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activation events. This supi:)ression 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 (IL-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-Piperno 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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anti-inflammatory, and anti-parasitic cyclosporin A analogues are described in U.S. Pat.
Nos. 4,384,996; 4,771,122; 5,284,826; and 5,525,590, all assigned to Sandoz. Additional
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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Appl i cant g, di-sHONELEGy t hat certain mixtures of cis and trans isoners of
| SATx247 exhi%flit eﬁ a (%nbi nation of enhanced potency, and/or reduced

toxi city over Giebospainanalogscantagning inndifiadaminb esidninl tire k4positior?e digclb@dpori ns.
Certain | at. . an uterated.derivatives .of | SATx247 were
al so di ?g h)g?gggﬁ%%%%ﬁ%ll§%sigﬂ%gt8i SERLLE| Ogﬁ?tpﬂ?s% applicgfien, agdl i sj onal

Pat ent Apipbérparhied herbin. in it6 QdtRé§, Alkb asagge td the presdi®dsichBe s@7.9PrpasisANt by

i - ight of th
R PR i e T A T 0 AR AR £ R
percent bgyclepaintA afaldghefeire@fsasi‘sSnBRR4 RN dhRhNAIbg BRtri@urhily RRAGAM, Of the
ci s-isoner;. in., another enb(gglgg?nt the m xture contains about 25 to 75

percent bYClRERYIA Erecpifar e onahihe L -2a1Rp atsgtidyss Arplissntydiscoered by wei ght

of the cithat RRNEMixtuRds 8D MY IFHARITUSALDET efibiled LR ok BRI\ about 35 to
65 percent by weight of the trans-isomer and about 65 to 35 ercent by
¥

wei ght of SRR PAPRY ofdfor redyceigtinty oerBisaptiatly oceumdngindiuesentbdmeains about
45 3026 0 SRIBRHEN orliin WRYIBB, flatbll Gnd BTk P AFRE ARG ROOUb4 PRert 1545

per cent t he cis-isomer. anot'her enbodi nent, the 1sOoneric mxture is
an | SATx24¢19fe%t ur e whi ch conprises about 45 to 50 percent by weight of

e . S 0l P 5l PR, £ >0
conposi t i @¥B46,20h rasgh Epmebeetd 0 ta 90rportant by weighttof dlentaisisdiier prt abont 90y wei ght
of the ( El)O'ﬂe&%HﬁJy V%}g’nt %?th@ cis-isomer; in another embodiment, the mixture contains about
25 15 to 85 percent by weight of the trans-isomer and about 85 to 15 percent of the cis-isomer;
in another embodiment, the mixture contains about 25 to 75 percent by weight of the #rans- -
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 frans-isomer and about 55 to 45 percent of the cis-isomer. In
another embodiment, the isomeric mixture is an ISA1x247 mixture which comprises about
45 to 50 percent by weight of the #rans-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



WO 03/ 033527 PCT/ CA02/ 01560 percent by weight of the (2Z)-isoner, or vice
versa. In an alternate nonenclature, the cis- isonmer nmay al so be descri bed
as a (Z2)-wema®sis2and the trans-isoner could al so be cal | escarcaogmsed somer .
Accordingly, there is a need in the art for nmethods of preparation of

cycl ospor percer bpwaigbiyd the @gHisetiengr visoness [nhn alwatezmo?ner@amrhehd az's -pat hways
are needed that r.oduc C i ns. o |du i soners,
as wel | mX ﬁltnels}p %?dtf (ﬁscn%g%sr%@agﬂr% adEhde'éafi“Fles A uw%fo ]fehcg Q/\%l i soners.
Met hods ofE)ds@apar ati on of derivatives of | SATx247 are needed as wel | .

DI SCLOSURE OF | NVEN 10. Cyc sp ri L ts. anal ags are, nenbers of a
class of cycli C%ﬁ%éogﬁ%%nﬁ 5 fgﬁwﬁ Oﬁ%ﬁﬁfﬁ%ﬁg?@g%m%. vity.
Despite taatagawaaaag@eomaeaemmw Eyh@etidpatiivah e sie@edded tkut pra@ide

i mrunosup rezlsiwantl -inflammtory, and anti-parasitic activities, there

are nunePBise sitons ¢ dhe indiyidygldpomesy aygvelhmbyeps b jsawers havips apy t hat

i nclude p&epbd AkIEE Mk two ﬁ,aﬁtetaewmdezsfﬁbﬁayauoﬁepeérwaﬂ@s%f1@&&2@7 4§ a need
for new 15 i mMmmunosuppressive agents that retain pharmacol ogical activity as
t he nat ur B%edgd giclk ri ng corrpound cycl osporin A, but without one or nore of
the assochad@bIRE OFINVE Qcts. Enmbodinents of the present invention
provide certain mxtures o CI s and trans isoners of cyclosporin A anal ogs,
whi chl@re phar@sdesperingand jts erpddgslare membyees efrarclnds efhakligpalgpeptidfsdrviegl t o as

| SATx247 i e i.on. of enhanced
20 pot enc(}MlﬁfﬁH&ﬁg Sglgepdés'?ogéguﬁt?ty ovgﬁq {eﬁ }heegﬁ%r%tﬁes ﬁe? Jm Su(%{rtﬁr rvlvnth fesae presently
known cy®l tb@pmmmuwsup]itaemm, estentﬂahmmy il amtepdmstmhctwmemahdre aren t he

di scovery t hat rtai ur es of ) f cycl ospori ne
provi de sUpert or a%?l%s‘reuer}fecéﬁﬁsrogsa%fl\y&leq SPFIEN 66 ﬂy%lag nore of the

adver se eﬁefpeﬂdt@mamd:hqia&domﬁyh maﬂdﬁgpoﬂdeﬁes #needrfofaamt i cuI ar, we have 25

unexpegct ed found t.hat isaoneric tures_of both cis- and
transfgl sB’?%'r‘?)suppfeéﬂ‘éﬁ e S T arTﬁcog‘Eg ét)a%%?s é@nataraély PEAEING o ci s-)
of cycl osg@ipoued eRisp@HHes, i Hitht@dne admdéiBof the adkbiiRted txel Si@SdfEYR, Provi de
superior effi cac%/q and safety. Exanples of such,  anal ogues are disclosed in

WO 99/ 18120, gt tb?eltf?%ﬁh%ﬁlﬂahaf%@ﬁ cetin BPdgredof Goamddimigs. I n

parti cul afsom@i‘séf@ycﬁ)%pdrﬁ‘lAbﬁaldg%nﬁﬁlcﬁgre%h%{ac&ﬁcé@ Js@fuﬁb&%eféngQal()é sans- to
cis 30 ) and in the ran about 50%to about 55% trans- and about 45%to

about 5095cé5rEed t‘at‘seISAﬁédﬂdMl%fmﬁé op YAk isgmeys exhibitagombingtionpieaberced it has
been genmpstdgadrinal tdﬂ@ﬁfeovbtstﬂgﬁituraﬁif SEMERS aﬁ&(i?ﬂe%'ntl y &nG@iT0I nati on of

superior potency and reduceéd toxicity over natural occurring and ot her
present | yClesITIngy cl ospori nes and cycl osporine derivatives. 7

The present invention 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 (irans- 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.



WO 03/ 033527 PCT/ CA02/ 01560 A particularly preferred anal ogue (referred to
herein as "1 SATx247") is structurally simlar to cyclosporine A except for
a nodi f i eaofoasiseonal group on the periphery of the nol eealragA2n1he
l-amino acid residue. The structure of this particular isonmeric anal ogue

mi xture conparf8afignlafyrreferrad anatague frefoyred wdowin asd [P ix247"Hig shuct@ally |  HC C/
H H3Q\ / q : . HO H_ CH3 AM CH
a1 H 1 S e o o paited b o BB TR arvong

ot her t hi mglscule,qf the dramesanipresidsé. ofhe stractdretolfi éhisgau ticubi isoaterio usalégigune

di sor der sy C It ons,; including the prevention, control,
i or rgg@[ﬁ}?%ed%%e S%g%%eeogfc.yd%\s@%?e 1 |1Fg to enbodi nents of the present

all eviation and treatnent t
i nvention, |SATx247 isonmers (and 10 derivatives thereof) are synthesized
by stereosel ective pathways that may vary in their degree of selectivity.
St ereosel ective patgmays produce conpositions that are enriched in either
of the (E) and (Z)-hQOUE?s, and these conpositions may be conbi ned such
that the resulting micxture has a desired ratio of the two isoners.

Al ternatively, the re#ctions conditions of a stereosel ective pathway may
be tailored to produge,the desired ratio directly 15 in a prepared m xture.
The percentage of one r@Qﬂﬁr or another in a m ¥%xe_edh be verified using
nucl ear magnetic resonan¢e spectroscopy (NVR) or other techni ques well
known in the art. 8 WO %3/033527 PCT/ CA02/ 01560 Edch of the pat hways
typically proceeds mﬁah/tﬁécﬁgplication of a pro%ggﬂi roup to a
sensitive al cohol functional] group. In one enbodinent t al cohol is
protected as an acetaje; incpther enbodi ments the protekting groups are

benzoate esters or silyh gfhexs. Although acet eﬁ%\pr/e{%yi ng groups are

common in the art, it iSII mpor®¥nt to enphasi ze t hatcH CHa
AM1
CH AM1 CH
s 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

2

control, alleviation and treatment thereof.
According to embodiments of the present invention, ISATx247 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 be avoi ded through
t he use oWopBOsIBeti ng groups such as benzoate esters or ®CIydAviess. The
protected conpound rmay then serve as a precursor for a variety of

st'er eosel ect i VEach phthhpethwapayhewdly raceeds wdihribe appiieatiohaf a poidetizggroup to
phosphor us- cont ai.ni-n 10 reagents as participants.in a Witig reaction,
and i nor gaific e aelﬁ%h?? fanglio ¢ 4 g e%n?bgog%%@hn’laltl‘f(’@(’lrlﬁgr&eﬁ{egggﬁ‘he | atter
type nmay gueteeatothdireaibglintehts tHepndiesting gfoupgark baiobicictters o &bl ehedher e steric
hi ndrance, gdi ctates .the configurational autcone, Many organonetal |ic

reagent s %&féou 63? %aé%P@,teCP S AT SORERAR 1 therarh das Tpperta g(} ij%\lir’;[l%ﬁlz"eﬁhé‘?re nts
such a5 biamhy of Belek&Bplarytehibadiindfifs dbdctibddWBreiR BettaStthddesirableRilcMbRLYBhs | SONEr'S
may be prepared fromsingle or 15 nultiple precursors. The ratio of the (E)
to (2)-i slBﬁ‘ng’é‘g AR acaHafe pRo mgeg,mw*é%wava}ds@ﬁ%@wh the usp ebrreteeting FFRUPF or

non- st er e hEEenkyRe SterdB%illRRON a broad range of val ues. For exanple,
the m xture nmay conprise fromabout 10 to 90 percent of the (E)-isoner to

about 90 to Ilheperteciss cogmouengyAen soiees a PresusEhier 2 Barisetefnent s, t he
m Xture ngy j el ght .of the
(E)-isoner g%glegtgdgq# %@ﬁ‘%&f%p%*éuﬁlé‘éﬁ% E%@?ﬁ@ﬁ?@??ﬂqs@oﬁ%&ﬁ#& ot her
enmboditherieagentses pakicipens wonW digisactivoyandigorganigdepents enerbyerswfi ght of  t he

E)-isome t ' f.th Z)-lsonmer. in
gnét her %ﬁ%ﬁ}eﬁ‘@%ﬁ% a‘% Etg ?hh‘%?tﬁﬁgp%gﬁ% | %cse\égggﬁgh%g{'%%m e(%prér%gc%aﬁ'fltlgrﬁl wei ght
of the (Bfatessolree stemohindrme tdicGfesttioe Gmfigentant oliyome i Mty cofanbmetallié) - i soner ;

i n anot her_enmbhaodi nent,, the m xt ur cont ai ns out, 45 .t o, 55 percent by
wei ght ofreﬁ?gg B a-Vlalrsfaoql‘%Fmg'}’ilajgg%o&ﬁ‘ﬁ‘aggawﬁe 'RErEpUp gﬁﬂlfntﬁfu"htaﬁgor()%) -isonmer. In
anot her esitivod] titeitim, lithiani, sehetfie Iadixidusl@sonseraumay SAPrdol fednX bidgle or Whi ch
corrprf' es @bout 45 to 50 percent by weight of the (E)-isoner and about 50
to 55° pdPUBREPEPURSyht of the (Z)-isomer. These percentages by weight are

based on the tratadtio otehedlE) toql)-fsb@es Shixh@é) whdther prbauekd |  be under st ood
that the sum of the weight percent of 3Q the (E)-isoner and the (Z)-isoner
is 100 weTgrRsCIsEER AT nofsterspiskctivby aray takeana hipad maggied valsesntFar n 65 per cent

by weig htex@tfnfl%hﬁe ﬁ@mfezgy%?ﬁﬁﬁ_ 2o RSJut EMto 90! _e%hﬁffttheqt)-ﬁshﬁlel( #)abbGOMEr,  Or

Vi ce ver sa. n one as . e I nventlon 1S | rect_ed to a conposi t1on
conpri si MY TR0 pesei of e (Gi-ikemgre Imgther capefligpisy tha aixmigineny sentaivdidm ed at t he

1 -amono Aehdshs8s Q%entﬁ?%f;ghtrbfrtﬁ'ée@ ager ardl 2P/ tg:i;??%Ze(rE gﬁl%zl 01560 of
the isomeric mxture is tromabout 10:90 to about 90: trans- to cis). A
pr ef er r edsomesnip @8otherembpediafeat; the dnikrdwentaing abeut'26 SATX PN} bcweghtices an
I soneric g4 (g)-lfgo?ne?fand SRBF 50 55 p@r@&t%ﬂr Weight of the (Z)-isomer; in another
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 ISA1x247 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



C IlTHIIH2 /CHCHHOHO 1 CH3 CH3 MeLeu -MeVal -N C-Abu-S r MelLeu
-MevVal -N CGAbu-Sr CH3 0 CH3 0 MLeu-D-Ala--Al a-MLeu -Val -MLeu
McLeu- D- Ava-08lozsskelLeu - Val - MeLeu E-isonmer Z-isonmer 5 TypipcaldAap/otdee

i soneric mxture conprises about 10%to about 90% of the E-isonmer and
about 90%ftthe mivoeric hidbrofs frdneabbut Hodeto ab@rt ODAD dodng; totdisd. Kiprdferted cont ai ns
about 15%to ? gﬁ% 85 f t.he ,ﬁéﬁsxgrrﬁ and. about 85%tp about 15% of the
Z-i somer ; “YRRPEUBE GpfEPE (i}‘er?"ﬁgs te) CUPSPHE SHBEHC DRI Of BENIR  75% of
the E-i soB:Earndean about 75%to about 25% of the Z-isoner; even nore
preferably the m xture contains about 35%to about 65% of the 10 E-isoner
and about 65%to about 35%of the Z-isoner; yet even nore preferably the
m xture contains about 45%to about 55% of the E-isongr and about 55%to
about 45% of the Z-isonef.? In nost preferred enbodi rneznts, the isomeric

m xture may be | SATx247 @hxtures which conprise: abaut 45 to about 50% of
the E-isoner and about 5p to 50% of the Z-isoner; abouty 50%to about 55%
of the E-isonmer and abo 45% t o about 50% of the 15 Z-i'soner; about 55%to
about 65% of the E-hsoner and about 35%to about 4586 of_t he z i soner;
about 65%to about 75% ofsthe E-isomer and about 25%f o Hbout 35% of the Z-
i soner; alyeLst &k t-ava ABB%erof the E-imaservamd—ablo@—isledo about 25%
of the Z- |i soner; aboto 85%toIabout 90%& t he E—|§63m§’r and Ebout 10%to
about 15% Further prefe t S conprise
t hose of “%out"b%% 0t|l/|§.8”%|t M%'gA)Z 20 |som:3rL%9I ddéa outegeirl Xt%[about 35%
E-i soner, and of about 65%to about 55% Z-i soner _and about 35%to about
25% E-i somer. (The pEi®8Kfages are on a wei ght ba<f8o%er| n anot her aspect,

the inyention Typiddily, Q}fetls@inér@ r&&ﬁ&@&%ﬁyﬁ%és%@butqgm%&&@ﬁ% of%rnafsblﬁeﬁg an
i soneric cycl ospori ne anal ogue m xture as descri bed above and

phar nac eu‘tqd@hwt?o%cfé éb‘?uélip% of #hei ojsemmer; profeeabls WW%ME&)@U@%W%}% | s
pr ef er abl y,o8i85920¢ thSAIRoatbf M AjoHf S ﬂa(&béeﬁg) 18% Q3302 Zsogg fn%gg{ﬁum ﬁp

further aspect, the invention is direct to a netho
i munosupfe é@éﬁl@m@f@mﬁ)ﬂbmt Ao delehioni Bt eef theyEtigonzen anchabont 75%torvéel@t Zﬁ%ar eof, an
ef fecti V& ﬁé@%}ne{) véarpmbl%%?é%ljaﬁly%%19ﬁpeoéohﬁ%s%@§1&t%gVeto%&I‘t %5‘% o?ﬁledescr | bed

above or a conposi
10  E-isomer and about 65% to about 35% of the Z-isomer; yet even more preferably the

mixture contains about 45% to about 55% of the E-isomer and about 55% to about 45% of
the Z-isomer. In most preferred embodiments, the isomeric mixture may be ISA1x247
mixtures which comprise: about 45 to about 50% of the E-isomer and about 55 to 50% of
the Z-isomer; about 50% to about 55% of the E-isomer and about 45% to about 50% of the
15  Z-isomer; about 55% to about 65% of the E-isomer and about 35% to about 45% of the Z-
isomer; about 65% to about 75% of the E-isomer and about 25% to about 35% of the Z-
isomer; about 75% to about 85% of the E-isomer and about 15% to about 25% of the Z-
isomer; about 85% to about 90% of the E-isomer and about 10% to about 15% of the Z-
. isomer. Further preferred isomeric mixtures comprise those of about 75% to about 65% Z-
20  isomer and about 25% to about 35% E-isomer, and of about 65% to about 55% Z-isomer
and about 35% to about 25% E-isomer. (The percentages are on a weight basis.)
In another aspect, the invention is directed to pharmaceutical compositions
comprising an isomeric cyclosporine analogue mixture as described above and a
pharmaceutically acceptable excipient. The isomeric analogue mixture is preferably an
25  ISArx247 mixture.

10



conprising the isonmeric anal ogue mxture. In a preferred enbodi nent, the
mxture is an 5 | SATx247 m xture. The nethod nay be used to treat or
al | evi at ewDroaf33skant rejection, an autoi mmune di sease or PCOraNOROTIG) or an
i nfl ammat ory di sease or condition. In yet a further aspect, the invention
is directed tdna fottehagecsf the enentiangs dimeetet dxa miethpd obproduringmunosuppr essi ve
cycl osporine anal ogue g %re%arin?ﬁgn %sonenié.nix%Hh%_gé t%f fanalogue for
use as t hAPHPSYPRISTHPR CXWre ddmppsicring 1o ananimal 1p aGed thetgof ALHCtYhe m xt ur e
10 is an drtduhx 8flah ifoneridicgclodpdrife &tfaldghe Miktirh ey de3stitedtabovieh aicBmpaitican i s
directed to a nethod of. increasing the efficacy Qf an inmunosuppressive
cycl os por‘f(’r’?_?”éﬁ‘ﬁlﬂﬁ?g‘ﬁfém&? aﬁ?@%ﬂ?‘ﬁg“%ﬁ“?%‘ﬁ%‘ﬁ%“%ﬁ‘f@% thep‘lef‘ﬁ%lsé‘Eal ogue for
use ass t NBARIMAISHED MBS ShofibdagS e usédtodrelt R hRSVIAE r@EPREA! 8RBfon, hhe M xture
is an | SATx247 m xture. 15 In yet a further still aspect, nethods for the
synt hesi sPWPTIRBREIFAEC aFrongidian ovian indlamanatosy disgase 0l @dtioBRI EF DESCRI PTI ON OF
DRAW NGS FI G hfetS amierbifecs e Ytehfieh 9 tir&¥dd 199 RRVIIA redukﬁlgﬁkrt&ﬁéiﬂg the 11
am no acid residues that conprise the cyclic peptide ring of the nolecule,
as wel | a&f anHamypesyppressvesyclomeringmalngdebyprapanng in isemeric awitire ofithed r esi due;
FIG 1B ig, £0od ds kSl : t [ Wi th .
particul ar a%ﬁagf’e‘sa!s on t eun(%%ﬁ’)%%stl%% er('f)tf Iir?%érlé{egrre %fem@s{(ﬁ}n%gtg%% kﬂ 2|{t’s€ﬁeused in
t he pllesenenfesxlépmixome. FI G 2A shows the structure of the E-isoner (or
trail s-isoner), qf.. | n | | Ix247: 25 FIG 2B
shows the str ullet(3 5}112&2?1&%4}% gé%%&? e'rsfgpr%@o? gsrﬁ&gtgq %%onrlr%gj’d (c%ﬁn%rﬁaesm ﬂ(%:? osporin A
anal og | SAligR4 of aFin@Eun®supipmasvacycinsporine emalofue by prophdmg/arsiyarhdretmigtupat hway s
t hat may used to repare the cycl ospori nal ogs of the present
i nvent i on° WhaRLeLs for E%’sagﬁléec%ni‘}lélo P sagslﬂe?n @Prggiﬁfgg e‘é’i?S‘SP‘%‘i‘tn °to
reacti ve mixagde isaNSA307 hlixture4 il lustrates a synthetic pathway that
produces a mxture of (E).and (2)-isaoners of |SATX247 froma brom ne
preculsor: Fi y%*“iﬁ‘?@?ét*&%i‘sé’g"ta‘ﬁﬁ@‘ﬂ%r oithe SyREesis OhPRGEE Anafegie BEdYEtes a
m Xt ur e ofre pfoyidedd (Z)- isoners of | SATx247 from an al dehyde precursor;
FIG 6 illustrates an exenplary stereoselective reaction schene that may be
used to HEEROBYRIGEKIYOp #3081560 prepare conpositions enriched in
ei ther the (EFQriA fows I RusufeS oflc?ﬁ@ﬁgﬁ A, MR&F8h P 11 11 3&fino dckPTEr 1MRY be

o

prepared fromthe same precursor alcohol;
residues that comprise the cyclic peptide ring of the molecule, as well as the structure of the

-

20  side chain of the 1-amino acid residue;

FIG. 1B is another illustration of the structure of cyclosporin A with particular
emphasis on the definition of the term “CsA” as it is used in the present description;

FIG. 2A shows the structure of the E-isomer (or frans-isomer) of the cyclosporin A
analog called ISA1x247;

25 FIG. 2B shows the structure of the Z-isomer (or cis-isomer) of the cyclosporin A
analog ISA1x247,

FIG. 3 shows an overview of exemplary synthetic pathways that may be used to
prepare the cyclosporin analogs of the present invention, where stereoselective pathways are
grouped according to reactive conditions;

30 FIG. 4 illustrates a synthetic pathway that produces a mixture of (E) and (Z)-isomers
of ISA1x247 from a bromine precursor;

FIG. 5 illustrates another synthetic pathway that produces a mixture of (E) and (Z)-
isomers of ISA1x247 from an aldehyde precursor;

FIG. 6 illustrates an exemplary stereoselective reaction scheme that may be used to

11



FIG 7 illustrates an alternative reaction schene for the stereosel ective
synthesis of a conposition enriched in the (Z)-isonmer of |SATx247; 5 FIG
8 il ustrwDeg/ozs2al ternative reaction schenme for the ster@csaiswenise
synthesis of a conposition enriched in the (E)-isomer of |SATx247; FIGS.
9A- C i | | ustpat eompositiohsdnyickadrit bithicr chef(@) brv@y-Bofers opIS¥ANRA ) gyharein eithesr e of t he
(E) and (Z%-isomags of I.SQATx247, the condj{gti?_ns of each reaction having
been tai | 'SPBY B Perdatrd &rop B rmeRiearsos 8bar y ratio of the two i soners:
10 FIG 10 il lmst v atueiBateenpbahtveStR1i60SBEME For e spaédiviaysvelspiithg@isaddci ng a

m xture of the (E).and. -jsonmers_of | SATx247, where conpositions
enri ched ?Wmﬁ@oéﬁgqqﬁﬁdd?&@(zb'%}?ﬁgf pex¥r st prepared, and then nixed

accord§ ngly i reror edrkehdnQtleRhRRIEIHONShbRe R S%Y&)séléﬁiv@%ﬁﬁtﬁ&ii dgrat i o;
FIG 11 provides the results of an assay which shows that the inhibition of

15 cal ci newRositigh eafished indle Gadsowier 9f IPri2&Tx 247 (45-50% of E-i somer and
50-55% of Z- 1388PIA.CHfi%HR chéinflardshhdid iR pOERlodhdy SERHTIoRRR DY | C50)
as conpared to cyclosporine A " F'G 12 sets forth the Structure and

i someri c @0npded)tisomersaff [SAmd4 d dhet conditions efivech mantion] banieg keeo drilaredltogue

i soneric r . i esults of an assay which shows
that the %ﬁi‘%iaﬁlﬁgﬁg@?Qegg}ag}?rﬁgégﬁlfgg‘ﬁ%%gﬁ%%’ase activity by various

deut ettat ed andlfoil Mesitates sxeauplay atcorpedective pateways foriproducmng avmistuad offl east as

potent ( ternmned b 0] s _compared..to cycl.ospori . MODE(S) OF
v N TR TR e SRR L L BA R bf sl B M e Mg o0 ar o

menber s ofkomaers basist@lepand, and thpalnyipepidecadmglyan predeteqpdh@indroportiamsas uppr essi ve
activity. Besgi te t.hﬁ e%dyant ages these drugs offer with respect to their

i mrunos upSPEYE esTedatio; nt | apat ory, and anti-parasitic activities, there
are numer ous FEdy er seviedslteciesul@es of haheahish EHows Yiek e patibifien 6 t her apy t hat
include 30 nephrotoxjcity and hepatatoxicity. Accordi n%ly Jhere is a need
for nbv GAAREE EPPPRYEF ve AN I rrAT (Brd e TiRamfreidl Qgi¢atis acti ve as
the nat yria&ﬂae/r? QEEHY folaBdfol AR PURH: @Y BHARRRIILY 16y AtomphicheEycldifordesoci at ed
toxic side effects. Applicants have previously & scl osed a cyclosporin A
anal og re{f\erred to as "I1SATx247." This analog is structurally simlar to
cycl osporin A fKC el tin R ikt kh@Romtric bl Rig Q338 AuBEHIGAP2/ 01560
the 1-am no acid residue. Applicants discovered that certain m xtures of

ci s and tmamedguterated analogue isomeric mixtures.

20 FIG. 13 provides 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
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i soners of | SATx247 exhibited a conbinati on of enhanced potency, and
reduced toxicity, over the naturally occurring and presently known

cycl osporwp93/03%sedr di ng to enbodi ments of the present i nveomicne2/0156ATx247
isoners (and 5 derivatives thereof) are synthesized by stereosel ective
pat hways thdamireyacidaesidien Apphtants dlegveredl thht cetisin adseles of ¢iv hddytrans-

St er eosel.ective t ys,.praduce . conpositions.that ar nrjiched in either
of “the. Bt SRR Aa R RNR bR pelftvay BB R iea such
that the ovestib batnglipoddutting dAd prederdi® khéwetlcycddsp&inef the two isoners.
Alternatively, the.reactjon condjtions of a stereqselective pathway may be
tailored to prgerdme e g : ?‘E%Of?th? PrBSe_BF g, Igﬁt}"z?ﬁlsélmﬁ}:séﬁﬁf ed m xture.
The C@?m&ﬁbatMMeﬁBR(a&esyhm%G% RRIRSIINEVE YAh PSR Mat MaRRak 90tefr t he present
invention, called | SATx247, is chem cally described by thée name cyclo {

{E, Z) - ( 29egRe gFyteregselenijtiive Serepsplattivg pathweysarodpca samopitiops thetasonadi enoyl )

- L- 2- am nafuiearny bidly 0B Yﬁ)'and FZ)-isomers, a d'ihese com ositlions may be combined such
gl ycyl - N-met hyl - L- Leucyl - L- val yI - N- et -L-1 egcy -L-a any?- D al anyl - N-net h

Yl - L 15 Ithasehd enulings ighure hasedesitedintiveatihe bvo-isamtepd. JAltepnativelipshe feetiont or mul a
I's Co3H lf,%l}ﬁi'ﬁ%f a%%geo(ﬁéléctibggatﬁw%pﬁq?w @iord®1o 5du9%]th@la8§ﬁeldjr§i]o4diﬁ% iy The term
e ghat | | thHis p

"1 SATx24 Is atra esi o] ven to ar macol ogi ca active
conpoldnd.in Fipespstedmukturee of | SATx247 has been verified primarily through

nucl ear magnet [ esqnan NVR). spectroscopy.. Both the.1H and 13C spectra
Wore:assi gned e CHTEARRRF Bt by BS b AT Rt b e B A b RRRe
ixp_?_[] i rrerih\&lntitamdalﬂm_ Isﬁmaz,iis?mﬁmllylgescﬁb?w t;’ﬂhﬁhr&s@ic@r{mm-lszsst%rﬁ,glz%cl osporin
: e ahsol ute ass n e , -lsomers o was
confir ms3;'@S}ﬁjmé‘?@ﬁbg%ﬁga%woﬁ'%g%’ﬁd(?@%{é%ﬁ@ﬂo i’.N'Iﬂﬁt {ti onal
suppor t i nycerNdaaEE-Wasucpr-DYAISER-hythyTHS BuSPecdldndl-Dadlalyy Si-sethyiai-ch confirmed
t he | ecul flr vve'b%ht and._ by tﬂf inL}rared spectrum . which _was fognd to be
very 'si milpuey-Ngmesylelgleped fometiyll-velil - lseppiricaldomyla ileRypbi@ed™dgi ven the
sim | ari tiyhRetMEEs A KRighV\§F ab6 @R 048I SThe kbieh IEARRURT 8 a@fadE HéigRaRH I N A 'S
illustrated in FIG 1A  The structure includes identification of the 11

ani no aci&vends fhigeharmacglogicalhpictigecampougdc| i ¢ peptide ring of the nolecule.

These 11 am napagithl:6§f UGS 42M8s ﬁe%ﬁ%x‘?ﬁed%ﬁrﬁﬁmﬁél%ﬁd?@a&ﬁﬁ hdig in a

cl ockwi se 30 direction, starting with the amno acid shown ar the top

cent er ofresopancei(NYR)apastrpedepit. i Bote the Hiand “Cespegieariase asgigaed usinggnieries aci d") .
The fjqrst 1 |l SiofNGhaR i d : i The side
chai nioof Otf%gé - a%l%r?gm %r@llogﬁr esl %g%érﬁﬁegtsb%gimp a%ﬂ %g'ltio tclzlﬁelkﬁﬁg‘lé% yRsi nce it is
at this gengmedntd focegclasporinhat Thewbsslyigtabagringent efdbe (Fdasd Fssmicbeef herei n t ake

N T T
supporting evidence was provided by mass spectral analysis, which confirmed the
molecular weight, and by the infrared spectrum, which was found to be very similar to

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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a-carbon, with progressive letters in the G eek al phabet used to | abel
adj acent carbons in a direction down the chain, away fromthe peptide
ring. |In wbaspzser of cyclosporin A, as shown in FIG 1A, rhe/qAd208sbon of
the side chain is bonded to a hydroxyl group, and there is a

t r ans- or iepirbsh, datpreriendichet WedB Grétk atphabd usedaa ldbelngjaoéntich®osiidea chain. 5
Anot her schematlc of the cycl osparin éestructure is drawn |n FIG 113,
where a destioydosmn tb%?}taffbﬁw@fﬁ‘%fﬁéherﬁﬁp Jrg: hadesasef eYrleshediAi 4 a dashed

box. Thi spbiAWAcIeAl ﬂﬂ@?e({aﬁ%n of ABEAE l:l?atnyfs%oh&édtf@a!’l?cﬁ&yl Brdup SnBHRSERt

description, where the refers to the portion of the cyclosporin
A encl oserkrain&ohbﬂe@doubleﬂmdb%smﬁe aambiﬁrcarholuroét}prsmmcdaa a shorthand neans

of di spl ayi ng |on re the s C reacti.o cribed herein 10
oL ok pl acogier Ehe iRt B B S 1§ SR8 P 8 FheEde. i ch
has been diffevedit poﬁlﬂn&‘dfﬂ% rh&lecutbaﬁb\eebntbe&osaa ifrh GashddBhox. Whishfigiire Mﬁemmet )
re-draw t he renai nder of tg1 nol ecul .e eac tlmea{ (;,t|% descri bed.

It will BOMSBURYIRLoDE upadds the opasert dascriptiqn, ¥ Sﬁetthet R etween the a
and (3- cgobiorPfe dyORsSIrME EldRsEl inFhePBox AmEPBlesdr AGhéhcladite pfbﬁﬁleb@en

exaggerated onIy inthis drawing to assist with the definition of the term

"CsA " 15hpihagd meaps ofilisplaying ﬂt%f%lP’éWP%FPF‘F yPBeti eadiops doserdisd RIS anal og i s

cal I eg | %T)f%aalace"(‘péj thé Sidd Mﬁm%tf@ﬁeephriﬁmﬁéﬁ r&sidue! whitiRR)bed@lakn (Or Cis) are
shown in FIGS B, ress)bectlve y. The cis or trans nature of these

st er eoi somiside theﬂ@hed IPQX in REG.d Bhiwigwpthav s tofe-drpw theqempinderoblé bet ween the e
and c- Carl&&@(ﬁﬂ@éacfl lﬁﬁle%' gﬁtl&pgldgscalg%(ﬁl It wi)lf'ﬁe 6%%% tﬁ%Qkﬂgéfnecﬁe %}@ thalé he

peptide ring, as oppose o the ond at t etermna
chai n. Zahéerhéﬁ@denuﬂedxm&;aarbbnabﬁﬂrb s&lb ehan Ghd mbmal Iengmeamillas bﬂee In the

present descripfion.the ter LB G sed ,,erchangeably,
and t he teéf‘gﬁfr‘it‘?‘iﬂ@y ’é‘ﬁg‘ S dgayving tp FTSl%gqgéléa‘;ef H{“8P8E§‘ﬁ§eé1£b "Usage of the
ter ][7315 erythr Q}]s szméhl abobd, @ @artiehlhilly ﬁl@fekle%)bydl&p&'m Mammglmcdnml ISAT;appar ent
confusion in the |teratueW|t to their
Hof f mann a8fdts @ve §tef281501?1?fs ST aéﬁg{of ) 3§§/g1 iqgﬁg% Q%ﬁ?gﬁgrs 8. 25
Di ast er e%ﬁJe@t@JeI}V eflé%md?%hﬁna‘ﬂfre 6BmbRtsteydoeRAl rbigls toMHe @bt giratiod of the
Crotyl boronat es, tg@ Chem, Vol. 46, pp. 1309-1314 (1981)

af

Streitw edsubledaad bptwppn loedbons of the gisls chaims ieo thejogllaid en@f‘éFﬁfé‘{ ry, 2'd
d. (Ma 4 h d J. March,
Ve ch o Al bR ﬁgﬁﬁ%sﬁ%%ﬁoﬁﬂfvﬁ%tﬁe%@“ @%’P%ﬁh%gﬁ%ﬁ pan144 147, "

In tHd few casewowhshpddbhsaditenystércechemical molenghpturs Lo thsl mesemt her ei n t he
conventi O(P 3 Q tl?)Il t}t%kgr%stc\zl}s'ﬂ agﬁ ?é,vﬁ?%e 'ﬁ'ge%tlﬁlt%%ﬁgrtgiegolgsag&i thg\@é}’nﬁ ?ran? £1§ﬁt (@

i soners re ura rs refer
to (R R md)e(usecﬁhtMaﬁgegblyanagasf thAtértmétbryﬁmﬁmdf thadmbmlll lh@lmmd at ure

ConCer 15 i S R R G BD HOURL A B Re00 22
PCT/ CAO2/ 1660 ffmann and H.-J Zei in “Stereoselective synthesis of Alcohols. 8.
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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chain of the 1-am no acid residue may be nunbered starting with the
termnal (0) carbon, and working back toward the peptide ring. In this
syst em t wOIl0SATIS2A7 | soners may be thought of as 1, 3-di ele3/Goeor@ding to
conventional nonenclature in organic chem stry, where each double bond is
i denti f i echabwofithes]-hoisesicidresidiemes be anibered Starfing witinkdweinifial Petcaam.s

il Iustrat%g i n Fl w, be _di.scussed @cfégro ding to enbodi nents

3-8 will
of the pr é‘f&fkl?iﬁggﬁ]ﬁtf’md%%ﬁﬂﬁ% Tingnily i systemghe A Smegs R Rt |y,

wher ei n t ihgugh€ afdsi 1031dieAdtdictdr@iAg totfonPenBaridl hedbrlatsy M H8idiCcHRaidMay are
tailored to achieve the desired ratio of isomers in the m xture.

Al t er nat i Wharg eacksigpile pendiis ideptifieddw 1is lesprst wankereskcartboe enri ched in one of

the two geometyeGahhdRQARwy iusra®Gh REROBLIWA RRAOHscuddal Jé&%nilif?g _
conpositions conbined in a predefined ratio to achieve the desired m xture.

An over vi ewmbpdimeats of Hiermsesert ipwntiaisemaicaidiragymenbeprbprdéddirtdy,of t he
present | I LS gl ven . i Cul IS. 4SS given
o or oupi et eciBeckEn Sbnk B dpdontr SMIEKE HBLRL S BBl BARRAE, 01
Ref er ri ngdesigedat® oBisomemirhibe imixtpat Altempstivela tompusitiong may\b¢ pieppredethet i ons are
shown gen | t .ght-hand.side of th iagram as 15 i ndi cated by
refer enceaq%%kn%%g‘?&ffg%%l}e%gg 5% %e\?\n/acéisg%ergﬁga %ﬁ:?(fsﬁ‘g?n %}apeﬁ?% gn(%ﬁlaanorret allic
reageil s ¢onglositivms dohbirghitin & preflefine sitix toredhiree dd desifagl rhixtRsi ti on states are

shown in the iddl e and_ | eft-hand sides of. the diagram ,Any of the
synthetic pat HubSSRY of g Fypthetc H‘%}‘E"W@C%@g@%&o ‘?Igl?fﬁg??,ts %Jr%h%ﬂ’i%?mnay pr oduce
conposi t i iatshtionis gveadn FIG.GR@hed phdiculiMmnphb SORREN t@olphofhdatpathof t he

pr esent invegti on prqvide a vari ys to_arrive_ at the esired

_ et,g, of wa _
m xture O°CPEmgde hempsiy andsieraopelsctiyitn ReicEng fn F1IG: £4systhetiqRatherys that i ¢

strat egi egiliz6 WeielgQsRM o dr€ kibviBnd Sy & the Gf1RhahdsiBRGL thdFiafh@ 2§y NMTEL i €S and
asymetries of Fl reaction that is comon to_each of the pathways

G 3. A
i s th® prigissted Brredrenge mpumeral 3 mhilgpaihipas 32 apq 33 Bapuiiza orgammmetalic t hj s

exenpl ar YrefsthRAhABRthSURE to"EALIL-RRmbSrell BBy GAYIRNSHAR off shéwn GVi@RL OSPOrin A 34
to acetyl cyclosporin 35. An asymmetry in FIG 3 is the use of acetyl

cycl osporipifdlg aa sidenpltindiagama Any op the synthesic prtvayy mayyieldhe titani um

and |ithiym, orean %%E%% Jtn_it tggrrﬁagﬁaaucsi%xlg%@ﬁﬁm QH}CPmeoné 8o Rfo the

phosphor us contai ni ng reaction ways. [ n gener synt hetic
pat hways &¢m¢s.G. 3 whose reaction conditions may be tuned to 30 produce a

m xt Ui havi n%n{lﬁlﬁmge%ﬁ[ (gf%fiie r}grgstei{}{;',q OJnti(i)nS SiGis al‘JJ:c[n‘iield;ii/ &£ Wapyrg S Qr%% e On taining
reagents as participants in a f“fl gr actton: RelHsreteosti et i ve
pat hways desikel ms@irobdf isomes.galn flexdliléyent sermsilityalflthe dyutheticadtiategias nmenbers of

SERIG TENE e e T R R G
reaction that is common to each of the pathways is the protection of a functional group in
cyclosporin A 34; in this exémplary 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 lithium
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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configurational outcone. A plethora of organonetallic reagents are useful
to the present invention, including those that feature inorganic el enents
such as bwo®/33seti con, titanium lithium and sul fur. CecpasioRotes
enriched in one or the other of a pair of isoners may be prepared from 5 a
si ngl e prenfigwaignabdwte@nzatA plethyra dfbgabouetdbopegints aassefidyo the psepar ed from

different. precursors..ln f the stereosel ective pathways aof FIG 3
(pat hway. RIS et ot Eikidise iplaaic SIBoBGeRcr Yord vl Comips of

| SATx247, litlepe e affuon the reaction conditions that are chosen. In another
of the stereosel ect.i.ve pat hways (pat hvvﬁt different precursors are

3),.t
needed to pr odPEWOSHED Fricheddn apg orihrg B%B%IF? 1§pyaers 1y prarepaetioBns of

FIG 35 W} {indoWehfsdli Arungedy,ithe SRlBhbesitonk %ﬁ‘bé@f& hRRatolSaif@eRon  to each
of the pathways is t’heﬁﬁrotectlor_] of the al cohol atp the (3-position of the
si de chai pre@sors: Hg one efifiggergeselpctivesiathyays «ifdl. H(athoray 82), eninglehene addr esses

a probl erﬁ?r@éﬁ"ﬂ?@ﬂ:’a&s to%@ﬁ%me%q7Mrsqgg%mx§4ﬁﬁ@ﬁelﬂgﬁ on i¥1EEGoR 1 1St
a y modifié a

function roup Is inadvertent d by réaction intended for a
second ( s¢anflitigns that@troshobae dn prather of ha steicoseddctive palipvdys Cpathvary B3), &g ewher e on

the ol ec&i%t@re?t}geé:ﬁgs?%ﬁaﬁeﬁ%eﬁéeﬂg gz&ﬂgé@acﬁ Qlet%'nf: iarl;l%c&leé y&ﬁﬂdsﬁigﬂg .group is reacted

with a protec Ired reactron 1s carried out on the second
functl®nal gr dibpreactord of REG.(3rwilleotvi beglisgusseduinidstail h Anreaction e isfcoomob he fi r st

functional group. Protecti [ Oups .are |1 _known in organic synthesis,
and have tﬁgg“ﬁ‘ #ﬁ?&?@@&s ﬁﬁﬁegﬂr.gﬁcu‘glaﬂ@l?ﬁl%ﬁo@ﬁ’ﬁgbéf’osgfon"’fﬁ@ Slgf“‘(ﬁﬁ 201 on of
Al cohol s, the @famﬁmCMéi&@atSu@maFfo@écﬁsﬁ §cREm@EN IR QR révlerPeaimbily Sy nt hesi s
(Sheffield Acadenic Press, Shetfield, England, 1999 4- 25. Hanson

.. pp. 24"
t eaches hERPHNPrestigoaganiciRyRhests Whesie 3 s Trtionsh gropp iSri)gaclV%g‘?ﬂﬂwoé}ftEHéy esters

or et hergeadeh iRl 8@ sScodll EiRRANARNRT dBRicAD $inclisSd YRAD lotaidged type of
chem stry for protecti ngg g¥droxyl roups. There are a w de range of
@diq

condi 1 ondserigte opdlie Belegide dle erryiont be scheme Hie firgidnciivaal graypgs reqtiekse reagent s
Pyt i me B B B o e Ao AR ikl Y o
acet at e; andéhd potgetingdroues than rangivedfrem ghesfustfondtiona@iralip- acet yl chl ori de,
oy g and, BUAE e 3MEp 0L SO0, BT Sk SALAL P AL A Galal et bocavso
anhydr i del.R.|Hansonein €libpteli 2y&iihe Biotertien qirAdsuhiols,” afvientubbention eozé@ingl cohol  of
Yo" by Ty S0 SRS B PSRRI D 205
acetyl cyzd. ahpedniteachesImw torpratend hidroxyd gloagd iypsvhyertiiethed-to aitlen baddrs oinder goes a
nucl co0h Ll S 2Bt o sceL i, AL e, Lont o atelul Eyclospr i & o
WO 03/ 03 351oxetbipd02hérd 2 wide range of conditions that may be used to introduce the
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. DMAP 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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di met hyl am nopyri di ne (DVAP) where an excess of acetic anhydride acts as
the solvent. In these cases the prefix "acetyl" may be used in the
nonencl atwoesnsaseughout the synthetic pathway, or until Po&/@®e01460group
is removed. For exanple, the last internediate in one pathway having an
acetyl grdimpthgtantitopyrid@ne @NMAR) ivhere ah bxavdss ofl @@ty lanlfyd)idd aQs ek theielvenb IAl t hough

the preparation gf acetyl cyclosporin Ais well established i .he

't ef at o ibese ofges fepfeifi hepsf Brad TR Btp il MeinBodTlasm ettt B sifetie b

prot ect i Ngatigrayu@andl the bedtyl gfoupdeiedio@ed. ot fampia yhelisst ig@thetiate 6icCt t he
(3-al cohol of the 1l-am no acid residue of cyclosporin A 34. These

pr ot ect i ngptyraydiBEingayagehd eioua abibp Pratben ssplléds acetiiddiliidiees benzoat e esters,

etherss  and siingghd BfeParatilliGifacGSl &ydlokhofiR ACE RN e&RIhid AR litbARrACEt at e
protecting group IS prone to 10 undeSirable side reactions such as

el i m nat i Gilhbriephsedietsdibyiteose skiledineanzohateoraetias groups pbertharesetatsi |yl et her s
are often,gmr r?eq; el (Ef%ﬁ&rot%& i u[g-glcgﬁoq %{ 8 2GR i d fG8he (t>II["c§/t§lt%spso%% jfaction
conditions, 1t 1S often advantageous 10 enpl oy such protecti‘ng groups in

pl ace of Heestpbrcting@rolm apgrindluderbeayate@sipn) substiteted baizoame sstaklietierdhave been

protected hy.an _acetyl, group or _.an t her, protecting. group.are referred to
5% pr ot SRR Lo AT ScriRR fmdBlon. the i e AL B S AL HFO Bt ¢ | 1 t he
exenpl@r yudadivi gide edaetisreGudttasailion@itivh idhyaesdl, ISate bpizhe elted; dikks

1, 3-di ene” iqstead of ” acetlyl -§E -1, 3-di,ene. " The nature of the chosen

pr ot ect i nPdgHB RIS OHieROTE Aot S [ReHElsiieraientyrt BasTBEF S8 f ur t her
steps in ddngitibR2aL] FRn:aMHHRREaR to RAPIBY Edcﬁ(jl)r&t&tiﬁg@fouﬁs in3fRkBF adeited. osporin A
35 has in_this exenplary pathway a protected (3-al cohol, and this conpound
serves asC¥lospeiinersgslosnerin deravagiyes wadh kavebeon grotsctedby anpcpiybgraumoniany sever al

of the sy, ol e DLEA 100« K . Q) 3 Whilalo; IseUssed
first. Syﬁ?ﬁ?g?tgctlgg%ﬁgtxﬁrrggﬁg% {0'% ﬁeﬁ?%)wegg}é&@?ﬁﬁx' mge%sg’%%%?’ﬁ%%? via the

-

-1 soners of
W ttilP Reiaterhethate inthe ¢xgmpleay patbwiaygfonediosabeveerpilil be ealled proteated(B)-i dent i fi ed
by the refer UNESr@ 1y Nalf » 0 r r h the

brom ne i{iggr&ﬁgﬁfgte altccé%e;t}? -%I?[’l%@eg?'o?rfohg?/{%ﬁ%s%gﬂel %Og%?&gﬁgr ggg&h thod 2
utili zes minehae et influenceloo shpatesinedoatse ehfpdber StEpas the reg¢tamtsequgngesi nt . The
exenpl ary net .de bed | ow uti.li a Wittig reactign tq introduce
o Al kene 1 ande S PEICur e elottorn G5 1B M blselahPRS e R ot one.
The Wt t i @oteetad piatvobolysadhik Bothpeing xa@ngl ad b yreetoodonhe kpnthbsBolf Tsvegd24verein to
synthesi ze m xtures of the (E) -and (Z2)-isonmers of |SATx247 y optionally
be cadlli RO in SSYPHAl L fh«?éygfi%%cemﬁwﬁ- Witfig feﬁ?tmmﬁmaa%wﬁﬁf‘é{%@ggnce of
l'ithium hgki des in Wttig reactions is well known to have an effect on the
ratio of geaonetrical isonmers produced and, therefore, the addition of such
a conpounniigss af mixfuse 0f, E) and (£)4508 j [SA tighd (2) -

i somers of | SA¥; zacti% p ; Eedlpﬁ@ gfeﬁﬁﬁe@lq)y the reference numeral

31 in FIG. 3. Method 1 proceeds through the bromine intermediate acetyl-n-

alafi L) A

£a

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 ISA1x247 may optionally be carried out

30 in the 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 (Z)-

isomers of ISA1x247.
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Method 1 In one enbodi ment of the present invention, a mxture of (E) and
(2)-isonmers of | SATx247 is prepared as shown in FIG 4. The use of the
wavy- | i neworogfsiEgsent ation in FIG 4 (see especially conpeemdsod8iand 44)
is neant to denote that the exenplary reaction 5 sequence produces a

m xture oMefief land (Z)-isoners. In one enbodi ment the percentage ratio of

the (E) to (2) |so r ed ran esfroma ercent of the
(E)- isomer toIIl 36‘9‘?“3 }i B@F%% Vel?)’fontah@?f féEgﬁ%&ZC} etr% se ranges
are only IsmmWasrprepam&hs shewyinQliGes. Tiengesf e eapplinddatpresdnbitiog elilpl e, t he

m xture contal from ab to 85  percent ht of .t he

(B 1 sonel banmsnuliconougs 1 mbFoarines <[hasit oyt fé s¥arlapacistrbr 10
enbodi 3re ndeGuenk b frotiicst 4hExtGRIE BB 1Hd ADAEmeES h@nd énp&ﬁlﬁaﬁtth rovataght of the
(E)-i soner .an 75 to 25 percent by weight of the (Z)-isoner; about
35 to 65 BEP eg FB é@ﬂmﬁ%&rowg d ranggs. ff%ﬁ‘%’Pg Whie %mstsene thedExs percent by
wei ght ofjséh& 16 Zl)o‘ut SR 0 pertBEt TRRYY) ﬁémEPbé@hes@@Jn@@Hre By WRdneMry Ofndt he
(E)-isonmer and about 55 to 45 ercent of 'the (Z)-iIsomer. In Stll?, anot her
enbodi nen®an giker ragprere Bosgibler Jgéexa@p% them@@am%tam Bogysbeti L8 émdY i ses
about 15 I ) fois:Tg t to 55
per cent b@(\:/%?b e@?o}‘(ﬁﬁ%%ﬂ(’%gﬂ?ﬂg@ﬁ&&ftSEEbgles(p%creiétha @q%@p%oﬁ%q)are based
on thi)t mrwodm%thembcmmomam@bw 2oto, 75 peragni Uty wight olﬁéletiﬁﬁepmmd that the
sum of th i 100
weiont persthi s BELRERY wBlupt SYind (i RRE a5 «f B pirtehe bW ork

wei ght o(ﬂE)udmme(ﬁ)dabwrﬁérto aﬁﬂer%ltbyeweghttofm;e (\Zklsgh]br aehd albrmt@it)o SSSomer or
vice versa, 2 na e side
cha - of wsP Ao 0RO B ¢ Pkt and wpg S5 L PRF a2y gl Pt et 1
t he next st ﬁﬁbddhﬁentemﬂsomdm ned s ISgrx24caixyire aphidhadpptises aboud5 Wit h

N- bro susci fmde a ?}31 ?obutS Xr'I nreas Ivgl(pgg9 ach as

car bo ‘f 82‘8@8‘&9% ywmgéa i’%@g)’tl??@q ﬁ’é 0&? Q‘E:ré‘?%; F%ﬁﬁ%ycl osporin
A 41. N (7)-945B%E CTHeky ﬂ&&ﬂtag& 24 v(réiglﬁ @fbtbakédlail theStof (veightisare Eonposib@ce
allylic hydrogens with rom ne, it is believed to do so via a free

radi cal n@éléﬁfa‘ml%unfhﬁﬁoqﬁrféﬁéheaﬁ%ﬁ tbq Wﬁlﬁ%t peferRte thsdExisemananddlee @ sent i al | y

descri bedighyer 100 Sc@R A1 othir I £ izt BRSNS bt
NBL abol | Lo L L) e B e i erﬁ%ﬁ qjerce?@;ﬁ)@gzasg 2691

(1992). wféhﬁmomem@r roaRibytaiglt eh e @dmmrmetyﬁt% de of acetyl
cyclogporin A Oun?&éﬁ%ﬁfﬁ% Fn%%idlé'c ﬁn%f%qca)f&h(féo‘?@“ n A 4l by

heati ng the Iatter co hosp Ine 1n a solvent such as
t ol uene. r%’héuaﬁ\aeétylrayclespmdlﬁans@rodaﬁnatemhi tbet Iimat geyl ofidhe fencticarby refodimenpl at ed to

LS ARHITE T ENER TN AT KRR IE N T

such as carbon tetrachloride, producing the intermediate acetyl-n-bromocyclosporin A 41.

N-bromosuccinimide is a reagent that is often used to replace allylic hydrogens with
25  bromine, 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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conjugated diene systemin the 1-am no acid residue. For exanple, in
addition to triphenyl phosphine, conpounds such as triaryl phosphi nes,
triarkyl phosplsises, aryl al kyl phosphi nes, and triaryl ar si Re3/mag/olfeor eact ed
with acetyl-r)-bronmocycl osporin A 41 to prepare other activated conpounds
simlar tconjdgatedbdiBef Stteinigthadaintiné scidtesidud, Fa eramglelieaddfitiddte (E) and
(Z)-isoners of acetyl-1,3-diene 43, be .prepared. by. stirring the

tri phenyltﬂaﬁgﬂﬁg‘?ﬁ’ LOBRPHS Whéﬁma%fqglg?@lg?p%%'qgho%ﬁ?e% th an excess of
f or mal deRyAfi)1PhdsPhitey) Sndttiary RESRACL BRI BE Aabied withQbtpM -Bbnadslélbspern af  t he

f or mal dehyde,” a base such aS sodi um hydroxi de is added dropw se, and the

i someric lrwmemreother@nt@ﬁe%cqn@oem&sanﬁfédoﬁ-th ethyl acetate. 10 Nunerous

or ganizc chem . esSGLi V 11406 i NRE_g: cription
T part i cul ar T EhRAGS AR RHEE oF IR (Y () I ERGk bE et T3 10

( Br ooks/ @3Ingy Hegrépared b@astviag tHROGMenylphospi@tuz @®mide affacetybeyclosparingh may be
used to %‘2%’1 re;[ exg‘esk%% f())?rg 18y &0 in%glﬁlgnheycﬁoorh?teﬁigel%lulf‘e.r}%ﬂol}vﬁ{gsag&ilam? process, a
phosphorus$ 'y | Fe AT o' LAt T ed a phosphorane, “nmay Be reacted Wth the

al dehyde the fokildehyde,a tgbasclaastiopmbreltydiaxiderisradiied timpi e cald ltedisandyit ai ne.

Typical ly the betaine internedi i s not isolated; rather, it

spont anedl% eo@%ﬁﬁ@é‘ﬁ%&e{dﬂlﬂhegﬁﬁﬁceﬁ%tﬁr-rrenbered ring to yield an al kene
andbtltoi Iohenyl Nhﬁ&?iﬂs@?aﬁ?{éh:ﬁl@nistrﬁf&ﬁtbﬁﬁis deasibl the}\imtﬁg 1r§ecpioacament hof t he

car bonyl oxygen atom e R2C= group origi na on o the

phosphor fles r%flowqﬂaﬂﬁgyaéﬁﬁ%’%gg’gg' M?%ﬁ%s@ggﬂﬁcd’é’ﬂmf’%’%' art that a wide
vari ety QqBrdoR¥USR! BacifRYGrowé) 2@@)),'5:15&3 $80-788. exl Wi rbdi€ioexeypé adell tddnlvery
reaction reagents cited above. For exanple, numnerous alky

|, |,
al dehyde, kgire ReabHdelydeiosasikens el sheh apmpess pRbawpheys videy Plﬁ%f—ﬁ%ﬁ?de to

prepare gnyahbralt S bebackd WiIROLIlhyHE 5 ReRInk Y8 Sive ABRbIaE Airdedia¥e carried
out the above syntheésis with fornmal déhyde, and 1 n Cgl ace of formal dehyde,

conpodndsabgtchbetaine. aEpically e peieine duiermedistecis notdsalaed el snoeapetvalyed
acet al def@égoqnpo%ésc&a{o%gﬂ ggd;&.gdeﬂl%@éﬁ fing fyiPRRA ta%@%ﬁw&g@%&mw&ﬂ@yde-

Such Wttig reactio e carried out w conpoun er than

t ri phenylPlospleont is awepdacementt o the carbomil oxvgen eioar ¥yl thée Bsfrh ieap originally

trial kyl ghg i.nes | kyl phosphi nes and triarylarsines. |nstead of

usi ng soajl%a%&qﬁ& r%lfgﬂé’é%ugvari ous ot her bases such as sodi um car bonat e,
but yl I'i t hi um Iheithyelaippietistag by thosh ditiedin the artlthat hiwide arpiyef edgddsosy such as

l'ithiumdiisopr anm de nd.al kal i etal 30 .al koxides ma e used. In
ndd (0on s Ris R Sam i s esoE el v R o FRoct eq i n

vari ous GlugRfiue ak@l, uBMtatdehyde dndtkietons c@hpduh@ambrbsabstituted fand water, in the
presence of rious salts, particularly Iithium.halide d at varying

t enper at LfP’é%aT{&RV ¢ 9fPrenafed e Bier ‘?f?%‘fléﬁ’oﬂﬁ FevatEs: ﬁ@g@@ﬁ@ VP $E%e] ect ed
by one ofoupitdiaBavelsyhtkbdid withfolhgdéyte, afd hapige b fOMRad3IyRA3 3 RiboiidE/s(A02/ 01560

as acetaldehyde, deuterated formaldehyde, deuterated acetaldehyde, 2-chlorobenzaldehyde,

25  benzaldehyde, and butyraldehyde. 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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the desired effect on the stereochem stry of the fornmed double bond; i.e.,
the desired effect on the ratio of the cis to trans-isoners. In a final
step of tWDI3s3asthesi s, the protecting group on the 13-carbaorcAog/orsooved
using the follow ng procedure. The m xture of acetyl-(E)-1,3-diene and.
acetyl - (Zhe QE;SBed ffeti emthe 4@repshediigyaifiedoimedriptiblabaid; i.anthetdnsrdwifear is
added. A bat [ 48, {r%%sllsgnrlnrcar bonate is added, and the reaction
mxture stirTre § hte&g enper atire. Bases ot her t han pot assi um car bonat e

that may be usge finfiGley@e O ntheid) VIt 9%t cling pidgiod MCBEABARIs@emREI UM
al koxi de, and potassi um al koxi de., Ethyl acetate is then used to extract the

final pr d’éﬁ’étthe fellRvine grasedures) Therpixfurg of. agefirpvEd-1grdipnsapd agetylf4)-180 Met hod 2
I'n an sal tcﬁéﬂa&?,llé/ﬁssroﬁfé&iﬂ AL, W@ heh Wated YWHIRES | ZHARE s@ch@s’ﬁ%ﬁ%s@un?f (E) and
(Z2)-isonmers of |SATx247 via a Wttig reaction strategy, our step

synt het | c2pantnésadded; ankthe rartinpaaixtuge stirsid labieem tampesatatee Baesrvthst thane

(3-al coh i C A

pr oducedqi‘oﬁagﬁﬁ?ﬁe b??%t é;ftﬂgtsr%ag l?e)uggd;;irn g%&%g&gﬁﬁ g}f(%%%& %d\%? C&K%a?es Q(%l!#lgact i on;
and 15 4)plleaidgcandyiotasiion alspxidheEtyt acbigteriethen isr tqombxdutdhe final pmqluctval ently,
hydr ol ysi rieve the alcohol. This reaction
sequence n?sR'ifr +(J|}% glgdf(g ngerg%ggﬁxg%‘?{s synthetic pathway begins in a
mannei0 siNMethad 2t 0 t he thlg reaction pathway of FIG 4 in that the first

step protects.the | coh ate este r . The.two pat hways
differ from h&t& %}%’ E’t‘m pl"‘tﬁ?wf‘?ﬁgclr Y"ﬁ CShue? rglf@ﬁeg%&éﬁﬁ%&glsfm@@nverts
acet yl Z(bfwxllxas’pﬂalaWﬁg%adtl@n stfatégy(le Fysel step A@eHet pANCAPSROBE dnfloylddehyde
51. This rgoe}ctl on uses, an_ _oxi di zi ng agent suffi CI entl¥ strong to cl eave a

C=C bond 2 &Jsmsatideotedfion f thg Mealgoliol, A maprthodcl, dheradpdion tbﬁévmylr nthe art.
Qzone i s pabHRRA A HEdEEE from MBI epHs Pehat A £cRoad 3) &kxﬁt?l q&%tl§1?%9@nt but

ot her oxi di zing reagents such as potassiump erman%anate osm um
t et r dRi dé) derAcetdefian of thabli étlg)@ﬁ@w@lpé@dua@er egevalehily, hpdrolpsie ofithe agdtate ut heni um
based oxi.giZi,N&39EN sen et al. in"A
Geatly Ierrpr oved Pr o%%&%?g or ‘?l%ﬁ&fp%hrug{;r(#e egg(lt} fyzed Oxi dati ons of
Or gani ¢ Conpodth@sytithelic pahgyay @mms 1:;1 a‘mﬂnnewﬁmlaﬂm thd WittjpreB7i86 p@EBSy ¢£1981) .
Carl sen S ense of eni um net al
pr ovi ded%&cr‘{a%lﬁlc ar@%vfgrs gfpp’f?{%ﬁs%E@ea\(i%ob}%w{‘h%’facﬁ e Pt gré’“%rﬁll@ Qres, the
nost  popphthwaps difter din e dn,pmmle@aam&h@ the3Rx I RPQRE Metod e oaterS h@dt@hi omet ri c

i hese i.nyestigators fou alytic activity during

d | f t
f )F<1Ie %@urfi@ clgiporp & éaeﬁ@%ﬁxﬁm@ @C@ Osfﬁglé Cﬁ ¢ o ellyf r5aeHRPLA™ whi ch

they poskididdgsbehituliRicdiie sttdhgtidSle e BATForlo FRORDN iR gREhtd SATKIRL
addition of nitriles to the reaction mxture, especially acetonitrile, was

found to clep¥Age A oy the atia PEens 1k Bethapsdhemest Q@nwlwyﬁ@:@sbw b/ CA02/ 01560

cleavage reagent, but other oxidizing reagents such as potassium permanganate (KMnO,) 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 ef
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 ef 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 ruthenium 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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extent of the oxidative cleavage of al kenes in a CCl4/H20/104 System
According to one enbodi nent of the present invention, acetyl cyclosporin A
al dehyde W0 op@y3spe produced from acetyl cyclosporin A 35 IpgTdiAz0I36DNg it

in a mxture of acetonitrile and water, and then adding first sodium

peri odat extntlof theoxidaiivh elaavape ofdllemedm aSCCly/EH, @M@, syktean.al dehyde 51 may be
extracted with ethyl acetate.. |t should be noted t the synthesis of the
al dehyde 51 b9%%Q§“g6&?‘§£ﬂtﬁ981“teP%%"3§%@e%ﬁPF %@é‘?n’iagg?'alﬁﬁ%{g’ﬁ%?ﬁ?‘%o many of the
st er eos elagdshiydes DA AR edutal Bém d&aﬂ@&@%o‘ﬁﬁ A5, byalsdo kg SEig ueiikiuye éthe reader
is referred .chk o this Eect'on cco&, ingl_%/ Thg third step of nmethod 2

i nvol ves *COHRWETE ARGV HiFe ) @mffaeg irstspdingm periedgpegnd thepgythenpmghloridy) - di enes
vi a asW tHylifitd. edfetal dRydeisn nfy b Bkt Rted AN aletatd. NREhdala BE{RAGNa theAS 1N

met hod 1, a phosphorus ylide adds to the "al dehyde to yield a betaine

(whi ch i $ypibesis afghenlébyde 4 Wrihisiexidaivecleagags) sirateginis impastapbiogeany|of By gen at om
of the algdebydecis paﬁahﬁqsge Bcdsa el afll AiBequelf %&%%Aex idefded to
phosphorus. Again, "such Wttig reactions may be carried out wt

phosphor backiorihigisenting acsordp@linds ot her than tri phenyl phosphoni um
derivati ves, . rj l. i . i i ,
aryl al kyl phosgﬁ?n%é@%gkg)f{nf |h§§3z/llr§{a§1%ggésn%%? g%r@é@‘iﬁigﬁgg{r‘gﬁﬁﬁéﬁé@ and using
a varlilet ynd{Z)ohgies vis el Wittigomact@mndn 8 eimitan fashion td thet ofidaitoddn Asfin wethodus

i nor gani may_.b d.to fluence, the.stereochen.stry. of..the newy

f or ned dgﬂgﬁé‘gsf’%%rﬁédlyh %H%’ﬁ(é i r?iladog?'&r?eﬂty l,eFda%%eg%}'i’e @ffléc?‘di’ﬁ@ﬁ(’iﬂ%)’a‘?’lggﬁ?de 51 is
di ssol veadet wsitlothatethecarbonyl o gsnutah of ge alddiydle ds doplacedbydhe REC-s@dipum hydr oxi de
inwater. Allyl._ triphenyl phosphonium. hrom de.52 is then, added, and the
reaction °§1§inraﬁ%13°1?‘d8$Qé’@‘@??ﬁe%%ﬁ?ﬁ‘b%?lgtr%uwm de ca‘i‘ﬁeaf’ﬁtr‘@ﬂbf acetyl

(E) and (Bpsphords din@tiigifg Sanpouned otRE tenttFigiehy@Rosphdniunh @%anRavanNglcREs et hyl

acet ate, whe the term "workup” is intended to_nean the process of

ext ract i ﬁ’@aréifﬁg?s@hme?’ SHlginbasphines.arylalkylphesahiaesand frirylarsipescalvasioss r eact ant s,

product s terfdrieRt, an8tising Zeariely oF bhdid Mlutfng PndPdolveRls BPHhe 2ddifbibt BkiokL t he
final step of nethod 1, the acetate ester group protecting the al cohol at

t he (3- carBsmiepHds mayhe pssd feinfyeage fetskrrgoshenaisiniueh teereydn farmed dgubld di ng a

m xture @4 E) and (Z) isomers of | SATx247 54. Bases other than potassium
carbonate that may be used to renove the protecting group include sodium
hydr oxi de, sbd@llﬁrﬂnd@ﬂlb@nhﬂ@tywwd@ﬂwml&m@dﬂ%hm@,51a$1dllst§9d)‘{eésst<11nmaltkoxi de. 30
Synt hgsi . i, fp 1 0. el o) I and
- oy e ARG i R PRl B W DI Bl 57,
present ibmmaide 525, thetaddalhawl the taavtonsyintd o isome {has. \Waylsiprdyhegmpduoty t he use

I?’fCTI/ ?;z{)g%g%@%ﬁg‘%g% (%) gn%Qk?—'lB [d?glese g? Hl%g'ltvess & gc@io%%vi%i hleixa(l:ncc)a%hd/or2 elch)\lll\o 03/ 033527
acetate, where the term “workup” is intended to mean the process of extracting and/or
isolating reaction products from a mixture of reactants, products, solvent, etc.
25 In a final step of method 2, similar to the final step of method 1, the acetate ester
group protectipg the alcohol at the B-carbon position is removed with potassium carbonate,
yielding a mixture of (E) and (Z) isomers of ISA1x247 54. Bases other than potassium
carbonate that may be used to remove the protecting group include sodium hydroxide,

sodium carbonate, sodium alkoxide, and potassium alkoxide.

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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boron, titanium sulfur, phosphorus, and/or lithium These pathways may
proceed through a six-nenbered ring transition state where one of the
menbers oWoOtoh®33aseng is the inorganic elenment fromthe orgamanw/alicoc
reagent. In sone enbodinments, steric hindrance effects related to the
transiti dorast dtaeivrgyulfunfpghosphoms,tahé oslithivao CTiess mﬂiwaymtrmpmsmcaa‘d thivegh 2act i on.
5 Two exe Iarﬁerte(is]ereosel ective scherre Wi || |scusse i.n the present

di scl osu rS Eng frausition state WEEq eof the né%‘?'h? Netiedt s oL Shown as

Pat hway 2Zndht frbss the3drgamdmeillciré4panic Qﬂh@nmmmﬁaﬁwm@b maateﬁ@cuf&ctan
elimnation reaction to produce eit her t he E Qr é,m ig dependi ng on
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in FIG 3),
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(E) Tér msoladmenetied 4 sleosbBivnas Bithway 33 in FIG. 3), each of the isomers is produced
(E)-1-Trigret hylsilyl -1-Propenex3- Bor onat etr hedr on tters, Vol . 22,
No, 29, i & B isiendpissinaro S )i Bnee s B p JUPE B TRIEPES 6. i n
general , coh@insypihieanddtatdswikryR3he®)-NogRAls ipRgiuded thiotgt hlithiint ydradihiyg bor onat e
ester rea%gnt 62 and then treating acetyl cyclosporin A aldehyde 51 with
62 to for %n?d??rl met hyl silyl al cohol 64. This alcohol is believed to
formvi aMetlngagn containing transition state 63. As the boronate esters are

slowreacting in allylboration reactions, it wll be appreciated by those
skil1l&d in t hdhigrhathweyprocerds yiadhgpgeetyl C}F%P@?n‘?*é@@ﬁdﬁélborane reagent such

as E-"-trinet Wélﬁﬁl!lﬂ%%@ib@ﬁ%ﬁl@ﬁﬁ%@n Bfscisddbn %ene?@b y D.J.S. Tsai and D.S.
trinethylsilylallyl)-9-BBN has advantages. The (3-trimethylsilyl alcohol 64

may then M@tt@@@rtyoAa tpgewnseltedSlyathpsinef ( ghaltddEM@'pwéDmeaer@r?@awln this case
ei t her “tE ﬂgﬁshlgf 1§>¥bgened -%B{%thZ » T hﬁ%&%t@i Yherahkene 0l | ons one

of two dIS |nct I ng on Whet el i m nation ’réaction (the
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(2) - i sonmex aldéliydedSi Iw1th62 acpfmﬁ ai ﬁaﬁm&ﬂb&sﬂymmol 6K i Thiisededhnl i beiexed tot hat by

using thi nt i C athwa either |s r .may be prepared from. the sane
precurs orfs m’l’i{u aB’PB‘H‘Lf@g tagn F}tlglF FRe rqgt %nﬁ“erbéé%f"ie(?ﬁgﬁé‘%pﬁl‘?‘% 2B mosi ti on
22 WO 03/038rafiofehbie® 3 WiliR Gippreciated by those skilled in the art that the use of a

faster-reacting borane reagent such as E-O-trimethylsilyl diethylborane or 9-(E-O-

25  trimethylsilylally])-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, depeﬂding 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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enriched in one of the two isoners. In one enbodi ment, enriched neans that
the conposition contains greater than or equal to about 75 percent by

wei ght ofwensissseer. In  other enbodi nents, the enriched eompgogRNisn ny
conprise 80, 85, and 90 percent by weight of one of the isoners. The
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into y-Lact one$§®*23 lonsﬂ}ﬁe[&élg"ﬁ g &b‘i}"é?ed niéﬁtal?l%glmllﬁg Wi thes004- 5011
(1930) |p[“bpﬁﬁﬂtlbil 6ﬂﬂh&boroh—h@r&ﬁnin@¥&§&ﬂt@§t Ar generhBAFdtiddR6n Beﬁl@h&m s'ﬁfcween t he
(trlneth i H%t% 3¥ ani on and an al dehyde. The ani on d%l é)repare

depr oton %1%/ § Fmthesis ohsarkanrcarhon hrrd foging seaciiensihanbeemdisqussed biaBy dr of ur an
at - 76C Glh@RhAD NioSAUINRIREA 1Plurlielis AN i @hl&%!hgﬂﬁg AR R AEDA . 15

The deprotonati on of 'yl trimethyl ane (t in FIG
6) hd8 beenil Adios Egmseldnttfqr the CﬁlveBl@ldMﬁdﬁhydﬁBdnd KeBnesDume,pLacmnesoerryl ic and

Benzylic n t 0 api c Reactions, Vol.
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anount Wwat hﬁ‘tcheomg)ue@luwlbnbsft@ﬁéraétﬁg,tlaﬂylbﬁbdﬁ%h{% (TMMEMAYL D tetrahydrofuran
(THFé5 The te erature is usually maintalned below OC (often bel ow -76C)

wher et he n- bE S/ fqpretenaging ﬁ%lygﬂ%wlﬁ%@ét(ﬁhiﬁl stap igrpe shoywt inFIGpR|basrbeenc nat ur e.
Addi tion dféf:us@ed:lﬁﬁ‘j 2t BRAmAGEA ISHCHu@$ ik A\il}mmah‘d Belt)z‘?rflf‘| @gﬁ)%ﬁ%ﬁse thyl enedi am ne

(TMEDA) causes the polyner to dissociate. "However reaction can al so
be done StbstBHeA @’éﬁﬁéﬁoﬁf’@ﬁse OrgapémReagtionseV alod e (W deyo NeWNEDA, 1982) byd. si | anes

are easi lpriRRGhERANE HliBAGH SF sltiiuRR LA i !tk BhaP BERRANESwleR o R0 || 20

not only through conjugation vvlt the a dou T%s0 by the
nei ghbor P agst yi laggeoiagicty Wﬁ@chﬁg@tﬁ armglvanlelzl@,twm fethap$ mbutyﬂmllnumemmighr ough

eith i regi oche and st er eochem cal
out cgdrjre ?)l% n&%feg(gﬁ@@gcrt?ﬁmkﬁﬁ%%m éél’:] S on hlglcen\l/leet?ia ZPTP %I?Wdﬁl he 8%18’08’?5 fone nost
i mpor t anbe wetalgitddah solstldertmlth tdtfadiyldtqfuralri (it}ﬂé Thelteipeiatiie is Se&llly heintgih&C ussi on

o B B EPS B S P BT R8P
r eact i onp«slgmemnamxheAdeipomwmmreadnmgem sich &1€,N,WER’>-under goes an
el ectr Opp Itrlarlngthyl%%y}{:\%)ecggn/ﬁgg W&Dgge{ugep\sot é gojlgrggr to dissociate. However, the
25  reaction can also be done at room pemperature, even in the absence of TMEDA.
Allylsilanes are easily deprotonated because the anion that is generated is stabilized
not only through conjugation with the adjacent double bond, but also by the neighboring
silyl group. The anion may react with electrophiles through either its 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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capture by trinethylborate to produce an internediate, which, when reacted
with pinacol, vyields the trans-(trinethylsilyl) boronate conpound 62. The
bor onat e W0 ogmy3sat so be called an "allyl borane” (allyl boromats®2estser) .
Alternatively, if 9-nmethoxy-9-dial kylborane is used in the electrophilic
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b trifl t h
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structures are osmbeaklﬁﬁ rE FEI?SI'[IOI’] For gﬁ if the
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Struct ur gisgferedBomo) wikile COaIyHdRNE: @ve%h@ﬂﬁdnﬂh;ﬁ@hdsfh@émdoﬁef ugles two oxygen

atons. Substitutions on the baoronate 20 or. borane r | oyed in 62
will be SrauR#y reastiomel a (Fyallyfpoanep2gath qyslowenb%%lﬁee*yge Sl shatp Phat ¢ he

st er eoselpgStd, Wnkd thdBdroh fidmBiigy 68l idl Brnicdagiet SitEng thYAkih® e ATy | bor anes
with al dehydes may be due to the six-nmenbered ring chair-like transition

st at el Sex eplptiorf foed Perjod Hfsctserl davsi nt er medi ate 63, and depicted in FIG 6.
Only the two ﬁ@fegon n%ems% thd WoréH ﬂemaﬁaté bR ErIcas o e ® flRaXygeN

whi ch are dou ed) 25 becone nmenbers of the six-nmenbered ring
transiti dmtanshmmbenref mmre@farqm)@sfdp dicthy beron positégnd Fopexampleiffherg. The CsA

portion %f ro%qﬁg r@ag r&q&l {rﬂﬂéls(ﬁ l%ﬁﬁ%?roﬁ%)ésty rtl{%%trﬁc': e am&ﬁ&d ring is

postulate oeX| in an orital rather than axial position relative to
the ri ngoxbpnmfemtembeﬂedwmgthatmnlhdegmwabxxgan wouisd Sgbsvleltnonss@l thobernfiade or abl e

sterig hindrance tvventh %stlt n %u en atom of the
al | yIQECS)or She* B8y e %Yed 0" %2 W@ “3bp rﬁe%cllE E?Q Cb e?}ﬁ%%e skilled in the art
t hat the posi lilanbah ptohmlaﬁidhzm% t}grstetqosa‘lemty thet is @cmwmﬂum;eh@whg/l ) aI |l yl anion
is shown  oc an e torial position i.n FIG pcause. exanpl e
started WP Vl{%ﬂ{}?@)‘mﬁ %ﬁéﬁé@% B@f f’et ‘#@Q%!flﬁeﬁxﬁlg?g eée Zﬂmﬁa Pvely, the
Si Me3  grangticohe chayifle 69 tdnhaiwn imtemadiafxd3ahnddepictdddn FIG 6t lomlysthar t i ng
al |l yl borane had been the { } ddl astereoner., 24
two carbonyl atoms of the aldehyde (the carbon and the oxygen which are double bonded)
25 become members of the six-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 SiMes; 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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WO 03/ 033527 PCT/ CA02/ 01560 Alternatively, it is contenplated to prepare
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i ene 65, ile e ot her pathway | eads to the di 7. Under acidic
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25 may follow one of two distinct mechanistic pathways depending on whether the reaction is

25 -carried out under acidic or basic conditions. One pathway 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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WO 03/ 033527 PCT/ CA02/ 01560 The stereospecificity occurs at this stage of
the reaction pathway because elimnation under acidic conditions requires
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rel ati onship. In contrast, elimnation under basic conditions requires that
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| east abcbmtnmst widh Kma ipymetiwinglend wfater. nBlhis resapves the awtm fonp bandadto thhe

pr oduct con ta erce t he,' red" isomner.
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al dehyde 51. A rnat C or _producin oseetlvelsorrersis
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previ ouslykogigscussed, in that 1) the synthetic pathway for producing the
(E)-isonmer of |SA x247 proceeds, through different intermediates than that
for the (Z)-i bty stagged theprengeasion &g s 15ds PREANEAIY cArREteudEe of tit ani um
and 30 | 'ct)ﬁgbg?ﬁ(ﬁ@@ﬁﬁ"dh@& ROoeQRERMitRr 8NH¢ RbmbR LR HRMiALES actibvedd UM r eagent s
are known to be particularly useful in organic s%/nt hesi s because they are
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di scusse
to 25 percent by welght of the “undesired” isomer. The mixture is designed to achieve the

desired pharmacological result.
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 ISA1x247 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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(Springer-Verlag, Berlin, 1986), pp. VII, 148-149, and 164-165. Here it is
stated t O oBlssseat ure of the titaniumligand maybe vari esCTauevotdsat t he
el ectronic and steric identity of the reagent can be mani pul ated, and the
st er eoc h&brigaaltitamiitnC Reagerrk inm@ryanic-Snthexiyd Sprirrget-Merlage Betlinp f3s6)rmy. VI& pr edi ct ed.
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gover ni NnguétBatShedl€Arosielage ket €identitg 6fe tedgdrbain bé-manfulged,efd thenol at es or
crotyl metal cor{%gunds Qr ferentiall %0 f or m syn-adducts, _whi lggc%éﬁonfi gur ed
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assumsng t@thisdh¥mi¥RYREE 8o ¥EIWoGrédhdNTehtb@df sdhab EmbRMI1AGrénidsab terfi@ONEL I'y.
10 A specific exanple of this type of stereoselective is]%nt hesi s has been

di scusse®fByirality. A gengepl ile governing thestereegleatiwquicpmedy hehespafiggred( z) - and
(E)-1, 3- i ' Bddeani jukdai um
R kiadk 8NEStyf had c@%&_%ﬁﬁ&%ﬁeﬁ%rkﬁ%pg ggafngggg 7J§@s, WHIR BREn

Reagents,” Tetrahedron, | ) , O (1987). This reference
di scl osegeagheis faap1 the antpfiestgiepners pBhaieendamay egaiiskeexplied by gesaming a3-

(Di phenyl gh | - | [ f.ch in turn may be condensed
with an f%%ﬁ%%‘é@poﬁ%&gé%%%glggﬁgﬁ%e%msgg?'t formation to give a

(2) - 1103- al kadiAespecifinexmnipladf this type gf sercemlictitesyntbesd lps beeredismsmeby Yi n
contrast,, a | |thi ated allyl di ny.l sphi X1 . 0 w th an

al dehyde L %dagelt E\‘/l‘ema%Fef‘:'i‘:))seil?f’?ﬁé(Ei g?‘%ﬁ%&%@ﬂ?&e@ 'Ilé,Algg%l?%gvf\foﬁh‘Q@ﬁ@%%esi red

st er eos el @ity Onginotitadr@mesdnd Inichiim Redgents,7 TemyirtitvasVel. 63, Ndid, gpy23-83ner of

| SA247 pr .(as in the 20 preyious schenes) b ener at i acet yl

cyel osporGITn Dttt Ghciess ity PRORERY mal 1A S0 B phodfec 1!

53- (di phqnyﬂhawﬁl F\[ﬂ{lihg_))zﬂlﬁ)ﬂ]&‘ﬂta}nidrr]ﬁ @ag@mwn%g@_aﬁ?] hay bsc@rdemﬁﬂadthlay ) -
eprotonating allyldi phenyl phosphi ne Wi t stro ase su as t-BuLi,
and tifen aﬂc@ax%fﬁ%owqﬁ*évymhaﬂif}eleluw ForpptioRdp awe@-@%ﬁ%@&gw aqighiin

transiti QBgistaal SterdsdisetivdR@n@l] Fdohttash h YRRSEMally2aFhdAJIph&sphinB Bxide can _
eryt hro-a-adduct. 74, which then mat}/_i be converted to the (3-oxidophosphonium

salt 75 2sndepsqwidhamadghyey tozaveqn (F)-1 dubndierndiescilymeyn with thedssised yl at ed t hat
the exi stgncga@hiviche transition state 73 is at least in part responsible

for the stereoselectivity of this synthetic Fat hway. In accordance with
t he exenpl ary Reteringds Fiat 7, syndlepsisiof the é2)pipane of [tise4 orraeesds Ghm therpt al site

Fegi ogel day g Fy et by SR8 SR BRIk A a! PRSI aRTANYe 51 i
FIG 7 rétef3(diptehylphesphinplaylytitptios pagent 72 srmpsenared byeprotdneinga- posi tion to
g v i SOULTERIRE, A SO SBSS 0 Mo RERRACRE Mot o,
ti t ani umwilbhéariios éstsagsdpidpedlie cA iransitionefatet 13as theenatcably pdaposed lsadigpb ai ned by
21 the erythro-oi-adduct 74, which then may be converted to the 3-oxidophosphonium salt 75
25 Dby 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 a-position to give the corresponding a-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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73. Since both the bul ky cyclosporin A side chain of the al dehyde 35 and
t he di phewgloplsssphi no group are postul ated to occupy equaCordsak/opositi ons
in the transition state, the erythro a-adduct 74 is selectively forned,

giving r icsesidemingltie sixAnethb@edliramitionBiate573l $imwo bothalsd bulky dyeiospemcA side pat hway
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found to sexdnsq id whiclcheRingBgrioonohe Bmhalnf.eegbnpsn fidale aRs mf&@id@ ekhid OXi City

over the n y occurrl and presen kno cyc porlns According
to emod.ﬁm@f}e ¥daet4l.érepﬁ*°é§%aﬁ% ﬁsew.eawtor}a S | fgdwenre Tivatives

t her eof ) 199 @iefy®i hQSieZRek1RNIvE HANRRAS Ak ARV p?é\ﬁé’lié@){@eriaﬂﬁﬁnd@ﬁﬁéb}é%{dé- in their
degree of stereoselectivity. Stereoselective pathways nmay Produce a first

mat erlPal Teactionsdpyabang the ACek? Pofrsting growmmay ks avoklsdut 2 3l %tﬁaos& eg@&ond materi al

or CONMPOSith@Rs &y %Ehl%(tilsé o p%éte&thl% gedfas 5&9@?Benz@eﬂgestté}§§ﬁsﬂ§wztﬁérb als may then
be conbi ned such that the resulting mxture has a desired ratio of the two

i somers. Dgpemtippo{mixtuges it js contenplated that the first mterial may be

prepared by s%ra@{a?eag&gio%slpeeﬁawﬁxfye&@%w91& ah ek A4 &ﬁ&sé‘fﬁ MG d he (B) -

i soner, and the sec ateri a e prepared by separa ng a reaction
product tfouridgo kst a eomabimstion ofiertthncef Pptensyomdfor reddnceddoxigitiooeetheenbodi nent ,

t he r,gac (0 tlos of 30 stereosel ective pathway may betalloredto
produzge tnﬁglnagle/so?ér}le pres eknto?)Vn CYCIOSQO%IFSepar ed mxture. These principles
are illustrat edcormngto%nboﬁﬁneﬁtsarfdhe:l;ﬁesehhnﬁn(ﬁﬁl 194247 tshmess (arfdy pot het i cal

?%’;‘ f nger;dF i e%%e&tgereo are syrgﬁesme(ti By ste}%ose?ecgve pa wa% thce)tI m%yb gargl Jthgl(lz‘) the

degree 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 (E)-
isomer, and the second material may be prepared by separating a reaction product to isolate
and enrich the (Z)-isomer. In yet another embodiment, the reactions conditions of a
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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to 50 percent by weight, and 35 to 65 percent by weight, respectively. O
course, tWwed/083kTos are exenplary and for illustrative pecpas@g/oienly, and
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are rmxe |eIdth e di.fferent m xtures that ris ratlo of the (E)
Fot e o Sndmairids PG5 gFise Marier youind BO38 Shosdriie by GBrORE 050 1 o 50
per cent tgyeavmmhtor eq@Alto 3bout 78 p&ert ?%[’g‘h’c Bon¥BinBEtimente $P8GEI Vel y. 25 In an
alternativ glgpodl ment, a mxture of the (E) and (Z)-isomers of |SATx247

i sonmers r‘?ﬁ'@ depited isqmpen maj spmPHSe SRTaky (fiea dreg o eduehtoippEP0; §9- 8fe i sonmer

over theaﬁ&bf"bercerf@j?w&)gﬁtr@sﬁ‘ectl@elp el s- AI der reaction may be used to convert
the cis-isomer to a_closed ring —conmpound by reacting it with an al kene. If

the al kene i sAbisUAtheHziag @Gb@meé?tlédlf’ﬂa%uﬁs they. mgn be mixedfio pafigvatheon (e. g.

filtepabligdirealtrdifd, &d FudraRABH Ff@MOmeSlHQS?Itaﬁ{?et hitbds¥s, BRIBME v idumdihe m xture,
30 leaving a conposition enriched in the trans | $omer e cis isomer nmay

be re- comafiosetpahdsenfiz B { Hes togesad i FHGS cYirfo Reterning fo Hlﬁel(hﬁpl(Ebmdl on of
heat, pr ? gbrﬂgfs greg'fﬁ é/ﬁe!lcpﬂree%%férgﬁ%gxfu&s tﬂﬁ?cc{(}fle;g'lsla ?z&i’gg of thghéésro tl{ n thi S
tran

manner , e CcI's an I soners nmay be separa he ratio
of the (IE;) ltsoméijfappxmatslyi&ﬁtaﬁ§pmcmttmye\ge;ghegaltm()emcemtby Wweightdagh¥e of
?; grgosel e%{aéégen\’bywelgﬁ espetcH\(f)e(iiy.by which it was produced, nmay take on a

25 In an alternative embodiment, a mixture of the (E) and (Z)-isomers of ISA1x247
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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associ ated W ff. rceﬁ%ﬁ@@i} onk KohdefPSRoARE infa8hRlkd @R be Perdfied tsin@ MubTRAH
(including ameltoration, reduction, elimnation or cure of etiology or
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prophyl ayj s or. avQi.danssion®f the follow ng: a) Acute organ or tissue
transpl am—r‘eTE:TrUn_Ee—T treatnment of recipients of, 25 e.g., heart,
| ung, conbi nedhisémettidnalsg relates/ora mithethef\treaimentioepaticnts usk@ed of bovvel or
e at e PP RPr R on A TS alg e U L
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transpl anted. o artl ul ar ntion_ of di sease,
e.qg. 38 ch&fd ‘P%tr‘ 8f IB{/]@I 'ilg?‘} 9%¢ pgrfthlﬁ%au Ter ru’lnee%ndoi4 ﬁ%ntﬂa‘%py (:foﬁ alz@lsa resul t of
intim tBhdkaiitidas @hs@cuttai \SiﬁD&tdﬁuiﬂlﬁﬁ&@spiﬁitlrejﬁmlohlefge,rtBﬁahmm éndudissoci at ed

ef fects. c)_Xenograft rejection, includi the a eracute or chronic
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speci es {ihOinb Suis@ftiflioffmplete restriction, prophylaxis or avoidance) of the following:

a) Acute organ or tissue transplant rejection, e.g., treatment of recipients of,

25 e.g., heart, lung, combined heart-lung, liver, kidney, pancreatic, skin, bowel, or
corneal transplants, especially prevention and/or treatment of T-cell mediated
rejection, as well as graft-versus-host disease, such as following bone marrow
transplantation.

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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par . _abemediimbiereknormolittss hmebeut dansi fout
phar maoeut i caP BOAE: B R e BE Py ima LR A SRR R o er ar

0Si i ons "con n ve m Xt
other inflammatory or allergic conditions of the skin, as are inflammatory conditions

of the lungs and airways including asthma, allergies, and pneumoconiosis.

25 The isomeric analogue mixtures of this invention may be administered neat or with a
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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be in a formsuitable for oral use, for exanple, as tablets, troches,

| ozenges, aqueous or oily suspensions, dispersible powders or granul es,

enul si onswohawssser soft capsul es, or syrups or 31 WO 03/ ®83&EADN2/01560

PCT/ CA02/ 01560 elixirs. Conpositions intended for oral use may be prepared
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i ngr edi epfondSeadtX 8g ekl ddfkataBShdy BQUniploydil! THRHmay @b be¥euigd 18, theal ci um
carbonate, cal ci umg osphate or Kkaolin. T%Zf/qsn’gxgg‘ill%s;g be in the form of

n ne

sof t 1§el techniquey desgpibed ndhedd Sr Batent Nyebgicd.? nd 426%8/&do wi t h wat er

or an oi k, gediim tﬁe&:ﬁ)elﬁiﬁqg‘?«lztgfor P&ARULD Ridase, | 1 quid paraffin, or olive oil.
Aqueous suspensions normally contain the active materials in adm xture with
exci pi ents sulntsaipesafesrfomndationniof exat ureanayfbedn thedomn eflhapkepddtizeaprsulsich

exci pi ent ' ade. 1- | t b4

car boxyrr?ev?l ﬁry cﬂel? Iflguﬁ 82%? ed@%i}sﬁ %%Rﬁﬂf %@g?ﬁ%gﬁhﬁlggﬁ;@ﬁ?%@&dﬁet ﬁ]ﬁncel | ul ose,
sodi um atabomtes calpioiyphiosphlateyor kallin dbieg mayatsotbe agythe dorhofaod gelgtirm acaci a; or

2 ' ' ti t s .whi. i
phosphat Bt Rt peastly Rl Ml R vl F B ABM I RRERHEDEN i e

W th a faédnyt 6iGiliduid pheaffigxacipleeil. pol yoxyet hyl ene stearate, a condensation

roduct of ethylene oxide with | on chain aliphati | cohal, for
gx aml:J)I e, hept éé‘é‘??&%?‘ﬁ%nélr?@%ﬂ&%gﬁya?? :‘a,%’ the éﬁﬁﬁvﬁéﬂa&ﬁ apl

aitl]solﬁ a%?%&ﬁ%fm 0 of ethyl ene
oxi de W tfrigieRaktilable fBSthe mafiFidnte df dquednsausdpahdiynsaSicti eacigieats ayi t ol such as
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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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partial ester derived froma fatty acid and a hexitol anhydride, for

exanpl e pol yoxyet hyl ene sorbitan nonool eate. 32 WD 03/ 033527
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in a m xtSceteping agentscind Slaveringggents mesx by adged wgueride apdyshlendl ng agent and
one or : t s QU I I . i : nd
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col ori ng agen Il Vi . [ nt.. T har maceut i cal
conposi tions ??)Sr?fd' lglﬁjgﬁ 1%1035} ({éﬁaeh%? vale“rl\lfraréla %%glﬁ%g{e&?reﬂﬁﬁ%%zg%g%n *}ganie% °the form of

oi | - i n- watspenstonu Theyoprevidd the aotiteyingréhiae imamidhee avithegidpatsing ooivbttiagch as ol i ve
oil or ara(f‘his oi ls or .a i neral oil Slrélrﬁh aé{a& Léi.dtgaraffi or a mxture
t her eof . S BRI BRI 871G SR8 MSHdRrs T REY Sy % FRESPECT Y88 urri ng guns
such as guenteadGuspeaditly gesits drd agmphfidd by thelk aleddymadntiynedabonel Addjtional
phosphati des, such as s bean and lecithin, (3) esters or _partial ester 30
deri ved fef‘%}me?tamtgye%p RS RSP P& ffaamﬂ&e@,ﬁns BrenEderisibes abo%F bi t an
nmonool eatngsy a{sd)bepeiiei@nsat i on products of said partial esters with ethylene
oxi de, for exanple, polyoxyethy]ene sorbitan nonool eate. The enul si ons may
al so contai n 3B° BREReEHIit cemrPsToB ORI P BYe FVENISyPEe BRGAIE fdlr s may be
fornul at g firh Br SVEEHRRE ABuIRBRN TR 0ifyPha X BRI vedbiBie b2 kuch BERRYIENE _

gl ycol, sorbitol, aspartame_or sucrose. Such formnulations may al so contain
a denul ®eprchigoily esemingtdl o8 seghds fifdd prpfn aaaniswrotberel Suehles. The

phar eutd : it g f t.er i i.nj.ect abl e
aque(;n%(s: Q%Egylng?gagen%%fg@@&g%gﬁg gér%uﬁ{'lh%gﬁslﬁlé l%cglearﬁ %‘lu%na%%rdéélﬁgegﬁ or mul at ed
accor di ndragaaitholdhnatere Hpdecurting phgsphitatoe suphias adyl kewadl paplesidiim @3)ostewer t i ng
agent s aggrtiﬁfjétspe? @9 GlcCle cl! ﬁﬁ%&l&&nﬁ %gygtol? gﬁ{}dﬁdes, for example, sorbitan

monooleate, (4) condensation products of said partial esters with ethylene oxide, for

example, polyoxyethylene sorbitan monooleate. The emulsions may also contain
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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triglyceride ( ween 40, et hanol .is used. Asoft gelatin
capsul e @E}Hﬂﬂr*}'\{goﬁbﬁﬁépyf’ﬁ?mﬂ?‘ g Ven’iﬁéf@?‘a"t&’ﬁdn%“é‘fﬁrftf B%edontaining the

| soneri ¢ peaiQgyanBrthigp18 BilulsdE SRk daﬁt@mmdhsismbm APLRde aBinge as t he
oral solutiaon nay al so preferabIY be used. 20 Dosage | evels of the order

f r omlabodnd the dedlogging ponmedieinaldngrpdipndy q{?lPlﬁg?%ﬁ?lt?fylwﬁh’ﬁthylﬁé? gl hH0 day are
usef ul i RudchBtetbRatirePEs), hbguRARAYE tidtesdd @ICEL Teans0, alhgnsese | evel
and schedul e of adm nistration may vary depending on the particul ar

i soner i c inisrd.uh goffy gelatin cappide (coruprising gelati, placarinewater and pRIbisaledenisiing: i onal
factors o re from
about 0. 37 R ARG FRNE LR, Bl O LB 6 S el Sl

mg/ kg/ daynaylaisoar@reblmbpeﬁfsdenbodi ment, from about 2 to about 6 ng/kg/day is

d t d LL f b
0.5 8 about JagTeeel gt heickdbs FoRbliisita ¥ Bp Bt BE Ry T
active i n@n@dp@ ey aﬂaaltsefnhq; ﬂtmetmaummt pkttle sliovérindimted aondidonsndthe dosalleyel o
d 1ge di h ted and
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i nt ended thexdonditien torte! treatdd) andstieheddidiond] dactors as the age and condition of the

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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pot ency tha cl os i ne the in vitr

25 Phar né%%%f%ﬁf"&‘ E’%‘{J ﬁlf ﬁ‘eﬁ‘%‘cﬁﬁﬁe PR @Feﬁ B ViFayEessmewet theat | SATx247
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has been_denonstrated in an in vitro
have now found that ISArx247 exhibits up to 3-fold greater potency than cyclosporine A in

the in vitro calcineurin inhibition assay.

25 Pharmacodynamic studies (in vivo and in vitro) have shown that ISAx247 has more
potency than other existing cyclosporine compounds. The efficacy of isomeric mixtures of
cyclosporine analogues ranging from about 10:90 to about 90:10 (trans- to cis-), in
particular ISATx247 having 50-55% Z-isomer and 45-50% E-isomer, as an
immunosuppressive agent (versus cyclosporine A) has been demonstrated in an in vitro

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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reacgl OnE%ﬁﬂ%gjl ete. The reaction m xture was cooled to 5C and t hen

filt toed ol l ected solids were washed with hexane to drive off

addi t i on@kamasietli a\caplayoi bfi€yclobp@ine A

Acetic anhydride (140 milliliters) was added to Cyclosporin A (50.0 grams, 41.6

millimoles) and the mixture stirred at room temperature under a N, atmosphere until all of
the Cyclosporin A has dissolved. Dimethylaminopyridine (7.62g, 62.4mmol) was added

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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resulting pasty solid was slowy transferred to a vigorously stirred 5%
aqueous sodi um bicarbonate solution (1.5 liters). The resulting suspension
was stirrwooatnsisk7 a fine slurry was 30 obtai ned and t he ewarAoentsd CO2
had ceased. The solids were collected by filtration and washed with water
until t hesA97gf Faidenhaldanetié midtture Istirredhatibal bﬁ:thqamat&ne]twa/saﬁssdhvécchoﬁiurra vacuum
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PCT/ CA02/01560 (42.97 4. 54mmpl ) and ‘i) xture stirred until all of
the nmat eMpdgr a\Wa§m&‘?S§]§%? vWater %M"Vab@r‘if’ ’(ni’if“r?fr@ns fgged8Anol ) was

added;s f @éﬂa&é&g filiell NBe A utd WA} RiradiddttR R8I Bty ¢S (300 ENa8d Bek §53580,

1. 73mmol ) "an hen the reaction stirred at roomtenperature for 3 hours
under a ReD)afhodgshbleek ctighasetaic 3awres) wermeonaRitrspnd neshedevith 20mlevateranst er r ed
to a5 seppLang 256 Bk i“ﬁ'ee il YhiBiohda ﬁféﬁ'&lﬁ@&@xﬂe W iB ethyl
acetate ?300”1_ §and en e nl% H)lil ° bl ack et ﬁwsggt ate extracts
wer e comisplmend ewmdravvdéh giye wgrdozmzﬁr(bmk Wéltie ffhe ¢ pradert WS clsomatogyeplied. The
organic e ated to
gl vo o gp Saich By e Ao Boh iR KBt Sl e T U e
silid@ gelcolodesagolitD% acet one/ 60% hexane as eluent to give the product

(29. 1q, %80 185 10 r%‘COIfO I OM Exanpl e 3: Preparation of Ace 1t5

| SATx247 5P i de: Acetyl Cyclosporin A al dehyde
(31.84g, 25. ngmtu)gmtmddaﬂidéo 340nL toluene and the m xture stirred

until the mat co o) t he, r i 15 sol ution
was added 340§f t@fcyf ‘frwgr‘g @&%é%&gi dﬁﬁ?‘n’qﬁ%ﬁ)gﬁ? ?jjéleg%ge‘{op’i‘gﬁ}fl?q °hg m xture
was stir Eiﬂ(ﬂth&hﬂﬁﬁ&téﬁhydﬁmdtﬁ&lﬁﬂeﬁdl ki cdnipl¢ab1g sk EInEE Pl wsvlEnom de (58. 229,
151. 90nmol ) ded. The reaction was stirred for .24 hours_at room

t enpdPat a%ﬁ%{h‘ﬁaﬁaﬁé?ﬁ 34mLs ofdrnermaljagygous sodiunnnliexide s drulipe BigMed e

(16. 649, wA3sttaaBlotoR dt@ea%%mf)manwgh&pﬁﬁmﬁﬂsﬂnﬁl@é (5@ 22% urst bekmdy hours.
The m xture was trans err to a separatory funnel e tol uene phase 20

separ at e@ddetth dherpaelingsvas ﬁaged {834 by & seany topperatugp a%fb@m pditionalzfight o
t ol uene. t enti al |y

it 200dT Sl e (A6 B B e e
s oI ut i on furthee24ltuns. i Bre nviagralvasctrnsfeed tvig Seppratoryifinnst el thafedpenhighasol uene
evapoyat gi Thi r a vm t h
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filtered, and the toluene evaporated to give a very viscous gel. This material was treated

with 142mL of ethyl acetate and stirred until a fine slurry formed. Hexane (570mL) was
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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hexane/ et hyl acetate. The conbined filtrate was concentrated on a rotary
evaporator to a viscous sem-solid. This material was treated wth 75nL
et hyl acewetog/ozase7 stirred until a fine slurry was obtai n@dT/ddezamso (225m.)
was slowy added with rapid stirring. Stirring 30 was conti nued for 30

m nut es and t lighrefftrmed @Edd genagtisnaplaastioninmsefdeldf&ifd and the coll ected
solids washed with 100nL of 5; exane/ et hyl .acetate. .The filtrate was
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product WeF (26 ML) BEhOGoRaed" oy ehs sddedl & Sol@in A KIORN' A0rasatBined @0% hexane

as eluent to give the roduct (14.09qg), as a colorless solid, 37
03/ 03352 MLped Mol M Fslgon ). Sirppe WattoRdred af His (RPREMELe foh LiRtuiee 484 i on in

pr esesce , Qbbb 1iBPinaHH (10 Mg 16 USRNSMORIAhn)atdsihiddd. it Ry tighosphoni um
brom de (7.67 g, 20 )[n*rgdligoéln THE (20 rrLz bei'ng cooled to 0 C, was added a
FULEr

sol ut i onmaftuRCRg then RY eniwttesraad a solptionsf acey) Gedpldehydg(4B &itdi on. ) .
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m Xt ur e Veasperdien, the jeactiod niiguredasrivanshed with spterated NFCbsoleptondgemy).
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was dOencheg). with saturated NHACL solution (25 nL). Wrkup and

chromat o raphy ,a abot\{e f ULNI d acetyl ated | SATx247 as a colorless solid
10 (3. 5gF*4E 222 n of |SATx247 Acetyl |SATx247 (14.6qg,

11. 62m~rg| ) \Nagcdizlslsabazetd(j?g?:mahnmbl) et dissadled aﬂm(hrﬂedsfmétBﬁmLad dndlethe(;ni Zﬁd
wat er a .. Pat assj um car,bonat e .(13. 3649, .66 S a a t he

m xt ure g??‘??éﬁo’é‘?edr%‘?ﬁ é‘?‘fjpg]roéﬂsﬂ B Pgﬁaségg&g%%mwsi E1(33‘?‘1r|3é:‘]r eaction
was conmphitBixtutdsties bt BbmithBpdiRtRABO014 1438 hewa Rl Medactiod viab esnRBANL et hyl
acetate was added with stirrin % aqueous citric acid solution

. A 10
(120hf) Nest off theymgthans wgs awaor@%éﬁn@ Phen 2243t cthl@eetpte wap addsd valisHFEBed. The
aqueous RPNASE aPREusNE a&&%&uﬁ\iﬂ{n@mﬁd&y sldvPadded AMne P MeteitfNadfate €t Yl

acetate. The conbi ned ethyl acetate extracts were washed sequentially with
150mL  dehasaissratptefialae aquegunhrhasowesextrasesswish an additipapl208Bilinortisn odnd 150nL

sat ur at egthg%%%s THe cﬂﬁﬂh&%t |a9ét5tg€1ctga{3§e L&rx}as@l&? ?‘eg[u%ﬁﬁy MaEPdomri e et hyl

acetate was evaporated to give a pale OW SO The” crude product was
chr onat odeiapiaetivaior t 001l 1% aguebusigirigeidGolptiertanddIembootntatsdatgueqds el uent to

gi ve,LSA SVAS) oF id. .. Y/ t,ai ns 45-50%
L1 o2lor SR chbdardS e B0 e By was PG 0 B
char act epalz gdlldyysatids $he pedt prodwt mwas elvdihatpgrapted nuer sdan gelagmetd0ts r esonance
spectros G ie/60% hexane as eluent to give ISA1x247 (10.51g, 75%) as a colorless solid.

ISA1x247 contains 45-50% E-isomer and 50-55% Z-isomer.

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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Exanpl e 5: Preparation of Acetyl-n-bronocyclosporin A Acetyl Cyclosporin A
(41.48 g, 33.3 mmol ) prepared as in Exanple 1, N bronosuccini mde (10.39g,
58. 4nmol )ward/033se? bi s-i sobutyronitrile (1.09g, 6.67mol) weragAodossol ved in
250nL of carbon tetrachloride and the resulting m xture heated to refl ux
for 2.5 8CetdrelhesaneTh8) wigite PR 7pées Y6)anflagdylaridombeylspdriteAtas e velpor alidd. The
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B e of Acety c OS%OI‘I n

Tri phenyl phosphoni um Br om

Acet y| - y s@iidowiasdipated pethi2A0mL 0P Bexeaysthery 16 ymoked therdughty pidghe/sghteas phi ne
(7.55qg, i V. I f | ye a the resulting
sol ution dﬁ%ﬁtée t érhi]’%'g%o%e% ‘f%?épf%g%g&}oéég Se"%gbf% [ oeﬁﬁ?/{/as %{%ﬁgﬁwgsnd t he
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f hexan her, (1: 1 hqr . Sol yen n ff. Thi
brocese e EgudcafberdRy BeioRit BiRdn e BB oo b R e BERETRRHES {hen
di ssal vedf adetydOydlospbriyA agf ehabbraiwdlipr eci pitated with 220nL hexane. The -
resulting sql de S Lheﬁn collected by filtration to give 22.59 (66% of
t ri phenypHoSphoAl iR A8 de 10 of acetyl cyclosporin A as a tan-col ored
solid. Exanplks tfiphdiphbsghdieas bioasidd beacttyl BRREMIRAN 0iodRNOM de of
acetyl c closc{)or('gn (1 (%Hng 0.06mmol ), an excess aof 37% f or mal dehyde
(0. 25nL) SXfief féﬁééfﬁémg de QeomLy and foligng @il Mgrestiredemidly eipen at ur e.

Aqueous feﬂﬁietamrayﬂa&%h%dgﬁlh@dkdxi&%utlm'ah{ti_%ﬂta)mm%s%é&’e%chr%&lmnﬁe and 15

stirring continued for 3. ours. The reaction mxture was diluted with

et hy L5 ac&firapg contipned for 15 hougst Ehe reagtien mixtmsevas diiyied withethybacshatise was
separate (=1 1 rd . ), dried
over naggzggii&%r%ﬁhfﬂl?t?g gﬁ g%dﬁ%%%%%%%%%&%%ﬁ%ﬁ%. egi g@&%&é;i%eri al was
chr omat owithpiaéad (Wimlgjahd erineddmby), ttiehest waglchismandate o BY selgengi ve 70ny (88%)

of a mx f ™ f ef vl .| SATx247 as a, 20 colorless
ol 1 el ri B heial A8 lohafter B ot oy R s 2BrBlheale The i xt e
of i some(2s3)fte give FRag(H188e) Bf ¢ Hlxtgre, of (E)m6 ek )mesmsf aeiybIdAreH7iaa a met hanol
(SWLQO angolg en wat er (I'm.) added. Potassium carbonate (75ng) was added and
the reaction &tirred at roomtenperature for 19 hours. Mst of the nethanol
was evapBrangd§2Deandyldttoiiof gidWittigBedcabeP@daed to t he residue foll owed by

0 e -
10nL. of 10% ARSI ré: 0 igolrr?ersa fflor(rjl Example 7 (70mg., 0.056mmol) was dissolved in

=

methanol (5mL) 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 ISATx247 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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The ethyl acetate phase was separated and the aqueous phase extracted with
an additional | Onl of ethyl acetate. The conbined ethyl acetate extracts
were washwo osespsentially with | OrL water, | OrL 10% aquecwgAsemtice aci d
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Pr epar ati‘b’#ﬂg{eﬂ{yﬁéa@eﬁﬁ@{eﬁf@&ﬂlcl%ﬁw@’ sgrmetsxiparater fRllowed by 16 t r ans- i soner s
of I%Txgjﬁd olDBY afBhd VERRRRABEHOY 1S YRERAGShE RbrhiSaing nrara@ fol | owi ng reaction

schene e Sequence invol ves known netal ati on of al %I trinmethyl sil ane,

the el ec(tmmpﬁhvlrsﬂsd)aéla\bmn@te Bsfera Allylbeeating phHesiclosporing gldelexde dumishedye 5
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(3-trirreh srl stration a ele tivity in
t he crea‘? Sg %&? to&éﬂ?@igyﬁ?e%wm&g? @?Wtﬁ%e %fﬁ § ng gge due to
renoy@al bt mbﬁesa&we @ﬂéfe@élferrﬁ.itry&)fﬂﬁtt&'b c&itérgén the B-tﬁﬂneuhyldﬂ;belcnmmwnmnt hat the
rel ati ve stereochem str

! e two_centers the (3-trinethylsjlyl
al cohol f&eemnt with ex@ﬁ?ﬁ%@ﬂé 8o fp tBx fant %‘P‘Ptﬁﬁ’?n‘gﬂdﬁ‘? t§“’ﬁt&‘erf‘%l¥3flﬂb’ll)¥ rans
doubl e beRgndidplelfsdir ans- (trimethylsilyl) boronat e precursor
Base- pr onot ed eI imnation (Hudrlick et al., 1975) -trimethylsilyl

al cohol  f ur rBasheePraotetriipdnation Gudstiek ¢ wbdl978) %ﬁﬁstfwei 13’11319)1161 ene while
i d- I
aci d-pr O_é‘)ﬁg %%g_ea : g}hgﬁﬁ&pr Ol%eﬁ nggc\éﬁrl ?Ze);g%%%b Hkllgg' ?ﬁfls" Bfo%?é?l diithination

acetyl - ( ctro s to ect1ve diene al cohols,
the {¥2) gawd a(cEmpbss"dmmnﬂcmﬁ in SATHZB)?], 31dmpebbpm‘@b1gon 1¢‘&rdsa1 the respectivaippr oach to

di enes u rlr e I s hor a

al |yl di piE% ?%(ﬂ“%pﬁ’. 2%) mer%rf;ﬁ%rﬁxﬁr aprae%erll‘p th Ti (OPr' )4 gives the
titanium i ntAen aminm a*ppro%\blh;oldmrtean‘atﬂzremﬂlefaﬁylbbwphbrWS sMetaMmpeﬁr fic
elimnati . ra a , 20 conmposit N in the (2)-diene. On
the ot he?ﬁﬁ‘g &r’hgﬁ?ﬂ Psﬂe‘&rfb‘ﬁ%ﬁm%ﬁ@gwﬁh@n@? § E?@We% ﬁlﬁﬁnécr? eél %o a simlar
Sequencelrﬁdﬂn@-ha@) Al@h@n&dtﬁiﬁﬂ@ﬁedt@ ser&dpevificaslintivation SAldgenan@ated. i)

Al | yl borati on_of Acet CsA-CHO The
(E) -3 trF‘r‘f’éR%’}HOEFPW "HP?)@HEHS boronate was prepared in accordance with
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sequence (FIG. 8), the E-isomer is predominantly (75%) generated.
1) Allylboration of Acetyl CsA-CHO:
The (E)-1-trimethylsilyl-1-propene-3-boronate was prepared in accordance with
25  previously reported methods (Ikeda ef 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 umol, 30% mineral oil dispersion washed with

anhydrous hexanes) in anhydrous THF (1 mL) was added B-trimethylsilyl alcohol (10 mg,
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| SATX 247ao(e‘rZ)hEhememlx'ﬁﬁe ﬂﬁn)ushedmm(ﬁmbmched lsmmerprafraa@tyldﬁAmMan (E)-enriched

Ix247 | hi ne oxi de
Ul Brnb R ROATREE ol B Shid i bor By @ERMbPRompn o,
-78C WaSEﬁﬁidﬂﬂlm Prbptirationioff hin (Eheﬁﬂa’xml)Mlxuure @S ane4] Isoffibs mi xture was stirred

2 st ) Rl Ml s R Bl SgEintan ! osporin A al defyde

hexamethylphosphoramlde (2mmol) in tetrahydrofuran (5mL) at -78°C was added n-

butyllithium (1mmol, in hexanes). The mixiure was stirred at -78°C for 30 minutes. 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 1N 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 ISA1x247 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

41



and the reaction mxture allowed to gradually warmto roomtenperature and
then stirred for 18 hours. The m xture was poured into ice-cold 1IN

hydr ochl owb®3@sise7 (50mL) and then extracted into ethyl aeeratw2/oi¥te

organi c extract was washed with water, dried over magnesi umsul fate and the
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nodi fication (R Liu Schl osser, Synlett, 1996, 1195). To a stirred and
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The red- ut’i o stirred for 40 mnutes at 78 C. A sol ution of
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sl owlly i RydospatiaA W%tes‘f"i‘srf?‘lfeﬁ& otfpsgd eyashed yyifiyvaper Warf’enzoat e was

filteredigidiveanta Washath Widde mﬁ&manoﬂdﬂa a8@dteat 0% &t@kacﬂa@&undi #dol ved in a
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stirred staredfombhgur. Theprepinisatest nradustvascolected gl adeshady it | ¢ rati on
and washeg, errtﬁc}ie th&Ritdate bR PR telatld HhE 36181 CRAGHESh Ahat of the
water. The so closporin A benzoate was dried at" 50 C under vacuumto
give a cbtmpdtewss élmﬁdla(ﬂ50 %Oumﬁamw@nlozgw@ eqlerlass PJid- of Tri et hyl silyl
et hery, Praf ¢ olN L o A3Mol ) was di ssol ved
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(3. 6rmol dr o WI ure oom
torper at TS G20 PRS0 ot M e it F B e RO RP b LT ek

triethylsilyl trlﬂuoromethanesulfonate (3.6mmol) added dropwise. The mixture was

allowed to warm to room temperature and stirred overnight. The reaction mixture was then

25  poured slowly into water with 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 fert-butyldimethylsilyl protecting groups were also
introduced by following an analogous procedure.

Example 13: Immunosuppressive Activity Using the Calcineurin Inh1b1t10n 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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25 poured slowy into water with stirring. The precipitated triethylsilyl
ether was filtered off and washed with water. The col |l ected cake was

di ssol veawpDre3a33asehi num vol ume of net hanol and added to aPe¥@ORMiI®Oaci d
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det er ni nE syt Reedirediy the giethod dgsciibedipdixamplet | e I-cydpearesponyis tod&A denot es

Cycl o poM 1N Fidre 16 qgae«fble&dﬂe&@éss&lds koAIDPSFi R0 P2 CRERbsId3e et hod
described in anples 1-4. Isoc]gpl 05 corresponds to 15 20 ML of Figure 12.
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Example 14: Immunosuppressive Activity Using the Rat Heart Transplant Model
25 The efficacy of ISAtx247 (45-50% of E-isomer and 50-55% of Z-isomer) in

preventing the rejection of hearts transplanted between different strains of rats was assessed

and compared to that of cyclosporine A. The rat heart transplant model has been the most
frequently used model to assess the 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

43



Exanpl e 14: | munosuppressive Activity Using the Rat Heart Transpl ant Mdel
25 The efficacy of | SATX247 (45-50% of E-isonmer and 50-55% of Z-isoner) in
prevent i gotobw33se] ecti on of hearts transpl anted between diPCraraan1sorai ns

of rats was assessed and conpared to that of cyclosporine A The rat heart
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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
15-M1 20
14-M2 20+
14-D2 30
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The efficacy of various deuterated and non-deuterated isoneric anal ogue

m xtures (structures given in Figure 12) in preventing the rejection of
hearts traoplsaseed between 15 different strains of ratspeagsaksweassessed
and conpared to that of cyclosporine A Doses were at 1.75 ng/kg/day for 30
days. Results are summarized in Table 2. These results show that the
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dai |y unddst of FempikpRay(Tabled).t It ik hlss Rotedathiat ISAT4T iwaetbsbipxie thfnucose | evel
greater than 17 mmol /L_on tV\ﬁ consecyt.i ve da%/?s11 The r sg{ht Zsi ndi cat e t hat
| SATx 24 7Y loep B s rjastthipdase feye n%?asﬁ‘ia 15 Wi PR BYPATYAHT® 4 dose of 20
no/ kg/ dayghdRbY Bosdlevel t Was al so noted that | SATx247 was |ess toxic than
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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 25.3
10 ISA 5 18 19.2
0 Vehicle 12 16 15.9
20 CsA 9 19 20.2
20 ISA 9 >28 >28
0 Vehicle 5 21 21.1
25 CsA 10 ND" ND*
25 ISA 8 50 46.4

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

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 ISA7x247 (45-50% of E-isomer and
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Dose Treatment N Median Mean Survival (ng/kg/day) Survival (days) (days) O
Vehicle 7 17 16.8 1.75 CsA 9 17 17.4 1.75 1SA 9 18 18.7 10 CsA 6 21 25.3
10 1 SA 5 W8 038333270 Vehicle 12 16 15.9 20 CsA 9 19 20.2 PRO/AASA06-28 >28
0 Vehicle 5 21 21.1 25 CsA 10 ND* ND* 25 ISA 8 50 46.4 *7 out of the 10
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| mrunos Jpheakigfiyced Aghritisingsle] if the e 1i tfh§ hP]r?Ey @&}PE%W%? past three

decades, gptd W &Ein IR0 ABLE! r§seﬁfblé”tﬁérﬁﬂd1ﬁékeﬁd MRtRIEN dRédshr irf Bosh fades, been
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ef f i cacyactén oBhTslauRd([(BeE0wddeuEniigBIfer and 45 WO 03/ 033527

PCT/ CAOZA 015%00“215 ?n5d§° fgiiAéBhﬁ?ma‘r ) in both the collagen-induced arthritis
nodel i i gen-induced arthritis nodel in the rabbit.
The hi st opat thle) B Adhblad ermm,dq@atdndbroglyls antfhwdy freeicanditioh® seera imenundegd| s
resenbl e @h S q‘@ unan. d ea I e efficacy of
| SATx 247“{’%1 ?3}68\1/9 %}%ttﬂ é6| SHREst’ ?oge Wi I%FO an?%é\icgln? t}g}%qﬂr:%%a %:Igl ) and to
t Leato Senauldified inlBen(nﬂrseammet&tadpjvmttoMﬂ(2%sy@mmnwﬁ orvhbsle st udi es support
the i n of halrre nal o tures. A
Col | age rC ﬁf?&&?éﬂfbir/ Ftﬁ?l}oﬁé&q?/ﬁf’lémﬁéﬂfufw s ml%%ereﬁigal{yab 8”%’%%"%% ant i body
free congpli urgmmnw[&o 5001314 dﬂlﬂd)ns SM@dlttcmfge((Dmsl (ys atr 1&1g/mmemmtoof age
with 100 m crogram of chick t hg Freund' s
Cop! o UHFOVSRFOREATECIoL )2 BSpar PHLT RO lyaRPerl T TErIBphor
EL/ et hangly 62mdRe HQyHBBOMR AMRhinti £sigadd b tisipéeatichairbtpcdly12/slougper i t oneal
15  were dosed starting on the day of immunization with collagen (Day 0) until sacrifice on Day
40. Animals assigned to the treatment protocol (12/group) were dosed starting on the day of
disease onset (~Day 28) until sacrifice on Day 38.
Evaluated parameters included mortality, serum creatinine, histology, and outcome
assessments, such as clinical scoring (visual), hind paw swelling, histological scoring,
20  erosion scoring, and immunohistochemistry.
Erosion scoring was done in a blinded manner by examining sagittal sections of the
proximal interphalangeal (PIP) joint of the middle digit for the presence or absence of
erosions (defined as demarcated defects in cartilage or bone filled with inflammatory
tissue). This approach allowed for comparisons of the same joint. Previous studies have
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 pg/mouse) and
high-dose cyclosporine A (500 pg/mouse) treatment groups had higher negative erosion
30  scores as compared to the vehicle 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.
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(i.p.) injection of 1- to 50-fold dilutions of stock drug (0.25, 0.5, or 1
nmg/m.) into saline to yield concentrations of 0 (vehicle); 125, 250, or
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Thi s approach all owed for conparisons of the same joint. Previous studies
have 25 dwsnshetavaseiendianscualy-0dsghsatapenuslsattescvarel Fites it Be amerfdl s i n
this joig ne(i-gqg:oﬁﬁéelﬁlcfa s 1affl afi Fhifhald ol Re%eﬁﬁ%@taaw i QR QM G Q%SRs I N the

| SATX247 ose at mént group use) " were significantly higher
t hanlq heOﬁﬁelgapval‘euremosd 6hngefdern r¢qombh1@nmadns®rremg geatinator grisup (p<0. 05).
Bot h the T}l dose | SATx247 (250 g/ nouse) and high-dose cycl osporine A (500
ag/ rmuse r‘eat ment groups had hi gher negative erosion 30 scores as
conpared to tIRATxMEA] «;Acbspm’maﬂnmﬂeh@iai@hre@mﬁo@uetﬁaml TR2HOM¥) welee | ow dose

| SATx247_ (125 g/ ) nd m d-.dos ) A co 0 g/ nouse)
treat rren?‘frmﬂ’ts‘gf‘lﬁlrs%ﬂyagésﬁ’cgﬁ%erpus léﬁetcﬁ%rh%fﬁ ﬁo??s}fl glt Slt[cfc?/( d§‘|£ At ficant,
negat i vevehiodsiimo sslﬁﬁI’t@?lew‘lﬁﬂcenﬁzﬂi‘mabﬁ@j(vbhlclebl@ Sgém, cﬂ 1@ mgkg/dol fogr oup. 46 WO

03/ 0335 PCT, 60 . Th treatnment to, s ificantly prevent the
dovel DprBma ol 10, Wr gsts okl P iomring . SHSa ArnseR o . o

signifi CﬁmenmeﬂlFfo&dc@rl(syg@odpwe@rd@mrstdrmg A thé bgy Flilmmuizaiion wikthowi ng er osi ve
changes in the | SATx247-treated mce relative to the vehicle control group

m ce dendridtumie gay ) ant sageios on Dax &2 g pamapl passigaedto ithedrepimsstpeiosel 5 B,
Ant i gen- (sndues et dd3ed staﬁng\lemzé@ Stke XYl dnSet (A4 185 untTRAJHIRE B Baynder

speci fi n@{)at hogen free conditions, were imunized with 10 ng of oval bunin
in sali enul sified wth Freund's conplete adjuvant that was given

i ntrggruscul argy dﬁ&q p%ﬁ%%&ﬂﬁﬁ@&éﬁ'rﬂoﬂa%%é@@&%{t s%hﬁ@aeatﬂuﬁéﬂﬁism%? of the

neck. Fourteen "ater ani mal s started recei vi ng
i nt r a- ar anidcayitcme; aﬁgeemqmclm koge intgwelling isymaviel Hnd CeBltﬁa@TQﬁ human

r econbi ng&ttm(glge%pgr{a%m ﬂ%l@sﬁﬁw factor 2 in saline.

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
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 ISA7x247 (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 ISA1x247 (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 ISAtx247 is equivalent or potentially more potent than

cyclosporine A in the treatment and prevention of theumatoid arthritis in an antigen-induced
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| SATx247, cyclosporine A, or vehicle (Chrenmophor EL/ethanol 72:28, VAT)
were adm nistered daily by subcutaneous injection of 1- to 4-fold

di | uti onswofo3®sasek drug (in vehicle) into saline to yiel dCrano®entisati ons
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hi st opat hol' o g c% scores of animals with established arthritis was al so
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A significant 3 uction iIn oscopiT arthrrtis score was evident in
| SATX 247hﬁ(llhmkmmeplbgtoxmty opsarved ytdtumps; riSAex247 twae adreutlsmdmtr@endimbfat ment
was wel | I e aha GSerum

e ear i ASHEST B8R Mabit R sPlcPNGR W | BEPAIiopPRa P Rl s5he

equi val eﬁﬂlowung]tsoheeinta ally nore potent than cyclosporine Ain the treat ment
and ggeventi on of rheumatoid arthritis in an antigen-induced 47 WO

03/ 033527 PCT/ CA02/ 01560 arthritis nodel in the rabbit. Exanple 17:

Phar macoftablei ¢ and ToxiThe DoseAdminiteiivhiScheduldfor phcInvestighiisiesf the and

t oxi coki neti c par amatekmacikinefAhnd 4 éxicdlin &ROProperties bEISARL 2414l IR Of
Z-isoner) and cyclosporine A were tested iModelr abbit nodel. The 5 rabbit
has al so bee nodel dy cy ine A Y, but
far | ess fregﬁéé?tltﬁlg’?/ta?lnoglg t he r!iajta sgis?udl esﬁhﬁfg% ound tl\ﬁ%mg%%g?%%l ne

adm nistered to the rabbit cause7 tructur’a Shd functional changes at a
dose not only |ower than has be®¥¥Pevi oust™W&X®eported in ot her ani mal
model s, but also within at |east the upper |evel of tRNalesher apEamdles range
in hurran'a\(e‘ﬁltdlé@mticﬁ et al., 19910 1994). Al o, the finding of iaterstitial

fi brosi sz andiokpormetrecomic@pat hy, i addition fo the cytaodogical changes in

OR

the tubui gg..pHggests that the rabbit 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 ISA1x247 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 ISAx247.
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is a nore appropriate nodel to study nephrotoxicity, since these structural
entities are hallmarks of nephrotoxicity observed in humans. | SATx247 was
adm ni st ewed3josaseavenously (i.v.) for the first 7 days amdTawventameously
(s.c.) for an additional 23 days according to the follow ng schedule. 15
Tabl e 4 The Dose Adm nistration Schedule for the Investi gati on of the

Phar macoki neti c and TOXI cokinetic Pro rt| ) $§A 4 lt0 orﬁ%b i
Model Trieklerent &hg t‘f P?ra‘['ﬁ §‘§ . I$ se
s.c. Dose (ng/ kgpnd ce“img mgé‘f % Seﬁprﬁss a355

Cycl osporine A Control 10 10 6 6 3. LBBEse's 5 0 2 4 Medi umDose 10 10
4 4 5. MeghwBbBerabietdS 4 4 PaChdgworing de rabbl ts (SPF)ISAer¥7used to ensure
any renal changes observed Vﬁ}elb due to ]§Q@7 ef fect P4y 1 SATx24Dagnd not due
to pathogens. On Days 1 and | ood sanpl’es were coI | ected prior to drug
admi ni sttﬁlg,g(mmrsﬁnd at 0.5, 1,02, 4, 8, 12518, and 25hours 20030st-dose to

generat &, a p( af macoki neti ¢, pg,0f 4 0e CI 5?7'1 £ypl uat @gllﬁ[@ret elrgggyz,qbuded
clini cal #¥<E¥Vat i ons, body” wei ght consunpti on henmat O(?ng%? 1cI i ni cal

cheni st rti, (hgre)ss  pat hol ogy7-4 &9 hi st op%PFRﬂ ®gi cal 7% nat | sel ect ed

ti SSUGS/&JeBQr[a%rthgl:ﬁWQ sanpéees sWel e anagagBed2¢i a hiash e or sEsTce1373qui d
chr onmat 0@5’?@ coupled wth mass spectronetry (LCVS). Table 5 bel ow
sumari z aver age pharnacokinetic 25 paraneters in rabbits that
received 10 ng/ kg of cycl osporine A or |SATx247. 48 WD 03/ 033527

PCT/ CA02/ 0156fere Tl @ SatiRtedliyaiiticnlyi diffPencasieitersn thé phamnacokianiaus| y

Adm ni st ered Cycl osporine A gAXE%TXZL%‘D‘ | e.Rab t .ng 10
my/ kg/ dafrenREsteh e Clesras éeaﬂﬁg T A761]!’? o E)% P OrA A A Rﬁ&f&’m osporine A
| SATX24 T hafia diila HalimilerDapIS At Mk feh@leiratbitd rébeiding the Gnfd.dose Y@max (99/ 0
1954 32pO 2171+612 1915:L 149 1959: 7% . . o of
not significantly different from that observed in the male rabbits, with the exception o
maximum concentration on Day 7.
No significant changes were noted in the hematological parameters of rabbits

receiving a vehicle control, cyclosporine A, or ISATx247. 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 ISA1x247. It should be noted that

even at a 50 % higher dose, 15 mg/kg/day, as compared to 10 mg/kg/day cyclosporine A,

ISA1x247 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 Day 15 . Day 30
Vehicle + 6% - 3%
Cyclosporine A (10mg/kg)  H22% +33%
ISATx247 (10mg/kg) > +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 ISAx247 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 ef al., 1991, 1994) was
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tY2 (hours) 7.4+-2.8 9.04.0 7.41.7 9.2+1.1 Area under the curve 6697 1717
6685 1247 5659: L1309 5697 1373 (g=hr/L) There were no statistically

si gni f i cawDlog/osiseT er ences bet ween t he pharmacoki netic paPamataeo160

cycl osporine A and | SATx247 in nmale rabbits receiving 10 ng/ kg/day. The 5
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dose were si.gnificantly diff fr ve h
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serum cr edemetiinenalysisel sxprawiongh prlifraas e@lhnuc@qaﬁg@en PEEMLeA cellei@t i ni ne
Level s I rine A or
SAToar T E@%g % chiplh ﬁveaﬁtgﬁg%etd% %&@Tﬁddﬁ&m\@dﬂl&}fﬁ}uﬁf Svompar i o0

Cycl d&poby Heellk apd ezqg¢dsg>)1 of 229piRB Y aﬁ@ﬁﬁ'o@mm@lﬁo ¢ B§Yo (earpenimtion off SATx 247
(15ny/ kg 19% - .119% ng t he
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| SATX 247W1ﬂ\7(ﬁﬁ1h@ﬂsdf®vasa gmsﬁ]ltmmved ﬁhtﬂympiaicymlpﬁﬂiferﬂibm cytalsineppdéciion, y t r ue
for the kldne no evi dence. terstitial fi Si normal |y
seen in Wcﬁx Eﬁ’)?q %é[y\/% LSPefageagtegsh Waied lbllfﬁ% g pate t?y IQTZ&A T’i%é%”%@%) was
49 WO 03t E3potine s Bhé&#hBy th 301, (cRfrts3ell inng/nilg)lset fofth i Tablé Madtlowecei ved 15

ng/ kg ISATx247 a decrease in spermatogenesis was noted. No changes were
not ed>i nTeME73 femal e rabbits that conpl eted the study at this dose of 15

mg/ kg | SATx247. EX@PQ}fncker | mmnqsup@A&ga‘yv Jhliwcﬁgb&n@g | SATx247 5 Whol e
bl ood from cynonol ¢ QuS monkeys (n=i4) was incubat'ed with [|[SATx247 or
cycl osporine and st i Fihwnidie wpteke di f f é6@5¢ i | oge}-32n cul ture nedi um
Lynphocyt e 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 11a 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 ISAtx247 suppresses
diverse immune functions 2.3 - 6 times more potently than cyclosporine.

Example 19: Wittig Reaction Using Tributyl Allyl Phosphonium Bromide

20 Potassium zert 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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proliferation was assessed by tritium| abel ed thym di ne incorporation and
by flow cytonetric analysis of expression of proliferating cell nuclear
antigen (WOMN3)3ma7 cells in SG&M phase. Flow cytonetry wacCalcw2osed to
assess production of intracellular cytokines 10 by T cells and expression
of T | yniaieaydrabas 10 vahiteynt abdut 98N befhre a k6Iblorn efanetghdyckkspain 0f  dr ug

necessary . to aftain _50%0of {h Xi ffect) s subsequent | al cul at ed
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1.2 nmol Jexppe, 3‘4W®?-9t1’é‘P?lgWﬁﬂ§18‘F’l¥ra§ﬂe © 5B ¥ XOe P Sté‘%/ei%r r |( ng t%e

yel | ow ofapgfit [ @At Rt sHokt LMEeCivRford a SohitR S add cy@apbiinn dsydqupl et e. For
quenching the reaction mxture was transferred.onto agueous phosphoric

aci d1¥ 1. 2 1 mmob) i) of tatpgneryvas sloily addgd. agfiersteingshe s -Faeeext ract ed with
100 L ofe b WaREref 6t 3. 9WeEHs B roftifh-wif queh @l 8 BansiiAns MRhéQgsh Or gani c

| ayers were washed with water and concentrated under ~reduced pressure to
dr yness. mitere ppto dusiktureefSOynlatodusne sximqperns phseherin asid@d 52522 Nqlyht | y

The resulting biphasic mixture was allowed to warm to ambient temperature before the two

layers were separated. The toluene layer was washed with 20 mL water and concentrated
20  under reduced pressure to dryness. The product, acetylated ISArx247, was obtained as a
slightly yellow solid in approximately 80% yield. The isomer ratio was about 70% E-
isomer and about 30% Z-isomer (as determined by "H-NMR spectroscopy).
Example 21: Wittig reaction using tributyl allyl phosphonium bromide and a lithium base
Running SAPO018 as described above but only at about —40 °C. The experimental

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
ISATx247, 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 tert-butoxide (0.19 g, 1.7 mmol) dissolved in 9 mL of tetrahydrofuran
was slowly added. The resulting yellow mixture was stitred 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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yell ow solid in approximately 90% yield. The isoner ratio was about 87%

E-i sonmer and about 13% Z-isonmer (as determ ned by 'H NVR spectroscopy). 10
Exanpl e 200 09083527y reaction using tributyl allyl phosphonipamidaxoonide and a
lithiumbase Tributyl allyl phosphonium brom de (1.38 g, 4.3 mml) was
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phosphoric a 0..15 ggg tSEsdthdne MR bUr € was
con trat ed%ﬁ'ﬁ](ﬁ’glfoﬁlge IAg(sA'O §e B %‘f sso qméq}ﬁ%? &‘? nmet Kanolpf Then t he
m xture 3gs. Bllwwsr(gmaﬂl@eﬁlyl)mr@ (ﬂrﬂ eghivaledtpwas afided. r after X ingtep pltingdtt at e was 5
filtered, wash met h / wat ( - dri in vacuo. The
pr oduct , 30 QC%Y";?HGBL‘?SE& rf%ﬂ% Q)O @2 e%é‘%%%i R edasﬁéaj%ac? F%? ﬂ‘é’g@e?%lsi din
appr oxi nlﬁataﬁeli)ét 208 Witk e8mpiEhien 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 separatled and re-
extracted with dichloromethane. The combined organic phases were dried over anhydrous
Na,SO; and filtered. The solvent was removed under reduced pressure providing the crude
trimethylsilyl-protected Cyclosporine A.

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
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i soner ratio was about 91% by wei ght E-isoner and 9% by wei ght Z-isoner
(determ ned by 'H NMR-spectroscopy). Exanple 23: Ozonol ysis of acetyl CsA
10 A sol wban/sds2acetyl cycl osporin A (15 g, 12.1 mol) i RCZANAN1560

met hanol was ozoni sed at -78C using a Sander ozone generator at about 1.1
bar W t Brddr eutmentextdsoveob it bBE&}nd.ccﬁkﬂleb@ﬂﬁs 4oyt wds datriedroaatotrbmowms conpl ete

(about 5 m nutes) sol ution th ar, d wth
di met hy PEGPS 9798e- dTr?nga&%‘He {JrFqH’é(f‘]ﬁﬁ‘iﬁ})‘!g eég?d a@ﬁnﬁ]i)el 8¢5 lr%ﬁ n}q‘l rew g ion the
M Xt Ur € ,\WasmSth Jr?cﬁire(?&elrﬂiogﬂt Tat RSB IPRtedted IG5 clodfdrine pcﬂm?m ration to
15 about 50 nL the solution was slowy added to 500 nL of water. The

resul ti mgs peleipdificaqueoyn®okiupt er ed, washed with 60 nL of water and dried
in vacug. . I1he B 8GR Alxdte GPA RUSBIMIRG iaR i tanbEdsiRg a

col of | e§5™s aopr OXi mart e b% yrel'd and a purity of about 98%
(det er mprogs §l viae pagdSat i on of trinethylsilyl-protected

vl e A 20 y t di ssol ved

di gh?ifg:r;a{] ﬁ%ﬁantlit%"ﬁ?‘%"“‘?%(sﬂ‘ﬁﬁfq?@é o 41 1y1) urea (1.1

equi val enyl)nphan;ylpid)stﬂrdmuﬁmremldﬁ (Prequitadents3 inf tolurey(18ml) medously stered&ffesul f oni ¢
d t heat ed at

fot | ux SRerRo T SRS e (SRR R p Ried CREMAI Bl (BE 1 128 B4 @

chr quat Qgﬁ@ﬂbm) W&kﬁ)p oftihegleadpive ssxtne after hhayin rqaetidroat meome temipergrel

h t HPL t led t

Foom t e bl mpdie Gy AHRY o4 S0E BotET S L ARl ARG, PP on” (100

m) was p%igteghcﬁm afHéeotisndhase was separ at ed and re- extracted with
di chl ororret hane7. T e conbj ned or

provi di Qﬂot&&@d @%llt%ormfem mﬁ&wéwltlre@ﬁ@ﬁect ed Q/cl osporl ne A 30 Exanpl e
25: Preparation of trineth SI| - pr ot ect or| leaddggfﬁg

Tri 8t hysi | yThpfrimesietalyl-psp HOP@ﬂAeésﬂ%hY \)"'&F ﬁf‘}v 3 solved in
di chl or 3;3?&&@81@%?& §94té&1 V)Jlth ﬁ@@q@@ﬁéﬁoﬁﬁﬁl Hﬁﬁ)x’id@%@luﬁ&@{l@d:qﬁ@alantﬁ)e mper at ure of

about ter which ozone was bubbl ed t hrough the solutlon until the
appear anesstiof mixtirewas gighusly stitesd and allysiphogsdpheerioriom BRmgSdAt he sol uti on

until a %gfva ehtes'\sporéo%livﬁg Wi . O@Bﬁé 1%&‘ th&e%owl%{eoa%éﬁ%zem%o 2/ 01560

order toresve flexcess ozone It colorless; this step was carried out
t 0 r enpveactiss eSO zameratiie IpEIthfﬂ arvh g niistuegy VAR i andds daplylsdwnding ¢ he

reaction mxtu S ure for 17 hours. The
tri et hfFoé’ilqr@?trtg? %?xgg}yﬁsély{f/ e8{3%&0 éﬂ kﬁg}ﬁ?g %/de was obt ai r;yeﬁgs 131f ter
aqueous WMRpiddB: Prepmadombea EBmlﬂnmuﬁﬁabEcﬂoubiebmd&sqmm of mimsthylsilg-t 0 E
doubl e bond '§8 rs of AI’I net. h;(;]% n\é

protected Cyclosporine diene via ‘Wittig actions

The trimethylsilyl-protected Cyclosporine A aldehyde (1 g) was dissolved in 5 ml 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 fert-butoxide (4 equivalents). After 1 hour stirring at room temperature, the
solution was cooled to ca =30 °C. A solution of the trimethylsilyl-protected Cyclosporine A
aldehyde (1 g, 1 equivalent) in toluene (5 mL) was added dropwise. After 45 minutes at
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protected Cycl osporine A diene via Wttig reactions To a m xture of
potassiumtert-butoxide (3 equivalents) and allyltriphenyl phosphoni um
brom de (WoOeqgusisat ents) in toluene (10 m) previously sti PCEECA015660

m nutes, was added the trinethylsilyl-protected Cycl osporine A al dehyde (1
g, 1 10a%qyi3oa’t§ﬂk)feacmrkpggﬂ<é @bs \gb%ed @ﬂ@tdvﬁﬂingﬁn)dll\)lpfo&irmftélgﬂ:3hgihtmﬁ(rj r gﬁct ibond
at roomtenperature _provided a 3: xt.ur an oubl e bon
i somer s(byNYReok % pudeh dgpbleihopd 1S°‘6‘FE§t°ég{eéﬂm@g‘ﬁéﬁﬁ’g}\{?%%doéy%‘?%%@e anpl e 27:
Preparafjoh of a 1.1 mxture of Z to E double bond isoners of

trimet hy]l stlyl- Fr otected Cyclos'orine A diene yi a?y\i't iﬁw&gf‘ﬁti ons 15 The
trimet hyl si | Yhe-foHoviag tedcxapplesdipempire 3Qand He Aipdaest .@%‘}’ 2P ¥sol ved in
25 nt g, 1Al Yens At LAl WitV RINGANA Eamhdmlinnexbde sol ution (10

equi val . ure was Vi gor ous stirred and

al Iyl tri phen¥é phastinedalyiribrednisileng 108 eqeigaentalie 7HE (1pprvaidice) was
added. Wor k- 0 e yeacti ] I infig@ct i on at
room te%t@bétﬁﬁple&ﬁtrl\g\% fé% ¥4 @geq@@feﬁsg%tgééﬁse@@ﬁ%. ‘3?&12%2?33 E doubl e bond
20 | sonpiasticd, tHelselution wastdoyled kd y15-°0r atddraed vihdicdypSrinpiborybaraened- IExanpl e

28: Preparation qf :2.m X e .qf .Z -' IS, Of

trinet hg‘ﬂ‘EY":l?}ﬁs)' %F‘B‘Ea‘eli‘t“é&"’ Séfiﬁ%“é’ Bger: fhﬁ%lg'%thgf goglg}?%/)ﬁe%@\?\%t %ﬁk’%g@d‘iatsi ons The

tri met hydgidlty bernfadd tae Bed-iuethyisipoallyip didthyltdeny degénl. §ftewhbowdisssol ved in 5
m of taoluene together w.t otassi um carbonate. (1. 5. equi t) and

al 1yl t r FUREMYILFREH Btﬁ?tﬁyrgﬁgqqﬁﬁaglelpﬁ E‘)g) %Que.%‘%’%‘éena)“% %X@lﬁg of the
react i 0,0 aded ifophidee A fiér NGtk QBE teh@tdnatixtues Waswvarmeéto Mi0gOmodis stirring
provided a ca 1:2 mixture (by (NVR) .of _Z and E doubl e bond isoners of the
t ri met hyataiategd|agpsoys NEuEsolaien Wéb%ﬁﬂ%?ﬁe;ﬁefcﬁ“%.OHEQ%%E@O%WW%%%% ation of a

103 m XGHEe (& mﬁ WaQ addel SMPINE rd20ish hSBNEWas Sdirakted Breibey Ivsth 2§ Iml efhyDt ect ed
Cycl ospori né A diene via Wttig reactions 30 Allyl triﬁ%ﬁ%’%?ho?x@ﬁ?om um

br ortb de a¢Bateq Theerzane Bhaseseqsaresed pegneriily MER §ics € 4h HEST phosphi ne)
was di S%ﬁée}éﬁ?{\ﬁ%@ﬂdﬁﬁé@(é n[ﬂb) The (QlibER8 ofghne phshs e diddederiald@yed by
ert-but oxi de

pot assi u 4 equivalents).” After 1 hour stirring at_room
t enper affilteed, dtd@oneotraied widenwaduced pressig. GTherudg praduciavas shipmagngiaphed he

trimethylsilyl- tect.e ' devieil Be acktyRGHtacaldent ) in
t ol uene %@‘“?ﬁ% dichlora é}gge@églﬁg\nag)g.thfatceratezﬂgﬁﬁ%éut}éls e o B s 033527
PCT/ CAOZyQlbsgddine dbputmetiBBilglaldohal. reacti on m xture was worked up, providing

r %@pr%%%m xture oy MR Ol & falbrine AOp RS to nleilc%ﬂ@iers of the

trireth . g two exanpl es,
Exanpl es 30 aud sdfhtiodsfaligitimethgsilane (El.1 sduiveteat) iaTHB(ES ml), was added

butyl lithium (1.6 M in hexanes, 10 equivalents) at room temperature. After allowing the

reaction to proceed for about 30 minutes, the solution was cooled to —65 °C, and treated
with diethyl—B;methoxyborane (10.1 equivalents). After 1 hour, borontrifluoride

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 NaHCO3 (25 ml) were added. The reaction mixture was extracted twice with 25
ml methyl-t-butyl ether. The organic phases were washed twice sequentially with water (2
x 25 ml) and a saturated aqueous NaCl solution (25 ml). The combined organic phases
were dried over Na,SOy, filtered, and concentrated under reduced pressure. The crude

product was chromatographed (Silicagel, heptane/ethyl acetate) to yield the trimethylsilyl-
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5 Exanpl e 30: Preparation of acetyl-protected Cycl osporine A
p-trinmethylsilylalcohol To a solution of allyltrinethylsilane (10.1

equi val erw®)03i0885THE (15 ml ) was added butyl |ithium (1.6PEriaaokersanes, 10
equi val ents) at roomtenperature. After 30 minutes reaction, the solution
was CoOkgskcted Cy?:ﬁ)sﬁbrlri%l)ﬁdﬁ-h{r@alﬁ}&dly\lﬂldoﬂloﬂi et hyI - B- net hoxybor ane (10.1

equi val ents), our, rifl jethyl eth |ex (10.1

equi val ents) T Waéﬁl?Wm&d RleRapI éﬁ%ﬁa&?& g%’eg3 nd 4 P 1R

B- (y-t I iRidaNbSichdtiong! | Y1) - di et hyl borane reagent. After 1 hour, a solution
I

of acetyl - prot ected / or| ne A aI dehyde (5 g. 1 equivalent) in THE (15
wasxageled2g) T4 L-protected G = QSPOLRENGCREL | on mi xture was war ned

tO - %0 C andyge ac%atl cﬁéc%‘éa c&},%@mfﬂe Dslkbﬂc{;lme%@mrylamnmwmgeﬂequmateao stirring

one hour at room tenperature, =~ water was added and the reaction

m xt ur e waadiseolvedzn TEF (3 ml). feoscentieipd 75 Q# (19 wasagdedapd thesreactiRl or gani ¢
phases {(tﬁre% gge%sfe%g]ﬁ K Blob tg\dn%eg' athRdt Q’Vat&?& HywaAndady a?l@ttﬂér ated aqueous

NH4C1 so ution ( e conmbin organi c p ases were dried over Na2SO4,
filter edeacamldmmlnem‘s exitaetdd wittl dichtcaeiosbahe it Gmbulbe aqpiseusghgsiavasreduct was

chr omat O [E')g vg}h él%ﬂo%ogl}ae el dn<e61 Cif'l e%%‘){i‘%@ ?@gﬁ& @'ﬂ? wik dﬁgtbé/\‘er

acet at e/e acety pro 0Spor |
(3-t1oi rTBIaESd)@ filtytea hﬁd)&tmbentrﬁﬁd EixdempddecedlipresPure paging iho ace(bsfl-protected

L1t Y S Brot el ed Orc oxarkine h iR ML BGDaL, ) 10,2

added tﬂ&lwneﬂh'ymhwwe(tﬁbr/@HManmthh@mnealhzwfremuwmmum ethdsr/D(EMrw

tenperature. After allo th cti for t m nut es,
the sol @Yegretyhrroksa &y NP@%H%QSE@GHS%&G‘EY?B‘Q%G@HH I%foﬁ%a %f‘ﬁg%g% 1rrg(?hoxy bor ane
(10. 1 eqgukial & st Z d§db®boAd RemErs (&MO@MHﬂNMRQB%@&oQ&'rﬁHa@ﬁIBMbﬁ) her conpl ex
(10.1 equivalents) was added to generate the B-(y-tri rret&gstsoho%mg

al 1 ) - di et hﬁyémhérﬁ@fﬁe@g@hproteﬂ@egé?a/clisﬂce&ﬂ?Adée%‘faﬁf?rts‘ﬂcts
trimethy, Ac'égy'l mgcleg@hﬁék%ne%l Qélﬁwléﬂilﬁwﬁ BsHRbY BendiRing) (8dmQud kateent ) i n

THE (15 m dropwise. After 15 mnutes, the reactjion mxture was
var med (@2 Petngivan eabaratst(B 65z §lequzalkpiwas addedt AR stivg fagiddpursar ter [ 1

hour] sty Jforlelahﬁ%%?g& %er}&léﬁo@ﬁl élgg Ral ﬁ 3t u6C 8P4 Béuré. 1BheTedbiibnand 30

sat ur at ed were a reaction m xture was extracted
tWI ce vmmlhtuzdswamonn‘mtﬂageﬂundebmdwedaﬂtr%@rre anmﬂ}e easigian es ghesesingdye washed

S ol 3& S eg t(m’irsll eé[o(n:% %{cﬁé (sélrutlgt}] £, g%laég\é}gs sqoﬁlgtaﬁﬁeatfgﬁov@eqw&;; S’C\I)iCI

dried over
filter edyatarqmmlo nimmquadmdlayamlw sepadad:wmﬂ preggauedoyithidthyl @cetete (5®ﬂbduct was

chromat Qqgr aphed (Silica ane ate
tri met hyl"Siorgpfcd a%“@%@@%%‘&?ﬁ@é@)ﬁoﬁ%g&ﬂ par%dt &tﬁéé?@% osporine A
P-t ri metsapikasdd WAl sorkioh (30N The bigaic fayetsiweeecantand] défd dexaNpbRear@2, 33, and

34, are directed to Peterson elimnation reaction
concentrateﬁi un(?er reduced pressure to grpve éyclosponne K Ehene aSATX247).

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

conversion to Z-Cvclosporine 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;SO4, 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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Exanpl e 32: Preparation of E-acetyl-protected Cycl osporine A diene 5 The
acetyl -protected Cyclosporine A (3-trinethylsilylalcohol (100 ng, 1

equi val erwd 03m8a521li ssol ved in THE (1 m ). Concentrated H28CH/qADOL)S6MAS
added and the reaction mxture was stirred overnight at roomtenperature.
Wat er ( 18isemer gBES Aaw2fddl Hiedlesibidation svaas comopletsil oy diseolviagthe xtudaptoddetwi t h

d! chlor gﬁng(?ﬂgnem%t:jgnmg()% q;ﬂﬁelgﬁ’c ng%lé%gﬂﬂ&g%n&@(?dl a1l ﬁ/f(é u%&; ed wth

di chl or . ani c ses re °dried over 10
Na2SO4, lisidracdtamg aalddwhlbmc@ reiniadlet). uAfier 1 Smeiduteeat rpone espeertdre, vegitarend he

acetyl-p rine A diene (acet rotect l. 47). The
crude pl’%g}l;}%'? ét\%gsw e(%/ § ? 1°2ddouf irjag?ﬁ et ﬁ@flrat¥4 %ﬁrthéa[cﬁegir\y%_ﬁlﬁ( nd then
recr yst azicleiatee dl"Heroogmnmqﬂqhsph w'erebwslydd veitthe sahipaiddl ‘aq'neolgl N«L136%atiy. -THeot ect ed
Cycl ospori di ene .(acetyl -prote as a 99-97% 1-3% m xture
of E and? 8116 qr%anbcﬂésqs §’8¥Fedrr§df’ﬁ‘§ﬁ\i?@g%?‘ﬁﬁﬂ?é an %‘@F?Wedo‘fndﬁ’erﬁgwtérrent) 15
Hydr ol y spressofe, frogidgigydycloEsiae ttx&ﬁer@émmm b8 946 Highe obfZana Pridused as

fol |l ow Acet osporine A diene (4g, 1 equivalent) was dissolved in
met hanortgoeémer%@am (32ml). Potassium carbonate (3.65g, 8.3

equi val eEbIa}nﬂ@& al@@@ﬂauoﬁﬁ)tﬁfcv%fokﬁcfﬂngﬂ dise (ﬂé&&%s at room tenperature,
the reaction m xture was heat ed ug to 40C Tor hours. The reaction

mxtthe was cowdemethlebd-piriertsd Cxdnsearinept ﬁﬁ@i}?tb}’lah’éﬂ%@él Beemgut was t aken
up In et 1val%9t)%‘§tiﬁ5ﬁvefd79 %ﬂlord%%ﬁtﬁUSTﬁb E(ylﬁt?on%ds(éoél?a%thﬁra r;'r?gsé o30m ) was

sl ow y added f ol 3/ wat er m ). The aqueous er was Separated and
re- ext ra@@é@-@m"@kﬂnétfﬂwtp it berpetri Bmﬁlﬂ)dlethWﬁbermoglahK@ m@é@lt%Aﬁemvas hed

wi th wat ﬁé %ﬁ\%@% (%%e (ygnﬁ'dfcmo? n"i‘ecfflaqle%ﬁ IH Iw%? dﬂlgm"}heg)q ani Gp ﬁ%/erw %\lgg ng.Clan d

sol ution organlc ayers mer I'ned
concent rsspardted aukwashed witk @Irapr €9gui).elrivd ogarwzsm; fiepd mhd eonkemtiagade

| SATX2 tion of Z i nme rtected
(QICiAl-o@s( pé?r%iﬁrer%iucgé gﬁ;}s’sure d pr(%vu{ érgﬁt? %Ck(’)sﬁmi‘%e d’&g}%{[%ﬁ%‘ﬁ% % I ene (I SAT
2471The mmturebynyv;e@tgﬂthqa}i atﬂ:ﬂmﬁl&bmﬂ@mrs(thMl{)S tri Ims'; hyl si |yl al C|Oh8| t(2
, equi val e : olution was cooled to
0 xample i Laprotec : WL GIHed. After 1.5 hours
reaction, et myimeamglm pro(eZtad agcmp)onam dﬂ&fe@d‘as Gfkﬁbwéd)m waﬂanaquwd by The
aqueous Ia e S se a %’gd and re-extracted with ethyl acetate (20 m).
The or gafife™ ﬁgégluﬂ&} Splutonyvasireated vt M egueoys Btieberieacids o| ut i on (20

m ) 20Th€hoﬁﬁﬁii)(ﬂ&ﬁu@l[ﬁ nV\@tepm%te%fﬁoﬂrtérﬁﬁerﬁﬂl%rwi\ﬂ@rzaﬁ%thyi hdela® R&le and
concentrated under reduced pressure to give a m xture of

Z-t ri met3gedi TR 2apsays byearns senpeatersand rp-rirasted; vaihestipl peatate- nesirgapic pr ot ect ed

| SATX24 DhascdRitrdwihed FERQ Edtﬁl@teé‘a&ue‘%ﬁ‘seN 4¢nS1upen. V’ﬁeoc%ﬁ‘ﬁ’)ﬁég s aﬁgg/h%g 2/ 01560
Z-isoner of | SATX247). The desilylation was conpl eted l'ving the

crude prigdedeied ?ﬁef(NamS@M fteradiand gencentiaied underpsilupad plieﬁsurqqeroyuimm on) and
addi ng g b1V AHLEOHRne (ISATx247).

25 Example 36: Epoxidation of acetyl cyclosporin A

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 by a
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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hydrochl oric acid solution (1 equivalent). After 15 mnutes at room
tenperature, water and ethyl acetate were added. The aqueous | ayer was
separ at edwand/osazs2extracted with ethyl 5 acetate. The or gamCE/qAN29E®0 wer e
washed with a saturated agqueous NaC solution. The conbi ned oggqanl c phases
wer e dred wavesd WaR&Me adukdusesdhen chloddec@ne aﬂi),rcatr@dled,rdmd ovedife pressure,

provi di ng Cycl os ri A di_ene X24 oXt and E
doubl e 2 Hceing Qf?%é/ CWWCGW&%%POH% ep?}rngep tgf on o I?IIEIE: %/t)cl;/os porine A
di ene (AI%'EsaﬂméQole'lﬁaﬁrl met hyl sil yl - prot ect ed Q/cl osporine A

(3- trlnethyIS|IyIaIcohoI (500 ent) was dissolved in
di chl or Brasaie 12 of Omo‘gg QKV ®thin a range of about 0-2 C,

and greated @fuﬁ@a&@ﬂ@géﬂ)ﬁﬂﬁ%bdéﬂ(l%@h 8p Bﬁlﬁolﬁﬁmﬂlﬁﬁlvéénﬁqw val ents).

After 1 hour, water Z;_(%jn i ch] gr onet hane_, ( \'%?96 added. The
or gani cadetopitrilo(@8 mlge Peaterbmblivpsaddete il leeﬁb%é‘fdé‘fm(’?@dﬁ’ie dPfed over

Na2S04, 19 $NE861) eHMEasicRMELEEY wast O provi de

di rectlyﬁg%?og%lgrﬁgi ﬁ‘g%g& I%%F%(ZM) as)a 91:9 lm xture t;y v%l ght of
the E asiitred adé@ltﬂ? 6ol 8 duris ghaneshesexclss sWRN PeErdatipyes @snched By stdeianbn ~ of
trimeth I5|I 484 hnd (1 Ot ect ed
Cycl ospd? eﬂ‘é dglpéolﬁl%lﬁ%% ?ﬂ‘%a é\g)ggdg({aﬁmﬁce}ghanglloa-lo/o S el ghtt in the

sol ubi omixturEhwas esthatdd totcewdt tm%aﬂybnieﬂwltdhhel(moanﬂue@h)s Wdlfg?@]f‘?l oric acid 20
solutio ui val.e frer 15 mnutes ter and

et hyl E’ééaﬁfs WéShead‘Zi%‘dﬁ“t?ﬁ%ueﬁﬁ%seogﬂ%n aorgére (\![/\g)(s)ljiﬁsfié%{)atrﬂr}g%l g% Hggddm)rég extract ed
Wi th et glsacatdadoacentrd aF gffund mdM%sycﬂmpmmﬁstdehlydm(t W & R8%ur at ed

aqueous_NaCl sol uti e rgani h ver Na2SO4,
fiql ter eéIP&ﬁ:d%M)caé?ng%? ?é(g‘t‘htrc‘?a‘@r 8%&‘ g?Cié‘)so Om%tf) %ﬁﬁ%d%%res gl osporine A
di ene (kg%ﬁf%%% acaﬁn@smh@naﬁs elﬁmw gi@amqepmdﬁctamt g,l71&’cylo}iscdsqanr| n A Acetyl
cycl osporine A (2 di ssﬁt%/ed in acetonitrile (30 ).

1, 3-16i a@@qtﬂwclawarfef{f’@q!@% afea)aﬁsﬁﬁ&“)? °a%ded, fol |l owed by 0.0004 M
aqueous gy & 9%'3%”?%@%&%@&6@1 @&Gidoﬁn%%lﬁiehdﬂesﬁﬁig%n‘é%btDrbaﬁum) and sodi um

bi car bofat e (0. 405 g) é To the stirred m xt U{ﬁ? §8n§3(43 8%
KHSCB) (2. 23AgetyBCy4 smmé(%&l deoRyandistol AR astopiale (30 1 The pH
was nai AShA dioN). O agdeati@l anount 6. 4
m) usin Iﬂlgée%ang%tolﬁe(%P%ch@ erg%)t]fd gq%eg%lelg‘?e at}N)22 25 g:‘lby ccasmnal

cool i ng et}glmgdmmm@tetc,tamt@raCIIdai!Shdlume?b(2021115) %@GP@‘“@W&"E‘F@E@F (O & xt ure was
que f ew. dr b/S 8hdded00 M) was
Al ad B T R B 8 B e et het
(100 m,poﬁfmawlswva@ houirdqérmpaams mainteinetcat 8.25% optas A0EBeDI IRENBR02/ 01560

\g\?;? ﬁzh%gamomp[ Amﬁ usmg eI-?'s'{gt. s[%@te%e?a%rg(xjagﬁeﬂt }%-ﬁ"’b ARaisned, dried

hours, 0.5 M sulfuric acid (5 mL, 2.5 mmol) was added to the reaction mixture, followed by

(Y

a few drops of concentrated sulfuric acid, until pH 1.3 was reached. Then, sodium periodate
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 tert-butyl methyl ether (100 mL, then 75 mL). The organic extracts
were washed with dilute aqueous sodium chloride (100 mL), combined, dried over NazS0y4,
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.
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and concentrated to afford crude acetyl cyclosporin A epoxide (1.92 g, 95%
HPLC. 99.4% area) as a white solid foam Exanple 37: Preparation of acetyl
cycl osporwp odozdseehyde 5 Crude acetyl cyclosporin A epoxi @eT(CA098159 1.52
mmol ) was dissolved in acetonitrile (25 nL). Water (20 nL) was added,
foll owe Bxanp16 39{180): D%ﬂtl@d@bﬁon((ﬂfaﬂe\mﬂvcloﬁloﬁﬁ Arstddhydewith 8 5 M sul furic acid
(3.05 152 mol ). T eactio mxture was stirred at 40 C for 18
hour s, i = ; %t e was quenched by addition of
aqueous Sodlmea!@b@lalte‘dlG;@los&ﬂnemealmy@@massmdatwmmmrsaldﬁee(ylm@ 2ml) was added
and the 10 m xture was extracted W|ce th tert - hut He E‘é et her (100 nL
each). Vhishgyagaeneratedsiiom thereaciien W’B‘}Pf%ﬁy tﬂglé%ﬁ]a EBUE YD di um
chl og 'dﬁoﬁ&%\vﬁ%ota&ﬁm&%ﬁhﬂﬂﬂsﬂld@(@Brey,biaﬁ S Deai\M COTegBkddadred to af ford
crude acet cyc orin A aldehyde (1.74 g, 92% . HPLC. 95.7% area) as a
whi t e fbatws,tﬂ&s éﬁu%é%ﬁ@iémvﬁ Nrprddaginn ghike stjcamped s achipyeddsnge| usi ng
40% acet o u tele(v&tecfrﬂe eratukdo based on
15 acet%ﬁ&zé/g?g%%%t}l?%ag%?ﬁﬁ @Qﬁe élﬁ};lgdru\ebg)o?gf %Bﬂg?jfte so id rrg)oam Exanpl e
38: Pr epawatd ﬁmmdtedalmcytyla&d(ﬂ-@@rp@r iDepmtestione as describsd paylier fumisbedthe pr ocedur e
Acetyl ycl osp 2 Em} trile (30
g eéé’giépp -ézlﬂ(:e one ((éo Og% %Méﬂm%%&%fﬁggg%%ﬁ%% owed by

o 0004 Momm@rdiy&xhﬁithrgladoebiﬁtaﬁmmm E&ﬂd@!ﬁhévai@%M@Pg@@iQ#rH@alt (20 m)
d sod b t 4. t
oxone (IESIHRASORT Tonet (1o Ap043 2 e TR B by 8 bbhidfhed) B UL

hours. TRelofbleVés thplendhatadrelstRtof 8-iRorvyt iicthia snmnute oeh (1L 281 (il 7, 1Q.0 {zNa OH

(total amount 3.4 pnl) using a pH stat. The tenperature was kept at 20-25 C
After 3w8snpfgisiestabls: 5 M sulfuric acid (5 nm, 2.5 mmol) was added to the

r eacltl on Tgﬁ“b‘%@ﬁlﬂéd)tiuhﬁaéﬁ@l_}_ ﬁﬁ’?; dlﬁleflgwmiiﬁmyﬂ'f&pEﬂﬂgﬁﬂhﬂ hxbgnﬁes(BJZng,lrl c a?: I) d,
until pH 1.3 was reache en, sodiu ri odate mmol ) was
adddd, | A memeD PRy dieRs URE (20 mia &8 p4deq ppasstums B‘BW‘%’@H@E@H%Q %f or 2
hours ang atg AfoLCofsk scﬁ@tldﬂ%foﬁlené’)\&%ﬁg}(é@l@iﬂ@é—)Aﬂ&%hﬁﬁ@@& langt rbdie m xture
was extracted twice with tent-butyl methyl ether en 75 m). The

or gani c tesxterateesthe yasreslaredipluionivencatniyged 246 ﬁ@éﬂ%e‘é%%ﬂt Eﬁ?sé?ﬁegrt? e (100 nL),
combi ne Abhered 16 mugletigedt vl
cycl os pgr I ﬁ&kﬁg}(gﬂﬁﬁ %a T&‘ﬁg S/?%fs%%‘%i 4X&rg% ar eae;t afsﬂgl Whl te foam
The cr uded pentdfuged. g scmmm wgeﬂsqmﬁ@&e@tpéhe rpetionflagesnd 18 thegombined
acetpne/ 60%.hexa t r ( Yalrased on
ncotdl  CTETURSEIIE P SHflA- LA HE (L RraEhy ey ey AR
03/ 03352% mmh@mﬁb@mm at Iﬁmammpe;a:age evhso;he cvlpt mng;dﬂlehfcsteﬂ@w dhe Aceyl
?Fl)ﬁl)?;r)?r I ﬁ n mlxture vvy %111\%6& 1t§i3t0£ (@BH}X laﬁm%ﬁ M!&c}u hﬁW\@fﬁy Laphired

NaHCOj3 solution (50 mL) and brine (50 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, CDCL3): 2.23 (s, 6H), 2.03 (s, 3H).
13C NMR (300 MHz, CDCL): 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 CHCl; (3 mL) was added a solution of m-CPBA
(0.07 g, 0.405 mmol) in CHCl; (2 mL). After stirring for 30 min, dimethyl sulfide (0.5 mL)
was added followed by CH,Cl, (50 mL). Work-up by washing with NaHCO3 solution (25
mL) and water (25 mL), drying and solvent removal furnished a solid (0.43 g). 'HNMR
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The acetyl ated Cycl osporine A aldehyde 1 was reacted with the salt-free

ylide 2 which was generated fromthe reaction of

3- di met hywergsfsgsedpyl tri phenyl phosphoni um 5 bromi de wi t h PpOIGS2/0186D

hexanet hyl di si | azi de (Corey, E.J. and Desai, M C. Tetrahedron Letters,

1985 2@00 S/ CDCIH] 209 (sy SN AR (3], @13 ¢S, 3Hhe’C NMR (OPAdHY CDGlAs achi eved
sing mchl orope 0 t 0O C. Cope elimnation of the N oxide at
| evat etf tggn})7e4 &’Mim;z #13 g@t]‘g\’ %Jur ni shed the acetyl ated Z-isoner.

BeNpRr ?1:5 geéﬂecmmﬁﬁatdﬂ&ﬁﬂ\]-b@?e eﬁfebdr@tmnfo!ﬂ (Z)-Isdimd of heetéleiﬁs)ozzﬂtﬁr of | SATx 247 1H

0 Mz ectrum of this conmpound. c Ir t.he

exhi bi ting 1196581“@? (ng)lvﬁﬁé?“eéﬂtne”aégge%e ttlﬁ&JC\/ém%%%Ofé%g and 10 5 Hz,

charact grd gl IS;dsQJd tlzrohépﬁr%lulhﬁ' oBsilicaEiX Fhitioh/ viatHactoné-BexahbemixBdéTer i ¢ purity
is >99% si nce bl et of atrlplet characteri mer in the

m xt ur e(ezadieds 528 Zé%ﬂwtoge andP5do E% hexgges) ﬁ‘HPlS]EF‘é]tae‘if’[l‘%{?F%so 1‘?’&53 n%égl rred
SuspenS'}?ﬂNﬁ{ g%oqlhﬁ?tc;ﬁ gms agg&toms b9 u@mmmllm@mwwzz 59, 15 5.83
an (0]

mol ) in rous t was added pot.assi um hexanet hyl di si | azi de
(11.6 GDCL5. 182:2ﬁD131Q9 mﬁbﬂmﬁmMSWZl &2 0MEWNT hr ough a syringe. After
stirring,.for 1 ? L@em tenperature, the red-col ored sol ution was

centrif Supernatant transferred to a reaction flask through a
cannal a. To Tdﬁaasdmtidnd)f\@)sacatjfdjmTaﬁ#ﬁS/@ﬂm@ in MleQENE nildovasiayidedgiaterr ed  and

The. contirrel) o6 FRunas) Beot AT as AL sBhef et AR, (1 177 °°

ol ) . ittt mg siipBed o bolindiechnd koracted fwitht BIOAC (20 byl Bife (dimicdayqr oom
t enperature he cql or _tur |l ow. . The i ture was
i 110t ed it veohes et s LT LA e MO 2R b 1o o RN VL2
SO: uti Olﬁlcéléﬁesﬁ}sasllcﬁﬁgh HKIRNG0¢ mizﬂt]))Ch%}ﬂSr(gt, fiﬂxﬁ swowem 1)y dSah/zf :JI’ ni shed ah
pal e-yel | ow sol i d. romat ogr aphy over_ a sili a ution wit
acetldne 123%. 8{1@&%&3 Thsesdng cpmpgingyas Zrigope Ofgg/\g@ﬁ Cﬁ% me?ﬁséfr%% ﬁo 25%
hexanes vyPRegphorous-related inpurities. Further elution with
acetone)lfoglf@{l?éslsﬁ%gi@ﬂégdsl red product as a _ colorless sol .%8 . 84%
flgsalléé?c oseg 3

y| el d). 1H NMthqueboniyipefersrghodmentspi the inyppfion are gaect NVR (300
M@d{ﬁaﬁn JaifidMionsldd4atidibhaohe fesmer si on to
N—Ox de %}1 d%%g%ﬁ’trv?%ii:@ ﬁ@fe%loo | ed a sél utllm(l)n of at he dj methyl am no
corrpoundnv@hti(ml ameplosisible mﬂnehtwfttheuagoveéaa@bmaﬁar(dovmn the pyTvaW fhBT ) in CHC13 (3
add 32! d 8t 9&1& émhe) béiGHC13 (2 nb) .
Af t ezr‘ﬁa rlgeﬁ1 ity “g%loﬁﬁ‘de%r&g%ggﬁﬁ?e Sggft? 1|Zde o vvalé1 adlded fol |l oned by
CH2C12 (50 rrL) W)rk up by washing with NaHCOB soI ut| on (25 nL) and water
(25 nL), drying and sol vent renoval furnished a solid (0.43 g). 1H NWR 58
WD 03/ 033527 PCT/ CA02/ 01560 (300 MHz, CDC13): 3.19 (s, 3H), 3.18 (s, 3H),
2.03 (s, 3H). 13C NMR (300 MHz, CDC13): “
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131.89, 124.13; Ms mz: 1340 (MtNa+). Cope Elimnation of N Oxide.
Preparation of (Z)-1sonmer of Acetyl |SATx 247 The N-oxide (350 ng) was
stirred rnweatosass2zheated at 100 C in vacuo for 2 h. This PCRaARAEG passed
t hrough a colum of silica gel. Elution with acetone-hexanes m xture
(gradi edLAIMSt 0 25% acetone and 95 to 75% hexanes) furnished a col orI ess

13C iRl a0 kB ipapriits S Benrithge Spdclorp gt pedited 14, ;5"

( MtNa+) at the)-am$etd resflddeSﬁHXa 23—Hleﬂlé)su'58tlmelﬁ,oﬁ.’hﬂr¢im theafinge 2f tha dsomgtic | SATX 247

50 0 d
gtl rpgdmll“g?rei%”hé g‘Fner%’S &F ﬁaetemfﬁé’ arb‘é‘é" |oc(r;j1fq}qe uregn\%as s% rlagped

of f sol ‘g@%tt§a@ﬁ€|1@,{bfﬁﬁm@0ﬂmﬂh Et OAc (20 nL). The organic layer was
washed with water (10 mL) and brine (10 n&%}ﬁg in and sol ven?rermval
furni shéd alkefoymPetien g lﬁﬁﬂli’ﬁeﬁm ted (ol

J=16. 99 A{p%Sds emfi‘e‘d)belo%@ nn/z: 15 1236 8 (IVHrNa) The resulti ng compound was
Z-i soner Ix247. No neasurable E- isomer was observed by NVR Although
only preferred enbodi ments of the invention are specifically disclosed and
descri bed above, it wll Cpe appreci ated that many noglkfications and

vari ations of the present invention are possible inglight of the above
teachings and within the- purV| ew of the 20 appended cI { ms Wit hout
departing fromthe spi rl\t and i ntended scope of the invention. 59 WO

03/ 033527 PCT/ CA02/ 15 CLAIM5 1. A conposition ¢gnpfising an isoneric

m xture of a cyclo , anal ogue nodified at the I~ amkno acid residue
with a 1, 3-diene su uet erein th cLsogRkhC m xture
for the dfeRE™ 'g‘?.}’ﬁstllglp i's ?Tmm about %[;/e%to a‘%oubH 9% of tfue E-i soner
and about| 5 90% to aaoout 10%|of the Z-isomer. 2. The composition of daim
1, wher ei Feliche Aonadeler-siledltsomer s are Yehet- Pé@n@?@”e'ﬁu‘nﬁ(ﬁ‘e?“ as specified
below IIHZ1IH CHCH HOHO CH3 CH3 r MeLeu -MeVal -N G Abu-Sr MelLeu
-MeVal -N-r, ( CH3 0 CH3 O

E-isomer Z-isomer.

10 3. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
15% to about 85% of the E-isomer and about 85% to about 15% of the Z-isomer.
4. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
25% to about 75% of the E-isomer and about 75% to about 25% of the Z-isomer.
5. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
15 35% to about 65% of the E-isomer and about 65% to about 35% of the Z-isomer.
6. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
45% to about 55% of the E-isomer and about 55% to about 45% of the Z-isomer.
7. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
45% to about 50% of the E-isomer and about 50% to about 55% of the Z-isomer.
20 8. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
50% to about 55 % of the E-isomer and about 45% to about 50% of the Z-isomer.
9. The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
55% to about 65 % of the E-isomer and about 35% to about 45% of the Z-isomer.
10.  The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
25  65% to about 75 % of the E-isomer and about 25% to about 35% of the Z-isomer.

11.  The composition of Claim 1 or 2, wherein the isomeric mixture comprises about
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Leu-D- Al a- Al a- MeLeu -Val -MeLeu MeLeu-D- Al a- Al a- MeLeu -Val -MeLeu E-isoner
Z-isoner. 10 3. The conposition of Claiml or 2, wherein the isoneric
m Xt ure cWOPB033Ee7 about 15%to about 85% of the E-isomer pamCAROL6085% t 0
about 15% of the Z-isomer. 4. The conposition of Claim1l1l or 2, wherein the
i SONBr i g59MWidbtiEl L0 ElieSe Bombodtid abah ¥6% do atwoti25Y859she Z-istreerE- i somer and
about 75%tq_about 25%9((){ t he é#ps%ner nsé%f Claim1 or 2,

oy D Tgrcla conposi tio Lt
wher ei n1#he TRSGREPPHIOR ¥ ClpiE E B MhgTE the S oPerc B aEE CQRPTE AP 5506 of t he
E- i somegsansaabess %67 thd RiseRerdind3boet 9% it abodt 1 390 wethe Z6isontdre conposi tion of
Claim1l or wherein the isoneric mixture conprises .abou 45% t o about

2
55% of the EApBumarculifd campomitionRompEsing,HLisoUEY, cyFlopReEnganalogie. - 7 The

CoONP@si ;e fcofdifl B ahy OF CRim¥&S 12 a0d b PRarins@AREAIE abioptablexcipigitl | Ses about
45% to gtouf 566’%1%% thg E-i ggrrer and about 50% to about 55% of the

Z-i somed4. 20T, phmeacewippbepnmpogiionet G 13, vhish compjee # SAMIENEI S orer i ¢
m xture gﬁ%ﬁh% %gﬁg@ﬁﬁﬂtethaﬁcggﬂ ﬁﬁ%ﬁﬂ#ﬂf?eﬁd/é%n%@fphhmoﬁeﬁtsorrer and about 45%to
0 - .

about 50 I'soner. The conposition of Claim1l or 2, wherein the
i someri a5.m xTherphameavputicsbepnapiosition offBein k. sbishcomsrisss dralphad opophesher and
about 35% t o .about %0Qf . & =) S Opedii§ ﬁgmﬂ%'g@{- M aim1l or
2, mher@?ﬁfetﬁﬂg’ei%lf%cﬁg?{(?g K gerélt%:olﬁp%?fps% ’Izril%out ¢ 25 ig/o tlg@(abou)t 75 % of

t he 18- i 90/ Brecand, adetiand5% t 0 about 35% of the Z-isoner. 11. The

conposition of aiml.or 2, wherein the, i rjc .m xt i ses. about
60 WD OéﬁOSS'gW%gWC@At&ff;ﬂ%ﬁmop?%%}? R ou?C E{Egh&/g %gfs)étggféﬁlt-ga:aggérer and about
15% t 0 abeshing B i@fmdrRandopraniture, i Aquid keutenpogitinpansuofact@itadtmndl, or 2,
wherein the i soneric m xf ﬂr.e corrrgri ses about 85%to about 90 % of the .
E- i somer iapRpiligrd{or #pepPRLisSo 506 of the Z-isoner. 13. A pharnaceuti cal

Conposi tj70N TRBHakEAdRGANCInHRBRIOL 6f Sy of OBAY 15e lanahioly istn Snitdostger e
according to any of Clains 1 to 12 and'a pharnaceutically acceptable
excilpi edetm.” 14, The pharmaceutical conposition of Caim 13, which conprises

a | iquidggsol ‘P{iéﬁﬁrm Bl Ddrishsios Uf Eaft 8Ntwhiditdoamms betivebh faplbdts and/ or an
anpi philic solvent. 15. The pharnmaceutical conposition of C aim 14, which

conpr i sesg tdabdus HA0 Peedpeibeyigredigtyet hyl ene gl ycol 1000 succinate (vitamn E
TPGS), el UM EALNdel @l Y6iiidsftn METIn 14 Qi conilit @Bot 80 ntnghntoanol . 16.

The pharnace conposition o aim 13, which conprises a gelatin
capsul e migorg ai ni ng the isoneric anal ogue m xture, a liquid solution

col vaht 2097 il AR Aol ARARon of Sk PPOES, bR RAAPIARn AT 6.
whi ch i Sng/inl isointerid assge:.
21.  The pharmaceutical composition of Claim 13, which is adapted for oral
administration.
22. A method of producing immunosuppression comprising administering to an animal
25  inneed thereof, an effective amount of an isomeric cyclosporine analogue mixture
according to any of Claims 1 to 12 or a pharmaceutical composition according to any of
Claims 13 to 21.
23.  The method of Claim 22, wherein said animal is a human.
24.  The method of Claim 22 wherein the amount of an isomeric cyclosporine analogue
30 mixture administered is about 0.05 mg to about 50 mg per kilogram of body weight per day.
25.  The method of Claim 24 wherein the amount of an isomeric cyclosporine analogue
mixture administered is about 0.1 mg to about 10 mg per kilogram of body weight per day.

26.  The method of Claim 25 wherein the amount of an isomeric cyclosporine analogue

mixture administered is about 0.5 to about 10 mg/kg/day.
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15 form 18. The pharmaceutical conposition of Claim17, which contains
between fromabout 5 ng to about 500 ng of active ingredient. 19. The

phar macewD®al3asenposi ti on of C aim 16, which contains abear/G@20t56) Soneri c
m xture. 20 20. The pharnaceutical conposition of Caim114 or 15, wherein

t he sol ot.i OMTheGmtkRids CI8im Z6owindein the mmourg ofrixisomeric Qytlosiimiae pivdagiaiceut i cal

conposition of Claimal3 ich is_ad e . tpi stration. 22. A
met hod B¥UHP S&H’é’?s%déa Wﬁh%mgd?)g’roé@%P‘gﬁg@%ﬂgéﬁ{sqﬁr%%%%ﬁg%@eri ng to an ani mal
25 in nged themeahed GTIEH Bokherén tlwamntntof amisonsinegiclosparing kodquei ne

anal ogue m xture, according to any_of C ai 1.t0 12 gr.a.pharnmaceuti cal
conposi wwea@e&l%‘?rﬁgwta O%‘iﬂf tg oo Hgfke/ d%%’n%{)nllﬂit?reéfaﬂéfﬁé'dhet hod of daim
22, ghepein &ﬁie%oﬂ@f?@hcih%th% B f aRnmibfosuppedskioe cyalospibriiermdl@gueher ei n t he
amount of an isoneric cyclosporine anal ogue %0. m xture adm nistered is
about ObyBrepRIIng @n A39BIgTIC BUXHTF ob die 2R3LPHG AHSDHFS B FYWRISHPRCHRY 2478y, 25. The

met hod gf G-l af d’%k%@fn{' ;24&}& AN soRbrieRidnEe SRhbiseS the kompnitione anal ogue
mxturegéidm%}ers%léroed i s about 6 1 ng to about 10 ng per kil ogram of body

wei ght pEmydé¢laim@bto The net hod of C aim 25 wherein the anpbunt of an

i soneri g, cyclos J ] 3 B4 k®s gt 0.5 to about
10 g/ kg day TR R B B B B O B of Ol m 26
wheriei n atidhezuamixite adfnigisteied trrbritd.05yeg loshontisA angpea kdegien ofbadyur e

adm ni st er ed ia about 2 to about 6 ng/kg/day, adm nistered orally b.i.d.
28. The "HECHEE % O ai m 27 wherein the anount of an isoneric cycl ospori ne
anal ogug?. ni Yiidimethadlof Qlasi 8T etertia trbowtnisomsria byalespgrineghilggusay |

adm ni stered aqral.l ..d.. 5 29, A hod _of ..reduci icity of an

i munos dpEPESd S%‘)?& I‘Soag’ﬁ'(‘)trqh@gl\%%?f’gtabemg %?fkgg’%rg%ﬂ[fﬁgd};aﬁ&%%g%(rﬂe&ra?'c mi xture
of the apal ogmembM@bd UBElaRs 32 Maerbimenasupféssievie cagesporine B@ogufhe met hod of
Claim?29 wherein said isoneric mxture c rises the conposition of any of
d ail§s mixgrepdmingered rabaph Gy tp ag}uté;{&}gﬁ?g%g?‘or 30 wherein the anount of

i SOMEr i G4CYChRSRARhbASE Clhin 89 ¥hasiehe Hmdutifl & ieitrioicgdlespernd malapeut 0. 05 ng to
about 50 ng per kil ogtam of bod % met hod of Claim
I

31 wher aligureemipisiong 1%@@%‘??@?‘%’/‘5 6%%@%812%{1?& gad]é&q i xture
adni ni styer ed-r, 5, 2RBNbf Claim B wheteRIRUmMoBt SUscRRKickidiagonie Mblopady wei ght per
day- mixture administered is about 0.5 to about 3 mg/kg/day, administered orally b.i.d.

20 36. 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.

37.  The method of Claim 36 wherein said isomeric mixture comprises the composition
of any of Claims 1 to 12.

25 38.  The method of Claim 36 or 37 wherein the amount of isomeric cyclosporine
analogue mixture administered is about 0.05 mg to about 50 mg per kilogram of body
weight per day.

39.  The method of Claim 38 wherein the amount of isomeric cyclosporine analogue
mixture administered is about 0.1 mg to about 10 mg per kilogram of body weight per day.

30 40. The method of Claim 39 wherein the amount of isomeric cyclosporine analogue
mixture administered is about 0.5 to about 10 mg/kg/day.

41.  The method of Claim 40 wherein the amount of isomeric cyclosporine analogue
mixture administered is about 2 to about 6 mg/kg/day, administered orally b.i.d.

42.  The method of Claim 41 wherein the amount of isomeric cyclosporine analogue
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33. The nethod of C aim 32 wherein the anount of isoneric cyclosporine

anal ogue 15 m xture admnistered is about 0.5 to about 10 ng/ kg/day. 34.
The net howooB/ogisai m 33 wherei n the amount of isoneric cyclPeTvoeaesseanal ogue
m xture adm nistered is about 2 to about 6 ng/kg/day, admi nistered orally
b.i.d. RAkturdhdminitdnalds abouCh Aitoratddt Inneftkeiday, piminagiredorally bidoneri c

cycl ospori ne_anal ogu m xt ure 1i ster I about 3

my/ kg/ aay, 'I?ﬁtlé(%é’géﬂy %&@PW 22?‘?@%‘?’&658@%@ llﬁmﬁgﬁﬁ%gﬁg@nﬁgcr‘easi ng the

ef fi CaPumﬂIno?@ptdm?mt ﬁﬁ@f&t}i@t M&Hfﬁﬂﬁb aam@mrgatfor tismueel togsdar ejgotiepar i ng ant

i someric mxture o e .anal ogue for use as.the .i uppf essj.ve agent.
37, Thetiret Wd Tetthad of Gime MHERS! MLz ID Sriestion Sl 6P SORIRTIPIL S (e
conpgsi &d'nﬁ@tingocif. TR, fﬁﬁg,%ﬁbm HeaktQurb2livet i by, piherestiet Ko bowelChai m 36 or 37

wherein the anount of iTsoneric cyclosporine analogue m xture adm nistered
i s aboutor@abBanyplagts. about 50 ng per kil ogram of body weight per day. 39.

The et hod ofy,J2hd8 A8nPBEERING K he42wRMBh S8l iSRRI bEre@icalopspor i ne anal ogue
m xture admnistered is about 0.1 ng to about 10 ng.per kil ogram of body

wei ght menurdayppresgige agent Fietrenpetrpdlaviae TeyeimadmdedfRISF N t he anmount of

i soneri¢. cyclospor i ' AdnishehsdphssstRwt 0.5 to about
10 ny/ ké?'daﬁheﬁaﬁ%(gfaﬁﬁ%@%'ﬂﬁfﬁgg?%ﬁzo V\/nlerlei n t_hgb asf?t)unt of isoneric
cycli0s poimneseppadseigel egentris e tea ozedlaviate Srafi-eegsus hoglislingese2 t o about 6

my/ kg/ day, m nistered .oral | s P o ik idbh, Wher ei n
t he anolifit o ellgﬁﬁ%‘f?fgﬂ?%‘?éo‘g%%% ?\aé(g%%%%%%ﬁjg@s g‘%{e&% 6)% 033%}27
PCT/ CA02¢.01566 méthod oty afitiaimssX2ao é2l wheremipaidtimfruBosuppresseantor 3 nyg/ kg/ day,

admnistered orally b.i,d. 43. The .net hod. of. f i 0 42 wherein
said i WWHU%W%%%F BEeTbls to Fﬁ%ﬁh%@i’fﬁn%rcg?&c\/rge%{g%nog aitrg] S?%agﬁgéggtaﬁor all eviate
acut e ompgan Phe thétBSUSE ClhiaNSPWERIMIn Edid eebniorejectidd is ghafevayel Hedsaf C ai m 43
wherein said transplant repection i %el ect%d fromthe 9r.oup 5 consi sting
of . 1Read?., | Trggmetherhpliapgat @&?stz-qtﬁﬁg,w PietPefld RTHRESPPISERE @at i ¢, skin,

bovel ,  apgnds@p6Rive hERNRRL BB Sr alkbiate Kefogimet Rpdtiof. any of Clainms 22 to 42
wherei n said I’ hmunosuppr essi on or I Mmunosuppr essl V?%faeggﬁrﬁ}%lt S to treat or

al | evi abb T-Ted methediphiclain pevaeein sid xonoeratie crhnibY §ECHRi s 22 to
42 wher %b&isﬁ%&éa@ﬁ@?ﬁwé ERBINARIAE cctidh JFARVRAS YRREERSIHLE tlRGREM i S tO

treat or alleviate graft-versus-host” disease. 47. The nethod of C aim 46
wher ei n deair ¢ efiaghfgrentfspédiesinbbaeciignt ow t r anspl antati on.  48. The net hod

of apy Qb O & 1B 4A8d bPCAR ¥NEh&ER ssi@khoefIRUBRSHRNS Rt mediated by

B-cells or antibody-mediated rejection.

53, The method of any of Claims 22 to 42 wherein said immunosuppression or {
immunosuppressive agent is to treat or alleviate an autoimmune disease or condition or an
inflammatory disease or condition.

25 54.  The method of Claim 53 wherein said disease or condition is selected from the
group consisting of arthritis, rheumatoid arthritis, arthritis chronica progrediente, arthritis
deformans and other rheumatic diseases.

55.  The method of Claim 53 wherein said disease or condition is selected from the
group consisting of hematological disorders,. hemolytic anemia, aplastic anemia, pure red

30  cell anemia, idiopathic thrombocytopenia), systemic lupus erythematosus, polychondritis,
sclerodoma, Wegener granulomatosis, dermatomyositis, chronic active hepatitis,
myasthenia gravis, psoriasis, Steven-Johnson syndrome, idiopathic sprue, (autoimmune)
inflammatory bowel disease, ulcerative colitis, Crohn's disease, endocrine ophthalmopathy,

Graves disease, sarcoidosis, multiple sclerosis, primary biliary cirrhosis, juvenile diabetes
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I Mmunosuppressive agent is to treat or alleviate chronic rejection of a
transpl anted organ. 49. The nethod of C aim 48 wherein said chronic

rej ecti orwnD9398321 vessel disease. 15 50. The nethod of amgTafAo@beichs 22 to
42 wherein said i nmunosuppressi on or i nmunosuppressive agent is to treat
or al | evidaberexBN@Isaf e I),aiveiti (Atriotehd posteriank kb tbcofjutiaitinsEer, wharlei n sai d
xenograft rejection.is sel,%ﬁed Ero.mthe ro tisCorr]nSeiruE[)ril nﬂrit%f acute,

hy per ac UfeEteqoa R B dntprstitial {ung Gbrosis, Roratiy AL, SOMSIRONERER "™ he or gan

donor isid\%kaﬁicq{egﬁ@ﬁ@%dﬁﬁ@qhﬂﬁmﬁlrdﬁﬁlﬁgtahheplrrqmt}m adtiuverile &2matdingositt.hod of

Claim51 erein said xenograft rejection is rejection di ated b B-cells
or anti b¥fdy- regireaterd Qféflé&ﬁ%wer%%héﬁﬁéasﬁﬁf %&E{?f”%ﬁ? CM#WOQ to 42
wher ein Skl ERBASHAPIARS] imls, dEPIY0ORURS BppéeaegRitylicud o Lreal or
al l eviate an aut ol mune di sease or condition or an jnflammtory disease or
condi t i omultifgnB4dermpdtivhernesipras, clesedersa VitigPdReSeAsHIVYY 8-38% or conditi on
Is selected [f i ShyiehB@s @ p@igigds! dpfdermbpsEBIRES arthritis,
arthritis 18%%ﬁ§%°3‘%‘?“&§?§ﬂ%%§,}_yg{reflh_r_istrlé %é%dgr_r?zdns glzd ot her rheunmatic
di seasesacqbbita, Bier oty oCilkigi Gdiskey ofithe ddn, dnflymmatars conditamigf tion i s

selected_fromthe . group.consi st:in gi cal disorders,. henolytic
aneni a, glﬁﬁlﬂ@ Pﬁf%{ﬂ’gﬁs’a&hﬁrﬁr %ie?%%f’ %%ngﬁ@gﬁg% a, idiopathic.
t hr ombocyt.openicamposityst Briatmédipasy efGlainsriet 62 as 2 thempyeiscamppsian.

scl erodona, ener granul onat osis. dernma Pt r.ani i Aze
hepatiti s \éﬁgf‘s‘i &R OﬁP%RﬁSs{‘a“B%dglPia%%"unS ,"% @%@%?\E&J%fﬁg%ﬁ%?%@g&n@

i di opat hixgdisphéi® for(pResi@ingmimelosuppfstiamton tierpyeveotien ofdllogall o1 xambgeftat i ve
colitis, Crohn's disease,, en ocr'&.ne opht hal nmo thni }?ir%ﬁ X di sease,
sar coi do&vestiopprefergply @g}dg% pagt, liygr; WFVG%HgiOE%aglgraP 1051, j uvenil e
di abet es ;G AL QBT thdihicieR 284 5iGRoridsiH. abet es mel litus type I),

uveitis (anterior and posterior), kerat ocorgau ctivitis si.cca, vernal

ker atl§coff-uncThemethed of s @f Slaims 27 to4g Fepere TEUNgREPTST P ar t hri ti s,

gl orer ul b hrSssive QAR AlDbfevElR ROt SOHREHAMRsplANt Adjéatbn.change
nephr opa?%@%ﬁél}rgﬁgﬁi Fe der IT'P}B-.tVO 0Si ttf&gs. . 56. The nethad of C aim 53
wherei n the dikemsbodef aywdClainn2] ie 43 sTherin@id MIMMORPPESIHCT 5 consi sti ng

Of PSOT | 35150 ONLARE (I8H IAD bkt oAb AP HEIGTRAdlok Sondipi a_ar eat a,

eryt hema mires rmatit erpetiforms, scleroderma, vitiligo,
hyper sensiftamnidtyry alisgasetor sonditiont i cari a, bul | ous penphi goid, lupus

eryt hemat osus,, pe i gus, .epider I Wi . DBk 1

i nfl ;ﬁ?‘rmégry ér‘ﬁﬁgf)&ﬂﬁg?oéﬂe&%ﬁ&a&lp g}ri}éey%?ﬁ)gﬁﬂﬁds@?ﬁac%g i%ﬁdma é)rf ?1 condi tions of
the | ungs, aner e ph@vRicediilvmposifidnecgirding taay ei@aimsclOrp 83imsthe10 57. A
conposition as clained in any of Claips i to 12 as a th@ﬁ@pguetdid%an

conposi t imsAvfagigre staemghcaéne@g)ﬁ@qup?%lngguwmg}pﬁ@alop,%V ShIGHE S ains 1 to
12 for tl&ﬁmﬁﬁ.epar ation of a

62.  The use of Claim 61 wherein the animal is a human.

75 63. The use of Claim 61 wherein the amount of the isomeric cyclosporine analogue
mixture to be administered is about 0.05 mg to about 50 mg per kilogram of body weight
per day.

64.  The use of Claim 63 wherein the amount of the isomeric cyclosporine analogue
mixture to be administered is about 0.1 mg to about 10 mg per kilogram of body weight

30 per day.

65. The use of Claim 64 wherein the amount of the isomeric cyclosporine analogue

mixture to be administered is about 0.5 to about 10 mg/kg/day.
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medi cament for providi ng i nmunosuppression for the prevention of allograft
or xenograft rejection, preferably of kidney, heart, liver, or preventing
or treatiwgoaossemmune conditions, specifically rheumat oipdTarAROII6DS OF
psoriasis. 15 59. The nmethod of any of Clains 22 to 42 wherein said

i Mmunosupepr esThousearf Clainméfiwharpiptiesmionet efgbhisomeri¢ cycnsperinstanalogitee or gan or

ti ssue transplant rejection. . 60, The t hod,.of any .of ai 22 to 42

wher ei n é‘&ﬁtﬂpqtﬁ%ﬁﬁm%?régéﬁ PRU to a??fﬁ%ﬁﬁ%%%@?%s@f%‘@“ﬁrﬁgﬁfﬂﬁ’ltc(?j prevent an
aut oi mune di sease or condition or an inflammtory di sease or condition.
20 61. Aggse Ofie hfrafiCISHESS Whayaliasdouhne arisdnegicecyaiosorine agnbogoe di ng t o any
of Claims 1 to 12 or the pharmaceutical c osition acc rgi@g to any of

d ai s 13oixgreepdminisiersd is aayh P Adp gt dmeAkg{day; @ erg ?raﬁi’ d¥ci ng

i mrunosuppr essi on when adm nistered to an animal. 62. The use of C aim6l
whereisn the animal is a human. 25 63. The use of Claim61l wherein the
anount of the isoneric cyclosporine analogue mxture to be admnistered is
about 0.05 ng to about 50 ng per kil ogram of body weight per day. 64. The
use of Claim63 wherein the anount of the isoneric cyclosporine anal ogue

m xture to be admnistered is about 0.1 ng to about 10 ng per kil ogram of
body wei ght 30 per day. 65. The use of C aim64 wherein the anmount of the
i soneric cycl osporine analogue mxture to be admnistered is about 0.5 to
about 10 ng/ kg/ day. 64 WD 03/ 033527 PCT/ CA02/ 01560 66. The use of C aim 65
wherein the anount of the isoneric cyclosporine anal ogue mxture to be
adm ni stered is about 2 to about 6 ny/kg/day, adm nistered orally b.i.d.

67. The use of Cl aim 66 wherein the amount of an isoneric cycl osporine

anal ogue m xture admnistered is about 0.5 to about 3 ng/kg/day,

adm nistered orally b.i.d. 5 65
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