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20 encephalomyelitis, Freund's adjuvant arthritis and graft versus host disease. Itis
used for the prophylaxis of organ rejection in organ transplants; for the treatment of

rheumatoid arthritis; and for the treatment of psoriasis.

Although a number of compounds in the cyclosporine family are known, CsA is

25 perhaps the most widely used medically. The immunosuppressive effects of CsA are
related to the inhibition of T-cell mediated activation events. Immunosuppression is
accomplished by the binding of cyclosporine to a ubiquitous intracellular protein

called cyclophilin (CyP). This complex, in turn, inhibits the calcium and calmodulin-



20Cycl ospori ne anal ogues containing nodified amno acids in the 1l-position
are disclosed in WD 99/18120 and WO 03/ 033527, which are incorporated
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reference in their entirety. These applications describe a cyclosporine derivative

known as “ISATx247" or “ISA247” or “ISA.” This analog is structurally identical to
CsA, except for modification at the amino acid-1 residue. Applicants have previously

25 discovered that certain mixtures of cis and frans isomers of ISA247, including
mixtures that are predominantly comprised of trans ISA247, exhibited a combination
of enhanced immunosuppressive potency and reduced toxicity over the naturally

occurring and presently known cyclosporines.

30 Cyclosporine has three well established cellular targets; calcineurin, the CyP
isoforms (which includes but is not limited to CyP-A, CyP-B and CyP-D), and P-



4 Med Chem 1998, 41:5119-5143); CyP-E has an am no-term nal RNA-bi ndi ng
domain and is localized in the nucleus (M H et al. A nuclear RNA-binding
cycl ophi Iwo 2oro/theevan T cells. FEBS Lett 1996, 398: 201- 206x/Ga0090p»140 has
TPRs and is located in the cytosol (Kieffer LJ et al. Cyclophilin-40, a
protein with honology to the P59 5 cogponent of the steroid receptor
conplex. Cloning of the cDNA and further characterization. J Biol Chem
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25  CyPs can be found in most cellular compartments of most tissues and encode
unique functions. In mammals, CyP-A and CyP-40 are cytosolic whereas CyP-B and
CyP-C have amino-terminal signal sequences that target them to the endoplasmic
reticulum protein secretory pathway (reviewed in Galat, 2003; Dornan J et
al.Structures of immunophilins and their ligand complexes. Curr Top Med Chem

30 2003, 3:1392-1409). CyP-D has a signal sequence that directs it to the mitochondria

(Andreeva, 1999; Hamilton GS et al. Immunophilins: beyond immunosuppression. J
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30 In addition, the PPlase activity of CyPs has recently been shown to be involved in

diverse cellular processes, including intracellular protein trafficking (Andreeva L et al.



5P90 of capsid protein p24 (CA) was identified as the binding site for
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3511-3515). CyP-A is ubiquitously distributed intracellularily, however,
during the course of inflammtory responses, CyP-A is released into
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789- 719Geqh68&Y of é;%ﬁiphnﬁ\ I B@hChéﬁP?QSG 1261t 8B4 C&5¢. THie Eyospdriviechiadingr i ti s,

a direct correl ation between | evels of CyP-A and the nunber of neutrophils
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pancreati c and breast cancer (Li, 2006; Yang Het al. Cyclgphilin Ais
upr Bgul2808d KristaliB$ et akiThel Mitechansisial ParmeailityvErapsitiemas/a T 3iggh i
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stimul @12?}t1‘rﬂar§ﬁiﬁ§e®yp¢l hffi@itp\s 8 vehy go@dPredictangf CYPW hffistity| andCyiaar r est ed
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f h | | | |
ChecaminE %0 ORACES BRoldy RBAoMBR FotEncias BRHAIMMBHIP TafBrigmingPer case

expoesBram- lérl@ﬁ?mbhbmml£ Jo@zrﬁﬁsﬁ@ra&@gwdmm&mbraﬁm26@41 on and
Regul at i on of licated in the Pat ho enegl s of Breast Can
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cancer" and that "cycl ophi in ition e a nove 25 therapeutic
st r at eglependehenecresisratienuafeshaoscular éﬂtop@anbletwe(l\#am‘lgmem 12tdng,

i sons AR GipF Pk The Diseatant P NEYET Mo 1B Rt ae RS En G gani pat i on

as an @M@éﬁ&me@%ﬁak&@ndﬂﬁo@%rsWmPo@ernmwtctw mé.d#agbsf 89 being
di scovered, It is often called t | ent’ epi dem c. Studi es suggest

t hat oanLRib(Meatmglafrﬁh@é\@mr@amfhmai@nafﬂémerﬁ@ldvﬁ LiveriDisgagesan over al |

401 | 1 P00 TP Seheate BalfdiodavBEE s Y PRsuiabGinatalePs "o Y
m |11 orgrBgyegerial %getsrfar G‘Q&I@@bérnhé‘éﬁéb@gés BbéaUde\ofithé eedleddensdiceiidiapl s are
at risk of 5devel opi ng serious fe-threatening liver diseases. Current

st andarm‘OCMp? whaieh WGMF%_GI‘@HHDM@;;HES Mﬂmrwgggﬁsﬂh@t @mnﬁ&gl@j of
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i n comyis@ddetiRdidhtibng.i bavirin., Semn Liver Dis 2003 23(Suppl 1): 35-
25

Cyclophilin Mediated Diseases
Human Immunodeficiency Virus (HIV):
HIV is lentivirus of the retrovirus family and serves as an example fo the involvement
of CyP in the process of infection and replication of certain viruses. CyP-A was
30 established more than a decade ago to be a valid target in anti-HIV chemotherapy

(Rosenwirth BA et al. Cyclophilin A as a novel target in anti-HIV-1 chemotherapy. Int.



46). Failure rate for the treatnent is approximtely 50 % (Ml ino BF.
Strategi c 10Research Institute: 3rd annual viral hepatitis in drug

di scover yweandiodar@Bopnent world sunmt 2007. AMR TechnipcalCARe@moo" 7
12(1)). It has recently been denonstrated that CyP-B is critical for the
efficient replication of the hepatiti g C virus (HCV) genonme (Watashi K et
al. Cyclophilin B 1ls a Functional 15Reqgul ator of Hepatitis C Virus RNA

Pol ynerase. Mol ecul ar Cell 2005, 19: 111-122). Viruses depend on

host - deyritivedNEas 11905, 81BPh63p CyRARUINE dnhedsenahl fuptto egayimtherld-icati on.
CyP-B interacts with the HCV RNA pol ynerase NS5B to directly stinulate its
RNA bi ferlisgtiae cydlet It wasdonng e bindaspenifigally te the Hi Vel o pebirsetetn (lathadt i on

of end -B- 0 : ' ) Welel to
Oyp-B IR A RaR R ERRGRnRY ik B R o oAk 0
a sti mahatBrQelf €398, 3301 067N}, Arddfifédraapinbcatid sequerda areuyd G89 and

regul ati on mechanismfor viral replication identifies CyP-B as a target for
ant ? vi P20 qfifapsjseriotein pRi{Céyivas ideptifiedas thrbinding sitetor G¥Rr8, cycl ophilin

i nhi bi t¢ i M TS ] fore thought
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coul d be conplenentary, no y to interferon-based treatnent, but also to
f udr e ténneinalndomhain3d HiNat capsidcCel 1096 g&t: 1A08—12p#). ddne affinignef/GeB-Atwh as

t d pol i nhi bi Flisjiak. R Dumont JM Crabbe R
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anti-H rugs effecting HCV viral replication has been significantly

i neded 98¢, 82 3631366). Expsnimertake videneindioptesiat tueeCyP7GA tierastioe has

oul T ur & SSianfal B Pule SR io P RR SRR S dtor RS HTL LRisaupR
conbai iy RAmRAEENs (HEElio&6hd S TO@XA. ByclBphifh intEkaltios vath iBEomy human
anti-hepatitis Cvirus effects of cyclophilin inhibitors, CsA  and N M11.
Bi ocherimBiunsdgiciraey Gougriypeobeapsids withaopesing\effects opmnfestiviyin hyspen itis C
527- o35 of it pads, Top e SiRabdestt AR erd) Biofe bl br SEE MM

10scr eg@1ing nopfiehiinasdppressivelds/Achhalogalitt adtblity dgdfistdloimak et al . CsA
suppresses replication of hepatitis C virus genone in cultured hepatocytes.
Hepat oli®g}nedefciensy vipeptypesh(Hivnbl intrrferensriwih serly Abd latecygnisoRdilkYed wi t h
CY5HOSAOhiEatidre at Wﬁpﬁéb%,%@: %ﬁﬂ%ﬁ@‘.’%g% el RER /A F‘eﬁ%@h&ﬁ%@@@?ﬁr&' SHC
virus recurrenceé in I'iver 'transpl ant” patients wth end-stage hepatitrs C

vi rus @iRkAdd inliohagswas deansgtratdd fortoe ad @0Bnt At pehizbidtidadf the Mussul ar
Degenerative Disorders CyP-Dis an integral part of the mtochondri al

per meatparias apd hedoreiiategmiion efvtrpdouRlesstrandad wral HNARiRdPE GRIWAT t he MTP
pore i j [ Fqg;@ AS| Wt . : ; I
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at hol efjhoalanciomdunodeiientty ofirusiype ¥ dedoredhe asibatian obteyvierse frahsarptiont o t he
p of
cellL, thi d i.tpchondria, a i nduces an irrever.si openi ng
of 25he Mrop {46 PBcTa (ereBh) BT dn 8D e Bam dnob eSS & [ Bpor t e
to cor palogiict SOANIA 88 STl dsHNiIrPAGNEBIP6IRiIOANRRY \bSs bAdRALEENt s with
Ulrich congenital nuscul ar
replication in human immunodeficiency virus type 1-infected primary and growth-
arrested T cells. J. Gen. Virol 1996, 78: 825-835; Steinkasserer, 1995). The anti-
HIV-1 activity of CsA was first reported in 1988 (Wainberg MA et al. The effect of CsA
30 oninfection of susceptible cells by human immunodeficiency virus type 1. Blood

1998, 72: 1904-1910). Evaluation of CsA and many derivatives for inhibition of HIV-1



25dystrophy and Bet hl am myopathy [(Merlini L et al. CsA corrects

m tochondri al dysfunction and nuscle apoptosis in patients with collagen VI
nyopat hi es0 2PNAB2#608; 105(13): 5225-5229]. CsA has beemrcaanun®tooedied i n
vitro to dose dependently inhibit nPTP opening in isolated cardiac

m tochondria , thereby preventing apogt05|s and allowi ng the cell precious
time for repair (Gonez L et al. Inhibrtion of 30m tochondrial pernmeability
transition inproves functional recovery and reduces nortality foll ow ng
acute catigh bvdaéd it indRirhMufbs o BLdiveInEA ahalbgghad@nticHI\LZ Physi ol
2007, 293: H1654-H1661). A clinical study in 58 patients who presented with
acut e ﬁybwaeswquahtﬁfoaﬁyenéwpe@%mthpa@@almwoaumrﬁsgwemMSdﬁmﬂA at the

time o o I than that seen

W th p%ﬁgg&( gﬂo‘?ﬂ%f hgﬁ]%% ect a%f%@%ygé@érrlgé“eda@%ﬁﬁ%erf usion Injury in
Acut e Nbammdhaéuﬂmégsivé lahBlogs dfeRALRYbaWatl.odicah| Saif UBBAIgE5N 0220881 —

395 5): 474-481)). Chronic Neurode generative Di seases CsA can act _as a

opﬁ@B@cBi”lﬁ%‘ [yehal Mpdaagiaction ofcPé NIM &bt A npripaunesupRiesrvmGsA as a

result 0. gs 10
sur vi vanaise i abEHEgdlFd hdthart lnab A EARRFRLS BH9) BERCT- BEREE

Ani mal vithrieidt prdteihidyclophilimhwmtdratidnanhtVio/ 809%) 68rad51al246af Btakel ative to
only a 10 % survival rate in the absence of treatnent. It was |ater

establ 28ABH that this was largely the result of the binding of CsA to

m tochondrial CyP-D. It has been subsequently established that the utility
of CsA extends to chronic 15 neurodegenerati on, as was subsequently
det@dnstnfidmeiationa rat nodel of Lou Gerhig's Disease (ALS) (US Patent No.

5,972, 4 At t t ubled th
i has TaAMABRR T BPeBRE M aHBRNE I XS - askoRuEs: it BoTeh el toMeoc kot
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deficiency attenuates mtochondrial and neuronal Eertur i on and

anel i ovaustal béimmiunglog208Sar §: dh/-A122 diunehrenkobG it abaAeivReaiter residigisci ne

n o’ r 6 ChooR P et gttt S Bl ety VRO ETET LM B 2 ot i ©

neur 0“27'7“22959—@2@@6 X0 QM@efféIOUe@(dbyté ememptaefic actvibblof epelsgHiin. WJour nal
of Conparative Neur ol %bZOOO 425( 4& 471- 478? and partially effective in
s

a mous BigG8eMof1 9831 RE AsbPES—(11AT S Ldkain KCeet ) nt@@&“@ﬂﬂ/\éﬁﬁhat es degeneration

o 29n KBEBERAIQeeIS SRRt 7 S i Y RS RSP ridtiased afespr™ =

necr osio$ pefiphém@pbiesdm sfnqorwcqmsrterdxtrdbemaenmha%a nNatlodesd. lsnzl wBAt
i nhi bition of P- D_coul d provi de a new pharmacol ogi ¢c. treatnment strategy

for th@§82 d9%e%1 SWs-2(7 ). moggy| GYR-Ar canrindyge aarﬁewbnaammaipafy due to a
Loss ofg I 5&2@-
nunber ' o rL;%S?ﬁ ’c%guegglé%ﬁggés S qugn@gﬁf'ﬁtlﬁg?e?g@% vd fsnce{?ﬁpé ng t e
heal t hydentificatiomdf cydloghilt as aprolofidermatery aea:retu{yipmd)dxg:tccm condi tions, such
as ocardi al infarct, straoke, hepat o icit S and
o 335D panEracsigrerartieis g macRRHaRpar o6 NARCACH 1 SEnaA | 94:3% f he
ab| lityshe_ B@%b' @S/?’-Rfi’é Gblﬁmtb@é’lﬁb%tnlﬂﬂgd%Fé‘c%?lhbé‘ﬁlfﬂo%el\'/@r %H@Jthétl on in
the mtochondri‘al "'matrix results in
course of inflammatory responses, CyP—A is released into extracellular tissue spaces
by both live and dying cells (Sherry, 1992). Indeed, elevated levels of CyP-A have
been reported in several different inflammatory diseases, including sepsis,
30 rheumatoid arthritis, and vascular smooth muscle cell disease (Jin ZG et al.

Cyclophilin A is a secreted growth factor induced by oxidative stress. Circ. Res. 2000;



10opening of large pores in the inner mtochondria! nmenbrane. (Rasola A et
al. The mtochondrial perneability transition pore and its involvenent in
cel | deatwoantydim7di sease pat hogenesis. Apoptosis 2007, PLZ2ICARMB/B@E7)
Nonsel ecti ve conductance of ions and nolecules up to 1.5 kil odaltons

t hrough the pore, a process called nibochondrial perneability transition,

| eads to swelling of mtochondria and“ot her 15events which culmnate in
cell death, including the induction of apoptosis. One of the conponents of
t he i iggehggdrIa TRy MRFYT: IBilivh t THUTSI hithe caek ®f (NEIRatdi¢ afiftid).a §yddd i s an
i mmunophi I in nmol ecul e whose i sonerase activity regul ates openi ng of the

MPTP, &atelatinniietvesn igvelsel C¥Brbaad sheybumper ¢f Bouitaphilsrin tiasynyialys

i nhi bi {s. ' " - r death. 20

Non- | mIRCETREbERLTY et peleriies AR BRI BRI 1T bi tors pespite
t he advant ageous effects of CsA in the above nmentioned indications the
concom tant effects of imrunosuppression |limt the utility of CsA as a CyP
i nhPbi C&CEA clinical practice. At present, there are only a few CsA

anal ogsnlhe t SN i pressi ve
acti vtV O nEEKghREBBRABInt 0 BREeldrblody B mbRgaREs) FRMBSTIRY

r et ai ncehéhes,ahtiliding Bua not tichited Ro Gmadl. arkdlish-Spfallsetidung klagderi ty as

d to CsA). NI'M811 (Melled-cycl ospori 30 NM81lis g
o1 man PEPPIRSSBE RANCERAt 14 DR ARt USRS FEBhA aRtiin &S ani no

90 2016PIBLER R R BEG5G A AGiveles ERIWE Skhal 2hbc/tmia) Gad it | 1

f on 0 Cy BidpHyRicee MeisetlciBBoetmuaticatiansi 2007, 861076 3wifth Gampad2{ii3) cinesasgsvi r us
AN NI - T N T T e
(MeAl aﬁ?\ﬁ@f@—g%ﬂgﬁﬁ‘%@@' 2?%@5@.”@ ?gﬁl driested i gfoWRA(€aMPL20bBE Adgtn of CsA

at am pl'ays no | mmundsuppressive activity yet
r et ai nsetentlyiinbasbéemidegndnstrat@dtha GHP A andd) isiintyicatély svalved20ty . 10 SC

Y-635 (D net hyl am noet hyl t hi oSar 3- hydr oxyLeu4- Cycl osporin CY- is aa
dual cf?é‘?ﬁ%é’l“xﬂl&ﬂ. tlFW@\.étaﬁ%W'angr 8{%\%%3”3@? @?5%8”34?')’%13?5(& spl ays no
| MY NOKHBRKESPh ¥Rp&irhiMistdecr8isdEihal dkhcl Bel Qﬂavﬁhfcgmli?éfafi@rﬁ afy hétiligP! ase
activity (PCT Publication No. W2006/039668). 15 neral ly, these conpounds

have ngdang Eaatiabnl mexpressiavef SycttphilirnBtis Asseegigsnwitih Maligoanbi ndi ng

cal ci neyrin, and eral L.y r ire the mopdi.ficati agn of am acids 3 and 4.
e o itbbtkss R prif REfalidn of tineS 1bigRd ih Fe Pafibin- R ARASHE, °am
appr oacthricep] T Mheriduh Nesn S1RE Falto/v8y LDE9CYIA (R PR9T-308! ZReng UeRladci ng

and/ or nodi fying those 20am no acids and then cl osi nI% up the ring to
pr oduc Erolyklsepiirase € yelaphdispd Raglation of Janus-Activated Kinase 2 and the

20 Progression of Human Breast Cancer. Cancer Research 2008; 68 (19): 7769-7778).

Most interestingly, CsA treatment of mice xenografted with breast cancer cells

induced tumor necrosis and completely inhibited metastasis (Zheng, 2008). The
researchers conclude that “Cyclophilin B action may significantly contribute to the
pathogenesis of human breast cancer” and that “cyclophilin inhibition may be a novel

25 therapeutic strategy in the treatment of human breast cancer” (Fang, 2009; Zheng,
2008).

Hepatitis C
Hepatitis C Virus (HCV) is the most prevalent liver disease in the world and is
30 considered by the World Health Organization as an epidemic. Because HCV can

infect a patient for decades before being discovered, it is often called the "silent”



In contrast, nodification of the side chain of amno acid 1 does not

requi re openi ng of the cycl osporine ring. However, amno acid 1 is

associ at esowntan1@y® bi ndi ng (as opposed to cal ci neurin pcmaiarg)/@ed7 has
been nodified to increase the 25 i mmunosuppressive efficacy of CsA For
exanpl e US Patent No. 6,605,593, di ss\ﬁ)ses a single nodification of am no
acid 1 that results in a CsA anal og h i ncreased i mmunosuppressive

pot ency. Therefore, it would be desirable to have a
non- i MEyRFMBPSRRIFsVE tmweﬂgo@%mahmﬁ@mbﬁ@wl@ dre infdcteRMpjtht hat are
readily synthesized and are efficacious in the treatnent of P nedi at ed

di seas¢&:V, arpowpiliRidencerpiRrpNIeRT3 ‘oref the wesldscrorflatian: In e kS aaneel at es

NeLou RRAUL? RBATRECHE Bre b hofs BRET LA Pofl of M) 2 A0 o

| wher giale Ja%ngaing'béhrﬂnwmmbm All BIC\RInfested inditidualsesreadt risksft ur at ed
strai ght chain or branched aliphatic carbon chain from2 to 15 carbon atons

i n $ engeweloning serious life-thyeptaningilivershiseasesgbutignt siaanatd Wgrapy for(i)a H;
A o B REHBRA G oo R e oMM BHIR P ARt ) @
aci d; (ith ribaVirirybsth johedlized angwirat agerite dCeari peet dlvC)inizahtrial rdsalts of
peginterferons in combination with ribavirin. Semin Liver Dis 2003; 23(Suppl 1): 35-
46). Failure rate for the treatment is approximately 50 % (Molino BF. Strategic
10  Research Institute: 3" annual viral hepatitis in drug discovery and development world
summit 2007. AMRI Technical Reports; 12(1)).

It has recently been demonstrated that CyP-B is critical for the efficient replication of
the hepatitis C virus (HCV) genome (Watashi K et al. Cyclophilin B Is a Functional

15  Regulator of Hepatitis C Virus RNA Polymerase. Molecular Cell 2005, 19: 111-122).
Viruses depend on host-derived factors such as CyP-B for their efficient genome
replication. CyP-B interacts with the HCV RNA polymerase NS5B to directly stimulate
its RNA binding activity. Both the RNA interference (RNAi)-mediated reduction of
endogenous CyP-B expression and the induces loss of NS5B binding to CyP-B

20 decreases the levels of HCV replication. Thus, CyP-B functions as a stimulatory
regulator of NS5B in HCV replication machinery. This regulation mechanism for viral
replication identifies CyP-B as a target for antiviral therapeutic strategies.
Unlike other HCV treatments,cyclophilin inhibition does not directly target the HCV
virus. It is therefore thought that resistance to CyP binding drugs will occur more

25  slowly than current HCV treatment drugs (Manns MP, et al. The way forward in HCV
treatment- finding the right path. Nature Reviews Drug Discovery 2007; 6: 991-1000).
In addition, by interfering at the level of host—viral interaction, CyP inhibition may
open the way for a novel approach to anti-HCV treatment that could be
complementary, not only to interferon-based treatment, but also to future treatments

30 that directly target HCV replication enzymes such as protease and polymerase
inhibitors (Flisiak R, Dumont JM, Crabbé R. Cyclophilin inhibitors in hepatitis C viral



20(vii)an ester; (viii) a ketone; (ix) a hydroxy, dihydroxy, trihydroxy, or
pol yhydroxy al kyl; and (x) a substituted or unsubstituted aryl; WO

2010/ 0120WBRCIVIT2ZB09/ 000917 16 or a pharmaceuti cal | y aecemtazbdomosal t
thereof. A second aspect of the invention relates to conpounds of Formula
1! RI-R3 RO.s........... et £ Meleu -Meval -N--"--"C -Abu -Sar
5a 10 b. c. (i) 15

infection. Expert Opinion on Investigational Drugs 2007, 16(9): 1345-
1354).Development of new anti-HCV drugs effecting HCV viral replication has been
significantly impeded by the lack of a suitable laboratory HCV model. This obstacle
has only recently been overcome by the development of several suitable cell cuiture
5 models (Subgenomic HCV Replicon Systems) and a mouse model containing human

liver cells (Goto K, et al. Evaluation of the anti-hepatitis C virus effects of cyclophilin
inhibitors, CsA, and NIM811. Biochem Biophys Res Comm 2006; 343: 879-884;
Mercer DF, et al. Hepatitis C virus replication in mice with chimeric human livers. Nat
Med 2001; 7: 927-933). Cyclosporine has recently demonstrated anti-HCV activity in

10  screening models and in small clinical trials (Watashi K, et al. CsA suppresses
replication of hepatitis C virus genome in cultured hepatocytes. Hepatology 2003;
38:1282-1288; Inoue K, Yoshiba M. Interferon combined with cyclosporine treatment
as an effective countermeasure against hepatitis C virus recurrence in liver transplant
patients with end-stage hepatitis C virus related disease. Transplant Proc 2005;

15  37:1233-1234).

Muscular Degenerative Disorders
CyP-D is an integral part of the mitochondrial permeability transition pore (MTP) in all
cells. The function of the MTP pore is to provide calcium homeostasis within the cell.

20 Under normal conditions the opening and closing of the MTP pore is reversible.
Under pathological conditions which involve an excessive calcium influx into the cell,
this overloads the mitochondria and induces an irreversible opening of the MPT pore,
leading to cell death or apoptosis. CsA has been reported to correct mitochondrial
dysfunction and muscle apoptosis in patients with Ullrich congenital muscular

25 dystrophy and Bethlam myopathy [(Merlini L et al. CsA corrects mitochondrial
dysfunction and muscle apoptosis in patients with collagen VI myopathies. PNAS
2008; 105(13): 5225-5229]. CsA has been demonstrated in vitro to dose dependently
inhibit mPTP opening in isolated cardiac mitochondria , thereby preventing apoptosis
and allowing the cell precious time for repair (Gomez L et al. Inhibition of

30 mitochondrial permeability transition improves functional recovery and reduces

mortality following acute myocardial infarction in mice Am J Physiol Heart Circ



(i) (i) 20 Formula Il wherein R is Hor Acetyl; Rl is a
saturated or unsaturated straight chain or branched aliphatic carbon chain
from2 towbd20wmeribaya at ons in length; and R3 is sel ect ed PCram2bd»@ogrioup
consisting of a saturated or unsaturated straight or branched aliphatic
carbon chain containing one or nore sHﬁstituents selected fromthe group
consisting of a hydrogen, a ketone, a‘hydroxyl, a nitrile, a carboxylic
acid, an ester and a 1, 3-di oxol ane; an aromatic group containing one or

nor e sphykiol 2601, 298e HIE5adH166 ). tAEliE S WudPIMSE S patighte wid hilskAtad with est er
and nitro; and a conbination of said saturated or unsaturated, straight or

br anchaautgl mpecardial iaiction slemensiratedihat edministiption ef CeA dhetit@®fi cal | y
¢ ; . . _ ] ) .
conpouleTsERtiet il BEERriatt {4t AR htaRth thAf i CBBH At figbabs tPibbe
MeLeu- beNREffer bOy&esporine on Reperfusion Injury in Acute Myocardial Infarction.
5 New England Journal of Medicine 2008; 395(5): 474-481)).

Chronic Neurodegenerative Diseases
CsA can act as a neuroprotective agent in cases of acute cerebral ischemia and
damage, as a result of head trauma (Keep M, et al. Intrathecal cyclosporine prolongs

10  survival of late-stage ALS mice. Brain Research 2001; 894: 327-331). Animals
treated with CsA showed a dramatic 80 % survival rate relative to only a 10 %
survival rate in the absence of treatment. It was later established that this was
largely the result of the binding of CsA to mitochondrial CyP-D. It has been
subsequently established that the utility of CsA extends to chronic

15  neurodegeneration, as was subsequently demonstrated in a rat model of Lou
Gerhig's Disease (ALS) (US Patent No. 5,972,924) where CsA treatment more than
doubled the remaining life-span. It has also recently been shown that CyP-D
inactivation in CyP-D knockout mice protects axons in experimental autoimmune
encephalomyelitis, an animal model of multiple sclerosis (Forte M et al. Cyclophilin D

20 inactivation protects axons in experimental autoimmune encephalomyelitis, an animal
model of multiple sclerosis. PNAS 2007; 104(18): 7558-7563). In an Alzheimer’s
disease mouse model CyP-D deficiency substantially improves learning and memory
and synaptic function (Du H et al. Cyclophilin D deficiency attenuates mitochondrial
and neuronal perturbation and ameliorates learning and memory in Alzheimer’'s

25 disease Nature Medicine 2008, 14(10): 1097-1105). In addition, CsA has been
shown to be effective in a rat model of Huntington’s (Leventhal L et al. CsA protects
striatal neurons in vitro and in vivo from 3-nitropropionic acid toxicity. Journal of
Comparative Neurology 2000, 425(4): 471-478), and partially effective in a mouse
model of Parkinson’s (Matsuura K et al. CsA attenuates degeneration of

30 dopaminergic neurons induced by 6-hydroxydopamine in the mouse brain. Brain
Research 1996, 733(1): 101-104). Thus, mitochondrial-dependent necrosis



MeLeu -D-Ala -Ala - MeLeu -Val -MeLeu Fornula Il wherein 5a. R is H or
Acetyl; b. Rl is a saturated or unsaturated straight chain or branched

al i phati cwoantwan2a@hai n from 2 to 15 carbon atons in | eng@Ch/CA2n@/00091R4 | S
selected fromthe group consisting of HNR5 (1) 10(ii) o O ANMe2 o (iil)
ANH2; /--\ (iv) o o (v) ANEt2; H 111(1:55 NCO 15(vii).1\1HBOC, O (viii)AOEt

represents a prominent disease mechanism suggesting that inhibition of CyP-D
could provide a new pharmacologic treatment strategy for these diseases (Du, 2008).
Cellular, Tissue and Organ Injury due to a Loss of Cellular Calcium lon (Ca**)
Homeostasis
5 Ca?'is involved in a number of physiological processes at a cellular level, including
the healthy mitochondrial function. Under certain pathological conditions, such as
myocardial infarct, stroke, acute hepatotoxicity, cholestasis, and storage/reperfusion
injury of transplant organs, mitochondria lose the ability to regulate calcium levels,
and excessive calcium accumulation in the mitochondrial matrix results in the
10  opening of large pores in the inner mitochondrial membrane. (Rasola A. et al. The
mitochondrial permeability transition pore and its involvement in cell death and in
disease pathogenesis. Apoptosis 2007, 12: 815-833.) Nonselective conductance of
ions and molecules up to 1.5 kilodaltons through the pore, a process called
mitochondrial permeability transition, leads to swelling of mitochondria and other
15  events which culminate in cell death, including the induction of apoptosis. One of the
components of the mitochondrial permeability transition pore (MPTP) is CyP-D. CyP-
D is an immunophilin molecule whose isomerase activity regulates opening of the
MPTP, and inhibition of the isomerase activity by CsA or CsA analogs inhibits
creation of the MPTP, and thus prevents cell death.
20
Non-immunosuppressive Cyclosporine Analogue Cyclophilin Inhibitors
Despite the advantageous effects of CsA in the above mentioned indications the
concomitant effects of immunosuppression limit the utility of CsA as a CyP inhibitor in
clinical practice. At present, there are only a few CsA analogs that have been proven
25 to have little or reduced immunosuppressive activity (i.e. <10% of the
immunosppressive potency of CsA) and still retain their ability to bind CyP (i.e. >10%
CyP binding capacity as compared to CsA).

NIM 811 (Melle*-cyclosporine)
30 NIM 811 is a fermentation product of the fungus Tolypocladium niveum, modified at

amino acid 4 displays no immunosuppressive activity (due to lack of calcineurin



18 o F, O)LoOH. 5 .rR50; OH/ , OH9,.. JOH. , .r R OH; 10 wherein
1. RS is a saturated or unsaturated straight chain or branched aliphatic
carbon chapreotwatizeen 1 and 10 carbons in length 2. R6 i $CR/CA2009/000917
nonohydr oxyl at ed, di hydroxyl ated, trihydroxylated or 15pol yhydroxyl at ed
saturated or unsaturated straight chai& or branched aliphatic carbon chain
between 1 and 10 carbons in | ength; a pharmaceutically acceptable salt
t her eof .

binding) yet retains binding affinity for CyP-A (Rosenwirth BA et al. Inhibition of
human immunodeficiency virus type 1 replication by SDZ NIM 811, a
nonimmunosuppressive Cyclosporine Analogue. Antimicrob Agents Chemother 1994,
38: 1763-1772).

DEBIO 025 (MeAla>EtVal*-Cyclosporin)
DEBIO 025 is a dual chemical modification of CsA at amino acids 3 and 4, also
displays no immunosuppressive activity yet retains binding affinity for CyP-A PPlase
activity (Kristal, 2004).

10
SCY-635 (DimethylaminoethyithioSar’-hydroxyLeu®-Cyclosporin)
SCY-635 is a a dual chemical modification of CsA at amino acids 3 and 4, also
displays no immunosuppressive activity yet retains binding affinity for CyP-A PPlase
activity (PCT Publication No. W0O2006/039668).

15
Generally, these compounds have modification on the face of CsA that is responsible
for binding calcineurin, and generally require the modification of amino acids 3 and 4.
The modification of amino acids 3 and 4 is a laborious and complex, as this approach
typically involves opening up the cyclosporine ring, replacing and/or modifying those

20 amino acids and then closing up the ring to produce the modified cyclosporine.

In contrast, modification of the side chain of amino acid 1 does not require opening of
the cyclosporine ring. However, amino acid 1 is associated with CyP binding (as
opposed to calcineurin binding) and has been modified to increase the

25 immunosuppressive efficacy of CsA. For example US Patent No. 6,605,593,
discloses a single modification of amino acid 1 that results in a CsA analog with

increased immunosuppressive potency.

Therefore, it would be desirable to have a non-immunosuppressive Cyclosporine
30 analogue molecule (a “NICAM”) that are readily synthesized and are efficacious in

the treatment of CyP mediated diseases.



19 A fourth aspect of the invention relates to conpounds Forrmula IV: /R7

R O MeLeu-MeVal N ------ "C-Abu -Sar 11d MeLeu -D-Ala -Ala - MeLeu - Val
- MeLeu 5 woroume2d7% wherein |.R is H or Acetyl; and 10PCTRA20®/8ed12Ct ed
fromthe group consisting of : i. COOH, ii. -"C001-1; iii. -..,_,COOH . ,
iv., %-------- COOH ; v. (CH2)3COH ; ¥5 N -1 CH2) 3COOH ; wvii.
COCOH;, viii. COOH ; ix. COOH; 0/

SUMMARY OF THE INVENTION

One aspect of the invention relates to compounds represented by the chemical

structure of Formula |:

5
R1—R2
R'O
MeLeu—MeVal——N C—Abu—-=_Sar
|
8
MelLeu—D-Ala—Ala—Meleu——Val—Mel eu
Formula |
wherein
10 a. R’is H or Acetyl;
b. R1is a saturated or unsaturated straight chain or branched aliphatic
carbon chain from 2 to 15 carbon atoms in length; and
c. R2is selected from the group consisting of :
() aH;

15 (i) an unsubstituted, N—substituted, or N,N-disubstituted amide;

(i)  a N-substituted or unsubstituted acyl protected amine,

(iv) a carboxylic acid;

(v)  a N-substituted or unsubstituted amine;

(vi)  a nitrile;
20 (vii) an ester;

(vii)  a ketone;
(ix)  ahydroxy, dihydroxy, trihydroxy, or polyhydroxy alkyl; and

(x)  a substituted or unsubstituted aryl;



X.OH, Xi./-/'"COOH . , Xjj.%(CH2)9COOH ; xjjj.(CH2)B6COOH ; 20 (-'14nr-11.4
2 /

\-2,9,,,.s," cnni.4 0 OH OH /y\ OH OH CH
0 WO 2010/012073 PCT/CA2009/000917

16

or a pharmaceutically acceptable salt thereof.

A second aspect of the invention relates to compounds of Formula Il

R1—R3
R'O
MeLeu—MeVal——N ﬁ-—-—Abu—Sar
.
5 MelLeu—D-Ala—Ala—MelLeu——Val—Mel.eu
Formula ll

wherein

R’ is H or Acetyl;

10 b. R1 is a saturated or unsaturated straight chain or branched aliphatic

carbon chain from 2 to 15 carbon atoms in length; and
c. R3 is selected from the group consisting of
(i) a saturated or unsaturated straight or branched aliphatic carbon
chain containing one or more substituents selected from the group
15 consisting of a hydrogen, a ketone, a hydroxyl, a nitrile, a carboxylic
acid, an ester and a 1,3-dioxolane;
(i)  an aromatic group containing one or more substituents selected
from the group consisting of a halide, an ester and nitro; and
(i) a combination of said saturated or unsaturated, straight or branched

20 aliphatic chain and said aromatic group.

or a pharmaceutically acceptable salt thereof.

A third aspect of the invention relates to compounds of Formula lll:

y\. OH OH; OH OH OH OH



NMe2; 0 O NH2; 1-\ NO Nwe2 NENt2; me2 0 0 21 Nve2 O NH2 0 O
, (CH2) " 91?1Me2 ; O NMe2 ; and CH2)6 NH2 . O ;
WO 2010/012073 PCT/CA2009/000917

17

R1—R4
R'O

MelLeu—MeVal——N C—Abu—=Sar

-

MelLeu—D-Ala—Ala—MelLeu——Val—Meleu

Formula Il
wherein
5 a. R’is H or Acetyl;
b. R1is a saturated or unsaturated straight chain or branched aliphatic
carbon chain from 2 to 15 carbon atoms in length; and
c. R4 is selected from the group consisting of

\Irn\/ R5
(i)

10 (ii)

(iii)

(vi) ©
15 (vii) _NHBOC .

0]
(viii) Aot



0F: 0: (CH2)9C00Et (CH2)B6COOEt 0: 0: ; : "CH2)6CH3: /"2,"/'?. ; "C
H2) 4C H3 ; NH2 22 H./..,.,.Nr O ; NHBOC ./.NHBCC : O N H
WO 2010/012073 PCT/CA2009/000917
18
x
o/\r
(ix) F
0
) )LO/\/OH;
\n/R5
(xi) o
OH
(xii) -~
OH

(xvii) COOH,
10
wherein
1. Rb5is a saturated or unsaturated straight chain or branched
aliphatic carbon chain between 1 and 10 carbons in length
2. R6 is a monohydroxylated, dihydroxylated, trinydroxylated or
15 polyhydroxylated saturated or unsaturated straight chain or

branched aliphatic carbon chain between 1 and 10 carbons in

length;

or a pharmaceutically acceptable salt thereof.



HNOGdNIxiv. HHNIxv. oo CH)--5NIXVi.H, 0 N H NHBCC ; or a
phar maceutically acceptable salt thereof. 23 According to another aspect
of the inwenbioan20/here is provided a process to produceca/@anpmood’of said
Forrmula |, conprising the steps of

19

A fourth aspect of the invention relates to compounds Formula IV:

MelLeu—MeVal——N

R7

R'O

o

C —Abu—-=Sar

MelLeu—D-Ala—Ala—Mel.eu——Val—MelLeu

5
Formula IV
wherein
I.  R'is Hor Acetyl; and
10 Il. R7 is selected from the group consisting of :
i. COOH;
i. 7 “COOH:
i, /\/COOH;
iv. Z ""COOH:
V. /\(CHz)chOH;
vi. 7 (CHz)3COOH:-
vii.  7"""COooH;
Vil ATN"NCcooH
ix. Z""COOH:
0
X /\/\A/U\OH;
i, /\/\/\/COOH;
xii. % “(CH)sCOOH ;

Xiii.

Z(CH;)6COOH -



a. reacting acetyl CsA aldehyde nodified at amno acid 1 of Formula I X: OAc
5 Formula I X with a phosphoniumsalt of Formula VIII: 10 Ph 1+ X- PhP Ph
| \ R13- RRORoromub@3VI 1 15wherein |I. R13 is a saturat edpom/aasa@ioedat ed
straight chain or branched aliphatic carbon chain from1l to 14 carbon atons
inlength; and Il. R2 is as defined ahgve for Formula |; 20in the presence
of a base to produce an acetyl at ed coggound of Formula X2 WD

2010/ 012073PCT/ CA2009/ 000917 24 QAc Fornula X b. deacetylating the

conmpound of Formul a XXlIJVS.I ”%@Eg&o&-ﬂd

xv. ~ (CHeCOOH:

XVi. X
—oH
XVil. OH
XViii. OH ;
XiX. OH
/W
XX. OH :
XXi. OH
XXil. OH
XXiil. OH
XXiv. OH :
xXxv. & ;
, H
XXVI. SO :
xxvii. ~~ OH:
H
MN\/\
XXViii. O ;
0
XXiX. M)LNMeZ;
0
XXX. /\)LNH2;
N O
XXXI. 0 :
0
XXXii. /\)LNMGZJ
/\)OL
XXXiii. NEt, -

XXXIV.



c. where Rl is saturated, hydrogenating the double bond of the conpound of
Formula X by reacting the conpound with a hydrogenating agent to produce a

sat ur at edwenraloage@3of Fornula |. According to anot her agpEatA20§9/00boa7
i nvention,

there is provided a process to produce a non-i mrunosuppressive
compound of Formula XIV: OH 15;3£gula XI'V conprising the steps of a.
reacting the conmpound of Fornula

20 WD 2010/ 012073PCT/ CA2009/ 000917 25
in the presence of a reducing agent and an acyl ating agent to produce

acetyl ated conpounds of ;%%Q}u@b)ggmMez Formula XVI ; and b. deacetyl ating
t he conpound of Fornul a usingcp base; wherein Rl of Formulae XV, XV
and XVI is a saturax¥d or unsaturatgg 10strai ght chain or branched

al i phatic carbon chain betfeen™~2 3 45 carbons in | engt h. According to
anot her aspect of

jinvention, therd is provided a process to produce a
non-i nmunosuppr essi ve conpound Formula XXI: 15 OH

XXXVi 7 N(CHp)g "NMez -
. (@]
ool 7 (GHz)e NMez; and
. 0]
i " NCHa)g “NH,
iX. _
XXX A
xi 4¢\“’\V)Loer
. 0]
/\/\)LO/Y
xli. F e
@]
OH
A~
xlii. /\/\/"\ o) ,
i, 7 (CHzgCOOEL,
xliv. 7~ (CH)gCOOEt -
—Q
xlv COOMe .
xivi. 0 ;
x1vii. o :
sii. 2T,
xix. 2>
| 7 (CHaeCHs;
i 7 (CH24CHa,
i 0 H
P A s
Iv /\/\/\/\NHZ-
i, o~
N
Nl AN,
wi. 2N,



NH2 CsARL1 Fornula XXI conprising the steps of 20a. by dissolving the
conpound of Fornmula XX: OH NHBOC CsARL 26 in an anhydrous solvent; and b.
reacti ng woeosaliad7idon with trifluoroacetic acid (TFA); WwaE2009R00af
Formul ae XX and XXI is a saturated or unsaturated, straight 5 chain or
branched al i phatic carbon chain betwe 2 and 15 carbons in | ength.
According to another aspect of the invention, there is provided a process
to produce a non-i mMmunosuppressi ve conpound of Fornula XIV: 10 OH NHAcyl
CsARL Fornula XV 15conprising thedsteps of a. dissolving the conpound of
Formula XXI: OH , NH2 CsAR1l ZGEo’r\mNE/XXI i n anhydrous pyridine; b. reacting
n

the solution with acyljgti ng agent; d
. MNHBOC;
Ixi. " NHBOC :
o]
7 N/Ik
Ixii. H ;
H
/\/\/N\H/\/
Ixiii. O ;
0
N/lk
Ixiv. H ;
H
IXv. o X
0
P (CHs N)kA
Ixvi. H ;
0
Ixvi. H :
Ixviii. NHBOC :

Ixix. /_Q ;
T

Ixx. X
F
Ixxi. Z C ;
Ixxii. ;
R,
Ixxiii. COOH: and
—Q
Ixxiv. COOMe ,

or a pharmaceutically acceptable salt thereof.



c. renoving the solvent to yield the conpound of Fornula XIV, 25 WD
2010/ 012073PCT/ CA2009/ 000917 27 wherein R1L of Fornulae XIV and XXl is a
sat ur at edwonrowvmEai7ar at ed strai ght chain or branched ali poatdazo@aotan chain
between 2 and 15 carbons in length. 5 According to another aspect of the
invention, there is provided a pr oces%ato produce a non-i mMunosuppr essi ve
conpound of Forrula XX V: OH CsA NR15R16 10Formula XXI'V wherein
|. Rl is a saturated or unsaturated, straight or branched aliphatic carbon
chai n bgicording 2o anetheb aspedt@ishe inveatigh theenid provideBIbpaiedsKRid prodrice

i ndependent|y hydrogen or a saturated or unsaturated straight chain or
branch@dc%npwptsﬁﬁg ;Ul?rlwﬁﬁg}pé'smlﬁlfg‘ﬂl%eﬁ’%@gt her forms a norpholinyl

o Drco ConricE PR TR TR sy aPn SRR Bl B S8 R e ot

the Formul a XXVI; 28 QAcO0 CsAR1C

OAc
O
P
CsA
5
Formula IX
with a phosphonium salt of Formula VIII:
10
Ph
| + X
Ph—Pj
I R13—R2
Ph
Formula VIl
15 wherein
I.  R13is a saturated or unsaturated straight chain or branched
aliphatic carbon chain from 1 to 14 carbon atoms in length; and
II. R2is as defined above for Formula I,
20 in the presence of a base to produce an acetylated compound of Formula

X



Forrmul a XXVI 5b. dissolving the residue in anhydrous solvent and reacting
with a conpound of the Formula XXVII: RL5R16NH 10Forrmula XXVII to yield the
conmpound WO 26ovared7a XXVI | | Formula XXVI11 ; and c. deatatazb@tdoog7t he
conpound of Forrmula XXIV with a base. WD 2010/ 012073PCT/ CA2009/ 000917 29
According to another aspect of the inygntion, there is provided a process
to produce a non-i mrunosuppressive co%%ound of Formula XXl V: OH CsARL
NR15R16 5 Fornula XXIV wherein |. Rl is a saturated or unsaturated
straight chain or branched ahpghatic 10carbon chain between 2 and 15
carbons in length; Il1. R15 and R16 are independently hydrogen or a
saturated or unsaturated str branched al i phatic group; or

where NR15R16 together for
CsA

Formula X

5 b. deacetylating the compound of Formula X using a base; and
c. where R1 is saturated, hydrogenating the double bond of the compound
of Formula X by reacting the compound with a hydrogenating agent to

produce a saturated analogue of Formuia |.

10
According to another aspect of the invention, there is provided a process to produce

a non-immunosuppressive compound of Formula XIV:

OH
NHAcyI
CSAJ\‘/\R1/

15 Formula X1V

comprising the steps of
a. reacting the compound of Formula XV:

20
OAc

C=

CsA R1

Formula XV



15conprising the steps of a. dissolving the conpound of Fornula XXV: QAcO
CsARLCOH 20Formul a XXV i n anhydrous sol vent under nitrogen; WO

2010/ 0120WBRCIVIT2609/ 000917 30 b. reacting wth di cycl engca2e@oeadri r ni de,
1- hydr oxybenzotri azol e hydrate and the conpound of the Forrmula XVIII;
R15R16NH Fornula XXVI1 and c. deacetyggting t he conpound of Fornula XVil
with a base. According to another aspétt of the invention, there is

provi ded a process to produce a non-i munosuppressive conpound of Formul a
XXX Formula XXXI'l wherein |I. Rl is a saturated or unsaturated
straight chain or branched aliphatic 20carbon chain between 2 and 15
carbons in liethg presgende of a rRducing agestand ancatytatingragant tapeatiuser ai ght chai n

or branched aliphatic grou i onal containing a hal ogen or hydroxyl
substi t uent ;¢ %6@/&%%&%%&)8%&00917 31

OAc

NHAcyl
rR1~

CsA
Formula XVI
; and
b. deacetylating the compound of Formula XVI using a base;
wherein R1 of Formulae XIV, XV and XVI is a saturated or unsaturated
10 straight chain or branched aliphatic carbon chain between 2 and 15 carbons in

length.

According to another aspect of the invention, there is provided a process to produce
a non-immunosuppressive compound of Formula XXI:

15
OH

NH,
CsA R1/

Formula XXI
comprising the steps of

20 a. by dissolving the compound of Formula XX:

OH
NHBOC

CsA R1/

Formula XX



by reacting the conpound of Formula XXX S5Formula XXX with a conmpound of
Formula XXXI: R170H 10 Formula XXXI in the presence of an acid. According
t o anot hewoasmauato7ef the invention, there is provided arpraxes®/nwipr oduce

15 a non-i munosuppressi ve conpound of Fornula XXVI: OH Fornmul a XXVI
20wherein |I. Rl is a saturated or unsaturated straight chain or branched
al i phatic carbon chain between 2 and carbons in length; and Il. R20 is a

saturated or unsaturated straight chain or branched aliphatic group; WO

2010/ 012073PCTiGA29RY 1809 38Iv3At; Rindr eacting the conpound of Formul a XXXV

Formul a XXXV wherein R is optionally H or acet ¥I Wi th sodi um bor ohydri de;
and b. reacting the solution with trifluoroacetic acid (TFA);

wherein R1 of Formulae XX and XXl is a saturated or unsaturated, straight

5 chain or branched aliphatic carbon chain between 2 and 15 carbons in length.

According to another aspect of the invention, there is provided a process to produce

a non-immunosuppressive compound of Formula XIV:

10
OH
NHAcyl
CsA R17
Formula XIV
15 comprising the steps of
a. dissolving the compound of Formula XXI:
OH
NH,
CsA rR1~
20 Formula XXI

in anhydrous pyridine;
b. reacting the solution with acylating agent; and
¢. removing the solvent to yield the compound of Formula XIV;
25



where R is acetyl, deacetylating the conpound of Formula XXXV with a base.
According to another aspect of the invention, there is provided a process

t o producwoaorane7anunosuppr essi ve conpound of Fornul a XXIrXCA2009/06e1mul a
XXI X wherein RL is a saturated or unsaturated straight chain or branched

al i phati c carbon chain between 2 and 3p carbons in length; 33 by reacting
the conmpound of Formula XXVIII: OH SFormula XXVII1I with

bor ane-t et rahydrof uran and sodi um per oxi de. Accordi ng to anot her

aspect of tRghdrEinag bPRorhiIBEeXIVSartl RXI Bedl satupated & unsatpardustidit a
non-i nmunosuppr essi ve conpound of Fornmula XLIITI: Formula XLIII erein

151 . R i s Hcbainsgdranchegaliphatiricarkon chainietwedn granmacarkansdn @rgthi ght or
branched aliphatic chain from2 to 15 carbons in length; by reacting the
conpound of Forrmula XLI: 20 OAc

5 According to another aspect of the invention, there is provided a process to produce

a non-immunosuppressive compound of Formula XXIV:

OH O

CsA R1)J\NR15R16

10 Formula XXIV

wherein
I.  R1is a saturated or unsaturated, straight or branched aliphatic carbon
chain between 2 and 15 carbons in length; and
15 II.  R15 and R16 are independently hydrogen or a saturated or unsaturated
straight chain or branched aliphatic group; or where NR15R 16 together

forms a morpholinyl moiety;

comprising the steps of

20 a. by combining the compound of Formula XXV:

OAc O

CsA R1)J\OH

Formula XXV
25 with thionylchloride to yield a residue of the Formula XXVI;



34 with the conpound of Formula XLII; MgCl Forrmula XLII 5 in an anhydrous
sol vent; and deacetyl ating the conpound of Fornmula XVIII wth a base. 10
Accor di ngwoaosvatdrer aspect of the invention, there is proxiAted/@moqirocess
to produce a non-i munosuppressi ve conpound of Fornula XLVI: 15For mul a
XLVI wherein |. RL is a saturated or ggsaturat ed straight chain or branched
al i phatic carbon chain from2 to 15 carbon atons in length; and Il. R23 is
a saturated or unsaturated straight chain or branched aliphatic 20group;
conprising the steps of: W 204@012073PCT/ @\2009/ 000917 35 a. reacting

t he conpound of Formula XLV CAc|CsARl, v/ - SFornmul a XLV wi th hydrogen
peroxide and formc acid; b. r ti e ct wwth a base to yield the
conpound of Formula XLVI; ak$A R Cl
Formula XXVI
5 b. dissolving the residue in anhydrous solvent and reacting with a compound

of the Formula XXVII:
R15R16NH
10 Formula XXVII

to yield the compound of Formula XXVIII

OAc @)

CsA R1/”\NR15R16

15
Formula XXVIII
- and

c. deacetylating the compound of Formula XXIV with a base.



10c. deacetylating the conmpound of Forrmula XLV with a base. The present

i nvention di scloses non-inmunosuppressi ve cycl ospori ne anal ogues. Such
conmpoundswbizoth/@yP3and are potentially useful in treati RgTQARVODIAET ed

di seases. 15 In general, for Fornulae | through XLVI: "Carboxylic acid"
includes a group in which the carboxy#éc acid noiety is connected to one of
the foll owi ng substituents: 201. al kyf"which may be substituted (for
exanpl e, alkyl of 2 to 15 carbons); 2. al kenyl which may be substituted
(for exaimiding % 4RBIHer @bpécti st tA irfinlieA Sther@ Rt rRvidedlkey piicesb i€ praticebe
substituted (?or exanpl e, al kynyl of 2 to 15 carbons); 25 The substituents
of the aabovimaewosupRiésaiiecomaaundreflieuwmXddén (for exanple, fluorine,
chlorine, bromne, iodine, etc.), nitro, cyano, hydroxy, thiol which nay be
substituted (for exanmple, thiol, Cl-4 alkylthio, etc.), am no which may be
substituted (for exanple, am@g, nono-ClCt al kyl am no, di-Cl-4 al kyl am no,

5- to 6-nenbered cyclic am nojsuch as t;%&z;:dropyrrole, pi per azi ne,
P

pi peri di ne, norpholine, WO CA2009/ 000917 36 thi onorpholine,
pyrrol e, imdazole, etc.)CsBl-4Nal koxR1Whi cINREYRb@ hal ogenated (for
exanpl e, met hoxy, ethoxy, propoxly, butoxy, trifl uoronethoxy,
trifluoroethoxy, etc.), Cl-4 al koxy-Cl-4 al koxy which may be hal ogenat ed
(foe exanpl e, nethoxymet hoxy, methoxyethoxy, ethoxyethoxy,
trifluoronmethoxyethoxy, trifluorqethoxy y, etc.), 5fornyl, C2-4

al kanoyl (for exanple, acetyl, pﬁ%ﬂﬂyﬁﬁﬁ%QE%c.), Cl-4 al kyl sul fonyl (for
exanpl e, net hanesul fonyl, ethanesulfonyl, etc.), and the |like, and the

nunber of the substituents is preferably 1 to 3. Further, the substituents
of the abovewlieagimmo whi ch may be substituted” may bind 10 each other to

forma cyclic amno.gro for exanpl e r.o which is forned, b
subt r act iyngI a'-hyd:?g.{fg@]sé erri‘erlsﬁ f?ieﬁfgstg%wm*ﬁﬁ Pﬁa}arﬂ%?gg’sﬂha%/%m of a
> 100 5 Member edq i fgoRanbAnebR I AR U5 BBMIARIR lerdftRSr azi ne, pi per i di ne,

nor phol i ne, thionorpholine, pyrrole, 1 mdazole, etc. so that a substituent
can be attachéd tR14 hed i1 agandeperdendly hyldeoddrke) a sTheategdairiunsatiratedgr oup

may be substituted a xanpl es 150f the substituent in | ogen (for
exanpl e, quorinéS"ﬁﬂﬁé%?HggrQWW ﬁ%?LP@ﬁFHQPUBtBKW%e @F33E553883ﬁﬁ§droxy,
thiol which may bgrfglBshbighoRflyi(heketyexanpl e, thiol, Cl-4 alkylthio, etc.),
am no which may be substituted (for ‘exanple, am no, nono-C. sub.1-4

al kyl am no, di-Cl-4 al kylam no, 5- to 6-nenbered cyclic am no such as

t et,rahydropyrrol e, piper.azine, piperidine, norpholine, thionorpholine,
pyrPol e, ZOi%na%ri%rl‘&r%e?tgpf,O?car boxyl which may be esterified or ami dated
(for exanple, gardigsoiling™e Bompbaiy of #Fohan xxvar bamoyl, mono- Cl1-4

al kyl - carbanoyl, di-Cl-4 al kyl- carbanoyl, etc.), Cl-4 al koxy which may be
hal ogenat ed (for exanple, nethoxy, ethoxy, propoxy, butoxy,
trifluoronmethoxy, trifluoroetho etc.), 06-4 al koxy- C. sub. 1- 4 al koxy

whi ch may hal ogenated (for exa Qf met hoxyfet hoxy, nethoxyet hoxy,

25et hoxyet hoxy, trifl uoronet hoxyet hoxy, t;LHonroethoxyethoxy, etc.),
fornyl, C2-4 al kanoyl (for exeapl aceryt, propl onyl, etc.), Cl-4

al kyl sul fonyl (for exanple, nethang¢sul fonyl, ethanesul fonyl), and the |iKke,
and the nunber of the substituents'is preferably 1 to 3.

20 Formula XXV

in anhydrous solvent under nitrogen;



WO 2010/ 012073PCT/ CA2009/ 000917 37 "Am ne" includes a group which may be
unsubstituted or in which the amne noiety is an N-substituted or N, N

di subst i twbDediodma2i7ag one or two substituents which may PpeTiaxdeaocant | y
selected from 1. alkyl which may be substituted (for exanple, alkyl of 2
to 15 carbons); 52. al kenyl which naySQS substituted (for exanple, alkenyl
of 2 to 15 carbons); 3. al kynyl which y be substituted (for exanple,

al kynyl of 2 to 15 carbons); 4. fornyl or acyl which may be substituted
(for exanple, gl kgadiHg With didyeloheSAERRDBT|imidY, 1erpiBkgberiofiadole RyORIONY!
butyryl, isobutyryl, éetc.), alkylsulfonyl of 1 to 4 carbons (for exanple,
met hanesul f onyl , asdithaesmfasing of tee EoymuladXVHRE 101i ke); 5. aryl which may
be substituted (for exanple, phenyl, naphthyl, etc.); and the |ike; and
connected to a substituent independently selected fromthe substituents as
defined for "carboxylic acid" aboveisdPsNAM de" includes a conpound in

whi ch the carboxylic group of the amde noiety is connected to a
subBtituent independently selected fromthe substituents as defined for
"carboxylic acid" above, connect ¢t po group of the am de noiety is
an N-substituted or N, N disubstif&?g%nﬁgéghg one or two substituents,
respectively, which 20 may be i ndependently selected from 1. alkyl which
may be substituted (for exanple, alkyl of 2 to 15 carbons); 2. al kenyl
which may be s@bdtituted (for exanple, alkenyl of 2 to 15 carbons); 3.

al kynyl which y it yt r 4ggpkg | to 15 carbons);
4. fornyl or agglde%ﬁﬁwﬁr@y%gé%&&%dtcﬁte %?@élig\}rpr%lae?é% ‘kanoyl of 2 to 4

25qgrbons (for exanple, acetyl, propionyl, butyryl, isobutyryl, etc.),
al kyl sul fonyl of 1 to 4 carbons (for exanple, nethanesulfonyl,
et hanes‘mq%glyg to apether agpeetrf the wentign, theye Isprovideses PIRcestkR Pradiced (f or

%ig})g%zﬁ&g%ﬂ#’/u&g@%’%%'&sﬁ%ungfdjﬁ:&rnnﬁ% .?)(Z&elg:(\e/\gpl ified by a monocyclic

or fused polycyclic aromatic hydrocarbon group, and for exanple, a C6-14
aryl group such as phenyl, naphthyl, anthry], phenanthryl or
acenapht hyl enyl, and the |ike preferre wi th phenyl being preferred.
Said aryl may be substituted wjth one or nDHe substitutuents, such as

Sl ower al koxy (e.g., Cl-6 g@Jds0X 9 t 17 et hoxy or propoxy, etc.),
a hal ogen

15
Formula XXXII
wherein
I.  R1is a saturated or unsaturated straight chain or branched aliphatic
20 carbon chain between 2 and 15 carbons in length; and

Il. RA17 is a saturated or unsaturated straight chain or branched aliphatic

group, optionally containing a halogen or hydroxyl substituent;



atom (e.qg., fluorine, chlorine, bromne, iodine, etc.), |lower alkyl (e.g.,
Cl-6 al kyl such as nethyl, ethyl or propyl, etc.), lower alkenyl (e.g.,
C2- 6 al kewgl2omumabko7as vinyl or allyl, etc.), |ower al kynpCT(GA2009/00@12- 6
al kynyl such as ethynyl or propargyl, etc.), am no which may be
substituted, hydroxyl which may be substituted, cyano, am dino which 10may
be substituted, carboxyl, |ower alkox€ arbonyl (e.g., Cl-6 al koxycarbonyl
such as net hoxycarbonyl or ethoxycarbonyl, etc.), carbanmoyl which may be
substituted ; ' ubstituted with Cl1-6 al kyl or
acyl (e.g., oF%ﬁ??§§%?%ﬂgFggﬁ%9féo@@%§2?9? Cl-6 al koxycarbonyl which may
be hal ogenated, Cl1-6 al kyl sul fonyl which may be hal ogenat ed,
benzenesul fonyl, etc.) which be 15substifuted with a 5- to 6-nenbered
aromati c nonocyclic heterocycliy 'group (e.g.y pyridinyl, etc.),
1-azetidi nyl carbonyl, 1-pyrroli ar bonyl || pi peridi nocarbonyl,
nmor phol i nocar bonyl , thi onor plal i t pul fur atom may be
oxi di zed), 1- piperazinylcarbonyl, etc.), or the Iike. Any of these
substituents may be i ndependently 'substituted at 1 to 3 substitutable
positions. 20 "Ketone" includes a conpound in which the carbonyl group of
the ketone noiety is connected to one or two substituents independently
sel 6cted fromthe substituents asFormulac¥iXXbove for said "carboxylic acid".
25"Ester"” includes either a carboxylic or an al cohol ester wherein of the
ester group is conposed of one or two substituents independently sel ected
fromthe subgiq §¢8ripduRd djqfdrm@,qa k)" carboxylic acid” or "aryl”
"Alkyl" unless otherw se defined is preferably an alkyl of 1 to 15 carbon
units in 30length. WD 2010/012073PCT/ CA2009/ 000917 39 "Aromatic group” may
be exenplified by aryl as defined aE®$ or a 5- to 6- nenbered aromatic
nonocyclic heterocyclic group such thienyl, pyrrolyl, oxazolyl,
i sqgazol yl, thiazolyl, isothiazolyl, |n1dazolyl, pyrazol yl,
1, 2, 3- oxadi azol yl , 1,2,4-oxadiazolyl, 1, 3, 4- oxadi azol yl , furazanyl,
1,2, 3- thiadiazolyl 1, 2, 4-t hi adi &zonyla XXXB, 4-t hi adi azol yl ,
1,2, 3- trlazol 4 trlazol |, tetrazolyl, pyridyl, pyridazinyl,
pyri n di nyl ! ﬁ‘ﬁaﬁw otfPf‘e?fi(%yl or the like; and a 8- to 16-nenbered
(preferably, 10- to 12-nenbered) aromatic fused heterocyclic group
"Non-i mmunosuppresive" refers to the ability of a conpound to exhibit a
subst arﬂacmrcunyg 10 anetimt@épeetvtm‘ltheﬂn\@unrbpﬂe&@r@ﬁ povided 3 prAGess 49 HIRIHCES
co ared w as_neasur.ed fﬁ? .ability to inhibit the

i fetaph HHWOHH%WSPS\/WW@ ¢ ocrﬁ]rq?a ture and preferably as
neasured by the nethod set out in Exanple 19 bel ow. 15 "Anal ogue"” neans a
structural anal ogue of CsA which differs fromCsA in one or nore functional
groups. Preferably, such anal ogMds preserve at |east a substantial portion

T

of the ability of CsA to bind P. Preferred species of Formula | are
those in which R is H Rl iGsfa S¢turafRdd_or saturated al kyl between 2
and 15 carbons in length and R2 ip selected from 1. carboxylic acid

conprising a carboxyl group; 2. N-substitufdtl of N, N-di substituted ani de
wherein the substituents are independently selected froman H, an al kyl of
between 1 and 7 carbons in length, or said substituents forma heterocylic
ring of which the heterocyle is Fsph@atedvfromO0, N or S

20 wherein
I.  R1is a saturated or unsaturated straight chain or branched aliphatic
carbon chain between 2 and 15 carbons in length; and
. R20 is a saturated or unsaturated straight chain or branched aliphatic

group;
25



3. an ester of between 1 and 7 carbons in length; 4. an nonohydroxyl at ed,
or di hydroxyl ated al kyl of between 1 and 7 carbons in |ength; 5.
a N-sustiwoteth/aeo7ansubstituted acyl protected am ne of pogtcaes/oboand 7
30carbons in length; 6. a nitrile; 40 7. a ketone wherein the carboxylic
group of the ketone is connected to R% and saturated or unsaturated al kyl
chain of between 1 and 7 carbons in | %gth; 8. phenyl, optionally
substituted with one or nore substituents independently selected from

ni trogen di gxi @actify te'@hpSundBf RBIMAGIa YBXX@st er or a carboxyl 5group. The
conpounds of "‘the priesent iInvention may exist in the formof optically
active conpounds. The present invention contenplates all enantioners of
optically active conpounds mﬁtgi%.the scope of the above fornul ae, both
individually and in mxtures 10y of racemates. As well, the present

i nvention includes prodrugs of e qunds é@ned herein. According to
anot her aspect, conpounds ofCShe } n may be useful for
treating or preventing or studying a cyclophilin nmediated disease in a
mammal , 15 preferably a human. Such di sease® is usually nedi ated by the over
expression of cyclophilin, such as a congenital over expression of
cyclophillin. Cyclophilin nediated di seases which may be treated by
conpounds of the present inventi Gormuta XXXV 20 a. a viral infection; b.

i nfl anmat ory di sease; cancer; d scul ar degenerative di sorder; 25e.

e, C.. ;d.
neur odegener¥i§'¢l i'§(5’rp<§'9f‘?"3éh|o°rchqt\ﬂrury associated with | oss of cellular
cal ci um ho ' §gﬁj kial,jqnfection may be caused by a virus sel ected
fromthe grgﬁg{%%ﬁgvg |ngy§ﬁ&§%ﬁﬂ§n | mmunodeficiency virus, Hepatitis A,
Hepatitis B,witapd'ii¢ asely), ddagatylating the c@dspulindegfdtormuda EXXSamithianbasemat or y
di sease is selected fromthe group consisting of asthma, autoi nmune

di sease, chronic inflammuation, chronic prostatitis,

10
According to another aspect of the invention, there is provided a process to produce
a non-immunosuppressive compound of Formula XXIX:
OH
CSAJ\(\R1/\OH
15
Formula XXIX

wherein R1 is a saturated or unsaturated straight chain or branched aliphatic
carbon chain between 2 and 15 carbons in length;
20



WO 2010/ 012073PCT/ CA2009/ 000917 41 gl omerul onephritis, hypersensitivity

di sease, inflammtory bowel disease, sepsis, vascul ar snpboth nuscle cell

di sease, woenryEanw3 pelvic inflammatory di sease, reperf RETAA200%000917
rheumatoid arthritis, transplant rejection, and vasculitis. Said cancer may
be selected fromthe group consisting gf small and non-small cell [|ung,

5bl adder, hepatocel [ ul ar, pancreatic 3%d breast cancer. Said rmuscul ar
degenerative disorder may sel ected fromthe group consisting of myocardi al
reperf usi on gyeYEiin fﬂésgg%ﬁbuwgf ESPRYia >aadcol | agen VI nyopat hies. Said
neur odegener gti ve cﬁsor er may be sel ected #fomthe group consi sting of

Al zhei mer' s di sease, Parkinson's disease, Huntington's disease, Miltiple
Systens Atrophy, Miltiple Scl eng s, cerebral 10pal sy, stroke, diabetic
neur opat hy, anyotrophic |ateralysclerosis (Lou CGehrig' s Disease), spinal
cord injury, and cerebral ig&ur '%inj ry .associated with | oss of

cel l ul ar cal ci um honeost asi %y e s&lecidd=FFHam t he group consi sting of
nyocardi al infarct, stroke, acutelhepatotoxicity, cholestasis, and
storage/reperfusion injury of transplant organs. 15 BRI EF DESCRI PTI ON OF
THE DRAW NGS These and ot her advantages of the invention will becone
appgrent upon readi ng the 20fol | pytmald XXl ed description and upon
referring to the drawings in which: FIGJRE 1 is a |line graph depicting the
i nhibition of CyP-D as neasured by mtochondrial absorbance follow ng

addi tion of lcium chl ori in the absence or. presence of a CsA 25

DETAI LED DE@ gpf%&%lﬁ?kgh\écﬁﬁ%ﬂﬂaggcﬁogfw?ef%%%ti on may be adm ni stered
neat or with a pharmaceutical carrier to a warnm bl ooded animal in need

t hereof . The pharnmaceutical carrier may be 30solid or liquid. The inventive
m xt ur AaeRyding taanpihies aepeet afithe invention, thare i prpvidedtacpwicess topradueel at i on

spuay I i . it formulatho ontai ning WO

20&@/ 0%%%&@F%B%fqgglgg%Hﬁfhggnq;?rﬁrﬁ%g'ﬁaagﬁHf(;n t oxi ¢ pharnaceutically
acceptabl e carriers, adjuvants @RU vehiclegy The term parenteral, as used
herei n, includes subcutaneous ipjections, |Jintravenous, intranuscul ar,
intrasternal injection or infdsSi t %W)q\l.re»{\'i The phar naceuti cal
conpositions containing the inventive M'xture may preferably be in a form
suitable for oral use, for exanple, as tablets, troches, |ozenges, aqueous
or oily suspensions, dispersible powders or granules, enulsions, hard or
soft capsules, or syrups or eIixi'_{Gs{mbﬁor%?fitions i ntended for oral use may
be prepared according to nethods aiHlhe art for the manufacture of
phar maceut i ¢galerg@nposi tions and 10 such conpositions may contain one or
nore agents selected fromthe group consisting of sweetening agents,

fl1 4%ori ng ageht s R é¢oHoori Acptagants and preserving

Il.  R1is asaturated or unsaturated, straight or branched aliphatic chain

from 2 to 15 carbons in length;
by reacting the compound of Formula XLI:

20
OAc

CsA)\r\on

Formula XLI



agents in order to provide pharmaceutically el egant and pal at abl e
preparation. Tablets containing the active ingredient in adm xture with
non-t oxi cwpharomaewat i cal | y accept abl e exci pi ents may al #oTh20@v006@Ct ur ed
by known net hods. The excipients 15used nay be for exanple, (1) inert

di luents such as cal cium carbonate, |3agtose, calcium phosphate or sodium
phosphate; (2) granulating and disintegrating agents such as corn starch,

or alginic acid; (3) binding agents such as starch, gelatin or acacia, and
(4) | ubri catwifrgtheosdthposie bf Bermi@aN@dl; um st earate, stearic acid or talc.
The tablets may be uncoated or they may be coated by known techniques to
del ay 20di sintegration and absorption in the gastrointestinal tract and

t her eby provide a sustained action ovengchonger period. For exanple, a
time delay material such as glycenﬁ?\ﬁﬁn Stearate or glyceryl distearate
may be enpl oyed. They may al so be_coat ed g t he techni ques described in the
U.S. Patent Nunber 4,256, 108; 4, 1585'29%" ﬁd 4,265,874 to form osnotic

t hesapeutic tablets for controlled release. 25 In sonme cases, fornulations
for oral use may be in the formof hard gelatin capsules wherein the active
i ngredi ent iig amadydwushselventhand sol i d diluent, for exanple, calcium

carbonate, calciuyumphosphate or in T also be in the form of
soft gel ati e@&ﬁ&ﬁtﬁ? \%%&Oé?%oqrﬁﬁg@%ﬁrma Pﬁ%t’ g\'é%e%bafé%- nm xed with water or
an oil medium for 30exanple peanut oil, liquid paraffin, or olive oil. WD

2010/ 012073PCT/ CA2009/ 000917 43 Aqueous suspensions normally contain the
active materials in adm xture with excipients suitable for the manufacture

of ,aquepus.. s signs.. Such ci.pi ent s i nclude:, (1) suspendi ng agents

o s R THRRE ARBBRS sPHo o/ e UsTEbR IR I el et PloctdERE R dlike

hy dr ox ysphremithRINd% LipSldsYive oM pafidush Rdreiul@ixe vIpol yvi nyl pyrrol i done, 5 gum
tragacanth and gum acacia; or (2) dispersing or wetting agents which may be

a naturally-occurring phosphatide such as lecithin, a condensati on product
of an al kylene oxide with a fa acid, for exanple, polyoxyethylene
stearate, a condensation produgt of ethyleneofgide with a long chain

al i phatic al cohol, for exanpl aet hyl eneoxycet anol, a condensati on
product of ethyl ene oxi de 185 f e derived froma fatty acid
and a hexitol such as pol yoxyet hyl ene sor hol nonool eate, or a
condensati on product of ethylene oxide with 'a partial ester derived froma
fatty acid and a hexitol anhydride, for exanple pol yoxyethyl ene sorbitan
nonool eate. 15 The aqueous suspensions may al so contain one or nore
prdservatives, for exanple, ethylFmuagkle¥l p-hydroxybenzoate; one or
nore col oring, adpnts; one or nore flavoring agents; and one or nore
sweet eni ng agents such as sucrose, aspartanme or saccharin. 20 Qly

suspensi on may beRf wravhftrateday whsaheatdidgirdidiet aein vebianghedigdiphaiic a
vegetable oil, for exanple arachis oil, olive oil, sesane oil or coconut
oil, a fish oil VARRIN EdRINATam 2dRePcasbpr@igMa N lEngdh a¥ a nineral oil such
as liquid paraffi : I i : k i I ent,
for exanple blgesm%}%(% ;g%?%urlr)%t?g;b??ﬁegfr&%%fjﬁ%é@@%wo%'@éﬁ%Bg%ﬁt s and
f1 @0ori ng agents grayp,be added to provide a 25pal atabl e oral preparation.
These conpositions nmay be preserved by the addition of an antioxi dant such
as ascorbic acid. Dispersible powlers and granules are suitable for the
preparationcgﬁ“ﬂ&"%ﬂyﬁgﬂép§gﬁpension. They provide the active ingredient in
a mxture with a dispersing or 30 wetting agent, a suspendi ng agent and one
or nore preservatives. Suitable dispersing or wetting agents and suspendi ng
agents are exenplified by those already WD 2010/012073PCT/ CA2009/ 000917 44
menti oned above. Additional excipients, for exanple, those sweetening,
flavoring and col ori ng agents descri bed above may al so be present. The
pharmaceutical conpositions containing the inventive m xture may al so be in
t he




5 formof oil-in-water enul sions. The oily phase nmay be a vegetabl e oi

such as olive oil or arachis oils, or a mneral oil such as liquid paraffin
or a m xtwoeotoae@sef . Suitable enul sifying agents may beCii)A2009/000917
natural |l y-occurring guns such as gum acaci a and gumtragacanth, (2)
natural I y-occurring phosphatides suchzgs soy bean and lecithin, (3) esters
or partial ester 30 derived fromfatty acids and hexitol anhydrides, for 10
exanpl e, sorbitan nonool eate, (4) condensation products of said partial
esters w th ethylreaetiraxihgscompourekainporequlpdlivoxyet hyl ene sorbitan

nonool eate. The enul sions may al so contain sweetening and flavoring agents.
Syrups and elixirs may be fornmul ated with sweeteni ng agents, for exanple,

gl ycerol, 15propylene glycol, sanpitol, aspartane or sucrose. Such
formul ati ons may al so contain a fgenul cent, a preservative, and flavoring
and col oring agents. The phar, L conpositions may be in the form of
a sterile injectabl e aqueous oOr ol ¢age 6&3/%q@gpnsion. Thi s suspensi on may
be formul ated according to known 20 net hods usi ng those suitable dispersing
or wetting agents and suspendi ng agents whi ch have been nentioned above.
The sterile injectable preparation may also be a sterile injectable

sol @tion or suspension in a non-tbsatmulgaXbMt er al | y- accept abl e di |l uent or
solvent, for exanple as a solution in 1, 3-butanediol. Anmong the acceptable
vehi cl es and sol vents that may be enployed are water, Ringer's solution and
i sotoni ¢ 25sodi URighhy@drbgen persiid®and fornfigdicid;on, sterile, fixed oils are
conventional ly enpl oyed as a solvent or suspending nmedium For this purpose
any bl and fi xel deactingthesredpcioyidhiaibaseddivieid Syaeompoundwhbormtla

di - gl yceri des. Ig(aﬂdéﬁéon, fatty acids such as oleic acid find use in the
preparation of inﬂé t es. 45 with a suitable non-irritating excipient
whifgh is sol i dcatdeeicetyiting thergesfipduhdest Rurmuia xulMdwil atdier ect al

tenperature and will therefore nelt in the rectumto release the drug. Such
materials are cocoa butter and pol yet hyl ene gl ycols. 5For topical use,
sui t ablg,

c oL ot : Lelli ' . Or S0 -
Cont ai s ERapt naPRdTT IS 8stE noh Tm Ay BPRESIH sl D Wiedlsy 10 &
parti cl8woh sompeirels Isidd @yrodhdand poentialiusefabintiéatmgcOnP ahediatda
surfactant, ethanol, a |ipophilic and/or an anphiphilic solvent as
non- actdi$88S€8gr edi ents is used. 10Specifically, an oral nultiple enulsion
foggul @a containing the isoneric anal ogue m xture and the follow ng
non- nedi ci nal ingredients: d-al pha Tocopheryl polyethylene glycol 1000
succi ndhgeterdl gfior FoEnuilReS)throweh Xinvichai n tri gl yceride (MCT) oil, Tween 40,
and ethanol is used. A soft gelatin capsule (conprising gelatin, glycerin,
wat er, and sorbitol) containing the conpound and the sane non-nedi ci nal
15i ngr egi ; A r i : . Nl sed. i1l be
undor st ST OACEokF it & Riolln PRWIRK i SRAGEEAD ol Kifnctledto
pat i entonsi ¢flthe églowmdngipobstéugatst ety of factors including the activity of the

spegi fic conpound. | oyed, the a bod ight, general health, sex,
di gﬁ ti mi @‘yiﬁ’rdﬂ'cﬁ]ng‘@yiﬁ Hpst ?ngtoé cgp 'B?irlfﬂlofgttpﬁﬁ, CaraeRs)of excreti on,
drug conbp nagf t t i J f i gyl iSease or
condi t1 on’z-uﬁa?j%éﬁg%?’ﬁ%“t"ﬂé?ﬁ’%ﬁ”ﬁ?ﬂ%‘éiﬁ%&“"b‘@ alke? BF2 16 §5lcBfodis)

an

3. alkynyl which may be substituted (for example, alkynyl of 2 to 15 carbons);

25  The substituents of the above-described above may include halogen (for example,
fluorine, chlorine, bromine, iodine, etc.), nitro, cyano, hydroxy, thiol which may be
substituted (for example, thiol, C1-4 alkylthio, etc.), amino which may be substituted
(for example, amino, mono-C1-4 alkylamino, di-C1-4 alkylamino, 5- to 6-membered

cyclic amino such as tetrahydropyrrole, piperazine, piperidine, morpholine,



Reactions 1 to 18, set out below, are general exanples of the chem cal
reactions 25 able to synthesize the desired conpounds nodified at am no
acid 1 ofwGaMo/iher7ei nafter depicted as OH WD 2010/ 0120 P8PCA242004A/7 000917
46 using reagents that have the requisite chem cal properties, and it would
be understood by a person skilled in gge art that substitutions of certain
reactants may be made. 5 The identity and purity of the prepared conpounds
were general ly established by nmethodol ogi es including mass spectronetry,
HPLC anhioNMRpholaw, pysots)ymiddzete, ehel; tC h4 (@i yNEhichanay be dalogethated goHew et t
Packard 1100 MSD, system NMR spectra were neasured on_a Varjan MercuryPl us
400 MHAXGHRIEBREICRY. FhONEROP NéobLE%?FX/éWﬂ‘éoer@ﬁ@’fYoF“fﬁ’r?é%%theﬁhﬁ%?;al ts,

benzene: {.arajbly-€Y Dﬁé%éﬂ/ GATBPOMARY D hﬁ%%ﬁfé@ﬁgg%@ﬂ@ Qﬁéﬁ\tog(z@relpﬁ}sgr sed

phase HPLC was ‘carried out on an” Agil S system esis of
Phos phonéthoxBzathox CethboxyelsoBh dsfhrovomethegktoxgr wiflpoepethexd/athoxxyghc.f,eact i on
of tripghenyl pho i ne or any other 15suit abl hqQsphi pes w th al kyl halides
(ke & ' BOERY COEFBIaRSyfor b hostily romipmaedar & haRpPhliehy) (¥ any
second j i i ' N I These
Al kyl par e'%’%rr%”ag’gggirf% c’h%gaggyﬂwgﬁéﬁg?,iHstgtgd'rkg? afif e huiBedbl telhese
t he reatbstituents isqrefegablpdttoih t ol uene (Reaction 1), the product

precipitates directly fromthe reaction solution. Unreactive substrates,
however, require a nore polar solvent such as dinethylfornmam de (DWVF)

(React imiihe), the subefifRitd SARk ovk"BRINGMidHmag HetMbstiftie§T #al Yind vi el ds.

25Reaction 1: 47 substituent selected fromthe group of ketones,
hydPoxydash ather ol fosm aceydioxayine gaeuplor exarepke, argroup 3vhichoisaloamed ;byan

ol LBRRR SRR IO By AT PO PSSR e 7
sat ur atrRémperdtNsRg Yuh 8¢ Iet%ﬁy@rgghrcgé %béf&z"}%j p%%rm?ﬁé,irﬁol‘ﬁl‘ﬂliﬁe,and > the

|
af ornmenti oned aromatic groups. As an illustrative exanple,
t ri pherthioprpholing p(ymglawmlo;\zmg, @i sol thatia isnbstiiuent ¢cayl beatiaaed to the

st rr eanapaat afeby EiRe U TG 1 8B et meginei s iRPe Pl iicsashed
2010/ 03503001 CAZ00D] GO0GLY 4o Lol . react 1o Lo Lhect ol ne s Goipounds
are furalfdrnisRassines hudroxyethie) witeh may beasubstiuted (fyexasle dbiol, C1-4
alkylthio, etc.), amino which may be substituted (for example, amino, mono-C.sub.1-4
alkylamino, di-C1-4 alkylamino, 5- to 6-membered cyclic amino such as
tetrahydropyrrole, piperazine, piperidine, morpholine, thiomorpholine, pyrrole,
20 imidazole, etc.), carboxyl which may be esterified or amidated (for example, carboxyl,
C1-4 alkoxy-carbonyl, carbamoyl, mono-C1-4 alkyl-carbamoyl, di-C1-4 alkyl-
carbamoyl, etc.), C1-4 alkoxy which may be halogenated (for example, methoxy,
ethoxy, propoxy, butoxy, trifluoromethoxy, trifluoroethoxy, etc.), C1-4 alkoxy-C.sub.1-
4 alkoxy which may halogenated (for example, methoxymethoxy, methoxyethoxy,
25 ethoxyethoxy, trifluoromethoxyethoxy, trifluoroethoxyethoxy, etc.), formyl, C2-4
alkanoyl (for example, acetyl, propionyl, etc.), C1-4 alkylsulfonyl (for example,
methanesulfonyl, ethanesulfonyl), and the like, and the number of the substituents is

preferably 1 to 3.



CompoundReact ant (R10- X) Condi ti ons 404-08 benzyl brom de4 hours at refl ux
met hyl 1 odi deRT over night 4-nitrobenzyl brom de6 hours at reflux

chl or oacewoneroafikars over ni ght 49 404-64 404-77 nmetrhyiCA2009/000917

br ononet hyl benzoate 3-n itrobenzyl brom de 1-bronp-2-butanone

4- bromobutyronitrile 6 hours at reflggx 6 hours at reflux RT over night
refl ux over night

“Amine” includes a group which may be unsubstituted or in which the amine moiety is
an N-substituted or N,N disubstituted having one or two substituents which may be
independently selected from:

1. alkyl which may be substituted (for example, alkyl of 2 to 15 carbons);

2. alkenyl which may be substituted (for example, alkenyl of 2 to 15 carbons);

3. alkynyl which may be substituted (for example, alkynyl of 2 to 15 carbons);

4. formyl or acyl which may be substituted (for example, alkanoyl of 2 to 4
carbons (for example, acetyl, propionyl, butyryl, isobutyryl, etc.), alkylsulfonyl
of 1 to 4 carbons (for example, methanesulfonyl, ethanesulfonyl, etc.) and the

10 like);

5. aryl which may be substituted (for example, phenyl, naphthyl, etc.); and the
like;

and connected to a substituent independently selected from the substituents as
defined for “carboxylic acid” above.

15
‘“Amide” includes a compound in which the carboxylic group of the amide moiety is
connected to a substituent independently selected from the substituents as defined
for “carboxylic acid” above, connect to the amino group of the amide moiety is an N-
substituted or N,N disubstituted having one or two substituents, respectively, which

20 may be independently selected from:

—

. alkyl which may be substituted (for example, alkyl of 2 to 15 carbons);
alkenyl which may be substituted (for example, alkenyl of 2 to 15 carbons);

alkynyl which may be substituted (for example, alkynyl of 2 to 15 carbons);

e

formyl or acyl which may be substituted (for example, alkanoyl of 2 to 4
25 carbons (for example, acetyl, propionyl, butyryl, isobutyryl, etc.), alkylsulfonyl
of 1 to 4 carbons (for example, methanesulfonyl, ethanesulfonyl, etc.) and the
like);
5. aryl which may be substituted (for example, phenyl, naphthyl, etc.); and the
like
30



Reaction 2: Formula VI 5Where X is a halide (including but not limted
to d, Br, and |), and R10 is a saturated or unsaturated. straight or

br anched wabi2ptvatizaz3chai n, optionally contai ning a subst pComa2o®#aleatred from
t he group of ketones, hydroxyls, nitriles, carboxylic acids, esters and

1, 3-di oxol anes; an aronati c group, opggonally containing a substituent

sel ected fromthe group of halides, esters and nitro; or a conbination of

t he 10af orenenti oned saturated or unsaturated, straight or branched

al i phat"Acylchayrbeagxemplifiesf by avnonagyetic ar tusedi polypyclip arorgaticpydrozark®ymt hesi s

f - HOOCB Ph Br 15As il i | e,
U1 anardlup it xiippie a ERFLERT gectin &i 28 Bty RRpthry S ot yr i ¢
aci d (Khemamthryl & R&HPhthiehyl eafd ihenikeSarstgrefepiddf mm_@ﬁ&gg g%iﬁgnélg C and

is then allowed to cool over 'night. Fifty nL toluene is a
cryst alprefesrede obaid | asylgnay bedubstisged withamebyr mprea sebstitutuemtsespclodact i s

d with_tol h d dried j i ght.. 20 | f
ory St alPWehakBi B, te RS R e ineliatt RSRTEROR G Elte A FoBPB duct
i s extraeme@.gv filforde, BhidvipeHbisAinelioline et @dwer BRyP@UE 003 -®BR§Psiich Washed

wi th toluene and hexane and brought to dryness. The resi due is Stirred with
50 nL eshyethyeathylorropyctcar lawdr alkenyé fpar, di2rbaalkeryl soctzas viny! or ally,

e hed S roRBhAlvhRERLAGEE Al MG £ 85 KEbaEof RiobBiaieY ahild & ned as
an oi | griclguiay béeubitilded ﬁydmgnwméhaﬁﬁly bagubshiiitel, tgand OsMfdind ShitH ed in

vacuum WO 2010/ 012073PCT/ CA2009/ 000917 51 Using Reaction 2, the follow ng
cortfourBay Resupsgtituird, cagemiyl.dewer alkpyyeashpoyinag -t G40 algxysarkemi sushzed.

ConpoundRaat3)takBhir o SRBAddrBOSyI A4E) L8 ahR R RSy D QW FitRbd
(e.g., carbamoyl which may be substituted with C1-6 alkyl or acyl (e.g., formyl, C2-6
alkanoyl, benzoyl, C1-6 alkoxycarbonyl which may be halogenated, C1-6
alkylsulfonyl which may be halogenated, benzenesulfonyl, etc.) which may be

15 substituted with a 5- to 6-membered aromatic monocyclic heterocyclic group (e.g.,
pyridinyl, etc.), 1-azetidinylcarbonyl, 1-pyrrolidinylcarbonyl, piperidinocarbonyl,
morpholinocarbonyl, thiomorpholinocarbonyl (the sulfur atom may be oxidized), 1-
piperazinylcarbonyl, etc.), or the like. Any of these substituents may be independently
substituted at 1 to 3 substitutable positions.

20
“Ketone” includes a compound in which the carbonyl group of the ketone moiety is
connected to one or two substituents independently selected from the substituents as

defined above for said “carboxylic acid”.

25 “Ester” includes either a carboxylic or an alcohol ester wherein of the ester group is
composed of one or two substituents independently selected from the substituents as

defined for “carboxylic acid” or “aryl”.

“Alkyl” unless otherwise defined is preferably an alkyl of 1 to 15 carbon units in
30 length.



120 C 404-29 2-brononet hyl-1,3-120 C over ni ght di oxol ane 404- 34

1- br onooct anel10C over ni ght 404- 515- bronoval eric aci d8 hours at 120 C
52  404- A80 24Wd10?3 COOH 419- 132 6- br omohexanol 110 C @¢ercA2@no917
4-bronmobutyric acid7 hours at 110 C 1-bronohexanellOC over ni ght
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“Aromatic group” may be exemplified by aryl as defined above, or a 5- to 6-
membered aromatic monocyclic heterocyclic group such as furyl, thienyl, pyrrolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl,
1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,

5 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triaziny! or the like; and a 8- to 16-membered (preferably, 10- to

12-membered) aromatic fused heterocyclic group

“Non-immunosuppresive” refers to the ability of a compound to exhibit a substantially

10  reduced level of suppression of the immune system as compared with CsA, as
measured by the compounds ability to inhibit the proliferation of human lymphocytes
in cell culture and preferably as measured by the method set out in Example 19

below.

15  “Analogue” means a structural analogue of CsA which differs from CsA in one or
more functional groups. Preferably, such analogues preserve at least a substantial
portion of the ability of CsA to bind CyP.

Preferred species of Formula | are those in which R’ is H, R1 is a saturated or
20 unsaturated alkyl between 2 and 15 carbons in length and R2 is selected from:

1. carboxylic acid comprising a carboxyl group;

2. N-substituted of N,N-disubstituted amide wherein the substituents are
independently selected from an H, an alkyl of between 1 and 7 carbons in
length, or said substituents form a heterocylic ring of which the heterocyle is

25 selected from O, N or S;

3. an ester of between 1 and 7 carbons in length;

4. an monohydroxylated, or dihydroxylated alkyl of between 1 and 7 carbons in
length;

5. a N-sustituted or unsubstituted acyl protected amine of between 1 and 7

30 carbons in length;

6. a nitrile;



6- br ombhexanoi ¢ aci d110C over ni ght 7-bronoheptanenitrilell0 C over night
53 419-134 419-136 420-32 COOwve 420-78 420- 80

6- chl or o-weohewana7el110 C over night 9-brono- 1- nonanol 11@Crmaanowioght net hyl
7- brombhexanoat €110 C over night 11-bronoundecanoi ¢ aci d110C over ni ght
3-bronopropionitrilell0 C over night 40

7. a ketone wherein the carboxylic group of the ketone is connected to R1 and
saturated or unsaturated alkyl chain of between 1 and 7 carbons in length;

8. phenyl, optionally substituted with one or more substituents independently
selected from nitrogen dioxide, a fluorine, an amine, an ester or a carboxyl

5 group.

The compounds of the present invention may exist in the form of optically active

compounds. The present invention contemplates all enantiomers of optically active

compounds within the scope of the above formulae, both individually and in mixtures
10 of racemates. As well, the present invention includes prodrugs of the compounds

defined herein.

According to another aspect, compounds of the present invention may be useful for
treating or preventing or studying a cyclophilin mediated disease in a mammal,
15 preferably a human. Such disease is usually mediated by the over expression of

cyclophilin, such as a congenital over expression of cyclophillin.

Cyclophilin mediated diseases which may be treated by compounds of the present
invention include:

20
a viral infection;

inflammatory disease;
cancer;
muscular degenerative disorder,

25 neurodegenerative disorder; and

-~ 0o o o0 T o

injury associated with loss of cellular calcium homeostasis.

Said viral infection may be caused by a virus selected from the group consisting of
Human Immunodeficiency virus, Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D,
30 and Hepatitis E. Said inflammatory disease is selected from the group consisting of

asthma, autoimmune disease, chronic inflammation, chronic prostatitis,



54 420-82 8-bronooctanoi c aci d110 C over ni ght 6-bronpohexanen itrilell0 C
over ni ght 5-chloro-2-pentanonell0 C over night 420- 90 420- 94

Wttig ResotzomwmiTdite Wttig reaction is broadly appli cablPeTtiaa2e0miocka7r ange
of substrates and reactants. 5The side chain, which is introduced to the
substrate in the reaction, can represggt any nunber of branched and
unbranched, saturated and unsaturated aliphatic conmpounds of vari able
length (R) and may contain a broad range of functional groups. 10In the

Wttig gleaelileRepkritRagpeseabitiany gigbass) iHflameidtoRbcweldisdasd, Bepsiss used to
generate an ylide froma phosphoniumsalt. The ylide reacts with the

car bonyVasgrlismsoth rrusoim selt diseasesamesiridng ReIViE inflammalory disease,

Phosphoni t.s | i . i ' | | equi at | east
fwo oquieveuREL pREhEbsRes Aninfis Yol by Sl e i B (P2
an Acetdriieg thdyylse ssleotadnfeorarthe guowp tonsstiredoadraallland oa-drhals palbhungm Sal t

Con%ountgjlaégér?%gga%c\é\hltjlgir,gpaﬁ%?é:a;[tiicoannd breast cancer. Said muscular degenerative
disorder may selected from the group consisting of myocardial reperfusion injury,
muscular dystrophy, and collagen VI myopathies. Said neurodegenerative disorder
may be selected from the group consisting of Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, Multiple Systems Atrophy, Multiple Sclerosis, cerebral

10  palsy, stroke, diabetic neuropathy, amyotrophic lateral sclerosis (Lou Gehrig’s
Disease), spinal cord injury, and cerebral injury. Said injury associated with loss of
cellular calcium homeostasis may be selected from the group consisting of
myocardial infarct, stroke, acute hepatotoxicity, cholestasis, and storage/reperfusion
injury of transplant organs.

15

BRIEF DESCRIPTION OF THE DRAWINGS

These and other advantages of the invention will become apparent upon reading the

20 following detailed description and upon referring to the drawings in which:

FIGURE 1 is a line graph depicting the inhibition of CyP-D as measured by
mitochondrial absorbance following addition of calcium chloride in the absence or
presence of a CsA.
25
DETAILED DESCRIPTION

The compounds of this invention may be administered neat or with a pharmaceutical
carrier to a warm-blooded animal in need thereof. The pharmaceutical carrier may be
30 solid or liquid. The inventive mixture may be administered orally, topically,

parenterally, by inhalation spray or rectally in dosage unit formulations containing



-- PhPh 1+ -1 Ph -P 1\R121R12 PhPh OAc CsA QAc Formula I X 5 Formula X
Were X is a halide (including but not limted to d, Br, and |), and R12

i s a sat uwateth/maeo7@nsat urat ed. straight or branched al i phatdaominaogt;
optionally containing a substituent selected fromthe group of ketones,
hydroxyls, nitriles, carboxylic acids,,10esters and 1, 3-di oxol anes; an
aromati c group, optionally containing a substituent selected fromthe group
of halides, esters and nitro; a conbi nation of the aforenentioned

sat ur at@ﬂhv@htub’rﬁkﬁ c’ﬁdnlit@k@:%ha&ﬁfa@egfﬁallgrad@épmw@da@ielrsp hfjivantdand vehitiéde
af ormenti oned aromati c groups 010/ 012073PCT/ CA2009/ 000917 56 Exanpl e

3: SyntHestesmararepigseluad used neoeinsinclidesivbs B oURmIBaF1ONSo PENSICHAr ough a
Wttig lﬁﬁ%hg&rﬂar, n'trag em};\l m]?’éctldn%ﬁHfusmn techniques.

5 The pharmaceutical compositions containing the inventive mixture may preferably be
in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules,
or syrups or elixirs. Compositions intended for oral use may be prepared according to
methods known to the art for the manufacture of pharmaceutical compositions and

10  such compositions may contain one or more agents selected from the group
consisting of sweetening agents, flavoring agents, coloring agents and preserving
agents in order to provide pharmaceutically elegant and palatable preparation.
Tablets containing the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients may also be manufactured by known methods. The excipients

15 used may be for example, (1) inert diluents such as calcium carbonate, lactose,
calcium phosphate or sodium phosphate; (2) granulating and disintegrating agents
such as corn starch, or alginic acid; (3) binding agents such as starch, gelatin or
acacia, and (4) lubricating agents such as magnesium stearate, stearic acid or talc.
The tablets may be uncoated or they may be coated by known techniques to delay

20 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.

25
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

30 example peanut oil, liquid paraffin, or olive oil.
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Aqueous suspensions normally contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients
may include: (1) suspending agents such as sodium carboxymethylicellulose,
methylcellulose, hydroxypropylmethylicellulose, sodium alginate, polyvinylpyrrolidone,
gum tragacanth and gum acacia; or (2) dispersing or wetting agents which may be a
naturally-occurring phosphatide such as lecithin, a condensation product of an
alkylene oxide with a fatty acid, for example, polyoxyethylene stearate, a
condensation product of ethylene oxide with a long chain aliphatic alcohol, for
example, heptadecaethyleneoxycetanol, a condensation product of ethylene oxide
with a partial ester derived from a fatty acid and a hexitol such as polyoxyethylene
sorbitol monooleate, or a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride, for example polyoxyethylene

sorbitan monooleate.

The aqueous suspensions may also contain one or more preservatives, for example,
ethyl or n-propyl p-hydroxybenzoate; one or more coloring agents; one or more
flavoring agents; and one or more sweetening agents such as sucrose, aspartame or

saccharin.

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



Ph - PI Ph I Ph QAc CsA QAc 5 As an illustrative exanple, an oven dried
250 nL flask is charged under argon atnosphere with

t ri phenylwotgiogghewphoni um brom de (6.0 nmol) and 40 nlL a@omc2009900917
tetrahydrofuran (THF). The suspension is cooled to 0 C and potassi um
tert-butoxide (6.0 nmol) is added to Qgtain an orange color. The reaction
Is stirred at anbient tenperature for "I-2 hours, followed by addition of
CsA- al dehyde (2.0 nmol, 10dissolved in 20 nL anhydrous THF). Stirring is

cont i nugdnficieBabiie. %o%‘itldrfé@gkélﬁi@ﬁ% %%%mﬁ@etﬁﬁ%&lehlﬁgqgﬁgﬁ{?ﬁ%m th 10

m. sat. NH4CI and 20 nL ice-water. The layers are separate e agueous
phase icolesng agenid deschibgd ebeve May ajsghaipresanters are conbi ned, washed with
brine and dried over Na2SO4. The solvent is renoved and the crude product
is purified over silica gel (hexane/acetone 3:1). 15 57 ConpoundStarting

Mat er i af RdSpRamhdceutibil dordPdsilGiOdorRikaRAthe iIReéntiCmixture may also be in the

5 form of oil-in-water emulsions. The oily phase may be a vegetable oil such as olive oil
or arachis oils, or a mineral oil such as liquid paraffin or a mixture thereof. Suitable
emulsifying agents may be (1) naturally-occurring gums such as gum acacia and
gum tragacanth, (2) naturally-occurring phosphatides such as soy bean and lecithin,
(3) esters or partial ester 30 derived from fatty acids and hexitol anhydrides, for

10 example, sorbitan monooleate, (4) condensation products of said partial esters with
ethylene oxide, for example, polyoxyethylene sorbitan monooleate. The emulsions

may also contain sweetening and flavoring agents.

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

a demulcent, a preservative, and flavoring and coloring agents.

The pharmaceutical compositions may be in the form of a sterile injectable aqueous
or oleagenous suspension. This suspension may be formulated according to known
20 methods using those suitable dispersing or wetting agents and suspending agents
which have been mentioned above. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent
or solvent, for example as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution and isotonic
25 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.

30  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



404- 43 QAc 404-59 QAc CsA 404-65 QOAc 404-641347.1 Deacet yl ati on
Reaction 4. Deacetylation of Acetylated Cycl osporine Anal ogues OAcOH WO
2010/ 0120wBREIVIT2ZB09/ 000917 62 Where R12 is a sat urat esCorcAzo®anea1at ed.
straight or branched aliphatic chain, optionally containing a substituent
selected fromthe group of ketones, h)ﬁgr oxyls, nitriles, carboxylic acids,
esters, am des, acyl-protected am nes 'dand 1, 3-di oxol anes; an aronatic
group, optionally containing a substituent selected fromthe group of

Shfﬂ i dtaﬁiéh auitbble MoH-NAGLIAG ExRigidrtwiEn & SARPAIGHHInRRy Rimpéat@tsiraent i oned
saturate
liquid at the rectal temperature and will therefore melt in the rectum to release the

drug. Such materials are cocoa butter and polyethylene glycols.

5 For topical use, suitable creams, ointments, jellies, solutions or suspensions, etc.,

containing that normally are used with cyclosporine may be employed.

In a particularly preferred embodiment, a liquid solution containing a surfactant,
ethanol, a lipophilic and/or an amphiphilic solvent as non-active ingredients is used.
10  Specifically, an oral multiple emulsion formula containing the isomeric analogue
mixture and the following non-medicinal ingredients: d-alpha Tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS), medium chain triglyceride
(MCT) oil, Tween 40, and ethanol is used. A soft gelatin capsule (comprising gelatin,

glycerin, water, and sorbitol) containing the compound and the same non-medicinal

15  ingredients as the oral solution may also preferably be used.

It will be understood, however, that the specific dose level for any particular patient

will depend upon a variety of factors including the activity of the specific compound

employed, the age, body weight, general health, sex, diet, time of administration,
20 route of administration, rate of excretion, drug combination and the nature and

severity of the particular disease or condition undergoing therapy.

Methodology
Reactions 1 to 18, set out below, are general examples of the chemical reactions
25 able to synthesize the desired compounds modified at amino acid 1 of CsA;

hereinafter depicted as

OH

CsA } CHj



or unsaturated, straight or branched aliphatic chain and the aforenentioned

aromati c groups. Exanple 4: Synthesis of Conpound 404-90 though

Deacet y| aw0@n10@A2IB] As an illustrative exanple, a solpariaxomioods- 20

(0.16 mol) in 10 nL MeOH i s conbined with a solution of

t et ramet hyl anmoni umrhydr oxi de pent ahyd%\te (0.47 mmol) in 2 nL H20. The
mxture is stirred at roomtenperature for 2 days. The 15 reaction is
concentrated in vacuumand 5 nL H20 are added. The reaction is extracted

Wi th Et@dieg rddierix i tlave Shavpsdifsitetlidmizal propettidss dnavewodiadid4 and

concentrated to dryness. The crude product is purified by reversed phase

pr epar andasstapd by 2 pesontskiled iprihe aridbateulatiutianscmesi@itheactkae maval | y

carri ed%eotﬁad%ver silica gel (hexane/acetone 2:1) or by Preparative HPLC. In
o]

t he cas

npounds 404- 60, 404-137, 416-08, 420-98 and 420-100

(carboxylic acids), the reaction is acidified to pH 2-3 with 1 MHC prior
to extraction. WO 2010/012073PCT/ CA2009/ 000917 63 Usi ng Reaction 4, the

f ol 1Powi Hee lempibianmbpuity of ihe REFPASRAIGEMPOUBHS RIS GeREHRIYEStablsherdy
synt hestbdaoIRONIRAA M JRLAOHRAIYPHANR And MinR%H2ErIERNP- MaltiN

spectra (ESI-MS) were measured on a Hewlett Packard 1100 MSD system. NMR

spectra were measured on a Varian MercuryPlus 400 MHz spectrometer in

deuterated solvents (DMSO for phosphonium salts, benzene for all other

be
C

10 compounds). Analytical and preparative reversed phase HPLC was carried out on an

Agilent 1100 Series system.

Synthesis of Phosphonium Salt Compounds

Phosphonium salts are prepared through reaction of triphenylphosphine or any other
15 suitable phosphines with alkyl halides (R-X; X = CI, Br, or ). Suitable alkyl halides

are any primary or any secondary aliphatic halide of any chain length or molecular

weight. These alkyl halides may be branched or unbranched, saturated or

unsaturated.

20 If the reaction is carried out in toluene (Reaction 1), the product precipitates directly

from the reaction solution. Unreactive substrates, however, require a more polar

solvent such as dimethylformamide (DMF) (Reaction 2) to shorten reaction times and

to achieve satisfactory yields.

25 Reaction 1:

toluene

R10—X + PPh; R10—PPh;" X

Formula V

Where X is a halide (including but not limited to Cl, Br, and I), and R10 is a saturated

30 or unsaturated. straight or branched aliphatic chain, optionally containing a
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substituent selected from the group of ketones, hydroxyls, nitriles, carboxylic acids,
esters and 1,3-dioxolanes; an aromatic group, optionally containing a substituent
selected from the group of halides, esters and nitro; or a combination of the
aforementioned saturated or unsaturated, straight or branched aliphatic chain and

5 the aformentioned aromatic groups.

Example 1.Sythesis of 404-15
O O

+ PPh, toluene .
Cl S PPh;  CI
10

As an illustrative example, triphenylphosphine (13 mmol) is dissolved in 50 mL
toluene and chloroacetone (10 mmol) is added to give a clear solution. The reaction
is stirred under reflux over night. A colorless solid is filtered off, washed with toluene

and hexane and dried in vacuum.



404-61 OH CsA 404-40 QAc CsA 404-57 QAc CsA 404-59 OAc CsA 404-56 OAc
1255.1 64 404-66404-651305.1 OHOAc 404-81-1 OH 404-79-11331.1 OAc
WO 2010/012073 PCT/CA2009/000917

48

Using Reaction 1, the following compounds are further examples of the compounds
that may be synthesized.

Compound Reactant (R10-X) Conditions

404-08 benzyl bromide 4 hours at reflux

404-09 methyl iodide RT over night

404-12 4-nitrobenzyl bromide 6 hours at reflux

404-15 chloroacetone reflux over night




404-79-11345.1 QCAc 404-831326. 2 00Aco 404-201253. 0 QAc 404-941333.0
QAc 404-941347.0 OAc 404-89 OAc
WO 2010/012073 PCT/CA2009/000917
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404-64 4-fluorobenzyl bromide reflux over night

404-77 methyl 3- 6 hours at reflux
| @ By bromomethylbenzoate

O

404-87 3-nitrobenzyl bromide 6 hours at reflux

404-161 1-bromo-2-butanone RT over night

404-170 4-bromobutyronitrile reflux over night

Alternatively, suitable phosphonium salts may be synthesized through Reaction 2 as

illustrated below;



65 404-125 OH 404-1201304.0 OAc 404-1281270.1 o00Aco 404-1291298.0
00Aco 404-1341283. 0 QAc

WO 2010/012073 PCT/CA2009/000917
50
Reaction 2:
R19—X +  PPh; DMF R119—PPh;* X
Formula VI

5 Where X is a halide (including but not limited to ClI, Br, and 1), and R10 is a saturated
or unsaturated. straight or branched aliphatic chain, optionally containing a
substituent selected from the group of ketones, hydroxyls, nitriles, carboxylic acids,
esters and 1,3-dioxolanes; an aromatic group, optionally containing a substituent
selected from the group of halides, esters and nitro; or a combination of the

10  aforementioned saturated or unsaturated, straight or branched aliphatic chain and

the aformentioned aromatic groups.

Example 2: Synthesis of 404-51
+ ppph, DMF

HOOC\/\/Br EE—— HOOC\/\/PPh3+ Br

15  As an illustrative example, triphenylphosphine (11 mmol) is dissolved in 10 mL DMF
and 4-bromobutyric acid (10 mmol) is added. The reaction is stirred for 7 hours at
110 °C and is then allowed to cool over night. Fifty mL toluene is added and a
crystalline, colorless solid is collected by filtration. The product is washed with
toluene and hexane and dried in vacuum over night.

20
If crystallization does not set in after treatment with toluene, the product is extracted
with 20 mL MeOH/H,0 (1:1 mixture). The aqueous phase is washed with toluene
and hexane and brought to dryness. The residue is stirred with 50 mL ethyl acetate
(EtOAc) at reflux temperature for 20-30 min. If a crystalline solid is obtained, the

25 product is collected by filtration, washed with EtOAc and hexane and dried. In case
the product is obtained as an oil or gum, the EtOAc is decanted and the remaining

product is dried in vacuum.



404-1501338.1 OAc 404-1551310. 0 OAc 404-1721268. 9 OAc CsA 404-130
OH CsA 404-132 OH CsA 404-137 OH CsA 404-154
WO 2010/012073 PCT/CA2009/000917
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Using Reaction 2, the following compounds are further examples of the compounds
that may be synthesized.

Compound Reactant (R11-X) Conditions

404-14 1-bromobutane 6.5 hours at

@ Br 120 °C
O

404-29 2-bromomethyl-1,3- 120 °C over night

© i dioxolane
Br
<:> -

404-34 1-bromooctane 110 °C over night

404-51 5-bromovaleric acid 8 hours at 120 °C




OH CsA 404-157 OH CsA 404-173 OH CsA 404-194 OH o 404-1871263.9 OAc 66

416-08 OH 416-041311. 0 OAc
WO 2010/012073

416-091281.1 OAc 420-08-11368.0

PCT/CA2009/000917
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404-78

© .
O

404-116

Br
+

@—P\/\/COOH

419-132

6-bromohexanol 110 °C over night

7 hours at 110 °C

4-bromobutyric acid

1-bromohexane

110 °C over night

6-bromohexanoic acid 110 °C over night

7-bromoheptanenitrile 110 °C over night




QAc 420-30-1420-271312.0 OHOAC OHOAC OHOAc  420-100 OH 420-92
OQAc CsA 416-13 OH
WO 2010/012073 PCT/CA2009/000917
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419-134 6-chloro-2-hexanone 110 °C over night

419-136 9-bromo-1-nonanol 110 °C over night

G

P__(CH5)gOH

420-32 methyl 7-bromohexanoate 110 °C over night

420-78 11-bromoundecanoic acid 110 °C over night

Br

@—P:/(CHZ)QCOOH

420-80 3-bromopropionitrile 110 °C over night

Br
+
P\/\//N

O




CsA 420-17 OH 1339.1

420-109-11352.1 420-110-11410.0 QAc OAc

WO 2010/012073

67 420-102 OH 420-961297.0 OAc
NHBOC 420-107-1

54

420-1011305. 9 OAc

PCT/CA2009/000917

420-82

Br

QP‘L\/(CH»GCOOH

8-bromooctanoic acid

6-bromohexanenitrile

5-chloro-2-pentanone

110 °C over night

110 °C over night

110 °C over night

Wittig Reaction

The Wittig reaction is broadly applicable to a wide range of substrates and reactants.

5 The side chain, which is introduced to the substrate in the reaction, can represent

any number of branched and unbranched, saturated and unsaturated aliphatic

compounds of variable length (R’) and may contain a broad range of functional

groups.

10 In the Wittig reaction, a base, such as potassium tert-butoxide (KOtBu) is used to

generate an ylide from a phosphonium salt. The ylide reacts with the carbonyl group

of the substrate, CsA-aldehyde, to form an alkene. Phosphonium salts containing a

carboxylic acid side chain require at least two equivalents of base to generate the

ylide.



1337.9 H OCAc H o 0 420-1301297.9 0 OAc CsA 420-108 OH CsA 420-117

OH CsA 420-120
WO 2010/012073 PCT/CA2009/000917

Reaction 3: Synthesis of an Acetylated Cyclosporine analogue Intermediate using a

Phosphonium Salt compound through a Wittig Reaction

Ph i Ph Ph
|+ x  KotBu |+ |
Ph——P—— —_— h——P—\ > Ph—P——

I R12 | | R12

Ph Ph
Formula VIII i i

OAc
O
CsA =
Y
OAC Formula IX

CsA = R12

Formula X

Where X is a halide (including but not limited to Cl, Br, and |), and R12 is a saturated
or unsaturated. straight or branched aliphatic chain, optionally containing a
substituent selected from the group of ketones, hydroxyls, nitriles, carboxylic acids,
10  esters and 1,3-dioxolanes; an aromatic group, optionally containing a substituent
selected from the group of halides, esters and nitro; or a combination of the
aforementioned saturated or unsaturated, straight or branched aliphatic chain and

the aformentioned aromatic groups.



OH CsA 420-122 OH CsA 420-124 OH CsA 420-125 OH CsA 420-126 OH CsA 420-131
OH 0 WD 2010/ 012073PCT/ CA2009/ 000917 68 420-132 OH o 420-128-11380.0 QAcO
WO 2010/012073 PCT/CA2009/000917
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Example 3: Synthesis of Compound 404-20 using a Phosphonium Salt Compound
through a Wittig Reaction:

Ph B ]
|+ Br Ph Ph
Ph—P KOtBu | + - |

|w Ph—P <——>Ph—F|>__

Ph ,Iah Ph

OAc
0
CSA/H/\/
Y
OAc
CsA =

5 As an illustrative example, an oven dried 250 mL flask is charged under argon
atmosphere with triphenylbutylphosphonium bromide (6.0 mmol) and 40 mL
anhydrous tetrahydrofuran (THF). The suspension is cooled to 0 °C and potassium
tert-butoxide (6.0 mmol) is added to obtain an orange color. The reaction is stirred at
ambient temperature for 1-2 hours, followed by addition of CsA-aldehyde (2.0 mmol,

10  dissolved in 20 mL anhydrous THF). Stirring is continued for 3 hours at room
temperature. The reaction is quenched with 10 mL sat. NH,Cl and 20 mL ice-water.
The layers are separated and the aqueous phase is extracted with EtOAc. The
organic layers are combined, washed with brine and dried over Na,SO,4. The solvent
is removed and the crude product is purified over silica gel (hexane/acetone 3:1).

15
Using Reaction 3, the following compounds are further examples of the compounds

that may be synthesized.



CsA H Hydrogenation of the Double Bond The doubl e bond can be hydrogenated
under atnospheric pressure to obtain the saturated side chain. Functional
groups sweb 2am/thydsoxyl , carbonyl and car boxyl are 5 strablea20ve0irhese
conditions and do not require protection. represents either an acetyl
group or hydrogen. In the case of a, f§7unsatur ated carbonyl conpounds the
doubl e bond has to be reduced prior td deacetylation to avoid cyclization

t hrough a nucl eophilic addition of the free hydroxy group on the activated
doubl e bond. 10Reaction 5. OR OR Formula XIl1Fornmula X Il Were RL2 is a
saturated or unsaturated. straight or branched aliphatic chain

150pt i onzﬁqrpp@mﬂ ai ning a subSterting=Meatesigl ect ed fromMBe gr dR@matksket ones,
hydroxyls, nitriles, carboxylic acids, esters, am dﬁi{ cyl -protected

ami nes and 1, 3-di oxol anes; an aronatic group, optio %g containing a
substitueygy-pel ected from thegqygoip of halides, estefsy @m nes and nitro;

or a conbination of the aforenentioned saturated or unsaturated, straight

or branchedfl i phatic chain and t f%emanti oned aromati c 20groups, and
R is ei tégw an acetyl gro 2010/ 012073PCT/ CA2009/ 000917 69
LAc

Exanpl e 5 Synthesis of 404- 5@% H2, Pd/ C CsA

404-19 404-08 1328.9
OAc
Br
CsA "
+
s

404-20 404-14 1294.9

OAc
Br
CsA =
(O

404-30 404-12 1373.9 stirred at 60

OAc

°C over
CSAW o night
NO.
+

2

404-31 B 1324.9 stirred at 60
OAc f °C for 2

CsA)\r\/Aﬂ/OEt QP‘YO days
o




00 As an illustrative exanple, 404-43 (0.34 mmol) is dissolved in 40 nL
anhydrous EtOH and 43 ng Pd/C (10 %9 and 0.2 nL acetic acid are added. The
m xt ure iwo2stoaiead under hydrogen at at nospheric pressece/daanosdoadays. The
reaction is filtered through Celite and is concentrated in vacuum The
crude product is purified by Preparat'ge HPLC. Using Reaction 5, the

foll ow ng conpounds are further exanplés of the conpounds that may be

synt hesi zed. ConpoundStarting Material M5 (Na+) 404-50 OH 404-25 OH 1289.1
1297.0 0404033804-63 OH 404-6(Qypa99%q 1 CH 404- 66130735

CSAM @E o

L0

404-40 404-34 1351.2

OAc
Br
CsA # “NCHy)eCH3
O

404-43 404-15 1295.1 stirred at
OAc or reflux for 10
CSAM o days
eSSt
404-59 404-51 1338.9 2eqof

OAc Br KOtBu
CsAWCoor '
OFf

404-65 404-64 1347 .1

OAc
Br
CsA =
+
- (O




404-901255.1 OH 404-791388. 9 OAc 404-1341326. 8 OAc 404-1631310.9
QAc 420-401383.1 OAc 71 420-68
WO 2010/012073 PCT/CA2009/000917

99

404-79 404-77 1386.9 stirred at RT

QAC Br over night
OOM
@—PUCOOMe

404-89 404-87 1374.1 stirred at RT

OAC Br for 2 days

NO, r

+
@PwNOZ

404-134 404-116 1325.0 2eqof
OAc ) KOtBu;

Br
CsA)\rWCOOH @ stirred at RT
QPWCOOH for 2 days

404-163 404-161 1308.8 stirred at

OAc Br reflux for 15
CSAW o) days
0 s o




QAc 420-1341326.9 QAc 420-981383.1 OH 420-1001341.0 OH 420-1021298. 9
OH 420-1231340.0 CsA 420-106 CH
WO 2010/012073 PCT/CA2009/000917

60

404-187 404-170 1305.9 stirred at RT

OAc By over night
CSAJ\\T/”\\4¢?\\//“\V23N
+
Oy

416-04 416-02 1353.0 2eqof

OAc B KOtBu
CSAJ\W//\\%¢¢\\//\\//\\COOH

416-09 416-01 1323.1

OAc
Br
CsA =
O

420-40 420-32 1381.0 stirred at RT

Ohc Br over night
Csk F COOMe
O

420-85 420-78 1423.1 2 eqof

OAc B KOtBu
CSAW(CHZ)QCOOH
O

P___(CH,)qCOOH

%




CsA 420-111 OH CsA 420-112 OH CsA 420-130 OAc Reduction of the Nitrile

G oup Reduction of the nitrile group to the corresponding prinmary am ne can
be achi ewsd 20itd120m3ckel boride generated in situ from sedrusberobdri de
(NaBH4) and 5ni ckel (11)chloride (N C 2) Addi tion of a suitable trapping
reagent |leads to acyl- protected pr| ry am nes (carbanmates or am des,
respectively) and prevents the fornati 3n of secondary am nes as an

undesi red side reaction. The double bond is partially reduced under the

gi ven congpfgpns and a productgppgoure 1s obtai ned. Bajhg saturated and
unsat urated protected am ne conpounds were i sol ated and purified. 10For
reaction 42

°123the m xture was ng garated. Instead, the mxture
under went, ogenat i on roduce the fully saturated conpound.
WO 2010/ Of'gO? PCT/ CA200 /000917 Reaction 6: OAcOAc C -=-N NaBH4/ N1d 2
CsANHAcyl R1ZAcyl ati ng agent FRormubd XVFormul a XVI 5Where Acyl is

any one of BOC, acetyl, or butyry yI ating agent is any one of di-tert-
but yl di car bonat e, acetic anhydri de d butyric anhydride and Rl is a
saturated or unsaturated straight chain or branched aliphatic group. It

woul d be ggpdgry st ood by one ski ht@_@ in the art that tﬁ;mapylfgﬂ@,g agents
descri bed above nay be replaced with a broad range of acylating agents to

produce a sPifil arl y broad range of | & KOtBu
CsA (CH,)sCOOH
s,

P___(CH2)sCOOH

O

420-96 404-78 1338.9
OAc
Br
CsAJ\f/\/\A/VOH Q '
O
P\/\/\/\
OH

420-101 419-132 1347.9
OAc

CsAJ\r\/\/\/\A%N ©

+

QP\/\/WN

Deacetylation

Reaction 4. Deacetylation of Acetylated Cyclosporine Analogues

OAc OH
Me,NOH
CsA / R12 ——» (CsA / R12
5

Formula X Formula Xl



10pr ot ect ed am nes. + NHBOC 420-08-2 As an illustrative exanple, 404-187
(0.257 mmol ) is dissolved in 15 nL net hanol and 15cooled to 0 C

D -tert - bwoyboiaa07bonat e (0.514 mmol ) and ni ckel (11) chl eCcraA2(0®/00@67 nmol )
are added to give a clear solution. Sodiunborohydride (3.85 mml) is added
in portions over 1 hour. The resultmg}mxture is stirred at anbi ent
tenperature over night. Additional ?unborohydri de (1.95 mml) is added
at 0 Cand stirring is continued for 3 hours at roomtenperature. HPLC

shows anHexé W@ 9% tAQrAEd br aﬂsétﬁﬁétéénﬁfraﬁgﬁtocﬁmuﬂéhe@ﬂﬁbﬁa?@ &g _(carbamate

conmpound wi th doubl e bond reduced). The réaction is stirred for '30 minutes
wi th dieptipnaineoniainingaa gubstiiienisselectethiiomshetgsaur oh keteneas ydrpxylgacuum

Torut | ohifts ' ArbdGHTE adfis, Bs&ls, e Se s et B St A SRR e o ado

productan ardiatid &@ipbBpitreR ntaifingF-Substhidlet S2easted adnPthd Groupdfl ow ng

corrpounds are further exanples of the conpounds that may be synthesi zed.
74 420-halglessesters amines andimilry; ofia ¢ambinationcbiee afasementioned saturated

La20: 8o lPid 3 SRl SRhidnensa RIS FRARP IR dBréiRGiddtiba aromatic

groups.

Example 4: Synthesis of Compound 404-90 though Deacetylation
OAc OH
Me4NOH

CsA = — ™  CsA =
10

As an illustrative example, a solution of 404-20 (0.16 mmol) in 10 mL MeOH is
combined with a solution of tetramethylammoniumhydroxide pentahydrate (0.47
mmol) in 2 mL H,0. The mixture is stirred at room temperature for 2 days. The
15  reaction is concentrated in vacuum and 5 mL H,O are added. The reaction is
extracted with EtOAc, the extract is washed with brine, dried over Na,SO,4 and
concentrated to dryness. The crude product is purified by reversed phase

preparative HPLC.

20  Purification of deacetylated compounds is generally carried out over silica gel
(hexane/acetone 2:1) or by Preparative HPLC. In the case of compounds 404-60,
404-137, 416-08, 420-98 and 420-100 (carboxylic acids), the reaction is acidified to
pH 2-3 with 1 M HCI prior to extraction.



Am ne Deprotection

Reaction 7:

For mul a XXFor nul a XXl
Where R1 is a saturated or
and R is either a Hor an ace

H 420-128- 2420- 101butyri c1424. 1 QAcOCQAcanhydri de
The BQOO protected am ne (carbamate) can be converted
i nt o t he woeelozmeote by 5aci di ¢ hydrol ysis using trifl uorcaaetiw/meiid ( TFA) .
WO 2010/ 012073PCT/ CA2009/ 000917 75
unsat ur at eg straight or branched aliphatic

yl

gr oup.

1 m xture not separated

Using Reaction 4, the following compounds are further examples of the compounds

that may be synthesized.

Compound Starting Material MS (Na*)

404-22 404-16 1210.9
OH OAc

CSA)Y\/ CsAJ\(v/

404-25 404-19 1287.0
OH OAc

CsA/H/\/\O CSAWO

404-36 404-33 1283.0
OH OAc

CsA%o CSAMO

O\) OQ

404-44 404-40 1309.1
OH OAc

CsAW(CHZ)ecm CSAW(CHZ)GCH3

404-58 404-57 1257 .1
OH OAc

CsA COOH CsA

o)

404-60 404-59 1297 .1
OH OAc

CsA/H/\/\(CHz)aCOOH CsA/HM//\/COOH

404-61 404-56 1255.1
OH OAc

Cs.

}
:

CsA




As an illustrative exanple, 420-17 (0.026 mmol) is dissolved in 4 nL
anhydrous DCM and 2 niL trifluoroacetic acid is added at 0 C. The reaction
is stirresoapiwameeml0 tenperature for 3 hours. Twenty 2@cmicati@ivoarionet hane
i s added. The reaction mxture is washed with H20 and sat. NaHCG3 sol ution
and is dried over Na2SO4. The sol vent .i,s renoved and the crude product is
purified by Preparative HPLC. ﬁg Reaction 7, the follow ng
conpounds are further exanpl es of the conpounds 15 t hat may be synt hesi zed.
Conpoundiplyagd 1 ng erra 13 c
420-129420-1201288.0 76 Protection of t he Anlno (}oup The free am no

function c
est abl i shf
conpared to [t he reg
reactions 7 5and 8 0
preparation of acyl
NH2Acyl ati ng agent v. CsARLNHAcyl

any one 404-80¢, acetyl
di -tertbut

CsA

]
d

be protected using a
ret.e _broader range

an alternate route 10
-protected am no conpounds.

CsA

Ge range of protecting groups using
3 etti ng agents is avail able
/,fron1the nitrile.
reaction 6 for the
Reaction 8. OHOH CsARl'
10 Formula XXl Formul a Xl V Where Acyl

or butyrylgogapyhati ng agent
delcarbonate acetic anhxdrlde

i's any org310f
butyric anhydri de,

under st ood y one

CSAJ\\(/«\%%f\T::::r/COOH ek - COOMe

404-81-2 404-79-1 13451
OH OAc

CSAJ\(\/\O/COOMe CSAJYV/\O/COOMG

404-85 404-83 1326.2
OH 0 OAc o)

CSAWNEQ CsAMNEtZ

404-90 404-20 1253.0
OH OAc

cy(LT/“\éf\v/\\ mxl\r”\%/\v/\\

404-96-1 404-94 1333.0
OH OAc
JY\/\Q/COOH WCOOMG

CsA CsA

404-96-2 404-94 1347.0
OH OAc
WCOOMG J\[/\/\Q/COOMQ

CsA CsA

404-97 404-89 1331.9
OH OAc

NO, NO,

Toget her,

It woul d be



15skilled in the art that a broad range of acylating agents including,

di carbonat es, anhydri des and acyl halides can be enpl oyed to produce a
broad ramye 20fo/maeyBprot ected am nes, and RL i s a sat ur aret/anowediar at ed
straight chain or branched aliphatic group. 20 Exanple 8: Synthesis of
420-27 QAc Ac20 NH2 0 As an iIIustratbée exanpl e, 420-25 (0.039 nmmol) is

di ssolved in 3 nL anhydrous pyridi ne der nitrogen. The reaction is cool ed
to O C and acetic anhydride (0.59 mmol) is added. The mi xture is stirred at
anbi ent” gogopey at ure overni ght. ThggZhol vent 1s renoved | magacgum and t he
residue is taken up in 25 nL EtOAc. The reaction is washed wwth 2 x 10 nL 1
MHC, 2 xf10 nL sat. NaHCOB8 sol uti8f and 10 WD
2010/ 012Q43 M and_ts_dried over Na2SO4. The
solvent 1s re as a colorless solid.
Deprotection of Al déekyde 5The 1, 3-di oxol ane nefety is converted into an

al dehydeg f,u ion through acidic ysis. Reaction 9 an l e 9:
Synthes%94o 404- 47 QAcOAc HCC2H4%%? la XVI1l As an illggﬁigfrve

washed wig4bh zat .
Na2SO4. The sol vent

Reduction 8f the Nitfo Goup 20The %
the ani ldg fad,ytic hydy
reduction of| the doubl e bond.

Na Heéts
15 reaction is extracted with 2 x 150 nL Et OAc.
NaHCO3 sol uti ongouai®y and brine and are dyaggdgover
is renoved and the product

exanpl e, aosol ution 404-33 (0. 246rcmol ) ino20 nL formc acid is stirred
room t erat yre r 45 m nut es. . One _hundr m. i ce-water and 200 niL
ol uti on alM® added sI%SW ytothe reldézion (strong foanming). The

The conbi ned extracts are

. fumi,eaction leads to the

is dried in vacuum
‘omati c nijtro conpound is reduced to

404-137 404-134 1283.0
OH OAc

CSAWCOOH CSAWCOOH

404-154 404-150 1338.1
OH OAc

CSA/H/\/\/\/\’(NMEZ CSA)Y\/N\/\H/NMGQ

(¢] (¢]

404-157 404-155 1310.0
OH OAc

CSAJ\(\/\/\”/NMeZ CsAJ\r\/\/\’(NMeZ

O e}

404-173 404-172 1268.9

OH OAc
O O

404-194 404-187 1263.9

OH OAc

Cs

g
\Y
é\
N

Cs




Reaction 10 and Exanple 10: Synthesis of 404-120 78 As an illustrative
exanpl e, 404-89 (0.13 mmol) is dissolved in 2 nL ethanol and Raney- N ckel
(0.18 g, W0 2040/20420, washed 3 tinmes with ethanol, thenprsuapendadodin 2 ni
ethanol) and 0.1 nL acetic acid are added. The reaction is stirred at room
tenperature for 2 days. The reaction %g filtered through Celite and the
filter cake is 5 washed with nethanol “~“The filtrate is brought to dryness.
The residue is taken up in Et0Ac, washed with NaHCO3 sol ution and brine and
is driegqeveg NaZSO4. The solvenfyqgso4 €noved i vacuum Thej$fugie product
is purified over silica gel (hexane/acetone 2:1). 10 Am de Synthesis Am des
reaction of an amne with the

are prepar

|
.

@961 TS ARLNRLSR16 For mul a 442419 |
Wiere Rl igya saturated or unsaturagged,

R15
CsA

|
|

from carboxylic acids

Cs.

corresp N, Reacik is can al so proceed
directly fromthe acid by use of apprjopriate coupling reagents, such as DCC
and HOBt (Reaction 12). 15 For mul a XXVFor mul a XXVI R15R16NH For nmul a

WD 2010/ 012073PCT/1@84009/ 000917 79
straight or branched aliphatic

420-17 420-08-1 1368.0
OH OAc
CSA)\K\/\/\/NHBOC CSAWWNHBOC
420-30-1 420-27 1312.0
j)%/\/\/vn JO?/\/V\/H
N
CsA CsA
Y Y
420-43 420-40 1324.9
OH OAc
CSAJ\K\/V\/\/COOH CSA)WCOOMe
420-47 420-46 1327.0
OH OAc
WCOOH WCOOMe
CsA CsA
420-98 420-85 1381.1
OH OAc
CsAJY\/\(CHZ)gCOOH CSAW(CHZ)S,COOH
420-100 420-92 1339.1
OH OAc
CsA/W(CHZ)GCOOH CSAW(CHZ)GCOOH




and R16 are independently hydrogen or a saturated or unsaturated, straight
or branched aliphatic chain, or where NRL5R16 together forns a norpholinyl
noi ety. S5ERanplE2dri: Synt hesis of 404-85 As an i | | ustrcatdazeosseeatpl e,
365-73 (0.04 mol ) and thionylchloride (68 mml) are conbi ned under

ni trogen atnosphere and are heated to r7efl ux for 2 hours. The 10 reaction
is allowed to cool and is concentrat e((J3 to dryness. Twenty nL toluene is
added and the reaction is concentrated to dryness again (2 tinmes). The
resi due - en up in 5 nL anny USg L Of Uene and di et hytarmj (O 48 1Mol )
s added%z%Tﬁl(Z%r eaction is sti rretél'zrzg)tjgfrS oom t enper at ure over rqnzlr%]h@. Five nL

H20 are adféd and the mixture is exPiacted with 20 nL Et 0Ac. The extract is
washed v@sg i e HlSovggsA T v is renoved i n vacuum
and the crude product is purified over silica gel (hexane/acetone 3:1).

Usi ng Reaction 11, the follow ng conpounds are further exanples of the

conpound@®H28 may be synt hesi zedt202001 80 ConmpoundSt arti ng M{%®i al M5 (Nat)

Am ne 404- §3365- 731368. 2di et hyl am ng,.1 passed through reaction for 10 mn
5For nul a

at 0 C 2 Msolution In THF Reactjon 12: OA\COOA\CO\DCC/ HOBt
XXVFor mds&a ormuta NI Wrefe 'S sat urat or unsaturated,
strai ght or 'branched aliphatic chain,’ RL5 and R16 are independently

hydr ogemy@y.1¢7 saturated or unsat yit fgh.qstrai ght or branchefhg jphatic

chain, or n ere NR15R16 to%et her %rrrs a nor phol i nyl noiety.
Ac o]
CSA)\K\/\A/\/\N/[K CSAJ\KV/WN)J\
H H
420-120 420-110-1 1410.0
OH OAc
CSAWWNHBOC CsAWNHBOC
420-122 420-107-2 1340.0
JC)%/WVH JO?/\A/\/H
N N
CsA CsA
I‘/\/ \[cl/v
420-124 420-109-2 1354.0
OH o] OAc 0
CsA)\r\A/\/\/\N)k CsA/H/\/\AA/\N)J\
H H
420-125 420-110-2 1412.0
OH OAc
CSAWNHBOC CSAWNHBOC
420-126 420-107-1 1337.9
OH OAc
CsA = CsA =
\g/\/ T\/
420-131 420-130 1297.9

OH O
CsA N)k
H

OAc O
CsA Nk
H




Exanmpl e 12: Synthesis of 420-104 OHDCC/ HOBt Me2NH CsA(CH2)9COOH CH o I
CsA/".-- (CH2)9-C-Nve2 81 As an illustrative exanple, 420-98 (0.078 muol)
i s di ssolweadoiomii@3nL anhydrous DCM under nitrogen at no®pmara2009/000917

Di cycl ohexyl carbodii m de (DCC, 0.117 mmol) and 1-hydroxybenzotriazol e
hydrate (HOBt, 0.078 nmol) are added 0 Cand the mxture is stirred for
15 mnutes. Dinethylamne (0.78 mmol )®%s added to give a 5clear, colorless
solution. The cooling bath is renoved after 15 mnutes and stirring is

conti nuﬁwmmwmmWWred to
a separatory funnel and 20 nL 8 10 L 0.5 MHCI are a ge' The

organi c I er is takenfoff dr| ed 2804 a d concentrated to dryness.
The resi ﬁmdwy\m\l % soI ved solid is

filtere of and 't iltrate is® oncent?atred in vacuum The crude

product is purified by Preparative HPLC. Using Reaction 12, the follow ng
conpounds are further exanples of the conpounds that nmay be synthesized.
82 404

Hydrogenation of the Double Bond

The double bond can be hydrogenated under atmospheric pressure to obtain the

saturated side chain. Functional groups such as hydroxyl, carbonyl and carboxyl are
5 stable under these conditions and do not require protection. R’ represents either an

acetyl group or hydrogen. In the case of a,3-unsaturated carbonyl compounds the

double bond has to be reduced prior to deacetylation to avoid cyclization through a

nucleophilic addition of the free hydroxy group on the activated double bond.

10 Reaction 5:
OR' OR’

H,, Pd/C
CsA / R12 —— = CsA R12

Formula Xlli Formula XIII

Where R12 is a saturated or unsaturated. straight or branched aliphatic chain,

15  optionally containing a substituent selected from the group of ketones, hydroxyls,
nitriles, carboxylic acids, esters, amides, acyl-protected amines and 1,3-dioxolanes;
an aromatic group, optionally containing a substituent selected from the group of
halides, esters, amines and nitro; or a combination of the aforementioned saturated
or unsaturated, straight or branched aliphatic chain and the aforementioned aromatic

20 groups, and R’ is either a H or an acetyl group.



amonia 1 404-137 OH 420-98 OH 0 Il ---- (CH2)9-C NMe2CsA
420-100 OH 0 I o----- (CH2) 6- C- NMe2CsA 420-100 OH 0 11

(CH2) 6- C-WB2Cr1207323. 9Pr opyl am ne 1408. 1Di net hyl - am neCZ/(A26@®/08i1met hyl -
am ne 2 1338. 0Oanhydrous anmmonia 1 1 passed through reaction for 10 mn at
0C 22 Msolution in THF

69
Example 5: Synthesis of 404-56:
OAc OAc
H,, Pd/C
CsA / ——» CsA
O 0

As an illustrative example, 404-43 (0.34 mmol) is dissolved in 40 mL anhydrous
EtOH and 43 mg Pd/C (10 %) and 0.2 mL acetic acid are added. The mixture is

5 stirred under hydrogen at atmospheric pressure for 2 days. The reaction is filtered
through Celite and is concentrated in vacuum. The crude product is purified by
Preparative HPLC.

Using Reaction 5, the following compounds are further examples of the compounds

that may be synthesized.

Compound Starting Material MS
(Na")
404-50 404-25 1289.1
OH OH
404-56 404-43 1297.0
OAc

Cs. CsA

;?

404-57 404-31 1327 1

OEt OEt
CsA CsA =




Esterification Carboxylic acid esters are prepared fromthe
correspondi ng carboxylic acids and an 5al cohol either using acidic

cat al ysi swORematizawa 13) or coupling reagents (DCC and DwRP/CARe@onian 14).
Reaction 13: OHORL70H H+OHO CsAR101-1 Formul a XXXI CsAR10 R1 7 10Fornul a
XXI'V CsA 404-178 OH CsA 420-104 OH Cs4,420-114 OH CsA 420-121 OH Formul a
XXXI'l 83 Wiere R1L is a saturated or saturated, straight or branched

al i phatic chain, and R17 is a saturated or unsaturated, straight or
branchégpalgsphati c chain, oplighaghy contai ni ng a hali@ggn or hydr oxyl

substituenéFi Exanmpl e 13: Synt hesioﬁ of 404-171 OHOCH

CsA (CH5);COOH Cs Z "N(CHa,)3COO0H

j
j’g

404-74 404-66 1307 1
OH OH

CsA Cs

:
:

404-92 404-90 1255.1
OH OH

Cs CsA

i
§

404-94 404-79 1388.9

OAc OAc
COOMe COOMe

Cs. Cs.

:
:

404-168 404-134 1326.8
OAc OAc

CSAJYW\COOH CsAJ\(\/\/\COOH

404-172 404-163 1310.9
OAc OAc

CsA CsA

y
;

420-19 416-08 1313.0
OH OH

CSAJWCOOH CsA)Y\/\/\/\COOH

420-46 420-40 1383.1
OAc OAc

COOMe COOMe

CsA Cs.

|
|




10 As an illustrative exanple,
and 2 pL conc.

404-182 404-60 OH 1311.9ethyl ene giycol 1 (2, 0H CsA ( CH2) 3CO0H

420-68 420-134 1326.9
OAc OAc

CSAWCOOH CsAJY\/\/\COOH

420-106 420-98 1383.1
OH OH

CsA/H/\/\(CHg)g,COOH CsAW(CHz)gCOOH

420-111 420-100 1341.0
OH OH

CsAJY\A(CHz)SCOOH CSAJ\(\/A(CHZ)GCOOH

420-112 420-102 1298.9
OH OH

CsAJ\\r/ﬁ\\//“\y//\\v/”\\,/OH CSAJ\\T/”\\4¢9\\//\\v/’\\//OH

420-130 420-123 1340.0

a m xture of 404-60 (0.059 mmol),
H2SO4 is heated to reflux for 4 hours.
evapor at estoant/aib@3r esi due is taken up in acetonitril e. PCmaeA2nesd®oqar oduct
is purified by Preparative HPLC. 15 Using Reaction 13,
conpounds are further exanples of the ﬁorrpounds that may be synthesi zed.
ConmpoundStarting Material M5 (Na+) Reagé

The sol vent

t 404-171404-601368. 2et hanol

OAc O

Wk

H

OAc (0]

A

H

Cs.

;

4 mL Et OH

the foll ow ng

Reduction of the Nitrile Group
Reduction of the nitrile group to the corresponding primary amine can be achieved
with nickel boride generated in situ from sodium borohydride (NaBH,4) and
5 nickel(ll)chloride (NiCl,). Addition of a suitable trapping reagent leads to acyl-

protected primary amines (carbamates or amides, respectively) and prevents the
formation of secondary amines as an undesired side reaction. The double bond is
partially reduced under the given conditions and a product mixture is obtained. Both,
saturated and unsaturated protected amine compounds were isolated and purified.

10  Forreaction 420-123 the mixture was not separated. Instead, the mixture underwent

catalytic hydrogenation to produce the fully saturated compound.



WD 2010/ 012073PCT/ CA2009/ 000917 84 420-103420-981409. 1Et hanol

420- 113420- 1001366. 9et hanol OHOH CsA------ (CH2) 6COCEt CsA/ (CH2)6COOH 1 3
hours at WO 2Q0/qearduct extracted with Et OAc Reaction 14PCTHA2GHARIDH

DCC/ DVAP  R170H 5 Formul a XXl VFormul a XXXl Formul a XXXII Where Rl is a
saturated or unsaturated, straight or é)ranched aliphatic chain, and R17 is
a saturated or unsaturated, straight Z) branched al i phati c chai n,
optionally containing a hal ogen or hydroxyl substituent.

Reaction 6:
OAc OAc
c==N NaBH/NiCl,
Pz e t= /NHAcyI
CsA R1 cylating agent CsA R1
Formula XV Formula XVI

5 Where Acyl is any one of BOC, acetyl, or butyryl, acylating agent is any one of di-tert-
butyldicarbonate, acetic anhydride, and butyric anhydride and R1 is a saturated or
unsaturated straight chain or branched aliphatic group. It would be understood by
one skilled in the art that the acylating agents described above may be replaced with
a broad range of acylating agents to produce a similarly broad range of acyl-

10  protected amines.

Example 6: Synthesis of 420-08

OAc NaBH/NiCl,  OAc
(BOC),0
NHBOC
CsA 7 Z ——— CsA =4
420-08-1
+
OAc
NHBOC
CsA
420-08-2

As an illustrative example, 404-187 (0.257 mmol) is dissolved in 15 mL methanol and

15 cooled to 0 °C. Di-tert-butyldicarbonate (0.514 mmol) and nickel(ll)chloride (0.025
mmol) are added to give a clear solution. Sodiumborohydride (3.85 mmol) is added
in portions over 1 hour. The resulting mixture is stirred at ambient temperature over
night. Additional sodiumborohydride (1.95 mmol) is added at 0 °C and stirring is
continued for 3 hours at room temperature. HPLC shows a mixture of 420-08-1

20 (carbamate compound) and 420-08-2 (carbamate compound with double bond
reduced). The reaction is stirred for 30 minutes with diethylenetriamine (0.257 mmol)

and is then concentrated in vacuum. The residue is taken up in 75 mL EtOAc,



10 Exanpl e 14: 420-24 OHOOH DCC/ DMAP OHCsA HO( F As an illustrative

exanpl e, 404-60 (0.053 mmol) is dissolved in 4 nL anhydrous DCM 15 and

cool ed t ow02@iume@s ni trogen at nosphere. Di net hyl am nopyciraiazeosoddr, 0. 005
mol ), 2-fluoropropanol (0.27 mol) and di cycl ohexyl carbodii m de (DCC,
0.058 mml ) are added and the reacti%is stirred for 15 min at 0 C. The
cooling bath is renoved and stirring is continued over night at anbient
tenperature. 20 nL 85 DCM are added, the reaction is then washed with H20
and evapghal et 20 fLY &S NaHT®; s86tish and riedkser Wa,50,1THdsaivaitagi tril e
and filtered. The filtrate is concentrated in vacuum The crude product is
puri f i eembyedireyrguatn.v&heeraie produshisopwifeddrBecparativa HEt hesi s in the

Wttig,reaction. alkcohaql X i r r i .
Reduct USEReaCta Boftofpdhg RSN A aih SRt o Hin SERRELARS,
(start kit rhappealdglegied. or secondary (starting from ketone) al cohols,
respectively. 10 Oxidation of a double bond through the hydroboration
nmetdod can |lead to a m xture of isoners. The reaction proceeds
predomﬁaﬁb' anti=Ivar kovnEkS e O e rCase. of a i nal

ol efi n URE Hary al cohol is A Foduct. An 6I8FCH"%an be Tonvert ed
into a diol through oxidation with hydrogen peroxi dRealenReacti (a9f a
carbonyl compound with a Gignard reagent |eads to secondary (starting from
al dehyde) and tertiary (starting fromketone) alcohols. This nethod all ows
for an 420€8sion of the carbo#04H87n. Reaction 15: dart CsARIRMIOP For nul a

XXXV OR OAc OAc butyldicarbona
NHBOC

oLnN

te

Cs. CsA

|
{

420-08-2 404-197 di-tert-butyldi-  1412.1

OAc OAc carbonate

NHBOC

CsA CsA

|
{

420-107-1 404-197 butyric 1379.9
OAc OAC anhydride

CsA CsA

|
k

420-107-2 404-197 butyric 1382.1
OAc H OAc anhydride
CsA)\r\A/\/NY\/ Cs AWN
: o}
420-109-1 420-101 acetic 1394.1
OAc 0 OAc anhydride
cyanj\ CSAWN
420-109-2 420-101 acetic 1396.1
OAc o OAc anhydride

CsA N/u\
)Y\/\M/\H Cs

g
V4




1R20 OH For nul a XXXVI Were R is a Hor acetyl, RlL is a saturated or
unsaturated, straight or branched aliphatic chain, and R20 is a saturated
or unsat uwetet)o1zi78ai ght or branched al i phati c 25chai n. PC8&A2009A809MN
illustrative exanple, 404-61 (0.0365 mml) is dissolved in 4.5 nL anhydrous
5 Et OH under nitrogen atnosphere. Sodi%m bor ohydride (0.15 nmol, suspended
in 0.5 nL anhydrous EtOH) is added at C and the resulting mxture is
stirred at anbient tenperature over night. Additional sodium borohydride
(0. 08 mapbl11ios1 added and stirgppgoqs continued over dpieghutyldiFhe 1agAction is

guenched with 5 mL 1 M HCl under_ice-bath cooling arlgrbk@agxtract ed with

Et 0OAc. Th&“extract is washed wi tth° 10brine, dried over 04 and
concent r& €53 Fhe @g@ﬁﬁmam\vwﬁﬁfi ed by Preparative HPLC
Usi ng Reaction 15, the follow ng conpounds are further exanples of the

conpounds that may be synthesized. WD 2010/012073PCT/ CA2009/ 000917 87
420- 09 %8 404-56 QAc 1298.9 42RSql%t1i on 16:

110-2 di-tert- 14541
OAc OAc butyldicarbona
CSAJ\(\/\A/\/\NHBOC CSAWN te
420-123" 420-89 acetic 1337.9/
OAc o] OAc anhydride 1339.9
CSA)W/\/\AN)K CSAMN
H
420-128-1 420-101 butyric 14221
OAc o] OAc anhydride
CsA/H/\/(CHz)E\E/[K/\ CsA/H/\/\/MN
420-128-2 420-101 butyric 14241
anhydride

OAc (e} OAc
D
CSAJ\K\/(\CHz)g\N)k/\ CSA/H/\/\/\/\AN
H

mixture not separated

1

Amine Deprotection
The BOC protected amine (carbamate) can be converted into the free amine by

5 acidic hydrolysis using trifluoroacetic acid (TFA).

Reaction 7:
OR' OR'

NHBOC TFA _NH;
CsA rR1” —> CsA R1

Formula XX Formula XXI



Formula XXVI 11 Formula XXI X Where R1 is a saturated or
or branched aliphatic chain. 10As an illustrative exanple, 404-16 (0.081
nmol ) i s wosmloear3under nitrogen atnmosphere in 4 nL anlrgaraa2s09fbiba17 The
reaction is cooled to 0 C and BH3-THF (1 Msol. In THF, 0.06 mol) is
added. The reaction is stirred at roomtenperature over night. HPLC shows
the reaction is inconplete. Additional¥BH3. THF (0.5 mvol) is added and
stirring is continued for 4 hours at roomtenperature. The reaction is 15
cooled to OC and 1.0 nL 1 M NaOH and 0.30 nL 30 % hydrogen peroxi de
solution are added. The m xture is stirred at roomtenperature over night.
The reaction is extracted with 25 nL EtO0OAc. The extract is washed with

our 1 hes T o8 ST, SRR it o Al B Shel v
XL iygtﬁgwﬂ%wgggyy%eggpgl 000917 88 Where Rl is a saturated or
ra

unsaturated, straight or nched aliphatic chain, R is either a Hor an
acedbyl group.

unsat urated, straight

Example 7: Synthesis of 420-23

OH

CsA =4

NH,

As an illustrative example, 420-17 (0.026 mmol) is dissolved in 4 mL anhydrous DCM

and 2 mL trifluoroacetic acid is added at 0 °C. The reaction is stirred at room

10  temperature for 3 hours. Twenty 20 mL dichloromethane is added. The reaction
mixture is washed with H,O and sat. NaHCOj3; solution and is dried over Na;SOs,.
The solvent is removed and the crude product is purified by Preparative HPLC.
Using Reaction 7, the following compounds are further examples of the compounds
15 that may be synthesized.
Compound Starting Material MS (M+1)
420-23 420-17 1246.0
OH OH
CsA)\r\/WNHZ CsAWNHBOC
420-25 420-13 1290.0
OAc OAc
WNHZ JY\/\/\/NHBOC
CsA CsA
420-129 420-120 1288.0

CsA " "N(CHa)eNH;

R

OH

CSA/HA/A/\/\/\NHBOC




As an illustrative exanple, 420-49 (0.037 mml) is dissolved under argon 10
at nosphere in 5 nL anhydrous THF. The reaction is cooled to -70 C and

al | yl mgmeeizarvaai7eri de (1 M sok In THF, 0.22 mmol) is a&duah200Bloe091@act i on
is stirred for 15 mnutes at -70 C and is then allowed to cone to room
tenperature. After 90 m nutes the rea&;{sl on is quenched with sat. NH4CI
solution. The reaction is extracted h 25 nL Et0Ac. The extract is washed
with brine, dried over Na2SO4 15 and concentrated to dryness. The product
i's puripopttioy IfePARFRO GroblPLC. A mixture of acetylated and deacetyl ated
conpound i s obtained. Reaction 18: 20Formul a XLVFornmul a XLVI Where Rl is
a sat urldteciie® pming ftnetign san bs pratetied osingranidretangs phuetestipa greupsand R23

2010/ oL apcirp EStetoBRbBioR, 7 pesidel e SLoRUBFR g R BEE™ ™ s

i 11 ust redhpefeeXamd fodutive irddlcBor starihg fiom thessiglly ETogethdr, méadtiongiz aci d
and 5hydr é;en peroxide (30 % aqueous solution, 0.52 mmol) is added. The

realt i &md & offer an aewate e e ipRtNS @fdk)@pr?ﬁajﬁtlo%ﬁﬂa?ﬂ retestadbncent r at ed
to dry% @ Bﬁfpc{@%l due is dissolved in 25nm. Et0Ac, washed with sat. NaHCO3
solutio REYMUECSver Na2sos. The sol vent is removed in vacuum The
reaction is taken up in 9 nL THE and 3 nL 1 MNaOH, and is stirred for 4
hours at room tenperature. The 10 solvent is renoved and the residue is
partit iRRRGIIOP& ween 25 nl Et0OAc and 5 mL H20. The organic layer is washed
with brine and dried over Na2SO4. The solvent is evaporated and the crude
product is purified by Preparative HPLC. Exanple 19: | munosuppression and
Cycl ophi l'i ®H somerase I nhibition 15 | rmunosuppregsj ve Potency The
i mrunosupprjessi ve potepgy of test corrpounds was ssessed by %%)Wi ng their
ce

ab|I|tyC% € prol i fAmvitingregefit h cul ture.
Lynphocytes re isol ated from bl ood of nor n vol nt eers by
Fi qol | - gradi eht

Formula XXI Formula XIV

Where Acyl is any one of BOC, acetyl or butyryl, acylating agent is any one of di-tert-
butyldicarbonate, acetic anhydride, butyric anhydride, It would be understood by one
15  skilled in the art that a broad range of acylating agents including, dicarbonates,
anhydrides and acyl halides can be employed to produce a broad range of acyl-
protected amines, and R1 is a saturated or unsaturated straight chain or branched

aliphatic group.

20 Example 8: Synthesis of 420-27
OAc OAc

Ac,0 H
NH, N
CsA —> (CsA \u/
O

As an illustrative example, 420-25 (0.039 mmol) is dissolved in 3 mL anhydrous
pyridine under nitrogen. The reaction is cooled to 0 °C and acetic anhydride (0.59
mmol) is added. The mixture is stirred at ambient temperature overnight. The

25 solvent is removed in vacuum and the residue is taken up in 25 mL EtOAc. The
reaction is washed with 2 x 10 mL 1 M HCI, 2 x 10 mL sat. NaHCOj; solution and 10



20centrifugation and stained with 2 pg/m carboxyfl uoroscein diacetate
succi ni mydyl ester (CFSE), a fluorescent cell division tracer nol ecul e.

Cel | s werwogbiomub@Bed t hrough the CD3/ T-cell receptor bycIaadoogoenal| s at
300, 000/ wel | into 96-well flat-bottom high-binding plates coated with 1
pg/mM UCHT-1 anti-human CD3 anti body.7 est conpounds were prepared first as
10 ng/ M stock solutions in dinethylsulfoxide 25 (DVSO). Test sol utions
were prepared by 500-fold dilution of the DMSO stock solutions, then 3-fold

serial i bHhé @Rd i Ariegldvef Nab80g. Medi N driRRMemowdd inBRactum to give the

penicillin-steptomycin) for a total of 7 concentrations per conpound. Test
sol ut i dredyiras aeeleteshselifial vol une to the culture wells containing cells
to achieve final concentrations after dilution of 13.7 ng/m - 10,000

ng/ M. The reference conpound, WO 2010/012073PCT/ CA2009/ 000917 90 CsA, was

pr epar g¥bsrbréctiahlof Atdghyafe concentrations ranging from1.37 - 1,000 ng/m .
CsA was assayed in every experinent as a quality control for each

expBri rdwet 1.3ritioxelane maielyds cenvertgrhinte an aldehysle fupstion Hipeamasidicol | owi ng 3
days i rpﬁlgpcg}t/élgn cells were stained with CD95- APC (| ynphocyte activation

mar ker ) and’ahal yzed by flow 5 cytonetry with a Becton D ckinson

FACSCal i bur. Percentage cell division was assessed in

forward/si de-scatter-gated | ynphocytes by_neasuring the proportion of cells

t hat uritRAGNEA) and ExaMple & yInthesiy PE4@Hd7as det ermined by serial hal ving

of CFSE i ggnsity. The nondivided parent ggpul ation was determ ned from

sanpl es maj ntai ned in cul tudC@Hthout anti-CD3 stinmulation. |C50 val ues for
i nhi bi td Hvi si an_wege detgg near regression
anal ysis. Rel|ative poteancy was cal cul ated by normalizing I C50 val ues of

test conmpounds to CSA | mmunosuppressi ve potency was additionally anal yzed
by asuri ction in cell surfacé&oGhata ¥Rpressi on conpared to
veﬂﬁgl e coﬁg@pgkﬁgpqcl ophilin D Inhibition Assay A mtochondria swelling
assay was used to neasure the efficacy of NICAMs in blocking CyP-D and

m tochondrial pernmeability transition. Under certain pathol ogical

condi t iAsnan illvstratiye avamald, essolutien efid(4-89 (0 24psnmoltie 20antifarmicasid i and
v . > . . o > an

opent na e FoUT SRR Fitus idlies TbrdlaRged fou KBLGarer aRagdeml 0 | 10

conductsandealdC Oasutivhcaretd dtiud stéwiyitotthe teaction @ttahy doseminy)oddle t he pore, a

process called m tochondri al ger neabi | i t* transition, leads to swelling of
m fl§chdrastion igrRxtigcias Wih ent 350l Kt@AE mThaicombined extragigiaie Wasbegdt t he

conpon f \h i i f i |4 [ r S
oyp b REe NeMoO; SIBHGT i) aRGERRR il ek dAdR5Uer SR T Foent
regul atieserapesad agd the pred MPERIriedhih vaduubi.t i on of the isonmerase activity by
CsA or CsA analogs inhibits creation of the MPTP. In general, mtochondria
isolated fromrat |liver were exposed to calciumto induce MPTP opening in

t he absgnge. f est conpounds, and cal ci uminduced swelling was
measurzig as t@hr@éﬁ%mﬁﬁéu i ght absorbance at 540 nm WO

2020/ 0 Ixe/ 3feGTatICAH R0 2obihd i8S tedMddotohtba dmilmevtbraughscdatatyid from fresh rat
liver. lce-cold or 4C condition e used. t hrqughou || steps of the

| ol at IRATOSAtIoN, Jih& EaCHoR S RING de Rt 15 gHRIE B, chml | vol urre of
isolation buffer (1B, 10 nM Hepes, 70 mM sucrose, 210 mM mannitol, 0.5 nmM
EDTA). Aliquots of the minced liver were honogenized in |IB using 5a

Tef | on-RgactionPdl aed Exbogtg 4t (Systhesigof 4l 26nd passed t hrough a cel |
screen fil KL - The filtered honbgenate was )Qérifuged at 600g for 10 mn,
then the restlting supernatant 2(/:Ffier?rg“rifuged a 000g for 10 mn. The

supernaééa d, an CsA

—_—

NO, NH,

25 Formula XXII Formula XXIlI



the pellet resuspended in wash buffer (10 mM Hepes, 70 mM sucrose, 210 nM
mannitol) and centrifuged a final tine at 7000g for 10 m n. The supernat ant
was 10di swerdsdi2&dd t he mitochondri a-contai ni ng pel | et peugRendadoand
stored on ice in 2 nL of respiration buffer (RB; 5 mM Hepes, 70 nmM sucrose,
210 MM mannitol, 10 nmM sodi um succi na.}§ 1 nmM sodi um phosphat e di basic).
Test conpound sol utions were prepared Trom 10 ng/ m stocks (dinethyl
sul f oxi de 15vehicle) first by diluting the test conpound 1000x into

respi r alsl 401108 AtRle %rﬁﬁnﬁﬂzmé—ﬁ@“ﬂob@ﬁﬁmoﬂ@ dMSveEd A2 mi2athandy ameni tol , 10

mM sodi um succinate, 1 sodi um phosphat e di basic, 1% fetal bovine serum
2 pM r Rapeyiipkelt(AB $\0B% i@l washed 3 dimes witiRethane!.4b&n susperdad Eonmpound

i f . .
ol yot grBhetanstLanhl Pk st dle. st T ARt el ¥ Bp.e: 1 i ng
assays tdRperat o fhys N Thedeavsbn isf filRre® eirbagh IBYIYs bid enefildradake. is| n_each
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Reaction 11:
OAc

SR SN
—_—
CsA R1 OH R1 Cl

CsA

Formula XXV Formula XXVI

R15R16NH
Formula XXVII

OAc

o
CsA R1)J\NR15R16

Formula XXVIII



25 58.4 404-44 OH CsA (CH2)6CH3 1 1.2 404-126 OHCSA cOH,; <1 24.6
420-28 OH CsA OH <1 78.0
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Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, R15
and R16 are independently hydrogen or a saturated or unsaturated, straight or

branched aliphatic chain, or where NR15R16 together forms a morpholinyl moiety.

Example 11: Synthesis of 404-85

OAc O OAc 0]
SOCI,
CsA OoOH —— CsA Cl

OAc 0
Et,NH

——>  CsA NEt,

As an illustrative example, 365-73 (0.04 mmol) and thionylchloride (68 mmol) are
combined under nitrogen atmosphere and are heated to reflux for 2 hours. The
reaction is allowed to cool and is concentrated to dryness. Twenty mL toluene is
added and the reaction is concentrated to dryness again (2 times). The residue is
taken up in 5 mL anhydrous toluene and diethylamine (0.48 mmol) is added. The
reaction is stirred at room temperature over night. Five mL H,O are added and the
mixture is extracted with 20 mL EtOAc. The extract is washed with brine and dried
over Na,SQ,. The solvent is removed in vacuum and the crude product is purified

over silica gel (hexane/acetone 3:1).

Using Reaction 11, the following compounds are further examples of the compounds
that may be synthesized.



420-102 OH CsA OH 9 77.9 420-112 OH CsA OH 2

162. 7 404-195 OH CsA COH

10

WO 2010/012073

106. 7 404-98 OH CsA OH 3

PCT/CA2009/000917
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Compound Starting Material MS (Na*) Amine

404-83 365-73 1368.2 diethylamine
OAc (0] OAc
w /H/\/\/COOH

CsA NEt, CsA

404-128 404-124 1311.9 anhydrous
OAc (0] OAc ammonla 1
w /H/\NCOOH

CsA NH; CsA

404-129 404-124 1340.1 Dimethyl-
OAc 0 amine 2

CsA NMe,

;

COOH
CsA

gg
O

CsA

Reaction 12:

OAc O

R1)k0H

{

Formula XXV

DCC/HOBt

Y

R15R16NH CsA

Formula XXVII

! passed through reaction for 10 min at 0 °C; > 2 M solution In THF

OAc

O

A

R1

NR15R16

Formula XXVIII

Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, R15
and R16 are independently hydrogen or a saturated or unsaturated, straight or

branched aliphatic chain, or where NR15R 16 together forms a morpholinyl moiety.

Example 12: Synthesis of 420-104

OH DCC/HOBt OH o
MezNH I
CsA 7 SNCH,)4eCOOH — » CsA Z (CH,)g-C-NMe,



2 143.1 420-49-1 OH CsA OH 3 143.6 404-194 OH CsA 2 123.2 WO
2010/ 012073PCT/ CA2009/ 000917 93 Conpound # Conpound structure | nmuno-
suppr essiwo 20ehRed7at i ve to CsA) CYP-D I nhibition (% Pot @ntyCAI8090e#Y17
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As an illustrative example, 420-98 (0.078 mmol) is dissolved in 10 mL anhydrous
DCM under nitrogen atmosphere. Dicyclohexylcarbodiimide (DCC, 0.117 mmol) and
1-hydroxybenzotriazole hydrate (HOBt, 0.078 mmol) are added at 0 °C and the
mixture is stirred for 15 minutes. Dimethylamine (0.78 mmol) is added to give a
clear, colorless solution. The cooling bath is removed after 15 minutes and stirring is
continued at ambient temperature for 5 days. The reaction is transferred to a
separatory funnel and 20 mL DCM and 10 mL 0.5 M HCI are added. The organic
layer is taken off, dried over Na,SO4 and concentrated to dryness. The residue is
taken up in 10 mL acetonitrile. Undissolved solid is filtered off and the filtrate is

concentrated in vacuum. The crude product is purified by Preparative HPLC.

Using Reaction 12, the following compounds are further examples of the compounds

that may be synthesized.

Compound Starting Material MS (Na*) Amine
404-150 416-04 1380.1 Dimethyl-
OAc OAc amine 2
CSA)Y\/\AA’( ez CSAWCOOH
(6]
404-155 404-134 1352.1 Dimethyl-
OAc OAc amine 2
NMe,
CSAJY\/\/\'( CSA)\choori
o)
404-156 404-60 1324.1 Dimethyl-
OH o} OH amine 2
CsAWNMeZ CSAW\(CHg)gCOOH
404-162 416-08 1379.9 Morpholine




420-108 OH CsA 1 88.6 420-23 OH CsA NH2 < 1 43.8 420-129 OH CsA NH2 <1
58 420-17 OH CsA NHBCC

WO 2010/012073 PCT/CA2009/000917
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404-164 416-08 1309.8 anhydrous
OH OH ammonia ’

NH,

CsA Cs.

COOH

|
?

404-178 404-137 1323.9 Propylamine
OH OH

NH
CsA SN

CsA COOH

|
;

420-104 420-98 1408 1 Dimethyl-
OH OH amine 2

I
CsA (CH,)g-C-NMe; CsA 7 "N(CH,)gCOOH

§
B

420-114 420-100 1366.0 Dimethyl-
OH OH amine 2
o
I
CSAW(CHZ)G-C-NMeZ CsA)Y\A(CHZ)GCOOH
420-121 420-100 1338.0 anhydrous
OH OH ammonia '
0
CsA Z (CHp)e-C-NH, CsA (CH2)gCOOH

! passed through reaction for 10 min at 0 °C: % 2 M solution in THF

Esterification
Carboxylic acid esters are prepared from the corresponding carboxylic acids and an

5 alcohol either using acidic catalysis (Reaction 13) or coupling reagents (DCC and
DMAP, Reaction 14).

Reaction 13:
OH @] + OH O

/u\ R170H/H - )l\
CsA R1 CsA R1 OR17

OH  Formula XXXI

10 Formula XXIV Formula XXXII



2 66.2 420-120 OH CsA NHBOC 3 9.4 420-125 OH CsA NHBCC 6 42.4 404-130 OH
CsA 0 NH2 < 1 114.7 404-164 OH
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Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, and
R17 is a saturated or unsaturated, straight or branched aliphatic chain, optionally
containing a halogen or hydroxyl substituent.

Example 13: Synthesis of 404-171

OH 0 OH 0
EtOH/H"
CsA Z OH — » CsA 7 OEt

10  As an illustrative example, a mixture of 404-60 (0.059 mmol), 4 mL EtOH and 2 pL
conc. H,SO, is heated to reflux for 4 hours. The solvent is evaporated and the

residue is taken up in acetonitrile. The crude product is purified by Preparative
HPLC.

15  Using Reaction 13, the following compounds are further examples of the compounds
that may be synthesized.

Compound Starting Material MS (Na*) Reagent
404-171 404-60 1368.2 ethanol
OH o OH
CsAWOEt CSAW(CHQ)Q,COOH
404-182 404-60 1311.9 ethylene
OH o OH glycol ’

_ _~_OH
CsAwo CSAW(C H5)3COOH




CSANH2 0O 6 98.9 420-121 OH CsA 0 (CH2)-6NH2 6 70.9 404-132 OH CsA O
NVe2 <1 122.0 404-157 OH CsA

WO 2010/012073 PCT/CA2009/000917
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420-103 420-98 14091 Ethanol
OH OH
CSAW(CHz)gCOOEt CSAW(CHz)gCOOH
420-113 420-100 1366.9 ethanol
OH OH

CSAW(CHZ)GCOOEt CSAW(CHQ)GCOOH

'3 hours at 90 °C; product extracted with EtOAc

Reaction 14:
0 OH o)
/u\ DCC/DMAP P
R1 OH ——» CsA R1 OR17
R170H
5
Formula XXIV Formula XXXI Formula XXXII

Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, and
R17 is a saturated or unsaturated, straight or branched aliphatic chain, optionally
containing a halogen or hydroxyl substituent.

10
Example 14: 420-24

DCC/DMAP
— » CsA

As an illustrative example, 404-60 (0.053 mmol) is dissolved in 4 mL anhydrous DCM
15 and cooled to 0 °C under nitrogen atmosphere. Dimethylaminopyridine (DMAP,

0.005 mmol), 2-fluoropropanol (0.27 mmol) and dicyclohexylcarbodiimide (DCC,

0.058 mmol) are added and the reaction is stirred for 15 min at 0 °C. The cooling

bath is removed and stirring is continued over night at ambient temperature. 20 mL



NVe2 0 < 1 142.3 420-114 OH CsA 0 (CH2)6NMe2 <1 63.4 420-104 OH CsA O
(CH2) " ONMe2 11 55.8 404-156 OH CsA 0 Nwe2
WO 2010/012073 PCT/CA2009/000917
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DCM are added, the reaction is then washed with H,O and evaporated to dryness.
The residue is taken up in 10 mL acetonitrile and filtered. The filtrate is concentrated

in vacuum. The crude product is purified by Preparative HPLC.

5 Alcohols

Besides direct synthesis in the Wittig reaction, alcohols are obtained through a
number of reactions. Reduction of a carbonyl group with sodium borohydride leads
to primary (starting from aldehyde) or secondary (starting from ketone) alcohols,
respectively.

10
Oxidation of a double bond through the hydroboration method can lead to a mixture
of isomers. The reaction proceeds predominantly in anti-Markovnikov orientation. In
the case of a terminal olefin the primary alcohol is the main product.
An olefin can be converted into a diol through oxidation with hydrogen peroxide.

15  Reaction of a carbonyl compound with a Grignard reagent leads to secondary
(starting from aldehyde) and tertiary (starting from ketone) alcohols. This method

allows for an extension of the carbon chain.

Reaction 15:
OR’ .
NaBH, OR
CsA R1\"/R20 — CsA R1\(R2O
20 © OH
Formula XXXV Formula XXXVI

Where R’ is a H or acetyl, R1 is a saturated or unsaturated, straight or branched
aliphatic chain, and R20 is a saturated or unsaturated, straight or branched aliphatic
25 chain.



1 82.2 WD 2010/ 012073PCT/ CA2009/ 000917 94 Conpound # Conpound structure
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Example 15: Synthesis of 404-98
OH OH

NaBH,
CSAJY\/\”/ — CSAJY\/Y
O OH

As an illustrative example, 404-61 (0.0365 mmol) is dissolved in 4.5 mL anhydrous
EtOH under nitrogen atmosphere. Sodium borohydride (0.15 mmol, suspended in
0.5 mL anhydrous EtOH) is added at 0 °C and the resulting mixture is stirred at
ambient temperature over night. Additional sodium borohydride (0.08 mmol) is
added and stirring is continued over night. The reaction is quenched with 5 mL 1 M
HCI under ice-bath cooling and is extracted with EtOAc. The extract is washed with
brine, dried over Na,SO4 and concentrated to dryness. The crude product is purified
by Preparative HPLC.

Using Reaction 15, the following compounds are further examples of the compounds

that may be synthesized.

Compound Starting Material MS (Na*)
404-98 404-61 1256.9
OH OH
CSAJ\W//\\V/A\T// CSAJ\\r/\\V/”\ﬂ//
OH o)
404-195 404-173 1271.0
OH OH
CSAW CsA)\r\/Y\
OH O

404-198 404-172 1313.0

OAc OAc
CSAW
¢}

CsA

J




NEt2 2 128.7 404-178 OHCsA H N< 1 71.3 404-162 CHGCsA /--\ NOO <1
91.1 404-171 OH CsA

WO 2010/012073 PCT/CA2009/000917
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420-09 404-56 1298.9
OAc OAc
CSAJYW CSAM
OH 0
Reaction 16:
OH 2.) Hy,0O,
CSAJY\R‘I—CH=CH2 — CSAJ\(\R1/\OH
Formula XXVII| Formula XXIX

Where R1 is a saturated or unsaturated, straight or branched aliphatic chain.

Example 16: Synthesis of 420-28-1

2.) H,0,
CsAW —_— CSAJ\I/\/\OH

10  As an illustrative example, 404-16 (0.081 mmol) is dissolved under nitrogen
atmosphere in 4 mL anhydrous THF. The reaction is cooled to 0 °C and BH3- THF (1
M sol. In THF, 0.06 mmoil) is added. The reaction is stirred at room temperature over
night. HPLC shows the reaction is incomplete. Additional BHs- THF (0.5 mmol) is
added and stirring is continued for 4 hours at room temperature. The reaction is

15 cooled to 0 °C and 1.0 mL 1 M NaOH and 0.30 mL 30 % hydrogen peroxide solution
are added. The mixture is stirred at room temperature over night. The reaction is
extracted with 25 mL EtOAc. The extract is washed with brine, dried over Na,SO,4

and concentrated to dryness. The product is purified by Preparative HPLC.

20 Reaction 17:

QAc A~MgCl OR' OH
cwﬁﬂm/\o —  CeA m)\/\

Formula XLI Formula XLIII



0 OBt 3 75.5 420-113 OH csA / (cH2)6cooEt < 1 33.2 420-103 OH CsA
(CH2)9COCEt 10 15.5 404-61 OH CsA

10
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Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, R’ is

either a H or an acety! group.

Example 17: Synthesis of 420-49
OAc A~.MgCl OR'

CSAM — CSAW
O OH

As an illustrative example, 420-49 (0.037 mmol) is dissolved under argon
atmosphere in 5 mL anhydrous THF. The reaction is cooled to -70 °C and
allylmagnesium chloride (1 M sol. In THF, 0.22 mmol) is added. The reaction is
stirred for 15 minutes at -70 °C and is then allowed to come to room temperature.
After 90 minutes the reaction is quenched with sat. NH4Cl solution. The reaction is
extracted with 25 mL EtOAc. The extract is washed with brine, dried over Na,SO4
and concentrated to dryness. The product is purified by Preparative HPLC. A

mixture of acetylated and deacetylated compound is obtained.

Reaction 18:
1.) H,O,/HCO,H
OA 2V2 2 OH
¢ 2.) NaOH OH

CsA EE— CsA R1

JW/\RJI\/\RZB )ﬁ/\ \H\RZQJ

OH
Formula XLV Formula XLVI

Where R1 is a saturated or unsaturated, straight or branched aliphatic chain, and

R23 is a saturated or unsaturated, straight or branched aliphatic chain.



3 118.8 404-173 OH CsA 4 150.6 420-24 OHcsA 0 <1 71.9 404-182 OH CsA
0 0?70H
WO 2010/012073 PCT/CA2009/000917
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Example 18: Synthesis of 404-126
OAc 1.) Hy0,/HCO,H OH

2.) NaOH v
7
CSAJY\/ — CSAWOH
OH

As an illustrative example, 404-16 (0.054 mmol) is dissolved in 1 mL formic acid and
5 hydrogen peroxide (30 % aqueous solution, 0.52 mmol) is added. The reaction is

stirred at room temperature over night and is then concentrated to dryness. The
residue is dissolved in 25mL EtOAc, washed with sat. NaHCOj; solution and dried
over Na;SO,. The solvent is removed in vacuum. The reaction is taken up in 9 mL
THF and 3 mL 1 M NaOH, and is stirred for 4 hours at room temperature. The

10  solvent is removed and the residue is partitioned between 25 mL EtOAc and 5 mL
H,O. The organic layer is washed with brine and dried over Na,SO,. The solvent is

evaporated and the crude product is purified by Preparative HPLC.

Example 19: Inmunosuppression and Cyclophilin Isomerase Inhibition
15
Immunosuppressive Potency
The immunosuppressive potency of test compounds was assessed by measuring
their ability to inhibit the proliferation of human lymphocytes in cell culture.
Lymphocytes were isolated from blood of normal human volunteers by Ficoll-gradient
20  centrifugation and stained with 2 pg/ml carboxyfluoroscein diacetate succinimydyl
ester (CFSE), a fluorescent cell division tracer molecule. Cells were stimulated
through the CD3/T-cell receptor by seeding cells at 300,000/well into 96-well flat-
bottom, high-binding plates coated with 1 ug/ml UCHT-1 anti-human CD3 antibody.
Test compounds were prepared first as 10 mg/ml stock solutions in dimethylsulfoxide
25 (DMSO). Test solutions were prepared by 500-fold dilution of the DMSO stock
solutions, then 3-fold serial dilutions in cell culture medium (RPMI + 5% FBS +
penicillin-steptomycin) for a total of 7 concentrations per compound. Test solutions
were added in equal volume to the culture wells containing cells to achieve final

concentrations after dilution of 13.7 ng/ml — 10,000 ng/ml. The reference compound,



1 134.8 420-30-1 OH CsA 2 131.5 420-122 OHCsA HNO 1 91.2 420-126
OH CsA H
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CsA, was prepared similarly but at concentrations ranging from 1.37 — 1,000 ng/mi.
CsA was assayed in every experiment as a quality control for each experiment and
as a reference comparison to the test compounds. Following 3 days incubation cells
were stained with CD95-APC (lymphocyte activation marker) and analyzed by flow
cytometry with a Becton Dickinson FACSCalibur. Percentage cell division was
assessed in forward/side-scatter-gated lymphocytes by measuring the proportion of
cells that underwent one or more cell divisions as determined by serial halving of
CFSE intensity. The nondivided parent population was determined from samples
maintained in culture without anti-CD3 stimulation. 1C50 values for inhibition of cell
division were determined by nonlinear regression analysis. Relative potency was
calculated by normalizing IC50 values of test compounds to CsA.
Immunosuppressive potency was additionally analyzed by measuring the reduction in

cell surface CD95 expression compared to vehicle controls.

Cyclophilin D Inhibition Assay

A mitochondria swelling assay was used to measure the efficacy of NICAMs in
blocking CyP-D and mitochondrial permeability transition. Under certain pathological
conditions, mitochondria lose the ability to regulate calcium levels, and excessive
calcium accumulation in the mitochondrial matrix resuits in the opening of large pores
in the inner mitochondrial membrane. Nonselective conductance of ions and
molecules up to 1.5 kilodaltons through the pore, a process called mitochondrial
permeability transition, leads to swelling of mitochondria and other events which
culminate in cell death. One of the components of the mitochondrial permeability
transition pore (MPTP) is CyP-D. CyP-D is an immunophilin molecule whose
isomerase activity regulates opening of the MPTP, and inhibition of the isomerase
activity by CsA or CsA analogs inhibits creation of the MPTP. In general,
mitochondria isolated from rat liver were exposed to calcium to induce MPTP opening
in the absence or presence of test compounds, and calcium-induced swelling was

measured as a reduction in light absorbance at 540 nm.
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Mitochondria were isolated from fresh rat liver. Ice-cold or 4°C conditions were used
throughout all steps of the isolation. The liver was rinsed thoroughly and chopped in
a small volume of isolation buffer (IB; 10 mM Hepes, 70 mM sucrose, 210 mM
mannitol, 0.5 mM EDTA). Aliquots of the minced liver were homogenized in IB using
5 a Teflon-glass Potter-Elvehjem tissue grinder and passed through a cell screen filter.

The filtered homogenate was centrifuged at 600g for 10 min, then the resulting
supernatant centrifuged at 7000g for 10 min. The supernatant was discarded, and
the pellet resuspended in wash buffer (10 mM Hepes, 70 mM sucrose, 210 mM
mannitol) and centrifuged a final time at 7000g for 10 min. The supernatant was

10 discarded, and the mitochondria-containing pellet suspended and stored on ice in 2
mL of respiration buffer (RB; 5 mM Hepes, 70 mM sucrose, 210 mM mannitol, 10 mM

sodium succinate, 1 mM sodium phosphate dibasic).

Test compound solutions were prepared from 10 mg/ml stocks (dimethyl sulfoxide

15  vebhicle) first by diluting the test compound 1000x into respiration buffer #2 (RB2; 5
mM Hepes, 70 mM sucrose, 210 mM mannitol, 10 mM sodium succinate, 1 mM
sodium phosphate dibasic, 1% fetal bovine serum, 2 uM rotenone), then by 3x-serial
dilutions in RB2 to achieve test compound concentrations of 10000, 3333, 1111, 370,
123, 41, and 14 ng/mL. Polystyrene tubes and plates were used for all preparations.

20
Swelling assays were completed in a 96-well flat-bottom polystyrene plates. In each
well a 10-pL aliquot of mitochondria suspension, equivalent to 100 — 200 pg total
protein, was combined with 90 pL of test compound, incubated for 10 min, then the
baseline absorbance measured on a plate reader (540 nm wavelength; A540).

25 Swelling was induced by adding 5 uL of 4 mM calcium chloride to achieve a final
calcium concentration of 190 uM. Mitochondria swelling was indicated by a decline in
A540. A540 was measured immediately after calcium addition and at intervals up to
20 min, by which time no further reduction in A540 was observed. Duplicate samples
were assayed for each test compound concentration.

30



420-131 OR CSA 0O NH <1 111.8 420-117 OHCsA N H O 5 79.2 420-124 OH GCsA
NHDO
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Figure 1 shows the time course of mitochondrial absorbance following addition of
calcium chloride in the absence or presence of CsA. CsA inhibited mitochondria
swelling in a concentration-dependent manner, as indicated by blocking the calcium-

induced decline in A540. Means and ranges of duplicate samples are shown.

Table 1. NICAM Compounds as Determined by Immunosuppressive Potency
and CyP Binding Relative to CsA.

Compound # | Compound structure Immuno- CYP-D
suppression | Inhibition
(% Relative (% Potency
to CsA) Vs CsA)
404-26 OH 25 58.4
CSAW
404-44 OH 1 1.2
CsAJY\/\(CHz)GCHg,
404-126 OH <1 246
CsA )Y\(\OH
OH
420-28 OH <1 78.0
CSAWOH
420-102 OH 9 77.9
CsA )WV\/\/OH
420-112 OH 2 106.7
WCH
CsA
404-98 OH 3 162.7
CSAM
OH
404-195 OH 2 143.1
CSAM
OH
420-49-1 OH 3 143.6
CsA W
OH
404-194 OH 2 123.2
Z N
CsA W




8 97.4 394-136 OH CsA COOH

<1 9.2 404-60 OH CsA --""(CH2) 3COCH <
116.7 420-19 CH CsA COOH < 1 193.6
WO 2010/012073 PCT/CA2009/000917
93
Compound # | Compound structure Immuno- CYP-D
suppression | Inhibition
(% Relative (% Potency
to CsA) Vs CsA)
420-108 OH 1 88.6
CSA)W\/\/V\\N
420-23 OH <1 43.8
CsA )\r\MNHZ
420-129 OH <1 58
CsAWNHz
420-17 OH 2 66.2
oA )\I/\MNHBOC
420-120 OH 3 9.4
CSAJW\/\/\ANHBOC
420-125 OH 6 42 4
CSAJY\M/\/\NHBOC
404-130 OH O <1 1147
CsA /H/\/\/LLNH2
404-164 OH 6 98.9
CsA WNHZ
420-121 6 70.9
JWA/\(CHz)s NH;
404-132 < 1 122.0
/Kl/\/\/lLNMe2
404-157 < 1 142.3
MNMez
420-114 < 1 63.4
JWAA(CHZM NMe;
420-104 11 55.8
W(CHZ)Q NMe,
404-156 1 82.2
WNMeZ

1



420-43 OH CsA 0 OH 1 123.6 420-47 OH CsA 0 OH 3 118.0 404-81-2 OH GCsA

4 104.4
WO 2010/012073 PCT/CA2009/000917
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Compound # | Compound structure Immuno- CYP-D
suppression | Inhibition
(% Relative (% Potency
to CsA) Vs CsA)
404-154 OH 2 1194
CsA )\r\/\/WNMGZ
0
404-85 OH o 2 128.7
CsA MNE@
404-178 OH H <1 71.3
CsA W\/\M‘k/\
0
404-162 OH //\ <1 91.1
= N 0
oA M -
0O
404-171 OH O 3 75.5
CsA /kr\/\/\/u\oa
420-113 OH < 1 33.2
CSAW(CHZ)GCOOEt
420-103 OH 10 15.5
CSAW(CHZ)QCOOEt
404-61 OH 3 118.8
O
404-173 OH 4 150.6
CsA
0
420-24 OH 0 <1 71.9
CsA WO/Y
F
404-182 OH o 1 134.8
con WO/\/OH
420-30-1 OH H 2 131.5
CsA WN\H/
0O
420-122 OH H 1 91.2
N
CsA
r
420-126 OH H 1 101.9
N
CsA "
r




* COOwe 404-95 OH CsA NO2 O 4 93.4 404-97 OHGCsA Q2 io N 6 112.2
404- 125 CH
WO 2010/012073 PCT/CA2009/000917
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Compound # | Compound structure Immuno- CYP-D
suppression | Inhibition
(% Relative (% Potency
to CsA) Vs CsA)
420-132 OH 0 4 89.9
CsAJ\r\/(CHz)/s\NJ\/\
H
420-131 OR 0 <1 111.8
CSA)W/\AANJK
H
420-117 OH 0 5 79.2
H
420-124 OH 0 8 97.4
CsAJWAN\/\/\NJ\
H
394-136 OH < 1 9.2
CsA )\(\cow
404-60 OH <1 116.7
CsA W(CH2)3COOH
420-19 OH <1 193.6
CsA WCOOH
420-43 OH o 1 123.6
420-47 OH 0 3 118.0
CSAWOH
404-81-2 OH 4 104.4
CsA W
COOMe
404-95 OH 4 93.4
CsA /‘\(\/UNOQ
404-97 OH 6 112.2
CsA )\,/\/\Q/Noz
404-125 OH NH; 6 135.4
CsA M
404-93-1 OH <1 150.8
CsA )\'/\/—Q
COOH




CsA NH2 * 6 135.4 404-93-1 OH CsA V COOH <1 150.8 WO
2010/ 012073PCT/ CA2009/ 000917 96 Conpound # Conpound structure | nmuno-

suppr essiwo 20ehRed7at i ve to CsA) CYP-D I nhibition (% Pot @ntyCAI8090e#Y17
404-81-1 OH

96

Compound # | Compound structure Immuno- CYP-D
suppression | Inhibition
(% Relative (% Potency
to CsA) Vs CsA)

404-81-1 OH 7 178.7
COOH

Table 1 sets out a number of identified NICAMS that are representative compounds

that may be synthesized using Reactions 1-18 above. The NICAMS display <10% of
the immunosuppressive potency of CsA while retaining >5% of the CyP binding of

5 CsA. In many cases, the CyP binding of the NICAM has >50% of CsA, while
reducing the immunosuppressive potency of the NICAM to <5% of that compared to
CsA.

Although the present invention has been described by way of a detailed description
10  in which various embodiments and aspects of the invention have been described, it
will be seen by one skilled in the art that the full scope of this invention is not limited
to the examples presented herein. The invention has a scope which is
commensurate with the claims of this patent specification including any elements or
aspects which would be seen to be equivalent to those set out in the accompanying

15 claims.



7 178.7 CsA# COOH Table 1 sets out a nunber of identified N CAMS that
are representative conpounds that nmay be synthesized using Reactions 1-18
above. TheoNbOANVB7di spl ay <10% of the i mrunosuppressi ve PpDIGA2009/00091Cs A
while retaining >5% of the CyP binding of 5 CsA. In many cases, the CyP
bi ndi ng of the NI CAM has >50% of CsA, ile reducing the inmunosuppressive
potency of the NNCAMto <5% of that coOnpared to CsA. Although the present
i nvention has been described by way of a detail ed description 10in which
vari ougeAmgsli ment s and aspects of the invention have been described, it
wi |l béseen by one skilled in the art that the full scope of this
invention is not limted to the exanples presented herein. The invention
has a 500pe1“hiChﬁ&ﬂﬂﬁBﬁWﬁBPFbﬁﬁﬁaW4th the clainms of this patent
specification includihg any el enents or aspects which would be seen to be
equi val ent to those set out in the acconpanying 15clains. WO

2010/ 012073PCT/ CA2009/ 000917 97 CLAI M5 1A conpogﬂg_ﬁﬁ Formula |: Rl1-R2

MeLeu -MeVal N-Abu -Sar |11 O MeLeu -D-Ala -A¥a -MeLeéu -Val -MLeu Fornul a
I
R'O
MeLeu—MeVal—N C—Abu—=Sar

o

MelLeu—D-Ala—Ala—MelLeu——Val—Meleu
Formulal

wherein
a. R’is H oracetyl,
b. R1is a saturated or unsaturated straight chain or branched
aliphatic carbon chain from 2 to 15 carbon atoms in length; and
c. R2is selected from the group consisting of :
i. aH;
ii. an unsubstituted, N-substituted, or N,N-disubstituted
amide;
iii. a N-substituted or unsubstituted acyl protected amine;
iv. a carboxylic acid;
v.  a N-substituted or unsubstituted amine;
vi. anitrile;
vii.  an ester;
viii. aketone;
ix. a hydroxy, dihydroxy, trihydroxy, or polyhydroxy alkyl; and

X.  a substituted or unsubstituted aryl.



wherein a. Ris Hor acetyl; b. Rlis a saturated or unsaturated straight
chain or branched aliphatic carbon chain from2 to 15 carbon atons in

| engt h; aw0 2010/0R2073 sel ected fromthe group consisting @CT/ICA20%00417i 1. an
unsubstituted, N-substituted, or N, Ndisubstituted amde; iii. a
N-substituted or unsubstituted acyl tected amne; iv. a carboxylic acid,;
v. a N-substituted or unsubstituted afine; vi. a nitrile; vii. an ester;
viii. a ketone; ix. a hydroxy, dihydroxy, trihydroxy, or pol yhydroxy alkyl;
and x. a substituted or unsubstituted aryl. 2.A compound of Fornula II:
R1- R3 RO, ......... T :
2. A compound of Formula Il
R1—R3
R'O
MelL.eu—MeVal——N ﬁ—Abu—Sar
I

Mel.eu—D-Ala—Ala—Meleu——Val—Meleu

Formula ll

wherein
a. R’is H oracetyl;
b. R1is a saturated or unsaturated straight chain or branched
aliphatic carbon chain from 2 to 15 carbon atoms in length; and
c. R3is selected from the group consisting of :

i. a saturated or unsaturated. straight or branched aliphatic
chain containing a substituent selected from the group
consisting of hydrogen, ketones, hydroxyls, nitriles,
carboxylic acids, esters and 1,3-dioxolanes;

ii. an aromatic group containing a substituent selected from the
group consisting of halides, esters and nitro; and

iii. a combination of the saturated or unsaturated, straight or

branched aliphatic chain of (i) and the aromatic group of (ii).



MeLeu-MevVal N ------ "C-Abu -Sar Il O MeLeu -D-Ala -Ala - MeLeu - Val
-MeLeu Formula Il wherein a. R is Hor acetyl; b. RL is a saturated or
unsat ur atwad 28twaEaght chai n or branched al i phatic car bonpchaiarodorooomi2 to 15
carbon atons in length; and c. R3 is selected fromthe group consisting of

i. a saturated or unsaturated. strajght or branched aliphatic chain
containing a substituent selected fronthe group consisting of hydrogen,
ket ones, hydroxyls, nitriles, carboxylic acids, esters and 1, 3-di oxol anes;
1. an arongdic gHRURRBEURI B E1gin® 15WhBHIA Rl serdied Bdni tHayidup group
consisting of halides, esters and nitro;, and iii. a conbination of the
saturated or uns®ongigtiedof strai ght or branched aliphatic chain of (i) and
the aromatic group of (ii). WO 2010/012073PCT/ CA2009/000917 99 3. The
conpound of claim 1. wheretsn R2 is selected fromthe group consisting of H
NR5 a. o o b. AM§2

0
b. )LNMGQ’
0
c. /kWHz
ﬁﬁﬂb
—
d. \g ;
0
N ks
f 0
g _NHBOC.
o}
h. /)LOEg
0
)LO/\‘/
[ Fo;
0
. Ao~
5
k. ©O
| /pH'
OH
OH
m. S~ ;
R6
n OH



c. ANH2; i--\ oe. ANEt2; H(R5 f. 0 g. ,,NHBCC ; 0)1.0.-0H; .(R5 kO
OHI. , HOHM, .r R nOH; 0.COOw ; whherein|.R5 is a saturated or
unsat ur atwa 28twaEaght chai n or branched aliphatic carbonpchaiarodeowmen 1 and
10 carbons in length; and ii.R6 is a nonohydroxyl ated, di hydroxyl at ed,

tri hydroxyl ated or 100

» 8D ana
aY

q. COOH .

wherein
i. R5is a saturated or unsaturated straight chain or branched aliphatic
carbon chain between 1 and 10 carbons in length; and
i. R6is a monohydroxylated, dihydroxylated, trihydroxylated or
polyhydroxylated saturated or unsaturated straight chain or branched

aliphatic carbon chain between 1 and 10 carbons in length..

4. A compound of Formula IV:

R7
R'O

MeLeu—MeVal——N C——Abu—-=Sar
Il
|l

MelLeu—D-Ala—Ala—MelLeu——Val—MelLeu
Formula IV

wherein
I. R is Hor Acetyl; and
Il.  R7 is selected from the group consisting of :
i. COOH;

i. ~ “COOH:



pol yhydr oxyl at ed saturated or unsaturated straight chain or branched
al i phatic carbon chain between 1 and 10 carbons in length.. 4.A conpound of
Formul a I1Wo 20R018076. . . .. ... .. .. 00"....... ., MelLeu - MeYaTICAR009/000917C - Abu

-Sar lii O MeLeu -D-Ala -Ala -MeLeu -Val -MelLeu Fornmula IV wherein|I. R is
H or Acetyl; and Il. R7 is selected qumthe group consisting of : i. COOH,
ii. COOH ; 101?,.COO—|;iv.COO—|;\} (CH2) 3COCH vi . .1 CH2) 3COH vii .
COOH ; MII1.COOH ; ix. COOH; 0 x. OH xi. COOH . (CHZ)QCOC]—I

iv. #"COOH:

V. /\(CH2)3COOH;

vi. 7 (CHz)3COOH-
vii.  “""COOH:
vili. ~ ZC0o0H;,

ix. A """CcooH:

i

X. OH;
i AN COO0H,
XI. :
xii. 7 (CH2)gCOOH-
xiii. 7 (CH2)sCOOH:;

xiv. ~ (CHgCOOH:

wy. = CHp)sCOOH.

XVi. ;
— " oH
XVii. OH
XViil. OH
XiX. CH
W
XX. OH X
XXi. OH
XXii. OH
xXxiii. OH
Y
XXIV. OH -

NN TN .
XXV. 7 X
Xxvi. NN

XXVii. OH:



xiii. (CH2)6COCH xiv.
XViii. OH; XX OH xxi.
0 NVe2; OWO™0RWANEG72;

XXVii,

XXiX.

XXX.

XXXI.

XXXil.

XXXiii.

XXXIV.

XXXV.

XXXVi.

XXxVil.

XXXViil.

XXXiX.

x|

xli.

xlit.
xliit.
xliv.

xlv.

xivi.

(CH2) 0000H;, XV. (CH2) 6CO0OH O xvi .
OH xxii. OH

A

7 N(GHy)g “NMe; -
0]

(CHz)s "NMez - gnd
0

7 NCHp)s “NH;

OEI;

O/\VOH .

¥

77 (CH,)gCOOE -
#7N(CHy)sCOOEL -

—Q

COOMe .

/\gj(\ |

!

OH, -(OH xvili.
OH; OH OH OH xxvii.

PCT/CA2009/000917

OH;
OH ;



NMe2 YN.me2 0. , NH2 0; O Cl-12)' 9NVe2;

o CH2)6 NH2. 0 ,...,:\/?...)10E
- - - -, - - - - WOHR)BTRORt o;: :
1063
xlvii. (O
i, AN
xlix,. &>
| P (CH)eCH;
Ii. AN
li. 7 (CHa)sCHs:
liii. /Y;
liv MNHZ.
I G N
Iv. ~ NH,
Ivi. MN;
ii. < K
i, 2 >N
, H
/\/\/N\n/
lix. o
I A ~NHBOC,
Ixi. 2O NHBOC
0
7 N/U\
Ixil. H :
H
/\/\/N\”/\/
Ixiii. O ;
1
N
Ixiv. H ;
H
/\/\\/N\”/\/
Ixv. o ;
o)
. /sz)?\N)k/\
Ixvi. H ;
o)
/\\/\Nk
Ixvii. H ;
Ixviii. NHBOC :

IXiX.

0 CH2)f6Nr' Ae2; and

- OF, 0, ,/--(CH2) 9CODEt ;

PCT/CA2009/000917



(C H2)6CH3 ; ; 103 NHBOC ; O O Ixiv. Ixv. O Ixvii. H Ixviii.

| Xi X. NHBCC ;
WO 2010/012073 PCT/CA2009/000917
104
IXX. /\©§
F
Ixxi. 7 O ;
/—Q—F
[xxii. :
—
Ixxiii. COOH: and
—~Q
Ixxiv. COOMe
5. A process to produce a compound of Formula I
R1—R2
HO
MelLeu—MeVal——N C —Abu—Sar

o

MelLeu—D-Ala—Ala—MelLeu——Val—MelLeu
Formula |
wherein R1 and R2 are as defined in claim 1,

comprising the steps of

a. reacting acetyl CsA aldehyde modified at amino acid 1 of Formula IX:



104 | xxiv. 5. A process to produce a conpound of Formula I: R1-R2 MelLeu
-MevVal -N ----C -Abu -Sar 11l O MeLeu -D-Ala -Ala -MeLeu -Val -MeLeu

Formul a Iwetrercgiimo7®lL and R2 are as defined in claiml1l, eommra2809godihe st eps
of a. reacting acetyl CsA al dehyde nodified at amno acid 1 of Formula I X
WO 2010/ 012073PCT/ CA2009/ 000917 105 % Formula I X with a phosphoni um sal t
of Formula VIl11: Ph 1+ Ph-P

OAc
O
=
CsA
Formula IX
with a phosphonium salt of Formula VIII:
Ph
l + X
Ph—T
R13—
Ph R
Formula VIl

wherein R13 is a saturated or unsaturated straight chain or branched

aliphatic carbon chain from 1 to 14 carbon atoms in length;

in the presence of a base to produce an acetylated compound of Formula
X:

OAc

CsA Z SR13—R2

Formula X

b. deacetylating the compound of Formula X using a base; and



13h X- \ R13-R2 Forrmula VIII wherein R13 is a saturated or unsaturated
strai ght chain or branched aliphatic carbon chain from1l to 14 carbon atons
i n | engt hwoi2nioidieo7pr esence of a base to produce an acet pcat@adommopaand of
Formula X: QAc Fornula X WD 2010/012073PCT/ CA2009/ 000917 106 c. where R1
i s saturated, hydrogenating the doubl1%6bond of the compound of Formula X by
reacting the conpound with a hydrogenating agent to produce a saturated
anal ogue of Forrmula |I. 6. The process of claim5, wherein R2 is sel ected

f { om t gg gr oupg CPHEré R1NE SAftuidted-hydrdyeniivg2hé doubldNbdtid ofttheCcddngoundNEL 2;
1\ 11
( of Formula X by reacting the compound with a hydrogenating agent to

produce a saturated analogue of Formula I.

6. The process of claim 5, wherein R2 is selected from the group

consisting of
H

\|rN\/R3

a. ©
o)
b. )LNMez;
o)
c. /lLNH2;
N b
d. \g/ — X
0
e. )LNEtz;
H
_N R3
e ¥
g. NHBOC .



gNHBOC; h. AOEt; i. O AOy F;, 0).1.00H rR3 k.0 OH OH n.CH; o. P
g. wherein i. R5 is a saturated or unsaturated straight chain or branched
al i phati cwoantwan2w@hai n between 1 and 10 carbons in | engPlT/Ga200%00091R6 1S a
nonohydr oxyl at ed, di hydroxyl ated, trihydroxylated or pol yhydroxyl at ed
saturated or unsaturated straight ch3i B or branched al i phatic carbon chain
between 1 and 10 carbons in | ength. R process of producing a conpound of
the Formula XI'V: OH NHAcyl CsAR1l

R5
hs

n.
0. COOMe:

p. _Q;and

q COOH
wherein
i. RS5is a saturated or unsaturated straight chain or branched
aliphatic carbon chain between 1 and 10 carbons in length; and
i. R6 is a monohydroxylated, dihydroxylated, trihydroxylated or
polyhydroxylated saturated or unsaturated straight chain or
branched aliphatic carbon chain between 1 and 10 carbons in

length.

7. A process of producing a compound of the Formula XIV:

OH
NHAGy!
CSAJ\r\m/

Formula XIV

comprising the steps of

a. reacting the compound of Formula XV:



Forrmula XIV conprising the steps of a. reacting the conmpound of Fornula XV:
108 Formula XV in the presence of a reducing agent and an acyl ati ng
agent to woaduwoa2@seet yl at ed conpounds of Forrmul a XVI: ORCTNHAZ009/00@aARL
Forrmula XVI and b. deacetylating the conmpound of Formula XVI using a base;
wherein RL of Formulae XV, XV and X\{b is a saturated or unsaturated
straight chain or branched aliphatic gr bon chain between 2 and 15 carbons
in length. 8. A process of producing a conpound of the Formula XXI:

Formul a XXI conprising the stepspp©f a. by dissolving the conpound of
Forrmula XX: 109 C==N

CsA N

Formula XV

in the presence of a reducing agent and an acylating agent to produce

acetylated compounds of Formula XVI:

OAc

NHAcyl
CsA R1/
Formula XVI

and

b. deacetylating the compound of Formula XVI using a base;

wherein R1 of Formulae XIV, XV and XVl is a saturated or unsaturated
straight chain or branched aliphatic carbon chain between 2 and 15

carbons in length.
8. A process of producing a compound of the Formula XXI:

OH

NH,
CsA R1/

Formula XXI
comprising the steps of

a. by dissolving the compound of Formula XX:



Formul a XX in an anhydrous solvent; and b. reacting the solution with
trifluoroacetic acid (TFA); wherein RL of Forrmulae XX and XXI is a

sat ur at edworouwvmai7ar at ed, strai ght chain or branched al ipplmataAz2e09@odaon chai n
between 2 and 15 carbons in length. 9. A process of producing a conpound of
the Formula XlV: Formul a XI'V corrpr1i0'§i ng the steps of a. dissolving the
conpound of Fornmula XXI: OH NH2 CsAR1l Fornula XXl in anhydrous pyridine;

WO 2010/ 012073PCT/ CA2009/ 000917 110 b. reacting the solution with acylating
agent; and c. renoving the sol it to yield the conpound of Formula XV,
wherein Rl of Formulae XIV and XXI is a sat N or unsaturated straight
chain or branched aliphatic.c
| ength. 10. A process of pr%

_bétween 2 and 15 carbons in
Eﬂpound of the Fornula XXIV:

a C

Formula XX
in an anhydrous solvent; and

b. reacting the solution with trifluoroacetic acid (TFA);

wherein R1 of Formulae XX and XXl is a saturated or unsaturated,
straight chain or branched aliphatic carbon chain between 2 and 15
carbons in length.

9. A process of producing a compound of the Formula XIV:

OH

NHAcyl
CsA R1

Formula XIV

comprising the steps of

a. dissolving the compound of Formula XXI:

OH

NH,
CsA R1/

Formula XXI

in anhydrous pyridine;



OH CsARL Formula XXIV wherein |I. RL is a saturated or unsaturated, straight
or branched aliphatic carbon chain between 2 and 15 carbons in |l ength; and
1. R15 awo2R®12078 | ndependent |y hydrogen or a sat ur at @edTarA2009g@021r at ed
straight chain or branched aliphatic group; or where NRL5R16 together forns
a norpholinyl noiety; conprising the i(gps of a. by conbining the conpound
of Formula XXV: OAcO GCsAR1IOH WD 201 12073PCT/ CA2009/ 000917 111 with
thionylchloride to yield a residue of the Fornmula XXVI; Formula XXVI b.

di ssol ving the resi ddgciimy Ewsll w'ﬂﬁ'a‘(:?féttm@%ern‘? ing with a conpound of
the Formula XXVI1: R15R16NH Formnmu i'el d the conmpound of Fornul a

XXVI | OAc G ARIMoWRY3R2 BolvEat tm}'laIdXKVIdolde of Formula XIV;

wherein R1 of Formulae XIV and XXl is a saturated or unsaturated straight

chain or branched aliphatic carbon chain between 2 and 15 carbons in length.

10. A process of producing a compound of the Formula XXIV:

OH O

CsA R1)1\NR15R16

Formula XXIV

wherein
I.  R1is a saturated or unsaturated, straight or branched aliphatic carbon
chain between 2 and 15 carbons in length; and
Il.  R15 and R16 are independently hydrogen or a saturated or unsaturated
straight chain or branched aliphatic group; or where NR15R16 together

forms a morpholinyl moiety;

comprising the steps of

a. by combining the compound of Formula XXV:

OAc O

CsA R1/U\OH

Formula XXV



c. deacetyl ating the conpound of Fornmula XXIV with a base. 112 11. A

process of producing a conpound of the Formula XXIV: Formul a XXIV
wher ei n IWORbME2@3sat urated or unsaturated strai ght chacmaodrmoexahed
al i phati c carbon chain between 2 and 15 carbons in length; 1l. R15 and R16

are independently hydrogen or a saturgted or unsaturated straight chain or
branched al i phatic group; or where NRL5R16 together forns a norpholinyl
noi ety; conprising the steps of a. dissolving the compound of Forrula XXV:

OAc 0 R1 )CH wﬁﬁommuxmh%muenay&n@hqéew@e&ﬁhhembnundﬁxxvttrogen; b.
reacting with dicycl ohexyl carvodiim de, 1-hydroxybenzotriazole hydrate and
the conpound of the Formula XVII1I1; 113 RI5R16NH Fornul a XXVI |

c

OA )OI\
CsA R1 Cl

Formula XXVI

b. dissolving the residue in anhydrous solvent and reacting with a compound
of the Formula XXVII:

R15R16NH
Formula XXVII
to yield the compound of Formula XXVIII

OAc O

CsA R1’/JL\NR15R16

Formula XXVIII
and

c. deacetylating the compound of Formula XXIV with a base.



and c. deacetylating the conpound of Formula XVIII with a base. 12. A

process of producing a conpound of the Formula XXXII: For mul a XXXI |
wher ei n IWORbME2@3sat urated or unsaturated strai ght chacmaodrmoexahed
al i phati c carbon chain between 2 and 15 carbons in length; and Il. R17 is a

saturated or unsaturated straight chanmn2or branched aliphatic group,
optionally containing a hal ogen or hydroxyl substituent; by reacting the
conpound of Formula )O(X: 0 R1)OH WD 2010/012073PCT/ CA2009/ 000917 114
with a conpoiihd of mreeass ef prruCcingEropmpound of the Formula XXIVi=or nul a XXXI i n
the presence of an acid. 13. A process of producing a conpound of the
Formul a XXVI: OH CsARLR20 OH Fornul a XXVI wherein

I )Ok
CsAJw/\m NR15R16

Formula XXIV

wherein
I. R1is a saturated or unsaturated straight chain or branched aliphatic
carbon chain between 2 and 15 carbons in length;
II. R15 and R16 are independently hydrogen or a saturated or unsaturated
straight chain or branched aliphatic group; or where NR15R16 together

forms a morpholinyl moiety;

comprising the steps of
a. dissolving the compound of Formula XXV:

OAc O
CsA R1 )I\OH
Formula XXV

in anhydrous solvent under nitrogen;
b. reacting with dicyclohexylcarvodiimide, 1-hydroxybenzotriazole

hydrate and the compound of the Formula XVIII;



|. RL is a saturated or unsaturated straight chain or branched aliphatic

carbon chain between 2 and 15 carbons in length; and Il. R20 is a saturated
or unsat uweteth/Eee7ai ght chain or branched ali phatic groepT/dazooveaetizng t he
conmpound of Formula XXXV: OR 0 Formula XXXV wherein R is optionally H

or acetyl w th sodi um borohydride; angq3115 where R is acetyl,

deacetyl ating the conpound of Fornmula XXXV with a base. 14. A process of
produci ng a conpound of the Formula )O(I X Forrmula XXI X wherein RL is a
saturated or unsaturated strai ght &1&R16NHbranched al i phatic carbon chain
between 2 and 15 carbons in length; by reacting the conpound of Formul a
XXVI I Formula XXVIIl with borane-tetrahydrofuran and sodi um per oxi de.

Formula XXVII

and

c. deacetylating the compound of Formula XVIII with a base.

12. A process of producing a compound of the Formula XXXII:

0
R1)J\OR17

OH

CsA

Formula XXXII

wherein
I. R1is a saturated or unsaturated straight chain or branched
aliphatic carbon chain between 2 and 15 carbons in length; and
.  R17 is a saturated or unsaturated straight chain or branched
aliphatic group, optionally containing a halogen or hydroxyl

substituent;

by reacting the compound of Formula XXX:

OH

o)
CsA R1)]\OH

Formula XXX



15. A process of producing a conmpound of the Forrmula XLIIIl: Formula XLIII
wherein 116 I. R is Hor Acetyl; and Il. RL is a saturated or

unsat ur atwa,208xra07ght or branched al i phatic chai n bet weenTZ Aanab/0dép1car bons
in length; conprising the steps of: reacting the conpound of Formula XLI:
Formula XLI with the conpound of Formyha XLII; MgA Fornula XLII in an
anhydrous sol vent; and deacetylating the conpound of Fornula XLII with a
base. 16. A process of producing a conpound of the Fornmula XLVI: OH Formul a
XLVI wherein 117with aRiompound af bespeld XotXlunsat ur at ed strai ght chain or
branched al i phatic carbon chain from2 to 15 carbon atons in |ength; and
1. RR2Z3 is a saturated or unsaturated strai ght chain or branched aliphatic
group; conprising the steps of: a. rRaedHNg the conpound of Formula XLV

Formula XXXI

in the presence of an acid.
13. A process of producing a compound of the Formula XXVI:

OH

CSAJY\R1\|/R20

OH

Formula XXVI
wherein
[. R1is a saturated or unsaturated straight chain or branched
aliphatic carbon chain between 2 and 15 carbons in length; and
II. R20 is a saturated or unsaturated straight chain or branched

aliphatic group;
by reacting the compound of Formula XXXV:

OR

CsA R1\n/R20
0

Formula XXXV
wherein R’ is optionally H or acetyl

with sodium borohydride; and



OAc CsAR1, ?// R23 Formula XLV with hydrogen peroxide and formc acid; b.
reacting the product with a base to yield the conmpound of Fornula XLVI; and
c. deacetwbaviog2d/Be conpound of Fornula XLV with a bas@CTAA2008/000917
pharmaceutical conposition conprising a therapeutically effective anount of
t he conmpound of any one of clains 1 t944 and one or nore pharnmaceuti cal
excipients. 18. A nethod of treating a cyclophilin nediated disease in a
manmal conprising adm ni stering a therapeutically effective anount of the
compound of any owbeutd Rtisaacedylldeacetylating ithe aempalind o &ormoledKKXKYnwith @
treat the cyclophjlin nediated disease or injury. 19. The method of claim
18, wherein the db@%%se is nmediated by the over expression of cyclophilin.
WO 2010/ 012073PCT/ CA2009/ 000917 118 20. The nethod of claim 19, wherein the
di sease is a congenital over expression of cyclophillin. 21.The method of
clai m 18, whéfei nAtiecesepbpeduringrieaeapednd pé theskormaulaedeét ed from t he
group consisting of a. a viral infection; b. inflanmatory di sease; c.
cancer; d. muscul ar degenerative disorder; e. neurodegenerative disorder;
and f. injury associated with | os®Hof cellular cal ci um honeostasis. 22. The
met hod of claim 21, whereinis thg viral infection is caused by a virus

sel ected fromthe group consi gtdAg qﬂﬁ\rﬂnwnodeficiency Vi rus,
Hepatitis A Hepatitis B, Hepatitis|C, Hepatitis D, and Hepatitis E. 23.The
met hod of claim 21, wherein the inflammtory di sease is sel ected

Formula XXIX

wherein R1 is a saturated or unsaturated straight chain or branched

aliphatic carbon chain between 2 and 15 carbons in length;

by reacting the compound of Formula XXVIII:

OH
CSAJ\(\R1—CH=CH2
Formula XXVIil

with borane-tetrahydrofuran and sodium peroxide.

15. A process of producing a compound of the Formula XLIII:
OR' OH

CSAJ\‘/\m)\/\

Formula XLIII

wherein



fromthe group consisting of asthma, autoi mune di sease, chronic

i nfl ammati on, chronic prostatitis, glonmerul onephritis, hypersensitivity

di sease, wof2beswmmai7ery bowel di sease, sepsis, vascul ar sroOtdA2009800%97cel

di sease, aneurysns, pelvic inflammtory di sease, reperfusion injury,
rheumatoid arthritis, transplant rejegggon, and vasculitis. 24. The nmet hod
of claim2l1l, wherein the cancer is selected fromthe group consisting of
small and non-small cell |ung, bladder, hepatocellular, pancreatic and
breast cancer. 2b. THE isrkt boficetlyl; @ndi m 21, wherein the nuscul ar degenerati ve

di sorder is selegte romthe group consisting. of ardi al_r fusion
injury, nuscul aﬁﬁdygﬂ bspﬂﬁ?puéﬂ dc%lqrgagﬂa%ld’ ﬁﬁgk%\t ﬁ?@ge.‘”cc'!‘f?@'?g‘fgﬁ he net hod
of claim 21, wherei pHgfieh8RERIRaRAEBdr¥Enslirsiehger; 1s sel ected fromthe
group consisting of Al zheiner's disease, Parkinson's disease, Huntington's
di sease, Multiple Systens Atrophy, Miultiple Sclerosis, cerebral palsy,
stroke, diabetic neuropath 8 otrophic lateral sclerosis (Lou Gehrig's

D sease), spi naC TS ﬁ]eu%(t\kjap %‘d cerebral injury, 27. The nethod of claim
21, wherein theehtting thedscrapd@icdf Poinfulhods: of cellul ar cal ci um honeost asi s
is selected fromthe group consisting of nyocardial infarct, stroke, acute
hepat ot oxi city, cholestasis, and storage/reperfusion injury of transpl ant

or gans. OAC
CsAJ\(\R/\o
Formula XLI

with the compound of Formula XLII;

/\/MQCI
Formula XLII

in an anhydrous solvent; and

deacetylating the compound of Formula XLII with a base.

16. A process of producing a compound of the Formula XLVI:

OH

OH
CsA R1
R23

OH

Formula XLVI

wherein
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I.  R1is a saturated or unsaturated straight chain or branched
aliphatic carbon chain from 2 to 15 carbon atoms in length; and

II. R23is a saturated or unsaturated straight chain or branched
aliphatic group;

comprising the steps of:

a. reacting the compound of Formula XLV

OAc
CsA)\l/\R1\/\R2 ;

Formula XLV

with hydrogen peroxide and formic acid;
b. reacting the product with a base to yield the compound of
Formula XLVI; and

c. deacetylating the compound of Formula XLV with a base.

17. A pharmaceutical composition comprising a therapeutically effective
amount of the compound of any one of claims 1 to 4 and one or more

pharmaceutical excipients.

18. A method of treating a cyclophilin mediated disease in a mammal
comprising administering a therapeutically effective amount of the
compound of any one of claims 1 to 4 to the mammal under conditions

to treat the cyclophilin mediated disease or injury.

19.  The method of claim 18, wherein the disease is mediated by the over

expression of cyclophilin.
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The method of claim 19, wherein the disease is a congenital over

expression of cyclophillin.

The method of claim 18, wherein the cyclophilin mediated disease is

selected from the group consisting of

a viral infection;

inflammatory disease;

cancer;

muscular degenerative disorder;

neurodegenerative disorder; and

-~ 0o o0 T w

injury associated with loss of cellular calcium homeostasis.

The method of claim 21, wherein is the viral infection is caused by a
virus selected from the group consisting of Human Immunodeficiency

virus, Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, and Hepatitis E.

The method of claim 21, wherein the inflammatory disease is selected
from the group consisting of asthma, autoimmune disease, chronic
inflammation, chronic prostatitis, glomerulonephritis, hypersensitivity
disease, inflammatory bowel disease, sepsis, vascular smooth muscle
cell disease, aneurysms, pelvic inflammatory disease, reperfusion

injury, rheumatoid arthritis, transplant rejection, and vasculitis.

The method of claim 21, wherein the cancer is selected from the group
consisting of small and non-small cell lung, bladder, hepatocellular,

pancreatic and breast cancer.

The method of claim 21, wherein the muscular degenerative disorder is
selected from the group consisting of myocardial reperfusion injury,

muscular dystrophy, and collagen VI myopathies.
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The method of claim 21, wherein the neurodegenerative disorder is
selected from the group consisting of Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, Multiple Systems Atrophy, Multiple
Sclerosis, cerebral palsy, stroke, diabetic neuropathy, amyotrophic
lateral sclerosis (Lou Gehrig's Disease), spinal cord injury, and cerebral
injury,

The method of claim 21, wherein the injury associated with loss of
cellular calcium homeostasis is selected from the group consisting of
myocardial infarct, stroke, acute hepatotoxicity, cholestasis, and

storage/reperfusion injury of transplant organs.



