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11 My Zogc%vatﬁ)gé%o %Ihg]sﬁgp%ssion is accomplished by the binding of cyclosporine to the

ubiquitous intracellular protein, cyclophilin. This complex, in turn, inhibits the calcium-

and calmodulin-dependent serine-threonine phosphatase activity of the enzyme calcineurin.
Inhibition of calcineurin prevents the activation of transcription factors such as NFAT and
25  NF-xB, which are necessary for the induction of the cytokine genes (/L-2, IFN-y, IL-4, and
GM-CSF) during T-cell activation. Cyclosporine also inhibits lymphokine production by T-
helper cells in vitro and arrests the development of mature CD8 and CD4 cells in the
thymus (Granelli-Pipemno et al., 1986). Other in vitro properties of cyclosporine include the
inhibition of IL-2 producing T-lymphocytes and cytotoxic T-lymphocytes, inhibition of IL-
30 2 released by activated T-cells, inhibition of resting T-lymphocytes in response to
alloantigen and exogenous lymphokine, inhibition of IL-1 production, and inhibition of
mitogen activation of IL-2 producing T-lymphocytes (Granelli-Piperno et al., 1986).
Cyclosporine is a potent immunosuppressive agent that has been demonstrated to

suppress humoral immunity and cell-mediated immune reactions such as allograft rejection,
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cyclosporin analogues are disclosed in WO 99/18120, assigned to Isotechnika. The terms

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

cyclosporin.

30 There are numerous adverse effects associated with cyclosporine A therapy,
including nephrotoxicity, hepatotoxicity, cataractogenesis, hirsutism, parathesis, and
gingival hyperplasia to name a few (Sketris et 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
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(el ot e PRt Arlas, R Io 1O AERORI AW s B A BASERCT,
Cycl ospori Hiean@p@gmc@@mfahmf&gemmmmhdgmgm ”Blu:ckmresmlt_tdilfenahftﬁa?fﬁ,le ogr 22 :nt
di scl osed ,j| ohhd i I qgn Q. th S] gnee
appl i cati o%fi&ééné% i%i%{ncor p%rfgtt{\%‘%f%ﬁg% g?ﬁ&%%?%‘%% "?gfﬁﬁlagﬂﬁ%@’%\s @ned to the
present asfregaeds Ieéuosydscamtlmmnsnmalppﬂe&lu@algmmts sAhmf kute:dgtdn@lrﬁuimon 60/ ﬁ42 , 201,
in which a ! i icularly preferre cyclosporin
anal og ref gﬁrgﬁgﬁﬁ?ghéﬁﬁ%ﬁ%r%%# s anal og is structurally identical to
cycl ospbrin A eceeidinglyotheredeid fl¢edz§<olilmmua¢supﬁmsﬂ? @gmﬁ@vlﬁgﬂa?eéf&sﬁ\_ﬁbl@d < of

| i cant sy A4 ned.t hat certain mxtures of cis an rans i somers
'IA%%TXZM egﬁ’i‘egfd%ﬁtgg% mbi nat i on of enhanced potency, and/or T educed
toxicity over tGvsloprerineaslpgs Cgef@mmimrglfaddmpmesdghﬂt%rq k—|pOsMi’t])cn2£|ﬂe d'g\wzsgtﬁ pa}re |r gs.
Certain al \l r : e rivatives.o X2
al so di sc%ﬁ?)us{gdg.g q%l%f'écdéﬁ‘%% s.?%%q [ sglt‘l_sg{aggécf O%Ih%ff’ ﬁérsglg af’fr’%mﬁ“g'.’ ¥ ovi si onal
Pat ent AppiFUBerrtehhaein in $OmEresy. 2050 assignpd 14 the mgam BHSlgihfb iE oj.m_rq@ﬁ:dﬁapt t Eg
wei ght {of | . . er.cent.. wei o]
o si somer o R B AP gl s Ao BB R e b Bieteoa s 10 g5
per cent bycY@leRRpin Aofmalogeefemresits as YSAe24 AN dhiateoalog BStrocurifly ﬁgrrtmflnaz 50{ t gg
Ci S-1 SOMET gyclokdbra N, ' e _mxture .contains u 075
per cent byey\?\gik%r?? %Q%Qﬁﬁg&?&gg%@ﬁ%%ﬁ%p ag% azfd(’)rﬁ??% ‘Atpé’ﬂ%%pfgi"%eﬁﬁd by wei ght
of the ci sthptseriin mixtyreseforstrad rondisetneresRISAxRE7 %)mnbﬂbg geomﬁgigﬁwhms abotjt b35 to
65 percent j n out t rcent by
wei ght of %Ilﬁgncgfg@%}%}é%%P?%ﬁ%ggbﬁ%é@gggn%hgﬁf%ﬂy goc‘iuﬁ%ngrﬁ“gtpmseé’ﬂg Sﬂ‘f"‘éﬁ ns about
45 30 ¥ sHclsrosantCaspinediyitnd, elatedent daneated divatien df QL4 Serd disod5
percent ofgitiRef£i S-isomer. In another enbodi ment, the isomeric mxture is
an | SATX247 m xture which conprises about 45 to 50 per cgnt by wei ght of
t he trans-i sondypiesly, the digelo®d mintuss indé 6 Rrotisitmal Retérg Applidatib®o. Ci S-1 Soner .

_ j n.th tal weight of th
Conpost t1 o 7EPrafite M6t thiye 75 & B8R BV b " Bk ot wbRiBO B, wei gh
of the (E)Lirstsatby asihBef the dis-isomy in2006er eifBodiBreM3BE xRS ToRADR AdE5 60

25 15 to 85 percent by weight of the zrans-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
30  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 ISATx247 mixture which comprises about
45 to 50 percent by weight of the trans-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
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percent by weight of the (Z)-isonmer, or vice versa. In an alternate
nonencl ature, the cis- isoner may al so be described as a (%) nwomgg, and

the trans- {Vﬁgg@?goul d also be called an (E)-isoner. Accﬁﬁgfcégﬂﬁé?t here is

a need in %or nethods of pr epar ation of cycl ospor ogs

i ncl udi ng Y WA S ed..t hat produce
enri ched cg%gé(;@lgﬁvg%}gogﬁptﬁﬁgomi {)}f\{]; ?glg%grs, aéégmg\ré "?ﬁgﬁxxf}ﬁr gs of the

i somer s havsomgr may aledi destribed ds@ (Z}-lsomﬂ, gndishei remprisosier ddaiddsisbeatilgdraepar at i on
of derivat Kﬁéqg an | SATx247 are needed as well. DI SCLOSURE OF | NVENTION 10
Cycl ospori its analogs are nenmbers of a class of cyclic polypeptides
having potent Asmdingiufhoreds s ased la&tlaufarynetlﬁésqiﬁnr@atahen aﬂmyammas t hese
drugs offe ei i ti-inflammtory,
and ant o palbasyn RERREmert O1INRG A, SRS RS Bl HEetol M igBiesCr o

associ at ed ewiched eopppatigns of He nmmﬂmﬂ apyers,hawell mitturdeof theijsbmers baving 4 y and
hepat ot oXi gig¥d rafS 6 pressive
agont s hary ey mEGORE b pert kol PropEittn oP Borl e 37 PRAERET g
conpound cyeKdedgordlln A, but WlthOUt one or nore of the associated toxic

si de effecpgs leg{ﬁgﬂ@ Njhe present invention provide certain

m xtures of cis and trans |sorrers of cycl osporin A anal ogs, which are

phar mad@ut i cal | §yclespdring andNityrmelogs are chembah oftp dlas of @ty pcéybeptndeahavh@ﬂx 247.

M xtures o pot ency
and r educehm{3 %ﬁé’?’tﬂuﬂg\iﬁgﬁé% tﬁﬁgt Bésgt?alhg g@g}&% kh%se ‘%ﬁgs :}g Fegpqg own

cycl ospori h)sthelfl'hemplp%IQBINSSIVenmmﬂvmnatsrybamledt;-parmlprazchyltm; theleeareli scovery
that certa . rine provide
super  or 1 oo HBlrE oAb bidhtRe bk NN SRS ARer N IR T L e se

ef fects asBewbicexaitywid kepetptixogpoiieredingly, thergian néedubarew we have 25

unexpegted t tures.of both cis- and
trans- qrjso%r?é@%?%%\?enébég{éﬁ{ﬂg%oﬁhéﬁ @gg %al 2 Vit{ufl > téf)nafﬂm 1¥ ?%?Hrs‘mgt 0 Cis-)
of cyclos pmmndamloa@uesﬂ, ibpidvitiogtione at nmh@tmeasma@teamd: didesiffdete provi de
superi or efflc a uch an s ar di sclosed in
WO 99/ 18120, an b nc %t%tfg‘f Lyf’{eg%t nt%% ﬁ’(l)d'r%]3 &4 eralfrg Wd&dhas. In
particul ar lsomwmDﬁmbsnonntﬁhmatogng@l@faraﬂmmuacdfﬁmﬁﬁl Ltsefuamptcfdiﬁd bihldgtis ans- to
cis 30 ) a DD ns- d. about 45%to
about 50% (F:E?es%egé&r %qség(und to “gpso&ta{§t %/%j Qorﬁe?gééﬁh?tcaa%%nrgﬁlg HO atrr%lé}éa\?(%%u it has
been défronpatensyend tefused tOh@SIEOVﬁS’dImxaturi’rﬂiymm aad brekantly &nevanbi nat i on of
superior p mg Win@nd reduced toxicity over naturally occurring and other
presently cycl osporines and cycl osporine derivatives. 7 11 MAY 2006
WO 03/ 033527 POMhe @reesht iy&B®n is based, in part, on the discovery that certain isomeric

mixtures of analogues of cyclosporine provide superior immunosuppressive effects without

one or more of the adverse effects associated with cyclosporine A. In particular, we have
25  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-
30 ) and in the range of about 50% to about 55% trans- and about 45% to about 50% cis- are
found to be particularly efficacious. Moreover, it has been demonstrated that these isomer
mixtures exhibit a combination of superior potency and reduced toxicity over naturally

occurring and other presently known cyclosporines and cyclosporine derivatives.



A particularly preferred anal ogue (referred to herein as "I SATx247") is
structurally similar to cyclosporine A except for a nodif1 &cMAYu2008 i onal
group on t i.nhery of the nolecule, at the 1-am no agjd residye. The
structure ‘gﬁ O?ﬁ#lgpgarti cul ar isomeric anal ogue m xture cghﬂgr"@sﬁblg@ t he
structure of cYChAGAHIEfdrddS \ " HH HO
--C\ \CH CH3 AML CH SI,y?SA%(égé?galH Q@ég&%ﬁﬁmﬁﬁeasﬁéoﬁe%cy% X dlﬁréh can be
used, amonyMYEHE FYLEPoTEE A xsertifontunekifindfunetisnabgroup emtie péripheryrofttef  var i ous

i mrune di speRANS at b $AAERS: i@RNeh{ | ' ’ vention,
control, alleviation and trcgg?srlr(gﬁt %ﬁ%@g%fe.dfﬁgéc%?&d{a%h?%egg nggllgﬂ%nts of the
present i nWEHHIE Epmpared Aortho styuqture pbgyslosnonide A® deri vatives thereof) are

synt hesi zed by stereosel ective pathways that nay vary in their degree of
selectivity. Stereo selective pathways produce conpositions that are
enriched in either of the (E) and (2)-isonmers, and these conpositions may
be conbi ned such thdk t resulting mxture has a desired ratio of the two
isoners. Alternativelyg the reactions conditions of a stereosel ective

pat hway may be tailorew to produce the desired ratio directly 15.in a
prepared m xture. Thenpercenfjage of one isonmer or another in a mxture can
be verified using nucléhc magneti c resonance speetyr gsdobpy (NVR) or ot her
techni ques well known in Jthe art. 8 1 1 MAY 2006 03/ 033527

PCT/ CA02/ 01560 Each of thg_pathways typically proceeds with the application
of a protecting group o a &@nsitive al cohol functioral group. In one
enbodi nent the al cohol is protected as an acetate; i n $S8her enbodi ment s
the protecting groupsHare beggoate esters or silyl ethers. Although
acetate protecting gr oubsc,{?e\%ﬂgnmn in the art,"y izquortant to

enphasi ze t hat CH CHa
AM1
CH AM1 CH
ISATx247 CYCLOSPORIN

The isomeric mixtures can be used, among other things, for immunosuppression,
and the care of various immune disorders, diseases and conditions, including the prevention,
control, alleviation and treatment thereof,

According to embodiments of the present invention, ISA1x247 isomers (and

10 derivatives thereof) are synthesized by stereoselective pathways that may vary in their
degree of selectivity. Stereoselective pathways produce compositions that are enriched in
either of the (E) and (Z)-isomers, and these compositions may be combined such that the
resulting mixture has a desired ratio of the two isomers. Alternatively, the reactions
conditions of a stereoselective pathway may be tailored to produce the desired ratio directly

15 ina prepared mixture. The percentage of one isomer or another in a mixture can be verified

using nuclear magnetic resonance spectroscopy (NMR) or other techniques well known in
the art.



5 in many of the exenplary enbodi nents described herein certain undesirable
side-reactions involving an acetate protecting group nmay Pt MAro2ed

t hrough t protecting groups such as benzoate es | yl
et hers. mg"g?o%“gi& ed conpound may then serve as a pr ecur}s’gjrf/%fw{ml%éovarl ety

of . stereosele i

phosphor us- con'?“f';ftléﬂyn|§fntgé/f)‘%ltf}§a>ls %Rgﬁ asé(jlsc';’?i 'ﬁ tﬁ?ﬁgfﬁ%ﬁﬁf%ﬂaﬁ El}g&r r“éacti on,
and i nor game@SléYeeqmlwlsfua@londmw 511103[11c emg@dlmmﬁﬁlwl alldobolrieagbm@as aiihe | atter
type may ploGee i r i where steric
reagents )

such, 25 Pz&zl%gd °”PEF§€'F*’A“? gﬁ@d@*ﬂféﬂ i &fw@@rgﬁzééaa?@%{dgwﬁ TR
t oy( Z) - Ps olli??’éqlgmg #n mgatemrsztpﬂme groph uiayi be avyoidsd thoeuth thet use efyyeteetigigaby or

non- st er eogeh &chYdaleosteBY siyikRe®N @ broad range of values. For exanple,
the m xture nmay conprise from af)out 10 to 90 percent of the (E)-isoner to
about 90 to 1(Thp@¥0é@t¢@°9mmmém(az)hensm a freputsphior a earstydifrent s, t he

(B somer na ensR e By 2R et G el G Bhos ool 1 112,

enmbodi Hentreagenes aﬁpmlﬂpl@tsclent%lttmse?&b%anmongmﬂaelpsrtszsnnenibprw@l ght of t he

E) -1 soner
gnét her Onrgim :n@rr#eagtétrea@mg ?nn%? t@g&ggﬁ%}éﬁ gélggllt)}gg‘{gh%& ‘%‘Qﬁ?g@cﬁn Z%g% ny WEI ght
of the (E)sttesgrhere sigris hingranae digtstes the gonfigarationt owgoneiMiny onganethesal(iz) - | S0 ger
i n anot her gégg@ t percent by
wei ght of rtehe Qfe[ﬁ:% Qi})amgr ﬂglﬁghgglgﬁeethégeamgﬁ@{gggc gggltéﬁts %h%fgbé_}?&) -isomer. In
anot her enﬁﬂéﬁ@ﬂrﬁé@ﬂlum,tlﬁ}@umsmdréulﬁﬁ Indjvidwelisgrgeraimay Byg@dea frrinxsingleor whi ch
conpri $£s AhaMk pfourk@s 20 percent by weight of the (E)-isomer and about 50
to 55 percentﬂ By wel ght of the (Z)-isomer. These percentages by weight are
based on the td’haratlowétbgi@) te(Z)tlmemmpnbsmtmlum whather prodused | be under st ood
that the r.and.the (2)-isoner
is 100 vvesgtjﬁog%%%t%gl h@h&ef&ﬁu&&ﬂév d&aﬁgk ‘%F%i rﬁ§ e”?val% gﬁ n 65 percent
by wei ght espmplaghg E)mrsmpomrde g6mpbouwt ¢ to %ypevwngﬁthedﬁ) tshmar(t&)abausomer or
vice ver S&y th Mo gé}gen@ﬁptﬂgéz]) 1§0|ﬂ@r IH¥>91@; é%din?engl {hg%ﬁgretrr% %or?t%n %{:Snl tion
conprising an 1Soneric xture of a cyclospofine analo ed at the
1- am nd acabautrlé$e Blipercenhles weight pfithe (Ié)ﬂgmw@ amb©@t/&5335217erdpnloﬂ\mé((2}016
PCT/ CA02/ q;o'm lgan&i;@ B0l ittt sorfteﬁnsfa%e 230048 pel@no L8 BpUt 90 10
(trans- to cis) erred conposition ( érred X

" | SATX247"the @aﬂq@mes@rsl aRputi 78 dmasr netcent bytweight gf the & riemer; iEanogted z-

embodiment, the mixture contains about 35 to 65 percent by weight of the (E)-isomer and

about 65 to 35 percent by weight of the (Z)-isomer; in another embodiment, the mixture
25  contains about 45 to 55 percent by weight of the (E)-isomer and about 55 to 45 percent of
the (Z)-isomer. In another embodiment, the isomeric mixture is an ISArx247 mixture
which comprises about 45 to 50 percent by weight of the (E)-isomer and about 50 to 55
percent by weight of the (Z)-isomer. These percentages by weight are based on the total
weight of the composition, and it will be understood that the sum of the weight percent of
30  the (E)-isomer and the (Z)-isomer is 100 weight percent. In other words, a mixture might
contain 65 percent by weight of the (E)-isomer and 35 percent by weight of the (Z)-isomer,
Or Vice versa.
In one aspect, the invention is directed to a composition comprising an isomeric

mixture of a cyclosporine analogue modified at the 1-amino acid residue, wherein the range
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510 IH2 C CH HO_ HO, cH3 MeLeu-MeVal -NBC- Abu-S r MelLeu - MeVal -N'
-C-Abu-Sr CHs b ~ CHs O 11 MeLeu-D-Al a- Al a- MeLeu -Val - MeleMAE2MEomer
MeLeu- D- AWQ-UAIOESRELeu -Val -MelLeu Z-isomer The present i MEEHiAAISHE ovi des
a conposition conprising an isonmeric mxture of a cyclosporine anal ogue
modi fi ed aff PpECMmenemKBITRISifpm dond @0 theuid0110dtrdnse frecidu Penrefenrdnt ,  wher ei n
t he range S of i j M t i d L P m about
10% {0 aboct g ash R Rt TS G85r M a ol B e
Z-isomer, Wh&We-n the isoners are the isomers E- and Z- as specified
below. CH CP7 11 11 ,CH CH 15 HO HO 4./mar CHL MelLeu - MeVal -NEC- Abu-S
r MeLeu -MeVal C-Abu-Sr 20 25 1 cH3 0 11 CH3 Ol MeLeu-DAl a-Al a- MeLeu
-Val - MeLeu E-isomer MeLeu-&xAl a-# a- MeLeu-Val - MeLeu Zw soner. Typically,
the isonmeric mxture corrpr“ses about 10%to about 909% of the E-isoner ~and
about 90%to about 10% of fhe Z-isomer; preferably, t m xture contains
about 15%to about 85%df the E-isomer and about 85%to| about 15% of the
Z-isoner; nore pref eﬁgbl

HO, |
CH, " CH,
MeLeu —MeVal —N~ ~C—— Abu-Sar MeLeu —MeVal —N~ ~G—— Abu-Sar
CHg cH, O
MeLeu-D-Ala-Ala-MelLeu -Val~MeLeu Meleu-D-Ala-Ala-Meleu -Val -MsLeu
E-isomer Z-isomer
5 The present invention provides a composition comprising an isomeric mixture of a
cyclosporine analogue modified at the 1-amino acid residue with a 1,3-diene substituent,
wherein the range of the isomeric mixture for the diene substituent is from about 10% to about
90% of the E-isomer and about 90% to about 10% of the Z-isomer, wherein the isomers are the
isomers E- and Z- as specified below:
10
N I
CH CH
[ | |
HO "HO,
" CHy T CHy
15
MeLeu —MeVal —N” ¢ —— Abu-Ser MeLeu —MeVal —N~ ~¢——Abu-Sgr
CH, O : CHy O
MeLeu-D-Ale-Ala-MeLeu -Val-MelLeu - MeLeu-D"Ala- Ala-Mel.eu -Val-MeLeu
-i Z-isomer,
20 E-isomer

Typically, the isomeric mixture comprises about 10% to about 90% of the E-isomer
and about 90% to about 10% of the Z-isomer; preferably, the mixture contains about 15% to
about 85% of the E-isomer and about 85% to about 15% of the Z-isomer; more preferably
the mixture contains about 25% to about 75% of the E-isomer and about 75% to about 25%

25 of the Z-isomer; even more preferably the mixture contains about 35% to about 65% of the

10



the m xture contains about 25%to about 75% of the E-isonmer and about 75%
to about 25% of the Z-isoner; even nore preferably the mx.qdrﬂkf: ai ns
about 35% two 6xes2765% of the 10 I i MV 2006 WD 03/033527 %A&%qg({(pl%o 5
10 15 20 25 30 E-isoner and about 65%to about 35% of the Z-isoner; yet

o, IR0,C j b 45% t o _abagut . 55% of the
EY?Q ogi ea%ﬂgg%g{?d %bgg}c)r'iﬁob g}bzgtg)h‘tEjt 33&’ f%?g# az'{;inégz}?# tg‘(’)e'rrrlenr“?rE Prﬁ?errrzgo ﬁf th%r eferred
enmbodi ment gnixtpigsontaigsrehoutd 19 ket abowt i¥yof e B-SAMx247 abot §5% tesbowtsedofconpr i se:

about 45 t ) 5@9 - - r about 55 to_ 50%.qf e Z-isoner;
about 50% ?hoeaégg%%r' %5/%/108%#3 E{fﬁéégﬁgggﬁg?tgg%ﬁ%%%ﬁtm%%% T@'qéeblgﬁfngj(;% of the
Z-i soner; abvutes $Bivh comprisoubB544 wfabdut 60%-of the Eeisoracrdiné bisut 553t5‘5((z))%®fat2)g(l;t t 45%
of the 3 | : % 1 ut..78% of the FE-i r_.an t oto
about 35% 5%%%“?%%5@/?;@% %t?tg%?q\fa oet%ols%’B%rLfflgé it %%}ZF%%I’OE&O%’O ® and
about 15% tZeiscaiprabo@SPath abdne 65% off the Besgmed bodidboB852%404  sbbnrus %DM af t he

- - 0 %of the 7. i r.. Furthe eferred
iEs Iofrg ;T?E: ﬁil XL E{’) gﬁsgu(t: é%(ﬁ és)[’e0 %{jﬂ%}% ce’fltg‘? E'ésﬁglﬁli an?@%‘{tgg%% Gl?ougé%’ QE th?é’o mer and
about 25% tizomet)ahrut 3B4Gdatios 03RS of taelBHsomerdndubod 39410 albdao23% 5ol Z- [ S(r)]{rer
_ ] : i
Dasi oy 1 n Tkt R8I oo S O pi bty Shi AR Redt ErR it Poa
corrpoéi 1t0i onsmerx Fopherpreferreainsinsmicwt iktarecgtﬁﬂ;@ﬁ@ﬂnbkegﬁ” aamal7_9‘g,_ueak:&1m_l§ﬁge g.l 22 -
i ically accepta exci pient.. .
e e RRLFgR Mo s B SR RS SESERLIDT, S PRS0 e S0
t he i nvent ianhabost 364 wabad 26% mismaémml:hecp‘érceﬁt@%ut@ﬁﬁrwavbdigﬂﬂaas&?]pgg ;eisiieonamunt
i Si i Ni ' i . in_nee ereof, an e
oo somer o Bt sakeh heRu el tf ehesmacouser fsBRSEMBvS or
conposi t i orompizingrah sdongrit be:ldsparifRiahalogad alifGleQs Msstibid@bovehnda pr ef erred
nmbodi n@nt .. the m.xt.ure is,.an .I.SATx247 m xture. The nethod nay be used to
Croat or aPrAreaPacsl fbehPuRBrsinip Dhgmmask shelpiig TGS BRCERnor
condi ti on, I$Ax24Y mimfur@nmat ory di sease or condi t:con. dl n yet tﬁ f;th _he_rt o
i i i i .t hod of reducin e toxicity
Zap?mnggﬁpbp\é@g&éf g&%fifcg’lst %ﬁ’%&wﬁ?f r8§eﬁciet°gymeﬂi“@p?§ﬁ°ﬁ§“g& i someric mxture
of the anihmgosupbasiss@IPsising edrhiNReANS tRRRATH] MSheal@Blof, hilefecliel e r ed

[ i i§ an,l SATx247 m xture. . -
embodi ment amgu%?ofgnxléo%{egc cycﬁosporme analogue mixture as described above or a composition

20 comprising the isomeric analogue mixture. In a preferred embodiment, the mixture is an
ISATx247 mixture. The method may be used to treat or alleviate transplant rejection, an
autoimmune disease or condition, or an inflammatory disease or condition.

In yet a further aspect, the invention is directed to a method of reducing the toxicity
of an immunosuppressive cyclosporine analogue by preparing an isomeric mixture of the

25

analogue for use as the immunosuppressive agent. In a preferred embodiment, the mixture
is an ISATx247 mixture.

In a still further aspect, the invention is directed to a method of increasing the
efficacy of an immunosuppressive cyclosporine analogue by preparing an isomeric mixture
of the analogue for use as the immunosuppressive agent. In a preferred embodiment, the

30 mixture is an ISATx247 mixture.

The present invention provides a use of the isomeric cyclosporine analogue mixture as

described above or the pharmaceutical composition as described above in the manufacture of a

medicament for producing immunosuppression when administered to an animal.

11



In a still further aspect, the invention is directed to a nethod of
increasing the efficacy of an i mmunosuppressive cycl osporijne ypnaigggue by

preparing wodgeseyi c m xture of the anal ogue for use as pdECA02/01560
i Mmunosuppressive agent. In a preferred enbodi nent, the mxture is an

| SATX247 mi xtur inventi rovi des g..use .of the isoneric
cycl ospori ne anal ogue m Xtur e~ as’ . ca

[ osporine. anap3suRie SR bt R hed orBbe P ST RE SO OO ool
conposi ti onagprayétedr i bed above in the manufacture of a nmedicanent for
pr oduci ng igwég i Lhistered to an animal. 11 5 10 WO
03/ 033527 1 %%WFW%O In yet a further still aspect,
net hods for the E@nthewws tiof stiusoneificgl@paing ikusthtideth@€ 51 arding add Ovi ded.
BRI EF DES ) NGS FI G .1A sh t he structure of cyclosporin A
i |lustrat ic%atgk%%%l%%a%%‘w ReRY edﬁﬁ@?{h%&toﬁ&‘b‘wr’? af the sEyie e Bept i de
ring of thesidothetudfehe lamninehdid esidudle structure of the side chain of the

illustration of the structure of

l-amno acid resfilﬁuFB' isl;hgéh r1 i S angt her . )

cycl osporin A with partreiiarsraipid diesmsiure AEevaloppasmd with grrtisylar ¢ er m " CsA”
as it is useuphasis binthe defirsnt ofdiester PITsA0R; it fslused id AheSpensht deb@ipHbi;uct ur e of
the E-isonmer (orgkr - saner) of e _cycl osporin, A anal og called

| SATx247; FI G, fé&'s o%é’w?ﬁ‘ees ?Tf&"%p‘é Ez 0“6%ZJ%Z'-“!’%'HH@FSGEWGMQSPMr) of

t he cycl osporlog cAlledd8adx@47;| SATx247; FIG 3 shows an overvi ew of exenplary
synt hetic path t e used tq . prepare,the cycl osporin anal ogs of
the present in\\ll\% i%é]n?m%ng’?éégg‘i“gﬁ?gg‘&%@ ol 10T (S TIAREY)OT Sheeeyclgsnetip éd

accordi ng tamalogd8A4x247;conditions; FIG 4 illustrates a synthetic pathway

t hat produces aJj re of (E). and (Z)-isoners of |SATx247 froma brom ne
precursér; FIG Pgbﬁ ﬁl#‘ﬂglf ?%?‘%E)‘%efwwpléwm@twatﬁy@mv mayde upaddeluces a

mi xture of gréparathe ccksporins@aRESorhe fr&bdvidihtidn! Qﬁ@r@&eﬁb@%ﬁ%aﬁ'[ﬁ?ﬁ&@or ;

FIG 6 il Iustrait\i/gs %@gx%@l, ar ygét_er_eosel ective reaction schene at may be
used to 1128 TPRATFC © {RAF S/ 9REBME PCT/ CA02/ 01560 prepare conpositions
enriched in eit [FG. 4illesuafe) a entiohd phtERMES pRidubesA RiRAe o MEFERIB)-Sihder

of ISA1x247 from a bromine precursor;

10 FIG. § illustrates another synthetic pathway that produces a mixture of (E) and (2)-

isomers of ISATx247 from an aldehyde precursor;

FIG. 6 illustrates an exemplary stereoselective reaction scheme that may be used to
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i soner may be prepared fromthe sanme precursor alcohol; FIG 7 illustrates
an alternative reaction schene for the stereosel ective Synj gemyszms a
conposi ti ogoe@roi fggd in the (2)-isoner of |SATx247; 5 FIG I'llustrates an
al ternati v& $BA2¥0n scheme for the stereosel ective synt h@STECAYROE60
conposition enriched.in the (E)-isoner_of |SATx247; FIGS. 9A-C illustrate
exenpl ary Bﬁ?ﬁ?‘ﬁ8?‘?’%°SB‘§P%%§§’¥@%F“1’SF (i B Dasmess  ISA R4, Ficherefithern d

(Z) - i soner ssomfr h&AHeqReépared ifoe the Retiet frevisoodlcodslch reaction having been
tailored to pr articular exepplary ratio of the two isoners; 10
FIG 10 illust r@?‘gg“e"e“%a K:ia e@%@?éﬁ‘gﬁ?@gﬁ/“v&"‘”ﬁm Hetagrslertive sprtbesisofag a

m xt ur e of compmsitiopnrivhel e (Z34x0meEsofASA xS x247, where conpositions
enricheqd in on fothe two jsoners are first prepared, and then m xed
accor di ggl Yy i ne%lr%eé3[3‘8?ﬁtﬁsﬁ8&ltw%’§8ﬁ%%§°1ﬁe&e fafctﬁ? wereoseleetiveasynthesis of at i o:

FIG 11 prommpgtesioh kerichedsivlties(Episomer cFISay24hi ch shows that the inhibition of

15 cal cineurin ﬂ?r}gs ‘D% Sﬁ_ act i vi%&/ 3‘?{ |,.SATx247 (45-50% of E-isoner and
50- 55% of Z- iSO r%j WatusHpie g plasy pyihpticpataways for Rrodpeiag aatidvieioRtd by | C50)
as conpar e)ted (Z)déonspar I$¥erx247, e Condions 6f &ck Radtdn hbienSbdeH ¢ildtea 1nd

isoneric c si.tion of sone deuterated . and non-deuterated anal ogue
i someric n?%?ﬁcregspa%fblaﬁxanplfgrvoo?ﬁt WolsometSasyl ts of an assay whi ch shows

that tH€ inhi biEIGoID ilifistraabxdniptidy sterefddlRopRPbBH Ry privducihgRYmi¥AFd QUS

deut erat ed deut er | ggue isomeric, m xtures was at | east as
pot ent (asthgct(;l?)ea;111 ?nle@elgo 3 (ﬁiégg?‘agg W@’%Wﬁﬁ?’@%ﬁt{%s erwgddg B85 phike o MODE(S) OF
CARRYI NG Ostidsirelfib¢iptdparedy an@ thefbyineld asdosdiittin pddereinin@Nlopdrford @l 0gs are
menbers of ie%&ssd ofd%g_l i ¢ pol ypeptides having potent | mrunosuppressive
activity. ﬁespl s PN ‘ant ages these drugs offer with respect to their

i munosuppr essiR6, 11anbvidds e radmbQinhssad Mlich Bidws ik BRiiiHisiiasd Vities, there
are nugeroys advegselactaffecls ﬁ)zsoci ated with cyclosporine A therapy that

i ncl ude” 30°APHFBPRRPA A 2chiyHY ReParmret 3k :94% of Enisemerhnd §0y95% dfdre i s a need
for new i isorepsuns ©%3ifvid nkGepdtent (Adbtoftifedsy ORI TRABhRIIFALIhAGE | Ve as

t he natura},‘ly occurring conpound cyclosporin A but w thout the associ ated
toxic side effects. Applicants have previously disclosed a cyclosporin A
anal og r ef er r eFIGol 2ats fc')'ﬂhSHél'Qﬁﬂléeré'anahdoﬁleﬁ@a?ﬂn%ﬂsi{i&a SitsbME Ubtathied ad M | ar to
cycl osporin %e cgéat for nodification at 12 11 MAY 2006 WD 03/033527

PCT/ CA02/ G1Bel5 PR pnalfgus SsomeriemixtWeHue. Applicants di scovered that certain

m xtur2® of ci FIaNd prévédes the results of an assay which shows that the inhibition of

calcineurin phosphatase activity by various deuterated and non-deuterated analogue
isomeric mixtures was at least as potent (as determined by ICsp) as compared to
cyclosporine A,
MODE(S) OF CARRYING OUT THE INVENTION
25  Synthesis
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
30  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

12



i soners of | SATx247 exhibited a conbinati on of enhanced potency, and
reduced toxicity, over the naturally occurring and preser-ltf

cycl ospori ‘gﬁ%gs%dl ng to enbodi nents of the present invention, | SATx247
i somer s (a%’ fvatives thereof) are synthesized by st @RS ve

at hways t nmpy. vary .i.n thejr eqgree of stereoselectivity.
gt er eogel e(t:i'?itl\'/aén 1poa?cﬁ%ffguepﬁ?ah%aé‘tsglbs?rﬁvﬁéthq'%ﬁ?mfm‘f‘méqsé’f c’éﬁ?‘i/’&‘f@d in either
oL theh( E) isameks @ﬂSATﬁlﬂﬁEklﬁbi;ﬁmeohigmsﬁomdgﬁmﬁéddip@?ﬁcyﬂﬁiﬂh e8uce@ithiciigd such
that the r tin i xture has a sired ratio.of the two isoners.
Al t er nat i vg‘few,thetnﬁerar gé’é‘f%% a“iBWEﬁ“ﬁ?’ kﬁoévnocfyglﬁspﬂ"ésr eosel ective pathway may be
EI' ﬁi I Ol’h ed to pr othmoelfirtg’rteexdl.mﬁmmk ofdhd esdntrimehiion, [ISWIx247 iﬁmwliga(@@d ?dt E‘I xture. t

e chemi cgl. 0 ne. i no resi ye.cyclosporin anal g o e presen

i nvent i ?)nn, &‘écné;f11 ﬁ‘;egg tqe@@)? Eeﬁnmys Z“@ﬁ’g efc?gﬁe}/ t“@é@&‘?"f‘ggetgatwyt"ﬁ@' e cyclo {
{ E g) -(2s, @a@xe@a)ffteﬁomedﬁmlw Steravedlbvtive Ratfiwayk Pyodasticompostiiods Banaei enoyl }
-L-2-am nobut yryil - N- e = . » .
gl ycyl - N- ng#ﬁé?dylﬂ-e%eﬁgﬂﬁg (E)pnd W'—W—"ﬁﬁﬁ #y} these pompogifions mayherompingd sgl | - N- et h

yl - L 15 | ethatythe Msuttnguyixture has aclydireBlranidtoli e tho 6athath.} AltdrhivePhé teaatonf Or mul a
is C63H111 12 n i t. has nol ecyl ar, ight of about 1214.85., The term
"| SATX247" !’\#né‘ o ?fgad*g“%?éeéf“é‘ﬁ%ﬁaﬂb‘?ﬁay YEﬁV\Lj’é ﬁalko\é%tt‘ﬁi”gd‘t?ﬁ HhefsSgddtoditeey acti ve
conpound. ifheregaredonintuee. of | SATx247 has been verified primarily through

I ti : NIVR t . Both th H and 13C t
nucl ear megnet i, f.G3oNINGE MR SRSCLIQRc DY, Both Lhe A and 13C spectra

were assigned using a serie
exper i nent wyerdinn, colfedd8APART,Scheintcaliy deskittedby tyRams s {HEM-R2S IR 40y Cl osporin

A. The abs [ t of th and (Z)-i,sonetrs of | SATx247 was
confirnmed gbﬂkgxcylaiglre %%%Plﬂ%%slaé?méf?(’gé?na?@ﬁ "e‘%ﬁ@??"ﬁ?amyétN-matBV i onal
suppor t i ngglessil-tlemetby Mabeupyleh-valgleN hyethyh b dews plelc hlamll- Dealadyy-di-gethyitti-ch confi r med
t he ec L aht., . an i nf ed spectrum ,which was found to be
very rsnll) gm Ifglrl%?'g\l\géggy% e%?@@?‘%ﬁhﬂi‘ﬁ%g?ﬁ% et“%}?g‘iagéoﬂp‘fa\‘/%@ﬂgb{%@lé&f‘dgi ven the
si m | ari t yit bastaweeleculdr evetghof ab@nPR1483s Thd teem SISAHEIATY B aQfade MGigABRAN i N A S
illustrate A The structure includes identification of the 11

veinr}oglise“ha cplo ?‘}B' rcg € GOmpo

am no aci d®resy dues AP BEHR R OHR clic peptide ring of the nvolecule.
These 11 ani no Theisthotes bfiSA247 had lebevetitiedpritiar i tHRRES nid)6d 8ASSHE | N a

cl ockwi se 30 dir QN tarti ith,.the;am no acid shown at the top
center of ‘t%%°é‘a‘?°.321§f‘4(R§ﬁ%F°F’8F§?Ryr ﬁ%&%eaﬂw r(g?péF%‘ﬁ"ée Pssiged USINEAFCHS aci d") .
The fi26t efwneendiviodihensiond NMR dxgerimentslagiBecdagirifoto the lkaswd MMRThe si de
chain of the 1-

e éartri £0 ag)i dr esi,ﬂ%ebh?s been dr ag{g fEﬁt chemically since it is
at this gehEPAPHSELPLEPTRAY Thedbws srsienment abhe (Fdqad GRgtameset] herei n t ake
pl ace.  CoShex4l onatdnfirmédisy NrldapOvahbjuas Sffectl NOEh&pe@nbaanyAddtidaup of an
am no aci dsubf r{i]n be%gcfégcea‘gast hoe.dlg 11 MAY c%{0]06 WO 913/ 033 27d PCT/ CA02/ 01560
cc- car bon, RRFWEFEGPEIES PRVIdeY PLmessispeciplanglysis Whigh spoffmed ffeed t o | abel
adj acent cuelbars weight and by the infrared spectrum, which was found to be very similar to

25  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

30  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 general location that the synthetic reactions described herein take place.

Conventionally, the carbon adjacent to the carbonyl group of an amino acid is labeled as the
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direction down the chain, away fromthe peptide ring. In the case of
cyclosporin A, as shown in FIG 1 A the (3-carbon of the ﬂa%ln IS
bonded to g,d%g'r:gsézl group, and there is a trans-orient ed ou ond

bet ween th 3 carbons of the side chain. 5 Another FEHEMROEHE the
cyclosporin A,structure i s drawn Fl G B, ere a different portion of
the nol ecuf&* R Vﬁﬁ,‘é’ﬁO%?fé‘IVS Heps iqfk%foﬁgﬁBéabBW%*PH?@l jdjagepteahansings t he

nonencl at ugigsctién d]ﬁvruﬁeﬁhahﬂ”l ameﬂm S phitidd ﬁﬁg ' infikd Q86 ofQEHOLIAR, 47 M " CsA”
refers to the portlon of a?/thl osporin A enclosed 1n the box. The

present nofhONEILFIGE & p?hﬁ@rcé%n S et Qhﬁ‘&'riﬁb‘?%%@ adwdigrd graupi aug therrels r egl on
where he SYieLhes IEARI AR B BRG] D6A SRR Mid dhake place (i

the side chain of 1-am no aci resi een drawn OUtSI de
t he dashed box Arwthﬁr@hemalﬂ)qftmcb’ﬂgwpﬂhé\ﬁtmqum@ drewmlindiiGt 3 wheremi nder of the

nol ecul e egedrehi ﬂ@tlcﬁ‘hcg‘ ?ﬁq{iﬂ%ﬂg hds 9%?1 ShAdedl; cfasﬁ’g'd lb%( b@u? H%/LLQ &'e%’mO% th% hose

skilled in the art ' ond between t he si de
chain i s oRomaselaiwe todnayedd,in ﬁlﬂdremdﬁemiwnax@wm dCsAﬂ eferstothei s dr avvl ng

to assi st gh SR g@%hﬁynﬁl'Ao&cﬂgedtlg Enetbgf Mrneédent é\?)?l @?ﬁt@%\%‘o gh}sab OVe,

parti cul ar efer cyclosporin analog 1S C and i ts
two ster eoﬂl@ﬁ gnemnyg efrdisplazing fhe apmiorwifers the swithetie wagfvondestribeh@Sin 2A and 2B,

[ eSPECH) Vet talf¥lade!(Pe. Qo AR BRI 1m0 dNERAGR! SRERRAMIBL Gafglers 1o Lhe

confi gur ation ond etween t ons of the side
chai n; eout51{15r1tée d@hﬁﬂ koxiip K. ABh methoutbavingite rpdipwi theremamder aditheopposed to t he

doubl e bo NGoREuld BRh ttlﬁ{eryr% 1?1?19 gesglflbetdh?t vﬁn Bk Bbvn%g téA‘th sglll%ﬁ' L{Lgal? ﬁlat?S ai d

about stereochem cal nonenclature. sent scr terns
ci s and (Zhehpid bebreeen e mdtﬂeqadimamgfehéadlqe chamds efhermad femgtht aralnrxas beed (E) will

be used in [ Lhreo" will be
kept to a é)ﬁéé&?ﬁ%ﬁ@gfﬁps hﬁ%% ren lsg‘glﬁl}tﬁgggir?ltfoﬁ Oifﬁgqﬂntaggét ure wth regard
to thell¥ neani . stBaimboRr, V\parhbﬂa‘rlymwfewadcbybiosp&mim anhlng IsShleddfAQI24T L | Ve

synt hesi s a sel. ctlve

(3 Mot hyl h%rr%gtﬁg%g‘l isolers & orlef a“? AGEIE 2"“’“5}4?55%36‘ anggﬂem Vol . 46,
pp. 1309- 184pkctive®8 Mhe ci.or Buwseiatuye (Ifsmse ﬂetelmﬁbmelrk refdestt ke @okfigukation Gﬂﬂhet ion to
O Ch 845- 846; d
R T R e R

Yor k, 2001fhe pgitide idg-as dppbsed to the Aeublevsnd achs tenhinhlent bf @O Lkdiyt hr o ter m nol ogy
is enp nve ion 30 of .Streitw eser nd Heat hcock i s used,

yed hergin t
wher e &(gr yt hr oA ?’Vggrf‘g?‘gg B%Ta abpyy sfeppogjemical npmenglature, oIH fheguesatti ons, and
ll;) hreo" i sduseimion ee@érms@is@mRi () walhbe {s&d ﬁ)er&ﬁﬂéghlgy,raaﬂ lt)}ﬁ RA&ms ﬁ'gfzd aﬂﬂLEPSm’fﬁnt
about norren atu concer the te cgar Oﬂ car O[] ona snown
in FIGS. al?‘?dlseiéntefcﬁa%?ﬁg@f t@*ﬁ%‘f%ﬁﬁ’ﬂ% FIYHEC e fiEeo” i g%gerpb@r?s in the
side 14 1 ﬂnnlh’ﬁn)fn 2006 app¥eerd S6HRIMAN (HeCTor4TAR /D 1EHRY tslmirrmsahmg hgeel- ami no acid
resi due ered starti with the term carbon, and working
back t owam% V?ﬁ-é%‘éaﬂf‘ E r'i ‘2 mn %ﬁeﬂf%ﬂg"t’é@/g"é}ﬁ‘?? ﬂggi %éf’?‘g(ﬁ? i somers may be
25  Diastereoselective Synthesis of f-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 Advanced Organic Chemistry (Wiley, New York, 2001), pp. 144-
147. In the few cases where threo/erythro terminology is employed herein the convention

30  of Streitwieser and Heathcock is used, where “erythro” isomers refer to (R,S) and (S,R)

configurations, and “threo” isomers refer to (R,R) and (S,S) configurations.
A final comment about nomenclature concerns the terminal carbon-carbon double

bond shown in FIGS. 2A and 2B. In an alternate numbering scheme, the carbons in the side
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t hought of as 1, 3-dienes according to conventional nonenclature in organic
chem st ry Wnere each double bond is identified by its | oygsyanigoiger ed
car bon. Z‘%@Ee“ c pathways illustrated in FIGS. 3-8 will now be

di scussed to embodi ments of the present inventi(GHARAESRri c

m xt-ur es ted directly, wherein the reaction conditions of a
parti cul ap%%{ylgﬁ-,tg{ F'g%b%taﬁ&éﬁsl%(?}/aygi’ PyRRsged Sprtng v ith \Be tepminald@)qarhen. rati o of
i somers i nandmorkingﬂ)an’ketowﬁdtﬂ&rmﬁde\tﬁxhyIn 1613 R0 thee WS DRYishiferPh&PEY €d t hat
are eanCh%IhQﬁelé) V\%g a.‘ i soners of a cyclosporin A
anal og, and the 10 CO%B%Slaf’?oé 8 'i?(fﬁ‘ﬁﬁeﬂ fiqnal nomenclaturedp preagic fheniyvi o achi eve
t he desi red/hmexam@ublamomnetdemefwm it loovestindinbekd 6arbiit hways according to
enbodi ngnt s of e sen i n ent giyen in FIG 3, where particul ar
errphaS| S is gi v{én p%gtf B\Wﬁﬁsﬁ\ﬁ Uhé%§t$1§m%8‘&%l°ﬂihﬁ?j‘s~°@6 Aprording ry and
st er eosel emﬂmbotlynenta@ﬁ"ﬂrerpmgnttlxo/eﬁio@, iséhnerie ikt nfay PabRYAYSditebdy, utilize

Wtti rea are .sho ene on the.right-hand S|de of "'t he di agram
as 159| ndi c%lg%r%éﬁ% reac@f’&'p‘\é‘wﬁé B‘ﬁ?e‘?ag?éu'gisyn 9 ety Rrtpilorgbtoaehievedhe hat °
utilize or g@slredmatlabf isemert ﬁﬁlgemi)&uré hakerdtiRely, OUHBIit ¢ nfa?'bgbx%bﬁfem?tber ed ring
transiti onar%t at are s?ﬁ)gvm n the, mddle and | eft-hand sides o

di agram ARy 0 em? goé\?r? Ve sepmefrisalyiomess Pt g icuselespgrin Ajaptlog. endsthe t he i sonrer s,
or theyl0 nayoqmwﬂummmmapxemﬁnamn@mehlm tRO&sREd hixgnd WO i soners. 20
Enbodi nents of rese&ggl nyention agr ovide a variety of ways to arrive at

the desired mé?lmvre l%"i’o FaFhetic mtfways esepidingite gmbadimensy of heifiresent of t he
syntheti c sivemioegi gheen il FRE BpeRae heticiad eMBdasiBe di %'t@%ﬁoﬁﬂng Rad¥d rm%at y the

e I o b e 4 g 3

t he pat hways 1S

in this exetijpk &Vlﬁlg&mﬁdmsmihobvhgénefaﬂﬁﬁﬁ tl@%ghﬁha‘hﬁ‘&d@ Qﬂﬁt@fhﬁgrﬁ’xﬂ a'E:”; G253 h
metr In is e

cycl osperi 34. to.acet rin

use of che §1/ ate %ﬁegeé?%#wnﬁgla* i} éth(‘f"ﬁiﬁﬂ;lfﬁe 3%1}‘%%“15‘3 preaomedlic f or al | of
t he tit ani wengeatsdhadt adehhanght tom‘cgﬁnrsﬁcnméxﬂﬁekddqn{g%ﬁ@ﬂ’% RALBHSwn Qthe ONI Y sone of
t he phosphg ni,ng Witti reaction pathways. In general, synthetic
pat hway's o’f’ldg‘%énggetf%‘?f}géﬂ?se‘g&lﬁ A A A S S YRSt thvamemat eld 80 pr oduce a
m xt ure hamixnge dhie dembrs et thetina pRldudeTORBHsHidAL bxlxric%é‘d RARAS PAAE fh3 cont ai ni ng
reagents as participants in a Wttig reaction. Qher stereoselective

pat hways nik&lse of inorganic elenments as well, typically as menbers of
or ganoget al | i ¢ Buthag@iths of fRiprdeéd aRedion bhvRldRadinfo ?Q?Jﬁﬂ % transition
3/ 033527 | MAY 2M

states where Sterh‘F ndranﬁ[gjlra % ates the 15 0
PCT) G021 CABED BisH GURETOrde Mot e Voo Hvervahetsrgangnst al | |
reagent s admldssdalﬁdném iy bh EbﬂBEtedSﬂljbErt bjr Y Gyt Etes dndGhyithdifeslPRRE 3t DAt feature
i norganl Cc &? such as I’Otn [ con, titani um
reac 1011 is common to each of the pathways is the protection of a functional group in
cyclosporin A 34; in this exemplary embodiment that reaction is the conversion of
25 cyclosporin A 34 to acetyl cyclosporin A 35. An asymmetry in FIG. 3 is the use of acetyl
cyclosporin A aldehyde compound 51 as a precursor for all of the titanium and lithjum
organometallic reagent pathways, but only some of the phosphorus containing Wittig
reaction pathways.
In general, synthetic pathways of FIG. 3 whose reaction conditions may be tuned to
30 produce a mixture having the desired ratio of isomers utilize phosphorus-containing
reagents as participants in a Wittig reaction. Other stereoselective pathways make use of
inorganic elements as well, typically as members of organometallic reagents that proceed

through six-membered ring transition states where steric hindrance dictates the
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l'ithium and sul fur. Conpositions enriched in one or the other of a pair of
i soners may be prepared from 5 a single precursor; aIternaqumthe t wo
conposi ti ojgy ? prepared ftomdifferent precursors. one of the

st er eosel ectl ve Ba hways of FIG 3 (pathway 32), a singl epcﬂfce"é'ﬁpyéﬁ’ | eads

to both of on t action

condi ti ons cs"ﬂ%’? Itaar ! aﬁ%@éﬁs} Api’lﬁghgfr?—é ﬁgZﬂon%%ﬁ i rgag, 'gF %%é’é%@é? I hway's

(pat hway 3¥ventiononcluding dowsihatfeatreinousc deweneededs oo kiticss Gagigah of the
enriched cg |L 10 The reactions of FIG 3 will now be discussed in
detail. A reactlon t at is common to each of the pat hways is the
protection of t@mnmbmgmnnahedtlmmd%rmﬂltermpafr of isemsis @&y ®B picPar@f fronh he

1-am nosac rot.ection _schene addres es a r obl em conmonl y
encount er ehgm%@g}reg%%r’cﬁ%% ﬁe iT4e W2 g ormposilions Tnay b pﬁ'ﬂ’@f g?rﬁlﬁfp i's

i nadver t enpregqursppdiIfi priofshe sterecusebctiweqmthwauseﬁﬂﬁﬁ 3f(thh\ﬂaySH§2,Ql’!;d1g(eS| m | ar and/or

identical) .f t re on t nol ecul e. To carry
out the scﬁgh\eg&%%egﬁ'fdorbg{ unc ﬁe?snglgrsé)r?losg‘ﬁ’%ﬁhe g ﬁﬁrﬁ‘f’t‘zﬁnprot ecting
group, t hecendiiontlatragsaehobenn I snotter of thakstaerdselestive pathwewdpahwayssy, inenal  gr oup,

and the pr d f.tom.t.he first, functional grou
Prot ect i ggggﬁghf s&al%%&%) e%ﬁédr}wﬁmdﬁceg?&a’ e e&g}ﬂ} ﬁg%rp%osmgﬁﬁ ‘have beeg >

di scuss@d by JTtheaPMOﬁFKh 3@/1&[00\@ be mscuéswm detailt @cich@ion@iat Alc6gheh S, " of

t he publicgti ni c nt hesi s (Sheffleld

Acadeni ¢ Pr?oeéggsi’nOfgL ﬁ’ rPd? gﬁﬁ’g Oig‘%lfo E “2@052@“ ofithesti cb”é‘a%fhes how
to protect tlhydtnmqamdgemdtms Soyh £eoKetidnistigme fa@dfbsfsék Sirbblen c&ﬁin@ﬁl?} et hers.
Acetate es uently used t ﬁ(}pe of chem stry for

e
prot ect i nggl%ﬂ‘fnégefm orﬁgapgﬁﬁ’ggcsﬁshgﬁeée %&@t @n%’aaé B4R ésem ey MofiEigd b hat nay
be used t oateattiooduiearied fie a second Gimilay bsiAR ideh@BEucEBAE Biokp AGe Ol VeNt s
i et hy? anereo R i e e B e b e B, e acet i
anhydri de witla pmteumrgrmtpsthlefdesﬂed reattiof is @ﬁ&fcly)ht sth@§dc8R) fufdtiohdligh@p,and DVAP;
usef u atjion st because of the for mat i on of

and ket ene a

a highly ?ng%r%tgaﬂg%va Wﬁe OM@Q@ %1 ?tWéaagt’inrl de. In one
enbodi nent of (Paeeging g@ops dré) welh kiodm, in blfg@n?sy%ﬂﬁﬂb(ahd ﬁzfve%}r!&l ARPQEdWYy A 34 s
30 prot ectje]q S _an et at.e, ﬁéﬂéeactl n ori de, ethyl

acet
acetate, or cONDI N 6‘?{?2 %tf"CtloPB ?115’\{\3@ 't gﬁﬂ‘i‘ﬁngt‘,@%cflﬁg cycl osporin

A 35. RO aGatpen wgmmsmmzs (malameI&Acadah@pm ShETESE 00RRind, 1@9&_’@%' lic:
addi ti on t% for acet cycl OSE‘@HI n A and acetic

dri de,
aci d. Thes®” 3@8%‘%“%%@ ?1289’ t%8f°6°§$1?— up§ f%@erﬂ% deeiger esrsgn 03/ 033527
1 1 NMAY 20@kers. %Eia@%@f%ﬁ@hdjbs memroyd Edi(hé?ﬂpﬁdddj:ﬁ%%féﬂ%&)y fOhsbEctp eXcess

of acetic t hese cases the prefix

"acetyl " n@q ‘%& rgﬁ%ué’ &a?}her? #He aﬁvd%é'ﬁ?ﬁeé’? Eﬂnglt‘PPFrtB%fd‘Pi’é’ (Pe uggido §37'i‘?ti‘FPélﬂlec

acetate group. These reagents and solvents include acetic anhydride and pyridine; acetic
25  anhydride, pyridine and dimethylaminopyridine (DMAP); acetic anhydride and sodium
acetate; acetic anhydride and toluene-p-sulfonic acid, acetyl chloride, pyridine and DMAP;

and ketene. DMARP is a useful acylation catalyst because of the formation of a highly
reactive N-acylpyridinium salt from the anhydride.
In one embodiment of the present invention, the B-alcohol of cyclosporin A 34 is
30  protected as an acetate by reacting 34 with acetyl chloride, ethyl acetate, or combinations
thereof, forming the compound acetyl cyclosporin A 35. In another embodiment, the B-.
alcohol undergoes a nucleophilic addition to acetic anhydride, forming acetyl cyclosporin A

35 and acetic acid. These reactions may be carried out in the presence of
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pat hway, or until the acetyl group is renoved. For exanple, the |ast
internediate in one pathway having an acetyl group at the t1?MAqamgg)n IS
call ed "acqfy/dsfsishy 1.3 -diene.” 5 Although the preparation of aceta/l
cyclosporin Als well established in the literature, it W4TCAHRN1S6

i at eg; el i t _that ti t th
Sebtate  oorarmeliatythe (AT uhdEaRlhe Btoofl nifice M RS tRG et o
resi due of t@ww&ﬁm‘?ﬁxﬁa@ﬂy ? mikfide ased irthendnenglatyratbpagiy the saithede benzoat e
esters. SUBshlbbahPEBAOA) Grfid oy B/ SampiBIi r%ét'é-g(t'gwgé N'iS ppander

certain reaction conditions e acetate protecting YE PBPBhe to 10
undesi r abl gatByejchayiagen hestyd goup ht the B-ebrben inadlied HacatythB)yig3-0eyst s.  Si nce
benzoat g estersyy istant to such

.S | thers arge.often re.re
si de reactions un@géﬂthﬁBgsegﬁgté%e()f%&eeé}gtcycg?ﬁspor@dﬁEﬁ Wé@eﬁ?gﬁﬁhﬁd indie Reprafire,
advant ageotigvill be enppeciated Dy dhospsloieidn ihegrtgraoppecting godupe othef thacab@ice.
Cycl ospori ri riyati.ves i ch have been protected by an
acetyl gr ogs [gé%%lrn %ﬁéyﬁ@fgﬁﬁe@eﬁ (rﬁbet %@P‘f‘ﬁﬁ“dmﬂma? émg LFIdpe atcyelgsnesin A 34.
" prot Iect edfl‘he)mbm&:ptirrg;c mom;gnayiiﬂ@web' Sbenzoztthiesédﬂé, Eiltﬁﬁthl Fd géﬂo%%té@@g}ﬁ%ﬁ) in the
exenpl ary : reterred t.o above U e called "protected- -
1, 3- di ene" Eﬁ% pg%lgrsof(ﬁldgrc‘:@ft@‘f’-“(aﬁslqnlc,%-‘ﬂ?”éﬁg‘? acetpiR ISR g STQYP iy Menedhosen
- pr ot ectlP nguumpiesitaple siayeahtme sah ais Bfiti@iiHQn® Rydrd1§sisl ESide@enioatd esibrs QnefUr t her
to, FIG 3, acetyl cyclosporin A

steps int L tion sequences., K Referri )

35 has in Fﬁ S:%{}e’%ihéﬁspalr%? VPR fRsytagt to B‘fcbtsﬂgfcéﬁlo(“gg%ﬂ%@ﬁﬁﬂ samg FR@ciaRi s conpound

S ?r Vﬁs as wnpitpnuns?rftehadvahhgec?xymdm%dy&pm prd)t&?qﬁé%ﬂ)zlps %ﬁol]dcggﬁﬁc_%ﬁtel n sgver al

First. SynbRatpbd oibRin dorpl i b ot bz s b otdnsiost| wewbraar vi a t he

\é\ift E ihg Re?mhérmtec%hg Eﬂogl? meaefhiremrt% Fae‘tﬂmg&y?gﬁe iiih W.’eﬂiﬂagfs@{tﬁe ﬁﬁﬁ%{b?ﬁnti fied
y the,ceference nunera i : 0 roceeds throu e

br omi négi n{“&{ﬁ%&f%?gﬁea%‘&npﬁ%f%ayfﬁ%&?@gi)wpvlﬁ%zgglledﬁmo@g@d bt hod 2

utilizes the-deaetiydteadyt ‘sgbH)N, PdigkedeMiditnbdofific thoss @bibiing tg{g,qb nt. The

exenpl ary net hods dﬁSCI’I be?hﬁbel,ow utilize a Wttig reaction to introduce

an al kene PENRAT BhBIPGe QR g desite gourses! Sirthensispe BrhieTepetion seqyamdegur at i ons.

The Wttig rea®efensy toF6E 3 Ebebllleydwéscmﬁl@3yha§mgiqu%§1§rygja§l%§3§ed herein to
synt hesi ze m'xt(y@els of tge,(E) and (Z)-isoners of |SATx247 nay optionally
be carri edP8l¢ied Balcpholand thiy comnqund ssrvesasiaiprasiisen forthe senthevis of ISPegidiice of

|'i t hi upo hakdriesinisevelit bf he syn@iReit b&ﬂ\%a}js.smk keakiH tht\&fﬁyp@}‘[ﬁaead% gsfs{de(:t on the
rati o of gﬁaomatrlcal i soners produced and, therefore; the addition of such

a conpound™®an aid in producing a desired mixture of the (E) and (Z)-

i soner s of Synfhedix@Mixtuled of thd (MA¥d @Q&me%f@@&%ﬁ‘ﬁ%l th@ng&ﬁ%t%%o Method 1
In one enbodi n%t . of the present invention, "a mxture nd
(2)-isomers of ViugAseRbAyPativays exsamlifederaimarasrentifid| b thejrefeTinee wgeeradf t he
wavy- | i ned1rif PI $e Me#tlddaprédeeds!thiough the bromine intermediate acetyl-n-
25 bromocyclosporin 41, whereas method 2 utilizes the acetyl cyclosporin A aldehyde 51 as a
starting point. The exemplary methods described below utilize a Wittig reaction to
introduce an alkene functionality with a mixture of stereochemical configurations.
The Wittig reactions used in the exemplary embodiments disclosed herein to
synthesize mixtures of the (E) and (Z)-isomers of ISATx247 may optionally be carried out
30  inthe presence of a lithium halide. The presence of lithium halides in Wittig reactions is
well known to have an effect on the ratio of geometrical isomers produced and, therefore,

the addition of such a compound can aid in producing a desired mixture of the (E) and (Z2)-
isomers of ISA1x247.
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4 (see especially conpounds 43 and 44) is neant to denote that the

exenpl ary reaction 5 sequence produces a m xture of (E) and {&ayiZggers. In
one errbodl percentage ratio of the (E) to (2)-isq roduced
ranges froma ou%ﬁio to 90 percent of the (E)- isoner to d%gr(ﬁ‘“’g/@ 1% 10
percent of phifed ) -1 sonmer, but these ranges are only exenplary, and nany
ot her ranges are possible. For exanple, the m xture nmay contain from about
15 to 85 per cemtonpgmbedingnt ofihe piegeng Eyeﬂtiemmmnxtawcbfam))mnd (Bpisdmerd & per cent of
the (2)-is r24 P gﬂ yre contains abgut 25 to
75 por bont Thurod i pRidEl asHoRIRARG T M ad lhlall ok RGN B! )

wei ght of f*lﬁ@e @@Pclhlb’mmoumdmn@ﬂ) isond@bt tp deroeerthatithe axeinglaty redctivine '

E) -1 somer somer; and
bout 48t 58 Bhecl e nlhud e ARRE DricthefEnEl shod ien’ GLAEREE | o s
per cent of ratihef fhg(E)ite %E%?Omelrsmrsdluc‘zbd ranges Gromebout firH ¢l npendent otk (EFomer i ¢
m xture is . to.50 rcent by
ne ght of LERe e oMo Pelh of o Vg SRR I B TR S Sty P
(2)-isoner malnh@b@ eI Pesgibly. bor %@mglhtthamembameyic@mam ﬁemtabomlls\t\e%ght of
t he conpos m, of t wei ght
percen'[rpof bérbe%‘by&w@@ﬂ loe\e‘E éor}?nﬁ' aﬂ?%%lﬁ?éﬂg% ?J} &gtg %-ls%n%er 0 é}g g n
ot her WBr dsmb%ﬂlm% tiﬁ@luqmgrwn*émmmumﬁ% 7pecrc®mby byyighieif gﬂnet (B)- csbmbx’rmd

E)-isoner , t Vi C rsa 20
Rt er 11 ng. FoLEr a8 BBEERR by RS 7 Ploob a5 5 85 Bier? b et ey
1-am no acf®- xsm@samwﬁsa@éimrmyw wsgoof the & )iisonter;anid abdueds iorsSt he next
step of th cI osp n
N by onosucEy eyt BY 06 Sy dethddng 86613 o BY e BSPRIE it i as
car bon t et preagher embadameng thrdisenenig nt_uherqmareIrSH:e;dﬁatrextmeecthydhdompﬁxeemmycI osporin
A 41. b ften ed | ace
al lyli é%y%f@ﬁ)@ﬁbﬂbg\vgghto%% @Z%gglggc? nh? ﬁo:ﬁtsk el | Ve Lﬁ) Wc?bg té%ﬁ@? a a free
radi cal nethdsimem Thﬁﬁ@emeepaﬂsslwlwnghodre baved on uhe e)rtamd@ta’tné.comsﬁasent ially

descri bed

NGt abol | eg%édﬁl‘l" fuy %g@@d]qgg oot 9y Bhrectl AR ) Gofegyn h*t?p( 2689- 2601
(1992) . Theomeniel00iweight perdinat ke othrer phiels,yl mikmsphight contalarasrieebentdl vaipht v

cycl ospori thﬁ%@-lsoagr e[m)én%grcgrg%%@fcﬁgiof theﬁgﬁcet %rog-n - or.omocycl osporin A 41

by heating t atter conpoun PAINE™Pn a sol vent such as
tol ueng® The nd%pédmmgtbemeadtlmmmamnamﬁommlwﬁdeldhmaofths 18d’nﬂn(C£Ui'tI enplated to

be key in S|nthe thes lural jt sporin A
anal ogs t h%?l d‘(a}gcﬁltagﬁ °§CI3%’°T'_’L kfﬁ "Iéfﬁ@‘?ﬁf%%%é‘ é £560
conj ugat edaodtyecwlosgcsmems Wlt]hNé)rdm@sn‘.II:dilﬁmﬁiéladd zrzﬁaﬁs;lisaoutﬁ@rﬁtrﬁé(ﬂmbl%nti n

addition tgQ hen | hi n ounds. such as trlarylphosphlnes
trial kyl phoslﬁfjﬁ%1 %3%?‘510@7? ]i{%lﬂtégnedgﬁcﬁc?tﬂa Bppmacstlippeinddlne react ed

w th acet yN-bmmdsn@mimMe th’Sﬂ@m’ehﬂhﬁ is dl“ﬂen tusedRs RPRELaIBAID BYdrégent ¥k ed conpounds
siml a55 t Obrgr%une, and it is believed to do so via a free radical mechanism. The preparation of the
intermediate 41 was essentially described by M.K. Eberle and F. Nuninger in “Synthesis of
the Main Metabolite (OL~17) of Cyclosporin A,” J. Org. Chem., Vol. 57, pp. 2689-2691
(1992).
The novel intermediate triphenylphosphonium bromide of acetyl cyclosporin A 42
30  may be prepared from acetyl-n-bromocyclosporin A 41 by heating the latter compound with
triphenylphosphine in a solvent such as toluene.
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
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5 Referring again to FIG 4, a mxture of the (E) and (2)-isoners of
acetyl-1,3-diene 43 may be prepared by stirring the tri phenﬁl ¢3@6)qhoni um
brom de of cewl cyclosporin A 42 with an excess of for éﬁ\é/ n

tol uene at Bt 3hperature. Following addition of the f&CHIAYMMIME, a
base such as, sodi ym hydroxi de i s added dropw se, and the isoneric mxture
of dienes ?°§J“§§tﬁ‘a g‘ﬁ"ﬂee Stﬁﬁ“t“hg‘étlﬁmmc’a%éit’&?é’.e' \%" Name dﬂé‘d‘spﬂ‘htﬁi c chenistry

t ext books iiphanyiphesphine, Mbinpbiings §uRR 64 fridfylph6dphines] Gfulitylfdbéphimek,n particular is

provi ded by J Murry, Organjc, Chem stry, 5th Ed. Br ooks/ Col e, Pacific
G ove, 200%3;1?“%%09?%’@:&78@%%%@? Biay B%@%@%W%%ﬂ%ﬂ EEROY oY rt  a

ketone or &noakdeRYeRr hdivatd @nlpBiRis sinfilaftécf2. & process, a phosphorus ylide,
also called a Rohosphorane may be reacted with the al dehyde or ketone to

gi ve a di pol ar Befirargasgainde Elc‘ié}/%@mﬂg‘ao%thb@&P%@)‘iwylﬁisééw%}’lﬂﬁediﬁ@t ai ne

i nt er medi adEmhPbd Répakdyati@is the MifiRhylpHosploRARTRRRRAN S detylBRRIPRASS t hrough
a four-membered ring to_ yield an al Kene and triphenyl phdosphi ne oxide. The
net resul t43 it pess obfpEptidedyde indolesne Bngm tosarrpie. B IeWiRE adgiiomeic= gr oup
ori gi nal | ythe kmaaehyde, At ROOKRBALM DydrbkiddMslabddaQreReCaddhedor®tict hose

skilled in the art that a wide variety of reagents may 20 be substituted
for the exBRPFaPAIGRes isiegractedoithsiiv asstitint s cited above. For exanpl e,

numer ous al Kyl ,NuiMeydus ofdafic BiestrytaeibdoRt QRErRARPWIAE fealtRM, DR SUbSti tuted for
f or mal dehy are, a, vast er of cyclosporin derjvatives.

e to pre , 0 . 1 der,
Appl i cant sg"ﬁ%ﬂpé‘o’gﬁ’r ieglar H&foquﬁéggg&wglﬁhpﬁ%‘icsc’(ﬂ"ﬁﬁyf%r%l dehyde, and in
pl ace of f@reonk/doRyPRifiCOBIRY uowdS pEU?OJSQ.SAWﬁﬁg%IeSLQiBMﬂﬁy bggééﬁ%fzééﬁn%h
ehyde e

f or mal dehyde, deuterated acet al d 2- chl orobenzal dehyde,
benzal dehydketong g angldchyds 9anplene. 4 sushaipracess: 4 rhosrbopi 3lidhglspealledrr i ed out

W th conpgidsshsraat,Hedy deRendtel itk RRNYRNRYP RABIUN AL L uMBlal HRSmedttEN as
tri arylghos hi nes,. trial kyl phosphi nes, _aryl al kyl phosphi nes and

tri ar ylar sfaeda beisag by he beiging péammediatnisapbiRglefed; rafbari i srontnonssly bases
such as soghcbipssad gk £ foulhbMbdred RhgBlyieEanailehd Md4AphenPIBRdsphEsRidle
l'ithium hi ndered hases such as _|ithiumdiisopropylam de, and al kali netal
30 al koxi dER IERIFSYES g &epipcenent afths carbpnyt Govgavalem gy the See™ groupergiaallyt he

reaction ngyd&Eio tiephdsbRg i n various organic solvents or mxtures of
organi c solvents and water, in the presence of various salts, particularly

i thi um hal i dedt willihg agpreqiafpd pyfhoseskied igthe aststhat 4 widgyyariely o ragentpay | i st ed
above g@N ¥LABHAAK fir 118 oREARRY RGitidYeaiieh 1@ oeRts ditduabdyeS bl bxalnBlel he art to
have 19 1 1 MAY 2006 WD 03/033527 PCT/ CAOZg/ 01560 the desired effect on the
st er eochent&trgps aivh Al pliehide and kepre agpwennds mey be phtiteed fored ef fect  on the
ratio of t{agnddshydeolptcphit aivaR ABBer of EycfoshdrimdlerivhiOss. Applidink YR S, the
protecting Lgrou on the 13-carbon is renoved usi n% tﬁe fol |l owi ng

pr ocedur e. T HE ahgxesyntaesiswithfermpldehyde. andio plags S formaldgldlesqompoynds sish 5 gj ene

43t i's di ssglay@slddnyddRtianel forRRideliydsAeBhRl abctal @HFRI2-cRoRBER R e, 2S
pot assi um
25

benzaldehyde, and bﬁtyraldehyde. Such Wittig reactions may be carried out with
compounds other than triphenylphosphonium derivatives, such as triarylphosphines,
trialkylphosphines, arylalkylphosphines and triarylarsines. Instead of using sodium
hydroxide, various other bases such as sodium carbonate, butyllithium, hexyllithium,
sodium amide, lithium hindered bases such as lithium diisopropylamide, and alkali metal
30  alkoxides may be used. Inaddition 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
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carbonate is added, and the reaction mxture stirred at room tenperature.
Bases ot her than potassium carbonate that may be used incl up%iomsum

hydr oxi de, W%%i/o%%zﬁar bonat e, sodium al koxi de, and potassi um oxl de.

Ethyl acetadte IS then used to extract the final product HOHUWFOBEY (E) and
(Z)-1isoner : _ ernatiye reacgtion pathway
for synt hegliegigsﬁljge@gﬁ%%é%ﬁ?éerg% 9:1(: %%&Q%gth%%%ggoﬁgysbon f"ﬁ’éﬁ‘é@f ekf?“é a Wttig
reacti on som e eagip of thefcisdio trentseiponggymt het i ¢ pat hway may be enpl oyed as

follows: 1) pr ' b -algohol . .as in nefhod 1, 2) oxidation of
the acetyl - cygf‘gg%%&%ﬁ%gthﬁ)sﬁgﬁtg%%d&glpg)ortﬁcf’%grwpr%th%Bﬁﬁ%f"blsﬁ?%ﬂ’ﬁée an

al dehyde; ®jngtheNollbwing peaeture rThlemﬂuhﬁ“gﬂf4<|)etﬂ‘€E)aﬁQBHMir1]@£ﬂd%et91f-(z§J?,@- Wttig
reacti opn pg: t. ival en rolysis.of . the acetate’ ester to
retri evg t lg&a cm()%lg{o.h%q'ﬁq ge L%‘&EF%{%W“@E{E@%&@?-;Libf‘ﬁle&%‘fhraétpétﬁlw FIG 5. This
synt heti c ¢ehonelays dudefl, msl theweactivn mieturestiffed @rodDteinperaiite. tHagesloBREMEN Pat hway

of FIG i i rst .step .protects the (3-al cohol with an acetate
ester gr oﬁ%qtﬁ?hﬁ%%%&%%%tﬁﬁy% “8‘?%95‘3? efSP%Wh’%&B’glg?\_,so RhsFEpnate, podiumat t he
next step akoxidst sndpoRssomulboride. hriatl ybet2is chep QBRSO bxthcihdAnd @radlicral dehyde,

acetyl Cth‘Jf‘ﬁa’%)&i(%étdgkgﬁmgrg°§&I@B2ﬁr eaction uses an oxidizing agent

sufficiently stron eave d to produce two fragnents. Al kene
cl eavale iMethnd@n in the art. Ozone is perhaps the nost commonly used

doubl e bond ckeav : ent t ot her oxidizing reagents such as

pot assi um per m&ﬁ%a%% g{lf%&? pagﬁwayottgﬁyﬂ‘ilﬁ?@fgr%‘m"g’ée ) end (L¥isg®dems| e bond
cl eavage o IWeixP47 98 a Witigusetiaf stmtspharfoutteh spmebtio patliva) Moy RO Has been
di scussed a$¥' IHWJ-'I' Car | ?.en h %l?- in"A Greatléil |.nproved Procedure for

Rut heni um et 1°8%1 H& ¢ 18’??/@ %P eePhpleas dhuethed 1.3 epidation chibpeeatds, = J. O g.
Chem Vol .cydi6spotin A pr&ducg@ifrahd 818t 8@p (ol RSdube arlAnFER 351 Walkip reab&AS L DAt

hi storjcal iy, the expepse .of ruthen ym met al, Prow ded an rncentrve for the
devel opmenl) of ce(,wj? %ﬂn)s’? ﬁﬁ%&%@?ﬂ’ﬂ?‘é&ﬁo {oher Fdtelepdn iy dielysis ofiht edstats ed

per i odat e ester BQettiyveahddi@hol Thasestion SbRoBlshsraX Hatgss. These

i nvestigators ﬁ.ﬁlund ]%\}.I oss of catalytic activity during the course of the
reaction with SEYRIE RY %Watfegiﬁ‘éé‘. Prangt werr o itis redstign palosyeifat ed to
be_due 1 0 HIBS: Rk BR0Rst 0y GRERBNN b-Llool i a RERAM! LM OfpeldT 1| €5 to the
reaction mxture, especially acetonitrile, was found £o signiticantly
enhance t RamVaysditferdiopphepyyty Bpwaes amthat the IFRStROD 616 0T 2 CADRED 460 ext ent of
t he oxjodatchyesp6tieA\IBICarIdeAy#L RS/ LitiGnsd A/ 'a@]Q/ Acgarding to
one enbodi nent of the pr esekt in\§/yenfbi OF], acglty dé%lﬁf}s{%}g%{}ﬁn,&sesgdehyde 51
may be pr S8ENE s A ifeiert)) strepeiosinsrr 4 G-AbAR thyrodicsdwb dagrgerits Alkena ni xt ur e
of  acet oRickvagk B IABEN WAhSdrt. ORfe IsHRMaAAM AGsthirh | | gdate and then
rut henium chl oride 5 hydrate. ‘_I'?]esqygl Slzsﬁyde S5t1 rrlggnlggggg%tmrlgg[)@ with ethyl .
acet at e. Ffeagaﬁgma&ena@u ez gxidjzing reagents such as potassium permanganate (KMnOy) or

osmium tetroxide can cause double bond cleavage as well.

25 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, historically, the expense of ruthenium metal provided an incentive for the
development of catalytic procedures, the most popular of which used periodate or

30  hypochlorite as stoichiometric oxidants. These investigators found a loss of catalytic
activity during the course of the reaction with the conventional use of ruthenjum which they
postulated to be due to the presence of carboxylic acids. The addition of nitriles to the

reaction mixture, especially acetonitrile, was found to significantly enhance the rate and
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synthesis of the al dehyde 51 by this oxidative cleavage strategy is
inportant to many of the stereoselective pathways to be fi‘,smgsw bel ow,
and conseqw&slﬂ% 5t2f7'Ie reader is referred back to this section accordingly.
The third step of “iethod 2 invol ves converting the al dehyd& EARBIN i vt yre
of (E) 10 i ' ytii.g.r [ .in a simlar fashion to
that of mef ﬁog°§‘§ﬂ2§d§ﬁgr§r‘§¥dﬁg‘?ﬂgf5‘ﬁ{é‘%§‘%ﬁ%ﬁ@ﬂ%& adds to the al dehyde
to yield a bet ahwerdingti¢ oie embodiotent of thegireseh)t, invantidn, dch®] cyeispsrisall t that the
car bonyl o i s repl he R2C= grou

ori gi nal | ya(lg%ﬁlgeegf ‘?1(%9' %Pééﬁ%%@’?%%%ﬁ“&ﬂ@%ﬁﬁ% 'i?‘gsoivé%clf inc?%&Wﬁ%&be

carri ed ouacetgnithle aphwstpth enditbercadding ifint sglivmo pgriotiatel andahdreithehian chloride

tri phenyl i i i h.as.15 triary] ph hi nes,

11 Bl kol praaft e e s Aoy U BB iR S Db Rt Bingin 1 ous

t enper at ur &sthesinof the aldehyde Sy this pxiditive abhwags artattigy arimpaimcht HOhMERE eOr t he

t he

addition o ' DO i G may _he used to. influence

st er eoc hen%t%r%&?s%tegﬁgtpﬁ{ga%es\%? §é §5Cr gn%g%%l(%bﬁng COIEBWSI.I&YI the BAder dvsBardent , acet yl
cycl ospor i brchtethigetotide agordinglydi ssol ved in toluene, to 20 which is added a
base such as sag|j rexi i er. All triphenyl phasphoni um brom de
52 is then addggl, %g}r%{}ye ? ﬁgé!re%g%??lgﬁﬁé élrop‘r'eég“g%%efd e&ﬁ@e%tﬂ@.mlﬁ}:ﬁ&é&of t he
producl0 nandi(Q) densk viaedYigtie redefiommla §if)larlfaSriahi te hesofSethadviol Asds nthbd act i on

w t h hexang I er. term."workup' is intended to
mean t he pr’g?ggggﬂé?gg% P %C%:Stq ?ﬁ%@gﬁlg/d or y@%%?’% lfl%gwrnﬂcélafﬁf‘ﬁl’(td%%‘?‘@dﬂ@‘[t froma
mi xt ur e ofnet eeaelt thatthe cagroopixyeen apol ofshd gldedyde is plated gy the Rad= gbep of net hod

2, simlar i.pal f, et ho .the .acetate ester roup
prot ect i ngor% eahg?%gﬁgﬁ) pél? §p§i ﬁrélga‘i“%%’ﬁ%cg‘ Vf})%%ﬁ rﬁcgﬂnﬁ’gayrk@r?ﬁwg oW ‘%ﬂ‘ pot assi um
car bonat e, phogtihetud iconjaiingtomponads@thef fgn aiperfyhoiphaiinnh dedfatil R4’ 54. Bases

ot her an_. [ nate tha be. used to repove the protecting
group Hﬁ:c ﬂﬂ%&@ﬁ%}l{ﬁ% H&%@’x?s e 1es 33&1‘%8%’5518% &ardapmginabyakigys de, and
pot assi um teinkextiogte, and @siiPyantahietyiof basic soipdng sodveatson tHealgidon 6f Wiibler of the

| SATY247 (; | Vi tall] tes According to -
embodt mont SBE i b SRR hiRarche ARBETRBt ST HoTE pRPREETE ot huay s

may enpl oyondhe use of inorganic reagents containing elenents such as

silicon, 21 1 Y. / 527 [.CA02/.0156 Qron, titanium
sul fur, phosphc%)r} {)\J@,enﬁ’g%% S?tyﬁegﬁfy%%:gmmé’ggﬁ%%%a@éls?PgV%ﬁ’? @E‘?Bﬁ 9 hrough a
si x- metfbervédchy is added pdnwistdhon sediab byduivadecin oaer.oAllfl ndpharyihtesphodfunt he ring is

t he inorgapl.c. t from.the organonetallic.re t. In so
enbodi rrentadg(?rﬁlg? g% ?Sgﬁ iag((gfrd alnngetpeerlg ?cgg? ghrrr%l;é?reff”@ﬁn?l&a%g‘“tpwgﬂgip?‘?r%ﬁ state may
i nf | uence mikereiferapldBead (A)-1,0dicoartd infolveh extnaiatwitihexdne M@ oetIP! ary

st er eosel I A e.discussed ip the present. dis¢Josure. In
The 11 st opa¥SuRECETRE thbiud s MAGHAS Tan Be bBEeRHE SRk uaThnay 52 i 1

FI G 3), dsolating reaction products from a mixture of reactants, products, solvent, etc.

D

25 In a final step of method 2, similar to the final step of method 1, the acetate ester
group protecting the alcohol at the B-carbon position is removed with potassium carbonate,
yielding a mixture of (E) and (Z) isomers of ISATx247 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.

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

organometallic routes

According to embodiments of the present invention, stereoselective synthetic

pathways may employ the use of inorganic reagents containing elements such as silicon,
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sil i con-containi ng conpound undergoes an elimnation reaction to_produce
either the (E) or (Z)-isoner, depending on whether the elti MRSt

reaction |§V @W&s?q out under acidic or basic conditions. This is an
exanpl e of PE€F5on ol ef i nat i on In the second st er eoselP&I{GAPFIH schene

t hod 4, 3 h of th [
E)?gduged ‘F"?Jé‘?h%éa%%}‘“% ' ulﬁﬁ rﬁgosﬁ r %r(l:llJr socr)r IREFHI@GT%S)" %tgﬁéyrs n?aé’ pﬁ?‘%‘fﬁu@?ﬁ Solm a
titani um aml-rrmhxbsxphungmansmom'smtemlng onabdBtheredinbiresf thediey B iidigan(cE) - | soner

i s produce i thi on . Method,.3 15 This
pat hway pr%c&é 9{} e?rﬁaénoglg{é lcIrea E’?l gnsspc)’ |eH'% ﬁgn"ﬁ%ﬁéﬂghg‘%mﬁ egfeﬁtisl ar
reacti on sehémigo ﬁaﬁabeamn stﬁtmubsmﬁubncmthgemmbaichI dhtcbnﬁ.ofﬂ&aéacaad D. S.

Mat t " | | h Z T | Di

fr omeglonacol (% e%f‘%‘%% e}(%eolsggﬁtf%wﬁ% g Sg(ri’g d% ‘E&"? é’}ese rg’trg?lgﬁé%r Oﬁnes
Letters, Valthe 23t std!d@oselﬁ@we pqheme aﬁﬁnedZSZ 5120 élib%]a} Patﬂ'\hfy IeinFoGl 3),% i | | ustrated
in FIG 6. . th

tri met hy <RSP R BB oghiFud YRR, S mipecS Feadihao R T B y1

DGron
cycl ospori GZ)-lshnat, deﬂmpdiag b wisthdr tife2linination reactiof & datrled@inhytided dcidlic @l cohol 64.

This al co lie ormyia a boran-congaj nin ran5|t|on state
63 e ¢ neoissi Bdforsc S iR et Bn Rickion ShRHRR S RBOLRTERE  on,
it will0bescagpe enﬁtladdetdalhryshbhﬂsePaikvdyIBGdn FI1G. Bheaoarofth'ef‘@&ne'td”iepﬂda&e@f_ a
faster-reatln Mo g | di et hyl borane
or or (£ 0 b HRER AR FEI T Y58e 8 Riorued HiaTranie sndosshor
(3-trinet hgommudwg inteiroalids, GHerem yhet(BpRometidpbdaedthRagks $1ﬂmmb<ﬁ{taiixmagi on to
prepare an %I kednae%e in this case either the diene 65 or the diene 67.
Formation Of thé dl kene foll ows one of two distinct paths, depending on
whet her t hMethodi3m nation reaction (the olefination) is carri ed out under

acidic basi con' idic conditjans an anti-elimnation
occurs $or n ng dmeSengf' Vlas&?egfégl °y§ﬂ%i’8f‘“ %a?gcféhydf%rn'ldi tions a

cis-elini natl oM mﬁ:lannsachon §oheme hetmeg{ﬁscusedrmrgendrztl byiD.).S Raiap@Dexi at ed by
t hose Skl dinghe art t u5| t.h t hway, .either

i somer ‘gsﬁ?g‘p 36?(}08?@??%%@ g@ %&Q?ﬁé ‘F‘ﬁb“ﬁ’r"ggﬂﬁ‘tp igeoleach
elim natl OffE)1 elrivhdtinylsilyb FProp&@e3- Bmﬁﬂan@bﬁtidh@cﬁoﬁzetikrslVMA\YZ 200089, 03/ 033527
PCT/ CA02/ O iched, i n_one. t he. t i sqQners. . l.n on i ment,
enri ched n%éggﬁ’%g? gﬁhg.he @Stﬁ%qﬁlgﬁ%%e%laﬁ%@ n gengials the YR FF‘SO‘PV‘gEﬁﬁaI to
about 76 peemeing abymetilglyhllyiboramtt samedgent 62, and thew tr@Jﬂib@dctelmajicﬁosp?]rhﬁ f
enriched c 0g ition conprise .80, 8. rcent wei ght of one
of tho 1 sonaretydral Vil GORRE pRgnBamyERLaRRi & TEoAEmoRapcliiEhibe o
conbi ned Iﬂanﬁlvﬁl’a&ﬁﬁinafomaﬁ\ﬁ@ tfafditich stdte 6. TAMRe Brodaht@ @RSk Q6lv-Haa¥lyi® as
|IIustratag nFI ﬁreactlons in FIG. 6 wll now be discussed in
detail faﬁl@n magtﬁmf Htém be appreciated by those skilled in the art that the use of a

faster-reacting borane reagent such as E-O-trimethylsilyl diethylborane or 9-(E-0-
25  trimethylsilylallyl)-9-BBN has advantages. The B-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
30 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
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preparation of the boron-containing reagent 62. A general investigation of
the use of silicon reagents in the synt hesi s of carbon- caﬂhombczm form ng
reactions Ws%‘.?.ﬁs%di scussed by E. Ehlinger and P. Magnhus in in
Synt hesi s. (Trimethylsilyl)allyl Anion: A (3 10 A&HT/%W/MW

Eaui val ent Rred 8nCONHERR! SR IRLARRIASR ARG ELENES, I 8, y- Lact ones. *

Am Chem Soc., Vol. ) articul ar,
t hese i nve%‘lnmj'é.‘flelf* %"nt?tl@e&liqﬂtet H’én peeﬂ@@lltmmbolueﬁ/mmmﬁyeveﬁght ofed bothéi Ly | )aI Iyl

ani on and @Re I N rot onati ng
al lyltrimet hg%lsrfg Fglﬁgﬁt\fmtyﬁglg@dggﬁ tio %um it Se[ f?gﬁ‘fl‘gg@?ﬁ?e&h Yat -76C

cont ai ni ng"FER$E Pueefha isoppers. éﬁhﬁaﬁmpwyioes mricbmﬂed am:mnﬁ& kMY ge. 15 The
depr ot oat doﬁﬂbu@ﬁ o4 bﬁéhétérln‘ip%ﬂ pa¥1|0§+ %ﬁlO@at(tﬁehd&% @BJSF%QS 1%111{]‘,' 10 FI G 6)

has been dlscu%sed by tc and
Benzyl i ¢ Car bari® FPé‘Ct“E}ﬁHbEIGt@Wéanwbmcessaamm;l be@ngmgmthlﬁeeactl ons, Vol .

27 (Wl ey, Yiti8R bKthe § t o t he heteroatomin
substit ut epééigl Lyl i cb esy%?%%r%mﬁngn ggérn g%v'ggenem? e ﬁa&og °fH‘§l§§° Oféﬁ’éﬂ‘t A

| arge var i ‘€8N We erithesis pf @rb&ﬂealévmbdlﬂﬁblmlngmaMOMahhm discigéd/by B.t hi um

bei ng 20 HEungedra “ I i d in toi chionetric
amount. with the ?}%quund@m glbl%ﬁ%%&%] q}oh%g%ﬁemewlsa)'ﬁﬂlyl@ﬁlf’& Br of ur an
( THF) . 10Thehaybfpien ﬁﬂ\lw@elltiorlﬂm@dnlvyrsmnbmmblﬁﬂék anbﬂﬂe%b&gto(ﬁiarc%ﬂe@e} ow - 76C)

where t he Jot t due to it ol yneric nature.
Addi tion 6?" wlte% #at’ :\u r?wg%@?\’t SBB#OQAE?@I:QY%‘OYI\{n-upa"t“é‘lli‘rlaﬁéﬁﬁg‘feégmréned| alrJn ne

( TVEDA) cémbﬁletrmtlgolbe]mn theqtrihesin iy AR ardtivRMSh aldE}{FﬁNEZ{I_’hJ %ﬂ can al so

be done at i he absence of SI | anes
are easil 3}3 e E ?gﬂg&eﬂo%gl%ﬂg'é“ @ﬁé‘&ﬁ%ﬁ'l ﬁ%ﬁ’t’b‘it@”@e‘ﬁe‘ﬂé%@bﬂrgfusﬁmabl li zed
not only tah'r76lib@ntamnpgjgemmuahnwftté'trahia&yﬁdiy&ﬁ&iumlﬂ@ kpnd, but also by the

h t t | ect hi | th h
ot hor t & a. o isnRiRon ok} By BT 55 i bt R Sesenchon cal

out cone odeStﬁlkse@HJereEcBmldmmndequrEmueép IBGAﬁﬂ%%ahgeﬁ@ﬁ@ @hdanige of the nost
of a1 | y1 o SbetHl icecheling Etbonic hegsigunatit 8] AV ok New i 186bem Sof Bor on
and tSI | i daprotoDrlpba o thinhetesasint %ﬁ sgbmiﬁlﬁedl | Qﬁ@l@{ﬁﬁ m&?@elr)emoppd witifa fidre 1N thi's
reaction [ ated a si.] ane then undergoes an

el ect r ophi %rbe&%l}»t Fbxhl% g%&% e%b%guc%eﬁﬁ?%%%ﬁle PUy Rerppy mhwshitism being by

tri met2|ﬁyl Bemadsecanongr t@@lﬂﬂ]lm{hm ﬂ@h&ﬁ’dﬁi}?ﬁbt@k&omﬁﬁb an%ﬁfe/wﬂ tﬁ@&ﬁﬁg%ﬁi\%

pi naco he transs (tr Si oronat e conpoun

bor onat e g%}ng agﬁedl i Solyston o ﬁh(teé’iﬁkﬁ?ﬁ% Iﬁ[ bzﬂ’ﬁﬁ@l’e'@wq lyluﬁ}@ilbmammét er)

Al t er nat i baddw O°G foften h@ib\hGWCPWHBra{hk)ﬂbIQ@/MﬁHEmm%s élﬁﬁzqreac'tl()xt}t JI‘U% ég L ﬂ]r Op:‘ll ![ : g
enet noxyl at e

capture i nate c can
using a b ?I%Xﬁ% #‘ﬁ%o‘ﬁs ion 23@@%?““@@%?8?5 “ﬁgaﬁi@@ﬂ%} to generate t he
corres pont@ﬁﬁgetbylétilylbmedmsnﬁer(ﬂ“lmlmIcsushyﬁhabélsﬁhér-thngaia{gy I}pﬁreaé}em The addition

of anzal dghyfls chPal?or%eadoné/ Jittr)gornﬁle Beempré?é rg) %?/Qn 191Ithsec Llj)ge?lgéj ofb MEDA ﬁomas 'n

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 o-carbon or its Y-
carbon. The regiochemical and stereochemical outcome of these reactions depends on
30  several factors, one of the most important of which is the identity of the counterion. See the

discussion of allylsilanes by S. E. Thomas in Organic Synthesis. The Roles of Boron and
Silicon (Oxford University Press, New York, 1991), pp. 84-87.

In this reaction scheme, the deprotonated allylsilane then undergoes an electrophilic
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t he above reference at pages 34-35. The addition of an al dehyde to an

al lyl borane, wherein the latter is unsymmetrically substiqut gsy 2006t he

di stal end _of the carbon-carbon double bond 10 ("distal" neaning furthest
away from MEPH33h aton) produces a honoal I ylic al cohol P&T(ﬁ“é.’?’ﬁl%‘{; t Wo
adj acent chiral centtxfi % (E)-allyl borane gl ve ri e to the threo-

di ast er eoi CBHEDY tiRFEberpte tg progyds gp attré@eétt Vhighs ?‘bfet“ﬁ‘? with pinacol,

erythro-di ﬁ&tﬁh@@&r&q&ﬁﬁethﬁaly g%@m&t- adrfx‘pohﬂcﬁ&t I'TH8 bBfonatB 68 Fhy @kd bd Jageane 62
w th cyclospori n A géﬁﬂ shown, i where t he boron

i nt er nedi fteallyAbqrane; W@@mﬁt@éftﬁ t pifgrmatiyely, HEEP@HP%HTC‘?IWPO&WTHE‘S“B

sol ution flﬁ’fhe%lelaﬁ‘éﬂhﬁld: caplureSieweilad leadl®Y¥orohb® co@plex GRARE ciber al 69 in the
boron i gll ate 3.(FIG 6)..is neant to t hat any nunber of

struct u Tﬁ“ég aporenEifiperids eaged KSP?}baﬁ%ﬁg’ngoéiPaﬁ?B?féte ter ¢ he

boronate r@&g@aﬁd1@9 (ﬁt;amtthhtathkxmhﬁalingadlttyﬁbdm{eonat e ester, then the
structure at 69 wo t hat |ncI udes two oxygen

atonms. Substit dbf Gﬁnwfﬁﬁé{dﬁﬁdﬁﬁ’épénﬁb“@?ﬁ IBBL%?H isPRssRrints Ee i &y i n” 62

will be prisgidbe teferée aspagsc3dse ThoadiRionlof ahageReen aaqaylut@teedhéraat t he
stereoselectivity that is achieved in reactions involving allylboranes

with al derfii@deritynspamgticalpsubituted af tediptd pridpiithe tyrhonzgatbor deaklebopdnsi t i on

state exenpdithi atamivg iRBed QW APFIM IR LIRE WAL pRauced BHodeNiyEt fcbHon FI G 6.
Only the two, carbonyl atons of the al dehyde (the carbon and the oxygen

whi ch ar e BRBIMS TH8AdaeHNt durahestiske %%@P@nﬁfglteﬁﬁegqt%e Hestber ed ring

transi ti onjiastdf@isofieB iwhele (Z)Qfilytbband gﬁi@'ﬂfééit% theeéiwfw&a@értmtdﬂ@r rAafg. The CsA
portion of the al dehyde_ t hat exten omthe six- _nmenbered ring is

post ul at ecFXFBP é‘él/lr%"‘t“‘?‘hO%aﬁ‘ Eyeibtiorang 62 wih ﬁléﬁlosP‘PtHhAéB@F'&deﬁbéSl ShOVFhIMr o] ati ve to

the ring mecewiRrelthebdra tnbrmedaié 61 fotnke® RrtafBtitriclg BeVéucfahG e 4 PHENT avor abl e
steric_hindyanc bet ween that substituent and an oxygen atom of the

al Iyl b&t ansé{uﬁ?“ qulapgﬁquo fspetrl 88530 appreciated by those skilled in the art

that the positiTaereddredcd uabivbed i fiRWeroh i shdeigte séta:mt Btk indRbtb Yyl ani on
is shown occupying an _equatorial positign in FI.G 6 because this exanple

started withe apheuriley oftaigiuEss @EsrRepsig at {hroRAnIPPSIHeH- it xamNe itk | vel y, the

Si Me3  gr cdbponaRYbddei®Y &s b@ﬁmyttgﬁmt bétordie Akt @tenmmm d b9 Wbadstarting
al Il yl borane had been the astereomer. 24 1 MAY 2006 WO 03/ 033527

PCT/ CA02/ (FPBBTSSR 1-BEMAFTd é‘P%/ b ipSidss o L Sﬂlbsnart@s%ﬁrbtht pronate

eryt hr 9o sidrpbrand feagils, enfpldyeiMi ©2RwiR6é gresea{ inMebarubtare inve3ll d gi ve the
ci s-isomer and _bhase elimnation woul d g"lt’ve the trans-isoner, in an

opposi te manneft hagbean@oslaled that the serepssleptivity dhadisachisvad dn EBEHPRS 1t will be

obvi ous tOinHI‘ﬂﬁ@allyﬁ’dﬂrdﬂe@duth mdtltyaesaﬁatybtetdaé tolthesh e AieRbee@HHesmir MRyl d be
obtai ned at the end of the synthesis. 5 Treatnent of the transition state

product 63raRFiion §tate exmnlided BY the byror ngesmediate 63 and denigtedip FIG 16y Only hehol 64,
On the ot hge b a@stbth@mta ft@ (tRE &%tan&)fhe ottgehmtcmxtesaohmt atntdxt)) di al kyl

bor ane ylelds sil'yl al cohol upon oxi dati on u5|ng
become members of the s1x-membered ring transition; the remainder of the aldehyde

extends off the ring. The CsA portion of the aldehyde that extends away from the six-
membered ring is postulated to exist in an equatorial rather than axial position relative to the
ring because the latter configuration would give rise to unfavorable steric hindrance
between that substituent and an oxygen atom of the allylborane 62. It will also be

30 appreciated by those skilled in the art that the position of the SiMe; group from the
(trimethylsilyl)allyl anion is shown occupying an equatorial position in FIG. 6 because this
example started with the (E)-diastereomer of the allylborane. Alternatively, the SiMes
group could have been drawn in an axial position if the starting allylborane had been the

(Z)-diastereomer.
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or aqueous wor kup. The al cohol 64 depicted in FIG 6 is the

t hreo-di astereoi soner, since the transition state allyl bor pw@ws in

t he (E)-cow(in‘gkbgﬁ.%i,on, although it will be 10 appreciated t&_t ose skilled
inthe art tha e other diastereoi sonere could have beedCTHAYAIEY as

well if starting,f the. Z-al | vl borane reagent. The di astereoselectivity
inthe newy c"glttaea aglgg IX’Hﬁszi?Iﬁ?E%?tgf@ pfega’ﬁg}?e egyé%ré)r-sp[liyﬁaécboha{, %"F ngé‘ﬁé‘f‘ ge due to
renoval of elimhieatinotviuldadive the bis-dsomepdnd dade 3liminatidrogeulOfive bR raynkhesi m. The
structure i in FIG .k 6 has been

he, P-tri hyl.si |l yl al cohol. 64 ho , i

confi r med %‘{/(’pﬁ)ﬂséte%aﬁ# ?rgcgh}esehﬁ’glaﬁﬂ’ r§?)°§8‘fsr‘4éﬁcusts%%aﬁ’ﬁ?’%ﬁé§’.‘u Beobviqustoishiod of
al kene synskillegiisthenovint &e samPpioducsoroutl efobhiried anthe eld sTitvalaaiof t he
6 Teatd t o an 1o ReRdl e ieier Bt Bonb abarimins 0B MbPo bond that
i s al r eadytriprethyisilyl dd@hvlen Gnfthe 6116 haldPAlViTdAtoS Bfdagar of the chain. A
or esent ed {tie TSR Mbushe il ST loahT i Gere bt UomePRIO20
di scussi onorafjudons gofkep Clie@mtohd 60 GRS BB ithE rEblimbtbkoigdttty RincPet erson in
32 A cholie o s alvgiat REwign s E)-aorBraentirpoery Wikl er i g to Fi G
]gs, | It he 1@l i mp?aiateamé_rtwamm ifi €R\eft tfiak 1hE ombﬁdg@skeemdlme@%gm h@véﬂc\j\&ﬂe hrray ]

ol | ow one_of two stingt chanj stj c pat hways dependi ng on whet her the
reaction i &ePasd aéé{‘fghinles&“g’ﬁﬁ g‘iemg@:y‘aj]élbﬂﬁa eYS’PgeBEa/sW d@éﬁﬁﬁ%q?‘ﬁﬁ’é‘ff}’ imthe pat hway
| eads to tivsvlyéreated @ffral odhicksds hitaletoiniRid PRy dheBdsmdval sikesslitgnae 67. Under
acidic conditions_anti- eltirf{;né)nati Qn occurs, i under basic conditions

) while | _
syn-el i m nSPieERt b lalg sege phihetymthesisyothg struciyse ofthe Ritrimethypilnl elachol ¢hs of

P- ydr oxy sitb@RRFFIG 6 hs ReR QSRS ydhe @PHahiGsifg bilordRniigag: Pr oMot ed
reactlﬁ s take_the opposite stereochem cal course. Typical acids for the

aci d- pronot ed FeAEFEHEH chaliere sithgis knoyreasebetrsae plgfinafions elinfinstion pfthand
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25 11 ey T0R B 3r by AR PRBE LRGN St bRl B 1y boour s at
thi s st agealksheslae beenpresented pabd vy Thrama vference lat pageads-6m Aifugthsr aci di ¢
condi t h@NSy; i res. tri | si | nd. h 0 roups, to be.in an
ant i pery pi el Bt idfeekh et P AP D B e B R s omaee

condi t i onsOlefghommesg EliainatidntReattionsreft by drotyyilanasyd) e sy, Be.ovgisoadopt a
synperi pl apar. re I i The latter 5 condition facilitates the

formati onqg'%’apps'ltl?%‘nlg‘ggﬁ%gg)()n-oxygen bond and an internedi ate four-
menber ed ring, Mt@FK@FstlﬂeHminhﬂibn&gaﬁﬁMvﬁﬁ@tthe@luskho}llmtofafilié‘n'bﬂm stephof
2 strong PSS Bus b i R BBRAE Ry S Bbeteie s Dot BF BBfiBGha. whi ch
overri des - dairied pepindereniiv orbhsiacatitiong Ohaphnay leads to the diene 65, while the

other pathway leads to the diene 67. Under acidic conditions anti-elimination occurs, while

under basic conditions syn-elimination occurs. In other words, the elimination reactions of
B-hydroxysilanes are stereospecific, and the acid- and base-promoted reactions take the
opposite stereochemical course. Typical acids for the acid-promoted reaction may include
30 acetic acid, sulfuric acid and various Lewis acids; typical bases include sodium hydride and
potassium hydride or potassium tertibutoxide. It may be the case that elimination reactions
using sodium hydride in THF are slow at room temperature, while elimination reactions that

use potassium hydride take place more readily.
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oxygen bond with a weaker carbon-carbon 7c bond. 10 Thus the products of
the stereospecific elimnation of a P-hydroxy al kyl sil ane F1emA
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for the (Zs/iaRMkhodsigk ﬁ%te&tﬁg%ﬁ)uﬁm#ﬁlgfv@ bEreRidl eM%?tl{%&ed idhbs l?f\‘,l tani um
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are known fegtnpat with KpCQd lar’ﬂllﬁyhaE}Q@Flerath Toisgampyes hereettats igroup berdedie the hey are
regi o- a”d B R 1e§£ﬁ1¥§clt1?es¥dlﬂ§'nétur¥l% %'fQ %‘Q ghﬁﬁﬁé’&% auh ket ones.
The genera nature o taniumin ste eose ectr em stry has been

di scusd&d disohpd BasiRetier tham p@assibmicafiiaiva i B@ntmay\we usay 10 3SR E te@PTétesag/ 01560
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t he titanialknxidegand may be varied such that the electronic and steric
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of many C—Cbon tions cor ngStothrs
chem stry, connresmnnsemlczhﬁd togme or thchthmaif tlwermwragnzyfbeammdmlacmeehml es creates
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Method 4
25 This pathway also proceeds via the acetyl cyclosporin A aldehyde 51.
An alternate scheme for producing stereoselective isomers is illustrated in FIGS. 7-
8. This synthetic pathway differs from those previously discussed, in that 1) the synthetic
pathway for producing the (E)-isomer of ISATx247 proceeds through different intermediates
than that for the (Z)-isomer, and 2) these synthetic pathways make use of titanium and
30 lithium-containing reagents and/or intermediates.
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
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10 A specific exanple of this type of stereoselective synthesis has been

di scussed by Y. Ilkeda et al. in "Stereosel ective Synt heS| 1%Y( : and
(B)-1, 3-A i from Al dehydes Using Organotitani um and

Reagents, " Qs‘ﬁ)g%zdr on, Vol. 43, No. 4, pp. 723-730 (198')")CT/GI‘W|2/§15P%f erence
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FIG 7 rea@ighenylphospHim)dlypitiemipipieagepdiivhich mawmcmaly&e tandehseldtwdthanposi tion to
i phentt pracsirr el TS P P A A TP T B A s case i
titani um ithie- aldsereosdecivemhaet.i Imcbxyrasrfalhthmtedlanaylexphemyljjhoiphins okidptani ned by
27 WO 03/0 P /115600 i ing the six-ne ed transition
state 73. é’l‘%ﬁ%’é ‘Bﬂg%r %e%y O &) ?s%%f‘%dh % JEFCHY: a4y th‘T’ &ietsﬁ?éjaal dehyde 35
and the di gremssieqpivdgphi no group are postulated to occupy equatori al
positions in t thr 74 1S eIectlver
formed, givi nrgk%ﬁelhé%q?%(t' )T%Bemibﬂo&l%&e ﬁggv‘ggggrﬁf‘?eg%?as {“c} % he reaction
pat hvva?O deunﬂmledchemeﬂlb@geﬂqratmg aWtyl&t’clcﬁsbml(X)ﬂdB}@ﬂﬁﬁl frofn cytloépdnR AB4i S

pr oduced wﬂ% am L on state,..t.he ner is not as easily

| ta n E):i S
produced by t[%( iphieny cﬁph”fl% ﬁ}gf&tamuﬂ PaBERL 2 %feé%f%ﬁ%‘%i’%‘m?% (E)-i sonmer by
this net hodlybiupdaeny@;ﬁmmlmielu witpostioegibasosucie sd i Bulii,mnd ehen yéaetigisthe prodicead, as
shown in F 3.. ithio. erlvatJve ac ted th the al dehyde
51 to prod%g%‘emfl iy te aﬁo}ﬁfﬁ?o}% ¢ 4 T srt%lﬁé{r%}é re?f"e{fy T i'th forms
t he 1, 3-di thaeryihro- cEJaZduca‘M, edichnhen maarbgeor@éxaaattemetﬁhwdo@n@pmlmﬁz@m 75:25. As
25 by treatment of 74 with iodomethane (Mel). It is postulated that the existence of the

transition state 73 is at least in part responsible for the stereoselectivity of this synthetic
pathway.,
In accordance with the exemplary methods outlined in the present disclosure, the
metal site of the organometallic reagent may be the entity that controls regioselectivity
30  (Ikeda, p. 725). This means that the aldehyde 51 in FIG. 7 reacts with the
diphenylphosphino compound 72 at its ai-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
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in FIG 7, the high stereoselectivity of the reaction product is possibly
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yet anot hestatesd adhieinthe vinfegrogaditheitbiuRaagbi 8oRSI B cilBodt REROSRELCt i ve
pat hway ma be1 ?l\il#%rled to Fr duce the desired ratio directly in _a prepared
m xt ur e. é%eea‘{)e THCT TS dite perupy equaignigl gostiiqus, thepbypradugingthe Bh FI GS.
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of the E)retc%ot hg og%%g-sthsomgar of , 28 WO 03/ 0%3527%_1 MAY 2006 PCT/ CA02/ 01560
appr oxi mat €1%5°B5"Y P AT EHRIOSI RS YR May Bp ayoieq in plbstergpelepiivenei ght, and
35 to 65 peyntheses thrdngh the ngdf,prot@3ipg gGloupsSudh asGenooE esiers of B3 ANE@t | OS are
exenpl ary 1galrndrfior %IIJ Esetrati ve purposes only, and any hypothetical set of

nunbers ¢ Schosen. It will be obvious to those skilled in the

art that the reactaicopreeidnsly, ice@is mivaeds 5fQin@ HASisbhas bAISIAQ 14N WelG 9A may 5
be differetnt frorﬂ.t.ﬂaose of FIGS. 9B and 9C in order to achieve a different
ratio of i SEIfePExhiviA ombmation FRCRY RAMERCY ardeor EsiendktoHpiey BT Bach react i on
have ken raairdligoechriig apd pebsafly &nowasylciosporia, ratio of the two isoners for
that case. In contrast t one _synt hetic, pat hways, where a m xture of

i somers is prof§eaYns P °§1§’8ﬂt§f’gthﬁﬁ§?s?“it pyentigy I3AmEAT Bemesdandi dual |y, and

t hen ni xedictivativesatlaédd) att BRthepie@ISS stdr@dedtiVe pabidva3s RaeEy VA6 idesi red ratio.

Thi s concedot i S iIIu§tr.at ed . in F|G, 10, where the prqoduct of one
egree Of stereoselectivity, Stereoselective pathways may produce a first material or

composition enriched in the (E)-isomer, and a second material or composition enriched in
25  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 (BE)-
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
30  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
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stereosel ective pathway is enriched in one of the isonmers such that the
product conprises greater than about 75 percent by wei ght of1t'&e éﬁe hed

i soner, duct of the other stereoselective pathwalli e
in the ot h@‘%@’&#@? such that this product conprises gred C"t”l"/!i}?“%bout 75

5t

o the o bitels k8 sty S 3R 50 BET Ry 9 idhh S EF Bhodrbert v
pat hway may \b@ghtglewacté'plyt R owse, éqsna’atutsaresdx&upla&ﬁn@ﬁndhm&atb& pwepbg:lﬁlt in one
teag(r)]d'oregt ?Jnh{ Qn(?L otﬂegigﬂclgtg&ﬂg%bérp S‘lougﬁglgr ge%n OS?IF Mt 0 ml?ecﬁ{np %gpg(r:te ?E/glr y.
After synt ﬂ‘l@sﬁl Skilln@] lmtbﬁaaﬂ thatrthy lsaqtlnd conditioas tlspd tdﬁm;ucmhys Y110 anlce dAtmayachi eve
U poscs.  pHanahipbno@ns bidsph 4L 6E sl dadk S nbll s B S 48 s used
in FIGS. i@ erbIctemer@ The CFnctElonmf each esation haVﬁi)eéIZ)ailDlsdltB]ﬁrSdLﬂé e mxed to

ield thr gnm% rise ratios of the (E) to the
{Z)-I sorre(raﬁ%m?jd ff;r)%{t%)%wate H&E% w%gggfcent by weight, 50 to 50 percent by
wei ght, and 35 Ingentrgg tqo@n‘@esmlthcby padivgys, wheres pixatre wéisymer2 & groduasy, &let er nat i ve
enbodi nent Lsomers o 247 _isomers may
be separ at 6¢ sﬂ}nﬁ§ Hﬁg?ecﬂ;r %&%léﬂﬁgﬂ ag‘é%]hﬁ cheg ™t %re%eﬁeéwrga REPOBPBT ot he
ot her. 10 Foschigxaiip Kesireciratdd.e Tlis gondept iy ilesthicd i Fiﬁyl(be/hansehb grodieosfopet t he

ci s-isomer térQos e&lvg zgtqw%] 19 gnnc%g OW’I gf tlﬁg 180, g% ucEl gffat {‘hg grogflf%ﬁm?léslggne It the

al kene i s boun strate I's capa
filterabl egreathhb;an@bguﬂémmqnt h}ayelbm Qflttbs{E)aNmaJ dnyt thequuineth fitkicother he mi xt ur e,

30 | he t Cis isomer may
be ro- concraraPEARe kAR, £BRIFRER ol Rl A B ke SRt ac on of
heat, prodgredterghea ab@u‘rﬁiﬁ)p@rcamhy weighti of Ithzc(Z) momdneTlmassmm‘Wre excitiptary i N this

t th t
g?n?ﬁgl 5( E;]tgg[) %h? g?%grltg r?_g%rﬂg d{eél%g%gr%ermae‘g %‘s&%ﬁﬂ%glgc‘anS ﬁ)gtﬁ-;wéy {nggbq’ eeeo]l" atio

st er eosel egreaterdhap opequatte abmtt ﬁ@plerbqnt hzhwenghtum onvasnbpdiadnic dalpthemy t ake on a

br 020 29 VEQNATIN bk NN, G005 LT CA02L01500, 6 a0 of yalyes, For
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(2) -1 sgyrer. In an alternative embodiment, a mixture of the (E) and (Z)-isomers of ISAx247

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,

30  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 composition

enriched in the cis isomer. Thus, in this manner, the cis and trans isomers may be separated.
In practice, the ratio of the (E) to (Z)-isomers in any mixture, regardless of the

degree of stereoselectively of the method by which it was produced, may take on a broad
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a) Acute organ or tissue transplant rejection, e.g., treatment of recipients of,

25 e.g., heart, lung, combined hegart-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.

b) Chronic rejection of a transplanted organ, in particular, prevention of graft

30 vessel disease, e.g., characterized by stenosis of the arteries of the graft as a result of
intima thickening due to smooth muscle cell proliferation and associated effects.

c) Xenograft rejection, including the acute, hyperacute or chronic rejection of
an organ occurring when the organ donor is of a different species from the recipient,

most especially rejection mediated by B-cells or antibody-mediated rejection.
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oral use, for exrainqixheaﬁ gainclhditg fltomthicmqﬂalfmiz: syrhdﬁmi@tﬁﬁmlnﬁﬂblﬁ.ﬁgbs or Oi :cy
capoul 5. or sy PURLH) SRNER RomaRi i umse v BartApe) 01500
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agents and pre in _order. to vi de pharnmaceutically 5 el egan
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be manufacture wn, et ts us .Qr _exanpl e,
(1) inert dil ugtht%gmg% 0L ok ]ﬁ]eéglﬁﬁ?nd@g?so‘ﬁﬁfaip m’ Fsaaéfl(ﬂl %mm?: fycﬁ"ﬁ Yosphat e
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pharmaceutical carrier to a warm-blooded animal in need thereof. The pharmaceutical

carrier may be solid or liquid. The inventive mixture may be administered orally, topically,
parenterally, by inhalation spray or rectally in doéage unit formulations containing
conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles. The
30  term parenteral, as used herein, includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion techniques.
The pharmaceutical compositions containing the inventive mixture may preferably
be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily

suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syrups or
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suspensi ons may al so contain one or nore preservatives, for exanple, ethyl
or n-propyl p- HBAPEEGER? aé‘?nsdcﬂ’éor%lrus‘?w’ﬂ'f‘%g"t:‘ﬂlﬂiﬁ H’@oﬁ?‘j‘é‘me&tm(‘ih@q& nor e
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sesame2(0i lcapules @l Btthedctive agbdied isthixedWRitle WateEA NN A MR &R edarkpdd L Y aci d,
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include: (1) suspending agents such as sodium carboxymethylcellulose, methylcellulose,

25 hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and
gum acacia; or (2) dispersing or wetting agents which may be a naturally-occurring
phosphatide such as lecithin, a condensation product of an alkylene oxide with a fatty acid,
for example, polyoxyethylene stearate, a condensation product of ethylene oxide with a long
chain aliphatic alcohol, for example, heptadecaethyleneoxycetanol, a condensation product

30 of ethylene oxide with a partial ester derived from a fatty acid and a hexitol such as
polyoxyethylene sorbitol monooleate, or a condensation product of ethylene oxide with a
partial ester derived from a fatty acid and a hexitol anhydride, for example polyoxyethylene

sorbitan monooleate.
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25 sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening agents, for example, glycerol,
propylene glycol, sorbitol, aspartame or sucrose. Such formulations may also contain a
demulcent, a preservative and flavoring and coloring agents.

The pharmaceutical compositions may be in the form of a sterile injectable aqueous

30  or oleagenous suspension. This suspension may be formulated according to known methods

using those suitable dispersing or wetting agents and suspending agents which have been
mentioned 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
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WO 03/ 033527 02/.01560,cont ai. ni ire are
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subject. Preferred doses are from about 0.5 to about 10 mg/kg/day and from about 0.1 to
25  about 10 mg/kg/day. In a preferred embodiment, from about 2 to about 6 mg/kg/day is
administered orally b.i.d. In a particularly preferred embodiment, about 0.5 to about 3
mg/kg/day is administered orally b.i.d.
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
30  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
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cycl osporine Aligp e@?@qfﬁ%‘ﬁ%h?"(ﬁé’ew}lﬁfé}ﬁ Spagifiy dosp develk for ayipaiticylatratiemhi bi t t he
phosphas aseill degdnd \ipéya MdrieBadrS: hibition assay
measures the ac |V|bty of f}ﬁde écftﬁyﬁlblﬂdm%@ggﬁgwb?ﬁgcée&#&omﬁ%l aas such, is
the most aCRIYEL-ENe2ES: body sveight, ﬂelwraﬂ heslthn e dishriime ofhdbingstra®, pokeficy of
cycl ospori sﬁlﬁmﬁslﬁﬂaﬁ Qﬂb‘@ﬁex&:fze'hmﬂlg%t)m&hauon%g@&l natlm%’aé-ﬁcyi%el%n{ysof % CyCl osporine
A anal ogue that is simlar to cyclosporine A exce Sve
modi fi cat i BHCBET dssaghicrpdtion yidergpingthespie ami no acid 1 residue of t he
nol ecul e. M&hodaﬁ,)gg now found that | SATx247 exhibits up to 3-fold greater
potenci/ t han Ciﬁﬁ ggrl ne Ain the in vitro calcineurin inhibition assay.
25 Phatacodyn GeplRsgorinejderivativas, agiess pfeyolic palypeptides pmdownby tiet | SATx247
has nore mﬁguem&z)/pdch@lﬂnpﬁﬁﬁtﬁm%rﬁtlk herebst, llﬂﬁﬂ%ﬂo@lgp éggrgg#ﬁn Lhe efficacy
of |sorrer| fl Si %f cycl osporine anal ogues r gl n ro PXa"Béut 10:90 to
about 90: 1 “(Pc‘? gqatiale ef&?%ﬂTGdi wediatpd reactipngr ngAspozmedd:ramtweghmwﬁ% Z-i soner
and 45- 50%bkerved G RNersi® @Iﬁbnthﬁm&lﬁ%ﬁw A IOSIOOH ne A)
has been denopnstr nﬁ%ed ?In an in vitro QB@?&EH’(&@Q%Q%CS]XE ﬁ’("ﬁp%a?§§ay, a rat
heart trarfSPFamt Bt mpbeking grodyctioppnd relpaset Tlamqﬁoamlarhmamhymm nmodel , a
col | agn- iundbyhegeiaioltid AlisddBsiahivlin bSIOIRMSE AN ALe, A0, A0L Q5T i nduced

arthrItISFD e rabbit. The data s ese PIomer & mi xt ures
are equi vd eeﬁ¥f°p136m(9|f ce %$“é“%‘?ﬁré¢f’ccmmﬁ, 1692\ @‘eipmdlcm; ofthezefificatihafr ef or e usef ul
for the trogcbshbrite Dbr a éydTBHRE ARy 23527 11 MAY
2006 PCT/ CA02/?1560 e TapLRin njmrouls%gﬂh 38 bl V@" el{é‘:‘%m ated with
cycl ospor i2AER0t frdcingin. Theealqipguriy inhibjsien assax meastxes tlte@pm\tltytocﬁmednngw

cat ar act 0ge Bigsifsctidd muad SBER, iDL ﬁbé@@&hﬁm a%&@luec%ﬂg}rx ?Jseﬂ%%’t plgsi a to name
a few {Sketris ?t al 95) . hese, nephr ot oxi ClI 8f the nore

seri ot dFLEIYE 8¥Cé‘3fp%{éﬂﬁe$ §’@1QSP‘PSE{E@§WF | 199 from cycl osporine A
adm ni strati ONSAr2477€a &6RiporiFE ANANLSTURY is M) dlﬁPho %S'(c\io Ekgegéjt?auses renal
O neted

injury is not_known. K However, 1t IS propose W the

| evel s of apawbuadificationiof g &instionst erauwcon thepmiheadid Hresidue bixthelsokeauld. el ocal
vasoconst hietnoR Foid thdl € ﬁﬁ%btgﬁp%%r ) Jhis.cap. result in
i schem a, a decrease in gxomeruf 1 fil tﬂr?ll(gll ea?e%&{aﬁcg tﬁanﬁydos’é’f’nqeﬂglq ong term
i nt erstit ithg/ yi{rg Felgingurin inhibition assay

25 Pharmacodynamic studies (in vivo and in vitro) have shown that ISATx247 has more

rrphocyt es,

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

30  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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The nonclinical safety of |SATx247 has been evaluated in a nunber of ani mal
10 species. Repeated-dose oral toxicity studies in rats, odgr | et es

showed thagvmlsﬁﬁl' %247 was wel | -tol erated and produced eff %te(? P‘E@Isﬁ‘geed -

consi st ent | mmnosuppr ession. The only toxicol ogical
all species was, diarrheal/lo oes.not _exhi bit nutagenic

activity as de ‘?fgf“}ﬂé‘f“é’am“ﬁa‘fvﬁm?/F B affﬁ‘&‘f‘tgawﬁv Cyclesporineet et at i on and
chr omsomnﬁhﬁtgmphmmxﬁt&y,&mmtomdltyl, catmmgenesismﬁrsuﬁgm rllsmﬂ@m;@hceus assay. No

carci nogeni.ci t have ee rOdUCtI ve toxicit
Coua el e pa e B G 2eb a5 D SRS e e e S s
Ther e wer ahgvore is¢réms mmtrelafeﬂ advethe pfdctsaesitiing dwos dybloﬁﬂohﬁé Atadmhsstrafn, doses

t hat resul.ted t.0Xxi Cit correspondi ng e ot OX| C|t was
oboer vell. B8 CRpTISeR Y wife by RS ERTR! iy RGOH o Rt - o
anhydri de if il ffdposel Ithal art mE2)se\Wathe destele off \Iaﬁbc@ymiaﬁsﬁ)afbktﬁnoﬁs (rbfle Rdgyans, 41. 6

mllinole m xt ur tirred at omt ur e .under N2

at nospher ggiﬂﬁpoq}w Qflmi11 Vfﬁocmfsﬁg% ﬁrtgesa;g%Fel“quﬁm% LGF s can resultin

Di et hyl antchenigyd dbcrease(ik .g&ﬂgwlﬁ&iltﬁdﬁmi)fa)e, mv&dﬁemng&nﬁndtetshﬁal fibreiki on
stirred at roomte r.ature u r at nospher.e for urs or until the
reaction was cgh%?cﬁg@}m#ﬁ%éﬁ"é’g%%ﬁ7ﬁﬂeﬁ? ‘éw\%ﬁgdélbﬁf“é‘ﬁbe&??%ﬂnd t hen
filtered. spivées. Ropdadidest @alltoxdsitywaidies warslsaibgsahdiptigates ot ed witi ve of f

addi tional acetic _an The asty solid _was slowy
transferr elégf’%aléw\% 6§¥g’éq§%cd ﬂdlprr?dg‘&é% k%‘ﬁﬁ@%o‘ﬁ?e %%Wﬁmw t car bonat e sol ution
(1.5 Iit erisynundsoppressionl Theonlg toxjrelogicaleffed@aotsd inrallegedidstvds diurthdarieoss! urry was
30 obtain and the evolution of CO2 had ceased. The solids were coll ected
by filtratf8h and washed with water until the filtrate had neutral pH The
solid pr oduct msrxm dods hat eﬂhlbivmmagamiomve\ﬁtyavembrgmted &SE)zrﬂotbacgériae 44. Oy
(85% P_g; th Erogag ‘{S col orl sstso Oxi datj on of Product
from Examff‘grs TRCELBAT ?}F?Igosf’g’ﬁﬁ ")al%w{ﬁs%tag m(a§(5’|’r{’)vo 995%“%%‘818‘&? to acetyl
Cycl ospor iassap R6 cartinhfkMiic) GfdiesW2ave Béedl 3@hRI¢te PG daGARRPIBGNe (c4i2itP 79,

34. 54mol ) nd t tirre ntil all t was di ssol ved.
Sodi um p@ ga&rlxtg?%gkﬁ%ﬁéaveg Wﬁ]ﬁyﬁl“’\/Véig“é’&daetﬁan‘?rﬁll’t?‘tﬁvé{!“ﬁve‘? A8 addition
of rut henltttmr(ehﬂ-mtaltadenalfmyrditﬁaheon(aﬂker3ﬁ<8@ AlldoéeyhatlrgsuRetin infafeinal fogicitgact i on
stirred at roo rature for hours under a N2 atnosphere. Water
(300m) wafgmasaﬁ"é%“ W%%’“WX‘Y"GP Mf%nsferred to a 5 separatory funnel. The
m Xt ur 20 WeBXAMPLESted twce with ethyl acetate (300nL and then 250 nl).

The dark a Eft I “qet §¢§ gxtraeks wer e conbi ned and washed wi th 250ni
wat er foIH—S@@&—M or gani ¢ solution was then dried over
MySO4 and t he Aseaicwahydride Q0matldittrd) oagidded @ @Qeepurialk (30AGKanz041.6l. The crude

product mrrsllllﬁrt]oﬁe% ancptg PxQure stirred at room temperature under a N; atmosphere until all of

the Cyclosporin A has dissolved. Dimethylaminopyridine (7.62g, 62.4mmol) was added

25  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 (1.5 liters). The resulting suspension was stirred until a fine slurry was

30 obtained and the evolution of CO; had ceased. The solids were collected by filtration and
washed with water until the filtrate had neutral pH. The solid product was dried in a
vacuum oven overnight (55°C) to give 44.0g (85%) of the product as a colorless solid.

Example 2: Oxidation of Product from Example 1
Acetonitrile (320mL) and water (80mL) were added to acetyl Cyclosporin A
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over silica gel using 40% acetone/ 60% hexane as eluent to give the product
(29.1g, 68% as 10 a colorless solid. Exanple 3: Preparatipp W(Y zagsetyl

| SATY247 | itu generation of ylide: Acetyl Cycl osporl n
(31. 84qg, 2%&&%@% was added to 340ni tol uene and the mﬁrwz@ﬁlﬁ‘fred

until the BLer C | et solv re sol ution
was added (gg%ﬁﬁﬁ#m\ﬁ%ﬁb?@a Hﬁg%ﬂtgre Soilg W‘ﬁf’@)ﬁnﬁéwaﬁ‘ﬁ fP’%‘gLﬁl g‘i m xture
was sti rr gerisdatpait 72, §9.98‘rdmbhe/las eddbdglfollom@hﬁmthlﬂiﬁaﬂkfemhbmmbﬁlﬂm&e (58. 22¢,
151. 90mo The re rre for hours at_room

t enper at u#é’d%%g&!?%ghl'(z? %%e%&‘ﬂwamf’ eaﬁﬁoﬁhthlBWBW 'lelg%‘Fﬁ de

(16. 649, maazmmm)osahhﬂedwmd(ast)mr,)wngd@mahd ﬂﬂedxﬁl&rtraasfetfrWtb bfer 24 hﬁurs
The m xture ransterred to a separ r ue pase 20
separ at’ed. Seplaﬁa qudlélglug% pAREE WS © ﬁ?%&’%ed‘x i ?L*Hﬁqé*ﬁet%agﬁobwiﬁa

t ol uene. Tg. Taodark blacieetbylemttataext&cmﬁ cambﬂnemmﬂ mﬁedmﬂhﬁﬂmr&e;m&ntl aI |y
with 200 nd_ 200m .sat ura te m chl ori de

sol uti onmﬁflgog‘}egg é rr(l)n 1\1/\555 @1 S BT el W d?‘ ?8 Oéﬁadtgﬁe t ol uene
evapor at ed;olvcnt gvaperatedepiye ¥ gseenistsbleudl solidl Hithe crudt proidadt waashlbmaa@radned with
142mL of el, d rred until a fine s xane
(570mL) vvas gwggéﬁwﬁl 553@%3@“%49%6?“& a%?lf‘?q“on%ve ﬁBroé't“ft%dTﬁgs%@e Sconti nued
for 3010m rublegesanaid hen the resulting suspension was filtered and the

col l ected | i.ds. h wth 5:1 hexanel/ethyl acetate. The

conbi ned '%iﬁ@%%@e‘#@&ﬁ% a rotary evaporator to a viscous
sem -solid. Thi)msimtgnéraiomﬁghddﬂeat ed with 75nL ethyl acetate and stirred
until a fine r sobt 2 I dded with
rapid stirri nggceéfl éfs'rg OFyTE &g@yg%ﬁﬁ 2584 Ii’lg]g%’)awm@f‘i? ios&g‘ﬁé t‘?[}‘leé’ﬁ t he

resul ti ng asdithp ereinentimesurftil tHe evatedia b cbxhﬁleteMidseleécedT&mb red@ltinga s hgd Wi th

| OOl of 5;.1.hexan tate. The fi t s ..concentrated on a

rot ar yf)sevaplbl?%l i ?de%gﬂéng 0?(3&?%“%/%%%\7\/5 J& gyd%ﬁwg c?@d?“&”éﬂ%‘frems

chr omat ogrweuphnacbdmrousiylamt&negellylms;jhagrlpm%aﬁﬂhmftﬁrhﬁé)(’&slzeg,aﬁmaﬁmabuent to
ive the 4. . a orless 0|d Y. 20Q6.. WD

031 0335272 7@%’?%’%’ %“i“}e ‘%PWW?/'P ed‘@”&é‘ﬁ%?%‘f ﬁ%ﬁrh%ﬁﬁngég@ti on in
presence olfxplicnﬂnhosﬂmnmrrsbmmrde(dlﬁsﬁﬂgpﬁBMSmﬁml)Qﬂd@llah& ktirting betyihedFras phoni- 331 |
brom de (7, i n 0 00 0 C, was added a
sol ut i on( rﬁ‘ﬁk%’ hoursh rﬂof'?”étHVd’VaSFrﬁ?s eﬁwf%’)se rato%dﬁm%?n% t& 79? B Rieson. ) .
Stirri2fg \sq&ramdnﬂhmamﬂoﬂtphhiuv&ste&tmneﬂ&/ﬁthbﬁaddiltﬁon?oDZ(MhﬂJﬂé‘@(ﬂueﬁadTl@ t&oSol ution
of LiBr in . THE |, .1 ol ut] ) a The reaction

i xture wadkPRarmE Rt et Satei e R it fp

CsA- al dehydenk, daniidted aquéoussotiun chidridéfolufidh) THe)soliion ddgi@tkdioveughn,2 cannul a.
After stir

et R0 5T SRPSh i il SRALEY < vre

with 142mL of ethyl acetate and stirred until a fine slurry formed. Hexane (570mL) was

25  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 acetate. The combined filtrate was concentrated on a rotary evaporator to a
viscous semi-solid. This material was treated with 75mL ethyl acetate and stirred until a
fine slurry was obtained. Hexane (225mL) was slowly added with rapid stirring. Stirring

30  was continued for 30 minutes and then the resulting suspension was filtered and the
collected solids washed with 100mL of 5:1 hexane/ethyl acetate. The filtrate was
concentrated on a rotary evaporator to give a pale yellow solid. The crude product was
chromatographed over silica gel using 40% acetone/60% héxane as eluent to give the

product (14.09g) as a colorless solid.
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Wor kup and chromat ography as above furni shed acetyl ated | SATx247 as a
colorless solid 10 (3.5g). Exanple 4: Preparation of | SATx347uA¢ <006l
| SATx247 (JVL&) g&:‘?{,ﬁé .62muol ) was di ssolved in 340nL of nethanol and then
135nL dei oNi 'z er added. Potassi um carbonat e (13 369, PS8/GEHILEY was

added and the, ture.stirred a omte ratur 24 to 48 hours until
the reaction wﬁg})rg'(ﬁ” oﬁe%?'féée %germoﬁangfeafthoélnﬁ%‘ﬁ?ﬁ?ﬁo%I(Agrs evaporat ed and t hen
250nL et hyl ac&b attrradasspaodacofiailylriphenyt phosghonivh ti6fida (UEDEIL0@inidl) i@ aci d

:g:o:J ia? gd(ﬂﬁp@b%{mﬁ%&%&%ﬁggﬁ%aﬂéyﬁg & aca{%ggmon &@ﬁyé‘h‘gﬁ?‘?@‘@?w’%@m portion

of ethyl mic;ét)aﬂrml I'IMesokutme} riitingg waslcomtmetdadt éhistempearatute foR3Emivashad

sequentl al I th 1 10% eous _.citric acid

sol ut i on an ?ﬁ_h gLr }%F?@gmg“q e@ﬂ‘sm?ég\ﬁgodéloﬂﬂ%ﬁﬁ%g/ﬂa ¢3F§"%hen dried over
MySO4. Themiemlwwsahmtsaﬂrel fva 30 mmaymlaﬁrt aeﬂbhmon gfatetyBCsApalHa]yyletzi%vg golid. The
crude product 0 d er SI S 40% acet one/ 60%
hexane as "SFU&Ht EPSH{& 3‘2 %%%%%ﬁ]’f ﬁcglfﬁ }é%%géngag B eyl 4.

| SATx247 ceanpeaturs, tHbreaddivn Enxtsmnms qasndhedGvithSHurdted NHRET soldtien (P3 ﬂd}lct sin
Exanpl es 4. \wer har [l ze and/ or ucl ear
magneti c své%ﬂéuann?ecgrsopggﬁags%% %%F%ac Wﬁ‘fﬁf’@%&}xg%{? OrRRSSPIL 1‘9

- bromoldycl(®dsgorin A Acetyl Cycl ospori n A (41.48 g, 33. 3 mmol ) prepared as

in Exanpl uc (10.39g, 58.4mmvol ) and
azo- bi s-i S NA’ l%re dhaior CtJ S. mZEIF6 67mmvol ) were dissolved in 250nL of

car bon t et rachlostyld8AnAd7 (lheﬁgr Hs&ﬂrﬁmoh)gnamdxstalvﬁ ilna4ineldoftraethatiol 4nd thear 2. 5 30

hours. Th 1 Xt.ure the solv por at The resi due was
treated wﬁ? Elmfggﬁm ' (f aéetrﬁyﬁlle of ﬂté‘?smélhﬁaﬂfqn?tfzﬁesé % Q%Me SI‘?BS?‘]T@@I ubl e
mat eri al . theheixfurd &tlrraﬂetmmtemtmde fcsequmxthoaﬂs luytilvthe feactiof ias vahRdéte.and 150

b th the sol ted. Th
or ude ot aleart GEnARo REPSGR R B Rl amat S ot SBles SRR 2005 o

03/ 033527 APTRh wqus@irsﬁmmmmmelmam ﬂams)added agd then 28. eﬂ@gaoeﬁﬁ% of
acetyl-'y S i n Preparation of
Tri phenvi SE%Sgp o%a’llte(ém[% ueglus 3?“ aétevfac & thgtb%c}di%f?ng\ipiogmi Portioh of

Acet yl - ' y-ethybavotatel d‘hpcn‘mbme@ e(t@Ba&Eg: exﬂactﬁmmbv):shamdeqhéntiahﬁ With phasiphi ne

(7.55q, o ved Ln the resulting
sol ution %‘glaogng&%%e \i\ﬁ@%@ OFUSTEE ?%md %Ogﬁrldult%gﬁ s@\ﬂ?t‘%&fﬂ”é’ﬂ and the
t ol uer?® e\secpumahledde aht ¢henesiad dwenMgSOk YThesthyl acetare! wad evipdrdtédaatigdawi th 250nL
of hexane/ ) M xed t nd t e sol.vent dec ted off. This
process was elyg% ioéé The e ey %FW*TQ’ hegongrsilicggel Yspe*lile was t hen
di ssol ved atetoreiots l&kzhtplas elneitad gvalsh 4 ¢l 1ganses) ava tolodedosdlidnexane. The

. . 0
e N0 S Obk et WS GOLLRE! G sP¥sdi ' A on Lo g1 ve 22.50 (66% of

The products in Examples 1-4 were characterized by mass spectrometry and/or

25  nuclear magnetic resonance spectroscopy.

Example 5: Preparation of Acetyl-n-bromocyclosporin A

Acetyl Cyclosporin A (41.48 g, 33.3 mmol) prepared as in Example 1, N-
bromosuccinimide (10.39g, 58.4mmol) and azo-bis-isobutyronitrile (1.09g, 6.67mmol) were
dissolved in 250mL of carbon tetrachloride and the resulting mixture heated to reflux for 2.5

30  hours. The mixture was cooled and the solvent evaporated. The residue was treated with
350mL diethyl ether and filtered to remove the insoluble material. The filtrate was washed
sequentially with 150mL water and 150mL brine, then dried over magnesium sulfate and

the solvent evaporated. The crude material was chromatographed on silica gel with
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10 of acetyl cyclosporin A as a tan-colored solid. Exanple 7: Wttig
Reacti o The triphenyl phosphoni um brom de of acetyl cycl ospor{ rMAY1£0810,

0. 06mmol ), .an S,\%g_?ss of 37% f or mal dehyde (0.25nL) and tol uene g{Zrﬂ_ wer e
stirred raﬁ'i%cﬂsﬂ? room tenperature. Aqueous sodi um hydr S50l | N

sol ution ( Ided dr LS nd. 15 stirring continued for 5 hours.
The react ia(%)%%%%/ﬁ%%nreggg Y gﬂ??ﬁ&%&ﬁ‘? ﬁfaecflpﬂsirtrgglg'f}g?sgon‘( Q(?Frﬁ?’elL"HVoso it er
(10m) . TiExample\t Paspeiatidreof{Iniphenyiphsspi@inan Bidtde sFasbRlCs@stuetAal |y with
water (10Om) and brine (1 Or), dried over nagnesiumsulfate and the
sol vent evapogﬁ?t@ldy.' r‘ﬁ’}écy&qs%‘é" ‘ﬁ&sﬁﬁaql'WIWFWF%PWW @A%%i lica gel
W th acet aBshimolpnee dissdhay irl 210 tol e a8 desiMHingPsolikivh Wafeddh 160%¢ and
(Z)-ls%ne(r{s ﬁf acetyl |SATx247 as a__20 colorless solid. Exanple 8:
De- acet’y| 405 T8 dThesatep i Sﬁ@ie@tapéﬂ’eﬁlb@ﬁéYaPW@d-n?k?Wﬁlét"éﬂ‘m s§fETs from
Exanpl e 7 sOHDwgs treafdd OH6 MDY, o RKard/ 15l | 1V CmixBd thiRLEI M thosengnd t hen

Pot assi um car bpopat e was added and the reaction

water (1 rcrlL% geﬁ]d?fd (75 i

stirred at™fBMhOtle MBEPICES&v2F gpeates fpgredimegydh 13iml, pherndhe ssighe wes

evapor at edhaliasigedihBmE eyl acourbad preaipiiast Wit 2201 mesindUend RbJiged by | Ol
of 10% aqueocgvsvg%cgktriﬁ acid.. The et, %/é cet ate phase was separated and the

aqueous pRaY ecoflesipd py diltragion iygy P6%) ehfpherylphasphoniadhramide The
conbi ned eff hyekyl agddspirth £ %4 4 AftcSlowdseliddashed sequentially with 1 Orl water,
1 Ok 10%aqueous . citrjc acid and | OrL brine before drying over magnesium
sulfate a%&ém%gm solvent. The crude material was chromat ographed
on silica gel 3Re tiphdyphepRottrirnBroaid df dceB)l cdlosPorite(1 0{0afhiion)04n | SATX247
as a col orl essﬂs}%{i %ﬁg@@%@d%b% about. 85% E-i somer and, about 15% Z-i somer.
The produét¥sy & c B e dotugie b everayingd spidpetcee® et ry and/ or
nucl ear naghgkdnge AGROMN B8uENEAkATRE § YN scd@ich L2 w2006 MRy RA33527

PCT/CQ 2/ 01560 Exarr%lote f Prepﬂ{?gti gn of the Geonetrical |soners of

| SATx247 THRNE peutmiedfoy 3.5 hours. SHigpaction mixamerwasiuted yithsthyhersigtendent | y

synt hesi z€Zhmyiaf@whisS(10D). | TeienF] dceBRIThAR wWas BphfBied, MARhSEQGRARAL! NVol ves
known rretal.&tiagn ff a‘l?de ltr'irreth | si lane, the el ectroPhi I'i c capture by a
tri met hyl SoRayaler Gomly g %mﬁyf trele: %‘%ﬁ&?’d’l‘%@@%@fat@ﬁ% he selvedst eri fi cati on
t 0 gener akeapolatedi MhetiBthattal WaabtiomatbgrhpHed by disdal g¢l Wah hostRemonas e ester.
Al | yl bor ai"g{} of gxd ? %gr ne . al deh 9e furni shed a boron internediate,
which is % 8E1&d P8 8@ O!E%QIWB Ofé 79 (eisagprs of sretyh [ Aomet aspy

sequeWr akolotless I41R1. di ast ereosel ectivity in the creation of new chiral

centers is,_not d%term ned at this stage due to renoval of these centers at
gape o el 2Reaction Pr rel ative stereochem stry of

the two cent er $hd mixtueofRsotdet I BkahplyT (78 OB 6ol RRhd dibsBlved in

methanol (SmL) and then water (1mL) added. Potassium carbonate (75mg) was added and

the reaction stirred at room temperature for 19 hours. Most of the methanol was evaporated
25  and 15mL ethyl acetate added to the residue followed by 10mL of 10% aqueous citric acid.

The ethyl acetate phase was separated and the aqueous phase extracted with an additional

10mL of ethyl acetate. The combined ethyl acetate extracts were washed sequentially with

10mL water, 10mL 10% aqueous citric acid and 10mL brine before drying over magnesium

sulfate and evaporating the solvent. The crude material was chromatographed on silica gel
30  with acetone/hexane (2:3) to give 37mg (54%) of ISA7x247 as a colorless solid containing

about 85% E-isomer and about 15% Z-isomer,

The products in Examples 5-8 were characterized by mass spectrometry and/or

nuclear magnetic resonance spectrometry.
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agreenent with expectations and is due to the trans double bond in the
trans-(trinethylsilyl) boronate precursor. Base-pronoted elfifmygaign

(Hudrlick ﬁto oﬁ}rof‘%sﬁ%gm) of P-trinethylsilyl alcohol furni gﬂggg%m%o

conmposi tio ed in acetyl-(2)-1,3-diene while acid- pIP

el imnatign JI g : ) t| on II‘ISI’I he(ii \ etyl-(E)-1, 3-diene.
Depr ot ect F&HT S - {'s] the (2) and
(E)-isoners of THeS#sTxﬁnﬁansﬁmﬁfﬂf IIS/fB1|x¥47 Ay l&l m@pemlbﬁlyaspmhemh uging tieenes

utilizes hor Met al at |d|pheny|phOSphlne and

t hen traniﬂ@ gr{%/‘fcg ?’He'%ﬂf&ﬂm?%l IOV 35{2‘3%’?&?@ "0h i nt er medi at e,

Al lyl tit aaBglirmrettiybdlhowehed etaytr@hmcea:mnebyﬁtrmue}hylbnra:tatfolmmbyltld generate a 20
conposi.ti nr.i ¢ ther. hand, when

al 1yl disph&‘%}%ﬂ%@%ﬁﬁ%ﬁaﬁﬁsﬁgﬁfaﬁm%t?oﬁeg%?tgﬂ’e 1%6?3313‘%%“6{? sequence (FIG 8),
the E-i sommethslspylﬁcﬂpmbmam tsyer ( ABYhogorenfaydehporine allehydelfomishédn of Acetyl
CsA- CHO E -tr thyl silyl - pene- 3 was prepared in
accor danc °RRP§ gm‘fi&}a'ﬁr ’G§ Ve’ft@éBF}i"éﬂSI%\g%ﬁBH’gth?' %@a@n‘@ , 1987). To a
stirred s@équbsn@ﬂoxpf'n{eE)a—séreoéeleicmtyhy kiictedtion ofﬁhéf)l@ﬁﬁ’dicéirté?@fs@ﬂﬁt e (0.2 g,

0. 832 mmol ) under %fr egen was dded a\%gtéﬁ/ H@‘%Cl osporin A

al dehyde (dite@*éﬁedgatt %@2 d}‘ﬁw@lrﬁm"“?l] these, eaniETAL A %?rﬁfaée oUdHi"PFed by high
per f oripanéigit the qaatdze@iafeaaﬁmwpm tW&cehtefsih mmmmrsﬁﬁ awlaa&es) aminil  stirred
for a total g)erltod of 7 da

Then trieth 0196 ) was
ndded 30, HHEUISGT b RpeEBtED Rirb SRR G i CRGTS R o broa iRty
(3-trimet iwlloﬁatbyllec@bdfohol was obt ai ned by pur| f| catl on over a silica gel

colum. MS(ES) m'z 1368.9 (M + Na). sus K| 5 ny, 26.4

o 00t o o) Biee R sliarunion CRkalinkd o L7 SHRGITSRsHLRSHB0) T

anhydr ous gfndil W@eh cadeied uPacEérl ?Ilhlyéh@de'Wﬂlle%@%m’ﬁotédlﬁuﬂ%tloﬂo 11 MAY
2006 WO 03/ 033527 CT/ CA02/ 01560 m cr onol e) stirred at room

t enperldt ugaveragompgsifinenrighed it gegyi-(Bn heligrey Repipiestionleads i the wispestivg et hy|
ether (10 dmnéale&mst th@r(IZ)vzaék@qsdme&Jbﬁ@Amai %éﬂab@@ solution (2 x 5 ni).

Dryi ng (Na2SO4) and sol'vent renoval furnished the enriched
(Z)-acetyl -1, 3AHial§ffYéate appapicig)diggesutilipesshgallylphgsphyranes. Mejalgtiopof i t anati on of

Acetyl CS%II% hs ineaﬁ@&l Iﬂmxﬁ&%@&ﬂ&r PP it
al | yl di phenyl pheé‘§% il A s 1 |1§Iaar?lﬁéldrous THE (8 ) was

added t - Bitproediatep Wltlt@aWWFﬁ&WCdPY?tGWP%F@P F]dfﬁma‘i‘or‘i’ woyklgenpiate 2 The

brick- zroed cg%b&qtﬁ,qeméﬂéghgﬁemgwggl rred for 15 mn at this tenperature and
t hen for 30 mn. It was then cooled again to 78" C and added

Ti (OPr ) 4 (0. 79n e, otiger handowhemsilyldipheny Inhpenfive ode sepbiedrdipiasimilts stirred at
this t e”p%E(flzftheEchP'@%j% E‘]s&Hér‘?s’Spr@JHiimBJﬁﬁ? (75@6)%91'1&%&&3” of acetyl CsA-CHO (2.5
g, 2 mol) in fb ded t hrough
i) Allylboration of Acetyl CsA CHO:
The (E)-1-trimethylsilyl-1-propene-3-boronate was prepared in accordance with
25  previously reported methods (Ikeda et al., 1987). To a stirred solution of (E)-1-
trimethylsilyl-1-propene-3-boronate (0.2 g, 0.832 mmol) in THF (3 mL) under nitrogen was
added acetyl Cyclosporin A aldehyde (1.026 g, 0.832 mmol). The reaction mixture was
monitored by high performance liquid chromatography (C-8 column, reverse phase) and
stirred for a total period of 7 days. Then triethanolamine (0.196 g, 1.3 mmol) was added
30  and stirring continued for a further period of 4 days. The B-trimethylsilyl alcohol was
obtained by purification over a silica gel column. MS(ES) m/z 1368.9 (M + Na®).
To a suspension of KH (3.5 mg, 26.4 pmol, 30% mineral oil dispersion washed with

anhydrous hexanes) in anhydrous THF (1 mL) was added B-trimethylsilyl alcohol (10 mg,
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cannul a. The pal e-yel | ow colored sol ution was stirred for a further period
of 30 mnutes and then warnmed to room tenperature overni ght MAYI'Q(XBhe

reaction W(H/rf? nas added Mel (0.15 L, 2.4 nmol) at OOP?.gﬁgte0 /g{sg g was

(r:]ontlhnued at this temper ature and then at 15 room e for
. The re tlonm e our ed e-.co 1% HC1 Q0 L The
aqueous IZ@&?“WHQIS HE\?I@H r‘gﬂr’i{? f li?c%f’%l(bimgolrﬁrﬂeacnfﬂémé li?‘r‘i‘(afc’led) organi c
exlt ract V\&ﬁlté&aﬁhﬂﬁeﬂlmltehlev\@beﬂm (@Rd ther2Pashibd wﬂﬂdmhatbchﬁaHQﬁg golikion Rexrbval  of
11 oa goml). EPuEgN S st et S B BB AP < he.
(2) - e?rl)chfqus?QEﬂBMOS(M@qf‘yl ISATx247. 20 Deprotection as in Exanple 4
gave enri che ner Q SATX2 (Z/E ratio, 75:25). Exanple 10:
Preparation of l)fﬁlyk%na'é‘?ﬁ‘?f&f@éf%@éépe of | SAT 247 Isoners To a sol ution of
al Iyl di pEeny I fptmsmlmedlencboﬂotéa (18Prayebiitiand allyidixhengtphydpbine §pfvqy, 24i de (2nmol )
intetra ur II|hi | ol , in
hexanes) %yﬂﬁgg%?é?d?@cf\ﬁ%dt%tﬂfﬁm 4?/71 A é‘g%hl 1581 ution of
acgt yIh cypémppr]rm bﬁclafdd&hwbﬂ sOlotidnm Isfirrédnfot B mimtay thixempaatue and themas added
and t he reggt re | owe 0.gr-adual | I rature and
then sti rP@ dg’B? ﬁbwsgtlhe“ﬁ?@%%agﬁrgﬁpjgvvgsmé8{{1\‘%8311 (b?’f %W?e&]gor? }g 1N
hydr oqll omnl)adihel bl(oﬁﬁmbborealmdlutlhtemas sed adtismpetresfohid mmoes atdghenThe
organi c extr Q ul fate and the
sol vent e85 @Poélto a“‘#?}%*“ @é&&%gg% ‘EPW@SF’;%““ Sﬁm%mhﬁm lica gel
l(.l; |) ng 25%;mﬁh?m‘né ﬂsﬁ&@élbmhﬁedasluébmmtsutred for ¥ Gurtherpexivd pE30ofinetbe (E) and

i soners, of acetyl | SATx247. Rem) aceta n roup as
descri bed® CWM% \El° rl?m@‘é‘%pe e pernighy %t&%reaal &r%“ét“%es” ag&eﬁgﬂ‘xgﬁ P
i fso;n;(r)/ S. f ﬁstrﬁn Mﬂhmoﬂp&(ﬁ CDSﬁﬁl}ﬁgwam&mieécﬂortlﬂmttltlmmptmﬂuteraad Wes atonpri sed
0] of the E th Z)-1soner | SATX .S~ reaction was
al 50 chir r O 18 %PH?S eo‘¢§§ﬂ‘?‘§i?%‘é? Was ppyre ‘T°M&?°%%%HE%6%3/ 033527
_Fr’CT / CA?Z/ QﬂgG@he{jﬁlﬂéJu:s %131&1( @eg e%hctddivfjth BDASEhE SmE). , ThS\oinbiaed orgd96, 1195) .
0 a stirred and copl e 7 ol uti nofsa Ilg ho¥ ho hlneOX|de
(1.21 g, SRS Yashep ity weer %?%ﬁw e ‘B{X (’E’ ﬁi_ v 22,5 M
s;)l $t8 i gn Xélm“}r@ﬁl ams:}xfwaIbmomeadgzaﬂie@beaﬂawhmmoonhml sEliorediflos 40 m nut es
a ' SO ion of ac |),-in THE (12 nmL) 5
was t hen ﬁﬁé@ﬂ%mhﬂﬁmﬁe gﬁ%ﬁhf@’leéa—‘oﬂﬁléhefSSOH%ﬁ élacgwl %Qﬂacti on ﬁn’xt ur)e
was stior r @dpratectisrain Exdnids Apave QZ)f-e(nﬁclﬁd Itsmmlesof Ismfm’p(m cutioh5®RFut ogr aphy as
above gave_acet g t b I}E/R anal ysis). Exanple

11: Preparat ; GST ycrosporin A (6.01 g,
Smmol ) and 4- drmﬁd)wtloamfalabpgﬁpmlylpmsﬁlaﬂem@de(Ernﬁmmhc) 10 were dissolved in

i rred 1 SponsinlpeRandh thumalifh ¢k v IR ARG 3 AU 79, 7. Smupl)
and butyllithium (1lmmol, in hexanes). The mixture was stirred at -78°C for 30 mmutcs A
25  solution of acetyl cyclosporin A aldehyde (0.8mmol) in tetrahydrofuran (7mL) was added
and the reaction mixture allowed to gradually warm to room temperature and then stirred
for 18 hours. The mixture was poured into ice-cold IN hydrochloric acid (50mL) 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
30 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 ISATx247 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
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DVAP (305ng, 2.5mmol) were added and stirring at 50 C continued for another
24 hours. Benzoic anhydride (0.85g, 3.8mvl) was added ard wMae 2ggacti on

stirred fo itional 23 hours. The reaction m xture t hen pour ed
slowy i nt@"a@{"g&% th stirring. Precipitated 15 Cycl ospof:&aﬁc "Hg‘rfﬁ‘gat e was

filtered off,..and e i wat er,. .cake.was ,~disssol ved in a
m ni num vEﬂol(}lrfrli‘ifﬂloofl \Qﬁmﬁgﬁ’gﬁ%&gﬁﬁr’éﬁﬂ%-{% ? gpdlsg%é:??t }rlge? agc(l: 2 §esd (S?guflé)on and
stirred f sslutnidallyldifieayiphesphine bxited.2p gofimotol)iaITHE (20 mE) web ddgedfni-1 t r at i on
and washe i th il .the. f fitr I, hed .th of the
water. Th gu]\é\%(? im&‘ ’ \_Qq%ﬁ‘gg%gﬁ Sr?l%\lonﬂg Hezxgréetsg hﬁ\/\gsféddgﬁl%gg Sécfhﬁ'% Koaviitli gﬁforv acuumto
gi ve a cokonimss asBY @. A 26luficeofiatbatyl TRA-HE@ pladeg, it @2 nohollimi B2 sil) v

et her-Rrot ected sporin A Cycl osporin .606g. . 3mml ) was di ssol ved
- dry oy P AR P X B ey g Rt B 400 et on
m Xt ur e wasnciempadiutedoNhamd Whuknp artdrecheivatogsiphyyas dovvef davonwtybt hanesul f onat e
(3. 6nmol ) d [ L S, k8 MLXL Ur s allowed to warmto room
terrperatUt@&éﬁg’@?ﬁ%}({%ﬁo@@?nyg l.ianlaﬁ'é}ls\?eacti on m xture was then 25 poured
sl ow y i nEgamsi¢ &F: Bvepanatiohiof Benrgyl-Pibtectqar@elogpdriatéed tri et hyl silyl ether was
filtered off nd wash i th water he _col l.ected ¢ di ssolved in a
i i mum vol ume BT Aale ALt e R BE e B St 33 on and
stirred f orrelissoliverlinggridiidh&ngn) eBempbic atlydriddduicimmaswaodddelcing theby
filtration.and washed. wth til the f.th i lLtrate reached that
of the verurupRELEr 19heurs dBHTT MonarR B R a8 o v BB RS vacuum
to gi ve aDBOARGOmESsEnaal) wele addddiasdgirdggydt S09G/¢ontingkdtfer dnothert 24 hdiset hyl si | yl

protectin rou r S i nt.rodu by. fal |.ow anal.0go

bt ocedur o Seiiel Biuth fo-foal S bl ACHERTatind Rene B - FBUBIR e 1

I nhi bi t i ohovks SEhe réactiomshixtat emas then pduvecdaiohily meywaiér witcdtiodneo Praapitfedr a
cycl ospori A derivative | S.it abi || tq ILnhibjt the phasphat ase
cottvi By GPoipteR ARt isdile o Bl wieheq Wi BBF ol sbUSRISRRAR Y 2006
WO 03/ 033050l RETi LARRMAhS6 0 meed sethesol tiieadded towi 1096 difrictabid solntipaad its site
O e o s 8, B At ST b RGO R Blebfot oo ©
activity ofatel GAIRHH (fabe HRdte @éackeditlad ofthe avater, Sihe 3684 Ofclosgerirsdmer ) ver sus
cycl osporine A has.been essed using.the | cineurin (CN) inhibition 5
aesay. | TheSRanPRens o A T URECGouRyRRiR Ao bRt st bi (1 on of cal ci neur n
phosphit agramlé {2 PrgpardtionloSAiatRsily[ etfer-HEf¥ootdd KrelosmmprA and 50- 55% of
compared t o cyClsEReRh A6 RerTBaR PG ot AR BB oct 1 vi ty of
vari ous deMAP dRedlgamtnslpiwadeided rie edctcomirtuteowasaioald PUECahdiherr €S ver sus
cycl osporin .has. .been assesse ing.th | ci heutd n 10 inhibition
assay. Thénegtfyﬁs%ﬁﬂpgorglﬁat ?%68‘@%’?%8 l(bcstéd‘ %i?%%F‘gﬁmBW? 'h@éeeméﬁg‘? ‘Sadues is set
forth in afevgdie whin tolroothitgnpeeatik? andistieredd@sinighat Tigrredckidd mixoure @aptheds to t he

str UCtﬁ € pcc))t];re s 66\\;[1))(/211%3 Wagélrlavim stirring. The precipitated triethylsilyl ether was filtered off

and washed 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 50°C under vacuum to give a

30 colorless solid. Triisopropylsilyl and ter¢-butyldimethylsilyl protecting groups were also
introduced by following an analogous procedure.

Example 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
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M2 denot es | SATx247 produced by the nethod described in Exanples 5-8
(designated Method 2 in this figure). 14-D4 denotes deuteqat gay lofp§Tx247

pr oduced b% dﬂﬁ)‘d@ hod described in Exanples 1-4. 14-D2 denot es uterat ed
| SATx247 produced-by the nethod 15 described in Exarrpl es PCECABR/MISP0

i someric The.r of th| S assay
show t hat q%eégeﬂfsﬁhl Ft@iltsg?]f ?%f%ﬁﬁ%%ﬁaﬁ&&%osa%su }glsse E\ €’i" 9 by these

i soneric aﬁS&FSGgu@fmwmn%omgomonhmgnalmesuﬁnmm e( @ls IGIM)er m ned by | C50)

Socycl o4 denot s bl AR ach bRy e 30 BEE SR U It B s

1- 4. | socyckoBerbwrye smbwumnem hds bzeh :Mes&eﬁ ugingythe ealdlﬁeurinS(GNy ﬁ'ihMtod‘l

correspon (o] I CorLr | 5- D5 of
Fi gur e812(1§sa§’ o"([:ﬂedrfgﬁ ?iéthf(%%ru{és p(l)x?tg gﬂf‘% IBQOtdc]a loﬁlelé]i'ﬂ @K’E& atasq %CBWN 04- M2
cor r espon®¥ I8 4nx34) {E-568% Oﬁizgﬁﬁmer and 50-566 - m&nermwa@mpbamefmﬂﬁmhepbt&tws of

Fi gure 12 qwa]’% I ing the Rat Heart
Transpl antas%%gﬂl%gd%’ Cﬁog I c%@?‘g %%%F%’iﬁl@gﬁ I%élgé% of E-isoner and

50- 55% of Z-i s&@mumpﬁupmemnphm ofmone@egwtatmndmomwmtea rsemafel ant ed
bet ween di n ar ed t hat of
cycl ospor |aﬁig%ﬁ%rx%&§ gtw}?] §’ 10'élt?or ansp %E;’]e? ﬁﬁ%ég% 'ﬁﬁlg%b eﬁgn F@@t

f r equelt | jnhikjten asissie The Srugweeand laomnc mnmombomoﬁtheseynMguamset forth in

i rMmunosup % r} viva i, T I t to

achi eve |E:§ hlfs2 %ﬁgwjaeﬁ?%es%n%oﬁe%gog% SLSOL{ L'r ?fc}g H‘gf}e "hvol ved

t he het er MZfsinetes Bamedd( araducsddy thqmethddeles;bd@imrl?achmples S-a (émignatedf eri or vena
cava) of t.s.. I nt eritoneal

i nj ecti onyﬁéag?{l thé{ﬁégly %ﬁ%ﬁ? ?rlr%rs kghéérrﬁg@sﬁ%ﬁgﬂ du%e?laa Pibuge th‘?‘ﬁt ure were
gi ven to opssribedrin Rxampdes1-4.4iDR danotesdeuterateddS 8r@4Y roguded by the miettmds pl ant at i on
and cqsti f; ft dysfunction was
hot ed qur & ﬁ%ﬂ%ﬁeﬂﬁ’f)@g’lﬁ%@ @?ﬁ‘%ﬁg’?%ﬁ%@%%ﬁhﬁ%%“i“%ﬁ 89506 WO 03/ 033527
PCT/ CA02/ 01560Thsapsuliziof this@ssayshem thatdle intaluition dfceldinelrin pHoephankawmtivigur vi ved

| onger th t t rol articles
were di scgﬂ%@%ue }éﬁcgl%égeueMlﬂﬂt%?l”?\%}st%a%tla%exet%fg%ts de%BWPFcﬂWeﬁg‘hlafl graft

dysf unct i eemesredip cxclosp@thedafFigupnty) .- CsAtapleadydbsporine A’J‘[@oo@zwe# agetes ur vi val

rates for LI S r dinb5 le 1.
These resul't 9(@4 cr)&vydt%dogty t{@%ﬁéﬁ@e flﬂ’gdggé}ampfeﬁl gsr]??g)f errgawgdgo}ogf

Z-i sorfr) MlaImered@t fspayclefiedleconkspbndso IﬁngkgﬁRigyeﬂhcﬁsmEd dsurvival time
appr oxi ma I dan s receiving

| SATx247 gﬁl‘f"%ﬂgﬁlgﬁ\é’? ? 3%‘%13 35?’31? ?s““gt"%%‘éf“%é" p%%‘?ﬁ%‘ir& pl ant (70 days
post di scBaexcldd? emresifondoteilfdy)2 Off*mseendésmayodiénmhmrreapmds td18-MS5 of

| Munosuppggashve activity of this isoneric anal ogue mixture in preventing

graft 10 rej ection.
Example 14: Immunosuppressive Activity Using the Rat Heart Transplant Model

25 The efficacy of ISA1x247 (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 in vivo potency of new immunosuppressive drugs, as
proionged graft survival is difficult to achieve in this model due to immune rejection.

30 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
injections of either cyclosporine A or an isomeric analogue mixture were given to the
transplant recipient starting 3 days prior to transplantation and continuing for 30 days post-

transplantation. If graft dysfunction was noted during the 30-day post-transplantation
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Table 1 Effect of |SATx247 and Cycl osporine A G ven by Intraperitoneal

Adm ni strat i on on the Average Survival Tines of Transpl ant gdl Ray moﬂearts

[ aver aged 5 separate studies, n 13] Dose Average Survival Tinme (days
post - oper at'l g&“ w?rrg/ ki | ogr anf day) Mean SEM (scanm ng el EETHMZBISEL oscope)
OVehi cl e Co r.ol 8{ | os ne | SATX247 915) 513 6%2 1.7518b f 757b f 32
350cL8550’°T > fgsan %P‘(a? aF’& the 3ring! SERIVE @P%jﬁ nAl ARYs&CF' erent (p<O. 01)
The ef fi camyplantationrthetds aﬂ@wxﬁbmr@aesawﬂe disgantileed afdaheshimslom@nilevainal ogue

m Xt ures gstructures iven in Fi urg %&% i n §1r vetntlng the rejection of
hearts t riQRSPMEHMY eBE tion g yptp A 8 dae PR FUISHEANEHOY 3t s was al so assessed

Snd cogpar Fd tT8e hveadge afrvmaehwmgracngmep ofesipisnt\WRine dre suntrbarized iﬁg/ daK for 30
ays esults are su rized in o se res t hat the

i somerd ¢ TRt lurldgsedesulfs shg tﬁ%ﬁ“@rg‘w 4ﬁ§péé’ggd5°§1ﬁf VP“{/%?FSSt/S H’g%vé?f’mFr ast as
nuch as Mﬁb}ﬂﬁm%@%fP\7ﬁﬂ)@ﬂd§ﬁlﬁ@ﬂﬁieﬁs%ﬂa1r{qhﬂ tinf¥apprositaRnEeS Sy evenct i vi ty of
these isoneric , anal ogue m xtures in preventi nﬁl&ﬁa@ty re ection. Table 2

Ef fect of CXPHSPRIRE & SHRuRbeE 0 Ayts o ing Iy’ P‘HEOB gRES X G ven by

| ntraperi I(mlal@?dpoé\dmnﬁﬂﬁﬂ (7@tdapdpost discortimubibniod A6biig). OThekd\@ata &eﬂ&fnétme Sur vi val

Ti mes of Jranspl ante H%arts Test ., Co ou dAv eraﬁe Surwv Ti me (days
post - operdt YBYOFHHEEBTC a\“/@‘ﬁ Fnispinetin ageleghe § [s{mn bevw@glgg M 20 14- 220+
14- D280 4djedtich. MAY 2006 WO 03/ 033527 PCT/ CA02/01560 Exarrpl e 15:

| munosuppr.essi ve Actiyjt Al | ot t|o ability of
| SATX 247pf9§§e- 120% of E—Ffte %‘Ejrlgé %‘ﬁ %lﬁsﬂmﬁ“‘? %%’!}’é ogﬁébos por i %e A
to prolong the survi \/A?Pm‘BFtHl“ gF§F'§’f"a ¢gof Ir H’Eﬂ? del was
earts verage rom two separate stu les,
Dose Average Survival Time (days post-operative)
(mg/kilogram/day) Mean + SEM (scanning electron microscope)
Vehicle Control Cyclosporine A ISA1x247
0 9+1
0.5 13+ 4 11*x2
1.75 18°+7 57°+32
3 50°+ 8 55°%12

¢ Not significantly different
® 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
15  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 Cyclosporine A and demonstrate the immunosuppressive activity of these isomeric
analogue mixtures in preventing graft rejection.

Table 2 Effect of Various Isomeric Analogue Mixtures and Cyclosporine A
Given by Intraperitoneal Administration at 1.75 mg/kg/day on the
Average Survival Times of Transplanted Rat Hearts

Test Compound Average Survival Time (days post-operative)
[00216]
Vehicle Control 9
Cyclosporine A 20
I5-M1 20
14-M2 20+
14-D2 30
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OVehi cl €71716."8 RW%E&‘}&ﬁlf‘?th}" Y@”ﬁ%ﬁ\@%"fﬁ&%e% SK@E&‘&%?’%%& SA51819. 2
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anti gen-i f‘?’c?g)é ngt‘At??Jrﬂilet ¥ vegél}cgeaseiflhé%fs(‘)‘faf lﬂlyaf)ﬁﬁflgét%rag desi gned to
eval uat e mptki/daynddsamavelt ory efficacy of ISATx247 (45-50% of E-isoner and 45

11 MY Zggﬁe 3 The Survival of Mouse Islet Allografts in Diabetic Mice Receiving
Either ISA1x247 or Cyclosporine A by Intraperitoneal Injection at a
Dose Level of 1.75, 10, 20, or 25 mg/kg/day

Dose Treatment N Median Mean Survival
(mg/kg/day) Survival (days) (days)
0 Vehicle 7 17 16.8
1.75 CsA 9 17 17.4
1.75 ISA 9 18 18.7
10 CsA 6 21 253
10 ISA 5 18 19.2
0 Vehicle 12 16 159
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.

15
Example 16: Immunosuppressive Activity in Arthritis

Over the course of the past three decades, three animal models of human rheumatoid
arthritis have been extensively examined and widely employed in the preclinical screening
and development for novel anti-rheumatic agents. These include the adjuvant-induced,

20  collagen-induced, and antigen-induced arthritis models. The following studies were

designed to evaluate anti-inflammatory efficacy of ISA1x247 (45-50% of E-isomer and
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tissue). This approach allowed for comparisons of the same joint. Previous studies have
25  demonstrated erosions in >90% of untreated arthritic animals in this joint.

The results indicate that the negative erosion scores in the ISAtx247 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 pug/mouse) and
high—dese cyclosporine A (500 pg/mouse) treatment groups had higher negative erosion

30 scores as compared to the veﬁicle treatment group (p<0.1). Furthermore, the low-dose
ISATx247 (125 pg/mouse) and mid-dose cyclosporine A control (250 pg/mouse) treatment
groups have higher, although not statistically significant, negative erosion scores when

compared to the vehicle control group.

46



WD 03/ 033527 PCT/ CA02/ 01560 The only treatnent to significantl y pr event the
devel opment of joint erosions was |SATx247 at 500 g/ nous T

significan on in the proportion of the PIP joints ShOWI ng erosive
changes |n{)vt({1(% F%Z&I'XZM treated mce relative to the vehi @F@%HP&S group
m ce denonstr afes,niad grties. 5 B
Antigen-1nduced Arthri ﬁ%ﬁ% Qﬁ%ﬁé%?ﬁ%&e&%ﬁ%&%ﬁwﬁ%ﬁ% a?nr?ecil%under

speci fic PHihdtfeal 50¢ peimevsed This sigsificaniesrdectiominthi E@dorwart of tiOPRyoios oval buni n
in sal i negemlsdrbdiRtniMdeinfthednd 2%7%95{9& falcE re1dt @lehtwrfg‘{; Waer Sl Ven
i ntranuscul arl'y and subcut aneou%mi/ into severa Nt e rﬁi & o
neck. FouF‘%“éé‘ﬁmﬂﬁtV@teF HebISATgAf h msesn@h%mg@eppmmer ving 2 daily

intra-artgeul afpdddhaaiiiaralic®f 5 MO oval bumin and 65 ng of human
reconbi naﬁrvéﬁs%_%—mﬁvrﬁ factor 2 in saline. |SATx247, cyclosporine
A, or vehicl e NeonZeslag hlteEebbetﬁ,mmmeﬂzmgg spaghfig patiosen freechonditiaser ed dai |y

by subcut 3BRGMEuhBEEFH %‘mgt)f valblifhirtn kS eglhisH‘#eHW ) né’ 9§r§pl%r ug (in

vehicle) into saline to concentra I ons 5, 5.0, or
10 ny/ kg/ elrhyvapbthatwmgsmrrmrnuscalndy Bnttﬁubcllmne@rslylﬁtorsgretagﬁ@ayn thenapey€| ospori ne
A. Ani mal §1 %ag Q were .dosed
starting o N @g%&%ﬁﬂﬁﬂ@@@& Et%ed%&m%qbdaﬁ "gl%lﬂgtp Ef)r st lorfs sacrifice
on Da>10420f50ﬁg ﬁﬁﬂlbulﬁggn@m af Guméreretonetananttransforroing giwth fa8fog2onip) wer e dosed
starting gfpthe day of disease onset (-Day 28) until sacrifice on Day 42.

20 Eval uat ed par aneters included nortality, body weight, serumcreatinine,
hi st ol ogy, andS8ut2ddreyclasrorineen vehige (Chremophoaiel/ptbinot 7232/&9MNhgqre synovi al
fluid coupdnSinis@FaSily RPSbORI: ni fi cant
decrease 11 Synovi iy b atﬁ‘m‘@8‘?482‘%*Eé%?ggdg’git"g%@%%‘v‘%ﬁmsgég‘ | SATx247 (P
0. 05 ) anvehigje e pding rmylﬂdemo@nt@synsaxﬁm@eahml@,rziaﬁ 0268 1@ayskgidaytforer apy 25
(Prevesti g Drat A60d, 163, r | was
acconpani ed ng gsﬁragn(? #rﬁcant§l ’%ﬁ(é;d ?022%&48 °‘§’3r?ovﬁ9‘f‘e{1“§‘?]f*§|%8§%t8£ﬂet s (1 SATx247,

P 0. 05; CVGY‘@Q%WOW@OIAS/WUQ) 089 dosediterting orcthn tlayaoféhmeniattioonwithn synovi al
hrstopathp‘}gﬂh{n@g) W rihritis was also
evident follow n a?‘b‘)"gﬁ'ﬁ S&%ﬁ@é@%ntp&v%m?%;%#%% tr(“%"ﬁ {fg?t and

cycl ospor (8fgoyR) EVPfeGiOM)Sta@@mma tediay of diedascinect ey 28) entil saceifiteariDaypr ot ocol ) .

A signifigant 30 reduction in macroscopic arthritis score was evident in

| SATx247 (P=0.0 1), but not in cyclosporine A treated animals. Treatnent
was el | tol erByeluatedparamefers driclpded inowality, bodi weéight, semponeatinikyisitslogyf, serum
creatini ng YutcBRS 7 | SATX247 i's

equi val ent or cp@t tgsnsﬁggﬂtem%r%eﬁﬁg nt Swt‘lﬁ“?ﬁ%ﬁ#@ﬁ%&%é R n the treatnent
and pr evelmstfmﬂemfanﬁh@&madbﬁ@loaythrr tis in an antigen-induced 47 11 MAY 2006

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

25  (prevention protocol) compared to vehicle control animals. This was accompanied by

t he

significant reductions in synovial fluid counts (ISA1x247, 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 ISATx247 (P 0.05) and

cyclosporine A (P 0.05) compared to vehicle controls (treatment protocol). A significant
30  reduction in macroscopic arthritis score was evident in ISATx247 (P=0.01), but not in

cyclosporine A treated animals. Treatment was well tolerated with no significant toxicity

upon analysis of serum creatinine or post-mortem histology.

The data show that ISA1x247 is equivalent or potentially more potent than

cyclosporine A in the treatment and prevention of rheumatoid arthritis in an antigen-induced
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and 24 hoffllewing spisdiledose to generate a pharmacokinetic profile. O her
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spectronmetry (LCVS). Table 5 bel ow summari Medelt he average pharnmacoki netic
25 par anet er sTraatmabltirospt hat reoeilved 10Dapd &g0:0f cySugbeOsi AfmAlsOr

| SATx247. i.v. Dose s.c. Dose
(mg/kg) (mg/kg)
Males Females

1. Vehicle Control 0 0 4 4

2. Cyclosporine A Control 10 10 6 6

3. Low-Dose 5 5 0 2

4. Medium-Dose 10 10 4 4

5. High-Dose 15 15 4 4

Pathogen free rabbits (SPF) were used to ensure any renal changes observed were
due to the effect of ISATx247 and not due to pathogens. On Days 1 and 7, blood samples
were collected prior to drug administration and at 0.5, 1, 2, 4, 8, 12, 18, and 24 hours

20  post-dose to generate a pharmacokinetic profile, Other evaluated parameters included
clinical observations, body weight, food consumption, hematology, clinical chemistry, gross
pathology, and histopathological examination of selected tissues/organs.

Blood samples were analyzed via high performance liquid chromatography coupled
with mass spectrometry (LCMS). Table 5 below summarizes the average pharmacokinetic

25  parameters in rabbits that received 10 mg/kg of cyclosporine A or ISATx247.
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receiving a vehicle control, cyclosporine A, or [SATx247. A difference was noted in the

10 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 ISAtx247. It should be noted that
even at a 50 % higher dose, 15 mg/kg/day, as compared to 10 mg/kg/day cyclosporine A,

ISATx247 did not result in any significant increase in serum creatinine levels.

15
Table 6 Percent Change in Serum Creatinine Levels Over Baseline in Male
Rabbits Receiving Vehicle, Cyclosporine A, or ISA1x247 for 30 Days

Treatment Group Day15 . Day 30
Vehicle + 6% - 3%
Cyclosporine A (10mg/kg) +22% +33%
ISArx247 (10mg/kg) v +1% +10%
ISATx247 (15mg/kg) - 19% -11%

Examination of organs in all rabbits receiving the vehicle control, 10 mg/kg
cyclosporine A, 5 mg/kg ISATx247, or 10 mg/kg ISATx247 revealed no significant
abnormalities. This was especially true for the kidneys, in which no evidence of interstitial

20  fibrosis, normally seen in cyclosporine A-treated animals (Thliveris ez al, 1991, 1994) was
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Resul ts \Qﬁ%\l/%gﬁ }%ﬁg)'ltdg%%%@y@@%ﬁ%?‘f?%@gﬂ%ﬁgwgf{%&?ﬁlé&Qr(h;/cl)d"ﬁcti on, and
expr essi onytethetiiic erallysisofi eXpaeseion nt prgkfistingel niclénr bntiged (PN A) poekninl y by

et Tort h ke S ARARKY 16 427 B0 b ot R EP AR o™

H-t hyi0di e Tuplisaké 860c8i48 66T HanAGhA: wkiprties sitigaisd 7The ECs3I c@BertiatiorPof

producti o . i an 4 F- .
producti Oﬁé’g%gé%ggﬂg 89;&5% °g§?§ %gﬂugln %ér) %ﬁ%@segge%‘g cﬁlgulawd using the
expr essi o omdip?SsofH3reCIBesultsah@grties imph@Gtb. ptQFedti () c@bkif&production,
expressi o : 7 ess] on. 75 10 T , i.ng, an ex vivo
ohol o bl odd SpRer okt SFABRERS 8R0S B0E bt AR TPV e
f unct i ons c&l®@pering, asisheven byothe Efat(eiptdssed itheimE)set fosthan Taide 7 Bxlawpl e 19: Wttig
React ilgn lzf%blg? Tributyl Allyl Phosphoni um Brom de 20 Potassiumtert

e )

but oxi g, 2.8 mmol) was dissolved in 20 nL of tetrahydrofuran. At
about -40 C tributyl Patamyterphosphoni ushg2ami de CxtldBogne 3. 1 mol )
g;itsﬁlr\ée\?valsn 3 nL ohﬁmn "1%85? Y a?&e% Fhe resulting yel I. ow

PCNA expression +197.72 453.88

IL -2 production 103.35 504.80

IFN- production 102.67 465.65

TNF- production 90.58 508.29

CD 71 expression 149.84 486.82

CD 25 expression 121.00 431.53

CD l1a expression 204.40 598.90

CD 95 expression 129.98 392.97

CD 154 expression 160.87 975.10

Thus, using an ex vivo whole blood assay we have found that [SATx247 suppresses
diverse immune functions 2.3 - 6 times more potently than cyclosporine.

Example 19: Wittig Reaction Using Tributyl Allyl Phosphonium Bromide

20 Potassium tert butoxide (0.31 g, 2.8 mmol) was dissolved in 20 mL of
tetrahydrofuran. At about —40 °C tributyl allyl phosphonium bromide (0.99 g, 3.1 mmol)

dissolved in 3 mL of tetrahydrofuran was slowly added. The resulting yellow mixture was
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about -40 C before a solution of acetyl cyclosporin A al dehydAY QM65 g, 1.2
nol ) in )+ trahydrofuran was slowy added. After stir in t he

yel | ow or ange reacfl on mixture for 1.5 hours the reaction VA<t e. For

guenchi ng r r nsfe red nto agueous hosphori c
acid (1. ZStE;%]e%f?r@% P%murﬁfeatt 20 %!%I Ftbﬁére aqﬁff CFW £ ‘Agxt racted with
100 nlL of akdiyde(de Q,OIZIImvl&l()hrm/mE(bf tetralgfirofitrad \Mfsnidnwlif hdded 0 Alfterstieting tigani c

| ayers we it h wat er.and,concentrated under ssure to
dryness. IS VARHE bl RhR e S paRy S R Rnlee SR Rice FORS RN

yel | ow sotaachmmmtpmrvmitnamfmeﬂ dafddqyeon phosphorc acﬁd)('rlez g,lad mMol)aThebout 87%

E-i sonmgr an

i . 10
= oo Rk A R SRR RS 0P
l'i t hi um b&dwene. Tl’helmumyinetabdgmlc hlycrs p'hmmasimdbﬁﬂhmiadse anjd].cofﬁSergnateé uidedmol ) was

di ssol ved_i,n m xt t f tetr r of ur an.
about - 78 CY, tp yelsiuretutﬂ%&' ?Sl%g R/ﬁOduCt aﬁe gﬁ‘gf\s‘qf"% ' WS © a@‘\ﬂés sl ow y
added. Thgellowssulid inngpryrinaly 9% yiglkle Thaisosériratioewlas abaut Sa%cmtsoﬂ:& amd nut es at

about -78_C Ios rlnAaIdehyde(1515 g,
1.2 mml)aboupg/?rg? &fgafﬁetﬁ%nll\}\é/a%sbysFIWB %Sﬁo fter stirring the

yel | owoor &rapeple 202 ¥ ittimeagtion Lisingirfbotyl Slybphoghbsiutntteomidaeid Dlithivmsbaguienched by
transferring t mxt a xtu of. 5 t ol uene and
aqueous phosph Ff(%}%u@?‘%@tlag?sﬁhofgmb r°‘2‘“f§?h§%$’)4: Mg WP%Q‘&?"?YGHE“ HPBESi ¢ nixture
was al ![0\(Ij\/ef121(_1r]mL ?ﬁtbmn@ndﬁmeeMtem&WmﬁﬁnumEaMf GT&?CthWIIEMum (Iéay\etns vv;ar et .
separat e e e r and concentrate

20 under P%?‘&Ec%é?ﬂ#egg Mf‘éﬁ"“%&i}ﬂ%%‘i‘g FIE’B%”BB‘&Y% PAPRHTATX247, was
obt ai ned ﬁsaboutmmglhteb yt apehtl-G8/°G btfbed alsﬂluﬁqj]pif@b’dtymy&bgpoﬁﬁ)%ayﬂeﬁﬂ'dé (1.7he i soner
ratlo 0% Es= i.sqoner an 3Q% Z-i sO S determ ned by

" H NVR spéa][bir)'gglgﬁ %mLé’)gg e %948 O‘W'tablées géﬁ qﬁ%ﬁ&%‘”f‘??"@ﬁt yl allyl
phosphoni eavtivhaiikidee farfls Bourd thbreactidaaee qudittied ibp grafafdrfhd the aauctigscr i bed above
but only at_.abo

t - eex eri ntal ondi t o] le 20 were
r epeat ed, "PHPE 01%‘{ ﬁﬁ“{fg{eﬁ’é-gg F’?ec?ﬁ ?%‘&Pﬁ?ﬂ?ﬁ%moﬂmda@%gt&;%ei@ Under these
condi t i onThd Railiirp®iphasic miaiie @a@ﬁlldv&hﬂ td ®amab edbipfitachipdratureioyd hé R

0 I ] 0
we ght of IV E VeSSl 1R B e R R U RBR e anpl & 22
Wtti gOr e andet mmaaﬁpnegsutertbldwhyds ahd yrbdyat) acaphaed mmemnwabmwae&\asol ution of
acetyl orin | dehyd. nd t 1yl
phosphoni E}iﬁ%ﬁf%’ﬁ& ‘g’né’@p xmf? iy M‘/I?% ﬁhellgorﬂ%” 0‘f’f’egt &étﬁ’ uran was
cool ed t oisafaatshd abo&ﬁm% Pdsonses l(asmbﬁeﬁmhedbiyt‘HWMR spébtrdsogy). 1. 7 nmol ) di ssol ved
T .

in 9 nm of | elowmxture
was stirred o1

sol ution of 6 minnmg saeorsadsmdfoabwa:bavmoxﬂy @t\Mbyutadde(d TWéxpénmental

25  conditions of Example 20 were repeated, this time using a reaction temperature of about

-40°C. Under these conditions the isomeric ratio of the isolated product, acetylated
ISA7x247, was about 74% by weight of the E-isomer, and to about 26% by weight of the Z-
isomer, as determined by ]H—NMR-spectroscopy.
Example 22: Wittig reaction using tributyl allyl phosphonium bromide

30 A solution of acetyl cyclosporin A aldehyde (1.5 g, 1.2 mmol) and tributyl allyl
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 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
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51 1 1 MAY 2006 WO 03/033527 PCT/ CA02/ 01560 stirring the yell ow orange
reaction mxture for 1.5 hours the reaction was conpl ete F101 mu@gﬁ:hi ng
the reacti jy% e aqueous phosphoric acid (0.15 g, 1. was added.
The resul t?vrr?gmrgﬁx#ﬁre was concentrated and the residue vvaé’caf ey in 5
mL of met hanol ed to 5 of water. The

resul ti ng B eill-%‘?’ é’r% regct*opqulét}u\é%%r kl\%alg%ésg Wefl‘%‘oﬂ WEE CUPP'REL h&nol / wat er
(1/1), angenthingdhe reactient mixturd gueptthoghoric @OV @t B8 minfody wddhddednas obt ai ned

about o1 SreagPoB gtork R BsP aRE oG it b ol it SEAEPEbRichea "oy

" H NVR- sthen flesaistpie)was Bosuing aeld@Bto S(azlomﬁaym Fhofesvlitrey précifisds vidl A sol-ution of

acet c 5 han ozoni sed

at yic ﬁ@leﬁesdp %%dn‘ﬁlgg 43y %ﬁgeégn%l”ga?%a(ll !a?t "é%guﬁmnl\%iuﬁe\?f(’%ﬁ 'a cur rent now
of 300 Lacéﬂ]!ated USAPAT, was bimme%tawolmlmsolrdommimd;métab@% weldl Thet es) . The

sol ution 1\sNan§erga %Sweas abqwt%n{%%{/ hf’aﬁ uengB@ Werlﬁ t? .Fomei}'écléu' f e di ssol ved

i n met hano it SAUEA"6R

over ni ghtbde-NMBFmt@Jmpwt ure. After concentration to 15 about 50 mL the
sol ution yas Ez@ﬁ%o o(floé%doft 0.70Q,m of water. The resulting precipitate
was filt t f water and dried in vacuo. The product,
acet yl@t ed CsA sohlltidrebr@/astewl gyabspiinad (16¢, &s! mmob) irn2d0esk oﬁmbtimhol Was

appr oxi mat % ('{%19 %?zgr%d@r (&%“ t%era rz}t%)?l'tlg 1 ?‘V&q{ﬂ%’e%lfer 5 otby HPLG) .

Exampl e szmre ara r|rre 'l ne A 20
Cycl os por30ﬂeL (Dg/f(oaﬂmynl thi rmﬁ@n/\adtsaom))lew&sbodt fsmmluhee)d Tha salutd \mascgmemane (100

A ler s e gl A Cbbshthos #ERelitriegibe £t el 8 Pelli Ve ont o)

was addededuttien meamttmremamtittddroeemf@ht at k’n@mtte:dpeaiturreewmxcdmmﬂnhumnpI eti on of

or css i o SoOg BERTHIR ot B Y RPO oD UPeh ny CRLiEE PEFPIRE s 25

spectr octwasrfﬁitefey wd‘sﬁ)d weitto6(t hE of waxel aad dtial in 9anio! Fhpmodaddiraeetylkiad Cssat ur at ed

aqueous m b| nat e s | uti 00. m queous phase
was separ%fgﬂyaﬁﬁs me %6 P 8P ?fs\%flﬁﬂn %ipé%r%g%ﬁmgﬁggar%ﬁéwg | ned organic
phases V\eabeuthVﬂdetmﬁrﬁedajyhmmus Na2SO4 and filtered. The solvent was
renoved .

trinet hyl Spte 25: Preparation of

tri mezthyl sil y|Cy¢ibspbﬁﬁli£(d4@(1|eqmpﬂérlt)‘I\Gas/éhs@dldﬂhydﬁhloiﬁlhhdﬂl&hb’lmgﬂ ) at pr ot ect ed

QICI ospor . e al e SSO di c ororret ane (50
The W8 ArbRe SRt Bor B s P ReShRBGRED Al DT TR " of o
V\:hl ch 0z G0eC, watslubnelld foadt atchlr(ologhquimnsq)bvaﬁaddm L'ﬂﬁialréacﬁditﬁmﬂcppe@zasance of a blue
col or.

heated at reflux until completion of the reaction, as measured by thin layer chromatography

(TLC), high pressure or high performance liquid chromatography (HPLC) or mass

25  spectroctrometry (MS) and then cooled to room temperature. Half saturated aqueous
sodium bicarbonate solution (100 ml) was added. The aqueous phase was separated and re-
extracted with dichloromethane. The combined organic phases were dried over anhydrous
Na,S04 and filtered. The solvent was removed under reduced pressure providing the crude
trimethylsilyl-protected Cyclosporine A.

30 Example 25: Preparation of trimethylsilyl-protected Cyclosporine A aldehyde

Trimethysilyl-protected Cyclosporine A (5 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

52



Next, argon was bubbl ed through the solution until a colorless solution was
obtained in 52 11 MAY 2008 WD 03/ 033527 PCT/ CA02/ 01560 or def 1t MAY @mpVve
EXCESS 0ZO{R) ds fame colorless; this step was carried out to renove
excess ozone. 1i1et hyl am ne (5 eqw val ents) was added and PCREAZEBEY on

m xture ture. for 17 hour
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Cycl ospo

m xture agf_rdte:tedlcy_awonneawemmaamwimmtibmper atdre provi ded a 3:1 mxture
(by NVR) of Z and I_:l%reo & bond met hyl silyl- protected

ri
Cycl ospori ne ﬁ%wg”ﬁrf'bu%?gﬁgr%gﬂvﬁlﬁ Qf ng 1:1 mxture of Zto E
doubl e bcaﬂiyllm;ﬂxemmp}sslmbnmmlbmcamby(baqbyhlentg)nmtoaeheﬁO(Bﬂ):jneaipﬁmj stiered\fodi ene vi a

(2.5 g IS it b B RRGRY T SUBUSREA TT\ aqueane
sodi ulh hyeduigalerdp Wmﬂcummcﬁme(rddatmqwxmd: #fiet $ hour Tduetion & a@im @Mmpeaktdlr € Was

vi gorously s d a S ni um br m de equi val ent s,
porti onw%%v)l&e\ﬂﬁgelardﬁglbﬂw %@Q%hﬁ‘ég iBHe Fﬁ‘if \(*’f’%& Yiseveral hours
reaction p@dtedtmirycloepmmeatdjﬂe provided a ca 1:1 mxture (by NVR) of Z and E
doubl e bg smerst of th. [ Il- r%t ect ed Cy cI ine A

S arat 2R ; bond
i sorrers q_:@téated@@hvdosmé mdaenslvmt\@ﬁﬁ_@_@_ ospori ne A di ene via Wttig

t Th h | t ed
i ocotvog i n bR SRt Cbhafe i ot se v Bxplsl ey & "
eqwk val eruf)ohf]anel amd tregtet quhhelmgherdn@]cswhmmliydhmxmﬁﬁo]bnmdldeql(lial&tse)q}nha/al egt) .
Wor u (0] e reactli on m xtur.e ter ou act | na ux under
oL e b s G RGRE e gbely Sifrod sl i o R aRios LB 0 toutl
tzagndp i saqeivslens, pbﬂmemtu&e)mts Bdded ) Wdfrk-w @ﬁtbséxteﬁﬁowﬁ*mmﬁéﬂ dsaeerAhdirene. Exanpl e

r epar at.i on of m xture o to

21 ot e ERlib i« Bperanay e e Aan Reog &R NRD 01 Gkne ERIEE Beons 30
Al lylZori bs&mkm@l&ahmahwﬁﬂﬁirpmm CCyBloe;ﬂ;hﬂhyald&lﬂés prepared fromallyl brom de
and trih ! T 3.5 m). 7.5 n) was

added f ol =t { -
stirring rﬂdtedt@kﬂ’ﬂctoamﬁﬁé Atdxle’ne v1atWEt1,q reactlons

The trimethylsilyl-protected Cyclosporine A aldehyde (1 g) was dissolved in 5 m] of

toluene together with potassium carbonate (1.5 equivalent) and allyltriphenylphosphonium

25  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 isomers of trimethylsilyl-

protected Cyclosporine A diene via Wittig reactions
30 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 tert-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
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solution was cooled to ca -30 C. A solution of the trineth¥IS|I rotected
Cyclosporine A aldehyde (1 g, 1 equivalent) in toluene (5 added

dr opw se. @fo% :fg? m nutes at 53 11 MAY 2006 WD 03/ 033527 PCT/ CA02/ 01560
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equi va: erliqht)adu@ NHzE1 ohSomt2b ,ml)’vaﬂleadﬁifﬁﬁied d&giryd phlases Imetbrﬂr(ed oferMapSOhexanes, éO
equi val ents) at room tenperatu Af ter 0 ctl on procee
for aboutfil 1@@%@"&5‘&"%@“?%"@6“ {qc%pr\mgre % g\éﬂetpgo uﬁtswﬁ 98 g%?ded with
di et hyl - sﬁﬁsgww&%maﬁé&e&naﬁq ot MBY1QedtAY hepiht)ed yikldel icetydorotsetedi f | uor i de
25 d| et hyl et her conﬁ 1 equival ents) was added to generate the

"y-tr |¢ﬁ@t19‘~i9<l’r§ielﬂl tm%elthyiﬁlﬂ)’ lalgpRlny| bor ane reagent. After 1 hour, a
s 0' ut m{)n ]?ganfn[e' %E%Lfgu%ydfmabm tyegrotecie bgélmm}a\mea &t@geteﬁmm«oﬁolg, ] 1
equi val ent) In Was w se. . r m nutes, the
reaction mi xt Jod Soht OW\%fraH%W‘P"dhﬂ%]@n%lﬂg g‘él&ajﬂ’it)d’f‘ t@%‘%&%@@u‘gaﬁ%@f sol ution
was addedyutyfiiiim (1.6 MOk héxasiés, [0 d:cﬁlg/afeﬁﬂ’s) aﬂlﬁ&)nhl@mt‘)erﬁhrer odrer blbnvpeg g ure, wat er
(12.5 mM) and 30 sat ated %a (tﬁ [11 %&ﬁ ;llsandtreatc(tilon m xture
was ext r JEeign fapracseqfor Abosk30 mnufes,ths ol "tno‘b‘u"(?syﬁoo he organi ¢ phases
wer e wash@fh 8i6hgEB-SReHeRFHotaak (1. Miquivaleab)e A f{e21 hour, borontrlﬂuonde

25  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
30  saturated NaHCO; (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 aqueous NaCl solution (25 ml). The combined organic phases
were dried over Na;SO,, filtered, and concentrated under reduced pressure. The crude

product was chromatographed (Silicagel, heptane/ethyl acetate) to yield the trimethylsilyl-
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x 25 m) and a saturated aqueous NaCl solution (25 m). The conbi ned
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(32ml) . Patassi S fter
stirring §67%°1% PPF(?%F%Q%%OSPS%%‘? gﬁ% @ae&l'p%{ec;{% é i Sfa\%?ngg °u1r33 was heat ed
up to 40Gnixtite ¢f himdrsdoubledondiaahero(by 400MH|:]NMRNQ.% awncmeasaerentlinder reduced
press e and resi in.eth 20 acet at nl) . Aqueous
cit r| aC| d s%ﬂﬁf O5H #%@ac%%&‘fﬁtfévégy%%WVAé%dN afS(gPrf&uat g {)féﬁo%% ‘er (10m).
The aqueoAstil Eyelbspmse Aclpae Ggelequindlent) wax disobtee th methdnokb(8iyl) aad vt e (56n1) .
The organ ses. wer S i Ltr cid solution
(40m) an{agmga ?fF?ﬂ“é’Hc oot e@ﬁ%&t\,\% gﬁq"(“?éﬁ#)) ‘T’ﬂ%&io‘r%%nélhc atlflrelrsgo\l/l\gr e
conbi ned, atwmﬁmmmrmwtanxmmasémateau;eﬂ 40vCifer 4 hewtsic'Eitk rpacEiesur e t o
gi ve Cycl osporine A S .. Prepar n of
Z-t ri et hPETe e ?PB?“&’&EGEH&J&SE%%gB SR aﬂgﬁ}eggse&ﬁngs faF & c%%@lgfr)m on to
Z- Cy ch®s papelaed 70l Atesofd c&ﬁﬁﬂ}){a doliltiohn &%t (8 0 tlay slswly yuHdgdrfollevet gl
Cycl osporine P—t net h | al coh I ent di ssol ved
in THE (20 .ml'}'hihes?ﬂ“ﬁ SZ‘W S SEEH eélcf%%(‘}egﬁmﬁdffﬁgﬁ}a By se %%tg&frﬁl)[ but oxi de
(4 equi vaTm&rgahlc\qﬂxaseadd&dvasbthvﬂﬂa v&até‘r (30oul), 4 SYoeirdid aaixnsohetohy%nﬂ):aatdat e (20 30

and mé}ﬂatw(]ﬁ?..d solution (38m8d‘ilﬁe orgamc .elyeciléJ \%grlé%oml?‘}{e%r I ovRE az 4ta%9 and

r e ext r act?
concentrated under reduced pressure to give Cyclosporine A diene (ISA1x247).

25  Example 33: Preparation of Z-trimethyisilyl-protected Cyclosporine A diene and its

conversion to Z-Cyclosporine A diene (ISA1x247)
The trimethylsilyl-protected Cyclosporine A B-trimethylsilylalcohol (2 g, 1

equivalent) was dissolved in THF (20 ml). The solution was cooled to 0-2 °C and
potassium t-butoxide (4 equivalents) was added. After 1.5 hours reaction, ethyl acetate (20
30  ml) and water (40 ml) were added. The aqueous layer was separated and re-extracted with
ethyl acetate (20 ml). The organic phases were washed with a saturated aqueous NaCl
solution (20 ml). The combined organic phases were dried over Na;SOy, filtered, and
concentrated under reduced pressure to give a mixture of Z-trimethylsilyl-protected

Cyclosporine A diene (trimethylsilyl-protected ISA1x247), and Z-Cyclosporine A diene (the
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ethyl acetate (20 m ). The organi c phases were washed with a saturated
aqueous NaCI soI uti on (20 nl). The conbined organi c phaseg 1vvgp:¢ zguﬁl ed over
NazSO4, I@e({s s ? concentrat ed under reduced pressure to

m xture of Wet hyl silyl -protected Cyclosporine A di eBET/CA 201366

trimet hylzsi I e Adiene (the 55 11
ﬁ/AY 2006 v\gr%éé? Doohse 7@@#@%&%@%@6@%{1}%%&% d%gﬁ?é%ﬁi‘x g Sy Pr proies (
desi | yl at PEHUIRARMEGARAl E0&bybyeight istbe §lytipn) 4nd addingle ] pf aphaots ni xture in
met hanol ﬁﬂ@%hﬂlc%idgblhnéﬂlteﬁ\ﬂvﬁgt)u [p) I%Hﬂ e@gtqjo% te@np]er M2 ?lélt%d
hydr ochl or c acid solution equi va ent it e at room
t enper at uPt8Y! agepte ergAdd edet%ypqt&e@qlaxeémmaratg@g@ re?h@cmmﬁshyﬂ ayer was
separ af edacafite, r”ﬁre%l‘éahﬁ hds Wb @a%@&)ﬂhﬁ s?tﬁﬁ{eﬁta&]e {IJI\G‘radIr ' - ,H]hases ver e
washed with a satur ate aqueous tion Re I ned oFganl c phases
vere dri efPreRiesd qugpnisayhases WP@éﬂeéloveaNebS@@,rfd@mﬁr@ﬂednocIMd umlduemded pressure,
provi di ng 4 and E

bpx%ﬁie%ﬂa%in%@yé\osyoﬁ@@Ieﬁﬁgga x}ﬁvﬁgﬁlgggﬁnag s &g;*angg g 20 |

doubl e i somerséﬁ‘ﬂ%/ 1 on sporine A
di ene (| Sperddsemees (by )i met hyl silyl - protected Cycl osporine A

| 3-tri met Bydngiid ¥4: 3:6aRMn 690 o&ne&‘ hyY@ £0b)Was di ssol ved in

di chl ¢r onet hane. I's solution %r‘n') range of about 0-2 C,
and tf%ated witm %‘B?@YI@‘M‘PWEF@I@@é’dmp@tlh%/fl\@tthmpthﬂ@ﬂmdlmhotGO@nng val ents).
After 1 é’tf&Walen%)@Ia@Hwéo%erﬂalclﬁ&gm%ﬁ l Qrgﬁhﬁmas(cgfgﬁglvnpmr § adged The

organi c | ayer was separated and Wi th water YA & over
Na2SM4, f?tIOP'éQ’%oC aaﬁéfe%%‘{é@mrmtref@omge dintiplethermpbd (bepswilms).t sftqr ovi de

directly O4siOsig bm | e by wei ght of
the E and Z éoub ( bﬁlﬁn?glgﬁr}grroél ?@@Yl\lm) ‘g%xgdd%% ?1550%%61 }gf“%?l on of
trimet hyl $pargied H%W%?@?‘b‘dlﬂw@ﬂdé%éﬂ)s dried Aveli 1‘@2%04, ﬁmrndatdh@bcmcémﬂatepr ot ect ed

Cycl ogpor jnasr I in the

sol ution). Th@g&ggPﬁﬁﬁ%ﬁog\gzﬁgbgﬁﬂg@ Hﬁgﬂ %/Idg%g Z) r8 m%rl c acid 20
sol ut i on Huiktuse by yaishiafyhe EAﬁnﬂ@rdOIl!EIe hvrrmscemrsa(foywﬁm tenperature, water and

et hyl acetahf1aM: Hepfflesh of 1By BLoBssepaLat ed and re-extracted
with ethyl acetate. € organl a saturated
aqueous NaCl Mhywyl'wwtmwmmwg@qusﬁaaéwd invenethanlsl (9% bwer Na2SO4,
filtered cl osporine A
di ene, (1 SATX 53‘?3“5@%‘“‘%‘2?‘%@‘@%““@%%? e S bl ager i A Acet v
cycl o¥borsohion(i auiyalgnd.1ABar 1fminytesah oot tsmpirated, watemeremyl dcetateavef30 ) .
1,3-Di ac I d by. 0.0004 M
aqueous e‘igl?e%l%ﬁg ]?ég%s ]%getr%?% %Igtglgf]gg%c%ﬁx%ﬁsv@gl %’r# %°§ OFﬁfiécand sodi um
bi car bonathasep wempmshed with Bptumsiest dqueotio Ne@bsobttion.r B coinbtnad ergamxplmses( 43, 8%
KHSCD) - ( Zycidtied oo SD altet@ incAdAIEHwi0a BRYel LI S8 BUCLGiallgur s- The PH

was mai nt ai ned %/ constant addition o
Cyclosporine A diene (ISATx247).

25  Example 36: Epoxidation of acetyl cyclosporin A

11

Acetyl cyclosporine A (2.0 g, 1.61 mmol) was dissolved in acetonitrile (30 mL).
1,3-Diacetoxy-acetone (0.14 g, 0.8 mmol) was added, followed by 0.0004 M aqueous
ethylenediaminetetra-acetic acid disodium salt (20 mL) and sodium bicarbonate (0.405 g,
4.82 mmol). To the stirred mixture, oxone (43.8% KHSOs) (2.23 g, 6.43 mmol) was added

30  portionwise over 2 hours. The pH was maintained at 8.2 by constant addition of 1 N NaOH
(total amount 6.4 mL) using a pH stat. The temperature was kept at 22-25 °C by occasional
cooling using a cold water bath. After 2.5 hours the reaction mixture was quenched bya
few drops of a sodium bisulfite solution. Water (100 mL) was added and the mixture was

extracted twice with fers-butyl methyl ether (100 mL, then 75 mL). The organic extracts
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(total anmount 6.4 nlL) using a pH stat. The terrperature was kept at 22-25 C
by occasional cooling using a cold water bath. After k?‘?

reaction m HBlS3s \%s guenched by a few drops of a SOdI um b| sul fate

sol ution. VAt er 0 nL) was added and the mxture was  eXCT4ARHI6% ce

with tert-but et her 00 . xtracts 56
11 may 2068 Y %\Bdo‘%l}lbé %@Hk%ﬁ%‘%g ?/\%s %e ’%egﬁg?firﬂ[aﬁ%(z agueous
sodi um clahdamndemtr@fbﬂﬂb affgrd cmmeﬂyb@ploshonedx epmmde Na®25) 25%; APKC:d8dkent rated to
afford crude ac t‘% @Pl osporin A epoxide (1,92 g, 95% HPLC. 99.4% area)
as a whi CEAESINHPSAN °BRMpl e 37: Preparation of acelyl cy-clos-porin A

al dehyde Ezarfiplud® Brepirytionayf edend polosporia fegddobivde (1.92 g, 1.52 mmol) was

di ssol.ved in

a etonltrlle 2 d, followed by
sodi ur% peri odg IOSPOI% ‘gﬁpor’r(ng( agfc} St(}rgm lﬂsroﬁ'ggglm d (3.05 n,

1. 52 mmolaggtoriftniée (Qéadi)J ﬁhtaﬂzotmlr)evamaédedsb]lqwed@yabdxmﬁ peddher(488npour s, t hen

t he exce SOdI e e Ltion of. eous SOdI um

bi sul fi tgiszglﬂ“flo ae““ﬁﬁ%%%b@%% i 3gyﬁﬁ‘0?| de%l)ogﬂn{e)acuon mlx%%%l and the 10

m xt ur e \athsedet #0 AC foard 8 hodrs, ehenitlicrextas sodbut pdriodat vgd quendhed by ddd@tionlof each) . The

organi c SXLracts ed with dilute aqu s.sodi hl |de(100 m.),
conbi ned? 't‘fPPSesc?de ’S‘ﬁﬂhégﬂte A 88%13@ﬁ5 105?%@%5“‘2?’? ({é](g Sge acetyl

cycl odpomixiur veds detagottd tice Hdth ger-R2MmettyPetRer (9®). ideahp dheasgaaicwhi t e f oam
The crude_product s.ck t ogr aphed over .siljca el

acet one/ §6€o° YAhae dg:’}bgﬁ‘?e? © S&@‘E‘Hﬁﬁ?‘%ﬁ@f‘“&%ﬂ'ﬁ‘.m da‘geldd%/e"based on 15
acetyl CMSIS;pﬁfdid&néb;ntrHEll.ﬁ afﬂ:ﬁl&%daraeﬂyl c@do@ommmahiehyzﬂei(m‘f g, ExXM e 3 8:
ncety - cgRELhu e o Gl B che bRl DR A Bl B R R T 11 6 20
m. 1, 3- gE]I Lahlgt40%)acaiﬁﬁﬁfﬁﬁ%h(x@nd}841ugnt t6)g148thm_p5[dd)lct\4/a$1 add#chasddainl owed by

0, 000 %OL%js ?y g&d@w rgeé)gstr Sefi(? - o 8C d disodiumsalt (20 nl)
andsdllfi‘f‘ﬁ i¢4PISHA 405 7°¢"% 4‘§ “i0Y °* ™o the stirred nixture,
oxone (4$x&9fglKH$OBbgp§raucﬁ17ofgcety4cﬁmA al\ﬂﬁm’dam ogpmurocwdmrse over 2
(rotal amount A5 GEpeBn AT % 1P Lmd RN AP PR ml AT o s

' C. Aft eDideloxy-aestor, (0 0843g,lvl48lm{xﬁdlywas aadaddfo(llﬁweﬂ_by (20(5)4Mmd|®eowyas added to the
reactlon ntrat Ifurlc aci d,

tu follo ew,
it 1 prielbiniining @i R s e OB S aPERo IR 6| T o) s
added20 aMCBZ'[rﬁl&olD B¢ the Gtirret ntiik tlFe oXuRS (@t&% KHSO0at(1.6DgM.822nmel) anasmdded for 2
hours and at 40 'C faqr WAt er mxture
nas * ext adionting s 2 Narn TG Pinpanet it Sker 165 To IO ) e
or gani Cc diotdl ambint 3WahE) uskng A @H stat. tThedeﬂawaemaqmemps atodisuc Alftend.b de ( 100 m),
conbi ned,, drie 2 nce r o.afford c cetyl
cycl osporPRrsd: gﬁ%ﬁ@a‘éa ‘fggﬂg 285 Wﬁ_ de‘g?%%b}e%‘iﬁloﬁpé%‘}re frghl \Rﬁ’?’ te foam
The crude fpw debpe bf ssasentrbtc® BRfucig icd Iuatil pbVES was debchad. gBienussdinm péfisdate
25 (516 mg, 2.41 mmol) was added, and the reaction mixture was stirred at room temperature
for 2 hours and at 40 °C for 22 hours. Water (100 mL) was added and the mixture was

extracted twice with zert-butyl methyl ether (100 mL, then 75 mL). The organic extracts
were washed with dilute aqueous sodium chloride (100 mL), combined, dried over Na;SOa,
and concentrated to afford crude acetyl cyclosporin A aldehyde (1.9 g, 96%; HPLC: 83.4%

30 area) as a white foam. The crude product was chromatographed over silica gel using 40%
acetone/60% hexane as eluent to give the product (1.35 g, 68% based on acetyl cyclosporin
A; HPLC: 100% area) as a white solid foam.

57



acet one/ 60% hexane as eluent to give the product (1.35 g, 68% based on
acetyl cycl ospori n A HPLC. 100% area) as a white solid foam 57 WD

03/ 033527 0&%& 2006 PCT/ CA02/ 01560 Exanple 39 (1SO): W1iMAf ¥&tion of
Aceyl Cycl ¢ A al dehyde with 3- PCT/CAD2/01560
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al dehyde =$2Aks : % & e e Hreh was generated from
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| SONEr i C iprucid furnished AX4cstyaea Z-isdner.dDefrbtedtion s destriiep eslierthmished e i stic of

2 stirred SRR TR R sBim s i Piheu R TR B de (2.5 o

15 5.88 rgﬁmhe)trylhy eahibitulg @ dsutilabofieiplet 4t206.68 vithvd salagtded®9 paad BESHEM

hexamnet hy 5M sol.u n, ol uene) through
oy ngghaeionsh of it Red sy E Hgts, Tre Hparut bpd s B ol or oc

sol ution th%ubl@fﬁfraltﬁplg(ﬁﬁaﬁé‘tdnéhbef]S-u.kbﬁlﬁﬂaﬁ:}&ﬁﬁlxﬁlfeaaiﬁmr(ﬁdﬂwl(ao Heeact i on
flask throu a‘FlF”' a. To the solid was added anhydrous toluene (10 nmi),
stirred W&ﬁg égﬁfﬁa uged. The supernatant was transferred to the reaction
flai k :;md tlo rhe Is,mwstm _ ﬁpekaaﬂomaﬂnaﬁylgxﬁﬁdprywlﬁ?hwﬁﬁonaﬁtdmdmﬁe@ fﬁgA f}:l—lot (1.44
g, irri ue r a fur er| at room
t enpe at r%ﬁﬂ%l mtaﬁéycg&‘sé? “‘?”ﬁ Waﬁﬁfléf\aé’ﬂa%‘}m @lﬁﬁﬁ?zb‘ﬁ“‘ (Hz %ture was
di |l uted \MII,B SEh¥IC 0.6 5soitipn aitolusiapiheshels b DERgel eAftdristiting fordatagkared  NaHCO3
sol ution (50 50 ni). yin d solv furni shed a
ol o vl ITeeBh b Pl sty Tt ge e SRRt TR b1 ut i on wi £
ﬁc eto ne) 2achiexfaie ﬂlrﬂﬂglﬁfaltﬁmu(ag Madieasotid widhdded abhjdramadlone (HIhﬁlLH @urlte;d 25% )
exanes or ou it ther,.elution wt
hoot one AT TAGRE b RESTRPGaGS Fisterad Tohp BhrindlgSina ot 25 ged 51000

yi el d)0. 'réd-ddldRed BOR Wa’lsizdde@mbajsA-QHO?ql él‘&g, 16 mmal). OKtirfifsg w:&H)mtmu&cBC NVR (300
9. 33, Conversion to

NS mz: 1 , 1324 (M-Na+t) .
N- Q(l de %@)"‘1{8‘%@“ §?‘i“?dr°é§ 6"%58’!“%"6”&“6&5 e% t';i/%’]lob?fm&#hélﬁé’tﬁ‘?‘%reT | ani no
conmpound r&@btiéi mehré Was dlhﬂdelfhthgAé €0GhIL)oAd (Asidd subseerdl withshiurdted CHCL3 (3
M) was ?\ggl%%g solut?tl)nu(tSb d brme (J%A mL). Drying and solvent removal furnished a

pale-yellow solid. Chromatography over a silica gel column and elution with acetone-

25  hexanes mixture (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).
’C NMR (300 MHz, CDCl3): 129.33, 126.95; MS m/z: 1301 (M"), 1324 (M+Na").

Conversion to N-Oxide

30 To a stirred and cooled (0"C) solution of the dimethylamino compound obtained in
the Wittig reaction (0.44 g, 0.34 mmol) in CHCl3 (3 mL) was added a solution of m-CPBA
(0.07 g, 0.405 mmol) in CHCI; (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 NaHCOj solution (25
mL) and water (25 mL), drying and solvent removal furnished a solid (0.43 g). "H NMR
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(0.07 g, 0.405 mol) in CHC13 (2 mL). After stirring for 30 mn, dinethyl
sul fide (0. 5 m.) was added foll owed by CH2C12 (50 nL). gk}wtzmswashi ng
wi t h NaH }U%Iz n (25 m_) and water (25 nlL), drying and_sol vent renoval
f ur ni shed g fo 43 g). 'H NMR 58 WO 03/ 033527 11 MAY Pe3{@0201560
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sol vent %%M Lo d a colorless solid, 1H NVR (500 MHz, CDCl3): 6.58
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NVR Al t Hﬁgﬁ’ﬁ%@ﬂs@%%%w}aﬂ'déﬁ‘ﬁ%ﬁo%ﬂ} R 1'tf’i;\’ger'aﬁvér;Jt%' P ORI AT ctil are specifically
di scl oseditnd wad eﬁ@pédlffdscﬁ\kmtsend exttramed MtﬂoEthémp(ﬂ@mLat Eik dripaic layeny

nodi fications.a ar of. . t.he i,nyen n.ars ble in
light of “faﬁgaﬁlgﬂg&’é% W@éék On'@ 304 §rig (tl(ﬁmgfﬁﬁ%’mﬁur Vi eWnoFmtova ﬁ%%ﬁgégpended

cl ai ms Wiatcblotléss delphar’ HNMRf(SmMHIa,eCIX[‘:h)rG 58 @nd"lmsemﬁlédﬂzsﬁb)pMSaﬁ/zt he

i nvenijo 0 033 an

i somai q?r?@??@?ﬂy% ﬁecrf/%‘l tB@ﬁS?’P(Hg? gﬁ%? (SS&}’Sr %ggﬁ%?% n%h"a iJ‘fﬁt'glm no acid
resi due Wohter Raslob3ertledtieNsiRost i t uent, wherein the range of the isoneric
m xture for the di ne substitu |sf ab ut 10%t 9%of t he
E-i somer and éﬁ]?) OBy preleredss Bﬁ cli“f }s%{tg? wReen Of'grgﬁﬁermfo\ﬂﬂ‘é&%c&%ei) HE i somers
are the igeABsdablve, avdll Be agifedfeithdt manly medifivitiods dd v2A4Hns of the present

invention are possible in light of the above teachings and within the purview of the

20 appended claims without departing from the spirit and intended scope of the invention.
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PCT/ CA02/ 01560 CH6 11 10 H3 YINCH3 MeLeu -MeVal -NO"_' C-Abu-S r MeLeu
-MeVal -N G,-Abu-S~r U 11 O cH O McLeu- DAl a- Al a- McLeu -Val - N§Hempy 2006
McLeu- DA agxpﬁ?myu -Val --McLeu E-isomer Z-isomer. 15. 20 2§&CAT[P%]

af)ou ?fg%to

conposi ti g}ﬂéﬁ& Claim1l wherein the isoneric mxture conprises
about 65 % ¥he E-isoner and about 35%to about 45% of the Z-isomer. 3.

The conpogi ti c@hndsiRl erein the isoneric mxture conprises about
65%to about 75 9 of “?’hre&éﬁ*“@%@}m%wcmwﬁ%%o@sem amgBgeonodifisd

Z- i somer . 8the Iraming eig ossidueonitbof 1, ChirbetubsHhREE] ' b oo [ e
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25% of ét he Z-1 soner. 1S SuRgineatis,Soas abpuin Q56 toabautH0%% i Sreds-isomerant abowr i C
m Xt ure compkd S35t 1D 0 t, 90 % of the E-isoner_and about 10%to
about 15% of _the z- ?ﬁég{%er?%gﬁgﬁp“ﬁggm%eeg Tecrfal?reihoeﬁf)og’seirst "8R9 €o¥pri sing an
| someric Wﬁ‘ﬁ%%‘?‘i"ne anal ogue m xture according to any of Clains 1 to 5
and a pharnaceutically acceptable excipient. 7. The pharmaceuti cal
conposition of Claim6 , which conprises a liquid solution containing a
surfactant, ethanol, a lipophilic and/or an anpiphilic solvent. 8. The
phar maceutical conpositionecaf Caim7 , which conpriseg,d-al pha Tocopheryl
pol yet hyl ene gl ycol 1000 sllcci nat e (vitamn E TPGS), nﬂ)ai um chai n
triglyceride (MCT) oil, T®een 40, and ethanol. 9. Thecgpharnmaceuti cal
conposition of Claim6 , ich conprises a gelatin capsul cont ai ning the
| someric anal ogue m xturg, a liquid solution containing surfactant,
et hanol, 60 WD 03/ 03482 L, 1 MAY 2006 PCT/ CA02/ 0156@ 02 _Li pophilic and/ or
an anpi philjc sol vent " [ CHy

Mel.eu —MeVal —N"" "G — Abu-Sar MeLeu —MeVal —N

iy O Chy O .

MelLeu-D-Ala- Ala—-MeL ey ~Val -MelLsu MeLeu-~D-Ala-Ala~Mal.eu -Val-MeLeu

E-isomer Z-isomer,

10 - . .
2. The composition of Claim 1 wherein the isomeric mixture comprises about

55% to about 65 % of the E-isomer and about 35% to about 45% of the Z-isomer.
3. The composition of Claim 1 wherein the isomeric mixture comprises about
65% to about 75 % of the E-isomer and about 25% to about 35% of the Z-isomer.

s 4.  The composition of Claim 1 wherein the isomeric mixture comprises about
75% to about 85 % of the E-isomer and sbout 15% to about 25% of the Z-isomer.

- 5. The composition of Claim 1 wherein the isomeric mixture comprises about

83% to about 90 % of the E-isomer and about 10% to about 15% of the Z-isomer,

6. A pharmaceutical composition comprising an isomeric cyclosporine analogue
2 mixture according to any of Claims 1t0 5 anda pharmaceutically acceptable excipient.
7. The pharmaceutical composition of Claim ¢ , which comprises a liquid solution
containing a surfactant, ethanol, a lipophilic and/or an ampiphilic solvent.
8.  The pharmaceutical composition of Claim 7 , which comprises d-alpha Tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS), medium chain triglyceride (MCT)
oil, Tween 40, and ethanol.

9, The pharmaceutical composition of Claim 6 , which comprises a gelatin capsule
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containing the isomeric analogue mixture, a liquid solution containing a surfactant, ethanol,
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10. The pharmaceutical conposition of any of Clains 8 to 9, which is in
unit dosage _form 11. The, pharnmaceutical conposition of C ai ; i ch
contai ns froWQBWEEsy 5 ng to about 500 ng of active ingredi eWL e
pharmaceutical conposition of Caim9 , which contains about 5 402010
m xt ure. 132 ipopbiligiand/neancartpipisilic sslvepmsi tion of Claim 7 or 8, wherein the

sol ution cqnpt ai out 50 [nL .soneric mxture. 10 14. The

phar maceut fi? al cp% 5 ggs)ﬁuiaf%'%cﬁlfrgapﬁﬂh?%‘r’?mﬂ?f@a% 8attaf, etidhds in wnitalosage

admi ni stratfoon. 15. A use of the isoneric cyclosporine anal ogue mi xture
accordi ng tlg any. of hCI aing, 1 to 5 or the pharnmaceutical conposition
according t 'aniﬁ-h& HmaceHticy compesitiomof; Gleim Hwifictcéantainsofrora ab&Es canent  f or
produci g imym%sumoqgggmﬁmmm stered to an 15 aninmal. 20 25 30

16. The use_of aim 15 wherein"the animal is a human. 17. The use of Caim
15 wher ei ni€he FRtTmseeytise) pempesitigres fGlping HrevEEaRdcAGHE abéﬁtsb%ggxséxﬂerﬁe

adm ni st er edixinffe, about 0. 05 ng to about 50 ng per |dl ogram of body wei ght.
per day. 18. The_ use of Claim 17 wherein the anount of isoneric

cycl ospor i A8- andheghermantuticalcempasitien aftiltkini 3t 6F %dwh&cﬁitiﬁy%o]%oli Bl 0 about
10 ny per kih@AMyAL RaAYMelght per day. 19. The use o im 18 wher ein
t he anount of isoneric cyclosp i"Fne anal ogue m xture to be admnistered is

about 015 £6. abdlt Phermangptica/composiéh of Tint 8 € vAHfichG Qﬂag}eé?or")%ﬁr ein the
3 e a

amount, of .z J & cycl ospori ne anal ogue mxture t mnistered is

NS (s

about 2 to about myg/ kg/ day, adm nistered orall y b.i.d. 21. The use of
G ai m 20 whey,ei A uheofaiR aineAE oy N cl osporine apal ogue ] xture to
be adninistered is about 0.5 t?%@ﬁu1Pe§“%éWgF§§%° a&‘@ﬁ&‘ﬂ?é@%‘}y&fr&}?’ﬂsﬂy

b.i.d 61 ®©5 or_thc pharmaceutical composition according to any of Claims 6 to 14 in the

—

manufacture of a medicament for producing immunosuppression when administered to an
15  animal, '

16.  The use of Claim 15 wherein the animal is a buman.
17.  The use of Claim 15 wherein the amount of isomeric cyclosporine analogue

mixture t0 be administered is about 0.05 mg to about 50 mg per kilogram of body weight.
per day.
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18.  The use of Claim 17 wherein the amount of isomeric cyclosporine analogue

mixture to be administered is about 0.1 mg to about 10 mg per kilogram of body weight
per day.

19.  The use of Claim 18 whersin the amount of isomeric cyclosporine analogue
mixture to be administered is about 0.5 to about 10 mg/kg/day.
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20. Theuse of Claim 19 wherein the amount. of isomeric cyclosporine analogue
mixture to be administered is about 2 to about 6 mg/kg/day, administered oraliy b.i.d.
21. The use of Claim 20 wherein the amount of isomeric cyclosporine analogue

30 mixture to be administered is about 0.5 to about 3 mg/kg/day, administered orally b.i.d.
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