L @3e"H6~TAP  Modified cycl osporin which can be used as a pro-drug and
use thereof The present invention relates to a pro-drug consisting 5 of a
v cyclic undecapeptide and to the use thereof as a medicinal product,
i nt ended i nwBaphi/pgbargf or the treatnent of pathol ogig@d,&pdsldapns of the
eye. Cyclosporins constitute a structurally distinct class 10 of cyclic
pepti des which have in conmmon the fact that they consist of a chain of
el even anmi n¥odéfded suyrmldmnawimt ypichl a@int hee dged gas hai rPI® cdfidg gur ati on
or due to thggcaupl exechgR cal structure of their side chain, or else due
to the fact —timatthe amne group is 15 al kylated. To date, about thirty
cycl osporins have been isolated froma fungal source and many cyclic
undecapept i ¢as Priddedt tinddiasomatelatedr eduet prldireperondt & vegl by 20
hem synt esig or b% ot al %nt hesjas Al_s itncltded among trg%%e ce/calli C
undecapepti 8& &haf ‘b]tsl%rléng PEBFPEES® 0P e fS1 pept i 08S, THEESCty AN ¢
pol ypept i demedlisdanadnt grodugtest emtlendeadgesin n gawiicwleai n.£25 | bhe he
remainder of LOrhefesei BhiAlioA1da3nLeR8 04 BREVLEeLARCELE ed. Lhe term
cycl osporin wl e Intended t0 nean otﬁ the cyclic undecapepti des
obtained froma natural source and their anal ogs obtained by hem synt hesis
or total sygibesiporinel ushigr BOudde apept phdtlesa P aidied ihcem a1 494 ur al
source or their anal ogues obtained Ry hem synt hesi's or by total synthesis.
The firkl mb&Y I HPEPEIFBSHBLFR FEHS vIR oCABDEN 3516e ‘i%o’f%%"ed and
t hen identitheg vwvesn&yst osffora n chaifheopelliedenc hanine opstiidisyt | sigmet s
undecapeptide.ring. s .as follows:; - 2 . . .
- MeBmt - Abu- %grlpﬁe%etl}fg}aﬁ%]lw‘f%gb%¥ a-dPB) ,&IO ‘l_i}é &h- Befec{ﬂ\]/:el\%lralttlsonexoranded
chemical st duet ute bdengcasplek| akemizaldycbbsporbneA of their side
chain, or else due to the fact that the amine group is

15 alkylated.

To date, about thirty cyclosporins have been isolated
from a fungal source and many cyclic undecapeptides
similar to these natural products have been obtained by

20 hemisynthesis or Dby total synthesis. Also included
among these cyclic undecapeptide analogs are peptolides
or depsipeptides, i.e. cyclic  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 been isolated and then identified was Cyclosporin A.

The peptide chain constituting its undecapeptide ring
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is as follows:
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Aneng t he atypical amno acids which this cyclic 10 undecapepti de
conprises, that which is in the 1lposition, nanely

" Nmethyl - (4R -4-((E)-2-butenyl)-4nmethyl-L-threonine, called MeBnt, is in
particular noted. 15 This amino acid_s, specific to cyclosporins, it being
possible for the ethylenic group to be optionally reduced. It has an am ne
group which_ RBEL .mshagsg M!eﬂe d%i' ﬁaLe&thmbmg geoUn-MBEeh-it carries
is very nota e I'n the sense It 1s the only group of this 20 entire
cyclic undeMg¥epti de capabl e of prodUC|ng chem cal nodification. It is also
possi ble to note already that it is in a greatly hindered stearic

envi ronnment _nmaki n y approach_by a rea extrenel Eeligate. 25 These
cyclic unded&fef¥Paese BFWéFaﬁhé§rHFEugF ﬁfﬂgaﬁsoﬁ¥é'ﬁwﬁr are obt ai ned
by synthesis, exhibit a broad spectrum of biological activities, anong

whi ch - 3 the nost well-known are the, i m no suppressive,
antiinflammatory or anti-parasitic activifies or activities nmaking it
possible to conbat or decrease the resist of cancerous tunors to other
treatnments. Sone of these i des have been found to
possess prom sing antiviral i Vi i in the treatnent of

Al DS by inhibition repli n i nume deficiency virus type 1
(H'V-1). 10 In this resp } i
obt ai ned by hem s
Cycl osporin A, but i he nature of the am no aci Pn the
4-position, or in the 34 and 4-position, with respect tq the MeBnt 15 am no
acid has been nDdlflea"Nhave been described in patent apgH-cation WO

devel opments have ma
ef fect of cyclospor

listed, may be taken advantage of ,
opthaInDIogy, for local treatnent, in particular, of superficial

pat hol ogi cal conditions of the eye and of its surroundCpglappentlaghs.

I ncl uded anong t hese pat hol ogical conditions are, inter 30 alia, dry
keratoconjunctivitis, also called dry eye syndrone, Sjogren's syndrone,
forms of al lAegicc Kdveat mmnﬂmlm |axcqgé$t|‘¢lmiah tHose regfdidant to

corticog {Zer‘?irﬂi%:c @iitli'a%t'\eofnx 2 égdUC'ﬂ}emUm@ndlaynfﬁhl @heheipet't'c

stromal keratitis, rmmune-re 35 linbic keratitis an ge on S
keratitis, éﬁ@lﬁﬂéVbntld%@@#lﬁorn@aWthaﬁséﬁEhf4Féj@bf?oPUtﬁﬁﬁl 5%an

adj uvant tr eritmBAL f-@hdddrlield ,Ng Irget y.MeBmt 4 e £xcl perundetapeptides
of the cycl ospor n famly are hlghly hydrophoblc in nature, which reduces

all the noré< r solubility in water. This characteristic is related to
the nature of the side chain of nost of 5 their am no acids, but also to

t he facisthaIth]th; amge rlaupL ofSE%F&% EBG%S’% é}%hﬂg;sds i gg%%l at ed,

thus liniting e pOSSI e nuirber er nol g rogen bon
formati ons lstageidnle hdayyclthe ustbydpesc deran®, ftor BfanpPEioaalayueous

sol ubi I'i zi ng-dRALHN 2O has an amine group which is methylated. In
addition, the hydroxyl group which it carries is very
notable in the sense that it is the only group of this
20 entire cyclic undecapeptide capable of producing
chemical modification. It is also possible to note
already that it is in a greatly hindered stearic
environment making any approach by a reagent extremely
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



As..a result, the intravenous (i.v.) admnistration of these cyclosporins
requires the devel opnent of very conpl ex pharnmaceutical formulations,
+mainly in the formof enulsions, which sonetinmes have precarious stability
15 and are delicate to handle, and whi gh_are sources of adverse side
effects. By way of exanple, one of the preparations for i.v. infusion of
Cycl ospori nefe GRIGET Gahlyndydl | Akl ecuadernZt: t Baphradarpek Sandi mun,
consists of a mcroemul sion using, as .excipient, a polyoxyethy] enated
castor oil KREMATHABEEYt RE Brddem@mRsetefo iV iFieS Ste R Y onl§S
conserved i fiakhegf @tmpefssd bleneentdoaitatansd: rsdrdmsdlitid exkglstaei ore it
is adm nistered. 25 Due to the use of.this_castor. oil,, whichi own to
sol ubilize ggr’rga@rcetrﬁélscotﬁﬂ‘b%égnt%o O?J;E?/]ﬁt & F%mﬁﬁ%:gr'i asloén,e tcft;fe %a‘%%? acturer
recommerils oychdge wherdrapdintiglashi sharepabaenon fognkdy et erpassesgle of

gl ass 30 or Eﬁg%&gg thiSivPEa R SYALRALICJTRE 8hi gla it ACGHF dancecykth the
"standards Of the ropean armacopi a for receptacles intended to contain
bl ood", allttkesmensit ePfalAIPRviky tehiditded ofrepilirasdenoi Pfandh®df fats.

35 In addit hefan & miaNnAS dklfe cgkhbiCiaRukhaypkhhs (gastey .0il is capabl e of
causi ng anaphyl actoi d reactions and, as a result, reconmmends that
i ntravenous adm ni stration - 5 be used only in cases where oral

admi ni sty at iten i shiiBpossédpect The aleveleapzdnt ohupbemi si af usegcbic

cycl ospori ns 5 | ocal, adm ni,st.ratj [ y ins: sl ow novi ng
due al so tou{lﬁécgpfepi%éﬁ]ﬁgy ionr})t el\}%dogﬁg}ﬁgﬂgﬁ?%gﬁl:gg%ggr r?%@gmapcﬁ:la .é{v
f or nul at i onstwhicthirexhgbinilan pgeo t ithatar ojoody ¢ bepox b ePancBuindi@o not

cause bl urrgeiwhSioR die 1% tHE PhESEREBCORAMIGECaYS @UeNt SpodfeTbNs, and by
way of exanple, Rohert et al. have recent I&%tr evi ewed, in J. t hal nol .,
I

Fr.
2001, 24(5)°M52n HE InePEcAnPRELCIPRY | MtH &S5RGCEh RS oM%%O‘Q’Emr ked
out duerto thRanbypopid| hasnatede abdificeds phararabeshi calsdrabad athons for

adm ni sterin | ospoti.n_A.l oc y In al ol ogy.and,_all the probl ens of
| ocal toler 8%5%m 8§pﬁﬁ8§ 1PBr %+a?¢é?1§%gus€ﬁeég &le 8$et h&* EBRer usi ons
whi ch may bepldwantr.omthis reviewis that, to date, no fornulation exists
in the formof an eyewash which can be adm nistered |locally for the

treatnent of conditions of the eye and of its surrounding appendages. This
concl usi on Regebd 25pharvadenbdoieal he deyeleopmepdisosperva f dladene Lbcal

treatmepy ofoz@Ndild S Rbpkhe HAHCAUse MERREASE fioRle rak ik e £l tbens.
Consequently, there is still a need to nmake_ avail %bl e 30 to clinicians

cycl ospor i nSYHERREE Nehey 18 e PEEFEASHERE  GP38ynPhet F¥COPPEPALIor &
derivati ves wofidhhesef &y€| @spafdvis;s Iliec hagdn nba -myréd otexdicl yaradinfarst er abl e

to a patient, .in particular laqcally .or infrave |y, i voiLding the
use of corrpl“&%cﬁha %cab?‘rz"cglf%fgtfsorhrﬁ}fea??%%% \%glggﬁ&ha\\e%)}ae%?egég%gus
stability ardivenitelgear eodi ffitolt parhaedlar arih whitdle ar §isddr cesfof
adversez§'d%ﬁﬁﬂg%aﬁiogy, 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 gyndrome, 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.



.- 6 This need exists all the nore if these cyclosporins, of natural or

. synthetic origins, nust be applied locally to the eye or to its surroundi ng
+ appendages. 5 One of the possibilities available to the specialist when
confronted with the probl em of naking g hydrophobi c, pharmacol ogically
active nmolecule assimlable in a physiological nmediumis to chemcally
modify it ippardek1te cflagibtiilded NN dy&1 Jdbdatnir famd Iy O4AET tO
avoid altering. the pharnacol 0gical properties of such a pharpacol ogically
active nol eBdBBLYt NRXdEpRAPREF ridHi PREREPon WRICRoFSGMICSHh Bldparitg a 15
precursor, mbre0osHdile SN ukEcityeinr @adesQr THafs tdisrdhadrmaologigal |y
active nol ecule gni ch, %%(ze adm ni st rgs and.cﬁegdeb t he e%fect tof he

physi ol ogi caPLE5RGi t T 3ndRExi BeFiGe I &fal FPei F19% 688y™ W@t | ™68 chehi cal Iy
or enzynati cakeliy ruodida edtisiegh hibatalbde 260 pher fectl dgiadal the aaminve

nol ecule is a rvad Lo POSS] Lther _at f.h i }y*ﬁ jts

phar macol og?%gkgaa%?osndrﬁneusé)ﬁo_l(::g%g? %t’nrllhﬁ ta%té_dtgl (;G’Losz nf‘/ﬁ C V\A@Efclli' t%%%ssport

thi s phar madémégiag [bhea@asmihs cvmker 5 irtewsetetylas sh¥dreI®® action,

this correspend NEbtmat s Pbetiedl Whe COREERE. Uriddidrtimidndgnapf this
description, the precursor in questio ?)f, sai,d pharnacol ogically active

mol ecul e i s LO&l FER™PSFo- GPuGauerts; §94Pd A4y 1RHoMR Y et i ce to chemically

nodi fy 1the 30 structure of Cyclosporin A for the purpose of conferring on

t he product ,aobt ai ned hydrophjlic n re. ,Thus 0 hhar t, . ve
descri bed, AT paélt Eﬁ{sugg’agﬁ%pc]a%%anv%jﬁ/ f§9§7? E"l érn@ﬁt}ﬁio%%eaotrl%lnrrﬁgvi ng the
adni ni strat ithvesef phailoapokdgscatéguiares vehm| deviedormentl opfenddryng t hem
to cross th [ i1held JTEI S, qﬁsjis i in ersibly
grafting ont%gq.‘?%g}scse ??’ril%l(}ecu eL_lgtHacIaE dee&,lghal n cdgirﬁlégi sntlalplng, of£Ill nghé%_féfﬁyagrrent S
of a pol yar §ifniamalEdans, whel dyetPesiohte s Hea vh P FeedT baie afFePatitve

nol ecul £ agdMALsuUbes ivhLeh t enaAydiophekidc Wik diat Hire, sdithcaas of

Cycl osporin A. 5 However, .such conjugates are extrenely delicate to handle
and to cons@&VETEFe SL6% ﬁ@é:&s,' as is indicated in the cited application,
that the pharmacologically active nolecule is rel eased as soon as the pH of
the nmedi um e T | ifio wh |.S o cal Ly . active
mol ecul e i s%xrygl‘ga eé),f tﬁégﬂg}%ér &nﬁ:‘l nggcﬁltgilen %?%ggng%?ggg%egjroe e'léé‘éd in the
body. Si nce irffaysimne ddndimr¥egpaial rAt oxemneychmbly hevailapleanndespacity,

these pohyarGii BEFRRLER CRREI dfrl | AEbPBS s88CIoE N WEErBEmSYSon
cyclosporin 15 conjugates in the field of opthal nol ogy cannot be

I

envi si oned. YGiE6ks BE HXCIRIEHE bed i POhuPRrREAGHFIEEE 0 FARDT0/ BFB01, the
Plrepg_r ati ]gn kefowpr Omgldengs t@lfg atnﬁdé’rﬁhim; b@mbhby‘.ﬁgﬂfﬁ:@ ﬁlhéba_aation

urbi profen, in order to.be to adm pister themlocally in contact
wl Tt he eyd® PTEEE(eq pitehhE ERE A0o 81 RERRRY FOEST i | TATY oSt hi s
tinme. They adhivees thist, Hediore dér tid mdmimisteafednedi ci nal products, by
i ntroduging oxygenated 25 or pol yoxygenated chains. On the other hand, when
wi shing to subject OAC| osporin A to the same chem cal nodifications, they
succeeded i PUshte® nthg o1ey @F olibéss GANtEar tdkel, duBéFhbd Saskiaimgtao
stable, in Qiebinards, ¥Bkeh as® neheCl eaypfohént el eaye t BonEMetosporin A
whether this is in_contact with human serumor in a_phosphate bugfer at pH
7. 4. Conseqi&@hani2lithe it of MAME T ETERE | FREMTRAT s 18188 makBSRvai | abl e
to the cli niteirail ipip-thiigSppépayationyundatgpepitieddalofmddee cfchbaperin
famly ich, figstly n, be m nistered. w {hj ysi i medi um
wi t hout avidr*]fg tf:)alalelvrg gtgnc%’rrp? ex® p%’érrl?rhaecéejhﬁ %%%%??m ?o%ggégg%—iﬁg%condl Y,
can be storedtindthBen“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
oil is capable of causing anaphylactoid reactions and,

as a result, recommends that intravenous administration



8 handl ed and admi nistered wi thout having to worry in particular about
the pH conditions of the surrounding medium 5 The aimof the present
invention is also to nmake available to the clinician pro-drugs of cyclic
-undecapeptides of the cyclosporin fanmily which can be adnministered locally
in general, and in particular on the surface of the eye or on the nucous
menbr anes arpe 100y CBREgN {hendLlLagherkn Srat ARG N dadidie tilsme, the
phar macol ogi cal l'y active cyclic undecapeptide, without local irritation. To
this effect 1‘@9%9%@5% invention relates to a prol5 drug consisting of a
cyclic undecapeptlde in which the peptide chain conprises at | east one
amno acid r s g eneral ormJ g@)} bel o R$l RBR2 Oy ~I ~I i
Rr ~O~O~-N-N~GH& eve RPMeRE 1PH°6|¥|§ 2HF5E uft chCY THROEHF Do Yat om Ca
constit ubes Toeaf 4dweihisksaoion heinndepaheptoilegyi ngemaﬁns t lIs@ ow-
substituents Y each Lepregent a dr.qgen 1 er a
bond; - the {Ubk r%?tuelﬁgs andt% rtggeresen ?n%:lE% lelnt Id%%?%?%qg:not her,
a hydrogen swiakae apbllak‘yllacgmupalanf@rrklalréyﬁl@’#%up’hlﬁhhe@%hb@r‘kylmgroup, a
heterocycl i G, 30 gLeRyr afoSh Kyl beher Oewéicgneéouanda het eheeycldace@l&yl

group or a linear or branched alkyl. group having from1l to car bon atons,
sai d groups DEREES P BHA 1§ %utb%trrli%t SERFE LL I‘é’a%qo%ea%efn‘i%e groups
chosen fipom - 9 -COOH, -CONHRg , -NHC=NH (NHz ) , -NHC=NRa (NHz ) ,
-NHz NHR - OPQ - NRez ( J(OH)
(CRe) %‘494)6% (GY re) XR%‘% P (G . - SR

salifi ed forxmcelﬁtlmesevgewapis igach. off'rt. h@@:mﬂb‘mi tueRP81R8 24frlesent i ng,

| ndependent | y, 9t 93¢ ol Nekond Lhieas; o AAteduAl kY| hRiPcgagang from
1 to 6 carbon atons; e su stltuents Rz represent, independently

of one anot heprked hy@ﬂd‘égeﬁlu&torﬁo arthg ka1=kjﬂ>°%‘1'*bhbc o?la‘éu% | Phear-15y
branched sal kyha SfQQuHAYANY f T FBrkulla Ll oe@r bon abens; -adn’(l&fdﬂéﬁ:tnjrigJentS RS

and R6 represent, independently of one another dro G ar al kyl
group, or a @Y%Jte%?p%?lrgra%cﬂle‘dg%}i%l H}OL&PEH};RI]IW@? a%({]o i bon
atons; and problems of local tolerance which these formulatlons

cause.

20 One of the conclusions which may be drawn from this
review is that, to date, no formulation exists in the
form of an eyewash which can be administered locally
for the treatment of conditions of the eye and of its
surrounding appendages. This conclusion may be

25 Dbroadened to the use of cyclosporin for the 1local
treatment of conditions of the mucous membranes or of

skin conditions.

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 avoiding 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.



"~ the substituent R represents an aral kyl group, an al karyl group, a

~ heteroal kyl group, a heterocyclic group, an al kyl heterocyclic group, a
het er ocycli cal kyl group or a linear or branched al kyl group having from1l
"20 to 6 carbon atons, said groups beipggoptionally substituted with at
| east one of the groups chosen from-COCOH, . -CONHRB, -NHC=NH (NHz) ,
- NHC=NR8 (“m?ﬂls n@kﬁ ex%ﬁgg alNREﬁe myfgeaf tgﬁse @@@1@@6%&1%8, G0 (OH)
(OR8) , -0OPO (OH) O (ORe). (OH) z,..and the
vari ous 25 s%q‘?‘f’?%%l PaT r%frmhq%eoa%%hﬁgr @%&é‘»ﬁ diretﬁepéaset |]1q.?é'r3rt]§’ RS
having the dedithé i ope abpveo WensthReoln®inybsppéndadess Y toget her
constitute a bond, said am no acid residue of general formula (1) derives
30 froman N-nethyl-(4R)-4-((E)-2-butenyl)-4-nethyl-Lthreonine residue in
whi ch thé hy@nexyf grivep pofsstifd ltitrieeni aeahbsbbeertcesthei fapet ial iste
appropriate er ﬂ}g?&‘&% ha ol al | e |l e ich will be
rel eased when the fro- rug |c§ c?’gg\gledot?%gt hgf%ﬁbéﬁéy \E/;\AE qﬂ%}ﬁls t gif a
cycli ¢ undecaydpeplebia, whi cehermagepegdeathyin céﬁ?ﬁﬂl‘@es at"qlegstleone
N- et hyl - (4PAés£rﬁ£ia81@uliﬁmél )pkﬂzs“ﬁeﬂmsjldalt hie@nimei EesodutheRBmt)y - 10
Simlarly, he Iwo substld'tegents each represent a E_}/og%%%nlatom said
ani no acid rrgg HEe oft gerdbr & miPa FPILGEr i VBs Fh orft antydropiilic
N- et hyl1-0( 4Ryadubert yl - 4net hyl - L-t hr eoni ne resi due in which the hydroxyl
group 5 of the threonine has been esterified in the appropriate manner, and
t he pharnmacol ogically active nolecule which will be rel eased when the
pro-drug is Eheaveflem the boaloid | | adsmgiisyg of the cy aarmamidasiagali de in
whi ch the peﬁfbﬂérGD@énofoggﬁhsﬁsp%%rh%%%ﬁo%&%awl@e%@ﬂldé“aofg%ule,

4-butyl) - 4- net hyl - hreonine_resid (Dh Preferably, in general
fornula (1) ®R#f nlcll?ﬁmégla& a{i"ﬁq’f’oﬁé’cﬁtdl‘?%s‘i“aﬁe Coéltsqséas%noﬁéeBPrtlﬁg a
substi t uent SpPécaﬁgloRS rleprpa:s@ghtmeanaar dHé)dtlgzreOL@re@ﬁ’lr@d)i(ﬂl’ wif gitap, a 15

het | kyl t : het

et or ocyol | anRprasSLABt EREENF] e, T hyr BREER havi T rom 1
to 6 carbon admm;séa:cedoianslanmd@mmm beffugctsubﬁt ithet eehys tdl egidadast one
f th H Hz

R it S e R e %ﬂ“ W3 (Y (ore)
, -OPO (OH) ghemEs@l{PR3Prz, enm%mlmmodlf (¥gh z thatd tHee vari ous

salifiegdor a%a&sféglgapyps, a@eGReof ddmesuhstiiyente1Bskayi ng  he
definition above, These 25 groups, ackpow egged t.o be oI ar c%}g(?natujf\/b
re

greatly i nprB9%ﬁllPﬁ% hGdEBERI 13t R uF LR oNPEFFed th
preferably, satdoar ahkyl ocalikar ylr, ihetéroalliodd vﬂﬂ.d’letvar]dcy@}arcsport

al kyl het er oc ghlic r l. i ylL _or._al kyl p ituted
wth at |eas o%epg’ %ﬁnﬁcggggﬁﬁgi‘g 088%1 r%oﬁ%yﬂﬁ%rﬁlé %@%8%1%6%8#% Z or
the various $tbifdidee f @lfrrsa@ilctrheséhgtsoumrr%%mﬁn@ing hésubbei t RS RS

having the dgiigitihahave. 135 WY e-phef agabl Yor akhhgasie%ﬁléal d
substituents Rl and R3 represents a linear al kgh% E havi ng fro l1to6

carbon at onstBALSRYETHEICT tiN aduestdrroneiof s -NRez,

-N+R83, - OPQuettyezméletlite is ddllwar rpus- aa{lghed forms of these groups,
each of the substituents R8 having the definition above. Wen said
substituents 5 al kyl group having from

It is already known practice to chemically modify the

30 structure of Cyclosporin A for the ©purpose of
conferring on the product obtained a hydrophilic

nature.

Thus, Rothbard et al. have described, in patent
35 application WO 01/13957, a method for improving the
administration of pharmacologically active molecules
and for enabling them to cross the dermis and the
epithelial membranes, consisting in reversibly grafting
onto these molecules a side chain consisting of



~Wth at | east one of -N+R83, -OPO (OH) 2 or the groups, each of the

. definition above, the c 10 preferably derive: RL and R3 represent a linear
1 to 6 carbon atons substituted the groups chosen f rom-NRBZ , various
~salified forms of these substituents R8-having the ~rresponding amno acid
residues - either fromserine, honoserine, threonine, allothreonine,

N- et hyl seri hylet i l; orm‘?ﬁr' esi S+H any
one of the 1%@?%{1%%?&(%% %ﬁ?% %5??%%%&%%%@ y it‘i%‘{ L?hggﬁf iFrHr?gti on,
and in whi chPh¥enagRtexyFablBvupcha¥ehdd @S oned | Pederrlele WApStopri at e
manner such jPRathydeoshélei €hsh matutdeseua 49 @ptTodpstohies, carries the
pol ar and/or solubilizing groups; 20 - or fromlysine, ornithine, arginine,
N- del t anet hyl ar gi ni ne, N-al pha-net hyl argi ni ne or Nmret hyl | ysine residues, in
any one of thewdtdrpr $lhghcorbnpusatiednarer efxarmdel t halglli)cate to

conf i gurati op, and LRqWabcACLE Lespagt byely amine of,dJ mane group has been
functional i zed in tHe appr opriate manner such that 't A€ sitde 'Chainm of these
ami no acid r&si ddws careflesapmiel gadi gn anghet sohebipghazimaragagip1130 Wen

the substitugat sy&1lncRecAnd Ofs R3e1806eR4 20TdBNY LBe @l rsu (B, e and/ or
(R3, R4) are alkyl groups having from1l to 6 carbon atonms, they can form

within each PeftUman %GRS chdin whith f6FREE1RPYh t RSB carbi® at om
and t he 10 t rggermatoroyhéghlgar aytihiem malectle Phief erallepsediey wtenstitute
t he side chain, of a.%gl [ nE r.esitfdue. - 12 5 ]_g 15 %O.ZStx}he% ?e

subst i t uent sSPRYY ARG REF e PR BN LT ATHEESTEN ARG 1 55033 8RE ARothE Py dr ogen
atom an aratkytegrichgy avrel kaopn gfoup, thehet etaal &ty graoup, tdeir

het er ocycl i c; an L het er i C.QF .a er |4 C group
or a linear b?fg‘?%%heﬁgé%%%r oggg%%vi ﬁ%lgrg%%l%l %%6 car (ib(()jn 2.:{%}%31 but
said groups dfelpaticudstigusgled What at Ws€astobne #ich he QY PRPAHAEen from
- COOH,  1GONHRgn § ugMEESNH A NHZhe £ 1 NN (2 1moTFE cald be NRez .
- N+R83, - OH, CiDC?éCR) z. -OPO(OH) (OR8) , -OPO (OH) 'z, -0SO (ORg) z,
-0SO (OH) (O‘Fééyl?l-%%%(a—b z, and the various salified forns of these
groups, then they preferably represent the side chains of amno acid
residues, in ro( caonfi gurat.l prefera in th ; -
configurati o%%g%)]fgof ér-t)esi %‘{}e’s ofiggsé:?g%taem noggci %lzéﬁ&pr o%éﬁ%lfaénlﬁnor
activated foW@s0@na@78pti ontieéy presparpthenr ahi mrgrdogoal kf atagttiwhi ch

are usugld y coPTRhahebly awankabl&chOhe RNeheidkersal fhagiie ragid

resi dues are chosen fromithe twenty amno acids usually called_natural

ani no aci ds. Pl 881pr &PerdinigteyeHaal LPeRr by alpl FontRets yidth tihdht s RS

and R6 cannogysi muighaneouslty ey eseithe a byﬂéogaﬂoaaaﬁtr; Alasfy priedegiabl y, at

| east one of ,sald substituents RS g.@fl? R6 r.epr eseg%s a linear or tbr.anched

al kyl group ha¥thattPBm-21Eo 6" Car Yt ¥ S End  PAR saBSt i% (SR

represents anumbarkgf gedipioslapriodesitsor byr dnthediwding gnogndtad ng from

1to6 Cz%rbOBra%BYgoxfgeNQFSdpEﬁéfﬁébly1 said substituents RS and R6
dependentfy o

represent, in one anot her, a hydrogen atom or a methyl group.
Preferably, said pro-drug consists of a cyclic 35 undecapeptide in which

the peptide ghaikReCOHNdrSasard Si e RTEAYNGCHS lREjdee dfyaresasatid or mul a
(I') and thus_forns_an undecﬁ%‘%gptl e ri wth a linear se%uenccfé)f.ten
am no aci ds Bf t§ehBPaF3Gr 1ca) mggigweations, they sutceeded in

obtaining only products which they describe as being
30 stable, in other words, which are not cleaved to
release the Cyclosporin A, whether this is in contact

with human serum or in a phosphate buffer at pH 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



« 13 -T-U V-WMeLeu- Al a- X- MeLeu-Z-MeVal - (I1) in which: 5 - T is chosen

~fromthe anino acids Ala, Abu, Nval, Val and Thr; - Uis chosen fromthe

- amno acids Sar, (D)MeSer, (D) MeAla and (D) MeSer (OCOR9) , with RO

“representing a hydrogen atom an al karyfg group, or a linear or 10 branched

al kyl group having from1 to 6 carbon atons; - V represents an am no acid

of the generﬁéné a"i”'ld( Ngﬁ)nlﬁilsté e@e'ﬁgcme@lafvﬁ?@ thg apmng, agids Val,

Leu, Ile, Thr, being a linear. or branched al kyl
group havi né"?iﬁ”b%ﬁ"i % ebeaﬁbmeatra%coréltlws hokBR FUFHAURE RS no
acids Val, Nwadiwnd Leu; - X is chosen fromthe amno acids (D)Al a, (D)ser,
(D) Hi v, (D)Val and (D)Thr, with (DH v representing a D 2-hydroxyisovaleric
acid residue; and - Z is chosen fromthe am no acids Leu and MeLeu. 20
Thus, whén, The saidn amifno taei dpresedte dhvgehaenl fsrmilszo (1Yo tieke wo

substl tuents, PP'—T&F] en hy, h r | o l.ly active
nol ecul e whi c%{ %e rtglseaékég rlf}%gf e ?ngvgragg ma(ﬁg p%lafch drug in
the body, wiundeerReREidgs acéydihe avd %B@mmdéa@ﬂlb’hé”f@ﬁh oS@Brie fanily
i n which thQa&ﬁ%ﬁié%%f%%?'@o%9m§§'@§1a§eneral and 1n rtlcular‘ on

N-net hyl - (4R) - 4- but¥ -4met hyl -L-threonine r si due mgt 30 Sldmlarly,
when, in sai'd*@nPhd QEFdolfes’il'tﬁJee%? gEn&Fal tor Hof u?l)“e Kanefo an

subst i t aent swiYi¢logebherchemanstéled®e o hand, dinet gibibe maaﬂ)lfegtufal &Gt | ve

nol ecul e whi 2 auri e C e ug in the
body, will C%Qn;ﬁ%h:f%acfllggﬁgg&% eca%‘gcp \fhede %?8%2% hgl cyrcziPa %rﬁl ‘fam |y

i n which t hewpeprutteledal nixohprisem. an

N-net hyl - (4R)-4-((E) - 2- but enyl ) - 4- et hyl L-t hreoni ne (MeBmt ) resi due. - 14
Preferably, these cyclic undecapeptides correspond to the cycl osporins

al ready descF?beldisneffectit Ehat BF658§théV"ﬁ§tﬁﬁ&r FELOLE§i £ FpiFRerti es,
and alliBavi@gugi BohBQbﬁlﬁgpblfd% c&wlmc euﬁ@@éap@p&\hd@t byl whdBh- £H E)-2 5
but enyl ) - 4- et hy| - L-t hreoni ne % % ﬁSId e or

Net hyl - (4R)PHRLIRS | SRt AFFPTIERF eBhi hE2PEs PiSe (‘Bﬁ‘ﬁe&?ﬁ) hGsstue
preferably, ¢hegéneeal Seruehze(Df békowen 10 remaining amno acid residues
constituting, with said amno acid residue of general formula (1), said
cyclic undecapeptide is chosen fromthe follow Qg sequences of fornulae ( |
11 ) to (XIV) 15
- Abu- Sar - MeLeu- Val - MeLeu- @l a-ReD)@\ aRMelaéu dkelLe al (111);

R (®) 0 N N Ot

R® R' 0 R

)
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 heteroalkyl 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



.- Abu- (D) MeAl a- Et Val - Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeuMeVal - (1V);
. -Thr-Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeu- MeVal 20 (V)
* -Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeu- MeVal (V1) ;
- Nval - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- Mebeu- MeLeu- MeVal (VI1) ; 25

- Val - (D) MeAl a- MeLeu- VaI I\/ELeu Al a- (D) Al a- MeLeu- MeLeuMeVal - (VII1);

- Val - Sar - MeLegy - eu- Y . ’ .
Q?’I MeLeu- A|a- D@I\Mt Ry a('N@?Q NH;, -NHR’,

- Val - Sar - MeLeu- eu- Leu- MeVal 3 X)

- Abu- (D) MeSeTb(l&c) RS VltH MbLRHOAPR] )(D)N%EW%)UL% Ve VAPRO (OH)z2 -
i Sar - NeLeu Lot VLol AL e (e B yeMEL oo Lot RBval (4 110 apa ooe

- Thr - Sar - e a- eu- Leu- a

- Abu- Sar-l\/EL%%l’v‘gjreCR//g 255 ( fVaI %E&u LELRBRAN - (SGSH- St 15Perhe
phar macologi sabdtyi aodéntve nRf ecoépredexting) | bedepérdertldur pfig tone

I f d he_.b b I f th
cpavage of LNSRLO- OLU0ihDak NG DBANARLLE LRRD1PELERPRCYNE] YrpRe 10f the

follow ng cyclosporins w as approprrate eri rom
threonine with @ cb@mléwylat(mm) or butyl (DhMeBnt) chain: QICI osporin A
(CSA) ;- (D) MeAl S3E! Yadabs .40 ORF QA 5 1Lyelener | Nddesent@yclarspor in D
(CsD); Cyclosporin G (CsQ (D) MeAl a3CsD; (D) V lac%héﬁé@i ThreCsI 10
(D) I\/ESer(Oac?@%s‘?nO(:BFSerB{?sﬁyflpiaﬁﬁpe%qnh I\)%‘Ell e rarY By, O%olR 25, ed.
Ellis and WBinedd sedtt ebrSeictiede Rukyl, Hromediatidd vifsoen, 11998, qp
1-33); Thr 2Leu}% D) _Hi v8LeulCsC (The Journal of Biological Chemstry, 1991,
266 (24) , 155 ,a?(B)‘SVaI 8LeulCsA; 15 cyclosporins A, C D, G | and T
bei ng descri bethens@psyiegsnta Rhearcher stetp}fe@fer@,gamdemdwlwﬁduct s,
1986, 50, 1 t ni or. bei.ng p+ e naLpgy Wi th
the method doner PBS T L vl L Sa0eh o on At o 8887 o7 5 35 or e
preferably, }HeSH¥ o-W udpFagcherse ﬁf”ék’éntgwﬂxlfl%ntl'}adﬁ%vér%sﬂaec‘%‘i’ vély,

f or mul ae 5( X\ a296n (2XMhsbedvsr 100 JANJL ~ O~N O O OH (XV);

- 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(CH)y,,
-0S0(OR®),, -OSO(OH) (OR®), -OSO(CH),, and the various

25 sgalified 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).



- .25.and - 16 HO p~OH ~XVI ). The pro-drugs according to the present

i nvention can be prepared by applying nethods of chem cal synthesis well 5
known to the specialist in peptide chem stry, and nost particularly in
“cyclosporin chenmistry. By virtue of an.gppropriate choice of the various
substituents defining the am no acid residue of general 10 fornula (1), the
pro-drugs aceardia f 0 i, AESeltho | ASEL Ol Sy DEgan  pUBEeLanbaye,

not ably, a greatly enhanced ydroﬁ%I.IC nature conpared to the

phar macol ogiteinageset iafomhol c@dide gaR&cat édidur re§icHe cpPéavageestlsaid

pr o- dr;Jg_- B»fd&aa(t_ 1164 \Aﬁ?@h”p&éri{rétg 11‘:5rc§rl|i)| i | Ntmieh%zger(na:) napbatgugs of | the
present invention, iich generate Cyclosporin A after cleavage, is at |east
3000 times GIEREr U QPRI TS %%pbgiN%ﬁFhQGjE%nE%ﬁ5%ﬁ¥ yITPHR
pro-drugs ofoft heheprgdsessdnimy eids Olbecanebeeehfitq incohponapedpiritbeaqueous
phar maceuti cal fornmul ation, n bl -gru e_present

i nvention 25 AFe Touht n%?etéﬁigmggég??¥%%i?§ gﬁglgé|§§%§%P§§n¥RE§§a||y
encount er ed Widrl t hés relpaseld appii cabeompmshalrucheys arcd savesquebushsol ut i on.

I'n addition,ddie PEQ1drigsiQfe LE By eégaiiénvﬁa?eb%eéﬁai%rrpiﬁt ghy chul fill
their role by releasing, wth a - 17 half-lifetine entirely suitable
for a therapéitft iRSRIGHIS calid b, CORRT HBRF Nk ol 6§FEaPRe NefriéYhol(é&)re when
they argoi n £ONiBLL) W tnfe tHEL -anZyHRSorRiTes efds idud herbiMdmgi)cal hunors. 5
The present invention also relates to the use of a prodrug as descri bed
above, as a nedicinal product. Such a nedicinal product is preferably used

for the 10 tEmsftewmaiiliof juat pehegiatalfocomdiat | ONs @ef sy okagdcamicondi ti ons

requi ring bel Al dlie, Une Pladt CHEd OSPURL, ollls PALLLALL A UndtRD
pat hol ogi cal "conditions requiring the use o d?c osporin A, locally or
syst eni cal | yrepresantyenvus appblgyl ongroup, an alkaryl group, a

15 heterocalkyl group, a heterocyclic group, an
alkylheterocyclic group, a heterocyclicalkyl 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,

20 -CONHR®, -NHC=NH(NH,), -NHC=NR® (NH,), -NH,, -NHR®, -NR%,
-N'R%;, -OH, -OPO (OR?) 5, -OPO (OH) (OR?), -OPO (OH) 3,
-0S0(OR®),, -0SO(OH) (OR®), -OSO(OH),, and the various
gsalified forms of these groups, each of the

substituents R® having the definition above. These
25 groups, acknowledged to be polar in nature, greatly
improved the hydrophilic nature conferred on said pro-

drug.

More preferably, said aralkyl, alkaryl, heterocalkyl,
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
gubstituents 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



.15.Such a nedicinal product is in particular intended to allow prol onged
survival of allografts of organs such as the kidney, heart, liver,

* pancreas, lung, small intestine or bone marrow. It may al so be intended to
-20 inhibit replication of the human inmynodeficiency virus type 1 (HV-1).
I'n such applications, the dosage of the pro-drug of the present invention

when adni ni 8j.6£ 60,5y S6ATEGRL YOYn2S Jent EAUEEOUR dll£Ct bQBHT B UEhet hat the

concentration ycC ospor|n generate dur|n eavage, exanp e of

Oycl ospori n SRy HeRIR t Sapiast ﬁélreaéeétlmé @ﬁcéﬂ?@w&tl ons usual |'y
recommended. 30 More preferably, such a medi ci nal product is used in the
field of ophthal nol q S |ntend i gticular, for the ,treatnent of
pat hol ogi calREhaRA s S0Pt REUBYESall ot S s FEBERBFHE, dbpaddagds. 35

| ncl uded 5anoaigctheseoypat v tgg crowohdtdi 6nsazben anbers aubst iduyed

cerat ocon] ungldy! s, 18580 6Bl eChell ¥BY S SURL 00 AP OLEAe SHRA O

fornms of aIIerglc eratoconj unctivitis, ar those resistdnt to
- 18 cortlcd%ﬁ%30|d%POé@%]un%m|Wﬁ¢|%a§¥@@®c$ﬂblﬁﬂééu§oam§ S¥nédisisg,

her peti c strm Kerapphths, dfmupgar eltrd ildhimbits kem%ltlltlé§lﬁ%d Thygeson' s
keratitis, and preventlon of corneal transplant rejection as an 5

adj uvant tr &3 IRCIRR @@?Y%rlEﬁesﬁPﬁé??PoﬂﬁﬂégpP@FEPaBF&d S LW &ESci nal
product 10f thweefegen} dewerdjon is used for the treatnment of dry

kerat oconjunctivitis. 10 In such applications, the dosage of the pro-drug
of the present invention is such that the |achrymal concentration of

cycl osporin generat@tedur i igow| easagénef t hboppseding, f ortheemmine,of
Cyclosporin A, shou g }?fe&g]ﬁ?é e kihdgcfyPoshideby hoGRlradwlsial on. 15
The medi ci nal product o T esent |nvent|on can ni stered
topically, in par@#cﬁraﬁthﬁ%h@m@S%éaﬁ reeacHent dﬁlc@jﬁd.@%n@fofth%e

nmucous ngnbr anes qm(ﬁo§k|nJcomﬁﬁﬂfgggagyoﬂgue@hgm@ﬂably|1d5gt|lear 20
intravenously. It nag al so, be adm.ni,stered._or

| Iy, aim
TDroving-Che bi RRAE IR 195 ofnfndTe i sEpd e, By SroRK L ngreuBr ase
Cycl osporin A VVbﬁemrﬁmmmmu@mahiz@doﬂncthefapbeopm&aeatmumwmﬁnsmmh s 25
adm ni stered parenrtleral:hg S et abn 1rE)ha m% eel.étl cal ;s prepa gtl QNS dlmie% be
sterile, concent rated aqueous sofut1ons, po ers T or |njec
preparations. Prefarabty,théeeoekalr oam@/{mprmil}mlbizmma gregest 30 invention
is adm pigstered intravenously. Suitable pharmaceutical preparations for
such an admnistration are aqueous solutions for injection or far infusion
which are well kridkn t5°Fhel¥pdBfal i SER18BiR6re prefeias y, Nwelkédi ci nal
product of the prr%QWIafymim@ﬂ | sNadbpnashetrdlhegahiye Subtabl er-

phar maceut i cal ?@%fi ogf%%g&géggwggﬂquglghstratlonf tﬂkpuéb cular for

an ophthal mc apdp sSterile
sol uti ons, configurations, preferably the (L)
25 conflguration, and in which the respectively amine

or imine group has been functionalized in the
appropriate manner such that the side chain of
these amino acid residues carries the polar and/or
solubilizing groups.
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.



.- 19 ophthalmc ointnents, ophthalmc gels and ophthalmc inserts. The
present invention, and also its advantageous 5 properties, are presented in
* detail, without, however, being limting, in the exanples and with the aid
-of the drawing in which, 10 15 20 25 _3Q,3% - Figure 1 represents a curve of
in vitro conversion kinetics for a pro-drug according to the invention by

hydrol ysi s ‘Mﬂéh %ﬁ{@r%Mr&étﬁ1V%n@f RPN cKi-BEERES %a@ggﬁateaqu
Cycl osporl n gure 2a represents the Cyclosporin | evel in the blood
after i. étﬁn?ﬁl%tP&PFBﬁr@f ORI TEPHIT 28O &R G H0Y 9T AP at 87 -

Fi gures 2b a1k 246,11 e@’z&ﬁgﬁt tahel"Qt‘élr@%llWIH Arlbeyel Bn hbeekbegdlatter i.v.

d trat f | ut
P o- dr ugs. aGBoH noet o SAY PRV ERPESR LA 1heE artl BOERGAPEC) LPabRELent .
respecti el ygrdure aoncehinedr ovs bxr@mchednsabkylygtospohamngarﬁdomf la
pro-drug acgQyagn aIcB?ﬁhgtbméenﬁoh‘E“’sa!l’a ié&ct S;S!L t&f"ésnakn hB%a@‘EEE%'%‘a' ature

used in the exanples escribe the pro obt al ne closporin A
resi due wil Iwid desi gheast igne hefabhevioaou®s - clrepent Hxrgresi-§00Hof t he

opp05| te fragmapirthei-Reid-NIKREL) O LRECORRY fungt i anad,i zakke® gr ogRe,of this

cyclic undecapepti de, narrely the h groxyl ro of the am ng *havi ng
the 1-positi 3% N—rret (4R) ZPQC(% 292 buf%ﬁ kj(gH):l“ﬂ% t’hyl -L't%%@?ﬂq

(MeBnt) 10The-c/G wnal)leal o o) d)rd’r)ryul aesof(pol@, | rdred medieat @apriodct s

derived fromt.he or| repr esent [y t am _no aci_d.resi due
o e 1pos A e (2 | 2BREE! (e bhievs” PSR, PR iR TEiR Aty
Prepar at i on wépttdmertyckhe unidbcapkpinde off &winal ac(i)d\/)ré)S'bd@e@ ,in N'O'Q

) f
)OT CgAl(mP(@)par@fl op,pf MeRR g Sasnkys HMEaMhB13_) 1R00CH.( CHg) OCOCH3)

configuration, or of residues of said amino acids in

15 protected and/or activated forms and optionally having
their amine group alkylated, which are usually
commercially available. More preferably, said 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:



~1.1. Preparation of a-acetoxyethyl para-nitrophenyl 10 carbonate (2) 1.1.1.
Preparation of a-chloroethyl para-nitrophenyl carbonate (1) 15 2.6 mM (23.7
.mol, 1.1 eq) of a-chloroethyl chlorofornate are added, at 0C, to a
-solution of 3 g (21.6 mml, 1 eq) of p-nitrophenol and 1.7 m (21.7 mol, 1
eq) of pyridine in 108 nl of chloroform The reaction mxture is stirred
for 30 mn at O0C apdytnan b diorald- o vdadi andydenper at ur ecrghhe reaction
m xture is extracted with water, wth a 0.5% NaOH solution and then with
wat er. The organic phase is dri ed over Na2S04, filtered and evaporated
under reducethwaeithy to give a yellow oil which gives a pure white solid
(5.8 g) after 25 crystallization from hexane. 1H NVR (400 WHz, CDCl3) ; 8:

8.32 (d, 2H) , 7.44 (d, 2H , 6.52 (q, 1H), 1.95 (s, 3H). - 21 510 15
20 25 30535 1 ".[l Qs Phepanatfirom dfhea-aacietmxeatdsy | Apar aAhiit r SghényVadar bonat e
(2) 7. £4 mol , 1. 5 eq) of nercury acetate are added to a

sol ution of % 6 3 mol, 1 eq) of (1) dissolved in 100 ml of acetic
aci d. The reactd oASni Khesen; sEXAM r £&@ f 3MiBOdaFCHES arffiont DOMSSEa Ure, and

then an addi tpyaiad GrdB- 18) Mgglaﬂ@céRéﬂ) QfitIEr RAI Vraoel e drfy added.

After stlrrl for a further 1 % Ient tenperature, .the reaction is
conpl et e. T 2T s FapdtsR 9r9’ﬁaer RF gh®vaddifPind Ohe
resi duelios tm&@&mhﬂﬁlaﬂ}e}thqrodﬂn&lmgagnfrqﬂinase:o % ecdrtamt exkaid h a sal i ne

sol ution and. t@%é’ﬂﬁ PYCEnNaRERG. LIk SECOLBNd RLARYY BLof.qaday f educed
vacuum to give a OW Ol e cru roduc romato graphe
silica gel, R9) gﬂvea@ detignd esosgn tnom Ghe BHiINVR §4Dds W@l CDhew3) ; 8:

8.31 (d, 2H11e /- 48r(dprat) Ty$: 8Ad( Grhl Hhing2 r16 ()%u.n%H)a ilﬁéafsoﬁ
1.2. Preparation of _a-acet oxyet hoxycar bonyl -|ﬁ$l ne (N (5) 1. 2. 1.

Prepar at i on RDfeRFRebehil SEUP e BERSt FORAR I%Fs‘i’r?r"e' (NE(2)) (3)
500 ng @&. 23 rwmis dh@éﬁn OffréihLM@é Ao Ié(&l@é w&ysn&mpoand\ deld; M of

di oxane. 231 (1.35 of N, N-dii so p | ami_ne (DI PEA)
and 396 ny (1. 47 I‘:ho_LseZ'l el])rOBIF q%]ﬁ‘f M%’dd@ﬂ aﬁ%”%ﬁ% g(lrl;gec’re t'ur e.
After stirri(@Hir, 1(0ayaadt sanbi €bl Thepperahur ) the représenthsgccarrpl et e.

The di oxane ]532 e%ﬂ&f&% %ox?a(fe%@%cfcf%@ Yacuum and the residue is taken
e e

up in 20 m of ofgani ¢ phase 1's extracted three tinmes
wth a 6~ citr# cl%@ldo%@il ufTomn ¥2® amdno ackdyrigedndiEFEBol ution (20 m)
and a sapurated NaCl solution (20 m), dried over anhydrous Na2S04 and

filtered, and the s% vent is eva%orat ed off ucr11der reduced vacuum he crude
pr OdUCt Obt a':F lé%l | en, 22.n sal amlno acl r681 ue @] genera

formula (I), the two substituents Y each represent a
hydrogen atom, the pharmacologically active molecule
which will be released, during the cleavage of the pro-
25 drug in the  body, will consist of a cyclic
undecapeptide of the cyclosporin family in which the
peptide chain contains an N-methyl- (4R)-4-butyl-4-
methyl-L-threonine residue (Dh-MeBmt).

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.



.chr-omat ogr aphed on silica gel, to give a clear, transparent oil (576 ny).
. ESI-Ms: mlz: 501.34 [ M+H+] ; 518.28 (MFH20+H+] . 5 1.2.2. Preparation of
' .a- acet oxyet hoxycar bonyl -1ysine (4) 50 ng of palladiumon active charcoal
are added to a solution of 509 ng (1.03 ymol) of (3) in 10 m of 10

et hanol . After stirring for 3 h at anbi ent terrperature under a stream of

hydrogen, the. Bf’g{pe' £ HeQEp| @llc,Th% %%%&:'e Ri ué(?rféséé)lll&enc%d over

celite andtheflltr i's evag ated uce vacuum 0 give the
crude in t heEBr Aot OPPRGHRS ha t¥§3EHI @esam%ﬂdu §n1shgsdd LerpEEEPy 3n t he

foll 0¥vi ng tstlwvir?éépﬂal)cmiaesiwlgm F}_:2.|:7 ejsc7t1[5é\é+ggland Jlal’cl 3h§’{re]||a%r atll(ngnng
a- acet oxye ar bonyl. -1 ysi ne : o] :
mol , 1.7 eqOh é% g méﬂ Zaéqu'H‘Ft%Wll)L (GReé & l;—-A&ded to a
sol ut i on5of kiutf)s&?yl)a@umﬂth—Mhm'mmﬂe e@yeBht { 4 rediishe ved an 38 nl  of
di oxane. Aft I T4 t ﬁ? ggp:? at e regction is
conpl ete. Thrgét jS<a¥14eI9)?_s‘I 2%/%% Wf er GEe ucééd gégﬁgﬁgan %%ﬁe

residue is tl‘éﬁ(%fhthp in 20 m of EtOAc. The organi ¢ phase is washed once
with a 6~ citric acid solution (20 mM) and a saturated NaC solution (20
m ), dried over anhydrous io Naz S04 and filtered, and the solvent is
evapor at ed NPT ndBFEFeHAREY: vabtlim TERET uREPITRt bt atREd it&D

chr omat ?gr aphets Di 15 | BédAngelacid gesedaemhldcms‘majnt(mg)%wgth lé]:&ll‘aﬁ m z:
499. 37 [ MrH+ 516. 2 0+ par at.i.on_of .MeBmt

(O sar-Lys (PRRINESS A GBEMCree) Ta5E ) Tqmele (L (xopis eyl

Pr epar ati on mdweﬂnpt(mmaehgusencgnomayhs f4>IQO(N3nQ3 seaplencese@f of dry
CsA are di sspimpchAddefray 9oh (xr®p. M (0.76 nmol) of brompacetyl bronide. 2

g 10 (16.64 mmol, 5 eq) of dinethylam nopyridine are added in small
portions, and the reaction mixture is stirred at anbient tenperature for 40

m n. Thesr eacAbh@Nsa - MdEsu C0aP} dBeu TAE: + AT HIMEM AMSLES- NOVH B,

careful ly angI th vigorous stirring, into a m xture of hydrogen 15
carbonate (7 J\g{;\i 0.91 nol), water (500 m) and crushed ice. The possible
addi tion of enlbew(LMehbs-Poval ovsl afe MarOUBa ftkersl a tMghssiMeked0 bring the
pH of the s%&%ﬁ 7 8. The separated aqueous phase is extracted tw ce
wi t h di chl oronethan an’d t he pool ed organi ¢ phases are 20 extracted three
tinmes with a Baruiar ddeheHOls] dielew okl antDWhia-Meleu tieled-Mel@ 1 sol uti on,
dried oger aphydrous Na2S04 and filtered, and the solvent is evaporated of f
under reduced vacuum_ The crude product og]?al ned is chromato raphed on

silica gel, T@4ivRFIeEewnTre Yokeh(3la ) AENekeufislew et mroHt] |
673.9 [ MrNa+g¥e] ;

-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-MeLeu-Leu-MelLeu-Ala- (D) -Hiv-MeLeu-Leu-MeVal -
(XITI);
and —-Abu-Sar-MeLeu-Val-MeLeu-Ala- (D) Val-MeLeu-Leu-

MeVal- (XIV).



- 24 1.3.2. Preparation of MeBnt (O Sar-H)1-CsA (7) (7) 5 300 ng (0.23

. mmol, 1 eq) of (6) are dissolved in 2.3 mM of ethanol. 95 ~I (0.68 mmol, 3
.eq) of triethylam ne (TEA) and 31 ng (0.45 mmol, 2 eq) of additional

net hyl ammoni um chl ori de are added at _anfly ent tenperature. After stirring
for 3 days at anbient 10 tenperature, adjustnent of the pHto 12 by adding

TEA and addiqyeon ax%édmo(_ﬁc%%l@ﬂmhctiveq)mgie@@wylmml ypghl gei de, the
reaction is caonplete after "1 hour. _The ethanol i s evaporated off under

reduced vaclfheaied h@uFéEIBdu‘éhﬁ’sctl&I%éfﬁg@p ¢h &hRy| Preatiste. 5 ¥HE organic

phase is extyaptediMt he et ebeande¥pé bt avedy UicieedoNa@hes Olfdlllomingr | ed
over anhydrous NazSO4 and filtered, and the solvent is eyapor.ated gff under

reduced vac il RO te YHEBduct® o BPRLTRS 1L Sehr Bnet BYr i he 61 VS i ca
gel, to §i vefrmmhiheebadme20r{1200 anghutelfl - MBleBwt): ¢27utyIMrKPh-. 1. 3. 3.
Preparation &@Bg ar-Lys(NE(FIVDCCOOCJ—l( CH3 ) OCOCHB) ) 1-CsA ( 8)
25 M Q kﬁ?«ré (0. 06 mmol , of (7) are
di ssol ved wC}(F@&ﬁor@rn dhch Qﬁpdrv‘et ﬁahﬁebb@m &6Rar G, Oﬁiogﬂﬁ )¢0. 18

g??' 3bEQ) cﬂ3§§%&T13ﬁj”UC&@%?%C?E?&spérﬁneQ) QED),SC clos orin ﬁ hat
azabenzo Zo y etrane oni.um e uqr ophosphat e
(HATU) and 4{5:%% {0.08 j1‘5‘ ) of (ésfhy\é‘?u];sc@l]ved in G%ST 5& iDCM ar e
added swocesq)\wH Se (@) 3a:rsg0n (&) tser®SsAr ri(prgofeesd hiat mﬂllerihal

t enper at ur e, the reactl | e e L der
reduced vacUd r%r?at]f}ﬁ’e rgs %%J % éﬁ‘a e%né);():w:eﬁ%zoﬁgg ? %t n“ur%

or gani ¢ phasaibl. wash&dowmedecailt h aDﬁ%&:mm c adiP@8sol utpwn (2(33r31 a

sat ur at ed e%m(tlkaﬁ?{?"]ﬂ&w&? angrige satygaleth Nade 50'13&5'1%%1@:%@ m),

dried over anhydrou 2S04 and filtered, and the solvent is eyaporated off

under 15 redtR¥ Staeium 1P cr udBs h2dluct 335 thriomat(BdVaghEE 0SS i ca
gel, toagi V%@Mﬁﬁ&rﬂ‘:@@mw&:mb, Eﬁ MB i 175413 [ddstTibe®71n86

EP%§:&195 1"5%é§r£g§p§£akhond%emls ry ogk%ré' £gbﬁgtSEEEHP&CG%%tCEII}B) )

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:

(XV);

25
and



"HO~OO-HO~ ~ONH2 ~9) 90 ~1 (0.86 mml, 10 eq) of diethylanine are

" added to a 25 solution of 150 ng (0.09 mmvol, 1 eq) of (8) dissolved in 900
+ ~1 of acetonitrile. After stirring for 3 h at anbient tenperature, the
.reaction is conplete. The solvent is evaporated off under reduced vacuum
and the crude product is chromatographed on silica gel, to give 30 a white

foam (52 ng). ES-Ms m z: 153 .79 [ MEHH] ; 766.79 [ ME2H+] . ‘- 26 1.3
.4. Preparation of NEBWF r-Lys (NE+Me3) COOCH (CH3) OCOCH3) ) 1- CsA.
| - (XV) (~V) 5 49 (0. 030nnnl eq) of (9) are dissolved in 640 ~.| of

anhydrous DCM an than %, mpol , 15 eq) of Mel are added,
fol l oned by 14 iqﬁb\ f DI PEA. After stirring for 1 hour
at anbient 10 Pature r et on is conplete. The DCMis evaporat ed
of f under reduced vacuun1dﬁd e crude product is purified by
seni - prepar at i Ay~ %ﬁ"rﬂ@'—e*ﬂ Malr%maf\le-@mmmﬂeﬁﬁe in the form of
a lyophilisate «3@ 0g). 15 ES-MS m z: 1574.37 [ MtH+] , 787.B3 [ Mt2H+]

Exanpl e 2 Preparati on of the cyclic undecapeptide of forrmulp (XVI) 20
H—~P~~-H O O ", O=N ~H N ~rr-~-_ ~1-Sar-Meleu-\Mal=N\ (XV! )

(XV1).

The pro-drugs according to the present invention can be
prepared by applying methods of chemical synthesis well
5 known to the specialist in peptide chemistry, and most

particularly in cyclosporin chemistry.

By wvirtue of an appropriate choice of the wvarious
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



"- 27 1 . Preparation of MeBmt (O Sar-Ser (OPO (OHZ) ) COOCH (CH3) QOCOCH3)
1-CsA, (XVlI) 1.1. Preparation of a-acetoxyethoxycarbonyl-serine (11) 5
+1.1.1. Preparation of the benzyl ester of aacetoxyethoxycarbonyl -serine
(10) 1. 49 ( 6 . 04 nmol , 1 eq) of KxSer-OBn . HCL are suspended 10 in
12 M of dioxane. 1.14 m (6.64 mvol, 1.1 eq) of DIEA and 2.1 g (7.85 muol,

1.3 eq) of (2hohtgided Jecordiingdh Bxaplg1l areaddedcakraphlent

tenperature. After stirring overnight_at anbient tenperature, the reaction
i s conpl et e.2PFHd GRitoaIhe Re IBNAXTBRRR HRBHCREFY LAGREVE cBOLEA e WEBFe and

the residue drfeyt akea U i BoAth¥t agairat eheThenBrgadi prpBane isn exheact ed
three tines wth a 6%citric acid solution, a saturated NaHCO3 sol uti on and
a saturat ed l?\iéélogs]rﬂﬁﬁi Ot ed over anhydrous Na2S04 and filtered, and
the 20 sblvent is evaporated off under reduced vacuum The crude product

bt i ! L . . _ _
TNVR (200 MPTS CRaSHE BRGe G )4 80 BFy 50 85 Ly CeRe Mol PoEDAMEED- 7 0L o
(m 1H) , 5.@2hq 18 Ascribery ghgvelHas pmezligninglopraduct), 2. 06 and 2. 08
(s, 3H), 1.49 and 1.50 (d, 3H . 1.1.2. Preparation of

a- acet oxyet hoxycar bonyl -serine (11) 30 40 of || adi um.on_actiye
charcoal ar &¥dted t%g%l%b‘P%in @%OG%JCA‘FOOl%gnP%Ef yUSPI( T i FPE3 i of
ﬁt ganol 10Af L’fﬁd‘eaﬂlﬁé’r{’d neff apathdl adicdbi ebhdieipasator e phyaddolagitadéam of
ydrogen, the reaction is complete. 35 The.reactiqon mxture isfiltered
over celite ca‘?ﬂff%femﬁ I trrapt%uji]%“@/ap%’reaﬁoé:(fht? er %&fucedls\?acug)r% to°give the
crude in theYorosmirint r ansl ucesrtdepdsint , wii chald di pethiofogdedlin t he
fol | ow ng_St & d A28, 0) requir 28y INVREAOQ Mgy LOCIR) 5 B Go3ufiny8 (M
1H , 5. 8-6.3§m 1ﬁ,rig‘é%ﬁ.4?(m 1. 2 7-21(mr2H). 2708 (?),@.49 and
1.50 (d, 3Her svstemigably &Y o tofaRIBHY O-SE<Sett OPO( OH) z) COOCH ( CHB)
OCOCH3) 18- CsA, (XVI) 1.2.1. Preparation of MeBnt (O Sar- Ser (OPQ{ OH) z) COOCH (
B ) OCOG{%&cﬁ:aC%éﬁi%i%%f g%géﬁct is in particular intended to
allow prolonged survival of allografts of organs such
as the kidney, heart, liver, pancreas, lung, small
intestine or bone marrow. It may also be intended to
20 inhibit replication of the human immunodeficiency virus

type 1 (HIV-1).

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 ophthalmology and 1s 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 Xkeratoconjunctivitis, also called dry eye
syndrome, Sjbgren’s syndrome, forms of allergic

keratoconjunctivitis, in particular those resistant to



.~0 0o~Nlol ~ o (~ 2) 170 ng (0.13 mol) of (7) obtained according to
Exanple 1 are dissolved in 3 m of dichloronethane under argon. 15 92 ~1
*(0.53 mol, 4 eq) of DIEA, 51 ng (0.26 mmol, 2 eq) of HATU and 60 ng of
.(11) (0.25 mmol, 2 eq) are added successf vely under argon. After stirring
for 5 hours at anmbient tenperature, the reaction is conplete. The

di chl or onet hage: § SoQVaRor @t ed il el MedIC el R Magy U RRAd hankesi due
is taken up 1 n ethyl acetate. The organi c _phase is extracted three tines
with a 6~ ci¥¥iechidd SRIOE LW Iat EEIREAEIS s o HIVTUGE ~&itd 24 S€at ur at ed
NaCl sol uti ommishid ed ieit iy dr elisd Na28F4emtth fd | t aea@it ianics,t he asa vent is
evaporated off under 25 reduced vacuum ﬂvﬁﬁ crude %q:oduct obt ai ned i s

chr omat ogr agtet’ G- 71 i 85 GEI°% gFvREP vt e P8 (103[1437{&% ASES™ VB

M z: 1518. 32adWiNa] |, th5O8d<hy MrHRA+HH)E11te49hg 36 suMgdtly ., 748186

Mr2H+] 30 ' f O Sar - OPQY Cal } )2 CH3
[ococh]) 1- é%\e%eﬁ%ﬁ? r aghgg ﬂﬁdﬁ%%(—lo %‘E’ﬁ%tg ~C% atké%ﬁi&_@%n o- p-Z) |
0r ~~ Q13) ieemylem. ooismolused eq)fawr (IEhe ar &nfiaddsinted iaf 880Xy, 1 of

anhydrous CHz(l 2 oS {BndOidiic @l , 3 eq) of 1H 5 tetrazole are then added,
followed by 52 ~1 (0.17 mml, 2 eq) of (A110) zPN(iPr) 2. After stirring

for 4 h at anbient tenperature, the reaction mxture is cooled to -60C, 44
ng (0. 17omuin fuelq)apblheabioneopethendosagacbd ahe pddedrugnaft hestirring
is continued for 30 10, mn at -60C,_ 15 rﬂr}lat tql%t an

45 m n ? i ent
t enper at ur e. PSRy oflréve_Lrb%%ZSzJO% solution are ad gltf at1 Frto t he
reacti on nediomeemtontizent of devalesndr rexaessrakedaduyringd alle@vag@e ract i on

is carried o i-Lh . di ¢l n or, } p(g@ﬁ i S i£h a 10%
15 Na2S205 s%# u?lh%n %r?gqrﬁqucﬁﬁfoggﬁiﬁgﬁgnﬁ;&f%en. e%%%ré?e%@%‘u\fy%nder
reduced vacuefn9TeRteestiirre 9 s5 thkeh kip 1ocaktadmineytxdigh- et her and this

organi ci1ghase is extracted with a 6%citric acid solution and a saturated
NaCl solution, dried ove anhgglrous 2504 and 20 fjltered, and the sol vent
i s evapor at eﬂ“%f f“eaﬁﬁépaﬁeéﬂf@y GFac mtg?héjrceﬁ?d‘g: TRMR Yt SRR S s
Jel . . P

chr omat ogr aphddiohstseteda twgeicdloyl veana phirtéchidam (88rnyehe . IESIaIVS: nT z:
1651. 38 [NMF#}eat§g§t3gf[M%ﬁéﬂtions of the mucous membranes or of

skin conditions, or parenterally, in particular

20 intravenously. It may also be administered orally, with
the aim of improving the biocavailability 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 adqueous

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,



.25 1.2.3. Preparation of MeBnt (O Sar- Ser (OPQ(OH) 2) COOCH (CH3) OCOCH3) 1-CsA
(X1 ) - 30 0O0OONOt N--P--0fl O 206 ~.1 (1.55 mmol, 8 eq) of
"Me3SiN3 and 1.12 g (0.97 mmol, 5 eq) of (PPh3) 4Pd are added, under argon
-and at 5 anmbient tenperature, to a sol ufjon of 184 ng (0.58 mmol, 3 eq) of
Bu4N+F-H20 in 2 m of CHzZCl2. After stirring at anbient tenperature for ten

mnutes, 320,00 O P MBne obphtdhi1aie agdded t R HEGAG 1N

m xture is Icét to St(I:I’ atne{rr?%lﬁge%'t tgnperatl}re or 10t i?%yt?n%nutles. The
reaction is tHeAeEdnpl ete. The reaction mxture is hydrolyzed by adding a
6% citric acid solution and the dichl oronethane is evaporated off under

reduced vacuym The res%due i.s _taken up icg et?%l acetate and the organic
phase obt ai nedti sPEREFPRLt ed WENHPR IS wWAthCa 898ci AT EHAT IS uti on

and a satsur apredpdetiiespl areomredrentddovier dabyill puwikho804 dmbvehida,er ed,
and the solv LS ted o u u u T r oduct
obtained is %ﬁ%%ém%%é?gg{ﬁgd grnl gf’lge%gg@g&ggagﬁ rgi ggﬂa%et %gﬁic (?Lr#dg:
preparative ¢HRGIngninrdeicto i solate the pure conpound in the formof a
| yophilisate (342 ng). ESI-MS: nmfz: 1593.32 [ MtNa+] , 1571.81 [ M+rH+]

Exanpl e 3 25 Physicochem cal properties of the cyclic undecapeptides of
fornul ae (XVj and"IS@AS 1. TORFEFSBBFUBI FPEYSoPLt HE LT SRTHEEEISH i des of
the formol a a (XViine€di¢XVEPr38 Phe-datigr asebuhiingt ites tiey el remaldiaired by

visual exani nati o at. the gii.ent, empgratyce of e ! abaratopy, dy
directly dissolvi n)é a-‘wei gIYe anount o 551 cyclic un ecapepttl de in 67
mM phosphat e buf fkigebics hef Sappeseantypef Jhelesporsnake given in Table 1.
- Figure 2a represents the Cyclosporin A level in
the blood after i.v. administration of Cyclosporin
15 A in an oily form in rats;
- Figures 2b and 2c¢ represent the Cyclosporin A
level in the blood after i.v. administration of,
respectively, an agqueous solution of two of the
pro-drugs according to the invention in rats; and
20 - Figure 3 represents, respectively, the
concentrations over time of Cyclosporin A and of a
pro-drug according to the invention, in rabbit

tears.

25 In the nomenclature used 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 1linked to the only
functionalizable group of this cyclic undecapeptide,

30 namely the hydroxyl group of the amino acid having the
l-pogition, 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.



.Cyclic undecapepti deWater-solubility at pH=5pH=6pH=7pH=8( XV) > 7 nM XVI ) >20
mv 20 mv 20 mv> 20 nM 5 Table 1 By way of indication, Cyclosporin Ais
"described as having a maxi mumwater-solubility of 33 ~g/m at a tenperature
-of 20C and at a pH 7, which correspond o 10 a maxi num concentrati on of
0.027 mM 2. Chem cal and enzymatic stability of the cyclic undecapeptide
formul ae (X\fx dXVvl) 15 A first evaluation of the chemcal stability
over time of Fic undecapeptide of formula (XV) was carried out,
firstly in JPESRIEIN AN N 11 CYHhe 4ndREape t@ff EowulecEidly, in a
phosphate buffer (PBS) at a pH of 7 and at tenperature of 4, 20 and 37C. 20
The percentages of Cyclosponin Agdetected are given in Table 2 bel ow 4C
manni t ol 20C manni t ol 37 nad@NfBlé?C PBS30 days3.5%l7.0%25. 0%90. 0990

days5. 0938. 0% 25 Table 2 can be noted, at the tenperature of 4Cin a
solution of mannitgl, the{cyclic peptide proves to be stable to respond for
at | east 90 days. 32 1015 20 25 30 35 A second study of

stabilities, bo m dal andcknz matif ¢, was carried out with the two
cyclic undecape nd (XVl), dissolved in a 50 nM
Hepes buffer ‘&t 7.4, 3#, In the presence and absence of esterases.
During the inc | on gl
time periods atal yze

I
_ch

(XV)

1. Preparation of MeBmt (O-Sar-Lys (N;'Mes) -
COOCH (CH;) OCOCH3) ) *-CsA  (XV)

1.1. Preparation of o-acetoxyethyl para-nitrophenyl

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 eq) of p-nitrophenol and 1.7 ml (21.7
mmol, 1 eq) 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,;SO,,
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, CDCls;); 8: 8.32 (d, 2H), 7.44 (4, 2H),
6.52 (g, 1H), 1.95 (s, 3H).



_In the absence of enzynme, a chemcal stability of greater than 3 days is

. observed for the two cyclic undecapeptides. The results obtai ned during the
“hydrolysis in the presence of esterases have been given in Figure 1. The
-curve of conversion kinetics for the cyglic undecapeptide (XVI) is
represented by dianonds, while the curve of kinetics of appearance of _
Cyclosporin Ai S remRSYUAG Y 89Ua) EfceASFhPE BQ&%dni%_‘."c%Bhégzgg to this
figure, in the presence of esterases, the cyclic undecapeptide (XVI)

rapi dly degritddPnar-§ el%ase the Cyclosporin A Sinilar observation was nmade
for the cyclic undecapeptide (XV). The cyclic undecapeptide (XV) and (XVl)
wer e subj ect to i,ncubation i ovine serumat_37C. The half-lif.e tinmes of
conver si on of‘dql"% ég%r?cmmﬂgecgpgpt%qgeso omecfl%Lll%%p%??%aﬁeV\%F% g\c/iéilel(}at ed and
are 3.665andt8@.bGdMourson repecyi Veby3 Exahpl @ 4ghppfi dadi dnskodved

i ntravenous mq st pat i i e, f qrmqof a . SOl yf.i u of

phar macoki neital'?.cs:l%gf {“ﬁe <g@cI‘_jl{‘bc‘itﬂl]l‘r%]:de%zgp.)méipiti gg g#@%%?ﬁa;ﬁl l%tang)é( XVl )

I n order to ghikered/afPable day tale ambapBEakePeFEIt UMe .crRdd Bhenl B&r nati ve

to the pharmaseuti&dl 1- g33(3 f1y nhat | 06S20fe Gy OSRELENH GeavaRky used
in the form of a(gnir%eg‘y sion in. pol yoxyet R{I egat ed ﬁastor 0i |, which has
a delicate st29989; Akt 3tivelyg b P¥i RuftrtBehahdraYaRd PARIESS adverse
ef f ect slopr czahipgsatoird hethe presentonndentdampldte t hehé oageol csiarplde
aqueous solutjo % a or_.t he g%e LnLr . .
applicati pnﬁ#hﬁépﬁég?ﬁogégcﬁlﬁge%n ééglp_é{ﬁq es ?rg)é/) tﬁ%ﬁ%%ﬁ?? .ilr? 10

sol ution in YFksphap eipubtber .wiihe anrdanist eplalse nipaeshvaskedt witdts at a

dose equivalgen,iond0 aBlkg ool ! O30T kP18a Aver NRLBRNCE 18 30P! € of
an injectable solution géglg@%% osporin, commercially available_on the
S

trademar k SaHH nBYRAPORA SFedifehbYRCEI MUt ton. 9 BID0A YRHIO¥s wer e
taken atsreminr imhieer ¥alhi8eanskddest sukj eehedmbOoghapieds 4or glihe cpur pose
of assaying the 20 C%jfl osSpor i . The ,%c{éos orin Alevels in the bl ood
after i.v. ni '} r&tyo ocfo%/@%%%o‘ﬁ tv® been given in Figure 2a.
Those obt ai e NafRt ef4da WHAANCDEES)r;atd:ors .1, 25, reBpecri¥al y(d,arHqueous

sol ution of éhﬁ/ty{g'hpﬁ%-,dr#g&(%%/l) %d (f(\/gf& al e ﬂjl)ven in Figures 2b and

2c, respective e results interpreted tromthe curves in Figures 2a, 2b
and 2c have been given in Table 3 bel ow. 30 Undecapepti deCycl osporin

A(XV) (X¥b) AU | Nbrébdirdt 1692296656264 4634l Sbdyl/hidkyb4@:bbeR12AMRE ne

h15. 215. 314.79VSS_ L/ ngi §é. 2374117 Z21INn0. 5T0. 550. 20117 Z2Z2n11. 1T11. 811. &8 - 34
Tabl e 3 Ne (Fmoc) ) (5
1.2.1. Preparation of the benzyl ester of -

acetoxyethoxycarbonyl-lysine (N¢(Z)) (3)

25
500 mg (1.23 mmol, 1 eq) of H-Lys(Z)Obn.HCl are
sugpended in 2.5 ml of dioxane. 231 upl (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 1is
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 6% 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



.In this table, the abbreviations have the foll ow ng neanings: 5 - AUC. area
. under the curve; - CL: clearance; - MRT. nean residence tine; - Vss: volune
»of distribution at steady state; 10 - T1/21: initial half-life tine; and -
-T1/2z: termnal half-life time. As canjhBe noted fromFigure 2 and from

Tabl e 3, the pharnmacokinetic paraneters of the control experinent 15 with

cl osporin e t e ed in, the . literat The area
Cy p A, Otﬁ%ﬂ{ &9 tBe%ech p&%& oL Jd teg F'.‘Ltéﬁg

under the curve closporin A generaté&d during cleavage o "cyclic
undecapept i d&3DAPRLH 1t Siplar @bl that of the Cyclosporin Ain the

control expadimy. wher east 3wt [(20:0f, tBhe . @¢cl(gsposim A generated during
cl eavage of the cyclic undecapeptide (XVI) is decreased by 25~ conpared to
that of the Cyclosporin A of the control experinment. The two cyclic
undecapept i des2 (2XV) Rrepgr@fidoreachf shawaz2staxyetrhbaychirbodyilellgaseepr ofil e
for Cycl ospoM')n A. These profiles are simlar to that of the Cyclosporin A
in the pharmaceutical form based on pol yoxyet hyl enated castor oil. 30 From
these results, it results that the pro-drugs of the present invention

offer, for ay egyi wal 01 e @8P8RI RA iR easerdbof | hee tHadP! LOWaNY
consi der abl e advant ages conpared to the existi n% phar maceut i cal

for mul at i onSUFLERR 09hor?H° AMR5 (1 - a5y lus@Thy (3} npity 4P sl vPAg in

wat er; and -etlaritgied APcetBesexerPhgniEsrWa ah f ox@bienbe teaypeeatand - 35
- no need to use s _ecific rrat_r]iflals for h% dl i.ng them Exangle 5.5
is 0

Application Y% opi E&F 5809 Y%’f?%%nt fie rey CHHR heSt 6 H‘P&Ftﬁn aqueous
sol ution St Uthe ofephaioncakixtetdecsisf fildeaned i evemdeecdpépst | aled othehe

formul a (XV)£iHQ A4t Or dgr ddagmika ayathaklke fuidis chhplghan @t (t%‘ilv_ef or
topical adm nistration of Cyclosporin Ato the eye wthout irrifation or an
unpl easant déisafrefebditngtiel £osm \@% hBUPWBLERr SFYASlsh pelhbgh is

experi ensed,uggdHgsctfy tie tHL SRl dwiMRNtdtdp (264 hey)f orm of sinple 15

aqueous sol uéé_%lss n[\{/vezr:e 2e7v6a-I8u7at l_eN(Ij+H+]I Preparation of solutions

1.2.3 Preparation of «a-acetoxyethoxycarbonyl-lygine
(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 eq) of (4) disgsolved in 38
ml of dioxane. After stirring for 1 h at ambient
25 temperature, the reaction is complete. The dioxane 1is
evaporated off under reduced vacuum and the residue 1is
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 NayS0O, 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 g).
ES-MS m/z: 499.37 [M+H'], 516.29 [M+H,0+H'].



.I'satoni ¢ aqueous sol utions, 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% (wei ght/volune). The sol utions were
sterilized by passing themthrough 0.22smnitrocellulose filters. A
reference formulation of Cyclosporin A was prepared in 25 the formof a 1%

solution in pl4 veplggargtlc;}gt er m nq;f on of mn{to(lcgrsaaqc_ql so(r(l\;h@e gyclic
undecapepti de 0 s 3 ed—accor di ng

to two neth&mpcmﬁﬁﬁIQQQ-"? I&$Ar1fﬁxvhndlfled D%mze test and using a
confocal |aser scanning opthaInDscope 2.1 Modified Draize test (acute

tol erance test) 35 This evaluatio f R Si e al bi no

rabbi ts. Foﬁfé%c ﬁr%%%Q%Q%PP@%%W€§%4%%Hﬁ%§$aféﬁgigﬁ of 50 ~1 of the
sol uti onb5as descrlbed - 36 above, the other eye, not treated, playing
the role of control. The clinical aluation of a possible irritation was 5
performed visually by evaluating th¢ ocul ar di scharge, the conjuctiva
chenosi s and the conjucti vdr ccording to the classification
described in Table 4 below Ccula O0di schar geSl i ght di schargelSevere
di scharge2covering a small surfaceof the corneaSevere di scharge3covering a
| arge part ofthe corneaChenosis i ght chenosi slincluding the

ni ct ati ng2menbr aneSever e chennsis|mnt he3eye partially cl osedSevere
chenpbsis with theeye cl osedRednessNor1al bl ood vessel sOSone vessel s
hyperem c1Di ffuse redness, 2i ndi vi dual vessels noteﬁ%L

di scer ni bl eConsi der abl e diffuse3redness 10 Table 4 e possible irritation
was observed, in each animal, according to the rul es above, at given

intervals spyegd (35 3@utmrﬁ><yler 48 ée*e;ﬁur&f aji-gr dsastﬂé a&aggola@é Arigbal

irritation indéex (||rr was cal ated fromthe sum of the
estimat ed i REIVZ. 1¥nE6 dlul £S- bt BPhEd Cdr @r@wqtnflm@r@nud@n Bont 2.3
bel ow. 202. Cmf@ca#nmbasers sg@nnbrﬂg DI RGOS ot RBInd Oaéee\éﬂldé@te
subacut e tOXlCIt fY és of S%E%stratéoqa Thl t est was .carr ed out
on the sane:P§p§ 3 aﬁPﬁEFo §/pf yreFE- 1Y Tlﬁ B?UFFOW é?r cri bed
above were 14t iamsbié¢hedteomperstrereoforas of mihe Thghtreageivthr ée tthems a day
for four daysg, h n e y bef

Ater the floaToled o Tae T bl BLED BEY otk B B aR s S2 PT
ket ani ne hydvoeh! SrigRr A Wlla?fl@éh Alpgpal aofmpetureg d?rf ahydrogen

15 carbonate (77 g, 0.91 mol), water (500 ml) and crushed

ice. The possible addition of a few further portions of
NaHCO; makes it pogsible to bring the pH of the solution
to 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,S0, and filtered, and the solvent is
evaporated 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'].



.15 solution of sodiumfluorescein at 0.5% by wei ght/volunme were instilled

. onto the eye in order to allow selective |abeling of the surfaces possibly
r.damaged. The eye was then rinsed for one mnute with a saline solution at
.37C. 20 Finally, the eye was observed gath a confocal |aser scanning

opt hal noscope according to the nmethod described by Furrer et al., J. Ccular
Phar macol ., 11997, 1?13(?}55% %Qﬁw%@%m 1Icedpl @gyto an |mage 25
anal ysi s systemin or 0 be able to reconstitute anlmagelnthree

di rensions and to all ow eval uati on of the damaged areas. The degree of

tol erance is evaluated as furkgtiof) of 30 the percentage of corneal

| esi ons and according to t f gl ow rule: - from0%to 25% good
tolerance; - from25%to 40% acceptance tol erance; 35 - from40%to 60%

| ow tol erance; and - above 60% unafceplable tolerance. It is noted that it
is generally acknow edged t hat en,age of |esions |ess than or equal
to 5% - 38 corresponds to a el nortality rate in a normal body

not subjected to any treatnent. sults obtained are given in Table 5
in point 2.3 5 below. 2.3. Results of the ocul ar tolgrance for the cyclic
undecapeptide of formula (XV) Undecapeptide (XV)Cy sporin ADrai ze,
lirrl.81.9CLSO, % | esions723 10 Table 5 From Table 5, it appears that a

total irritation index 1.8 soba i,n the Dralzete for he cycllc
15 undecapept§Yerdf Qh%3f‘8‘P | at (?ﬂ/; 2 d(ﬁhaﬁr?%i&FSPHXe ofRed ‘vadldamged
by adm ni st raf | eshaholhi 9Prpdudn.. 68haswod Wo3r esy)l tefdalmmhyatammery good

t ol erance to.d cycl ndecape I;s to] erance | rI

i mproved con%)ar &d t0 C%ha#l obtai n@td ﬂﬁﬁe%c’l o?porl “J0 %?dg&%%m ét ered in
olive oil. PFertlpldamwuwniwasonshlohédsubj @éaEi ve adﬁiﬂd)ven‘éht i Rmliengi sual
confort by L@érﬁge@a{t@félewfé& utdon-fafdersdhan araa% Y a30! WhiARr¢as not

eval uated on t animal . 25 3. Stability of the cyclic undecapeptl de of the

f or nul alEXV)teseRRyraEues tﬂ@l§§FW?PBn§fdet§&ﬁ‘lBIédt8b&\?e er 8ddpndorddér ved,
respectivel yan@t 4ddaRdoR0C cAnahysesmpy (0.23 mmol, 1 eq) of

methylammonium chloride, the reaction is complete after
1 hour. The ethanol is evaporated off under reduced
vacuum and the residue 1s taken up in ethyl acetate.
15 The organic phase is extracted with water and with a
saturated NaCl solution, dried over anhydrous Na,SO, and
filtered, and the solvent 1is evaporated off under
reduced vacuum, The crude product obtained is
chromatographed on silica gel, to give a white foam
20 (200 mg) .
ESI-MS: m/z: 1273.7 [M+H'].

1.3.3. Preparation of MeBmt (O-Sar-Lys (Ng (FMOC-
COOCH (CH;) OCOCH3) ) i_cea (8)
25

(8)



.HPLC were carried out regularly for 3 nonths. These sanples were found to

+ have good stability under such conditions. - 39 4. Ex vivo conversion
“kinetics for the cyclic undecapeptide of fornmula (XV) This conversion
-kinetics test was carried out by 5 incukating, at 37C, 25 ~1 of a sanple of
t he sol ution described above, with gentle stirring, with 8 ~1 of fresh

rabbit tear.7d md $ETDECHMYET €11 Q{N A (Nt 4@l §i Qbolved i3 809 39

m nutes, and were then analyzed by HPLC. 10 The results undecapeptide f rom
the firs rel¥basHghireorstiagedr (BCHAs WK eSTXI6B-ai Abd6 sHbwed Ot-A&t t he
cyglbi c of fQﬁrmﬂl,la § X¥) plo@y DIHERA ,Pr 95 diny g (loobef Tmn{ra]iilr)ut]ﬁ.@fe@pnbﬂcg—w tg the
rabbit tear, clgsporin A At 3 m.nutes, 3%.0of the heen converted, an

then 4. 7% af Qaa%%o%ch?*ﬁ%/oéi 'c]o'rﬁe)réﬁi ’§]rf %(fﬁan'ett‘?tcléar?%tr%x Vet c

undecapept i deexd# £ Tuerdmhonpte {eXV)HATUThiand n40i way cdAveBsimmokj nét.idcs t est
was carried Qut by inshil ljiinga ~1,sagpke t ti desgrijbed
above, in tﬁgﬂrighp gyg o] l%%ﬁevéﬁbi%g rgggitﬁi(4§§g?RhPT§%% s%?%ﬁgs wer e
taken at int¥tGRESSHfelly pndgr saxgen 25240 e% nstesTringad fmt e3t Hena&nal yzed

by HPLC. Theyniesandtd st ohbpetaedroavenbeer@iviem i1y Gt Pede . ABhEADCRE NOt ed,
this test confirnms the r$sul %s al reao{y obtajned in the_ex vivo experinent.
The cyclic 3° UR¥RRIAPRPEF dBLHF URGFTUITEIHER (GafikR sl EREI FoSRYS its
pro-drugorolis f takehhewd | 18t 2w il eodf ExOR@ECt Thet brddairabbhisé edls,

rel easing t clo rin.A (cirgles and _thi.s rel ease c i nues qver the
ol ot ng 20 cahCh: MieH R € “Fher EEnabits ATof P DAY oBbori 855 A
the tear is rO2RAAd WaHCO: HoluBioCohgPusilonsade om shtseatedulias] it

resul ts thatgdNe f5,0- d[3@s i) | hegPr&Sedvd AV ek P8-S erwafdy, t apiscal
adn]nIStratlégitered, and the solvent is evaporated off under
15 reduced vacuum. The crude product is chromatographed on
gilica gel, to give a white foam (59 mg).

ES-MS m/z: 1754.36 [M+H']; 877.86 [M+2H'].

1.3.4. Preparation of MeBmt (O-Sar-Lys (Ng-
20 COOCH (CH3) OCOCH;) ) '-CsA (9)

(9)

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

in 900 pul 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+2H'].



.5 to the eye, the foll ow ng advantages: - ease of preparation of a

- pharmaceutical fornul ation such as an eye wash by sinple dissolution in an
“aqueous solution without the 10 need for using oily adjuvants; - good acute
«tol erance and very sub acute toler ance,, great er t han those obtained with a
phar maceuti cal fornulation of cyclosporininoily form - good stabi lity;

and 15 - half-Jife tppm st e for gphthal g | QR
Clainms 1. Acprpro dru}? li:%pnm St:?éﬂ of a cg{cl ic un g@?@epsﬁifje \Rhl\?ch th
3

peptide chai §9§O§ﬁ3?éa'sqs"brire 5X¥ti no acid residue of gener al
formula (1) below YO~R 01 RBRZ O~ Y RT~-Q-O~~~~Qrnf,... RR IIpll
~R ~Na Cv5 Oin which: 10 - the carbon at Ca constitutes one of the
links of the undecapeptide ring; - the substijtuents Y each represent a
hydr ogen at om or toget her Q)On%tlt \t/elL;{bonq, - the substituents Rl and
R3 represent, |ndependen nexan rogen atom an aral kyl
group, an alkaryl group h teooal a heterocyclic group, an

R
al kyl heterocyclic group, a heteroc I|c a?‘k‘%ll group or a linear or
branched al kyl group having from1l o 6 carbon®atons, optionally
substituted wth at | east one of ti® groups chosen from -COOH, - CONHRe,
-NHC=NH (NHZ) , -NHC=NR8 (NH2 ) , - , -NHRB , -NR82 , -N+R83 , -CH, 25
-OPO (OR8) 2, -OPO (OH) (OR8) , -OPO (OH) 2, OSO(CR8) 2, -0SO (OH) (OR8)
, -0OS0 (OH) z, and the various salified forms of thdd®/ )groups, each of the
substitugnts Re representing, independently of one another, a linear or 30
branched al kyl group having from1l to 6 carbon atons; - 42 - the

subst it uent $RAMANEHO RA3 r epPpésent ed) nddpelflemtsy @tsepbvedoihes4a hy.dr ogen

atom an al ks yAniyPehus obcr, | hAgakneh Bhanaheth aldkyhnd OUPs hayh ngef rom 1
to 6 carbon atoms
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 is complete. The DCM is
evaporated off wunder reduced vacuum 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 cyclic undecapeptide of formula
(XVI)
20
o)
HO\%,OH
O

J\/N\[(\N J\ J\

Abu'Sar-MeLeu-Va!-MeLeu—Ala-(D)AIa-MeLeu-MeLeu~MeVa

(Xvi)



.5 - the substituents RS and R6 represent, independently of one another, a

. hydrogen atom an aral kyl group, or a linear or branched al kyl group havi ng
- from1l to 6 carbon atons; and 10 - the substituent R represents an aral kyl
-.group, an al karyl group, a heteroal kyl ,group, a heterocyclic group, an

al kyl heterocyclic group, a heterocyclrcalkyl group or a linear or branched

al kyl group avi g ddfmeichp 6 15 £Arbon ek, (aak HAURRARY) -
optionally - COOH,

- CONHRB , ~ - 19RO QHypOCOCH; ) NGSANRE XMWY ) | -NHz , -NHRB , -NR82 , - N+R83
, -OH, -CPO(OR8) 2, -OPO (OH) (OR8) , -OPO (OH) 2, 20 -0OSO (OR8) 2, -0sO
(OH) (OR8) CS O . he varrous alrfre forms of t hese \groups,
each of the s i =2t Frel pr o- dr ug
as clained in clarml characterrzed |nthat ngeneral forrrula(l)
defini ng sai d ar’g no Aci daxra ue &t Igggt oggngflt he ti tyents Rl and
R3 represents an ‘ar al ﬁ p, an al kary rou a heteroal Kyl group, a 30
het erocycl i @%MGWWWM@WJMQ @r up, a het erocyclic al kyl group
or a linear or branched al kyl group having from1 to 6 carbon atons, each
of said groups bei ng substrtut ed wiith t Ieast one OL t he %roups chosen
from - COOH, L-CONHRES - 34 sMnRilie=liH SRHL SQFCERREICNHRYS BusReRded NHRB |
- NR82 ,10N+R&8 12C]rirl - &POd(i0RBhez, t RO (ntil-l) g .@2B) mmo1 PPQ (1O-&q52 0£0S0

(ORB) 2, 2 an he warious,sali f grnms of

t hese groups, E(&?% gq?h]e gub iéue RB ﬂaén ngv)t hgg t;is)nr %o%qa gve -
43 3. The pracardigiaas daai nedamplel ai Rn 2,axhar aodded zedt n ehbtiengi d

aral kyl, K?gr%g/ ahﬁheé Oa' 1&}%& het@éﬂ%’ﬂ% ,o%hatgﬁter%efcl bfbient
heterocyclrc ﬁ 5 or groups are substituted with at |east one of

t he groups cqﬁj‘waftrltfrﬁ o, remekrgen -pocePupedeor The JhPxdR 48 ified

forns of st hese g @isd egghtﬁtdetxherédmédtgeabsu% hand nghé heegafiuei tion
above. 10 4. The ’p%eo drug as cl ai miﬁcharaoterl ed in that at

| east one of*%ai-@%Elbst®t ueht §tg¥ n%"%at‘r%préf t ST Redt &%y M gr oup
havi ng fr omexttmmd ahriioreat vivesubsthtat 68 withiat akeédssodneioh,t he 15
groups chose N+ Lifj ed forms
of these groét]apgsdxoa{egaccy%%{? e 53 f‘l flp &Og)ngﬁg\%aﬂ:%a \éﬁ"c& %I%I’Jfl%?l o%l "above.
5. The pro- ditieds ever mnanhydedas mNaSChar avder ifiddezed.n engt, tihe general
formul axpl) gefydiing isai dvaphbogeragi bfesheiver t Pegaubat ifatanks. Rth@nd R6

cannot simultaneously represent a hydrogen atom 6. The_pro-drug .as clained
inclaimil, %—H?‘%tctpé?qdi’é‘d: 29b|tﬁ‘1t'1ﬁ'§t 18n ‘@%‘F@T‘%ﬂoﬂ“&?‘m% @) filseng said
am no acid rgsl duss divd easthione marsa(xi Bupstituents RS and R6 represents

a linear or hranc I havi n fro to, 6 c on nd the
substi tuent Eﬁﬁﬁ gfesgﬁgg agﬁﬁﬂéfkyﬁ 3% rdﬁk%ﬁr 1r%§gr gfg%rgngﬁed al kyl
group havi ng(tis okH)L, t9. B2 €ar ®n (@t ob¥) , 75. Ihe(pro2ﬁbug4a$7cﬂahné@)hn cl ai m
0. Charggtery Z@?tnoéhat Sgfl, SyDEET LHENL SoBS (@NdsH T epheseRla 1350
|ndepen ent | one anot her,” a hydrogen atontor a méthyl "group.” 8. The
pro-drug as -in clarntl characterized in that said peptide chain
conprises a srngle

1.1.2. Preparation of oa-acetoxyethoxycarbonyl-serine
(11)
30
40 mg of palladium on active charcoal are added to a
solution of 400 mg (1.23 mmol) of (10) in 13 ml of
ethanol. After stirring for 4 h at ambient temperature
under a stream of hydrogen, the reaction is complete.
35 The reaction mixture is filtered over celite and the
filtrate is evaporated under reduced vacuum to give the
crude in the form of a translucent deposit, which is

directly used in the following step (328 mg).



.- 44 amno acid residue of general fornmula (1) form ng an undecapepti de

- ring with a linear sequence of ten am no acids of general formula (1)
“below. 5 -T-U V-W MeLeu- Al a- X- MeLeu-Z-MeVal - (Il) in which: - T is chosen
fromthe am no acids Ala, Abu, 10 Nval ,gval and Thr; - Uis chosen fromthe
amno acids Sar, (D) MeSer, (D) MeAla and (D) MeSer (OCOR9) , with R9

r epresent i NgNARNYARUAR AL ofbeel) al &ar gl 39608P, (n0Q" 81) | NaE_ @I 3 brgnched
al kyl group 15 having from 1 6 carbon atons; - V represents an am no

aci d of genéfHls f@)r%ﬂ#a‘l(l\f-“Rl)“éb as hédi-dMeho¥dh: f RoR8t hESlani ho%8ci ds
Val , Leu, |lad Thrso Ree, 3B)r. and Thr, and Rl being a |inear or branched

al kyI group 20 having from1l to 6 carbon atons; - Wis chosen fromthe

am no acids Val, Nval and Leu; - X is chosen fromthe am no acids (D)Ala,
(D) Ser,5(D1.d.v,Prepanddicand (D) dkhr; andeBEmt(Z Saxr -Seas@Pd (031h.d he ami no
acids Leu agﬁm 8005ﬂe)1pr$Adr u(g(ﬁg claimed in claim8, characterized
in that sai o acids is 30 chosen fromthe

foll owi ng sequences of fornulae (I11) to (XV)

- Abu- Sar - Melsely Mal - W@&A@&D) Al ap L eu bt MR- sexl(drd (TH)), ) -
- Abu- (D) MeAl a- Et Val - Vval - Lpu Al a ) Al a- MeLeuMeLeu- MeVal - (1V);

CThr - Sar . NbISSPSR b CERCRs & 5P %K Leu- MeLeuMeVal - (V) : - 45
- Val - SareMeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MeLeuMeVal - (VI);

- Nval - Sar - MeLeu- Val - MeLeu- Al a- (D) Al a- MeLeu- MelCguMeVal - (VII1); 5

- Val - (D) MeAl a- MeLeu- Val - MeLeu- Al a- (D&l a- MeLeuNelLeu- MeVal - (VII11);

- Val - Sar - MeLeu- Val - MeLey- Aha- (D) V%I - MeLe LeHIXEVaI - (11X
TP

OH §-N

(12)

170 mg (0.13 mmol) of (7) obtained according to Example
1 are dissolved in 3 ml of dichloromethane under argon.
15 92 pl (0.53 mmol, 4 eq) of DIEA, 51 mg (0.26 mmol, 2
eq) of HATU and 60 mg of (11) (0.25 mmol, 2 eq) are
added successively under argon. After stirring for 5
hours at ambient temperature, the reaction is complete.
The dichloromethane is evaporated off under reduced
20 wvacuum and the residue is taken up in ethyl acetate.
The organic phase is 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 is evaporated off under
25 reduced vacuum. 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 (Oall) ;) -
COOCH (CH;) OCOCH;) *-CsA  (13)



.- Val - Sar - MeLeu- Val - MeLeu- Al a- (D) Thr - MeLeu- Leul0 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 - (XI'1); 15

.- Thr - Sar - MeLeu- Leu- MeLeu- Al a- (D) - H v-_Maleu- LeuMeVal - (XII'1); and

- Abu- Sar - MeLeu- Val - MeLeu- Al a- (D) - Val - MeLeu- LeuMeVal - (XIV) . 20 10. The
pro-drug as clained in any one of the prece i ng clainms, having,
respectively, formul ae (Xy) nd”(E? ) bel 0O ~-NO~NOOOH 25 and

/i’,‘

- 46 (XIfl). 11. The u e dinclaiml, as a
medi ci nal product. 5 120 The -d ug as clained in claim1l, for
preparing a nedicinal product |ntended f treat nent of pathol ogical
conditions of the mucous nenbr T ' THE use of a pro-drug as clai ned
inclaiml, for preparing a di ci iPal pk duct intended for the Iocal
treatment of pathol ogical conditions of the eye. 15 14, The use as clai ned
in claim13, characterized in that said pathol ogi cal cgﬁﬁltlons are chosen
fromdry keratoconjunctivitis, Sjogren's syndrone, forms of allergic
kerat oconjunctjviti

conjunct|V|t%% pm%d38|85 Hﬂg’agt%;%égyﬁigﬁ? r%%#%é ?%SéfY%ﬁaﬁhﬁgibfrf:gs
i mmune-r el atiegd &f nbhhy#eovasi CHsChnd Z@yggsdn 2 7k ematli,t i 3, e@ndopr a¥ent i on of
cor neal gra@@éﬂgofeejfféi&@ena&gdg&,a?ollowed by 52 pl (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,$,05 solution are added,
at 0°C, to the reaction medium in order to destroy the
excess oxXxidant, and then extraction is carried out with
dichloromethane. The organic phase is washed with a 10%
15 NajyS;05 solution and the dichloromethane is then
evaporated off under reduced vacuum. 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,S0, and
20 filtered, and the solvent is evaporated off wunder
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;3) OCOCHa3) l_csA (XVI)



.25 adj uvant treatnent for filtering surgery. 15. The use of a pro-drug as
claimed in claiml, for preparing a nedicinal product intended to allow

"prol onged survival of organ allografts. - 47 16. The use as clained in
-claim 15, characterized in that said organs bearing a graft are chosen from
t he ki dney, heart, liver, pancreas, Iung, smal | intestine and bone marrow.

5 17. The use of a pro- drug as clained inclarp 1, for preparing a
medi ci nal product intended to i nhj,bi t0 replicatilon of the human

i mrunodeficiency virusy ﬁf N 0,
M. ATA, -
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(XV) > 7 mM
(XVI) >20 mM > 20 mMM| > 20 mM > 20 mM

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 1in a
solution of mannitol, the cyclic peptide proves to be
stable to respond for at least 90 days.
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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) is 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 c¢linician a tool

which is an alternative to the pharmaceutical
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5 present 1nventlon, in the form gimple aqueous
solutions, were evaluated for the purpose of

intravenous application.

Thus, the two cyclic undecapeptides (XV) and (XVI), in
10 solution in phosphate buffer, 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 intervalg 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
(XvV) 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) (XVI)
AUCo_inf},Lg.h.L'1 69229 66626 44699
CL L/h/kg 0.14 0.15 0.22
MRT h 15.2 15.3 14.9
Vess L/kg 2.2 2.2 3.4
T1l/2:h 0.31 0.55 0.20
T1/2;h 11.1 11.8 11.8
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Cyclosporin A generated during cleavage of the cyclic

area under the curve for

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 sgimilar blood release profile for Cyclosporin A.
These profiles are gimilar 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 toxic;

and



L1111 109%HHE () - ys310%48 () - 910%4& ()- 10\\ 10\\

10\ 16! 10%\ & ()-s!~-110%\ & ()-srOrRrUrXr[rAraBrS1 11 :110,/ 10%& ()-
(10948 () - & 109448 () -, 109%4& ()- 10%4& ()-! :!10%HH& ()-~rar"ssett 9w wzX9. 1
A10H( Z10%&' () - ! H GLO%H&' () - S! HGLO%HH&' () - S! RGLO%HH&' () - S! HGLO%HH&! () - S96
10948 () - : W, wewOnMwwiyj HL 10H(Z1! & 1098 ()-! & 10% /' /& ()-" Ss

10% 0& ()-fSs 10% P& (Loif | £ 10% 08 (o 20K 1 > .
100 1 15)2)/@0&'3( ) - fﬁcglélt%g&' E% ,ﬁ%o%g'%%lf) Wﬁ%éﬁ‘%ﬁf 2206958 () - 3f 10

% 0& ()-yzz{{{{{{F®M10s&s10% 0& ()-Y:10% o0& ()- 1000 1000
1000! "' 110%00& ()-""110% K & ()-! "110%0& ()-{{!'{${' {*{-{dEr4
105&5109610%} o& (f - Cg) 10% o0& () - 3(

Xample

5 Application for topical administration to the eye in

the form of an aqueous solution

Study of pharmacokinetics of the cyclic undecapeptide
of the formula (XV)

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 pm 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 gix male albino
rabbits. For each animal, one eye received an

installation of 50 pl of the solution as described



.10% 08&' ()-& 10% 0& ()- @0% o0& ()-3 10% o0& ()--{q{*~~~&JE:/ 10'o
10" oyy) Z10% o0& ()-yY% 10% o0& ()- @' nl0% o0& ()-f S YI0% o0& ()-S
"Y10% 0&' () -Ss310% o0& () - @8/uSl/
1 ~"F1 10%0& ()-!F! 10%0& ()-!6 9! 1094.03@& () --" Ss 10% s& ()-Ss
10960&f() Y' 10% o& ()- 10" oSp-}[91/
~! "1 10%00& Hovex,” ! dMIOQEL €2~ by ElO%QQ&ﬂaba%e d, playing the role of
10%0&'() fL310%0&'()--|F| 10% A '~sle%g& ()-fI S10% & () -
SLY10% & () CANEHRA -8/ ()- 10 10 10I "l 10%&' () buz[ 9uVv7
I~1" 91 10988& ()- 9110% & ()-!~9110%\& ()-!~"9110%\& ()-!9110%\& ()-Y10%
V& ()- yZSThe clinical evaluation of a possgible irritation was
5 performed visually by evaluating the ocular discharge,
the conjuctival chemosis and the conjuctival redness
according to the classification described in Table 4

below:

Ocular Normal

discharge Slight discharge

Severe discharge
covering a small surface
of the cornea

Severe discharge 3
covering a large part of

the cornea

Chemosisg Normal

Slight chemosis
including the nictating
membrane

Severe chemogis 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 (Iirr) was calculated from the total
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2.2. Confocal 1laser scanning opthalmoscope (test to
5 evaluate subacute toxicity over 4 days of
administration)

This test was carried out on the same type of animal as
previously. 25 pl 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 pul 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 1laser
gcanning 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 is noted that it is generally acknowledged that a

percentage of lesions less than or equal to 5%
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corresponds to a usual cell mortality rate in a normal

body not subjected to any treatment.

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 Cyclosporin A
(XV)
Draize, Ij,r 1.8 1.9
CLSO, % lesions 7 23

10
Table 5

From Table 5, it appears that a total irritation index
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 wundecapeptide 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
gsamples were found to have good stability under such

conditions.
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This conversion kinetics test was carried out by
5 incubating, at 37°C, 25 pl of a sample of the solution
described above, with gentle stirring, with 8 pl of
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 pul 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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From these results, it results that the pro-drugs of

the present invention offer, for topical administration

5 to the eye, the following advantages:

- ease of preparation of a pharmaceutical
formulation such as an eye wash by simple
dissolution in an aqueous solution without the

10 need for using oily adjuvants;

- good acute tolerance and very sub acute tolerance,
greater than those obtained with a pharmaceutical
formulation of cyclosporin in oily form;

- good stability; and

15 - half-life time suitable for ophthalmic
application.
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Claims
1. A pro-drug consisting of a cyclic undecapeptide in

which the peptide chain comprises at 1least one

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

Y

O R o R R 0 vy

Aoy A o

R R O R £ N

0

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 1linear 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?Y), -OPO (OH) ;
-080 (OR?),, -OSO(OH) (OR®), -OSO(OH)., and the
various salified forms of these groups, each
of the substituents R® representing,
independently of one another, a 1linear or
30 branched alkyl group having from 1 to 6

carbon atoms;

(
() -

(
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branched alkyl group having from 1 to 6
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, -CONHR®, -NHC=NH(NH,),
-NHC=NR® (NH,;), -NH,, -NHR?®, -NR®,, -N'R%;, -OH,
-OPO (OR?) 5, -OPO (CH) (OR?), -OPO (OH) 5,

20 -0S0 (OR®),, -0OSO(OH) (OR®), -OSO(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),,
-0SO(OR®),, -0SO(OH) (OR®), -OSO(OH),, and the

various salified forms of these groups, each of

the substituents R® having the definition above.
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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 6
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 gsimultaneously 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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acids Vval, Leu, Ile, Thr, Phe, Tyr and Thr,
and R'® being a linear or branched alkyl group
20 having from 1 to 6 carbon atoms;
- W is chosen from the amino acids Val, Nval
and Leu;
- X 1is chosen from the amino acids (D)Ala,
(D)Ser, (D)Hiv, (D)Val and (D)Thr; and

25 - Z is chosen from the amino acids Leu and
MeLeu.
9. The pro-drug as claimed in claim 8, characterized

in that said linear sequence of ten amino acids is
30 chosen from the following sequences of formulae
(ITI) to (XV):

-Abu-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-
MeVal- (ITI);

35 -Abu- (D)MeAla-EtVal-val-MeLeu-Ala- (D)Ala-MeLeu-
MelLeu-MeVal- (IV);
-Thr-Sar-MeLeu-Val-MeLeu-Ala- (D)Ala-MeLeu-MeLeu-
Meval- (V) ;
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15 -Thr-Sar-MeLeu-Leu-MeLeu-Ala- (D) -Hiv-MeLeu-Leu-
MeVal- (XIII);
and
-Abu-Sar-MeLeu-Val-MeLeu-Ala- (D) -Val-MeLeu-Leu-
Meval- (XIV).
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10. The pro-drug as claimed 1in any one of the
preceding claims, having, respectively, formulae
(XV) and (XVI) below:
| ©
3 !
" OJJ\/N\’(.\NJJ\OJ\O/U\
o H
Abu-Sar-MeLeu-Val-MeLeu-Ala-(D)Ala-MeLeu-Mel au-MeVai
’_éHao ‘
(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 syndrome,
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 1, for
preparing a medicinal product intended to allow

prolonged survival of organ allografts.
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17.

that sald organs bearing a graft are chosen from
the kidney, heart, 1liver, pancreas, lung, small

intestine and bone marrow.

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



