the
various salified forms of these groups, each
of the substituents R® representing,
independently of one another, a linear or
30 branched alkyl group having from 1 to 6
carbon atoms;
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PG?efixX@E In""10%_ the substituents and R* represent,
independently of one another a hydrogen atom,
an alkaryl group, or a linear or branched
alkyl group having from 1 to 6 carbon atoms;

5 - the substituents R° and R® represent,
independently of one another, a hydrogen
atom, an aralkyl group, or a linear or
branched alkyl group having from 1 to §
carbon atoms; and

10 - the substituent R’ represents an aralkyl
group, an alkaryl group, a heterocalkyl group,
a heterocyclic group, an alkylheterocyclic
group, a heterocyclicalkyl group or a linear
or branched alkyl group having from 1 to 6

15 carbon atoms, said groups being optionally
substituted with at least one of the groups
chosen from -COOH, -CONHRB, -NHC=NH (NH,) ,
-NHC=NR® (NH,), -NH,, -NHR®, -NR®,, -N'R%;, -OH,
-OPO (OR?®) 5, -OPO (OH) (OR?®), -OPO (OH) ,,
20 -0SO(OR%),, -0SO(OH) (OR?), -0SO(OH),, and the

various salified forms of these groups, each
of the substituents R? having the definition
above.

25 2. The pro-drug as claimed in claim 1, characterized
in that, in general formula (I) defining said
amino acid residue, at least one of the
substituents R' and R’ represents an aralkyl group,
an alkaryl group, a heteroalkyl group, a

30 heterocyclic group, an alkylheterocyclic group, a
heterocyclic alkyl group or a linear or branched
alkyl group having from 1 to 6 carbon atoms, each
of said groups being substituted with at least one

of the groups chosen from -COOH, -CONHR?,
35 -NHC=NH (NH;) , -NHC=NR®(NH:), -NH,, -NHR®, -NR®,,

-N'R;, -OH, -OPO(OR®),, -OPO(OH) (OR®), -OPO (OH),

-0OSO(OR%),,  -OSO(OH) (OR®), -0SO(OH),, and the

various salified forms of these groups, each of

the substituents R® having the definition above.
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3. The pro-drug as claimed in claim 2, characterized
in that said aralkyl, alkaryl, heteroalkyl,
heterocyclic, alkylheterocyclic, heterocyclicalkyl
5 or alkyl groups are substituted with at least one
of the groups chosen from -NR%,, -N'R®;, -OPO(OH),
or the various salified forms of these groups,
each of the substituents R® having the definition
above.
10
4. The pro-drug as claimed in claim 3, characterized
in that at least one of said substituents R' and R®
represents a linear alkyl group having from 1 to &
carbon atoms substituted with at least one of the
15 groups chosen from -NR®;, -N'R®;, -OPO(OH), or the
various salified forms of these groups, each of
the substituents R® having the definition above.

5. The pro-drug as claimed in claim 1, characterized
20 in that, in general formula (I) defining said
amino acid residue, the substituents R5 and R6

cannot simultaneously represent a hydrogen atom.

6. The pro-drug as claimed in claim 1, characterized

25 in that, in general formula (I) defining said

amino acid residue, at least one of said

substituents R° and R® represents a linear or

branched alkyl group having from 1 to 6 carbon

atoms, and the substituent R’ represents an aralkyl

30 group or a linear or branched alkyl group having
from 1 to 6 carbon atoms.

7. The pro-drug as claimed in claim 6, characterized

in that said substituents R> and R® represent,

35 independently of one another, a hydrogen atom or a
methyl group.

8. The pro-drug as claimed in claim 1, characterized

in that said peptide chain comprises a single
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amino acid residue of general formula (I) forming
an undecapeptide ring with a linear sequence of

ten amino acids of general formula (II) below:
-T-U-V-W-MeLeu-Ala-X-MeLeu-Z-Meval- (I1)
in which:

- T is chosen from the amino acids Ala, Aabu,
Nval, Val and Thr;

- U 1is chosen from the amino acids Sar,
(D)MeSer, (D)MeAla and (D)MeSer (OCOR®), with
R® representing a hydrogen atom, an alkaryl
group, or a linear or branched alkyl group
having from 1 to 6 carbon atoms;

- V represents an amino acid of general formula
(N-R'®)aa, aa being chosen from the amino
acids Val, Leu, Ile, Thr, Phe, Tyr and Thr,
and R being a linear or branched alkyl group
having from 1 to 6 carbon atoms;

- W 1is chosen from the amino acids Val, Nval
and Leu;

- X 1s chosen from the amino acids (D)Ala,
(D)Ser, (D)Hiv, (D)Val and (D)Thr; and

- Z 1is chosen from the amino acids Leu and
MeLeu.

The pro-drug as claimed in claim 8, characterized
in that said linear sequence of ten amino acids is
chosen from the following sequences of formulae
(ITI) to (XV):

-Abu-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-
Meval- (III);

-Abu- (D)MeAla-EtVal-Val-MeLeu-Ala- (D)Ala-MeLeu-
MeLeu-MeVal- (IV);

-Thr-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-
MeVal- (V) ;
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5 -Val- (D)MeAla-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-
MelLeu-MeVal- (VIII);
-Val-Sar-MeLeu-Val-MeLeu-Ala- (D) Val-MeLeu-Leu-
MevVal- (IX);
-Val-sar-MeLeu-Val-MelLeu-Ala- (D) Thr-MeLeu-Leu -
10 Meval- (X);
—Abu—(D)MeSer(OAc)—MeLeu—Val—MeLeu—Ala—(D)Ala—
MeLeu-Leu-MevVal- (XI);
—Abu—Sar-MeLeu—Val—MeLeu-Ala—(D)Ser—MeLeu-MeLeu—

Meval- (XII);

15 -Thr-Sar-MeLeu-Leu-MeLeu-Ala- (D) -Hiv-MeLeu-Leu-
MevVal- (XIII);
and

—Abu—Sar—MeLeu—Val—MeLeu—Ala—(D)—Val—MeLeu-Leu—
MeVal- (XIV).

20
10. The pro-drug as claimed in any one of the
preceding claims, having, respectively, formulae
(XV) and (XVI) below:
| ©
i
o | Y o 0
AN AR
I) H
r:l \"__Abu-Sar~MaLeu-Val-MeLeu—Ala-(D)Ala-MeLeu-MeLeu-MeVal
{—EHao
(XV),
25

and
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11. The use of a pro-drug as claimed in claim 1, as a
medicinal product.

12. The use of a pro-drug as claimed in claim 1, for
preparing a medicinal product intended for the
treatment of pathological conditions of the mucous
membranes.

10

13. The use of a pro-drug as claimed in claim 1, for
preparing a medicinal product intended for the
local treatment of pathological conditions of the
eye.

15

14. The use as claimed in claim 13, characterized in
that said pathological conditions are chosen from
dry keratoconjunctivitis, Sjdgren’s gyndrome,
forms of allergic keratoconjunctivitis, in

20 particular those resistant to corticosteroids,
conjunctivitis producing mucous and synechia,
herpetic stromal keratitis, immune-related limbic
keratitis and Thygeson’s keratitis, and prevention
of corneal transplant rejection, and as an

25 adjuvant treatment for filtering surgery.

15. The use of a pro-drug as claimed in claim l, for
preparing a medicinal product intended to allow

prolonged survival of organ allografts.
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17. The use of a pro-drug as claimed in claim 1, for
preparing a medicinal product intended to inhibit
replication of the human immuncdeficiency virus
type I (HIV-1).



