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[0023] Cyclosporin also inhibits lymphokine production by T-helper cells in vitro, and
arrests the development of mature CD8 and CD4 cells in the thymus. Other in vitro
properties of cyclosporin include the inhibition of IL-2 producing T-lymphocytes and
cytotoxic T-lymphocytes, inhibition of IL-2 released by activéted T-cells, inhibition of
resting T-lymphocytes in response to alloantigen and exogenous lymphokine, inhibition
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parasitic effects of cyclosporin, there are numerous
adverse effects associated wwth cyclosporine A
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[0027] Cyclosporin analogs containing modified amino acids in the 1-position are
disclosed in WO 99/18120 and WO 03/033527, which are assigned to the assignee of

the present application, and incorporated herein by reference in their entirety. These
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display a toxicity less than or equal to that of the parent compound. They can also be
useful for the development of assays for therapeutic drug monitoring,

[0030] In embodiments of the present invention, metabolites of ISA247 include an

isolated compound represented by the following formula:
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RR-NCGCGNGCGCNCGCCGCGNGCGNCH HHHH31I COO CH
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OCCGCNCCNGCGGNCCNGCGCH Il ~CH3 CH3 R2 R10

R10 R10 and pharmaceutically acceptable salts and

sol vates thereof, wherein: each R2 is independently -H

or -CH3i each R10 is i ndependently H -OH, -F, -d,

-Br, -1, -CN,,-N02, -OR, C;(O)Ra - OC( O Ra,

-C(O ORa, -S(O) Ra, -SOZRa - Ra, -OSQ2Ra, - OSO3Ra,

- PO2RaRb, OPQ2RaRb, -POBRaRb; - OPBW Rb, -N(RaRb),

- C(O N(RaRb), - C(0O) NRaNRbSGRR %(O)NRasoch

-C(ONR'CN, -SO2N(RaRb), -SO2N(RaRb), -NRC(O) Ra,

-NRcC(O) ORa or -NRC(O N(RaRb)Rs R6, R7, R8 and RO

are independently H -OH, sCl} -Br, -1, -CN, -NC2,

' (% -0C(O) Ra, C( S(O Ra, -SO2Ra,

-S(IBRa Ra -OSBRy, POQR2RaRb, - OPO2RaRb,

- PGBRaRb, - RaRb, Rb) , O)N(RaBia),

- C{ O) NR3NRbSQ2Rc, - GONRaSCGZgH, |- C( O NR% 2
-SOZN(RaRb - $G@M( RaRy) 110 - NRc g% C%O?a or
- NRC( O) N( ‘ng et id R7Nar g t g@ft"ﬁ & S0-° 5?”2}?5
and R6 togetd@gr or R7 and R8 together, are
i ndependentlly -0-; or R8 and R9 toget her are -

R5, to CHvith the carbon to which it is bonded |s
e a{mq!pz% CH2ORa, - CH2OC(O) Ra, - CH( ORayp—R?
- C{ ORMORaR) | - G =NRbYRaw + 0 TNORB) Ra, 0 0, n Cl=NYRD) Ra
provi ded th@a— rrE'Ppmq— L 15 Cam —CRSCaﬁU—W—Qﬂ R7
and R8 is a cachpn- carggn bond jange t he |remai nder are
not all -H and 5 WD 2006/ 063470 PCT/ 05/ 001926

Ra, Rb and Rc are each indep éntly -HRYr an
optional |y substituted ali pRat|ic, R

and pharmaceutically acceptable salts and solvates thereof, wherein:

each R? is independently —H or —CHj;

each R' is independently —H, -OH, -F, -Cl, -Br, -1, -CN, -NO,, -OR?, -C(O)R?,
-OC(O)R?, -C(O)OR?, -S(O)R?, -SO;R?, -SO;R?, -OSO,R?, -OSO;R?, -PO,R°RY,
-OPO,RR®, -PO;R?R®, -OPO;R°R?, -N(R’RP), -C(O)N(R’RP), -C(O)NR*NRSO,R’,
-C(O)NR?SO;R’, -C(O)NR’CN, -SO,N(R’R®), -SO,NR'R?), -NR°C(O)R?,
-NR°C(O)OR® or -NR°C(O)N(R’R®);

R’, R R’ R® and R’ are independently —H, -OH, -F, -Cl, -Br, -1, -CN, -NO,,
-OR?, -C(O)R’, -OC(O)R?, -C(O)OR?, -S(O)R?, -SO,R?, -SO3R?, -OSO,R?, -OSO;R?,
PO,R?R®, -OPO,R?R?, -PO;R’R®, -OPO;RR?, -N(R’R?), -C(O)N(R'R?),
-C(O)NR?NR°SO,R°, -C(O)NR*SO,R’, -C(O)NRCN, -SO,N(R*RP), -SO,N(R°RP),
-NR°C(O)R?, -NR°C(O)OR? or -NR°C(O)N(R*R); or R® and R” are together —O-; or R’
and R® together, or R and R® together, are independently —O-; or R® and R’ together are
—O-; or R, together with the carbon to which it is bonded, is -C(=0)R?, -CO,R?,
-CH,OR?, -CH,OC(O)R?, -CH(OR?),, -C(O)N(R?R?), -C(=NR")R?, -C(=NOR)R?, or
-C(=NNR)R’; provided that one pair of R® and R® R®and R’, or R” and R® is a carbon-

carbon bond and the remainder are not all -H; and



cycl oal i phatic, benzyl, or aryl, or -N(RaRb) together
is an optionally substituted heterocyclic group, or

WO BMcORay® t ogether is a cyclic acetal group. POT/CA2005/001926
vari ous enbodi nents, the conmpound is represented by
the followng formulaz: R57 RERR8 RO RoRO~
HB RZRz2 100111 O1 10 H1 H2 0 Rj
R2-NCGCNCGCGCNCGCCGCGNGCGCNCHR HHHH31 COCO CH
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-CH2OC( O Ra, -CH(ORa)2a -C(O N ), -C(=Nl O Ra,
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2 100 | 1% | 19 H 130
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H H H 3|
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| Co
i |
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A RN N—R
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R10 RIO
wherein:

each R? is ihdependently ~H or —CHz;

each R'° is independently —H, -OH, -F, -Cl, -Br, -1, -OR? -OC(O)R?, -OSO,R?,
-OSO3R“ -OPO,R°R® or -OPO;R’R"; '

R%, R®, R7, R® and R® are independently -H, -OH, -F, -Cl, -Br, -1, -OR?,
-OC(O)R?, -OSO,R?, -OSO;R?, -OPO,R*R® or -OPO;R*R”; or R® arid R are together —
O-; or R’ and R® together, or R” and R® together, are independently —O-; or R® and R’
together are —O-; or R°, together with the carbon to which it is bonded, is -C(=O)R?,
-CO,R?, -CH,0R?, -CH,OC(O)R?, -CH(OR?),, -C(O)N(R’R?), -C(=NRD)R?,
-C(=NOR®)R® or -C(=NNR®)R?; provided that one pair of R® and RS, R® and R’, or R’

and R® is a carbon-carbon bond and the remainder are not all -H; and



-C(=NORb) Ra or -C(=NNRb) Ra; provided that one pair of

R5 and R6, R6 and R7, or R7 and R8 is a carbon-carbon
whood/oesado t he remai nder are not all -H and - 6PEYICA2005/001926

2006/ 063470 PCT/ CA2005/ 001926 Ra, Rb and Rc are each

i ndependently -H or an optionally substituted

al i phatic, cycloaliphatic, benzyl, or aryl, or

-N(RaRb) together is an opti onal Iy substituted

A g D e O e
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each R? is mdependently selected from the group consisting of -CHj and -H;

each R’ is independently selected from the group consisting of -CH,CH(CH;),
and -CH,C(CH3),0H; and '

each R* is mdependently selected from the group consisting of -CH(CHj3), and

-C(CH;),0H.

[0031] Various embodiments of the invention include an isolated metabolite of
’ cyclo{{(E)- and (Z)-(2S,3R,4R)-3-hydroxy-4-methyl-2-(methylamino)-6,8-
nonadienoyl}-L-2-aminobutyryl-N-methyl-glycyl-N-methyl-L-leucyl-L-valyl-N-
m'ethyl-L—leucyl-L—alanyl-D-alany'l-N—methyl-L-leucyl—N—methyl-L-leucyI-N—methyl-L-
valyl} (ISA247) and pharmaceutically acceptable salts and solvates thereof, wherein
compared to ISA247, the isolated metabolite comprises at least one chemical
modification selected from the group consisting of hydrokylat’ion, N-demethylation,
diol formation, epoxide formation, intramolecular cyclization, phosphorylation,

sulfation, glucuronide formation and glycosylation.
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compound | SA247, wherein the chem cal nodification is
selected fromthe group consisting of hydroxyl ation,
N-denet hyl ati on, diol formation, epoxide formation,
and intranol ecul ar cyclization. [0033] Certain
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an enzyme sel ected fromthe group consisting of
gl ucose- 6- phosphat e dehydrogenase and isocitrate
waledwgadsagenase. - 10 WO 2006/ 063470 PCT/ CA2005/ PO/@R5005/001926
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[0043] Various embodiments include an isolated epoxide metabolite of ISA247
prepared by the preceding method. Exemplary isolated isolated epoxide metabolites
include IM1-e-1, IM1-e-2 and IM1-e-3.
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reacted with a reagent selected from the group consisting of osmium tetroxide, alkaline
potassium permanganate, hydrogen peroxide, monopersuccinic acid and t-butyl

hydroperoxide, thereby forming the diol metabolite of ISA247. Typically, the ISA247
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peroxide/form c acid, or nonopersuccinic acid. In
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by [008HeV asiouaatiodignenistinpdiefic amsselast dioy metablisg efdS4247|prepared by

neal@?@ce&u?gsmaﬁml ¥Em %My ﬂoéaltedad?(q nleMLosz d]%cliléeol%Zd-l Lk A -

addi ti onal” enbodi nmen nmetabolite S are
- pré&pgared fromvinyl epoxides which are accessible by

or He55th taf"i‘ bdditfonMRhBbaiRRnS Hl% %e@aﬁolﬁ@hlgﬁ lal'eyﬂr%ﬁefatﬁloﬂlr\ﬁnyl

Such vinyl epoxi des are also avail

Sheropides ¥high a1y aceseipledtyi sernpmetele mowtleS[ 519915@,9] hajoailylhazsations.
e nbmlvngmp%xfaés atriﬂﬁsd AR mhé %&ﬂ&?mﬂ?&&gﬁ&%ﬁ biotiebl,

HBOSItlonS r|S|n ap har maceut i cal accepta |l e
cal0 7 rPa&walaaWOSFn@mf dRvEntin lacétrﬁs@bm@cwcal compositions

Néisnk e hé}fna:%etiﬁ‘callﬁ Y& carfiRbEd a3 -ﬂt@xoggo&hlgor

DRA Fig. 1 1s an illustration of
st PEeblites fhe@’ﬂPUOPOOSS] Fig. 2 is an illust ratl on of
the structure of |SA247. [0056] Fig. 3 is an

illustration of the E (trans) isoner of | SA247.
BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Fig. 1 is an illustration of the structure of CsA.

[0055] Fig. 2 is an illustration of the structure of ISA247.

[0056] Fig. 3 is an illustration of the E (trans) isomer of ISA247.

[0057] Fig. 4 is an illustration of the Z (cis) isomer of ISA247. !

[0058] Fig. 5 is ‘a table showing known CsA metabolites.

[0059] Fig. 6 is an HPLC-MRM scan of metabolites present in human whole blood
after administration of ISA247.
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[0057] Fig. 4 is an illustration of the Z (cis) isoner

of 1SA247. [0058] Fig. 5is a table showi ng known CsA
woredoaloed47d es. [0059] Fig. 6 is an BPLC- MRM scapPCD{CA2005/001926

nmet abolites present in human whol e blood after

adm ni stration of |SA247. -13 WO 2006/ 063470

PCT/ CA2005/ 001926 [0060] Fig. 7 is an HPLC- MRM scan

of a m xed standard of isolated | SA247 netabolites.

LR g SRR
i gne@dboMBCSY spectrum of IM-d-1, from sanple Kl-
B rig Gon BIUR RS RN ?#é?‘*’éﬂﬁ%@zél doe
I MampldKzZ from sanple KI-3A. [0065] Fig. 12 sl;:)v\gAZD

T. - 3A.
(DT PR, 5D RSBl s B o GRS o o
| NQO6d} Pig. IOrshqws&npﬂr@tm(d:(s)a)Ml\/Il-kielt ween 3.8 and 6. ];2 ppm
4

| ] Bl sty SERMR GRRNOPE o Lo ARES e Sl 134
[ Q0®BB] Figi 1@ shds m ORS Yeaop JOGSY sbediiivial E‘ﬂbdtZr fiom sdmplOKI-3A.

TR R PR i Befnat IR e

[%@@PHFBgnd&BpMOWS expanded 2D COSY spectrum of

OO FRER G bl AR R AR oA £ il B 1y

t fretvetn B8 endr @2 ppmR and S epi ners, at the s p03|t| on of

t Hﬁﬂﬁ%f %ﬁ% lSSs.hg\;s &%%!1 d lﬁg\{l\ll C(?éctgum of %Og?u]ble bon(?%rogbns of IM1-

e am no ure an
c ehisaaple KRB A), sndidatibgdvibe splittihg pp@QTA]L the @nallg shows

USRS uphadelioSen bl stndt P08 Ko
| vhowingthe serrafdtion Kf thg pa-1 FidOTain gotgns. 21 shows t he -ami de
S ML R R
[@(91?5]1311F|0§M122-2al so shows the ami de proton I
o] B, ok Ok AR e P B A Oy AN -
Ki=3). [0076] Fig. 23 shows expanded 1H NMR spectrum

Of[odﬁ’ﬂr o%s}o\? 2\?{2* RMR ﬁétra%‘ WRER 1, R112a-8NEliod7 BRI 36kba7.

sone .
[0073] Fig. 20 shows 2D TOCSY spectrum of IM1-d-3 (sample KI-3).
[0074] Fig. 21 shows the amide proton correlations to the corresponding a. protons in

expanded TOCSY spectra of IM1-d-3 (sample KI-3).

[0075] Fig. 22 also shows the amide proton correlations to the corresponding side chain
methyl protons in expénded TOCSY spectra of IM1-d-3 (sample KI-3).

[0076] Fig. 23 shows expanded "H NMR spectrum of IM1-d-3 (sample KI-3) between
3.5 and 6.1 ppm and some TOCSY correlations. |

[0077] Fig. 24 shows expanded 2D TOCSY spectrum of IM1-d-3 (sample KI-3)
between 3.4 and 6.3 ppm with cross peak correlations.

[0078] Fig. 25 shows expanded 'H-NMR spectrum of IM1-d-3 (sample K1-3) with
analysis of the signal at 6 5.62 ppm.

[0079] Fig. 26 shows the structures of the R and S isomers, at the n position of the aa-1
side chain, of IM1-d-3.
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[0077] Fig. 24 shows expanded 2D TOCSY spectrum of

B41-d-3 (sanple KI-3) between 3.4 and 6.3 ppmw th
we@ewsdce@k correlations. [0078] Fig. 25 showsPerpaomemdo1926

"H NWMR spectrum of M4l -d-3 (sanple KI-3) with

anal ysis of the signal at S 5.62 ppm [0079] Fig. 26

shows the structures of the R and S isoners, at the 11

position of the as-1 side chain, of 11\41 -d-3. -14

005/ 0 2 00 i\g. , 27
e e e e TR A, R
[ 00081 Fig. QSABMSSZIDGQSY EpeCDBY, 2 Ei EZI‘EBmhoaf]QID m@ggﬁ)&tmm
sh Y rum of IM-d-4 (sanple KI-
08@11' ?g‘q’%@@% expanded 2D COSY spectrum of
| MIOO&2] &ig. 89 sipives eKi)anﬂékb 2D OB Viepitrim ! AVItHd @ (2uppsKIBAN

co | 0083 30 is an expanded ' H NWR
sp{égé?%egpnsgagaﬁﬁﬂppgl n%Ia”(énsKl -8A) between 3.7 and

6. DOBH Higni30 s éﬁ@frﬁndeﬂ H-ENMIRI spersruand Islonie} (eanailOKI- I8A) between
S 31 are flrst order anal yses
o §L7%I{P%§m W%Itglgzs%ﬂa% Cogg Ia%m’ﬁ@m[ %‘mifé)r%ﬂ'&las%lg]ﬁen%ppm f or
| I\/[01)841 Fig. 8% amﬂm oKlef Wyses[o@&%Mslgnali’a? & b DO 4424n@S.15
th r [0086] Fig. 33 conpares ‘
PPN gﬁlegt Salt k%&g)sAzm Z-15A247 and | M.-c- 1
(sB]OﬁS]eFxg(B?_ ﬂyustra[tékGB&s]truEhugz of Ml-ghiows an expanded ' H NVR
| ML- a a t
- SRS 1%, o SordMhes Sl RO ek FobaPh g Koy Fpelnbh
55(87151319&&15)31‘ IMI-c-i (sanple KI-5), as shovvn in Fig.
6.sh nde ect
M{)Ogﬂ%?% ]g% Eﬂﬂglg aj) expa ge\aQ?Ht s%ecg?x&?%r -c- 3‘3%})1“ the
F| gpm&ﬁm@ona parti al I y expanded DQF- C(BY spect rum of

co PR SERE Blilor RS a7 Bom B S RplTa 5.8

spé@tﬂnmﬁlngI ML-c-1 (sanple KI-5) [0093] Fig 40 is an

g)U@] onfs fﬁaa%ﬁgd%ﬂ %g%% recttrLtl]nel £ ]mﬂ— - ?CI d&é&ls é) at the

In o oW ng IESr T e
F| gpromr@gsonan exenpl ary reaction schene il I ustrating

R v
‘| I IOQ &ljhwtr?é%ﬁhﬁmﬂum iof Bfi1-adti no
[0092] Fig. 39 is 2D ROESY spectrum of IM1-c-1 (sample KI-5).
[0093] Fig 40 is an illustration of a structure for the amino acid-1 side chain of IM1-c-1
showing ROE correlations.
[0094] Fig. 41 is an exemplary reaction scheme illustrating the formation of amino
acid-1 metabolites of ISA247.
[0095] Fig. 42A is an éxemplary reaction scheme illustrating the formation of amino
acid-1 metabolites of ISA247 from trans-ISA247. ‘
[0096] Fig. 42B is an exemplary reaction scheme illustrating the formation of amino
acid-1 metabolites of ISA247 from cis-ISA247.
[0097] Fig. 43 is an exemplary reaction scheme illustrating the formation of IM1-d-1
from trans-ISA247 and IM1-d-3 from cis ISA247.
[0098] Fig 44A is a comparison of the '"H-NMR spectra of KI-7C, E-ISA247 and Z-
ISA247.
[0099] Fig. 44B illustrates the structure of IM9.
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acid-1 netabolites of |1SA247 fromtrans-1SA247. [0096]
Fig. 42B is an exenplary reaction schene illustrating

WO b@efoesnmt i on of amino acid-1 netabolites of PCBARZ005/001926
fromcis-1SA247. [0097] Fig. 43 is an exenplary
reaction schenme illustrating the formation of I M-d-1
fromtrans-1SA247 and | Ml-d-3 fromcis | SA247. [0098]
Fig 44A is a conparison of the 'H NVR spectra of

0y SR B Ehpafen o biE R St S KO0
R L IV (nil o sar oL E o
. Poanl, 0" 3B 5 Seeioon ok SRRAG it spde B B e RNl
E@M)msﬁzamugmbgfﬁgmnwmnomm(l B.gmnh.re}] Kl 6613%) . 15A247
PR ST S R R RN A e R ey

| M80103] OQR 3R iFIMYTOLSY ispecRBnHODHY (sl K16 of | M4

(s le KI-6). [00104] Fig. 49 is a schene showng a.,.

-t (B, s-i‘%ﬁs %ﬁfcg‘f—rﬁ JHinR G tanifermation of S Arpianaciq-) T positi
| M4 forll®A05] Fig. 50 illustrates the structure of | M.
[ 00106 a conparison of the "H NVR spectra

Fi.g.. 51 is
ofm?]l\‘)ﬁL (EamPiisigpteshe struereof 7M. ang z- | SA247. [ 00107]
Fi ©0105 |mg 3N iex@adadn 2DhE QTR @fe@trzf SIMVvath (daMipie K1-1),
(saggl e KI-1)I.W00108] Fig. 53 illustrates the
st UF et 3MH. [00109] Fig. 54 illustrates
chpoiogpl mFgaeti zﬁfbx?ﬁfd&ﬂm TOSISNGpSAnampdl Bsn FRhHI6 %I-1).
[O 11%1 Fi,g. 5}? illustrates cpﬂsﬁi cal synthetic nethods
f D08} e ig g Wislates e feetee 9iM48peci fic syn or anti
di pbr9} [ A Bhlilldstrates Bmichl resdibRbom& eiRE SRdrplsyshdiigids.C

met ho [ .chl oroal | yl pbor at | on. 0112]. Fi.g 57. .
TORNEIT o i3 e el ShRieamithadt B Aktating i snibesis of
f ogpe@ti¢ 8m dhntl &bk, | M 1-acetal, | M-al dehyde, and
| M- b lic acid from[E-1SA247. [00113] . Fiqg. .58A is
TR R AT i M e e A e
COJCEH] I afig ON  Qf anrRénadadl irdatidnbei@dellustrating [t dddation of IM-1,
olite - di.ol - MR, | Mdn, . | nd | M 1.
(o Do hnt-Sape sad el bt b pdaiee
Ccajosi13purFig. S8AHE bptaploshowdipPerentealtipainidiibition versusg/ Nl
f ocronqtzern rgt‘?c;nl o?ﬁazeﬁ%blitg 5nsng}n§bgo§r %SAﬁG%e%%éites IM1-diol-1, IM9, IM4n,
IMlc, and IM1.
[00114] Fig.58Bisa gaph showing percent calcineurin inhibition versus
concentration in ng/mL for trans-ISA247, cis ISA247, and CsA.
[00115] Fig59isabar graph showing a typical metabolic diversity profile of ATCC
11635 in ISA247 metabolite production. The conversion shown is a percentage

compared to a Img/mL Cyclosporine A standard.

DETAILED DESCRIPTION OF THE INVENTION
[00116] The present invention identifies metabolites of the cyclosporine analog
ISA247. The present invention also provides methods of preparation of metabolites of

the cyclosporine analog ISA247. Such metabolites have immunosuppressive activity.
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[00115] Fig 59 is a bar graph show ng a typical

nmetabolic diversity profile of ATCC 11635 in | SA247
woredoaloed47a e producti on. The conversi on shown i BCECA2005/001926

percentage conpared to a Ing/nL Cycl osporine A

standard. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[00116] The present invention identifies netabolites

of the cycl ospori ne anal og | SA247. The present

e e e e G

rmﬁcﬁthmhgmeerohmmofrmubmppr eSSI ve activity. -16 WO

SO0 A0S AOLRER, LIDSH 10T R s

o dbaderged culturesolf theli |spng1es ﬁ’elypcrcaadwmtanum fGaazmt’ It badhedinical

[ 00 ord ne e raI [ ic
et Sl ari 3R eqagt%er% el 5 B it PR
ofbetirfiey thepeaﬂemrk'saﬂlcmpﬂmh di uminflatum Gams It has
t cod 27-40 and js. 1t A
N ol FRER iR i b sl bR AEE | Gpording o
bemammﬂgrst has3). rIaderpaasknt Smidammeabbre{v@ﬂm 8TsA” will be used to
Cygl gspori ne ‘A has recent .
efE B spRue DRReBR S b SPER ipd BRRERC vl iy ended
t he rqferas ertgedpg clagal mmmundsh;g)rabtﬂ agenta thaorpnipGSACyclivd peptides
3@%(35% %Béiu?‘sgp%essge %ctltvﬁ% ni;cé\%drln g c&lar ipg)gnngr%a:ljo%g Therefore the texan
t d‘cycﬂés@bnﬁ’bgehé’rm}geﬁesrtahn}mfalses:ydﬁsppnms uPo&umgln Esscplmhng
a Mpris tid
R e o R sy R e et compounds
ar@dAagﬂISMr ef ore, the term "cycl osporin” generally
-refers to any of the cycl osporines A through Z,
i ncluding nodifications and anal ogs. In particul ar,

t hSiractare and oopepadatine of (sAaddts nfetaboigpounds CsA and

08051 1 ¢ B b e SR AR A Pl sl e BBl by,
s hidastmanreng [.Gardibe ink8Me §mctrbedr1¢)19mallVSR Of Osiglosnesine Maigbalites,”
J ag; }nnc? E'n@rorﬁ%? Lﬁpﬁgrco quftlé I ;5 3%@352’@9%6)0&0105 nne Aisa

Cyc ospori ne nvi‘r on
Spe'chcr wriecdpeitide ¢@sisipe aligest e@zﬂy eﬂlgé@phomsyem@g p@da Avang of

thgsy 3;}% Ac@s uﬂa%ﬁeﬂﬁag teﬁfs' g ﬁese es At Bl

IC amno a am no aci ds
araeeldrmmdm thetedmprifethe QIYClllﬂ P?HtldP enmoj tthmglecule i HearfEspfmadecule

U NG nthins 3hidGsine 3&5@ fsish bf'ﬁ{ WL@@%&Q{%B E@@? e¥Edabior a

peptide ring o nol ecu
c ot aidri salanisa(Ada) sésivee, e Si-ahtigo fuigic agid raudugyAbteaivaline (Val)

gl 1% d@eearg rﬂﬁ%é? vellYl%g(%eVal?x%gd@eaﬁ)Hr lq %hdltl %uciﬁ@ gfleLé:u) residues,

an ne ( an a-amno
r eanddu elkedbeontairngsadaug, § Hydrg»xylat@lsmdmceqmchnnc[\le hethéy |

¢ curliints e A B R BpR o)
[ 3f0h129] 0x X edeé Hereiny thoamaiesd ekiditesidess ai‘eaedldeetlally numbered 1-11
| beginning with (4R)-4-[(E)-2-butenyl}-4,N-dimethyl-L-threonine (MeBmt) and ending
at the adjacent MeVal (in Fig. 1, numbered clockwise starting at MeBmt).
[00121]  Each of the amino acids of CsA has an S-configuration (the L-isomer of the

amino acid) with the exception of the alanine residue at position 8, which takes the R-

configuration (the D-isomer of alanine). Seven of the amino acids are methylated at
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cycl osporins called
(4R)-4-[ (E) - 2- butenyl ] -4, N-di net hyl - L-t hr eoni ne

W@ MmBot3470 [ 00120]' As used herein, the am no BCT/dA2005/001926
resi dues are sequentially nunbered 1-11 begi nning
with (4R)-4-[(E)-2-butenyl]-4, N-dinmethyl-L-threonine
(MeBnt) and ending at the adjacent MeVal (in Fig. 1,
nunbered cl ockwi se starting at MeBnt). [00121] Each of

t .am no_aci ds . of A has -configuratjon (the,

L e DR i opcrictig TRt Sleufoena b L bttt O iimeg
al thcfﬂ tiseverg of the etrlaiurh g_@ﬁdyt]o@j’(}nﬁaf AW}% &h ain?ﬁé%glﬂ hei RFre kﬁown
n ratil o e i soner of al ani ne even of the

aﬁ‘i‘ﬁ’w g“%iicl?yéﬁo"g‘?'%a ABIRPdMPmyas 1ot7 WO 2006/ 063470
pqmmoometa@a&aé of Ismm (oam}gmlo& [09R0 s@mrﬁ%gw 688us

d , . t fd
i QR it repomsina26f by dislered eailios e

t edimibited @s AWsASn Brelll BRE dﬂﬁﬂﬂ)%lth F2#!t1,  B&h be seen that CsA and
m no aC| MeBnt was. not. [00122] The

Sfilséé?{l %%Eclgg?lg@t hesideichgip 3tammagicid repguei 1s Tapeswmom

Fi sructdre oﬁ&eb&&@dosﬂaﬁﬁsﬁdaﬁ be tPRsAMEANY tRCHH shwi 19 Pfgs. 3 and 4,
p05|t| ns in and the disclosed netabolites are’

BS trate tpeh]:S @gap\s)laﬁd ,Zl(gls 1%meB§, foexgﬁﬁ%ﬂslAg@,}q Whpre themugeral

1 l 1Inﬁlcﬁad’th@ﬁn1§6 8did fehidhe Co/wiAdhGhe dl@%@g sidé %ahﬁ?%ﬂd@(@l The
u for the, S|d ch in at. amino acid residue 1.

re o ?JPH*&P%} ustrpied singlody Bidfisy handdznanddn Table 5.

r PO E2SE Nt WHenlNe dthietulRME t@%ﬁé@hdlmoﬁhgﬁnno?hcmg e)ﬂ)llcltly\@x'a@ﬁ in
il]ustrat he E (trans)_and i soneric forns of

| SpSprgsen %ﬁOéurFﬁEe Rbres af thatfldF ﬁlafilrtla%%e lebrledgpithy{gedkdpteers

res hsjdd)ﬁvehtlblﬁlly\ﬂlh@hl ih I A F7 e'ilﬁﬁﬁle Sthél€arbdd@afAcdnBro e Rfdny1
The structure Ef amno acid-11s illustrated

si SIPLHE Ay amigo peid is COH‘PHHW&HYLEbel%CHHe prfarbap| vdthsprogrgsgige letigrs
WA hettckSl ghilsch Ude@ tPfded T céﬁo@l%to%ﬁ%‘r&e&fm a9 'ﬂoﬂ)%ﬁfelpgde

is.explicitly drawn in_the present disclosure

cdi™8o eé?mlilﬁ%ﬁﬂ“é Paféef@i?afrﬁwﬁwv% Fgsnlend@- \Rpt ¢rampledi the

| @hicRFEsAARe B-SarbNVERE 11eBA! did kAR
exanpl eS th‘:eB c%r bon adj acent1 tco ty%ogg?&gﬁh?&&d} %‘8{1 a?d

aﬁmﬁﬁﬁﬁdbdéﬁHmﬁ§d@@ﬁW@mF@@H%WMymbaﬁébsdedhm a- carbon
Wi [6612@[ o%ﬁﬁé lln\f@mlaﬁgﬁ Hout thé Qrugtn% o@teglﬁasal])eg A r%wg?]cybyefdA

to identif y car bon at ons procee

papergdn a plapigr enfifleds'Motpdutar exfd Gliviical Fﬁhmmﬂcficabﬂ@y&‘lqsgonne in
S h@yﬁg{)llaﬁlafdng th Im]nu@m ‘z?reﬁ*ﬁplrm %9.{5@4;1? tiok KB]EQ(%VCH %gi%?ca ol\c/falden

carbon o aln |1 s
t é/hé | V) B@()ltlzg A@ea;dmatheowvmeqobd ststeas-rdx)duﬂiraeu@mmd nuclear

betaspan rEsJaﬁanée MMesift ﬁ&gaﬁ]e%u ki€ sl’ﬁ)l\ﬂﬁatqma?é &%élgchgegd']

Further information about the structure
b &BHaq3eried ey osruqpuzal motife Rasidies MeRmipositiond) ta Meleu

WsﬁﬁH l6%onﬂ;ﬁge Q dnﬁbeﬁ'alel Elgf?éé?s?a%ﬁ&%& %ysgdrc% K Lon%gl%,r Wil the

Transpl antati on

Tmr@p? éht(msxtm 7)( tBll\é@f@I\@IOISItISCI Ig fmm,a vyl mmmm peft@RPpnd
p@etw%eri‘n%mdﬁ%@ 99 g & QCI.Kg&I\ﬁgkat Xl 'Irglm%}lc%Be sty Xl}f&}o&orﬁnﬁ

fraction an nuc ear I C'resonance s
n @ﬁ%i@ﬁ@ dvuregelapitdoring hBesiduaat, 21 )80.C8A 1irnpdpessert eheir&eptor

c IBﬁlﬁﬁl%tdgﬁxblﬁ %QXhJ PéQducéts LYgs Hlfl&lonqp{hle effectdy ed%)mam iccorc?5 ing to

osItl on
.M. Wenger i 1n an artlcle entltled “Synthesis of Cyclosporine and Analogs: Structural

Requirements for Immunosuppressive Activity,” Angew Chem Int, Ed, Engl. Vol. 24,
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(position 6) conprise an antiparallel R-sheet
stabilized by hydrogen bonding, while the residues
wWeb@ep3agd tion 7) to MeVal (position 11) formBCT/0apoosn01926
whi ch the peptide bond between residues 9 and 10 is
in a cis configuration. |I'munosuppressive
cyclosporins possess two regul atory domai ns. Resi dues
9, 10, and 11 represent the receptor binding

. ]?)H@ \W 15§ 1555) A:%lg %sse'}{lalsan%mo ac#f I\%) S %gsppl?rﬁssg)ﬁ are MeBmt,
arAb\cISer emitMW%mﬁcﬁymhh]eQJ % and 1 Cycl ospori ne and
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[ nROPE st PR YRR Sl Bert m ghoidigd
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P heshdachidhs e B2 e ol PR R Rl ki Brionvl i
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u nr%@fo%i%&é’laqgn ali t ol 1p? xghéorg%g%%cgrea?-ﬂlégren sites in the
r esitcielnuﬂwulﬁnA@hhydd)xylatmﬂmaytnlmtdmnw okidaidn@harodlkdnb @s

oY Goktc RARIAEhefl Bt 6 ftide N IR o st st
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T e T

di ffOﬁeat@n of @ittogglic acid theaboli@sref Cspl eaylead toAoxicity. Combinations of
di tEngoQ/éXés%ﬂeg PealBbh %la? 8ccoc 4y 11by oxi dation of an

a

epoxi 5 Sequent diol formation.
N- (081261 hyA sumlen sf defcn@nt m&est&amﬂayé detsexibed TkA regbOlites thatgh
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eyl oo R b L RERRG ARy B Rl el b
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| oA BRI G AR i Rle A B et
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met abol 1 t es, %
n dﬁ%‘hﬁqaaﬁmfﬂlées PTFiee cTTmswmbolt ﬂlwtsfolécpw SIEDIIfX)ﬂle namt: afﬁlhe mefabolic
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5 T}@iwgmé P?Sfe%gglltl%{o%%agt ggc?ﬁrerg gggﬁe? ?RI’? l:eﬁ‘elﬂ%%ce % tfnpfo{: ovging
cVE“B@E@PfH@QA7HF@ Nﬁéhtlfled by the prefix "CsA-Am"
where the "CSA" portion of the designation indicates
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reduced toxicity relative to the naturally occurring and presently known cyclosporins.

Further, the inventors have discovered that mixtures of the cis-isomer and the trans-
isomer that are comprised of predominantly trans-isomer have reduced toxicity and

increased potency relative to the naturally occurring and presently known cyclosporins.
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As noted above, this analog is structurally simlar to

cycl osporine A except for nodification at the am no
w@edodindssresi due. The inventors have di scover edretr@ir2005/001926
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Z-isoner) and the trans-isoner (also known as the

E-isoner) of |SA247 exhibited a conbi nati on of

enhanced potency and reduced toxicity relative to the

n ral | o] ur.r i n ent LNS.

P8 | RSl A A ISREESENQI A AN SRBATSTS

ofhyﬂﬂmey—éinsathmmbthalammhé,SUnmmenode%ammblaltymlrlé-methyl-
nﬁ:&/ -I?-en(ljeﬂ% dL E:Ilecdpmvrllafllt\ll zinlséuc g%fa\rx}%lt}?-‘éﬁ%aﬁ -meﬁlyl-L-

r eas

~ ndt:umy]aNJn;etmadeuthg raﬁﬂ[j/l FJ«F\&BéhtHS}BIﬂQﬁkaOmyﬂd $edhi1Ns 01,
19,40 2006/ 00340, PO CAR0R( 0031205, LATLR) T

chem ¢ca
( ZﬁS}(éS{B}'B RredtFdie 8esignytitme giyeutortiis blydrmﬂeo{dg&:hlﬂbydcam compobnd.

| Q obut yr me1
o DR Ry o SRR R B reopreloes |,
| anqgnetﬁ-rdoawb MR saytiostopy. Both the 'H and C spectra were a351gned

I euc [ -N: ne cyl
e L S e il vy v
rmlBAQm pzcaksvt/e ﬂ@hdnowﬁ Wslgﬂxﬂ&ﬁs Bﬁcyclbls@rmemrﬁhé hisAlute

s%l S’ent en%ilé and, EF -130 rs%% Ajl \4}2 WélsocomxvI qgl%t Ilf %: gl ven
Th@vesltaumc Effece (N)@E] @Aﬁﬁﬂentsaskctielenal\s@poﬂmg dwdmccmas 11>ryV1ded

roug ue |, ea nhet | n an a(:

é’cl‘{l ral an W?]ﬁ ecul t, and bey an infrared

copy spec
aespecgmmdwhmh magfoand;terble ey eﬁmtanw carnldsnome Al ’ﬁknlattew meshlt was

EI '\@\}/)\%)t( € {/f!mﬂé abse%[}?chggl s%&%@f lgerl?\geen Iﬂ%“ r%ﬁo%h& t}P \;Jeo&
no assi gnment s ospori ne e absolut &
asiSAg#ihentainsfa cotjugatdd)dican th t(liyldep shanmf s bfanﬂn@,é@d?esmls that is

c Olﬂ)ft F{e%fjl AE;L e@sA 1@&%’7 lﬂgsuascfeag'bolrzrfcfax%gﬁ dc(u'ldg‘a)nd between the

experi Trona supporting evidence wa
praa\ancdt“eobrbdmy ofitssanispaid-i side ehadl, i wlxka/(hslActhexcomn gddiignal

the .nol e by an_.infr red spectrum
WhPEHT § (i‘thié‘%{)gﬁ‘ ésgv‘g‘& %"Yeﬂl hsm 8 9 &P B por i ne A,
Thie0138] t Beciies uf the mﬂantg Kﬂ%érﬁtﬂe stgjictn@s of O\ ﬁ}ddCISAZ47 the

struct ag tgrle f%'/&g%é}g%%tﬁ‘{ lgf‘tﬁ% \i‘g e of, H“@ézv‘%&&gng %5 qaﬂa11{gr§8heme

Si (ﬂa@elﬁ[h:ﬂ ifor @A thétsbolited NBab@itésddené fiedhesein Wil follev a siatilar

A e R S T G

aclhdeali of i Arefoe byl azporing t* AN |AnK ewiiifsAhe lbtltmsf ‘GANISaramsed in

P AR e PR A B8 R0 Bor (O s b e i e

s i ‘rIMI “aForieyahgit keOs A Metatsdlitmeliich 8% nﬁlfnol@@%xﬁlﬁtﬂod ﬁﬁ%éwqarbon

nomen ature for t i scl.gse olite
| SRS SO R G NS A e TSy dpeeientich s
Csorvai @&l dtios ot thddetabual df bdgnol .0 it fdemetich as B MieldsA
follow a simlar pattern, except that |SA247

mePspRotiiervddchss & dﬁ?%@éﬂl@a ofyhe Ritiogen ¢f Meliey at positipn is-idegfified

| %@Ad&rﬁ’in orAMAR I THYSA DT RRtAbABte Which ifh8bmeMFiatién bitBe

letters "AM' are used .in
nitrogen of MeLeu at position 4 is identified as IM4n (ISA Metabolite at amino acid-4,

=

n-demethylation).

-20-



identifying the nodified am no acid for CsA
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Definitions
[00134]  As used herein, “metabolite” means a derivative of ISA247 produced by
metabolism of ISA247 in a mammal, which may be further chemically modified. The
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exanpl e, in immunosel ection, the m xture can be passed
through a columm to which the netabolite of interest

WO 20060030 | | zed. The anti bodi es that bind to tpker/cabkewwsno1926
can then be eluted and collected. Conversely, in
i mmunoabsor ption, the conpounds that the m xture
cross-reacts wth can be i mMmobilized and used to
absorb undesired anti bodi es. Methods of preparing
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silyl ethers (e.g., trimethylsilyl), esters, and the
like. [00137] As used herein, a "hal ogenating agent"

wo g008/06ampound known to the art that can subsPCT/OA2008/001926
hal ogen for a -H or other group. For exanple, in
vari ous enbodi nents, a hal ogenating agent can be
brom ne, chlorine, N-chlorosuccinimde, N
bronpbsucci ni m de, or the |ike, particularly
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[00144]  As used herein, “glucuronide formation” means the formation of a

glucuronide ISA247 metabolite by linking ghicuronic acid to 1SA247 or another,
ISA247 metabolite via a glycosidic bond.
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metabolite of |SA247, is separated from a bi ol ogi cal
system e.g., a mammal, cells of a mcrobial cell
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is also purified, e.g., by chronmatographic separation,
crystallization, affinity purification, or other neans
known to the art. For exanple, in particular
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tetrazolyl, and the hke Heteroaryl groups also mclude fused polycychc aromatic ring
systems in which a carbocthc aromatic ring or heteroaryl ring is fused to one or more
other heteroaryl rings. Examples include benzothienyl, benzofuranyl, indolyl,
quinolinyl, benzothiazolyl, benzoisothiazolyl, benzooxazolyl, benzoisooxazolyl,

benzimidazolyl, quinolinyl, isoquinolinyl and isoindolyl.

24-



such as phenyl, biphenyl, and the Iike. Aryl groups
al so include fused polycyclic aromatic ring systens
WO 0ostos30 a car bocyclic aromatic ring i s fusedr¢DCardwern01926
aryl, cycloal kyl, or cycloaliphatic rings, such as
napht hyl , pyrenyl, anthr acyl and the like. [00149]
As used herel n, the term' heteroaryl nmeans 5-14
rrerrbered heteroaryl groups having 1 or nore 0, S, or

qﬁ‘(hg%]o at ’ rirlvg‘éd he eﬁ?’mﬁ%atlcph ego:%:g? 1cygircﬁxg%e}o{g on-arioma‘lm ude

I mda I SOl m azo
fl w@qbgqyy]lc ringyp rwh@tghl inchplg Dnemrdlydre hetqsryzrtang/dug:h MN aZ,@k Blin the ring.

LR e Y bl P enoir S L EF R g SRt

i mﬂda@bil)ﬂ,l oxagdhidiyl ﬂuazpl;&mym teirahydroﬁlfmlyillenﬁﬁﬂiyﬂﬁylhophenyl
in {
al grglq%ﬂr% 0, E}'ﬁ&{p&éﬁé&% y§/r{>;ly oy, c?lpefa&w{, P18e$4wg tK@?fg][dBWE cyclic

| n smqharidesa(etgalgbmwaharmom gilretois€ allosagnliause, palosd, kY, ftalose, and

Q&]{kgslflpgrgﬁosggmg anose rmre d%'bg r heteroaryl rings.

enzot ofuranyl i ndol yl ,
qui Wﬂiﬁllny Syitabberaptivdeil albslitydnts fhleermbs;tsmmm A0 luyailkyl cycloalkyl,

b d
e%ﬁ%gé@%?élgahgha*%%i noﬁlrdc’cga ¢, lcsegylh&r ZI fgary Er&u%re those

2 0@@8@@@4§ma@@ﬂowm}ﬁmnwm&%re \{1€hﬁﬁﬁﬂxind%ﬁeuﬂﬁadachﬂfy&if the
no r Cl Lk S arg. non-ar

c a?bsgié%g%%&ﬂpﬁét:ﬁ) V\ﬁy A suﬁ%'u%%g %tﬂlg gran :P]égat as one Or more
hetvelenwras @vbaxgmva@lenp foﬁ.’m o0¢ 01Snérh cdsrlmepmdmg cova]Elﬁonﬁbrﬁ@

ca even red.

marig St $6 GG h R e Rt (e,
t hi-GZidH) cinnfpim a siegle bindde arf alk;dlg;dup (e.g., -C(-alkyl)=), a carbon atom

te t h|
pyfr“lrrltg Wg?ﬂ&{&&%ﬂﬂ}’e Een rERﬁB D cﬁ% r°| iAYY", Wf’ ﬁlgglf 5)’ P’i‘cglt%}rfe o
cye&ve @bst@m@ﬂam d’%(slkﬂﬁHg -C(gkylxBo,) onadmtbl@é)ond to one
gal I t
PetHae £ -cOM0, B AORE: SLATG, iRt fofRdre MR ony
| i fhese S[ubftDlllSlP!!S Sal babsteblommipowak. subst i t uent s for a
ut tl
'Cy(ki}lﬁ)ggjl : pla(gjte?%lﬁ}glg g}lféa{rll)lo acjpﬁ%ﬁlal su%%tﬁlxéfl@ﬁ ik xysubstltu%?blé) ca?bon atoms
h el(ee% G spbstijpentsyepreserted lrm& eR“’)slu«tisdq FuEhtBr, tIhaIN dNORGOR?,

ety B R S kAR ﬁbik'“:@ QK
scﬁﬁﬁRt’uﬁ@Re -SPBH-SOR" aRSRMAKAR’, FRGBRHRTe-QRORIR e
valienRas, eIpcRaL IR d@&@ 9 R R SppaTOr €

corresp Ondl ncg coval ent” or
su tf%@?% SRR, HPINB SR SO NR” B-a)r HENNG R)‘ﬁﬂ -WREG(WRE
al affhy, _ e
Eonrﬁmt@g’)g’“aé?“?by"?@)ﬁ%h )’&C(Nﬂ R S
" at PR NE E) GRo=GRIRnEES vgb R Ke“@R “NQ@FJ2=)NI‘)R can
f obphopAIE s%stlﬁi%?i a‘fﬂ&yﬁ] g)b@ongﬂ)gagl% thw?te@&%lo 1 W}'x?ﬂg s)u stm)ted

substituents g
or @ @hﬁwuw’@nﬁbﬁa %ﬁﬁlt@sir?éclofslmb@m «vmnemlly(s@sgtutedh@(eﬁ@y@h%

an thfbﬂﬁly shﬂfsﬁtute%%ﬁ%y’l toHﬁanﬂkssuBQRﬁt (P‘Bkla&n%%gg(%aﬁ#r |é]l.bl1s’c1tu’ced

include only thosé 'substitutions
cofsiBerndsvheren Bé’B anegpchdndepgdentlysf arab brsionplhyi whstituted

S uRphdtlcUsoRalfyQlbssitsich dIIBRIR, (‘?pﬁ()paq’lg sitsQiRd heterocyclic,

optionally substituted benzyl, optionally substituted aryl, or optionally substituted

heteroaryl, or, -N(R*R®), taken together, is an optionally substituted heterocyclic group.
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(e.g., the substituents represented by R5-R10) include
- F, CI, -Br, -1, -CN, -N®2, -ORa, C(ORa, -0C(O Ra,
WO gfoap&Ra) -SW -C(S)W -0OC(S)Ra, -C(S)ORa, -QC/6R205/001926
-C(S)SR a, -S(O Ra, -S02Ra, -SO3Ra, -OSQ2Ra, - OSO3Ra,
- P2RaRb, - OPQ2RaRb, ' - POBRaRb, - OPG3RaRb, - N(RaRb),
-C(ON(RaRI'"), -C(O NRaNRI' SO2R, C( O NRaSO2Rc,
-C(O) NRaCN, -S2N(RaRb), -SO2N(RaRl' -NRcC( O Ra,

kﬁa%? %afamf ﬁ%‘}%’i‘f&?ﬁ@ﬁéﬁa H%NQQLWH@R he emgeacid—,

=SyitrogeRa RoymimiNR] residieRe-1 1 #NNRaisclose@1dA2AAkIg¥abolites) havmg two

substitute opti o stltutedccloalk
opt 8 LLI"?%éa B dorpariods %%%@mpg ORSPa ) Tapsfpted alky o
s udqﬁionallytsebktlmyam opélbaliphaiptienall9 pibsaad hl}ph&&tbs tidnkityedlbstituted

het er ocy.c nal |y substj tuted
op(fyc%)ﬁfé:% b ggtbogl?ﬁ)f thgsé tedq\./lgﬁtero ﬁll‘f %pp%ﬁéppsi{lxtuted benzyl,
_sudasionztnytsebhmdmatae)n,a@ﬁmiany wistit@icd hétaodrgl, amne, F@;hORﬂ -C(O)R?,

t || bstifute
M s e e P O
op{G(O)m{aN}{b SRS t-CLOYNREEIRE, ecen:qm?cm: -SOMRRIFYY) aéézw(RaRb

o ReHlcthy BRTO M, BB CRIRGI P YT 3 iy

t aleers4) ogenhegen- mtaa:mgqmemm bt ﬁbnSahtmatnb hetb@Bycle can be

het |ic grou 006/ 063470
CHPRRSEE I B TSH® ol e b1 b » Comer P e, Bippis

m ngle,ranatlenke (F@ rexaﬁmm Rariobd @nbadikdts ACHirth MHrddeR B8RASH a
esi F 11 |r] t he di,scl osed | SA247

iR e Rt bRl e o helegorall st oG e oA s

i mélowile, for exanple, optionally subst i tut ed al kyl ,

ophi [ ti.t oal
SUBLERF Ao P heem S i ity lepb it miens ot e
Cymdltmm (elzatompositiphs, (mﬁérk )il8eHnsS teagetts esdltf] Qh@1he G)&)lateCapable
bstituted benzyl, optionally substituted

oR
&4a?1n%13trx%onngf’f)ru§u6§{ ‘ed heteroaryl, -CN, -NCZ,

C[RO156} C(ADpRacluded@OHOpfeaent it iBoRe @hamﬁ&uticai@(a@eﬁable salts

g e

M(@éﬁhx)ldm pOERNhERaRD Jeact witlRGuBbRayrganNREGAIEIRR: base to
ni t rogen- c%sﬁﬁt ﬁ%}ﬁ ]Flesrsc?l !ztf lra)%/]i‘at %FOH%’ HJ‘CH’AS friyfirogen atom

h éloedftddy et exygem nitegens mtmlfmtatﬁmdt inednfenplaygiahat e &)ﬂlpmna n

l: [/
N_ags))él ?tfde? salts thh]%& \’5/ aﬂ)@flydro € r%qrrgﬁ(as %ﬁér\fg'?cf gl}g’% a suitable
e resgsalicrpe frtosganig bﬂsem@fmntalba@eﬂdlabmmtl Basa addition salts include those

~. t
e e S

u éwerdromépse Fatbonates btcellbnmdtqshardrmﬁ:ldm dnd aighmc agese mchbd #@Koxides,
arhﬂ@st %nd %@f a%lhé’%l ac'nd(tﬁe lg(e ltlc?llms%% Iagetﬁﬁ an Pre?@éxjmg the

C arriers, e nts,
arseliscd Eiabmeentlom thadmlndesstodmm hyldromde @otasshon hgdrosdayadimonium

[('1)1931'591116@'()&951 §Jr%ﬂ§tg kt)lferh(f(elolfesent i nvention are

phar maceut | ca acce e salts of the disclosed
| 901871 n@pa@@mplea@mmhemalmeapabkms ca:amclude/mosmrfemﬁﬂ by

MPLaftion of the disclosed ISA247 metabolites with one equivalent of a suitable base to

form a monovalent salt (i.e., the compound has single negative charge that is balanced
by a pharmaceutically acceptable counter cation, e.g., a monovalent cation) or with two

equivalents of a suitable base to form a divalent salt (e.g., the compound has a
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sufficiently acidic protons that can react with a

sui tabl e organic or inorganic base to form a base
wa@adaeexm salt. Wien it is stated that a conpoptiiCh2m5801926

hydrogen atom bonded to an oxygen, nitrogen, or

sul fur atom it is contenplated that the conpound

al so includes salts thereof where this hydrogen atom

has been reacted with a suitable organic or inorganic

b i ti | £ . di.t i t
e

ameemial grtons, glgk &d plermabkthllyreceptmblehmamet@ént cations or a single

h [ i.carbagat es nd the l.ike,
ot cent BOAN B o SRED PR ERecu iy bt Gheans
al Kt thg aatioa issuitabld foesimisisichtipin® alsilbject. BumipldsdacdhsiclseNnt,
I NgPr rd + hi.s. inventi.on thus include
sodi ’uMﬁ]Eﬁyé r o&n:agllg{," ?@% Ilaelglsel(‘%‘Ehrr%£ Ry ¢ 4 re%?n?(/le glfy hgﬁﬁ%?ﬂ’ ﬁ'hﬁ’ptlonalﬁy
hy subsitiutéd aliphetiageinegs ahpdoahiy]l gowp, sthinodlkH @roup 00157

Fo I tically acceptable salfs can
inclu gﬁ%ﬁ%glegg (5%? grgogggli?hyrllebg%? tie‘?)?]ryggmlt% 8 WO Pguns faken
| Shgdthenyformlan bptioedlynsibstitubeienoa-gomatit hatrookliarisg bptiadile fused

bage t r ent. _salt. (ij.e. e conmpound & _
o Lol 2o Ry Bl Rl Sgpablealbony Bl Mo
ph o HRHX at N(CHap62Ht@B)'e counter cation, e.g., a

no en ' i t equi yval ent f . .
Ul OABHIC bkl o Rt R B4 Pnghotvs wit
coapiftisignthydesiagrons s ag @06 347k PETHIGA2E064 0T 1R Msclosed
t . tiv r t hat .i al ance 1

o e SRR BRI HorhiiChad B2 BTERFalllion W
phécis eeumednéhnioyed tefotra btié adiitivovalsdivim aaipfooms with basic

Si 1-.cal: C . di val ent cation).
A e e L

i shydpipdip peid, fsulfurig deiflmihotphatti¢ asil, and the kiebjrelatrganfexaidpsuel as

I ngl elitbni + Fo A NR4+ wherekn. .
o o $ e hiEnic DL motlafesuiacid B e 206, SN optsikdbic acia
s upASaniq Acetd suskinip il citrig paid peizeicgeid, aetiyatido sydethdide.

gr Penp1c8 O SR8 Itk lin B glg serﬁ?té gﬁﬁf&t@%i&ﬁ%ﬁa‘ceg%%g)bisgfﬁte,
optionally substituted ary oup, or two groups,

t aRkoAPhates Perahdrogsphawlate, dibydressaptiogphetebmtiaphosete,
noﬁ‘yr@ﬁlﬁ%ﬂeﬁchﬁb?ﬁég, rbp&ﬁﬁ&\%, iddide! J&gtatﬁ,?rﬂ#g&ﬁlté Xecfa#c?agegcap}y?atea, n

aromatic_ ring. nerall'y, the p ceutica
acteyutarPenagen isplawyrate, cpproate,ygptanopte, propiplaie Gxela @ -nalomte,
N i,cal: by.
N AL o OIS SRSl EE P 0
suPsoPedice Rrlpspbesgenie; methilrpnzoatecliniteaberreataniydeoxyesarrase

f %Qfﬁgxﬂ}!nz()ﬁ@,g)h%lﬁ’lﬁ‘te,%lfgﬁg‘e, gﬂ’l%&l@ﬁﬁge, gh[é@%\gztat

met abol'ites with an organi c or 1norgan crd to form
arPheeYBrogigan e phaybaivrate, citigiedsctain srpmpyydnpituyete, elycolate,
f OfaaRC indih@lQiifoh8) pRiphieiulfdnRe) n%ﬁg@a@éf@qasu%ﬁa%, basi ¢

grougs can_i-nclude inorgani c acids such as
hyfPBEplFes3-tuligeatey mapdadate Bpdike bkeaci d,  hydr oi odi ¢ aci d,

Sujod189) C [B6149] mﬁﬁa&[eid%re%ﬁnhr%ace%ﬂ?’afll&%s@ceﬁagl@aol@zﬂg. As used

organi ¢ acids such as p-toluenesulfonic”aci
metorekh 8l e §plkate apepns dsqupnogndf ithe present invention or a salt thereof,

P-that FaHRR 8oNbes 3 WolibfetrRUr Hon-stoichiometric amount of solvent, e.g.,

water or organic solvent, bound by non-covalent intermolecular forces.

[00160]  Also included are pharmaceutical compositions comprising the disclosed

ISA247 metabolites. A “pharmaceutical composition” comprises a disclosed ISA247
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carbonic acid, succinic acid, citric acid, benzoic

acid, acetic acid, and the like. Exanples of such
waalb®6i4mc| ude t he sul fate, pyrosul fate, bisulPet/€eA2005001926

sulfite, bisulfate, phosphate, nonohydrdgenphosphat e,

di hydr ogenphosphat e, netaphosphate, pyrophosphate,"

chloride, brom de, iodide, acetate, propionate,

decanoat e, capryl ate, acryl ate, for rrat e, isobutyrate,

t .
CoBi R BELAEEL  oLLOBLSh iRl SRR
b uplwreadeuttbahhoombsuortfev(gdmemkt;aﬁerdto@ambj pct Ingmnaletidnef the
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kiRl p TS e B BIE, R p Bl B Pirip e o

st bactehicgatistseline (@iingamtadting abbrit Orfgt mighnl demyhilcahbl), phosphate-

SO ) Mat er qr organi c V. ound by

mop Rl sfehonics S8iin, Rined A0 Earl @m%fs? i

i neicapeldting @mpbatioms C&au}n asdah ccianng)aféhatd gulvsmeocmroﬂ&magl) are

t E%lpogJSI Ihg?]iﬁ gBaIJeIS '%2347"@(381&1'31%8[1# eledse dofé Ctsaj John

20%1/8:@@81_4523@8, R’_EBIG’)CAZOOS/ 001926 net abol it e [ n

ggwgg@?t 'ol? Qfgml%)rbe%ﬂnda%%gf | Ca?ér?alrp mﬁe sc 0564 l%%lm"/:r%gt%bo%tes

adeanbic obtpined asdififayent stsugbisendrs (el rdmuﬂem)mens and erralht@mers) and

co I ord

ol aHE v BBl Sk HE Rl ang Rl ARREL 9 Golcd®

pataaoppdsland wethedsof tedtingd mbmcswlabotbnms @sbmt:ns am mixtures

e

Su”t:ﬁtkrgb chluﬁ]ﬁ? ﬁag%:nglﬁ tnlﬁﬁtﬁ%g]c%?r?(?lgebtrng@snéan bE Q%t'nta&(d; an(i 1sc‘531%tzd using

i nwéuﬁtaéiﬁreethﬂhﬁfueh agRbrerartogiapher act Wit h t he conpound.

St andard pharnmaceutical fornulation techni ques can be

e I oyed such as t hose descr [ bed in Reni ngt on S

Eaﬁﬁ@n Pa Swtabl e phar maceutl cal carriers for

parent eral administration include, for exanple,

st OP162E \ldvingroreaninexirestions edhess Biidn enetabblitet were odtagted, alried,

S aleb j

R AR T £t o e e L

Ri Wifewess spegeem?®- and t he |i ke. Methods for

encapsul ati ng conpositions (such as in a coating of

hard gelatin or ¢ cl odextrasn) are known in the art
aapical synthesis of 13AX4f7 MethloliteRe| ease of Bi ol ogi cal

(E
Acmow@.r Aq\@asb%htes apmzwun%x?% PP hemicaP s?)ﬂihﬁ%sg%gl]

al so be under st ood at certaln

di Teenofwkerylaactabekite s Am bef cyclosporine A has been synthesized by
4 , M.K. Eberle and F. Nuninger, as reported in “Synthesis of the main metabolite (OL-17)

of cyclosporin A,” J. Org. Chem. Vol. 57, No. 9, pp. 2689-2691 (1992). Eberle et al.

have noted that cyclosporine A is metabolized in humans and animals to a cyclosporin

whereby the original allylic methy! group (on the side chain of the 1-amino acid

28-



can be obtained as different stereoisoners (e.g.,
di astereoners and enantioners) and that the invention

w0 naboaaso al | i soneric forns and racem ¢ m Xt UPE€ECAR005/001926
the di scl osed conpounds and nethods of treating a
subject with both pure isoners and m xtures thereof,
i ncluding racem ¢ m xtures. Stereoi soners can be
separated and isolated using any suitable method,

nggfgé) i§ ?{lglg?& t{)ese I‘IXS orrﬁnrgaa ly(,% C#gl %{%erle Gﬁ% OIU%tVﬁ ggrgarnpted to
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Pﬁm% e%PrlginaI allylic methyl group (on the side
chal l-amino acid -28 WO 2006/ 063470

PCT0616200 55( ﬂﬁﬂé}gﬁn’thé’tﬁ $htﬂ\b|@) maySbeQsédlio @&Qlu&eQSAM metabolites,

corr aIc Eberl e et al

"ot E I BB St S ety e Ry it grbon
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ecti the resul ting

e bt ST D B P SR oS e 4o Lyt o AT i

Of résltiak i 1,2 dibr Rrdshak qulb;ycaibﬁﬁﬂﬂtﬁ%lderbﬁalﬁcet yl - CsA
with N_bromosucci nim de The groduct fromt hat

ot dPifals {hetherirakediments, th@ﬁ%ﬁ@h@&@@ﬂ\é IMgf and IM9 may be
t etszﬁi@éﬂzb‘d WH r}})ﬂﬂédﬁﬁé file ﬁta%%l o¥MHe Gl b RCT rSsidfASF the p?rﬁnt

exchange of brom de by the acetate. Finally,

sy FPRENg 1%7 éfbf?ﬁp éiPé’(‘EFCE’? 15247 semppigda?) treating the protected-
t r anseStah A fHaQ)?Eﬂa@lﬂ ent Q]@h asAG! %Tf(fiﬁo%uécﬂmﬂﬁé ml to férﬂl a
0

t he presence |un1net hoxi de, to exchan
ac SFAgced-IeR Tihatiis hnloganated S whigh infong emberimentis ommated) at the

CORMEFHeh MNhOSidCHGinO SPRE 4, I3eor/§ Jrﬁn& R&q fgéld? 3) hgﬁ'ﬁg el lp!rctdﬁct

was reportedly obtained’in 8% vyle
r e\PEFIS @EPVISRES ia dhenigsence Bf mst@gmgmem{s@@na@q A
SI 1 I t
%t%gﬁt}r,r%%igl%%%?}tagg&@ b u colﬁﬁi?%é;gocﬁ%p gr% performmg

’ f ora tapsgpterifigationrto eéﬂhyng?éheaab@atp meicinofiche ashatamonthikips product of
CamRRevious k’tg;l;‘wﬁﬁ a@al@ﬁﬁﬂﬂ&&y rl]ffoﬁﬁ Ithé:?{ atlac?metabohte The

hydr oxyl at e For exanp atl

oc &eierd ehepal gancerts ¢ffa mqnehbslrmlatszra seﬂe chaq@o@msm@e other

aciithn Ihel B8l HeRl- OfesitAZ 1942475 Be similar to that of the above-described
monohydroxyla;cion of the side chain of the amino acid-1 residue of CsA. However, it
is contemplated that substantially different synthetic strategies will have to be employed
to obtain metabolites which are hydroxylated at the amino acid-1 residue of ISA247 in

view of the conjugated diene system that is present in ISA247, but not CsA.
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resulting in a 1,2 diol across the (3-y-CH3 carbons of
the side chain. [00165] In other enbodi nents, the

woredoaloed4ra es 1M4A, | M6, and 1MP may be synt hesP@BEdAbys/001926

1) protecting the (3-al cohol of the am no acid-1

resi due of the parent conpound |SA247 to forma
prot ect ed- | SA247 conpound, 2) treating the protected-
| SA247 wi th a hal ogenati ng agent such as

succi nim de S), to forma protected-I|SA247
thgﬁ)?&’i %‘1 86@?@?@8 gl('\‘lgmfneﬁﬁ dieciddowar ehemiseHy syr%hesxzmg
br Bit2Aaetipolas, te @lkené16a6tR0 B BE silii@adiod e GhRHoHSiOf o
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BFLDS cpee Pl ot digsedlies dwongh am crowiss interedlinig.
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of ISA247. Once metabolites are created in the microsome preparation, ISA247

metabolites can be isolated and analyzed using HPLC/MS or NMR, or other techniques.
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anal ogous | SA247 netabolites via the sane chem cal

process that converts cyclosporine A to | SA247.
w@e@pasisng | SA247 netabolites via a mammal i an PCT/CA2005/001926
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[00175] To the inventors’ knowledge, conventional biotransformation methods have
not been successful at producing metabolites of cyclosporin and ISA247, perhaps
because of the lipophilic nature of these compounds. Without ;zvishing to be bound by
any theory, it is believed that a hydrophobic compound, such as ISA247, rhay tend to

adhere to the surfaces of filters, columns, and other hardware used to carry out the
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ATCC No. 20501), Streptonyces |avandul ae (e.g., ATCC
55209), Stretonyces aureofaciens (e.g., ATCC 10762),
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Analysis and Elucidation of ISA247 Metabolites
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and ot her suitable alcohols well known in the art.
[00180] After addition of the parent
W@ eomposdade sur f actant m xture to the bioreacti oPCT/CA2005/001926
m xture that contains the m croorganismin growh
medi um the bioreaction is allowed to proceed for a
time and under conditions which permt the parent
conmpound to be netabolized. After the desired tine,
”}8 Lab gb?ﬁtesggﬁsgfﬁ v@e% ?eﬁarfat%@ ‘&1@@ cl@nﬂfa@é‘i‘éa‘fdc&ﬂsﬁcs and
Separ a or exa
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uced I1n vitro and in vivo, and are al so
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of benzene ds were used. The obtained spectra were analyzed using 2D NMR Processor

software of ACD/Labs (Advanced Chemistry Development Inc., Toronto, Canada).

Transformation at the amino acid-1: diels, cyclics and epoxides

-36-



from hi gh-pressure |liquid chromat ography (HPLC) data,
and structure-specific ion fragment information
Wobioaiossad f rom el ectrospray ionization (ESI) nBSECA2005/001926

spectral data. Fig. 6 is an LCMS trace in MRM node

(Mul tiple Reaction Mnitoring node) using a SC EX T™M

triple quad mass spectroneter. [00185] The HPLC- MRM

scan of Fig. 6 shows a typical |SA247 netabolic
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diol-1 or IM1-d-1 '"H-NMR at the diene region between about 8 6 and 7 ppm, indicative

-37-



It is inportant to note that, depending on the source
of the material, whether from chem cal synthesis, or

WO s@o@atxdo f rom bi ot ransformati on, m crosones opChicag@s/001926
or urine, the peaks that appear in the HPLC may be
different. For exanple, chemi cal synthesis mnay create
diols which exist-as both R and S di astereoners of a
di ol structure, while enzynmatic netabolismmay form

8? % é‘g i_ag % tﬂﬁe{ gﬁ qfﬂwﬂg} Ol#hgs L ; i g\h-? P%%Og%ﬂ?%l@ gltnmgtﬁ}q proton
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S Ghearman Bep dd ohd £ WHLT e i pnte TG R e the K-
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NHepshstastreemers & W3 axt PetsTolsdp atsten08e Qf f%%ﬂ‘?""&m Mg
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two diastereoners, differin
or from fungus) or using chemIcal react1gns in the laboratory. For example, during a

chemical synthesis, an orientation of chemical intermediate may produce a

. diasteromeric mixture that is richer in one isomer than another. Alternatively, the
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the stereochem stry at the rl carbon of the am no

acid-1 (aa-1). The trans doubl e-bond configuration
wor®emetser m ned fromthe coupling constant forPODCA2005/001926

di astereonmers having JE(=15.0 Hz. The proposed

structures for IM-d-1 are shown in Fig. 10. 1001901

Fig. 10 shows that the structure of IM-d-1 is a diol

at the 11 and 0 positions of the amno acid-1 (aa-1)

S | WlGira6idTrinthtioh plob&dfny c?6é diastB65AM R SndidbSlitdsl aOSHelok Bdsdl S

chiral center, the |M-d-1 conpound can exi st as
t v%aSEreggFQr%r%méefera}m%ﬁlﬁha Prepegspdintaagpihprgngiahofitndifferent

t hom the G911 1207) wichlskiSys WH A #GrShudis 1ABars PRVt dnihd™T I
10. The mo dlastereoners present a ditferent NNR

s fOEFP -0 Adimatiebiie chemigal prpicess ey Bat

c hﬁdiﬂaﬁﬁbmﬁlﬁbﬁ ﬁbcéféﬁs fnlé‘y SBRECH Iillaﬁer%lﬂe?'t}%@fé @ Heftbcessed into
properti es. % Sur§%|5|n , the NWR studies

s HBRWBEr melgholi %\ffsqem.ﬁ?@ IM}-dd| coppouny; wigch skews the agtio of
| SASHhéts thADRE Brebdie 1nrﬁ%b&bﬁﬂ }ieEEuslﬁg nede T%l@g slﬁ)ws t}ée chemical

bi ot ransformati on neth (using fungi, the -
s ) asyignmends fpg 11 5-¢rl @apﬁd)ppgheeabeye Iﬂlm_{a@allsm W}nle this table

direstRhe @ﬁ%o'ﬁlpoﬁrmmﬁcﬂ vV'as ifengfiediB NIMR, fabi@ 3RS compound was
configuration, in 1:1 ratio of_ diastereoners.

HORBAFEY in thisspmaple; r?&emﬁ%ltsgﬁ igforrptiop ey e segopd gempagngd arg not
Dr B Brabl 1C heRic6@] thStudliBramnas dof Bsstdion’t, BABRLIC hre shown
when, i sol ated usi ng HPLC- M5 and studi ed using NVR
ré8i%®in a mixture of IM-d-1 diastereoners in a

3: Fablt1 0. IM-d-1is a met abol ite fornmed from
tramsd-h@RRAY, as shown in Figs. 42 and 43. Wile the
di Bheplenaejorn the i soneric ratio detected in the Kl-
2A  NVR spectrum nmade it possible to obtain the proton
chem cal shift assignnment for each diastereoner, it
was not possible to assign one of the structures as
shown in Fig. 10 to the ratio determ nation by NWVR
This di screpancy indicates the possibility of a
preferential production of one diatereoneric

net abolite over another, depending on whether the

nmet abol ites were produced using naturally occurring
enzymes (fromliver or fromfungus) or using chem ca
reactions in the |l aboratory. For exanple, during a
chem cal synthesis, an orientation of chem ca

i nternedi ate may produce a diasteroneric mxture that
is richer in one isoner than another. Alternatively,
the -38 WD 2006/ 063470 PCT/ CA2005/ 001926

bi ot ransfornmati on process nmay create di astereoneric
net abolites, and one of those diastereoners may be
preferentially further processed into another
nmetabolite, different fromthe IM1-d-1, which skews
the ratio of products that are present in the
corresponding peak in the HPLC. Alternatively, the
chem cal process or the biotransformation process nay
create a diastereoner that is further processed into
another netabolite, different fromthe | M-d-1
compound, which skews the ratio of products that are
present in a specific peak using HPLC. Table | shows
the chem cal
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shift assignnents for IM-d-1, based on the above NWR

analysis. Wiile this table represents one conpound
wonioslessas | dentified by NVR, nore than one coP@DOA005/001926

was apparent in this sanple. Chem cal shift

i nformati on for the second conpound are not shown in

Table 1. However, the two term nal diol diastereoners,

IM1-d-1, are showmn in Fig. 43. Table | [IM-d-1 4
_(KI-2A sanple) mmjar -39 06/063470 : .
ARG @005/ ddHOP dChemicalshifici] d | HdrepRagd a)  shitis | Ahemical shift

aci d Hs Chenrfical shppm)?m 3) AtiMBINg@cH-§ Anjnol acid-1
Adhipaaci-5. 39 CH(u) 1 5.60 CH{ 18y 2 34 gHl1l4 215.39
obiep2) 1 1.461 CH 1 2603 CH(y) |CHB15 y-cH3 4 .08 2.34

SI™3 1.161 CH(81321 2. 38 CHIHER2). 3 1.05 | GH(82) 1.46
CH(A> Ve 3 3428 CHfsy 1 5./9441CK@) 1 5. 5341 Amino 2.5
G 7 CH T 4328 CH(@bgT 4- 19| |@#HH3) 1 3.63] GHB 3 1.16

N CH(02)| 4 B- 63 HEgT 7. 99 53 3.62 Amand 1.05
% 3-8 A0 9T a=2 %fgga) 4.8 Me(a) T 5.06 ¢ 3323
e SHCE3L)— 1477 T 7+ 64 P2y T T.77 CH3 3

( i HeTs "“‘%gfﬂ‘%- CH Mrhine-aeld-7CH(PT) |1 2.18

‘M{;)m aci d.- 2 (1 J ol_) . 3 20
CHw) |71 TE o8 CH(w) 1 4.79
CH(61) 1 3.63 CH3(8) 3 1.66
CH(82) 1 3.63 NH 1 7.99

- 3.62
N-Me S Amino acid-8
Amino acid-2 CH(a) 1 4.81
CH(o) 1 5.07 CH3(B) 3 1.00
CH(B1) 1 1.77 NH 1 7.68
8’:,‘3‘12)) ; g'g Amino acid-9
NH ! 1 8.35 CH(o) 1 5.87

CH(B1) 1 2.18
Amino acid-3 CH(B2) 1 1.25
CH(a1) 1 3.98 CH(y) 1 1.25
CH(c2) 1 2.17 CH3(31) 3 0.91
N-Me 3 3.07 CH3(52) 3 0.83
N-Me 3 2.96
Amino acid-4 . e o
CH(a) 1 5.60 mino acid-
CH(B1) 1 2.24 CH(oy) 1 5.34
CH(B2) 1 1.54 CH(B1) 1 2.44
CH(y) 1 1.33 CH(B2) 1 1.29
CH3(81) 3 1.08 CH(y) 1 1.78
CH3(32) 3 0.88 CH3(31) 3 1.15
N-Me 3 2.57 CH3(52) 3 1.15
N-Me 3 2.86
Amino acid-5 _ ' ~
CH(a) 1 4.80 Ar_nlno acid-11
CH(B) 1 2.55 CH(a) 1 5.16
CH3(y1) 3 1.07 - | CH(B) 1 2.26
CH3(y2) 3 0.88 CH3(y1) _ 3 0.90
NH 1 7.61° CH3(y2) 3 0.63
N-Me 3 2.99

3) Chemical shifts (ppm) are expressed in the & scale.
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CH(al) 1 3.98 CH(y) 1 1.25 CH(a2) 1 2.17 CH3 S1 3

0.97 NMe 3 3.07 CH3 S2 3 0.83 NMe 3 2.96 Anm no
wa@ceoodod34@H(a) 1 5.60 Amino acid-10 CH(PI) 1 2.pdr/CAi@ms)po1926

1534 CH(P2) 1 1.54 CH(131) 1 2.44 CH 1 1.33 CH(P2)

11.29 CH3 S1 3 1.08 CHy) 11.78 CH3 82 3 0.88 CH3

SI 31.15 NMe 3 2.57 CH3 M 3 1.15 NMe 3 2.86

Amino acid-5 CHa 1 4.80 Amino acid-11 CH 1 2.55 CH(a)

1516 CH3131.07CH12.26 CH3 23 0.88CH3 13

NH 1 7,61 CH3 2 3 0.553 N-Me 3 2.99 3) Chem cal

%"1%0 Tans tguration assi b

i 8¥S8E°T™h the S scale. -40 WO
2%1(’)‘%;%’%%%% B%r’%ﬁ%@%sl 001926 4) The trans
configuration assignment was based on the coupling
constant (Jr 15.0 Hz ). [00192] The second di ol

(sanple KI-3A) to be studied, |IM-d-2, was isolated
fromthe chemcally transformed | SA247 ( cis : trans
[60192] dBhe sesondglitiRsBie Kil{3iA0 &t bostudied) IMA rib ywadsdiyted from the

N d.2D Y,-to.determne its s ure. Fig.
il B Emal AN G im o pnat B Espdoateniine
anligzcdbyNFRNS fle@id AT OICSY @Rt 4E stridifre, PRTRAERSRhe H-

f these 'H-NMR spectra denonstrates the |oss of the

FRCHTE St remmarsd te thenH-YMBppectium pyiraes-18A247. The
! . . PR
LAtk Yol BenfBAt: B8 ity Uit gpoons boveen
6N tpyd, implygigetteansformton s il sideafbiarng asd g gws bb@riabiat of four

SRS DR S NELHS! s LA ez e
cpelivviepiidd fencR emhdty iFig/ 10khéWAE2IS CORY shd MHEST ssRARbEhe diol.
T Qsee s%gc!tlzriai I%Q\t,iﬁg trh\évacglgnectivity of the signals, which enable the straightforward
assignment of most of the protons, except those of the éla-l side chain where the changes
were observed. The expansion of the COSY spectrum of the o i)roton region between & 3.8
and 6.2 ppm is shown in Fig. 13, with solid lines indicating the cross peak correlations.
This is also demonstrated in the expanded 1D 'H-NMR spectum, shown in Fig. 14, with
some additional assignments of the protons.

[00193] The COSY spectrﬁm demonstrated that there are four cross-peak correlatibns in
the region:

[00194]  The signal at 5 5.80 ppm to the ones at § 5.55, 4.29 and 4.16 ppm.

[00195]  The signal at § 5.55 ppm to the ones at § 4.16 and 4.02 ppm.

[00196] The signal of 1-o at d5.24 ppm to the one of 1-B at & 4.26 ppm.

[00197]  The signal at 6 4.29 to the one at § 4.16.

[00198]  The signals observed at & 5.80 and 5.55 ppm are indicative of the olefinic
protons .(—CH=CH-), and the signals at § 4.29, 4.16 and 4.02 ppm are of the protons
attached to alcoholic carbons (>CH-OH). The coupling relationships between the signals at
64.29 and 4.16 ppm, and between these signals and the olefinic proton signal at & 5.80
ppm, suggested that the signals at & 4.29 and 4.16 ppm are of the methylene protons of the
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assi gnment of nost of the protons, except those of the
as-1 side chain where the changes were observed. The
wezpaneison of the COSY spectrum of the a prot oPCT/€42@5/001926
between 8 3.8 and 6.2 ppmis shown in Fig. 13, with
solid lines indicating the cross peak correl ations.
This is also denonstrated in the expanded 1D 1H NWMR
specturn, shown in Fig. 14, with sone additiona
assi gnments_of the protons. (£00193] The COSY spectrum
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olefinic protons (-CH= signals at 6
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bet ween the signals at 29 and 4 16 ppm and
bet ween these S|gnqhq6and H% olefinic proton signa
at 8 5.80 ppm suggested that the signals at 8 4.29
and 4.16 ppm are of the methyl ene protons of the -41
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C}Q CH=CH2). Furthernore, the coupling of the
&g at 8 4.02 ppmw th the other ol efinic proton
109% 5 The deybla quéuceaﬁ@uammwasoﬂsmmdmg tiwne franlthe observed

| oLt di Jf‘i%gr%%g gﬁ%@ﬁgﬁe %8@%&% 8%‘9 double bond

prg’tonwntElgelSalTihe spliftieg pattdrh bf the kighgl (H&MIR and ﬁi—f)'le%r&dj .80 ppm,
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ugte Widhethe medhylenstnsetensad 84.29 a5 446 p@n sndehe other

ratlon
d%@‘ﬁbg%@%?@@ 1R Pﬁ’ RSB BB e T
shghtly[ﬁrozd hjzpearasceﬂjfahmdoubldt laed éoupin dxgﬂal bBs&PeIGbF th8dehble bond
t g$ﬁ% %Q rotons in Fig. The splitting
P‘"%SPF SPP‘PWQ“ b% 13{'%?8@&5@%%6? pf pf wi ﬂmm@alsat@m 16
,n1 due to the coupling with the nmethyl ene protons -

4.29 and 4.16 ppm and the other double bond
[0%1 onThg fo@oxglng@@p onpectivity afjthe eese nf thwias-H stdeehain protons was

o BRART B tiOR BBLGPRE surhl 1ok §20oPBne Frat Baamires: 1

at 5QM8 ppm to 1-5; at 5 1.88 ppm, 1-5, at § 1.59 ppm and 1-yCH, at 6 1.45 ppm; 1-g at §

4.02 ppm to 1-8; at & 1.88 ppm, 1-, at 6 1.59 ppm. These correlations are demonstrated in
Fig. 16 of the partially expanded COSY spectrum. The above spectroscopic findings
indicated that the IM1-d-2 structure is as shown in Fig. 17. .

[00202]  Fig. 17 illustrates the structure of IM1-d-2 in two diastereomeric forms. Those
of skill in the art will note that the structure illustrated in Fig. 17 is in the trans aouble bond
configuration at aa-1, and is a double bond migrated product (IM1-d-2) formed by the

epoxide (IM1-e-2) ring opening with concerted water attack at the g position as
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proton at 6 5.55 ppm coul d be expl ai ned by the

exi stence of 4 Jwith the signal at 8 4.16 ppm [00201]
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&hg? he dirasterneoners Sjiogm T Fg, L, Py 18—shows
éfq]((;) am o [gcid-1 st upLire of—1 wf—%—‘vm—t—h—chem—ea-%mi = '
Sed T assTyymETt{or—p] pions—att cualLF?' to——carbons:
AL ed bqut ral—data; gt M= o= ::’rr; wHth—ehem-cat—shif t
@0)! gnm—:m ¥ ifs—present gt—n—Tabie—2—Fabte—2—HHNWR
g cal s, H—assTgnnER—of—-ME @"agmf K3 —2)
‘-‘/ﬁ&ilu acid tis T Ehemnrcat -55” t—pm-3 {tpl Hrg—cohstant
A= 5. L 24 4 'dﬂv\ﬁ atnd_lbg A 26 A
I-\III LILL) aLI U= 1 \,l_lamu Z4 U, U \a . 20U
CH 1 11\ faYal _ 2 1 AL 3t11523n 4{" C 1) 1
(a .ﬁl 4 AL. L? :_Iln y A.ﬂ) 1 ’-I-\J’ Lr.{id T~ L o) = Ta—
1B5_ M ‘f% —31-59 m4‘ s—1+—4-02—-dd—316-5—=and6-6—CH
2. oot i5 2 and—6-—5 -6H4—5 g dt—15-2-and—4-2
CHCOD— 14129 1m : S
Amino acid-2
CH(o) 1 5.06 m
CH(B1) 1 1.88 m
CH(B2) 1 1.76 m
CH3(y) 3 0.91 overlap
NH 1 8.64 d, 9.8
Amino acid-3
CH(al) 1 3.92( d, 134
Amino acid Hs Chemical shift (ppm) 3 Coupling constant (Hz)
CH(o2) 1 2.20 d, 134
N-CH3 3 3.1 S
Amino acid-4
CH(a) 1 5.36 dd, 11.9 and 3.6
CH(B1) 1 2.15 m
CH(B2) 1 1.47 m
CH(y) 1 1.32 m
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CH(02) 1 4.16 m N-Me 3 3.71 s
5,06 m CH111.88 m CH(P2) 1 1.76 m CH3(y) 3 0.91
wor@cloed7NH 1 8.64 d, 9.8 - Am no acid-3 CH al pAT/8A®5/001926

d,

constant (Hz)

MCH(P2) 1 1.47 m CH(y) 1 1.32 m
926 CH3, 81 3 1.02

001

13.4 Amino acid Hs Chem ca

CH(a2) 1 2.20 d,
Ami no acid-4 CH(ct) 5.36 dd, 11.9 and 3.6 CH 1 1 2.15

Ami no acid-2 CH(( x)

13.4 NCH3 3 3.11 S

overlap CH3 62 3 0.

Eﬁ%éﬁﬁgooiiun 3 2 53 02 Aping adioMeBPCHa 1 4 96 t

GH02) 1 1 A% o o3 898 1 05 (| oBersp b3 2 3 084

W-CGHIS N 1 2374 d 9 2 283 no acidse_CH(a) 1 5 59 dd,

122 and-3.48 ICH(PL) 1 2 48 m Ch(P2) 1 1.48 m CH
igacid-5 ‘

CH(o) 1 4.96 t,9.2

CH(B) 1 2.55 m

CH3(y1) 3 1.05 d, 6.5

CH3(y2) 3 0.84 d, 6.5

NH 1 7.74 d, 9.2

Amino acid-6

CH(w) 1 5.59 dd, 12.2 and 3.8

CH(B1) 1 2.48 m

CH(B2) 1 1.48 m

CH(y) 1 2.28 m

CH3(581) 3 1.18 d, 6.6

CH3(82) 3 1.02 overlap

N-CH3 3 3.36 S

Amino acid-7

CH(o) 1 4.61 m

CH3(B) 3 1.59 d, 7.1

NH 1 8.31 d, 6.8

Amino acid-8

CH(o) 1 4.80 m

CH3(B) 3 1.02 overlap

NH 1 8.07 d,7.9

Amino acid-9

CH(w) 1 5.93. dd, 11.3 and 3.8

CH(B1) 1 2.27 m

CH(B2) 1 1.23 m

CH(y) 1 1.24 m

CH3(51) 3 0.94 d, 6.5

CH3(82) 3 0.84 d, 6.5

N-CH3 3 3.09 S

Amino acid Hs Chemical shift (ppm) ¥ Coupling constant (Hz)

Amino acid-10

CH(o) . 1 5.38 t,7.0

CH(B1) 1 2.35 m

CH(B2) 1 1.41 m

CH(y) 1 1.74 m

CHS3(61) 3 1.13 d, 6.4

CH3(82) 3 1.12 d, 6.4

N-CH3 3 2.90 s
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CH3 S1 3 1.18 d, 6.6 CH3 S2 3 1.02 overlap NCH3 3
3.36 s Amno acid-7 CHa) 1 4.61 m CH3 3 1.59d, 7.1
WOlRD0E/083430 d, 6.8 Am no acid-8 CH(a) 1 4.80 npCcHR285/001926
1.02 overlap NH 1 8.07 d, 7.9 Amno acid-9 CHa) 1- o
5.93 dd, 11.3 and 3.8 CH(PI) 1 2.27 m CH(P2) 1 1.23
m CH11.24 m CH3 81 3 0.94 d, 6.5 CH3 82 3 0.84 d,
6.5 NCH3 3 3.09 S Amino acid Hs Chem cal shift (ppm
3) Coupling constant (Hz) Amno acid-10 CH(a) 1 5.38
7. - Pl) 1 235 m CHP2) 11 1.41 m CH1 1.74 m
fminogeid- 1 113 |d 6.4 CH3 82 3 1112 d__6.4 NCH3 3
SHlgh s - 44 MD 2006/063328 PCT/ CAJG0HLD01926  Ani no
1 GBPY-11 CcHd M |5 28 d_ 3350 CH1!{mM35 m CH3 1 3 0.88

H3(d) 5 3 0.88 d, 6.5
CH3(y2) 3 0.67 - d, 8.5
N-CH3 3 3.03 s

}) The chemical shifts for N-methyl signals were assigned based on the four bond coupling (
J)
and the five bond coupling ( °J) correlations obtained from COSY and TOCSY spectra.

2) The trans éonﬁguration was assigned for the double bond at aa-1, based upon the proton
coupling constant of 15.2 Hz between H(C) and H (1) of aa-1.

3) Chemical shifts (ppm) are expressed in the § scale.

[00203]  The third diol metabolite, IM1-d-3 (sample KI-3), was obtained from the
microorganism biotransfomation of ISA247 (cis:trans = 50:50) with HPLC purification.
The '"H-NMR spectra of the IM1-d-3 compound (sample KI-3) compared to the IM1-d-1
‘compound along with trans-ISA247 (E-ISA247) and cis-ISA247 (Z-1SA247) is shown in
Fig. 19. Comparison of NMR spectr; shown in Fig. 19 revealed changes in the IM1-d-3
(sample KI-3) "H-NMR spectrum at the diene region between & 6 and 7 ppm, indicative of
the aa-1 side chain transformation. The mass study information also indicated the changes
at the amino- acid-1 side chaiﬁ with formation 6f adiol. These changes are similar to those
obtained from the 1M1-d-1 metabolite, fhough the spectral comparison indicated that IM1-
d-3 and IM1-d-1 are structurally different.

[00204]  The amide NH proton and the N-methyl proton region of the spectrum indicated
that sample KI-3 is a mixture of one major and several minor contaminations. The NMR
analysis, therefore, cbncentrated on the major product of KI-3 (IM1-d-3), mainly by cross-
peak correlations obtained from the 2D TOCSY spectrum (See Fig. 20). The 2D TOCSY
spectrum at the amide NH proton region showed that the major amide NH protons are of
aa-2, aa-5, aa-7 and aa-8, as obsef‘}ed typically in ISA247 and its metabolites, and are
identifiable by observing 2D correlation to characteristic signals, such as 2-yCH;, 7-fCH3
and 8-BCH;. The expanded TOCSY spectra of the amide proton correlations are shown in
Figs. 21 and 22 with some shift assignments. Chemical shifts of most of amino acid side
chain protons of the major metabolite were similarly assigned based upon the TOCSY

spectrum correlation. The existence of four amide protons and seven N-methyl group
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shifts for NNnmethyl signals were assigned based on the
wo oas/063am@l coupling and the five bond coupl i neCT/CA3005/001926
correl ati ons obtained from COSY and TOCSY spectra. 2)
The trans configurati on was assigned for the double
bond at as-1, based upon the proton coupling constant
of 15.2 Hz between H(Q and H (ri) of as-1. 3) Chenical
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at the 1 position of aa-1. The KI-4A sample displayed distinct NMR spectra from those
presented in Figs. 19-25 for the KI-3 sample. While it was possible to identify these
structures, and it was possible to isolate and study each diastereomer, it was not possible to

assign one of the diastereomeric structures definitively to one sample or the other. It was
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the IMl-d-1 and I Ml-d-3 netabolites in the HPLC scan
shown in Fig. 6. Chemcal shift assignnents for

wo MosdeB7@r e presented in Table 3. Table 3. ' H@IVRA2005/001926
Chem cal shift assignnment of IML-d-3 (H-3). 2) Am no
acid Hs Chem cal shift Amno acid Hs Chemi cal shift
ppm 3) pm3) Anmno acid-1 Amno acid-6 CH(a) 1 5.68
CH(a) 1538 CH1412 CHPI) 1 2.27 CHy) 1 2.14

%02)1160 7CH331 14 CH 1 2.08, CH(61). 1 2.48 -
L 14 oY ol GHBHe 62 3l {1 hs A4 1 slge
CR3®L3 3 3l ol o C436'1 5] 6RCIHEh 4 g2 N ho-adidd7
CHaPY1) 1 370 cHA88 4 gh | @by 1 3 5d g 489 g9
N 3 3 k@ (H 1 26%0 A S83G0; a2 Ahidnb acild’s ol a)
1 507 CH(a)l1 4.80 CH{P-¥HIOY 75 c3 3311 o140 op)
Amino agigd-8l 1" ¥ 55 CH3 310 1 1 8 1D 3Api no 2416 d- 9
CHno _acidHs chehixal shift Amino_acld Hs Chem cal
CHEft  Amirdolaci 38 CH NAmpinpagacids{y o

)
CHp(yD2) 1 124 CHeHp) 112/ GH0gH 1 1 241 N CHP28 3 Q]
CHE(2)A1 3 N 301 CHPY 3 §. BOHBAmi no ac{d-4 N-CG28 3 2|95
NEHa 1 5 50 1CH(PI)7.58 2 21 paHmlaci d- 10 3CH(P2)0.9% 149
3
3

CH(a) 1 5|36 CH3(y2) 0.64
N-CH3 2.99
1) The assignment was made primarily based upon TOCSY spectrum.

2) The N-methy! signals were tentatively assigned, so some of them may be interchangeable.
3) Chemical shifts (ppm) are expressed in the § scale.

4) Cis configuration was assigned for the double bond at aa-1, based upon
the observed triplet for this proton with the coupling constant of 9.6 Hz.

{

[00208] The fourth diol to be isolated was IM1-d-4 (sample KI-8A). Sample KI-8A
-.with minor contaminations was obtained from the chemical tfansformation of ISA247 (cis :
trans = 5 : 95), in addition to samples KI-2A (IM1-d-1) and KI-3A(IM1-d-2). The NMR
analysis of HPLC isolated IM1-d-4 (sample KI-8A) showed a loss of the diene protons
between 6 6 and 7 ppm, implying a transformation at the side chain of aa-1 as expected.
The observation of four amide NH doubléts and seven N-methyl singlets in the usual
regions suggested that the cyclic peptide structure is intact. Fig. 27 is a comparison of H-
NMR spectra of 1M1-d-4 (sample KI-8A) and frans ISA247 or E-ISA247.

[00209] IM1-d-4 appears to be the maj.or component of sample KI-8, though minor
contaminants are visible in the spectrum. Again, an analysis of the 2D COSY and TOCSY
spectra, shown in Figs. 28 A and 28B, provided the shift assignment for most of the protons,
except for a few peaks observed at the a proton region of the spectrum due to the
transformation of the aa-1 side chain. This comparison demonstrates the loss of the diene
protons between 8-6 and 7 ppm, implying a transformation at the side chain of aa-1. The
expanded 2D COSY spectrum in the o proton region, as shown in Fig. 29, demonstrates the

cross-peak connectivity of 1-a and 1-B, and unassigned protons — presumably the aa-1 side
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-47 WD 2006/ 063470 PCT/ CA2005/001926 CH 1.31 CH(PI) 1
2.45 CH3 S1 3 0.96 CH(P2) 1 1.27 CH3 62 3 0.883 CH 1
WA 2@8/06M7€CH3 3 2.52 CH3 S1 3 1.17 CH352 3 1. 14PCHXTAR®S/001926
acid-5 NNCH3 3 2.86 CH(a) 1 4.75 CH 1 2.53 Am no
acid-11 CH3 1 3 1.10 CH(a) 1 5.26 CH3 2 3 0.90 CH1
2.28 NH 1 7.58 CH3 1 3 0.94 CH3 2 3 0.64 NCH3 3
2.99 1) The assignment was made prinarily based upon
TOCSY spectrum 2) The N net ¥1 signals were
charatons eThe @spendydé@ spegirus AEthe regigiaifshann pdie. 30 with some
tercha
PR s UGURR RS bl collaPESthec b o, CORTLp LR, The
coRB&dtRE of §igialé s clowitdde), bgnc(dta,ts BS(dD), 4ﬁ&$ta)jambbﬁ3 prhém),
observed triplet for thi ton with the cou g
eash i egpied @?0@ TBotop, indlieas bt FRE OGRS #C atﬂﬂt“rf‘&’ EFE ed, such as
) :
o2 g OB Bl A Bond .15
(doheliitic dikplhyeaintifoarmableisplittiog pateARY We(ecaxsanded,tasah@wm ineFig. 31.

dd
R The 9@51;;821?{5@0@%6 SR it ippretiny GG pleinc prton
cc!u:iﬂedqo ﬁae(pg&ﬂpé &84 gr'ﬂﬁ%dﬁz H%%ﬁd 9{ 5 8. fﬂﬁpﬁhaﬂﬁx J=106Hz,
6 "and 7/ ng a

tons et ween ppm i.nply
bdsth af shizh et aocnpledtto tdvh offied with haionplafg msta_nt af 1 & eandede

The observatl on fo am.de NH doub et
it § g Bu e i Hraii e OhG. G5 B B S0uF BBt AR47 and
- 7t e eY&haGioR 8Pfduf 8mide NIT Hottets 8nd stvaCN-mdthy singlets & the usual
conpari son of 1H NM spectra of 1ML-d-4 (sanple
regjong Aygeasied thahihe CV@M&W%WECWH@@A@W[ 00209] | ML-d- 4
R
capesidf uml afgioth chiaal camak.y Therefoke, ttlhﬁes@blu@@mvamdF ipCE%yan take
spectra, sho

| 28A 28B Vi
fasfepyt ﬁoaﬁmme’%‘rc%ﬂ%% A elihe poRe W‘tg@(cté&?“‘{e ghown in
F. B2 WaPRAKRIPREREY Glbvalver, REs fugpeatdmhar tﬁgnmfbr@f)ntmlﬁmants may
spectrum due to the transformation of the aa-l sid

coMainsterepisomersorvie § andik cathopn of therad sidechpip ok ﬂ%?ﬂn%Jﬂrecompound
& 7
[erlzgﬁf § B 1(%T§lnpt%ts¥¥he ) dfg gﬂﬁj ~d~ 4 'ﬂ”esérﬂpcl HPB1eM.

on at ain . The
Table 4. "H-NMR Chemical shift assignment of IM1-d-4 (KI 8A)."

Amino acid Hs Chemical shift (ppm) 2/ Coupling constant (Hz)
Amino acid-1 :

CH(a) 1 5.46 d, 8.5

CH(B) 1 4.33 d,9.5

CH(y) 1 2.20 m

y-CH3 3 1.27 d, 6.9

CH(51) 1 1.82 m

CH(52) 1 1.70 m

Amino acid Hs . Chemical shift (pprm 2) Coupling constant (Hz)
CH(e) 1 3.73 m

CH(® 1 4.28 m

CH(n) 1 6.00 ddd, 17.2, 10.6 and 5.1
CH(61) 1 5.15 dt, 10.6 and 1.8
CH(082) 1 5.44 dt, 17.2 and 1.8

N-Me 3 3.63 s '

Amino acid-2
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expanded 2D COSY spectrumin the a proton region, as

shown in Fig. 29, denonstrates the cross-peak
wa@oemadei4rvi ty of 1-a and 1-[3, and unassi gned PCDCAR®SA001926
presumably the as-1 side -48 WD 2006/ 063470
PCT/ CA2005/ 001926 chai n protons. The expanded 1D
spectrumof the region is shown in Fig. 30 with sone
peak assignnents and peak correl ati ons obtained from
t he COSY spectrum The connectivity of signals at 6
elgh (ddd) [ 15144 (dt) 58015 (dt) [m 28 () and 3.73
: ch integrat-8d as ane |proton, indicated

3) these Brotons arel.8 ructurallly related, such as
e¥rside chdin protons0-8f as- | vérese, t he signaljs
Mi 8 600 (ddd), 5 44 §4f) and 5./¥59.9pm_(dt) which
displayed disgernable splitting patterns, were :
Arginmatiedd  as shown in Fig. 31. [00210] The cheni cal
shift of 86 .00 ppminplied that [this proton is an
Gedm ¢ proffon  coupl e393 0 the prottass at 3 5.44 ppr
Gtk J= 17]2 WMz and at2.% 5. 15 ppmdwisteh J= 10.6 Hz,
Wehs of |8hlare cougded to eachsother with a
coupling constlant of 1.8 Hz and are indicative of
Argingrcitgl - doublle bond geminal profions, as seen in the
Gitlectra of | E- 1| SA247 arab2 Z. The olkganyahd #p of T our
GHtBde NH doubllets and x®ven N-netfhyl singlets in the
G¥BAl regl on$ suggestiedd that thepcyclic peptide
GH(pucture [$ ijntact. [108211] The|gverall structure of
QHAsIH-4 isiBlllustrated.gsn Fig. 324 dte that the s and
GHx®pns of |as{l are baids chiral ¢enders. Therefore,
N-0B3 struct pge|shown ipda g. 32 cap take Tour
configurat)ong. The exact configlration of the
roneidisd W thlthe structure showh Tn FIg. 32 was nopt
ahgder m ned} 1 Hpwever, i4igol S suggesied that the mnor
aypt ami nanf s pay contoaisn Sstereol goners at the s angd ~
arpons of | $he as-1 siyde chai n of 4Ty maj or compound.
dH3212] Chesn cal shifiggssignmentg ggor Ml-d-4 are

esented | n Jable 4. 7lgble 4. HgYR Chemcat shify
assi gnnent| of [ I ML-d-4 (KI-8A). )] Am no aci d IS5
Achwenkcieal shiff (ppm 2) Coupling|constant (Hz) —Amno
omed)d-1 CH(l) [ 5.46 ds58- 5 CH I1gy 3860na a1 2 Cff L
CAHEO m -dH3 1.27 dp#%.9 CH(S[L), T .82 m CH(52)]1

>

174

chpt® m Aminp hci d Hs Ghygmi cal shi L.t (ppmy —2)Coupting
oppmstant (JHz)| CH(e) 3.3. 73 m 4428 m
CH3(81) 3 1.18 d, 6.6

CH3(62) 3 1.05 d, 6.6

N-CH3 3 3.26 s

Amino acid-7

CH(a) 1 __4.69 m :

Amino acid Hs Chemical shift (ppm) 2) Coupling constant (Hz)
CH3(B) 3 1.58 d, 7.1

NH 1 8.14 d, 7.2

Amino acid-8

CH(a) 1 4.82 m

CH3(B) 3 1.01 d, 6.9

NH - 11 7.89 d, 7.9
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CH 1 6.00 ddd, 17.2, 10.6 and 5.1 CH(01) 1 5.15 dt,
10.6 and 1.8 CH(02) 1 5.44 dt, 17.2 and 1.8 N-Me 3
W@ 2@38/06347Am no aci d-2 -49 WD 2006/ 063470 PCT/CA2005/001926
PCT/ CA2005/ 001926 CH(cc) 1 5.10 mCH 1 1 1.81 m
CH(P2) 1 1.81 m CH3(y) 3 0.86 overlap NH 1 8.45 d,
9.6 Amno acid-3 CH(al) 1 3.93 d, 13.8 CH(a2) 1 2.15
d, 13.8 NCH3 3 3.08 s Amno acid-4 CHa 1 5.52 dd,

11.2 and 4.0 ,CH(PI) 1 2.25 m (CH(132) 1 1.48 m- CH 1
Aming@cig CH3 61 3 0.96 d, 6.6 CH3 62 3 083 d 66—

— OO0 Oy

CNkoH3 3 2. 5B s Amino588id-5 CHaldh k98w 45 g 4 cH 1
CAMmP m CH3 113 1.10 &236 6 CH3I™ 3 0,838 d 6.6 NH 1
cA(®b d, 9 {11 ino_acilé36 CH(a) 1Mm5 56 dd, 11.6 and|
{CH(Y1 CH 1 1U12.37 mCHI#2) 1 1. 64 %

CH3(61) 3 0.91 d,6.2

CH3(52) 3 0.82 d, 6.2

N-CH3 3 3.03 S

Amino acid-10

CH(a) 1 5.36 £, 7.0
CH(B1) 1 2.35 m
CH(B2) 1 1.39 m
CH(y) 1 1.73 m -
CH3(31) 3 1.12 d, 6.7
CH3(82) 3 1.11 d, 6.7
N-CH3 3 2.86 S
Amino acid-11 ¢
CH(a) 1 5.09 d, 10.8
CH(B) 1 2.31 m
CH3(y1) 3 0.86 d, 6.5 ~
CH3(y2) 3 0.66 d, 6.5

- I N-CH3 3 3.00 ]

}) The chemical shifts for N-methyl! signals were assigned based on the four bond coupling (
J)

And the five bond coupling ( °J) correlations obtained from COSY and TOCSY spectra.

2) Chemical shifts (ppm) are expressed in the d scale.

[00213] . A cyclized metabolite, IM1-c-1 (sample KI-5), was obtained from the
biotransformation of ISA247 (cis : trans = 1:1) with HPLC purification. The '"H-NMR of
the metabolite (sample KI-5) is shown in Fig. 33 compared to the TH-NMR spectra of E-
ISA247 and Z-ISA247. The NMR analysis revealed that the sample contained a single
compound, and not a diastereoisomeric mixture. This is evident from the amide NH and N-
methyl proton region of the spectrum: four amide NH protons and seven N-methyl singlet
signals. As seen in Fig. 33, the major change in the spectrum from the ISA compounds to
the metabolite is the loss of the protons in the diene region (8 6 - 7 ppm).

[00214] These olefinic proton signals are characteristic for the ISA247 ﬁolecule, arising
from the amino acid-1 side chain, and are normally observed between & 6 and 7 ppm. The

absence of these peaks from the region, therefore, indicated the structural transformation at
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CH1221m CH3 S1 31.18d, 6.6 CH3 62 3 1.05 d,
6.6 NCH3 3 3.26 s Amno acid-7 CH(a) 1 4.69 m Am no
wa@eood/ob®7€Chem cal shift (ppm 2) Coupling conspenCALddzp01926
CH3 31.58d, 71 N\H1 8.14 d, 7.2 Amno acid-8 CH(a)
1482 m CH3 31.01d 6.9 NH17.89d, 7.9 -50 W
2006/ 063470 PCT/ CA2005/ 001926 Ami no acid-9 CH(c) 1
5.90 dd, 11.9 and 3.5 CH1 1 2.23 mCH(P2) 1 1.23 m
CH(y) 1 1.23 m CH3 81 3 0.91d, 6.2 CH3 52 3 0.82 d,
thé ardinoMc(@-Bsi8e ¢had8 Fhe expamdzdapéctiutOofThi mptabolfe 86h¢ amihoticid o

prgion Fagorypetge & CHsngh Opppi i g g S Y e SR Jegighigentsfor
ceAFInPprddnd ardl1 -BH &dn, s IndSit&h onliBp 8f thedks? Thdse Bssignments and
others were obtained from the 2D spectrum, as shown in Fig. 36, and all other amino acid
side chain and N-methyl protons are accounted for, except for the amino acid-1 side chain
protons. Therefore, it was concluded that the unassigned signals at § 5.75 (corresponding
to 1H by integration), 6 4.35 (1H) and 33.94 (2 Hs) in Fig 34, are of the amino acid-1 side
chain protons. '

[00215] The close examination of the peak at & 5.75 ppm revealed that it was comprised
of two protons, resonating at & 5.77 and 5.74 ppm, which are also coupled to each other, as
shown in Fig. 35. The chemical shifts and the coupling constant (15.8 Hz) suggested the
olefinic (-CH=CH-) group having trans configuration. The 2D spectrum of Fig. 36 showed
the signals at 6 5.75 ppm correlate with the peaks at & 3.94 and 4.35 ppm, both of which in
turn show the signal connectivity. Furthermore, the multiplet signal at 8 3.94 ppm
accounted for two protons, and the one at & 4.35 for one. Therefore, the structural group (-
CH-CH=CH=CH2-) was proposed to explain the signal connectivity of these peaks.(5 5.77,
5.74, 4.35 and 3.9 ppm).

[00216] The chemical shifts of the signals at 6 4.35 and 3.94 ppm further suggested that
these protons are attached to the carbons next to oxygen atoms having the structure: (-O-
CH-CH=CH-CH,-0O-). The expanded DQF-COSY spectrum shown in Fig. 37 revealed
that the signal at 6 5.77 ppm.is coupled to the one at 8 4.35 ppm, and the signal at & 5.74
ppm to the one at & 3.94 ppm. The NMR analysis combined with the mass information
clearly pointed to the structure for IM1-c-1, as shown in Fig. 38.

[00217]  The stereochemistry at the € bosition of t)he side chain was deduced from the
ROESY spectrum (see Fig. 39). The close examination of the ROESY spectrum for the aa-

1 side chain protons showed the folldwing ROE correlations:

[00218] (1) 5435 (1-€)— 8230 (1-8;)
[00219] 2)  §4.25(1-p) -8 1.26 (1-yCHs)
[00220] B) 5249 (1-y)— 5230 (1-8)
[00221] @)  §135(1-51)— & 1.26 (1-yCHj).
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CH3130.8 d 6.5- CH 230.66d 6.5 NCB 3

3.00 s 1) The chem cal shifts for N-nmethyl signals
woweee/06emst gned based on the four bond coupli ngPCHEAZ¥6/001926

the five bond coupling (SJ) correl ations obtained from

COSY and TOCSY spectra. 2) Chenical shifts (ppm are

expressed in the 8 scale. 1002131, A cyclized

netabolite, IM-c-1 (sanple KI-5), was obtained from

the biotransformation of 1SA247 (cis : trans = 1:1)

with HPLC purification. The 'H NVR of the netabolite

0079 0Ly BT 1 TG b1 v
eduradapei (§1gc 40 dllede dskill infthe aamdl fbcsgxﬁi@thﬁt?l:if:r igcaﬁrl_)l_cﬁf]d;ﬁalaél isa
CB e P S HCEl@ealfe de e GHEban (R egigprabionrsrsbgnon Fig. 40,
cﬁ’fin Hﬁ% c%ﬁﬁﬁ&rﬁﬁ@ﬂ ngpéﬁ'bwﬂmBQEf:&SWoR 5841?&?@9&@%%@*@0% the

single |
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I-ng)g?\}gﬁ tﬂ%gg% O?LPE %F?t hem P:ob%gq_ zﬂay he {eo% ]glftﬁ go : ]r@s.fag]:qg 25 well.
[80223%| sWatheutchisliiag {4 t5un@ by @zli l!h@@ry' %@&L{(poﬁ‘ﬂll@ &i#h&ural analysis
r|3|n fro he am no acid-1 side chain, and are
Ft?‘i?l ghé/é%‘% Sthigha ﬁsuge‘éfraﬁldﬂﬁa%mn alths arrams@qm@é residue,
t@ff reh&tﬁ)i%c}ﬂi%fgﬁﬁ Hig 9 forhatan. Thggéa%il%jgcggjag?%o@e with cis-

the structural transformation at
134 raoms18024726A firstetepril He regalblismsifdBAZTA(l Dis ailil@pomdatlon
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acid side chain and N-nethyl protons are accoun
reagtion hstwemy ISAGA7 ?ﬂ‘éﬂﬁrﬁan%fowdd)rqd@mbsmbad abovpr ot ons.

[(Elgﬁgf gﬁghodt thé'}@lgg %C AT es(?%' %\Bﬁ}le&rp it %E?ag veg I&lag once epoxides are

foraredgvaie aan pitack the Sﬁoxﬁddsl)o forned dﬁkﬂs ORig( R il-laétraltd% pgdgg)iicﬂreactlon
ai n.
o B TR B 81 S S R
IS 245 e gt h2atin lréac’tllﬂ;? s&@igﬁgl(%%oﬁffs ldfmﬁﬁﬁdﬁ![ gtrlfe)ﬂitlers %an attack the ¢
6 5.7 n m ich a
0&55%'3@031' 0{11 ghe:@é‘n dt%’@?ﬂ?ie 4he el@mﬂ%wppmﬁ @idgan foxm thnBv1-d-4
{

o PO OO0 0 o
o G@lbbn:g 0 thed the IMThk4 ﬂﬁt@phﬂetcam axistfin HieQforns 6f b ﬂ‘ﬁﬁd@terédﬂﬁars

3 orrelate with the peaks at 8
slg)wa 41n;5,1ﬁj Z gfgviiﬁrrﬁ g6t the Ber frpdvon of the trew copde.ttheepoxide
IM![-@:@J)Speﬁch‘)%ﬁﬁ el vy -al ﬁ%ét&*&’dm@ Mote A Y] dabn®r o5 SPRY 1

metabolite is a ch1ra1 center. Therefore, the IM1-d-1 metabolitetan exist as either

diastereomer shown in Fig. 42. If the epoxide ring opening occurs concertedly with the
double bond migration followed by water attack at the € position of the IM1-e-2 epoxide
(see arrow labeled 2), the IM1-d-2 structure is formed, as shown in Fig. 42. Note that the ¢
‘carbon of IM1-d-2 is a chiral center. Therefore, the IM1-d-2 metabolite can exist as either

of the diastereomeric isomers, as shown in Fig. 42. On the other hand, if the hydroxyl
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accounted for two protons, and the one at 8 4.35 for

one. Therefore, the structural group (- CH CH=CH=CH2-)
wor®epsaposed to explain the signal connecti vi PgT/QA2005/001926

t hese peaks. (8 5.77, 5.74, 4.35 and 3.9 ppn). [00216]

The chem cal shifts of the signals at 8 4.35 and 3. 94

ppm further suggested that these protons are attached

to the carbons next to oxygen atons having the

structure: (-0- CHCH=CH CH2-O). The expanded )
orOPFef@RSY caberc bf thmlsh ewhepaxideiafacks the eeaskgneef the Bdi-et2wpoxide,

th s b s I lopl e lormed XGRS ol hit )6 SBT3 higditenter,
anl:?l' VPREN QSR ANatsY & SithePthe Bfdstélebhiels RBoWR ESFig. 42.

nformation clearly pointed to the structure for . i
[00225] c - Simikslysdiolvformatic gjoc@_mg[fgg‘g gr;}ntem)@dlate epoxide, is possible
st.er eochem . the it . ' i .
stHEE BRATEH A L D SRy REBlob iR Betbh SR o Gitte ring.
opEiig oF @ Hene¥poKidelM Ba-2qfM1 e REESYheap Bdi erhinflates ke amino acid
-_aa-_1 side_chain protgns shqwed.the fal |.ow n
1 gsiabelita hghas ap ngﬁf &ffﬁcoggﬂ%’%a? %92%} ted. gigz .g:i 5‘% ooy a
HerdeZbr BockidRideloptdihg of fhe kis2pokilie YAHIZ)-2 (IMOE-26%) to form
re%‘%&g‘églzeﬁg f%’ v ts 30° (1- §2§S,2@ 00221) (4), 06,138, .
1,g4di6ls) The geagti Qm.ltyﬁ}ggtransggsuyt@lrg M gshing abolite, as shown in
o< 54,9 (22 LRSS shown in Fig 43. Not
FESTRSREAHEAIAR LAl PRSI 00 o i 5. ot
thaMilotle IV 1 \aS andeiMIG il betiag el a Chrica] cemt ) at thidhpsabaf, apk cdnl thengfore exist
the art will recognize that the s carbon of as-1 is a
agtithendiat@@m®é. and t herefore, the s carbon can be in

[MS?]R SORE YU Rhb Q8 d- 183deSMaM bITOAFA Deonths a njuightet Mgn&
configuration, not shown. Based upon analysis of t q%r )
SREES Withpacsktension ofienc ¢ashoatydiancemparst q €8A 14 FR3teramagr of diol

1:c- 1. peak.i s .pr ' ' he - ; ;
o i B SORTRO L 0 S 0 i
CBAl Sireatheitarniihad cSrboof thgansng and-aseswbielof the[I§H24Bmolecule is part
Wt hout Wi shi to he bound ny t 4 S .
RATTTTEMT AT TR TR
AP drein ik Ol afar iRchnting Bei o tsaRaihbmT AbnéHydrdayidteal.

aci’d-1 residue, the reaction scheme in Fi gf 41 was
(002271 b isPhiexemplarst teatiion sphame ilusiraag e Tamagiiogiof IM-1, IM-
| S r S- i r : f .
RERRAT IR h A Lyl S Shohewmhabiliaone
beRbyRErOE-IE ADLSAR Blidved wl tiescporidered xt ties, Malkehe gedescribed
exist in conformations, IM1-e-1, IM1-e-2. or | .
sovs 8 forBHOR o TegPORHe S8 BT (Lo st niegate, which can
uhg%%@géﬁfg\%ﬁg}’aﬁo;%‘? 99, ERAIFIdE 8B AWBN S ety fofletionfdf ER- Dyldehyde.

ve not - been isol ated. The epoxi dés appear

Trhe ahiehysietore e refluceshiotfowmethe Treholddy 1 trxidiraddp e BYldcaghoxylic

transi t.i on ates. i MHRACE | bet ween | SA247 and
apidpor jndprep 8@?@&1 %{Qat%‘gﬂc & Ig@sf%:érel ed above. [00224]
[YW228p Ut Tableshiligvstadish ef ISpQ2AT nizyabatites thipbreyhibitta tegdification at
a?neirlul) e?c\i/de-;lj. tTr;l }e 12:%%’[ 'SP gx)flleugs%%e ﬁgt.e For example, amino acid 1 metabolites
may include 5, 6, 7 or 8 member rings.

[ Table 5: Amino Acid-1 Metabolites of ISA247
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formed, water can attack the epoxides to formdiols.
Fig. 42 illustrates proposed reaction nechanisns for
wo b@efoesnmt i on of | SA247 diol and cyclic as-1 PCT/CA2005/001926
nmetabolites fromtrans |SA247. In Fig. 42, in
reaction schenme 1 (see arrows |labeled "1") if water
can attack the F- or ~ position of the IM-e-1
epoxi de, the epoxi de opens and can formthe IMI -d-4

metabolite Note that the 1 M1-d-4 nmetabolite has two
Ikgﬁ'tnral centers, at the S ayd w-prbons, so that

the | Ml-d-4 netabolite can exj [ he formof the 4
di ast ¢reoners shown in Fi 42. |f ter attacks the

g or O position of the tr epoxi de, It he epoxi de

| ML-e{2 opens to formthe -d-1 met abyj i Not e
that the '1 carbon of the I M-d-1 getabollte is a
chirall center. Therefore, 7thechMl- H lite can

exi st fas either diasteregsner shown i Fig. 42. If
the epOX|de ring openlnqwnaﬁurs conceMt-edl y j[with the

I
VAT T TAC C TG IX

I@l‘ e—bont—m Gt att+onr—+oti+owed By—water——at ack—at—the
position of the IM-e-2-epaxide (see arrow | abel ed
the I ML-d-2 structure is¥ornmed, as shown in Fig.
42 te that the s carbon of:]M-d-2 is a chira
center. Therefore, the IM-d-2 tabolite can exist as
either of the diastereoneric isonmers, as shown in
Fig. 42. On the other hand, if thg hydroxyl -53 WO
2006/ 063470 PCT/ CA2005/ 001926 group of the (3 carbon
of the IM1 -e-2 epoxide atf 2 carbon of the
IM1-¢-2 epoxide, the cyclic tabolfte IM-c-1 is
formed. Again, note that thf mitarbpn is a chira

ulf —ant—the—t+-M-—ec—31—retabote—can—exist—as

%ﬁ of the diastereonerssShown in Fig. 42. [002251
Slnllarly, diol formation, proceeding from an

i nternedi ate epoxide, is possibke starting fromcis
-1 SA247. Fig. 43 shows a proposed°aeacti on schene for
epoxi gle ring opening of a tran poxide IM-e-2

(1 ML- g-2trans) where | Ml-e-2 indiclates an am no acid

1 nmetabolite which is an epoxd_de, he second epoxi de
identified. Fig. 43 also shows action schene for
epoxi gde ring opening of the e#sem?e%|de IM1-e-2 (IM1
-e-2cls) to form 1,2- diols & reaction from -

IMiad-e{ 2t rans results i+ he IM-d-1 nmeta@polite! as
shown}in Figs. 42 ahd 43. In contragt, IM-d-3 is
formed fromIM-e-2cis, as shown' in Fig 43. Note that
both |ML -d-1 and | d- 3 have a chu center at the
g carpon, and can tderefore exi st no'as t her
di ast ereoner. [002261 Since' thg am no id-1 side
chai nj of |1 SA247 cont ai ns ' Iene~ systen1
with an extension of one
a grepter nunber of Hal
are fprmed as netabolitf@es i nCthe | SA24

for [CsA. Since theggiﬁgggzg car bon m no
acid-fl residue of t mol ecul e Ykd- t of an

al kene functional group, there is not an | SA247
netabolite that is anal ogous to CsA- Aml, ' wherein the
O0-carbon of the amino acid-1 side chain is
nonohydr oxyl at ed.
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[002271 Fig 57 is an exenplary reaction schene
illustrating the formation of IM1, IM I|-acetal,

wo Mosabdenyde, and | ML-carboxylic acid from E-PSA2AZ005/001926

Wthout wishing to be bound by theory, E-1SA247 is
believed to be epoxidized at the rl, 0 al kene as

descri bed above to formIM-e-2. The epoxi de can open

to forma cationic internediate, which can undergo

bond mgration or a 1 2-hydride shift followed by
IMédrdati on of | M 1- di°dehyde. The at-dehyde can be
reduced to formthe al cohol I M1, oxildized to form
| M 1-carboxylic acid, lor undergo H2
| ML- agcetal . [002281 Tab 5 shows a |
met abol i tes whi ch exhibit| a nodificatio
acid-1. Table 5 is not an>~exhaustive

of | SA247
at amno
For

or 8 menber rings. Tahbe 5: JAm no Acjd-1
of 1SA247 -54 WO 2006/ 470~dRCT/ CA2 001826
IM-e1l1 O0 HO HO
IM-e12 0 HOCH3 E | ML- e- 31" HO cH3

addition to form

exanple, anmino acid 1 netabdlites n#y indlude 5, 6, 7
tabolites

NMMdlz3 ¢-3 IM-d-1 OH O HO HI_oH

OH
-””"'”OH

IM1-d-4

CH3

IM1-c-1 HO

CHs




HO HO CH3 CH3 ML d-] CH -55 WD 2006/ 063470
PCT/ CA2005/ 001926 |IM 1-d-2 HO HO HO HO HO CH3
wakhooobs470 M 1-d-2 IM1-d-2 IM1-d-3 OH CH OHomoARdDS001926
HOHO CH3 CH3 CHCH IM-d-3 FIM-d-3 1M1-d-4 OH
\WW~\\OHiii MNOH OH"™ HOHO HO HO HO CH3 HO cH3 CH3
CHB CHCHCHC LH IM1-d-4 IMI -d-4 FIM1-d-4 IM
1-d-4 IM-c-1 HOHOO CH3 CH3 CHCHIMI1-c-1 1M
-c-1 -56
M-1 HO._ _OH HO
CKOZIH CHO
HO Ho\i HO
, CH; , CHj; , CH3 ; CH,4
IM1-c-2 .
OH
0
CHs
CH
M1-c-2

Hydroxylation Metabolites
[00229]

The LCMS scan of Fig. 6 shows four peaks at the parent ion/fragment ion pair

of 1253/1129 m/z. The major peak 1253/1129 ion pair having a chromatographic retention

time of 8.5 minutes in Fig. 6 represents a hydroxylation on the side chain of an amino acid

other than the amino acid-1. This is consistent with an IMX-type or hydroxylation-type

metabolite at an amino acid other than the amino acid -1. Considering that the HPLC

retention times of CsA and ISA247 are identical and that the HPLC retention times of the
1253/1129 m/z ion pair peak and a CsA-Am9 standard are also indistinguishable, it is

likely that this metabolite is IM9.
[00230]

Sample KI-7C was obtained from microorganism transformation of ISA247 (cis

: trans =1:1) and purified by HPLC. 1D 'H-NMR spectra of KI-7C, E- and Z- isomers of
ISA247 are shown in Fig. 44A. This comparison illustrates that the diene protons of the

aa~1 between & 6 and 7 ppm are not affected in this sample, indicating the aa-1 is not

transformed. It also revealed that the sample is a mixture of Z and E isomers. Two sets of

the 4 amide NH and the 7 N-methy] signals, arising from the E and Z isomers, were

observed in the corresponding chemical shift regions, which indicated that the peptide ring
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WD 2006/ 063470 PCT/ CA2005/ 001926 1M1 HO OH HO CO2H

CHO HOHOHOHO CH3 CH3 CH3 CH3 IM1-c-2 OH 0 CH3
W@RkhobMbIW7E- 2 Hydr oxyl ati on Met abol i tes [ 00229 CToa2005/001926

LCVS scan of Fig. 6 shows four peaks at the parent

ion/fragment ion pair of 1253/1129 m z. The nmaj or

peak 1253/1129 ion pair having a chronmat ographic

retention tinme of 8.5 mnutes in Fig. 6 represents a

hydr oxyl.ation on the side chaln of an am no acid
lsdf“ﬁ%"rm i srme Kadnd (o Mest gf the aming acid progasys sery aspigneg ypthe 2D
O Sy A B bl kP T Bl Bl bl cked the
cwmnactl\ntyeo Hels{de qhememthyirgmuprmetomf was#e-an thdrgoge) gombiged with

| dent i c and HP ten
the S 1) Sh’F%“lf ‘%ﬂf‘%éﬁ“’ éag Sa%béé‘% Wfaggg%%}Oa having the
falotvind Sctunehvad suagestadabl e, | t is likely that this
netabolite is M. [00230] Sanple KI-7C was obt ai ned
m croorgani smtransformati on of | SA247 (cis
trans =1:1) and purified by HPL&H, 1D " H NVR spectra of
KI-7C, E and Z- isonmers of IS 46Hare shown in Fig.
44A. This conparison illustrate hat the diene
protons of the as-1.betwe and 7 ppm are not
affected in this sanple, i [ the as-1 is not
transforned. It al so reveal the sanple is a
m xture of Z and E isoners wo sets of the 4 am de
NH and the 7 N-nethyl §‘L‘a ising fromthe E and
Z isoners, were observed int correspondi ng
chem cal shift regions, which indicated that the
peptide ring -57 WO 2006/ 063470 PCT/ CA2005/ 001926 is
t Mosh I ] v d
ISP e BT i b soiledty MIEERARER
(IHEFPO@GB&QI Mlldtlp]s Iﬁmm)um Clihleelairdny adhH VB @ (il etenahuad¢rr Madtigld Bond

h h I .
CoPBlasRe S by ) N BT b i TR R v
apprapyide Sarb@suhioug oﬁfhzmdhwd tthydedtionas) redpbaivaly: Theiflowing

chal transformati Vi e fol structure
QM&?&‘? gatlr(gg an ’erc emlrc]; S Pﬁs of methy protgns and relevant carbons of

the amino acid-9 (aa-9) side chain, obtained from the above-mentioned heteronuclear
correlation techniques. Thus, the NMR analysis of KI-7C demonstrated that sample K1-7C
is IM9.

Methyl protons: ~ 6 0.95 and 1.05 ppm
Methyl carbons (5, and §,) : ~ 6 30.6ppm

Hydroxylated y-carbon: ~ § 69.8 ppm
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[002311 CH3 OH CH3 [002321 The above observati on was

further confirmed by 1H detected HMQC (Heteronucl ear
wo/Robiopd4e0 Quant um Correl ati on) and HVBC ( Het er pOTYCA2@5/001926

Mul ti pl e Bond Correlation) techni ques (data not

shown), which correlated both nethyl protons with

appropriate carbons through one and two to three

bonds, respectively. The followi ng shows HVBC

I .io and the cheni cal of et h pr.ot ons
GRE5F e ot e B s ofiorech Mt ufagyeics o te.Byine i
résitdie N Noftth&i the 8infro@Bidt INGd AU LB INIO BREALDRE SF 75%3h exist
carrel ation techni ques. Thus, the NVR analysis o

incgithprihg éWé’W&P@tﬁ&W&Pﬂ shahle 6 showscheniical sINB assivBEntsdased on
INMIR - S0.95 and 1.05
ﬂ%?r%?" l\/btogsai% %@yb"g&%%?@ .S 30.6ppm as-9

Hmrso'mmealgymaasmrvc a-5 69. 8 ppm -58 WO
2006/ 063470 PCT/ CA2005/ 001926 [00233] Fig. 44B shows

KIFTE iS4 mixairdI6fE HH Zliddher @ :Irydr oyl ation at the anino
lgicdePp residue. Note that thgzemnno acid-1 side chain

of the Il netabolite of [|SAZ47 can €Ki s Chenfdal OB

Anhimvagd s @ Hstl rGemicelehifti(mpum) gt i| @mino 3adb| e| Bs shows (ghgmi cal
ind dcidefs i gnnent s based on |[tArmokkldMIVR of sanpl e
(e¥7C, thel IIMD netsmol ite. Tabk® 6. ' HINVR asssgnnent

CHEKI - 7CI (I M9) 1122) KI-7CaHgg)a m xfurg of Eand Z
A-8dnmer (E % [Z = 23803) KI-{7Cpldy KlI-7C1() Chemarcal
Gift Amiingaci d Es12Chemi gal| csiph)ft (ppm) | Am nop gei d

PRV) Ao aci d-142Anmi no jaghaHE CH( (| %)| 5. 79 G Q)
GH@F__CH[ N 4.21 Cd72 4.21 | 18n@h 1 3.BQ [13- OH Zl703. 47
CH(52) 1 2.31 CH(82) 1 2.50
CH(g) 1 5.85 CH(s) - 1 573
CH(¢) 1 6.20 CH(®) 1 6.29
CH(n)- 1 6.59 CH(n) 1 6.84
CH(81) 1 5.09 CH(61) 1 5.19
CH(82) 1 5.01 CH(82) 1 5.08
N-Me 3 3.77 N-Me 3 3.74
Amino acid-2 - . | Amino acid-2

CH(a) 1 5.14 | CH(a) 1 5.13
CH(B1) 1 ~1.75 CH(B1) 1 ~1.76
CH(B2) 1 ~1.75 CH(B2) 1 ~1.76
CH3(y) 3 0.85 CH3(y) 3 0.86

NH 1 8.09 NH 1 8.22

‘ - . Chemical shift

Aminoacid Hs | Chemical shift (ppm) Amino acid Hs (ppm)
Amino acid-3 Amino acid-3

CH(a) 1 3.96 CH(a) 1 3.98
CH(a2) 1 2.13 CH(02) 1 2.15
N-CH3 3 3.04 N-CH3 3 . 3.05
Amino acid-4 Amino acid-4

CH(o) 1 5.55 CH(o) 1 5.58
CH(B1) 1 2.28 CH(B1) 1 2.33
CH(B2) 1 1.52 CH(B2) 1 1.52
CH(y) 1 1.39 CH(y) 1 1.39

3 0.97 CH3(81) 3 0.98 -

CH3(51)

-59.



CH1 2. 12 CHy) 1 2.12

y-CH3 3 1.12 -CH3 3 1.12

CH(51) 1 2.72 CH(81) 1 2.70 CH(82) 1 2.31 CH(52) 1

WwWQ@2806/0638H{c) 1 5.85 CH(s) 1 5.73 CH 1 6.20 CHrAT/€A285/001926

CH (TI)-

16.59CH16.84 CHO1) 1 5.09 CHO01) 1 5.19
CH(02) 1 5.01 CH(02) 1 5.08 NM 3 3.77 NM 3 3.74
Amino acid-2 Amino acid-2 CH(a) 1 5.14 CH(( x) 5.13
CH(PI) 1 -1.75 CH(PI) 1 -1.76 CH(P2) 1 -1.75 CH(P2) 1

- .86 NH 1,8.09 NH 1
G ot ll o 08 A ndad G Schl shi 820 (pon)
n'.;?’:Hﬁo acildB Hic (PF @956 Aming adV-8H3 Api W@ acid-32.6H(al)
1 3. 96 CH(alD)—1-3.98 -CH{a2) 1 2 .13 CH(a2) 1 2 15
ApipeacidS 3 04 N.CH3 3 3.05 | ArfiHepasidiSdi 4 Anmi na_acid-4
Chipycy 115785 CHdBE 1 5 GHeR1) 1] 24 pg CH 4.84 2. 33
ePp) 1 111do cyEFl 1 1 GHEN 1 3D 1CH(y) 12.61 39
iyis1 310397 CH3 9% 3 098 | CHYIWD 2D@364 06347014
| @tef2rA20052 001926 04tHR S2 |3 [(EHI020HE K52 B 0. 900.88 CHB 3
56 N-CH3' 3 2 57 748ni ng il Ani nol dcid-5 CHi&) 1
4. 84 CHall 4 84
Amino acid-6 Amino acid-6
CH(a) 1 5.33 CH(a) 1 5.36
CH(B1) 1 2.26 CH(B1) 1 2.26
CH(B2) 1 1.52 CH(B2) 1 1.52
CH(y) 1 2.06 CH(y) 1 2.08
CH3(51) 3 1.16 CH3(81) 3 1.17
CH3(62) 3 1.07 CH3(52) 3 1.08
N-CH3 3 3.20 N-CH3 3 3.21
Amino acid-7 Amino acid-7
CH(a) 1 4.89 CH(a) 1 4.88
| CH3(B) 3 1.74 CH3(B) 3 1.71
NH 1 7.81 NH 1 7.92
Amino acid-8 Amino acid-8
CH() 1 4.91 CH(a) 1 4.91
CH3(B) 3 1.07 CH3(B) 3 1.06
NH 1 7.50 NH 1 7.56
Amino acid-9 Amino acid-9
CH(a) 1 6.05 CH(a) 1 6.05
CH(B1) 1 1.87 CH(B1) 1 1.87
CH(B2) 1 1.87 CH(B2) 1 1.87
CH3(51) 3 ~1.05% CH3(51) 3 ~1.05%
Chemical shift
Aminoacid Hs | Chemical shift (ppm) Amiino acid Hs (ppm)
CH3(82) 13 ~0.95% CH3(52) 3 ~0.95%
N-CH3 3 2.91 N-CH3 3 2.94
Amino acid - Amino acid -
10 10
CH(o) 1 5.26 CH(a) 1 5.26
CH(B1) 1 2.50 CH(B1) 1 2.50
| CH(B2) 1 1.41 CH(B2) 1 1.41
CH(y) 1 1.87 CH(y) 1 1.87
CH3(51) 3 1.26 CH3(81) 3 1.26
CH3(52) 3 1.16 CH3(82) 3 1.16
N-CH3 3 2.86 N-CH3 3 2.87
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CH12.61CH1261 CH3131.14CH3131.14 CH3 2
30.92CH3 230.97 NH17.46 NH1 7.46 Amino acid-6
weR0Ro6HEed d- 6 CH(( x) 5.33 CH(a) 1 5.36 CH 1 RCRCAB005/001926
CH(J31) 1 2.26 CH(P2) 1 1.52 CH(P2) 1 1.52 CH 1 2.06
CH1 208 CH3131.16 CH3 S1 3 1.17 . CH3 S2 3 1.07
CH3 S2 3 1.08 NCH3 3 3.20 NCH3 3 3.21 Amino acid-7
Amino acid-7 CH(cc) 1 4.89 CHa 1 4.88 CH3 3 1.74 CH3

. NH 1 7.81 NH 1 7.92 cid-8 Am no acid-8
%H%?ZCE'S' 4.91 CH(( x) 4.91 orﬁm%"af'dw CHE 3 1.06 NH 1
dHEeP NH 1 y[56 Agifa0 acid- "{&)no ac\gi,- 9 H:I&&aéz 6705
&) 6. U5 [CH(PT L5 1787 ICH( I87 TOH(P2) 5 18
&17) 11387 CTHp 031 3 - 1) Qa3 Sl 33;-1 05 gem cat
T AT ST o secent call Syt ppry AT, et
NBRE) — CH3; $273 -3 g53) O P TS SO ) N T i
NCHs o 2.9 Ao acid—= Amno acid—10—16 (P2)

CHia

ﬁ %ﬁi Q_Kn?e} arg' asgﬁn‘gc@baseg’ﬁgﬁltge f(lllo%fn? Qou&!ﬁ'g congtan:tl's a ﬁo CH
isdmepl CH( P2)

CH(L), 5 6.20 (dd, 15.0 and 10.3 Hz).

CH(n), 6 6.59 (dt, 16.9, 10.3 Hz).

Z-isomer:

CH(C), 6 6.29 (t, 10.6 Hz).

CH(m), 6 6.84 (dt, 16.9 and 10.6 Hz).

2) N-Methyl chemical shifts are assigned based upon the assignment on E-ISA247 and Z.

3) Obtained indirectly from the 'H-detected HMQC and HMBC.

i

[00234]  The material (sample KI-6) corresponding to the second HPLC peak with the
parent ion/fragment ion pair of 1253/1129 m/z in the LCMS scan of Fig. 6, labeled IM4,
was isolated from microorganism transformation of ISA247 (cis : trans =1:1) and analyzed
using "H-NMR. Analogous mass information of this metabolite to IM9 indicated that KI-6
is also an IMX-type metabolite. The IH-NMR spectrum of KI-6 indicated that the
metabolite is a mixture of two compounds, and the further examination of the amide NH
proton (8 7.5 — 8.7 ppm), the diene (8 6.0 — 7.0 ppm) and the N-methyl region (5 2.5 — 4.0
ppm), revealed that the metabolite is a mixture of E and Z-isomer at aa-1, having an E and
Z ratio of 3:2. Interestingly, the starting material was in a 1: 1 ratio of E and Z isomers of
ISA247. This indicates, that there may be differences in the rates of metabolism of E-
ISA247 and Z isomers into this metabolite.

[00235]  The existence of characteristic signals for the diene structures of ISA and seven
pairs of N-methyl groups suggested that the side chain of aa-1 is intact and no N-
demethylation had taken plaée. Fig. 45 is a comparison of the "H-NMR of the metabolite
(labeled KI-6) and the '"H-NMR spectra of E-ISA247 and Z-ISA247. Comparison of the
NMR spectra in the diene and amino acid a proton region clearly showed the signals at &
5.58 ppm, which correspond to the aa-4 o protons in the NMR spectra of Z-ISA247 and E,

are absent or shifted to another location in the spectrum, as indicated by an arrow in Fig.
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CH(y) 11.87 CH1 1.87 CH3 S1 3 1.26 CH3 51 3 1.26
CH3 S2 3 1.16 CH3 S2 3 1.16 NCH3 3 2.86 NNCH3 3 2.87

WO 6@6ME342006/ 063470 PCT/ CA2005/ 001926 Am no aeCTCA2005/001926
Anmino acid 11 11 CH(a) 1 5.34 CH(a) 5.32 CH 1 2.26
CH1 226 CH3 13 0.98 CH3 13 0.97 CH3 2 3 0.65 CH3
2 30.65 NCH3 32.99 NCH3 3 3.00 1) E and Z-isoner
are assigned based upon the follow ng coupling
constants at as-1. E-isoner: CH(s), S 6.20 (dd, 15.0

4an a“ﬁlf@beer}%m Suaqﬁed fhat thegtragurahmodifisation qc@mgedqze)ar the o

PP el Db pGnb on ilur AF thaieiili brofiprpgion @ 05—

1asr@na)aﬁd1gxtauthb apRAraspObf idWemem§i geﬁgeagfam aEpJn%%a {% afBds in
(bt ai ned |nd|rectl fromthe det ect ed

Fggn 66 H qamgf]‘ hegspeaks; éq shewn iz Higofte rryeayl that there are two sets
re nt
of AL RERONgL a1 SRR o530 i P

iBamity odtiofg:3 diggdseduthaidndtMi signwis st § $GBahed.3DpPM are of the Z-
m croorgani smtransformation of | SA247 (cis : trans

isomer,yand Hpsept) |y 2%and 136 ag MWNNRE -ipgragro diigi¢7 sayes expanded new

PRI BCO8. TS BoRb AP byt MBul AdS B R and 2
tl@pegapn dlnsty:ateddn g Mhoweda that ﬂnatmettme graupt &bl thd £a-4 sida chain, 4-
Cgﬂax(% bga?g%@earﬁ@ﬁsegf g‘glg%ﬁ? g?—g %Bécr&%glf nl; rt%%gf;rregé(q%réqng%g@gpndlc ating
tHaBthe new meth p@zﬂd@m ngj 4y B@loﬁﬁ {BE}BQ X445 ﬁig'cﬂcrﬁn( gac% éethlAEgrQup of

ppm, revealed that the netabolite is a mxture
th&r?a-‘*zmqlf‘s@ﬁﬁlrnoanalbsappearﬁae p dguldcrt, gnceredme Byl gioupois oburBeto the

y(llﬁﬁ)%tg tefs F:k%g %as%?grS}% ?re'll“%hn %d?é\i@rlf‘?verﬁp glais%ﬁlilcéraqfl l%e KI-6

sdniee ifdivated thaay hbérodlylafies eN@eanihé adib ©tHepiRA aino acid-1. Therefore,
met abol |$m of E- |SA247 and Z isoners into this

it s sprslvded that thebsgrvadheinglyt signalsder @memyhg@@p@f agt4 resulted from
thelodRtakive E’&]{sfomgtl(gi SPYR ASH S tauéf pos%on sﬁowrell ?19 Fl% e4¥8e nl“he 2D

TOCSY spectrum (Fig. 49) also confirmed the above modification, providing the absence
of signal connectivity for these methyl groups. This is consistent with KI-4 being IM4, y-
hydroxylation at amino acid-4. The structure of IM4 is shown in Fig. 50.

[00236]  Although not isolated and analyzed for this study, hydroxylated metabolites,
similar to IM9 and IM4 described above, may also occur at the yCH of amino acid-10
(IM10), at the yCH of amino acid-6(IM6), and also at the BCH of amino acid-5(IM5).
Some of these hydroxylated metabolites were identified on the HPLC shown in Fig. 6, but
not studies by NMR. For example, IMX(2) is a hydroxylated metabolite at an unknown

amino acid.

N-demethvlation Metabolites

[00237]  The isolated metabolite (sample KI-1) with the parent 1on/fragment ion pair of
1223/1099 m/z, was analyzed by '"H-NMR. The parent 1on/fragment10n pair of
1223/1099m/z of the metabolite suggested that it is an N-demethylated metabolite. The
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pairs of N-nethyl groups suggested that the side chain

of as-1 is intact and no N- denethyl ati on had taken
WQL@em634F) g. 45 is a conparison of the 'H NVR pET/CAZ005/001926

netabolite (labeled KI-6) and the 'H NWR spectra of

E-1 SA247 and Z-1SA247. Conparison of the NWR spectra

in the diene and amno acid a proton region clearly

showed the signals at 8 5.58 IOIOm whi ch correspond to

s-4 a pr.otons..| ctra of. Z-1SA247 a
R B helboteel Cihobe 4R EiraP s 7 g G and 2
isGrRECA BT a A8l rafiéli 8 3YiAendRY b theAirERNcd oF the dene HrdtoMBeaks of the

2006/ 063470 PCT/'CA2005/ 001926 ~ 45. This observation

aash gigediapithett Et and Lisomet, indigating thet ihegeilgideshgins ifact. The
Ay f N n

sp(@)?tﬂ{r?] éllg(glreggalgﬁglle rl](')s%g){ % yFi?%f ﬁfné%c gzlgl%snat %/g S?Jp@o as 1ncgcated by an

arfowin Higidilc moﬁq)ahbtm shhe d-aMR spefctrﬁﬁlvbﬂim Ithb(Qit@Wﬂh those of B-

TR AT RO S -

thé Wﬁ@tﬂl%&ﬁ}ﬁt(oﬁé‘ﬁlSﬁ eﬁ&ﬁs&’ﬁ&) §P£1§mo%€1d54 MEefdfordEl rHélnethylatlon

ignals at 'S 1.33 and 1. pm and .29 and’
Ofp@ynno k4 yera lguggenied ifimthgfmpta ¢lge.of 2: 3 s uggest ed t hat

PR, TR SRR Rehe f e HoB0 oy eBBORIrShad HiR srom o

offthé S04B rprotEIhsgof 18A28NB\Wad BIPRNIS HhikE\MesolRE BYS 5.56 9A®b 39 ppm,
of KI-6. The assignnent of the methyl group peaks of

respSARVELY, Bndyygreznot ﬁasﬂyrk@cateélgﬁl the spedtot. r%trérdrmqre,nhgamm@ NH
f
pri o Mgy 1 50 7 RO PR R ST pltongariging

fr@ﬁ @othristiers) tl]ﬁdlﬂ:ﬁdm ltd‘r@ﬁzﬂaﬂﬁi\?d’m}{q{r%a?s frékﬁlaﬁ—atdli; B6th ikdiddrs were

t he nmet hy Fig. 47 be to the as-4

assyaRd 807 Freicna hreteie leading that He g NEarofons efciachissonate af

h@ggrmld y appears as a doublet, since a nmethyl group is
coupled to the yCH proton, as is the case for

(002393 A2 Analysislofthe RBY BOUSY spectremmesealast tuhsets of $ipealKit-665.2 ppm

wBEREPTHER GRS oo e ekl g B Pt e
co&ﬂaﬁﬁloﬁmt@éaa 8oUae: 8isng! snt%ugnsgl pin, 208 56 azrz?%m/do QIO Both

as-4 resulted from the oxidative tr ormati o
Setss)ﬁ patkstatecovadapped mﬂmthcpramxmmvhpnomnlél those8.5 SThppiA mmh the aa-

TOCSY spegctrum onf d the above
RIS B BRSSPt BRGNS B aT g5t G However,
cheRINAE i Héstgﬁn{e‘ﬁfs drhgseadrethw anQraQHﬂ%xclﬁﬁécﬁhé ossibility of the

consistent wth Kl -4 being | M, y- hydroxylation a

signalsrad Sé@i andp 4. Themwsmgtfwnethgﬁfe anito acids Hoisrsuggesteigherefore,

AR A IR 0 AT ORATER Cgom
anﬁHQNH%dl@gﬁ%fan 8fa 0¥ Both [RheR %s&?&ryﬁns@ﬁosérbﬁlc%%d Qbnfirmed

am no ac IM10), at the 7CH of am no
byaH— dNE{IQ®B (ot ahmimal. e srgnalts bed §.3CHpmfand$i23ppm were assigned for
t hese gydr oxyl ated netabolites

b s Sheisees B SIS S ptns o
aa54 l{@i%eﬁ sHOwNVBropb&id sereeiiR! & thd mgame &14 32 ﬁxyl at ed

net abol i te at an unknown am no acid | ation
[002:404 b oChameigal synthetic methods can be used to produce metabolltes of ISA247.
Chemical synthesis of these metabolites generally follows the steps of: 1) protecting the B-

OH of the 1 amino acid side chain of Cyclosporin A or ISA247; 2) epoxidation; 3) diol
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[002371 The isolated netabolite (sanple Ki-1) with the

parent ion/fragnment ion pair of 1223/1099 nlz, was
wan@ewaxdo by' H NMR. The parent ion/fragnenti onPEECA205/001926

1223/ 1099n1 z of the netabolite suggested that it is an

N- denet hyl ated netabolite. The -62 WD 2006/ 063470

PCT/ CA2005/ 001926 1H NWR spectrum of netabolite Ki-1

showed t hat the nmetabolite is a m xture of E and Z-

I soner at a 1:1 ratio, .as evidenced

th
formatignand 4 ePliﬁ’é‘JCHPlé nWhile profsstipe akthe $rO HW@Y l&sprqfesabtﬁefor the
f(ggm_%héhsﬁ egggﬁig Iaﬁd fiigp?lﬁtt%g%lﬁmds nJ)tr}:%hﬁ?Er:ﬂl} %g[atfjs i npg{/}%% ?f ca'chc
ntekrbolites sPaskible prafectingf grigpsat thy - @Hahslu(m acbtyB tBmpRylsil i

PG E RN SHLELP S DOHORIR SRt SR AihSIOH PG Geeiserigia reaction
chrihEAs, tBE sefaté ?%&ﬁﬁg?gl'oﬁﬁ‘ Alp r&{kecomnagsﬁﬁﬂ? $iad E@Jcﬁons suﬁh fs

correspondl ng t he region are those o
climmgtien @@H@/dfqlm ¥ints Henznate ostans, ctheisrod adyld:-thtbrs are oﬁen more

rShERELRh ik AT XhAG Uy i STUT8BREoR: Yiotens
adhaptageoud t@erpploy such btetting gﬂm;ﬁbmblabeoﬁmétateal SO Sgl fted

f the .as- f_1SA247 E
R0, 50851 s e ol g S e, e
54 gfgeatd ymetﬂr&tm&@siﬁgtsrl@@fésk ﬁ]étmm@% 1OhrdsBE K.B. Sharpless.

gectrum Fur t her nor e e am de %e}?ton reg |on
Caial¥fie dymmetrig dyghegisy Wﬁdbwly%ﬁ@m{@ tgnlhshqm NewNFprk; 1993;

ppl@t ‘K‘B Qﬁ%_liﬁiegg et Il 0N t@hénzof@ﬁz 57) DRl adAsoghotwennin Fig. 54, a

protons fro oth i1soners” wer
p@;t,eg,tg:de €sAn cpmpgumb g?VlﬁT] ant kBylef cil@hioh dnmaltyl egn t ﬁlﬁlergoh Sharpless
- an tons s-4.r sonate herf ld. . .
el?l. ((g%ﬁ@i\l ence of%]eac?' 1pns IQB) d@ﬁgbﬁ[ é@&)ﬂ epgrede-ring-

v

opmxg, obuki Igmdaltcs dinll netdboBtepSRe WO 00030358k ehtna w@ 20096212249).

m The anded spectrum (Fi ives
A@‘F‘é‘é‘fvelye g@%‘@?soﬂgyg?xx ﬁé@eussnggﬁ%n@em@ﬂs azeﬂ gagent such as

ABD-AK-HRAD-n0e, (ﬁ( B: gﬁﬁ:%@ W 14l AR, S8t 13992 ;f 7%f70) could be

peaks are over th ot her ‘am no aci
employed iatthe Sﬁltﬁesmwﬁ dipk thetttditesa - R dptesantptivt m;ﬂm;darb libseated in
%0543 4.7 ppmw th the as-5, as-7 and as-8 a protons.

wever, chem cal shift assignnents of as-5, as-7,

[08248 aRig. 55-illhstexel taecheihal ROEELIY heth¥dPtard BE used to direct the
si.gnals at .6 5.2 an 4.7 ppmarising fromthese

SRR oL sreide P ‘Prsaf%'dg@‘éstF@a exapRlecindig, 55 tcwa%lk%faﬁgl boronate

es%@é‘ag&ﬁ@%ﬁﬁé W6kd Yo Bfm ﬁledsrs{z &idi of g‘v/lg% -P P, dl& St -4—2 can be

5.26 ppmresulted fromt aprotons 0
foggedyif drangrgil Halld dreeonste ates e@agomtstam wsed m@erﬁa Browayed al., J. Am.

RIS, B, AR Lok SRR v,

alpﬁ(ﬁlgr@hermri@%lﬁlﬁsézm 6 4.76 ppmand 6 4.72 ppm were
as-4, Fig. 53 shows a

b oot st SnBioPRion Sueapones GodeiBle) Being
chl@0aKbbrotoathsthddss Fiit b@mu@tr&e& dheﬁt%e ﬁmfbi?alyﬁ ?@hl&%auyq borane

roduce netabolites of Chem cal synthesis

Tepgrassig mebedls descried dn Hu |e§/alf, &1 PrenEherhel 99867 8843 wll result in
th@f&ﬁl%d 8%id-Gfoxids which can be transformed to diols, see also WO 2003/033526

and US 2003/0212249.
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OH of the | am no acid side chain of Cyclosporin A or

| SA247; 2) epoxidation; 3) diol -63 WO 2006/ 063470
WEON60ARA005/ 001926 formati on and 4) depr ot ect PONCA2005/001926

Wil e protection of the (3-CH nay be~preferabl e for )

the formation of epoxide and diol netabolites, it is

not consistent for the formation of cyclic

met abol i tes. Possible protecting groups at the 13- CH

i ncl ude acetyl, trinmethylsilyl, benzoate esters,

(00208 i duedditiretotbasyslie shinosacidtlimstabokited dischssed abdver which show

5 Fll;}%tﬁ;gl(.; flfl?% g&g@nﬁg %ﬁ&lh&ﬂﬂ cy 1?%&{1}%%”(? 1 niﬁlaeﬁ)oﬂ{:egtaraet possible, which

congzin bj Grs 83nmhben$1ng&el F mnemahple,nneﬂg:i 4hyeaeind getadolitSiftiation is
RGBT 5 B S ORGPt
t&%eﬁ&%ﬂv}a@g} P i ORNFthd fvid- é-Z%%{»SHe m@%\.{)g‘%%&?&g $ts b%n ¢-

enpl oy such protecting groups
c§rb@R 4 t¥clidndetnbdias ivith a@ndemb@r}mg strii@urervitl & et <ds A€ 1BE B-OH of
ﬂ§3 47 can form an. epoxi de. 54 illustrates a

st EROXIdR Meiaholits ?ﬁt?gksﬁ%?w b Boarbp ayac wRiaholite with an 8

Rk ol RRARYE Sl P R ICRL£2 smapice

m\ftabkhte 3208:%s its pwn lﬂﬁrbdﬁ BeychoaiidqidtRE®R vith &Y member fh@structure is
1992, 57, 2768). As shown in Fig. 54, a

Pﬁ?@#@cted CsA conpound with an allylic al cohol noiety
[(e2dsjun m%yﬂi@(f REEESiteS Bikilaf R W de’sbtrﬁ)%g ?I 7 hm%& glso occur at

reactions involving oxidation, reac
the pepthydated hitrgzerspe m- hg%a-amm-ﬁdad %ad—lt) (andi aa}ll 1.nBoabof ihtes

N T R —

 damtigated aietajboﬁ&aatlaa hhﬁlmﬁﬁb agid @Ihth@$SA247 ring (dgsr:gnated “X”)

POVENET RPN N o e N
stepsthAlesdis, di’éati‘ﬁg %etd’%hﬁ@ Wl%k@ﬁlﬁnﬁﬁ&fﬁﬁﬁ?%&%ﬁﬁo&xﬁml es

are illustrate
dwqﬂ@é@tw&ﬁé&okfﬁmat@nw Qy&hZ%lym hiéar imetabotites emymn:t tybich have

mgfiifglﬁasﬁ.}ﬂl{:dgélyfa%%hs &1{@\7 ~d§%%?ﬁﬁbl§5 FHor g’)&%‘%li ' f’ xinay 80k ther

exa OXy a
mplgbalirad ewithelsiemeﬂMa of ﬁleamgaa ofiMetled at ;fo@nmnmhereamg IM1-d-

1 0uRt ehdiies eidns (E AT aiMBliadiona b s d4bollS 4rn or

IMiBe@-415 €fhetdefaetH3I00R whﬁih istembided ¥k a A %Hnaﬁ@ﬂ‘ or é‘-t%’%ﬁzatlon
110, 1535, Marshall Chem Rev. 1996, 96,

mgybe on quy aizo peid op theaﬁSA24j moggcyle viyenis agpggq_ble gJGN demethylatlon
Fo‘}%ﬂa?a)lplel ﬁ&%ﬂaﬁeﬁiﬂs&@ inkhulSh Hf’%)g ; oa%@@ﬁ n%g%holn(nﬁ?ﬁ -d-1, TM1-

epOX| di ol s) using
ﬁEIMbds? or Mj, d—5chmhm@th gdedsherte N—kianeﬂ;glaubn alu ambiky heid 1, 3,

ChIiQF I ent
%éj)q CI(P c%eié Mét ?'Eéa? %g S/{Z%?Qn aéSo I&ﬁg%ig (irlgggnmgé at a@ga%amd 1
cmﬂlﬂedmﬁueltﬂeasmnetﬂyéroﬁ@raﬁ'ﬁﬁ atQiihnynnﬁi ®RiEHOME ISA246lRcule that is
; canbb nsformed to dl? %ge alFso WD 2003/ 033526
amiena IEJ% %Gg%’f‘}éff’fgz gr ex e, metabolites of ISA247 include a diol formed at
amino acid-1 (IM1-d-1, IM1-d-2, IM1-d-3 or IM1-d-4) combined with at least one
hydroxylation at amino acid 4, 6, 9, 10, or 11. Metabolites of ISA247 may include a

cyclization at amino acid (IM1-c-1 or IM1-c-2) combined with at least one N-

demethylation at amino acid 1, 3, 4, 6, 9, 10 or 11, or at least one hydroxylation at amino -
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WD 2006/ 063470 PCT/ CA2005/ 001926 [00244] In addition

to the cyclic amno acid -1 netabolites discussed
wW@bweme34mhi ch show 5 nenber ring fornation, apdi/CA20080001926

cyclic amino acid-1 netabolites are possible, which

contain 6, 7, or 8 nmenber rings. For exanple, in Fig.

42, cyclic netabolite formation is illustrated where
the(30—|of the IM-e-2 epoxide netabolite attacks
ts own_ s-carbon in the presence of water. th

acecé%ﬂ%w Phd - Metakoligesapryidiare ma%tp&%@rqrwl%&qnacﬁe&eﬁwle IM46,
f Vi

IR0 IS8T, RISyl AR, i

metebolgeare progénd & thre HEBS] scam obFiga kEorlebcsrnplﬁnIMXnX@l) oapresants a

cygli.c abpl i [ t
BN R AP R Aoy g SRS pdd RS on e
ISR iriihg. TH&iteaﬁmh}'blé hy@bkﬂﬁﬁ@nslah& ooaltiple N&Tebﬁﬂlylaﬂons may also
cyclic mstabolltf wth a 7 menber ring structure is

00;96&%%11’136 Vo din] forpatiensti2atletr hethpsion@tad-lsinilar to

(oo des sddififo AROMBve ABXriBLEhaSS EMEtaBlited, B8ditional Phase 11

net hyl ated nitrogens at as-1, as-3, as-6, as-9, as-10
mgtatiolzies may o®unellsise Ph@s 8l matebalites mayeinclide grogphsuch asibl e
glﬁ@ur%%ﬁg,ﬁsgl‘%aé&%{(‘ gf Fr %lycosylat?oner r,H()fl g@}%\% sdé\/%(nééi) tgé lﬁlﬁe, which
ma ecdubAldhy hydgyl(gtesp omntiedSA2 gr. ISA[Z@Dﬁméﬁbolhtﬁ navdktutel @hiose of

toth bollt scrj bed. aho i na ns, of
eyl B & glf@wfe ﬁﬁgﬁ@%@ﬁﬁ G Tl st ispet
eﬂaﬁﬁlv@ O4Hali tha tnh A §dd3i{101|iﬁl Phased] Abtabdles eh*'e contemplated b th1s
demet hyI ations, diol formations or cyclizations.
disdosliol i t es may exi st which have multiple
hydr oxyl ati ons and N-denet hyl ati ons. For exanpl e,
IM1-d-1 nmay be farther netabolized with a
Esiswplehily | Piteparatioh of B®A 247 metabolites friviel wholketblewki t i on 4,

ti I - l.ude
103238 st bibpd oS Sty ey AP pAp g B ldfogz. pa0er
adMits @etdbatiies Wie eﬂm&rdrﬁthﬂwmla b%ﬂmbmg:'cerﬂmajmmmymitﬁeh (ct
diol formatjon or cyclization, '

gD H R b B 1o S o] SiorveitaBo g, of MTBE (cat,
NO: ARITeL, t@éﬁeﬁbh)qﬁere adid1 1638081 81 b1B&, %pﬁiehtf&sl (%mhéé\?aﬁ& spun

includé a diol formed at am no acid
deizin 4 tebledorgcaptrifingl for 2 p)inutesrbThedep le lwerl \é@sﬁmgmi and

c%g&ﬁ%c{%@?} {raggurgﬁg Tﬁg&ﬁ% &C\k’éjs T onghtutr?é ilrll,l gOO 12[1, 81}1%13’[851101. Bile

aﬂdnrimobxa’actﬂmmmqjecfoﬂmed:mﬂﬂmﬂbed with at | east one
hydroxyl ati on at any ami no acid on the | SA247 nol ecul e
that is anenable to hydroxylation. For exanpl e,

ESRLARA: | ERSmRA 8 is ofISADGEVRtAbofitesf Or med at  am no
acl d- - - - orIM1d4)

Poewsiration of Menpgpoxises of %—EﬂS}M‘l')"xyl ation-at amino
[@%ﬂ ’Togare;%xe (#191 ' mQbblites Y RAOUY te%g i?g?\*v%zf?gnéﬁaﬁls shown in

ude cyclization at am no ac
Figi2.cTi foﬁowhlgrs@ps wictdcaatied @asTo ast@ardd andlemateﬂy(l)oﬁ) isglmtion of

O%ﬁwgﬁ(ﬁgﬂ gt O.imrﬂ%l) S%gﬁ%%%aggyv épg’ctassmen? icarbonate

(106ak). CARL Ghris 3610928 by addition of a solution of m-chloroperbenzoic acid (23mg,

0.1 m mol, 77%) in CHCl3 (2mL). The reaction mixture was warmed to room temperature

and stirring continued for 18 h. The reaction product was extracted with dichloromethane
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acid 4, 6, 9, 10 or 11. Metabolites may have nmultiple

hydr oxyl ati ons, for exanple, |Mi6, |IM9, or |IM9, or
worobiopd4e0 N- derret hyl ati ons, for exanpl e | MAn9NPOT/CA2005/001926

| Mdn3n. Multiple netabolites are present in the HPLC

scan of Fig. 6. For exanple, IMXnX(2) represents a

nmetabolite which is both N denethyl ated and

hydroxyl ated at unidentified positions on the |SA247

§é@g These nmul tiple hydroxylations and/or nultiple

e B §learie fver vesWaihed with sxturateddNeli Geusakition and Biint. Drying
t [ as

(S OR g oty Bl Rl A" Ms 214263 v+

Nare althslpradust, W%schinmratm af e}ﬁbmke Tlhe safret prbahs daedbendyd with OAc-Z-

ISéﬁugE 05 a Hf)? Ttz E Fs(?)%}e asl If Igggézﬁ %}1 te{eggléénrl]igtlr; %fre]tpg pro%ucts will be
mghymn&yﬂﬁhhﬁﬁfn;p@osphate sulfate and the like, which

may occur at any hydroxyl group on the | SA247 or
| SA247 netabolite nol ecul e. Those of ordinary skil

ClbatvEEe Epodides of"ﬁg%rﬁ Egﬂgﬂt {at Mtjﬂgﬁi {)11* l?'tolsof Phase 11

net abol1tes i s not austlve
10822f11t i 9 hepro;l’miebowel (1 h@embwlas addded &y estumaltaadmwdoﬁumbyure of

e L T N

Theatem‘tloil mmul"mwmoraéd ep b}’ﬂéb{ﬁaﬂtlé‘ﬁ Wwith @) fetateIAB40.). and the
| SA247 and |é tgetabolltes were extracted from whol e
OrgRRy G §X RSt Washed Mith srtpraterhislFOetolution(agd bripe Rpiing (Na;SO4) and

solveht Rifoyhl tﬁfn‘ih%éd a Mﬁﬁ@sa)lldj{l'l@gﬁz ngISr(gn‘{Eﬁg S‘l@&kﬁ( e n%ﬂj}t Orhe

nmet hanol . 2nlL of wer e
praduséovas a nigorenf Qsic-Bi184a47 diblsken for 10 ni nutes, and
spun down in a table top centrifuge for 2 ninutes.
The top MIBE | ayer was renoved and concentrated under
DeprotentiolofiDidlesi due was reconstituted in 200 uL of

angl. Bile d e ctlo can be perforned
IOQEI# ﬂ‘ I@Jfgr‘?ﬁﬁg o 5%&&%% ]é&rﬁl pugsclisplvp&jphigOH (10mL)
anN’Bﬁafté}(mmL)Eﬁ'as dded adlRbiedby@blidPNARRAXEAEShatf (1 10 mg). The reaction

QAc- E-1 SA247 [ 002491 To prepare di ol mnetabolites
MBIy Frred{os 3 Qe at rpemdempRrpiae, anééh@t%‘bvﬁctﬁfitwlthptﬁlyl apztate @5

L
of ypkypnt Haﬁe 094(1)11511 (®Bmiz) MEae/adddt (ot NeBi Porificatian being PELC
I e R e Y R P P

CHC13 (2nL) The reaction m xture was marned to room
2 ryd no %ontlnued for 18 h. The

[Oﬂm] Vun%%fdﬂﬁé%ﬁ&gmﬁgﬁw %ﬂ@%ﬁ%gg@ere(fgéﬁ@d@%ned and

c |layer was washed W th sat urated

ani
6091@8 C‘aﬁolah@n O E-HeA245 (25 e, ¢ MaBBDin GHEALBhlEwss added a

soffggggf*}l J_b'lj Al Sge%%q.tg &° (ggﬁt%? 6%\29‘1&'%0][,& 7%){}]1 éﬁ%}lg( {E mi) and stirred

at paxicHpsratulé for I8 ME THE PERES B XMl Svad S68ledMo AN efcess m-CPBA
was destroyed by addition of Me,S (600 uL). The reaction product was extracted with

dichloromethane (25 mL) and the organic layer was washed with saturated NaHCO;
solution and brine. Drying (NaSO4) and solvent removal furnished a solid (230 mg). The
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| SA247 or a m xture of isoners of |SA247, but the
stereochem stry of the products will be different, as
wabh@ereidno Fi g. 42. Cl eavage of Epoxi des of OACPEF/ICI2M4/601926
to a Mxture of Diols: [00250] The product above (110
ng) was added to a stirred and ice-cold m xture of
acet one-wat er - 88% HCO2H (15 nlL, 64.5:33:2.5) and
stirred at roomterrperature for 72 h. The reaction
e was vvork% p by extraction with ethyl acetate
°>(%efﬁﬁ<)mpogﬁﬁs Pihich vegrg BRI B PaEroyRs - Ml-c-2 were
lsgpa&éarlgn?q,r%{ﬁ@% pee/cution and brine. Drying (Na2SO4)
and vent renoval furnished a white solid (110 ng).
VB (n12) 1313 (M + I\Ia+) The product was a mxture
d :

Sl

[@b253]ol \Zedi Stlﬁeﬂ/Bﬁ'bc(dlem“lO soﬂﬁ@n\b@EeﬂSAfzﬂr ! S 0a99R o)) i
foll owed by solid potaSS|)um car bonat e m \4\@%9 T ob)in

CHUTo38h) Wik 3t eolbiHE0; @Daee, {0} mg®h Then ﬂ@nfgnvtion of m-
cﬁl@@%@ﬁz‘é{ceac g Iljﬂhg 025465 51 EACH (t2r}nf)t Wy %18%? tal e, d aRs

he co rgani c extrac

cqmtmﬁgd atmobnl tqngEra(hNa%@)penRé ob4.4lh. THe rsazzltwmﬂﬁxtgta\msahen cooled

o SRR o A S g s

tﬂe%rﬂmnhi dpoxideaiyil @-B: Epoxi dation of E-1SA247
(Preparation of Cyclic Metabolite): [00252] In an
acidic environnent, cyclic conpounds were forned To a

ﬁ’\rmreti@pefrlb@%ﬁmsamed (51 ny, O 23 mml 77% |n
red at eraturefor h.
K IE Hr eact :Hg%r I?hﬁg Sé}fngg V/\Vgs B r??gfeglontﬂbe tg@,mgWé MAEes §ﬁer removing
theliCRBA wamlsslnbdsmr}oy £50% bytassilgh hhl@ﬁdetKM;,?c&ce(dG% stHa)l pieces

The re duct wag extracted with
(ag;p{_?ﬁ a?tgﬁg? g a ﬁmoq LEG |dt81qt%;;egfsd iReaschilled

gﬁ&&ﬁlﬁgelﬁlfﬂﬁr (] E/ﬁﬁMsﬁﬁé@@bﬂ‘ﬂ&Hﬁﬁﬁ 4; 359'0" 1§ 100G BEbRfek Ll er), A
(NaS®™) and sol ven renmoval furni shed a soT
ﬁ@ljﬂogem?@r (167000apm dors PezmimtesrvAOlRed 0bLe z&omogenate

Wﬁiéﬁ & He ERIR ‘BH&@S éf%@ﬂ&gntﬂ%tﬁ% F'Ift%e Bt 5B Ind ek rﬁculz%e[e Tatter,

M1l-c-I and I'M1- were 1S ust ng pr ara
thpusm@ma@uawpax eenmmggbﬁor PBatnirpat H90,EB0 ﬁgﬁﬂ}ielﬁ Brmap%ahalc;ﬁ:llet

Pr?)ge Tgc{n nps% the g%(ro%)r%aégg %v?agéﬁgﬁ%lge ltlslll’;gr 8\?&/% gfgpelmegssay

Tlﬁ-ﬁbféu( (S)l’(tf)ntmﬁm etttz dnisrobdnal raRatiog Qvaﬁ’appr&u&at@?tj 2 mg/mL.
Then,a sol out of m chl oroperbenzoi c acid

TRaWid Ry neRRI A, mcroromenssetered in 40 of ¢- png alipols at -50°C

to@@&ﬁlﬂ%@@é]&h@bcy@& tenperature for a per| od of 4.5 h.
The reaction m xture was then cooled in ice and Me2S

[0@% ué)6nvla§olmg et dog/bvek migyosomak, pRip@ed @p alycvtj was iasubated in a
250RY %rlteﬁiﬁg&lef' pﬁgk with the following ingredients added stepwise: 57.3 mg of

NADP, 254 mg of Glucose-6-Phosphate, and 23.0 mg NADPH were added to 6.0 mL of
Phosphate Buffer (adjusted to pH 7.4). Then, 2.0 mL of 5.0 mM MgCl, and 6.0 mL
Glucose-6-Phosphate Dehydrogenase (10 units/mL, available from CALBIOCHEM, San
Diege, CA, Cat. No. 346774) were added to the solution. Finally, 10 mL of Phosphate
Buffer (pH 7.4) was added. The flask was incubated at 37°C for 2 hours at 250 rpm in an
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the term nal epoxide, |M-e-1. Exanple 5: - |SA247
Met abol ite Production by a Dog Liver M crosone

w@e@pAasEr0 on Preparation of Dog M crosones [ 0BCBHEA2M06001926
liver mcrosones were prepared in the foll ow ng
manner: after renoving the liver, it was flushed wth
1.15% potassium chloride (KCl); diced into small
pi eces (approximtely 25 g) and ground until mgajor

e dj sint.egrate nachilled grinding
%‘B#&g‘?e“f%fyl“’ﬂ!ﬁfr@s‘ﬁ%?@f/ g‘l?h‘Ffe rAlp-hoprsy thegegstion : wps stapped by
ddﬁln@ljf)@ﬁLdeMH@r). A Pol ytron Honogeni zer (15, 000
[H&Qﬁéfor 3to 5 mnutes) was utilized to forma

bendetabolitggprotuced hy giineethiod were thes sxtenctedfvtidr an organic

n n fromt culate matter
PREATH b 55 RE] DR ph St g8 lontatpstanio TBBLEDO
Metgbdlitesyiat farthentleraoenined byelbdttispray Riaed eE‘tr&ﬁétBﬁ@HS)%d NMR.

the m crosomal pellet was determ ned using the
protein assay. The protein concentration of th| s

Enaﬁwomallsmamasnme PRSIRRBE BY BIBE-ShYornmitfonD/ ”L

avoi d enzyne activity 0SS, T CrosSones were- st ored
[pQ;SZ] 0 Hie lgot@mfgna@tiqg@mtgmamllz@U@crw(mgmmscboﬁfaﬁﬁﬁgéthe microbial

. A f d
HGﬁXY 068 e Wl %gﬁlgmp‘ Iﬁ% rr}{g g gi?e}l 2 oeg é),ad p ﬁneglmlggrytable for

M crosone, prepared as above:
aqtve@rd)\ﬁiﬂnrréymmﬁlrmganmrt hThhparfsﬁﬂ doﬁWoﬁlﬂi Whﬂihng&myssoluble in

57..3
BT EOENAE s i s on i e isstansfomation

siliisr’iéehrl] Mo thgs eﬁﬁlﬁ%lf‘éﬂ%ﬂ%@? Epétflzﬁfol (v@ghﬁ‘)ﬁbtd%tht ”Pw&:'f*f 40 i then added to a
b@t‘iﬂeﬁ%‘w@o}iﬁbﬁ% Spriaimag amﬁgmbép@ @Umkﬁraed ATCC 11635.

[mg%igx %ﬁ%deh t‘éqatéﬁlé4 s%%t?@r?%ggmﬁlﬁ %]la%%l?f rrL of

Sepchersnalysporganitieradap Hfhé’seéls)am\sa\sem petpered Thoen 100K ot CC

B Bl inBbubtiuEhel B tkde Sk Vet fimoled Ry geionized water,
adjosted 0l pred 0iwitN&DI9) /nd ReKiBEed Ok 36 mMAHESH 16@90 r %ﬁ%&v&@
was stopped b addi ng 500 L of 2M HC1l. [00256]

ingetlation W{t]é§a‘f§ Feueswory ey Hiesnarshhdentswere allhwed to grow for three

wedls.ass egh Wi th an organic solvent, and further
separ at ed usi ng hi gh-pressure |i qui d chr omat ogr aphy
[qopm]c) Coldvitsatmh tHegesslaney werk Widnhemseiad RAHaLd ZedRY Plllase I

{ t t (VS d NWVR Ex
T AT S
et 5 1L hagndaived saRia0 780 b pyEls g]lfldsbhazcg OThese uigred%ents

m cr.o [ s _cont ai ni ng the mcro equi val'én
Wf”ﬁé’“ﬁ%’é‘rﬁﬂm@é raésiep Msgtem apr adiostad toepH y:eamﬂaNdOH 50 mL
alltRBis W Sthch ﬁgﬁﬁer&éarto A ta:eofivagllt( CeH)d Sge“ﬂ;la?ﬂ fog, 30 min. at

m Cr oor ganl sm e parent COprOU
108 1Cu Hlognitiate aRltase I cultees, frimdedf medih wa hliquetedand tige agar slant

t diti to the biot f t
S L R DI TRERL T G

fowming aBelhdar sABpeasidnt D l’ﬂnEldﬂﬁiﬁ% suSpeBsion was used to inoculate each flask.
The flasks were placed on a Labline Incubator at 27° C and shaken at 250 rpm for 3 days
(72 hrs). |

[00260]  Saccharopolyspora erythraea was transferred to Phase Il media from Phase I

medium by centrifuging the contents of a Phase I flask at 3300 rpm for 5 min. and
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bi ot ransformati on system cont ai ni ng Sacchar opol yspor a

eryt heraea ATCC 11635. [00258] A biotransformation
wexwensrent was initiated with 15 slants of PCT/CA2005/001926

Sacchar opol yspora erytheraea. These slants were

prepared from 100 nL of ATCC nedium 196

(approximately 6.0 nL per slant) which was dissol ved

in deionized water, adjusted to pH 7.0 with NaOH, and

dste ized for 30 mnutes at 100 C. Foll ow <
Feapfing o G sunirstan i oA 1lgt FOPk OB PSR Sl et pRsadded fo the
pelleR Bl EthwaR v@ds'v?ﬁ%%dt Bed Eé}l\eﬁfugéd 168 nﬁﬁfoﬁgﬁmﬂ Aefinhe

[ 00259] Col oni e om t hese sFants were
SYDCHIgR W?%élecfi@te@hﬂmeﬂlewm I&Susﬁhﬂﬂséim PhaheHinzediw sThe subsequent

S]%ggﬁ%g)e(‘?ars\gc ?Qd %38’0%511’_0 ye as? hn%?&‘l?'ﬂ ggﬂﬁ‘? ﬁhﬁgﬂ%@k um

[0926F)at @hased] Mbﬁlamgﬁﬂamad t“asﬂgxgn @h@&dgh agéz, yehR@x@act, 11 g/L beef
HPELE G Tk atpat iphprapgrcai fomcnst (MBS Hhufier. These

ingtddipnatweremiiged ik a8 ohizad whes Ejﬁﬁadjl%tela% Enheij wafl S%Iga%-l 50 mL

culture flasks and sterilized for 30
alygyofsayere diseensedintodmtiledailurg Basks(250 odf) angd dutaclmml for 30 min. at

l(ﬂj“(ﬂuﬂ;/&q 40%a%asg§iut%9@(lec§| ant contai ni ng

Sacchar opol yspora erytlaraea. Cells were scraped off

[M0RE2]s ul3 A4 @ing) tves diksuibted if OrintNEthanol €3504) thén mlxed with 0.4 ml
TSUS of, .t hi s suspensi on was_ us

TSRS e ox bt rop ARG N B BB SamerAldrich, St.

Lbdf)IMOP ThCpibéi 6mpdund cuifad i nﬁﬁﬁk@e\ﬂasﬁhe@mea for 3
days (72 hrs). [00260] Saccharopol yspora erythraea
Sefs "f’P%’h?Pé‘f Frathraeg ipfhesRhass vakire nfediom. Flhasle time samplel,mas
I- | t l o
olgésiggcﬁzgﬂd ni}“(gzgg g&:#] ﬂr?]:@k 68 hﬁg%ﬁ%ﬁ fﬁ%@?%@ LAk 18lubator at 27
Cpati @Z@mwﬂbebainng aigl 70frtpmt he super nat ant to

[O@?&Zﬁi nAIaﬁe&?l %;p%eﬁyeastoggaé ?ﬁ’;@ W@gwgi m{lﬁ%me %re}l The Zero
time Brmnplé aigkitie aécoﬁ@%lp’l@ Wefeodx tiéeted Bsing\@ALbUt Bethy] ether (cat No.
7®E%ﬁn§t arBt %s de%: ted. The pellet was resuspended

26dop) Thegxtzec etg%gmﬁfecowa%m.mmaﬂm grade)
and el 81§zddbya0C NS & deBhaRa below®di um in a baffled culture

fl as 0261] Phase Il Media contained with 10 g/L
[08204# oS EIG 29 i5/4 bay maph cxsteplifpng ﬂ1e agiduntseed typex of metabadites which

acid (MOPS)
C%ﬁ??r%&(ﬁégsg Nlﬂl%gl?eg %el!r:l{a%; %{&q%%del oni zed

wat er and adJ usted to pH 7.0 vvlth 5M NaOH. 50 nL

Al 2 e | tobffled cul ture flasks

- == " hal 2 f L7 . Tv\een

[OGlBS‘]\IaSIn&hﬂHer&lxp&Eﬂl@Vﬁ%se({ &9@1@% ecE&‘f%ﬂlBh‘ﬁIfs@a}na‘f@ﬁ ex pﬁe a

di ssalved in 0.1 m Ethanol en mxed wth agl
v o%%gﬁ?qg?m,g@s VB sy akupted ﬁw RIE?@CQ@T ofi ISAR47 metabohtes from
ISKQ@MMM@ESME% TuBa (RN -91 C? g u?{ﬁ%ﬂ?ﬁﬂ{f nnm ghamella

Loui's, MO The parent conpoun
ec{qzn@lﬂt@m@degaas (SN & 70p AT ﬁrﬂﬂl 312)6 Cyitvbl‘caﬁ’c’echmulaﬁ‘kﬁvar

blﬂgﬂg&ald]ﬁﬂhtﬁ li§ A% gg’é8a§‘ unmng anrqmlla eczr}r)zufata var. elegans

(UAMH 7369, ATCC 26269), Beauvaria bassiana (UAMH 8717, ATCC 7159),
Actinomycetes ( (ATCC 53828), Actinoplanes (ATCC 53771), Cunninghamella echinulata
(UAMH 4144, ATCC 36190), Cunninghamella echinulata (UAMH 7368, ATCC 9246),
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obt ai ned and frozen. Each flask was then capped and
pl aced on an Innova |Incubator at 27 C and incubated

wo e006hE7hrs wi th shaking at 170 rpm [00263] BCEHEA200d/001926
sanpl e was obtained fromthe Phase Il culture nedium
The zero time sanple and the second sanple were
extracted using tert-butyl-nmethyl ether (cat. No.
7001- 2; Cal edon). The extracted netabolites were

R e TEbBE g RS S bor

e,ﬁh%r(AqwmI@j)yl ng the anounts and types of
met abol i tes which can be produced by (i.e., the

(093464 b o These gisrebasiwsye sAryenat fr metdete qorvgrpire yER (totdAmapnnt of

A S e L N

(niombérrod et iS AT rmatabaiites praduced)r lﬁeﬁ)ﬁlmﬁlly, delivery adJuvants (to

. m j . f duct

inCHatR JRIRE BLF Pl IRSRIPT (O ALD VT O e e ket

sulfoiiE(I9SD) ai Cvedn?4bL Tn eorEAéléﬂ B Hl%kx%%'aﬁjﬁlvﬁ{ta Samples
var el egans ( UAMH 7370 CC 36 Curvul ar1 a

wese Fakswy Qtl'ath‘?/’[alﬁdla apfl anadwicd avith I(ngga hractgeigrhlSA247
i e e
quAdble ISAIHT metapokites and afpAixigatd ﬁ@&ﬁ?onttlh&‘f& mﬁﬁ%}laﬂtlﬁed
ingled 1233 A A BT a U 7308,
ATCC 9246), -70 WO 2006/ 0684nie7PCT/ CA2005/ 001926
CunrirJ,nrg \anel |l a bainiere l echinul ::n“_gL Ll JANH 4145 ATCC

9244)lom NipsssMetaholifs Siopr Isvh?4 7 | Appraxitaate Ratration Tigmnin)
[ 00266122Bhese nicrB¥és were dcreened foP.78tabolite
conyerB3Gn yiel d {84241 anount of  knowd.208A247

met abol33%es| producéd3¥ersus starting | S&34) as well as
met abol253 dj vevisidy; INouivber |of di T §.67£8D39:9424 7
met abojasses| producegys Additijonal Ty, deggyery

adj YVarEey (f eSA(RERASendRar e 0of The hoHyisy

|'i papt 371° w?_h_vmq _gxam med; mc;;% lgq6g| methy

sul froxroe—(BvMSO—and—Tween—40;—n L.U]TpT:IITbUII to
gl ycerol, a known adjuvant. Sanples were taken from
the nmedi a and anal yzed with LC-MS agai nst a human

OB S P20 e T AR e 0Bl b S B etabo

AiFeREiTyFRE DO hitls obisRidstdrailish. | SERAK Bk HaRlatds %%luﬁﬁﬁiable
appr oxi mate retention tines. |on nasses quant i f

amqyet fcreefabalipawasyrgdueed 239, 1253, 1255, 1267 and 1271
Table 7 lon Mass Metabolite from | SA247 Approximate
Retention Tinme (mn) 1223 | Mdn 9.789 1237 | SA247

Tabde 206

Metabolite | ATCC | UAMH | ATCC | ATCC | UAMH [ UAMH | UAMH | UAMH | UAMH
11635 | 4145 | 53771 | 53828 | 7369 | 7370 | 8717 | 8718 | 9191
Mi-d-1 | v, v v v v v
IM1-d-4 v v N
1239 v v v v v v v
1255 v V V v
M4n N v v N} | 3
IM1-c-1 v v V v v V V v
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1239 1239 8.340 1253 I Ml-c-1 ; IMD; | M4 8.575;8.939;
9.440 1255 1255 8.899 1267 CSA(Internal Standard)

wa 00608347271 | ML-d-1;.1M-d-4 7.535; 8.166 10PCHTA2005/001926
Tabl e 8 ranks the m crobes tested based on total
conversion and netabolic diversity after 96 hours of
bi otransformation. A check mark indicates a

quantifiable anmount of metabolite was produced. Table
t-ahotte-ATGC-HAVH-ATCC-ATCC -UAME- UAVH- UAME UANH

QN Al o
Ol Lt agyur ImmocT
||]/M/ 116354148 53771 53828 7869Y7370 8717 8718 C19f/ v

o413 Yveld 2 1p3a 1258 [ wvan IMi-c-1 k71 woO

Rk 063470 P 0084001986 || Nh| N¥ 7iRank Ot 4t hsth 2nd

3rd 9th 8th 7th 6th 5th 2nd Example 7: LC/ M5

[ I 4 tabol jtes
pEt hodol or it anal vais of o S bol L te

[00268] U C BtithisrexuinplepIS AR an @il SeRproBhiel 11¥i68 Sidpfrated using
Jjquid chraqmat ography (HPLC), and characterized using
high-deashse g chreatosaby (HBRE} ayd charapigrized using electrospray mass
&H@ﬁ;}pgraphi c (LO Conditions [002691 For Liquid
SI)gt?omat ography (LC or HPLC) a reverse phase Waters
Ligpith€hromate@raphicl(X80OrPonditiém anal yti cal col utm (Waters

A it h d: m 2 x .20
10630, o BB B T 4T C ke i, Motsrs Sypgrety
CRR- BX {0dpn, 38 anSiyti €l b&lglhx]g(lwr#ca@ w@&tbbf)mﬁméiﬂy_saeg}taﬁwaﬁlgn 2x
I n e
g B g o es v (SR T e B
60Vt uMEdBEhE Solkgnt ipkdentagds@nd flow rates utilized in the LC program are given
in Table 9:-

Table 9
Time 0.2% GAA MeOH:MtBE (9:1) | Flow rate
(min) +10°M l\ja)Acetate (%) (mL/min)
. (0 o
0.00 55 45 0.5
5.00 45 55 0.5
10.00 5 95 0.5
12.00 5 95 0.5
12.01 55 45 0.5
15.00 55 45 0.5

Mass Spectral (MS) Conditions

{00270]  For Mass Spectrometry, an Applied Biosystems / MDS Sciex API3000 (Analyst
software v 1.2) machine was used. Run time was 15 minutes, injection volume was 5pL,
Guard Column Temperature and Analytical Column Temperatures were 60°C. Manual
settings were as follows: Turbo Ion Spray was 8000, Turbo Ion Spray horizontal setting
was positive 4, Turbo Ion Spray lateral setting was 10. The Sciex macﬁine was set with

the parameters shown in Table 10.

Table 10 MS Settings

MS Settings:
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(mn) + 10-5M Na Acetate (%9 (nmL/mn) (% 0.00 55 45

0.5 5.00 4555 0.5 10.00 595 0.5 12.00 595 0.5
wQ200006830 45 0.5 15.00 55 45 0.5 WMass Spect r BET/CNB)05/001926

Condi tions [00270] For Mass Spectronetry, an Applied

Bi osystens / MDS Sci ex API 3000 (Anal yst software v

1.2) nachine was used. Run tinme was 15 minutes,

i njection volume was 5L, Guard Col um Tenperature and

Polaing | on—Sprdgs ¥ | faL—;el—t:—né——V\as—pQSJ—t—l—\Le—A—_——
Piﬁ."?li Dp‘rai% QnréﬁJOl%meMmuMeLeL__
OWN_iN ahl

S_f(E lF_%b| e ‘lﬂ @&2391 ti ngs— J&&Q@ff 1 ngs. -72 \\D
2006/ 063470 QC‘:[LCA?““':\/ 001926 Qr‘nnJ ane MERM_
A | ethBEet i on Mbnitori nﬂL F’J\Larlt - Positjive
Resghfienf Iy at i d9WIE 00 min  Peri od Qycle: 1.32 sec #
0®3:0ycl ed:oW502  Advanced MS Settings: Resolution QI
IDF?@WY@{GShPIQW 1%t ensity threshold: 0 Settli ng time: 50
| Setlipgtimp, s tWECR0 nrec  Paranet er ththgq [ on
Pagsiifese:  Tur ba 30@8eSpray  Nebulizer Gas: 12 Curtain
(as: 8
Parameter Settings:

Ion Source: Turbo ion spray
Nebulizer Gas: 12

Curtain Gas: 8

Collision Gas: 12

Ion Spray voltage: 5000V
Temperature: 550°C
Compound Settings:

Declustering Potential: 60V
Focusing Potential: 400V
Collision Energy: 0V

[00271] Table 11 shows ions and ion-specific instrument settings.

Table 11

Q1 Mass | Q3 Mass Time
(amu) (amu) {msec)

1222.8 1098.7 100
1236.8 1112.7 100
1252.8 1128.7 100
1252.8 | . 1224.7 100
1270.8 11127 100
1254..8 1130.7 100
1268.8 1128.7 100
1268.8 1144.7 100
1238.8 1114.7 100
1268.8 1240.8 100
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Collision Gas: 12 lon Spray voltage: 5000 V
Tenperature: 550C Conpound Settings: Declustering
w@edoe0634a0 . 60 V Focusing Potential: 400 V QCtT/Ccacas/001926
Ener : 90 V [002711 Table 11 shows ions and
ion-specific instrument settings. Table 11 QL Mass @B
Mass Tinme (amu) (amu) (nsec) 1222.8 1098.7 100
1236.8 1112.7 100 1252.8 1128 7 100 1252.8 1224.7
E100 1270 8 1112 7f100 1254 1130 7

1268. 8 1240 8 100 73 WO 2006/ 063470 PCT/ CA2005/ 001926

Exanpl e 8. Measurenent of inmmunosuppressive activity
[06272] SACalpineutin besivity egs apsopEirzinecanedifieanon ef ﬁzﬁmvmq/prekusly

ABRATT W EHa S AN APALA GRS KOO, 105 AR ¢

sy descr runan
6 W3SMMSAIOOﬂWDGS arectvilnatelS firabeir dddity t® d@hﬁsﬁﬁﬁﬂa‘ce a

bl od |.ysat re evaluated for
Val5H g praR e BeRS et e pusienes O ke cac o abﬁ%bﬁase-
typs! Pakd 2isshibifor! B@cl@i(ﬁﬁaﬁ ﬁ@spﬁﬁta@(ﬁﬂ /GIRCCEA add okadaic acid
phosphat ase- type 'l 2 i nhibitor. Background

repibteBiHAsHY DS Q@emnmnﬂ)su'qt@lﬁdm eich gampleqwithy the assay performed -
in tﬁei#}r%ge%% fn?d: ﬁﬂs&#ctﬁ)(% F]ic%ssda%'iigé fgffflg %ng ggﬂ&?hgtﬁsg@:tlwty

e assay perforned esence
1saakénabsaslcma1mfaoaxrtysss added | SA247. The rerrai ni ng
phosphat ase activity is taken as calcineurin

act i vi 002731 F| 58A is a graph of.show n
[9fHe P oy Be e e el iBEN Faron
ccsgltergpahaﬁ etk hfe%b@l‘i’t@ @@deldnn BT Caleiettin Bibiition 244 Rinklidrof
S function of
concentration by ISA247 metabolites IM1-diol-1, IM9, IM4n, IM1c, and IM1 is

comparable to trans-ISA247, cis ISA247, and CsA, as can be seen by contrasting FIG 58A

with Fig 58B, which shows calcineurin inhibition versus concentration for trans-ISA247,
cis ISA247, and CsA. Table 12 shows Emax and EC50 of IM1, IM1-diol-1, IM4n, and
IM9 compared to trans ISA247 and CsA.

Table 12
Metabolite 1.D. Metabolite Emax | Metabolite EC50

IM1 47.6% 450.0 ng/mL
IM1-Diol-1 23.3% 394.5 ng/mL
M4n 71.5% 720.9 ng/mL
M9 62.9% 271.3 ng/mL
Trans ISA247 107% 208 ng/mL
Cyclosporine A 89% 368 ng/mL

[00274]  All of the publications, patents and patent applications cited in this application
are herein incorporated by reference in their entirety to the same extent as if the disclosure
of each individual publication, patent application or patent was specifically and
individually indicated to be incorporated by reference in its entirety.

[00275] Reaction mechanisms herein, whether chemical or enzymatic, are theoretical

and are provided to clarify and exemplify the processes described herein. While such
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concentration by | SA247 nmetabolites I M-diol-1, | M,

| MAn, I Mlc, and IML is conparable to trans-I1SA247,
wa@e®elo&A2617, and CsA, as can be seen by contraBCT/0g2005@1926

58A with Fig 58B, which shows cal ci neurin inhibition

versus concentration for trans-1SA247, cis | SA247,

and CsA. Table 12 shows Enmax and EC50 of IM,

| ML-diol-1, IMdn, and | M conpared to trans | SA247

and .CsA. | e 12 Met abol i tabolite
et e DoReSs b powbh Fubindhe T Hib shpiverets B gptae
eviBn@0ad Iésult il otificati Y stdh ¥enardmY. TaOSTIApplidddtsQd- d¥antend

271.3 ng/nmL  Trans 107% 208 n /nL C cl oy urineA 89%
tha dlge Wup@@mos&mhemn bleoupd; by peckt thepigticabmednismand

nt

(ORZ T MARPloRRich RS of Y ol Nt AR £ ThvolcR isglosed
abvewtlbrredibxdcewmt to dwose fkitledindhsat. oAcn‘oedmglfy tha(n’wentlon isto be

R TR TS TN N —

cldimgor porated by reference in its entirety. [00275]
Reacti on nmechani sns herein, whether chem cal or
enzymatic, are theoretical and are provided to
clarify and exenplify the processes described herein.
Whil e such -74 WD 2006/ 063470 PCT/ CA2005/ 001926
mechani sns are believed to be true, one of skill in
the art can appreciate that future evidence can
result in nodification of such mechani snms. Thus,
Applicants do not intend that the enbodi nents
di scl osed herein be bound by such theoretica
mechani snms. 1002761 Many nodifications of the
exenpl ary enbodi nents of the invention disclosed
above wll readily occur to those skilled in the art.
Accordingly, the invention is to be construed as
including all structure and nmethods that fall within
the scope of the appended clainms. -75 WO 2006/ 063470
PCT/ CA2005/ 001926 WHAT IS CLAIMED I'S: 1 An isol ated
conmpound represented by the following formula: 5 R6
R7
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RB RO RoORIOH3 R R 2 z1001010HHORR
-NCGCCNGCGCGCNGGEGNGGCGNCH, HHHHS31T ol CO CH
woeolog34 R2 R1IO I H8 HO H7H O H6 0O H SH BCHELA2005/001926

OCCGCNGCGCNGCGNGCEGNGCHT | r CH3 CH3 R2 R10

R10 RIO and pharnmaceutically acceptable salts and
sol vates thereof, wherein: each R2 is independently -H
or -CH3; each R1 is independently -H -OH, -F, -d,
-, - -NO2, -ORa, C(ORa, -OC(ORa, -C(O ORa,
S: . SBRa, -OSRRa, -OSMBRa, - PO2RaRb,

-OP
1. q g)gr&?%tﬁgicgl%%ﬁ%?ﬁggl\'% S@@e folc?l@gf%gg}mula

C(O NRaCN, - SC2N(RaRb), - SEN(RaRb), - NRC(O) Ra,
NReC(O) ORa or - NRC(O N(ReR); 5, RS, R7, RS and R9 are

i ndependently H, -OH, -F, -1, -CN, -NC2,
-ORa, -C(ORa, -OC(ORa, - -S(O)Ra - SO2Ra,
-SBRa, - OS2Ra, - OS(3Ra, - OPQ2RaRb,
- POBRaRb, - OPCBRaRb; - N( RaR®’, O N( RaRb) ,
- C( O NRaNRbSO2Rc, - C( 0O NRaSGRRc, - C( O) NRaCN,
-SO2N(RaRhy | - S2N(RaRb), - N , -NRC(O) ORa or
-NRcC( O ); or Régand R7 ate -76
\l/ ' CH
R? R? 2
i 00 | |go 1 |30 8 o ¥
R*>N—C—C—N—C—C—N—C—=C—N—C—~C—N—CH2
| =H H H H 3|
Co
] Cco
CH |
R | HgH O H,H O H, 0H5H04|
oc——cI:—N—c—(I:——N—c—c—— N—C—C—N—C—CH
CH, CH, R?
R]O
R R10

and pharmaceutically acceptable salts and solvates thereof, wherein:

each R? is independently —-H or ~CH;

each R' is independently -H, -OH, -F, -Cl, -Br, -1, -CN, -NO,, -OR?,
-C(O)R?, -OC(O)R?, -C(O)OR?, -S(O)R?, -SO,R?, -SO;R?, -OSO,R?,
-0SO;R?, -PO,R'R", -OPO,R*R?, -PO;R*RY, -OPO;R*R?, -N(R*RP),
_C(O)N(R"R?), -C(O)NR*NR"SO,R®, -C(O)NR*SO,R®,
-C(O)NR’CN, -SO,N(R*R®), -SO,N(R*R), -NR°C(O)R?,
-NR°C(O)OR® or -NR°C(O)N(R’R?);

R’,R® R’, R® and R’ are independently —H, -OH, -F, -Cl, -Br, L, -CN,
-NO,, -OR’, -C(O)R?, -OC(O)R", -C(O)OR’, -S(O)R?, -SOZR"
“SO;R?, -OSO,R?, -OSO:R?, -PO,R'R?, -OPO,R'RY, -PO;R’R®,
-OPO;R*R®, -N(R'R?), -C(O)N(R'R®), -C(O)NR*NRSO,R’,
-C(O)NR’SO,R°®, -C(O)NR?CN, -SO,N(RR®), -SO,N(R'RY),
-NR°C(O)R?, -NR°C(O)OR? or -NR°C(O)N(R’R); or R® and R’ are
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WD 2006/ 063470 PCT/ CA2005/ 001926 together -0-; or R5
and R6 together, or R7 and R8 together, are

wo naeperadent |y -0-; or R8 and RO together are POF/LA2005/001926
R5, together wth the carbon to which it is bonded,
is -C(=O Ra, -CQ2Ra, -CH20Ra, -CH2OC(O) Ra, -CH(ORa) 2,
-C(ONRR'), -C(=NRb)Ra, -C(=NOR)Ra, or -C(=NNR)Ra;
provi ded that one pair of R5 and R6, R6 and R7, or R7
and R8 is a carbon-carbon pond and the remai nder are
not all -H arf@sether -1b; enRy aﬁdlh(’rtegeﬂmrpriﬂﬁdeqbﬁﬁd%nﬂﬂey are

-H or an opti sty ,phatic .

cycl oal i phat i c:Iﬂa gﬁg§%9_?r 2 and 9t8§3?ﬁ5ﬁ5)ﬂ'oﬂ'e}%5h@gether
is an opti ona\kdtlytlﬁ:lﬁaﬂimwwmléhhtakbbﬂ&ﬂclls L@(=@))R%PC
-CH(ORa) 2 toget S i,c acet

i sol at ed corrpoﬁﬁﬁo(?f éﬁapﬁ%\@R wifdl @Ry )2t %%Om%ﬁdnﬁ(rgRb)Ra
represent ed by.ghmorbpe bygeL 6
RO R RO CI—Bd( N-ng GUL NI o (K Ongg%’Bgfﬁ and R”,
‘NG C NG C NRaud andaﬁzs 2 barblocabih Bd 280 1€ainder

CH9 NR2 ;; OH/HO H6 OHSH O 41 OC
[ NC—C—NC—?@%%H% Ul13 U113 Rz
R?, R® and R® are each independently —H or an optionally substituted
aliphatic, cycloaliphatic, benzyl, or aryl, or -N(R*R?) together is an
optionally substituted heterocyclic group, or -CH(OR®), together is a

cyclic acetal group.

2. The isolated compound of Claim 1, wherein the compound is represented by the

following formula:

RlO
10
RZ-N—C—
| H
(l:o
CH
| o
S\ RN
R |H8H0H7HO.H6OH5HO4I
OC—(lI—N—C-—(IZ-—N-—C—C— N—C—C—N—C—CH
CH, CH; R?
R]O
Rlo Rlo
wherein:

each R? is independently —H or —CHj;
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R10 R10 R1 wherein: each R2 is independently -H or
-CH3; -77 WD 2006/ 063470 PCT/ CA2005/ 001926 each R10
WO so060ampendently -H, -COH, -F, -d, -Br, -1, -BRECA2005/001926
-OC(O Ra, -0OSQ2Ra, -0SO03Ra, -OPO2RaRb or - OPO3RaRb;
R5, R6, R, R$ and RO are independently -H, -OH -F,
-d, -Br, -I, -ORa, -0OC(ORa, -0SO2Ra, -OSO3Ra,
-ODOZRaRb or -OP3RaRb; or R6 and R7 are together
-0-; or ﬁ;Rq RG6 together, or R7 and R8 together, are

i ndependeﬁ’ﬂC Gmd%?ndmsﬂsanfd R t+-BgélhBr, Iar-@Ra,GOC(G}Ra
o0 Re - SRR h%@%‘)@" AP IR Oy .
-0 3'( (?Ia&;ﬂt RCB—NRbB e lndgﬁéﬂﬂ‘d@@}ﬂﬂm{ —l:] dCnglNRbl ,RaR?,
t a
'SLSVIRSel s aac aﬁ;’ggﬁg r(%%(ﬁgg ﬁg&g’ﬁd’ HE’QFﬁ n@gp3R Rr; é’r TR and

not all -H amRl KatogRBeanol; BfJRaEnﬁi E%Eethé}d&@%ﬁiglté/gether are
-H or an optianally substltut al,i phatic

cycl oal i phat i cPIgRERdepily ~6r; car%/land& towhparamm-o@réi hiegether

. 4P
4 e S LS B

i sol at ed conpoGHHOBY, CHaO@(Q)Ray\#ﬁ{(élRﬁ)z,tmeom(mmbnd?(tNRb)Ra

epresent 20 b ibinbl RIS, O 12 B e

C- N- G C N G CREGBAR! Nr @it RY idh EhrBdn-c4353nBdad a%tlfg remamder
RR-NNNR2 | HH HOH/  HOHO O HHO I OCGCNC

NG CNCC FEetab ant13 U113 R3 R2 R4 R3
R?, R” and R° are each independently —H or an optionally substituted

aliphatic, cycloaliphatic, benzyl, or aryl, or -N(R*RP) together is an
optionally substituted heterocyclic group, or -CH(OR?), together is a

cyclic acetal group.

3. The isolated compound of Claim 1, wherein the compound is represented by the

following formula:

g
RrR3 R R4 RZ R! CH R2
2 | 0 0 | Ill O | 'l O H 122 0] |
R*-N—Cl-c—Nn—c-c—N—cl-c—N— 2 C—N—cH,
| H H : H H 3l
co
| co
R3-C |
R2-1!I T_Rz
| He H 0 H, H O H O H. H O
OC-CIJLN—C——(IJZ—N—C—(;6—I;I—C—(135—N-—C-—4CH
CH; CH, R® R? R* R3

wherein;

R'is selected from the group consisting of
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wherein: R is selected fromthe group consisting of
-78 WD 2006/ 063470 PCT/ CA2005/001926 OO 0 OO HO
WO H® CH3 CH3 CH3 CH 3 3 HO HO HO HO HP¢CA2048001926

H&"' HOHOHOHO CH3 CHs CH3 CH3 OH OH |l "SOH | OH
HOHO CH3 CH3 CHI OHd1 1,\CH,,SCH HO HO' H&' HO
HOHOHOHO GCH3 CH3 CH3 CH3 i I HOHOI OH OOO,
-79 WO 2006/ 063470 PCT/ CA2005/001926 HO OH HO CO2H

CHO HO HO
o o Ju“ o)
0 o)
HO - HO : HO HO
r  CHs CHs CH, CH,



CH3 CH3 CH3 CHs and each R2 is independently selected
fromthe group consisting of -CH3 and -H, each R3 is

wo naeperident | y sel ected fromthe group consi st PomyCcaoos/001926

5.

-CH2CH(CH3) 2 and -CH2C(CH3)20H, and each R4 is

i ndependent|y selected fromthe group consisting of
-CH(CH3)2 and -C(CH3)20H. 4. An isolated netabolite
of cycl o{ {(E)- and

% 4R) 3- hydr oxy- 4- net hyl -

-L-2-am nobutyryl C-)ZII\—’- nmet hyl - L- oHO

| eucyl - L - al anyl - D- al -N-m
et hyl - met hyl - L- val

(1 SA247) a able salts a

sol vat es t hgr eof | SA247

i sol at €& t one

nodi fi catiion s p cGhsisting CH3

hydr oxyl at'i on, N-denethyl ation, diol for maandon :

epo 2 cI i
phoé‘%ﬁﬁ@%2?@%%9&@8??%1%?55558%%%%% A e

gl ycask Rats indepedeniliiaelested ﬁbmdher@be;bodmstsang)f)f OB CHM(€Hs), and
wherein t tabolite conprises at |east

one chem'g’g bm%ﬁ’aagﬁ%on sel ected fromthe group

consdash R g ifdependentp 9xedled Bbmansidty ERRIsinPbr -@Jifi(@m)z and
acid-1; a di oI at the side chain of amno acid 1,

cyclic et®éH)OPlhe side chain of amino acid-1; a

denet hyl ated am no nitrogen at amno acid-1, 3, 4, 6,
9, 10, or 11; an -OH at the y carbon of the side chain

.of a/hdil rsgla@u@etaboh& ofgyclod {(E; and d)-(28B R, @R)-3-hydrbey-d3nethyl-2-

S TR I T NN

rret dbnﬂyﬂ-ﬁaa@?-mh&ﬂ?li—lem&wmal&ﬂmm%ﬁl f Mffmﬂ-l@w}N&ethyl-
e%%;’l eil%zg]ﬂ Y%@Mﬂ C{?Sf&éllc }?;n%::p%tzll—xga?qg}?‘rpcallbj ag:eptable salts and

| M sfdhétes'thleo‘f ~whe&ifl cbibared £ 1SA247 ke is%ﬁlté'ﬂtrﬁéiiw 4'!t7e coHlé)nses at

rretabol ite of claimd4, wherein conpared to [ S
i sollgasbane chemigghmodidicaenelested fioheie gaduprrotiifingafi ons

Se| q%ﬁﬁ fsaﬁ&{“N P&n%%g\g? giﬂﬁ 'f?ciﬁ{ pglil %Omdg borh§ ac?r% ittdolecular

OH grou east "t ant no ac
nit rcgg]gmglon dhosphasiatmnesu oy rghmproardé fatmdtidaaid gif€osylation.
denet hyl ated amino acid nitrogen; at |east one diol
group and at |east one -CH group;

The isolated metabolite of claim 4, wherein the isolated metabolite comprises at
least one chemical modification selected from the group consisting of:
an epoxide at a side che;in of amino acid-1;
a diol at the side chain of amino acid 1;
a cyclic ether in the side chain of amino acid-1;
a demethylated amino nitrogen at amino acid-1, 3, 4, 6, 9, 10, or 11;
an—OH at the y carbon of the side chain of amino acid 4, 6, 9, or 10; and

an—OH at the 3 carbon of the side chain of amino acid 5 or 11.
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at | east one diol group and at |east one denethyl ated
am no acid nitrogen; at |east one cyclic ether and at
wo e@steame - OH group; at |east one cyclic et hepCrHOA2@5/001926
| east one denethylated am no acid nitrogen.; at |east
one -OH group and a phosphate, sulfate, glucuronide or
gl ycosyl ation residue; and at | east one diol and a
phosphat e, sulfate, glucuronide or glycosylation
residue. 8. A nethod of preparing netabolites of
6.1 SAZHZ isalated tetibobiembcias Agwhdrein shecipalated metahplite is selected from

contif PGP eI RBER R na T o bty T aaBRE, -5,

pel I Bi1-duhpvmccr asomml-c-2pel | et conprising at | east one
drug net abol i zi ng enzyne; and c) preparing a reaction
m xture containing | SA247, the m crosonmal pellet, an

7.6NCTHhe 1&9&5% aﬁaﬁlte%rf’c QL&%elggaﬂl h@@té}%&h?%éﬁ%%d

condi tions resu uctron of at [east one

met abehbalide afmprBag d176m1@a.1 m'bkié'lca‘ed)ﬂscsdleo&d &bmi the 8roup consisting of:
V\herelnth r{b} H[_%nﬁcells are liver cells of a

manmal e@% &4 - P group consisting of primte,

rat, dog agRdstrtabliieinethiited Hi@ndBIiMaTrogénse! ai M 8,
mhereln the drug netaboI|Z|ng@enzyne is a cytochrone

P- . 450 éh¥iprhene-QH grpymudat basanp demgthdated anvmpacdgitrogen;
11. The neidadneldid ! dlg‘aﬁd aVYBR% BhdL cﬂggm‘a}r):ectron

donating species is sefected fromt group .
consi st i ragleast ONAWI roopadRHeast one deémeetingatedbamiio acldaiimogen;

8, wherei our St sel ed fromthe
group coﬂlsefaglt El % er%sgtl%a p?} %%%re "Bnd

isocitr ataeleaﬂt?nne'Ebdldﬁﬂﬁdnadd aifleast éﬁdﬂehiéthy‘lﬂﬁ@f #&hinotabid nitrogen.;
reaction xture ther includes an _enzy se ected
from t he el Evwm R GrohgRts b, HogHa

dehydr og?pﬁ@gylgﬁ&,reglg@é;lahd ate dehydrogenase. 14. The

nmet hod o laim 8 further conprising the step of

i sol ati ngt eaet opstdig) @nd e phesphate, spfaty, glaqurqnidd gptglycosylation
per f or manggqld qui d chromat ography. 15. A nmethod of
producing a hydroxyl ated netabolite of |SA247,
conprising the steps of: a) protecti ng the (3 al cohol

S or ot SECH CATES B EBIHAE o)1 S02F Dhehar apPRGE e sips o
pr ot eche ohBARHIZing GipGHAlAN Ellsto dorfiah BeAARNAEBY agent at
b) centrifuging the homogenate to form a microsomal pellet, the microsomal
pellet comprising at least one drug metabolizing enzyme; and
c) preparing a reaction mixture containing ISA247, the microsomal pellet, an
energy source, and an electron donating species under conditions which

result in production of at least one metabolite of ISA247. |

9, The method of claim 8, wherein the mammalian cells are liver cells of a mammal

selected from the group consisting of primate, rat, dog and rabbit.

10.  The method of claim 8, wherein the drug metabolizing enzyme is a cytochrome P-
- 450 enzyme.
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t hey-carbon of the side chains of at |east one of the
4, 6, or 9-amno acid residues, thereby formng a
whaloe®erdad ed product; c) heating the hal ogenat BAT/CA2005/001926
product of step b) in the presence of an acetate
reagent to form an acetate-containi ng product having
an acetate noiety; and d) performng a
transesterification to exchange the acetate noiety of
t he acetate-containing product of step c) with an
al cohol noiety, thereby form ng the hydroxyl at ed
h L . .
fiper o FoPpe e ok 16 ofolfh AREUR st Bl W ebfntod rom the
( NB@rowgnabusisengefi ADE andd§&DPHI s t et r abut yl anmoni um
acetate. -82 WD 2006/ 063470 PCT/ CA2005/001926 17. An
i sol ated hydroxyl ated netabolite of | SA247 produced by
" 12.he TRtAGBof ddifi §whbRin Hh8 endiBf sdus@ 8 bEE:tEY Ho@HE @bes
nmet abolite of claim 17, wherein the hydroxyl ated
net £98$itng ofglucopep-phepphats and ecigasup consi sting of
IMB, IM4, IM6, I MA6, IMB9 and | MA9. 19. A nethod of
produci ng an epoxi de netabolite of |1SA247 in vitro,
1% onpiliegnethyod bclaist B whéreoxthd reaction mixtuat Ketler mplheeyarndnzyme
the sjde.chaip of the 1-am no.acid resigdye . qf
ot B b b bt St B o 25 Ry SRR iivdigpenase and
f or Mkat@ritb @elsidtgente et abol ite of | SA247. 20. The
met hod of claim 19, wherein the oxidizing step is a
Prilezhaev reaction. 21. The nmethod of claim19,

1hergieinéhisd ordidid RemBSMpristheiR 53 &?scflétﬁ%th@ FacBHAMO of
consi sting of mchl oroperbenzoic acid ( MCPBA),
per d&ALHE using Hightpeifoimaorophewid cbometogeaphy, per benzoi c
acid, 3,5-dinitroperbenzoic acid, hydrogen peroxide,
al kyl peroxide, and oxygen. 22. An isol ated epoxide

15ret abaleiliod affprddudiag 4 hpdepglard oiytatiolie ofes AD4l7, @bmetigihgnhe steps
19. 3. The isol ated epoxi de netabolite of claim 22,

wherein the netabolite is selected fromthe group

consi sgy NGoteétidgMie BakohdIME1Rs RaRR abiMlre@avd 0f48A24Y to form a
?g d I I 47 in

nmet hod ‘of producing a diol netabolite of |SA247
vitro, conpeitsd-bipitiecogpepsd; of : a) treating an al kene
noi et y, pf % ' gg' 1 -am n i esi due
TP 3y A BRI 2 AP LGBl e
met abol i ttke ptarb&ALHe sidabhinSeT at least one of the 4, 6, or 9-amino acid
residues, thereby forming a halogenated product;
c¢) heating the halogenated product of step b) in the presence of an acetate
reagent to form an acetate-containing product having an acetate moiety; and
d) performing a transesterification to exchange the acetate moiety of the

acetate-containing product of step c) with an alcohol moiety,

thereby forming the hydroxylated metabolite of ISA247.

16.  The method of claim 15, wherein the halogenating agent is N-bromosuccinimide

(NBS) and the acetate reagent is tetrabutylammonium acetate.
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WD 2006/ 063470 PCT/ CA2005/ 001926 b) form ng the
i solated diol netabolite of |SA247 fromthe isol ated
wepwxioaa70 met abol i te of | SA247. 25. The net hodrof/Cab@snv1926
24, wherein step a) is a Prilezhaev reaction. 26. The
met hod of claim 24, wherein the oxidizing agent is
sel ected fromthe group consisting of
m chl or oper benzoi ¢ acid (MCPBA), peracetic acid,
triflouroperacetic acid, perbenzoic acid,
13, 5. dndsalaterhaydseniapd maabelite hBAR4a proshicedkbydibe nttiog of claim
peroxkde, and oxygen. 27. The method of claim 24,
wherein step b) conprises hydrolyzing the epoxide
netabolite of | SA247. 28. The nethod of claim 27,
th i,S i fe ) i.s catalyzed by an
cidlB ?13015%85’&& %’é&‘dﬁf‘é bt &Paém 11 wherepizhe hyrdsoxgilated
st epmidjab6IaR defefed frdhy the i i
acid or_Nafion-H, aIkaI%ﬁgiﬁégfgh%g¥gﬁ?nﬁﬁﬁﬁ§?ﬁ9%9&I&mg
sul f 834 9. or hydrol ysis catal yzed by m crosonal
epoxi de hydrol ase. 30. An isolated diol netabolite of
| SA247 prepared by the nmethod of claim?24. 31. The
19.s0l Atrecthati Qﬂproxhtcaigoim dpexidd metabolﬁlfb 30 ISARYETTig iy o, Bprising the
|solq;ed di % neta olite. |s $cted ;génwthe group
constiSt PHEFGFnE fit 2HFere mpichy of #1draming acl‘b’ie@fldue of
32, RolRt O with od uxluﬁglg%g%tomef@s& #halind @e oﬂnﬁﬁﬁéébome of
conpr|5|ng the step of reacting isolated |SA247
are - selected fromthe group consisting of osm um
tetroxi de, alkaline potassium permanganate, hydrogen
&GFOXIde nonoper succinic acid and t-butyl
y dr Bhremethodief claimel S inwhefedr this ngididieg steis arfeilahadyi esctioh.
| SA247. -84 WD 2006/ 063470 PCT/ CA2005/001926 33. The
nmet hod of claim 32, wherein the |1SA247 is reacted with
a catalytic amount of osmiumtetroxide. 34. The

thod of, clalm.32 erein the | SA247 is reacted with
o RS aduiEg!o. Fhsinm e ogiing s el o the group

hydr@ﬁ@l@t FOX Ll
S efteh ol i ACF B IRPRERLRS]. Bifluosoperacetic

| SAzmd PeIgpRFOICsAci %ﬁw@nénoe@rbemw acid, hydrogen pegoi®AIKF]
ébﬁgggﬁ1¥§§hected fromthe group consisting of

|od|ne/3|lver nzoate and silver acetate to forma
di ester of 1SA247; and b) hydrolyzing the diester of

27, SAZ ﬁl&? Isolated epoxide metabolite of ISA247 prepared by the method of claim 19.

23.  The isolated epoxide metabolite of claim 22, wherein the metabolite is selected

from the group consisting of IM1-e-1, IM1-e-2 and IM1-e-3.

24. A method of producing a diol metabolite of ISA247 in vitro, comprising the steps
of: ‘ '

a) treating an alkene moiety of the side chain of the 1-amino acid residue of

ISA247 with an oxidizing agent to form a epoxide metabolite of ISA247;

and
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thereby formng the diol netabolite of |SA247. 36. An

i sol ated diol netabolite of |SA247 prepared by the
woretodao6a4e6 cl ai m 35. 37. The isol ated di ol netpODICAL@®5/001926

of claim 36, wherein the isolated diol netabolite is

selected fromthe group consisting of IM1-d- | and IM

1-d-2. 38. A nethod of producing a diol netabolite of

| SA247, conprising the steps of: a) reacting ISA247

nt selected fromthe consi sting

Vead " bt RERDE (R 50l Gl eaHic At ETALE om s iaedrside

bi sacet at ge@bolliobPEA248nd b) hydrol yzing the diol
bi sacetate of |SA247, thereby form ng the diol

met abolite of | SA247. 39. An isolated diol netabolite

. Th
2P0 TRCRCH P FPARRLR DN et PR Y P G aien e

i sol ated di ol rretabollte i's seI ected fromthe group

' [ 1 | ML 41.
2har {1'@3&93 81”01%18}.%’@ gfh%?eg% th@&fﬂéﬁﬂ%ﬁ aﬂgn%\ls selected from the group

h
(F?o rarL %Balﬁﬁﬂﬁ% 6%M§|er%%}féﬁféh§@!: Gcif gME}PgﬁA eﬁ@ Geill SN A6 Fkracetic

PCT/ @@@@éﬁ@@@@@d 34pdinftroprbenaoicarid, daadrogqnp@gml@, atkyl

co ceutically acceptable carrier and -
t he lgfgegdmﬁl ite of daim2. -86

27.  The method of claim 24, wherein step b) comprises hydrolyzing the epoxide
metabolite of ISA247.

28.  The method of claim 27, wherein the hydrolysis in step b) is catalyzed by an acid or

a base.

29.  The method of claim 27, wherein step b) comprises:
hydrolyéis catalyzed by perchloric acid or Nafion-H;
alkaline hydrolysis in dimethyl sulfoxide; or

hydrolysis catalyzed by microsomal epoxide hydrolase.
30.  Anisolated diol metabolite of ISA247 prepared by the method of claim 24.

31. The isolated diol metabolite of claim 30, wherein the isolated diol metabolite is
selected from the group consisting of IM1-d-1, IM1-d-2, IM1-d-3 and IM1-d-4.

32. A method of producing a diol metabolite of ISA247, comprising the step of reactlng
isolated ISA247 with a reagent selected from the group consisting of osmium
tetroxide, alkaline potassium permanganate, hydrogen peroxide, monopersuccmié

acid and z-butyl hydroperoxide, thereby forming the diol metabolite of ISA247.
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33.  The method of claim 32, wherein the ISA247 is reacted with a catalytic amount of

osmium tetroxide.

34. + The method of claim 32, wherein the ISA247 is reacted with a reagent selected
from the group consisting of hydrogen peroxide/formic acid and monopersuccinic

acid.

35. A method of producing a diol metabolite of ISA247, comprising the steps of:
‘ a) treating ISA247 with a reagent selected from the group consisting of
iodine/silver benzoate and silver acetate to form a diester of ISA247; and
b) hydrolyzing the diester of ISA247,
thereby forming the diol metabolite of ISA247.

36.  Anisolated diol metabolite of ISA247 prepared by the method of claim 35.

37.  The isolated diol metabolite of claim 36, wherein the isolated diol metabolite is

selected from the group consisting of IM1-d-1 and IM1-d-2.

38. A method of producing a diol metabolite of ISA247, comprising the steps of:
a) reacting ISA247 with a reagent .selected from the group consisting of lead
tetraacetate and thallium acetate to form a diol bisacetate of ISA247; and
b) hydrolyzing the diol bisacetate of ISA247,
the;reby forming the diol metabolite of ISA247.

39.  Anisolated diol metabolite of ISA247 prepared by the method of claim 38.

40.  The isolated diol metabolite of claim 39, wherein the isolated diol metabolite is

selected from the group consisting of IM1-d-1 and IM1-d-2.

41. A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and the isolated compound of Claim 1.
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42. A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and the isolated metabolite of Claim 2.
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