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del ayed hypersensitivity, experinental allergic encephal onyelitis ,
Freund's adjuvant arthritis and graft vs. host disease. It is used for the
pr ophyl axWwe 03f0333egan rej ecti on subsequent to organ transpCantaaiomi9 for
treatnment of rheumatoid arthritis; for the treatnment of psoriasis; and for
the treatnent of other autoi nmune di seases, including type | diabetes,
Crohn's disease, lupus, and the like. Since the original discovery of

cycl ospori nU.3 Ret.do. ¢365.814 of naturally occurring cyclosporins have been
isolated and identified and many further non-natural cyclosporins 7 WO

03/ 033526 PCT/ CA02/ 01559 have been prepared by total- or sem -synthetic
means or by} 86,2Rp] 1eag hon of nodified culture techniques. The class
conprised by the cyclosporins is thus now substantial and includes, for
exanple, the naturally occurring cyclosporins A through Z [c.f. Traber et
al. (1977); Traber et al. (1982); Kobel et al. (1982); and von Wartburg et
al. (1986)] y @ 4384 04@ri ous non-natural cyclosporin derivatives and
artificial or synthetic cyclosporins including the dihydro- and
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t he a- car bo®-3tRatnNef 4,39G84%sar cosyl residue at the 3-position); cyclosporins
in which the -MeBnmt-residue is present in isonmeric form(e.g., in which
the configuration across positions 6' and 7' of the -MeBnt- residue is cis
rat her thané}§§g§%&)g?g4§%closporins wherein variant am no acids are

i ncorporated at specificd positions within the peptide sequence enpl oyi ng,
e.g., the total synthetic nmethod for the production of cyclosporins

devel oped by R Wenger--see e.g. Traber et al. (1977), Traber et al.

(1982) and Kobdlat.®o. 4[771,{22982); U.S. Pat. Nos. 4,108,985, 4,210, 581,
4,220,641, 4,288,431, 4,554,351 and 4, 396, 542; European Patent Publications
Nos. 0 034 567 and 0 056 782; International Patent Publication No. WO

86/ 02080; %&tb&1?§§23 WWenger (1985); and Wenger (1986). Cyclosporin A
anal ogues coh'aiﬁinQ’nndf%%ed amno acids in the 1-position are reported
by Rich et al. (1986). |munosuppressive, anti-inflammatory, and
anti-parasitic cyclosporin A anal ogues are described in U S. Pat. Nos.
4,384, 996; U.SPht. No25,555,%84, 826; and 5, 525,590, all assigned to Sandoz.
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T-lymphocytes and cytotoxic T-lymphocytes, inhibition of IL-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,
delayed hypersensitivity, experimental allergic encephalomyelitis , Freund's adjuvant arthritis
and graft vs. host disease. It is used for the prophylaxis of organ rejection subsequent to
organ transplantation; for treatment of rheumatoid arthritis; for the treatment of psoriasis; and
for the treatment of other autoimmune diseases, including type I diabetes, Crohn's disease,

lupus, and the like.

Since the original discovery of cyclosporin, a wide variety of naturally occurring

cyclosporins have been isolated and identified and many further non-natural cyclosporins
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ot her words, a m xture mght contain 65 percent 1%;@%' ght of the (E)-isoner
y

and 35 fretrent reidppathe dpostien)pariegxairs orwkioch hsyMeBmiiesidye ixmertz) - | soner,
or Vi Cey ¥ehed foli (2R, AliREH@E gor[f%{lﬁﬁsd ALk BosifidlR Chry SOMEIMABY:. al so be

described as a (Z)-Tsoner, and the trans-iSoner could also be called an
(E) - i sapique is chpraghed thag frgns)4n8 cxclpsporinsiidserin variapiaraing a¢idy arget hods  of

prepar af i o 2dq £ ¥Sd JiBns B3 i ‘ ‘ 0% | SATX247.
Synt heihltl gp%rat%?v\a/gy‘g Cgrﬁjgﬁﬁlggﬁsed tﬁggiﬁ?%%ﬁéﬂgh%%‘?%%géﬁfﬁ%ﬁﬁ ons of the
i ndi vi dwatheticguathmdgor the predii¢tiomiof cymesporafs devedoried byl Vengeri-oey e Tdbsi red rati o
of the { t hon. af. rd i f | SArx247 are
needed egépgg?ﬁ’@%ﬁi\r/l\%ﬁw@k@%ﬁﬁmfgl%g@&wﬂ%’ﬂaﬁlg’ggél?t s anal ogs are
menber g,230,581, &l 220 $4 64,2883l o4, 5, 3pp epd 4.8¥E5NRakumogeanfateanPublimrionosuppr essant
activi ty. ite ant ages t e drugs. offe i spect to their
i m’runoguoﬁp[i @s@@@’,ﬂ& Qﬁ??a?%:?Iftgﬂ%(}ngllr’%?enéﬂﬁ)ﬂgﬁtﬂn-‘%oa5%@18%@%6@6%9‘?6{i es, there
ar e NUREIBY Werpehv(@PSH; aldfWedgsr @98OC Catleghovih Ahanaloghaspatainig nodifivdr apy t hat
i ncl ude nephr.otoxi city. .and hepat ot oxicity. ordingly, there is a need for
new i mitH Hﬁﬂ%@“&ﬁipé’g@a%ﬁ’iesfe Oﬁ'ﬁgg%ﬁ@ﬁﬁgﬁ' (ﬁﬁgﬁs “g%s%%{f’ﬁsve’acti ve as the
nat ur alahy-iFRGEatdriChnd @NRPLIAEHE YRIBFRAN A Bnafogubiiire BbdchiBet intle PagSBOCi at ed
toxic side effects. Enbodi nents of the present invention provide certain
mi xt ur d386P9% ids’ 73 a2 324 L26; 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.

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 cause
nephrotoxicities and other toxic side effects due to their rapid release and the absorption of
high blood concentrations of the drug. It is postulated that the peak concentrations of the
drug are associated with the side effects (Bennett, 1998). The exact mechanism by which
cyclosporine A causes renal injury is not known; however, it is proposed that an increase in

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



i soners of cyclosporin A anal ogs, which are pharmaceutically useful. A
preferred analog is referred to as |1 SA247. M xtures of | SA247 isoners

exhi bit awowmniosasaé i on of enhanced potency and reduced t oPCTIGA02/01589 t he
natural ly occurring and presently known cycl osporins. The present invention
i s basetfetent gbcanetrulanartehﬁeledi $hio can psititiatenekisdhainia, k deerease n gibmeulaes  of

anal ogyes  of e Provi. { S I ve effects

W t hou???aﬁlonéa vaenrdsce’ ere p%n tgm%fs}%%ftéf{?%ém lst h cyg}}%odég‘%rsl ne. %‘e "I'n parti cul ar,
we haveaenstheipaahadppyredsivd aderit iudubstingedyednalcfund tionimpovéd (Valantine aadur es of bot h
cis- d t ANSe isoners) ranging fromabout 10:90 to about 90:10 (trans-
to Ci s%fhr(?? 6538?%Spori ne anal ogues nodified at the 1-am no acid residue
provi de superior efficacy and safety. Exanples of such anal ogues are

di sclosed in WO 99/18120, and include deuterated and non-deuterat ed

conpounds. Abcop@ndlyabérais a #8ed faHiARuhsupiréiSive agges Whiclkheuifedfre ki t 0 about
50:50 (trans- to ci1s-) and in the range of about 50%to about 55%trans-
and abdaYe BYYEq 9XieH¥ut 50% cis- are found to be particularly efficacious.
10 WO 03/ 033526 PCT/ CA02/ 01559 Mboreover, it has been denonstrated that
these isomer nixtures exhibit a conbination of superior potency and

reduced t oXtgdldspoly Blaldbd cbiitining nfaEib it R 10D e Lpdsiiies erldiglokdaown
cycl osporl nes and cycl osporine derivatives. A particularly preferred

anal ogiieWQ ¥ El2@dvhieh ﬁé?ség“ﬁd&‘st he pssjgmse0f#he PrpseniarpliealiGhedly  similar to

cycl 0spRbifdkied h%f‘e?l?ﬁtlts eRfirefy. TR iés@fiedftg 'ﬂfé%é&@ﬁ'asﬁ%ﬂé@@s OR. Maeisﬂaﬁanl phery of
the nmolecule, at the 1-am™no acid resid ucture of this

parti cifpignt A@bﬂ@oiné\kaﬁ%{%@%@ imvhkielysneliemishscdased @)mrhéul@i}fmﬁeﬁ% of
cycl Osg%lbsﬁgmio‘A'aﬁ%lﬁg%‘fﬁTéd% B 48 A7 s Ao %@strum?alfgﬁgéﬁ‘ﬁ%?o m xtures can

be use I ngs, for Tnununosuppression e care of
vari ousyqlmpmA@xwt ﬂmms)dxfchas@a@el@ laardine a¢id rgsiduns Applivehig dispeyetede

preven I e rding to
enbodi trtrlésagp ertamf(i&?h'{ré)s o c§é1 h ’jlaﬁ%/fgér?l r@@ﬁs}gﬁ%% Bltécpa EO%IQat{A%SPdeH vatives

t her eokhhaaree w;emt:)h esd/zedd@pd%m@m@ tbe:manuellsp@achmmgandl pralsenrmkmqmr y in their
degree

f th h
ar e onr el Cotdblaf e bR B B RN U AR T BB M s 1) o

may be dizololdned such t hat the resulting mxture has a desi red ratio of the
two isonmers. Alternatively, the reactions conditions of a stereoselective
pathway may be tailored to produce the desired ratio directly in a prepared

Typically, the disclosed mixtures in U.S. Provisional Patent Application No.
60/346,201 range from about 10 to 90 percent by weight of the trans-isomer and about 90 to
10 percent by weight of the cis-isomer; in another embodiment, the mixture contains about 15
to 85 percent by weight of the ¢trans-isomer and about 85 to 15 percent of the cis-isomer; in
another embodiment, the mixture contains about 25 to 75 percent by weight of the trans-
isomer and about 75 to 25 percent by weight of the cis-isomer; in another embodiment, the
mixture contains about 35 to 65 percent by weight of the ¢rans-isomer and about 65 to 35
percent by weight of the cis-isomer; in another embodiment, the mixture contains about 45 to
55 percent by weight of the frans-isomer and about 55 to 45 percent of the cis-isomer. In
another embodiment, the isomeric mixture is an ISAtx247 mixture which comprises about 45
to 50 percent by weight of the trans-isomer and about 50 to 55 percent by weight of the cis-
isomer. These percentages by weight are based on the total weight of the composition. In

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



m xture. The percentage of one isonmer or another in a m xture can be
verified using nuclear magnetic resonance spectroscopy (NWMR) or other

t echni quewowslob3skerown in the art. Each of the pathways typcratdogomsoceeds
with the application of a protecting group to a sensitive al cohol

functi d:yad/elgrt ofithe (Drisems, erviesdicrsanin @W@elaﬁté apwpnglauss, B¢ eeiwPpen®ayn

acetat &yl dgécg%dt;ﬁ isgﬁl@{ 3nd BE #RLLEEAL BEIIALWRRIdGnIENZARLE esters or
silyl a{Sners ough acet'ate protecting groups are commopn in the art, it
is inmportant to enphasize that in many of the exenplary enbodi nents

descri bed herein certain undesirable side-reactions involving an acetate
protecting gycoarginglythbe lawowdemtllemtcferghﬁthm of BEPHRUPY BcELOIPAYN gr oups  such
as benzoate esters.or y then serve
as a prediry (‘)IPC} l%on\l/eér?%ik QP' nrt%egg %ﬁ%g&eﬁ%%%uggt hway's

i ncl udi gigiclsdreempbsations of thezﬁqabm psbmenssasmﬂmtmmsg)f ﬂ@agmﬂmhaalmgpartl ci pants

11 WO 03/03352 CT/ CA02/ 015 W t
el ement $SEL ‘?ﬂ’)tp?‘?s NS I g gﬁn?f%ﬁepPrggﬂg%{‘%rlv Vgp?f 1??5’?4? 3{?2{12;51; proceed

t hr oughpesiiograd®ughered ring transition states where steric hindrance

dictates the configurational outcone. Many organonetallic reagents are
avail able, including those that feature inorganic el enments such as boron,
silicon, titanium |lithiums@andastdd tife InvEdoNi dual 1 somers nay be prepared
fromsingle or nultiple precursors. The ratio of the (E) to (Z2)-isoners in
any m xture, whether produced stereoselectively or non-stereosel ectively,
may take on c%ﬁﬁﬁe%ﬁd‘ﬂ@a@fog&@ﬂe@@?ﬂbeﬁ@f ae]?aé?d’ﬂﬂc@chctﬂwypﬁpnﬂemhﬂmmy conpri se
fromabout 10 to 90 percent  of theg -|soner to ou o 10, percent of
t he (Z)Potns SRmANOSYRPIRSENs ACtiflo BpFRNA the adyanirers thesy E‘Fé’?fe 295t Pom about

15 to_8g.p ﬁﬁxﬁﬁ@su@i‘essﬂ)@'aﬂﬁ-tmt@ilmﬁﬁ@ry(d%)i'ahtﬁﬁﬁﬁé’ltl@-ﬁt@vﬂﬁ@liher@ﬁetnﬁméx’éus)er cent of
the (2)-1soner; 1'n another enbodi nent e mxture cont ai ns%ﬁbout 25 to 75

per cent awsv@ﬁf@maswlaﬁwl(layﬂl%WP AdherapyAhednclyds neglrooXicHy &¥ht by wei ght
of the r #l BB imnifosThprbdive ag&thaiafsasabout 35 to
65 per cﬂ%)fltot)&%\%z Aﬁé&dlﬁg’ﬁ?h &% -1 somer a!rllnrd1 abost{%ﬁ%S tgg35 percent by

wei ght pifarﬂldtt@lo(gz)tﬂy ative ps the patarady RequringisoRPANGCYCIOFROTIRIA U EthoBHhS ns about
45 to 55 per.c ht of the (E)-isomer and about 55 to 45 percent of
t he (Z)assgC e tomf“rslitaénlg?‘lhg embodi nent, the isoneric mixture is an | SATx247
m xture which conprises about 45 to 50 percent by weight of the (E)-isoner

and about 50 to 55 percent by weight of the (Z)-isoner.
Embodiments of the present invention provide certain mixtures of cis and trans-

isomers of cyclosporin A analogs, which are pharmaceutically useful. A preferred analog is
referred to as ISATx247. Mixtures of ISAtx247 isomers exhibit a combination of enhanced

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

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

55% trans- and about 45% to about 50% cis- are found to be particularly efficacious.
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These percentages by weight are based on the total weight of the
conposition, and it will be understood that the sum of the wei ght percent
of the (Byoiososases and the (Z)-isonmer is 100 wei ght percemCI/dAv2/0135¢r
words, a mxture might contain 65 percent by weight of the (E)- isonmer and
35 per c Mfreqyyr g bren dpmeprraied yhait hosreisomes mixtinse exhibisaconsioatiodiofigl y, in one
aspect, i i L f | IS ric mxture of
vl ospaieRol B B S SR R o R s SRR i e
synt het Fxclospeniteaayd evsloppiredetivativet eps of : heating an

acetyl -Tl-hal ocycl osporin Awith triakyl phosphine, triaryl phosphine (e.g.
tri phenyl phosphi ne), aryl al kyl phosphine, and triarylarsine to produce an

i nt er nedi at e ! nj | i de of acetyl, cycl o risn-A. reparing a
mixture of (EpiaRauthlsR 6B acREEh o Rl o NG00l B b

i nt er nedimalgeto gytlosotionA wredpafdr dendalifieddacyibnat yolup op dicipariphetd sfihd or mal dehyde,
optionally in the presence of, a.]ithiumhalide; and preparing a m xture of
(E) and PUle L G 15aRo F‘éﬁﬁ?ﬁlﬁ?‘ Ek’/’e YRHENTS ?33‘“% P?ém‘ﬁ‘?rﬁ%?‘eélc&flal?@f and

(2) - i sonextereebmpared tlthd staictiresfeydotgoride Rasowa2n \MEOIADIB526 FCT/ CA02/ 01559
I n anot her aspect, the invention is directed to nethods of preparing an

i sonmeric mxture of cyclosporin A analogs nodified at the 1-amno acid

resi due, wherei.n the sxnt hetic pathway conprises the steps of: converting
an i nt er medi at®eSorEn§ ™ ?}Feéf%‘b‘?ee‘iffe&r"‘ﬂ%g H%F‘g{g‘lnﬁ’ foripgpouppIessiPotdn A

al dehydthe eireat edrjthus HiyitiRSRREdes, OisedseeMdBnditond, IMERAHE theQPhreveiilondNd (Z) -

i soners of fi\%ﬁt‘yl -1,3-diene by reacting the internediate with a phosphorus
ylide vFRUgl p$atign apdleatpesy thegfi onal [y in the presence of a lithium

hal i de; and preparing a mxture of (E) and (Z)-isoners of |SATX247 by
treating the mxture of (E) and (2)-isoners of acetyl-1,3-diene wth a

base in the Lasgliffto8kBbeRt 6F @6 bietéht HvOMPN NS A £248isonftlls @4 d I N case of a
TMS- protecting group. In a further aspect, the Invention is directed to

met hods9BapYes HFEC G afy nheriassyrsterenselpesive aathivaisuhas mad veyoh gspaiegme A anal ogs
nodi fi egf selectii. Srchdbbdl@E bﬂh&/@;ﬁs' Hbtice WG hgnsttﬂft‘t.aresén?ircﬁgdsiﬁ gLy e
synthesis of the E-isonmer enriched material conprises the steps of:

react i n§e Bring 6erigomass; and dpssyqompasitipusanayce combimedsuch alpe tite resltmgt ed from t he
group CAPRSUrshi : | | ; I er. angd.

2 D10, PRORLE hhRlod i ORI by Ko Rb O G5 Bl
t r eat i nyeredsele¢Bretppihaiak yag bk (ailowidto potiuasithddesiciddati@ditaztlynin a prepared

acetyl 'ﬁaﬁ)afré:’ %ﬁeqie%ﬁt;age of one isomer or another in a mixture can be verified using nuclear

al cohol ;

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

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

involving an acetate protecting group may be avoided through the use of protecting groups

such as benzoate esters or silyl ethers.

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

synthetic pathways including some that utilize phosphorus-containing reagents as participants
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and treating the acetyl-(E)-1,3-diene with base to formthe (E)-isoner of

| SATx247. In yet a further aspect, the invention is directed to nethods of
pr oduci ngwe 03033seérer enriched m xture of cycl osporin A amarage2noddfi ed at
the 1-am no acid residue, wherein the stereoselective synthesis of the

Z- i soner a Bhttigeérstiomatdmnpighnic @}ermehtsasmbimbers bﬁqngammetaﬂlmag'eng The acetyl

cycl os h w t.h e e conS| sting of
v al kol Pyt S Ruban B EPORR g BT ulek WPkl S e

di al ky Hiw:mnbe tamfipwrational d:ﬂeonter Mziﬂy)drgnbmbtamb cabalts art laezﬁlabl&glntlhﬁng

O-trialkylsi]yl al.cohol t h bas for 3- d| and

Cr eat | % thal afEStpspie ferhchur BRE ot Porbistied Al Al s rer of

| SATX2#ddivithinl &ofikisinhay b bidpeted Adpedigle &hﬂultllbw@f&&ur@cﬁs.l s directed to nethods
of producing an E-isoner enriched m xture of cyclosporin A anal ogs
nodified at the 1-am no acid residue, wherein the stereoselective
synthesis of the E:i r enri ched material conprises the steps of:
reacting ah &@Eeof th%&g‘%%@dﬁqwrwawnxwa@ Whather grqdpead; sireqgelectively

al l'yl dbpﬁ&lﬂéfér%ﬁﬁmelyem@% tall8 oh @ bfan @angaaﬁaydes(ﬁare}mﬁplel 188 ehixt@ddndyr €at i ng
the acetyl-(E)-1,3-diene with base to formthe é é}slsorrer of ISA247 13 WO
03/ 033598PIECTTRgPRDHES §0 peigen of thg (Elyisprerto apqut PO tasl9arercent ¢fdhg (€yrent i on
provi degmEEtiQthePEmPUaRAEd, A Aixdid ﬁﬁﬁ?{fntaﬁﬁ‘frbﬁflﬁ&t%)ﬁ & r9€nt93YC| osporin A
anal ogs nodified at the 1-am na acid residue, wherein t st'ereosel ective
synt hegieighbef they@E)somep prck abont§5dnd 8 paraend of B (Z;)dpﬁpmrs@sm@qlier steps of:

reacti Q L% nQ g%& -

[3-(dip goaﬂpﬂgs %g%gt y ]El%c{ﬁttg?ufdum to ?toﬁry&&htff%hg )ulrﬁgrg%r?%lgl ni ng

i nter rrebhuaﬂétofbﬂpemmtrtg wehght of tharﬁthm@‘nmaﬂnnﬂwrgemhwdmumdhmw@ proceed to
an ery ; Kt t. -

(3-oxi g((% 8%?) gﬁ?ﬁ%ﬂ% g?@é&g;&k{é%%{}%ﬁ{éﬁé I]rl%(r) H%E}Set%%%ﬁ%eemtbyng t he

( 3- oxi dejghbsitho @) usmsalit anahea amboditnght; mzmmeomamnebouaﬁﬁi td YSgmtdeng t he
acetyl ;(Z e Wih rmth Z)-5\i.S0mer of [LSATX247. In still
a furt Ré“)elfiitgftﬁ &{)]'lsomeﬁ%/nen%f)‘gtnstsgt?gv Cent%f&l Lzr)elgoTeé) HE d'tei) i soners

pr epar eﬂbodamea the dxomssc mmmensanrlgAtTMHmﬁp& wtfich qmrxq:he@tablgzﬁhesm al cohol of

cycl os orlnAto o) cet Ios ori.p A pi e 1-carbon of
The o BeviR ey weBal G EP e Rttt R a8 efteesr bR o it At o

pr oduc E‘h@efpbﬂ’CSﬁtage@ bg wegﬁt @t Basag 6h YHe-total- Wi HBEHE b@iﬁp@itidil #id ihwAltdeng t he
first in ate acetyl-1-b om)cyclosporjn A wth a reagent selected from

the gr8 rstwrrb?télﬁ S Oéfthetwlgmé’ﬁwmaﬁ&%ﬁ -Hemepagd fhe (@18emenin ddhi ne to

pr oduc @emhSRend IndiRf Wk af Bixture might contain 65 percent by weight of the (E)-

isomer and 35 percent by weight of the (Z)-isomer, or vice versa.

=

Accordingly, in one aspect, the invention provides methods of preparing an isomeric
mixture of cyclosporin A analogs modified at the 1-amino acid residue, wherein the synthetic
pathway comprises the steps of: heating an acetyl-n-halocyclosporin A with
triakylphosphine, triarylphosphine (e.g. triphenylphosphine), arylalkylphosphine, and
triarylarsine to produce an intermediate phosphonium halide of acetyl cyclosporin A;
preparing a mixture of (E) and (Z)-isomers of acetyl-1,3-diene by stirring the intermediate
phosphonium halide of acetyl cyclosporin A with formaldehyde, optionally in the presence of
a lithium halide; and preparing a mixture of (E) and (Z)-isomers of ISA1x247 by treating the
mixture of (E) and (Z)-isomers of acetyl-1,3-diene with a base.
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selected fromthe group consisting of triphenyl- and trial kyl phosphoni um
brom des of acetyl cyclosporin A, preparing a mxture of (E) and

(2)-i sonewe oaf3xmeet yl - 1, 3-di ene by stirring the vylide gemeratwdofssom t he
triphenyl- or tri.alkyl salt (second internmediate triphenyl phosphonium
broni de) of laceether aspeet Swpwyentionis gireied ormathiode iRIEPAriRaan FP@pHEs i ng the
m xtur emﬁftur(e o M §rf) A hﬁﬁ%%rn%dﬁfedléﬁfe)i%n@%ﬂ fe@i@ﬁé RehefetEhBhysdineii€ of (E)

and (2)- |soners o acet diene with a base. The invention is also
d| rect emhtln\{v)ammswthmﬂ@s of: cpaverting, an;inieimpdiatey ¢ €p p@tﬁ@@ﬁltlmatﬂmlsﬂxlru al kyl

or ocbas MY FERRARS HegihiecsVLRIRAE ' a iR BUAMMERE I TREETE) o2po

process protecting 3- al coho ycl osporin
A; br onisomeis rmgactemli,ﬁ-dimrbtyoeactmg thb Memedeteowm mplmfspltoh@ ylidawipadVdieg d resi due
of cycl gs orin r.oduce a

t L |
S g BagR Sionb R g o a ik MR fiip s iklrey BOAIREYC) 0oPOL 17
r eagFEt (lzseéomatrr]sa@f IBAQIUT byatrgzttmg mearmmres of (Eg amif (Z3- rsomlhnfs rmy hq:blu}dsl;ﬂail\m iand |
t i.n r.oduc oni de acet C sel ecte
T om ¢+ DT R s S B SRR G By B bt i s DS o o

br om degrofktidcgbyd. cycl osporin A. Also provided are conpositions
conprising a triphenyl or trialkyl phosphonium brom de 14 WO 03/ 033526
PCT/ CA02/ 01559 derivative of acetyl cyclosporin A and conpositions
conprising a Qtrinmethylsilyl alcohol derivative of cyclosporin A In an
addi ti onal ampﬂﬁﬂhmhﬁﬁmimuanhh@ﬁnpﬂ@aﬁ@msnﬁﬂbb@aﬁn&mmmghﬁEaahﬁﬁtive

he. o ayEBAE Tt ghGERE P Mldsy RS Aradaryte dyEraeRbpier B o' "0

trinet hétér%sleydct&eryﬁmleﬁy&i tRSPIonier &)noﬁg&im@%hﬁlcbinﬁﬂseﬁ e ste@@@f Vkadthigl osporin A
or TMS cyclosporin A with ozone as the OXIdIZI agent used with a
reduci n@f %f@@’rllf’ycmsﬁc’f&h%taw&]?ydﬁd’ﬂ@cf rgag5atelected éro}lkfg%ﬁPPR)?PqS@mEﬁ ¥ected to

m%‘t hodstrfa ryﬂm@ﬁﬁmaﬂma{@ ebtSOFRIE-f (trilfiFis i1 £1y0S diAAb RERAb %hxﬁa @nal ogs nodi f i ed
he 1-am n0 acid residue, wherein the synthetic pathway conprises the

st eps offrialkytsilyleri¢dhnly treating hieelh-trindhiybsilel denbpl witlcyod odpor iastyh(Bh-HaHdiede to  a
lmni(E:IrJ rng%ﬂoft{ %aﬁ &lﬁgg‘éﬁéﬁEg SEO regnse: O ageet%¥oﬁn1fh§ ( _IrISeOrI]I%r %Y I§A§T%AI7' ng the

us de prepare
tributylalIyIphosphonlunlhalogenlde via a Wttig reaction, optionally in
the presence of a lithiumhalide; and preparing a m xture of (E) and

(Z) -i sonmer s In yet a further aspect, the invention is directed to methods of producing a Z-isomer
enriched mixture of cyclosporin A analogs modified at the 1-amino acid residue, wherein the
stereoselective synthesis of the Z-isomer enriched material comprises the steps of: reacting
an acetyl cyclosporin A aldehyde with a reagent selected from the group consisting of
trialkylsilylallyl boronate ester and (E-y-trialkylsilylallyl) dialkylborane to form a -
trialkylsilyl alcohol; treating the B-trialkylsilyl alcohol with base to form acetyl-(Z)-1,3-
diene; and treating the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of ISATx247.

In a still further aspect, the invention is directed to methods of producing an E-isomer
enriched mixture of cyclosporin A analogs modified at the 1-amino acid residue, wherein the
stereoselective synthesis of the E-isomer enriched material comprises the steps of: reacting
an acetyl cyclosporin A aldehyde with a lithiated allyldiphenylphosphine oxide to form
acetyl-(E)-1,3-diene; and treating the acetyl-(E)-1,3-diene with base to form the (E)-isomer of
ISA1x247.
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of | SATx247 by treating the m xture of (E) and (Z)-isoners of
acetyl-1,3-diene with a base. In an additional aspect, the invention
provi des wotohosis26 or t he stereosel ective synthesis of th@CEAARNESI of

| SATX247 conprising the steps of: reacting a trinethylsilyl (TMS)
cyclosporin A aldehyde with trialkylsilylallyl borane to forma
(3-trialkylsilyl alcohol; treating the (3-trialkylsilyl alcohol to form
directly thbn &t a fwiher stof aspSATHANRtigmprohides methed of mpducing aiZaisemeri on i s
directed. 21.h f he ,st er easel. ' ; I S . Za 1 somer of
e x2S LSRR o Fheb AT R AUMGLAR 4 R PUBLASN Bl i

cycl ospereoseldatiad shmithedis ofiihe Z-ikomea lehnydhed mpteaial gomphnieesaiwestdps of:oreactag

O-trial kylsilyl alcohol: treati .the 0O-trial silyl alcohol with base to
For m TR YeladbariR Achaendc i e gor M anfin B e " o 't or mt he
Z- i somefaniiim-téphaiidd interfla@iatenNMBRlingOfe titiniahsonthinifE inedmédiatered froctsd of

preparing isonerjic mxtures _ of _cyclaosporin anal ogs nodified at the 1

- am no 2agyre-esiddpes; cqnperting the gty thednfrddgt feamB-ogidaphosrhoriuBL Ry t hat

pr epar = . : - SO SAT. hats the 15 WO
03/ 033%%%%‘?‘@6’%% g%%%%Bgv(e%@@seo‘?rg’?‘%hﬁﬁ?g‘%?zg)&% ﬁigﬁ%ﬁ%@%ﬁ esent in the
m xt ur diener 2ad preaihetthe e ) lat-fione wilebase to fomm thesrishmti of IpAtEdAY conpri ses
the steps of: protecting the (3 alcohol of cyclosporin A, oxidizing the
protected cyclosporin A to produce a second internedi ate protected

CYC! 09POr | Ny Al MRN8 cARRLN A bYE-s 350N BERIIRALALE pREALEC! e

cycl osporin A al a mx ners rotected 1,3
di ene by apemessicomptikiag gecrepsoft pra¢drg ihetfealvdohof @yclokhposipAowdsmy| | de via a
Wttig reaction, optionally in the presence of a lithiumhalide;, and

pr epar ATRYIEYFIPSPOHR & Sronpnating theA-carbeplthe e dhaigrd theclramigo pHESsIdBE ect ed 1, 3
di ene. o SRRl oMRLBARS AQD pRIBRAI NI SHERM Mol Arho QBB IE dedibel NE

i nvention 1'nclude nethods of preparing an I'someric m Xture of cyclosporin
A anal égdirstodiefmasithtascetyihrd-Eromodynlospagini Adwith 8 irchgent s¢lbaedfietrh 6@ granppr i si ng a

synt heti c. path t hat. prepares. % -jsonmer and a -i somer of | SATx247
Soh ' reeisPRe o Bpncng PR it pRph e e 8 ecoh o xc e 1
pr edet egleatrehlorh &@id goupMdoasisting of kiphe@ild add afialkyd PhespRoriiin bivenidEsXf bidegylr anges
from about 45 to 55 percent b [ .of the (E)-jsqner to. about 55 to 45
ber centTBYPaET Gheraribaemryy of € Sty Gaeel SOER bLSight o the
Mi Xt Ur @lideTfRelaRd&Rini BB thSHylrovdlRESalPREdRdsat@inepiagpar i ng a predet er m ned
| Somer Itr?phtcr}n)f(l}glyorsS‘honium bromide) of acetyl cyclosporin A with formaldehyde; and preparing

the mixture of (E) and (Z)-isomers of ISArx247 by treating the mixture of (E) and (Z)-

isomers of acetyl-1,3-diene with a base.

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

provided are compositions comprising a tripheny! or trialkyl phosphonium bromide
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of cyclosporin A analogs nodified at the 1-am no acid residue, the nethod
conprising: preparing a first material enriched in an (E)-isoner of

| SATX247;wWproafpaaseeqlg a second material enriched in a (Z2)-ipsoran2oissy SAnR47,
and mxing the first and second materials in a ratio designed to give the
desi r ed PPEBHE? PlacehpyskisporonA aBRIEROHESEROEPHON: OB-tTHELIRANMNG®DIFI G 1A
shows t he.st: . cyclosporin A, illustrating the 11 amno acid

resi duetsagmtﬁh{é%]&%ég%%?é%lg ‘he cyclic peptide ring of the nolecule, as well as
the structure of the side chain of the 1-amno acid residue; FIG 1B is
another illustration of the structure of cyclosporin A wth particul ar
enphasi s on Intve addifipmil pifent, tik investidneronideSarthads fortthd sleuii@thréparatibe present
description 16 W0.03/ 033526 PCI/ CA02/.01559 . FI G, 2A shows the structure
of the BSOS FIIELS compriing the gepsife PIOlrEHRS b8 Bratcolo! of sxlesgormpl ed

| SATX 248y fdtnfGg aBykdyemspdiiaes &t ﬁiﬁfé{hyrs@dgrmble FoshSATR! al{d%;id%fg'tpéom ) of

t he cyclosporin A anal og | SATx247; Fl 3 s¥1ows an overview of exenplary
synt het F“E?‘%&i"ﬂ%&%n g‘rfﬁt“’ﬁ%ﬁb’cifép%%wttb ozgse ap fe@xidiggngagentosgsovitna anal ogs of
t he presaiding péanNti on, where stereosel ective pathways are grouped
according to reactive conditions; FIG 4 illustrates a synthetic pathway
that produces a mxture of (E) and (Z)-isonmers of |SATx247 from a brom ne
precursor; FIG 5 illustrates another synthetic pathway that produces a

m xture of (EyRnather addgd aspecs e mvestion sAliRetad tofmeshodsiof plegeingde isomedar sor ;
FIG 6 pmidivet . € ] i.on.sehe hat may be
used to pr epg%c#%%ﬁ{hogﬁtﬁ%%%ﬁ%iﬁ%d%g%%%@ g(:; %ﬁgjrfersﬁﬁéwf%emotﬁe fyg%eitugorrer s of
| SATx 24thwigyegoaiprisasithersieps of s eansertingsn inerpedigia needyl bydospbiie AskieRydertecur sor

al cohol 5 nRliGe of @Y ahd 5 L ernat | reaction sch for the

st er eosel ect | \?e(]_%)?nt ﬁie)sll%srg%? g%cajg%%gg%? ¥gﬁea%t§n i Wélaen?iﬁ(ﬁ%{%gltgf) -i somer of

| SATx 24gtosiiogs y8ide piepared fvms: teibutplhlfdpinaplionant kAcgehide VR WS feastiduhe

?'[S'eb\frigzg{n%ﬁﬁﬂyviﬁ tl?eyﬂ?égaﬁéel of a(?ifthil?m hgl?cg? a(l)nsdI I}Iép%pmg Q Hi)%[llr%%f I(]5 aglcrll ?Z)-(ISE Ir-lelrss omer of
of ISAx247 by treating the mixture of (E) and (Z)-isomers of acetyl-1,3-diene with a base.

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

Another aspect of the invention is directed to methods for the stereoselective synthesis
of the Z-isomer of ISATx247 comprising the steps of: reacting a trimethylsilyl (TMS)
cyclosporin A aldehyde with trialkylsilylallyl borane to form a B-trialkylsilyl alcohol; treating

the B-trialkylsilyl alcohol with base to form TMS-(Z)-1,3-diene; and deprotecting the TMS-
(£)-1,3-diene to form the Z-isomer of ISAx247.

The invention is also directed to methods of preparing isomeric mixtures of
cyclosporin A analogs modified at the 1-amino acid residue, the method comprising a

synthetic pathway that prepares an (E)-isomer and a (Z)-isomer of ISA1x247 such that the
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FIGS. 9A-C illustrate exenplary synthetic pathways for producing a m xture
of the (E) and (2)-isoners of |SATx247, the conditions of each reaction
havi ng bewo osamsidseé ed to produce a particul ar exenpl ary r&Crcast/ot3se two

i soners; 17 WD 03/033526 PCT/ CA02/01559 FIG 10 illustrates exenpl ary

st er eodE)-somenaad Pzt (Fvispmef oe pEsod ircthe gixureiixg predeterininddegatid)vhemia theZ) - i soner s

of | SATx247 ere conposi,ti ons enriched .i n f. t two Jjsoners are
first psygta%ﬁcg\é\ﬁlngaogl% s efgeas ﬁ(%?t%ﬁuﬁéﬁ?rh ﬁc"glf’ fe)(()lfe"‘tyglr%Fﬁoﬁlgds‘;proporti ons to
a(r:] hi evexidigng lﬂ@?ﬁoﬁq‘ag_drcyélb@b:]giﬁ thcilo pgohuwmb&ﬁﬁnﬁehﬁedta@épvote&e@tymp%ﬁs ?é A\gh IZZ f71
shows that the inhibitjon of calcinpeurin osphatase activity by X
(45-50 6?6@9?@8’%?“% ssgonEinfernedty mgicete CY/SZ&PB%“ Ml‘%%y@-tf’él d more potent
(as detgikkd\&E- N ¥ GrOherd of %&E@&@Q,&&%@&ﬁ@%& S8R infehfrdidtdwiigt s forth

the structure and isoneric conposition of some deuterated and non-

deut er FtROGSPAAE Blidecvis 8 B¥idia reaciprroptienslly i e presense el bim kpdideasdil ts of an
assay WilfRnS{oNGut BRE- 4daez- i By RproRkufddhe bidekiddn 3 @Bpsphat ase activity
by various deuterated and non-deut'erated anal ogue isoneric mxtures was at
| east as potent (as determ ned by 1C50) as conpared to cycl osporine A
DETAI LED DESCRI PTI ON OF THE I NVENTION Synthesis Cyclosporin and its

anal ogs ar e Otisemednef pienariag suchmixyees pleo povidedpy thedrvepden ingudepot ent

| MUNOSHBRIAR S5 bh Yohnbric PESRe0R oy ciRp@ VAR ASRSnd G pf fer with
respect to t er%ﬁ?ar?l%nunosug%resgéevef}tcan?(?gll n?l%%g]t]ory, éﬁ%q%n%ltlﬁ- parasitic
act i vi tacidggsiduaethe mgthed nomprisugsa syathets pathvedyftha Peepares e (Ftisunenindn

cycl ospot | r I J toxi.cliy, totoxicity.
Accor dﬁ%{sgl,%et fzér]&é“ﬁagy%“%ﬁgﬁe% h’?ﬁﬁ%@%&?‘ﬁ%ﬁgﬁﬁg@%&%?@%S“’é‘gg‘ﬁ s that are as
phar maouikmg io alpkedemohinvdragie, wineein dteuatal df ysoowouin thengixaoeqaogasdrooy cl ospori n A,

but vvitg)ot h ass iat.egt xic.side effe | i cants .hav reviously
ai ol o<Bt et % iR P T B Bl b S S oo AP RB SR E Sralog 1 s
st ruct UZpisbiersbazed au the cotalywedigis pbthe miduwexcept for nodification at the
l-amino acid residue. Applicants discovered that certain m xtures of cis
and trans- isoners of |SATx247 exhibited a conbination of enhanced potency,
and reduced T}xé) 1>§1lve(::1{t110¥1 ‘also provides methods of preparing a predetermined isomeric mixture
of cyclosporin A analogs modified at the 1-amino acid residue, the method comprising:
preparing a first material enriched in an (E)-isomer of ISA1x247; preparing a second material
enriched in a (Z)-isomer of ISA1x247; and mixing the first and second materials in a ratio

designed to give the desired isomeric composition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the structure of cyclosporin A, illustrating the 11 amino acid residues
that comprise the cyclic peptide ring of the molecule, as well as the structure of the 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;
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over the naturally occurring and presently known cycl osporins. 18 WD

03/ 033526 PCT/ CA02/ 01559 According to enbodi nents of the present

i nvent i orwoIloSATI3s2617 i soners (and derivatives thereof) arePsyriAesissed by
stereosel ective pathways that may vary in their degree of

st er eosel ecFiw.idAyshoBs dresosaire of ihedE-pahéviaysaprisereof congokispdria’s t hat are
enrich%gﬂhncﬂﬁhﬁggrz . the (E) and (Z)-isoners, and these conpositions nmay
be conbi ned such that 'the resulting mixture has a desired ratio of the two
isomers. Alternatively, the reaction conditions of a stereoselective

pat hway may be tailored to produce the desired ratio directly 1in a
prepared m FIGB shdwethe beminaalof thePeisaherdoreris-isvmer) sfihp cadospericxcl osporin
anal og of, t present invention, called | SATx247, is chem cally described
by the aﬂgﬂ%%{z ¢ (E 2)-(2S, 3R 4R)-3-

hydr oxy- 4- met hyl - 2- (net hyl am no) - 6, 8- nonadi enoyl

}-L-2-am nobutyryl - N-net hyl - gl ycyl - N-

”Ft Rﬁll -L- helﬁl’ﬂ%3|-dhoW@aJirL’(:)\\lr_BMéﬁabf%fnip}alhe?yﬁﬁlletidl_pa@i\ﬁdyy !tha_analy a?wedul; net hyl - L-| euc
yl - met -L-1 eucy] -N-net hy] -L-va - Its enpirical formula is

CB3H11 e oyglpsparin aﬁé’Qg%\‘?f thes el e P-gHer Frsplsctve PHETEY #The ¢ er m

" | SATX 2ddfiped Sccordidgad fab®®l BRGLbMAN gi ven to this pharmacol ogically active
conpound. The structure of |SATx247 has been verified primarily through
nucl ear nagnetic resonance (NVR) spectroscopy. Both the 1H and 13C spectra
were assigned using a series of one and_two dinensional NVR experinents,
and by conp&lG -dghustiates peyntisdigmainvry thasrpdisapnioxtys of ) @pd £0dsamern.  The

abSO|UQ§I§§%£gﬁH@ﬂEbgﬁmﬁ@ﬁb&ﬁ%xand (Z2)-isomers of | SATx247 was confirned
by Nucl ear erhauser Effect (NOE) experiments. Additional supporting

evi dence was provided by mass spectral analysis, which confirned the

nmol ecul ar  wei ght, and by the infrared spectrum which was found to be very
simlar to EY&Pdipricpaggther yyrhqtigpaday daiproduggsa yxaeob (E) agd (%n t he

si m | anidye - OGTURED 4T BEMINALRRPDIRor; The structure of cyclosporin Ais
illustrated in FI'G |A The structure includes identification of the 11

am no acid residues that conprise the cyclic peptide ring of the nolecule.
These 11 anino acid residues are |abeled with nunbers increasing in a
cl ockwi se 8IG-édtlisgrates an exeriptagy sietehseldgtiveaniation adhicthe o may &¢ useddéo t op cent er
of the ri 6 A I fi ' f I " ' acid"). The
First Bras SEGHEREhioEE Mkl ne 09 AN PR A Wi Ehft

isomer may be prepared from the same precursor alcohol;

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

composition enriched in the (Z)-isomer of ISA7x247;

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

composition enriched in the (E)-isomer of ISAx247;

FIGS. 9A-C illustrate exemplary synthetic pathways for producing a mixture of the
(E) and (Z)-isomers of ISA1x247, the conditions of each reaction having been tailored to

produce a particular exemplary ratio of the two isomers;
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The side chain of the 1-am no acid residue has been drawn out chemcally
since it is at this 19 WD 03/033526 PCT/ CA02/ 01559 general |ocation that
the synt h&Dios/0s3s2a€t i ons described herein take place. Conveafiaxabissy the
carbon adjacent to the carbonyl group of an amino acid is | abeled as the
a- carbon, WH®. 10jHeeies stepmplirg sterpselichive pashvays E% PEMYFES 8 migEELL S | abel
adj aceng G A rdefd RIS Sﬁ W&e%%ﬁ@o&%s%ﬁ%h@d 11136?{@36f Qb iBReRGRS | de ring.
In the CA%S cyclospori as shown in he (3-carbon of the
si de crfastrprelsirddoamﬂe:hlemmxad oedrdingy 1nglmb79rmmﬁdpl‘9mﬁ@nsl tg aghigvedlfs - or i ent ed
doubl e g](rj {%et ween the ¢ and c-carbons of the side chain. Another
schematc}e& tie cyclosporin A structure is drawn in FIG 1B, where a
different portion of the nolecule has been enclosed in a dashed box. This
figure defines the nonenclature to be used in the present description,
where the t @16 I'Gaévidasaticeresults of ahassaypehith showsthat the inhjitios ploalcmeprienc| osed

in the The Dpres no re_provi de f
di spl aﬁq‘ﬁﬂ’}?ﬁée?é‘&%ﬁyn%@%&égé%ﬁf Fapqeer relac ?%ﬁgi’) es%%j)o‘g%q]ﬁgr gl nwll
t ake plaead froredpotent (a6 dabiien@ityillsgbs tdmepatedaotyviosparing A.esi due, whi ch has

been drawn outside the dashed box in FIG 1B), without having to re-draw
the remai nder of the nolecule each time a reaction is described. It wll

be obvious to those skilled in t art .t hat e a and
(3- carbons dfCt Weseégifdé‘ @ﬁéﬁrﬂst‘i‘r%a ‘flsﬂld?rh‘h‘iorl}I’@ﬂB?rh(%gﬁla %ﬁuteraggénﬁ@%?(nagger at ed
onl'y i ngeufirfied Alafoshid@orh&icabifiigds. W th the definition of the term"CsA " As
stated above, a particularly preferred cyclosporin A analog is called

| SATx247, and its two stereoisoners E (or trans) and Z (or cis) are shown
in FIGS. 2A and 2B, resgectlvely The cjs or tr

. .th
st er eoi sonmerEGr b} Bpdesdhe igulsohpp Qﬁi?%ﬂ‘lﬁh Sld’fwstﬂf‘?éa}ﬁi’ﬂmnﬁggﬁg%‘% Clrﬁgﬁs\:en the E

and c- CaH g hictiviIE b PV ARUS BditdRated afl nonldRBiedhh&opRMIsbneRMEK T t he
peptlde rin as opposed to the _double bond at the term nal end of the

chai n. WW?@S%@E}‘I@H (predegeaméned b B¢ o5 SSPBBERE A YHIOSRBREAC! ature. In the
present description the terns cis and (Z) will be used interchangeably,
and the ternms trans and (E) Wil | be used mterchangeably Usage of the
terms "erythro" and ' t e g OF THE INVENTEONyym due to appar ent
confusion in the Ilterature vvlth regard to thelr meani ng. See R W Hof f mann
and H.-J Zei in "Stereoselective synthesis of Alcohols. 8.

D ast er @oslgssct | ve Synt hesis of (3- Methyl honoal Iyl Al cohols via

Crotyl boronates,” J. Og. Chem, Vol. 46, pp. 1309-1314
Cyclosporm and its analogs are members of a class of cyclic polypeptides having

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

associated toxic side effects.

Applicants have previously disclosed a cyclosporin A analog referred to as
“ISArx247.” This analog is structurally similar to cyclosporin A except for modification at
the 1-amino acid residue. Applicants discovered that certain mixtures of cis and trans-
isomers of ISA1x247 exhibited a combination of enhanced potency, and reduced toxicity,

over the naturally occurring and presently known cyclosporins.
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(1981); A Streitweser and C H Heathcock, Introduction to O ganic

Chem stry, 2nd ed. (Macm Il an, New York, 1981), pp. 845-846; and M B.

Smi th andw0.03igaseh, March's 20 WO 03/ 033526 PCT/ CA02/ 01559CTA TS
Organic Chemstry (WIley, New York, 2001), pp. 144-147. In the few cases
where threo/erythro term nology is enployed herein the convention of
Streitw eser and Heathcock is used, where "erythro" isoners refer to (R S)
and (S, R cd%ﬂcwlingat) ewhedimenisiof the bresamt irivsmmr@Aﬁﬂﬂédsomrs((a;d?) and (S, S)

config i_nal t t._none goncerns Lhe term nal

car bon%!:gi%)t st OF) e gg&\lgmzﬁ% S?e?eo (?}?C@%e P%ﬁxw%gﬁ%@a i é‘ﬁ [&Wﬁeat e
nunber i qutesamﬂacmwty.h Bterzasecixotiee panhvvdye psidde coatpasitiond fthat e eilri&mi o acid

resi due nbered starting with the termnal (0) carbon, and working
back- t GiRpt e B e T2Tasorefgand oo kot ond Fid e Cnalipde s PEhers may be

t houghtresutingagixturdhabi a&l&ﬁﬁed&@tﬁﬁffdhﬂg/otlﬁbn@@ﬂvﬁlmm@xﬂa& thORRMEmat ure in organic
chem st r(%ﬁ where each ~ double bond js identified its | owest nunbered

car bon, COPHEORY AP RSCIBEVARB) ¥y 1Ry, 8% 2Epred 1 HoBe dEBAIARHEY be

di scussgd prepardmstkfage.t 0 enbodi nents of the present invention, isoneric

m xtures may be prepared directly, wherein the reaction conditions of a
particular synthetic pathway are tailored to achieve the desired ratio of

isoners in the mxture. Alternatively, conpositions may be prepared that
are enri chedheshgpisalgeme ghoneipmyaewBPiesixasyciosprrsyaalog obthe Pk por i n A

anal 0g,inffod, R811e CBKRESAT Lk SSHiCA bél‘?i@ledlb”y @e Hﬁrﬁéi@}fcloql?@zs 0k &f@) fachi eve the
desired m xture. An overview of fthe synt hetic path \/\/éié\I accord ing to

enbodi fyA©Eygfmethy- %Jf%l@’rﬂ%ﬁﬂn@)rﬁ;%ﬁ?ﬁaéwﬂpﬁ}@-rlrélﬁmpbﬂtm’ -gethyMebreal-Nar t i cul ar
enphasisgehy- Igwﬁm.t%gr UL ILRAGH m%amﬁm%ngm%t ﬁgleh@yﬁﬂem stry and

stereosel ectivit erring to FI'G 3, "synthétic pat hways t utilize
W ttig methdtl- bn@lé?—membhﬂalgb‘nétsannpyw@kfom@a isi Gbiln MNarf2.candé bef at he di agr am
as i ndi & 4 e,

utili zenq%% ggarfo ms%hr[ ﬁf %Q%Z%gﬁpgﬁ t 15[? IS§W4? h%)S atﬁat'awﬁé’&%n gﬁorﬁ‘@geil Stgntsﬁrrger ed ring
t r ansi tphemasphgesllnactivetrompoundy t he mi ddl e and Ieft hand sides of the
diagram Any of the synthetic pathways may yield a m xture of the isoners,
or they may produce conpositions enriched in one of the two isoners.

Enbodi ment s of r nve [ vari ety of ways to arrive at
the desire eS&l?El%rgog ngrer\é g en% n[l‘t)a%ll %Ouﬁ%ﬂu gl |ty of the
synt hetreaon&tcezﬁNh@l)egeodbs:opp Skkath the 1H and 13 C spectra were ass1gned using a series of

one and two dimensjonal NMR experiments, and by comparison to the known NMR
assignments for cyclosporin A. The absolute assignment of the (E) and (Z)-isomers of
ISATx247 was confirmed by Nuclear Overhauser Effect (NOE) experiments. Additional
supporting evidence was provided by mass spectral analysis, which confirmed the molecular
weight, and by the infrared spectrum, which was found to be very similar to cyclosporin A.

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

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

The side chain of the 1-amino acid residue has been drawn out chemically since it is at this
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herein may be reflected in part by the symmetries and asymmetries of FIG
3. Areaction that is common to each of the pathways is the protection of
a functi owelo3gsase in cyclosporin A 21 WD 03/ 033526 PCT/ CRQZ/(XD26855934; in
this exenplary enbodi nent that reaction is the conversion of cyclosporin A
34 t o aerdryllloyioh dupihe isyntmatiB Beactions deserihet lieyein mkEplace. Langertiveallys theof acet yl
cyclospor

and |1 CRaRAR GBI el PR At S ey CORAE BhAeBeh (he

phosphystsessi9d ueaaefy it ehe\lirbdK AphaBest Gkddab 14bat LRY:S: cafbbnde B tionAyWhhet i ¢
pathways of FIG 3 whose reaction conditions may be tuned to roduce a

mi xt ur eMhER TV BnEomERS negtdeing & de cm&#&r%osa@im 738 SpAER PHdFuL Bt ai ni ng
reagentgsc, i Rhd di&d &ﬁﬁt1§bdnae@towwogylr£§l$ hﬁﬂ'ﬁle&shaeﬁaﬁ %@ﬁ&?&ﬂlﬁaﬁl Ive

pat hways nake use of 1 norganic el'ements as well, typically as nenbers of
or ganorbendbdtiveerr thagend &-cirhaits o thesaledhdihr ough SIX- menbered ring transition
states where steric hindrance dictates the configurational outcone. A

pl et hora of organonetallic reagents are useful to the present invention,

i ncl udi ng t t f eat.ur e i nor.gani.c s_boron, silicon,

i tani um et S B e SRS IR PR E BT o BE8T e ot her of
a pair d(iﬁ’erblﬁ(pﬂﬂfo&olfr&;erb)ﬂeane&pab&d eheloded ima gashed leoxprlmsdrgsﬂfdeﬁaésttﬁé natively,
the two coggositl pre ared fro dlffereg§ cur ors I n one of

the st GBS ?%atpgauﬁmwﬁ%swﬁﬁca%w SA"ZEIEI e or ecur sor

| eads tparthatod tefcytlospdiit énsREERT S 1R bok SARK Brédent AlGReOHuRIpOFdENEe reaction
conditions that are _chosen. In another of the stereose| ective pathways

(pat hwathogsyd meges fidfspeyath cpen WagE degyph etwere%félenwsca}bs%%@né%h of the

enri chegkeGRAB @SS, [the §l§e ch-Ehﬂ)f HRACLH DB Sci@reddue: wlchhdslbedtaR g ofltigs tiesed i n
detail. Areaction is conmon to each of the pathways is the

pr ot ectdrdhigd &px trh‘@GaﬂEb Wéqhowaf%tocgslﬁ&ﬁh@ reppingder pifhe gplgetle paghiinga t he
1-am “Qezéﬁ!éﬁsrd%%ﬁ)e@ Tt Wi HL @ov%Q{oetﬁS %Em%&ﬂfxl Pa ﬁ‘@( tﬁéﬁ&?db% weRlEgn comonly

encount ere in organi c synthesis, ere a unctlona group is
i nadverané fitdagbommdi the eide thairais bﬁmrmatimgth raihé hahdated evaggerated ondglin(thism | ar and/ or

identic nct.i on, I.Q | ocat ed eL mmere on the nolecule. To carry
out théﬁ%‘%ﬂ% asflﬁtw’?qtrhgflefu“gtw O%zl}?a{ is reacted with a protecting

group, the desired reaction is carrled out on the second functional group,
and the protecting group is then renoved fromthe first functional group.
Prot ecting g\rs@wpal DO, WRhticHBDViefefte OEGRIRp&inSA Bhdl@Sk Salled TSA-RANVE abgen

di scussed

Sts two gteremsomers E (or trans) and Z (or cis) are shown in FIGS. 2A and 2B, respectively.

The cis or trans nature of these stereoisomers refers to the configuration of the double bond

between the € and {-carbons of the side chain; i.e., the double bond nearer to the peptide ring,

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

A word should be said about stereochemical nomenclature. In the present description
the terms cis and (Z) will be used interchangeably, and the terms trans and (E) will be used
interchangeably. Usage of the terms “erythro” and “threo” will be kept to a minimum due to
apparent confusion in the literature with regard to their meaning. See R.W. Hoffmann and
H.-J Zei in “Stereoselective synthesis of Alcohols. 8. Diastereoselective Synthesis of -
Methylhomoallyl Alcohols via Crotylboronates,” J. Org. Chem., Vol. 46, pp. 1309-1314
(1981); A. Streitwieser and C. H. Heathcock, Introduction to Organic Chemistry, 2 e,
(Macmillan, New York, 1981), pp. 845-846; and M.B. Smith and J. March, March’s
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J. R Hanson in Chapter 2, "The Protection of Al cohols,"” of the publication
Protecting Groups in Oganic Synthesis (Sheffield Academ c Press,

Shef fi el dwoma@szsael, 1999), pp. 24-25. 22 WD 03/ 033526 PCTPCAAN0QLE59

Hanson teaches how to protect hydroxyl gr oups b% converting themto either
est er s Avhvartel §rganic Rperistre(VeikayeNew ok, 3R hepps 14hdd hds thedpRgifght | y used type
of chery 108, iDYA5I8YA herddl B RSnvedfiS & stbRwRsaafle range of
condi t%%%g%ﬁ%%q Iglﬁ%éslg%lgo n?éraogfjce t he Vgcet ate 'grou?). These reagents
and solHeatitcock in obesd where &etythralrisopetrs wéer @ Hyani ¢ Reconfiguptionsegidy dr i de,
pyriding _and di nethyl am idiL0g; LRVAR) ; acetic anhydride and sodi um
acet at eﬁ"ﬁ%e’f?néergﬁ%?/%??%gwlgdyn(g’ssgﬁleg&e- p-S)s'uI fonic acid, acetyl chloride,

pyri di ne and DVAP; and ketene. DVAP is a wuseful acylation catalyst because
of the formation of a highly reactive N-acyl pyridiniumsalt fromthe
anhydri de. |Afinsleommeodiboenomeficlitine cpnessiite termialtcaban-cathen doublecohol  of

cycl ospori.n A 34 ]| r ot d as, an _acet.at j Lth.acetyl

chl or i dnd&hNA mﬁ[é@af%?ndgﬁ. ?8%?15% HoRg™ efﬁé?ée@lg@f%ﬂﬁ %zrzgr}ngoﬁlgﬁ% %Ellggnpound
acetyl GGl OSROI-hMind a3 redidhe A9 bB AmBEEDsthnieg twith theaerfidnal #)catboh, andder goes a
nucl eophilic addition to acetic anhydride hpr n&%g acet%,lﬂ g &ll osporin A 35
and acevpdsingdpek tovrekiBe Pelice i o Sk syistem e 1940 utoTHs e % 8&&hce of

di met hylragh RoRyids Ak edih OMRBveisHa En GHbnB M ARS T c@%anﬁ%’émﬁtrﬁnﬁhéﬁb’gtadﬁb acts as
the solvent. In these cases the prefix "acetyl” may be used in the

nonenc| doubledonh isgdeptiifiad by Helowpypebered c3sb@Mvway, or until the acetyl group
is renoved. For exanple, the last internmediate in one pathway having an
acetyl group at the f3-carbon is called "acetyl-(E)-1, 3-diene."” Although

the prepar aty PGS 3sLSwiBldw BSdigist@NRebokding foe
literature, Thlgtré y%ftﬁcﬁgwgggylg%@??gg%Sqﬁh%vsve skill éd isn t he 0arrtlg_t hat

pr ot ect émigpdimentpef the present haentigw dtcanesic ay¥iEres mayky PE?@?G% digectly, Wiestiect the
(3-al copol . of &%d&lbﬁ{%ﬂgqaﬁghﬂ ¢ ﬁfeﬁb'gatﬂ&afé{@ LosRA fnfvthe dlfirae

protecti ng groups nay I nclude benzoat est'ers, substituted benzoate esters,
et her s, raindf soingils in e heixsre. Uddmativdy, cainpositéans may e pspdpd thehde t he acetate

protectin oup i rone to i e i.de. r i ch as

el i ni na?qrghgcglﬂéa%ﬁ?gtrhg YR pem e&#ﬁ@g %%Ezyoaa ygﬁ)g]goslen r&;%té(% %?stﬁgnd silyl ethers
are of t @mpeitiens esitgiedrit apedsime raiode achiaetthedesiredrdiature. hose sane reacti on
conditions, it is often advantageous to enpl oy such protecting groups in
pl ace of acetate. Cyclosporin or cyclosporin derivatives which have been

protected byAr?' Qveaf\(/:ig\sv%lf tl%rsgn etid rpat%%ysoz;[cggrﬁing 19 érﬁﬁ&dnﬁ&lts of the present
invention is given in FIG. 3, where particular emphasis is given to grouping reaction paths
according to chemistry and stereoselectivity. Referring to FIG. 3, synthetic pathways that
utilize Wittig reactions are shown generally on the right-hand side of the diagram as indicated
by reference numeral 31, while pathways 32 and 33 that utilize organometallic reagents that
are thought to form six-membered ring transition states are shown in the middle and left-hand
sides of the diagram. Any of the synthetic pathways may yield a mixture of the isomers, or

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

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

is common to each of the pathways is the protection of a functional group in cyclosporin A
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group are referred to as "protected-cyclosporin A" Likew se, the ultinmate
internmediate in the exenplary pathway referred to above woul d be called
" prot ect ewO(0BN33528- di ene” instead of "acetyl-(E)-1, 3-di em€T/CADR@133t ur e of
t he chosen protecting group may have an influence on the desired course of
f ur t her 34 iretpis exemplhry engmdinanhthgigasting isshe B vaEI00 8f RBERGINRCI4 ©A02/ 01559

et or 1 001 8B 33 AL EUSLARRAS e ATRe DRSS e TRLAY Pal hvay

a protect coho ound serves cursor “for the
synt hesc¢anpofind SA&E)@Z}#é’cursos forat] $>f tha t1saemar ald lmlilumlmg@ymbiaﬂiclreagaat hways. Wttig

reaction path ssed Synt hesi s of m xtures of the
(E) andpa(ﬁ% gﬁﬁ%l% S%’Fe éh PR CﬁgtaWr{gtwﬁu eggt{qn&qthwst tig reaction

pat hways exenplified herein are identified by the reference nuneral 31 in
FIG 3. Method 1 proceeds through the brom ne internediate acetyl -g-

br omocycl os }Iﬁ)g&:n’erﬂﬂs,ynﬂie@dwmdyebhﬂd} 2 whibsd reaoeidn thelittoe il beyabdspori n A

al dehyde 1l as a 2‘?@’ g pm‘#ﬁ‘ 6‘{}(3 exe Iar ngt hods descri bed bel ow
utilizelg W?Wﬁm’fe l‘ﬁgd ety TRiQy E‘E“er%?f P RBORBLPUHEMBHES RS t h a

M Xt ur eas@hrtBipahe AcHWitEabaction§ OQb ArédRRBISctive DRMWAYS ke Ra6t in@Bsmisised in the
exenpl ary enbodi nents di scl osed herein to_  synthesize m xtures of the (E)

and (2)<$eaersaveds WPQA}FX BYIMETHRRYS %fparga@ﬂlamal}lcrs@gew Piaberoensd thropehsiFe presence

of a Ilﬁlahw%mkg tﬁ'ﬁlsxtfgﬂ@taféﬁ %&@%n@funhfahw &é&@@lﬂe@&&lgﬁtlwﬁélhh@oﬁ@actI ons is
wel |l known to have an effect on the ratio of geonetrical isonmers produced

and, t hdpketheraeof argpmomgiallicirpagents pregiseinl ta theangreniiaveation. ajciuding thesedisti ng a
des' redfeﬁﬂx?étlﬁgrgalﬂé eﬂnkﬂgntg E)ch%@gor()g)sﬂlc&? ‘ﬁ%ﬁlﬁ‘n Qﬁhﬂn? P&%ﬂﬁur Method 1 In one

enbodi ment of The present 1nvention, m xture o and (Z2)-isoners of

| SATx247 is prepared as shown in FIG 4 The use of the wavy- | i ned
representation in FIG 4 (see es ecially conpounds 43 and 44) is neant to
denot e t hat Gomposisierginzichedrio gue <i>rd othaes @fi @ paie obisowiers exy e piepared Bowf (E) and

Z i . E) t
(21 songide prb QRCa RIRAOLIRAE i MEnBETEGR RS et Rone tBn SP8HO L7 1 somer
to aqucu%mt dn ble (pfah@stnlteos@iecu‘rea)a(m)ay:i sidrier 3 (iathwayl3es e smahmuape only

exenpl alr s toel r om a ? Es?xgl'é{s o?@ﬂse 2497r 86&%8(? ﬁé QIL fhie rea%{m gonH-{t)ions that e mXxture

my COI’] aln
chosen. In another of the stereoselective pathways (pathway 33), two different precursors are

needed to produce each of the enriched compositions.

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

group is then removed from the first functional group.

Protecting groups are well known in organic synthesis, and have been discussed by
J.R. Hanson in Chapter 2, “The Protection of Alcohols,” of the publication Protecting Groups
in Organic Synthesis (Sheffield Academic Press, Sheffield, England, 1999), pp. 24-25.
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by wei ght of the (E)-isomer and about 85 to 15 percent of the (Z)-isoner.
In other enbodinents, the m xture contains about 25 to 75 percent by
wei ght ofwbDle/0§iEpe i somer and about 75 to 25 percent by wecghtacehisshe
(Z)-isoner; about 35 to 65 percent by weight of the (E)-isoner and about
65 to 3§am@n¢@nbeswwmmmct gydrwéglngahywﬁﬁrtmgathﬁné%ﬁlﬂ o1y & ST per cent

by wei g Fltcetgtfe eEtEI% aﬁe@ QIEH%I’ @spﬂ%cggﬂﬂitusé@tybé) ofche RIS EHL pr@tgcti g_ry&rgi 1i somer .

In_stll a_not |nen i soneri'c mxture’'is an X247 m Xture
whi ch c@ropps. sTd@reamwlchesra@gp qﬁ@ommcmsgemapbﬂweﬂk@zmm@eg thetaéetee giPcent by

WEI ght Iil?]ste I?gaggnlr:tg B ’f%hts Wel A ﬁ@rd}ﬁ dﬁf%nacegé’ armg{ix‘ﬂﬁt ]i)ﬁ'fdlﬁehe (2)-

ese percen ages he t ot ght of the
c o rrp 0 s i tnddimethythniitopyvidink (IbMAB),cheetstzmbyﬂrtdh and sddems anetadd; acdtie aplesideje per cent

of the soner_and th e ot her

wor ds, é%ﬁol%?ﬂ?g c&ﬂ‘f ac&(gﬁ’%%g'lm ﬁé’?’%‘%ﬁ? wel gﬁlﬁdlpe?gnt% B&%‘%ﬂau soner and
35 per C@ﬁ&fulbyym&d)rgdatalyx’t bédagse(of fheifsmiEon obarmghly ecaviveddracipirdiniumeplt 0 FI G 4,
the ter 13 aﬂon of the side chain of the 1-amino acid residue of
acetyl - SHYPOHA i s broninated in the next step of the reaction by

refluxing acetyl cyclosporin A 35 w th N brompsuccinimde and
azo- bis-isobutyronitrile in a solvent such as carbon tetrachl oride,

produci ng t hg, dntegibbBidicat & tBREMEEht ilvenBb RO alcOis Of Eytlolpdtih. A 34 is
N-bronosuccinimde is a reagent that is often used to replace allylic

hydr oge meotegiadips 9p ¢Atde by reaﬁfalgi 3 with agety} dhlerigles Shyd geesenar aOIabl?art’é’és radi cal
mechani Lok igal 'y

descri be etg)}-w{]g@% G'fn an E&{Lﬁﬁlh%ggr%?gn%%ﬁt g\éi?:?d%ﬁ:ﬁfﬂ% Bl\/al n

Met abol latcehc(l GhderFes efnudyophdipmidition &, deeti: an@ydrideCireming avsyl.cygaspogp A 2689- 2691
(1992) he. novel .internmedi om de of acetyl

cycl ospgg ]ﬁd%e o4 acid, &E%SereaC@on% lﬁaélbgrom&!a&ggéﬁlg%%%%cycl osporin Ay41 by
heat i ng dtdmh;ﬂahhepymhnmmmﬁm/whelm antaxcqzslsl efadephagyhiidescismas thesolvemnin such as

t ol uene. The no, L.nter medi at d_ot he | ke | r tenplated to
be key MRt ‘éars?"rse%‘ia B‘ietl f‘??g‘fi h&? y%?sﬁ%gl?tgerol m%?ﬂ{o ufr:la ﬁ%\g;l&gft &csgntﬁ%% porin A

anal ggs phidhy, @9 nhta:tne gcetyt @idjup gat@cvedi Eaeexsmpteem last inteemddiaterinnome aci d

resi due. For exanple, in additjo i phen , ,conpounds such as
triaryl @h‘@g’ﬁ}ﬁh%"é%g antf}CP‘é(l %}?Plibﬁtdgep[ﬂf’?’fg%n 1s C‘ali) I 3¥%5T(§}1ggﬁﬂ?nﬁes and
triarylarsines may be reacted with acetyl-rl-bronocyclosporin A 41 to
prepare other activated conpounds simlar to 42.

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

the desired course of further steps in the reaction sequences.
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Referring again to FIG 4, a mxture of the (E) and (Z)-isoners of
acetyl-1,3-diene 43 may be prepared by stirring the triphenyl phosphoni um
brom de oWOasms3ské cycl osporin A 42 with an excess of forrardaepdessdn
toluene at room tenperature. Follow ng addition of the formaldehyde, a
base such as RSUFBSIAEHr draceisl ¢yslospraiach 3 s this examplatyrgathiveymer i ¢ m xt ur e
of diene t 526 2/01559
Numer ous o aen P RRRE it Lofihotbs SO e oo oy L MR S Tl

descr i pt isomers in gezgral Qfmheaaynthsthapemlvwajedwwg deactidniarliways Gilgbddiscussagm st r y, Sth
Ed. (Bro? ks/ Cole, Pacific Gove, 2000), pp. 780-783. A Wttig reaction may
be used to convert a ketone or an aldehyde to an al kene. In such a
process, a phosphorus ylide, also called a phosphorane, may be reacted
with theg aldeh o oIRY [ |nternedyate called a

bet ai ne. > : hd et R and () dsomers ol IS Am 2t L v iz Reacdon r gt her, it
spont aneousl eco oses thr dring to yield an alkene
and triphenyl ht&%%}?g pS%W(%S e*? hﬁ‘?é]therelué%rﬁ Irlqénfﬁgedabyrt@ﬁe&??é‘ﬁ“é mmeral ¢ he

car bonyl 31anmrs et dy piobesdResughtii ot BirfidlehiteRongesl to the

phosphor.u It will he reciated by those skilled in the art that a w de
variety 13? ?@'ﬁlé’é?ﬂ“él ‘f}’ﬁ% as Igﬂg%dt%‘ftﬁllz‘“e“d? hg et peclespemp atdehyeSt iagar eact i on

r eagent Sstgtifgsbigb aue exeﬁ@ﬂarg YRS desEBHIB bAUS utlﬁJ:eJ(aY Wlttl@ tcriofofitdde: and

ket one co g@ may_be substituted for formal dehyde™to prepare a vast
number o%n% b IiathoYiélFl}%@E’it‘éfé§f5t9¥m9hﬁéléhlt@nﬁa\¥@1®arr| ed out the above
synthesis wth fornmal dehyde, and in place of formal dehyde, conpounds such
as acetal dehyde, deuterated formal dehyde, deuterated acetal dehyde,

2-chl or ObenZqihé’ﬁhﬁ%@eac’ﬁ@ﬁ?@k&iwg@qen@% elgﬁgdﬁﬁﬁlltsd(ﬁgl%&@d nettfl, Wttig

reactions ma be carried out wth conpounds ot
tri pheny¥H %%?ﬁﬁ’éiﬁiuiﬁﬁoé thei (Eh%nd,@z-lsoglar@ lof B\ 247amap quttiosgdlyi beesrried out in
trial kylphasaltdas imafaabk rhes $1.065, LNspead of
usi ng sodi um hyd rOX|1 dle, \%/lar%(ouslbgt Elwe%?ﬁg@gh%@%%%%%%ﬁ%}%n%g?xﬁgnate
but yl | i tapvifo ek gn pf.chhpmhe rstud@fmmfrmdmsomﬁtslprmdfd mﬂeﬂhadforeb&ﬁes such as
I'i t hi um giilisoRFRRY ) adk: tal .al kox S ed. In
addition to vargl%{ng t gg%%fej%{ged( bhuc & degiicd e n%fﬁgﬂ )8541 icted in
vari ous igmgenfdSaoi2dént s or mi xtur es of or gani ¢ solvents and water, in the
presence of various salts, particularly lithium halides, and at varying
tenperatures. Al of the factors |isted above can reasonably be

Method 1

In one embodiment of the present invention, a mixture of (E) and (Z)-isomers of
ISArx247 is prepared as shown in FIG. 4. The use of the wavy-lined representation in FIG. 4
(see especially compounds 43 and 44) is meant to denote that the exemplary reaction
sequence produces a mixture of (E) and (Z)-isomers. In one embodiment the percentage ratio
of the (E) to (Z)-isomers produced ranges from about 10 to 90 percent of the (E)-isomer to
about 90 to 10 percent of the (Z)-isomer, but these ranges are only exemplary, and many
other ranges are possible. For example, the mixture may contain from about 15 to 85 percent
by weight of the (E)-isomer and about 85 to 15 percent of the (Z)-isomer. In other
embodiments, the mixture contains about 25 to 75 percent by weight of the (E)-isomer and
about 75 to 25 percent by weight of the (Z)-isomer; about 35 to 65 percent by weight of the
(E)-isomer and about 65 to 35 percent by weight of the (Z)-isomer; and about 45 to 55
percent by weight of the (E)-isomer and about 55 to 45 percent of the (Z)-isomer. In still

another embodiment, the isomeric mixture is an ISAx247 mixture which comprises about 45
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sel ected by one of ordinary skill in the art to have the desired effect on
the stereochem stry of the fornmed double bond; i.e., the desired effect on
t he rati owofo3sss2€i s to trans-isonmers. In one enbodi ment Pefl/tAweomsesent
invention, the Wttig reaction is carried out_in a solvent selected from

the group3@persingby weigbtfoftle (Efispinenfnd-ahputafdo d1Paiestbdy waightafdiceddh t he

sol vent .| s Usg(l. | - GPEP RISttt 8ChE Borfrp Rifoh, hRd @ oup
conpri seléﬁ%#' E%‘[S%/P?rft ?%Sﬁlﬁfgglgﬁtﬁaﬁ? ag;a\‘ér al koxie?j%, pot assll5 urrl] | ower

al koxi dewillde dndeastdreiribat éhessumpofttharpeighitpercentioé thadBhiseiberand teg@) prger i1 10C.  The
pot assi | o oXI (e = 1 , the

S0l vent TRy HB pa¥rhr by RFxdl ERLARS K Ll BYpALARy JEHIGHARES

pot assi Ugdniez hhd ¥lipepoentliey wéight of tlenf@eisatmen; er et ween about - 70C and - 100C. 26
WD 03/ 033526 PCT/ CA02/01559 1In a final step of this synthesis, the
protecting group on the (3-carbon is renoved using the follow ng procedure.

The m xture of acetyl - -1, 3-di ene and etyl-{Z2)-1,3-diene 43 is
di ssol ved i nWﬁb’}é%%tﬁgﬁn%‘@?b%?@aaéaFﬁaA‘)’ 8%%18 1 %Y hot assi um

car bonat gl of a6RGyclB§drih Peis beRGhAteDinMhoddet RepSdfithd @aktivh by eahaxingper at ur e.
Bases ot her than potassium_carbonate that ma)éi be .used .i ncl ude sodi um

hydr oxi dsetykoalospariady Bowak &-breparisrnaridowddec-disAiPUpEeHELs Hihsgikbxi de.
Et hyl acs‘agﬁgsecf&bﬁ,ggpg%gé%gp&%%gﬁg 18 Srterk@@ialaBRY1-REREE c16ipsiidiae10f (E)  and

(Z)-isomers o od 2 I'n an alternative reaction pathway for
synt hesi Mibngnausrininideds ofeagd) thahid oftd) used tarreplace aiyli¢ yirogeay with Brogingy ¢ t j g

reaction str. a f .St op atﬁ}gﬁ PEr BORL2YEHa:8S

foll ovvs:an%lt 1%%%%&%088%%? laLtahfg‘:'%(r gé{%tlg%%%&sglés I Yeﬁegﬁ?ﬁ%d_ 1t éf%e oxXl| Z(ljati on of

t he acet4ll wasysdensgilyrdescribAd py MUKicEeblE pohir. Nveingeriot ‘Syntkgsistad therMauce an

al dehyde; 3) .a W(ttiqg.reaction;, and,4) .de t i Qfgit ittig

react i oﬁ‘dﬁ‘iﬂ%‘z}ﬁ%&'ﬁ)%éﬁ?‘\?%ﬁoélﬁﬁ’y,’n-d%’%?ger”yg‘?"? %ﬂ’ﬁ%ﬁgg%gée%la@ggz ster to
retrieve the alcohol. This reaction sequence is illustrated in FIG 5. This
synt hetic pathway begins in a manner simlar to the Wttig reaction pat hway
of FIG 4 i rmThthatel ink@mkiiagttrigheaplphssphading bioimide G-aedtylatyclosparin A 42n acet at e
ester group. The two pathways differ fr ere.on owever, in that the
next st ePbbe RgrAFgdrom E‘E?ﬁ@@r‘%/@m&‘é %?P(?ﬂnc@gi E%{}?ﬂt‘f‘% thﬂq?fg?f %m%%mg%tg hyde,
acetyl cy h&@fﬁgggpﬂin@\iﬁéM@iglcﬁ%sto'ﬂ@h§ reacti on uses an oxidizi ng agent
sufficiently strong to cleave a C=C bond to produce two fragnments. Al kene

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

to prepare other activated compounds similar to 42.

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

of dienes is extracted with ethyl acetate.
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cl eavage is known in the art. Ozone is perhaps the nost commonly used
doubl e bond cl eavage reagent, but other oxidizing reagents such as

pot assi umwpesmsasganat e (KMhO4) or osmiumtetroxi de can caa3g€adontdse bond
cl eavage as well. According to an enbodi nent of the present invention,
acetyl -cycl oprmmions igansc cheonsimyriexdblodks d@snrilaal tu@ﬁwig redction. cQuandesaiptivhe

0x1 1 21 0 A5 ] OO DUNRL: BB Dl S P cBRER (0" M 2cet Y]

cyclospo € 0z0
t enper aGuswe, z(mgqapfmmsabmltu@&ﬁcml Iﬂ@ be‘ﬁlsai tscobm&rtta ku&md oflarr i ng t he
ozonol y mer al cohal

d
D200 Rl B Btairdte BUERn BbSR0R] o 0trhofR U5, AR Shled irlibgbbisfe dhygent MY

trial ky |bafﬂaﬁted s/ith IﬂleaMehyde&tr ytoAdriogve aedipcahrkydemeﬂiate'z&allm B3h83526

PCT/ CAO F qu de, athlosulflaeﬁ or a.dialk g"é{ i de such as

di met hyl %‘F? yoFBe wnmﬁlﬁalw Holag I%G]F&Ftﬁﬁ%%"ﬂ% PR educi ng
agent, Em&lg‘h%rf‘é&fknﬁﬁbe@é'dhrggﬁb Yiefkdd dlkdn@ aﬁ&l@lpﬁénwwﬂhmk f&ﬁiﬁet lrad ndthe reaction
is dose-controll ed. Accor ng t o anot her enbaodi nent of resent

i nvent i Ul isfarep lacegiepigh dhe &F OHXVE‘IYS%I‘&S‘PIP ﬁy fheiReC prg&“@@fléﬂ‘aw Pdgd to

tri met hydeghbdhofudMS) group and oxidi zed with ozone as the oxidizing agent
fol l owed by work-up with a reducing agent to form TM5 cycl osporin A

al dehyde. The ozonolysis step is carried out at a tenperature range from

about -80C to OC. The solvent used during the ozonolysis nay be a m xture
of |ower al cBN6l beprprecisitedtydhesgekifahin therpbthpteagyidp H@fl%ﬁg@ﬁleag?ﬁ? gy bgel ect ed

from t neudliohid 5ORASLSHpNGY uigElcalsyRARRALIARYBURD efmbel Pietdus PSP ne.

triaryl phosphi nes I am™nes such triethylam ne
sul fi deslkyk hrybgbdlehsaiw@dckptom mlkgnugdﬁ mmdb;@ubmnect@r ﬁilmeldhlwdsm lprleme Vhen

wor ki ”ga%:{gﬁ lfn{)(i,rl‘())k’lg%:li] &ﬁp&'n@?tp%g &QHS«)eQ%ﬁ%S%HEthe e gﬁﬁ?e?@ of
ordinary s F s no hat the reaction is dose-controlled.
Addi t i omﬁhlfwnaid@bydeyanldos plcé of fAnadldeﬂ;IeommnMuph ma@tﬂebxdepr otecting the
(3- alc 0 [ et qQri dthen
convert .8%“3“6‘ tﬁ’gfforﬁlxﬁylﬁﬁg’yc% {c%gatecgib %eta% degzt ﬁﬁoxo@/en% El?iéié/ 8c’I ngﬁng ﬁ\ Aanélpom de

W th a bogopdehgdel fSad:Iertpg&faemmlnyaydx(aanemd butt wmﬁ:onmbmshraﬂ&r thn a ket one, such

o e DGR o RSP T8 BB BB, Dl
acet oni hfyldll@ylﬁﬂﬁbhmb@hﬁf triafyldiyihesn @shitcatioNtsiig sadiateiyidfoxalel chridusedlérum salt is
added t 8ase§i gucH as so 1 cha% \%te, but}glhthlum, hexyllithium, sodium amide, lithium hindered

bases such as lithium diisopropylamide, and alkali metal alkoxides may be used. In addition

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

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

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

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

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

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

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

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

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

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

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

temperature between about ~70°C and ~100°C.
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ions which m ght be present. The epoxidation reaction is carried out
preferably at a pH over 7. This epoxidation reaction is followed by

oxi dat i vewologaszsge of the epoxide with periodic acid or peratharel1salt
under acidic conditions. Optionally, the oxidation and the oxidative

cl eavage can be conmbined in a work-up procedure. These reactions have been
di scussed by Dan Yang, et al., in "A C2 Symmetric Chiral Ketone for

Cat al yti c Aslnenfital tep &gbix isylethdsonthe pfotddting poup omthk Pzadbofliefeimosed using Am

Chem Sqc...,Vol. 118 491-49 996) ,. .and " Novel i ¢ Ketones for
Catal yt T ol g pofctush ipe kit o by s Biithe ooy 3 £l dep R S0EC
(1998) . difbetvadse nethanelf dvdnhanwhadesidedi dibatewyclogaotassitiasaldesdie di scussed by
HJ. Car netal. . in"A Geatly |Inmproved Prgocedure for Ruthenium

et o R St i e HE LA e et e ecs DS pRwRChom . Vol .
46, No. cadrBonapthd Aok 63 3¢l i dIB&elJodivkaky dBeide boddim cdriesbaR, §daaim alka8da\O

03/ 033526, PCT/ _CAO%401559 istorically, the exgjgnse of . rut heni um et al

pr ovi detPdipripssiomalarides Erhyr prRetatRls drgidiseehio exfract by dinphrroduehnpiue ot €9, t he

nmost  poRpkd @)-iinevrabaysersperi odate or hypochlorite as stoichionetric
oxi dants. These investigators found a | oss of catalytic activity during the

course of the reaction with the conventional use of ruthenium which they
postulated to be due to the presegycg,@b carboxylic acids. The addition of
nitriles to the reaction mxture, —especially acetonitrile, was found to

signi ficant! # SNNBRAGE ORISR GRIFL KaRLIZAL 2 hieuRdr d8] dn¥§z)- bRy age of
al kenes in a CC14/1120/104 system According to one enbodi nent of the

pr esent of Wani47ota 2 Bide yrackgeitgteghrd fnupsten syalhsiireatinay may beemployedized from
acetyl SPQL.d el j | Lo e o itrile and
sarel, SUEEERRAGIO PP AR e 2 i dth U e erR BB v e
hydr at eA prbdncedfrdmtiyedfEstsiepriayprodececadt al dohy del 3yd Whttie tdaytioraarsd 4tde- |t shoul d be

noted that .t he nthesis of th al dehyd 1.by this.oxidative cl eavage
o at eofndiei FHRNERS Bacionpgipet ReBEadE avdkoby B B atiingerta b
di scussstrideltmniciand Thixsatue Bdguyndeheillnaadalin FRG.5ef erred back to this

section accordingly. Additionally, the cyclosporin A al dehyde can be
prepared by protecting the (3- alcohol of cyclosporin A by form ng acetyl

Syl ospori n SEREBERER Selrs 1o BRuF FATET OO SRS P B e
FIG. 4 in that the first step protects the 3-alcohol with an acetate ester group. The two
pathways differ from here on, however, in that the next step of method 2 converts acetyl-
cyclosporin A 35 to an aldehyde, acetyl cyclosporin A aldehyde 51. This reaction uses an
oxidizing agent sufficiently strong to cleave a C=C bond to produce two fragments. Alkene
cleavage is known in the art. Ozone is perhaps the most commonly used double bond
cleavage reagent, but other oxidizing reagents such as potassium permanganate (KMnQ;) or

osmium tetroxide can cause double bond cleavage as well.

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

tributyl phosphine, a triarylphosphine, a trialkylamine such as triethylamine, an alkylaryl

27



presence of a ketone, preferably an activated ketone, preferably

acet oxyacetone or di acetoxyacetone. This step is perforned in an organic
sol vent vWD®B/083526 nert under these reaction conditions skch/Ga@2acsdponitril
and water. Ethyl enediam ntetra-acetic acid disodium salt is added to

capt ur esutfhip zhéllmsylfatepadl dinliplsulfifé sichms dintethybulfides SMbenTekispeithdat i on

reacti refera H over I S, epoxid on

Feact i oot iopdiebisfas e REEk AP e Bl RuPH il BEOPPACT oai o
aci d orth@&raaﬁmtledsmdonmdsltbar acidic conditions. The oxi datl on and t he

oxi dative cl eavage can be conbined in a work-up procedure. These reactions
have been di scussed by Dan Yang, et al., in "A C Symetric Chiral Ketone
for Catalytic Asymmetric Epoxidation of Unfunctionalized Aefins,” J. Am
Chem Soc., Adesbrdingltd8nothqr.emd6diméSidf (EGBEPnt iaventidiiohed] alédpol ofc  Ket ones f or

Catal ytic O(ld lOI’l React Chem 98 8 9894
(199831 CYSYSRAH %ﬁ%&ﬂ@% %ﬁk}yﬂg’%{%}l%o H‘ﬁnfic?x}gfzggwg]flp%@f’ ®2 invol ves
conver td;d*tgzmgeg@k dﬂllawée?ﬁﬁzﬁﬂcmlaamm %iﬁﬂﬁcﬁngf)égeﬁﬁ)) fcamﬂTMZ):ycﬂmspamsAw a a Wt tig
react i on r fashion.to that of meth

bhosphdHiEey g THE et s ey g EOPSRBRF e EuARut (0 B0°6s not

i sol at efhe, soWeﬁt’fhsE(ﬂ]@urH%tthe 5888 dis hipbe 4 M &I LDRRAXL aleofivpaia at om of the
al dehyde i s repl aced t he R2C= group orde%) nal Iy bonded to phosphorus.

Agai n, dchieropethang ?l@ée@chﬁgg%g}wméeé%w‘? % the SHPUPKOREGEBRbr us  cont ai ni ng

conpoungsiyatiigphihdsanc 4 nqis\ﬁﬁxbh&%ﬁﬁle nﬁﬁyywmbﬂﬁmey aﬁﬂyﬁémnémbh &S
triaryl phos‘g’hl nes, trial ge phosphi nes, I"al kyl phosphi nes and

tri arylEebylamine, alkyley pefides @@%@ﬁeétoﬁiﬂ'él‘k}’ S&H’Geiu%lichgs imgtaylselfide.of basi c
sol uti Bl VRN BuBlpnbiined0ine rORAL Al |iRbiRersoh BPEARAKCIEAL! S MRy be
used tgw:ﬁn ?urek?\[gée e lsl{tgl stoihr?emgstrry 8f %t% f/so formed double bond. In
one enﬁb@laﬂmﬂﬂknmélayﬂhewem@sp@nsﬁﬁomﬂledehyde 51 is dissolved in tol uene,
to which is added a base such as sodi um hydroxide in water. Allyl
tri phenyl phosphoni um bronmide 52 is then added, and the reaction stirred
for sorre t i riedditigmaliys sheodyclobperip Poal deltyde eandteipreparsfl by pestiagking @y Pasidohol
(2)-1, cet at e,
wner o' CHOY PR A b Re LA AR A KA R, e Pl eper T 0
and/ or Ancsthbacetyilg:yclemmwmppmddwaxhg nfionopersulfatex prgfepabdyf oxroaaon thet s, products,
mc;![ xgthEes%%l%e f a%(ée?a esuglé%sse}cgtgxyacetgl?et oqcc)igacet’oxfacetorllea rTh1s step 1?per%o@1%!adﬁ1t ep of

an organic solvent which is inert under these reaction conditions such as acetonitrile and

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

The use of ruthenium based oxidizing agents has been discussed by H.J. Carlseﬁ et al.
in “A Greatly Improved Procedure for Ruthenium Tetroxide Catalyzed Oxidations of Organic
Compounds,” J. Org. Chem., Vol. 46, No. 19, pp 3736-3738 (1981). Carlsen et al. teach that,
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group protecting the al cohol at the (3-carbon position is renoved with

pot assi um carbonate, vyielding a mxture of (E) and (Z) isoners of |SA x247
54. Baseswotob@s3dsehran pot assi um carbonate that nay be used@CraAaeosse t he
protecting group include sodi um hydroxide,  sodium carbonate, sodium

al koxi destogerdlypbe axpsnsmofanthentimg metabprovidad asinggntiye (5 45 deVIoRMGAPE ched in

ei ther of .the g?ﬁ i rSriMd Riallic routes
Accor di FFYE perlﬁ'%o [ rgfé% Iél@(; e%ﬁgggﬁﬁlpﬁggﬁ? %Iﬁ?’ggf?fe.r eosel ecti ve

synt het éteichipathinayiiantay Thesp invystightersdewndaflossd eefalyie aqtizsiydring thont ai ni ng

el ements such as silicon, = boro ' [ - : ASARRH WShe daad/ or
lithi urr?ouﬁsl"ré)g@eﬂgﬁm%tﬂrﬁtﬁaycoﬁ‘fegg%nggh{eh?(%‘%J{gahnngH@l@l—t}ﬁ%ber ed ring transition
st at e whehepenacobf daftexpindetts s The addivienrof nigriles tottherehetiongarioe. el enent from

t he organonetallic.reagent. In so mbodi ne ' ' effects
r el at edeSPECipheAceioRitElet 'gﬁgﬁto‘é’{da{? élgﬁ‘%”i%ﬁfe FUe) ﬁ%gj%? ﬁgﬁr&f.ﬂ%ﬂ}%&%@%}g%ﬁgut cone of
t he reaggé\;a?e of3IkSAEL Y OBRBRO/IOLCIYseA02/ 01559 Two exenpl ary stereosel ective

schenmes will be discussed in the present disclosure. In the first
stereosel ective scheme (nmethod 3, also shown as Pathway 32 in FIG 3), a

silicon- containing compound undergoes an el jmnati.on.re I produce
ei ther the ({£§copfng tpone ie@gﬂgm?md’gﬁgr%‘?sﬁ‘& l%vﬁnb\?{é?%e@ CY%%Spg'l%l} %%nmgtl en ‘
react i oy jSy $8pfddfebdditm AUREEEyCRBHSHICA G5 b dRsdtving it inixours of dbkicsitiile an
exanpl e of a Peterson olefination. In the second ,steil@oge#ly ctti Ve schene
( met hodanfl watps endsthenadding foatsadiage psrodaty sadengytheninnuehignde Pdrdie oG o i s

produce Atk Qi RR1d VARG Bkate. T Snouid) bel ivRsdaTat ks spiithebisathef r om a
titani u%dglygggaosaghoreus cont ai ni nagq i nt er nedi at es, gt[ntereas t]ggﬁ E)-i soner
t

i s prodeldelyded by ghis axiflativeiclsavagdsitalaeyilnigRPortARtdp Fasy ofithe SIFRSH Thi s

pat hway | | r & 18 RR¥dBack lo th seétivinl ar

reacti oR&é‘gﬁ}gﬁg%ﬁgg%g%egﬁggﬁi%ogﬁﬁkﬁﬁgg%%?gﬁ by D.J.S. Tsai and D.S.

Mat t esoncdondiigdy.St er eocontrol | ed Synthesis of (Z) and (E) Term nal Dienes
from Pinacol (E)- 1-Trimethylsilyl-1-Propene-3-Boronate,"” Tetrahedron
Letters, Vol. 22, No. 29, pp. 2751- 2752 (1981). The nethod is illustrated
in FIG 6. In general, the synthesis involves preparing a

trimet hyl si | pdditibwdllyothe nzalesperin 4 pldebydgent beprepatediby paisciinedha B-ilrohelet v |

cyclos PQf ic;rlclosporin A by forming acetyl cyclosporin A and then converting the acetyl cyclosporin

A to the acetyl cyclosporin A epoxide with a monopersulfate, preferably oxone, in the
presence of a ketone, preferably an activated ketone, preferably acetoxyacetone or
diacetoxyacetone. This step is performed in an organic solvent which is inert under these
reaction conditions such as acetonitril and water. Ethylenediamintetra-acetic acid disodium
salt is added to capture any heavy metal ions which might be present The epoxidation
reaction is carried out preferably at a pH over 7. This epoxidation reaction is followed by
oxidative cleavage of the epoxide with periodic acid or perodate salt under acidic conditions.
The oxidation and the oxidative cleavage can be combined in a work-up procedure. These
reactions have been discussed by Dan Yang, et al., in “A C; Symmetric Chiral Ketone for
Catalytic Asymmetric Epoxidation of Unfunctionalized Olefins,” J. Am. Chem. Soc., Vol.
118, pp. 491-492 (1996), and “Novel Cyclic Ketones for Catalytic Oxidation Reactions,” J.
Org. Chem., Vol. 63, pp. 9888-9894 (1998).
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A al dehyde 51 with 62 to forma O-trinethylsilyl alcohol 64. This al cohol
is believed to form via a boron-containing transition state 63. As the

bor onat e wetoansssas e sl owreacting in allylboration reactipemgARDIAMI | be
appreciated by those skilled in the art that the use of a faster- reacting
bor ane r eagehhe hisd hiep of Meipod 2 invelvhydonivdriing die eldhlyrdedi acnenmrtm@o( ®)y-

trimeth r h $I| cohol 64
may t he)réhé{%l%g ofts %HE%F%E%%%%&IHZ? }(Iﬁg%ﬁq%ﬁﬁ?n %%&t%g%neeh’lﬁtla é/tL d’il’t his case
ei t her tahvhosqjhgneylﬁﬁ adds tohke aldébgetoGikld Fbetamnt (wincloﬂs nbheolabdlgem thehtiows one

of two dIS de endi ng..on ether the..elimnation reaction (the
ol efi nat1’ lttﬁ ?éle(g%?)rl ed* GGt 2 {j?ﬁ]d‘gfhe Aehy ‘“SFGE? ?W&‘S?@@f%‘ﬁg(’ﬂ&jﬁ%@ aci di c
condi t i bosledr piosphogdsi mgaﬁﬂ; bueh Voiep retiboy g dafieed(da) wits phdphorasher eas under
basic conditions a gis- a]t6e occurstoformthg(Z)-lsorrer It will

be appr &¥14PBg C‘B’?p?q?g%%ther tb‘i‘q frighenyiphosphonipm detivafivesy SYBakg thi's synt hetic

pat hway maeylpm)ephm@spﬂﬁn(ywsﬂnﬁlep l’a@ﬁ@!ﬁ}@&oﬁﬁlﬁﬁ@s i@ triab@dBindY, BGMASRT - The
m nati on reaction conprises a conposition enriched 31 WO

product of each 6‘24

03/ 0335 SEBERIEABRE BTZHOVaTel QbREIGINGS SOl SHher e Adhtional Vervsdi ment ,

enr i cheghofRARSakd\Bhy b\Rel wmgt%énké @8 scRB RISty BRAkSy A Qhpigqual to

about 75 percent by weight of an isonmer. In Other enbodl nments, the

enri cheéo%nposml on ny conprise 80, 85, and 90 percent by wei ght of one of
the isonmers. The conpositions enriched in an isonmer may then be conbined in
a predetermned ratio to arrive at the desired mxture as illustrated in
FIG 10. TheIn"o%@‘éﬁledlﬁlehﬂ"aJa}@cyc@os Bordd A BRHRE 591 SEUSRRE if BrudRt & |, beginning

with the Ere paration of theé boron-containing reagent 62. Ageneral

i nvest i Aichérrdded o hase gaeh asfsodipmihgdaxide imagwrpsert S\liyhiriphenydphosihesiing of
b Ehl d
car bon- &%ﬁf?&rsz% Eﬁénfa@&e!@ ;ﬁ@ﬁ%doﬁ %{égafa&%g%?ﬁuql SHUAS @f ¥ § iy | nger an

Magnus 1 n I'i'con 1n esi s Anion: A
(3- Acymixgre @ﬁaC@(tpdl(Fv)edndrﬂZ) 16fdlmlh$53cmvvlmssxmnolﬁ lediempdemd/amdlyKet ones into

y- Lact OF(?&%&’tél wﬁlere tMen@?&lku Ok 'irite \(49(5 £o, 1M 102 ’the pr%c(:: ss %f e?(%%%u\?\gglﬁd/ 5011 (1980). In

particu these 1 nves ors reach t "he

(trimet kbplagngd mbc)tmlnlpydduaﬂsfmm eamﬂ(uamoﬁibmg;lprodffdte salnemyet¢ray be prepared by
deprotonating allyltrimethylsilane with sec-butyllithiumin tetrahydrofuran
at -76C contai ni ng 1 equival ent of tetranethyl ethyl enedi am ne (TMEDA). The

deprot onat i of JHnafliy/ b bl St £¥luslal e filalsiZp 8 SRnbS1 8¢ 2Rt " F1 G ©)

group protecting 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.

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,
boron, titanium, sulfur, phosphorus, and/or lithium. These pathways may proceed through a
six-membered ring transition state where one of the members of the ring is the inorganic
element from the organometallic reagent. In some embodiments, steric hindrance effects

related to the transition state may influence the stereochemical outcome of the reaction.
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di scussed by J.-F. Biellmann and J.-B. Ducep in "Allylic and Benzylic

Car banions Substituted by Heteroatons," O ganic Reactions, Vol. 27 (W] ey,
New Yor k,wO98@3}352¢. 9. A proton al pha to the heteroatom PARTAIAIZNIFSUt ed
allylic systens nmay be renoved with a nore basic agent. A large variety of
such agent s Ewectpmrilarsbiereoselictive pbethespwill ibe ldistyss¢éd inhapretvei h@losulhe nost
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nei ghbor i n rou The anjon nmay react with el ectrophiles through
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ei t her FPP¥A ’é}n%’e{z%ﬁ lé‘ies’l"i’@r%?s BsBhisomerthroducgi Juagh adihivmgniginigeochem cal
out conei@rmbdigee reacti ons depends on several factors, 32 WO 03/ 033526
PCT/ CA02/ 01559 one of the nobst inportant of which is the identity of the
counterion. See the discussion of allylsilanes by S. E. Thonmas in Organic
Synthesis: The Rol es of Boron and g j£pn (Oxford University Press, New
York, 1991), pp. 84-87. In this reaction schene, the deprotonated
al |yl si l ane e twg&rrg&%ésﬁyﬂﬁla@&ﬁrcwagpbhﬁm@ k&@ﬁ.by trimethyl borate to
produce an |nterned|ate whi ch, when”reacted pi nacol, vyields the
trans-(trinethylsilyl) boronate conmpound 62. The boronate 62 may al so be
called an "allylborane" (allylboronate ester). Alternatively, if
9- et hoxy- 9-4iFigiilay reaefioarsehqmee h%é@Pnldlﬁcuqsﬁbln@emﬂlrh)’th Si EsacendtluBe it woul d
l ead to anad or on
trifl uolr\/{%&tge&géeageﬁ%e%gﬂ{c a E%&ﬁgp éa%n&jgégq{eer ate treggcff)otﬁ?%g%gn@?
9- (y- t r kdsimethylshpk hffopehey3-Blotophie, Q"edafaekik)]ﬂlbaeranﬁol Zhéioaaﬁlpplﬁﬁlof an
al dehyd d mas in the above
ref er en?eﬁgt%géagﬂéyégﬁécgg?%ﬁgmg ff?lc}oérls%%%ﬁgga% %ﬂ%emt%voavr? al | yl bor ane,
wher ei nprepéuiag ladtumethylsidylaliidyoromsta dseatehgens Ghand theh adatmtg acétgl aficlsdpatinend of t he
;? Ll;;)npﬁgayé@gdg%guvﬁ ¥ atglr}?c}fn} %B- Iis%ﬁyl(}filyﬁg&;o?gélf'ijhls glcoholl\,@}lle\}ce{i?o otrrple bor on

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

allylboration reactions, it will be appreciated by those skilled in the art that the use of a faster-
reacting borane reagent such as E-y-trimethylsilyl diethylborane or 9-(E-y-
trimethylsilylallyl)-9-BBN has advantages. The B-trimethylsilyl alcohol 64 may then
undergo a Peterson olefination to prepare an alkene, in this case either the diene 65 or the
diene 67.

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

same precursor. The product of each elimination reaction comprises a composition enriched
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containing two adjacent chiral centers. (E)-allylboranes give rise to the
threo- diastereoisoner, while (Z)-allyl boranes give rise to the

eryt hr o- dwessesase sonmer. An  exenplary reaction of an (E)PalricAoporsane 62
wi th cyclosporin A aldehyde 51 is shown in FIG 6, where the boron

i nter m::olfl apeolghe {wo isgmmie dingne embediment sngichddansana thetihe sompositionidbntaing Ut | on
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i nternedi ate 63 Icate that any
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woul d conpris ered ring i"RET
Substltutmwm@ﬂmmbmhdnmwmanaﬁhmmawbmfﬁﬁbloreagents enployed in 62 will be
present in the structure in 63. It has been postulated that the
stereoselectivity that is achieved in reactions involving allylboranes
wi th al dehydes nmay be due to the six-nmenbered ring chair-like transition
state exenpllhé icectidpy it FIE. Bovil now e discrbshidan dethiB begmﬁling@plmmeed in FIG 6.
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give rise to unfavorable steric hindrance between that s stifuént and an
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Alternatively, it is contenplated to prepare the erythro-silyl alcohol, for
which acid elimnation would give the cis-isonmer and base elimnation
woul d give t ke dﬂpm@taiismqmuyltﬁmethahllﬂ]ppjthsiste@ miimrslecrwﬂmft{h%)elh& bdepat i on

FE R TR  T ONERE
Tr eat meSubstituté¢diey Hatanstom,0 IlDrg&;ﬂ& Redqeriagiedl. BB(WHLEH New drkameh)apiong yi el ds
the j3- proton alpha to the heteroatom in substituted allylic systems may be removed with a more
basic agent. A large variety of such agents are available, with perhaps n-butyllithium being
the most common. n-Butyllithium is used in a stoichiometric amount with the compound to
be metalated in solution with tetrahydrofuran (THF). The temperature is usually maintained
below 0°C (often below ~76°C) where the n-butyllithium has a low reactivity due to its
polymeric nature. Addition of a chelating agent such as N,N,N’ N’-
tetramethylethylenediamine (TMEDA) causes the polymer to dissociate. However, the

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

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

The regiochemical and stereochemical outcome of these reactions depends on several factors,
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trinethylsilyl alcohol 64. On the other hand, allylboration product of
(trimethylsilylallyl)dial kyl borane yields silyl alcohol 64 upon oxidation
usi ng NaGMOM2@®3520r aqueous wor kup. The al cohol 64 depi ct @ATIAABHBS96 i S
the threo-di astereoi sonmer, since the transition state allylborane 63 was
in the Ek ofttberiiogtumpdriannof velhitthis ulgghidettitywi the dvanteppm. eSsedlicedisdmysiort dfose ski | | ed
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t he newUniversitgPeds, New Bdrk, 1990}, @p.84i-87. not determ ned at this stage due to
renoval of these chiral centers at a |ater stage of the synthesis. The
structure of the (3-trinethylsilyl alcohol 64 showmn in FIG 6 has been
confirnmed by_the applicants usjng spectral. technigues. In a nethod of
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64 leads, to an alkene; in this case a diene, due to the doubl e_bond that
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presented in the S. E. Thomas reference at pages 68-69. A further
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i n " St ergAspeGoh kfligd k&-&@{fgam BSENE) B¢ fddefe Retifonint 9 padns-
El i m nati on Reactions of {(3-Hydroxysilanes;” J. Am Chem Soc., Vol. ,
No. 6, pprethviglyladlyb®-dialyylbyranReferring to FIG 6, the elinmination reaction
converting the alcohol 64 to a diene nmay follow one of two distinct
mechani sti c pat hways dependi ng on whether the reaction is carried out

under acidic_or basic conditions. One pathway | eads to the diene 65, while
the other pabdaddifion ehersaldehydn o api alliilbogre hagheray digaupsgil by SoBdThomenin

ant i - el i Batd RRrRECH pRges ¥ 35C THEIGHitioRASh Giaesyaditd kPl B olhdLiRat i on
occurs. | na otéherrworﬂg, ge’tshe e5l iTlrtr&lQngt tll%r}rjl&%gagt@ggé or? @é&%ﬁ?ﬁ%%%gl | anes are
st er eos fwdatfer és, unsymmetiieal lysubbstitediatiiassdistpreodrof thel carberetarrmsdavblk dondhe

opposi t &. X grﬁgq ) ' ' ar i 4= not ed

reacti oﬁ dr%rstéag ?lgc ' eﬁﬁézggégﬁéog%fh}%?&l Oﬁﬁé&gé% l}fn Q{}%ﬁ?&l %ﬂogglﬁevw s aci ds;

t ypi cal chusiemgitneidigbentbitaloeniaysd (Eddlythothnepgvassi tuthehiyrdpi de or pot assi um
tert-butoxide. | , ase.that elimpati.on reactions using sodium
hydri dedﬁ%r(\te%fg—léoné%révq@eo%?g{ﬂrg%r%?ﬁStgévr?ﬁlesf’5 ttllj? &7 L 'fliaételée ]is?nmﬁrapsl‘non reactions

t hat useengdirgsaction diyd (E)delyltakeane 60 adth cyelogporie Adildefiyde 51 is shown in FIG.

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

a period of several days.

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

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

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

atoms of the aldehyde (the carbon and the oxygen which are double bonded) become
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The stereospecificity occurs at this stage of the reaction pathway because
elimnation wunder acidic conditions requires the trinethylsilyl and

hydr oxy ogwowp®3ises be in an antiperiplanar relationship. POTEGNROESD,

el imnation under basic conditions requires that the trinmethylsilyl and
hydr ox ymembrrpsf the siptmembsied pimgitphamen; thegbmtindm ohihp ald¥isle leatendsroftthadi t i on
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As in tdSL@upyﬂﬁg?a\ﬂ élluﬁtofmtpbﬁﬂén intFI@. @s&h@@&m@cagfpwmrmmmmm removed from
each of these dienes eatment with K2C03 in nethanol and water. This
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resi dueyidi ghifie H%e%ﬁ@tﬁg%ﬂ?%bﬁﬂ@hacﬂfe@h‘Fheql'@) libddre&Adbon to an al cohol .
Bases ot her than potassium carbonate that nay be used to renove the

protecting 35 WO 03/033526 PCT/ CA02/01559 group include sodi um hydroxi de,

sodi um car bonat e, sodi um al koxi de, and pot assi um al koxi de. At this stage
of the pr epa‘}m&ﬁlﬁelvn@%%@mﬂgﬁeé tq ereRAib e aniratsilyl alcohpl for whichigeid

composi élfnﬂﬂéuo%rwdu@chdﬁ% thé cz?-'i‘s%n%f aﬁd\?as@&lﬂﬁi%afcfe v@c{i‘n‘f"d ivOfTE Er%nﬁﬁbfm&e hnm xed to
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meant aanAPpdsitmanhertto §evpiminagion wactiang discussgsiglove7 3t widk heeabviobstoftkésght of t hat

| somer; sk&lﬂ:&% lﬁl%r W01 A% sarh O 89%81%1d%@)€bt891§& e et of ‘t’he%grhl B cent by wei ght

of the eS|re I SOner . e m xture 1s designed to a eve the desired
phar macol ogi cal result. Method 4 This pathway al so proceeds via the acetyl
cycl osporin A al dehyde 51. An alternate schene for producing

pat huay o 1 100Eop PO Tabdudd 1P BB tholporkithe il A5 Y "oy ne het i ¢
pat hwaytrifrethypsilptiieihoigo4 10 thEpthesiamdallghotaBé@grédypt o eeds t hrough di f ferent
I nter medl Ak &isitylaliyldialkyl borane yields silyl alcohol 64 upon oxidation using NaOE/F,0,

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

transition state allylborane 63 was in the (E)-configuration, although it will be appreciated by

those skilled in the art that the other diastereoisomere could have been prepared as well if

starting from the Z-allylborane reagent. The diastereoselectivity in the newly created chiral

‘centers is not determined at this stage due to removal of these chiral centers at a later stage of

the synthesis. The structure of the B-trimethylsilyl alcohol 64 shown in FIG. 6 has been

confirmed by the applicants using spectral techniques.

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

reaction is presented by P.F. Hurdlik and D. Peterson in “Stereospecific Olefin-Forming
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than that for the (2)-isomer, and 2) these synthetic pathways nmake use of
titaniumand |ithiumcontaining reagents and/or internediates. Titanium
reagent s Woa3ksssdn to be particularly useful in organic sporhaeeeisecause
they are regio- and stereoselective in their reactions with al dehydes and
ket onesElifimatigeReactibns of ftHiydeoxyfildnies, ahiAmn GhamsSeer, 8ok O 866.i6y pp.¢het stry has
been di f{ S@(g%)by MT. Reetz in Oganotitanium Reagents in Organic

Synt hes ( nger-Verlag, Berlin, 1986), pp. VII, 148- 149, and 164-165.
Here it is stated that the nature of the titaniumligand may be varied such
that the electronic and steric identity of the reagent can be mani pul at ed,
and the st eReforingid BEY. 60té €iiRatedn ré®AYn Corfveltinp thefaohdl g 16 @akhd AAF May be
pr edi ct‘%gl Accor.di n to this chea%wy 5 t he uni on of two prochi raI centers
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pp. 7 2 3acEﬁc') acid,Js8Bujc acihind vagdue ﬂ_ewmeacdis stgbmzﬂebase*s retude lsddjlhd hpdrelayhgphosphi ne
may be used. t duce. a ny}. pt .tani um reagent,

whi ch |I|)*|0 ru"lnohr?@f/ﬁ%%r%%aﬁﬁérﬂéeéép’\lf\n&fl allﬁ a?ﬁl ggﬁ ﬁ%af#%ﬁ%{ﬁé Olbrﬁ 8% phoni um
sal t f ousimes odiunt ydgidy & BHK & sldw3 adokadinpB@tuid) wml@ tighinytion'egtions thind
stereosel ecti ve rra%nqe&r. In contrast, a lithiated allyldi phenyl phosphi ne

oxi de c& PORSHIRhEdrdF; el p eﬁﬂ"&Fe‘i%‘%i@- to give an (E)-1, 3-al kadi ene directly,
again with the desired stereoselectivity. Referring to FIG 7, synthesis
of the (Z)-isonmer of |SATX247 proceeds (as in the previous schemes) by
generating aﬂ%tsy@redéy&ﬁfﬁﬁp%dufb Atlal &@é&y&%&éa&ibﬂgm\y@ REARE biinMaidéh  The

[ 3- (di phenyl phosphj no)allyl] titaniumreagent 72 is prepared by
depr ot o‘HﬁlF%l?ﬂdlcﬁl} A FqRIERP | e BISHY A Y repd By X Sie¥nsp Be Beidle such as t - Buli

and t heghtipedsihian geldtoRsHp. ol UskrastVetiRink i SrAkHdBMBak R b RiHAR E&jﬁi}éd H8- thA
transition state 73 is theoreticall y proposed | eading to the
trimethylsilyl and hydroxy groups adopt a synperiplanar relationship. The latter condition

u

facilitates the formation of a strong silicon-oxygen bond and an intermediate four-membered
ring, which breaks down in a manner analogous to the final step of a Wittig reaction. It will

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

weaker carbon-carbon 7 bond.

Thus the products of the stereospecific elimination of a §-hydroxy alkylsilane are the
acetyl-(E)-1,3-diene compound 67 and the acetyl-(Z)-1,3-diene compound 65. As in the
previous methods, the protecting group may now be removed from each of these dienes by
treatment with K2COj3 in methanol and water. This removes the acetate group bonded to the
B-carbon of the 1-amino acid residue, returning the functional group on that carbon to an

alcohol. Bases other than potassium carbonate that may be used to remove the protecting
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eryt hro- a- adduct 74, which then may be converted to the 0-oxi dophosphoni um
salt 75 by treatnent of 74 with i odonethane (Mel). It is postul ated that
t he exi stwowme/08d52¢ he transition state 73 is at |east in pamtCAespsnsi bl e
for the stereoselectivity of this synthetic pathway. In accordance with the
exenpl @rgpriealhdscrodiont yidnadtle; spdivirecaghasgtentodiinsdkadds; end potessiumret al  site of
t he orgﬁ&%@t allic reagent may be the entity that controls regioselectivity
(I keda, 25). This neans that the aldehyde 51 in FIG 7 reacts with the
dlphenylphosphino conpound 72 at its a-position to give the correspondi ng
a-adduct 74, since the y-carbon of the di phenyl phosphino group is
coor di nat ed At ¢his $iagend izl premtﬁtiotnthersyntmsi;s ieaﬂaetah&allyicbmpletﬁnTh&'he observed Z
sel ecti VI t f the di ene pr | ai ned sSi.derin
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occupy ori al 03|t|o i.n the transitiao the .erythro a-adduct
74 is ggﬁ'&?%lp\?%?g; d’YEﬁ%OPé‘PWWr’rlpg@e{ Bortdﬁéﬂ? S‘ft B FUIEN YBT0 4 cont r ast
t 0 t he perasttyorigabhie Yy ustRpirddl @dmeh Femixtbre isﬂe%@ieﬂlf‘ozidﬂ%vé Zl):'dbéiféffer of

| SATx247 is produced via a titaniumtransition state, the (E)-isoner is not
as easiPPW‘BFE‘GE‘E ddes¥y this method. In fact, attenpts to synthesize the
(E)-isoner by this nmethod are generally 37 VO 03/ 033526 PCT/ CA02/ 01559
reported to result in lowyields. Instead, as shown in FIG 8, the lithio
derivative 82 maybe reacted vvithMtéﬁ?é?—él dehyde 51 to produce the |ithium
containing transition state 83, which forns the 1,3-diene in E/Z ratios in
a range gredbiPathian a]éﬁﬁ%?ﬁdﬁﬁ'?@%ﬁ‘:%l oyslosparin A aldplgyde 1.t he hi gh

stereosel ectivity of the reaction product is possibly due to the transition
state 83, in which the vinyl group of the lithiumreagent 82 and the

cycl osporinah aﬁbﬁﬁte(‘sbﬁ’én& fof %B(Iﬂf%mg%{e%@édgﬁvé ;s(oﬂlre% inﬁE&!ﬁltéﬂtlﬁ g1 70£Cupy

equatorial positions, there &jo uci n% - diene in a

st er eoddiseypibglic P?élﬁﬁ?é’rdlff% frgingase srediopsls dispussed; in thatrl) ﬁieﬁyllthﬁﬂléy rabl e side-
[ eact | Qv gyadagl B @FRLALDMRGRLE) hiddedll %&ég{%l/ffé?&t AHndGdel 0 al |

st er eosel ec heses t hroug se o0 ect1 ng groups such as
benz oattl@néhqtévrsth@fz)%dm agtl Rethese Symhmenama(wm@ke yee of titesgmagd st at ed

previo ) nd trans-isoners of | SA x247 were

f ound ?@%%f?ﬁtra&%g}eg%{slr%g(g;grc}ﬁtfeg?éd%%anced pot ency and/or reduced toxicity
over the naturally occurring and presently known cycl ospori ns.

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

membered cyclic transition state having a chair geometry.
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Accordi ng to enbodi nents of the present invention, |SArx247 isoners (and
derivatives thereof) are synthesized by stereosel ective pathways that may
vary in tweios/osses ee of stereoselectivity. Stereosel ecti PETHaW0DWERFS NaY
produce a first material or conposition enriched in the (E)-isoner, and a
second mat e specifie exammbost thisdypeefisterehseticiive syhdegighasibsemdisqussed byl Yt hese

mat er i 1 h iNE, u t ha Lt 1 re has a
desire ?dgg? %ll' ﬁlolsgetr %Eelg%lgisg%tﬁ%siss&qﬂ' ¢ %&r %@%&éﬁ%&eﬁsr}?@ n}éi(;dtr‘ni yéi‘reﬁ)l ated t hat

t he fi riding genatitdnivmaynddeitipue Rangedts,” Ty raledaraVohg3 aNe.dapd. 703373 oduct to

i sol ate nrich the. - r..and. the. second materi al be prepared
by sepa(llgi{)’?'nghlﬁre&%8%?%8‘%%?%5%%3’19183?@ %Pgmgr%aygjr‘? ruis%qitotpﬁ@uf%ﬁ}gi somer. In
yet ] ar(mﬂmemyggmbﬂdn_ id)‘ﬂmé],titetnlilﬁn feag@tt,ivﬂﬁtsqh iﬁgmdhiayga%@_fens%gwmrae?se! ective

pat hway e _tailor 0 , prodyce the desir ratiq. direct in a

pr epar O gy QSPEIPPIH Sﬁﬁgfgmaﬁl@ ipEGe Pl agliaiens b Mgl ¢ and 10. 1n
FI G5, 38gi6- anll BleRBsel&YiRO AR C Bl condtint, Rfiisted BRAdIDRITIPAbHhABOYMe tdpat produce
ratios of the (E) the (2)-isonmer of c[l)rom mately 65 to 35 percent by

1
wei ght ,COBUmEeVBIDAT,IARIAR 1A B - oliadicnb Oies i epgrithibe dgsdne! ght

r espectgf@kdectifey.cour se, these ratios are exenplary and for illustrative
purposes only, and any hypot hetical. set of nunbers could have been chosen.
It will be obvious to those skilled in the art that the reaction

conditions used to %roduce the ratio in FIG 9A may be different from
those of FI Bslerg tahlC gesynihesis @€ the(B)-iaepiref E54rxdi T propasds (3 xthe of i soners

N 38 Y003 0335R0 WGTHEARR QISP cbRfndl ABUGH: 51 KbHIcSaoRgn a0ATI L1 ons of
each reaction have been tailored"to produce a particufar ratio of the two

i soner sIhed3-(diphenylphesphinplallyldtiernivmg reagent 9 iseprepardivtdepropaptingays, where a

m xt ur fa: I r i . f . ed

i vi dugeh SRELSHE L OO Slime b8 qud SR TRRE TRY e BB PRSAR e e
desi r edvittetitargum Thiassopopeegs. A gansitionstatedtdad theprefi¢aBy pidposadHesdmgtthithepr oduct of

one stereosel ective pathway i s enriched jn,on, f the,iso such that
Phe or GanED ik HeuRRh Ml e R R b S e BB GRBY of the ()

i somer ,treatiddnt Sfy4priatidedmahanke BleD! Mg postul RER@SheEtiitvre pathBWasitios enri ched
in the other isoner such that this product conprises.  greater than about 75
per centSAF,/ A8 PRISt Brpaftfespensible £ thesterepselectivify A issyatheicBadary t oo, and

the purity of the desired isonmer resulting froma stereosel ective pat hway
may be greater than or equal to about 75 percent by weight in one

enbodi ment . 1 fcoidhmse VMBS EBRIN Sy BBods outlined in the present disclosure, the
metal site of the organometallic reagent may be the entity that controls regioselectivity
(Ikeda, p. 725). This means that the aldehyde 51 in FIG. 7 reacts with the diphenylphosphino
compound 72 at its ol-position to give the corresponding o-adduct 74, since the y-carbon of
the diphenylphosphino group is coordinated to the metal, which in this case is titanium. The
observed Z selectivity of the diene product is explained by considering the six-membered
transition state 73. Since both the bulky cyclosporin A side chain of the aldehyde 35 and the
diphenylphosphino group are postulated to occupy equatorial positions in the transition state,

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

In contrast to the reaction pathway depicted in FIG. 7, in which the (Z)-isomer of
ISAtx247 is produced via a titanium transition state, the (E)-isomer is not as easily produced

by this method. In fact, attempts to synthesize the (E)-isomer by this method are generally
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desired i somer may conprise greater than or equal to about 80, 85, 90, and
95 percent by weight, respectively. After synthesizing the isoners

i ndi vi duawby3/osdsesy nmay be m xed to achieve the desired r@CIraA0291559
illustrated in FIG 10. For illustrative purposes, the sanme hypotheti cal
rati os regogted mhesidrin law Fiblds. htead as flowe inBlEH 8i the Hhmgleriyalive 82medyder i ng t o

FIG 10, the. nd (Z)- isonhers are m ; W ek sh idnf er ent

m xt ur é?cfeﬂﬂl&%ﬁ?%gée %]a'iol PysF ﬁ}eﬁléhq né)cérﬁ%n%lggﬁ?z - slttis%%% rVﬁll 0

appr oxitpmisehy/1,6Jich@ i3S Zastics @ik rdnye wehtgtthan fpPraxonBy 78126 e As FIGWAI ght , and
35 to 65  percent. by weight, respectively.. .l i hodi nent, a
mi xt ur eheigh serepselectiity ((f%e-rieg%l% Bx’soﬁgc'ft 5 %’XSF?& L(‘151'/“9{2% t@%@%&%ﬁéﬁb%?@epar at ed
such t Ratici i vili P bpeofite 1@ Rulciagni 82 Mt ehei cyclororioiesidd ¢tainifier . For
exanple, a N els-Alder reaction na .?e used foconvert thegcis; i soner to a
cl osed aldehyde Y srpRnshdptesd o oechpy eawpierial Rstions, fhexehydretucing B BF Pk ane i's bound
to a syPskreatifa LifidbseledtitaRatle Afdisdusell plekd0sl{ &efain uhddsiraladiie) , the cis

i soner may be substantially renoved fromt heg{n' xt Li{e, I Favi ng a
conposircdctinnsinyal dhg theapetath graticang SodRMaY be aQide 52 SRt eﬁ%‘g? be.

re- Consskh&gstegguoufﬁﬁ{g&sggfﬁb@féﬁ% Frbe stBIP BéEatdkeitdls bhglydppés.cat i on of heat,
producing a corrp§S|t| on ‘enriched in the cis isonmer. Thus, in this manner,
the cis and trans isoners may be separated. 39 WO 03/ 033526 PCT/ CA02/ 01559
In pracgice..the ratio of the (E) to (Z)-isonmers in any m xture, regardless
of thecl;e atioh 3Pk 1Je§)osel ectively of the nethod by which it was produced,
may take on i fain MBHESE (FARA B¥ATRbBers B AT X7Ufege MRY conpri se
f rom about f%sp’%egg)ge‘%%{g%g%e?a& ?{he (E)c-s i somer to about 90 to 10 percent of
t he (Z)foumsbivexhibit mconbisationrscuiaresspotenehandfar xedueed RBIIY oA n fr om about
15 to 85 cent .b i e -l.somer and about 85 to 15 percent of
t he (Z)Qaingglﬁﬁa ceuTgt %I\EI)HEOQ}?QE%}QI(%O ggyélggpgkelﬁs? by wei ght of the (E)-isoner and
about 75 to 25 percent by weight of the (2Z)-isonmer; or about 35 to 65
percent by weight of the (E)-isomer and about 65 to 35 percent by weight
of the (Z)-isooming toembdxbmentd 6f the pSenpmveosion, IS rxdi/ giemergend he (E)-i soner
and about. 55 tg 45 _percent .of. .th b lvaRNR IR e SEdbOdi ment ,
t he iso‘#:eé‘r"?‘?:veﬁ&?feﬁpé‘rei Séln%ﬁmfeg&) yxs%ﬁé%%éiﬁgpgﬁmsgﬁﬁgﬂg V?lle} ses abg%t 45 to 50
per cent oftyeredsEle@iity. 0§ tetcbeldchye paionays map grodbar fiS0matori8Sr pampasition by wei ght

\?\/];i ; Ef ‘%{Q‘; %@8 g}‘aﬁ:{ﬁ&gp’{%ﬁ’g ﬁncP g%eéggc{ r%%glﬁe}l %%%Slr\r%ogirt]iton gﬁr?ch@@ﬁletqe %—igokh%r,t otal

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

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

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

produce the desired ratio directly in a prepared mixture.

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

be different from those of FIGS. 9B and 9C in order to achieve a different ratio of isomers in
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understood that the sumof the weight percent of the (E) isoner and the (2)
isomer is 100 weight percent. In other words, a m xture m ght contain 65
per cent bwowaiogiseé of the (E)- isomer and 35 percent by weiPgitCAoR/01352
(2)-isonmer, or vice versa. The percentage of one isomer or another in a
m xt ur ethe arede mistuie i Td corslitigs nliedchavactiondgve béeo trilpswitapoeiu¢dNMR) , or ot her
t echni the Phar maceutical conpositions This

i nvent ?%é?lé S(lr)ilrie&{??qmvvbtlgmgrsne{ﬁifatcf %t treatnment for patients in need of

i rMmunosuppr ession invol ving the adm nistration of pharnaceuti cal
conpositions conprising the inventive mxture as the active constituents.
The indi cat iIonsntfastrtommm:styntﬁe'tispatbmn)isnwhdr@mmiitsre@f isbmeriembducad,|thede i n
parti cuI ar aut 0|f d g q%n%g éﬁ]ﬁcondl ti oni and ondl tions

associ at edow Eh oY %B’i@%? eV AR 5P ’fegdlf P etergmbe PIOROEOFEht

(incl uohch@vaﬂieldeﬁfea&atmn Th1sroed¢e@t is iustreed 1 FIGT 10) vhere tedipredit ofde0l 0gy or
synpt o udi ng substantia |l ete restriction,

reve |0n cl
pr ophyl%%{F We?\P& é?‘ll? gtfedtl?i@q?ﬂth%\ﬁ?rﬂﬂs sug ﬂ}&éﬁlpé)r%gfé}?n}gm% ssue

t r anspl @edter (RrRMBOLOTT peRefdt by Wdi@R b8 (E)Qfonie? CinB R HrSduef of tRe Sher heart, lung,
conbi ned heart-l un%é{’l | i ver, Kidney, pancreatic, skin, bowel, or cor neal

t r ans pl SSApSelegiivsnafaray {5 crighed i Fhé‘r?ﬂé?ﬁ HPET WehlatHis Profuctrogritesnedi at ed

r ej ect i @BaterdBan a¥Bhd 75%8rc8Hirdytweigh Hhe (D3 bonth SPAIE nuRbE @S Il W9 bone
mar r ow g?r anspl ant at i gﬁ ° 4EOHYV\6 3/ 03% 6 0I§>CT/ CA02/%1559 bi‘ 1%61%18\%\% ¢

rej ect i 494 tepugity pltha skt isemermepingi ff?ffp%ﬂ*tﬁl‘le@ﬁl‘?{lea‘iive nathevas maydy gefategr af t
vessel tﬂér?@a‘%ﬁﬁal t& alQ}ut TEREEREE PR n BYe %‘aﬁﬁén? o tﬁeE gm%chﬁéﬁtg of the

graft as a result of i'ntimathickening to snobot h nusc
prol i féiealﬁddﬁpfmidnaéls;@mﬁl@t%@t@fﬁh@@cﬂrQquatyo akemtd@r&ﬁf P0.rapfl 85 peroent by ncI udi ng t he

acute, Jhypar chronic rejection of an organ occurring when the
or gan dongﬁ’ égdéo?" ?'di fferent species fromthe recipient, nost especially

rejection nmediated by B-cells or antibody-nediated rejection. d) Autoi nmune
di sease and inflammatory conditions, in particular inflanmatory conditions
with an eti @’Lftegyyrithv@ilzmeithwgs‘amrs mdiyrirbllalbsgitlualmayrbeauxm tonatidevechegsinent  such
as arthpitisq (Lol f arthrl r chr oni ca
pr ogr egéééritagl glng o4} ﬁ’il@ Il%l IJES?e ora?rlﬁ’% PanG me% O% r'trﬁfﬂlsr&u?flaéeases
Speci flwomtlmﬂﬁnlﬁes thossamsd i FIGH. 9Audl. dhf&rhmg @ﬂ@rl}] EHBI(E) a@n@)-nati on of the
I nvent Ilsc,)omers el?mxe y1e)/<f3tgree @i%eren? mixtures that comprise ratios of the (E) to the (Z)-

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

percent by weight, respectively.

In an alternative embodiment, a mixture of the (E) and (Z)-isomers of ISAtx247
isomers may be separated such that the mixture is enriched in one isomer over the other. For
example, a Diels-Alder reaction may be used to convert the cis-isomer to a closed ring
compound by reacting it with an alkene. If the alkene is bound to a substrate that is capable
of isolation (e.g., filterable), the cis isomer may be substantially removed from the mixture,
leaving a composition enriched in the trans isomer. The cis isomer may be re-constituted
from the closed ring compound with the application of heat, producing a composition

enriched in the cis isomer. Thus, in this manner, the cis and trans isomers may be separated.
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aut oi nmmune henmat ol ogi cal disorders (including e.g. henolytic anem a,
aplastic anema, pure red cell anem a and idi opathic thronbocytopenia),
system ¢ Wopas33ses yt hemat osus, pol ychondritis, sclerodonaPCy®ne1559

granul omat osi s, dermatomyositis, chronic active hepatitis, rryast heni a
gravis, psoin preétice, Bt mient tlx@@ﬁ)rtsé@-@%@ﬁ traay WW@p@Bﬁﬂ@s%ﬁrﬂi}F‘e CElfqut oi mune)
infla or s opNd Crohn's
di seam Stere%s E%Wér%%g%t%%&%&lod (’%%k’ﬂqm a%%ge&%%ggaggbﬁggfﬁg:r%ﬂgm s, multiple
scI er os;a]sms mdrmrypldanﬂla maixyure nay bosprise fl]om/@nuﬂl@toa@nﬁefﬂéﬁ@é@bet es nellitus

l) eitis rior a d
(1S 1) 5 0 L 0 SR SO o U BUARABLNE st 2 or
arthri tcbﬁtamgﬁ@memdmk D@8 pkicest bywieight afmie vE)'ellsmmatr amiaqddwb%ﬁ o ISyadeine, e. g.

i ncl udi ng i di opat h h th d
| Uven: 19 tdEaoay SEERCES b grithne et Pt Bt SRR PREZ8RC; o™

skin angrced t%ﬂvéigﬂi%f g (BdsdherDer a@ﬁﬁrBabd) 65 p@cdnt b;aWarglﬂtofahu:KEpmsemntl on usi ng
the synergistic onbi nati on of .the_invention, soriasis gontact

der mat janf 8boui 66 i %5 Rféﬁeﬁ‘ialiy weight of thedflsispmer prabput s g? §1 RESE R PEiERor

der mat i drigg (@?Ed%ﬁ{ef £ﬂ21ra'3b@t 55 $&h§ﬁ&@l§ﬂi BBthe VA)tikdmegOln stilyipethaensiotiment, y
ang||t|s | carl a, ous

goi.d, lupus osus penphi gus,
epi der rthé ipeerituiAtes i a&é%m@ﬂ?ﬁl”‘t%dﬂ%‘thﬁ@mppf‘ﬁs IaB‘?#rﬁF 6(}"3} 7R} Per gi ¢
condi ti ﬁ&h&" @ﬁb(‘}‘hrtgo ld‘ﬁﬁéﬁ@éﬁi Yeiff Bflink i(ZyiSoradr. thesel ungs and
ai rvvays‘% Fhﬁqﬁ) asth an ma, allergies, H%EITDCOI’]I 0sis. .41 WD 03/033526
PCT/ cmmmsg bymghtmﬂmmd@nahﬁatp@bm@ghﬁ qftthfrC@@PBSfm% pad it ILAR i on may be
admi ni sf ar e é?&i%@yﬁth& SRl Rl thd @)asop@t ferlpbooded ani nal
in neeolmt%1 e&ggﬁ%*& g@ﬁgvg%?#ca carr;ée)r1 ~ may be Esz(%l idor liquid. The
i nvent i weghtipetcemte Imatyerb’earéi;l vkt teamighit contain 65, percepi kyarqight of paeht eral 1y, by
i nhal at.i on sp get al QEmul ations contai ni ng
convent fYREI2 ﬁg%p r(%(;?nitcyw 1%%%‘&@%(?‘?%%%% l(ggglt(c:eéi;’)t abl e carriers, adjuvants and
vehicles. The termparenteral, as used herei n, includes subcut aneous
i njections, intravenous, int rarruscul ar, int rast ernal injection or infusion
t echni ques. Tlﬂa@enbﬁtagemfem isq@mbr Qr(amptb@rlm porigusean bd yaritigd usiag nyplesat | ve

,[n a)l;][ g,[ gmagréggﬁgé&ggeb%ﬂ@éor otg%r%%%lﬁfgﬁés%‘élhﬁ%lvﬁ if @ aqr @l use, for exanple, as

Pharmaceutical compositions

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

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

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

well as graft-versus-host disease, such as following bone marrow transplantation.

40



suspensi ons, dispersible powders or granules, enulsions, hard or soft
capsul es, or syrups or elixirs. Conpositions intended for oral use may be
pr epar ed wWo®anshisag to net hods known to the art for the meamfGorarsdg of
pharmaceuti cal conpositions and such conpositions may contain one or nore
agents sel egt ed dtirorit tdpetign ollyptraspisited ongen, df pastikwddramevegtienefiraft  f| avori ng

agents, coloring, agents and preservjng.a ts. .l rde i

phar maceut i ¥espql {ise F’e?g%’ﬁ%aréﬁg“ﬁ?gl §t3{e?8‘%és %ﬁ@ep%{treg?si %r%ﬁje éfgﬁﬁse?%%ggﬁfai ni ng the
active i ngrgeiikickeinadi i sifodthvhiisele detiprdliferationpindassecietad pfetd. y accept abl e
excipients may al so be manufactured by known nethods. The excipients used
may be for exanple, (1) inert diluents such as calcium carbonate, |actose,
cal ci um phogphat geRera8Qeieatdn oM HR;ac () hygérasun atchrgicamfictial afiant egr at i ng
agents such ‘as corn_starch, or alginic_ acid; (32} .bi ndi&g agents such as
starch, gePweR ACCYRINEEIEH He oxghg doBsT i oy MEEHeR R AL PEIEH'YY magnesi um
stearate, sfogfd b G Qtioh BHleBiated TH B-clib beimibbBymbRatedfgatied or they may be
coat ed by k%iomsltgeecgaﬁlk?%ueg tg geel ag di sintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action over a

| onger per | 89 FRLtoBRATR! fead ahll TRIaHR 8y BBIdRIdn&lin fEEu1ASnINMEAGIY]

nonost earate’ or gﬁ yceryl Sgl stearate may” be enployed. They may al so be

coat ed by t benditemkmityae stidesydn¢lbdidg an nminselagiog] orpitoEpURE (AEPPRANL D56, 108;
4,160, 452; and 4 4 tririlid) SHARE Whichi Gilentel A

control |l ed F‘éﬁ%gﬁgéﬁfsﬁzoéSéﬁgnpféé;éhghs@a%ra?mﬁ?at’i cgn_s for or t:Et)l?(%tse may be in the
-form of hanadhgysl dfirmachpsintes rhevetie liseastre Spasifiosataimghneidieassesifer nj xed with
an inert solid. djluent, .for ex I I r ; Lci um phosphat e
or kaolin. THED hesynaielhc gamt! a%[g’ﬁé’??’ggr@neg*&s%o?ytc%ge at’i ﬁmé:g%s’ul es wherein
the active hagiedi@Hema®logicsbdisoildrh(indtding og. hemolytit amesdaplasticor exanpl e
peanut oil, liquid paraffin, or .olive ail.. 42 WD.03 CT/ CA02/ 01559
Aqueous sus pBIRPAIHES ’ﬁ’gtc ?qewac%}ﬁltlgﬁoﬂatﬁlﬁghrglg{)?c\yteo pﬁ%%ééryg%ﬁggﬁﬁlﬁadm xture with
exci pi ents gjfcabkQus, polysHdadmmnsdiacidni: Wegem ganusmswsipensi ons.  Such

exci pients may include: suspendi n ents such

d (1) s a as .sqdi um
car boxymet hyPEAemyosiis, ChFRidAFIEeRPal Gy g‘,ya %fr%%%?%oﬁvflﬁ’ecﬁ‘ﬁ'ﬁ'cel | ul ose,
sodi um al gi HaiRen BRIl BNhIcAbhROA IR MgaeamNband disgism acaci a; or
(2) dispersing or 'wetting agents which, %l b§ a natur}zaj[}lﬁéﬁ-oc urring
phosphat i de (Bokepings-g wlegratiie folitis %‘ﬁ&%@&ﬁl €3 saEe ORTNAROR | ene oxi de

with a fatty;a6idisease, sarcoidosis, multiple sclerosis, primary biliary cirrhosis, juvenile

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

including asthma, allergies, and pneumoconiosis.
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for exanple, polyoxyethylene stearate, a condensation product of ethylene
oxide with a long chain aliphatic alcohol, for exanple,

hept adec awOhglozase©xycet anol , a condensati on product of ePoylGomshde with
a partial ester derived froma fatty acid and a hexitol such as

pol yoxyet hylﬁqe‘soslwibian@lbgummimlmteeaf this iovenéior oyl bnsduiniveredmediee tvithfa et hyl ene

oxXi de ester Lved.fr.oma f cid and exit ol

anhydr i éjtdgn%eu@%g(édnr%%etoﬁ 35 9%‘5 il Eeerdbtfli & % ﬂ%ﬁgw‘@&?@?a FA%“hqueous
suspensmgnbe smhyl oaliquid cOd mem@enmlmre K Ge pdRdestered mﬂeﬁ toplaany,exanpl e, et hyl
or n-pro xyhenzoat e; e .or_nmore.colorin ents; one or nore

f1 avor |%g%t%gl§'n¥§ m%ﬁ%go%ﬁ’éayoqrr 1%6‘@@%%‘?1‘}1 ) §° H&s sucrose,
aspart aamvmloﬁamehmmpha&wumﬁp@cnsspt@mc bRYiefdeadjiani hiaf weicky. Baspendi ng the
acti ve | redl ent % alg oi |, for exanple arachis oil, olive oil,
sesane § P?)rimt‘&r@ oalsind Flie mekuessuBgytangpys pjectiogs. é?%en%ﬁéﬁté?@sf‘%i% y acid,

or in anmmﬁaahm@dtion%wﬁﬂuse&ltédhﬂfqh@k paraffin. The oily suspensions may
contain a thickening agent, for exanple beeswax, hard paraffin or cetyl

al cohol . Sweetening agents and flavoring agents nmay be added to provide a
pal at abl e oral gr eparation. These conpositions may be preserved by the
addi tion of 14 PAHPIaESItigalsomBeRPIs SONSRBE Hednyafive mﬁ“&%@ﬁ% pisfesabhpbgler s and

granul 6g a@b&n SikabRRbri1%e, FRQxRHFIB A b4 tI%f:he@rloﬁqué%oéh%eotélé?Q@}ns' on. They
provide the active ingredient in a mxture wth I spersing or wetting

agent , S#SeensigesdispRisillgaarderner spmlesy erawsiens had er mqapselées, Si§yuphde
di sper Se!h@ﬂs c&orﬁiﬁglhbﬁgnﬁﬂ&%rﬁﬁorﬁzﬁ dlﬁlld? gﬁ%ﬁgd Q&S).Qﬁ tél{n% éﬁ%wnf 1) ed t hose

t hose al ready menti oned above excl p exanpl e
sweet erfhsest farthpmanudas e of Rhetmmceytigabepmpositidessnd |Siuéd:ombwt®ns may al so be

or esentonddy 40032560 AELAARRURLRSD coT e BN LIBERH Bl cOMPOSI L ons

containing t I nventive mxture na oi | -i n-wat er
enul si dhyorifihagenis) qolqnmgagenmudlpeeservmggﬂmbin@rdﬁr ko mruditie plmrmbdewigcatiy | or

IR T T TN T TR
such amogunmapmcemncbl}ymmq)tamgmapiehts n{a3)alsoa mahafattyire® 8¢ khdvwig

RIS TR T TN TN i N
monool e;aite»naté,ll)cto&oﬂﬂiﬁm adhosphatporosddivisphobpiat @) pantlhaélg @dt ers with et hyl ene
oxi de, dflsmtegr)ét?hrgpe{g%ﬁts such as corn starch, or alginic acid; (3) binding agents such as starch,
gelatin or acacia, and (4) lubricating agents such as magnesium stearate, stearic acid or talc.
The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed. They may also be coated by the techniques described
in the U.S. Patent Number 4,256,108; 4,160,452; and 4,265,874 to form osmotic therapeutic

tablets for controlled release.

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

liquid paraffin, or olive oil.
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pol yoxyet hyl ene sorbitan nonool eate. The enul sions nmay al so contain
sweetening and flavoring agents. Syrups and elixirs may be fornulated with
sweet eni yoagestszq for exanple, glycerol, propylene glyceCI/Goehisol ,
aspartame or sucrose. Such formulations nmay al so contain a denulcent, a
preservative and flavoring and col oring agents. The pharnmaceuti cal
conpositions may be in the formof a sterile injectable aqueous or
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aci ds such ol.eic acid find use i.n the preparation of injectables. The
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m xing the drug with a suitable non-jrritati exci pi ent whi.ch is solid at
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t her ef ongrtiaBdster dBrited €ron€s faiNati@ ah®d RAH6] dnhgdrilleUdr e oM Rydt@lenear € cocoa
butter and pol yet hyl ene glycols. 44 WD 03/033526 PCT/ CA02/ 01559 For

t opi cal SgdHan WPRRAKA- oi ntnents, jellies, solutions or suspensions, etc.,
containing the disclosed cyclosporines are enployed. In a particularly
preferred enbodinent, a liquid solution containing a surfactant, ethanol,

a |ipophi|i cTanghRbusAs AR dsoBhdtne 8BS mBRIpréeivhiRs| FOxERAbRNL S 1S
used. Specifically, an oral miltiple enulsion fornula containing the
i somer i ethyher opeeylp-hotdierabensgate;one of P SRIOHBE AEsHishensi & s flavagngedi ent s:

d-al pha ,latophehyd orrﬁ%rggéé&ﬁﬁg%%g%ﬁga@# ad QR se. SHEELRABbEsabMakigM N E TPGS),

medi um chiain triglycer ween 40, and ethanol i1s used. A soft
gelatin capsule (conprising gelatin, glycerin, water, and sorbitol)

contai ning the
Oily suspension may be formulated by suspending the active ingredient in a vegetable

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

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

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

may also be present.
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i someric anal ogue m xture and the sanme non-nedicinal ingredients as the
oral solution may also preferably be used. Dosage | evels of the order from
about 0. O8Omg/0s352@bout 50 ng per kil ogram of body wei ght Pp@rcaday1as e
useful in the treatnent of the above-indicated conditions. The dose | evel
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for the I ni stration may contain from2.5 ng to 2.5 g of
active apéi% YeonpEaR Ei%n RPeee e:i‘?:? EE?)?%‘%FIP%@Y Al FoRBHRYSeRRINS abunt  of
carrier flabend abntwhi ch may vary from about 5 to about 95 percent of the
total conposition. Unit dosage forns will generally contain between from
about 5 ng to about 500 ng of active ingredient. In a preferred

enbodi ment, i,ndi vi C s containing about 50 ng isonmeric mxture are
enpl oyed f or SEMBRY ar&(ﬁ’ﬁf"rﬁ ’%‘%f g‘? Fé‘ﬁmaﬁeﬂ AR SV Rrdsningrrgentsripeeragplsoelerselt | or al

sol ut i onsopytent glyodl @rtildn UkpaBldmBes éﬂerds§@ﬁ@l{foﬁnﬁihﬁ$ﬂd'iﬁyaaﬁ£ cdsggl , for oral
admi ni st rat ,ng:nt 45 WO 03/033526 PCT/ CA02/01559 It wll be un&erst ood,
t

however & an@“ﬁb"é‘&‘?’? #nd flfyerng andeplofing agenf- particul ar patient will
depend upon a variety of factors including the activity of the specific
conpound enpl oyed, the age, body wei ght, general health, sex, diet, tine

of adm ni st r &hd PArmiRHERI HmpRIEBhIthSY) beahk rfo 8 £stdile gﬁﬁ%&% cilﬁﬁ'eoug o9

conbi nation and the nature and severit parti 1sease or
condi t i QIF2&TABT YERHEOr-HvssysPensER oY bt %;@yulawﬂ ecqsmbng)tb kngwh agpods ne
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Tol ypocl adium i nfl atum Gani's, 1s 1ncreasl n ppre F<Pe t her apy
due t o mentioned above. The sterile inj jectable preparation may also be a sterile mJectable solution

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

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

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

cocoa butter and polyethylene glycols.
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their preferential effects on T-cell nediated reactions. Cyclosporine
derivatives have been observed to reversibly inhibit inmunoconpetent
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particular | SX'IIIE%SM havi ng 560- 55(%()) Z- Fsonerlnggndéﬁ%- 5t0%5|ls‘lléI ?&élglr?glrn?dyas an

i munos alspPeiaillebagedt (versus cycl osporine A) has been denmpnstrated in
an in vitro calcineurin activity assay, a rat heart transplant nodel, an
islet cell allotransplantation nouse nodel, a collagen-induced arthritis

model in theDHﬁEé%vel@Gﬂﬁ@Brd@xnfrr‘@}ﬂ%&ﬁ0.’05'%48?{9011@56 H{égipgir i Aebe .ogxt he

rabbit. The data show that these Isonmeric mxture qui val'ent to or
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i munor SOk der: P 02/ 01559. There are

numer ouglgg4 \%@gé/e&e; @g%s?lg{lggrgg}gyéﬁ?ggﬂ%&g %glgglg Ip(%s[i%l((l):l?rl lrsloem%“‘trﬁlé(%%%eg’i ncl udi ng
nephr ot twicendifion todp aewedrnd such additivet foctoogs niesigs andéangitionofthe pajedthesi s,

and gi ngj rpl-asi a few etri,s et al 995).. O these,
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| eads t 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
mode of administration. For example, a formulation intended for the oral administration to
humans may contain from 2.5 mg to 2.5 g of active agent compounded with an appropriate
and convenient amount of carrier material which may vary from about 5 to about 95 percent
of the total composition. Unit dosage forms will generally contain between from about 5 mg
to about 500 mg of active ingredient. In a preferred embodiment, individual capsules
containing about 50 mg isomeric mixture are employed for oral administration. In another
preferred embodiment, oral solutions containing about 50 mg/ml isomeric mixture are used

for oral administration.
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the |l ocal vasoconstriction of the afferent glonmerular arterioles. This can
result in ischema, a decrease in glonerular filtration rate, and over the
| ong termvoiaweaseéitial fibrosis. The nonclinical safety @®CTICAATREST has
been evaluated in a nunber of aninmal species. Repeated-dose oral toxicity
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observed. EXAMPLES Exanple 1. Acetylation of Cyclosporine A Acetic
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at roomtenperature under a N2 atnosphere for 3 hours or unti e reaction
was conpPlered ieverghly dntibit wmmyneecempeient bpeheey tesopB G uiarty T-hmphbéaseased. The
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ISATx247 is a cyclosporine A analogue that is similar to cyclosporine A, except for a
novel modification of a functional group on the amino acid 1 residue of the molecule. We
have now found that ISATx247 exhibits up to 3-fold greater potency than cyclosporine A in

the in vitro calcineurin inhibition assay.

Pharmacodynamic studies (in vivo and in vitro) have shown that 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 calcineurin activity assay, a rat
heart transplant model, an islet cell allotransplantation mouse model, a collagen-induced
arthritis model in the mouse, and/or an antigen-induced arthritis model in the rabbit. The data
show that these isomeric mixtures are equivalent to or more potent than cyclosporine A, and

therefore useful for the treatment of immunoregulatory disorders.
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(14.77g, 69.08mmol) was added, followed by the addition of ruthenium
chloride hydrate (0.358g, 1.73mmol) and then the reaction stirred at room
t enper at WO 0808353 hours under a N2 atnosphere. Water (30@cijcavasiagded and
the m xture transferred to a separatory funnel. The mxture was extracted
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continued for a further 24 hours. The mixture was transferred to a
separatory funnel and the toluene phase separated. The aqueous phase was
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fine sl uerigolpgicahsifectmetedrieall mmyamy@msyfeca&jded with rapid stirri ng
The stirring was continued for 30 mnutes and then the resulting

suspension was filtered and the collected solids washed with 160nL of 5:1
hexane/ et hyl 48 }9@79&1 3 %?%522(( Th ined filtrate
was concentrated on asglgt%%% 15%% rat g%gga%ge@sgs@g{egm &) V%régﬂ@:%crilgleThi S
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treatment-related malformations or alterations. At doses that resulted in maternal toxicity,

corresponding embryotoxicity was observed.

EXAMPLES

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

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

solid was slowly transferred to a vigorously stirred 5% aqueous sodium bicarbonate solution
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wi th 100nL of 5:1 hexane/ethyl acetate. The filtrate was concentrated on a
rotary evaporator to give a pale yellow solid. The crude product was

chr omat ogwephestsever silica gel using 40% acetone/ 60% heramasag/oedsaent to
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aqueous I i f, et hyl

acet at e. ﬂ%ﬁgﬁg}g@ ?ﬁ%ﬁﬁéig%&ﬁce&%?g@ aﬁ%&c@@%&%@&%ﬁﬁg‘)s%ﬁn | ally with
150nmL  ddaakreithyd deovadg extracth @@ﬂs:or:m%edanbwmmmm R50nelc ivdtes Bdllotvedby and 150nL
sat ur at % o USHYS Th? 8%; ¢ sglu 1(911r %gsethancgn ¢ holg%é\/?\g ng\{he.lslgfg?g@red%or ?edOEt hyl

acet ate Was evapora ve a"pale duct was
chr onmat agigaphesiccniskblask kolrda The kruds prmgugt&% cl&ﬁﬁhtﬁgﬁblﬁﬁ%vhﬁﬁl@dﬁ%eﬁ&1@| uent to

2| Somor Uit ubBo% Muné 3t e 5o 8 533438 mbtmchid e e pr oducts

|n Exanpl es 1-4 were characterized by mass spectronetry and/ or nucl ear
magnet | CExra?n%?enf nﬁgpa%%%ﬁ to% Rcetx(l)lF}§Am247

i) In situ generation of ylide:

Acetyl Cyclosporin A aldehyde (31.84g, 25.84mmol) was added to 340mL toluene
and the mixture stirred until the material was completely dissolved. To the resulting solution
was added 340mL of 1 normal aqueous sodium hydroxide. The resulting mixture was stirred
vigorously and then allyl triphenylphosphonium bromide (58.22g, 151.90mmol) added. The
reaction was stirred for 24 hours at room temperature and then additional allyl
triphenylphosphonium bromide (16.64g, 43.42mmol) added and stirring continued for a
further 24 hours. The mixture was transferred to a separatory funnel and the toluene phase
separated. The aqueous phase was extracted with an additional 200mL of toluene. The two
toluene extracts were combined and washed sequentially with 200mL deionized water and
200mL saturated aqueous sodium chloride solution. The solution was dried over MgSOy,
filtered, and the toluene evaporated to give a very viscous gel. This material was treated with
142mL of ethyl acetate and stirred until a fine slurry formed. Hexane (570mL) was slowly
added with rapid stirring. The stirring was continued for 30 minutes and then the resulting

suspension was filtered and the collected solids washed with 160mL of 5:1 hexane/ethyl
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Exanpl e 5: Preparation of Acetyl-ii-bronocyclosporin A Acetyl Cyclosporin A
(41.48 g, 33.3 mmol ) prepared as in Exanple 1, N bronosuccini mde (10.39g,
58. 4nmol )ward/03sse6 bi s-i sobutyronitrile (1.09g, 6.67mol) weragAdossel ved in
250nL of carbon tetrachloride and the resulting mxture heated to refl ux
for 2. 5,cdMablr She coamindl sltatewiBncmabed oandotblyevapotapario a eisepreseied. The

residue was treated with 350n_diethyl ether.and . fil.tfered nove the

i nsol ubF‘éhqﬂrﬂhésrli“%ltPﬁlalﬂ?étr?art?qu”él? ﬁwaggt%ﬁ% and gthr%gﬁltn %1%‘} f@e N h&] 50l wat er
and 150@Lfh NAexdnB €258 ) 06s QURK adagnesi tapidstiring! Stiaing wWak eontmoéd/ent
evaporated. The crude material was chr og'at%?rngglge?d 8 Cgi gii ca ﬁg}g& W th

acet oneBAadaes qng-thep theyegling spgpensign Wasolereta ©F 9{}9 BT porin A as
a yell 0&} OB of BXAHKRAR/eBiyl RicRAMBcifatd fvad édnphigayt ph asphigravaparaooni de of
Acet yl closporin A Acetyl-y-bronocyl osporin A (2 1.6mmol ) and

559, 2
t ri phenys givos phlic vellqwsolidg The crgdeptrgicy Wﬁk?lgoﬁ?t%%rwt\?gBV‘?rgilhfiéﬂﬂm&fg t ol uene
and 1 he p654bkh08o% BLitht ALIRGRIA B LR BL09:Pds d@AtrTess B, sol ution vas
(0]

uene evaporated. The resulting oily, sem-solid was
treated with 250nL of hexane/ether (1:4), m xed thoroughly and the sol vent
decanted off. This process was repeated 3 nore tines with_150nL ether. The
residue was then di ssblPretpringd Holeizenerpiian aad epaie@ B RESHICE of hiPrat ed wit h
220nL hexane. The resulting solid was then collected g filtr Sion to give
22.5g (66% db atstiirphhenspensing shilbytriphenyt phesrhenigm bromide ¢ f- 'Z%c%"d%fﬁ@ ™M A as a
t an- col oldid. . EX B~ W I . | tE T honi um
br o de 1 GOaRYI PSR aRLG S Pitbidia FRAGon KO, W CRngaKRpeR )
f or mal delyd® fifol2 v Johaiod.)t Stitap evaé 2ortihusiet thistenperatre fpp S mjnuias apdom

t enper at ure.. AgueQus i.um hydr oxi d s.a. | 0 ! ( ion NS @dded

dr opwi sé %ﬁ@ongff‘%r‘i“h’gﬁ]ggx)twﬂl}gdnm?)lr ?gf %016}5)3%?3 iflﬁ%d' ?ghaecrtg%)r)\n m xtlgr e was

dihl ut ed ystherffibred g@@ehﬁiﬁlﬁ%s(aﬁﬁ msa,lutiemalsfl aA0etyeCs ACh LGy le (4T9%eg, émnwlzj mt; etate
phase was _ separ at ed, shed sequenti W, t er 1 an ri ne
(1om), Hﬁ@@%‘v)ewasr?‘é‘\é'ﬁégtf)ﬁ%ﬂ %%I“F'Qf"e% tﬁ%swqgﬁgﬁwteé\a}%%%lat ed. The crude
mat er i alWas,Gh ARl RESARRAG: Obs Gidntiea vael satbiatidil Nidell eolefire@amd.)( 2: 3) to

give 70 (889% of a mxture of (E) and - rs of acetyl .1.SArx247 as
a col or {%@é(ugén ghromgfogagphy 35 3835 3! npﬁ%ﬁé@@f§§g§4z§%ﬁﬁﬁ%&§¥s°hd
De- acet y(l3%tg'5_on of the Wttig Reaction Product

Example 4: Preparation of ISATx247

Acetyl ISATx247 (14.6g, 11.62mmol) was dissolved in 340mL of methanol and then
135mlL deionized water added. Potassium carbonate (13.36g, 96.66mmol) was added and the
mixture stirred at room temperature for 24 to 48 hours until the reaction was complete. Most
of the methanol was evaporated and then 250mL ethyl acetate was added with stirring. A
10% aqueous citric acid solution (120mL) was slowly added and then the ethyl acetate phase
separated. The aqueous phase was extracted with an additional 200mL portion of ethyl
acetate. The combined ethyl acetate extracts were washed sequentially with 150mL
deionized water, 100mL 10% aqueous citric acid solution and 150mL saturated aqueous
sodium chloride and then dried over MgSO,. The ethyl acetate was evaporated to give a pale
yellow solid. The crude product was chromatographed over silica gel using 40%
acetone/60% hexane as eluent to give ISATx247 (10.51g, 75%) as a colorless solid.
ISATx247 contains 45-50% E-isomer and 50-55% Z-isomer.
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The m xture of isonmers fromExanple 7 (70ng., 0.056mmvl) was dissolved in
nmet hanol (5nL) and then water (I nL) added. Potassium carbonate (75ng) was
added andwotohm3isemcti on stirred at roomtenperature for 1®ChaA03/013DSt oOf

t he net hanol was evaporated and |5nlL ethyl acetate added to the residue
fol l oned by THoProdikts iR Fxanpledus weietcharacterized by nRisespeetipeti@ed/at e phase was
separated_and the agueous phase extracted with an additional |OnL of ethyl
acet at enucieE MRGHANC AAPBCHHCCEBEWPAt e extracts were washed sequentially with
| OL water, 10nL 10% aqueous citric acid and | OrL brine before drying over
magnesi um sul fate and evaporating the solvent. The crude material was

chr onat Bxgmeple 8. Propargtion of; - hexane (2:3) to give 37nmy (54%
of | SATx247 as a colorless solid containin bqu 85005-' sonmer and about
15% Z- i sorrerACGF}’iéka@m%("ilri*ggxé?n?bl“%%ons?%l%\ﬁéfaé"& Yt erized by mass

spectro h#-iER Gitr8lP ECO%O66 T hiyiol) Reeenpl e 9:
P P%Mo\é%c?ﬂ;[%ge &@Oﬁt S4miiBg BEd hf-Ui LRORANGRIEP ECITOABThiyiol) Eesnp

Prepar ation rical [somers of | SATx247 The ci s- a?d

trans-i dossvel inRSOEATRkaaTonteackieridnend fasganing mire el o tptlig {941 he

fol I ow regact i on j jotM&. VBR r&iReRvaiababaditon of
allyltr P‘%é‘f'h 55k xé‘ﬁé?}gggﬁ%edgpgf:}?r%g}gﬁﬁﬁﬁ%ﬂ capture rb a tari met hyl b&r ate,

f ol | owedstuL tfethyhyitlercing Siltsred troremhemthe insalublegnatarial | Eherfiltaie pvas Jated at e t he

intermedi ate. trans-.(trinethyl si )akly ; 1iy hiomat i on of
cycl os p6?quﬁ‘ét”i}Vdvéﬁvgémk‘uwa&?réﬂ(zyo\ﬁlb?}rlgh&?%? Igr e fgltg %{%&&ﬂ!sgﬁ T e converted to
t he deskgi@ehtedapotdtetetinyglcaide yatesiblcwdsahronipyossapheden siliga gshwitlrhe

di astereosel ectivity in th r 1.0 f w_chi . i t

det or i AEowTIer eSS BV eV D e oF S Realo B SR TN ot age
It should be noted that the relative stereochem stry of the two centers in
the f3- trinethylsilyl alcohol is anti i reenen i t.h exp ctations and
i s due Eaxample 6 Pieparatienef Eriphspylphqsphqnuum Bragide ol.Hce bor onat e
precursor. Base-pronoted elimnation (Hudrljck et al., 1975 f

0-tri met hyl siflcgtyl-gbrostasylosgogin iy @ﬁéaga&(lémﬁf&)s% itgRheRylPRospape %79%&

acetyl - (@ 1, s di L4 18 286hod< L Sl 6L SRR iMition BEME] @ 100MPSI ti on
enri Che%%ﬁgx%%%%ﬁ%@?ﬁ@%@? |en81.g{o%[e§grot etct ieon 1F’éeadsmztﬂ(,) t he res_pef:ctli ve

di ene al2tdivotss The bautiad) wasredol¢dEnd tho fpbee eyapprajgitx Thgrespldag,aily separsglid 51 o
03/ 033526 PCT/ CAQ2/.04859 (D3, S ARAEOBEMIS AhadhERBEntddehi®s t he
al lyl phd’éaﬁr%il(ﬁ%%‘% REL B p MBS, SiRRARSB6Y e

atron O
off. This process was repeated 3 more times with 150mL ether. The residue was then

dissolved in 50mL ethyl acetate and precipitated with 220mL hexane. The resulting solid
was then collected by filtration to give 22.5g (66%) of triphenylphosphonium bromide of

acetyl cyclosporin A as a tan-colored solid.

Example 7: Wittig Reaction

The triphenylphosphonium bromide of acetyl cyclosporin (100mg, 0.06mmol), an
excess of 37% formaldehyde (0.25mL) and toluene (2mL) were stirred rapidly at room
temperature. Aqueous sodium hydroxide as a 1N solution (2mL) was added dropwise and
stirring continued for 3.5 hours. The reaction mixture was diluted with ethyl acetate (20mL)
and water (10mL). The ethyl acetate phase was separated, washed sequentially with water
(10mL) and brine (10mL), dried over magnesium sulfate and the solvent evaporated. The
crude material was chromatographed on silica gel with acetone/hexane (2:3) to give 70mg

(88%) of a mixture of (E) and (Z)-isomers of acetyl ISATx247 as a colorless solid.
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al I'yl di phenyl phosphine and then transnmetal ation with Ti (OP64 gives the
titanium internediate. Allyltitanation foll owed by stereospecific

el i m nat iwo 0a08dsd6 generate a conposition enriched in thePCTjcAdRpers9 On the
ot her hand, when allyl di phenyl phosphine oxide is subjected to a sinmlar
sequence (FI G 8), the E-isoner is predomnantly (75% generated. i)

Al'l yl bor f 9—@
(E)yl tr@%rnﬁeg HA%Sétﬁauonéfctm éttm prepared in accordance with

i I hods ti d sol ution of
PEr 12 et T 8 0858 et Bl o dorme G0 nBadihiiin T The (3
m.) u ndemetln'amoi Q@ah) amahenaﬂhiﬁdlm)iidﬂbd Q}(ﬁdsgﬁﬁﬂ%ﬁ!@nﬁe wsﬁf@) mﬁgeﬁc{g%d lﬁ)ll?cﬁu? 0. 832

I e cti.on,nm xture was ore per far
m o)rrat og? 't%‘r@déblfoﬂmfempg?f'@’fe ar 1&?}% I\Z‘?%HO% @? methapel s e‘é‘tlp?r@feg peri od
of 7 daysnd lﬁhﬂjbthﬁlaeétﬁtalaﬂdleﬂﬁbﬂﬁr&s@iué@cﬁlo@»edia BomIRk JopaguRldadicapd stirring
contlnuegilhfor a furthF period of 4 days. The f3-trimethylsilyl alcohol was

obt ai ned "MK/ PR BAASE SRS sRnarated aad (e aguegus Phase evtrctefmithap ajdifional 368. 9 (M +
Na+) . TO1GmISHSRRNSt&Me OThdEbtined B acRButflexdh P kvere‘?'@aé?léﬂ s@&ﬁe@ 1a1§' d‘J’ gg' spersion

washed with anhydrous hexanes) in anhydrous THE (
(3-tri melR% gfﬁqeyllo%}ﬁcl&ﬁ(mqueqlﬁ Cfgjc acid an O@ﬂol?fmeé))%fcm@rymg|ow¢re@hgms1mom

t enper at yfi@ef-a8 e%oﬁhﬂg thUl@lvEﬂa%é %d%%&ﬁﬁlﬁva%ﬁe%% e{f)ﬂ%d M sﬁl{lg%%let hyl

et her (10 rrL) and then washed with saturate I on 5nm).
Dryi ng (Nélpsompednpns 629 biotgiedTogdd4 %Lt dS hdd7 ahecadoridssndid containing _

(2) - acetyﬂoug.s%gh%ap@a&lﬁﬁs% il Fnek294.8 (M + K+). ii) Allyltitanation of
Acetyl CsA-CHO To a stirred and cooled (-78 C solution of

al I yl di phenyl phosphine (0.54 g, 2.4 mmol) in anhydrous THE (8 nlL) was
added t-BuLi (1.42 nL, 2.4 mmol, 1.7 Msolution. in pentane). The

brick-red col LLr : i enper ature and
then at O g%][e ??O%gds?nﬁﬁfwnq vvag% eecﬁgg%&lrlméﬁﬁm&g Sn$%0&0 3‘“/&“ cgﬁd added

Ti ( OPr ) mnclegr 1pagnetic reRoupnSRspAOr@B933526 PCT/ CA02/01559 mol ). The brown
colored solution was stirred at this tenperature for 15 mnutes and then a
sol ution of acetyl CsA-CHO (2 59, 2 mol) in THE (10 nL) was added t hrough
a cannul E % Prs : w Gaineired] Isahert oDISAWRBI7st i rred for a further

period of 30 m nut es and t hen
The cis- and frans-isomers of ISATx247 may be independently synthesized using the

—1_

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

bond in the frans-(trimethylsilyl) boronate precursor.

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

diene alcohols, the (Z) and (E)-isomers of ISA1x247, respectively.
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warmed to roomtenperature overnight. To the reaction m xture was added Mel
(0.15 M, 2.4 mol) at 0 C. Stirring was continued for 1 h at this

t enper at LWe oansBsehhen at room tenperature for 2 h. The re@CTicnnissture was
poured into ice-cold 1% HO (100 m). The aqueous |ayer was extracted with
Et OAc (3 x 50 nmL). The conbi ned organic.extract was washed with water (2 x
25 mL) and brine (25 nL). Renoval of solvent gave a yellow solid which was
chr omat ogr aphéuwalesyente appemichinndiedes stllliziee the gﬂylphcﬁphm'am Wetahatibn 8f

acet one- 1 X ure rni shed ner. of acetyl

| SATX 247‘%@% e“YIBH%’SPé © g% H‘ﬁ E?JE “ﬁn g"@\\fe &’?2? gé"r?? f}t?ﬁ‘éﬂ‘ Y omer of

| SATX247 infebhEdintat Adlyltivmatdm) follEXﬁfw seerddSpecHicadtiatindtion wonfd geferftEh- enr i ched

M xture of | SAT 247 1 To a solution of allyldiphenyl phosphi ne oxi de
(1rmol ) SHEPOSHER SPHSDA "gtﬁ%izd HB™5mi de (2nmmol) in tetrahydrofuran (5nl) at
-78C was added n- butyllithium (lmol, in hexanes). The m xture was stirred
at -78C for 30 n1 nutes. A solution of acetyl cycl ospori n A al dehyde

(0. 8mmuol) in %d of.u e reactjiQn m xture
al | oned to gr 6\%‘1 ﬁ%’aﬁldgwhf’m@ﬂg%ﬁ@“%r}ds‘i Refpdde Aol for 18
hour s. kaﬁuéﬂc&(HIGES){V&ﬁBQﬁbkhadspﬁﬂ@nh@ﬁbfc(%%)gdﬂeﬂawdr ochloric acid (501) and
then extracted into ethyl acetate. The organic extract was washed with

wat er, dried over magnesium sulfate and the solvent evaporated. The

resi due was chr ongy QuyiBaREesh FVREtySCIA-CHO:gel using 25% acet one/ 75% hexanes
as eluent to give a m xture of the (E) and (Z)-isonmers of acetyl | SATx247.

Renoval of t NehedBp! ahifetRyIONRAtrBgnE 3 Deona® wihe prephi@ th AcBoBXRERIi® 4 gave an
(E)-enriched mxture of the | SATX247 isomers. Proton nnr spectroscopy

i ndi cat eBfPYIAYY PREredsthegsdlGaise! @onlifT)s dep %ﬁ‘l“?@%IBFFOWQféEX B) and 25% of the
(2)-i Sonﬁﬁneﬂfylsﬁl%ﬂﬂi tpeﬁ@:‘?} %oroﬁ:ﬁé‘@f ) %lrﬂ) Sé@%nﬂdlﬁﬂ ToH¢ g?:' i3) L%fl"(d@r %@ﬁ dhog to

Schl osser's nodification | osser, b, 1195). To a

stirred #dad awsbil &CIGSPPB‘D@ alé%h)’é? fld}%(sf 0. &-’Pq mmdlp Wbﬁwaﬁmsplhﬂlrﬁewasom de (1.21
g9, 5 mm}n))mld?edTlﬁalélgpermrﬂlaﬂ@ élq(%ﬁx@nﬂfo%hy g:zB @13-111 J0Le Oph%gez ang sol ution.

in hexanes) e red colore sol ution firred tor utes at -78 C
A sol ut i siared foradetal/periodof7 MG (ThepBiedanolamine (ﬁwtﬂﬁ)g,lﬁ TiTieie]) (NiQaddtC) andas t hen

added th n e re was

tirred %lt %Cogm{%eﬁr}er a ﬁ“r%ée goc}ﬁf‘ﬁiﬂd ufh e\sf%%?l e%’-‘/ésﬁla Palﬁ 5%& f)bgﬂﬂéef}hy as
above gaepuaifiestidn dv&ﬁdl’@ﬁﬁdh?ge( Zolﬁnn.aMSGESMQz, ﬁlESb}(MHNWR anal ysis). 53 WO
03/ 033526 PCT/ CA02/ 01559

To a suspension of KH (3.5 mg, 26.4 gmol, 30% mineral oil dispersion washed with
anhydrous hexanes) in anhydrous THF (1 mL) was added p-trimethylsilyl alcohol (10 mg,
7.4 micromole) and stirred at room temperature for 10 min. The reaction mixture was diluted
with diethyl ether (10 mL) and then washed with saturated NaHCOj3 solution (2 x 5 mL).
Drying (Na;S0y) and solvent removal furnished the enriched (Z)-acetyl-1,3-diene. MS (ES)
m/z 1294.8 M + K.

ii) Allyltitanation of Acetyl CsA-CHO:

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

at 0° C for30 min. It was then cooled again to —=78° C and added Ti(OPr))4 (0.71 mL, 2.4
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Exanpl e 11: Preparation of Benzoyl-Protected Cyclosporin A Cyclosporin A
(6.01g, 5mmol) and 4-di net hyl am nopyri di ne (305ng, 2.5mvol) were dissolved
in pyridiwe o3ssds¢ Benzoi ¢ anhydride (3.4g, 15mvl) was addedsandishe

m xture stirred for 19 hours at 50C. Additional benzoic anhydride (1.7g,

7. 5mol ) ameD Diispbroys gslatsd soludemwhs stied et thid trebesatitte §ori L5 mingfepdnd 506 a

conti nue g L i . 3.8 |) was
added angsoguﬁgn ?%%%t??g%ggw%%g’fzgﬁﬂéﬁ mgrd%lfa ﬁ%ﬂﬁaﬁ ‘ga%fgg%dﬁt?%pgh aifﬁrépﬁé'act ion

m xt ur e Vs paleeiellpw aolortdsblotiby whstiredédr @ furdiet peritdiof B0 agnutEy RakHeht at ed

Cycl ospor filte ff and washed w er._ The

col | ect ed‘b%ar@%t%\?\géﬂ%d? %e\é\% r\%)ﬁel?“ﬁﬁgcfﬂi ifﬁ%fﬂ?%?’isi% Vép a&f@?‘ﬁ?ﬁé@-l%ﬁ& added to
a 10% ci t24 onebiad050] Stifriap was dontahéd fof Uh horhis tedistiidture ThE tHRH 8GbBhLt at ed
product was coll 3ct ed %fi | tration and washed with water until the pH of
the filtrGPRCTHBEL I ¢ Hagreation mextigEveas pourpdingdice-qoldylé BEPEAY mLA Bemnzoat e

vwas  dri eduetus BerGradRAGECIAEAGIHIMOAR: @ix\S0 nfL)C 5 ' ’@f ke 12
Pr epar at ?iglrll 01§ _;?'?igt h¥| i |yl et her-(lgr)(\(;jtgect)egh%/ézl olz%%sr}it’yénlgcAe gtl ogpori n A
tl‘n)ﬁ €

(3.606g, "Hthstyi sﬂz?léml_e)oan'd@_rim R3mIpi Remevyl 8ftoiveanghve hemlldMARd (122nT,
I ol ) Waghi@ogRhrohfogrfBED bRp a%]])ﬁgnﬂro?siﬂ@a's ?Oﬁluﬁ% &8 2%‘ 200, LOSH o
su go? 6Nmo al%i ed

triethylsilyl trifluoromethane onate ( ropw se. The

m xt ure VASHUE fusvied the (Aegnriches iseroeyrof acetyd 634042 Repdotsdtionmeth umpridght . The
reacti on M XtALEi MBS ish QNI i water with stirring. The

pr eci pi tagt@gm(’ad<t ri ét hyfsslgﬂglr;? et %%7%\%% 1(3;%5% of f and washed with water.
The coll ected cake was dissolved in a mnimum volunme of nethanol and added

t 5%i i id . sE and. st ed for..30. m t . Th i pitated
gt LSS BB AR S o e P e
the filtrate &839&&90& mmaghéﬁy@%h%gghgﬁq o5

Q)
‘.I;{gz SO iad triethylsilyl ether was
dried at 50C under vacuu i 019t %lgmg Y. Trid sopropyl silyl and

t ert - but yexhinregtytppbsphbsaimiger @racdl) in getghnlipfaranesal pdt STR°CRias @ddeged by

follow n ..anal.ogous. procedur.e. Exanple 13: .1 osuppressive Activity
Using t hgu@p@}nﬁé%ﬁx‘nﬁf Fﬁ’ﬁxﬁ?etsyoﬁe,&g% W sPimed %tg?%% fox ﬁf’i‘f@‘“@?'f ficacy of
cycl ospomsolngon’ofaretdl cyyiobesipoy dltiehyde (eSind6lf invtetrdh§drofian @RIL) whyadaed i nhi bi t

t he phosph %‘ase activit f %al Ci ne rin. The cal cineurin inhibition assay
e See R e o do Ergallivpiim & oemdp Bt IS Hign S8R 1S t he

a
measur es t
di rect i n8Woirs.0Theafik@ss WRSouddd ihidQcddél €N ydRbeHiote! RGO Fanf tRA2! Ogues

(Fruman g)EUa%lted ’intc]i gt%%l) écet?1t46. The organic extract was washed with water, dried over
magnesium sulfate and the solvent evaporated. The residue was chromatographed over silica
gel using 25% acetone/75% hexanes as eluent to give a mixture of the (E) and (Z)-isomers of
acetyl ISA1x247. Removal of the acetate protecting group as described in Example 4 gave an
(E)-enriched mixture of the ISAx247 isomers. Proton nmr spectroscopy indicated that the
mixture was comprised of 75% of the (E) and 25% of the (Z)-isomer of ISArx247. This
reaction was also carried out according to Schlosser’s modification (R. Liu, M. Schlosser,
Synlett, 1996, 1195). To a stirred and cooled (~78° C) solution of allyldiphenylphosphine
oxide (1.21 g, 5 mmol) in THF (20 mL) was added n-BuLi (2 mL, 5 mmol, 2.5 M solution. in
hexanes). The red-colored solution was stirred for 40 minutes at ~78° C. A solution of acetyl
CsA-~CHO (1.25 g, 1.02 mmol) in THF (12 mL) was then added through a cannula during 15
minutes. The reaction mixture was stirred at room temperature for 2 hours. Workup and

chromatography as above gave acetyl ISA1x247 (Z:E ratio, 40:60 by '"H NMR analysis).
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assessed woing3xshe cal cineurin (CN) inhibition assay. Thecraswkhsssof this
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(desi gnajdarid¥gd B9 3Rninkblf Wassadtbdadthe reﬁéhoﬁ)étn@lrfﬁt asaddmmemmedrsl SATX247
produced by the nethod described in Exanp 4, 1% tgot es deuterated
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| socycl 0%} g%rtcles%po@,&%%@?&@d %Cglgtgﬁ&s Cog&gddrrgt hod descri bed i n Exanpl es
1-4. | somytd Itlm@fbtufrtheefslpf@ﬁadsactl@d thast of e WefFfFQﬁF@de’dOP‘EQSE% PEREOHE ¥&dr r esponds
to 14-D4,of e 1 sponds to 15-D5 of Figure 12.

| socycl oglr (ﬁlftcszg&;ﬁrlénsdeliz)\ﬁ8111?[?%[@’9%585?&%%1% e 12. Isocyclo4-M2 corresponds
to 14-M2 of Figure 12 | socycl 05- n2 corresponds to IS-Ms of Figure 12.
Exanpl e 14: | munosuppressive Acti vi USI ng the Rat Heart Transpl ant Model
The ef f i Eeawplel2:| BAJART of IhethvtlyfethEr-Protasied (RISIOONGS% of Z-i sonmer) in
preventing the rejection of hearts transpl anted between different strains
of rats was a@mpm A §h60GzoPrpmobdvas dissdead infryoysios fopled hen PMAP ot heart
transpl a nod s _been.t s the in
vivo pot @&8 fmrﬁ% d%ﬁ%sﬁhe rgg%sop\r/gé{tgrgu%g%%%&%?rd%ggﬁﬁeghg?g%? ?iur vi val
is diffi &Lfldordn&ttm&uuﬁmta @ Gnhncsl) md:tdéklro@wset Bhd lmmnewae}i oddmwarph e
procedure invol ved t r ot opi c anspl i al aorta
and inf é?qnbﬁenwgﬁ%frecaﬂgé OHE egb? e "r%g)m%%ﬁ{ A urt h%gtsggzggﬁlt_d;w s rats.
| ntr aper iya@p@ah séPing. The precipitated triethylsilyl ether was flltercd off and washed with

water. The collected cake was dissolved in a minimum volume of methanol and added to a
59% 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 colorless solid.
Triisopropylsilyl and ter¢-butyldimethylsilyl protecting groups were also introduced by

following an analogous procedure.

Examgie 13: Immunosuppressive Activity Using the Calcineurin Inhibition Assay

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

assessment of the potency of cyclosporine A analogues (Fruman ez al., 1992).
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| SATX247 still had functioning grafts at 100 days post-transplant (70 days
post di scontiﬁja_ti on of dosing These data denpnstrate the
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I ntraperitoneal Adm nistration on the Average Survival Tines _
Tr anspl aifthgRitioassasie dhe strychye andjsemericopmpegtieneqfshese analaguesis eef fonth in3] Dose

Average B VAl Fighk 0AY SeaanlioPRe Alddifhas T S0 &TsABKY Mpan  SEM
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2. These results show
The resulis of this assay show that the inhibition of calcineurin phosphatase activity

by these isomeric analogue mixtures was at least as potent (as determined by ICsg) as

compared to cyclosporine A (Figure 13). CsA denotes Cyclosporine A; Isocyclo4 denotes

ISATx247 produced by the method described in Examples 1-4. Isocyclo5 corresponds to I5-

M1 of Figure 12. Isocyclo4-d4 corresponds to I14-D4 of Figure 12. Isocyclo5-d5 corresponds

to I5-D5 of Figure 12. Isocyclo4-d2 corresponds to 14-D2 of Figure 12. Isocyclo4-M2

corresponds to I4-M2 of Figure 12. Isocyclo5-m2 corresponds to I5-MS5 of Figure 12.

Example 14: Immunosuppressive Activity Using the Rat Heart Transplant Model
The efficacy of ISATx247 (45-50% of E-isomer and 50-55% of Z-isomer) in

preventing the rejection of bearts 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

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

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

inferior vena cava) of the heart from Wistar Furth rats to Lewis rats. Intraperitoneal
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immunosuppressive activity of this isomeric analogue mixture in preventing graft rejection.

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

studies, n 13]
Dose Average Survival Time (days post-operative)
(mg/kilogram/day) Mean + SEM (scanning electron microscope)
Vehicle Control Cyclosporine A ISATx247
0 9+1
0.5 13% x4 11°x2
1.75 18° =7 57° 32
3 50°+8 55°+12

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

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

that the isomeric mixtures at 1.75 mg/kg/day increased survival time at least as much as
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Therefore, only 3 aneftcengolftP! €T € Werad SiRiv SSLICS were
done. Exanpl e 16: | nmrunosuppressive Act|V|ty in §&% er the course
of the past three decades, three. aninmal nodels o unan rheunat0|d
arthritis have been exten5|vely exam ned and wi dely enployed in the
preclini cal : gents.
These include the a juvant-lnduced, coIIagen-lnduced, and anti gen-i nduced
arthritis nodels. TKegclospdrionidng st udi es were desigl@d to eval uate
anti-inflammatory effigagy of |SATX247 (45-50% of Byi somer and 50-55% of Z-

I4-M2 20+
14-D2 30

Example 15: Immunosuppressive Activity in Islet Cell Allotransplantation

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

renal capsule of diabetic Balb/c mouse recipients.

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

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

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

cyclosporine A as the dose level increased. This was especially apparent at the 25 mg/kg/day

dose level.
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isomer) in both the collagen-induced arthritis nodel in the nouse and the
antigen-induced arthritis nodel in the rabbit. The histopathol ogy and
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| SATx247 hif§HPOLS P PISEIERt group (500 , ug/ mouse) were significantly

hi gher than the negative erosion scores in the vehicle treatnent group

(p<0. 05) ExBe116: NBniihnids el2&sibSALNRY {n A4RGH] 49/ mouse) and

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,
collagen-induced, and antigen-induced arthritis models. The following studies were designed
to evaluate anti-inflammatory efficacy of ISAtx247 (45-50% of E-isomer and 50-55% of Z-
isomer) in both the collagen-induced arthritis model in the mouse and the antigen-induced
arthritis model in the rabbit. The histopathology and immunopathology observed in these
two models resemble the findings in the human disease. In both models, the efficacy of
ISA7x247 to prevent the onset of arthritis (prevention protocol) and to treat arthritis
(treatment protocol) was examined. These studies support the immunosuppressive action of

the claimed isomeric analogue mixtures.
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hi gh- dose cycl osporine A (500 g/ nouse) treatnent groups had hi gher negative
erosion scores as conpared to the vehicle treatnent group (p<Q 1).

Furt her nowe,030352¢ ow- dose | SATx247 (125 g/ nmouse) and m dPd@sRAYTISHSpPOri ne
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dilutions of stock drug (in vehicle) into saline to yiel cohcentrati ons
of 0 (veH}S@f}Sé))f,lseg(@,ay%g)oentlbﬁacmbcwm@f%ﬁay for |SATX247; and 5.0, 10, or 15
ng/ kg/ day for cyclosporine A Aninals assigned to the prevention protocol
(8/ group) were dosed starting on the day of imrunization with oval bumn

(Day 0) until gsagkddfy j i : nt
protocol (8/ gf%%p)d ﬂ&%&s%g%@ﬁd@?ﬁﬂrﬁgg%?\m? 1?3{1%3‘3’%63?‘9%%’2 g%&s%lﬁ%trl\ﬂgt (- Day
28) unt i Rssggoent,isaeh asslibiggl saoringRyisialahind ppaswetling histalpgital dedingyerdsadni t y,

body wei ghlin ,%%Pﬂﬂnﬁﬁo%?sttd.cﬂ.érﬂﬁu histology, and outconme assessments such as
fie i ng, Y

knee joint s synovi a | uid counts, gross postnortem analysis, and
hi stol ogy. A significant decrease in synovial histopathol ogical scores was
observed in | SATX247 (P 0.05 ) and cyclosporine A (P 0.05) animals after
28 days of t hEtosipysdqopngwenddnenn pbbided alapner by npamietlg sagitie héaibas afairt r ol

ani mal s. pr-gmrﬁal Yi@esrplﬁ(fa%%m ?ﬁ'l’?}%nﬂ%f tHe r}hélé S%Q tforrtl?edllajrgé[ehgengr albsnence of
erosions (defined as demarcated defects in cartilage or bone filled with inflammatory tissue).
This approach allowed for comparisons of the same joint. Previous studies have

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

The results indicate that the negative erosion scores in the 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
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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synovial fluid counts (1SATX247, P 0.05; cyclosporine A, P 0.05).
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subcut anedbuigsierqdgdadly py subcutaneoasisjectiomel 1- 284-dely dilamonolkitond dngg Gime f ol | owi ng

schedul e .. Jabl; %)gﬁ% Lok st ration. r&f\sdlefrt#eflnestigationof
h . )
t he Pha‘r]erra% klﬁfﬁe?llyc%q% r 8%%%%0%9 ?{(): kv%{r;%%gfr [ |’§';9’ %rfl%l ﬁﬁ'f%f n the Rabbit
Model TrBatmdt agd H0,p 0DanS nig/Kg/ddydipscy8idsforinblintyatimels adsigneatsthe i . v. Dose
S.C. Dosl?revention protocol (8/group) were dosed starting on the day of immunization with
ovalbumin (Day 0) until sacrifice on Day 42. Animals assigned to the treatment protocol

(8/group) were dosed starting on the day of disease onset (~Day 28) until sacrifice on Day 42.

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

postmortem analysis, and histology.

A significant decrease in synovial histopathological scores was observed in ISAx247
(P 0.05) and cyclosporine A (P 0.05) animals after 28 days of therapy (prevention protocol)
compared to vehicle control animals. This was accompanied by significant reductions in
synovial fluid counts (ISATx247, P 0.05; cyclosporine A, P 0.05). Significant amelioration in
synovial histopathological scores of animals with established arthritis was also evident
following 14 days of treatment with ISATx247 (P 0.05) and cyclosporine A (P 0.05)
compared to vehicle controls (treatment protocol). A significant reduction in macroscopic

arthritis score was evident in ISA7x247 (P=0.01), but not in cyclosporine A treated animals.
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(my/kg) (M g) Males Females 1. Vehicle Control 0 0 4 4 2. Cyclosporine A
10 10 6 6 Control 3. LowDose 55 0 2 4. MdiumDose 10 10 4 4 5.

H gh- Dosew093233546 4 61 WO 03/ 033526 PCT/ CA02/ 01559 Pat hegercAoeeessy abbits
(SPF) were used to ensure any renal changes observed were due to the effect
of | SATx2«&#tagnt wanweldl toderptod pab hosjgmisicanDroxRaty sipdn amtysié of tinandrestaiid @s wer e
col | ect egosrt)r Qo h?stglr u}g admnistration and at 0.5, 1, 2, 4, 8, 12, 18, and
24 hour s*pos Fqose generate a pharmacoki netic proflle Q her eval uat ed
paranmeters included clinical observations, body weight, food consunption,
hemat ol ogy, clinical chem stry, gross pathology, and hi st opat hol ogi cal
exam nati on ofhesdktedibedhdt ISSHP$7 o Equndent Bt pmehtﬁayrﬁio&:Spdtm gagnal yzed via

hi gh perf ormance chroma h h mass spectronetry
(Lovs) " SEAPROER A i e o beot ROk oE BT it HatoR R v en treet or s i n
rabbits ﬁﬂtt&tusrn&mel wakk thobing/ kg of cycl osporine A or | SATX247. Table 5

Phar macoki netic Paranmeters of Intravenously Adm ni stered Cycl osporine A

and | SATX247 in Mal e Rabbits Receiving 10 ng/ kg/ day. Results expressed as

mean  SDEMaaSe 1 BOPIR@madHR IBTC &Aﬂ@&ﬁ:@%&&@%&&%ﬁﬂ Day 1 Day 7 Day 1 Day 7
tmax (hours) 0.5 0.5 0.5 0.5 Cmax (g 320 2171 612 1915 149 1959

470 t1/2(hourspe p(hlaﬁhﬁ'cﬁl}mgtlcdand foxitoRinBtic ﬁarzgne?teﬁ of I’ISAzx@J%% 30‘337 of‘EQ%nﬂe@ der the
curve 6697 1717 6685 1247 5659 1309 5697 here were no

stati st i @8 3453 ghf-fsomsntang cygspainert é’ﬁfeﬁéit“?ﬂelé il f%‘ﬂi’é nmdalr ﬁfé?é Gﬂhbﬁ éad ¢

also been used as a model to study cyclosporine A nephrotoxicity, but far less frequently than

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

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

schedule.
Table 4 The Dose Administration Schedule for the Investigation of the
Pharmacokinetic and Toxicokinetic Properties of ISAtx247 in the Rabbit
Model
Treatment Group Days 1-7: Days 8-30: Number of Animals
i.v. Dose s.c. Dose
(mg/kg) (mg/kg)
Males Females
1. Vehicle Control 0 0 4 4
2. Cyclosporine A 10 10 6 6
Control
3. Low-Dose 5 5 0 2
4. Medium-Dose 10 10 4 4
5. High-Dose 15 15 4 4
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paranmeters of cyclosporine A and | SATX247 in male rabbits receiving 10

ng/ kg/ day. The pharnmacokinetic paraneters of | SATX247 in fenmale rabbits
recei vi ngwohe/osaee dose were not significantly different PCTaORAES9
observed in the nmale rabbits, with the exception of maxi num concentration
on Day 7. No Bathwdehifieartbbith(SPFEeeramsed to ofisack anp rérfabclaagmtobtep@t e@te fu@r anet er s

of rabbits. receiving vehicle control, c ospori,ne A _or | SATX247. A

di fferené%th\e‘i\/ﬁgecﬁ(?{@(}"f?‘%ﬂaﬁgno ‘fu@é? Parli%;%gnﬁ' edfécl:)gysﬁ?“fiﬁeb]\?%q 1480ES §PBups over
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not ed t habseBAtiNM3, BtlyORs3 St o b ddnshiif{od IRt oledyeflirddal Bhealstdp, Rbgher dose, 15
ny/ kg/ day, as conpared ?Ig 10 ng/ kg/ day cycl ospori ne A, Sul%%?x%? di d not
resul t i RatAplgex aphiistopathelogind caanaiaation of eqlenisddissupsiordape | evel s. Table 6
Percent Change in Serum Creatinine Levels Over Baseline in Male Rabbits
Recei ving Vehicle, Cyclosporine A or |SATx247 for 30 Days Treatnent G oup
Day 15 Day 30B1o¥@Rirkli&s w&¥analpd vihedhPeRefudiee Rydid OBhke Lup1dp 7
| SATX247 ( 10mg/ kg) i FiEna sﬁxz%cb(%wng/ k%l)?q-l 19% - %rfé}ﬁ'%agn? nation of
organs i WitBmass gispiremetre@EMI)ndahln & beletrisemmadensithend veragphagnacgkiogted ospori ne
A, 5 o/ kg aAR Shbitdf . {-gni ficant

abnor mal ?ti es.e Thi sz,) i/tvgsha%lfsg%ég‘%i/dglgln{ tr%%f}%gﬁfpg%{ﬁgkﬁ)?%??ﬁi n which no
evidence of interstitial fibrosis, normally seen in cyclosporine A-treated

ani ”!3' S ﬁ‘%@ieiS\/eri :j’ 50 nét?c a&lgt%l@of N | frave[ﬁg{lﬁ? 'Adlnrllnirs%{fed acﬁ)ghgrﬁné[ at
Changes vere not rﬁ%g by iﬁ??éi?fé%?@%bﬁ‘ Vg 10 kY K @%xg&e‘és&? ¢ chis

- Ab}

changes were note S

dose of 15 ng/ kch; X . Exanpl e 18: | mmunosuppressive Effects of

| SATXx247 MegsusedPangimeterom cynonbydesperinoAkeys (n=4) was ISAexated with
| SATX247 or

Day 1 Day 7 Day 1 Day 7
tmax (hours) 0.5 0.5 0.5 0.5
Cmax (ng/L) 1954 + 320 2171 612 1915 £ 149 1959 =470
t¥2 (hours) T74+28 9.0+4.0 7417 92x1.1
Area under the curve 6697 + 1717 6685 + 1247 5659 +1309 5697 x 1373

(ug=ht/L)

There were né statistically significantly differences between the pharmacokinetic
parameters of cyclosporine A and ISA1x247 in male rabbits receiving 10 mg/kg/day. The
pharmacokinetic parameters of ISAtx247 in female rabbits receiving the same dose were not
significantly different from that observed in the male rabbits, with the exception of maximum

concentration on Day 7.

No significant changes were noted in the hematological parameters of rabbits
receiving a vehicle control, cyclosporine A, or ISAx247. A difference was noted in the
creatinine levels in the various groups over the course of the study, as is shown in Table 6
below. These differences indicated that cyclosporine A had a significantly greater negative

effect on the kidneys than either the vehicle control or ISATx247. 1t should be noted that
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cycl osporine and stinmulated with different mtogens in culture nedium
Lynphocyte proliferation was assessed by tritiuml abel ed thym di ne

i ncor por awD®A/0zas by fl ow cytonetric analysis of expressiPOm/@X02/01559
proliferating cell nuclear antigen (PCNA) on cells in S&M phase. Flow
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subsequent |y cal cul ated using the WnNonlinTM software. Results showed
that |y yte proliferation, t oki ne, production, and expression of T
cel | supﬁggé 6tanti %ﬁi‘?ﬁ?\%ﬁgws&ﬁf@&rﬁﬂ%ﬂ%ﬂéﬁ(ﬁyr seligein dlefe ¢ han by
cycl osporine, as eivifig Feljole; Cyclpwering Aoroh ISAaxP4Zder 3Grth in Tabl e
7 bel ow. 63 WO 03/¥8526 PCT/ CA02/ 01559 Table 7 Paraneter | SATx247

Cycl ospori ne 5@@@?%&”%@ upt ake 160. Paydss5. 52  PCNA B%‘bssi on 197.72
453.88 |L -2 produfdhi%h 103.35 504.80 +6f& production-132.67 465.65 TNF-
product i on Jockspasipg Aod0mefsey1 expr essi 0l 49. 84 486. 8233€D 25 expressi on
121. 00 431. 53 IS3247 l0mefigessi on 204. 40+5%8. 90 CD 95 ei@essi on 129. 98
392.97 CD 1545&wpte6ldmerkegl 60. 87 975. 10- tPus, usi ng an-&k%vi vo whol e bl ood
assay we have found that | SATx247 suppresses diverse imune functions 2.3

- 6 times nore potently than CﬁC| osporine. Exanple 19: Wttig Reaction
Usi ng Tri but yExanjipagion phergpisan iall mbbitoweeieng the vekisle gamtrads 0 thglkoxi de (0. 31 g,

2.8 mol |S1S @l tdn 2 ah . . ut -40 C
tributyl z%%ﬁ?sg? 6 ﬁ%gp‘ﬁ%“f L%%?%%hdgj‘T%§§A$5g§£%ae§&0)s%g?§§oI ved in 3 nL
of t et r ahydriodlifiennThiawaséspadigliyadudd: thakidnayesu mwhichguoyesideme afintdrstitial was
stirred %iBlrﬁ)sig:%%%alljyoseéﬂ ﬂ%&f&%sp%%ingg%%tea glgm%lstﬁﬂl?vre%s % a%.(,) Ilbgll, ?@4?&asacet y!

cycl ospori
noted. In male rabbits that received 15 mg/kg ISA1x247, a decrease in spermatogenesis was

noted. No changes were noted in the 3 female rabbits that completed the study at this dose of
15 mg/kg ISATx247.

Example 18: Immunosuppressive Effects of ISATx247

Whole blood from cynomolgous monkeys (n=4) was incubated with ISA1x247 or
cyclosporine and stimulated with different mitogens in culture medium. Lymphocyte
proliferation was assessed by tritium-labeled thymidine incorporation and by flow-cytometric
analysis of expression of proliferating cell nuclear antigen (PCNA) on cells in SG,M phase.
Flow cytometry was also used to assess production of intracellular cytokines by T cells and
expression of T lymphocyte activation antigens. The ECsg (concentration of drug necessary
to attain 50% of the maximum effect) was subsequently calculated using the WinNonlin™
software. Results showed that lymphocyte proliferation, cytokine production, and expression
of T cell surface antigens were inhibited more potently by ISAx247 than by cyclosporine, as
shown by the ECsq (expressed in ng/mL) set forth in Table 7 below.
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al dehyde (1.5 g, 1.2 nmol) in 6 nL of tetrahydrofuran was slowy added.
After stirring the vyelloworange reaction mxture for 1.5 hours the
reacti on wa308pé et e. For quenching the reaction m xtur@CraRoeIsf erred
ont o aqueous phosphoric acid (1.2 g, 1.0 mml). The resulting agueous

sol uti on Tubte Bxtracted with 100 nL of toluene foll owed by 50 nL of

t ol uene. The conbin ofgaht-c—ayers—were—washed—w-th—water and
concentrated under |rAMEL pressurz&ﬁé‘ziﬂyne% CYClopROTesdict, acetyl at ed

| SATx247, was obt ai [fedihgmidnsSipkRl | ¥60.5€T TOW $855 62 1n appfioxi mately 90%
yield. The isomer rpti s about 87% FE-isonerd and about (13% Z-i somer (as

det ernined by 1H NMRGPREkrEs8py) | [BEhpl e 20438 ti g reaction using
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of toluene and 3 ni|®N-tosedugtigrr of (AGH67 At abgd65.658 C bufyl lithium (1.6 M
in 64 WD 03/ 033526 PEFCANZIOIS 59 —THEEaTe 2 j??%—?—a—mﬂm 1) was slowy
added. The resulting_vel o\f/ivﬁckri?l{)g—(fture%{V\ggél stirre 0 ‘or aboutf 10 mi nutes at

about -78 C before pCRBGlesprossionf a¢a4%84 cycl ospd6.8 A al d¢ehyde (1.5 g, 1.2

mmol) in 6 nL of toW ;1“‘='Q°d. /—\fl'”flf*i gt he yel | ow orange
reaction nixture fpr 325WeH8 the ?Téccti on \ % enched{by transferring
the reaction m xtureCbnioesprestibut uf 20940 50 nl |ted.oene and|aqueous
phosphoric acid (0.Re—g—2—2rrel—Fheresultipng—biphasic m xture was
allowed to warmto a%?gﬁi‘pr?séﬁ‘ﬁer af ¥ %%ef or e | 89T wo | ayers were
separated. The tolu 15ayahestias Waskesh W th 28731ig wat er @and concentrat ed
under reduced presisure to drynessl The prodi Lf1 acetyl ated | SA247, was
obtained as a slightly yellow solid in approximately 80%yield. The isoner
rati o was about 70% E-i soner and about 30% Z-isoner (as determ ned by

1H NVR spect r 88 p3iyg ansaws vehope blogy assayge e fquad thas IS4g=247 woprgssesal | yi

POS PON! 3kt ATL AR 25 D3 e R HGISAERG a5 descr bed above

but only at about -40 C. The experinental ~ conditions of Exanple 20 were

repeated, this tinme using a reaction tenperature of about -40C Under

these conslubi@No. Wity AR Gk PR b B aRhARFLERIUCt, acelyl afed

| SATx247, Was about /4% by Wl 0 =1 : 0 about 26% by

wei ght  of thep&ass;@pwbu;@{me%@?%@.@ﬁ@ho@)vw%'aﬁsw%c@ﬁ%arg@éfopy- Exarpl e 22:
[ "all'yl phosp e

Wttig reaction using tribut oni um brom
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
stirred for about 10 minutes at about ~40 °C before a solution of acetyl cyclosporin A
aldehyde (1.5 g, 1.2 mmol) in 6 mL of tetrahydrofuran was slowly added. After stirring the
yellow-orange reaction mixture for 1.5 hours the reaction was complete. For quenching the
reaction mixture was transferred onto aqueous phosphoric acid (1.2 g, 1.0 mmol). The
resulting aqueous solution was extracted with 100 mL of toluene followed by 50 mL of
toluene. The combined organic layers were washed with water and concentrated under
reduced pressure to dryness. The product, acetylated ISATx247, was obtained as a slightly
yellow solid in approximately 90% yield. The isomer ratio was about 87% E-isomer and

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

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

Tributyl allyl phosphonium bromide (1.38 g, 4.3 mmol) was dissolved in a mixture of
20 mL of toluene and 3 mL of tetrahydrofuran. At about—78 °C butyllithium (1.6 M in

64



A solution of acetyl cyclosporin A aldehyde (1.5 g, 1.2 mmol) and tributyl
allyl phosphoniumbromde (0.99 g, 3.1 mmol) in 15 nL of tetrahydrofuran
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Af ter %18%8 gsé&l;st?&n?r}elﬁtr? ﬁ%ﬁ&f&ec%’s%og%enesul fonic acid (0.02 equival ents)
was added The reaction m xture was heated at reflux until conpletion of

the r eachké)n%le 33. RP%E lfleragtqonbdlm mgutvlaz%ﬁv{ Dh%ggh%lrlri?l}’nob E,I%Pcﬁy (1L,

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 fers-butoxide (0.19 g, 1.7 mmol) dissolved in 9 mL of tetrahydrofuran was
slowly added. The resulting yellow mixture was stirred for one hour at about —80°C to
complete the reaction before a solution of 6 mL of tetrahydrofuran was slowly added. After
stirring the yellow-orange reaction mixture for 1.5 hours the reaction was complete. For
quenching the reaction mixture aqueous phosphoric acid (0.15 g, 1.3 mmol) was added. The
resulting mixture was concentrated and the residue was dissolved in 5 mL of methanol. Then
the mixture was slowing added to 5 mL of water. The resulting precipitate was filtered,
washed with 4 mL of methanol/water (1/1), and dried in vacuo. The product, acetylated
ISATx247, was obtained as a colorless solid in approximately 90% yield. The isomer ratio
was about 91% by weight E-isomer and 9% by weight Z-isomer (determined by 'H-NMR-
spectroscopy).
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hi gh pressure or high performance |iquid chromatography (HPLC) or nass
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tenperature for 17 hour The {rimethy] si - ect C ine A
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PCT/ CA0241ad1p/a8, wisotiitle@ a?h colbi@p sd1at ih @ppredimate B 95 %1y i¥lduhe a phrieg of @bdat doubl e
bond isonmers of trinmeth Isr Iyl - protected Cyclosporine A diene via Wttig
react i on23%ddeterminady )pot assi um tert-butoxi de (3 equival ents) and

al 'yl triphenyl phosphoni um broni de (2 equivalents) in toluene (10 m)
previously stirred for 60 mnutes, was added the trinethylsilyl-protected

Oycl ospoExampla 24 Brsparation/of timethylsibprajeatasfyclosngsing Aip of t he reacti on

m xture after 1 hour reaction at roomtenperature provided a 3:1 mxture
(by NMR) of ZCrtesperingodi0ee, B saw valemhwpssdigsplvedin dighl erampiapag @9@ mD$ ot ect ed

Cycl ospo g?}?lrﬁlgﬁ%g gﬁm]gtﬁ?l@lﬁ[ﬁ fire ? Fc{/ F\Q%Btv}ag Radefi. Afclr énﬁﬂt?fésléﬁﬁ'm%fat Zto E

double b rinet hyls protected Cycl osporine di ene via
Wttig raet pevlvenehdfoniciapidt(A PP squlwlerm)dtaeétl@d @%ﬂe@@mmﬁ@rwwmw@/de (2.5

g) was dta%ﬁt;r@ﬂﬂ c&?@gu&t of 1@ tc%oﬂ%tnfgage&@g@ ﬁerutrtam g,sodi um

hydr oxi de 'so Ui val ent S) n m xtur S Vi gorousl y
stirred &gt padsburé orhighemfplpirss pifyaidicbioma tograpbie (HPLQ or mass spectroctrometry

(MS) and then cooled to room temperature. Half saturated aqueous sodium bicarbonate

solution (100 ml) was added. The aqueous phase was separated and re-extracted with
dichloromethane. The combined organic phases were dried over anhydrous Na;SO, and
filtered. The solvent was removed under reduced pressure providing the crude trimethylsilyl-

protected Cyclosporine A.

Example 25: Preparation of trimethylsilyl-protected Cyclosporine A aldehyde

Trimethysilyl-protected Cyclosporine A (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 order
to remove excess ozone it became colorless; this step was carried out to remove excess
ozone. Triethylamine (5 equivalents) was added and the reaction mixture was stirred at room
temperature for 17 hours. The trimethylsilyl-protected Cyclosporine A aldehyde was

obtained after aqueous work-up.
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equi val ents, portionw se) was added. Work-up of the reaction mxture after
several hours reaction at roomtenperature provided a ca 1:1 m xture (by
NVR) of AvendioBsdeoubl e bond isonmers of the trinethylsilyPCpraxoeotssg

Cycl osporine A diene. Exanple 28: Preparation of a 1:2 mxture of Zto E

doubl e bond isomers of trimethylsilyl- protected Cyclosporine A diene via

Wttig geaghlops 5|&et§1yl s'tur&fﬂé)ﬁ L dehyde (1 g)
1

was di s ) ate (1.5
equi val BSEES s ?é T(Adlﬁ iy J9%m  br oni de (1 5 equi val ent).

Wor k- up of tHea mastutei of potassitnuree-tafdxade (3 elpdwalent)@adt i on at refl ux under

vi gorou [ Qvi ded a.c 2 m ure and double
bond i s%ﬂ %lg Beﬂgﬁ%t EphOPIPFﬁbePIHW Z?WF‘“BQPE? é"%&}é Fm%‘fl?‘ﬁg' sirgd e, Exanpl e
29: Pr ep@nmtute:snwms‘ added th3 ummmhydmeﬂpfoteztetdccﬁlo@wﬁm Hadmgldd GQTer s Of
trlrrethIS| t ect % osporine A diene via Wttig reactions

Al Lyl t r FHRY n&ngg?ﬁ% ﬁqeﬂ REAae @l \Aue Frretion 3t gy9EY EEPFIRMEIA al | vl br omi de
and t rplovidyd @hqseﬁnﬂeabywwbﬁzsmd@@bdb& bbitEisoRerR ofthb-tridi@hpteRg- (7.5 nl) was
added fol | mgﬁd &yoﬁ pot assi um tert-butoxide (4 equival ents). fter 1 hour

stirrinBOget Rperditfiee, the solution was cooled to ca -30 C. A
solution of the trinethylsilyl-protected Cyclosporine A aldehyde (1 g, 1

equi val ginl 1@3 07:t Blep8Rfon(oF aNL) miase actg ek %%Moﬁ@isoﬁf&sﬁ mﬁetéglﬁgﬁ—es at

about - 3@ 1058k AN edd vid With o WASH RT up, providing proxi mat el y
1:3 mixture e AR o (by NVR) of Z and E doubl e bond
i somers of tﬂ@ GipethyisHyrpiesed Gydesperined adelysls @5 gheasalisgpleedin 25mal f ol | owi ng
two exapmbsne BIHERIeE iR | Al ons.

Exanpl e 30; 1mPerepar atel Ol’ll gfl\péazlgfe%’% %‘Elgth &Bﬁgé%}h ogls(ﬁ%)‘lﬁ ME' éﬂ ﬂe

( 3-t ri mspHipNgNIKIraeoHgIroTRY Hirsdpagd alb(ltﬂplfenalmhgdphwnwmbtwh@ (7ane (10.1

equi val S n_hexanes, 10
equi val girﬂll%végen'ts %g%nél%%nﬁgse%ﬁéﬁr\e@&gﬁﬁﬁg n%l(lr%lu re?eeéé VeNLhout“he sol ution
was coofteagiion@t ropg tenperare prevdesich aai it hmditet Kyl NMRDrBf Hoend/b dowbitecbdnd 0. 1

equi val |quor e dlethylether complex (10.1
equi val 18(%%1%% of f%]:a ttr?rh%tg%l dl%H 8roté)c?edc&§/ OSpQLne A &11

B-(y-trimet hyI silyl-all yI) d| et hyl bor ane reagent. After 1 hour, a solution

of acetﬁl laIrR)Ié) E&Q Clgrepara on o?s RY hiRGird ofaé %%Xou%le bon. 1somers %}’I ai\%theyii]stﬂ)vl-l n THE (15

m
) wa protected Cyclosporine A diene via Wittig reactions

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

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

Allyltributylphosphonium bromide (3 equivalents, prepared from allylbromide and
tributylphosphine) was dissolved in THF (3.5 ml). Toluene (7.5 ml) was added followed by
potassium fer¢-butoxide (4 equivalents). After 1 hour stirring at room temperature, the
solution was cooled to ca —30 °C. A solution of the trimethylsilyl-protected Cyclosporine A
aldehyde (1 g, 1 equivalent) in toluene (5 mL) was added dropwise. After 45 minutes at

about —30 °C, the reaction mixture was worked up, providing an approximately 1:3 mixture
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added dropwi se. After 20 mnutes, the reaction mxture was warnmed to -10 C
and a saturated aqueous NH4Cl sol ution was added. After stirring one hour
at room twopanaises e, water (45 m) was added and the rea@®CiramoexdSare was
extracted 3 tines with 25 m ethyl acetate. The organi c phases were washed
sequent (baNWR véftZanddd ésuble2ondispmens df the sarhethybid profepteldislopdiae ssol ution (25
m ). The conbi ned organi c phases were dried over Na2SO™4, filtered, and
concentP®ed under reduced pressure. The crude product was chromat ogr aphed
(Silicagel, dichloronethane/ nmethanol or ethyl acetate/heptane) to yield the
acetyl -protected Cyclosporine A (3-trinethylsilylalcohol. Exanple 31
Prepar at i on ok foliowikg twd exaiples,Bxaiplet 8tlard 3d Yark dgpaed toallAmetallations.
R-trinmethylsilyalcohol To a solution of allyltrinethylsilane (10.1
equivalent) in THE (15 m), was added butyl lithium (1.6 Min hexanes, 10
equi val gabsle $0: Proimton P edetfl iRectodfdy@lospdrine W Brdtithdikylsitybaeholon t o proceed
for about 30 mi nutes, the solution was cooled to -65 C, and treated with

di et hyl - B- m&wmmh@m@nﬂ&ﬁ;dhyﬁqme\m e BiHyalend) i THE (homt),wabeddedt ri f | uor i de
di et hyl et her lex (10.1 equi V%| ents) was added tA@ %gger ate the
B- (y- tr‘i"ﬁﬁétll‘i‘%l}l%ll ngll\’lﬁf}ll'eﬁ@)esd]ioeqqﬁw B@F)a?ﬁéoon} teperafure. el S0 MIRRISS 3 sol uti on

of tri nghhiehShk Yladinoh&Cb6-d f.ch0e PRk itREedwah debils- Iﬁéth@qybdranee(qleGJ ent) in

THE (15 m) was added dropwi se. After 15 minutes, the reaction m xture was

war med equivapaishndifter %@Bﬁ&f‘@&lfb‘ﬁﬂ@dhéthﬂwmcweﬁt@%ﬁe%‘éal @ After [1
hour] sij E%%é%&h@ﬁ% Hﬁﬂéthﬁgﬂy[ 918?? &ﬁmglf)ﬁhélfeﬁgen‘{va}xﬁér 1(bar, @ M) and

sat ur at e Wwer e reaction m xture was_ extracted

twi ce widitiop®f atetyrprotedted lenswm@tﬁh@dehm& g dregairlenthinad8S (1981 YHas hed
twce S%ﬂgﬁ%g%lsey&f\éef%@g S, tﬁ%reﬁ(ctl%ﬁ t)glrem v@a_lr_ﬁ@& < elb@@ aftfa VO 03/ 033526

PCT/ CAO ueous ution e conbi ned organi c phases
wer e drsaﬁdamwequemml sblutiorewaschddeth dA\ feco ndming pae kalir atvdemn nengtpdee: pr essure.

o yi of Boehes o bt RPeERIGRE PR ARGy B ol ERIR amSPPIFRRAI acetale)

t ri met hydegid. yItelccghizl phaéEh&/efeCsth&d sawmhalbevﬁxwaipt @s ,nﬂEamlrmhtggt@Q 33, and

34, are dire S elimnation.reactio $@Plll
Pr epar a?qHB%uswl 5@85 &E Pﬁ? e‘éieéagb%‘{‘ SpYr P naeSE:SJA\W ?grﬁgi( e S yl - prot ect ed
Cycl ospandre® afd (:c&céﬂttalm@ylh&bdhytbaﬂnesshml Tha Brudé prbdex way eliremétpgraptsd

(Silicagel, dichloromethane/methanol or ethyl acetate/heptane) to yield the acetyl-protected

Cyclosporine A B-trimethylsilylalcohol.

Example 31: Preparation of trimethylsilyl-protected Cyclosporine A B-trimethylsilylalcohol

To a solution of allyltrimethylsilane (10.1 equivalent) in THF (15 ml), was added
butyl lithium (1.6 M in hexanes, 10 equivalents) at room temperature. After allowing the
reaction to proceed for about 30 minutes, the solution was cooled to —65 °C, and treated with
diethyl-B-methoxyborane (10.1 equivalents). After 1 hour, borontrifluoride diethylether
complex (10.1 equivalents) was added to generate the B-(y-trimethylsilyl-allyl)-diethylborane
reagent. After 1 hour, a solution of trimethylsilyl-protected Cyclosporine A aldehyde (5 g, 1
equivalent) in THF (15 ml) was added dropwise. After 15 minutes, the reaction mixture was
warmed to 10°C and a saturated aqueous NH4CI solution was added. After [1 hour] stirring
for one hour at room temperature, water (12.5 ml) and saturated NaHCOj3 (25 ml) were
added. The reaction mixture was extracted twice with 25 ml methyl-t-butyl ether. The

organic phases were washed twice sequentially with water (2 x 25 ml) and a saturated
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di ssolved in TTTF (50 m ). Concentrated H2S04 (1.24ml, 3 equival ent) was
added and the reaction mxture was stirred for 20 h at roomtenperature.
Wat er (15@0mB)33sac added and the reaction mxture was extPcaatasdowisy h
met hyl -t-butyl ether (200 m ). The aqueous phase was re-extracted with
met hyl - uqlbumsylﬂa@tsblatiox( (256l The cbhdined g@miuc ph&sas'esre\dﬁeceomwam4,\/\/i th water

(150 mi e ani ase dried .over 2SO4, filtered and
concent %lg an&c Celﬁragéldlélg &lgggﬁl}ﬁ%m’ie Fﬁ’%‘d‘? H@dg?tyﬁél\%{?@ﬁ?graﬁlfegt ected
Cycl os p(ﬂlha‘agelﬁhaibtma/ethézbabeta}d) to yelatieatiesthlSipididdied Thdospotigher pr oduct was
crystall lzed fr thyl -t-butyl ether/THF and then recrystallized from
nmet hyl - “]E)‘?EIPS}SFI g’incﬁ P/ DCM to give acetyl -protected Cycl osporine A diene
(acetyl -protected | SATx247) as a 99-97% 1-3% m xture of E and Z doubl e bond
i somers (by 400MHz NWVR, 2% error of neasurenent). Hydrolysis of

E- acetyl - pr olteabesvity eh@sRambRs, FxafbRS2, W8 Sand 3AdE iRshi¥to Poklsems:  Acetyl
Cycl osporine A diene (4g, 1 equivalent) was dissolved in nethanol (80 nl)
and wat EFMIngHOR IE40Jionspot a5si um car bonat e (3. 65g, 8.3 equi val ent) was added.
After stirring for 15 hours at roomtenperature, the reaction nixture was
heated up to 40C for 4 hours. The reaction mxture was concentrated under

r educed ERirRa6 87 ePrapaton®f EesbAUSoNBSd C9KBHHR: KHigkhy! acetate (70 mi).
Aqueous citric acid solution 15% (30 m) was sTowy added foll owed by

wat er (10 m?)he aﬂ&? T%ﬁté@@&@yl:l@%%hnmfﬁ tﬁﬁ@@lﬁrﬁhﬂglcaﬁtd (Icf:g %hﬁlaﬂ&rﬁﬂww th ethyl
acetate (56 ni e org " hases were washed wt (30 M), 15%
()en

citric Q’é\‘ioé"eééﬂ THIF 630 pho 'ﬂtﬂd Hg¥it-3418H 3N8'@IV31§16} Wﬁﬁ %ﬂdei gdthd ). The
Or gani Crda@iRMmSixiRY WasGRTRl REdo ndk iR t%ﬁ'erratm%z $l?4e 0% g%gh@%@&ea%g@ﬁ%under

reduced pressure to give closporlne di ene (I as a
m Xt ur eTea¢ticyFUIUE Basrpatrpcs thyl-dipuiethenia®0 mix The3qwpesus praje wSee R W

Fai ?Sﬂ%exﬁ?“y*%%#%%éﬁ%@“@%{ %ﬁéﬁ*%ﬁ@“%?f@%ﬁkﬁa%%%%%““ one

Conpr eh&i38imbe Tﬂ’legambme@ngmhe phases Pae gaﬂbcwePN@ﬁQA, flgired Dd cpmentiatds3; and Y.

Yama rmt e}\l.ed@'égi#ers&ng{y@ th\l]?gruhe Iiote((j?eay%g I%? 90%)116 AE(ﬁ iacgﬂ’z 3: nd its

Preparation o ISl or|ne
conver sporcted ISAEI4€T)0 Q“bfocnudepnéduht e/mcrydtﬁnﬂédﬁ”ﬁbﬁ) meéthgl- t-butyl ether/THF and

trimet hyl si r ot ect ed 0 A (i-trinmeth | cohol, (2 g, 1
equi val é’n‘% 5ec%§taﬁlée& %%lfl\?ggl rcﬁlb"i"lYiEe E‘efg‘i W)t‘; giﬁﬁcegyg 6%{?03#% OSpEFFI to 0-2 C
and pot aissd (deatyl-protected ISATx247) as a 99-97%:1-3% mixture of E and Z double bond

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

Hydrolysis of E-acetyl-protected Cyclosporine A diene was conducted as follows:
Acetyl Cyclosporine A diene (4g, 1 equivalent) was dissolved in methanol (80 ml) and water
(32 ml). Potassium carbonate (3.65g, 8.3 equivalent) was added. After stirring for 15 hours
at room temperature, the reaction mixture was heated up to 40°C for 4 hours. The reaction
mixture was concentrated under reduced pressure and the residue was taken up in ethyl
acetate (70 ml). Aqueous citric acid solution 15% (30 ml) was slowly added followed by
water (10 ml). The aqueous layer was separated and re-extracted with ethyl acetate (56 ml).
The organic phases were washed with water (30 ml), 15% citric acid solution (40 ml) and
saturated NaCl solution (30 ml). The organic layers were combined, dried over Na,SP, and
concentrated under reduced pressure to give Cyclosporine A diene (ISATx247) as a 98:2 E/Z
mixture of double bond isomers (by 400MHz NMR, ca 2-3% error). See R.-W. Hoffmann,
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t-butoxi de (4 equivalents) was added. After 1.5 hours reaction, ethyl
acetate (20 m) and water (40 m) were added. The aqueous | ayer was

separ at edwend/osas2extracted with ethyl acetate (20 nml). TReTarapaniss9 phases
were washed with a saturated aqueous NaCl solution (20 m). The conbi ned
or gani cAppexsedie\Wemicdnicodtiowd Ediaa SO, 535 (1982);,eW,. Rakehsk,oncent r at ed under

d d« . Qi 1 Xt, f.Z:tri hyl si | yl - ted
oycl ospon e ettty Combriive Prricsyaheslt Rerbramibsstysl Srar
Z- Cycl 0336y amieY . A agtiagmoe, N Aeac/ Chemizrl Redfews,IpSAI0924993). The desil yl ation was

conpl eted by dissolving the crude product m xture in nethanol (10% by
wei ght in the solution) and adding a 1 M aqueous hydrochloric acid

sol uti op 1 equli alent). After 15 mnutes at roomte ture, water and
ethyl a lg. 3 et1gpataliph of 2- et E'i ted eyelogpening g re-extracted
with et RAFESEEES PRF Ga A sat ur at ed

aqueous NaClTisatimtihgilyl heeaed0idesonida piEmph s Ralcil € d@ rni ed over Na2SO4,
filtered .ai%tgcon ent r%t.ei,H%n&sr reﬂluced_pressure, providing Cyclosporine
A di eneS{HERRYIIRS fisslved ig 4] Alr e splutionzs qeoled thP-8 "s@ndpetassiay s ( by
NMR) .  Exbitpti@e @4quiRilems) vdsia@Bed Ay D6H08RACHAE ehyliceht ﬁ(zb 2B%d47) The
trimet hyl S|%4&I§-g§)rote ted Cycl osporine A (3-trinet i}{yl silyl al cohol (500 ng, 1
equi val &AEY HrE 20sde dhF AQHFPRTIRG Gt f9parsEed anf resexiartad wath ethss cool ed

W thin geef28@0 nflf. ThRP:HhicPhaseSweRNFashéLRieHsathhid Qﬁe@@ﬁﬁélls?@g&ﬁgo
di et hyl et her conplex (5 equivalents). After 1 houf, water ) and

di chl or BRetika aemfinet %é)nlw&agsmwaedmer N#:§@nifidteredyand oppeentrgedrandat ed and
washed aatd : Legl . f . .angd_ concent r at ed
under redug\gg%ﬁé%{gs%ég%gugé gﬁ'lﬂgg{ﬁhﬁe}@% y &68|d8§§’3‘§. %lgaA&{?fl%ene (1 SATx247)
as a 916twmpthylsilil-eraseteddSAgM 7 b and B yElogruding Adbierie! (the Hoisamérsdmer s (by NWVR) .

70 VWO Ogy\ ?mﬁ/ | : protection of .
trinet hyl 3?%@?6%@%% t'e n%gl%glg]ﬁl(%é?ﬁgdﬁsogl% glg Fu:aﬁgfqrﬁli}ftsr?lﬁé‘fql& ot ect ed
Cycl ospoethaeol N0G Bnecighisn thessplivedni addieg HhBNDAquedRybtnpchlvgd gt i n t he
sol utio . Thy i treated with 1 M agueou rochloric acid
sol uti ogryu(uflg%q%qu\%‘%}eght %?tefk s aﬁ{oﬁﬂltt%@peé?mﬂ‘eo%ﬁﬁeﬁ gﬁﬁ@{}fg?ﬁa& WetEt er and
et hyl axzidedt Brevgnevus hgeiedas stheatadjueineextraydwinbshys egasat Tk @iaid e- ext ract ed
wth ethyl acetate. ., T or.gani.c hase re hed with a saturated
Rqueous R B B HE 1 et S SECLaRE S B Smbtned orghni phises
were dried over Na,SQy, filtered, and concentrated under reduced pressure, providing

Cyclosporine A diene (ISAtx247) as a 94:6 mixture of Z and E double bond isomers (by
NMR).

Example 34: Preparation of E-Cyclosporine A diene (ISA1x247)
The trimethylsilyl-protected Cyclosporine A B-trimethylsilylalcohol (500 mg, 1

equivalent) was dissolved in dichloromethane. This solution was cooled within a range of
about 0-2 °C, and treated with borontrifluoride diethylether complex (5 equivalents). After 1
hour, water (20 ml) and dichloromethane (20 ml) were added. The organic layer was
separated and washed with water (20 ml), dried over Na,SOy, filtered, and concentrated under
reduced pressure to provide directly Cyclosporine A diene (ISATx247) as a 91:9 mixture by
weight of the E and Z double bond isomers (by NMR).
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were dried over Na2SO4, filtered and concentrated under reduced pressure,
providing Cyclosporine A diene (1SATx247). Exanple 36: Epoxidation of
acetyl cywbospsseer A Acetyl cyclosporine A (2.0 g, 1.61 nmror)CAase1dp ssol ved
in acetonitrile (30 nL). 1, 3- Diacetoxy-acetone (0.14 g, 0.8 muol) was
added, Eshhplesd: by atheleild -prerédiad Epddbaitenetiehd a- acetic acid
disodiumsalt (20 nL) and sodi um bi carbonate (0.405 g, 4.82 mmol). To the
stirred m xt UrimethghsiyleprdtdBe BOydidspie A dicR8was diSokad méthansdel oackled

portionw.se. over hour.s.. The, pH was intained at 8.2 by constant addition
of I N Nﬁﬁﬁt m(tﬁ%pilfuoaﬁoﬁm SO@‘.URR it “ﬁ@%ﬁ‘tg?m@?%s.hyﬁ%ﬁ%ﬁ%‘? ature was
kept at s@RH@B(1Cqbiyalowy. asft@ramineendtirdign tesipfitde, Gated aN@SBY] bahBwelS ter 2.5
hours th reqﬁtion m xture was quenched by a few drops of a sodium

bi sul fi f99edo i pagousIRteE Wag seperated pnduegsexactedvith ethylnsctmex (The ersamie  ext r act ed

twi ce Wphdied RévevhuliedwithRl dadbkatéd @Eods 31 Hiutidnh8Re {nbrhdd orgﬂﬁcb]%fage%m ¢
extracts were washed with dilute aqueous sodiumchloride (1 m),

conmbi neleredfiied @ven S Na Siltiened andgoncengiaied pudes resicadpressirermovidinge acet yl

cycl ospokéBspdrif® Axdidhe (sh 2478, 95% HPLC: 99.4% area) as a white solid
foam Exanple 37: Preparationh of acetyl cyclosporin A aldehyde Crude acetyl

cycl osporin A epoxide (1.92 g, 1.52 mmpol) was dissolved in acetonitrile

(25 nL)EXé%I@B&(gQOXqHﬁwg los wed by sodi um periodate (489 ny,

2.28 mmol) and 0.5 sulfuri I 05 nL, 1.52 mmol). The reaction

m xture was §Eétj;lrc?goﬁ>§)riﬁ’@A%2.gg,r 1.&18nm{2>§ IaE’r%ists o iﬁ??e@ﬁﬁ%sﬁ%&%&q.i Y@ periodate

was quenched by addition o ueous s I su e “agueous
sodi um Pcaterracetane (0.1 3. Ovbwmati ded addrd, folewed it WOIM aqeotis act ed twi ce

wWth terds . S .. Jhe.organic extracts were
washed %& ¥1Ehg%1?1§i&£e&%%ﬁg%%g& %lé%c?lg%g%lhﬁg%%ém%i(giﬁmhﬁ]f?rb%ﬁ%{oﬁ@g & dried over
Na2S04, 4.8Athmedhcenthe stired nisturea bf@red438% KHSBR Q)13 s peib aspel) ivis Adad dehyde
(1.74 %, 5195, 7% area) as. a.Wji foam The cru roduct was
chr omat %ﬁéﬁg 13%@03\%%1 gl}srls'lrlt%ap g‘é’%’s Iﬁ}%’in%b‘ggﬁg}g%%f%@? SR 3526

PCT/ CAORét01:55nt hié xdnesiaga pHusent Thetegbaretuteheaskenduet-2§ IC 81 o@asiddko based on

acetyl c%i:llno% ol g n IA' atHPtl%‘% gofééa ea% as a.white solid foam Exanple 38:
Pr epar at] On® Bk 691G Pralet bathys e 4> hotay e FRpgion i WaHengiie bhe e dur e
drops of a sodium bisulfite solution. Water (100 mL) was added and the mixture was
extracted twice with fert-butyl methyl ether (100 mL., then 75 mL). The organic exiracts

were washed with dilute aqueous sodium chloride (100 mL), combined, dried over Na,SO.,
and concentrated to afford crude acetyl cyclosporin A epoxide (1.92 g, 95%; HPLC: 99.4%

area) as a white solid foam.

Example 37: Preparation of acetyl cyclosporin A aldehyde

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

foam. The crude product was chromatographed over silica gel using 40% acetone/60%
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Acetyl cyclosporin A (2.0 g, 1.61 mmol) was dissolved in acetonitrile (30
m.). 1,3- Diacetoxy-acetone (0.084 g, 0.48 mmol) was added, foll owed by
0. 0004 MwQuawsas26 et hyl enedi am netetra-acetic acid di sodi BeTgaoR/0(B9 ni)
and sodi um bi carbonate (0.405 g, 4.82 mml). To the stirred m xture, oxone
(43. 8% KeiSaB ps ¢lierd To giye the dRdneigl 31 pad %akkdedion geotyt ¢yetvspain MIPLE hours. The
pH was i.ned constant addition of 1 N NaCH (total anount
3.4 m) rfﬁ%(f]tﬁge ggsalﬁﬁlttestc’ﬁd%e tenperature was kept at 20-25 C. After 3.5
hours, 0.5 Msulfurlc acid (5 n., 2.5 mol) was added to the reaction
m'xture n rated sulfurlc acid, until pH
=at f B P4 CPPLPROBINIC \as added, and
t he reactl onAmtx]tdybbspmﬁAs(al()rg’,edilamndsmwﬂs dlmp;eaama@nﬂme (3Embpurs and at 40
C for .hours. Wate 0 and the m xture was extracted
twice wWitHCPaY PC%?R%@ 0&%5 ﬁ\/&%‘?’\é\@w a @IIOWWO@ #M aqueA%s or gani ¢
ext r act sthvleh&linambeta-asit heid Hﬂsb&@m@ﬂﬂ@@ﬂﬂ)&ﬂé kot Blcbbalfe (0]4@@ gm—)
conbi ne Na2SQ4, and concentrated to afford crude acetyl

g dried qv
cycl osp8if ey E%ﬁ’ﬁd%m(dlm‘@“’ée 0§M(4W@%)ﬂ%7a&é§)2mra§b Faypdded f oam The

crude ppedbskis¥Bder CHoRRBTRIFIRRAS Fhal¥lcdst B0 G c&%’tanyﬁidﬁg)n%@ Yon R&Gizone/ 60%
hexane as eluent to give the product (1.35 g, 68% based on acety

cycl ospépiehamount B using apHysiah) Thetempeaiurevasdieppt POM CEARRTE.2 39 ( | SO :
Wttig heagloPnr s‘ﬁffuf@ﬂcl (G |ZQ§IBHfol) Ry a8de AU Ge Wl&lhﬁ(turg ch&lf:l:

| I am nopr c|loyl tri phenyl phos hory déne A sterecsel ect!ve sy n
1, 3-di effds rﬁassOftF@é‘Pﬁnﬁéde:Nl tid adig, uBtiDpH CErwas reactiedy Then, SDmsmlpemda]éet rahedr on

Letters (5 g?{!ugd gztg ﬁlﬁ@% wgg %1d9cp ané%é Zeagtlorg 1;11%(%), Wa;r mn%d erfogmefgrﬁp%ra ure (I)ros es

that the y
3- (di me hyirapda)ore e ZZrhOMseWthNtmnhb)r wasadded dnd tipahaxase wm extracted

ol coti DUFEh LPEIR SR MAEEO PO 0! & ke T B bR R 0 T

m chl or wﬁhdﬁmaque@uamddlm gﬂoteis (Iomnbpbmm&pe:ﬂndnétgovl&nxzsd)@ embl ch can then be

heated in elimnation to esired

151 it creliRlsd @ PR ety S eematn dr PR st SO PRBEE S i) t ne

Wttig s¢ephitsfoanc ITlhs bméd: product O &h&matZé’raM@d%érQﬁﬁ&%@l usleg/46A02/ 01559
ared by reacting acetyl

Anal | f | SATx247
c;gl ggg%ﬁsef"%‘e/gbgﬂe@é rrftﬁo vy H’Q);’B‘IS'PE\G (ﬁéa gb@qu P@S‘? PheFes CYrlosaemR/ | ani no) -

A; HPLC: 100% area) as a white solid foam.

Example 39 (ISO): Wittig reaction of Aceyl Cyclosporin A aldehyde with 3-

Dimethvlaminopropyltriphenylphosphorvlidene

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

during the Wittig step is exclusively Z, or cis.
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propyl tri phenyl phosphoni um brom de wi th potassi um hexanet hyl di si |l azi de. The
resulting internediate then undergoes oxidation, followed by Cope

el i mi nat iwo iBo3xewe acetyl -(Z)- | SATx247. Deprotecti on usiPeg/caobassdoresul ts
in (Z)-1SATx247. The oxidi zing reagent may be metachl orperbenzoic acid. To

a stirred S&Aﬁﬂeg&isgnﬂ@fz-ﬁmﬂérr&tm&m m@pnssag:ryﬂ»atrerdwrrea:phpaﬁemh bromide (2.5 g,

5.83 mmol ) in anh ous t ol uene ot aSSI um
hexanetCM‘;lPﬂioélPIAaaﬂz d‘(‘i’lthﬁhderﬁl_’tal@ﬁg’yr‘ﬁ‘?%ﬂ \/\/330( E’g? Bn in tol uene) through

a syri 11AbieRY1pRbd h&hﬁlﬁ bfdﬁ{ldelwﬁh ﬁétasfsmﬁfmxexhﬁaﬂiﬂldﬁﬂm& Thbeesuleidg col or ed
sol uti on "was centrlfp and the supernatant transferred to1 reacti on

flask tmtpmﬂglwt@th@amﬂ@r@es Pedatige fgléﬂweé by oP R EAtAHO G 3T B iene (10 nl),

stirre c ing W RscTHRES § AMAST. tTlﬁJ‘tﬁdcﬁilﬁg’:‘féageﬁt ilyebd eact i on
fl ask gﬁléﬂ"(&gﬂ e lr(c:)t)eE Thed® re%l col o%@gl |'}cli@ was added OAc- CsA-CHO (1.44 g,

1. 17 mmudtichldBparbenzoig agids continued for a further period of 2 h at room
tenperature when the color turned light-yellow The reaction m xture was
diluted with EtOAc (50 niL) and vvashed subsequently with saturated NaHCO3
solution (50 nL) and bri netq%SO mL yi ng and sol vent rermv furni shed a
pal e-yel | owTosoitiidd suShensieatod Grdpe ylm@@pramslmphe@h@évméfﬂrﬂ% el ution

e S Rl EHUE 0L Aeks Gl ki ESHRBASIBIRLRLIRD 10 250%

hexanes) Teno osp ous ated inpurities. Further elution with
acet onan]L Lﬁ hinstoé.. P solngeh iprauue) thwg’aa ewinge! At siginefoy 1hogooy 849

yl el d). 00, Mz S fgllfgdt 13C NVR (300
éﬁfﬁ%ﬁ‘ urel&@ regcolgrsd S c%)gb% ﬁfugi%@%mlﬁp&ngém( ? A “Conversi on
t 0 N OxslioR dlask thidugh edarmnhl @o aﬂeeadh@ 9Q) adsledl entiydroug foluche 1@@@! ﬁgﬂe m no
conpound obt gi ne e Wtti actl 0 CHC13 (3
m) wasi™d &a%lf%%eg ojlfgﬁ ﬁ“Bﬁm%t?“t o R t‘b@“ (‘ea"g Bk g“éﬁ%)tm%ﬁiéls (2 n).
After skitblord yliae w3£)adﬂeﬂl OAdLCEEAt—(DHD €3 1441 i 1?1]37 Qthoh). Bliringwes certiduetl fool | owed by
CH2C12 (50 nli). Wor ( and wat er
(25 ni)a fugthes Fﬁ@w% RE %6{01‘\98%&61?@%\1}% |W%%Bﬁ%§ﬁ0§3“§%q§w (ﬂ ﬁe “‘)% PH MR (300
Mz, COGkAkre wis A@utécsw1t1$B)OAe3<sa&m Snd Qkﬁmd A& uestly @ik satut:aéﬂ chosoo MHz,
CDC13): 131.89 124, 13; égli/& 2 é‘pf g c{ a:? %W
PCT/ CAO®IGiPB%3) mb)nd tEF‘Pr@(HB{‘ d?fy’(.’i‘g aﬂﬂ gL emoyal furmishec i Pals -1 somer of
Acetyl Aoﬁﬁ‘.'vb%foﬁlatography over a silica gel column and elution with acetone-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,

CDCl3): 129.33, 126.95; MS m/z: 1301 (M"), 1324 (M+Na").

Conversion to N-Oxide

To a stirred and cooled (0°C) solution of the dimethylamino compound obtained in
the Wittig reaction (0.44 g, 0.34 mmol) in CHCl; (3 mL) was added a solution of m-CPBA
(0.07 g, 0.405 mmol) in 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 NaHCOj; solution (25
mL) and water (25 mL), drying and solvent removal furnished a solid (0.43 g). 'H NMR (300
MHz, CDCls): 3.19 (s, 3H), 3.18 (s, 3H), 2.03 (s, 3H). 13C NMR (300 MHz, CDCl3): 131.89,
124.13; MS m/z: 1340 (M+Na").
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The N-oxide (350 ng) was stirred neat and heated at 100 C in vacuo for 2 h.
This was then passed through a colum of silica gel. Elution with

acet one- hwRan®33spe xture (gradient, 5 to 25% acetone and PETIGA0ZBs5hexanes)
furnished a colorless solid (314 ng). 1H NWR (500 MHz, CDC13): 6.49 (dt,
J=16. 99,Cabe Efinitratiod bl N-O:36e. NWEpaf4i00 ofMiAs-IslaCdBAcetyl ISR +287 131. 09, 129. 70,
116.85; MS nz/z: 1279 (MtNa+). (Z)-1sonmer of | SA 247 To a sol ution of
(2)-acetyl | $he N-Bdde (50 mayvad dMird 6¥dt bl Weajed WRBOCEMdR datier2 H. ITiRs NL) and

K2C03 (60 g}lge) and stirred for 48 h at roomterrperature The reaction
m xt ur e ESERPEFSEY ﬁ%ﬂlgafarw&mﬁgmhga 8510 ERMioR ith @getoRer IeXpieOmiXti®0 ni). The

or gani ¢ (bayieht, 3vas2398aeesheWhd b5 toBYERexk ﬁhﬁsh@@g cBILHAS s&l 3{hg). Bryi Ng and
sol vent renoval furnished a colorless solid NMR (50 CDC13): 6.58

(dt, J=PBVMBE00MES, CDCLY 40 (s =iF/99; 102 He, By MNW)% (4001Mé1z,r@@131| ng
conmpoundsyag, 1411080187001 1d. 5 P2 1340 VBB abl e E-isomer was observed by
NVR. Al t hough only preferred enbodinents of the invention are specifically
di scl osed and described above, it will be appreciated that nany

nodi fications and variations of the present invention are possible in
l'ight of thecabeMeerlgachigs and within the purview of the appended clains
w t hout departing fromthe spirit and intended scope of the invention. 74
VO 03/ 033526 TBETEEAORLG5aRy L 3 S ALNERIIH L AwiRdaiOel b @isepar i ng
an isoneric mxture of cyclosporin A anal'ogs nodified at t l-amno acid
resi due Mlyad EpGOt (60 %&bﬁpﬁé@fre@ fprAStiviei yoaw iepiverese-t Fie reacdps mitureajas heat i ng
an acet Whiphsdigt Qﬁyéhltsoa?ﬂ%&ﬁfb ks W ROAC! b4 L) PP AL SRS Relsiel AR e

group con3|st|n of triar I'ne, trial kyl pAospht ne,

aryl al kwa@ﬁégthh@d baing (1(}111&} yl’ramslanrbsol‘temt qgmd@ldmnfahed ntadorteedichitle; b)
prepari (@A t y stirring
the i n?%rl\?r\é ate w t‘%DéFiecog%t %&r?pgguir;ﬂa sel e t@%'pfo%n?t%hgg(hﬁ% consi sting
of acet alhd@syldeg corfuprumd Ivale Byisheer dEiSAex 27 e Nofracasmbide Ryiskemer was observed

2-chl or | dehyde, and benzal dehyde; and c) preparing a m xture of (E)
and (2)-1soners of |SA247 by treating the m xture of (E) and (2Z)-isoners
of acetyl-1,3-diene with a base.

Although only preferred embodiments of the invention are specifically disclosed and
described above, it will be appreciated that many modifications and variations of the present
invention are possible in light of the above teachings and within the purview of the appended

claims without departing from the spirit and intended scope of the invention.
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2. The nethod of claim1l1l, wherein the acetyl-TI-hal ocyclosporin Ais

acetyl -r- bronocycl osporin A 3. The nmethod of claim 11, further including

t he step wbobabasgenati ng the 1-carbon of the side chain eCTid®2/4015M no

acid residue of cyclosporin A using a bromnation reaction carried out by

refluxing acetyl cyclosporin A wth N-bronosuccinimde and

azo- bi s+ hhikle. 4. The nethod of claim1l1, wherein the first

compoun ﬁg{) ¢ RiNrbsh 13 sphine and the internediate is

tri phenyl phosphoni um hal i de of acetyl cyclosporin A. 5. The nmethod of claim

1 or 4, .whergin. ¢t econd conpound .is faormal dehyde. 6. A nethod of

prepari ny anX il%e(%l??{ea‘raolf RINEE S ergﬁlf‘%gepogrcg;ao‘?ogﬁ%%@E’gm{ﬁ?‘g‘?ﬁ?ﬁ t he

1- am no lamiigb dopdbiesides, whbeieihs sydiletis pith gt denmpBédthayeTpri ses the steps of:

a) converti n% an acetyl cyclosporin A aldehyde to a m xture of (E) and

(2)-isomers &fheaipatitcetyl-n-hyloayelomprip Axeith Hirst pannoued splectsgdrogstBerin A

al dehyd%‘rdﬁ’g EbhsRiRE OSBRGA s}ﬂllihgﬁrié{k}?pk@sph\i'}(eg by By GO AR, aﬂﬁfié&x%ﬁéidey in the
o]

presence a lithiumhalide; and b) preparing a m Xture of and
(Z) - i sofepreduse ap Spereditehy treating the mixture of (E) and (Z)-isomers of

acetyl -1, 3-dje i : } ( gﬁ@g‘ %) HE 7. The net hod
of claim®é, %)nﬁﬁ@ggatﬂé%?s%z%&l@ %%%g%ﬁ%%ctﬁﬂft e 'éihtl tlFeeacti on is
sel ect edntgrmodintervethyr sagndoompiosnd selgciod fromithehgnyt pivsistitg ofacettldéhadssl phosphi ne,
trial ky IsAe 0 ' f BI ring an

i soneri Ié&irﬁnglzlt rd g’ %3# %3%%%%@?%@%?&%’3%%%&¥‘1%T %ﬁf%@ gatl%él y&)el-glgdraﬁ no acid

resi due, whed)epraparing asyintunedfi (B) pelt(Bnaymers ohHISAse@4 71 yareatigpthe ofixtura of

protecti .(3-al coho f clospqarin A by formng a first internedi ate
acet yl @%@?@blo%wﬁs %?acﬁgyl'gséfcg%?im%at%%&acetyI cycl osporin A to produce a
second internedi ate acetyl cyclosporin A aldehyde; c) converting an

i nternmedi ate acetyl cyclosporin A aldehyde to a m xture of (E) and
(Z)-isogers THe maRbéd/bf-claid-1dnbaeinaye sceathiiabcidespoih arifeeiae with a
phosphorus ylide vig a Wttig reaction, optionally in the presence of a
it hi umPWRFEOSPYYAY) preparing a mixture of (E) and (2)-isomers of

| SATx247 by treating the m xture of

3. The method of claim 1, further including the step of halogenating the 1-carbon of the
side chain of the 1-amino acid residue of cyclosporin A using a bromination reaction carried

out by refluxing acetyl cyclosporin A with N-bromosuccinimide and azo-bis-isobutyronitrile.

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

intermediate is triphenylphosphonium halide of acetyl cyclosporin A.
5. The method of claim 1 or 4, wherein the second compound is formaldehyde.

6. A method of preparing an isomeric mixture of cyclosporin A analogs modified at the
1-amino acid residue, wherein the synthetic pathway comprises the steps of:

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

b) preparing a mixture of (E) and (Z)-isomers of ISA1x247 by treating the mixture of
(E) and (Z)-isomers of acetyl-1,3-diene with a base.
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(E) and (2)-isomers of acetyl-1,3-diene with a base. 9. The nethod of claim
8, wherein the oxidizing step is carried out wwth an oxidizing agent

sel ect ed Wp®R083526 gr oup consi sti ng of ozone, potassi um pePcanpaANalE9

rut henium tetroxide, osmumtetroxide, polyner-supported osm umtetroxide,
and rutheniumchloride. 10. The nmethod of claim9, wherein the ruthenium

t et r oxi and. r ut heni chlaride oxidizin ents, are._yused wi.th a

co- oxi dant S&PEE’F@BdPEﬁTﬁF’L ét &g%;ﬁhecf&ﬁg’iefﬂl?ﬁ@g% Se‘%@rtg‘%g‘gﬁ‘@m"éﬂﬂl is

hypochl aeletted frdmh thelg6up@inkioshg0df thptRhypEbspihes iirfiphdighinslt heni um t et r oxi de
and ruthenium chloride oxidizing agents are used wth acetonitrile. 12. A
met hod JHalkyIBRAsRRG 2R anlalkylbespbeer i ched i xture of cycl osporin A anal ogs
nodi fied at the 1-am no acid residue, wherein the stereosel ective synthesis
of the E-isonmer enriched material conprises the steps of: 76 WO 03/033526
PCT/ CA0Z 015%gmethgd ofgaenaripg amisormeria pixtuss ef aysloenorin Aanglags mpdifieditthe a r eagent

sel ected_fr: : .St = i i | yl') boronate
¢! oot e LARIARBBURANSL S BRIl Lihalyhsbbl af | /1) boronate
0-tri al kyl si byproficiahtie -abjohpy dayélngpotimd Hy fotmipgi Kiyst gitdrpediateecdtdl with aci d

to form 29‘{3%’\5#5@ -1,3-diene; and <c) treating the acetyl-(E)-1, 3-diene

Wi th bas: ormthe (E)-isoner of |SATx247. 13. The nethod of claim 12,

wher ei n t he &rxidizingtthé acetyd extlesportin Add profee @3edonil altkyediateydeetylal cohol i s

sel ected_f,rom.t he consisting of acetic acid, sulfuric acid, and a
Lew s acg?'%}fjs%ofﬁélga,&&ﬁr}g?‘ﬁod of producing a Z-isomer enriched m xture of

cycl osporin & emaboigg an imdinkliat aattyt dyelodporia M didehadd @ a@buelef, EYREr ei n t he
st ereoselective nt is of the Z-isoner _enriche terial conprises the
St ops.of D By Ear PG Ta e dmyricese I S e R vy ebcRoRoa R Bagent

sel ect edvittigmudiioe, qptiondlly it Ha$r&thdd@f @fithjim{ halide] dadl sil yl al [yl ) boronate
esters and E-y-(trialky]sily I di al kyl boranes to forma

(3-trial kyl sfii/ pyepagf P‘,mf%)’}&béﬁ 3%%*@30%@ 13 Aux2F LDy €satipe thyrgHBiofwi t h base
t o for m@raldyyy-iseherd oBaddiy@NS-digdvitCa badsé.€at i ng the acetyl - (2)-1, 3-diene
with base to formthe (2Z)-isonmer of |SATx247. 15. The nethod of claim 14,
wherein the base that is used to treat the O-trial kylsilyl

9. 'The method of claim 8, wherein the oxidizing step is carried out with an oxidizing
agent selected from the group consisting of ozone, potassium permanganate, ruthenium

tetroxide, osmium tetroxide, polymer-supported osmium tetroxide, and ruthenium chloride.

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

and hypochlorite.

11. The method of claim 9, wherein the ruthenium tetroxide and ruthenium chloride

oxidizing agents are used with acetonitrile.
12. A method of producing an E-isomer enriched mixture of cyclosporin A analogs

modified at the 1-amino acid residue, wherein the stereoselective synthesis of the E-isomer

enriched material comprises the steps of:
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al cohol is selected fromthe group consisting of sodium hydride and
potassi um hydride. 16. The nethod of claim12 or 14, wherein the
y-(trial kwbaBlogisaé | yl ) boronate ester is a trimethylsilylparlcAozbtsonat e
ester. 17. The nmethod of claim 12 or 14, wherein the

Eéy- (T L rial k%hﬁ 'rda?dhagl dnydc}:tyﬁ&}&ldsq%rbm W;i:lﬂ&y:ﬂé Witﬁay‘ca(géﬂtisele&tbd/frﬁﬁﬂthé @bipy| ) - 9- BBN.
. e netho cl al r , ereln_t I nt 1.s.

E-y- (trifBLHPe i Y*Waﬁr/(ﬁh}ﬁ@ﬁé‘mwwaﬁémg For- ey HBHish citiodhosmnss 2,

wher ei n e, Blu@kyatil keakding the f3-trialkylsilyl alcohol with an acid
conprises a Peterson olefination. 77 WD 03/033526 PCT/ CA02/01559 20. The

met hod of cl & kreating thhRtadlkylsilybalsohopwish adid exfoimgeatylgER1 Brdiakkaptsi | y|

al cohol with co [ . Peterson ol efi,nation. 2 A hod of

pr oduci ng anc)gElr F%% e&rle aé:%&i-é]%glés-%e% W&%ﬁa@f’ toc{?gfl(t)}%eg@:)'ilsﬁmﬂr ?111}43{\8%?} nodi fi ed
at the 1-amno acid residue, wherein the stereosel ective synthesis of the
E-i soner,, enr] che rial.c rises.the steps of. a) reacting an acetyl
cycl ospdri n ih%mg’ﬂggtcm L?’é{"%g?efnrfﬁ%‘l‘c t_ha'i i Piedito Heatredhaielnisiy ~oxide to
f or m acedahol(Fetebted TS ertBomistihf 8RdcbMOadid) SulpGRAd; fdd) s ewds igne with
base to formthe (E)-isomer of |SATx247. 22. A method of producing a

Z-isoner enriched m xture of cyclosporin A analogs nodified at the 1-am no

acid resudue HORECHDrédRIng WS RORE! BRHeY FniRMRL T 5LISspBfin WNRatgsd SOMTET ,
enriched material conprises the steps of: a) reacti r?g an acetyl cyclosporin
A al dehyepsifigdphthe 3-ameing peid yasishe spisteifothe fesppielective amthesis pbthé Grispnzer

titani “@hﬁﬁﬁﬁﬂiafé&iﬁﬁc&%ﬁég‘iﬁgﬁt@ﬁﬁﬂ b) allow ng the titanium containing
internediate to proce to an erythro-a-adduct; «c) converting the

er yt hr o- a- adgursacting aa ac&ybsyicidepsiniosipdl dehiydnrwish b realgynttseleci¢drizon thefgroup

i odonet s j = 0Xl S i | £, n :
acetyl - ? %&?gfn%%%f@ﬂélﬁ&l%ﬂ%ﬂﬁle}{l )hfeog (tgan%eie)ré]tagt% ﬁg%gg@?%ﬁ%ﬁlﬁ)g}agfyﬁﬁgnﬁ ©h base to
f or m t heforfiry B-tridingsilybhlcolTx247.  23. A mixture of (E) and (2)-isomers
prepared by l% ggz?ti%gstl?e -(t)rg?lglssﬂly{]e%cghglewi%ﬁ l?a%g tooffofm acetyl~(Z)-1,3-diene; and

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

15.  The method of claim 14, wherein the base that is used to treat the B-trialkylsilyl

alcohol is selected from the group consisting of sodium hydride and potassium hydride.

16.  The method of claim 12 or 14, wherein the y-(trialkylsilylallyl) boronate ester is a
trimethylsilylallyl boronate ester.

17.  The method of claim 12 or 14, wherein the E-y~(trialkylsilylallyl) dialkylborane is
E-y-(trimethylsilylallyl)-9-BBN.

18. The method of claim 12 or 14, wherein the reagent is

E-y-(trimethylsilylallyl) diethylborane.

19.  The method of claim 12, wherein the step of treating the B-trialkylsilyl alcohol with

an acid comprises a Peterson olefination.
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a) protecting the 0-al cohol of cyclosporin Ato formacetyl cyclosporin A
b) bromnating the 1-carbon of the side chain of the 1-am no acid residue
of acetylwowmgosassproin A to produce a first internedi ate PCT/CA02/01559
acetyl - Tl -bronocycl osporin A, c¢) heating the first internediate

acetyl -' 2. br die cetiod S olainn 14 whieteln the stepgeidatisethe Geidlkylildmlcohd withQup

consisti.,ng of tri hi ne and trial kyl phosphine to produce an
i nter maolf gei Omspé]ls% athlgle r??‘g?q?qsrﬁgobroup consisting of triphenyl- and trialKkyl

phosphoni um brom des of acetyl cyclosporin A, d) preparing a m xture of

(E) and )-1,S0 f acetyl-1,63-diene by stirring the ylide generated
fromt hez(lt ri pHe %@PE fg‘?m‘{h’r"i‘% apyF-isemgrentiched sH¥uTeRf sy tawionr A analogs

tri phenyhediRsi e 1LahinB 6idirekedue OfheRGE th¥ stefb I QRO 5§nﬂlepis\M’ B EfiQinig| dehyde;
and 78 WO 03/033526 PCT/ CAQ2/ 01559 e) preparing the mxture o E) and

(2) - i sorfBfighedmatesial qomprisgs the siepg ofng t he ni xture of (E) and (Z)-| soners of
acetyl -1, 3- dhﬁ?@ac%ﬁzgtzﬁ ﬁe@?%%lov\ﬁo n AT D8 é%ﬂa%@fﬁ%ﬁé@h]wg&hse pHosp Bfing! @l ms 1,

6, 8, 12, 14, 21 erein t base reat the
acet yl - ©xisledp fomm acefyk@)de-dignd: pesin t he group consi sting of sodi um

hydr oxi de, _SBAWIRAAROANEA ) PUARELUTLERIORNA S, o ?st%h%g ARG nant

pot assi um al koxi d I'on conprisin 'sphoni um
salt of acetyl-rl-halocycl osporl n A 26. The conposition of claim?25,

wher ei n s5Hhe i fromt I, onsi sti.n of brom de,
chlori ole2t2 %‘%étg&iol‘gef.sp“;“‘;J ol SR SRIEE g Gt &PEIPSPETin A AmplgEh, ¢ he
conposi tmadlflquat the|l|eﬂmn9' heith mmue,rwhemn ﬂhé @med&l@ﬁvéig&ﬁtmkis 66t BSfalekn A 28. A

conposi th%w laIS grwg{tﬁ%t ri thy! silyl al cohol derivative of

cyclosporl ®claim 1, wherein the intermediate is

tri phenyl - oa) td’abtﬂigl@yll acabn@plm@pmum al@d}@ﬂé deh - (cﬁ&ﬂﬁh%bhc%}!lﬁh@ﬁ in A and

wher ei n stirs the interpediate wt formal dehyde is done in

the pr eéli:aﬁ’&uén gﬁ)ef%gnf"f‘%amul?fﬁ%‘flfu&%mt%e digteiret hod for the preparation of
cycl osporin ¥ alisighy € tﬁﬁﬁﬁﬁﬁk@ﬂtﬂ&né Bfersl8RS t@fn‘oce@%)to BA Ol B4 &di%:lae

(3-al cohol of cyclosporin A by form n% acetyl " cycl osporin A

¢) converting the erythro-a-adduct to a B-oxidophosphonium salt by treatment of

iodomethane;
d) converting the f-oxidophosphonium salt to an acetyl-(Z)-1,3-diene; and
e) treating the acetyl-(Z)-1,3-diene with base to form the (Z)-isomer of ISA1x247.

23. A mixture of (E) and (Z)-isomers prepared by a process comprising the steps of:

a) protecting the f3-alcohol of cyclosporin A to form acetyl cyclosporin A;

b) brominating the 1-carbon of the side chain of the 1-amino acid residue of acetyl
cyclosproin A to produce a first intermediate acetyl-t-bromocyclosporin A;

¢) heating the first intermediate acetyl-n-bromocyclosporin A with a reagent selected
from the group consisting of triphenyl phosphine and trialkyl phosphine to produce an
intermediate selected from the group consisting of triphenyl- and trialkyl phosphonium
bromides of acetyl cyclosporin A;

d) preparing a mixture of (E) and (Z)-isomers of acetyl-1,3-diene by stirring the ylide
generated from the triphenyl- or trialkyl salt (second intermediate triphenylphosphonium
bromide) of acetyl cyclosporin A with formaldehyde; and
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b) oxidizing the acetyl cyclosporin A with ozone as the oxidizing agent
foll owed by work-up with a reducing agent. 31. A nethod for the

pr epar at iwo 08/03359€| osporin A al dehyde conprising the step®CofCA02/8)559
protecting the (3-al cohol of cyclosporin A by formng trinethylsilyl (TMS)
cycl osporin A) peapdrihg the xiixhimi ai gE) dné (AN naars bOSPexI4T bix trehtidy thzanxeras t he

oxi di zin tf wed by k-up.wth a reducing agent. 79 WO 03/033526
PCT/ CAOZ%(@%E@(Zgg.&h%ﬁgg%%ﬁ&\gﬂé?mcvﬁgarﬁ%% or 31, wherein the ozonolysis
step is done at a tenperature ranging fromabout -80C to 0C. 33. The

met hod of, cl gim 3 r 31,. wherein the reduc] nt | s,selected fromthe
group consi gﬁthF H’&ﬂlﬁ’g G dipg {A angi %lﬁ‘msnleg’%’ﬁ?’ﬁgrgﬁ%ﬁﬁ&%}\i“ﬁé@méhﬁbase

trial kyl daiingsd todeat T @cstplt 1)9dicat isGh1aéen F6n @e gddup WASERIgHE kb educi ng

agent is selected fromthe group consisting of alkylaryl sulfides,

t hi osul fiEREIdesodiug crtapptesPRtassiypcarbgmate, spdimailiosilend PotasHNBA, wher ei n t he
reduci nguiagert is dinmethyl sulfide. 36. The nethod of claim 33, wherein
the reducing agent is tributyl phosphine. 37. The method of claim 33,
wherein the reducing agent is trial kylamne. 38. The nethod of claim 37,

wher ei n dshe edmeio; g&fﬁ% i ' The method of any of

cl ai ns 3%5ht 0A38, \/?ﬁlg?gi n %%@s%%ggﬁ?%h(%g%&ﬁ?%ah%f ozonol ysis of acetyl
cycl ospaorcktrl-whplocyeldspevey Aal cohol . 40. The nethod of claim 39, wherein the
al cohol is nethanol. 41. The nethod of claim 31, wherein the solvent used
for the ozonolysis is selected from the group consisting of

di chl or dfet h&hecampbsaionriof tline 28 fwidieththohaitetieldeddroaie groupwdikistigd cohol .
42. The qrpgt hog of‘ chai n‘%4é wherein the | ower alcohol is methanol. 43. A
met hod of CPPERaFREdaA"d ©8i8r i ¢ nixture of cyclosporin A anal ogs nodifi ed
at the 1-am no acid residue, wherein the synthetic pathway conprises the

steps of;_ a).convertjn jnternmedi ate acetyl cyclosporin A _aldehyde to a
m xt ur e Of (Eﬁe 8?1‘81’05’@12&-0?5 Wé?g "g’l‘gre&’c ¢ sApesiio iiHehahylphespheniyg t he
i nt er medjréthide Wi ddBtydcRiRsMOAUS yl i de prepared

28. A composition comprising a -trimethylsilyl alcohol derivative of cyclosporin A.

29.  The method of claim 1, wherein the intermediate is triphenyl- or trialkyl phosphonium
bromide of acetyl cyclosporin A, and wherein the step that stirs the intermediate with

formaldehyde is done in the presence of a lithium halide.

30. A method for the preparation of cyclosporin A aldehyde comprising the steps of:
a) protecting the B-alcohol of cyclosporin A by forming acetyl cyclosporin A; and
b) oxidizing the acetyl cyclosporin A with ozone as the oxidizing agent followed by

work-up with a reducing agent.

31. A method for the preparation of cyclosporin A aldehyde comprising the steps of:

a) protecting the (-alcohol of cyclosporin A by forming trimethylsilyl (TMS)
cyclosporin A; and

b) oxidizing the TMS cyclosporin A with ozone as the oxidizing agent followed by

work-up with a reducing agent.
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80 WD 03/033526 PCT/ CA02/ 01559 froma tributylallylphosphonium halide or
tri phenyl phosphoni um halide via a Wttig reaction, optionally in the
presence Wb 0a/083asehi um hal i de; and b) preparing a m xture @CT(ME02/ard9
(Z)-isoners of |SATx247 by treating the m xture of (E) and (Z2)-isoners of
acetyl-1,3-diene with a base. 44. The nethod of claim43, wherein the
phosphonjum hal i d h ni um brom de.. .45, The net hod of claim 44,
wher ei nn%#e \rﬁ? i eg[mdé)galﬁ%bgé grs cgﬁ?ﬁe‘éldgeo?ffm?lﬁs‘%“%’lsg@?ﬁ A ALAPREAUE from t he
group comsagisg frexg abdut t-80°Cabpelr.of uran and tol uene, and wherein the solvent is
used in the presence of a conpound selected fromthe group conprised of
butyllithium sodium | ower al koxide, potassiumlower al koxide, and
car bonat3s. at Tae h@ﬂ%aroablufnes@sﬁy&é%ereﬁb&é%du&%‘%géﬂqs dlddfed £t thd Boupet hod of
clai m 45, wherein the potassium /| ower alko i S potassiumtert- but oxi de.
47. The SPBFIFEE OBF“a@WéPIFﬁSH]GneW@ﬂdPhOSPh‘éeSs?@ﬂ\?féﬁikylwn@Setrahydr of uran used in
the presence of potassiumtert-butoxide at a tenperature between about
-70C an 10 r t he
E-i sorre(rj34of ?%A%%X%%(f:g&%??g?ﬂﬁ Whﬂglngl}[ieg%s a%&%t 1%’%5%%%’&%%?&? F]% met hyl si | yl
(TMB) cyonggimerf pknlagl gd wethwwllfat@, gnd(dualkmswfad@; lylallyl) borane to form
a (3-trialkylsilyl alcohol; and b) treating the (3-trialkylsilyl alcohol
with acid to formthe E-isomer of |SATx247. 49. The nethod of cl ai m 48,
wher ei n IBne Jb¢ ohethiod of ¢lginudb dhemistht edt@nk dgeonis tineetigid sulfide.consi st i ng of
acetic acid, sulfuric acid, or a Lews acid. 50. The nethod of claim 48,
wherein the acid is BF3. 51. A nethod for the stereosel ective synthesis of
t he Z-i s¥mer Toé me@AT0RdTincdiwhesimie redindngigentsis afbutyd phodphide/ 033526
PCT/ CA02/ 01559 a) reacting a trinethylsilyl (TMS) cycl osporin A al dehyde
with E-y-(trialkylsilylallyl) borane to forma (3-trialkylsilyl alcohol;
37.  The method of claim 33, wherein the reducing agent is trialkylamine.

38.  The method of claim 37, wherein the reducing agent is triethylamine.

39.  The method of any of claims 30 to 38, wherein the solvent used for the ozonolysis of

acetyl cyclosporin A is a lower alcohol.

40. The method of claim 39, wherein the alcohol is methanol.

41, The method of claim 31, wherein the solvent used for the ozonolysis is selected from
the group consisting of dichloromethane and a mixture of dichloromethethane and a lower
alcohol.

42.  The method of claim 41, wherein the lower alcohol is methanol.

43. A method of preparing an isomeric mixture of cyclosporin A analogs modified at the
1-amino acid residue, wherein the synthetic pathway comprises the steps of:

a) converting an intermediate acetyl cyclosporin A aldehyde to a mixture of (E) and

(Z)-isomers of acetyl-1,3-diene by reacting the intermediate with a phosphorus ylide prepared
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b) treating the P-trialkylsilyl alcohol with base to form
TMS-(2)-1,3-diene; and c¢) deprotecting the TM5-(Z2)-1,3-diene to formthe
Z-i sonmer wh o38#F247. 52. The nmethod of claim48 or 51, wreraiANR2NE9
E-y-(trialkylsilylallyl) borane is prepared by the steps of: a)

depr ot on abmragribz,nylallylylhdspﬁcmﬁdny halide @neiphérytphasphasiemn hahide ¥i) a ME&trbdtgod, he

depr ot onat I trialk 1.t h di al kyl al koxyborane and a Lew s
acid. 53 uﬁﬁlal %eo%esgflc%cfféllﬁggﬁlha ’gq n the dial kyl al koxyborane is

di et hyl met hO)@Qﬁé}&lﬂﬁg aanigutd e (E)ewdqzmmderb 5f BRA3x247%y tikheng et Apeuobr cl ai m

52, wher al | | al sj. | ane | allyltrinmethylsilane. 55. The net hod
of clai n@fﬂé%é@é‘i‘ H‘ﬁetﬁgéé dﬂfélééf"% @&protonate the allyltrialkylsilane

is butyll |th| um 56. The nethod of claimb51l, wherein the base that is used
to treat -trial kyI silyl alcohol is selected fromthe group consisting
of sodiu hyd%ﬂed@ P 5tam &P uvhensia thspherphorvra halkdedap phosphamiumblesidedes. 57.
The nethod of claim56, wherein the base is potassiumtert-butoxide. 58.

The net hod of claim 51, wherein deprotection is acconplished using an acid
sel ect ed®fr oThetmféhcgqufablrwﬂswlmm@ed’r’xttt%/ram@husmarreedmtmasatyentu c acid,

citric a%l&tedeﬁohﬁ% 'cgnsm@iﬂg tral'B'al% af zﬁ%qgﬁé@ r@fvhe}- & th%%glt}gn% of claim

58, wherein the BF reag I' s sel ect rom COnsi st ng of
tri butyl usgAiohe mwefnlcggfa ehenponud mcméxounﬂlé Etwop colapris8@ of/!@tﬂﬂthﬁ&%%

cycl osporthinoetitio e BhAR flodB FRAGII AR SRR Balbt? Sifien et noc

conpri si alpua-89YGaikt10tC.pat hway that prepares an (E)-isoner and a
(Z)-isonmer of |SATx247 such that the (E)-isoner and the (Z2)-isoner are
present in the mxture in a predeterm ned ratio, wherein the synthetic

pat hway éﬁ)rrpl‘]ihsmethdd&fslaﬁpﬂs Ofliered) the pota&hin et MRokide Blpe@b@im-@f+t he 1 am no
aci d of ﬁ éc)sporl n A b) oxidizing the protected cyclosporin A to produce
a protec eycl osporin A al dehyde;

47.  The method of claim 46, wherein the solvent is tetrahydrofuran used in the presence

of potassium-tert-butoxide at a temperature between about —70°C and —100°C.

48. A method for the stereoselective synthesis of the E-isomer of ISAx247 comprising

the steps of:

a) reacting a trimethylsilyl (TMS) cyclosporin A aldehyde with E-y-(trialkylsilylallyl)
borane to form a B-trialkylsilyl alcohol; and

b) treating the B-trialkylsilyl alcohol with acid to form the E-isomer of ISA1x247.

49.  The method of claim 48, wherein the acid that is used is selected from the group

consisting of acetic acid, sulfuric acid, or a Lewis acid.
50.  The method of claim 48, wherein the acid is BFs;.

51. A method for the stereoselective synthesis of the Z-isomer of ISATx247 comprising

the steps of:
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c) converting the protected cyclosporin A al dehyde to a m xture of E- and
Z- isoners of protected 1,3 diene by reacting the protected cyclosporin A
al dehyde wDtob/ozssphosporus ylide via a Wttig reaction, opCramabkioisshn the
presence of a lithiumhalide; and d) preparing a m xture of E- and Z-
|sorr\eN:] s by dapﬁurmmga mmldtﬂ‘wsfﬂgl mmh )to@dos]ppﬁn@hﬁcﬁlﬁ%/de \ﬁitlla Ehh@idmidngrlg) cl ai m
60 ereint of the am no acid of cyc osporlnA I's

pr ot ect elamlﬂ? ?g’éi‘&a% E‘}'g}gs%‘iﬂh% A with a reagent to give a a protected
cycl osporin 4 f ters,
benzoate ester g%%@gg‘felgtﬂ{ﬁlg%n%ﬁﬁlfggo?gﬂhgﬁaﬁ?ﬂneswhgr(%ﬁfgtd% aﬁé et hers.

62. A net hod bedemm@garglth@Tm -(Z3-drPedi¢re toformuheZ-afomey of ISApa4in A anal ogs
nodified at the 1-amno acid residue, the nmethod conprising a synthetic
pat hway that prepares an (E)-isoner and a (Z)-isonmer of |SATx247 such that
t he (E)-3%sondhe amhotl éclbir) 48 editewhari tierBg-énialkyiilylakyl) boradelds prepaied
predeterb FeSi 10, wherein the ratio of isoners in the m xture ranges
from abou %0 55 percent by weight of the (E)-isonmer to about 55 to 45
per cent by we) glthotoﬁathiganaﬂﬂm:ﬂl&mmnewiﬂaﬁbaiemihdt he total weight of the

Cyel ospori n K aaBoee Spp PR EkBS Engiih g iumPaePote e mot hod

conpri silngvis &)d.preparing a first material enriched in an (E)-isoner of

| SATx247; b) preparing a second material enriched in a (Z)-isomer of

| SATx247; and c) mixing the first and second materials in a ratio designed
to give 53he qd8s ine@dd of SRES], GWHeRIAS HlBlk?ﬁlko%ora%e E@&l&ﬁﬁﬁeﬁfoxg;ﬂ%?angr eparation
of cycl osporl n A al dehyde conprising the steps of a)  protecting the |

al cohol %f thefemdsisists BEA by forning acetyl cycl osporl n A, 83 WD 03/033526
PCT/ CA02/ 01559 Db) converting the acetyl cyclosporin A to the acetyl

cycl osporl n A epoxide with a nonopersul fate, preferably oxone, in the
presencedef AbkEedHae of griat 3 abespinthe albitriolylsdrneds Blyrimetylsilaeab| y

acet oxyacetone or di acetoxyacetone, at a pH over 7; and c) cleaving the
epoxi de with Eeri odic acid or perodate salt under aci dic conditions. 65.
The met P9d offhemgihad eficlaimhid, eihareit thpbaspusd do depastenatotivb Riyddfialkylsdanaty k- up
procedury A nmet hod of preparing an isoneric mxture of cyclosporin A
anal ogs ﬁt%h ?’iﬁiéld at the

56.  The method of claim 51, wherein the base that is used to treat the B-trialkylsilyl

alcohol is selected from the group consisting of sodium hydroxide, potassium hydroxide, and
alkali lower alkoxides.

57.  The method of claim 56, wherein the base is potassium zerz-butoxide.

58.  The method of claim 51, wherein deprotection is accomplished using an acid selected
from the group consisting of hydrochloric acid, acetic acid, citric acid, a Lewis acid, and HF-

based reagents.

59.  The method of claim 58, wherein the HF-based reagent is selected from the group

consisting of tributyl ammonium fluoride and potassium fluoride.
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l-amino acid residue, wherein the synthetic pathway conprises the steps of:
a) converting an internediate TM5S cycl osporin A al dehyde to a m xture of
(E) and w@)3iosseers of TMS-1, 3-di ene by reacting the int@creEhoavessnith a
phosphorus ylide prepared froma tributylallylphosphonium halide or

t ri phenyphphoaphaidenphsphiitieaniténaicikturegoficgelogrioon A anafuig owodified atthe t he
presence of a | ithium halide; and. b) preﬁ)ari n%n a mﬁgt ure ofn (EE} 0and

(2) - sorkeraingiciq maifye dhe mgrheenmristog i sgnthatis Paiiay HirbPiEParest GEEOES i soner s
of TVG- 1,33 @Z)fiﬂﬁle%f 15.808Cu6h tHa'the [H)asdilk Badthe{Z)abahdnatbpresshieindien t he
phosphoni um halide is a phosphoni um brom de. 68. The net hod off cl ai m 66,
wher ei n i@ inp pregeterrinpE@tip vhargin hesythetispatiftag FORBHEH g S1ops of:

t et rahydr of ”5>aPr0§ﬁ@glé%%laﬁ%&ﬁ&eof%e%‘hiﬂo LhgoPERREMER #f a sodi um or

pot assi um | owe or a carbonate, at a tenperature between about
-80C and 1106 ofifizinitke pretehed cyflospbin MtGgrodudsar BofecieAeydedPiitflor pot assi um
| ower alallf(%gicge is potassiumtert-butoxide. 70. The nethod of clai m 66,
wherein Y&cid is selected fromthe group consisting of hydrochloric

aci d, aceti ccpebyert@p i protactbdicyciosh@ini & aldehyds tanuixBEe pfEethdZedwentss. 71. A

met hod faor the stereosel ective synthesis of .the ' X247

conpr i sidigrotctrd 1} digne fypreackpe ﬁ?&%&?%ﬁﬁgﬁlogg 51%19} al%@ﬁ%%% F %&oskéggdehyde with
E-y- (t riyadak v Sivivhidehotloh, dppioasisy ih the frasemveaf Blithidrahdidesarddyl al cohol ; b)
treating the O-trial kylsilyl _alcaohpl. wt cidto form .

acet yl - (E) - 1 I3 PHPaiiRg 4 JRyue eﬁﬁt ?“é&q i‘sr?ﬁ’efsﬁ’gadﬁ%rgfeﬁlqg(% piptegted 3 dent th a base
to formthe E-isoner of |SATx247. 84 WD 03/033526 PCT/ CA02/01559 72. The
met hod of claim48, 51, or 71 wherein the step treatin

he .
(3-trial®yl siThgmethiod ehelpim 6Q; mheesin e fglcrhel of gleﬁea%?%%g 8% SFloRRARSh. 73, The
met hod of ' j e ¢ 4 b SroecYed(dvEiosmtibw sil yl al lyl)
di et hyl lﬁgl%ge%{gmbg%m%gy@n%t %@%%&?3@%@?‘?5%&2? n t%eayacig% 1t hat is used
i s sel ecteldted fromthexgrogy cmpistinpefgicetate nejeisfbenraats estetie supstigigipeRzotteaci d, or a
Lew s aci g 7%. Thg net H@g of claim 74, wherein the acid is sulfuric acid.
esters, cthers, and silyl © .

62. A method of preparing an isomeric mixture of cyclosporin A analogs modified at the
1-amino acid residue, the method comprising a synthetic pathway that prepares an (E)-isomer
and a (Z)-isomer of ISATx247 such that the (E)-isomer and the (Z)-isomer are present in the
mixture in a predetermined ratio, wherein the ratio of isomers in the mixture ranges from
about 45 to 55 percent by weight of the (E)-isomer to about 55 to 45 percent by weight of the

(Z)-isomer, based on the total weight of the mixture.

63. A method of preparing a predetermined isomeric mixture of cyclosporin A analogs
modified at the 1-amino acid residue, the method comprising:

a) preparing a first material enriched in an (E)-isomer of ISATx247,;

b) preparing a second material enriched in a (Z)-isomer of ISATx247; and

c) mixing the first and second materials in a ratio designed to give the desired

isomeric composition.

64. A method for the preparation of cyclosporin A aldehyde comprising the steps of:
a) protecting the B alcohol of cyclosporin A by forming acetyl cyclosporin A;
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76. The nmethod of claim 71, wherein the base that is used to treat the
1,3-diene is selected fromthe group consisting of sodi um hydroxi de,

sodi um cawb®na@sas2é pot assi um carbonate, sodi um al koxi de, PpCTaASYRAOMS9

al koxi de, and am ne bases selected fromthe group consisting of NHS3,

hydr oxyl anmi neb) bywieains e, acagytcylcagrindd & thyyARil BRSospdTn A Eh6xidekfaps of claim
76, wherein the base s selected fromthe_group consisting of NH3 and

di met hy| AMIRRTSu7gte, Hef?éacb??/o%i“‘r“&rm fﬁ?@f%}?&@?%&%ﬂm@m Ry Fcfivaterkisinnen

1, 3- di enerdfeabl SABRYdconieioe icdthBacsRl ok pEikoERaai n 1, 3-diene is treated
with a base selected fromthe gr oup consi sting of sodium hydroxide, sodium
carbonate, potaSetViiR BaFRHsEn Resadic Avid Pkeskede sali gndes gridin condiiensi de, and
am ne bases selected fromthe group consisting of NH3, hydroxyl am ne,

hydr azi ngs. anthd Qweéd & adi am . ] i1 rein the
base is dinethylam ne. BOMX’ ﬁebf}ﬁ%éteﬁ%r) atﬁﬁ”%ﬁ@@&%é@%@%@%ﬁ%f eegi s of
the Z-isaoner of |SATx247 conprising the steps of: a) treating an acetyl
cycl ospoffne Amathpdiof deeppingpndsomercdiinwtenyficaetpspolip Aogmylogs inpigind/atpleos phoni um

hal i de i A_{bg RIS ' ) .

acetyl - ( Z)a- oct enyl %?&rfcgt“%ﬁeglrﬁ%éﬁk[gggg\%h%&%g?%ﬁq%@ﬁ%ﬂ 01559 b)
treating the RAcemydriingyn mtermpdirtd TS ¢yglosprring’ widehydaro omixtirz oh@) amhgent t o
forman C; - 10Gt£ ' v| am.ne oxide:..c) heating.the

acetyl - ( %@ﬁgﬁ%ﬂé{@%&ﬁ@?gﬁ#%&%%g glee Hlﬂﬁm aeé’égep‘@mb% Phae %‘%ﬂ’d? 8Pt an
acet yl - ( Zpmia tgbwtyletgphapitbnilym halisetor niphedyiphagivyum(hd)idd vid a oV @iperendibh, a
second b formthe (Z)-1soner..of SATx247. 81. The nethod of claim
80, wher §§t§on% em?}lderpsrfaseﬂ%eso ailgﬁlﬂg’telgggﬁ’ G?A hexanet hyl di si | azi de. 82. The
met hod of cl a)npr8hringherieture ¢ftE) o (d)-Bomes bERPETK247 by ABSrBEhiRItRer benzoi ¢
acid. 83. tThe @t hﬁgzof cl aiﬁﬁ%, wherein the second base is selected from
the grouf™WE 5L {Pdromsssp Ve Yxieduith &7¢idym car bonat e, pot assi um
carbonate, sodium al koxi de, potassium al koxi de, and am ne bases sel ected

fromthe_grouypg consisting of NH3,
6’9 uﬂxe met odS of cla%n 66, wherein the phosphonium halide is a phosphonium bromide.

68.  The method of claim 66, wherein step a) is carried out in a solvent which comprises
tetrahydrofuran and/or toluene used in the presence of a sodium or potassium lower alkoxide,

or a carbonate, at a temperature between about —80°C and 110°C.

69. The method of claim 68, wherein the sodium or potassium lower alkoxide is

potassium-zerz-butoxide.

70.  The method of claim 66, wherein the acid is selected from the group consisting of

hydrochloric acid, acetic acid, citric acid, a Lewis acid, and HF-based reagents.

71. A method for the stereoselective synthesis of the E-isomer of ISArx247 comprising

_ the steps of:
a) reacting an acetyl cyclosporin A aldehyde with E-y-(trialkylsilylallyl) borane to
form a B-trialkylsilyl alcohol;
b) treating the B-trialkylsilyl alcohol with acid to form acetyl-(E)-1,3-diene; and
c) treating the acetyl-(E)—1,3-diene with a base to form the E-isomer of ISATx247.
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hydr oxyl am ne, hydrazi ne, and | ower di al kyl am nes. 86

WO 03/033526 PCT/CA02/01559

72.  The method of claim 48, 51, or 71 wherein the step treating the B-trialkylsilyl alcohol

further comprises a Peterson olefination.

73.  The method of claim 71, wherein the borane reagent is E-y-(trimethylsilylallyl)
diethyl borane.

74.  The method of claim 71, wherein the acid that is used is selected from the group

consisting of acetic acid, sulfuric acid, or a Lewis acid.
75.  The method of claim 74, wherein the acid is sulfuric acid.

76. The method of claim 71, wherein the base that is used to treat the 1,3-diene is selected
from the group consisting of sodium hydroxide, sodium carbonate, potassium carbonate,
sodium alkoxide, potassium alkoxide, and amine bases selected from the group consisting of

NHj, hydroxylamine, hydrazine, and lower dialkylamines.

77.  The method of claim 76, wherein the base is selected from the group consisting of

NHj; and dimethylamine.

78. A method for the conversion of acetyl cyclosporin 1,3-diene to ISATx247 wherein the
acetyl cyclosporin 1,3-diene is treated with a base selected from the group consisting of
sodium hydroxide, sodium carbonate, potassium carbonate, sodium alkoxide, potassium
alkoxide, and amine bases selected from the group consisting of NH3, hydroxylamine,

hydrazine, and lower dialkylamines.
79. The method of claim 78, wherein the base is dimethylamine.

80. A method for the stereoselective synthesis of the Z-isomer of ISAx247 comprising
the steps of:

a) treating an acetyl cyclosporine A aldehyde with a
3—(dimethylamino)proi)yltriphenylphosphonium halide in the presence of a first base to form

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

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

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

81.  The method of claim 80, wherein the first base is potassium hexamethyldisilazide.

82.  The method of claim 80, wherein the oxidizing reagent is metachlorperbenzoic acid.

83.  The method of claim 80, wherein the second base is selected from the group
consisting of sodium hydroxide, sodium carbonate, potassium carbonate, sodium alkoxide,
potassium alkoxide, and amine bases selected from the group consisting of NHj,

hydroxylamine, hydrazine, and lower dialkylamines.
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