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Of the fdsfiud 8eRither turARLERa STRAOIE VhereVRrl it ot @U@ NS about 45 to

55 percent by wel g etr oner and a percent of the
ci s- i sotnserpornisd atgpecifie positiers dvithimthe peptide sesuense iemplayitigye.g., the taal | SATX247

{1 ans- ; AR mEABE for uRiby Breychhorts B GERK PROAT 1P Tter . These

per cent alqéilﬁ??),ﬂ?eabghetaar(wmamcUKobel g (IQSQ;zIU ﬂﬂ?agmosoll 1081@85¢conposition. In

and 35 et g o BP B Ash 45398 Ay R Bltontp S oTdbe PSR, gl of t e

(Z) - i SONes. 0 084 567 ol 0/A56782; Infermationd] PeemFblication Nol WOJBGOZGSDGWSmg,@r is orrer may

I b a the. t i soner .coul d 0]
o e DR BB AR TTYs0 SRt A o PRl oo
of pL epamﬁbaaﬂs mfth&y-@bmmdbgbpoﬂétﬂih yRIGh etial ¢1988). nmahmmd p‘iesélf'e[ l SA247f .
Synt heti ¢ ways a needed. t hat uce, enriched conpositions o e
i ﬁgl vi dtfd gﬁ@’&‘ﬂ@%@" ggaqmqra%g&yalpgpngg ”c“ﬁ]é’gF"ééFFeﬁleéc’FM%H SaPatglles red ratio

of the #98499600®75122V50B0E36;ahd 552078902411 £Bighéd SSabhdH IARRIcAS | SATX247 are

needed as_wel | .
cyclosporin analogues are disclosed in WO 99/18120, assigned to Isotechnika. The terms

Ciclosporin, ciclosporin, cyclosporine, and Cyclosporine are interchangeable and refer to

cyclosporin.

There are numerous adverse effects associated with cyclosporine A therapy, including
nephrotoxicity, hepatotoxicity, cataractogenesis, hirsutism, parathesis, and gingival
hyperplasia to name a few (Sketris ez al., 1995). Of these, nephrotoxicity is one of the more
serious, dose-related adverse effects resulting from cyclosporine A administration.
Immediate-release cyclosporine A drug products (e.g., Neoral® and Sandimmune®) can cause
nephrotoxicities and other toxic side effects due to their rapid release and the absorption of
high blood concentrations of the drug. It is postulated that the peak concentrations of the
drug are associated with the side effects (Bennett, 1998). The exact mechanism by which
cyclosporine A causes renal injury is not known; however, it is proposed that an increase in

the levels of vasoconstrictive substances in the kidney leads to the vasoconstriction of the



SUMVARY OF THE | NVENTI ON Cycl osporine and its anal ogs are gﬁh‘ﬂ&; f a
cl ass of %I i céﬁgl ypepti des having potent inmunosuppressant dactivity.
Despite t N WPaRbages these drugs offer with respect to FPEELA02/01559

I mmunosuyppressi ve, anti-inflammtory, and anti-patasitic activities, there
are nuridfeagslomerplar ageriqles, this czaaesult in repal jichemmia, A9e5E538: Mplemerylifer apy t hat

I ncl udefilpefidiirete Qid, Gvetheilg R RikaRétdis] firbsis, WEEOtheldo@liyredudt@le | S a need
for new i munosuppressive agents that are _as pharnacgl ogically active as

t he nat3ROHeT SRIRINCRHAPTSSE Y R8FHbIS Sebstifitad epad fyngtion nppieves(Y planiinegié  associ at ed
t oxi ¢ sggoellsf Bo65. Enbodi ments of the present invention provide certain

m xtures of cis and trans- isoners of cyclosporin A anal ogs, which are
pharmaceutically useful. A preferred analog is referred to as | SAr 247.

M xtures of |SATx247 isomers exhibit a conbination of enhanced potency and
reduced t oxiASFerdinglye theres a pagd fopimmpunesuppressiyRpeshe Whichsehelfaptivaandn

cycl osplpdrvj:%uce‘m@xiagfsent invention is based in part on the discovery that
certain 1someric mXtures of anal ogues of cycl osporine provide superior

I mmunosuppr essi ve effects without the adverse effects associated with
cyclosporine A In particular, we have unexpectedly found that isoneric

m xtures (i (@closparintagpless eomtapningmedified apigo aeighin-the bLpastien are disgdosed from
about ; : ol k8- rigne anal ogues

nodi f i é@Vgté9%@%121%?%&%12&?%'@54%{8%33%8%% ée%snﬁgg@.kgﬁ‘p‘g H]cacy and safety.
Exanpl eiscaporatedhereinah sgerdisetir dladiastigned tocthe prewdt aBighddis 20S. Baowdsionak | ude

deut er . - 146 W, . . . ticular., mxtures in the
range g]%a%%tt)ggﬁwg@é:}kgg't 0 é@tbzﬁg ’ @84@%%? &?cgrrl]tlg 8 1s€l§£eéi iasp-%ft%édna(rjlyipﬁef?rﬁe range of
about Sf)RAosmrialFoanaloghbfared sorms- TSANG2410b This 4hdtog B sartaruallp QRmiddabto, are found to
be particularly efficaci .10 3/033526 1.1 Y ..2006.. PCT/ CA02/ 01559
or bovenetbrh Scen B Reyiodatle Ryt et Akt thbgredhi b ¢ a
conbi nathatwertaf miauee bf ar aphtr@rdsonmachf TRAL€Tethibited htcymbinationndt ur al | y
occurring an t her presently known cl osporines and cycl ori ne

dor 1 vat POREREpOS: iR Sbed KPR Puen R oo Rt EuORBPU 1 as

" | SATX 2dyélopporisis. SCertaixi alkylhtedl, arfated, add déuterftyd d@BROVs REISN QZ4EPire hlgs A

nodi fi ecg %%n tional group on the periphery of the nolecule, at the 1-am no
acid re$f » The structure of this particular isomeric anal ogue

Typically, the disclosed mixtures in U.S. Provisional Patent Application No.
60/346,201 range from about 10 to 90 percent by weight of the trans-isomer and about 90 to
10 percent by weight of the cis-isomer; in another embodiment, the mixture contains about 15
to 85 percent by weight of the trans-isomer and about 85 to 15 percent of the cis-isomer; in
another embodiment, the mixture contains about 25 to 75 percent by weight of the trans-
isomer and about 75 to 25 percent by weight of the cis-isomer; in another embodiment, the
mixture contains about 35 to 65 percent by weight of the trans-isomer and about 65 to 35
percent by weight of the cis-isomer; in another embodiment, the mixture contains about 45 to
55 percent by weight of the trans-isomer and about 55 to 45 percent of the cis-isomer. In
another embodiment, the isomeric mixture is an ISA1x247 mixture which comprises about 45
to 50 percent by weight of the zrans-isomer and about 50 to 55 percent by weight of the cis-
isomer. These percentages by weight are based on the total weight of the composition. In

other words, a mixture might contain 65 percent by weight of the (E)-isomer and 35 percent



m xture conpared to the structure of cyclosporine Ais show?_ i flzﬁﬁg. | A,
1B, 2A, ZSY TJQe isonmeric mxtures can be used, anong ot her ﬂi Res, or
i munosuppr@&¥P3#e and the care of various i mmune di sor dePET/CAVYRYERS and

condi tigns,. i [ udi h reventi , ontr viati.on _and treat nent
horbor S e e okidf RIRESHA. Hhop afiHibd RlonerBlablit B 4o BRImE 22
i somer s alsabeldescribred aa b (Z)eisohéreamiahg transdsanen thdd pize bie talled i (E)dsmbeect | ve

pat hways that may vary in their degree of selectivity. Stereoselective
pat hways produce conpositions that are enriched in either of the (E) and

(Z2)-isoners, ,and..t he onposi,tions e .Combi . such that.the resulting
m xt ure has ’3‘“&’5‘2&’@%3& g{s;l'g;negg n tﬁ%artt%ﬁe@g%?@e&?ag@ﬁﬁgﬂc@@pwn t he

r eact i onfalegnicluding somersaf ISA-KREDSBnthetic pathwat hwaygedmlythdi@rddacd ored to
produce th esired ratjp direct]ly in a prepared i xture. .The percentage
b “one. Fuies corsosion e B iy dome ds e BRHGRs s ireingmrie R e

magnet i Gedire8 B4tio € the N6 GoimREC NIthddMYRprepuratdn b derivatiids TUSA 28T dreknown i n t he
art. Each of the pathways typically proceeds with the application of a

prot ect PFedrOUH to a sensitive al cohol functional group. In one

enbodi ment the alcohol is protected as an acetate; in other enbodi nents
the protecting groups are benzoate esters or silyl ethers. Although
acetate protecting groups aPSMMARGOETHEINVENTION “it js jnportant to

enphasi ze that in many of the exenplary enbodi nents descri bed herein
certain undesirable side-reactions involving an acetate protecting group
may be avoi dE¥Fl9sRPERFARdiits@nless as¢ membireehs Gigss §F eNshs PolypeptideshaniBgz oat e
esters Qbtef ilntlun6dupfressant@eRvily. AbRphelle SRARIEEI hdiBUruE S SAMMB RS 1&
precursor for a variety of st'ereoselective ~“synthetic pathways including
sone t haheinjmimunosypprassiyshentizinflammatory: aptbpnticpatpsiicactytipsa thereirpaimesous 1 17 MAY

2006 in AR LOD: ' ' f
or ganongta‘éeﬁeie?:fegseésggﬁ%tggaﬂgp‘ﬁ%%p lglﬁegﬁpi f%ﬁh%gﬁ ?)frug%:g%ﬁ E’P@E}ffﬁﬁsi X- menber ed
ri ng tr aemitatdxicitys tAsrcersinghye theresis @ meesl fof geshr immarmoslippteasivsagehts thatambs gur at i onal
out come - | Ll - ] Englydik se that
Feat ur o PP AL ARG AERl A t Couk E AR Fonfiihd B Rpol L WM HTE. ' 20
sul f ur . absocinted thxixl sidei effensr s may be prepared fromsingle or multiple
precursors. The ratio of the (E) to (2Z2)-isonmers in any m xture, whether
produced stereosel ectively or non-stereoselectively, may take on a broad
range of val yes, ..F t 1 XL UL A rise. f about 10 to 90
bor cent of 1 HEDgEEs S AFBeSens i Epyholid fRin pBRTRE o i miE PP

isomers of cyclosporin A analogs, which are pharmaceutically useful. A preferred analog is

referred to as ISATx247. Mixtures of ISA1¢247 isomers exhibit a combination of enhanced

potency and reduced toxicity over the naturally occurring and presently known cyclosporins.

The present invention is based in part on the discovery that certain isomeric mixtures
of analogues of cyclosporine provide superior immunosuppressive effects without the adverse
effects associated with cyclosporine A. In particular, we have unexpectedly found that
isomeric mixtures (i.e., mixtures of both cis- and trans- isomers) ranging from about 10:90 to
about 90:10 (trans- to cis-) of cyclosporine analogues modified at the 1-amino acid residue
provide superior efficacy and safety. Examples of such analogues are disclosed in WO
99/18120, and include deuterated and non-deuterated compounds. In particular, mixtures in
the range of about 45:55 to about 50:50 (trans- to cis-) and in the range of about 50% to about

55% trans- and about 45% to about 50% cis- are found to be particularly efficacious.
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isoner. In other enbodinents, the m xture nmay contain fromfpc%s( ?@to 85
per cent bwiei(%ht of the (E)-isonmer and about 85 to 15 percent of the
(2) -i someP¥O P3Gt her enbodi ment, the mixture contains aBelCAIROSE 75

ercent i f - and about 75 .25 rcent by weight
8f the ( {epg%%g%m}sctf%& Jia]teno artecgﬁgtgth?sﬁésr?fn,e’ L tioai ?{hﬂ?t@ ‘Ef’g‘ﬁ:t‘%ﬁnﬁ% Ofa)l;out 35 to
65 pﬁr C eswperiyy poteigytand rasfucedwoxiciy eiﬁﬁ aﬂaf:tl)lsa g@;u&h(glahd 6{2@1& PresqpRESANT by

wei ght o - | r; .in.another enbodi ment, the m xture contains
abogt 4SJ%C%°Q§°§&§%%8§{ISWr%#§WPEW'the (E)-i somer and about 55 to 45
percent of the (Z)-isonmer. In another enbodinment, the isomeric mxture is
an | SATx247 m xture which conprises about 45 to 50 percent by wei ght of
the (E)-i sonek patichlalyquéfeiel 4naldshe Refesedto heleih as/etsmm"?]isfsﬁu&iéﬁw somer .

e

These percentages by. wej ght e based on the total weight of
co rr; 0s !Ot slrulcéﬁar t‘gg’(fi?sP‘ere I4 gﬁgpttafh’d‘é?"ga‘g‘ﬁﬁl ?‘F‘ﬁt‘a‘i“a't FRURQMie IPgI’EH@W\/Vé itkght per cent

of the (ilesudseethe Mathind 426d fedijlud. STHERrudtSre bPMisWattftitar fé@fn@ﬁﬂ bna cjg]e ot her
wor ds, a n}xture h&lpcontaln 65 percent b?;? wei ght of t ez -isomer and

m
35 perceftt uﬁ?cq}%qabq‘#o Sirpeiute 2f cyclesagrine Ajs shovaming 1AAtBAAIRBRgl y, in one
aspect, the invention provides nethods of preparing a mxture of (E) and
(2)-isonmers of | SATx247, wherein the synthetic pathway conprises the steps
of . heat ing_ahe isamednithred XSk HRONY S ithds o i Mo GAERANNG 51 et ed
fromth roup, cqnsi sting of triakyl phosphine,~triarylp og[% I ne’ ‘(€. qg.
tri phenj“‘ ‘F?B%gfh"iaﬁ%‘)s,lmgwﬁ disRigleishdisgapasiand condifions, inclydjngthe pregertion,pr oduce an
i nt er mneGoidd?; allRVie@H dndYredmiBnX b8, Of (E) and (Z)-isoners of acetyl-I, 3-
diene by stirring the internediate with fornmal dehyde; and preparing a
m xture of (E) and (2Z)- isoners of [SATx247 by treating the m xture of (E)
and (2)-i somiras of acetyl-1,3-diene wth a base. In another aspect, the
i nvention i sAgFardiag embodimantorfdhepressniipeantiony ISA 247 isomensfadE) and
(2) - i sonmefivati9bs ¢ i i t conpri.ses the steps
of . converti n.g? gﬁ%%éy%ﬁgggg S%*c}g%eﬁé Hi{@}ﬂgg Bgﬁ‘uan@éﬂm}&‘ég‘?&'}e@a m xt ure
of (E) &heplgctiyity. sHereoseleghivenattways produaticempoditions teaateiengichelén eithet o

cycl osp@gd 1 j 4t [ i de.vi /ttig reaction,
opt i ona?llqu(ﬁl) ﬁndf(%g?sgﬁrﬁg%’e%ﬂge@eosg cglnﬁ(?sﬁ EJ?IE%% é‘lr % ,meél;af ab%b%? ?Eﬁblnﬁg m xt ure of
(E) and nixtyprei hapargdesiredfatiolofEX R4 Tsomerst rédatnativply, g wactibhis €ondftiohddf s:and

Z)-iso : - -di.ene Wth base. .The present invention al so
E)r Zjvi deglé ge%%sg{cﬁg%&glﬁaae\g%a% t%éorg 3{?@%&‘8?“(1%? raéﬁdmfit}l njagypared of
| SATx 24 Tixttee Tbe pertdneags of biteisomerta aliothet iICHHRhIrS 08n bd\@ritie@ RfinPhucled)

conver t bighdl dsBhbI Gk Eof}f (k) SoeRbiduts wefl kiowns th ne oo " U E O

Each of the pathways typically proceeds with the application of a protecting group to
a sensitive alcohol functional group. In one embodiment the alcohol is protected as an
acetate; in other embodiments the protecting groups are benzoate esters or silyl ethers.
Although acetate protecting groups are common in the art, it is important to emphasize that in
many of the exemplary embodiments described herein certain undesirable side-reactions

involving an acetate protecting group may be avoided through the use of protecting groups
such as benzoate esters or silyl ethers,

The protected compound may then serve as a precursor for a variety of stereoselective

synthetic pathways including some that utilize phosphorus-containing reagents as participants
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i soners of acetyl-I|,3-diene by reacting the internediate with a phosphorus
ylide prepared froma tributylallylphosphonium halide or 17 MAY 2006

tri phenyl phosphoni um halide via a Wttig reaction, optionally  in ¥he
presence of a lithiumhalide; and b) preparing a m xture of (E) and
(2)-isonmers_of | SATx247 by treating the m xture of (E) .and (Z):]spners of
acetyl - 1,32 & itigereqgtion, agd BREgEanIq ﬂe"ae‘TtiﬁS.t'ﬂ‘%Wbeé%?fé)éﬁ"oé"ﬁéllfcﬂsﬁg’?gﬁso#‘7 @tter

di rect ed Q0 HRLAOGRd HrolhQBUmeRBerR rifg RN st/ Hehederd hihdthfeeQictates the
cycl ospori'n A"anal ogs nodified at the | -amno acid residue, wherein the

st er eoselcenfigupasiongimutaesies Manytanganpmewglisseagenis prerivailable, includingdbesgthaies t he

ste f. oAl . L DA ; 1 ; t
el oot od "PAEEHARAAemARELEh 1 USLEARON sl h REAL ol SlRuf MERERAC ¢ e

and E-y- (isameas dogy bé prgpaxtd frbin sitighd deynhidaplepescersorsorm a P-tri al kyl si | yl
al cohol ; treating the (3-trialkylsilyl alcohol with acid to form
acetyl-(E)-1,3-diene; and treating the acetyl-(E)-1,3-diene with base to

formthe (E)-i.soner I X247, In yet a.furt ) i i is
v oct e 1o gt SngFIR o spmidt iy st RRbp ARGk eq {BRoisieRy O
cycl osporrof-straRékayslyivdy take dn atbrdad eanbe affvaigesa Fodexaempia] the, miwtves @ay t he

st ereosel ecti,ve, synt hesi s the Z:is r _enriche terial conprjses the
st eps of .SOMEH fr‘?ié aé?’ﬂﬁéé%?%ef&% Pf)@f)gésﬁﬁonl\eré? a%%@&@%ﬁ%r%“f%ﬁg%@'

sel ect ed ifgnn (h@h& bR IRYNE, tHeinfigtued may dnddikStbmiabyhtalslty BS bercamnay eversht ef

and (E-7-trialkylsilylallyl) dialkylborane to farma (3-trial kyl silyl
al cohol ; the @atwqﬂg:r@h%alzoyt g—‘r 2°a1|5kBFF°§N sfithex(Z-dgegerin evothg smbpgdingegh Hhe mixture

acet yl - (Z2)di 3l ; i B 5 i ] to
Form t he Pt aBb@DSo FGa bl WRfei S5 5fiofter fd sbbuly Sl petlehtby ot
i s di r ectafdhe (@)4etriends andfthgreotadiment, the nExiuscoeastainsaboutcidad 6hipsrcent by oveight

cycl osporij nal ogs dified.at the.l-am i i L Oy

oY or ool U R IRURE Rnd RRLL 45 23 elel o TR Br 85 K- ERLE HEanoBFLERURER,

is_t eﬁfs of dthé Fx;’mfnﬂg_l&gntams ?,80#12{5 hM%\S ROQG :j Bcweight of yied (E3+ixo Fienallzdkl aablodejfytdS dg5wi t h g
ithiated a o] i ne ox to formacetyl - - 1..3-di-ene; an

treating anégé{“{;%?ﬁer'lf -Wﬂ@ﬁ@“bﬁ‘frﬁerﬁé %'SPB‘C'F'%P%"W%éQ ?rE‘I)sﬁTé%'xHe

| SATX247 . wHiBIe c oM EBHAboUNYRHL 0GR rdehibY Wiaght d f tRY BP Hombr sndaBugi 50go 85 péredrs OMer

enriched m xture of cyclosporin A anal ogs npdified at the 1-am no_.acid
resi due, Bnweightef thedZxisemep sHieae perentageny weight arg,paseqan pheitetal st of ened

mat eri al &B{Bagiiciéﬁscm& h%iﬁ%@{ﬂﬁd&gtbo(f%atr tﬁ@ﬁ.ﬁﬂ Bth@ e RREPHEent YthO BDALInerAnd

al dehyde wth a reagent selected fromthe group T“consisting
of y- (tri athk{@)sisdrydras 160 weiplsrperegnte le other worgdpd rmxiurg migha Caryaia 6 pergentypy)

di al kyl bo\gvgigk?tsof Eh% (E)-isomer and 35 percent by weight of the (Z)-isomer, or vice versa.

Accordingly, in one aspect, the invention provides methods of preparing a mixture of (E)
and (Z)-isomers of ISA1x247, wherein the synthetic pathway comprises the steps of: heating an
acetyl-n-halocyclosporin A with a first compound selected from the group consisting of
triakylphosphine, triarylphosphine (e.g. triphenylphosphine), arylalkylphosphine, and
triarylarsine to produce an intermediate; preparing a mixture of (E) and (Z)-isomers of acetyl-1,3-
diene by stirring the intermediate with formaldehyde; and preparing a mixture of (E) and (2)-
isomers of ISA1x247 by treating the mixture of (E) and (Z)-isomers of acetyl-1,3-diene with a

base.

In another aspect, the invention is directed to methods of preparing a mixture of (E) and

(Z)-isomers of ISATx247, wherein the synthetic pathway comprises the steps of: converting an

12



forma (3-trialkylsilyl alcohol; b) treating the (3-trialkylsilyl alcohol
with acid to formacetyl-(E)-1,3-diene; and c) treating the {47 wAY 2006
acetyl-(E)-1,3-diene with base to formthe (E)-isomer of |SATx247. In yet a
further still aspect, the invention provides nethod of producing a Z-isoner

enri ched gt deRspIrinCA GldemRRIth B nixRREOOE) an® (1 fiselof bbyllt,amidhe byci d

resi due, wherein the stereoselective synthesis of the Z-isonmer enriched
mat eri al reantipeitacetyheycdaspprin Hraldehpdecwitthy phasphaguseylide vig e WadigseacHom al dehyde
with [3-(di: Vi ' I i ' £ Qrpx i i G i [H ng
't or o RO BRIRABRAMR itlen thldes Bhd ebink A ficied o @PRTE) SABLE Y 10
an er yt hriSAT243 dgl trettingtbermexttiiered (E)ead €2)isbmers af agttildt3-diencawith a base.

( 3- oxi dophosphoni um salt by treatnment of iodomethane; converting the

( 3- oxi dophosphonium salt to an acetyl-(2)-1,3-diene; and treating the
acetyl-(2)-1,3=diene with .base to faormthe -isomer of | 247.,.The

o esont 1 nvent IBPraRdMsAOR ae PR ifEE Rt o epEPRR R R ECP( B and
(fZ)- i)soniarrﬁer@bfIB&A%MZNhTmhﬁhelaéyn]Emhep]ahmmmﬁprisaahamys sfonpri ses the steps
of : a) protecting the a-al cohol of cyclosporin A formng a first
ht er e at o 0 Soyen e BB SL SR AP SoPTrCY LS A

t o producigoriers SERRE1-I BLAENRS rBicBin@ BR Ntk rntedft OWRRE ipﬁospﬁor@é ?l@d&)ﬁ@éaréﬂ)from a
converting an intermediate acetyl cyclosporin A aldehyde to a m xture of
(E) and (mputylaliyipbospherriughatida artrishegylphesphgniva hakiderda 2 Nattigreastinpaptieralyi t h

a phosphqm&c}*geq‘% MaditRiuHaliid and €action, optionally in the presence of a
lithium halide; and d) preparing a m xture of (E) and (Z)-isoners of

| SATX247 by t ridrépagng mmixtisetafi(le) and (ZEsomenof [SAmR4lobpetreating the mixture of (E)
acetyl -1,;;121?{%?{%8 g\{ist Ra %ﬁ%am&é%h%% 2006 The present invention also
a 04~61° produ ;

provi des ¢ing a mxture of (E) and (Z2)- isoners of

| SATx247, wherein the stereosel ective synthesis of the Z-isoner enriched
material conprises the steps of: a) reacting an acetyl cyclosporin A

al dehyde with Ia arfeakseaipese tedheatibn Bdiredted @rmethodsobf pridasinggn Bfisomer

o al eyl bovge stns bt dre pSpotin o e Gt fremino i i) WhFre e

(3-tri al kydrsbdedbrivdl sgedis ¥ thO ELasmeer baridhed Masial obmpriéds the steph &N sactipthn
acetyl cyclosporin A aldehyde with a reagent selected from the group consisting of
trialkylsilylallyl boronate ester and E-y-(trialkylsilylallyl) dialkylborane to form a fB-trialkylsilyl
alcohol; treating the B-trialkylsilyl alcohol with acid to form acetyl-(E)-1,3-diene; and treating the
acetyl-(E)-1,3-diene with base to form the (E)-isomer of ISA7x247.

In yet a further aspect, the invention is directed to methods of producing a Z-isomer
enriched mixture of cyclosporin A analogs modified at the 1-amino acid residue, wherein the
stereoselective synthesis of the Z-isomer enriched material comprises the steps of: reacting an
acetyl cyclosporin A aldehyde with a reagent selected from the group consisting of
trialkylsilylallyl boronate ester and (E-y-trialkylsilylallyl) dialkylborane to form a f-trialkylsilyl
alcohol; treating the B-trialkylsilyl alcohol with base to form acetyl-(Z)-1,3-diene; and treating
the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of ISA7x247.

In a still further aspect, the invention is directed to methods of producing an E-isomer
enriched mixture of cyclosporin A analogs modified at the 1-amino acid residue, wherein the

stereoselective synthesis of the E-isomer enriched material comprises the steps of: reacting an
13




c) treating the acetyl-(2)-1,3-diene with base to formthe (Zéj ﬁDSOf
| SATx247. The present invention also provides a nethod of pro cﬁgg‘?

m xture of (E) and (2Z)- isoners of |SATx247, wherein the stereosel ective
synthesis of the E-isonmer enriched material conprises the steps of: a)

reacting acetd@egdlydpofi & £18¢H30¢ With aﬂh]ﬂ@t@&’@@l%ﬁéﬁg@hb%ﬁme@xfd@ to form acetyl-

al |yl di ph?r}y | ne oxide to form acet - di ene; and gatl ng
t he acet yl' 4@}“@13 | trpating thgjae ety ndad %@emeowm b?ﬁé“( foymitheqrarisopter pfsﬁmm I'n
still a further aspect, the invention provides m xtures (E) and (Z)-isoners
prepared by a rocess conprising the steps of: protecting the a-al cohol of
cycl osporin A ifBe prgpant atvemtwn Pr@vgﬂS@s‘p@M@fMOd‘mhﬁmanﬁ-isorgertdndclndd-miatulnmf of

the side G% ?01% Atalﬂgl S t%mi@igd Qﬁhg -aﬁ-ll% eH:Fd I%Ld@qc%% ein t%g %et%ﬁ éetc Hegsytnh)gsm

produce a i nternBdi ate acety rormcy osporin
first i nothaddisemer eaodtejdlmartmdbpmwcthsppsoﬁ'\ Awth a reagent sel ected

br oduce. a°secoA Al ehatkcxe BB A HuebHR AR MR Bpletis bot phgosp T
tri pheny! eommisting of a{tkylkylsingdsipbuiromdxsee zdﬁSE p{triakelsiy laBYF diakpPbiafedto

preparlng a mxture of nd (2)-isonmers of acetyl-1,3-diene by stirring
the yli def rf"engaélﬁ'ls'lfyF%ﬁ%l}ie triphenyl - or trialkyl sal t (second

t di t t | A wth
ok e o ) SRS AN i Oy IO A0,

by treating the)tndatingithe aoétylc(E)- Isdrdiefedyith basmer formfthea @ tisomet o SIS @F. Wi t h a
base. The present invention also provides a nethod of producing a m xture
of (E) and (2)- isoners of |SATx247, wherein the stereosel ective synthesis
of the Z-isonmer enriched material conprises the steps of: a) reacting an

acetyl cycl osptryena furetet sl sbpeasi thé irlvant{odlipphedis nplsinTipPoligin ulﬂls&m&am um
um containin |ntermed|%gsdja15 17 MAY 2006 all owi ng the

t f t
t :)t aﬁr lT ma 8‘8??5‘5‘? mixtgreioh el orRaiin Aanglgesng tithe brﬁmmamﬁirrssl@% wherainthe ¢)
conver t i ngefeb&IRtivVe §Ynfresis 36ge (Ztlsélﬁer%n( %&Hﬂ&&b@&ﬂﬂ%@é H')@sé?é bf: t}¥acH1§§ﬁ nment

of iodonethane; d) converting, t (3- oxi dophosphoni um sal
acet yl - ( Z§<elyl sydlpspaEn Azldehyge Wftbﬁ (d«\@\eﬂﬂéhcﬁp@nglallrlz)ltamlm i femﬂea Wtan hinbase to

formthe (x@tanhr%@ mémﬁala{es‘gl ToViftd the-m% #ﬁ g&?gﬁung@(@médﬁ)&@e Rl 38Rl %Va'n%?‘ﬁhr%

m xture of (E) and (2)-isoners of
a-adduct; converting the erythro-ai-adduct to an B-oxidophosphonium salt by treatment of

iodomethane; converting the 3-oxidophosphonium salt to an acetyl-(Z)-1,3-diene; and treating

the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of ISA7x247.

The present invention also provides a method of preparing a mixture of (E) and (Z)-
isomers of ISA1x247, wherein the synthetic pathway comprises the steps of:

a) protecting the B-alcohol of cyclosporin A by forming a first intermediate acetyl
cyclosporin A;

b) oxidizing the acetyl cyclosporin A to produce a second intermediate acetyl cyclosporin
A aldehyde;

¢) converting an intermediate acetyl cyclosporin A aldehyde to a mixture of (E) and (Z)-
isomers of acetyl-1,3-diene by reacting the intermediate with a phosphorus ylide via a Wittig
reaction, optionally in the presence of a lithium halide; and

d) preparing a mixture of (E) and (Z)-isomers of ISA1x247 by treating the mixture of (E)

and (Z)-isomers of acetyl-1,3-diene with a base.
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prepared by a process conprising the steps of: a) protecting ;ﬁegx?_ @bcohol
of cyclosporin Ato formacetyl cyclosporin Ay b) brom nating®th I~ car bon

of the side chain of the 1-am no acid residue of acetyl cyclosproin Ato
produce a first internedi ate acetyl -, g-bronocycl osporin A, c) heating the

first inter ”E@I*h@g%sé}ﬁ Shheidd al&f&mgm ASRSY bfhrbdubhrigh MixERBEI aneizct ed

fromthe group nsisting of trip phosphi ne and tri al ky hosphine to
produce asomerﬁtdrlﬁéda%ﬁe&"m@e(theeﬁéﬁqudmtt\ﬁéyl@ Wfé%l@meh&‘r&heé)mﬁiﬁﬁé'nyl

and tri aI k m brom des of acetyl cyclosporin A, d) preparing a
m xture &F 'I“:‘% %egslge?’g)f‘l soners of acetyl-1,3-diene by stirring the ylide

generated fro m) telaetntgranpnhemydyclosportnm aldklylde sathta reageotseteced fiomthd igectup

and o) prBRRRPRGT 1B LI EpSpefE B oA ED SEREO LM AV g

t he m xt 618 op- trn;{l@lsn@ﬂdlcbﬁdl i soners of acetyl-1,3-diene with a base The
invention is also directed to conpositions of nat er |nclud|ng triphenyl -
and trial kyl bHeashisshe Bniiadledsilydialsohsl withbese to &ran aseybfnl Kdiengend oduct
prepared by a process conprisin the steps of rotecting the (3-al cohol
of cycl ospori r¢) ieatimgding mtyil-ﬁ@-hgélem_%thrbb@rto&rnﬂgé(@r'é@ner&ﬂé‘iﬁwng t he
l-am no acid residue of cyclosporin Ato produce a first internedi ate
acetyl -Tl - bronocycl ospori n A, and heating the first interrredi ate

Cons sting of TEFERyRsnOepuEh ey { RERBRLI ARARRE A0l 18 A

brom de diomebﬂ/lBAeynﬂpwpmmnheﬂstaed)setettml: s&ntbeslscbfethmqmememmhsd ma@nalf t he
triphenyl - and trial kyl. phosphoni um bromi des of acetyl cyclosporin A Al so
provi ded QPETSIMOETRS®Ens conprising a triphenyl or trialkyl phosphonium

brom de deri vaaP raagtit antaeeiyy bycfasporas RQldeRydd vtith lithRegdasly idiphesy|plasphinsi ng a
(3-trinmethylsi al cohol "derivative of cyclosporin A 16 17 MAY 2006 The

present |Q’F‘M¥?r¥9ifqm‘ asPyb(Byr b¥ises a@d conposi ti on conprising a
triphenyl phosgdgt %ﬁgrthééde 19E)- @@%aﬂev&dhﬂa%@qwf?éreensama»om@mﬁum the

halide is sel omt e group consisting of bromde, chloride, and
i odi de. The present invention also provides a conposition conprising a
P-trimethylsilyl alcohol derivative of cyclosporin A In an additional

aspect, the inyenf b AkiRE 2edChe TeROSorbAles HRuF&! (BF bd/@) RIRRA frEdardl Bfa
process comprising the steps of: protecting the B-alcohol of cyclosporin A to form acetyl
cyclosporin A; brominating the n-carbon of the side chain of the 1-amino acid residue of acety!
cyclosproin A to produce a first intermediate acetyl-n-bromocyclosporin A; heating the first
intermediate acetyl-n-bromocyclosporin A with a reagent selected from the group consisting of
triphenyl phosphine and trialkyl phosphine to produce a second intermediate selected from the
group consisting of triphenyl- and trialkyl phosphonium bromides of acetyl cyclosporin A;
preparing a mixture of (E) and (Z)-isomers of acetyl-1,3-diene by stirring the ylide generated
from the triphenyl- or trialkyl salt (second intermediate triphenylphosphonium bromide) of acetyl
cyclosporin A with formaldehyde; and preparing the mixture of (E) and (Z)-isomers of ISATx247

by treating the mixture of (E) and (Z)-isomers of acetyl-1,3-diene with a base.

The present invention also provides a method of producing a mixture of (E) and (Z)-
isomers of ISA1x247, wherein the stereoselective synthesis of the Z-isomer enriched material
comprises the steps of:

a) reacting an acetyl cyclosporin A aldehyde with [3-(diphenylphosphino)allyl] titanium

to form a titanium-containing intermediate;
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cycl osporin A al dehyde conprising the steps of: protecting the,a-al ol of
cyclosporin A by formng acetyl cyclosporin A or trinethyl si]&lng@@é‘I
cyclosporin A; and oxidizing the acetyl cyclosporin A or TM5 cyclosporin A
wi th ozone as the oxidizing agent used with a reducing agent. In another

added aspect, bt)Iﬁﬁodvi’ﬁﬁ%tit@nﬂuhscoﬁiafrﬁ?iﬁ@rﬁxéﬁizﬁ?ﬁ&&g@ee@ftq & SPRFJ-GGdaieti Sonmeric
m xture of cyclosporin A analogs nodified at the 1-am no acid residue,

wherei n the sytoreeiting thaerhthay oeddwt teeB-oxidephkaspimniun salclyntpeatmemiglf an
intermedi.ate acetyl cyclosporin A aldehyde to a mxture of (E) and

(2)-i someP Y% et yl - 1, 3-diene by reacting the internediate with a
phosphorus vyl idjeoxweqn@rtﬁano&mwosRmdrmmydlablayIamngmmajanaaa;hd)geni de via a
Wttig reaction, optionally in the presence of a |i1thium halide;_and
preparing a miSltigstneghe poetyl-4Ak 1. Aene wthdhage tgdorm Satehisomenrid3damethy t he

m xture of (E) and (Z2)-isoners of acetyl-1,3-diene with a base. In an

addi tional aspect, the invention provides nethods for the stereosel ective

synthesis of Tﬂ(}_ﬁl‘pré:s-ehﬁ(?m{ioﬂlsé) POV IRE nﬁﬁnﬂaroifﬁ)fh%dgﬁ)iis%@@%ffs‘ATxﬁmcti ng a

trinmethylsilyl M5) cyclosporin A al dehyde wi't -(trialkylsilylallyl)

bor ane t cprépared by & Focass edrryrisiig the stepscdhol ; and treating the
(3-trial kylsilyl alcohal Mt ckd rn, dir - spner of
| SATXx247. Anot%igfc%%é‘%@?e %ﬂ?lc{)}hoiof c‘eo(r%gclgrgnnﬁ}t%fo&% %é%ylecggﬁ)s ﬁ@t'ﬁ’ods for the

st er eosel ect i v§ peorhinbiRs the Afcartol ©f theisfe TR4in of the $AhxiRd dcig es¥liut of fgtyl he st eps
of. reacting a trimethylsilyl (TM5) cyclosporin A aldehyde with

E-y- (tri atyklpserpinA & proflyceladirsirintetmeediaig spetyl-narempeyiclospain A1 al cohol ;

treating the (3.trial iyl . i £ ar maTVE: - - di ene;
and deprotecti § é‘e?thné tkﬁ\/}érssk ?ye_rT%thH?Jetﬂ‘éﬂ-%%nﬁgfﬁn?#ﬁréﬁ % %%%r@raéé% se?igcielag 247.
16a 1 7 Mpom 2QBoudenbistieydfitdphengl phbosphirdi ane aiiadicy| phosphink adlproddceparepar i ng a
m xture of (E),and (2)-]sonmers of |SATx247, the t hod conprising a,

synt het i cinfs&nediply S?]?Fé%d %‘?@%%@“%‘P“E'@)”ﬁ érh@’:“ghﬁ“ t”(‘%?'l-p%% f““bgmr’gﬁxM?
such that ot @y &EhiossRfies; and the (Z)-isoner are present in the mxture in a
predetermned rati o, wherein the synthetic pathway conprises the steps of.
protecting t hed)(mepating amdktugstof(Rkand (Zirisamersef acedyl- 1s3rdieng bwstirringthe ylidqi zi ng
the prote - g d : G i A al dehyde;
conver t1 rEERs R B bORIGHGsRon bk REHES A hABRAbARI A 2 0 S
i soners obromide) etdcetyl dycBosgormA vhith foenadtié¢hyde;tahé prot ect ed cycl ospori ne A

al dehyde w th a phosphorus ylide via a Wttig reaction, optionally in the
presence of a ¢)iprépating thelmideire efi(8) ampt @pdsoimeg of ISA K247 by tfatlhg thewlixfure bEoner s

by depr ot (eEStalmgl &)Eigoem % 8% aec(e::';[yﬁqj-ldigncdvl/iﬁlnae base.

The invention is also directed to compositions of matter, including triphenyl- and trialky!
phosphonium bromides of acetyl cyclosporin A, the product prepared by a process comprising
the steps of: protecting the B-alcohol of cyclosporin A; brominating the n-carbon of the side
chain of the 1-amino acid residue of cyclosporin A to produce a first intermediate acetyl-n-
bromocyclosporin A; and heating the first intermediate acetyl-n-bromocyclosporin A with a
reagent selected from the group consisting of triphenylphosphine and trialkylphosphine to
produce a bromide of acetyl cyclosporin A selected from the group consisting of the triphenyl-
and trialkylphosphonium bromides of acetyl cyclosporin A. Also provided are compositions
comprising a triphenyl or trialkyl phosphonium bromide derivative of acetyl cyclosporin A and

compositions comprising a 3-trimethylsilyl alcohol derivative of cyclosporin A.
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O her nethods of preparing such mxtures also provided by the invention
include nethods of preparing an isomeric mxture of cycl ospoffmuAy amg! 09s
nodified at the 1-amino acid residue, the nmethod conprising a synthetic
pat hway that prepares an (E)-isoner and a (Z)-isoner of |SATx247 such that

the (E)-i somerryapgskhignehtion SQNMROviAESa Fngsifibn comprisingd HipHErS/ Iphdsphonium
predeterm ned ratio, wherein the ratio of isonmers in the mxture ranges
f r om abouslt aBacetyl-hchalqsaelegneriny whsredhthe baliderigselqeied; fepsmie areyp98tisting®Tt 0 45

per cent L gh f 1 .Z) -1 soner, based on the total weight of the
m xt ure. %r\é\%ﬁ’?%ﬁsoéﬁf’ a}nﬁs%(‘r%@on al so provides a nmethod for the preparation

O}‘ CKCl os]E)ori nlA al dehyde conprising the steps of: a) protecting the (3
Rcetyl cycl ospBRHRSA BN HELPN GES ErOLpHIGh ROBBEA- AR
nonoper suﬂ{l%(%;)Ederwagpggp@qosﬁ;gﬁgﬂ in the presence of a ketone, preferably

an activa etone, prefe y acet oxyacetone or diacetoxyacetone, at a
pH over 7; and c) cleaving the epoxide with periodic acid or perodate salt
under acidic conditions. The present invention also provides a nethod of
preparing a nilkanadditénal Bpeetnthe (Fenationspoddes ndthadsATixtiae leotitie peparatidneof

synt heti c pat hway, ¢ ri ses the steps of: converti ap internedi,ate TMS
cycl ospo r‘iyﬁgfﬁpoé'lnd%ﬁ@g@df §OBPII0G ﬁi‘? é‘gpﬁ‘ ol¢ @fﬁé%‘&g %‘f} _-alf:@g)rlrgfgycgqsporm by

TVS- 1, 3- dbfiflifg Bdety1R98bipasin G tiffethy IR (TMES)\WhéIBsparin AQ apdexidizing theket epar ed
froma tributylallyl phosphoni um halide or triphenyl phosphonium halide via
a Wttig eelgepdrian ObB&SMaIPFRP"niA]Wﬁh@ZWééQW@é'dcﬁm%agem et Wit IS INgand b)
preparin (M xture of (E) and (Z)-isomers of |SATx247 by deprotecting the
m xture o (E) and (Z)-isoners of TM5-1,3-diene with an acid. |6b 17 MAY
2006 The present invention also provides a nethod for the stereosel ective
synthesis of the E- isoner of |SATx247 conprising the steps of: a) reacting
?n acetyl cycllospaheraddedibspedtytiie inventionts girgcteditarettiods pipreparie pn isomarie t o
orma 3-trialkylsilyl alcqhol: reati ng. s (B b L | si .cohol
W th aci oo gl eRsesiin 2 B0 modiie BT b Beigirgidil Bhiitinthd Sl

acet yl - ( Bathwa3-cdinpriseswhé dlepd dfiasenveming @n intérmedibtei asetybeyclobpdrBAT s RdRyde The

resent inventi al rovi des a h i

Eycl 0S por‘inh‘ture o? (nE) anc? ?Z)Plsomers ofs acetyﬁ,t’}-d?gnefbglrrea}cgﬁg ﬁ\%rfr\{tgrrgeldloart]e V(\)/{th glcet y!
phosphorus ylide prepared from a tributylallylphosphonium halogenide via a Wittig reaction,
optionally in the presence of a lithium halide; and preparing a mixture of (E) and (Z)-isomers of

ISATx247 by treating the mixture of (E) and (Z)-isomers of acetyl-1,3-diene with a base.

In an additional aspect, the invention provides methods for the stereoselective synthesis
- of the E-isomer of ISA1x247 comprising the steps of: reacting a trimethylsilyl (TMS)
cyclosporin A aldehyde with E-y-(trialkylsilylallyl) borane to form a B-trialkylsilyl alcohol; and
treating the B-trialkylsilyl alcohol with acid to form directly the E-isomer of ISATx247.

Another aspect of the invention is directed to methods for the stereoselective synthesis of
the Z-isomer of ISATx247 comprising the steps of% reacting a trimethylsilyl (TMS) cyclosporin A
aldehyde with E-y-(trialkylsilylallyl) borane to form a B-trialkylsilyl alcohol; treating the {3-
trialkylsilyl alcohol with base to form TMS-(Z)-1,3-diene; and deprotecting the TMS-(Z)-1,3-
diene to form the Z-isomer of ISATx247.
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1,3-diene to | SATx247 wherein the acetyl cyclosporin 1,3-diene,Ls [ ed
wth a base selected fromthe group consisting of SOdI um hydr ?( W‘& f‘ﬁbdi um
carbonat e, potassium carbonate, sodium al koxi de, potassium al koxi de, and
am ne bases sel ected fromthe group consisting of NH3, hydroxyl am ne,

hydrazine, andrieGidntigh &lale!dete® o mér h&iswr?se@mngzmmrb @n(ala:ﬁ@ glbtl%fhéi@@f a
nmet hod for the stereosel ective synthesis o | soner ATX247

conpri si §ArKd7sthe prethed comprisingapyrlstia pathvay (at eryaqré?sa;sdﬁwf@mr #dpslidyde with
a  3-(di nelhylem ?Or@ﬁ%@f QEKItljia'i mg?xw@paﬁhm ?i“f‘g rés@nttlhﬂ‘lc%ﬁﬁﬁ:'@ﬁ\% of a

first base to acet oct enyl di treating the
acetyl - Zpredm'mmﬂ datmetwhydemthn gyntiictih pathwax ccdnp;rlsngthﬂ eagmft ptrazjecrtmg thegth

tyl-(Z t hyl d
eyl - Hhetst e FpR TR0 R Rz et Preelbe sxelpwari & parodusge
acet ylj E) Zﬁrotkf[:@d fdyo%”sp?rrl]randlldi}lydd e@wenmgttllmgpr?@aw byqll_(ﬁ))orln A-aldetipde toiatnhix@ire
secon ase (0] orm e -1S0 X t
provi des et 1844 %Pmﬁwé)ﬁafth&dér%ﬁile%hyerﬁ?ﬁtwg@q @Bﬁ’%‘é‘gﬁ‘ 'eyn%esgwhfeg* aidehyde

cycl osporfih Apripheasylirrdiid 4 ddutredchisn, bpsiang ifhe Grdsiice GBS lithidle haRichad
conpri si ng: prepar| ng a first mat erial enriched in an (E)-isonmer o

| SATx247; prppasipapinhigtuee ofdeond Znisewersdy depriotegtiegithe projectedz) 3 liserer  of
| SATx247; and mixing the first and second materials in a ratio designed to
give the desired isomeric conposition. 16¢c 1'7 MAY 2006 BRI EF DESCRI PTI ON

OF THE DRAW N F L trat

Che 11 ant o ooing! Tadd & BBod Gief Wil hip Blovdefb Ol dhoign it "B 1
nol egul e, methodwadflprepsrinhan sebmemxt mmaxre)bf ¢)hE>sporde¢\ ahaiogs rmclidlﬁchiaat tHe- laamimo agidi d
resi due; tratlon tr re A
w e par et ool e e et BTl i oo Bt bt nan U TDRSAR O
in the pre&gsAty2desadh tpﬁtltmﬂcE)lm&znmy(m@@nmr@ﬁk&asﬁaﬁe RGEEeAD2/ 01559

predetermined ratio, wherein the ratio of isomers in the mixture ranges from about 45 to 55

percent by weight of the (E)-isomer to about 55 to 45 percent by weight of the (Z)-isomer, based

on the total weight of the mixture.

The present invention also provides a method for the preparation of cyclosporin A
aldehyde comprising the steps of®

a) protecting the B alcohol of cyclosporin A by forming acetyl cyclosporin A;

b) converting the acetyl cyclosporin A to the acetyl cyclosporin A epoxide with a
monopersulfate, preferably oxone, in the presence of a ketone, preferably an activated ketone,
preferably acetoxyacetone or diacetoxyacetone, at a pH over 7; and

¢) cleaving the epoxide with periodic acid or perodate salt under acidic conditions.

The present invention also provides a method of preparing a mixture of (E) and (Z)-
isomers of ISArx247, wherein the synthetic pathway comprises the steps of:

a) converting an intermediate TMS cyclosporin A aldehyde to a mixture of (E) and (Z)-
isomers of TMS-1,3-diene by reacting the intermediate with a phosphorus ylide prepared from a
tributylallylphosphonium halide or triphenylphosphonium halide via a Wittig reaction, optionally
in the presence of a lithium halide; and

b) preparing a mixture of (E) and (Z)-isomers of ISATx247 by deprotecting the mixture of
(E) and (Z)-isomers of TMS-1,3-diene with an acid.
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FIG 2A shows the structure of the E-isoner (or trans-isoner) of the
cyclosporin A analog called | SATx247; FIG 2B shows the structqr ga f?gfﬁhe
Z-isoner (or cis-isomer) of the cyclosporin A analog | SATx247; FIG
shows an overvi ew of exenplary synthetic pathways that may be used to
prepare the cycl osporin anal ogs of the present invention, where

st ereosel ective pathways are  grouped ac to reactive condi
FIG 4 illustraeeessntdiyentien also E&Y'ﬁﬁ%ﬂ/mf"ﬁ‘ goﬁrt gseleCN e ?'%?fttbﬁig and

(2) - i somBgsier 8F I9A34T22bMmrisABtRe RERIENe precursor; FIG 5 illustrates
anot her synthetic pathway that produces a m xture of SE and (2Z2)- isoners

of | SATX247 f rad fRagiingAncrsitytieycinsaenint 4 gldehydeitheE-1(frisdky S&Wl@gy%o'@%mfpaw

st er eosel n scheme that may be used to prepare conpositions
enriched ﬁeﬁ a'l \%Hgleaqﬁ?op( E) or (Z2)-isomers of |SATX247, wherein either

i soner nmay be Htemaigahe Bl’cﬂmylkiﬁyl aROko| Iithididso forail abeﬂyth) F3-Giend; anll | ust rates
an alternative reaction schene for the stereosel ective syntff

conposi tion erf) HEHEE thsacehd-(ky), 31d§’(5‘Fn§‘f“hd‘fbaF°§ﬂ'f?‘?h§‘5 Eriseiergf; g’?ﬂéﬁ‘ at es an
alternative reaction schene for the stereosel ective synthesis of a

conposition enriched in the (E)-isonmer of |SATx247; FIGS. 9A-Cillustrate
exenpl ary syntHetaresepdnyantion alsoproyidesieretigd forriheqanversign of prsty! crglospaEn
(Z)-isoney AKX, i i

a1 or eq paditne b SRGEAT wichén SRACkY QERpRIinATE FichPRHCREE KL BRERS 17 1o
03/ 033526rdT thelEvoupO@6sistR@f! @Aﬁﬁmma@sldﬁl Gdiufrocarhdnatst patassiwmesacmphiar spdlum

I h d f th
() Someeonie pERSIAT i, B REHE fits e M B arhlbn® e,

i soners a’fﬁroxfylahﬁrﬁe, Aydrpans dnd aﬁ\d:rtiiamylamlmd accordingly in predetern ned
proportions to achieve the desired ratio; FIG 11 provides the results of
an assay which shows that the inhibition of calcineurin phosphatase

activity by | SfhbXgdséni(iftenBiBaRd pfovide®aRictRa torafe fetoRiecrivd ARSI of¥as ZUP t O
a
isomer of ISA1x247 comprising the steps of®

a) treating an acety! cyclosporine A aldehyde with a
3-(dimethylamino)propyltriphenylphosphonium halide in the presence of a first base to form an
acetyl-(Z)-octenyldimethylamine;

b) treating the acetyl-(Z)-octenyldimethylamine with an oxidizing reagent to form an
acetyl-(Z)-octenyldimethylamine oxide;

c) heating the acetyl-(Z)-octenyldimethylamine oxide in a Cope elimination to form an
acetyl-(Z)-1,3-diene; and

d) treating the acetyl-(Z)-1,3-diene with a second base to form the (Z)-isomer of
ISATx247.

The invention also provides methods of preparing a predetermined isomeric mixture of
cyclosporin A analogs modified at the 1-amino acid residue, the method comprising: preparing a
first material enriched in an (E)-isomer of ISA1x247; preparing a second material enriched in a
(Z)-isomer of ISA1x247; and mixing the first and second materials in a ratio designed to give the

desired isomeric composition.
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3-fold nore potent (as determ ned by |1C50) as conpared to cycl gsporine A
FIG 12 sets forth the structure and isoneric conposition of sdik MAY 2006
deut erat ed and non- deuterated anal ogue isoneric m xtures. FIG 13 provides
the results of an assay which shows that the inhibition of calcineurin
phosphat ase activity by various deuterated and non-deuterated anal ogue
isoneric mxtures was at |east as potent (as determ ned by |1C50) as
conpared to cycl osporine A BRIEFAYRSCRIPMONGH THE DRAWINGSHE | NVENTI ON Synt hesi s
Cyclosporin and its anal ogs are nenbers of a class of cyclic polypeptides
having potent immnosuppressive activity. Despite the advantages these
drugs offer Wy §RIRGES thb Qnu&ln@br@cmzy&wmmﬁ%h 13 3hind ﬁa RETIBAhL

and antl-parasltlc activities her'e are numerous verse ects

associ at e@mnrrsmthcymlmsqspmdmgoofttﬂrﬁenalpwl@ lawell n&t@d‘@umqg lof thesideshaip ofithg
hepatOtOXf%n acﬁ &&ﬁ%lngly, there is a need for new i munosuppressive
agents that are as lharrracologlcally active as t he naturally occurring

conmpound cycl orin A but t. hou ass t ed.t effe ts

Aop 1 cant s havaChy By 8oy et BB S ipeaug B ST Sl RO Ao P o Eiepaids,

" | SATX24 7on'thd Béfinittonadfake tefn SCsAICasUt 8lubad 1ﬁnﬂﬂﬂré§énﬁdbsﬁlmbﬁ);sp0rl n A except for
nodi fication at the l-amno acid residue. Applicants discovered that
certain mxtures of cis and trans- isonmers of |SATX247 exhibited a

conbi nati on of enhanced potency, and reduced toxicity, over the naturally
occurring and presently known cycl osporins. 18 17 MAY 2006 WD 03/033526
PCT/ CA02/ 01559 Accordi ng to enbodi nents of the present invention, | SATx247
isoners (and derivatives thereof) are synthesized by stereosel ective

pat hways that may vary in their degree of stereoselectivity.

St ereosel ective pat hways produce conpositions that are enriched in either
of the (E) and (2)-isoners, and these conpositions may be conbi ned such
that the resulting mxture has a desired ratio of the two isomers.
Alternatively, the reaction conditions of a stereoselective pathway may be
tailored to produce the desired ratio directly in a prepared m xture. The
chem cal nane of one i munosuppresive cyclosporin anal og of the present
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invention, called | SATX247, is chem cally described by theqftaggy 2806! of
{E, 2)-(2S,3R 4@:- 3- hydroxy-4-net hyl - 2- (net hyl am no) - 6, 8- nonadi enoy|
}- L- 2- ami NEDOVIPFA- N et hyl - gl yeyl - N PCT/CA02/01559

met hyl - L- Le -l -valyl -N-net hy] - L-| eucyl - L- al anyl - D-al anyl - N-net hyl - L-| euc
yl-N- et hyf'I:cIﬁ- Féa%fw?f SHEHCH® g{thegrlw}e.r (qrit n@}fﬁ%ﬂ)esﬁwfcaﬁlﬁmoanﬁs
C63HL11haldldlledIsAk247nas a nol ecul ar wei ght of about 1214.85. The term

"I SA247" is a trade designation given to this pharnacologically active
conmpound. The structure of | SATX247 has been verified primarily through

nucl ear magneti resopance (NVR) spectroscopy. Both the 1H and 13C spectra
were assi gneﬁc‘hg}3 P tg"e?‘T‘lgglg%?ft ®Aasomsy (ar gis-1EAmashef thseycloaingA per i ment s,
and by gmiigpasAs@a7io the known NVR assignments for cyclosporin A The
absol ute assignnment of the (E) and (Z)-isomers of | SATX247 was confirnmed
by Nucl ear Overhauser Effect (NOE) experinents. Additional supporting

evi dence was_provi ded by nass spectral analysis, which confirned the

mol ecul ar Rhoverdg oigrvieneofienemplarsyathetisiprtvayaipicRaxbasusedind to be very
si m | ar pleBare WelcOSBRHA athlogs bR thel FResk Rl inVeRBoH, WhiR SteRROBAEIRE gfltﬂh%f)%%é he

simlarity between the two conpounds. The structure of cyclosporin Ais

i |1 ust r &oBepd;ageqriing tojrpactiyp gongditianst ure i ncl udes identification of the 11
am no acid residues that conprise the cyclic peptide ring of.the nolecule.
These 11 am no acid residues are |abeled with nunbers increasing in a

cl ockwi se di E i i p%&ﬁ 1 ggﬂg k p center
of the rin P(slgﬁgﬂ?lg%ﬁﬁﬁy&e‘g@% %ﬁ‘p?&?g encg&lag@éﬁnél- a a’?\é)(zggk:% 3{‘# The
first aff®Boredddromsa ramiingquepuiser,a dashed box for clarity. The side chain

-of the 1-am no acid residue has been drawn out chemcally since it is at
this 19 1 7 MAY 2006 WD 03/033526 PCT/ CA02/ 01559 general |ocation that the

synthetic r k i el J ; t he
carbon adj a@ﬁ}% 5? ??ﬂ%ség’g%gﬁ? P‘gg‘?gﬁlﬁ&’%{ﬁﬁg%gﬁl&ﬁo&g@ﬁg@%’g@?g‘%)deﬁ&g'd as the
a- car bokomeis 0AIS Apr Ui rfeass pwv ald¢hyde presursor; t he G eek al phabet used to | abel
adj acent carbons in a direction down the chain, away fromthe peptide
ring. In the case of cyclosporin A as shown in FIG 1A the 0-carbon of

t he side chaip | . re is,a trans-oriented
doubl e bond Bt (SRR eyl dile el b Bl b G,

schenmat prepavé corhgwsitipnd amsiohed in etherttha)@®) or @)-isomersafiliS A 241, Grhedelh eithber e a

di fferent portion of tt}leomnBlI‘iecul e has b epol_encl osed in a dashed box. This

figure 1(381%1 rnrg%y l{eﬂ)éeparcd Same precursor alco

FIG. 7 illustrates an alternative reaction scheme for the stereoselective synthesis of a

composition enriched in the (Z)-isomer of ISATx247;

FIG. 8 illustrates an alternative reaction scheme for the stereoselective synthesis of a

composition enriched in the (E)-isomer of ISArx247;

FIGS. 9A-C illustrate exemplary synthetic pathways for producing a mixture of the
. (E) and (Z)-isomers of ISAtx247, the conditions of each reaction having been tailored to

produce a particular exemplary ratio of the two isomers;
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nonencl ature to be used in the present description, where t “SA"
refers to_the ﬁortion of the cyclosporin A enclosed in the box. The
present nohBI¥PE0Hr e provides a  shorthand neans of di spl afCREAOKBISSgi on
where the sy I, ction [ her.ei i . I .. €., the
side chain o?f(?ﬁé lq‘lsaﬁtngsn%‘egn@ ?%’drﬁgr;éloé Eeggvevﬁréhgﬁgﬂg&g btogg%lﬁéggﬁmﬁa%ﬁtf él%ede t he
dashed lB)xandr(Z}-isGinerk By JSAtk24Vo wherh @oinpgpittons exrictiecoiny anb of the two isdmersafe t he

mol ecul ¢, each time reaction.is described. Jt wll bvi ous to those
ki 11 o T Brapatet e e R A Sty iR pEiak B prodlsions W iRk e 'or e
chai n i sle@fedrstioyal | ength, and has been exaggerated only in this draw ng

to assist wwth the definition of the term"CsA. " As stated above, a
particularly preferred cyclosporin A analog is called | SATx247, and its

t t i E ( t d Z , ,CI h N | . 2A d 2B,
o o Lo vl S oL, 15 22
conf i gupabipanagfactitiey WABALR4IUBI50% of Basime: el 30-5599% of Z4xabdeeeas@p td e si de

chai n; he doubl e bond to the pe tide ring, as opposed to the

i_.e., the eare
doubl e el merepAtent @t daterayned iy Tor) prrompREEr P YAl houl d be. sai d about
stereochem cal nonencl ature. In the present description the terns cis and
(Z2) will be used interchangeably, and the terns trans and (E) will be used
i nt er changealpi¢. 12\ds@ §@thathe SR nir@ intFisorfidrittddfPositdchf sbié BQiterdel bndgonkept to a
m ni rum due to apparent confusion in the literature with regard to their
meani ng dewigrated applogyorisomERiq MIXYIeSH - J Zei in "Stereosel ective synthesis of
Al cohols. 8. Diastereosel ective Synthesis of (3- Methyl honoal lyl Al cohols
via Crotyl boronates,” J. O g. Chem, Vol. 46, pp. 1309-1314 (1981); A
Streitw eser padd3Grovities HRALNIE 6Kan ds8dy AU SHoRE tHaPthSirthitiiién dainstiy, 2nd
ed. (Macmllan, New York, 1981), pp. 845-846; and MB. Smth and J. March,
Mar ch' s pixespwawcegsézxavappuwemteﬁeﬂmemzvm%gna&%s}lamr@rgﬁﬁieé Cheni stry
(W1ey, R Xodks cﬁm@s’deﬁﬁninwﬂ%ﬂbas'c&n{oaﬁ@d beyeIedhfe Ahere threo/erythro
term nology IS en% oyed herein the Convention of Streitw eser and
Heat hcock is used, where "erythro" isoners refer to (R S) and (S, R)
configurations, and " Bﬁ%&Eﬁ?ﬂ%&ﬁBﬁﬁ‘Hﬁﬁgé@ﬁf@N and (S, S)
configurations. A final . oncerns the term nal
car bon-carbon double bond shown in FIGS. 2A and 2B. In an alternate
nunber i @ &gg me, the carbons in the side

Cyclosporin and its analogs are members of a class of cyclic polypeptides having
potent immunosuppressive activity. Despite the advantages these drugs offer with respect to
their immunosuppressive, anti-inflammatory, and anti-parasitic activities, there are numerous
adverse effects associated with cyclosporine A therapy that include nephrotoxicity and
hepatotoxicity. Accordingly, there is a need for new immunosuppressive agents that are as
pharmacologically active as the naturally occurring compound cyclosporin A, but without the

associated toxic side effects.

Applicants have previously disclosed a cyclosporin A analog referred to as
“ISATx247.” This analog is structurally similar to cyclosporin A except for modification at
the 1-amino acid residue. Applicants discovered that certain mixtures of cis and trans-
isomers of ISATx247 exhibited a combination of enbanced potency, and reduced toxicity,

over the naturally occurring and presently known cyclosporins.

18



chain of the 1-am no acid residue may be nunbered starti ng1vyi th

term nal &‘Q(% 2@&0 and working back toward the peptide ri E/Cé In this
systemth WHAR sonmer s may be thought of as 1,3-dienes PG 59%1?156“0
conventional nonenclature in organic chem stry, where each double bond is
identified by its |owest nunbered carbon. The synthetic pathways

illustrated be di.scuss rdin enbodi nent s
of the pres e% cor#ul\lc}ag 9 ?%Wd“ﬁmé%srf’g?l?ecpr?ﬁeﬁttlﬂw@ 973%'8‘22-{2 Q%éﬂ‘ i rect | Y,
wher ei n detivativesahartofp aretssmtﬁbstzbd) b stexfeoalqaavd patiivays trﬁymhﬁﬁiry & thaik Bypee ar e

| SoOner glt e m xture.

tailored,to ac ired _ratio

Al t er naff ggf’?/sei]e(?ﬁwg'os{] ?W‘E?ﬁ@"%faﬁé"%sﬂgﬁ‘gﬂ“@8°’PH%§EU°3§ AP PREDEE It one of the
t wo geositlier of the (E)squysls@hm@, a2l ElheRS EoHip dBitibn S} Boonbitdd lshéh thA@REPOSi ti ons
conmbi ned in aP{)r ed;}am’g ti O,Ogﬁﬁacm eve the desired m xture. An overvi ew

of the §‘§§H]lnﬂﬁ gWP SoRfTso AliBRtelh theyRactisp esent

i nvent i @gnditfond lof’@ Bteteseidctve ﬁ&thm%@ u&&mdxé‘d&bqsfod%@dﬂ@aés%e& $atigidiBEyt O
groupi ng reacti aths according to chem stry and stereoselectivity.

Referri prEPare I®synt hetic pathways that utilize Wttig reactions are
shown generally on the right-hand side of the diagramas indicated by
reference nuneral 31, while pathways 32 and 33 that utilize organonetallic

reagents thathe élfeﬁuéa'l‘%%f &Qllﬁﬁﬁﬁﬂsﬁbﬁfesﬁ% @16%:15 biiod 6ﬁﬂ§%ﬁa§eﬂ? st at es are

shown in the mddle and |eft-h des o di agram Al

synt het Wevmnhwalyé Iymx24/1. &9 C@e@mﬂx @%P@QﬂbetthﬁenalH@@udp §(E, Z)=(2St3Re4}1)fﬁay produce
conposi R f FE  Rbyife present
i nventi g%&géoﬁm legﬁhgfta%oﬁts St&g'a{mé\ﬁ)o r}flﬂ\?:{ng?c)ﬂtgﬁ%q desi |[) éﬂln%' xﬂtj]ur e of

i soners meWbLfII-eﬁs‘dlﬂr y4lylyN -alc‘?t!l}'l'érlwl -LalapylgP-atanyl- lﬁyrmhyé{rlcucs'l-Nat egl es

di scl osgfl %/hﬁrl&l 1.1 tp,g\.ﬂ @lelf%ggmf% ca%ﬁnu% mﬁ)&,

asymretrie reaction t 'S CO da?h fe pat hways
i s the pobcaat W@lghtﬁf aholftllihh‘lt850r'ﬁietgnﬁil&AmﬂﬂfylshmdmdesngnﬂmfﬂbvbnYo Y 2006 WD

03/ 0335@@2‘“@%1%?&{3%1?‘%0% mmdn this exenplary enbodi nent that reaction is

t he conversrion porrn~A 34 to acetyl cyclosporin A 35. An
asymmetry in FIG 3 is the use of acetyl cyclosporin A al dehyde conpound
51 as a precursor for all of the titaniumand lithium organornetallic

reagent pat ”ﬂlwwmptutanf I8va}x24'8 hasebeerd vdrified pﬁmalﬁllycnhim&ghcmme&i magngtiov tti g
pat hways of, Fl 3 whose reaction

(22 OR BRI, LRs 45D oy A SRR ol SrndaORR 70
| somer sond dnditwe djnsiohal NMR egperimenisNghd e agmphrdson to the known NMR

assignments for cyclosporin A. The absolute assignment of the (E) and (Z)-isomers of

ISATx247 was confirmed by Nuclear Overhauser Effect (NOE) experiments. Additional

supporting evidence was provided by mass spectral analysis, which confirmed the molecular

weight, and by the infrared spectrum, which was found to be very similar to cyclosporin A.

The latter result was expected, given the similarity between the two compounds.

The structure of cyclosporin A is illustrated in FIG. 1A. The structure includes
identification of the 11 amino acid residues that comprise the cyclic peptide ring of the
molecule. These 11 amino acid residues are labeled with numbers increasing in a clockwise
direction, starting with the amino acid shown at the top center of the ring (and identified with
reference label “1-amino acid™). The first amino acid is enclosed in a dashed box for clarity.

The side chain of the 1-amino acid residue has been drawn out chemically since it is at this
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as participants in a Wttig reaction. Qther stereosel ective path s make
use of | ng{{gw 5 el enments as well, typically as nenbers of! tallic
reagents t (i} Teed through six- menbered ring transiti oRCHCAPHYSSher e

steric hindrance dictates the configqguratiqnal outcone. A plethora of

or ganonﬁ?ngfﬂﬁ ?’8 a?oé’gtb%tﬁﬁ%syé’p‘&t“i@@‘?ws 8"6" q??é%ﬁe@‘s I(’:lf“'ﬁv Sopysaongiicthedi ng
those t babon ddfRbnyte thetariaayligfoudlof AR Mo abid s RBelfPLsQe cr-ehdbbf Gm it ani um
lithium and sulfur, Conpositions enriched in one or the other of a pair of

i somer sPIREEPSHE Igtierp by thel Oreel piphabet psed telabeladiapant parbenis fres dizedtivefigwn t he t wo
CONMPOSi {reQRfn, W4y FRNPIHE PSR riﬁéoﬁi' s £ds& ﬁf\?\gfcloﬁrﬁcﬁ 2§ Mo¥n inFIGNG, We L e
s of Fl 3 (pat y , d

st ereosel ecti ve pat hway si ngle precursor | eads
t o bot hBerbpmef thawside shate isdonded|tGATdrdT] gthepomdithege B ttaheoriemaitdoable

condi tign t _are sen. In anqgther of the stereosel ective pat hways
(pat hmg’/)o@sb;e?&teﬁgheaﬁ%@?ceaﬁtfmﬁ?{;%ﬁflg%? re needed to produce each of the
enri ched conpositions. The reactions of FIG 3 will now be discussed in
detail. A reaction that is coomon to each of the pathways is the

protection oAndthe selienmkiobf @t cydiespérdn AeGIdtires dhwh hEFIS OB, wikad # of t he
l-amino,acid resid Such a protection schene addresses a probl em commonly
encount St ?9{3‘3}} éj}‘eam‘? E‘OE‘?‘H? h%sqegl} e%#‘ﬂi?‘\‘emé‘ ‘ﬁF}thbO?‘-uFHN figwrg definesdhs i s

i nadver h@mdnclanit® b e 1B6d RithpreRacdes@iption, WIRRIGE A CRASREGEE thei M | ar and/ or
i denti cal ,w{e%gﬁtional group |l ocated el sewhere on the nolecule. To carry

out theP ¢ Feelqspedy ‘_A*Fﬁﬂ‘?ﬁefi dhike beik oTh nreseptagmenadatifietovides pot ect i ng
group, §HeehaRShéME of @AAiSThE ﬁ:ﬁﬁﬁrvfﬂeﬁeq:hé’ginﬂﬁﬂc H&ﬁﬁ S%Hb{&’ﬂ%ﬁ!iﬁ QA group,
and theaﬁrotect,l ng}g group is then renoved fromthe first functional group.
Pr ot ect KgPIgse Bs g sidewiaip ofthe hraminp asidyssidue, s\richihesbesn deaveh dutside theen

di scuss J : ) g T t [ | s," of
t he pubi‘}#g%ognn g%%??gf‘?ln%gdugaou 28?{ n t%ealjralﬁ%ﬁgé}not? esn? ds]ec?]lﬁnée%%l?ﬁe & Acadenic
Press, Shagionjiedescritedgltawitl be 08G0Us to phwse gdlle@i5in tR2ArNGt @R/ HDRA BRtbedn the MAY 2006

PCT/ CA02/ Q1559 Hanson. { eaches .how r ot eGt droxyl groups by converting
t hem toanélﬂ%?laé °n§§’? g’r%s“% rcgﬂf’ Ffecffél.c’nnﬂige&gtgt @dé’:?f E\X‘? °é?%°‘68¢td dnfHs npst

f r equendrayingse dsstsy péth @fe defifitibs of the fedh “EEA'ect i ng hydroxyl groups. There
are a wide range of conditions that nay be used to introduce the acetate
group. These reagents and solvents include acetic anhydride and pyridine;
acetic anhydyide ridine, d di net hyl am nopyri di ne (DVAP); acetic
anhydri de aréf Laied V&é&%{%ﬁ&&@ﬁf@d& Howerip & analog is called ISATx247, and

its two stereoisomers E (or trans) and Z (or cis) are shown in FIGS. 2A and 2B, respectively.,
The cis or trans nature of these stereoisomers refers to the configuration of the double bond
between the € and {-carbons of the side chain; i.e., the double bond nearer to the peptide ring,

as opposed to the double bond at the terminal end of the chain.

A word should be said about stereochemical nomenclature. In the present description
the terms cis and (Z) will be used interchangeably, and the terms trans and (E) will be used
interchangeably. Usage of the terms “erythro” and “threo” will be kept to a minimum due to
apparent confusion in the literature with regard to their meaning. See R.W. Hoffmann and
H.-J Zei in “Stereoselective synthesis of Alcohols. 8. Diastercoselective Synthesis of pB-
Methylhomoallyl Alcohols via Crotylboronates,” J. Org. Chem., Vol. 46, pp. 1309-1314
(1981); A. Streitwieser and C. H. Heathcock, Introduction to Organic Chemistry, 2™ ed.
(Macmillan, New York, 1981), pp. 845-846; and M.B. Smith and J. March, March’s
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and tol uene-p-sulfonic acid, acetyl chloride, pyridine and W
mat1on of a

ket ene. ' usef ul acyl ation catal yst because of the
hi ghl y r%@/@”&?— acyl pyridiniumsalt fromthe anhydride. PCH/Cs\{@/01559

errbodl of t 7ol rin A34is
pr ot ect eggage%rr?p aggc{a e%%)?l @elgeg’tlﬁﬁgyﬁp%@ p%cet P{ ﬁglgle%‘lég;sg hyI acet at e,
or combiwhatei thnee/erﬁtlhreﬁemﬁnoldgynmnq@@ddéemMeucmjrentmtof Streipwieses pmh n A35 1In

anot her odi, nent gohol hillc ition to
Sooti'c AEABARKIE Bt biite Soryfid HoRepBEEINT, ofe B M| (2" 1 ose
react i ortthred\sdaerEferite(R,RYind (8,S) benfignadensce of  di met hyl am nopyri di ne

(DVAP) where an excess of acetic anhydride acts as the solvent. In these
cases the prefix "acetyl" nay be used in the nomencl ature throughout the

nt hetic t the cet ne Fo anpl e, the
is)altst i nlt er rregl #gﬂmﬁxﬁhﬁmﬁﬁf °‘H§‘P %{W&I%ﬁ%'ea%@sl% n?%’hf)aﬂé?n %lfgfé rrpcar bon
is cal | ednd soinih FIGS.-21 daddBengan alﬁrﬁdwu@:hbehhgsqhéme,ahmalrmS m‘ thasueé yl

cyclosporin Ais well established in the |iterature,
appr eci &h# obje rgaigo agd msﬁae may g%mawec& RIHng,WHh Q@tt?rﬁ'gnabzga Gi‘f?%taﬁ%r t han

acet at € zakigp §ackrf@06ar*a?hé‘;§;gﬁdé BheP ﬁQE%stEﬁQhé—ﬁ‘A%mhﬁﬂm&J mﬁyhﬁe dm%rm ho acid
resi due of cycl osporin hese protecting groups I ncl benzoat e
esters, 0§&b’5731@%%@09@%910@1%@!@?@0@9@&@? in QFgANigic Wlsu)ét"ﬁ@Feseacthder
certain Qids otecting group is prone to
undesi ré%m%bﬁgﬁ%gféﬁ ons lg%%ﬁngg%%%%t I on and hydrolysis. Since
benzoate esters, ethers and silyl ethers are often nore resistant to such
side reactions under those sanme reaction conditions, it is often

advant ageous Thesynthsttie patweys ifusteted in FigSqP-Supitl niow Ysidiseessest: Areerdingo
Cycl OSp%Hb'adﬁ’r{entsCo\f?ﬂegﬁﬁsgﬁﬂ vl Rod, YRheME midthes Bad BY grfcgr : ed cﬂ§' %{e’f@n by an

acetyl group o protedting group are r
" pr ot ectthaedreegtmh@smhtwns ofia’ palll;lpidawysﬁﬁlq pahwaytaratatlered ma@hmthaﬂmmﬁ t he

exenpl ar hwa ert

" pr ot ect’ %tbcp rﬁé%mﬁg D&gm %YV% M&halgo F%P&?g Egprgpaae detF\l%t ¥ The nature of
t he cho&aﬂcmﬂ@ﬁemetcbﬂtgemmpmamyalhmr@falcwélbsmnne&mmlogldmlthha3| red course of
further steps.in the, reaction_se n 03/,033526 1.7 MAY 2006

PCT] a0 SPEPRREOTREPEPIEA  § oI A0 [ HpTE LY APEEATHIRRA 35 has i n this
exenplary pathway a protected (3-alcohol, and this conpound serves as a

precursor for the synthesis of | SATx247
An overview of the synthetic pathways according to embodiments of the present

invention is given in FIG. 3, where particular emphasis is given to grouping reaction paths
according to chemistry and stereoselectivity. Referring to FIG. 3, synthetic pathways that
utilize Wittig reactions are shown generally on the right-hand side of the diagram as indicated
by reference numeral 31, while pathways 32 and 33 that utilize organometallic reagents that
are thought to form six-membered ring transition states are shown in the middle and left-hand
sides of the diagram. Any of the synthetic pathways may yield a mixture of the isomers, or

they may produce compositions enriched in one of the two isomers.

Embodiments of the present invention provide a variety of ways to arrive at the
desired mixture of isomers. The flexibility and versatility of the synthetic strategies disclosed
herein may be reflected in part by the symmetries and asymmetries of FIG. 3. A reaction that

is common to each of the pathways is the protection of a functional group in cyclosporin A
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i somers in several of the synthetic pathways. Wttig react ygnyret2pgays wl |
be discussed first. Synthesis of mxtures of the (E) and éZ_g—isomers of

| SArx247 WA tti g Reaction Wttig reaction pathways EKEGP?PISEY
herein are identified by the referepce nuneral . 3L in FIG 3, Mthod 1

b oceed S L Sl eEY spbptinent Feiatahhc e uery e loRaa 4 Bepor | n 41,
wher eas apatyliegeloshoriniA 85 eAn hdyennetgtiy FIG: Bas 6 pey dffacdyrdydRiydiia Hdldéhydé

starti n% Eloi nt...The exerrﬁrléré H@}ihods, des ﬁ bed bel ow ml lize a Wttig
react i orf*RECYPO! S8R PECULRr tof Rb Aty ARG fihiym graeRometallic foaaedt of

st er eochgtiivep, behly @eieadfingshosphofis Vhritiihiig WEaRE lefdtion pa@Ways) t he exenpl ary
enbodi nents di sclosed herein to synthesize m xtures of the (E) and
(Z2)-isoners of | SATX247 may optionally be carried out in the presence of a
l'ithium haligle. Th,fe resence of ljithiumhalides in Wttig reactions is well
known to havi® ek saEthetis paghseys oG Jvhepesiastion eanditioasmay ke Brddaced and,

t her ef orgodubd mix6te b ViR tHefdesikaRatR Jf HORRENBiISAPhApbridlcRtRHMCE R desi red
m xture of the (tE) and (2)- isomers of | SATX247. thod I | nm one enbodi nent
of the p¥BYHFHPAHRANWVItEE reagtion. Qther stepsoselective prihyays-maksweg of ingreanicsATx 247 i s
prepar edjearn® ROWel t?]lnlgél as‘menfti® di'%%agé]néétglgc Ve &Qﬁgocre@@fh%gﬁ‘giﬁl lon In
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needed to produce each of the enriched compositions.

The reactions of FIG. 3 will now be discussed in detail. A reaction that is common to
each of the pathways is the protection of the alcohol at the B-position of the side chain of the
I-amino acid residue. Such a protection scheme addresses a problem commonly encountered
in organic synthesis, where a first functional group is inadvertently modified by a reaction
intended for a second (similar and/or identical) functional group located elsewhere on the
molecule. To carry out the scheme the first functional group is reacted with a protecting
group, the desired reaction is carried out on the second functional group, and the protecting

group is then removed from the first functional group.

Protecting groups are well known in organic synthesis, and have been discussed by
J.R. Hanson in Chapter 2, “The Protection of Alcohols,” of the publication Protecting Groups
in Organic Synthesis (Sheffield Academic Press, Sheffield, England, 1999), pp. 24-25.

22



PCT/ CA02/ 01559 to 50 percent by weight of the (E)-isomer ang.qa hﬁft 0 to 55
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Although the preparation of acetyl cyclosporin A is well established in the literature,
it will be appreciated by those skilled in the art that protecting groups other than acetate esters
may be used to protect the (-alcohol of the 1-amino acid residue of cyclosporin A 34. These
protecting groups may include benzoate esters, substituted benzoate esters, ethers, and silyl
ethers. Under certain reaction conditions, the acetate protecting group is prone to undesirable
side reactions such as elimination and hydrolysis. Since benzoate esters, ethers and silyl
ethers are often more resistant to such side reactions under those same reaction conditions, it
is often advantageous to employ such protecting groups in place of acetate. Cyclosporin or
cyclosporin derivatives which have been protected by an acetyl group or any other protecting
group are referred to as “protected-cyclosporin A.” Likewise, the ultimate intermediate in the
exemplary pathway referred to above would be called “protected-(E)-1,3-diene” instead of
“acetyl-(E)-1,3-diene.” The nature of the chosen protecting group may have an influence on

the desired course of further steps in the reaction sequences.
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descrlptl rticular is provided by J. McMirry, O ganic emstry 5
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usi ng sodi um hydrOX| de, various other bases such as sodi um carbonate,
butyl lithium |.I'ithium sodi umam de, |ithium hindered bases such as
lithium diisopte eigiflp%ﬂ;ﬁaﬁ@nsé}?ﬁﬁl lalth@eﬁXleP*@lb’&mbadlmnﬁSdéslmayhebm tosed. In
addi ti onsyntiRsiyeinies 688 B2) 88 4D dn conduct ed in

)RR ! SIS AR41 ) BRNAT b SHERATR " 1 e

vari ous gr gani c sol vents or m Xtures or'gani c ven
pr esence "5PregeRce gfia liinm Balidga The presanes of lithinmihakides hmwmrgsreacamd: iatvelyar yi ng

t enper at W to f be selected
by one of  ordi ﬁgdea%efﬁ%n tﬁﬂaﬁé%gktoﬁggﬁ@\p/@‘%ﬁégg%ceg (grg@ fér&'ﬁ%n t he

st er eoch@ditiano sush a qompormst sasdidiowkidecibpndssired mixturelof tdeB) ardzef f ect on the
rati o of ;sbf&Gs 6f KAl t-r?Z srans-isonmers. In one enbodinent of the present
invention, the Wttig reaction is carried out in a solvent selected from
the group consisting of tetrahydrofuran and tol uene, and wherein the
solvent is used in the presence ofg;aé CE ound sel ected fromthe group
conpri sed of butyI l'ithium sodiuml al koxi de, potassium | ower

al koxi de, ang, r.at ur e bet ween out -80C and 110C. The
pot assi um | ower o@?%)ad rﬁelﬁoﬁ)&eé’r%g‘ﬁé’yg t?ﬁﬁ'é‘f’iturﬁﬂf&tﬁlaﬂé (D)rsamsss ofor e, t he

sol vent Wéyx298 is pepati/airsbowun anFlGs 6dTheuse bEthe wasp-BRcErefesentation in FIG. 4

pot assi u&@e e%ﬁécm}ﬂy nguei\ldggﬁ and 44) is meant to denote that the exemplary reaction

sequence produces a mixture of (E) and (Z)-isomers. In one embodiment the percentage ratio

of the (E) to (Z)-isomers produced ranges from about 10 to 90 percent of the (B)-isomer to

about 90 to 10 percent of the (Z)-isomer, but these ranges are only exemplary, and many
other ranges are possible. For example, the mixture may contain from about 15 to 85 percent
by weight of the (E)-isomer and about 85 to 15 percent of the (Z)-isomer. In other
embodiments, the mixture contains about 25 to 75 percent by weight of the (E)-isomer and
about 75 to 25 percent by weight of the (Z)-isomer; about 35 to 65 percent by weight of the
(E)-isomer and about 65 to 35 percent by weight of the (Z)-isomer; and about 45 to 55
percent by weight of the (E)-isomer and about 55 to 45 percent of the (Z)-isomer. In still

another embodiment, the isomeric mixture is an ISAtx247 mixture which comprises about 45
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produced fr onRéfeﬁmgltdBIG a4 @9 tdriril AduEben anthetidethaiieof the 1-amiiotacidg react i on;
and 4) de- acetylation of the thl% reaction product, or equivalently,
a

hydr ol ysiresidyp of sretyhexsiesperindiigpropynateddp theaeks stepeot theasaedon by frfluxingact i on
sequence gj, 1%&&1&5&@1«% with KltfomSsucdifiinide:%B hikﬁsﬂsssoaacgwmﬁg kélfent N @

manner similaf tOo the Wttig reaction pat hway in that the first
st ep pr otseahtas cethen teBachlariskhoprodiicing thwnépc@@chatea@gﬂﬁrbrgmowloswm Add pat hways

acety! - CouPRERaeRRial S5 G b ik i KRR, SR, HlrdlBhe Wb SoRBRUCC 51

Thi s r eaahd s helieved amndo sxvial b fiea gadikgbemechsnitihi Thepreparatidnraftle inermddisgere a C=C

bond to oduce t fra | kene wv.age .l s e art. Ozone
is per ha%i “iaﬁ&ss?ﬂ%ﬁy ﬁ%ﬁ%ﬁs’@ﬁ&f&w@@ﬁ% rélil a?’vaggrs]rogﬁgeﬁ but ot her
oxi di zi NQMetstRYRTOL-19)chCadospotimast L OrpaThemn Yah 57 epp( E68ICEGO1(992pS i um

tetroxi de can cause doubl e bond cl eavage as well. According to an
enbodi ment of the present invention, acetyl-cyclosporin Ais converted to

an al dehyde h ozane as..th X |2| nt fo with a
reduci ng agewtnt’et%? ?ldpﬁ{rﬁ%dé?tﬁﬁlpg'fl 5‘3’%‘#‘?9‘ rwgﬁgﬂf\é%qfﬁé“@%%é sis step
is carri %ﬁy%?re@he@froﬁ%?@f-ﬁiwéﬁodym%nﬁm BiRting 86 GatiePcddpouddwits ol vent
used duri e ozonolysis na | ower al cohol such as nethanol. The

reduci ng AYiphpsphigging sP’f"P’&WF*bi‘?d@’b‘ﬁ‘P%e such as

The novel intermediate 42, and others like it, are contemplated to be key
intermediates in the synthesis of a plurality of cyclosporin A analogs that contain a
conjugated diene system in the 1-amino acid residue. For example, in addition to
triphenylphosphine, compounds such as triarylphosphines, trialkylphosphines,
arylalkylphosphines, and triarylarsines may be reacted with acetyl-n-bromocyclosporin A 41

to prepare other activated compounds similar to 42.

Referring again to FIG. 4, a mixture of the (E) and (Z)-isomers of acetyl-1,3-diene 43
may be prepared by stirring the triphenylphosphonium bromide of acetyl cyclosporin A 42
with an excess of formaldehyde in toluene at room temperature. Following addition of the
formaldehyde, a base such as sodium hydroxide is added dropwise, and the isomeric mixture

of dienes is extracted with ethyl acetate.
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the art the phosphesng. t hat the reaction is dose-controlled. Additionally, the
cycl osporin A al dehyde can be prepared by protecting the (i- alcohol of

cyclosporin A by form ng acetyl cyclosporin A and then converting the

acetyl cycl ogpgiiyg aPp%eéi@re{l, gfth%ggéklﬁ.:leﬁﬁ%{ ﬁJg%%Ql% h Qrida ﬁﬁgﬁ'q‘gg agéx&?m b

nmonoper sul fate, prefera oxone, resence o ne, such as
acet oxy asubstituted for thd iexeneplanyWittég waetion Tergsnts ¢ited abevep dFof enamepde, nomerans or gani ¢

oL vent S B 5 53 00 P BT Bl o T ©
capt ur e avayt tuedenyofrptladporin desvatifiesc PApplicents Haee gurisiout the Bheveeyyadiedat i on
20Ot ] 5 PP e s A BeSRR O28 O0
aci d or deeemutisitfernmidehydendarneraed dictaldhnds, Richlofobefaldebys| bahzaltdtegdeandat i on
200 1 S e SRSl PR BORCE: h Spbhia ByBIgSEdUT e, These
Chi ral KeapiengphephdaainatistivadveAs yienas ﬁiaeyllﬂnqm'ﬁr@a,td_-iﬂnylpmsggig\w ng tn ido Pﬁo {/z Ied
Oyol | 0. 1N EIBh eSS e Stk e PSR S90S DYt deng ot eIse Vol 63,
pp. 9888m8RRAch ds b&HS carbonate, butyllithium, hexyllithium, sodium amide, lithium hindered
' bases such as lithium diisopropylamide, and alkali metal alkoxides may be used. In addition

to varying these reagents, the reaction may be conducted in various organic solvents or

mixtures of organic solvents and water, in the presence of various salts, particularly lithium

halides, and at varying temperatures. All of the factors listed above can reasonably be

selected by one of ordinary skill in the art to have the desired effect on the stereochemistry of

the formed double bond; i.e., the desired effect on the ratio of the cis to trans-isomers. In one

embodiment of the present invention, the Wittig reaction is carried out in a solvent selected

from the group consisting of tetrahydrofuran and toluene, and wherein the solvent is used in

the presence of a compound selected from the group comprised of butyllithium, sodium lower

alkoxide, potassium lower alkoxide, and carbonate at a temperature between about —80°C and

110°C. The potassium lower oxide may be a potassium-tert-butoxide. Futhermore, the

solvent may be tetrahydrofuran used in the pressence of potassium-tert-butoxide at a

temperature between about —70°C and —100°C.

26



The use of rutheni um based oxi di zi ng agents has been di scusg M@y
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di ssol vi in a nmxture of acetonitrile and water, and then addi ng
first 5@6‘8&%} -i5enets @RISATEd 4Bhen rut heni um chl oride hydrate. The al dehyde
51 may be extracted with ethyl acetate. It should be noted that the
synthesis of the aldehyde 51 by this oxidative cleavage strategy is
important to many of the stereosel dathod pat hways to be di scussed bel ow,
and consequently the reader is referred back to this section accordingly.
Addi tional | yIngk élteéwwwp@mpamwd@wméese@m paixgire phdR dnd (psamesct i ng t he
p- al cohgl I I ddfen
Conver t1 oSt BT M ITRA I con 8. R oS ieu U ARP il Bo SnBBfedadTT o
with a rfollopsd}prhofeation of;ﬂueeﬂalcalhﬂl,wsou owthod il 2)tohidatonesfemcaetyl-cycldsporime,

preferab et referably acefoxyacefone o

di acet oAé&ogF%eﬁgr ml-ﬁf@rsé? ? %&FPBF@E@%Tﬁ&%@?é&ﬁ?@“SW%@ﬂ? which is
i nert undeylatieskthe Max(gtrwaﬁoxcmdmdu d?@ﬁmﬁdl&hlyﬁl@d&ﬂﬁiﬁfl the ddetaftdteyVRS €1 .

Et hyl enedj am @t eltralaﬁht' c acid disod Ilhl i s_added to capture any
heavy mét&fF'sOfi8 cRflc iR TegREONAEIYRIES 15r S‘Fﬁ@ i¥ation reaction is
carried out preferably at a pH over 7. This epOXI dation reaction is
foll owed by oxidative cleavage of the epoxide with periodic acid or
perodat e sal tThisngthetiRGathivay Gegifd ini axfisnner slinBarQX i@ Wit readtibnipadway blat i ve

cl eavag an, be conbined in a work-up procedure. These reactions have been
di scuss }a&b@ it theyfigt stepypratects the B- algot@gwgp Araactateceston grogp. RBe e f or

pathways differ from here on, however, in that the next step of method 2 converts acetyl-

cyclosporin A 35 to an aldehyde, acetyl cyclosporin A aldehyde 51. This reaction uses an
oxidizing agent sufficiently strong to cleave a C=C bond to produce two fragments. Alkene
cleavage is known in the art. Ozone is perhaps the most commonly used double bond
cleavage reagent, but other oxidizing reagents such as potassium permanganate (KMnQ,) or

osmium tetroxide can cause double bond cleavage as well.

According to an embodiment of the present invention, acetyl-cyclosporin A is
converted to an aldehyde with ozone as the oxidizing agent followed by work-up with a
- reducing agent to form acetyl cyclosporin A aldehyde. The ozonolysis step is carried out at a
temperature range from about ~80°C to 0°C. The solvent used during the ozonolysis may be -
a lower alcohol such as methanol. The reducing agent may be a triakylphosphine such as

tributyl phosphine, a triarylphosphine, a trialkylamine such as triethylamine, an alkylaryl
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Catal ytic Asymmetric Epoxidation of Unfunctionalized O efi ng M# Zﬂﬁ@ Chem
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phosphorus. Again, such Wttig reactions may be carri ed out with phosphorus

containing c o) nd er t enyl phos honl i ves, such as

CrTaryl phosphrRadne fo Mot phfietntr rEBE B HRRORE BE SRS 2L

triaryl ayclospesin Asit pmctaduam 4 teimpehy BLylr (FMS) grotkp uad Oﬁdlaed/\ﬂllth eioyte @ thbasi ¢

sol utions, .and sol v r the additiopn of var nic, salts may be
used to f“rqui"l?eaﬁgrét ﬁu r‘%‘dﬁ'ﬂ é'tarr ugmeagent Ffébjﬁﬂp Wﬁgg’ it e bond. In
one enbalichywie! Theﬁﬁdn)élysisméb(ilﬁdaﬂ{eki'but“ata't deresan $rofhi 5561 -86°¢: tb 0°¢.0l uene,

to whi ;ﬁ‘{ﬁl S added m%ag such as sadi um hydr oxi e in water. Allyl

t ri phenyPpAILHL B3 (PFROLySis may beamixBariefdowerieonplend eact i on stirred

for son@ichiof@netNiiek TBe %‘duélhgfaééﬁﬁﬂ&b‘:ﬁe sel¥ciell Wo& Hé gﬁ)ﬁﬁ&dﬂsmﬁ ofand
(2)-1, 3-dienes 53 involves extraction wth hexane and/or ethyl acetate,

wher e t Héakylphasphiss gigp as fributyl phosphie. triprylphospeines, piaiylasunessuehasr act i ng
and/ or meiﬁylﬁﬁm@gumﬁyltdumep "tlﬁskldﬁ’ﬁt%s &Jdmkﬂsm&és%& ﬁfduﬁ&ﬁﬂ%tﬁﬂies products,

solvent, et'c. In afinal ep of method 2, simlar to the final step of
net hod ?Vhemw&ﬂézeéwvabbérﬂ@wlehosmgnw@weémm jeamt the@erprefinudinery skildn ( 3- car bon

posi ti o&,elﬁt&mrmg@qhw ﬁ&e%hﬁ%%om&)%ﬁ Qpate, yielding a mxture of (E)

and (2) 1soners of 47 54, Bases other than potassium carbonate that
may be used to rem)ve the protecting group include sodi um hydroxi de,

compos! 1| ong  aufondE Tt ASja-RRE ARbERSLHE B MM ne Y UAESL ° 0%
or ganomef esicldsporirodytbg §omungﬁ0dﬁthctcmpm didriben sonyeriing the prasglamtiosporient i on,
ster eOS% tg(fﬁd acgta/f #ﬁd@ﬁ&ﬂnc £ &H&V@l}/}?a HBX p%%if&g I}r&gragﬁf%xgne, {nHRE gani ¢

reagents conta such as si
presence of a ketone, such as acetoxyacetone or dlacetoxyacetone This step is performed in

an organic solvent which is inert under these reaction conditions such as acetonitrile and
water. Ethylenediamintetra-acetic acid disodium salt is added to capture any heavy metal
ions which might be present. The epoxidation reaction is carried out preferably at a pH over
7. This epoxidation reaction is followed by oxidative cleavage of the epoxide with periodic
acid or perodate salt under acidic conditions. Optionally, the oxidation and the oxidative
cleavage can be combined in a work-up procedure. These reactions have been discussed by
Dan Yang, et al.,, in “A C; Symmetric Chiral Ketone for Catalytic Asymmetric Epoxidation
of Unfunctionalized Olefins,” J. Am. Chem. Soc., Vol. 118, pp. 491-492 (1996), and “Novel
Cyclic Ketones for Catalytic Oxidation Reactions,” J. Org. Chem., Vol. 63, pp. 9888-9894
(1998).

The use of ruthenium based oxidizing agents has been discussed by H.J. Carlsen et al.
in “A Greatly Improved Procedure for Ruthenium Tetroxide Catalyzed Oxidations of Organic
Compounds,” J. Org. Chem., Vol. 46, No. 19, pp 3736-3738 (1981). Carlsen et al, teach that,
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boron, titanium sulfur, phosphorus, and/or lithium These pathways may
proceed through a six-nmenbered ring transition state V\hereé%mz
nmenbers oWQPHOPBSAg is the inorganic elenment fromthe orgh

t I b t t h 1 h
[ Ta0e™ istorisal, Sao Aponte oF tispem mue CriyiBE RG] B s delfegeifort ° LNe,
30 WO 0%@%@%@0@méﬁ%e%@ pdpalbt GARREIDISGE Perodateax ayprichlogitestser eosel ect i ve

schenes w e discussed in the p n i SC r st

st er eos etaiehioneiric; OFdAis. (mﬁwsssat%rﬁz%l éﬁg tl%a%ag&tﬁ%3}%’ rﬁnﬁwﬁ G 3), a
silicon- oﬁ&?&f‘t‘h@&é&? HRAoHRARIANRE offutiRhiuf Wwhich ¢y pesmilatbdto Healupr oduce
ei ther tN % I somer, dependi ng_on _whether the elimnation

r eact i orto e presendeend catbpxylisceids. aErecdditign ofpitrjles t°é‘l?rf8‘i‘°€‘f”6ﬁ’é’“ ®his is an

exanpl e feb ks QpnifitdAny BehafeC@e thtSiror@RARI ek dxidativs cherre
(et hod ?Ipecallg%&ﬁlg&nqe’giﬁlgg@ g{fﬂéé |?\$’ Ié 3), each of the isoners is

producecbleafvagmmfall@nﬁflelaé-‘rﬁldﬁz@ stem. The (Z)-isonmer is produced from a
titani um and phosphorus containing internedi ates, whereas the (E)-isoner
is produced through a lithiumcontaining internediate. Method 3 This

pat hway proc %8%dﬂﬁ8%ﬂge@8&ﬁﬁ{ént 54 6171!3 91%@(9& irﬂre)ﬁlcﬁh' stRRY dﬁl&ﬁonn%&ldﬁh)ldar

reacti on sche een di scussed enera by D,J.S, Tsal and,
Mat t esonsli may ¥e Boéuced Eron acetyl @aloagmmfe 1 By dipsof ‘2‘}3 i Ficp REEfUr %Ftﬁa’ltr E)| enes

from P nagol t&g%-ld tﬁ% dﬁlg%tfm/t sgna%% r}%cg@()aﬂ Ren3uRafien’heride ki@ a@r on

Letters 1981). The nethod is illustrated
in FIG ﬁdeHyﬂe gemay b ¢xttdo€edwthteﬂe'ka®tatm\lb$ élslbeplpt@gébaﬁ% sypthesis of the

11 ey o] LY bor ot e BSAEL o AT S ek Wb s agace! |

cyclospo tri | sil al cohol 64.
This alc ays3o b@ﬂlsamsad b‘ctmwf mdnoanaelmlylﬁwremeclsnc@nm k tq r$§P<tt1°6n state
63. As t boronate esters are slowreacting in allylboration reactions,

it will l‘fé‘f"’i&lb‘}ﬁ?%mated by those skilled in the art that the use of a
faster- reacting borane reagent such as E-y-trinmethylsilyl diethyl borane or
9-(Evy tri met hyl silylallyl)-9-BBN has advantages. The O-trinethylsilyl

T thi's case SidnemiphBe Bl aR sEERRE o SRR Yy hReALER/ sfind] Kene
of cyclosporin A by forming acetyl cyclosporin A and then converting the acetyl cyclosporin
A to the acetyl cyclosporin A epoxide with 2 monopersulfate, preferably oxone, in the
presence of a ketone, preferably an activated ketone, preferably acetoxyacetone or
diacetoxyacetone. This step is performed in an organic solvent which is inert under these
reaction conditions such as acetonitril and water. Ethylenediamintetra-acetic acid disodium
salt is added to capture any heavir metal ions which might be present The epoxidation
reaction is carried out preferably at a pH over 7. This epoxidation reaction is followed by
oxidative cleavage of the epoxide with periodic acid or perodate salt under acidic conditions.
The oxidation and the oxidative cleavage can be combined in a work-up procedure. These
reactions have been discussed by Dan Yang, et al., in “A C; Symmetric Chiral Ketone for
Catalytic Asymmetric Epoxidation of Unfunctionalized Olefins,” J. Am. Chem. Soc., Vol.
118, pp. 491-492 (1996), and “Novel Cyclic Ketones for Catalytic Oxidation Reactions,” J.
Org. Chem., Vol. 63, pp. 9888-9894 (1998).
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Formation of the alkene follows one of two distinct paths, d.gmd on
whether the elimnation reaction (the olefination) is carr.‘ WWnder
aci di ¢ or WRa8¥38¥ndi ti ons. Under acidic conditions an anPCT@M#PH‘é? i on

occurs form t SO ereas unde condi tions
cis-elininati t@ﬁ%{ﬁl} étlﬁeﬁ%ﬂmﬁ@es(cﬂw‘?r%é‘? Bgsllydﬁnsi fo %@D‘é‘ﬁbpfe@b ated by
those skid (Z}Bdﬂemds vid‘tewailti@ réd&ﬁbn By a $ifilRCFadhiidnSto el bi@bthed PAAS WANeth & £, her

i soner ma b ‘g fromthe sane precursor. The product of each

el i m nat addsip thealdehyde tp skl betaine @quhdﬁe@r isplated) Wity thees26 17
MAY 2006&5{@4@@@&%&?9@};@@%@ tHeRfich ¥R i RBIABE Sy &@Rﬁsﬁ%&gg t,

enriched, neans th e conposition contains  greater equa to
about 75°PMetiembosphonis; digaingguch Wiitig sestions meydeisatried eniowithphesghorushe

enri chededngy &d; | C y wei ght of one of
t he isoners. éﬁ pggndgcl)%tﬁ?%sﬁgr???g%@%‘onm?\&&agﬁé?&gﬁ apt hen be conbi ned
in a pr e%ﬂ&hﬁﬁms,rtéﬂlkwpbwphmpm prytalkyiphpsphingeand @dryﬂnmn&srﬂvamusl | ustrated
in FIG r u det ai l,

begi nni ng B e e g A%y ot e ol G KR Ui RERm el iiBuE.

gener al inprgeni¢ sajtsmayrbeabed ﬂoenﬁllsaacecrhe gerbochemistry efhemewlyi forrhdieloshlat hesi s of
car bon- cgygon bond form ng reactions has been discussed by E. Ehlinger and
P. Magnus In "Silicon in Synthesis. 10. The (Trimethylsilyl)allyl Anion: A
(3- Acyl Anion Equivalent for the Conversion of Al dehydes and Ketones into
y-Lactones,” J. Am Chem Soc., Vol. 102, No. 15, pp. 5004-5011 (1980). In
particul ar, tllhemaembnd’aaelitmtyt eycldspmmm slhshyde At tsi dim.o]bed ine6lerie 0

trimet al.deh ean repared b
((Jlepr ot orr:ezﬁ ?ﬂnaxg%ﬁ%yﬁ ‘%l%? er{é: ‘f“éﬁ)édr 1¥%n§v€§erb§]% 'FP {ng‘%ﬁm{“@ﬁr aﬁydr of u?lan
at - 76Cbromide 42 i then dddeq,LHndaﬂeaﬂictloiﬁ stivetl farseimb Yine!, Wokaeel Béboict TVEDA) . The

depr ot on thyl sil gne thIS St js. not shown in FIG 6)
has beenr%}xdg %%tﬁaé: S‘S(u% iSEI 3 éegffs sgélﬁ'ﬁ Sﬁﬁf‘ufcucgpwﬂu%‘ﬁn?ﬁl donethyl i ¢ and
Benzyl i caclatepaldre e terﬁu‘bﬁdrkﬁpJT1§ﬁltdﬂ&ed18hﬂﬁ@ﬁfe9P&:c dPeQ@dthifg BRARL 1 Ons, Vol .
27 (Wlﬁg New Yqrk, 1982 . 9. A proton alphatothe %eteroatomln
subst it cgﬂmﬁlr?a;?PP’&P ety mr?ef?"ﬁ‘@? HarRstrEl. RMPdustsasohRms eihasi ¢ agent. A

| arge variety of such agents are available, with perhaps n-butyllithium
being the nost common. n-Butyllithiumis used in a stoichionetric anmount
with the conpoufidlalls@p openelRid], ainfigk tb Ehe?ﬁn'apsitélpéf Méthdl 1t Rbydegluran (THP).

The tenperature is usuall Y mai nt ai ned
group protecting the alcohol at the fi-carbon position is removed with potassium carbonate,

yielding a mixture of (E) and (Z) isomers of ISA1x247 54. Bases other than potassium
carbonate that may be used to remove the protecting group include sodium hydroxide,

sodium carbonate, sodium alkoxide, and potassium alkoxide.

Synthesis of compositions enriched in either of the ISATx247 (E) and (Z)-isomers via
organometallic routes

According to embodiments of the present invention, stercoselective synthetic
pathways may employ the use of inorganic reagents containing elements such as silicon,
boron, titanium, sulfur, phosphorus, and/or lithium. These pathways may proceed through a
six-membered ring transition state where one of the members of the ring is the inorganic
element from the organometallic reagent. In some embodiments, steric hindrance effects

related to the transition state may influence the stereochemical outcome of the reaction.
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bel ow 0C (often bel ow -76C) where the n-butyllithiumhas a I.,oyé %@tlw ty
due to its E{émerlc nature. Addition of a chelating agent ¥I
N, N, N, N W@t hyl et hyl enedi ani ne (TI\/EDA) causes t he pBFYIGAN2/P1559

di ssoci at e. wever,.th on can 0 e at room, penperature,
even in the se%(?’é’pg‘fy %@ﬁﬁ? WP%‘HS&?F@ Q‘ts‘éps Plﬂi?ﬁﬁ%‘ﬁ?'cﬁ‘%]’?n‘géd because
the ani ol thefirst stedeqpelocth@tsehenhe(nekiais| dlgthown @b PRy Bmtnqqghs)cmhébaat ion

wi th the adjacent doubpl e bond, hut alJ so by the nei ghborin Si | group.
The ani ofPUFRHYOESORACUDY iilergoss. 1 elispination “taﬁell%lf@ Rrodueegifher thégzﬁ) éil)bon or its
7- car bonjsomelN\@peREMOG R thét! theMnifdtBh RACRSITS Ealie@UliGRHE a0 é&fgisgc reactions
depends on several actors, 32 17 MAY 2006 WO 03/033526 P 2/ 01559 one
of the nfsgditipRgy drhisisan granyle ein Patersanelafigation. Iy thefsegand stegroselestivon. See t he
di scussi @Re jsb S t The Rol es
of Boron ar:gg %nﬁlwg)c/:‘nm% ord‘mialijﬁilrw\?gr3 gtﬁtﬁ&gx?)égds}h%%qwﬁ?ﬂ 91[)eﬁ pp. 84-87.
In this Fenadiffsrens EWéWéOf tThe (Geisproar dspe e@iffpl}llasﬁtﬁlawe andhphospiredisr goes  an

el ectrop l; t, at e,
it o wioni g BERMIRe LI O R L] FEGE b TUARORT)
boronat einegpysiiithd 62. The boronate 62 may al so be cal led an "allyl borane”
(allyl boronate ester). Alternatively, if 9-nethoxy-9-dial kyl borane is used
in the electrophilic capture it would |l ead to a boronate conpl ex which can
be denet hoxyl ated wusing a boron tMdhad@d i de reagent (such as BF3Et20 to
generate the correspondi ng 9-(y-trans-

t ri met hyl si | ylhisipathiway 9rateedskyd tbga@t}écychspomddlatdehydecﬁl an al dehyde to an

al I yl borane has been discussed by S. E. Thonas in the above reference at
pages 34-35. The addition of an al dehyde to an allyl borane, wherein the

car bon- car bors Sen sandcietegek bith e Bled i S MR LSRR h 1 ne bor on

at om) prM¥atesesingd AhMtemadanyrblial Syinttekio bf (ZpaidE) Tegnihaldieris &fbﬁfﬁmz{ébll ©l
centers. 9 aNnes S he .t hre e e0| r, while
(2)-all y ﬁlc%))f’%tﬁ%lgl){%ﬁvem?enfeﬁ #BIOP?‘}%' Z?tﬁ‘ﬁ‘%rSn&f%?f %‘ggdr%gﬁe Skxenpl ary
react i or2762 (1481) HheaethddtiolmseatElin ME.16. qu@émam,qne Eyn&eaisqt%MG@ 51 is shown
in FIG _6, .where ng B’?@H’ i nt er nedi at e 3id§ ormed after stirring the
r eact antEHAng2 Eﬂlﬁet PR O OF Gt esferyasecpif 2y n t@%?%ﬁtlnﬂéwl CyHiesPPid® er ence
nuner al LRdelydé Be witd62 o FdnQy BraiheiyBsilfiRédnbl®4. OPhid AcdRPRbeliRed RALAAL €

via a boron-containing transition state 63. As the boronate esters are slow-reacting in

(

allylboration reactions, it will be appreciated by those skilled in the art that the use of a faster-
reacting borane reagent such as B-y-trimethylsilyl diethylborane or 9-(E-y-
trimethylsilylallyl)-9-BBN has advantages. The -trimethylsilyl alcohol 64 may then

undergo a Peterson olefination to prepare an alkene, in this case either the diene 65 or the
diene 67.

Formation of the alkene follows one of two distinct paths, depending on whether the
elimination reaction (the olefination) is carried out under acidic or basic conditions. Under
acidic conditions an anti-elimination occurs forming the (E)-isomer, whereas under basic
conditions a cis-elimination occurs to form the (Z)-isomer. It will be appreciated by those
skilled in the art that by using this synthetic pathway, either isomer may be prepared from the

same precursor. The product of each elimination reaction comprises a composition enriched
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that any number of structures are possible at the boron pos{4igdy 208"
exanple, if the boronate reagent 62 is a trialkylsilylal lé boronat e

ester, thefPPHE3A; ucture at 69 woul d conprise a 5- menber BETICARYOSA%t

i ncl udes; . : i tutions.gn.the borqnate or, borane

reagent s né?r%ldg% @?}1 g%p%\nlfl ?H%%h%&rdg%%ng‘te%flﬁwf‘ ﬁfée%sm} tﬁﬁ@ UFBURR{IUGE CoNigng, o5 peen
post ul at @patenthen prrqualito aboy &5 @etcentiby weightdf anssoaeni Envathbriembodiaehs GRS

i nvol vi nQ,.. ' de be,due. he si x-nmenbered ring
chair-li %’e‘“‘?‘r%#s’llpé&l @gﬁé’g@e’ﬁ’“@i g‘fef% @ﬁgﬁgﬁgﬁﬁ R¥ Wﬁgﬁ’g#‘?“ﬁtoim?éwse 63, and
depi ct ed ThecdHy@sitiéns ¢dniclied inentisumet aiab ey be cabling! 0k prdtRteihfoimds 1 t he

car bon ang. 0 e i ch e doubl e bonded) becone 33 1 7 MAY 2006 WO

03/03352ggaégf%ﬁé%ﬂﬁﬁg%gmﬁéﬁggpgg®¥mﬁﬁg'@%x-nenbered ring transition; the

remai nder of the al dehyde extends off the ring. The CsA portion of the

al dehyde that extends away fromthe six-nmenbered ring is postulated to

exist in an e Jal. rather . than axial positi, rel.ative to the ring
because the ﬂ%’% %%?m‘?go‘r‘%r’?{&u@fl? (i %ﬁf%‘“@&% ﬁﬁlg B%’U“Eﬁl‘f"&bg}cabl e steric

hi ndr anc grepartisaf thehatrors comsdiniby sagent 871 0A genee! YioRRigationbOhe hiteralibonl bor ane
62. It vm'rell n?l's?lgbe '%g r?e)fci%d % ého e skilled in the art that the
posi ti on"GFFTHE "5 KR %? TIPSR TR O@fPﬁTﬂBﬁWF%@FPF%%ﬂCPWSC%PﬂWHS shown
occupyi nBhigeC£idd, Maighhs iROSilichRH SyRthedié> 100 ThE ¢hus i sparted
W th theé&%g- .di ast ergg{l)msr of the.}gl | yl bg?gﬁg. Al ?gird%g}?)lagg%r{%fﬁeé Si Me3
group codry AucnEqpialengforshe Convarsionak Aldehysios and Ketonds inth e-Ist@ndsiig

al 1yl bor gpe 1 sheeort i [ ernat i ve dt 1s
cont enpl g?eg@g S%_re’zggr g’%’ &@ Ieg)?? }S]%O‘gﬁ glaﬁ;qw%q&lc %"r%ﬁ?&“? Br théﬁ?i“&‘ﬁs%&?foﬁs
el i ni nat feaeh thteretionibptweeh eheckrimétbydsibyt)aliyh dnibmsmd @l dldshyas. i The avdnthy@eve t he

t -1 ' ke nner to.the.elinm.nation reactions discussed
hbove, | 1 piogard bkenRRorRRRE A TR Hond i) saf o B Eeh ok At
pr oduct s-HUtahtdnpbeqiivaeht af etrimethyidthplenddinisy (INIEDAS. Treat nent of the

transition state product 63 with triethanolam ne yields the j 3-
trinethylsilyl alcohol 64. On the other hand, allylboration product of

et ot A A SRR b S e £
t he t hr edisaisd bpd.cbiBiclmmn and vcB. Diep int‘TAal?lﬁJB &ﬂmnipm@mﬁiaﬂi%ﬂsborﬁne 63k‘-"’f"|s g
recl ate t hose sKki e

in the niolngn of HeBiins SPLet Rarimirt 2SN e TogeiSaplr 6d as el
i f st arprong alphot thbRetéroftolyih BMsAfRed 8NN temd Bay 8L AShRe8 WiRaGid Vity In
the new lyasi% ragg{[t.eg 1§Qé (Ia?rliety of such agents are available, with perhaps n-butyllithium being

the most common. n-Butyllithium is used in a stoichiometric amount with the compound to

be metalated in solution with tetrahydrofuran (THF). The temperature is usually maintained

below 0°C (often below —76°C) where the n-butyllithium has a low reactivity due to its

polymeric nature. Addition of a chelating agent such as N,N,N’ N’-

tetramethylethylenediamine (TMEDA) causes the polymer to dissociate. However, the

reaction can also be done at room pemperature, even in the absence of TMEDA.

Allylsilanes are easily deprotonated because the anion that is generated is stabilized
not only through conjugation with the adjacent double bond, but also by the neighboring silyl
group. The anion may react with electrophiles through either its ci-carbon or its y-carbon.

The regiochemical and stereochemical outcome of these reactions depends on several factors,
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centers is not determ ned at this stage due to renoval of tjp,?s f%&al
centers a (3 y ?{ stage of the synthesis. The structure of
1i-tri matm g ?‘V al cohol 64 shown in FIG 6 has been conPFTG42/BIF5? he

applicants i n ect ral e rret hod of_ al kene synt hesi s known
as a Pet%rf‘sﬁh dﬁ‘és? Wﬁa’ﬂﬂ’f ril‘rffﬂ‘%ftﬁ%‘ﬂ W@“ntF??’hl%lﬂﬁ‘l‘%““Mp and the
hydr oxy giydsilandsibgs. EhEho@naTs Iixi oagdaw Sintigdis: Ane REGY ofBorbeaitBsilifonrd0xfRd kene; in
this cas a dj egli 8&1’2 doubl e bond that is already present between
the two ’é{Prﬁit% €% k, )th Ad’n. A discussion of the conversion of
0- hydr oxysi | anes to aI kenes has been presented in the S. E. Thonas
reference at pages 68-69. A further discussion of this reaction is

present ed by IR.fis relbtiofstikenst) the Repfofngied My 1ifne tﬁé@ﬁlﬁéﬁg@;&%ﬁ blecrlbsfib n- For m ng
34 1 7 MAY 2006 V\ll)1 3/ 033526, PCT/ CA02/ 01559 El i mi nat1on React!ons of

( 3- Hydr oS3PEIre By &imethylporate o peplice amiermediate, which, vljen regoted with pirggal, 1468
(1975) . Yields theirfs- Ktﬂm@hﬁsﬂﬁ? b(lgrlaﬁat@ gl 62 nTHe%ﬁ}daﬂ'BZQﬁ’ flddeligndde

al cohol 64 to a di | ow one of two distinct hani st c pat hways
dependi ng @HYW%@P éﬁllxlmomé@wb nAltesnatiyely; lé&meﬂlWﬁ?rFH@kylhenachleu&ﬁd ibasi c
condi ti Ofg eleb¥&phRRc il @@lﬂé 1daf td QGorgﬁag x WiiEH @dntbla%eﬂlte{ﬂgi 1@t hnay

| eads to the di"ene Under acidic conditi s anti-el i mnatl on occur S,

whi | e unesns a bosen iflseridei reagsnis(suapras BFBELARI gorerase therootresponding @(y-mansds, t he
el i m nat .90y i droxysil anes are stereospecific, and the ,
aci d- ang&%atg@gl:acl)ﬂg gﬁlpégocrﬁ%ns take the opposite ster eochem cal course.
Typical acids for the acid-pronoted reaction may include acetic acid,
sulfuric acid and various Lewis acids; typical bases include sodi um hydride
and pot assi r ase that
a0 POt Sl R NS RIS Bl kbt 07 B 5

t enper at e abovgsferenaslat pagea B4-gh. beaa)idltmgf tihadehyds ® qoflglboianenwheckin de t ake
pl ace no e of, the
react i onﬁlg Efﬁﬁghh%,gm -égﬁgcgﬁ%ﬁb%{}%gﬁat He%ﬁs‘%gr?&%ﬁedca?m@oEfﬁoﬂdt(?ﬁ CPAWi res the
trinet hy(]“éustlayImanmglﬁgrdxeanwagrfmupmebaobetom pexduceaathomedliyticatvaholr el at i onshi p.

I n contr a ti der basi.c nditions, requires that the

trimet hyf Eal(l Nye t&’r?(fgﬁy%ﬁ é?wﬁs@zfé}ps&ﬁm?ﬁ?’ﬁé}%? fiffire?el ati onship. The
latter Cdxantbremmmer,fvaﬁllel(m allydisorires give kisedoi ke erithroadiastéredigorfidr] Wﬁon oxygen bond
and an int er e di ate f i ch breaks down in a manner

anal ogoudgf W@acft‘ioﬂ @EH%SO%HW£ Wftg CWE‘IQB‘F}"O& aldehydg;S|ljis shown in FIG.

6, where the boron intermediate 63 is formed after stirring the reactants in a THF solution for

a period of several days.

The reference numeral 69 in the boron intermediate 63 (FIG. 6) is meant to indicate
that any number of structures are possible at the boron position. For example, if the boronate
reagent 62 is a trialkylsilylallyl boronate ester, then the structure at 69 would comprise a 5-
membered ring that includes two oxygen atoms. Substitutions on the boronate or borane

reagents employed in 62 will be present in the structure in 63.

It has been postulated that the stereoselectivity that is achieved in reactions involving
allylboranes with aldehydes may be due to the six-membered ring chair-like transition state
exemplified by the boron intermediate 63, and depicted in FIG. 6. Only the two carbony]

atoms of the aldehyde (the carbon and the oxygen which are double bonded) become
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be appreciated by those skilled in the art that a strong si iifﬁ&mgen
bond repl W&ﬁ & weaker silicon-carbon bond, which override
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PCT/ CAO 24 5% 1isitioR of 16 lsiM@ gs&?m meq maeu@myﬁggl MR hapgt e, sodium

al koxi de, and potassi um his stage he preparation the
synt hes|°§°qP§1“§&B§ﬂ‘éﬁﬁ?qakpqsy1%dﬁ5¥%t5éecﬂqﬁ@thl%ﬁ@n@|Start9¢1§’1tb#rel (Ehed in one or

the ot hefiasRfeon2® of B0 Qﬁf}rlﬁoréﬂéy At?@frﬂ}]?ﬂﬁg tﬁés)Sl%h %ﬁﬁgccguli'c?laﬂ@%b eﬂ?wﬁ%}d o of

i somers in the m xture. "enr conpri ses at
| east  &biglLpositionifthe étﬁltﬁng)yllsd)é@rgmhadfbeqm@@ (Z)gba?meomen other words, the
product may contain up to 25 percent by weight of the ' undeS|red | soner.
The m xture is designed to achieve the desired pharnacol ogical result.

Met hod 4 Thi al dehyde
51 An al or parReORt i SARIREEE ool b RRRLK Y 28R Ohch pdl

i |1 ust r &limipatign wpud givetie cis-iFamer angdbaseelimination Wanld gmefthetrsnsf-mmrhhose

previou p duci ng the
(51 conmertisi RS o Ao had rhdtBns t0ybeh sbore PRVINEY chBbufib B 100 thae
f or t he skilpd intherant thatthelsa@e prodees myxhdbmcbbtzunqdeat hmy&omkeyanOf titani um
and lithiumcontaining reagents and/or internedi ates. Titaniumreagents
are known to be particularly useful in organic synthesis because they are
regi o- and stereoselective in their reactions with al dehydes and ket ones.

The general Treatmmeofghe transition statei produce6ewike rizthanoleminb gelditthe/g-has been

di scuss . hn . Organot |t um Rea In Organi c Synt hesi s
(Spri nggfg”%x¥1%ﬁa"g?‘°§§‘§%n¢“ f!?éﬂ%?er rﬁﬁ?fi’ a@m)oratiowrgd%ct of
(trimethylsilylallyl)dialky! borane yields silyl alcohol 64 upon oxidation using NaOH/H,0,

or aqueous workup. The alcohol 64 depicted in FIG. 6 is the threo-diastereoisomer, since the

transition state allylborane 63 was in the (E)-configuration, although it will be appreciated by
those skilled in the art that the other diastereoisomere could have been prepared as well if
starting from the Z-allylborane reagent. The diastereoselectivity in the newly created chiral
centers is not determined at this stage due to removal of these chiral centers at a later stage of
the synthesis. The structure of the 3-trimethylsilyl alcohol 64 shown in FIG. 6 has been

confirmed by the applicants using spectral techniques.

In a method of alkene synthesis known as a Peterson olefination, elimination of the
trialkylsilyl group and the hydroxy group from the B-trimethylsilyl alcohol 64 leads to an
alkene; in this case a diene, due to the double bond that is already present between the two
terminal carbons of the chain. A discussion of the conversion of B-hydroxysilanes to alkenes
has been presented in the S. E. Thomas reference at pages 68-69. A further discussion of this

reaction is presented by P.F. Hurdlik and D. Peterson in “Stereospecific Olefin-Forming
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149, and 164-165. Here it is stated that the nature of the Zﬁévgmllgand
may be VaM’ g E#g% that the electronic and steric identit fTh reagent
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di scussed by Y. lkeda et al. in "StereoSel ective Synthesis
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cycl OSpOI’J n A.al g‘ﬁfq%%)e ﬁﬂv{ rom ﬁld osporin A 34h The

[ 3- (di phERGISPHER 4 G 5O AL R e pREArey whileelinination agncfigns that

depr ot onas porgssiva hydride pike prtahosbidng, 71 with a strong base such as t-Buli,
and then reacting the product wth titaniumtetrai sopropoxide. A
transition state 73 is theoretically proposed leading to the

eryt hr o- a- adguct 74, ich then may be converted to the (i-oxidophosphoni.um
salt 75 by & SfeTratRect ltwwcwsehth%%ﬁef thaAractioppathway pegapspeliminatianed t hat

the exi slheétcaeldwcottaﬁoﬂgze@mek ttertnméttu?t% 1434 hyfdr@;ty ér&@ﬁ toddinRArt responsible

for the stereoselectivity of this synthetic path I n accordance with the
exenpl arPpREPkagelstipnshipe dn mtr@ﬂeelmle@mwné@r@e%mdmom tequirgsghagithesi t e of

e or GaABB B s LABIR olNORE o D RBA o Al b OBl 0k Bl 0t 1V ty

(I keda, hi's méans 'that th reacsvmththe
di phenyl %l@}gtigﬁ th,q(formatxon of a strong silicon-oxygen bond and an intermediate four-membered

ring, which breaks down in a manner analogous to the final step of a Wittig reaction. It will

be appreciated by those skilled in the art that a strong silicon-oxygen bond replaces a weaker
silicon-carbon bond, which overrides the replacement of a strong carbon-oxygen bond with a

weaker carbon-carbon 7 bond.

Thus the products of the stereospecific elimination of a -hydroxy alkylsilane are the
acetyl-(E)-1,3-diene compound 67 and the acetyl-(Z)-1,3-diene compound 65. As in the
previous methods, the protecting group may now be removed from each of these dienes by
treatment with K;COs in methanol and water. This removes the acetate group bonded to the
B-carbon of the 1-amino acid residue, returning the functional group on that carbon to an

alcohol. Bases other than potassium carbonate that may be used to remove the protecting
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conmpound 72 at its a-position to give the correspondi ng a-ad si nce
the y-carbon of _the di phenyl phosphi no group is coordinat e?d?:jm%héﬂqmt al

which in YB3 is titanium The observed Z sel ecti vi tl)’/CHFAPHQSEﬁ ene
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di phenyhlpbxidphi no group are postul ated to occupy equatorial positions in

the transition state, the erythro a-adduct 74 is selectively forned,
giving rise to the (2)-1,3-diene 76. In contrast to the reaction pat hway
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are general Ly 37 WO 03/,0335?1%,‘1 7 .MAY, 2006 PCT/ CA02/ 01559 reported to
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transition state 83, whjch forns the 1,3-diene in E/Z ratios in a range
gr eat er PEIFER, DY ppiebkehithg ainglesissd’isomers The mixtuse iydesignpdtofchipvesthedessed] ectivity
of the ﬁ%&é&é‘gi&[%h{@j is possibly due to the transition state 83, in

whi ch the vinyl group of the lithiumreagent 82 and the cycl osporin A side
chain of the aldehyde 51 are postulated to occupy equatorial positions,

t her eby producing the (E)-1, 3- di %&hg%f_i n a stereosel ective manner. As

di scussed previously, certain undesitable side- reactions involving the
acetat e protfgl hiiwf APprdBédOqa AE LR ﬂasgﬁhhﬁélﬁé gl ective syntheses
t hrough the use of protecting groups sug S benzoate esters or silyl
ethers. Preparation of m xtures As stated previously, certain m xtures of
cis and trans-isoners of | SATx247 were found to exhibit a conbination of
enhanced potAneaierpaie|seheme derpeesicing sterspsejectivecisomere is iHugtiatedlin FIGS: @8 r i ng and
pr esent &y . i jo i pr esent

i nventi J(l)ﬂ%,s Eﬁ%%@%i%ﬁ%?gﬁ?%ﬁ%g&@gh vé){(lﬁscglgg Ia gillel?ig%?fmg%yen s?/l%t hesi zed by
st er eospdteway foeprodudingithe (Exiaomermf 1SAan 47 proceads thraigly differentintermediates

st ereosgl| BYARAYE i N rodu a first material or
composi (5 a K iné P BIHER 3R Bihast Rl SRR TN SE i o

conposi lithom-contiiving deagents frel/@rMterimedires., and these materials nmay then be
conbi ned such that the resulting m xture has a desired ratio

Titanium reagents are known to be particularly useful in organic synthesis because
they are regio- and stereoselective in their reactions with aldehydes and ketones. The general
nature of titanium in stereoselective chemistry has been discussed by M.T. Reetz in
Organotitanium Reagents in Organic Synthesis (Springer-Verlag, Berlin, 1986), pp. VII, 148-
149, and 164-165. Here it is stated that the nature of the titanium ligand may be varied such
that the electronic and steric identity of the reagent can be manipulated, and the
stereochemical outcome of many C-C bond forming reactions may be predicted. According
to this chemistry, the union of two prochiral centers of achiral molecules creates two centers
of chirality. A general rule governing the stereoselective outcome is that Z-configured
enolates or crotyl metal compounds preferentially form syn-adducts, while E-configured
reagents favor the anti-diastereomers. The trends may again be explained by assuming a six-

membered cyclic transition state having a chair geometry.
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react i ofterRaiplechebih tail ored to produce a particul ar ratlo of the two

I soners for that case. In contrast to sone synthetic pathways, where a

m xture of isomers is produced, the isonmers may first be prepared

i ndi vi dual | yRefaidlg (Y015, 71 @ehekif ofthE B8 QML BEBARL Y, Qchieve the
desired ratio. ThIgS conce%@1 |es]l ?I I u@rat ed inA%E r%dcgéiks(agﬁe}ﬂtl he product of
one st Ble¥iguwIchemes) bY generating acasylanolpwamwlAiatdebyde Tffromheydlepein & 34uch t hat

t he progucts. hith’ ght of the (E)

| comer k- GREBIA SR AR P RaBREY 1o PRoBBE B RbaBiblif " O o ched
in the afdiphanylphesphingdh withat strohg baspsush ast-Buldiyud thersreagingaltiegrodubian  about 75

per cent e ) These .nu ers, are & ] ar too, and
the puri ytl}(l)aﬁiu?[ﬂge tr%goé’& dlgséknéa(r?‘nﬁgréﬂ 925’ tﬁ?og%{ P‘@P%SS?S?”B‘B € pat hway
may be guythad-araddddnda, vﬂﬁclemaminay e edavetted (Sthe B-SeMIphbyphvuANRGIt 75 bPne
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t han opgféa(ﬁ'f]%ﬂt %1 HEER 0%%%%(%%&) P&ﬁﬂs@ﬁteﬁét?aégﬁtexﬂiﬁmm thransiigR pect i vel y.
After synkhesiaicag ih bat icspoimible fonaib Yi@bldcHvity &talis TRMndIR to achieve
the desired ratio, as il?cmsatrat ed in FIG 10}I For Ig?llﬁl ustprma?%e pur poses,

t he sane hypot hetical ratlos are chosen in FIG 10 as those used in FIGS.

9A- C. Referrlng (P the (E) and (2)-
In a¢cor ance w1th e ‘exemplary methods outlined in the present disclosure, the

metal site of the organometallic reagent may be the entity that controls regioselectivity
(Ikeda, p. 725). This means that the aldehyde 51 in FIG. 7 reacts with the diphenylphosphino
compound 72 at its a-position to give the corresponding o-adduct 74, since the y-carbon of
the diphenylphosphino group is coordinated to the metal, which in this case is titanium. The
observed Z selectivity of the diene product is explained by considering the six-membered
transition state 73. Since both the bulky cyclosporin A side chain of the aldehyde 35 and the
diphenylphosphino group are postulated to occupy equatorial positions in the transition state,

the erythro o-adduct 74 is selectively formed, giving rise to the (Z)-1,3-diene 76.

In contrast to the reaction pathway depicted in FIG. 7, in which the (Z)-isomer of
ISATx247 is produced via a titanium transition state, the (E)-isomer is not as easily produced

by this method. In fact, attempts to synthesize the (E)-isomer by this method are generally
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which it was produce ke on a broad range of values. For exanpl e,
the ni xtynthesesirosgnibe ueeo fnr@tmtmcsmupwwb 8s Lrnzonde esiant OOYLY! ¢1BETS.E) - | soner to
about 90 to 10 percent of the (Z)-isoner. In other enbodinents, the m xture
may contain fromabout 15 to 85 percent by wei ght of the (E)-i sonmer and

about 8%Prdparafibn gfamigbmgs of the (2Z)-isonmer; or about 25 to 75 percent by
wei ght of the (E)-isonmer and about 75 to 25 percentﬁfg\y wei ght of the
(Z)-isoner; Asstaﬂgéntevt{@slb’meﬂgmpemmwf biy ander @itisamery pISAEI24 SFer  and

about 6‘1‘_}%1%?% vt\é ?xgh%@q{ accgo;ﬁl{lﬁéeﬁo%’l\ﬁg‘ gmﬁn&fd J(a% ok RATR toﬂEl Pihe 4S5 1O 55

per cent T eonmer out 55t percent of the
(Z) - i sonmatrallycaitiing andrpmshmtylmmwmmms the i sorrerl c mxture is an

| SArx247 m xture which conprises about 45 to 50 percent by weight of the
(E)-isoner and about 50 to 55 percent by weight of the (Z)-isoner. These

t t ' it , d
PeT oot A0S LGP IR RATES 6L bl YAl Blkfggornos: L on, e
and t he d(e,ﬁ)auvsameoﬂ) sre k@fthesived hi steppesetsetite pathways tat mapvaly in theirdogreger e i ght

contain ent omer,.. an wei ght of
the (2) -"?ét&’r?ﬁ?e CBYltywstf%rc\’fg{éggve p?h’é”ﬁé?%ye?ﬁ) é & @ f’frsatonglaeter?al B%Or%%g%’mglynot her in a
m Xt ur e egacheden We (B)tisefleryisridpsetohd meadrial or composition enriched in the (Z)-isomer,

and these materials may then be combined such that the resulting mixture has a desired ratio

of the two isomers. Alternatively, it is contemplated that the first material may be prepared

by separating a reaction product to isolate and enrich the (E)-isomer, and the second material
may be prepared by separating a reaction product to isolate and enrich the (Z)-isomer. In yet
another embodiment, the reactions conditions of a stereoselective pathway may be tailored to

produce the desired ratio directly in a prepared mixture.

These principles are illustrated in FIGS. 9A-C and 10. In FIGS. 9A-C, three
hypothetical synthetic reactions are shown that produce ratios of the (E) to the (Z)-isomer of
approximately 65 to 35 percent by weight, 50 to 50 percent by weight, and 35 to 65 percent
by weight, respectively. Of course, these ratios are exemplary and for illustrative purposes
only, and any hypothetical set of numbers could have been chosen. It will be obvious to
those skilled in the art that the reaction conditions used to produce the ratio in FIG. 9A may

be different from those of FIGS. 9B and 9C in order to achieve a different ratio of isomers in
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isomers are mixed to yield three different mixtures that comprise ratios of the (E) to the (Z)-

isomer of approximately 65 to 35 percent by weight, 50 to 50 percent by weight, and 35 to 65
percent by weight, respectively.

In an alternative embodiment, a mixture of the (E) and (Z)-isomers of ISA1247
isomers may be separated such that the mixture is enriched in one isomer over the other. For
example, a Diels-Alder reaction may be used to convert the cis-isomer to a closed ring
compound by reacting it with an alkene. If the alkene is bound to a substrate that is capable
of isolation (e.g., filterable), the cis isomer may be substantially removed from the mixture,
leaving a composition enriched in the trans isomer. The cis isomer may be re-constituted
from the closed ring compound with the application of heat, producing a compos1t10n

enriched in the cis isomer. Thus, in this manner, the cis and trans isomers may be separated.
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injection or infusion techniques. The pharmaceutical conpositions

conltal ni ngfthe i nventive m xture may preferably be in a formsuitable for

oral use, for_exa S t.ablets oches, | oze S oy OF |

suspensi ons, 18f ggg&qgsp RS HRTRGE Of B?Ot e frigure 8%%5‘16%@8“&" s cger sof%/

capsul esmagﬂétlogﬁéédl'lﬂﬁceQNMIQl ot techsifidsielliknown imheaded for oral use may be

prepared according to nethods known to the art for the manufacture of

pharmaceutical conpositions and such conpositions may

Pharmaceutical compositions

This invention also relates to a method of treatment for patients in need of

immunosuppression involving the administration of pharmaceutical compositions comprising
the inventive mixture as the active constituents. The indications for which this combination
is of interest include in particular autoimmune and inflammatory conditions and conditions
associated with or causal to transplant rejection, e.g., treatment (including amelioration,
reduction, elimination or cure of etiology or symptoms) or prevention (including substantial

or complete restriction, prophylaxis or avoidance) of the following:

a) Acute organ or tissue transplant rejection, e.g., treatment of recipients of, e.g.,
heart, lung, combined heart-lung, liver, kidney, pancreatic, skin, bowel, or corneal
transplants, especially prevention and/or treatment of T-cell mediated rejection, as

well as graft-versus-host disease, such as following bone marrow transplantation.
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agents, flavoring agents, coloring agents and preserving agents | n_order
to provi d&VQ eutically elegant and pal atabl e prepar ab$HEA¥WF%t s
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enpl oyed. They may al so be coated by the techni ques described in the U S
Pat ent Number 4,256, 108; 4, 160, 452; and 4, 265,874 to formosnotic

t her apeut i ¢ dt ablAttsimname diserse ahd mflammiatorseonditions dvpartioudas dnflapgmaiiy at i ons
for oral use

. be in the . -form | kn the
active ingr e‘i?ﬂ’ng.‘%‘fmﬁ ‘gltw&%%?l?ﬁt%d%cﬁg% %@P’?“@Q%M&E %ﬁtgﬁl%yfl&%ocrowgiﬁaﬁl e,
cal ci um carduonas sthriciakfor exampleaheimdteid arthitisohrthitis Thregicarpsogeelicatetsadi n t he
formof soft gelatin capsul.e ereln.the tive ingredie | Il xed with
water or an %ﬁmuﬁﬂﬁqgﬂ?ﬂns)f%\dO@B%P@at&e‘gﬁﬁfesgﬁe?&s Ia*“((q u'l"f:l'%peadr}% %e? rf]&‘ or olive
oil. |4|2 1 7thk@%9&réﬁ@&%ﬁﬁﬁﬁ58@oﬂl%ﬁH 1@&1’3&1%&55@ eﬁgmﬁmmch&d;ﬁp_ensi ons
normal |y contain the_active majerja cadm xture. Wi th. excipients
sui tabl e forawmm%ﬁmra%@la&e%m %ﬂse@‘l?i}l%%‘@sﬁp%ﬁ?fl%lﬁg‘? angies, l)%%f():pi ents may
include:  (Lnests pRRILNEIANEMa%NE Wibbaliic GRsHBOTY AR Xysemiyligsl | ul ose,

met hyl cel | ul ose, “hydroxypropyl net hyl cel | ul ose, sqdi um.al gi nat e,
pol yvi nyl pyremthematqeus, privghen cehrddomad Weganst ge Qyatogs, (2) dispersing or
wet ting age“&e?mﬁ%&@ﬁsiﬂ‘é%m%ﬁic%c%tﬂé a"dtﬂs)’m?é%ﬁiéﬁi‘h'gf@is_, poasgph Btdvele such as
| ecithin, a condensation product of an alkylene oxide with a fatty acid,
for exanpl e, Jghosopeyydomy idiapatkic spruat(autoimmupa e HEBMASH Yoy 4is325ef et hyl ene
oxide with a, 1L la6d et AR Alseast P bndo¥AMPdrhthalmopathy,
hept adecaet h9+cgﬁcg%%<§gg{1%ﬁag]:v% Qgﬁ%gndgnsaticfﬁasp’r)o%ppt c_)flﬁl o d ,y

Graves disease, sarcoidosis, multiple sclerosis, primary biliary cirrhosis, juvenile

contain one or nore agents selected fromthe group consi stigg @Y gget eni ng

diabetes (diabetes mellitus type I), uveitis (anterior and posterior),
keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung fibrosis,
psoriatic arthritis, glomerulonephritis (with and without nephrotic syndrome, e.g.
including idiopathic nephrotic syndrome or minimal change nephropathy) and
juvenile dermatomyositis. Autoimmune and inflammatory conditions of the skin are
also considered to be amenable to treatment and prevention using the synergistic
combination of the invention, e.g., psoriasis, contact dermatitis, atopic Hcmatiﬁs,
alopecia areata, erythema multiforma, dermatitis herpetiformis, scleroderma, vitiligo,
hypersensitivity angiitis, urticaria, bullous pemphigoid, lupus erythematosus,
pemphigus, epidermolysis bullosa acquisita, and other inflammatory or allergic
conditions of the skin, as are inflammatory conditions of the llungs and airways

including asthma, allergies, and pneumoconiosis.

41



ethylene oxide with a partial ester derived froma fatty acj ?o@ﬂd hexi t ol
such as pol éox%{ggt hyl ene sorbitol nonool eate, or a condensa uct of
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sus penSlt&ﬂﬁpalf@iferalCMséd Heréhnt iRE168R RUBMItaAERA injedtiBhs aﬁﬁmoﬁs BGE arhard
paraffin or cetyl al cohol Sweet eni ng agents and avori'ng agen s may be
added tantfﬁsma!j@mu%wazp%noe teshRifugsr epar ati on. These conpositions may be
preserved by the addition of an anti oxi dant such as ascorbic acid.

Di spersi bl e powders and granules are-suitable for the preparation of an
aqueous  SUSROShRMacelREN cOhPVLI RS Eﬁﬁal@ﬁ fh\é‘?m)e{?@\;e%'(r]ﬁl?é mhy r@fep&by pye with a
di spersing or wetting agent, a suspendi agent and one oF

pr eser vt # (am suitahle fgs5oenl gses frs exsmnle. o tah)@tsli Frmjles derenges, agnebus ospibndi ng agent s
are exempleﬁdﬁﬂ &iéi)eifsjﬂﬂéﬁo@& %}’alnm:egtehfﬁ'l"s?&s SOQQ%BSUGQ%? sy éXC' pi ents,
for exagg hose sweetenin avoring an orin 3 bed
above yr%@@p%uwe@emed fm@ral\@smﬁsolkaﬁm@ aiccbmﬁigﬂﬂm&hmﬂdnm&)% 01559 The
phar mac et { e mxture may al so be in
Pho T o s oe o ARk AL At B U el B AR e b e o
such as contrinenopt more agentagsictddiosthe group cansisengbf wicktesing Aganss, | | qui d

araffi Sui tabl e enul sif nts m e (1)
ﬁat ur al ?9‘%31 ugéIM %Bnh‘ggéuc ﬁn%greéjed‘rwléﬁ%?@ﬁ ﬁ‘&y 8@%‘?"1‘&3@%‘%&%‘!{%& »)

nat ur al klggantend palatgblpbmgpﬂa%n Tetslets uehainiag mwcbﬁaﬂg@dﬁénthl(ﬂﬂdrhﬁtui’e witg) esters
or partial ester 30 derived fromfatty acids and hexitol anhydrides, for
exanpl e "OEEYH RPAHD RS &Flﬁé‘fcgptalilﬁfxc%‘ﬁlﬁé’é‘ﬁ)é als9 bmarHarteed byknod d parti al

esters metﬁmdemhy leﬁcﬁﬁxeﬂx ustd, mafyCU’e feexambR, (1) Rk YIAuHRS v ANGIchAK bi tan

nonool eatg F f ons al so contal n sweetening and
onate, actose, calcium phos hate or sodium phosphate; (2) granulating and

disintegrating agents such as corn starch, or alginic acid; (3) binding agents such as starch,
gelatin or acacia, and (4) lubricating agents such as magnesium stearate, stearic acid or talc.
The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed. They may also be coated by the techniques described
in the U.S, Patent Number 4,256,108; 4,160,452; and 4,265,874 to form osmotic therapeutic

tablets for controlled release.

In some cases, formulations for oral use may be in the form of hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin. They may also be in the form of soft gelatin capsules

wherein the active ingredient is mixed with water or an oil medium, for example peanut oil,

liquid paraffin, or olive oil.
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thl s pur pbmphafmay suchlaalugltﬁmxe@bxﬂedsamypr&tmmhau@wne amhud/imgf%ty]rabidgtr C nono-
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he " br S SxamaR. s bR Sbu s Raretsh dneRation TS R crPuiay ity wite

adm ni st emdaupnaﬁdﬂaﬁcdmr %mxamgnmtaa@aetﬁﬂeﬁaakydem&ah corfigi¥atibrSirodiict &M of the
drug. These conpositions can be prepared by%CEH Xing t e drug with a

sui t abl e®h¥iRng oxide with 4 gartiglssisy dertvequipis frly eXHRIFPHLASy t enper at ur es

but |i qupllyslyetniRné &2bi8dl mdnBHBAE, B Hcondehdtivd prodidi 8f &hfaER dXRletwithh the rectum
to rel ease the drug. Such materi ‘als are cocoa butter and polyet hyl ene

gl ycol s. pagtalpster WCQ bos:  falty acid esyoesitelanhydnds, fon sumplcgoliosysityianeuse,

creams, QibtdEMdoleh®! | 1 €S, solutions or suspensions, etc., containing the
drsclosed cycl osporines are enployed. In a particularly preferred

enbodi ment, a liquid solution containing a surfactant, ethanol, a

|'i pophilic and/or an anpiphilic solvent as non-active |ngred|ents is used.
Speci fi cal | y Tlmraq@ctalls swmsmrmwmirwmwwm prnere persersthiehdoramampleoner i c

analogue ihar al pha
Tocopher y poI tlﬂnﬁ hr¥e g é@%+ﬂw88%°ﬂ§6&%g@ﬁ%@e@bﬂ%?ﬁﬁ%%& medi um
chai n tr agintscend abe o( VOTS) svesietening weents sach assucross, hspatiameé er sacehaxil. A sof t

gelatin capsule (conprising gelatin, glycerin, water, and sorbitol)
containing the isoneric anal ogue m xture and the sanme non-nedi ci nal

i ngredi ents aéil)l; E\ﬁpa{sﬁﬁl n?ag) blétfi)%lﬂ?&/by suspending the active ingredient in a vegetable

oil, for example arachis oil, olive oil, sesame 0il or coconut oil, a fish oil which contains
omega 3 fatty acid, or in a mineral oil such as liquid paraffin. The oily suspensions may
contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening
agents and flavoring agents may be added to provide a palatable oral preparation. These

compositions may be preserved by the addition of an antioxidant such as ascorbic acid.

Dispersible powders and granules are suitable for the preparation of an aqueous
suspension. They provide the active ingredient in a mixture with a dispersing or wetting
agent, a suspending agent and one or more preservatives. Suitable dispersing or wetting
agents and suspending agents are exemplified by those already mentioned above. Additional
excipients, for example, those sweetening, flavoring and coloring agents described above

may also be present.
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al so preferably be used. Dosage |evels of the order from abp-?ltMA)(. %‘ng to
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whi ch ma \}/,ar}&3 fyr om about 5 to agg%t 9% %gkggﬁ%sg%g#i&%ﬁgjc?tgﬁg aedorrposi tion.
Uni t dosﬁ@ rﬁ“élaﬁ%“tswi |1 generally contain between fromabout 5 nmg to about
500 ng of active ingredient. In a preferred enbodi nent, individual capsules
cont ai ni ng about 50 ng isonmeric mxture are enployed for oral

admi ni strat i oSyrugsin@BRtikahay t BfRNAES Wi RAdL 1 ﬁagfrﬂ%?&r e%c%#lltp'aqqns gont ai ni ng

about 50 ny/.nl isoggric mxture are used fo MmN s SF: 45 wo

03/ 033528 °pYignagiyeoh e tolpaspartameeIgDeE. Srchipinuliensmdy alsb oardsin Aowever , t hat
t he specHdrflcéd0ardstvativel Bl FAPY L.GH/: patient w |l depend upon a
vari ety of fact or%s inclvtfdi ng ?%Ier@g‘%%@%@agrrﬁ%he speci fic conmpound

enpl oyed, the age, body weight, general health, sex, diet, tine of

adm ni stration, route of admnistration, rate of excretion, drug

conbi nati on aHt§ Phf@magentigalecompasitiensensytby imthe fdrm of patetileCivjeafabld aGRB&LorOF

condi ti opesbaalbits IRLBRidNeh %pll) e use of cycl osporine
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Tol ypoc| &Rgthes spitailelispetingas wettingiagemteadisagending 45600 OHidit9066dee t her apy
due to menti_oned above. The sterile injectable preparation may also be a sterile injectable solution

or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed
are water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed
oils are conventionally employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono- or di-glycerides, In addition,

fatty acids such as oleic acid find use in the preparation of injectables.

The inventive mixture may also be administered in the form of suppositories for rectal
administration of the drug, These compositions can be prepared by mixing the drug with a
suitable non-irritating excipient which is solid at ordinary temperatures but liquid at the rectal
temperature and will therefore melt in the rectum to release the drug. Such materials are

cocoa butter and polyethylene glycols.
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their preferential effects on T-cell nediated reactions. Cy g e
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assessnesthaot, atlipeplpiit adty anbmpipliilicasRentiaf BorfaclPngdRns(Fpdgan et al .,

1992). | 2 is a cyel ospori.ne A anal ogque that is simlar to

cycl os po%%-r%fécﬁy’ 3&8@})’{‘1}{@8& ‘%‘ul%%%ﬂfmﬁ‘aa?mw@as therisqmerig angiagyei minaike apdoup on
t he ami nihe &dlotirs rtonansdivine? ingedaRent®| CAMCRocfheryt BIFeRAM] QURM 16031 | SATx247
exhibits u ater_ potency than c)écl osporine I'n he in vitro

to 3-fol 8 ) ncy. .
cal ¢i nedPEHnsR Eﬁ‘%ﬁqgﬁgggb HpdivphehairlEglrganideiMCT) ot Beeepidl, aridethanolds i n
vitro) haee skefegelbtipdapuéNbs i t ohher. exi sting
cycl ospori ne, cgmrrlgound.s.p The g\?ﬁislg%%}&g# E%ygégﬁégﬁgx%hgﬁ?lgoy%@m“ﬂ% Bspori ne
anal ogueSoRARIgeYe B HUED#AS the SnErononcmesticinal ingGdiefts(as thersal solnticd sy, | N
parti cul'dgo préfoblyds (sdaavi ng 50- 55% Z-i somer and 45-50% E-i soner, as an
I mmunosuppressi ve agent (versus cycl osporine A) has been denonstrated in
an in vitro calcineurin activity assay, a rat heart transplant nodel, an
islet cell allotransplantation nouse nodel, a collagen-induced arthritis
model in t he IAsiBsdeveisiof therordas from abput0.05mig cedbostr Y0hng périlopaal of bbdyt he

rabbit. i lc.m.xtures are uivalent to or
nor e potvaegjn?lt ﬁlta(%ygycl %g{)%??en%& ,gnér?g%gt%héavf 3?%?%5‘{%08?@@% gﬂ’etdﬂ\?-? leyedat ment  of
i munor egdsehedily ofisdstnisteation nky vary7depbidinihe pRIQR 032R26 nRklcGAQR/ 01559
There ar ) rnse effects. associated with cycl gsporine A therapy,
i ncl udi ﬁ‘é" wﬁé‘ﬁﬁ?c@%ﬁ?y&dﬁéﬁa ‘{c‘}?%’%?‘?f“ﬁ?ff ap e ascandsgRditian of the,subjeat i sm

par at hedireferr Sg?ianegfrmlaboﬁtﬁrietb[abaaila1ﬁgﬂcg7tﬁy‘&ncﬁfr6xﬁ%6l§|9qt d’oiagcl,lﬁtlogl y 1995) .
O thes r i 6l i ne of th re . serious dose-rel ated adverse
effects %?ge”é%@[}l E%Qisllregerlh}eé y 81%8‘21518% Eme,&‘g%‘?fﬁi 0 AROUF & mefkg/day ipadministerednechani sm
by whi clerallydlich o paticlartppefesred emBbdinBitdbbut (55 Rfbol MNP fdRyRVer . it is

pr opose hat anh increase in the |levels of vasoconstricliVe 'substances in
the ki d%e ‘1‘%%8‘20‘6@ bid

The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. For example, a formulation intended for the oral administration to
humans may contain from 2.5 mg to 2.5 g of active agent compounded with an appropriate
and convenient amount of carrier material which may vary from about 5 to about 95 percent
of the total composition. Unit dosage forms will generally contain between from about 5 mg
to about 500 mg of active ingredient, In a preferred embodiment, individual capsules
containing about 50 mg isomeric mixture are employed for oral administration. In another

preferred embodiment, oral solutions containing about 50 mg/mL isomeric mixture are used
for oral administration,
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the | ocal vasoconstriction of the afferent glonerular arteriﬂlm dz@ S can
n

resul t m«l(?ﬁ:{)@% a decrease in glonerular filtration rate, a ver the
it

| ong term ial fibrosis. The nonclinical safety ofCTEARYOUP has
been eval uat eq; | r.qf ani mal eci.es. Repeated-dose oral toxicity
studies in ragi %?ﬂg%g@?g%%ad’g]ro iwﬁﬁetrgtg‘atstﬁgwgﬁﬁf Aose 1?‘%ﬁ%<2@’7p%‘§ﬂaf patient

vel | - t ol ewilkdsgendrpopr vatintg df fébadhdudihgihe WaTvey 6PMe spéctit cofgolind

i munosup. 110, Th nly toxicological effect noted inall species was
di arr hea/ &o@éfeedf tjielec et g?%A‘\‘é%‘HVge&Sr@ﬂ‘%g{" SeX% ek timeRfrdmisteatign rpute of as
denonst r atdeunistrmtion, raietof exdzetiingdiug ombia¥ehead MenaurddhdaBek ) Bﬂﬂ%; one
aberratig}g I n vivo rat mcronucl eus assay.

ssays, and in.an i
car ci-nog alrt?ciufa{,)ilg?adapre%o OB "BEEReiRgBpieBY ed t o date. Reproductive toxicity
studies with | SArx247 have been conpleted in pregnant rats and rabbits.

There wer o, . treatnent-related nmal formati ons or alterations. At doses

that resufek ! mat ernal toxicity, corresponding enbryotoxicity was

observed. EXANPLES I%.xa le 1. Acetylation of C closporine A Acetic
anhydride (14099 |°V‘EI8§P§51"%\%§W§H¥P@@ qless of/vicie polypaptides(iBodwedypyaths, 41. 6

mi | 1§ ol efedgus MelybSBadiint influfurP &, indkad er A N2

at rmspherﬁ?_%ﬁt' Iypa,l | of r?%e’ %/éf g%ﬂ%%?@%%@%&@&%@&w&” d%el\lo

Di met hy| dATHEBYTERHRlsEeets op Tpellanedinteduryctions Cydipepbrinn detivativestmaebdean stirred
at room topeaReddab WveBrsiNIBhibA i r.unti] the reaction
was conpl ete. The  eact i_oln rhméltug%e %gﬂgglgpg%y%%%g@cglﬁ yfflt’lllgﬂlp}ﬂ(?cp"?%ra%d. The
col | ect edvelisasinhikit mphokipespredudtion Andwusleaste This adiion/ie pofmbriydoédidtedtatougtcet i ¢
anhydr i dewycidRrihe R Whdu-09; i owWy transferred to a

o gor ousl SR e RHIALCDDRARIh of S PR SRl SBRR B o - v 2006
WO 03/ 033528larcyf chlo 13ty and Coablrie, d690). Allelicaes ol tengficadg BENSI ON Was

stirred | ) I : obt ai ned the .evolution of CO2 had
ceased. %ngéggﬁ%é rag\/ae ?%CH%%¥?§$ g 8“@"? Pre %&ﬂfydﬂ inhibyt (e phesahatse Acty e r

until thef ﬁalﬁnmemachlcieemm' ihhipition Zisay Eleishfcés ﬂrﬁcaduﬁtydm ok aqtsis{ie@ﬁ vacuum
oven overpi D 1 | ve 44. 59 . of the product as a colorl ess

sol i d. Efgﬁr?g’r %“dzfgs S?S%’ B Fﬁwsto%“w%@m@ B &iipisment okéha rotaney o e (320nL)
and wat ecy{épmiine Avenadoguds Fluthan &cet yWo2fycl osporin A (42.97g, 34.54mmol)

and the m xture stirred until all of the material was di ssol ved. Sodi um
peri odate '

ISATx247 is a cyclosporine A analogue that is similar to cyclosporine A, except for a
novel modification of a functional group on the amino acid 1 residue of the molecule. We

have now found that IS Arx247 exhibits up to 3-fold greater potency than cyclosporine A in
the in vitro calcineurin inhibition assay.

Pharmacodynamic studies (in vivo and in vitro) have shown that ISA1x247 has more

potency than other existing cyclosporine compounds. The efficacy of isomeric mixtures of

- cyclosporine analogues ranging from about 10:90 to about 90:10 (trans- to cis-), in particular
ISATx247 having 50-55% Z-isomer and 45-50% E-isomer, as an immunosuppressive agent
(versus cyclosporine A) has been demonstrated in an in vitro calcineurin activity assay, a rat
heart transplant model, an islet cell allotransplantation mouse model, a collagen-induced
arthritis model in the mouse, and/or an antigen-induced arthritis model in the rabbit. The data
show that these isomeric mixtures are equivalent to or more potent than cyclosporine A, and
therefore useful for the treatment of immunoregulatory disorders.
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(14.77g, 69.08mmovl) was added, followed by the addition of ﬁwm
chloride h drate (0.358¢g, 1. 73mm|) and then the reaction_s d room
t enper at uMO PEB386ours under a N2~ at nosphere. Vater (300RETCARYSHed and
the m xture transferred to a separatory funnel. The m xture was extracted
twice with ethyl acetate (300nL and then 250 nlL). The dark bl ack ethyl

acetate extra%lfkl wer e conb&aed aeﬁf] washed le LP ‘:‘iOrrL wat er fol| owed by
250nL brine &1 SFCRIRSTONS SRYRT SO IERI 25oriatd Hith S¥closparing 4 destanyniaclogiag sol vent
evapor at arépmbmxgity,elepacgmmny,&hm&dcagknesi@I Hifdutishd) arathesls and @RRAl Was

chromat o %BE‘ ver iC % 40% acet one/ 60% héxane as el uent to
give t hegrB'P gip tQ Bagpey agllew 1%1%’ Sor Pbesestephiptoxisityipene of thepp@par at i on
of Acet ylseti&h; doéézﬁﬁtdd)adbﬂsé;éffdétsg‘eﬁﬁf@tﬂcﬁﬂcﬁfoswdng@: addGRisiaticky ThosR i n A
al dehydedﬁoall rﬁ H‘g g4mmll%ﬁwa added to 340nL toluene and the m xture
stirred URTPOIETRLY Whichcyclpsupeue §§ﬁbﬂ|eéfeéfﬂymawwt\}@awn THowReerriki§ul t i ng

sol uti on pryysedEstad n?cil&@é.nﬁﬁe ibvél@ Bﬂﬁdsoc%ﬁéftﬁ&% séwé@dneéé‘xﬂ Q% ef Feads'3®

resultln rrllgxture was._ stirred orousgly hen al l'y
t ri pheny PHOSHasconsitisHenPEGe fo?thZHijeI ar @@WF)THEMGSUMB ischesgietai on was

stirred fQEredd WSl fﬂ@mhtramﬁa abet i 1W€&e§gﬂétdb9 gl allyl

tri phenyl phosphoni um brom de (16. 649 Stirring
continued for a further 24 hours The m xture was transferred to a
separatory funnel and the toluene phase separated. The aqueous phase was
extract ed wi t Fhapongtinical;safes of I8Ami243 hasthsbnievalnatetttima nuvobertod knisakspevits: act s

S VS T b oA R R U

sat urated agueous sodi um orli on e sol u (o] Y%d over
MySO4,  fwelllttelerated aad graduecd effeats it wemponsitted with imineosappressiony IThe onlg gel .

This nat g acetate and stirred until a
fine sl u?r)i;@éfl%%?&%d&écﬁg&g&imvg(]@B%%s)%yv;@ﬂé&hF%\ﬂof fe‘é‘lcfded with rapid stirring.
The stirring was continued for 30 mnutes and then the resulting
suspension was filtered and the collected solids washed with 160nL of 5:1

hexane/ et hyl ISAMBTOREOBATRBib mutddeivic 20Dty aPI@RRRLDLER Yirrcmtbetid. The
conbi ned oncentra ed on a rota evaporator to a viscous
sem - solr%dgkste']xﬁﬁﬁwﬁﬁ?%&frgpome PFEBIH ﬁnc{fér?‘ﬂ LYQ Fat BEIPICleuS nd st rred
until a fabsap Nbaarciogumicityahidis hek. belsiewﬁii;ﬁetécﬂtzﬁaie) Répodadthokiagded with
rapid sti {udleg %ﬂh ﬁATxﬁjl’;]gav%eencgo%ﬂlqucF in pregnant rats and rabbits. There were no
treatment-related malformations or alterations. At doses that resulted in maternal toxicity,

corresponding embryotoxicity was observed.

EXAMPLES

Example 1: Acetylation of Cyclosporine A
Acetic anhydride (140 milliliters) was added to Cyclosporin A (50.0 grams, 41.6

millimoles) and the mixture stirred at room temperature under a N, atmosphere until all of the
Cyclosporin A has dissolved. Dimethylaminopyridine (7.62g, 62.4mmol) was added and the
reaction stirred at room temperature under a N; atmosphere for 3 hours or until the reaction
was complete. The reaction mixture was cooled to 5°C and then filtered. The collected
solids were washed with hexane to drive off additional acetic anhydride. The resulting pasty

solid was slowly transferred to a vigorously stirred 5% aqueous sodium bicarbonate solution
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30 mnutes and then the resulting suspension was fil tereﬂ a]gp_llI mi |l ected
solids waghed ~with 100nL of 5:1 hexane/ethyl acetate. The fifl fat®® was
concentrat‘%‘goﬂ??%%r otary evaporator to give a pale yell OV\/PQMC}AQ.Z/L)/*PE% crude
r oduct hr.omat ogr.aphed over silica gel using 40% acetone b hexane
gs el uenwrs’dﬁedf)vg%? “IBF%WB?”S’PM‘.’E'GQB‘TC tiba fen YHrewes hspined andithe pre- f or ned
yl i de gensblationsf @Mchat @etd.OThe salid R&E B61RcRH bl Filtfatiod BndPwadhkd WRE w?tzég pﬁf )s i on
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bei ng XO&HBﬁE‘P gy@t%agm%“aéah‘e&ma sQlis} m?él@hwaﬁrcgﬁésua vacRUmSvemenedtightur an (2?
M, 20 MES°C) do SEAL.0H BIB) bf thSplokildtaAda VASIGEWHanued at this tenperature for
30 m nutes a?]d lei so(l’gh(t i 0?1 of§EiOBr i naTHEr (10 m., 10 nmmol, 1 M sol ution)
was added. The reaction m xture was then stirred for 30 mnutes and a

sol uti on ExhmBRet V0xiH6n 8 BeBNdEokfEd3pt 1 4 MDI) in THE (10 ni) was added
t hrough a cannula. ter strrring tor m nutes at room tenperature, the

> . i LoD (a2 .
Vor kup ai.g éL%ﬁéﬁ%ﬁi@éﬁ%&%ﬁ%@@g?ﬂ%ﬁﬁEﬁde%%f%?é%“’%%ﬁ?%z@%% a

col or | es$496mmel) 304 _ A emid!: allpyf disemateriab ae dissobadix Samummeﬁqidggd nEATx 247
(14. 69, 14 PRIERDAmIES wil SERLUEH @éﬁg%dgﬁkfgﬁ%?n%aggn%%?xate

dei oni zed water added. Potassium car Was fadded
and the @332l d3mmol) aedithgn thegenstivr stpradat toom téroper@retfor mBodmurmar aNg i | 2t gre”_
reacti on grp{wg h was. evaporated a t hen 5_

et hyl acgpg‘fsgﬁé\%/a's at@c?gggb@mi§ Wag%‘}d%??‘h‘g% Kl%( q%s%a%%“c}&eéﬂgaé?l’taﬁt@y HP8 sol uti on
(120nL) Ve mikturel was gsithstbdamitetwidretyh ecestth(B00aL ahdithen PSEAE). FepRfat ed. The

aqueous t ed with an,additjonal 0 ortion of ethyl
20uSous IRREulARCRLLARY ETlntchlnt SO by AR BEL Bl S i o1
150nL déﬁ@anbﬂde.Mhmrgarﬁﬁﬁmmﬁth%salmneﬁuﬂ owdr gag_soéaﬁd dxe%@l\}ggﬁ&%_?ﬁa'%a tlﬁolnt
t ted agueous . sodi.um.chlori de and then dried over e ethy

de'g 21? e \(/?\O/agl %65’68?‘%{1'@8“&88 léi @ge%{u %?r89“°§/?§ﬁfl Pprazipgrephed gucrsilicagelsidauct was
chr omat 0g0%pkedne60 hexiahd Sel@Rt tolsivd e AoUbct VL0687 PA% NEtRAG RS €l uent to
gi ve | SATx247 (10.51g, 75% as a colorless solid. |SATx247 contains 45-50%
E-i soner and 50-55% Z-i somer. 49 WD 03/033526 1 7 MAY 2006 PCT/ CA02/ 01559

Example 3. Preparation of Acetyl ISATv247

i) In situ generation of ylide:

Acetyl Cyclosporin A aldehyde (31.84g, 25.84mmol) was added to 340mL toluene
and the mixture stirred until the material was completely dissolved. To the resulting solution
was added 340mL of 1 normal aqueous sodium hydroxide. The resulting mixture was stirred
vigorously and then allyl triphenylphosphonium bromide (58.22g, 151.90mmol) added. The
reaction was stirred for 24 hours at room temperature and then additional allyl
triphenylphosphonium bromide (16.64g, 43.42mmol) added and stirring continued for a
further 24 hours. The mixture was transferred to a separatory funnel and the toluene phase
separated. The aqueous phase was extracted with an additional 200mL of toluene. The two
toluene extracts were combined and washed sequentially with 200mL deionized water and
200mL saturated aqueous sodium chloride solution. The solution was dried over MgSOq,
filtered, and the toluene evaporated to give a very viscous gel. This material was treated with
142mL of ethyl acetate and stirred until a fine slurry formed. Hexane (570mL) was slowly
added with rapid stirring. The stirring was continued for 30 minutes and then the resulting
suspension was filtered and the collected solids washed with 160mL of 5:1 hexane/ethyl
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The products in Exanples 1-4 were characterized by nass spect7rom=3t2r[ﬁ/6 and/ or
nucl ear esonance spectroscopy. Exanple 5: Prepar atli oA

maggnet lc I
Acet yl - n- BYQR¥¥e4%sporin A Acetyl Cyciosporin A (41.48 g, PEYCARSHY

prepared as in Exanple 1, N brorrosuc‘%%irrride 10.3%} 58. 4mmmol ). and
azo- bi s-3cstatutipe sampingd fltate waggonagnisat rqfasy gvapghe g&‘? YEFPRITBonL of

carbon %ﬁ&iﬁ?ﬁﬂis Wil FRrdal WiBSISNiLL Syl Abethty bRl el eskiltaOfineaiuntpwdsor 2. 5
hour s. e m xture was cool ed and the sol vent.evapéytr ated. The Hrlé?ﬂ)ﬂue was
bl e

treated ohteined Fixane @Ramb)wasslovdy added with rapid slifripg SUIRBE Wag ¢Rotip

mat eri al s iGEMETtckedl ahd theicbiectdaalidsnadsaed and 150nL
bri ne, t%%%;“gﬁsghag@g&eﬁ%gwggﬁgﬁggsﬁl fate and at he csoI vent evaporated. The
crude nawihila0mixess:d hexanecbyl acplated Tha filfitaty wes qgReen{RtpH on AEUIY FXINENAne (2: 3)
to give 28.07 : i ARG AR PEveR sifigh b \sing! | d.
Exanpl e é::glgg?%%age?get{?og%{)%c? re?léﬁﬁ%rﬁ)%p os%slhoni urtn%lrpg?n de gfl A(%et ;ll d

Cycl 0spodd% adetonkdfiy hexgnemschmolo@siedhd product 18.08g)ps azologlgsasolid-and

tri phenyl phosphine (7.55g, 28.8mvpl) were dissolved in 210nL of toluene and
the resulting solution heated to 100C for 21 hours. The solution was

cool ed and the tol uene121‘1%&8;1@%%;@6;%&&?6%%1&}6 ioflih Yreser@br IS8k d  vas

treated with 250nL of fl'u' xane m xed thoroughly and the sol vent
decanted of f. Thi 535 Bty 618 bhddRRS (W67 41 20 BAdy @t her . The
resi due was t"ﬁ%?‘nsnrgeldgséb v%cc?f' I'n w&gﬁlﬁﬁféglgﬁe}t at eland( pr e%i pi tat)ed W th
220nL  heTsPa20 &g béiag coolddrig 03 6] wak addedsa sdietionod KOBut indetiahydiofursne®0on to gi ve

22.59 (669 of triphenyl phosphani um brom de, of = acet.yl sporin, A as a
t an- col oftd 28 gymael, 1 WSK‘BB%)' 7é.)mW$ WP@C%B&‘tegiabﬁ“S‘fﬂBP?? | rﬁhfé#;/q 'g 10 g’% ﬁlgdni um

]?r om ldg gfsﬁﬁﬁ% wZIéiﬁ{?llm&g@O i"fL’@%’%’rﬂL I D6nioN) Yas added. Gimjeﬁetimf mBTfde

or mal dehyde . and tol uene (: wer tirce [ at..room

t enper at s thepgiirxt for Abminyies AR ?Bl’&'%ﬂ%‘ czééceéylﬁ:ﬁié%cﬁeh/ﬁgeo@'ag?ﬂm)smadded

dr opwi se gt fLl) Wab Klle§ GROUAURHNA L. Rfté sBRitg For [Bh@nieastrb@n M xture was
diluted with ethyl acetate OmL) and water (10nL). The et cetate

. et hyl
phase waterspepaivrat theireactionmeintuseysctienched yithisgtpratzgd NERCl Q%tf&n)@iw& ‘brine
(1ont), | V ({ﬁ?agég?-' i NEDLT VARrRkEMlidThe  crude
mat eri al %vv%rsg%ﬁ}dggnhﬁ 0g a@ﬁggh gmgvéﬁﬁﬁlggéaggf@%eﬁﬁé a@etone/ hexrane (12: 3) to
gi ve 70ng3.5£)38% of a m xture of (E) and (Z2)-isoners of acetyl |SATx247 as
a colorless solid. 50 11 MAY 2006

Example 4; Preparation of ISA1x247

Acetyl ISATx247 (14.6g, 11.62mmol) was dissolved in 340mL of methanol and then
135mL deionized water added. Potassium carbonate (13.36g, 96.66mmol) was added and the
mixture stirred at room temperature for 24 to 48 hours until the reaction was complete. Most
of the methanol was evaporated and then 250mL ethyl acetate was added with stirring. A
10% aqueous citric acid solution (120mL) was slowly added and then the ethy] acetate phase
separated. The aqueous phase was extracted with an additional 200mL portion of ethyl
acetate. The combined ethyl acetate extracts were washed sequentially with 150mL
deionized water, 100mL 10% aqueous citric acid solution and 150mL saturated aqueous
sodium chloride and then dried over MgSO,. The ethyl acetate was evaporated to give a pale
yellow solid. The crude product was chromatographed over silica gel using 40%
acetone/60% hexane as eluent to give ISATx247 (10.51g, 75%) as a colorless solid.
ISATx247 contains 45-50% E-isomer and 50-55% Z-isomer.
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WO 03/ 033526 PCT/ CA02/ 01559 Exanple 8: De-acetylation of th VW
React i on E{,‘ggﬂﬁ%ﬁﬂghe m xture of isonmers from Exanple 7 (70!’%.7 .@Enum)l)
vvasbdl ssol met hanol (5mL) and then water (1nl) addeBCTEAPHYS UM
carbonate (7 s added an the yeaction stirred at roog enperature
for 19 hourswm “‘td]g?@ ﬂ'ad'n% T® {fsac V&B@P%\{né%f Sp%f’r‘irﬁmfgﬂfmé{’rhyl acet at e
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ethyl acetate phase was separated and the aqueous phase extracted with an
additional [10On of ethyl acetate. The conbined ethyl acetate extracts were
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Exanpl ?Sdiésbﬁlemrﬁomac{f%%tbgﬁ teﬁggﬂ&é?rm& e SRR RNE MBhfoheadREtPlrlufe hBar
magneti c resonance spectronetry. anple 9: PreEaratlon of the Geonetri cal
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al dehy de,chisnahsdare (93)16 &8 28 51 E65% bbidtyl WbidibdyRsseinvesd gtllow solidie desi r ed
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the creation of new chiral centers is not determ ned at this stage due to
removal f, A HEGepesithEdiSorAipRedy BhSiphofiaGomlde of AeslyLCREospaed that the
relativ Stry o e two cenfers 1n the - trinmethylsilyl

al cohol Ts anfieX -b@&ﬁsg(gqépéﬂm m.@szggﬁc.éyﬁbg 0% @ferybhdifideq7 55 trans

double bondin-the tra trinmet hyl oronat e precursor.

Base- pr o2fo8mmoR wend dissolved if{ MOl df ¢dluerie and the rasoitis soltition heatedwe MG fory |

al cohol _furnished a,.conmpositi I | tryd..- - 1.3 dL.en ile
aci d- pr o%#%'&s' e erﬁoﬁg?? ‘gﬁs coé’é:\c}gg%ﬁ]g (%Jr)rl%%gl%tv %ﬂgﬁﬁée?f r?ﬂg ﬁée%)tlln% oﬁy,%ﬁ{‘goﬁﬁh
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the (2) gf?.dTﬁilsz Ec;cgs%r&rears ?‘ep%];tc&' ?’rb‘n-g)r(eztlilrzés vrllﬁxsf%%tﬂ éfﬁe!ry Thc?l:lesidue was then

dissolved in 50mL ethyl acetate and precipitated with 220mL hexane. The resulting solid

was then collected by filtration to give 22.5g (66%) of triphenylphosphonium bromide of

acetyl cyclosporin A as a tan-colored solid.

Example 7: Wittig Reaction

The triphenylphosphonium bromide of acetyl cyclosporin (100mg, 0.06mmol), an
excess of 37% formaldehyde (0.25mL) and toluene (2mL) were stirred rapidly at room
temperature. Aqueous sodium hydroxide as a IN solution (2mL) was added dropwise and
stirring continued for 3.5 hours. The reaction mixture was diluted with ethyl acetate (20mL)
and water (10mL). The ethyl acetate phase was separated, washed sequentially with water
(10mL) and brine (10mL), dried over magnesium sulfate and the solvent evaporated. The
crude material was chromatographed on silica gel with acetone/hexane (2:3) to give 70mg

(88%) of a mixture of (E) and (Z)-isomers of acetyl ISATx247 as a colorless solid.
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1 7 MAY 2006 WD 03/033526 PCT/ CA02/ 01559 An alternate appr ﬁ“t I enes
utilizes the allyl phosphoranes. Metalation of allyldiphen \OE osphi ne and
t hen tran%?ﬂ?sﬁé%n with Ti(OPr')4 gives the titanium i n¥€ /Féﬁf/%ﬁé?
Allyltitanation followed by stereospecific elimnation would generate a
conposition enriched in the (Z)-diene. On the other hand, when

al | yl di phiga hdveylSridnde dieSWatiPRER6Pioaua® Si M | ar  sequence (FIG 8),
the E-i soﬁ%ﬁmm i) Allylboration of-Acetyl
CsA-CHO The (B} miixtirei oTedomerstrbn Exdmplé @ - B.0566005f GadBSoRELRAT €d i N
accor dance twi tg nﬁ;ev%%uslvy r?ﬁ&r’te met hods (|l keda et al., 1987). To a
stirred sBTTRRCLI™HY apgihen waer (Tl yadded: |Potassiurp pesbanaie G5me) wasadded md2 g,

0. 832 mmuthg rebdriohSEréBatiFbom atit £6rQ9 BBurdeMos e IROman Sty Lva%{;&ﬁt@ rin A

al dehyderélé.gl%g ﬁ’d 0.832 mmol). The reaction mxture was nonitored by high
per f or marf8 1Pl 6! fastaghadded fthe jesidus Bllewedibnl Omle ot 0% aqeassajriandd. st rred

for a totpge T 4R | ' . 3. mol ) was
added and gg?r ri %é@%hgﬁ? ?%%dparf-{%g Q%& ?t%'ﬁg‘%q%g% %gaé)t?d %ﬁgé‘gé‘?“%“f’ﬁg

0-t ri met Wm&iaf ghhyhicetatin | Theeombined ethilcacetaly epacts werawasiedsoquentiallgiwithca gel
col um. 1 . > pon..of KH (3.5, , 26.4
ol 3000 ey el 3?%53‘3}‘%%E‘%EL%&&%OW“%%ﬁé}%rreod&gmﬁ8&65 oS

anhydr ougtifstandievigpqratjpasthe el went.( Bhet aridemettérial whs ghromhtogdaphed(oh Gilicwgel 7. 4

m cronol g) i f 10 mn. The reaction mxture
s di 1 ut nreloRET oD SEREAERAD bt S Pl an AeRlotlenr e RSO ot e
NaHCOB s @bent 6% E-somesand dbout 157y ZisgmeNa2SO4) and sol vent renoval furni shed
the enriched (Z)-acetyl-1,3-diene. M5 (ES) mz 1294.8 (M+ K). ii)

Al lyltitanation of Acetyl CsA-CHO To a stirred and cooled (-78 C) solution
of allyl di phenyl phosphine (0.54 g, 2.4 mmol) in anhydrous THE (8 nL) was
added t - BulLi TK@ predyets inExampltes15:8 werd cidrmteriatd pnmadsspecpeikay &d/or The

brick-re ' stirred for 15 min at this tenperature and
BB BGAD R5i

then at ¥ien cool ed again to -78 C and added
Ti(OP64 (0.71 nL, 2.4 52 1 7 MAY 2006 WD 03/033526 PCT/ CA02/ 01559

Example 9: Preparation of the Geometrical Isomers of ISATx247

The cis- and trans-isomers of ISATx247 may be independently synthesized using the
following reaction scheme. The sequence involves known metalation of allyltrimethylsilane,
the electrophilic capture by a trimethylborate, followed by the hydrolysis and then
transesterification to generate the intermediate trans-(trimethylsilyl)allylboronate ester.
Allylboration of cyclosporine aldehyde furnished a boron intermediate, which is converted to
the desired B-trimethylsilyl alcohol, by sequestration. The diastereoselectivity in the creation
of new chiral centers is not determined at this stage due to removal of these centers at a later
stage. It should be noted that the relative stereochemistry of the two centers in the B-
trimethylsilyl alcohol is anti in agreement with expectations and is due to the frans double

bond in the trans-(trimethylsilyl) boronate precursor.

Base-promoted elimination (Hudrlick et al., 1975) of B-trimethylsilyl alcohol
furnished a composition enriched in acetyl-(Z)-1,3-diene while acid-promoted elimination
gave a composition enriched in acetyl-(E)-1,3-diene. Deprotection leads to the respective

diene alcohols, the (Z) and (B)-isomers of ISAx247, respectively.
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mol ). The brown col ored solution was stirred at this tenpqra v epfeor 15
m nutes and then a solution of acetyl CsA-CHO (2.5 g, 2 nunol) in THE (10
m) was adW@&HHP¥ugh a cannula. The pal e-yel | ow col ored EEFEAOYAIS RS
stirred for a further period of 30 mnutes and then warned to room
tenperature overnight. To the reaction m xture was added Mel (0.15 nm, 2.4

nmml) at 00 C, Stirring was, coptinued for at. this tenperature and then
at room tenpé’?"aaglﬁl:n@{efag’}’m?g}ht.o C{l]‘ﬂ'gs P@&Eﬁ@%ﬁl}w%&‘méa%s%%ﬂ%ofi nto ice-cold
1% HCL ( 1491dighenylfisphifclatRintien kraikmbtaldiion With TROPLY cWet the Hidafim (3 x 50 nl) .
The conbi ned ofgani ¢ .extract was , washed with water (2 x 25 nL) and brine
(25 n). ‘R@%?p:’aﬁ e. il Biepatinn fgUreed by sisrqosrrcis clipinafian #quiggenessie drmt ogr aphed
over a COdokipBsifidn &irich€PinIed (.Z)Ja;e;ﬂgj on with 1:3 acetone-hexanes m xture
furnished the (Z)-enriched 1 soner of acetyl |SATx247. Deprotection as in
Exampl e 4 gave (Z)-enriched isonmer of |SATX247 (Z/E ratio, 75:25). Exanple
10: Preparation of an (E)-enriched M xture of | SATx247 |Isoners To a

sol ution of alOnthelbpBeiayd phigspiAehenighesthidERld: i9fBiected to a similar .
hexamnet hylﬁ)hofsﬁ?,& émtﬂe (,2m*rnl_%1 in tetrahydrofuran (5nm) at -78C was added
n- butyl | 84" ? ' e Erisorperitpredgminantly (TR%85petatgds stirred at - 78C for 30
m nutes. A solution of acetyl cyclosporin A aldehyde (0.8mml) in
tetrahydrofuran (7nL) was added and the reaction m xture allowed to

gradual |y warmto Pdditossfisachtgel GdCHRen stirred for 18 hours. The

m xture was pqured into ice-cold IN hydrochloric acid (50n-1L) and then
extract ed i nt digty-trimeeshydsilyl-1-prepens-Fhpronate wes pieparofhin ageerdande with h wat er

dried ov %reﬁd@%ﬁ@ﬁrté%%ﬂ&d@tlﬁe&{w ok N8 BOIYGRLin&Y %ﬁ’%gg?? ﬁﬁe))-(l-l-_h e residue was

chronat ographed over silica gel using 25% acetone anes as eluent to
gi ve a mbimpthylsiyl-lprepque)3-bovenate(0.2 g 6§82 mumefl) in TTER @ ImIl)SATorditiogeReaoval  of

t he acet i [ i . gav.e_ an

(E)-enri gatﬁge(?p‘{ ﬁl%fgirldelg%? fo(i ﬁgﬁ) ?%gqeggj)gé F,E(Ff)@ng r@ﬁé?ﬁ%%a%ﬁg I%lﬁténcet“fagscopy

i ndi cat ednenigred bhidighpeformancediguid olrpmategraplyf (CAH86lwhn trveerdePhasnehd25% of t he
Sehi ossert 2o i EEHTE0s Y favs, B ORRR P06 T fp Bl yed@Spgcy ' T,
st r5 red lestiding(nprlhl_tjiénieﬂz go'l‘a f(ﬁ)the%cpbzﬁ%dddfg d@yséarilbﬂ%mn?@m%ywbhgﬁ?bﬁ%aFet (1.21
g, o in. ed n-Buli , , 2. sol ution.
in hexa Wﬁ*ﬁ@g’%ﬁﬁ%k%m@mmg@sw éﬁ?-?ﬂ@d*?‘{bur;r-o 40 mnutes at -78 C.
A solution of acetyl GCsA-CHO (1.25 g, 1.02 nmmol) in THE (12 nL) was then
added through a cannula during 15 mnutes. The reaction m xture was

stirred at rogmt enper at f 2 rs. Workup and chromatography as
above gave ac ?9IS“‘°1T’EWBPZ¥7I8(I ﬁf%mrga?q?‘g’,"mﬁb3% npgerphgihgisrersion washed)with
anhydrous hexanes) in anhydrous THF (1 mL) was added f-trimethylsilyl alcohol (10 mg,

7.4 micromole) and stirred at room temperature for 10 min. The reaction mixture was diluted
with diethyl ether (10 mL) and then washed with saturated NaHCOj3 solution (2 x 5 mL).
Drying (Na;SOq4) and solvent removal furnished the enriched (Z)-acetyl-1,3-diene. MS (ES)
m/z 1294.8 M + K.

ii) Allyltitanation of Acetyl CsA-CHO:

To a stirred and cooled (~78° C) solution of allyldiphenylphosphine (0.54 g 24
mmol) in anhydrous THF (8 mL) was added t-BuLi (1.42 mL, 2.4 mmol, 1.7 M solution. in
pentane). The brick-red colored solution was stirred for 15 min at this temperature and then

at 0° C for 30 min. It was then cooled again to —78° C and added Ti(OPr’)4 (0.71 mL, 2.4
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Benzoyl - Prot ect ed Cycl osporin A Cyclosporin A (6.01g, 5mol
4- di met hy YPHBPI96 di ne (305ny, 2.5mol) were dissol ved i RCHFAOHPISES (5nL) .

naurs. at 080t TR e BRSh YE AR Empessns o s roycxtnd dhee

(305ny, 2 selotiad of amﬂeCa’dd:Hd) (amdg StmrhdSlD mgrfm (161G vee RHddAURG LS cARQL her 24
hour s. 0| q é % was adgﬁg and the reaction
stirred fo %eé{ggo"{?%?f&& %tl%‘g?ss“mc 52 ftier PEsiod of 29 minuiesaad theen pour ed

sl owl y i ntwarmed teroosk tefupstaturé bVgnightl 6 iR irdadhi@Omix#E Was Rffel Mid d’ ate was
filtered qff an]g washed with water. The col | ected cake was Issolved in a

mi ni mum vetirEoRpt (ks HetiTeRe Hﬁﬁc%&ﬂw forol lattiysgemperature and t!lesaﬂrumm on and

stirred f @émﬂeré&%' Yor 2-Ehel‘tﬁrr§2&h tﬁg \-QE Pﬂh‘&# m}')ﬂ@e— Qhh %Cﬁﬁf’g&{{ H’;‘k .b}eat I on

and washed with water until e reac t he
wat er, Thequssns layeoyap egtpﬁ@teﬂrwwh Et@m_cd&t& 60vdg3. Thi ¢cmdnmetd othnﬁ amdamvacuum to

ive a co =| |on | sil
gt her - Pr o{“;eaiﬂteggﬁth%%llt%g%ér%gﬂﬂea &(%P (ng}a"ﬁl g\‘f‘%v veg?ﬁ%' W‘gsol ved
in dry pyMhighias clgemptograghedever Dmlﬁhm @ﬂ@li’axggpl IEmﬁ)dn)wm?f 3adéi&ii—hﬁﬂlﬂs r F?ct i ?n
m xture | rifl uorone anesu onat e
(3. 6rmol ;"’ﬁgﬁg&gﬁrﬁggéﬁhgéﬁ e?lﬁghér%qx LUt 8% éwgﬁ%f% d li%’r‘vi%ﬁ“ﬁ{l gbin Exagple 4
t enper at ug&edAtensiched isenanof ISAgRH7 (ZBeativgzsc2s)on ni xture was then poured
slowy into water with stirring. The precipitated triethylsilyl ether was
filtered off and washed with water. The coll ected cake was dissolved in a

m ni mum v e 10: drativml of an iehkdtMixtire SABAIEMT Isciferdd SOl ution and
stirred for 30 minutes. The precipitated product was colTected by
filtration andTwwmh&hbn\Mhlhyld@hﬁrylphﬂﬁﬂhinefohﬂe phhab) bl filtrate reached that

f th splid. et hyl,si | et her was dried at 50' C under vacuum
1(:) o gi Sewghcgfn Og];?l?g%spg%rﬂnajte (brf‘ﬂo )dg, WF@W‘}/@’&H&‘: t7§r§(t: Wt?éu@@qeéiﬂnet hyl si |yl
pr ot ect i nbutglithiyms (lvendl, @l teRares). e waRdrevas sfirddd AVge@ f@ﬂ”Bo%‘ﬁthJ
procedure mrunozaegger essive Activijy Using th ci neurin

| nhi bi ti 0%01'%88539&9'?%@?@8?6 hy g0 @FF‘PQ‘)&EW@ Y@?@F@s@@” wes sldet a
cycl ospor antehdyeatioh vieikfuptealiofvell tSgradfally whivn Eo(}oblﬂ rﬂérgde}atﬁxja an® 325 BHAL3SE

activity ofy &l QUM e S G e l?ydlrochlonc acid (S0mL) and then
extracted into ethyl acetate. The organic extract was washed with water, dried over
magnesium sulfate and the solvent evaporated. The residue was chromatographed over silica
gel using 25% acetone/75% hexanes as eluent to give a mixture of the (E) and (Z)-isomers of
acetyl ISATx247. Removal of the acetate protecting group as described in Example 4 gave an
(E)-enriched mixture of the ISArx247 isomers. Proton nmr spectroscopy indicated that the
mixture was comprised of 75% of the (E) and 25% of the (Z)-isomer of ISATx247. This
reaction was also carried out according to Schlosser’s modification (R. Liu, M. Schlosser,
Synlett, 1996, 1195). To a stirred and cooled (~78° C) solution of allyldiphenylphosphine
oxide (1.21 g, 5 mmol) in THF (20 mL) was added n-BuLi (2 mL, 5 mmol, 2.5 M solution. in
hexanes). The red-colored solution was stirred for 40 minutes at ~78° C. A solution of acetyl
CsA-CHO (1.25 g, 1.02 mmol) in THF (12 mL) was then added through a cannula during 15
minutes. The reaction mixture was stirred at room temperature for 2 hours. Workup and

chromatography as above gave acetyl ISATx247 (Z:E ratio, 40:60 by 'H NMR analysis).
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measures the activity of the drug at its site of action and ayAyusds i s t he
di rect mwé‘b; assessnent of the potency of cyclosporine A anal ogues
(Fruman etV@&p/%33%92) 54 1 7 MAY 2006 WD 03/ 033526 PCT/ CREB/IAIHBEhe

i Munosup resswe act|V|t Tx247 4 50%f E-i soner and 50-55% of Z-
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cycl osporaigg2 Bﬁl%xoh)%ﬁ‘é?e AR SAESrHA RS0 O Gotiabed foe biidtier Q& Npurs.i Bérizbict i on
assay. The structure and isoneric caonposition of thes a,nallﬁgges is set

forth i n aniydgide €.852, 3-Bmmpl)gyas @ddes and the rerclippsiisted Sor anjaqditiopsl 2488 Rds to t he

t t I t hod
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t
denot es déwtoeptmne%ibm@mm wwﬁg;'r'e% g& and wyshedhwithiwelgs dTherolleptedealie Was Exanpl es
1-4. 14- % @%@@%ﬁmﬂ&ﬂ}ﬂ&m@ of %%1?042\11@5&39&%%@(}% cﬁrtb%cﬁ%o'ﬂﬁi@n aflescribed in

Exanpl es oneric mxtures are as shown in t eflgure The
resul ts ofintdics 1aswaThe presipithiad prddactiwaicaliccied by fitratian endwatheh wihogishat ase

A LVTLY b B3R e SRR e RAT A B Ul RSN BBbulo R nifoobEt (20

det er ni nét to C os orine ure CsA denot es
Cycl ospordri&éatﬁso°Csmdgtehc141nd@rgﬂeascol¢r&$ﬁ@éﬁd-? pr oduced by t he rret hod
described in Exanples 1-4. Isocyclo5 corresponds to I5- M of Figure 12.

| socycl 04-d4 corresponds to 14-D4 of Figure 12. Isocycl 05-d5 corresponds
to 15-D5 151114AD2 of Figure 12.

| socycl 04 T2 ocycl 05-n2 corresponds

to | 5- I\/BofF ure12 parife Rat
Heart Transpl f’l SHBA %Beﬁ?rpé&g g%‘usoféi%p%ﬁé%%% @%E%)\é*ld +sorrer and
50- 55% of(1Z2rhg Qo)) was aﬁdﬁ/@mre@ubﬁ\mm&p eat ¢oniedad Ofeand thert tlnatrhsl]silsdnt ed
bet ween differen str s of rats assessed tot at of
cycl osportfiffsorgmetipnesyl Wégtsf“mtoﬁ)a"ﬁ'\ggqs %{R?Wlﬁ%(?ﬁ} nﬁﬁg“reb‘&srr‘ﬁﬁ’ '}

f r equent | ppomIEhperarsle and ﬁirfbﬂ&ﬁéﬁ@hh erlierteac'nmompmtre ey thef pum\ﬁd slowly into

I mrunosuppressive dru

, as on ft s a It to
achi eve i Wateyih stigéng g@ﬁé’”ﬁ&’“&?ﬁﬂﬁ% %ﬁyETﬁtE TaHes 1 tereg 31t and vkl With

water. The collected cake was dissolved in a minimum volume of methanol and added to a

5% citric acid solution and stirred for 30 minutes. The precipitated product was collected by
filtration and washed with water until the pH of the filtrate reached that of the water. The
solid triethylsilyl ether was dried at S0°C under vacuum to give a colorless solid.
Triisopropylsilyl and zerz-butyldimethylsilyl protecting groups were also introduced by

following an analogous procedure.

Exampie 13: Immunosuppressive Activity Using the Calcineurin Inhibition Assay

An indicator of the efficacy of cyclosporine A or a cyclosporine A derivative is its
ability to inhibit the phosphatase activity of calcineurin. The calcineurin inhibition assay
measures the activity of the drug at its site of action and as such is the direct in vitro

assessment of the potency of cyclosporine A analogues (Fruman et al., 1992).
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The procedure involved the heterotopic trans!col ant\a/t\lt/i on (}:o %Ih hﬁ{t?dmst;)nﬂaw .
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i nj ections of an isoneric anal ogue m xture were
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post - t r anSPhAMTAYS-60% of ZHsorieR 8hd S0165% QP ELiQImeR) %és?ff?a%%ﬁ H&@ﬁ&@ﬁﬂ(@”ed and

t he ani was I d to continue until ra stunction o o 100
days post‘ielt‘?"'ﬂ'ﬂ?gbé(még%?sd’ﬁ?npq’ﬁét%‘fb’é}%%l@lﬁ igpsg 1Dat es for each group of
recipient animals are summarized in Table 1. These results show that

| SATx247 (45-50% of E-isomer and 50-55% of Z-isoner) at an optimal dose of

5 /kg/d |
Gycl ospor e A A peresapprelde o ity of VEIAR B RS ERA dopic oo P erc
functi oni %ﬁl@bg\l%mvgura% vergs cyelasporipe Athas beanapiessed UQlﬁ@thd aylsinput (CN) _

di scont i nykbitRA afhy. IPRI MYdture :{ﬂ 85&nRAk @orﬂ RIS of k& l%ﬁ Is”?%? &'éf') ressive
activity of this isoneric anal ogue mxtu e 1 n preventiagd ection.
Tabl e 1 Efigwed2oh Figngi24te %nqmnml"b% porrespends t@theenudmemum,am tigneal

t.ed t Hearts
(averased SIS oo S C T e S Bl T e o
post - operigé Iy eutera e
9t1 0,h13a4llat2 1.7518bt757b t 32 350
e ol =, Sali QIR Rl 8 Rl e
(p<0. 01) desreibed i Examples5-8 dthaisontieis nek @t dreaR@hdidiindRiigrat ed i someric
anal ogue m xtures

The results of this assay show that the inhibition of calcineurin phosphatase activity
by these isomeric analogue mixtures was at least as potent (as determined by ICsg) as
compared to cyclosporine A (Figure 13). CsA denotes Cyclosporine A; Isocyclo4 denotes
ISATx247 produced by the method described in Examples 1-4. Isocyclo5 corresponds to I5-
M1 of Figure 12. Isocyclo4-d4 corresponds to 14-D4 of Figure 12. Isocyclo5-d5 corresponds
to I5-D5 of Figure 12. Isocyclo4-d2 corresponds to 14-D2 of Figure 12. Isocyclo4-M2
corresponds to I4-M2 of Figure 12. Isocyclo5-m2 corresponds to I5-MS5 of Figure 12.

Example 14: Immunosuppressive Activity Using the Rat Heart Transplant Model

The efficacy of ISATx247 (45-50% of E-isomer and 50-55% of Z-isomer) in
preventing the rejection of hearts transplanted between different strains of rats was assessed
and compared to that of cyclosporine A. The rat heart transplant model has been the most
frequently used model to assess the i vivo potency of new immunosuppressive drugs, as

prolonged graft survival is difficult to achieve in this model due to immune rejection.

The procedure involved the heterotopic transplantation (to the abdominal aorta and

inferior vena cava) of the heart from Wistar Furth rats to Lewis rats, Intraperitoneal
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(structures given in Figure 12) in preventing the rej Fctionéiy@g
transpl an en different strains of rats was al so as
conpar ed 5@8{)&@;{3% cycl osporine A. Doses were at I1 75 Lrg)"ﬁ'ﬁllcﬁﬁg/ofﬁ? 30
days. Results are .gunmarized in Tahle 2. These results show tha e
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much as Sﬁnﬁfﬁhrﬁﬁcﬁﬁéiﬁ&ﬁrtmg_é dk%ﬁr%@&ﬁttrqnﬁiﬁ%ﬁt@ﬁ?l?a{nﬁ 135&%1,uﬁ%é?&10§i Rﬁc génﬁétﬁggugnd
denonstrat e e ] 0S ressive activity o ese isoneric ( _
m xt ur es qaﬂsmm%afg Bgsff‘lnc%‘] west o, duni fhe 39-day pestrarsplagtative pesiods orrer |
Anal ogue tid atfinlilefasabeifions.] FHRAUIME shivived RIAg M hdn B0 ﬁp@ﬁdskﬁ%ﬁﬂamatio '
Adm ni stration ng/ kg/ day on the Average Survival Tines o

&

t 1,75
Tr anspl affsigstiRag copzgl peticley were dissonsiupdiandcshe animalomanallowed gontmponine A

15-M  14pd¥Pdyshubclibn MMPt8T60 BiyS Yosy-RhnshlaBBribslays post- operative) 9 20 20
20+ 30 Exanple 15: |nmmunosuppressive Activity in Islet Cell

Al lotransplantation The ability of |SATx247 (45-50% of E-isoner and 50-55%
of Z-isoner) yersus cyclosporine A to prolong the survival of transplanted
islet cells i AhavREREssuTTHablatesios eaghgreun of gecipiontianimalsare siymmarized ini ng t he

transpl antabrf1. G@8se reiuits Shdw I BATEAT 4491804 6t £ Hothek Bt 50-55% of Z-isomer) at

an optimal dose of 1.75 mg/kg/day increased survival time approximately 3-fold over

Cyclosporine A. A number of animals receiving ISATx247 still had functioning grafts at 100
days post-transplant (70 days post discontinuation of dosing). These data demonstrate the

immunosuppressive activity of this isomeric analogue mixture in preventing graft rejection,

Table 1 Effect of ISA1x247 and Cyclosporine A Given by
Intraperitoneal Administration on the Average Survival Times
of Transplanted Rat Hearts {averaged from two separate

studies, n 13]
Dose Average Survival Time (days post-operative)
(mg/kilogram/day) Mean + SEM (scanning electron microscope)
Vehicle Control Cyclosporine A ISATx247
0 9+1
0.5 13%x4 117x2
1.75 18+ 7 57°£32
3 50°x8 55°+12

¢ Not significantly different
b Significantly different (p<0.01)

The efficacy of various deuterated and non-deuterated isomeric analogue mixtures
(structures given in Figure 12) in preventing the rejection of hearts transplanted between
different strains of rats was also assessed and compared to that of cyclosporine A. Doses
were at 1.75 mg/kg/day for 30 days. Results are summarized in Table 2. These results show

that the isomeric mixtures at 1.75 mg/kg/day increased survival time at least as much as
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renal capsul e of diabetic Balb/c nouse recipients. Follow ng 7 MAY 2006
transpl antation, | SATX247 or cycl osporine A was adm nistered b
i ntraperi t%?lgﬂ?“ﬁﬁ. p.) injection at a dose |evel of 0 (vehPET’&g;@ﬁ?%, 10,
20, or 25CrT§/ kgllidea%gf‘gr a tOtﬁlga'Of 30 days, Bl gad cgl ucose was nonitored
dai 'y unt FYCQRENS f18nd demonsirate the immurosugpressiyeaciufy gfhese ispuerissamalogye|
gr eat er thxmrdsinplentingograft v@edtignsecut i ve days. The results indicate that
| SATX247 increased the length of graft survival by 40% at a dose of 20
ng/ kg/ day (Table 3). It was al so noted that | SATX247 was | ess toxic than
cycl ospori ne t he e |l eyvel increased. This was especially apparent at
the 25 ny/ kg/r[g'y&sz dose '(ssefeqf%{aslﬂuv@omneé@s@sye Mixfyresgmdt he 10 animals in
this ou died of CsA to 'yg'profH@r‘%GHFBb&ﬁ!‘“‘@“dm{wﬁ! Admyinigfrationatconpl et ed i n
this group and no st ati’sPe/ke/day e the Average Suyyival Times of Kransplgnsedssi ve
Activity in<Astheitis ghHeants - 0rce of the past three decades. three
ani mal nodel s of hurkest CRmperndoi d  art hri AvesagecSoevibel dimetdagnmisvel y exami ned
and wi dely enployed in the preclinical screening oparsivelevel opment for novel
anti-rheumatic agents. These include the adjuvant-induced,
col l agen-induced, and aptigen-induced arthritis nodels. The foll ow ng
studi es were desi gne¥ehitle Geu@bluat e anti -i nfl ammatory efficacy of 1 SATx247
(45-50% of E-i soner cq 58fi56500 of Z- isomer) in both the collagen-induced
arthritis nodel int Fous nd the anti gen-induce arthritis nodel in
the rabbit. The histopalShdilogy and i nmunopat hol ogy odpserved in these two
nmodel s resenble the fingings in the human disease. |n both nodels, the
ef fi cacy of | SATx247 to pfrevent the onset of art hrdlti s (prevention
protocol) and to treat BDRritis (treatnent protocgd) was exam ned. These
studi es suppaci.the | poressive action of the clained isoneric
anal ogue m xtures. 17 MAY 2006 PCT/ CA02/ 01559 Table 3 The Survival of
Mouse Islet Allografts in Diabetic Mce Receiving Either |SATx247 or
Cycl osporine A by -

Example 15: Immunosuppressive Activity in Islet Cell Allotransplantation

The ability of ISATx247 (45-50% of E-isomer and 50-55% of Z-isomer) versus
cyclosporine A to prolong the survival of transplanted islet cells in a mouse model was
investigated in a study involving the transplant of 500 islets from a CBA/J mouse into the

renal capsule of diabetic Balb/c mouse recipients.

Following transplantation, ISA1x247 or cyclosporine A was administered by
intraperitoneal (i.p.) injection at a dose level of 0 (vehicle), 1.75, 10, 20, or 25 mg/kg/day for
a total of 30 days. Blood glucose was monitored daily until the time of graft failure, as

defined by a glucose level greater than 17 mmol/L on two consecutive days.

The results indicate that ISA1x247 increased the length of graft survival by 40% at a
dose of 20 mg/kg/day (Table 3). It was also noted that ISAty247 was less toxic than

cyclosporine A as the dose level increased. This was especially apparent at the 25 mg/kg/day
dose level.
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Intraperitoneal Injection at a Dose Level of 1.75, I10, Zg_, ;]'I‘ @ApJdav
DoseTr eat nent NMedi anMean (ng/ kg/ day) Sur vi val Survi val 0Vehi ¢l e .

1. 75Cs A9 1 MY 0038525 SA918( 18.7 10CsA62125. 3 101 SA51819. 2 "CT/ZCQOZ’”“”
OVehi cl el216. e e ML e oxe .9 91920, 2. 201 SA9>28>

OVehi cl 5212 2bes% o5 a1 JRBSHEY fé@?@%@%ﬁ"g 12t.ft"“z') oMlige WO 03/ 033526
PCT/ CA02/ 01559 A. Col | ‘éﬂY'Pﬁ Fgﬂ TedtY; or Gy clospey Y Lac J nmice, kept
under virus anti body aperioneaf Juectiopat 2 | eL o 75 40 efdousl y at 8
to 10 weeks =ef—gge—w =AEHCE peameef chick type |1 collags

emul si fied i n FARSHA' s | cohpt juvaMt . | SATxMediancyd| ospdeanne A, or
vehicle (Chr GAEPHER)EL/ et hanol 79: 28, vol une/ VOIrvivel) vier eSuadyal ni st eredf
dai ly by intTapergtoneal 3L ) TN ecyrom o I- 50~ _ ons o
stock drug (0. 25,(j 0.5, or \].‘IL&ur%E/ m.) i ntz salijne to vyielid colncent rations of
0 (vehicle); 125,7250, for 386 g/ mpuse Por | JATX247; and 250}74r 500

t g/ mouse for cyglgsporine AgpAni npl s agsigned to qhe prievenid-pn prot ocol
(12/ group) wer.e...dosed|startl.ng.oh.the.day..af.  i.mmnization Wth collagen
(Day 0) until sadPifice on@4y 40/ AnbPnals jassi @led td the2%¥ eat nent

protocol (12/groyp) wefe dqgggd starting on tihe day of 192
0 Vehicle 12 16 15.9
20 CsA 9 19 20.2
20 ISA 9 >28 >28
0 Vehicle 5 21 21.1
25 CsA 10 ND* ND'
25 ISA 8 50 46.4

*7 out of the 10 animals in this group died of CsA toxicity. Therefore, only 3 animals completed in this
group and no statistics were done.

Example 16: Immunosuppressive Activity in Arthritis

Over the course of the past three decades, three animal models of human theumatoid
arthritis have been extensively examined and widely employed in the preclinical screening
and development for novel anti-rheumatic agents. These include the adjuvant-induced,
collagen-induced, and antigen-induced arthritis models. The following studies were designed
to evaluate anti-inflammatory efficacy of ISATx247 (45-50% of E-isomer and 50-55% of Z-
isomer) in both the collagen-induced arthritis model in the mouse and the antigen-induced
arthritis model in the rabbit. The histopathology and immunopathology observed in these
two models resemble the findings in the human disease. In both models, the efficacy of
ISA7x247 to prevent the onset of arthritis (prevention protocol) and to treat arthritis
(treatment protocol) was examined. These studies support the immunosuppressive action of

the claimed isomeric analogue mixtures.
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di sease onset (-Day 28) until sacrifice on Day 38. Eval uat§g7pm@Mers
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er osi on scorig_g, %ﬂa.em&%@&%tﬁﬁﬁem stry. Erosion scoring was done in a
bl i nded manner by exam ning sadgi al sections of the pr oxi mal

i nt er phal ange k0l of the mddle digit faor the presence .or. absence
of erosions ?Ig%]&%r]i 1%2& g;énrlréa%f léeé)? e e(rjgfngcaflgbq%ﬁtﬁggf ?Illqtltéodlé’ WeTe [RREnigad) | o g

wi th i nfl subowttimoysly atSstodP weeRdufagapith 460 hickdgraneticick typompallagpns of the
same j oint.

Preyi qus studi es have d nstrated er.osions {n >90% of
unt r eat ederg?lflﬁlﬁ({q%elgﬁisr?é’f“é’?eit%aﬁwfagt‘ je[g&??ﬁ KAOIPOURT 50T, Vﬁhl"@at e that the
n/egati v)e @mahephosEethandl lrzz:a&ezorl]w«ozmh e)mhewmd@ﬁe;ereardeiay B iragbridhal( 500 ]
g/ nouse) were_.significa i..gher a e negative erosion scores in the
vehi cl e t&%ﬁfﬂﬁ% nﬁ% L—L}B%ﬁ}é@%g&@sg&ftﬂaﬁ{@ mr'}gi @és@ 1 g9 anfo s2)mp 1, g/ mpuse)
and hi ghyidldsencyedteapor & (ehiblef; 308, TONE596 )g/iohd RETSAYLON Bid 250Cotogher
negative erQOsi onfort scores, as conpared.to the vehicle treatnment group (p<O

1). Fur t h§/HoRsS for 9yElopraring 4 eAnimals pssaned tojthespieyegtin puiocohHd/sreug) Werse
cycl ospor ddied AaGiffbi Bt dby SOinfHRAEE) with 68881 Day 95 CMDSad2ANE of !ﬂ?&?}é .

al though not statistically significant, negative erosion scores

conpar ed ABMalassigned (q e dsamea! Prgioseld12/ggun) weradiosed gaing viDthe3lepeB5 26

PCT/ CAO2/ §ia58onterq~08) 38) tuh 8P Bide InDaiagni ficantly prevent the devel opment
of joint erosions was [I'SATX247 at 500 jig/nouse, This significant

reduction in the proportion of the PIP joints show ng erosive changes in
the | SATX247-treated nmice relative to the vehicle control group mice
denonstrat es tHalatesparxmgtersineludndyacrbitynsetih greptining, bistalogyeand dBicome

Anti gen- | nelieRchi Nt bl i | ' 5 & naer

speci fic pathogen fréie _éoﬁ%lig%r%%g?ﬁﬁv%& g}m#’%ﬁﬁq@ﬁe%ﬁwo?%%%ﬁgggﬁoggﬁl bum n
i n sal i nescerng. 8hd imuepnphistockmaistiid' s conpl et e adj uvant that was given

i ntranuscul arly and subcutaneously into several sites in the nape of the

neck. Fourteen days later, all animals started receiving 2 daily
infra-articul g,did | . | bum. n_and .65 n f guma
r econbi nant trar_(r)lé os(réér}rllﬁ ‘Qgsr%\fl/%f %?gl&dgqg?grfeg})ys%’iaﬁ@?g f@%f&iezf ?nsc[{’]é}feos pori ne
A, or vehprokimal @erphaiapgeat (RIRY jeinh ehtbe midkil€@git ft XHe preserce or absence of

erosions (defined as demarcated defects in cartilage or bone filled with inflammatory tissue).

This approach allowed for comparisons of the same joint. Previous studies have

demonstrated erosions in >90% of untreated arthritic animals in this joint.

The results indicate that the negative erosion scores in the ISA1x247 high-dose
treatment group (500 pg/mouse) were significantly higher than the negative erosion scores in
the vehicle treatment group (p<0.05). Both the mid-dose ISATx247 (250 pig/mouse) and
high-dose cyclosporine A (500 pg/mouse) treatment groups had higher negative erosion
scores as compared to the vehicle treatment group (p<0.1). Furthermore, the low-dose
ISA1x247 (125 pg/mouse) and mid-dose cyclosporine A control (250 ug/mouse) treatment
groups have higher, although not statistically significant, negative erosion scores when

compared to the vehicle control group.
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knee joint swelling, synovial fluid counts, gross postnortem analysis, and
hi stol ogy. A significant decrease in synovial histopathological scores was

observed in | 3NTX2AftigdnFinBudd@ AkthaiRel cycl osporine A (P 0.05) animals after
28 days of therapy (prevention protocol) conpared to vehicle control
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in  synoviegunized witgd0 ms S gvdlhuminde satine gmulsifiedutith Frgunt’ sestopletd afwen@r t hri ti s
was al so trmivie {rdainQyd ' AT X2 P 0.05) and
cycl ospori ne A@Ivgno' 05 w“ggﬁé‘g‘ri %ﬁgﬁ%@ﬂ??ﬁ%?@%{ érﬂg%;s}”'}]?%pgtoﬂl}?t °f)l?'ot ocol ).
A si gni f ifoumeendagtieter.oH apimalfestartsd censiving Zdailydittasticdorinjeotins of/5 shignt i n

| SATX247 o/E60miilang 684 ' . ' A treated. aninal 60 11 4WY
2006 o o aatidd 34k of Al QR bR SR Bt 08 BRalies Wi 1 o
significant toxicity upon analysis of serumcreatinine or post-nortem
hi st ol ogy. The data show that | SATX247 is equivalent or potentially nore

potent than &Aixd4heydlesponing A, arivehitle éGhmmnphon BI/efiagMEntA8oN/\Of werbieumat oi d

arthriti §ginthi -' =1 N arthritis ..L.h the rahbit. Exanple 17:

Phar mac o%flfr?g}tllﬁéc}eg%ly%&% P%%’%ﬁ%@gil@gﬂogﬁéﬁi 503?0%1%??%‘12&@8; 8?1‘8 e and

t oxi coki nehirle) ptr salint eryicldéont GATENAHKTOf (045eisN D5, 56,08 D0 BIg/kghfa] £§0- 55% of

Z-i soner nd  &.y.cl ine. A e tested in a rabbit nodel. The rabbit has

al so beeﬁsgul?%é?’fgdgﬁ)ph%gf ?% %lgé\@dla’{/%(ﬁﬂﬁ?)?ﬁﬂ?q %EXAWMPWWP&Q y, but far

| ess freguemtion frétacol (8 jroup)atere Ssud!kiesinl o thefday BtinidhalzaGY¥E WREPOT | ne A
ructural and functional changes at a
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(8/group) were dosed starting on the day of disease onset (~Day 28) until sacrifice on Day 42.

Evaluated parameters included mortality, body weight, serum creatinine, histology,
and outcome assessments such as knee joint swelling, synovial fluid counts, gross

postmortem analysis, and histology.

A significant decrease in synovial histopathological scores was observed in ISATx247
(P 0.05 ) and cyclosporine A (P 0.05) animals after 28 days of therapy (prevention protocol)
compared to vehicle control animals. This was accompanied by significant reductions in
synovial fluid counts (ISAx247, P 0.05; cyclosporine A, P 0.05). Significant amelioration in
synovial histopathological scores of animals with established arthritis was also evident
following 14 days of treatment with ISAx247 (P 0.05) and cyclosporine A (P 0.05)
compared to vehicle controls (treatment protocol). A significant reduction in macroscopic
arthritis score was evident in ISAx247 (P=0.01), but not in cyclosporine A treated animals,
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| SATX247 was adm ni stered
first 7 days and subcutaneously (s.c.) for an
23 days according to the following schedule. Table 4 The Dose
rati onqsgghedﬁl e for the Investigation of the Pharmacokinetic and

collected pi o to ru .d_m' nist_rat.i n and at 0.5, 1, 2, 4, 8, 12, 18, and
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also been used as a model to study cyclosporine A nephrotoxicity, but far less frequently than

the rat. Studies have found that cyclosporine A administered to the rabbit causes structural
and functional changes at a dose not only lower than has been previously reported in other
animal models, but also within at least the upper level of the therapeutic range in humans
(Thliveris et al., 1991, 1994). Also, the finding of interstitial fibrosis and arteriolopathy, in
addition to the cytological changes in the tubules, suggests that the rabbit is a more
appropriate model to study nephrotoxicity, since these structural entities are hallmarks of
nephrotoxicity observed in humans. ISA1x247 was administered intravenously (i.v.) for the

first 7 days and subcutaneously (s.c.) for an additional 23 days according to the following

schedule.
Table 4 The Dose Administration Schedule for the Investigation of the
Pharmacokinetic and Toxicokinetic Properties of ISA1x247 in the Rabbit
Model
Treatment Group Days 1-7: Days 8-30: Number of Animals
i.v. Dose s.c. Dose
(ng/kg) (mg/kg)
Males Females
1. Vehicle Control 0 0 4 4
2. Cyclosporine A 10 10 6 6
Control
3. Low-Dose 5 5 0 2
4. Medium-Dose 10 10 4 4
5. High-Dose 15 15 4 4
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t han ei t h@ahlé Be Veﬂ!hai'maaﬂdmetl@|Paﬁdmdtﬁ@\‘51(2ﬁ¥?aveh6us¥ﬁmuhﬂuﬁ@reﬂ((‘!gﬁﬁsﬁdi‘ﬂ{e 521
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result i N NS dqpalgél c% i ncre "i_g?lefer m creati ni ne I ﬁﬁgwé%Tabl e 6

Per cent Change Fam Creati ni Over Baseline i

Day 1 Day 7 Day 1 Day 7
tmax (hours) 0.5 0.5 0.5 0.5
Cmax (hg/L) 1954 £ 320 2171 =612 1915 + 149 1959 +470
t¥4 (hours) T4+28 9.0£4.0 7417 92+1.1
Area under the curve 6697 + 1717 6685 x 1247 5659 £1309 5697 = 1373

(ng=ht/L)

There were n6 statistically significantly differences between the pharmacokinetic
parameters of cyclosporine A and ISA7x247 in male rabbits receiving 10 mg/kg/day. The
pharmacokinetic parameters of ISA1x247 in female rabbits receiving the same dose were not
significantly different from that observed in the male rabbits, with the exception of maximum

concentration on Day 7.

No significant changes were noted in the hematological parameters of rabbits
receiving a vehicle control, cyclosporine A, or ISA1¢247. A difference was noted in the
creatinine levels in the various groups over the course of the study, as is shown in Table 6
below. These differences indicated that cyclosporine A had a significantly greater negative
effect on the kidneys than either the vehicle control or ISAx247. It should be noted that
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Table 7 Fataimih &bl TG ARCKEL AP PY bk AT, 0BG etB PRS0 can visa
noted. No changes were noted in the 3 female rabbits that completed the study at this dose of
15 mg/kg ISATx247.

Example 18: Immunosuppressive Effects of ISATx247

Whole blood from cynomolgous monkeys (n=4) was incubated with ISA1x247 or
cyclosporine and stimulated with different mitogens in culture medium. Lymphocyte
proliferation was assessed by fritium-labeled thymidine incorporation and by flow-cytometric
analysis of expression of proliferating cell nuclear antigen (PCNA) on cells in SG,M phase.
Flow cytometry was also used to assess production of intracellular cytokines by T cells and
expression of T lymphocyte activation antigens. The ECsp (concentration of drug necessary
to attain 50% of the maximum effect) was subsequently calculated using the WinNonlin™
software. Results showed that lymphocyte proliferation, cytokine production, and expression
of T cell surface antigens were inhibited more potently by ISA1x247 than by cyclosporine, as
shown by the ECs (expressed in ng/mL) set forth in Table 7 below.
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PCNA expressionl97.72453.88 |L -2 productionl03. 35504. 80 | H\f maY 2008
product i 05?%%3/@}4 5.65 TNF- production90.58508.29 CD 71

expr essi o . 6.82 CD 25 expressi on121.00431.53 CD 11aPCT/CA02/01559
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expressi o b '6 87975.10 Thus, using an ex vivo whol e bl ood assay we have
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concentrated under |[red eeéprﬁfsé%"gurezof‘ﬁodrynesbs.%’ﬁ‘?e produft, acetyl at ed

| SArx247, was obt ai neb Hexgrestib@Ni T 120081 T OW S|0ig®h7 N_apprpxi nately 90%
yield. The isomer r a4 bout 8/% E-isaner! and about 3% Z-i sonmer (as
det ermi ned by 1H NWW‘?‘B@W). ¥O&dpl e 20[9Mil0ti g reakti on using
tributyl allyl phosphonium broni de and a tTthiombase—Trrbutyl ally]
phosphoni um brom de (1.38 g, 4.3 mml) was dissolved in a m xture of 20 nL

f tol ' b lJithium (1.6 M
"n 64 W 03/ 039e0a 3 N SATHIE I Tha M pERGHind R SAR S skl

diverse immune functions 2.3 - 6 times more potently than cyclosporine.

Example 19: Wittig Reaction Using Tributyl Allyl Phosphonium Bromide

Potassium tert butoxide (0.31 g, 2.8 mmol) was dissolved in 20 mL of
tetrahydrofuran. At about —40 °C tributyl ally! phosphonium bromide (0.99 g, 3.1 mmol)
dissolved in 3 mL of tetrahydrofuran was slowly added. The resulting yellow mixture was
stitred for about 10 minutes at about ~40 °C before a solution of acetyl cyclosporin A
aldehyde (1.5 g, 1.2 mmol) in 6 mL of tetrahydrofuran was slowly added. After stirring the
yellow-orange reaction mixture for 1.5 hours the reaction was complete. For quenching the
reaction mixture was transferred onto aqueous phosphoric acid (1.2 g, 1.0 mmol). The
resulting aqueous solution was extracted with 100 mL of toluene followed by 50 mL of
toluene. The combined organic layers were washed with water and concentrated under
reduced pressure to dryness. The product, acetylated ISATx247, was obtained as a slightly
yellow solid in approximately 90% yield. The isomer ratio was about 87% BE-isomer and

about 13% Z-isomer (as determined by 'H-NMR spectroscopy).

Example 20: Wittig reaction using tributyl allyl phosphonium bromide and a lithium base

Tributy! ailyl phosphonium bromide (1.38 g, 4.3 mmol) was dissolved in a mixture of
20 mL of toluene and 3 mL of tetrahydrofuran. At about —78 °C butyllithium (1.6 Min
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hexane, 2.43 nL, 3.9 mvol) was slowWy added. The resulting ge} 1 ture
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g, 1.7 mmmol) cﬁ‘g@mg\ﬁéd’w&asadmnhaﬂ abe\terbahtyrdy atfabmar-m%s TBé aweﬁmaxdaled The
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t he react |ac{)]§ dggél\%f:ﬂe}égwso on%%z{te‘g%n‘f_ i “%ﬁ%‘?ﬁi&?f’dﬂﬂ?ﬁﬂ%&g 2w y added.
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reacti on @as ing.the rea xt ure aqueoqus
phOSphOI‘Ifé% f‘@"?l&s Btfgiu ﬁ%b)éaﬁgﬁﬁ") %”Saﬁlﬂ%an&?ﬁ out Yt‘i"‘ﬁéﬂﬁf thedre was
concent r aisemeramdictenmined by HiNMRSpetinss@py.ed in 5 nL of nethanol. Then the

m xture was slowi ng added to 5 nL of water. The resulting precipitate was
filtered, washed with 4 nL of methanol/water (1/1), and dried in vacuo.

The pr oduBtampicEst Witti@bactloBAsihg eidtifyl aNASHBhBMIMADriga COl orl ess solid in
approxi mately 90%yield. The isoner ratio was about 91% by wei ght E-isomner
and 9% by wei ghsoldtion®0agtyl Cfelbeporth Aedddayds ttsMVIR2 rSR6K hAPSHARY iyl 65
phosphonium bromide (0.99 g, 3.1 mmol) in 15 mL of tetrahydrofuran was cooled to about —
80°C. Potassium fert-butoxide (0.19 g, 1.7 mmol) dissolved in 9 mL of tetrahydrofuran was

4

slowly added. The resulting yellow mixture was stirred for one hour at about —80°C to
complete the reaction before a solution of 6 mL of tetrahydrofuran was slowly added. After
stirring the yellow-orange reaction mixture for 1.5 hours the reaction was complete. For
quenching the reaction mixture aqueous phosphoric acid (0.15 g, 1.3 mmol) was added. The
resulting mixture was concentrated and the residue was dissolved in 5 mL of methanol. Then
the mixture was slowing added to 5 mL of water. The resulting precipitate was filtered,
washed with 4 mL of methanol/water (1/1), and dried in vacuo. The product, acetylated
ISA1x247, was obtained as a colorless solid in approximately 90% yield. The isomer ratio
was about 91% by weight E-isomer and 9% by weight Z-isomer (determined by 'H-NMR-
spectroscopy).
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1 7 MAY 2006 WD 03/ 033526 PCT/ CA02/ 01559 Exanple 23: Ozonolwpimyojuagacetyl
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spectroctg%geﬁ M5 peng) then cooled to roomtenperature. Half saturated
aqueous sodi um bi car bonate solution (100 m) was added. The aqueous phase
was separated and re-extracted with dichloronethane. The conbi ned organic
phases wegg ok &d. The sol vent was
renoved ' 0 rUoe i met hyl silyl -
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equi val en\y) and sheadosled iidorh enpeeant] Half satwiated @quwass ﬁdlum Bldarhbnateoom
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dichloromethane. The combined organic phases were dried over anhydrous Na;SO, and

filtered. The solvent was removed under reduced pressure providing the crude trimethylsilyl-

protected Cyclosporine A.

Example 25: Preparation of trimethylsilyl-protected Cyclosporine A aldehyde

Trimethysilyl-protected Cyclosporine A (§ g, 1 equivalent) was dissolved in
dichloromethane (50 ml). The solution was then cooled to a temperature of about -78 °C,
after which ozone was bubbled through the solution until the appearance of a blue color.
Next, argon was bubbled through the solution until a colorless solution was obtained in order
to remove excess ozone it became colorless; this step was carried out to remove excess
ozone. Triethylamine (5 equivalents) was added and the reaction mixture was stirred at room
temperature for 17 hours. The trimethylsilyl-protected Cyclosporine A aldehyde was

obtained after aqueous work-up.
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obt ai ned after aqueous work-up. 66 WO 03/033526 1 ? MAY 200 X
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Example 28: Preparation of a 1:2 mixture of Z to E double bond isomers of trimethylsilyl-
protected Cyclosporine A diene via Wittig reactions

The trimethylsilyl-protected Cyclosporine A aldehyde (1 g) was dissolved in 5 ml of
toluene together with potassium carbonate (1.5 equivalent) and allyltriphenylphosphonium
bromide (1.5 equivalent). Work-up of the reaction mixture after 4 hours reaction at reflux
under vigorous stirring provided a ca 1;2 mixture (by (NMR) of Z and E double bond isomers
of the trimethylsilyl-protected Cyclosporine A diene.

Example 29: Preparation of a 1:3 mixture of Z to E double bond i isomers of trimethylsily]-
protected Cyclosporine A diene via Wittig reactions

Allyltributylphosphonium bromide (3 equivalents, prepared from allylbromide and
tributylphosphine) was dissolved in THF (3.5 ml). Toluene (7.5 ml) was added followed by
potassium fert-butoxide (4 equivalents). After 1 hour stirring at room temperature, the
solution was cooled to ca —30 °C. A solution of the trimethylsilyl-protected Cyclosporine A
aldehyde (1 g, 1 equivalent) in toluene (5 mL) was added dropwise. After 45 minutes at
about 30 °C, the reaction mixture was worked up, providing an approximately 1:3 mixture
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tributyl phosphine) was dissolved in THE (3.5 nl). Tol uene (177 %ASQ
added follo gxe:g%%})/ potassiumtert-butoxide (4 equivalents), 09 hour
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about - 3fppk, the reaction mxture was worked up, providing an approxi mately
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Example 31: Preparation of trimethylsilyl-protected Cyclosporine A B-trimethylsilylalcohol

To a solution of allyltrimethylsilane (10.1 equivalent) in THF (15 ml), was added
butyl lithium (1.6 M in hexanes, 10 equivalents) at room temperature. After allowing the
reaction to proceed for about 30 minutes, the solution was cooled to —63 °C, and treated with
diethyl-B-methoxyborane (10.1 equivalents). After 1 hour, borontrifluoride diethylether
complex (10.1 equivalents) was added to generate the B-(y-trimethylsilyl-allyl)-diethylborane
reagent. After 1 hour, a solution of trimethylsilyl-protected Cyclosporine A aldehyde (5 g, 1
equivalent) in THF (15 ml) was added dropwise. After 15 minutes, the reaction mixture was
warmed to 10°C and a saturated aqueous NH4Cl solution was added. After [1 hour] stirring
for one hour at room temperature, water (12.5 ml) and saturated NaHCO3 (25 ml) were
added. The reaction mixture was extracted twice with 25 ml methyl-t-butyl ether. The

organic phases were washed twice sequentially with water (2 x 25 ml) and a saturated
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conplex (10.1 equival ents) was added to generate the 7 MAY
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diene (acetyl-protected ISA1x247) as a 99-97%:1-3% mixture of B and Z double bond

isomers (by 400MHz NMR, 2% error of measurement).

Hydrolysis of E-acetyl-protected Cyclosporine A diene was conducted as follows:
Acetyl Cyclosporine A diene (4g, 1 equivalent) was dissolved in methanol (80 ml) and water
(32 ml). Potassium carbonate (3.65g, 8.3 equivalent) was added. After stirring for 15 hours
at room temperature, the reaction mixture was heated up to 40°C for 4 hours. The reaction
mixture was concentrated under reduced pressure and the residue was taken up in ethyl
acetate (70 ml). Aqueous citric acid solution 15% (30 ml) was slowly added followed by
water (10 ml). The aqueous layer was separated and re-extracted with ethyl acetate (56 ml).
The organic phases were washed with water (30 ml), 15% citric acid solution (40 ml) and
saturated NaCl solution (30 ml). The organic layers were combined, dried over Nay;SP4 and
concentrated under reduced pressure to give Cyclosporine A diene (ISATx247) as a 98:2 E/Z,
mixture of double bond isomers (by 400MHz NMR, ca 2-3% error). See R.W. Hoffmann,

69
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isomers (by 400MHz NVR, ca 2-3%error). See R W Hoffmann, 69 WO 03/033526
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nmet hano i solutjo a addi ng a aqgueous
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t enper atsolntion (ieteivalentyl Afidrylls miaatakGon itpeAd & dvattigg é@l?ﬁé&&% WANET was

separ at gggﬁang.hre- extracted wwth ethyl acetate. The organic p%ases wer e
added.

washed % AUGPUSLRYET 33t SRpaat Tesetae e With vyl acettsi. g otgagiani ¢ phases
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P vx%re dried over NaySOq, filtered, and concentrated under reduced pressure, providing

Cyclosporine A diene (ISATx247) as a 94:6 mixture of Z and E double bond isomers (by
NMR).

Example 34: Preparation of E-Cyclosporine A diene (ISATx247)
The trimethylsilyl-protected Cyclosporine A B-trimethylsilylalcoholl (500 mg, 1

equivalent) was dissolved in dichloromethane. This solution was cooled within a range of
about 0-2 °C, and treated with borontrifluoride diethylether complex (5 equivalents). After 1
hour, water (20 ml) and dichloromethane (20 ml) were added. The organic layer was
separated and washed with water (20 ml), dried over Na, 504, filtered, and concentrated under

reduced pressure to provide directly Cyclosporine A diene (ISATX247) as a 91:9 mixture by
weight of the E and Z double bond isomers (by NMR).
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sol uti onyere BRbdSove? NdISOR ki ] echloric acid
solution_(1 equival eﬁdgﬁllﬁfdeérﬁd%gﬁﬁgtﬁ%&egn%{ M?%%ﬁ?%%ﬁé%ﬁ%ﬁ@éﬁ wat er and
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with ethyl acetate. The organic phases were washed with a saturated
aqueous NaCl solution. The conbi ned organi c phases were dried over Na2SO4,
filteredxamnpleit poxidationcbfiapetplicyeloshoriedh pressure, providing Cycl osporine A
di ene (1 SArx247). Exanple 36: Epoxidation of acetyl c cy losporin A Acetyl
cycl ospor i ne Axetykclagporine@y (20l 1)6lwasoll was dissobetdimaceemitrili (30 Wiy, (30 L) .

1, 3- D gs; - (0 . | )., was, ,a ol | owed by 0.0004 M
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KHSOb) .was adde ' ] 0 2 hours. The pH was
i nt A P aS: 3o SR bt s P PR R0 28 U4 el westied 5. 4 )
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drops of a sodium bisulfite solution. Water (100 mL) was added and the mixture was
extracted twice with ters-butyl methyl ether (100 mL, then 75 mL). The organic extracts
were washed with dilute aqueous sodium chloride (100 mL), combined, dried over Na,SOy,
and concentrated to afford crude acetyl cyclosporin A epoxide (1.92 8, 95%; HPLC: 99.4%

area) as a white solid foam.

Example 37: Preparation of acetyl cyclosporin A aldehyde

Crude acetyl cyclosporin A epoxide (1.92 g, 1.52 mmol) was dissolved in acetonitrile
(25 mL). Water (20 mL) was added, followed by sodium periodate (489 mg, 2.28 mmol) and
0.5 M sulfuric acid (3.05 mL, 1.52 mmol). The reaction mixture was stirred at 40 °C for 18
hours, then the excess sodium periodate was quenched by addition of aqueous sodium
bisulfite. Dilute aqueous sodium chloride (100 mL) was added and the mixture was extracted
twice with zers-butyl methyl ether (100 mL each). The organic extracts were washed with
dilute aqueous sodium chloride (100 mL), combined, dried over Na,SO,, and concentrated to
afford crude acetyl cyclosporin A aldehyde (1.74 &, 92%; HPLC: 95.7% area) as a white

foam. The crude product was chromatographed over silica gel using 40% acetone/60%
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Example 39 (JSO): Wittig reaction of Aceyl Cyclosporin A aldehyde with 3-
Dimethylaminopropyln'iphenylphosphogylidene

A stereoselective synthesis of 1,3-dienes has been described by E.J. Corey and M.C.
Desai in Tetrahedron Letters, Vol. 26, No. 47, pp. 5747-8, (1985). This reference discloses
that the ylide obtained by treating 3-(dimethylamino)propyltriphenylphosphorane with
potassium hexamethyldisilazide can undergo a Wittig reaction with an aldehyde to form
selectively a Z-alkenyldimethylamine. Oxidation of the amine with m-chloroperbenzoic acid
gives the corresponding N-oxide which can then be heated in what is known as a Cope
elimination to form the desired 1,3-diene in which the configuration of the olefin formed

during the Wittig step is exclusively Z, or cis.
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(gradient: 10 to 75% acetone and 90 to 25% hexanes) removed all phosphorous-related

impurities. Further elution with acetone furnished desired product as a colorless solid (1.28

g, 84% yield). "H NMR (300 MHz, CDCly): 2.23 (s, 6H), 2.03 (s, 3H). 3C NMR (300 MHz,

CDCls): 129.33, 126.95; MS m/z: 1301 (M"), 1324 (M+Na™).

Conversion to N-Oxide

To a stirred and cooled (0°C) solution of the dimethylamino compound obtained in
the Wittig reaction (0.44 g, 0.34 mmol) in CHCl; (3 mL) was added a solution of m-CPBA
(0.07 g, 0.405 mmol) in CHCI3 (2 mL). After stirring for 30 min, dimethyl sulfide (0.5 mL)
was added followed by CH,Cl, (50 mL). Work-up by washing with NaHCO3 solution (25
mL) and water (25 mL), drying and solvent removal furnished a solid (0.43 g). 'H NMR (300
MHz, CDCls): 3.19 (s, 3H), 3.18 (s, 3H), 2.03 (s, 3H). °C NMR (300 MHz, CDCl,): 131.89,
124.13; MS m/z: 1340 (M-+Na*).
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described above, it will be appreciated that many modifications and variations of the present
invention are possible in light of the above teachings and within the purview of the appended

claims without departing from the spirit and intended scope of the invention.

74




The resulting conmpound was Z-isoner of |SATx247. No neasurable E-isonmer was
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A. 5. A met hodSdirepari@gaminfraohibl end &)dsoniary oblSd ¢ A7 hysteeating thefmix®aTx 247,
wherein t ! _1CORAL steps of: a) converting an
acetyl cy?m%%ﬂir?l&g %ghg%yt]?g{%{rﬁgﬁﬁﬁtgg%f (E) and (2)- isoners of
acetyl -1, 3-diene by reacting the acetyl cyclosporin A aldehyde with a

hosphoru [ i Vi Vtii reaction, optionally in the presence of a
|pi t hipum h&| iyde?ﬁ%mt%og O}Aélaltm , wherein the acetan-halocycl%sporin Ais a?:etyl-n-

bromocyclosporin A.

3. The method of claim 1, further including the step of halogenating the n-carbon of
the side chain of the 1-amino acid residue of cyclosporin A using a bromination reaction
carried out by refluxing acetyl cyclosporin A with N-bromosuccinimide and azo-bis-

isobutyronitrile.

4, The method of claim 1, wherein the first compound is triphenylphosphine and the

intermediate is triphenylphosphonium halide of acetyl cyclosporin A.

5. A method of preparing a mixture of (E) and (Z)-isomers of ISAtx247, wherein the
synthetic pathway comprises the steps of:

a) converting an acetyl cyclosporin A aldehyde to a mixture of (E) and (Z)-
isomers of acetyl-1,3-diene by reacting the acetyl cyclosporin A aldehyde with a
phosphorus ylide via a Wittig reaction, optionally in the presence of a lithium halide; and

b) preparing a mixture of (E) and (Z)-isomers of ISA1x247 by treating the mixture

of (E) and (Z)-isomers of acetyl-1,3-diene with a base.
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b) preparing a mxture of (E) and (Z)-isoners of |SATx247 by treating the
mxture of (E) and (Z)-isomers of acetyl-1,3-diene with a badeMAV2008 7 MAY
2006 6. The nethod of claimb5, in which the phosphorus ylide used in the
Wttig reaction is made froma conpound selected fromthe group consisting
of triphenyl phosphine, triaryl phosphine, trialkyl phosphi ne, and

aryl al kyl phosphine. 7. A nmethod of preparing a m xture of (E) and
(Z)-isoners of |SATx247, wherein the synthetic pathway conprises the steps

of : a) pratecti t he R-.al cohol aof, cyclpsporin A by formng. a first

"hit er e ot o ad BT BER o mavict 5 pBIPRR e vhed TLBe e erior i n
t o produces madeRei@ combeiintbRicaied fdaethk groupohHsMRrof righed) IgRGpHRE, C)
converting.an | nternedi ate acetyl cyclosporin A aldehyde to a m xture of
(E) and (U9riphespbing, ielkylnbpsnhine, @%‘i%‘ﬁ@‘yw(’?@&@ti ng the internediate with
a phosphorus ylide via a Wttig reaction, optionally in the presence of a
lithium halide; and d) preparing a mxture of (E) and (Z)-isoners of

| SATx247 By tr damethgd ohgreparingirmaixtusé of €) anth (X)(iFymérs ofriSiAgrx@47, wherein the

acetyl -1, 3-djiepe w.th e... 8. The. nethod of claim7, wherein the
oxi di zi ng:g%@léegaips?mg&éi rﬁ%@%ﬁgﬁtthwt R Og'n oxi di zing agent selected fromthe

group consi st i approfectizmihe f-gdathabef ayolopgrine gafiaining 4 fiishidrimgtliatecicéoki de,
osm umtet rqxi de, ,pol ymer-supported osm um tetroxide, and ruthenium
chl ori de. S¥ClOSPREN @St hod of claim 8, wherein the ruthenium tetroxide and

rut heni um chl ob gadizivgi thd Zdend cRUEPoR A @ prsiRide Wadddnd ift@niddiatlaRErypel ect ed

fromthe group consisting of periodate and hypochlorite. 10. The nethod of
clai m 8, whepwopnhaldehydieni um tetroxi de and rut heni um chloride oxidizing

agents are use | : Liri ' . pr oduci ng
an B somer ont) e g Sh BRI acf1 bIdRIP AN e & JRMIRE APl TG
1- am no aahdl(£)eisordere pf adeeyl diRdiehebsteactingikd matrinediaewithhephosplafrud yieleE-
via a Wittig reaction, optionally in the presence of a lithium halide; and
d) preparing a mixture of (E) and (Z)-isomers of [SA1x247 by treating the mixture

of (E) and (Z)-isomers of acetyl-1,3-diene with a base.

8. The method of claim 7, wherein the oxidizing step is carried out with an oxidizing
agent selected from the group consisting of ozone, potassium permanganate, ruthenium
tetroxide, osmium tetroxide, polymer-supported osmium tetroxide, and ruthenium

chloride.
9. The method of claim 8, wherein the ruthenium tetroxide and ruthenium chloride
oxidizing agents are used with a co-oxidant selected from the group consisting of

periodate and hypochlorite.

10. The method of claim 8, wherein the ruthenium tetroxide and ruthenium chloride

oxidizing agents are used with acetonitrile.
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i soner enriched material conprises the steps of: a) reacting an acetyl
cyclosporin A aldehyde with a reagent selected fromthe grou fcamﬁl éng
of y-(trialkylsilylallyl) boronate esters and E-y-(trial kylsiﬂl y@

di al kyl boranes to forma (3-trialkylsilyl alcohol; b) treating the
(3-trialkylsilyl alcohol with acid to form acetyl-(E)-1,3-diene; and c)
treating the acetyl-(E)-1,3-diene with base to formthe (E)-isoner of

| SATx247. 12. The method of claim 11, wherein the acid that is used to

treat the (3-trjalkylsilyl .alcohal is selected fromthe group consisting
of “aceti o hoi . BefPe R plogur B S8 Rsomd sfua s Sy RS nEREor oduc: ng
a m xt ure n@fdified)at Bid -Anfiho iagidFedidued ivherdh ke déreoddR(i0¢ SyntHdR o tRIEROSEl ecti ve
synthesi s of the Z-isoner enriched materjal conprises the steps of: a)

reacting 59MgEetrighed afesialenmnyises WEaEPS e with a reagent sel ected fromthe
e SATN . |
group consi sti ?Pr&t:tlﬂ%/al(rg Jde?il Q’J&ﬁpbb{h% Ald’éh}g@?&[w%a"g%ﬁ%’e{%gﬁ%ﬂ%q\

E-y-(trialkylsilylall _ _ bor anes orma 3-tr yIS|tIh§/I al cohol ;
b) treati gpupteensigingroif at(ialkyildilylallyl) botrmbtewisters and Sey-(tualkplsitylallyl)

acetyl-(2): - di ene: . and treating the acetyl-(2)-1, 3-diene with base
to formt ﬁ' hiy qr?@aﬁétljongfa Q&Wﬂﬁ% al_ﬁ%‘.ot]’The_ method of claim 13, wherein the
base that is ugpeehthgltheplrihR§Isily-aldohal kit §dic’!bdforrﬁ'a@é?ﬂcﬂE)J,l,%ﬁi%h@%ﬁ@d from
the group consisting of sodium hydride and potassi umhydri de. 15. The

met hod of cl ai fl treating thGaceiHdERil 3-diene with base td foyrh shd ) asomer pf bor onat e est er
is a tri @AE&h?i | ylallyl boronate ester. 16. The nethod of claim 1l or 13,
wherein the E-y-(trial kylsilylallyl) dialkylborane is E-7-(trinethyl si
lylal Iyl)-9-BBN. 77 1 7 MAY 2006 17. The nethod of claim 11 or 13, wherein

the reagent is_E-y-(trinmethylsilylallyl),  diethylborane, 18. The nethod of
claim 11, laherEhﬁnxeﬂ@dﬁéhmfl1¢w*§*a%mqucr¢etﬂetss peeddp gaidhg Briadkdeghbdr  with

an acid c i . ] Ln 13,
Sheroi n ¢ ADBRITE Sl edtah M GYELhSRIAL T apetit actDSuTRICIRN, Sha LMD 2.

conpri ses agidPet er son ol efi nati on.

13, A method of producing a mixture of (E) and (Z)-isomers of [SA1x247, wherein
the stereoselective synthesis of the Z-isomer enriched material comprises the steps of:

a) reacting an acetyl cyclosporin A aldehyde with a reagent selected from the
group consisting of y-(trialkylsilylallyl) boronate esters and E-y-(trialkylsilylallyl)
dialkylboranes to form a B-trialkylsilyl alcohol;

b) treating the B-trialkylsilyl alcohol with base to form acetyl-(Z)-1,3-diene; and

c) treating the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of [SA1x247.

14, The method of claim 13, wherein the base that is used to treat the B-trialkylsilyl

alcohol is selected from the group consisting of sodium hydride and potassium hydride.

15.  The method of claim 11 or 13, wherein the y-(trialkylsilylallyl) boronate ester is a

trimethylsilylallyl boronate ester.

16.  The method of claim 11 or 13, wherein the E-y-(trialkylsilylallyl) dialkylborane is
E-y-(trimethylsilylallyl)-9-BBN.
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20. A nethod of producing a m xture of (E) and (Z)-isoners of | A W?ﬂ
wherein the stereosel ective synthesis of the E-isoner enriched 3?
conprises the steps of: a) reacting an acetyl cyclosporin A al dehyde with
a lithiated allyldi phenyl phosphi ne oxide to form acetyl-(E)-1, 3-di ene; and
b) treating the acetyl-(E)-1,3-diene with base to formthe (E)-isomer of
| SATx247. 21. A nethod of producing a mxture of (E) and (2Z)-isoners of
| SATx247, vvherei n the stereosel ective synthesis of the Z-isonmer enriched

o dehyde i< h TBS ARG DR A0 Bl Rty i ehepitin Eonaigetafsy A |

titani um ggm}%daa,{@g internmediate; b) allowing the titanium containing
internediate to proceed to an erythro-(x adduct; c) converting the
erythro-(x- adduct to a (3-oxidophosphonium salt by treatnent of

| odort hang; e RRRE LY B F Likedit QRROTRRAN L BALBIL I Acohol | oo

acetyl-(2)-1, 3 |ene eating t

formthe @h-angoideomptisésSHeté&doh ol2Znatibn.mi xture of (E) and (Z)-isoners of

| SATx247, prepared by a process conprising the steps of: a) protecting the
a- al cohol of cyclosporin Ato formacetyl cyclosporin A, 78 1 7 MAY 2006 b)

br o nat i g,  Nené hedhBPBIaR 18NencHifl et ot @hiddiBe BABMIRIAGAGEST due of

acetyl cyclosporin Ato produce a first interne

acet yl - 71 vhitherhmsg cinyyises a Retarson plefipatidnng t he first internediate
acetyl-rl-bronocyclosporin Awith a reagent selected fromthe group
consisting of triphenyl phosphine and trial kyl phosphine to produce an

i Et er Lmdi at)ebsed rﬁgxhedioﬁmﬁmdil’@a @nmfm oeoEdenat(Z)ﬂgomérstolfilM&w’V -whigin t r i a:c k{:z)
phosphoni um br om des o cet osporin A reparing a mxture o

and (2)-i é*&n%%rgosslﬁcta\@étym egis sfl @Fyé"rféow %flpbefi.%erﬂq'ieomwffeagheg%wépét ed from

the triphenyl - aPFeaEﬁﬁgaérkaYJetﬁ@&ctloépﬁﬁﬁ%@déh%@iﬁvﬁﬁg'lrﬂh@tedt ri phenyl phosphoni um
brom de) of acetyl cyclosporin A'wth forimal dehyde;, and e) preparing the

m xt ure ofallrlEbphmdlpf(ozphm@@mﬁ to fofm BW)(EH 3pdienes @md i ng t he
b) treating the acetyl-(E)-1,3-diene with base to form the (E)-isomer of

ISATx247.

21. A method of producing a mixture of (E) and (Z)-isomers of ISArx247, wherein
the stereoselective synthesis of the Z-isomer enriched material comprises the steps of:

a) reacting an acetyl cyclosporin A aldehyde with [3-(diphenylphosphino)allyl]
titanium to form a titanium-containing intermediate;

b) allowing the titanium-containing intermediate to proceed to an erythro-o.-
adduct;

¢) converting the erythro-a.-adduct to a B-oxidophosphonium salt by treatment of
iodomethane;

d) converting the B-oxidophosphonium salt to an acetyl-(Z)-1,3-diene; and

e) treating the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of ISA1x247.

22. A mixture of (E) and (Z)-isomers of ISA7x247, prepared by a process comprising
the steps of:
a) protecting the B-alcohol of cyclosporin A to form acetyl cyclosporin A;
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m xture of (E) and (Z)-isoners of acetyl-1,3-diene with a base. 23. The
met hod according to any one of claims 1, 6, 8, 21 and 22, whereiln/ MA¥ 28se
that is used to treat the acetyl-1,3-diene is selected fromthe group
consi sting of sodium hydroxide, sodium carbonate, potassium carbonate,
sodi um al koxi de, and potassi um al koxi de. 24. A conposition conprising a
tri phenyl phosphoni um salt of acetyl-rl-hal ocyclosporin A wherein the
halide is selected fromthe group consisting of bromde, chloride, and

i odi de. 25. The conposition of clajm24, whergejn the conposition is

tri phenyl phos pﬁd’t‘ﬁ"ﬁﬁ\at"ﬁf ?ﬁfjﬂ‘@?ﬁ“{?&@ S)Hjeg‘é'&?_ﬂ‘l Qfél_b‘b}'?ﬂ‘“)& ao%r_esnﬂu%g zsi t2 i7on_|_h
conprisin VE in A . e
method of X é?ﬁﬁj‘i{pbaﬁ@ b produte o nsﬁg'pﬁjé"& fafc ekt ?ﬁ?‘?rg‘ﬁg%ﬁ‘isﬁi'?@{% al kyl
p?_osphfﬂi um b[@ﬂ‘ieﬁi:fh_ga?e ﬁfsje:ryhér][r@ﬁﬁtﬁﬂgf-hrbrmogmmsm'tﬂiw’itﬁdma@nep tpat
stirs the intermediate wth fornalde i s .done i.n resence of a
i t hi um halgeiRd. from the groypspnsigig (gfgrlpheﬁépﬁqé’ﬁﬂ%e%ﬂdt%l}w&ﬁ@gﬂ?m%ﬁoai m 6 to 8
wher ei n t BeJaGcehYhtefN&diNe RAEY %rﬂ%&@ua échsRIiRPS APhdNy1-andRidmad conpri sing

the steps of. a) protecting the a-al cohol of cyclosporin A by formng
acetyl cyphaespiyuviym bromidescof aggtybsickisperiigAt he acetyl cycl osporin A with ozone

as the oxidi zi f yx@td( k- 4 11 e i -@g&p 29. The
nmet hod of cl ai (?}uq)f%%glr%%&%ﬂger e%%%@d?ﬁ? éf/\lis'%cgtysﬂ't] ’e3p(ﬂ%!“s\e ortlle &

t enper at uylkidergengriated ffonotie atighehyl- 80tiatky! S4B (s&0nd Trtemediateod of cl ai m 27 or
28, wherein, the reducing, agent i.s selected from.the up consi sting of
Cri al Kyl  BROSHIRTASEION BTonaS Spf S C omLA PUPRGA L 80 The et hod
of claim 27 oreRBepatifig bRl Mixtp€ of € WRd (B)-i86Réts of BASSLETH Eedtinget he group
consisting of alkylaryl sulfides, thiosulfates, and dialkyl sulfides. 32.
The net hotispred@f gEand1Z)-isamets of aceinl- 1.adigep Mathad®@se: i s di net hyl sul fi de.

33. The nethod of claim 30, wherein the reducing agent is tributyl

phosphi ne. 34. The nethod of claim 30, wherein the reducing agent is
trial kyl a@3.ne. TBSmefhbé acretdingitoiny ohaofieigis e, il and B2, wisieioithegbaagent i s
triethyl Ahat'f5 used to treat the acetyl-1,3-diene is selected from the group consisting of sodium
hydroxide, sodium carbonate, potassium carbonate, sodium alkoxide, and potassium

alkoxide.

24. A composition comprising a triphenylphosphonium salt of
acetyl-n-halocyclosporin A, wherein the halide is selected from the group consisting of

bromide, chloride, and iodide.

25.  The composition of claim 24, wherein the composition is triphenylphosphonium

bromide of acetyl cyclosporin A.

26. A composition comprising a B-trimethylsilyl alcohol derivative of cyclosporin A.
27.  The method of claim 1, wherein the intermediate is triphenyl- or trialkyl
phosphonium bromide of acetyl cyclosporin A, and wherein the step that stirs the

intermediate with formaldehyde is done in the presence of a lithium halide.
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36. The nethod of any of clains 28 to 35, wherein the solvent used for the
ozonol ysis of acetyl cyclosporin Ais a |lower alcohol. 37. Théd T 080 f
claim 36, wherein the al cohol is nethanol. 80 17 MAY 2006 38. The nethod of
claim 28, wherein the solvent used for the ozonolysis is selected fromthe
group consi sting of dichloronmethane and a m xture of dichl oronet het hane and
a |ower alcohol. 39. The nethod of claim38, wherein the |ower alcohol is
met hanol . 40. A nethod of preparing a mxture of (E) and (2)-isoners of

| SATx247, erein the nt het i at hway conprises the steps :

convertin ‘§2n ﬁh‘f E\fﬂmi"ﬁ%‘/ %'bee(fff?lld?@ﬁlt%g&%ﬁe The 3peidifygigsRagin ?‘Iﬁhﬁ%re of
(B) and (Hrephedmsy $methodeeinptisidg dredleppef:by reacting the intermediate with
a phosphorus ylide prepared froma tributylallylphosphoni um halide or

t ri phenyl phospRbRiPiERlinEthe Bealcahal ef cyplosparip A bxdarming acspil xsiespbiin An anhe
Oy aomers of o] I ARKA E6hoblip RLERPLIANE oS ulliotldlfiiy Shent BIIORES ., < o

acetyl -1, dyoNoekrep wiithia radizdrseagedtl. The net hod of cl ai m 40, wherein the

phosphoni um hal i de is a phosphonium brom de. 42. The nethod of claim4l,
wherein the Wttig reaction is carried out in a solvent selected fromthe

group congpst i Mhe fetHod tof BlANARP bHL G WIRAGN theloyeitysisiish iash&an the sol vent
is used in the presence of a lI'((:tg%nBound sel ected Tromthe group conprised of

but yl | i t hittiReraygirenaingfien agp @eto 196t assi um | ower al koxi de, and

carbonate at a tenperature between -80C and 110C. 43. The nethod of claim
42, wherein the potassium /| ower al koxide is potassiumtert- butoxide. 44.
The net hodlof dhainethed of whaiam &7 or 2heviediv tetredusingeger iy shlafadrfeom tieed i n t he

presence qQf RO jumet ent - byt oxi de  at t enper at yr e t ween -70C and
-100C. 81%i°u§ Ckﬁ@’é‘%é’é“ﬁ%@ ]RH?TS@?%WSEI gy PEW@%W&%&Y&@?W{P@S-Synt hesi s of
the E-isonmer of | SATx247

31.  The method of claim 27 or 28, wherein the reducing agent is selected from the

group consisting of alkylaryl sulfides, thiosulfates, and dialky! sulfides.

32.  The method of claim 31, wherein the reducing agent is dimethyl sulfide.
33, The method of claim 30, wherein the reducing agent is tributyl phosphine.
34.  The method of claim 30, wherein the reducing agent is trialkylamine.

35.  The method of claim 34, wherein the reducing agent is triethylamine.

36. The method of any of claims 28 to 35, wherein the solvent used for the ozonolysis

of acetyl cyclosporin A is a lower alcohol.

37. The method of claim 36, wherein the alcohol is methanol.
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conprising the steps of: a) reacting a trimethylsilyl (TMS) cyclosporin A

al dehyde with E-y- (trialkylsilylallyl) borane to forma R—trﬁ%%yl
al cohol; and b) treating the P-trial kylsilyl alcohol with aci t he

E-i somer of | SATx247. 46. The method of claim45, wherein the acid that is
used is selected fromthe group consisting of acetic acid, sulfuric acid,
or a Lewws acid. 47. The nethod of claim45, wherein the acid is BF3. 48. A
nmet hod for the stereoselective synthesis of the Z-isoner of |SATx247

conpri sing,the_step f. acting .a trinethylsilyl (TM),K cygclosporin A
al dehyde wfth Eﬁﬁmeﬁ’f’ﬁi‘%f’@(ﬂ‘ ég’l‘”{/}feé?‘ WC)SOBSP%HE‘Y %‘15 t‘?%?%?ig‘aly?él %fegﬂe ylsilyl
al cohol ;  Iabni the gfdup Gohdiing Sf HichRirdiétRdrelshd aIngi AR ofiéHloB AR thethand Md M
TMS-(2)-1,3-diene; and <c) deprotecting the TM5-(2Z)-1,3-diene to formthe
Z-i soner &Wvergleshalaz. 49. The method of claim45 or 48, wherein the
E-y-(trialkylsilylallyl) borane is prepared by the steps of: a)
deprotonating an allyltrialkylsilane with a base; and b) reacting the
depr ot onaB8d allhgmethiod ok ylaimh B8whengin thedowéradl¢éohbbiskethdnot. ane and a  Lewi s
acid. 50. The nmethod of claim 49, wherein the dialkyl al koxyborane is

di et hyl met hoxyborane and the Lew s acid is BF3. 51. The nethod of claim 49,

wherei n t ke, al Whéthodbfprbsdringaemixtirabf (B) bid (Ftikothas bAISA B2, WhérelANe 2006
52. The net hod, of claim49, wherein the base used to deprotonate the
al |yl t ri asyyheticpathevay comprises|the $igrspls 53, The nethod of clai m 48, wherein

the base that 5&&%&%@% tr&ffed itaﬁa%éﬁ;mﬁpﬁgdﬁiahdehéd@tb%ﬁ@k b 5f @' ect ed

fromthe group consisting of so X pot assi um roxi de, and
al kal i | owed (ZatikandrsieSacetd- 1, 3fdienanlest ieadingfthecintermedi@te wither iosplidngs Yise i s

potassiumtert - oxj de The net hod. of cl imé? wher ei n. deprotection
is accomplegﬁ%a?@éq %g' gwlaify?@os@é)fq%‘ %ﬂ'df’ Pﬁﬁ{pﬁﬁ@'] déﬁlb‘)"é‘ﬂﬂb?'é‘fei Y2 of
hydr ochl oWidigareadionagmionallyaiithe presdnte of plithilm halideydns

b) preparing a mixture of (E) and (Z)-isomers of ISATx247 by treating the mixture

of (E) and (Z)-isomers of acetyl-1,3-diene with a base.

41.  The method of claim 40, wherein the phosphonium halide is a phosphonium

bromide.

42, The method of claim 41, wherein the Wittig reaction is carried out in a solvent
selected from the group consisting of tetrahydrofuran and toluene, and wherein the
solvent is used in the presence of a compound selected from the group comprised of
butyllithium, sodium lower alkoxide, potassium lower alkoxide, and carbonate at a

temperature between —80°C and 110°C.

43, The method of claim 42, wherein the potassium lower alkoxide is potassium-ters-

butoxide,

44, The method of claim 43, wherein the solvent is tetrahydrofuran used in the

presence of potassium-fert-butoxide at a temperature between —70°C and —100°C.
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acid, and HF-based reagents. 56. The nethod of claim55, wherein the

HF- based reagent is selected fromthe group consisting of trihdtMAY 2006
anmoni um fl uori de and potassium fluoride. 57. A nethod of preparing a

m xture of (E) and (Z)-isonmers of |SATx247, the method conprising a

synt hetic pathway that prepares an (E)-isomer and a (Z)-isoner of | SATx247
such that the (E)-isonmer and the (Z)-isonmer are present in the mxture in a
predeterm ned rati o, wherein the synthetic pathway conprises the steps of:
a) protectj.ng the (3. alcphol of . the | am no_.gcid of cyclosporin A5 b)

oxi di zi ng 45he p‘}B‘Fé'E?FZ%f tB@ﬁtFrSgi?éﬁ’cf'ﬁe %Y“E%Slﬁ%g\&@glsgmﬁ? tleéredtcycl osporin A
al dehyde; wjnpeisiny eetstdpg ofthe protected cycl osporin A al dehyde to a mixture
of E- and Z- isoners of protected 1,3 diene by reacting the protected

cycl osporin A &) EafnRea imethydsilyh B Sheyclpsperin Aaldghydewiitt Etv-g r eact i on,
optional | . ] ld t.hi ‘ ide;. and d reparing a m xture
of E. andxg!aﬂf}i%ﬁgms%g&ggE)(?%)tr@catq'htg]dl %é‘ggé%ﬁ‘é’?:’ta@g 1,% di ene. 83 17 MAY

2006 58. The ) hreatingfthepatiatk@dilyl whohslivith &1 @ fains HRE-iseiet SEISA &0 aci d
of cyclosporin A is protected by reacting cyclosporin Awith a reagent to

give a a protected cyclosporin A selected fromthe group consisting of

acet ate esfger s Th&RARALS cga%? Q,rs,swnérl:‘iﬁstltlé dcid g i@%%l{dq%eqfﬁé& f£om ’theiér %Z,hyand

silyl ethers. 59. A netho or the preparation cyclosporin a de
conpri si ngonHKingof pectigfacid, sulfupic acidceor algewinacid3 al cohol of cycl osporin A by
form ng acetyl cyclosporin A; b) converting the acetyl cyclosporin Ato the
acetyl cyclosporin A epoxide with a nonopersulfate, preferably oxone, in
the preser@e ofThaniediodnd clapmabewhditiyi tivaciatisiBRt ed ketone, preferably

acet oxyacet one or di acetoxyacetone, at a pH over 7; and c) cleaving the
epoxide with periodic acid or perodate salt under acidic conditions. 60.

D ocedur o B A S e B e 2 P ISERAY. somer s of
| SATx247, cemerigingthetsteps of:
a) reacting a trimethylsilyl (TMS) cyclosporin A aldehyde with E-y-
(trialkylsilylallyl) borane to form a B-trialkylsilyl alcohol;
b) treating the B-trialkylsilyl alcohol with base to form TMS-(Z)-1,3-diene; and

¢) deprotecting the TMS-(Z)-1,3-diene to form the Z-isomer of [SA1x247.

49.  The method of claim 45 or 48, wherein the E-y-(trialkylsilylallyl) borane is
prepared by the steps of?:
a) deprotonating an allyltrialkylsilane with a base; and

b) reacting the deprotonated allyltrialkylsilane with a dialkylalkoxyborane and a

Lewis acid.

50.  The method of claim 49, wherein the dialkylalkoxyborane is

diethylmethoxyborane and the Lewis acid is BF.

51. The method of claim 49, wherein the allyltrialkylsilane is allyltrimethylsilane.
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synt hetic pathway conprises the steps of: a) converting an internedi ate TNVS
cycl osporin A al dehyde to a nmixture of (E) and (Z)-isoners of 17 MAY 2006
TMS-1, 3-diene by reacting the internediate with a phosphorus ylide

prepared froma tributylallyl phosphonium halide or triphenyl phosphoni um
halide via a Wttig reaction, optionally in the presence of a lithium

hal i de; and b) preparing a mxture of (E) and (Z)-isoners of | SATx247 by
deprotecting the mxture of (E) and (Z)-isomers of TMS-1, 3-diene with an
acid. 62. JThe t ho f .claim6l, wherein th osphoniymhalide is a
phosphoni @ bﬁﬁm&oggjc%}rg%\yheégegh Se gt‘gra?pr'igt&“?}?t | ai m 61, wherein
step a) i sllgiaidikygsllageis bulylHthghvent which conprises tetrahydrofuran and/ or
tol uene used in the presence of a sodium or potassium |ower al koxide, or a
carbonate, at a tenperature between -80C and 110C. 64. The nethod of claim
63, whereisq th ' ' I ' i . .

pot assi umS? ert QBE?%(@%)%%QR M%S‘Zhér#g%‘ ﬁ%\éﬁ(%? &%{(g;ﬁ%&%&t[%%tg? gi'tﬂalé( wéll)zlilci dis

sel ect ed fatcoholtihselgptelfiors dresgretp cogsisfing dfisddinahhyaroxide podssiae dydroxide, d,
citric acid @IL wis acid and HF-based reagents. 66. A nethod for the

st er eosel &89 @'EWH@(&‘ °bf the E-isomer of |SATx247 conprising the steps
of : a) reacting an acetyl cyclosporin A al dehyde with
E-y-(trialkylsilylallyl) borane to forma_ (3-trialkylsilyl alcohol; b)
treating the (3he methorprf siafny 53 avisein thafiaseis petagsive tersbrioxide.
acetyl-(E)-1,3-diene; and c) treating the acetyl-(E)-1,3-diene with a base
to formthe E-isoner of |SATx247. 67. The nethod of claim45, 48 or 66,
wher ei n t §8. st dpe methwtliofiglairn d8(Bhdrein deprptestionyis acaimpdisindd fsingtdnaicidconpri ses a
Pet erson ql.efination, 68. The .nethod of claim66,. wherein the borane
eagent i et Bbinffe e R e bR, BHaART. Gt setica kevRod of

cl ai m 66, awdedndi HIF-blsed agdgentt.hat is used is selected fromthe group
consisting of acetic acid, sulfuric acid, or a Lewis acid. 70. The nethod
of claim®69, wherein the acid is sulfuric acid.

56.  The method of claim 55, wherein the HF-based reagent is selected from the group

consisting of tributyl ammonium fluoride and potassium fluoride.

57. A method of preparing a mixture of (E) and (Z)-isomers of ISAtx247, the method
comprising a synthetic pathway that prepares an (E)-isomer and a (Z)-isomer of
ISATx247 such that the (E)-isomer and the (Z)-isomer are present in the mixture in a
predetermined ratio, wherein the synthetic pathway comprises the steps of:

a) protecting the P alcohol of the 1 amino acid of cyclosporin A;

b) oxidizing the protected cyclosporin A to produce a protected cyclosporin A
aldehyde;

c) converting the protected cyclosporin A aldehyde to a mixture of E- and Z-
isomers of protected 1,3 diene by reacting the protected cyclosporin A aldehyde with a
phosphorus ylide via a Wittig reaction, optionally in the presence of a lithium halide; and

d) preparing a mixture of E- and Z- isomers by deprotecting the protected 1,3

diene.
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71. The nmethod of claim66, wherein the base that is used to tre tyé %GW
1,3-diene is selected fromthe group consisting of sodlun1hydr Y

sodi um car bonate, potassium 85 1 7 MAY 2006 carbonate, sodi um al koxi de,
pot assi um al koxi de, and am ne bases selected fromthe group consisting of
NH3, hydroxyl am ne, hydrazine, and | ower dial kyl am nes. 72. The net hod of
claim 71, wherein the base is selected fromthe group consisting of NH3
and dinethylanine 73. A nmethod for the conversion of acetyl cyclosporin

1, 3-di ene TX2 er ei t he .ace rin 1,3-d.ene is. treated
with a badé sel ems oﬁmﬁﬂa{% g‘?’@uﬂ"@lfr@?lgﬁlﬁﬁﬁ?‘gq agyeg #id ALCPYE  sodi um
carbonat ez i@@t@@&édﬂ(}l I‘éaéth@fbgél@spo?@di With alrkp$hids gnl%%}_@ﬁ‘@ie@l@i lKeporlg. and

am ne bases sel ect fromt roup consi stl ng dr oxyl am ne,

hydr azi ne A stegted dioss tm|ga<pwoamtmgsof av%atevﬁérsiwlzqnn@nye pfters) substitrted wherein the
base is di, g]golé\%él F’%}&”&Q%sﬂ‘"“%ﬂgﬁmg for the stereosel ective synt hesi s of

the Z-isoner I'sing the steps of: a) treating an acetyl
cycl osporine A aldehyde with a 3-(di rret hyI am no) propyl t ri phenyl phosphoni um

2?; S|e I( %5[92& ' e%ﬁ&ﬁg}f ﬁlgﬁ %ﬁé#ﬁéﬁ)’[ﬂ@ cytﬁ SPOTIp é\ zilﬁneg\yge comprising the steps of:

acetyl - (Z)-oct embdbm@dnyF&monel MchElosdriad BY ForMéhgl RGLHcIdsPodiPAM  an
acetyl-(2)-octenyl di met hyl am ne oxide; c) heating the
acetyl - (Z)-oct gh‘iﬂ“d?‘ﬁlﬁg agRIYheYClsperin Ao theasprsl @iclasperint AsRoxide Withem an

acetyl - (Zmchoperslilane Fre@é}ﬁ'bl? bxbieSH t'h@?regaﬁe 8Fg kéﬂm% é)e‘férag’l y4h %ﬁ@v& gt h a

second base to form i soner he” net of claim
75, wher eiketont@refenably ab@tgéyacstom@labmemmmmmﬂm@w Taaidde. 77. The

hod of cl h | b
T d ga 17 el eIt ehdlidd\GupBliard R L eREE ol B AL e ond base | <
sel ected from thealiggneup

60.  The method of claim 59, wherein steps b and ¢ are combined in a work-up

procedure.

61. A method of preparing a mixture of (E) and (Z)-isomers of ISAtx247, wherein the
synthetic pathway comprises the steps of:

a) converting an intermediate TMS cyclosporin A aldehyde to a mixture of (E)
and (Z)-isomers of TMS-1,3-diene by reacting the intermediate with a phosphorus ylide
prepared from a tributylallylphosphonium halide or triphenylphosphonium halide via a
Wittig reaction, optionally in the presence of a lithium halide; and

b) preparing a mixture of (E) and (Z)-isomers of [SA1x247 by deprotecting the
mixture of (E) and (Z)-isomers of TMS-1,3-diene with an acid.

62.  The method of claim 61, wherein the phosphonium halide is a phosphonium

bromide,
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consi sting of sodi um hydroxide, sodium carbonate, potassium car bqn,a
sodi um al koxi de, potassi um al koxi de, and am ne bases sel ected from
group consisting of NH3, hydroxylam ne, hydrazine, and | ower

di al kyl am nes. 87

63.  The method of claim 61, wherein step a) is carried out in a solvent which
comprises tetrahydrofuran and/or toluene used in the presence of a sodium or potassium

lower alkoxide, or a carbonate, at a temperature between —80°C and 110°C.

64. The method of claim 63, wherein the sodium or potassium lower alkoxide is

potassium-tert-butoxide.

65.  The method of claim 61, wherein the acid is selected from the group consisting of

hydrochloric acid, acetic acid, citric acid, a Lewis acid, and HF-based reagents,

66. A method for the stereoselective synthesis of the E-isomer of ISA1x247
comprising the steps of:
a) reacting an acetyl cyclosporin A aldehyde with E-y-(trialkylsilylallyl) borane to
form a B-trialkylsilyl alcohol;
b) treating the B-trialkylsilyl alcohol with acid to form acetyl-(E)-1,3-diene; and
. ¢) treating the acetyl-(E)-1,3-diene with a base to form the E-isomer of ISA1x247.

67.  The method of claim 45, 48 or 66, wherein the step treating the B-trialkylsilyl

alcohol further comprises a Peterson olefination.

68.  The method of claim 66, wherein the borane reagent is E-y-(trimethylsilylallyl)
diethyl borane.

69.  The method of claim 66, wherein the acid that is used is selected from the group

consisting of acetic acid, sulfuric acid, or a Lewis acid.
70. The method of claim 69, wherein the acid is sulfuric acid.

71.  The method of claim 66, wherein the base that is used to treat the 1,3-diene is

selected from the group consisting of sodium hydroxide, sodium carbonate, potassium
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carbonate, sodium alkoxide, potassium alkoxide, and amine bases selected from the

group consisting of NH3, hydroxylamine, hydrazine, and lower dialkylamines.

72.  The method of claim 71, wherein the base is selected from the group consisting of

NHj; and dimethylamine.

73. A method for the conversion of acetyl cyclosporin 1,3-diene to ISAtx247 wherein
the acetyl cyclosporin 1,3-diene is treated with a base selected from the group consisting
of sodium hydroxide, sodium carbonate, potassium carbonate, sodium alkoxide,
potassium alkoxide, and amine bases selected from the group consisting of NH3,

hydroxylamine, hydrazine, and lower dialkylamines.

74.  The method of claim 73, wherein the base is dimethylamine.

75. A method for the stereoselective synthesis of the Z-isomer of ISA1x247
comprising the steps of:

a) treating an acetyl cyclosporine A aldehyde with a
3-(dimethylamino)propyltriphenylphosphonium halide in the presence of a first base to
form an acetyl-(Z)-octenyldimethylamine;

b) treating the acetyl-(Z)-octenyldimethylamine with an oxidizing reagent to form
an acetyl-(Z)-octenyldimethylamine oxide;

¢) heating the acetyl-(Z)-octenyldimethylamine oxide in a Cope elimination to
form an acetyl-(Z)-1,3-diene; and

d) treating the acetyl-(Z)-1,3-diene with a second base to form the (Z)-isomer of
ISATx247.

76.  The method of claim 75, wherein the first base is potassium hexamethyldisilazide.

77.  The method of claim 75, wherein the oxidizing reagent is metachlorperbenzoic

acid.
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78.  The method of claim 75, wherein the second base is selected from the group
consisting of sodium hydroxide, sodium carbonate, potassium carbonate, sodium
alkoxide, potassium alkoxide, and amine bases selected from the group consisting of

NHj3, hydroxylamine, hydrazine, and lower dialkylamines.

A
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