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advanced to Phase I climcal tiials for treatment of cancer by Kosan in collaboration
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treating cancer were discontinued in 2007. The structure for epothilone D can be

represented by the following formula:
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a useful therapy to treat brain diseases such as AD,
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compound 2:

di hydr oxy- 3- (1-nmet hyl- 2- (2- net hyl- 4-t hi azol y1) -

et henyl) - 10- propyl -8, 8, 12, 16-tetranet hyl -4, 17- di oxabi c




WQORg®1321353.

10

15

20

25

30
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[0017]  In WO 2005/075023 A1, published January 30, 2004, to Andrieux et al. of
INSERM, it is suggested that certain epothilones and analogs including epothilone A,
B, C, D, E, and F, and benzothiazolyl and pyridyl epothilone B and D analogs may be
useful in treating diseases involving a neuronal connectivity defect, such as

schizophrenia or autism. However, Andrieux et al. disclaimed and thereby taught
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di seases includi ng tauopathi es, using epothilone D
that exhibit a surprisingly advantageous therapeutic

WO 0932283 and particularly, a nmethod of treatP@EfUS2009/041634
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I ments and aspects of the invention are set forth
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15 " T&ghl -gt)amdsz muarmﬂ@éﬂ ldbmmhncycld[/l\ﬁl Otepta ameoi 9-dione (see

ands for adjacent left, and
%@Séﬁ g?tb(fpaéB?%szﬁﬁe quadrant. Two measures of

pefobesjMBNEBtably AEhtyer¥ flatepbre bginen(dAlasan dorvemtixtion 0fta for the
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an@e&%ﬂn@@&ﬁo diRe304 LRIy APhdiBeshamecal | yas si I ver
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25treated with vehicle, 1 npk epothilone D (Conpound |),

or_|10 ok epoLhi | ogeviykEomoug ikexigur e 7A shows
S

representative mcrograp of cortical 20staining,
wh¢0o21} he Tht prekens inlvereors doai discoserpblsised sremuliplglin wpo studies
ba?nl%glrd?nug%ehasvtloarglnalng geuropathologlcal studies, that epothilone D achieves a
surprisingly advantageous profile in treating Tau-associated diseases, including AD.
30  The inventors have discovered that epothilone D exhibits a remarkable combination
of advantageous properties, making the compound particularly well-suited to treat

such diseases. These properties include not only a high level of brain penetration
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sonme staining of blood vessels were observed in
non-transgenic mce. Figure 7B shows the quantitation

woaloy1se28i | ver stain in both cortex and hi ppo®ampisz009/041634

EloosllFl GS. 8A-8D show the concentration of Conmpound
1 8A), ixabepilone (FIG 8B), paclitaxel (FIG
8C) and epothilone D (Conmpound I) (FIG 258D) in the
pl asma, brain, and liver of mice follow ng intravenous
agnded th BBBalhit elso asupasingdy ong haléﬂiﬁ:aih $hediraiu pnd osw2prisingly s.

0 h concentra th| l,one D
HRSRRRTR Frol g Bahg GraR R e L v BE e SRR Tl o
périptfad tisthed, ﬁaot;thﬁtabryathe Liaér ever e;tta{deaﬁdsﬁdcns stfat.i on (35

k) u 0.51t0 24 h fter si ng., 30 10033LFI G
A%ﬁ@ﬁﬂ%sﬂ? Frey SRR @t 1%5‘!@ cgyer %tﬁf’ GBS heraneis
ABVABIIBS in REAY TANDsdob¥RE disBash, %ﬁanw Ab 6% B HcRie Vel with
up to one week after dosing.

1%3%@%#@310@@@34gTWethtd©$alg@e\/ﬁ1ﬁgreeaperan@vd%foa;hlgss*of
ﬂ}’ag:)déogt%' édnjﬁ{ sgﬁefd%é 6hidyd ckgk&;%&%%ﬁhé Jﬁe%L %%ns Eﬁ%ngly 4 ee

repea 'sease
iWRRiom HaBe diacvytbiod dleﬂnéSﬂhatgdibwﬁDmgamesBBBeghdgl ”Kaodussbmateti

B Sty Py Pl ey S feBma i fiop e iog e

;Mémwfeaﬁhﬁm&m@p}aﬁnﬂo@é@tm&i1Bvdls Beekl ErelitkGss of
gh pressure |iquid chromatography FDA = US Food and

ﬂ@r«fp@thplar?ﬁlmtcswmqow% fivppihe 2o dPﬁe@ﬁf@v@ﬁsbwg}
e Ruid tOuRarkLAS QR LR i Y8Ry T QuEI RBROTE & ifh

side effects that are induced upon administration of the epothilones aﬁd analogs for
treatinent of cancer.

{06022] The present invention provides methods of treating Tau-associated
diseases including tauopathies, using epothilone D that exhibit a surprisingly
advantageous therapeutic profile, and particularly, a method of treating Alzheimer’s
disease comprising the step of administering a therapeutically effective amount of
epothilone D to a patient.

[0023] The present invention further provides a pharmaceutical composition
comprising epothilone D for treating Tau-associated diseases in a patient, wherein the
composition exhibits a treatment profile comprising good brain penetrance, long half-
life in the brain, and selective brain retention (e.g., high brain-to-liver ratio), as
defined herein. Preferred embodiments comprise pharmaceutical compositions for
treating tauopathies, particularly, AD, comprising a therapeutically-effective amount
of epothilone D and a pharmaceutically acceptable carrier. Further embodiments and

aspects of the invention are set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIG. 1 shows the basic design of an experiment on Tg4510 mice using
epothilone D (Compound I}.
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H, h, hr = hour/hours IP = intraperitoneal 1V =
intravenous LDA = lithiumdiisopropylamde 20 LLQ
WO 29232263 mit of quantification <LLQ = bel ow LPCI/UR09/041634

1%4%@bl e MAP = mi crot ubul e-_as_soci ated protein MeOH =
nethanol mm= mnutes 25 MIs = m crotubul es rnpk =
mlligramper kilogram MM = Morris water nmaze nM =

nanonol_ar - not quantifiable due t or re
BFapoif s Bore heseriiees LMGTyGAyIEne YpLsH oPep -
T%Zlﬁlloxﬁig@ﬁt@t. L BntEOpriof8 dofife &R RhotRRHAL B BbMpbif).
1274 PCT PVP = pol yvinyl pyrrolidone RT = room
[@2aber dTWrJeshSive Fhezesylts q'n%/ad\d@@ili tesBpfithe-Tg4510 mice at 4.5 months,

A R e Tipyl P 0 el
[6020T ah\FiG of dho@s probe data 18 hours after 5 days of training in the 4.5 month-
old Tg4510 mice dosed for 2 months with epothilone D (Compound 1). “TQ” stands
for target quadrant, “AR” stands for adjacent right, “AL” stands for adjacent left, and
“OP” stands for opposite quadrant. Two measures of performance, namely %
pathlength (A) and number of platform crossings (B) are described.

[0028} FIG. 5 shows neuronal counts in the CA1 and CA3 regions of the
hippocampus in Tg4510 mice at 5.5 months following treatment with vehicle, 1 mpk
epothilone D (Compound I), and 10 mpk epothilone D (Compound I).

[0029] FIG. 6 shows phosphorylated Tau staining of the Tg4510 mice treated with
vehicle, 1 mpk epothilone D (Compound I), and 10 mpk epothilone D (Compound I)
in the hippocampus. Representative sections from 3 mice per group are shown. AT8
positive staining is dark grey and black.

[0030] FIGS. 7A-7B show Gallyas silver staining for neurofibrillary tangles in
Tg4510 mice treated with vebicle, 1 mpk epothilone D (Compound I), or 10 mpk
epothilone D (Compound I). Figure 7A shows representative micrographs of cortical
staining, where the black silver stain is positive. Lighter background staining and
some staining of blood vessels were observed in non-transgenic mice. Figure 7B
shows the quantitation of the silver stain in both cortex and hippocampus.

[0031}] FIGS. 8A-8D show the concentration of Compound II (FIG. 8A),
ixabepilone (FIG. 8B), paclitaxel (FIG. 8C) and epothilone D (Compound I) (FIG.
8D) in the plasma, brain, and liver of mice following intravenous administration at
various intervals of up to 24 hours.

[0032] FIG. 9 shows the concentration of epothilone D (Compound 1) and
Compound I (as described in Example 7 herein) in the brain after oral administration
(35 mpk) up to 5 to 24 hours after dosing.

[0033] FIG. 10 shows the concentration of epothilone D in the plasma, brain and

liver in mice after time intervals up to one week after dosing.
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TPGS d- cc- Tocopheryl polythlene glycol 1000 succinate
10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions
WO[2083B1258bout " or "approxi matel y" as used her @CH/USRENH41634
Wi t hj accept abl e range of standard deviation for
He‘zﬁgpﬁfcul ar value as determ ned by one of ordinary
15ski/lin the art, considering the neasurenent in
qguestion and the instrunent_us make the
measurenent (i.e., the 43%’@%‘?@9§gof t he neasur enent
Sy - gr abb s oI RAnMNiskA i thig Rgeccation:
rm'rﬁe}ﬁm an@%rfaﬁaé%\% g@iagﬂgg%sggg#ioed to fornmul at i@eons
anmR ddsagepsats’ about " can nean a deviation within 10%
m)re_ﬁreferably within 5% and even nore preferably,
wi PhTACBIEPHF t he nunbers reported. 20 [0036] The terns
5 " apDl-LABheiher dflidkasx or nore", or "x or greater",
wherein x denotes a nunerical value, are used
i NABP cHieagdalIPyechiEPar s t hey are intended to have
th ar BA N ..[ 0037] "Brai n penetrance" refers to
tthgbﬁ?{%gg#l%gmggnpound to cross the BBB. Because of
t heMSapBdstpiekiyph 8qabb,€loear ance for nost m crot ubul e
stabi | i zi agents, it is 25 inportant to neasure
br & J%%Q}B‘?‘ﬁg’%ﬂ ratios at relatively short tines
10 PO8YL, ARSI dhyl@e@hloridé  periods of about of 20 mn to 1

i post-dosing, to assess brain penetrance itself. A
co@S@@%ﬁ‘*r@WP‘g@la@B@E}’W%ﬁ n penetrance as defined
herein. n onpound which at 20 mn to 1 h
pos%@lg%gﬁﬁgﬁv%aﬁﬁ show a brain-to-plasma ratio of 0.5
or HPLEat wigh pressuee |psuiat dremAtggrahy8 or greater, and nost
pr ra rati 1ok nore (again, at a tinme 30
beﬁ?@gﬁ%{f‘“ﬁ?ﬁ%@d}%%%ﬁégﬁﬁggi ng). | n assessing

1 5WhetriDer 1 7a= RenmpempataotentingrgwiaPirkhpadsn iksd & dreragsamsf 7
hi gh_brai n/ hasma ratio (e.g., as recited in the
cl ,|l}5hrh=e}|10é1?/ §¥S 11274 PCT in vivo non-human studies
Musp —h@rhehibed upon as human brain tissue cannot be
anal yzed to assess drug concentrati on.
100¥8] mTpEpPusi ve benefits" means that an i nprovenent

or jhesseniing dki Jifa@ of cognitive function for at
Iealé,l?‘éo%elpat ﬁleﬁ?&?n need of treatnment is observed or

20r e ddiQ ethwebtimitot gnantifietioned by cognition tests,
nmeasyr.es, of a Lon, and activities of daily
S hiowdngh R doHeb:

| vi ypically, cognitive benefits are
me aguPetmstdiibuiogmicidialiproteist s desi gned to neasure
cognitive decline in a patient or group of patients.
Ex @]éls"’ﬁ‘?ﬂ’@l‘,?Lh tests include cognition tests |like
ADAS- CoginRk zhei ner' s di sease Assessnent Scal e,
cognitive subscale) and the MVSE (M ni-nental state
2% x avil’s =leiprabples t ests 10 i ke the NH (Neuropsyciatric

I nvent oryy. dally.liying activity tests like the
AD&%%L%%@Z%J%?&)% dﬁi sease Cooperative

St uplyw et Meirisiveserofaz®ai | y Li vi ng); and gl obal function
tests such as the CIBIGplus (Cdinician Interview

Bas®Y HBPBLE on of Change), and CDR sum of boxes
(O N cadt gRemeEs1E dudidtohd @) more datapoints <LLQ -

30  PEG = polyethylene glycol
PGP = P-glycoprotein
PO = per os (oral administration)



[ 00391" Ext ended periods of tine" as used herein neans
period of 24 hours or 15nore, typically 24 to 76 h.
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sel ective retention" as used herein neans that the
dildg BT conpound is retained in one tissue or organ,
specifically the brain, at a nuch higher |level than is
found in other tissues and organs, especially the
|HVFet polganylpasilides at an extended period of tinme
ﬁ? t-dosing. More particularly as 20defined herein, a
%gﬁ“§§7@8 P9%% et enti on rate neans the concentration
afioft Ylicd ge1t he brain is 4 or nore tines that found in
the liver at 24 or nore h post-dosing, nore
pARET typhutylampgeipeflueideat | east 6 or nore, and nost
ngglfﬁ?%%feré%tsa ef actor of at least 8 or nore at 24 h
or nore post-dosi ng. hi assessing whether a conpound
AEAdT triptlgddndisd | es this standard of high selective

retention (e.g.,..as recited in the clains herein), 75
ﬁg%ﬁfﬁﬁﬁvnﬁgﬁgﬁﬁﬁan studi es nust be relied upon as
e tdhaRidioftdag sue cannot be anal yzed to assess drug
concentration. 100411"I npact on underlying di sease”

nEA&Tvs= dn-Tarpplsvd melvthiqng glycold 880 puscioftet he bi omar ker s

and other paraneters associated with the di sease

process, including biochem cal nmarkers in CSF or

pl asma, chab&allED DESCRINAONN®E TERANYENTIONDbr ai n 30

f gction as neasured by functional inmaging, and
'AEES i n hi st opat hol ogy or biochenistry that i ght

eo3shs erusduabi ﬁg RAYINRIY” as TV Heddin Rl RatkenSictdaibie
may be used for clinical trials include anal ytes

rEes of gandar dogitianfon thgpartigular vajueor detpangshiysyh ofendinary
S L RS BB L B B

i magi ng nobdal iti€s suc uc
viadke thetregaigeiviRit (i4d die liroitediondhdfchemksnsnichiasystpo). diti al |y

¢ Ul rti.cul arly those.examnm.nin napt i
PllE, Y8 ke pRE WG IE oY nbliARSA ST IAD. SYAGREA B,
iforedulidiens dndtdosages, Nabout”icah fnesh 4 devidBGOBAIthNOU, apepire@ably

Y,..al pha-synucl ei n, neyrogranin and vasoactive
|"ﬁihé%$ |°n"‘é’§ N ER S R R %”éuoaffﬂ.wa@w@ﬁfsg?pmeé-
Yooy t imk@ehs PL Ma8i ind SPbMARLE" fop FiBr Bat@mliRldh x
precursor protein, chronogranin B, 4-hydroxy nonenal,
rRGtestaipgsripd valypdregushy thtesshpnecoRly dersii aditlrey are intended to

ég@ﬁﬁ;;hgﬁgﬁﬁbl;ent" when used with reference to a

osing s nmeans that 10there are breaks in the
dagsi7hg SBhedpdnetrinelt referetoitlier abijity af a cdngiouek@npdse the BBB.

il ekl y, biweek|y, or, nonthly dosing schedule js
R g e s ST R T
besatiseoliRRsiE Balh-BeIwReRatde 888 atiSell hoP@mkbs pBSIRBEE, c.g.,
regul ar and defined by the dose cycle of adm nistering

fheerigfuef 2bpEeE ¢ rin i§ Ifppast-gosiigploseestirsinpgnadiehesdisele A

. ! Ul .
o5 R U TR ON s ST
ef 20 mortod hdwstedcanigivill shiosr £bramrtogdnsma Iatio®f @rithr bzategfmae
30 .d le, _and so forth. [10043}"lLong half-life", or
PP b W e el Paes sk D o R OrR ¢ i s
detk@en 20 minand 1 h post-dosing). In assessing whether a compound or drug

satisfies this standard of high brain/plasma ratio (e.g., as recited in the claims herein),
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has a half-life of 20 or nore h post-dosing (which is

consi dered dose-i ndependent), and nore preferably, for
woaoperezsd 30 or nore h post-dosing, and nbst PCT/US2009/041634

preferably, for a 20 period of 40 or nore h

post2/d®€ilng. As with the selective retention rates, in

vi vo nonhuman studi es nust be relied upon in assessing

whet her the conmpound has a long brain half-Ilife.

[ 0944 Hopubas sfidieSmis @d rdlied epoh d3aman brathadeucahnidee

epothilone D conmpound that is significantly |ess than

t hatabgahiofetEiagcnge @ity e chenot her apeutic effects

25(d38) »  SbyRRie b@{ﬂ;‘? b Gt AT th AR §m ov@rﬁléﬂt Bi 1edsehd erﬁeclme of

clinical trial, and/or experinent), preferably a dose

t heagnitiye figwfio r erledseas patainived efieartning tsepbesgygdcor reported,

dose, . _nmre. pr I

5 | e%sscharact 82 bﬁ/ n%n"i;tponthsg gn%g %Irésh)?ﬁlé)g ?Cﬁl&? agd Q{Eggﬁa% gf céfnly
o r lmiag end ‘tﬂ:lhdvxble Qsszbh@n cctgn&zve bamﬁtm apauted &flk’dazsg;mduat,ests
vi ousl y assessed. as chenot hera

t ]
of ReisPr Ol TSy ERINE ARGIoa it FET) AT B hatirel Fgpmpies of

30&1&@ 1@ MAIu R B il SERits 11Rd ADXSQbg {AlRdimeOdis ARk Rment
in Phase Il clinical trials of epothilone D, a dose

adReal. segniteng swessalaXpnd iy VDISEMinirmens?] statezam); Gobatias tests
| n

10} SHHERPReSNSaR a8 RASRHS ol A URES.
C u AL il zheinten’s dliscade (ROPeratiyerfudyeihitivites of Bailyehwing); 4nd global

B oS P R Ehad Blr

ONEhLB}, BndlOBR sfidlolf Bwies IClincatDBinBhtii Ragibgon of 30 ny/ n2
or |less, nore preferably a dose of 6 ng/nR or |ess,

aniP08%en noriendss aftadapf gy aysel Wﬂ%ﬂﬁﬁ)ﬁﬁﬁf!@r‘)ﬁz@é@urs or

5Thg§ﬁ3%§K§pV94%g@@atlve 5 exanple, a | ow dose as

conpared wth the above clinical trial dose when

ad iﬁﬂﬁﬂlst ei'Bitbseiedive yaienyion rajgek Shigh s¢lertivereiention cas gpedd@rein
means ﬂ[mrthe (grecr gln}ﬁ I %%‘T’r%d?é&x@e gg.éerg% ’org%ﬂ dspgé{ff&lly the

tera
b| eamalatl sbudhi myherrnye}a}krang@ud@memhr mgsuepond ot daes, rasmezabf the

nistratio e. ral. 1V adm ni stration
e SxTuR o PR e e R iR G B bR et b
zo) dtfRd hekm! 4 igh SIEAYE FordblioBraie rhéind BBRSARBRILOWMOEEAG N Be
given dose is a "low dose" as defined herein), should

be brsirsie d opmoEe Eesdlat fRBA 1 the Grerizhyt eriaots am@stdwg&mlqrgr
f\e?erﬁjl @qg@t&'cﬁ Ly J@Js{ &br mgrrg Ozf}l%]mda %r’eﬁ%lﬁ By aan&gr &lat least 8

tréatment” as used herein is intended to include use

of oepotelik Poher Dofedrpost-fpainge ht as_ﬂ_e)SSlag whethisr a(tpmgﬂosl@d drug

di
pa F%}}Sgiﬁ tglrél lst%rsl%g ﬂpg s~=¢ijectS Yee%%t%%t cinrtg lgu as r%g;lte% Clt %%%Pa}ms Mdrem)

25 pahbeitlg ndbhlaan slﬂghe@”lnlnﬂt eghddhipee as mnmm tissu® cannot be
advanced denentia; and/or 2) who has early or
pr6ﬂ?ﬁ?ﬁ§V“§§ﬁﬁPéﬁ§“%ﬂﬂﬁ@Fgns of a Tau-associ at ed

$F (FRedabinNB a8 RURRALN Ynea R il VRt M if¥Pdneasure of the
nd/ or 3) who has been di agnosed as susceptible to a
Ta bway-sl@ca i ethetpaswagers fyspantedivitly the disseropacpss, meluding
Da fl r
S5l PPL B S BEEEL  urElyBhle e
30r e@‘mmnmﬂeamﬁecuej Byictidael miagzeg 220 clemgeno histopathology or

ravation_or deterjoratiqgn of the s tons or .signs
of DiCRaRSE halriakiPesbsY tera%ufqy%.ﬁw gmerkEs gt iy be
be Redd hSADTRARS utxmﬁmﬁ;a@&@xﬁés%&agéu iokg henafihs

(e.g., inprovenent or the I'essening in decline of

cognltlve function), follow-sig-a period of 6 nonths to

a year of treatnment for at |east 10% or nore of

patients evaluated, nore preferably at |east 25% or
nore patients, and even nore



25 preferably, 50%or nore of the patient group.
Preferably, inprovenent at a rate as conpared with a
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i nprovenent (e.g., as eval uated based on conparative

téé?”%@%?es bet ween pl acebo and control, wherein
“inprovenent"” is intended to include reduction in

decline in a patient's condition), nore preferably,

i mhospheTmnbetatmeloidahmel 1@cfprmles tabhasll 258@ia imagihiemb&alilils such

b bl t f %
ot Buoipevavatoerat ot Susbr oo MR o Bad Bt Bomamiariit ei n
”%%UQIYWSJS%IS Hatias ﬂ%steréxﬁgﬂﬁlrg@%afp{l& £8ivith Mau as

wel | as di seases that are "tauopathies.
Ta\@fﬁ@%@%ﬁ% gnd oxjdative stgeps inglupes butiare setdamiteid e |GARA, but
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Pamtkilin ST fEaglﬂenm,kﬁdquitmat&h potEisg seuldld fopsd DPanyldid precursor
progr.essi ve supr als rtlcob
R e etanh) Bk Rl i hpmee £ %L%ﬂrw
dids@agRanidite. Wel | as Parklnson s di sease,
syndrone, post- 5 encephalic Parklnsonlsn1 nyotonlc

d;lg%lb phy IiaieaR v isnakedwilh iagise iofedpsingisghedule means that
PUkrd b8 bl ; in Bld d&mg gagaa@ thaPirk g{&rguﬁ& SEARE le, 2 daily,

anyotrophic | ateral er osi s, ki nsoni s
c oeeklzxdiwtekiu amporthlytdopihe sdedde psivbsonsikerad 1 mmmlttent under

di.abetd c.retino n unatlc brain ury; as
ol S bee R Bl e AR 1S pet pfhanlogily

Chhﬁl@f?bltbyl\‘w dge g}&&lcff adrlnﬁﬂ@’ﬂﬁﬁhl g tﬂiteclr&gtll H&ff@kreﬁ Ra&gdré €laborate

par apl egi a, and multiple system 10atrgph

[ %@ﬂ-g& C%S%%‘giﬂh pme TR freRRigr Preghs V‘f?uhiéeir?@n%de’md intermittent,

n @u&mg%% &a&cdlmeve@l b§§@§5% o@s sPLIGE egnmske?eédnhfayé ,&and 15,

forms of protein (tangl es) in brain. These

dP§éé§@§”ﬂﬁ@l%@é0ﬁ@ﬂlhomever ot her tauopat hi es
n?i n “QBJ) J@zig’mor l‘1 H%Bxgg Hafhulif % NEQL F&?}?ﬁ]‘&%ns that a drug

, e Ing the ype 0 ronto
d @msmhailﬁhﬁmd 2Par ko dqostsdosing ré'kfmdh k&bmsx@h@dthsoﬂepeixaem)

R T T TN T 7R

a@yﬁ@p&ﬂ 4oiog kit pbsﬂﬂ@s%%S s with the selective retention rates, iz vivo non-
9049 TherapeutlcalIy-effectlve anount of epothil one

upnan sEdipt mET be b Pt o asetsHig Wisephe G?‘FPQPF‘@ fits g igng
(LYaik glibgye or alleviate at | east one synptom of a
Tau- associ at ed di sease 20(preferably, a tauopathy, and
mWQé‘“b r ef'épulshose” aA\Brd hiendl rachingg dtmgnﬁ iheiepethiianed ¢amsund
exatt %ndf?cant?} Igs%ft%agmﬁng% agla;glllsi%eréq {o e r{%veedc&){% 3 ni}'g.ﬁﬁa%%ltlc e&ec‘ts
arneg. ngﬁﬁm}birﬁduﬂaj miveel bﬂicﬁdnﬁfnﬁﬁﬁl SinsdCia R Sndi@te@periment),
deficits and visio reverse, reduce,

pPEFIARLY 2 Phfsithatis wgﬁoldo%q ot}iaﬁéheoﬁl?%?thﬁﬁp%’{:}@ﬁ%s\?a‘f‘%n of

t tfb?‘eferably a dose that is 50-fold or more less, and even more preferably a dose that is
100-fold or more fold less than the chemotherapeutic dose, i.e., that previously
assessed as chemotherapeutically effective using the same administrative method for
the given experiment, study or trial. For example, in Phase II clinical trials of
epothilone D, a dose administered was 100 mg/m” administered as a 90 min. infusion

once a week for three weeks every four weeks (3 weeks on, 1 week off), for a
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25l oss of cognitive function associated with a
Tan- associ ated di sease (preferably, a tauopathy, and

inhibit, or delay the onset or aggravation of one or
no2@4 Eehitral |y nmedi ated effects of said di sease,

i ncluding notor deficits, vision, and so on. In
preferred enbodi nents of the invention, the epothilone

Rupfidiive el bf 90 megaiipamidsitsd ERey ARedkdsi aabkYiosftreid e

in 30not only relieving or alleviating the sy tons of
tthis chraigal §ad ée%%safﬁa?%l@a% vroaidemeqna?cﬂuywlam %ﬁ?o‘ﬁ&‘tt gose
%ﬁomﬁ v R iRt aRlor 36‘?{;/1{1?"&116& Bre ?ef&%‘gl? ¢ ib¥&s! Brrlng/m
aV|ng an |npact on underlyl ng se l.
daflésnedd strowegre prefetably a ddse p83 P@m Adrtless. nﬁhusva an alternatlve
ngea%%leg%? é)%vﬁdé)\(sige asgch%gér% t%ltﬁenab%%eo g%céﬂaap oa?nw nsatdénrl %tered
f ddice by 4 t‘zveast‘slﬁiﬁblﬁldl 1fa @sd @ﬁ.BOaﬁg/@é i radre ﬂreﬁrﬁ;@jaﬁl &osaghis fes’,
a surprising |eve rain penetr tlon 5| 0 rain
ey Pere Piderallyp sesteﬂ?é m enlsinﬁ?] 10824 etrﬂet@ﬂ%?ﬂcpa%g
CQEBRRApYh R R RF amlﬁrsgst&mk g, sltaab I rkzlaaﬁﬁxﬁmim@ with less
Iy,

|nventors further have di scovered that remarkab

i MegveBabddy tlﬁ’eqva@emm alafihgastetipm), theaelpiiveglosages (ie,
T, t

TakARaRahahed LSRR YL p A SRR RS 100
e@od d:unhpzanwnl invoignsihe kameaorrsghider imoeks/ofl adxmmkrbmﬁqe of

e il ope can adm ni stered far effe e

T o ke S Ot bt nrSh saehey By yoe of
A@othﬁbﬁe D Rt QHa 068 1 NaKad) BsosaMBiDPes-&sdtRlditseade
treating Al zhei ner’' s di sease er&pl oyi ng the

aenriusingartaarahy-oREEPBER AL Akarp dipicd saawmdlwws AD.

T u I
PSR R MR e R vacth el e
sprgdrpfnnab%mmtoynSI apd signeof] a&as agyochaedasesst giocledinpe tayopethy,

C oagtﬁc%iaglg,i %lld% %é]h | ng gx‘? aelp(gas 513,%9%%?% tlo)é T%ﬁ %ysomated
hdipea e (m&tudeigtastaxfo@ﬁthg,hﬁﬁmhhﬂy Ay, duSmJigethed&hteffyf @attiser

e reduced or. elimnate nclu e or, nor
PO I BT T QOGS B HA TR DAERY e onect
| brBvbRtibO8h agBavsiRa or ButedrdiRA of SleQPMptofk §{ Q% iskae.
voni ting, anorexia, constipation, and/or abdoninal
plR0#0) | Ssasistigadlx |Skgptf5¢antﬁ@&]vtﬁ\@ﬁ>@mfﬁs rhesne bipltherg are cognifive
Iy

PR ES P ERRh Blhen B BRIRGing H AL B IPEIRRESL BB,

pﬁoﬂewmg,a pheatiefsheontisskd b yestfod irbatnEmor 28 fed$td 0% or more of

e SRR, R BE P el B 4R o Blsaliie e s e

| FYERAIOFO% bNRAbE df ShelPafdtit dRilp APTERE MM iBproldn@at htNGate as
Al zhei ner’' s di sease conpri sj ng the step of
atPERmaTed ety %@“%Oltgﬁ‘é’rpdbésa?sﬁeé’aﬂ“ yeﬂeeﬁﬁs EB &4 193ét Hive dmgroysment

eRYY, hi E%te@ th@ddn Qéﬁxbﬁ%ve 2 %o%s%e%@n &Q&%E‘ bh LOfrép D
corrpound has two or nbre properties selected from good
bwbmn pemmovemofe 13 iatehdasigo fyrchidn rdvabtion] ih fleclinamd: Iattlhmtgh
ofeafab gk iare St e Raei et BturBige At g v
tdSUse;eecpﬁﬂpﬁbitlpﬁger@ély,gaomehthaS% @engtrance, |long brain
half-1ife, and a selectjve retention rate, as these
tWPHE ar fauasionairdiiseaenas defogblersip mepidingesevasapriterbyith

enRehIRE! inAfau bl AVERL LR Mhat LB OLBoathiRr oML Ied cBted
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30 nmethod of treating Al zheinmer's di sease conpri sing
the step of adm nistering a therapeutically effective

WO 2000132250f epot hilone D to a patient, wherei nPCHES2009/041634

10

15

20

30

efothilone D conpound upon adm ni stration has
pEOPEEY es selected fromtwo or nore of: - 15- 11274
PCT brain penetrance of 0.5 or greater, nore
preferably, 0.8 or greater, nost preferably, 1 or
disemtsingludes buteasa éichiad (a2 Gontotempbal dentenfigStchetbing thg;

and/ or ..a brain |f-life of at |eas 4 h, and e
S os 5Py oleBioul nisalip a5 iomirped fr Brofaorg Tor
Prve 1 AQpld g REsivERhfian@édl Pdlsyd cattibibadaNddgeN@ationEPIBIEt dMBase,
retention rate of at least 4 at 24 h or nore
pOBeRhissITay disgiseens prelipe Pabingomng digeapeu Devasysigpe, pofte at
4 " - . . el
e B P ons e S e BB R ichapBbich € B0 et
angtisicn, Bmb ddeaye prionflistdves, amyw@rvphiodgtertlvelemsissPapkiosanded

10 et h of ~treati Al,.zhei ner's di.sease conprising
BT ae ShaME ar i SN E0T Phstut MRETT - ERPRR: R
aammsic Wiin @paidshailies Bubfn@orPadis@bd, Lewi B damicfies,
epot hil one_D conpound upon adm ni stration has

Bieirpraes Taoth distast) herediary prastitpagaplegsa, and multiple syiteqp
pesslrance of 0.5 or greater, nore preferably, 0.8 or

reater, nost preferably, 1 or greater, as neasured at

fi n. “Towopathy posleliehddieran meavd £ opurddgandmtive disease

hal f.-1 i ¢ . S 4 .and e.prefgrabl. f at
Pabped it ol BB IR pRiei Pl pREE B3 e o
antl/deAD; however, cthed taabpriliesiaciude beatd noe limdibetl, fromotealperal

f at. least. 4 .at 24 h qr nore t-dosin ore. .
BrafitieaiBr oing ez e GponrtpoR fundria st s Kipsqpipplinked
waum%n@negﬂpm Y), BlogRsdiaCdupranttieaBpMlby, BB €otakal 24 OF
nore h post-dosing. 20 [0054] Accordi ng 'to anot her

Spgsaeirinickis dissest; wdeayPRiHlic griBkdisesss- provi ded a

d ofy, ¥ ; , : o =
TIPS, OO Ae MBS SR by e
apwheiine &f suffpetthitd:one D to a patient, wherein the
met hod.i s..therapeutically effective in treati AD in
the. poviigeff BRSH & Rawonf i Retb S

¢iriterbl, andb@ihyditdingt pff@altgIBNintAting Dodrevel fandiibad
woul d requjre use of said nethod to be discontjnued.

FEOSS LARTERIPAGCW d0ssiBAUGET CORRBRREPHRh Ao rity Hppertorming daily

%mﬁg RbtQhbs, &Jg;ﬁﬁ GerdtBlI AR RE féff@ctmﬁlah 20mehr ?e&ﬁﬁ& hl¥Oision;
Z

eimer's disease conprising the step o

aeHPhi stering a therapeutically effective amount of
epmh@%@e N A égkfs E

provi des 06%%%@?véﬁggﬁé?$¥%%%n%$3n%re 3&%%‘@?”%9“°fme
$dsabf gighitiat fupesongaasdeiataintithcoDan-dsbocatddativefdet(preferably, a
treatin D,‘mﬁého t usi drug-induced side effects
PO GRS P O s At TG & S0y
IRWhkdt Or bpPavatfionSet chle BBhBR Akt Srediaa@ibitdsIREd disease,
including motor deficits, vision, and so on. In preferred embodiments of the
invention, the epothilone D pharmaceutical compound is therapeutically effective in
not only relieving or alleviating the symptoms of the Tau-associated disease
(preferably, a tauopathy, and more preferably, AD), but also is effective in having an

impact on underlying disease (i.e., as defined above).
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- 16- 11274 POT [0056] Accordi ng to anot her enbodi nent
of the invention, there is provided a nethod of

wot2eaisersg Al zhei ner' s di sease conpri sing the icapb09/041634
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adm nistering a therapeutically effective anount of
epm7hiPCane D to a patient, wherein the nmethod has an
i npact on underlying disease, nore preferably, a
statistically-significant inpact on 5 underlying

di sease, w thout causing drug-induced side effects

and/ or drug-plasma concentration |evels that would
r &dferinptivefsebodfments of thedetesion o be di scont i nued.

i[ ﬁ@g(ﬂ ;A‘g 2”?& L1 {tlgen@&ghg% Jexgﬁ‘%%' ﬁﬂl&png?} {a&ﬁm stered for the

ere s provi reat
Alrzdwaenref 5 T atdme@i&ed dievupe acﬁlengs 4 fueprsingevef of bram penetration,

adm ni sterjin erapeuti cal | fective a

o e BB B SRR B ettt Rt SR i
1Qjicrpasile MALIURGE TN fkSRARS havd i Q¥ HeStheQeRhkibIf
benefits, and/or is otherw se therapeutically

efeate eerapgpiRileets imbating Tai-ereoGate@peases (eaicalarly
OBabJaRlaL Eééﬁa&@b)ﬁ%'tcﬂ%lff éﬂc&é acti &R QR ﬁBv@dos@J‘&Vng&ﬁﬂcgle D.

neurot oxicity, fequire use of sa
t aslechga Eem:vt:lv mmsaa@ﬁ@mm@can@etadmanmmfor effective

TEREPRD oy P R ST BsBbRERTR Sy

t BevefipePa Alethad of daShgAlAginRr's GRERP emplbglag the agihinestatiteof
anDun%Pof epothilone D to wherejn_the dosiIy

oPPUBIPAD 18 a@2tEsTE Bavipg Al ag%@ethai IS &PCirede hetherpputica
[ Q@%A&%&gﬁg‘ﬂﬂlﬁ’hﬁﬁﬁ ﬁbﬁén‘c@@@éjﬂg@ﬁ&m@fmohﬁﬁanﬂy less serious

i nvention, there is provid a nmethod of treating
Abfreersde effegis S esepAad tb¢= fide ¢fifstsdhas pypihlly occur when

AP bafeds 28 ABLAREM BB pRIHE Ry BB Bl

e Isltde hfféo:;s:’t\ljatlﬁrd sdized Mmg@att)g?mmzy mdl@deg(giegg znomof gastrointestinal
S i Dt on Bl iR S R Do S P B

d@sift@e CineleRia, IRAEARAS eol/6 db@oﬁx@nalﬂﬁ@f)ﬂﬁfer erkadine®rdpeib,

the inventiogn, there is provided a nethod of treatln%
AVHRRICRRr MECl o BRSSO PRSI sTIR)S e hraleip faggus, musculoskelctal

adgh ﬂ&aﬁtd%okdéﬂ porednl REERRE WhkinGafliyi &l Leed: n¥@m§’eﬂ%§ﬁ&t5 at
epothilone Dto a patient, wherein the epothilone Dis

adwmmﬁgméﬁéﬁd9|a IV and the dose of epothilone D over

AT U Dl RS SURLS (R b OBl B8RGS0 e

ere over
r egr&lt}d)ldeﬁ Seﬂfngsﬁﬂednﬂre d1s<ea@ comp&se:kg tie stsp eMﬁkM;’c&n@ a
week on, in the ra nge het we
n

0 ﬂﬁﬁafeuhcg&)h%?%ve a[%qugt (bfc egptéql to[fxeqa%gg ber%ﬁ the egothﬂone
NG E8apoBYERhs 6 6r Bbke @F@@ﬁfe@@lé&te@%ﬂ@@fbd@r@ﬂpme@alﬁglaﬂgng

yet even nore preferably between O. 3 ng/ n2, and

mbgetm brieliler anglahigheseletists refention rate,py ,dﬁ@qed herein, more preferably,

where the epothilone D demonstrates all three properties of good brain penetrance,
long brain half-life, and a selective retention rate, as these terms are defined herein.
[0052] According to another embodiment of the invention,-there is provided a
method of treating Alzheimer’s disease comprising the step of administering a
therapeutically effective amount of epothilone D to a patient, wherein the epothilone

D compound upon administration has properties selected from two or more of:
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11274 PCT 100611Accordi ng to anot her enbodi nent of the
invention, there is provided a nethod of treating
WO 2003R822pr' s di sease conprising the step of PCT/US2009/041634
ag@%ﬂ+?éﬁring a therapeutically effective anmunt of
e Dto a patient, wherein the epothilone Dis
adm ni stered orally, and the dose of epothilone D

cal cul ated on a dal|é basis is in 5 thg}rgqge bet ween
0.001 - blalﬁ@m?ganq%@f S5F reaiEn By Hekrdbh greater, most

n‘ggr%abﬁef"@r L&, é%rlﬁé‘a%r&pﬁtﬁ() bﬁﬁv’@q .\ éﬁstldGSm% M2, yet

en no preferably between 0.
[ 00621Amb:md|hn@1ﬁ@ofanbaﬁéﬁ hew@@nrﬁmfer ¥, ohet least 30 h, and

kﬂ%ﬁ%%ﬁ%?ﬂﬂ 11%04§h%r8%k9%%m% met hod of treating

ease conprrsing the step of
5 adm ni Steﬁlﬁrhﬂﬂgwar sEQcther raatidn ratalolfyt1@fsf@att24ﬁeora1mup¢st-dﬁsing,

epothllone Dto a patient rein the e th|

S RPHPS R A 41 O okt BoS BTt MR PG D spppior
a GrHBHld ¥Rl Wphagisng i - €., total dosage of
conpound adn1n|stered over a one nonth cycle,

regardl ess of schedule, e.g., daily, weekly,

hi - kly Q@ a

S peFhond bl SUREEANG HERIER A0 0
10 m)ihethﬁdl eﬂ‘tesraaing zyvb«stméedns@se cobtpribing g/ sted, Ofy'lémm@#%m“ﬁor e

er abl ween 6 0 104 0063] Accord
an WB?“tig‘ﬁ'B'ﬁgﬁlevaﬁtamé’fmﬁggp ‘?%é’ﬁp %l’? pa?%?é’rvghereén %’rg 03&13110&’ ©
a pebhpsurfupbs £8kihREatAINZALHIIBETS WieSe@FEmMaUNRES 6f: Ng
the step of administering a therapeutlcall effective

am)u nt -obraBmstHianes s Op ar@reatepargre pe ferghhe O ¢ 2F93ier, most

gltegqbgn Pgeama Gt QsS850 Ahalo! Vh Mt-8o h]ﬁﬂor
ted fromonce daily, once week
15 o nce evet yratmmﬂfviée kiat least 2drhe endumong praieraplpod 41 %\@é &% biang

e t Q vention, there is
prgvgﬁgggfmﬁgF 8QB?“¥P%%%P§%b£thelner s di sease
conpri si ayrairhives bedqtiof reqeatibmiatet efial logst & at h@n apeoeipogidoying,

effective ampunt of othilo Dto a nt erei.n

t hBoEgSeiRTPYn 26 &F §§Wi’ﬁe g‘f RO B 4 ooy @ factor
SCBP@%@O&%{ﬁp&r%réﬁ?mt%ﬁﬁg dai l'y, and Wher ein 25t he
daily dose of epothilone Dis between 0.2 to 2 ny/ng.

20[ 0065] Accordi ng to anot her aspect of the invention,

t h%ﬂ%ﬁt re AQECQ'élan ?oﬂan%k%&%d%ex{t B%E h{\]zgntﬁ)tnh@xgre 1S ro¥1ﬁed a

auopat hi es according to any one o
e n‘ﬁ&momaﬁtr&tmg Atdheinien's @isedse nomprinigsbe atxwfeadmlﬁmtenng a
ex |l e,.such_.other ta ncl.ude on
o EgrieAl Grehuce PERSPURLER TRt el Fa P uthegpoa s
" t aRepBliyH AEERETEHh edatiicyaasethe Bhlichewidlidut cdusing drarinduesd
one enbodi nent of the invention conprises use,

of
25 e p 6idp effesireangyor doie A goqcsntgaﬁggn dvels that wppid sequire use of said

e”%%ﬂkﬂg@%édmé ibdegat not only AD but al so a disease
selecte rom rontotenporal denmentia, including the

suljeosse ofActordimg ot sHpoembodimd8 of the invention, there is provided a
method of treating Alzheimer’s disease comprising the step of administering a
therapeutically effective amount of epothilone D to a patient, wherein the method

30  provides cognitive benefits, more preferably, statistically-significant cognitive
benefits, in treating AD, without causing drug-induced side effects and/or drug-

plasma concentration levels that would require use of said method to be discontinued.
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11274 PCT denentia and Parki nsonismlinked to
chronosone 17 (FTDP-17), progressive supranucl ear
worabsis2230r t i cobasal degeneration, Pick's di sea3ays2e09bh41634
agxr%phlllc grai n di sease, Parklnson s di sease, Down
ﬁ%j post - encephal i ¢ Parl ci nsoni sm nyotonic
dystrophy, N emann-Pick C di sease, denentia

pugilistica, Blint disease, 5 prion diseases,
amj56 phidecdrding kadnothet espkasingent PR invepsiins WegdHIAYided 2

g e e A A

pr ﬁeﬁp&ﬁda&ﬁﬁfﬁdtx%ommmoﬁémm ® acxfatletpowmlblo e rthod has

accordln 0 .a t he enbod ts de cr.i bed

o 8 MRREEe PAEHONa 5ot FTT RO ond EAGUES P URE Gt o0
5di $RESQing Aisehsk ShitiouOMubb) dfukGMduat BAMOsRLLs dﬁ(ﬂ&rﬁru@plasma

i ncluding the subtype of 10 frontotenporal¢$enent|

angomsnikitos deks thot AR gequie Bser ol §ed ehod Jo Papgenympee

p r &{S%f sy, ebcérld g%ﬁ&%lt}%?émf?@cjlﬁéfm of %Qﬁﬁ:ﬁ@(ﬁxs ?Here is provided a
eneration, CK S | Sease, and agyr Op | iC graln

d| Sigtison.of trez{tﬁ@@ﬁ_irh&mmﬂm@etcmnammm@ﬁ steprbOuinrieisteriegf a

t he |nvent 0

f orhRPEUYR 1¥ ?tge‘g%w%an%unﬁ.% epgg\ég d% ttoe%pa }ietgtégvgéére&qgeﬂ%d has an

10PT &y z{o@@ﬂl Mndeﬂwﬁéﬁﬁéﬁéé@bﬂbyxdemhlt@é bérefisbangd/oARR otherwise
[0067] i's contenplated that of he aboy

i nm@nevf@anﬁeﬁme B Gt PR it e HEspel side
reBreQl W&Icoﬁeﬂ}éem&/&%eﬁ@iogafl% ithA %uﬁ' 113q1ﬁ1‘é Qe ¥ARIdMEhod to be
co I'nations of the above Inventive nethods are
conmsnwhmﬁhd herei n. For exanpl e, one conbination of
e © ARGt SndTie GOB8 IR, AR Ao TR 9PRvReg o
q mer s di sease conprising 't ep of
15ad théthsd of kﬂeﬂgugmltlkbaﬁamhiea@ajohipnaﬁg the tsiey of aivponteriof 2
epot hi l one D { n th

¢ nebeIpRet LR PSPy Rabet henofiibpehie AECRE Ol e dose of

patd,gitiond b RAUbw GBS b @ fidédigerdinduced side effects
andFor drug- pl asma concentration | evel s that woul d

r eq[aes% uskecgidingp gnather SBROTBCR e Ph e 1s Fyided 2
habiiRri
%1%1&1 Jc]‘gxg ﬁ%rs@ég{n&g%ﬁ&%a%eod&ﬁ?gshé tHe sﬁ:ﬁdw @hi¥Rring a
Z(Hd rmeramlecaéld effe@ivk powmdf cnotlmhe¢ Pitma Pkf@nd obereisfthe dose of

epot hj Ion e n 1zto ed
N e Cote B e s s TR S
sel @oawgtofy@pa adelsseersnd dohd dIhxl&IWee@ljz&omﬁtehimﬁelp rdefieg cyett.
ran&es expressed above for @; A adn1n stratio Qd
[ 0088801 ¢ aAgC@rqlgg e GRPEFHSIRPE 631 dh lﬁa%nﬂaw 1eF Isppgyidec a

r er'nEt n_gd SﬁeQQxQESAﬁﬁelﬁlE@@&%&t co%QJ HRY t}{%}étégw’@&ﬁﬁc&mng B
t he "enbodi nent” i nvol vi ng epothilone D, for use in

2%r e&enamtxaalwﬁegw@ hyxompnoéﬁmlabw DAz ppieng YHigreimthe epothilone

_pat fgﬁ{] |t ﬁ;lrlh leJ:rSed waofr\/ Sﬁ%ﬂﬂé’h&e o?ﬁa%thqm@glom uﬂ&lla‘ﬁgg monthly

i nv i'sing a conb tion of the
al t egshglciysie (zenmmdmtgb sf congiohiad adbliRigéreRGVercomp miomth cycle,

epothilone D fqr treati D, erein the use

¢ heregBElsts ALamegi it ectbs: biveckint & FRgk ! eRkiotreay e fp the
t heraﬁ%@ée‘%éeﬁ@%op 'ﬁn@’% Hdrs bRIRSEb1Y Betivbd (D@IU sﬁ{glzﬂzt, e‘aan more
dose between 0.001 - 10 ng/n®, or alternatlvely

3¢ 0s prefeeablicetvan S0 o3 nag/al mﬁkeveadrﬁﬁrﬁp@feéabé)d bHeeR Odlal $ V’g/m 5
t, dosi cycl e. Yet another
n%“%hmgﬁ?h9£ﬁ$%%%%ﬁgﬁlsg ggihllone D, for treating
a tauopat hy, particularly AD, wherein the epothilone D
is adm ni stered to a human patlent at a | ow dose and
is therapeutically effective-ild-having an inpact on
under | yi ng di sease and/or providing cognitive
benefits. [0069] Accordi ng to anot her enbodi nent of the
invention, there is provided a 10 pharnaceuti ca
formul ati on conprising epothilone D suitable for
adm nistration to a human patient in need of treatnent
for a Tau-associ ated di sease, preferably a tauopathy,
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15said epothilone D forrmulation to be di scontinued.
[ 0070] According to yet another enbodi nent of the

formul ati on conprising epothilone D suitable for
At ration to a hunan patient for treating a
Tau- associ ated di sease, preferably a tauopathy, nore
preferably AD, wherein adm nistration of the

f@ioi| aticcordpp vardesT ehbaidisent @ﬁﬂlleynveﬁlﬁbns ihgn:i i posuded a

benefits jn. treat t hout
GO o5 T ATt AEHTE CuP PR s N O B PR S
mf@emcmt RRtVeEMRIuSt S Eabthyiend 1l td ﬁﬁ&dibﬂtewhléi&n@ﬁe &pdihdone

othilone D fornul ation to be di sconti nued.

@?@m@@&dcnfﬂ& el thefosgrbendhiloarblsalchiated opp dpfebasis is in
[ D JBGE dldiC
gg&gﬁﬁgg%rﬁ?% \ggpogét?ﬁr %E%Q%D sul ta?kl)l airfng/m even
ardm wrefstabhttiebyeen 6. 1a- 26 bmiayet pesnireort pfefirattly betwbene. 21— 2
T%y associ ated di sease, preferably a tauopathy, nore
efer abl y, AD, wherein the fornmulation is effective
i[oo6pY OViAdtdiging fo ArTERE bmbotiAd SF IhyiignitinS #8rds plolvidbost

causi g% drug-i nduced side effects and/or drug-plasnma
E%?H’@é F%aﬂin& AFhetrsr s disase cipbTi g Be SieR of adganigirnegg ¢

BitlcQmeerRfiar Mlﬁﬁ 6@?0&@0&9}) i Seeekd ANGHn the epothilone
30[ 072] Accor di ng anot her enbodi ment of the

Driy edminstered ardibe alildsﬂlp ﬁwmﬁ erptiziioph Br free emulyie monthiy basis
Ea f,qytLﬂ?; %8;:; ?9&%;?0%8 a(sn%fus?egég cWelS %5 ra(glgh (‘?%Ie re@%g%ss of

au- assocl a
pehetde,aty) ydaﬂy,tv&ekipahhmek}nme) priefhe talgt YetwAd 0. omes(emg/m

t he 2009/.132253PCT/ US2009/ 0 4. 11274 P
FB’FWF%’E%"H%E B § 26% ’6%558“ Vil ?raéESB?%eF’b%e of
b@/rvik o8 eoergg&ﬁgrel&aﬂgb&%eeﬂ]@f— @0 Riggher abl y between

001 - 5 , hore preferabl é)@between 0.001 - 3

Ak, Avecrding teansihsr epbstipen of e dyyentiogthete iy pipyidaga
f
g e At o I SO st O et
irewpnttically effelqmaaaxm@np«vfiﬂppfdtégkz@ pimpammewhmxalﬂme epothdone

onf dmnlstratlon
SRE e oetly s R AR E e o Rl i By,
cumelvatyltwewaﬂmwrloylcﬂmﬁﬁnmf epot hilone D in the range
E)etvvee refer abl y between, O 01

0§4hg/n ﬁ@wg\%w HopeT ﬁfl@ngr?*%wgf 6 SRR thers s progided
PR of ¥&4inS Ve eI ] dReRE %Bﬁgllxé{ncbtﬁta Yesor aQ!m’}mlstegnn%p

ng/ i n2, and nost preferabl t ween
[dmxm@e%mf&cavge qr@owé?f e@ﬁ@tlh@rD MMImtewhergm ﬂeeh@othﬂone
Irlﬂ élt% %6%&4}8[ or aﬁiog{ng\r%&%?gl? ?%%? I on ogﬁlceﬁi%%r?nd wherein
[ﬁmdaépﬁosewﬁqroéumnsmldbémemﬂ 2atd omghts. sui tabl e for

very of a cunul ative oral dose of
Ashe T esorabe i T g S Bt B sop g rbme et

Bf {Ahabinyr (R&IpRBRR, &s@@s AD 6&0&@&1@@0 ankn8 ¥ Eihe BRbEdiments of
preferably between 3 - yet even nore

Hrearenton jpeitrdiahetn fer exwfqrgm@thel BoTBesTordnegde ane of
Yithe @1’(}% &?Jase% 'i@fggh&%% th%fdeﬁﬂﬁoﬂ W‘?ﬁ%b%-asts&%tgd diSease”

provi
herein. For example one embodiment of the invention comprises use of epothilone

D, according to any of the above embodiments, to treat not only AD but also a disease

selected from frontotemporal dementia, including the subtype of frontotemporal
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there is provided a pharnmaceut i caPCT/US2009/041634



pharmaceutical fornulation for adm nistration to a

human patient, wherein said fornulation conprises
woepayiseisane D in a pharnmaceutically accept abl @CcyoiSzen041634

systen120 conprising fromabout 0 to 50% propyl ene

gl yEo F&dbout 1to 10 % TPGS, about 0.5 . to 10%

ethanol about 0-90% water, and/or about 5 to 85% PEG
such as PEG 400. 100761Cbnbinations of each of the
abdveentxnmrark@sqmm Ynde trt theemospe i (BEDPH Y. Bogressi &o

conf Iagr ﬂl doftl cobasgl%’ézﬁrénlal fidn, PRHOPALALESnd 2 agyIC Oghlhc grain

[05 auo

es are ne egener at1ve dise

as SQEdsa,tPefklmroﬁ’h dizbaze,Dmdn éynmnmeqfosﬂamemlab¢ Barkinpanidpr, ai n

t e. he AD) . was.th
T T BTN e
5 ”’Bhbr@@iﬁéa&g aRvbtd E !&'ﬂﬁills&&oab | Pag@f@hisincdébi@htia complex of

neur of i ar

les - the presence of which js

oné&uet, mﬁléphap%wa @lw@ﬁbl drbederefipppathy andat Eumatin ety

co nx#_)@z:yn fﬂr%ﬁ%cl Ahbod REERIIRPNRE YF 88fione D, according to any of

con

mat’i onal l y-altered torns of the Tau protein.

Su mmwedmtems d@$0hlbed eatinpatrbat @gauopdthy, inchidiipg wiipt jigptation,

fro tote

|f|e ora
parRisres i Tk e s O Rl Eae M @ flhpe of
108r Q@h@&%ﬁé&l aétﬁd,‘r@E ded gﬁkmﬁﬁ:ﬁﬁyhnkgd kd ctmmlaﬂe 17 (FTDP-17),
egeneration, Pick's disease nd a ic grai
di PEREESSIVS HIPEHUFIEI HAISY SRS $eneatc “aﬁr?ﬁﬁ cfiF; 2
('QG%HQ{ %Qﬁgﬁkggosphorylated Tau. Tau aggregates,

andfor an

association wth the HL/1-11 Tan haplotype)

hadolsébn assodingtieanatier Ampedirem obAredngnien dere ipppided

352 d rlﬁ‘feﬂe lj) K?rtusg Ct?egp@zlx '%mp gg&lﬁé@& d$e wém%g}r&&l aﬁly,

di sease,

15pugmk@ahxmawnBMhMMwﬁﬁwe prion di seases, anyotrophlc

e L T e
r etdoﬂlef?@& Ri¥th 3Rglort thérs Blbkd 1B vedtiab ethBild) byd {1Xach aar&ms al .
2004; 10 Bartosi k-Psujek etal._ 2006; D ckey

20 GSmb\mgﬁtly i1 Be ahopve mFoBYe mftb@i;sgle[%tepg) aéedéy@retlrb example,
Lﬁ ??‘S { af&t?l?ét%%lf 916%5&%911%6@6 IBE@&&' ha CM%@lset Natihdd fdating

I zes mcrotubules (Mis). There are sjx

20pr imialue;ansemmmcomrmam ths sigp ofedminigisting hhewpgricpllaictive

t
Th em%c’ﬁp mg%p(gtgl oner%f{org%)o n%rs \ﬁkpegéen? Eh%g%e%}goQQ&hQ& t%%%%@f@uve n
or tZhlind\a Demthc padient Wikt sausihg couppindatd eide dffectsi ahWor drug-

ei ther three repeat 3R) ar four r

m éﬂﬁqﬁ%epc@nfmqﬁ)&}ﬁﬁﬁdw Id NG Plé céfgfu% %1}%) ﬁé b%liixgcontmued
NecH s sAkkid BE dbsRioCERHL B i$4 &Bhﬁlhtmtnh&lﬂﬂy Bk loEbetween 0.001
proline-rich regions on either side of the repeat

2dona$ me/mix edrpipisissssara/ TV epd/er Wesrsig the dossrd eppibiape khig bereen

( Pr(?e 661 £33 1% maladmiln?s%egd Pa Iaﬁ Osé @.ﬁo@llwﬂpéﬂmh@%ow epothllone Dis

proline-ri regi ons are p rylated by nultiple
Ki nekesd flomad idorg withindingsoe oﬁhe piefepkd fagesfexpigssed above for oral

m cr Qt . uhul es. .
orq{’ agmmlstratlon.

[0068] It also is contemplated also that any of the recited methods of treatment

30

may by combined with the embodiment involving epothilone D, for use in treating a
tauopathy, preferably AD, in a human patient. Thus, for example, one embodiment of

the invention, comprising a combination of the above alternative embodiments, would
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20 The N-term nus of Tan extends away fromthe

m crot ubul e surface, where it is believed to assist in
WO guPdsRPhi ng t he spaci ng between mi cr ot ubul esPERYS2A9/041634

biﬂgbgg ¢f the notor protein dynactin to the

nicrotugules (Magnani et al. 2007). In normal cells,

there are roughly equal l|evels of 3R Tau and 4R Tau

present. 4R.Tau_hjnds _.nore tightly to.mcrotubules. .. .

PR oRoraR oDt Privhétft th? B R FRecive i

New8Rs A B Bwidreih theRpb S sHe TAR UM iR ad lozRepdtentaX @ (6se

Tau is the gﬁior m, cr ot ubul e- associ ated protein in

nekatweral 0.0k old, mathi - s altpientivelpy ate dase pyesn 08189%;0.3 mpk,

di sf 58D L RS WeORS, or 3lChdidhe MR &aBl ¥ dndiher

pre on1nantFy sorfat odendritic. Tau stabilizes axona
5 m enltdirbent eonldichmpeipyepbthdone Do tragting aksgmfhy, particularly AD,

proteins, organelles,. li.pid el | ul ar. e .

ATt M e s T R e
NOiLeGph@Bal efditihveah honal dnytmped: e endetliing disbise bodlyr modding
the synaptic termnals. Tau dysfunction could
i neBPTLWE 8°RFLHSh axonal trafficking and thereby affect
Netypgsre hOf ABGeSURBOM Rt ofiCintaMicA ARG H8ed
kng@ggd o§¥&?%hgﬁke mfth nildn_3127% PC? congggggnqegf

10 buphanhadoutidal fhamulatieh ¢aprisiBe geatiitong Desuptele{ps gdmingpgration to a
doubl e knockout .m.ce dje. LYoS, sl at
ol PP ORE g b Bl f 113 PR e RRNESEROE, |
f ofaneREHy, pblateftablypap, ehses adminshedhing teeforhdpinans
(Avila at al. 2004). 100801l.n sang cases, .hmutations, in
{ hiberganaaRsirring s S e Teen D rran SR B
t ol sRR S e Redddl i Bhal f13nlatoficbb¥Patibh 18R ted Rehld require use of
fiontotenporal denentias. Many FTDP-17 nutations

15 d e eaidepsthilonn B frgnulasionite podieasufasdi n vitro and/ or
in € WRENE; lile¥ ethBodiBEANoF tRfieftidel ARR 8 prodlded
20@#@6PC1ﬁggk@gggggﬁﬁéggsgcgétedgkutafigné altef %%e o
s pbhamagatitad fonmoktiFGaconwisipe npethilane B pdiehtt frapdinpigRigr to a

4R Tau. Yet ot her class of .Tau nutati t
N PR e 4P e hEvEprrts? T obEle i Gt more
( Moghastly BD, Bhereid Q@ministAlibn ffthd fopselation mbvidestaistielly-he
potential to . interfere with 0ﬁnal f%gctions 0 Taaa
20} nSERGCEH SRS AEICIR I SR oot 2P D SRR e RSy
| eggs eﬁ&t@ﬁw ARbididses chitediddion 108 HaAbhewafirt angdresd
and other Tau aggregates are a pathologic feature of
t aepyhildne sforrmdgienndp be fiseostipfedevi dence suggest t hat
SO her,, sql ' i f.i f. . '
ST Nl S I o B RESb Rl
agghegateadcd fdrouheos odhaisinglepotiléreiybesble Sorrdtninistration to a

directly pathogeni c jnclude observations,of hunman

25,1 SR MO SO A PE Ot S TSP B AR O Bl
di fp&%rﬁm% AT8GHRASn A8 orfius608 & eSbadesn phvillnghaiifpict sn
di Sease brains has led to the conclusion that neurons

canméulyingviscandw it e4using dlugtndiser Bq et pad/yr dragplegsa
fo rcor?ﬁ%:ﬁt?agﬁ IE%VMQ 56 Dol r?ﬁu&re 199 said lek&%n@@ %?IQHIQWB be

Tau ransgeni ¢ m ce have tangles and severe
neudisocegeatr ati on, but the neurons with tangles do not

show sel ective. signs of distress and are too few.in .
300Ul t o A H]ﬁttg YSAPethE gy Ptcoq?]beslgvﬁnﬁoﬁ Hifpiggrovided a

Ob S BEWReuiBal trbtrhIHBA ShitabRITSIdhBistRltiof o a RIMD)patidiy 46 1Rating
an i nduci bl e Tau transgenic line, shows dramatic_and

r api Thutasgegiated tiseapatnrefarably @ irwaehe mer apiefrbln AP, wherein the
behavi oral deficits when Tau-ﬁ?OlL is 25i nduced
(Santacruz et a)., 2005). Wenh Tau-P3O L expression is
repressed, neurodegeneration and cognitive deficits
are greatly reduced, but tangle formation conti nues.
Further studies using these mce show that sol uble Tau
multinmers correlate with cognitive deficits. Simlar
Tau multimers are al so observed in FTDP-17 and AD
brain tissue (Berger et al. 2007). Finally, evidence



30 involved in behavioral deficits in AD was obt ai ned
usi ng transgeni ¢ m ce overexpressing a nmutant form of

woDhBewrspisai d precursor protein (APP) (Rober son petr/i2009/041634
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2007) . When these APP mice were crossed with Tau
kH@¢kBGT mice, anyloid plaques - 23 - 11274 PCT were
fornmed, but behavioral deficits and synaptic
abnormalities were prevented. In this APP line, Tau
aibnnmlamdni doimpsses @Woshgaobit bj@pdéile!wtlé df batveend.09P s d Ao/l

nap beh ficits oge

Hee ety B ROl ot ™8 oo ARy QeNert 100 1 SR

Oefveﬁhmeergfaﬁeraﬁmen&eh pkel ¥ 1 bipemhend Sbapkdersilebit@sen ®001 ~

Merotupule Stabilization for Treatnment of Tauopathies

[Q)@B@T“There are two maj or hypot heses for the role of

TRy74in nﬁ&roﬁﬂﬁgt%?@{ e?:%ihgleen%oﬁﬁ'ﬁ)é@of t@ﬁwg}ﬂ%ﬁttﬁ&é E§prowded a

posits that abno forms of Tau disrupt cellular

fmhaunacgutxcah\ﬂormléaudmefowmmwp@m i @Wat@t,twmem brad

| oss net I m cro

1%8%“1 t1 nl#J Isuzlta{)llggn d(a A\\%eIL%Y oteact multla?xvianﬁat L(%)gee gfe PothrloneD in

20 ¥ange gdtfve@ (mIEG—dS mg/ntzhﬁoﬁ@@dgﬁdblh paathesis- b h@t’m gven
m crotybul e stabi|jzers haye been suggest

m@!ie&muf ably 8@?%‘5 ’taé&}%f‘hp’%‘se"?’}_@%reg‘?& ﬁy bggaen Q4 53

RAEA! acionosPpBBRbEABhvech 0aNPT ARMmIZat  di sruptions in

axonal trafficking have been inplicated in a nunber of
di08EH s e sApqerdingiiotyebamother ephwdangngerthe fnverdion there is provided 2

A5 5 ik W orl IR AL B pRBE B e
dfosrealstign ik smeb[ietfa‘rdphmsfa ampdatap hegihly, oralnidsaef] epotpilcme D
system at.r oph oy, .et .ah. 2005 31T i f
R O o g e T LA E e e
OMRH H0RY RS RrabBlberdie?3 T4b nlgi” tye Bve @RI CréftiaBly WetRen 6 — 60
treated with paclitaxel (Zhang et al., 2005). PrP T44
g over express normal human ON3R Tau in spinal cord
NRYIANS ARYrER: GRREESHENIhBoIHRMEbORe IRERTon dtﬁcfnje &d ;5r§vz§é&ea

to Tau overexpression. Paelitaxel treatment for

neirttharepteod Lioadvlatinndpr afipebisivaion dma bimeani patiens.aeein Sald

) n.,
TSGR RS B L ERERELL A N
| ®1mrsmkg3ﬁo€i\d$ommmtsowmopyldne whsoladioet T © 1096 TRERCabotiiesS .

E%T G MagPiti 1O B e g Sl SORER a1

m%leSt CB@bMatiohd bf @eh BALE ARG YnveRivebhel¥BAGLal formulations
(spheroi ds) was unaffected. Since this nodel does not

stelsp eurardtied pyen. t he ef fect of nicrotubule
stabilizers on neuronal survival could not be
assessed. Additionally, it is unclear whether the
notor benefits observed i HTHH&Yspi nal cord tatzopat hy
mguld ranslate into cognitive benefits in a

FHOPERE hi ppocanpal tauopathy. For exanpl e, opposite

@Bt S TR0t Bk iedotgbitrdtive dERESas@ciatedayiBbnormal
different tauopathy trans g nic nouse lines to

t fORAS GeFuPTofeie dn baRtissipe Hed's %wa&d@éﬁ wag thetgs e
Kj &mg&e&%ﬁ@ase tlo'?)etlcl%ﬁtlﬁ&f ag%%wl L&%meie'

e Tal I genic ani mals re uced pat hol ogy,
V\mrh euldrmentpdibfibarg bmglen— ﬂawmsartohybf wbidk s, ong lefthe h@lmark

il P8 ek dpdiadf Cigfei S B PR o35 06,

conformationally-altered forms of the Tau protein. Subsequently, other tauopathies
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[ 0084} M crotubul e stabilization has been offered as an
explanation for the effects of NAP, a peptide of

5 NAP has neur ot rophi c,
|-| Ianunatoty, anti -apoptotic, and
neuroprotectlve activities in many cellular and in
Vi vo, nmodel s, |nclud|ng m ddl e cerebral arter

Stegq ertigisd (n§% Bedropidarnoral demeptioaad REkingeiam ﬁ@feéi@ c
lcfRnRRSme PUFTDP-BHDrble fyS%iVQ Qﬁ@l'earﬁﬁfs? CloftichBashiet al

al cohol syndrone and apol i p protel E'deficient mice
(d&m@@n@t, Pa:lk’s AABEE; an@@zmplzbﬁir)am dieadeoin addiippat bilewith
dm ) ported to
b A e T P R B L R
&esroelasw witmsxs lEmbéEleTéEﬁupwpb)ehab bednessiciagdsathiiakignsbals i n
3xT nice § M!atsuoka et . 2007; Matsuoka et a
égﬁ%f OFECROSHSFRIR ?B%r e TN T S0
cEEHmneticiad disddil %kmeiﬁaepa%ﬁgh@amsﬁm &Jeawn&%gexge& y i's
not fully defined, but there is evidence, based
@M@W@I@#ﬁetﬁhmﬂr@% Pokmsouim-dernentipcgmplek gﬁﬁu@mdnuitlpie
| ! : .
SRS Por, B Rl BATa A B R ot 904
rﬁauonk@buﬂes al. DD0G; Dsdkiey etal 006, 2008yn et WIAPO0BS. al so known

t AP a ati.on be .act i .
ifiosl carmen i SO R R Rtr SRS o P gy
t28d R6BiliASs ndcrbdiBhleAMTE) C RS brelsB-pingly éaqaérﬁgvamﬁ@tof TaS
it is able to protect against paclitaxel -i nduced
Bt thstreteEmnthEg ﬁa@s@ Ry afematiye splicwgshagpgt €00Ap pitiesatiseon
R ERhta e ND on@ 99%%&:7 168 20N e nW)ﬁ r?nsertT in combination
m crot ubul'e-'stabi’l'i zi ng agents, such axei
arith cattieri thvies tepeadi(3RD ohfogtmepcaltﬁe(ﬁfﬁl @feirrapmnmbutmmch% giomam
p@ﬁ 6%%8 etrdginamg grﬁ c?étsgéa%f %n?cr}o S?,lg 2 lgxtfrwrhale pr ohne—nch
@e@asnss)h ahhdr sidatt ha repagt dbmaﬂls aﬂa@eaﬁsﬂwfoc batiapw ®s i n

perl nerve NAP prevents
E&bg{%%ﬁ’rfﬂﬁw 2d9§Qr Theepeat IEEPOHLIRgHnerich ggglons are
ﬁbﬁ&iph&@l&ﬁ:ld bgﬁﬂllﬁﬂﬁé:klﬁ&s@s Wakiink € ¥isdoRiaB&t o TG %ghmcrotubules
dentical 25 nechani sns. 10085! There are al so
s’f@g Jetstnigysoftlisn extapdsragey Beméh%wmww@waﬁeg wherefdy e
I

GBI Yfiornifihe B SactEh AR i OOR S g of
¢ memleptm&mudynmﬂfw &mrrmbmbpﬂee(l\ﬁ@xmm ef 2lSAI0F , In normal cells,

cludin P42, e s froms
B B8 e eaRn IPEh AR SR AL TS AR o fds e g
GightlpesahiCrotdbales thdn HiexsizRi Tayw. (Burke et al . 1994,
Fur ukawa 1995; Sponne et al. 2003; Mchaelis et a
1078]  Bier éymest a%un ar3 (ippeprons prhpss Hy p@@ﬁégwbydowﬁd to
Tk GO YRl tRSmaj M?c?’otﬁg{w@sls&%t@i K63 hgn&% aﬁﬂ% ywﬁ;{é the
transport nechanlsns but also in regulation o
SVyRBfamly is palelyi da;smlaxtddyn oalrmsumdshghﬂa\lﬂmfgml)pm psidomynantly

sgr%gt#e%?e it hlo S&glll%fes a%cz{ﬁnq?roglﬁgle% {ﬁé&%n,g h%?‘agﬁré'msport of

(thah@efgaSenez l@ids czﬁﬁlsx) con{p«shmgtaiguﬂw |f<ﬁ dsg@!mlbh Z:inB @ell
agents have al so been_shown

SEPelETHeea P-figRE e bB‘)‘?’e?lb‘é}El e@h‘g)dw éafé: o Genapyis (gepnals.

NG A GSncllSNEhA ﬂngpfeﬁ%tﬂ Bohd %ff{&gmgm ﬁél%bpﬁféet ndufihal
oxi dative phosphorylation genes involved in

prmsdoe anidowrvivah g Rlee Tastgens can2@B8)cked out in mice thh nild

M crot ubul e-stabilizing agents are al so known to
broadly influence cell signding during disruption of
the mitotic spindle in cancer cells (Bergstralli et
al . 2006). 10 Brain-Penetrant M crotubule Stabilizers
[0086] . The therapeutic target of m crotubule
stabilizers for tauopathies and ot her

neur odegenerati ve di seases is mcrotubules in the
brai n. However, mcrotubule stabilizers can cause



peri pheral neuropathy, It is thus highly desired to
identify mcrotubule stabilizers with excellent brain

wopeoktsezBi on and sel ective retention in the bramusas09/041634
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conpared with peripheral tissues, so as to maxim ze

t he7¢tk€Tapeuti c i ndex for tauopathies and other

neur odegener ati ve di seases. The ability of conpounds
to bind with a longer half life 20to brain tissue

I edrgdqueszes, buie both et akd MAPSIEEgenbSarércitiogd, YhedREble &bockout
prope[ty.Fé00871The t axane series of mcrotubul e
sHUfside S EmbTgs-clt appsats taat allergfoniin expprBomefispine YAk can

r @bk ShRRGRald ARG RORhEY SsesSHERIRAS B HpHERRAQLIL bk (Ao .
ATP-bi ndi ng cassette,” mul fidrug resistance protein,
alig8@r e abtsomaneses, musations Brtbegqye oreiding Thh dwmetmubs ¢alldd ug
r es, Sport .e anpoxnds fr.om

L T AR b bR R R R BB VPR S R Rt B

| ddnsentiasy SViag FE®P- 1 Tomsigtidiielsirzae baxmg @smidiatibiadsgn Pidto

ST Rir ) YOPEPPERITIf PRFORH (GBESRL0pNY e P
ahssocd A muti 68 aflr tﬁ% spligéé%%ﬂemaﬁlﬁaﬁiﬁgeﬁe@fe pldomB A8y 3I|{ or
a

Co-adm ni stration o i nhibitor with paclitaxe

h# Tay s¥ctisaetheralasepiptasdnytation pithe M-tegipinupg ) the athlty ¢o

ef.: 2 r S A6f '

e B o D AT IR oA A BaE opfliefo
1in8fete wikkendrswidimsctiohs @izl frathe bask nf ABeit brthoughatbat fRarhyleid
ki jth a POP i.nhibitor, or brain levels in the uM
rgﬂﬁg%ﬂg%ﬁgﬂﬁmfggélﬁ $% 11274 PCT only for 4 h after
apoB 1l St ARKGURR tdniles BiaBdths T2008)regatds BRE: path R g fe A6 of

i nhi bitors are not_an attractive nethoé)to I ncrease

t FeomfuEsrsoBeRdieath wileate Lagsied someTihiepeldpe, unidentified
PRARARAHoh AN FHRMAAT 1SR sﬁgg@,ﬁ%l@%m LRG0 @

known conpound which has been chem ca synthesi zed
desurasiballlan dengles ¢ teadirdstle nathegshigtieduderobsarfasipnerfthamian hgins

0 [ cel | ralns Lnar. produgct s i
R SPRA0BNT, R AR BBl 83 Sl AL S e
epiod Inkdigeres discas: hr@polids ddl tb theldobcludat thitnelNons Gn2d21v4G8d

to Dani shefsky.,et al., apd additjpna t s for .
PR BT R BB ofee CBRgh f Tong): Likdvise,
1RGP KBl ftih sBéhid B168 Havat taddlsd.anPdveRneud@Seneration, but
6, 204, 388, 6, 288, 237, 6,303, 342; WO 03/0727§b, UsS.
PAE aRoOnSNyth Bngdepelonny shoy selectpyisigt offprstadiagmtoo few in
PubBhilet 8 4c0RinMNRr 112 UPAARL 36d Aidhs _nyoéerxjgéﬁxﬁﬂﬁ:m&@'\%ﬁndorfer
6,867,333, U S. Patent Application Publication
2606/200908845 18 aarhindfcibkhT whirdnsgepindme phpat ddmher gidraly

reference. Synthetic t ho for facturin .

C Bk R Rsor A OB B 104 Rl ST RS Shiff Pl 1011

f mduckl ($Santderis epdle 200%ar e e Thi-230 1 Loa ek me Rdpres§3de
alternative nmethod of preparation is to_engage in .

| BPERICEREIREOT B TeRTAYT Gifictt are g PRl B PRgle e,
aSonfRSa! Fh@dr kiddikh @inéj?ﬁésg Rice\Bow fhat {AuiiBtaBAultiMeldboSBte
of inproved strains designed to provide relatively

| ety eogpitive deficy. Sppwilah il tomaltiBiersanelalpdebseqyed iniH1dHe ! BarglahD
b - Ldi r Vi ot hi | . ds_of
B RaRLALAe R MR PN SRBR b AREsb i IBelRe O
2DibiSed iRdblaviordaefiGis MO ADOBL obiAcd A4S OB Penid Mice

Dani shefsky et al., particularly as applied to
ePFERIP R wtaftcf@@@?f%ﬁwl@}d R FGBRROR By (ARRK (Bpyerson et al.,

e@(ﬁ)ﬁgi WRBLHhR NP HRE weR drdksddwith Pon IFRLERE mNRSaryloid plagues
6, 993, 256 B2 and 7, 067, 286, "Methods of Qbtal ni'ng
Epot hil one D using Crystall-gzati on and/or By the

Culture of Cells in the Presence of Methyl O eate,”



25 whi ch describe the biosynthetic production of
epot hil one D usi ng Myrococcus xant hus strains

WO p0PY132288 1 and 1(111-72.4.4, and/or other recbh@biURZNAP/041634
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strains that have been devel oped by Kosan 13i osei ences
Ihe/4 BCGfow BMB), to inprove production of epothilone D.
Fernmentation and purification conditions for naking
epot hilone D are also set forth in U S. Patent Nos.
@e8IBREchBRclavibral 468 s 286 sytagtiwvéhdmmﬁu@ vBre Bl Ratasintin

S 290 6,.858, 4 and 7.1
DA B ororm ey pitding b BB P b P e gt and
BeHak R defEsts gm@&h togRiher, itReOstdeshed e b eblblB)Yunidentified
reference. See al.so, Lau et al., Kosan Bi osciences,

e 9f gpnarmgl Tands N@%&hsmgemw SPeFieS. 11274 PCT
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i t 0 ! t per.i
o 30 T Epat O PG et ar G 400, T e R Gt
fi lelhfe%‘?d o ARLRE Putis thH 17 ARhiS 8688 Snd tAS bOBHEd RRSse in

gently guided to the platformand allowed to remain . .
t hedmifgring@pebioedsto PRAent ws {Y adrinsEalqno SHEICE ARHUpigns, 1t
large external  cUss, ' L6 ol §id Qde 8L ct@sociated
t hégpffgeg?‘ﬁé’a% he™ oég%tgiﬁ’ Og& %lﬁlgn%%(g?faor m M ce vve_?%na
20~ 34with ctHaadhdRGTstpltiac.eOptimaeantica ofi gdventsangy tegegsle pbiained by

hypot herm a afttq(i{) each trial. The interval between

t ri9%P skifledigdhf 49Om 25 to 45 minutes. The mice were

tr gebeg UShiedfYSelhBoan AGRB eaifibiiacdesienddBD liministering

software (Buckingham UK) and' the taotal di sgantfe .

t r sepethepeUid ap R AE Aigclosediny- S PaErgYon kgL, 193 (also published

det erm | puBfidhiba NoCadosanag M3y, o koY BMS).

acqaﬁilglg'?i%%ﬁt %@q%%npélt l{'aa?llroomot he five t}r’i al s aflr(lr\)/ogll ved)
2% rEpeptad doediss p dsmaiiby shereafepotilprere end aipysirox ypropyl-beta-

statistical nodel. i ncl ud “treat nent" "
10 %ﬁgagcftrnbﬁsfﬁ%# ar 6@%1%%2% sr{‘ﬁx]on atgfgtgs %1%1% %éfﬁh&rd,
ani gEbodiREm indéide 1da@f Bodut 1 Ging epSthilane @adreichbomdsg S on
each animal. If the_ analysis indicated significqnt
ef f Bdroxgpropyldatermplipdexgn @mbineding ﬁ& BS7 E‘?‘?‘F‘%fl ~wafer solution that
I NtELAGY logﬂi’lizgi (ﬁrrg‘?e[d?éﬁ?s%n BetRaa pkdpRrtibnBl fd:ibrepachtidf of
npk grou}fo were conpared to the vehicle group using .
3Munindividusl, toest dosTgre upitso beoyrsangip é}mxﬁgntilweém. The lyophilized
quadr.ant, and .nunher of pl . Ie i L)
st an g ey e ety ST A PR e of
Cas®ster, dthbfdi, aatvdr dfcolpihigh mupimchnes propepahedl, pdytthgene
vehicle group. Al calculations were done in SAS,
version 9.1, under the W ndow89XP Prof essi onal
operating system 15100112) Acquisition training was
performed for 5 consecutive days. A Probe trial was
perfornmed 18 h after the |ast acquisition training on
day 6. During these 60 second trials, the platformwas
renoved, and the distance that the nouse spent in the
target quadrant and the nunber of crossings of a
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20 treatnent did not cause any changes in swi'm speed
consistent with the drug not affecting notor behavior.

7% tvveen treatment groups. Tissue Harvesting

gz{ (5) 3] Mce were euthanized by cervical dislocation
at 5. 5 nonths followed by decapitation. Brains were

i mredi ately renoved and di vided down the mdline into

glier! HBPrivelyRrethyleny pabitangrencrispicd ssidvndenihs tradename TWEBN
g@ Hd rQIEteé %%#é@ﬁ@%@igﬁglcgl%gﬂsd 1£ ﬁ{d@fgﬂ)roﬁ ¢hat gﬁécﬁs M‘Fﬁ&f‘s

sacrl storea overni gnt at " 4

ﬂ@hﬂ blrgﬂrﬁgaw ayolecuhe weighisrfe g weoleetiylew eheolr 1@@0 Jtothea TN

contal(gshagﬁ I TBS 30 (pH 7.4, 20 MM TICS, 100 nmM
Y ReR**Ctored at 4 C until processing. Right

ttmmrgs phak esndt\egp%mﬁﬂ‘eﬁﬁﬂﬁa al fBenidtidh thab ma$ B@ﬁde@ Regblidér 5
m crons nmount ed on positively charged gl ass

afiiee Dipa pgtrqnaﬁomgé Hiei BPnBIAY SIS puER Sy en
ﬁx%gylene?yco aa&ﬁmo R, ﬁ‘(ﬁs QBR300 LBIARA Aol RodtRt | |
st ai ne The left hem sphéres were frozen (W thin
mam tapdyr abautdy tp 85%@E(Galchla§' BEGMIOD hddre5p@ifichily, aThmnulation

é(lgs st ai ning method was used to detect

vere p03| tive neurofibriftaty tangl es and dystrophic
neur i 5%proﬁﬂéx&fgljm} e oeTiEs] lﬁ%idmaﬁelc?(b%mteg%rm crons)
mount ed es, wer ep I ni an
ey e BRI S0l 4D% PRI PO h et b o o
for 18opRulqes, 1@%@(}8@)@%%&%“ (two ti rres for 10
m nut es each), % MeOH / 5% 11202 (30 mnutes), 95%
et hanbP%EBRLAG0, ilr%)sm‘iﬁ' 05% ghanch IP¥svasich) , 80% et hanol
(two tinmes for 5 mnutes each), 50% et hanol (two tines
for 5 mnutes each), and water (two tinmes for 5
ffi0B6lt es Osaphfered neti®dof rdnmisweing epdiidivnp Decedding t®thd %

i,odi.c acid for .5 m nut shed .two ti
REpeRn ifliEs bl SRt Sh PARELSG o Fro b Tt s effids
fo2 Atadl edrsialstth i e ol e vty uddorahé ¥ho@iphdrataedutitQly |
m nute. 15j00115] The sections were washed in 0,5% .

aeptplle gty aelft@}mm@ bt Bevevsh aeedersd ekt pdipmisratiey
devrliAReSe 3Obt tb@l@t Jr Q 5ps§1§: HeREhes so]ﬁf‘ﬁbl\‘:‘@ﬁ ReduRGRiRkd R

0. 5% acetic acid mnutes. Followng a rinse in
dedptoniitaddapwitce rA sthdéablé.@@t rapgle peemthiloac Bdnayrpe prepatsl with
grcx)e! (Q momz gx{térgcteceoét%{gﬁﬁ%r{%r{e}:ﬁolgtgné ﬂgverﬂere]1§ ﬁs%ﬁ %%{a}é Y yQari{? arrest
ﬂmdelem thihe tul ffoat (ﬁ‘ald)hlylg@)lb!fe@bsa@e fﬂrmlsl.t Bspeadidg ub@nthe
rinsed. in r. Counterstain vvasbl%erfor

ap & }ged AN
BOTIRSHIGR PREPT thigisiesy: e isFic 5O3HmAR Fa Lesismbiostontach Aad Wi e
Fé@ﬁﬁe&ﬂeﬁ@@sdoﬂtﬂqetb%ﬁré\@kﬂ)e R haied ahd @ﬁ;ﬁ@fb@b BRAdDT
of al cohol (95% 100% 100% for m nultJ
Blediziean thedowerstoamagh o1 wiPexpare{dhe wﬂdnts@mé%cﬁwamiqq &f $opoe
ed
PR S S THRLTA 8 b4t R R0, B2 RoddEs
RIS} 9,25, 6172&15 Iz:@d\ﬂa’@m}@i feachneftvhigi i dncotperamgirhere®bby
ranmetric Kruskal-Wallis test, followed by Durns
Fﬁ%‘frfrf 51 e conparison test using Graphpad Prism4. The
0097} I e3ulch&rivesLedaitial diestedioliBe b oRAGABEY deGoriNPYA

foll owed by Dunnett's rpost hoc test.
U.S. patent application Serial No. 11/281,834, mcorporated herein by reference,

which may be used to formulate tablets of capsules of epothilone to practice the

mvention. This formulation involves use of an inactive base patticle, such as a sugar
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sections (5 mcrons) were deparaffinized and

worsbydeased to water in 3 changes of xylene, tPaI/US2009/041634
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changes of 100% et hanol, and 1 change of 95% et hanol,
ﬁbﬂ“g’ﬁd by rinsing in water. Antigen retrieval was
11274 PCT perfornmed by steaming the slides in 10 niV
sodiumcitrate buffer, pH 6.0 for 30 mnutes in a
Btadclo vench theadtiee inStedanet. «( Mudelon# DHSOD)icd mchidhhie then

e r 30 m.nut ndogenous per oxi dase acti vi
FESPRTIY By P HISA0E BITR: SRRy O YE A TBaH gt 1
B8 Me Ukdnfigiludkd whthid @suld Riféricwdskizh Goriufe RBSmuddtingdes
are bl ocked in 5 10% norrmal goat. serumin TBS for one

RRARilony ) tablpts of pRBvRaBRII)CIRAFCRIFEE icoAing PolymErsASgh as, for
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Elite Kit (Vector 1% Labs. Bur|ingane, CA) for 1 hour
%P?1%éﬁopﬁ§)’"&éf‘%€’€? AmyBsthsTR aciipad ey Bew iy e ratio of
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buevvltyh hemat oxyl i n, ovvedg PlngS|de52
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I 15 Cover sli seal 6 di um
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ScanScope (Aperio Technol ogi es, Inc., Vista,

FPRiRSEe B coparad g feaicispaing Te mEtiImER 02’@3%’?@3%%?%1%“&

'ﬁrbﬂ&aﬁﬁ&omm@ MafRds 8 RhEheAtbddat B5er Mckddk @az%ﬂeséa&mm
(Aperi 0 software). To process | mages, a region of

DO 2 s0G0seppinedss, denedsadnelgssesh endnttoseendtirplrod aynthatic

U0 SERLLLSH, 509, SR EXORFLIIRL AL BRBHAROR, and

mlvvmﬁﬁyn cﬁidlﬂiw(\?afﬂ’?polﬁﬁ}rs bod cdy:uaznietsfsudﬂdsl POIP- BVACcei)dlymers;
t

within th CA3 regi gns of the
ﬁﬁﬁ%&% Pp ety E\“ﬁ@&?% g%‘H OXPEFEY E‘i’?ﬁ‘cﬁlf’sez B“C{ ygrozyprgpd methyl
S8Rllds0policTRES AcdrBinh QhxMPhd Sibchk 1a9¢r- ma%' er Waifiprise
utilized to quantify cell |oss because of its
SUF TP Plagticizsts, sush as Py aviaene glisplh p@adenegleely gricthyl citrate,
0 s, ever
?&? P[{h @gtg{l}glgﬁm éhg)g gé?%égy %qﬁ)e(a%g% ?ént4 enbeddeé
H0RPhs Vibe @btior c&a@ﬂd(ﬁ]epythmevlbe;mohhi@ lﬁt}&@mnasndher

g&g f( eé%o75 mm | at eral | % Sree reqgi ons

SRS SRR 28 SO 2pRYS: BERTTHN U ST Ao MAea bt Prney e

s,afegga@r@degme 30 sane regions were used for every
ge and 5 sections were counted per animal, 5 slides

SnApPropiEs dosasecisarhiened? candienlgienmiashby erielos wel
LB D M kL VL i

(fe@mth ds thy bedy roass of thb paical) theehiyscall eiditios abf ihe pEfidat, afd

i S, ex wer e .t est ed . 5.5 .nonpt hs
i R R St R
RatinkFau-bEsheisks Bisthes, inchainphampdieiaé fiRNLs ABr RhsAMGe Of
each group was determned to be similar. Starting at
2.5 nonths, mce were adm-filstered a weekly
intraperitoneal (H) injection of either vehicle al one
or vehicle with 1 npk or 10 npk of epothilone D
(Conpound ). At 4.5 nonths, the mce were again
tested in the MMM to determ ne the effect of treatnent
10 on cognitive performance. After 5.5 nonths, mce
wer e euthanlzed and bralns wer e coIIected for
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15 nu* epothilone D (Conpound I) for 12 weeks, as
descri bed herein, is considered to be about 100-fold

gghﬂﬂ?@fout 10-fol d bel ow the typical oncol ogy dose
IStered in this type of experinent. Wen mce

wer e dosed once weekly intraperitoneally with 1 npk
and 10 npk epot hilone D (Conmpound I) for 2 or 6 )
e By thendpspgest eprdbifrae @gad@amsta@ﬁ itk Greatraent offirassociated
%%%&‘Jeé/ ch]ﬁd?n L(gdgﬁ)) ds éhsﬁ‘.i 'is td};glld&gh ﬁgbel He%?eren O%)ﬁgln e%ff)
heart, "t estes, rena one marrow, periphera
nmfmé mage pw&ccd’v,ly \mu\deam@dlon —sﬁndg/hér Géher, nb@s piefeesd dosage

OB L 7 300 ettt B SMMAGRE T (7

%ﬁibbdﬁhie@ﬂ@ eeoaoﬁ CoF e ﬁlghhz arle uedd Herdle ForGhueposds B LomPRs6n
ng statistically significant di fferences between the

gritipschspoBierapentigdiorages Raviakstiladsinipteisd grith zgothilenen gnd their
F%ngs ol &, th%hl@ng)ﬁls A ¥ LRSI J{V@ftecﬁt%%%atzdn@ﬁerm the

animals into groups.” I'n other wor oper at et
asmail eSS tskeiving §hdwiing retcmeqb n}efctmgeéaﬂmatlpugfsrh@dmg}e

ch.gr S1.5} 211 The
Ry PR SRR D o AR et P e
\lxﬁ@k log0. Dmlr-anhmg/hﬁ Remlekty to&iboﬂi: 0’!}11001—0 3. BptHerhiohnation
vehi cle, .and the MM test 30 was perforned at 4.5

(FBRAEYNE JosF PRGNS Fande |a§/wmy§1°w@° v/ yiowlighsk s |

DBe4 1R lah& inMbibdictodt 81, r&@z@éﬁ@@mbﬁzeﬂ]%@w%; 50( %)\f;e@l (@@66)
that mce treated W|th1|r|pk epot hi” | one ( Conpou

I[§03RLY e T Idélgtcen b@%@ml@wter@é dailyd arepklp| caof on mtqrmlttmébamm
I
O Seafle o8 b JAATAGRETO e kbl S e

Si gn| cant than cou
i, ex for sat ectkywi, Holtdwed bg lhewenk off) er dldengikertdosiag sohadules

d t
o e R BB Rr ErLo B s e ca T FRE RSt Aets e Raes it
tdemtmpm the tnodgéfulithisibedionatddB Pt Beedkkd CoRpaIsEtd
led to statistically ni fi cant inproved cognitive
QFIITH%‘F isgroe faibi o dogng ke dile Whes dengenieriogyef time are

(j.‘)géébﬁﬂeg Rathwe¥n eatcﬁ| ptichson! (8'%5] 188 6asP ffor:kV Rk SERa5AL &gh

i nproved results ‘as conpared Wth t hi gher dose’
Mpk)ioserim)’éblli}rgeftﬂw@ Wwhey éﬁrﬂmamen@lpm‘fﬁdﬁﬂt her confir msd

r n adi
SO R B B B R B
nekin@nichf Eeh ek cek@sie Bhdsa lrdigieal thals whhi® mheas @dirnmtstbeed asa
rgduced, ehavi.or al i( rovenent in the 10 rrg gr oup
P PRE IR TR LB YO ES - RBADAdebnd 15, Svery 4
WA | BT RALE Bhast EH1AGSEY WV HEdds8 ¥Rh RSN df B8mEo MBK me/m® for
treated ani mals. EXAMPLE 2 [001221 FIG 4 shows probe

dehalos Fhealopef dprecapismptatadrien trrateent Af 4Res 2bogt ten-fold less,
qH(IP ﬁllareQIkglglgoo gﬁ%lfgl dﬁgI 23nq(?1§ %Qﬂfeg EO{!%%‘E@Q&(P éﬁrpentt even

epot hi | npoun
vgine ﬁzlaxeloaOFfolEI 1&s, man ﬂﬁmer@bxamdbsé cofrepbihn@etD q)uadxsant

s P2 prtg G SEER el chmp Al s Alhgpebnibe

dosing schedule and mode of administration will influence the dose.
[00103]  The present invention will be explained in further detail by way of non-

limiting examples below, which make reference to the appended drawings. The

W th the treatnment BET/US206pR41634
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Two neasures of performance, nanely % pathl ength (A)
and nunber of platformcrossings (B) in each quadrant,

20 guadrant i ndi cates that the nouse renenbered the
| dé4t Peh where the platformwas | ocated during the
acqui sition phase of the study. As can be seen from
the data, the vehicle-treated nice perforned at chance
viiotlowini mietbads wers ubddsn flerex painencfdeFDbe iR, thedixamaled tHaP,
f bat h, t he .pat h] engt h, (A) and pl atform crossing (B)
rfgﬁ%ﬁbe&m&ﬁa‘p‘lﬂg&’&%%t show a quadrant preference.
However, the nmice treated with 1 npk (Conpound 1I)
25showed statistically si gin_i ficant differences in both
ndgbadsder Becapapals SEampias Lithreughehi cl e group in nenory,
4y N _Pircalbbngs 141310, LAG AL TLMARLRERusE BaLRY
21?0%[}1(1 TO. A(f%fi I?lg%nalﬁy, t%]ég 10 nnﬂhgrgﬁp S osvveg
stiegemilf desaribddySaptavatzert alp @00 Beegecet ab oiNHA). elhetlgs$ Hiine
vehi ¢l r in.the % pathle asur t ,not
Bt PR A The B PR BRSO B3 R SOheditin iRie
(Bprondfer EXANVRLAE 1 B linel drAdhio€Tn {003 R3dpedis: det er ni ne t he
ef fect, of epothi|lone D (Compound 1) on brain
pat hotlod§eh Byeliof T#y ‘?%’_E;F‘égl%‘sw'é”fe’éﬁ?lﬁ‘)é‘ﬁ? P PO Bibs et
(N=5) 0fretietcktIhl efPrERioh tOM: R P8H6E] BBes (thereb
experiment. Previous studies had shown that &451
naveulingobe mateoa deigisshst hadrmbprecteréagd areyions Tathknesat expeisend
t. hi at 5.5 nonths (Santacruz et at 5
gﬁ%‘épﬁla‘fhﬁ?&t ’eéﬁgr esent inventors first exam ned the
nunber3. Aapidead aeemspresicinodédeserih (6@99 IC rehrohfheere lost by

hi ppoc us, .fall owed by exam natj.on t he CA3

oo R P SaEI R e Rt £ rithe el and
CA3 regions of hippocanpus in the mce at 5.5 nonths
following treatnent with vehicle, 1 unk of epothilone
pPreednsishen fof Tednd Sttynpk of epot hil one D ( Conpound

0 i bR % inttapen il -oAtige
tqﬁgif% 4%%4&;;&953&@0&?9&4&@ 7 fgaﬂ R&reniRRBally iR 5@6 Sug

mce treated wt npk epot hil one
(Rotioonn 8% efhaheld96%6 betearOinallkeyat frirebicEAT migu perh) mplanA
vehi ¢l e- f.r eat i1 f ] AL e .
VB E 601 0 A0 TR) e LSk A8 SRRSO i
t weratdegkd\m 8 bohbrismid data egetdhbinnio RiveGdmpladndll, P, slddwor

t hat the | k epot hil one D. und 1) prevented
e v 1BaE ol 0RO BPkes BEreChr e BRGTaT ok o chefical
diufdeaognce 15 fromvehicle (p <0.01). The mce treated
with 10 npk of epothilone D (Conpound I) had CAI
neuronal |evels that were internedi ate between the

vehi el et ' i K ed wth 1 inpk
o o o T ISP o' e

cBastEt efigd S pdiceande ned ind thiscirdy h&hdse ndéerngsa Welbabardveerized,

T

chedbedif (9aaReuE biGl 200080Baga St 84 00T S TRS Rebelaft dhbiaBiErized by
xenograft experinents) consistently produced
stsAmrleensof gonopp orag of daw ircirding tnelessinhlr tothoss phteRyed
1&%? Brhirf b&taliotal e A€M d VAR nA1IF RoPBREINE K9 eckd6/- 15
total cell counts of CA3 regions of the hippocanpus,
wildyh) ofiags inficacwgre adtiifnbed énicedligeyieesinglhmotk mpktiemel

nant r.an I 1 ce conpared.to vehicle treat m ce,
TRR AR e e PR A P oIS s PR Pl ek,

t heRhaGedinQuges W WidEsthe clenacuh ek Hooa forid8 hblre. Efldwing the
regi on where there i s nore neurodegeneration at this
age; however, these results33how an i npact on
underlying disease in multiple regions of the brain.
EXAMPLE 4 301001261 The effect of treatnent on
phosphoryl ated Tau staining in the CAl region was al so
exam ned. The AT8 anti body recogni zes Tau that is
phosphoryl at ed on both
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11274 Pa the 202 and 205 residues. This formof
hyper phosphoryl ated Tau is greatly enriched in AD and

ggég%é FIG 6 shows AT8 phosphoTau staining of the
mce treated wth vehicle, 1 npk epothilone D
(Conpound 1), and 10 npk epothilone D (Conpound 1) 5as
descri bed above. PhosphoTau staining is indicated in
darieunesed thagpics et trighlyred e lean gages pddrenghivorarbehavigsal
QfiteRPllid,one D (Conpound 1), showed nuch |ess
phosphoTal st ai ni ng, particularly in conmparison to the
\eHi0E) e-The eateederaiber festetl drea Moaat vederwidzh (MO vipfor gk days.
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g sgudy s quantitated for all animals in the study in
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Brain-to- plasma Ratio Brain-to- Liver Ratio
Pterddiat rpen temperature until stained. The left hemispheres were frozen (within 2

minutes) on dry ice.

Gallyas Method

[00114]  The Gallyas staining method was used to detect silver-positive
neurofibrillary tangles and dystrophic neurites. Paraffin-embedded thin sections (5
microns) mounted on glass slides were deparaffinized and rehydrated via serial
incubation in xylene (two times for 10 minutes each), 100% ethanol (two times for 10
minutes each), 95% MeOH / 5% H,0, (30 minutes), 95% ethanol (two times for 5
minutes each), 80% ethanol (two times for 5 minutes each), 50% ethanol (two times
for 5 minutes each), and water (two times for 5 minutes each). The sections were then
placed into 5% periodic acid for 5 minutes, washed in dH,O two times for 5 minutes
each time, and placed in alkaline silver iodide solution (containing 1% silver nitrate)
for 1 minute.

[00115] The sections were washed in 0.5% acetic acid for 10 minutes, f)laced in
freshly prepared developer solution for 15 minutes, and washed again in 0.5% acetic
acid for 5 minutes. Following a rinse in deionized watér, the sections were placed in
0.1 % gold chloride for 5 minutes and rinsed again in deionized water. The sections
were incubated in 1% sodium thiosulphate (hypo) for 5 minutes and then rinsed in tap
water. Counterstain was performed in 0.1% nuclear fast red for 2 minutes. The
sections were then rinsed in tap water, dehydrated in graded series of alcohol (95%,
100%, 100%) for 2 minutes, and cleared in 3 changes of xylene, 10 dips each.
Finally, Cytoseal 60 mounting medium and cover slips were added fo the slides
{(Richard-Allan Scientific of Kalamazoo, MI). Statistics was performed using the non-
parametric Kruskal-Wallis test, followed by Dunn’s multiple comparison test using
Graphpad Prism 4. The same results were obtained with the parametric ANOVA

followed by Dunnett’s post-hoc test.

Immunohistochemistry
{00116] Paraffin-embedded thin sections (5 microns) were deparaffinized and
rebydrated to water in 3 changes of xylene, two changes of 100% ethanol, and 1

change of 95% ethanol, followed by rinsing in water. Antigen retrieval was
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performed by steaming the slides in 10 mM sodium citrate buffer, pH 6.0 for 30
minutes in a Black and Decker Steamer (Model # HS900) and then cooled for 30
minutes. Endogenous peroxidase activity is removed by incubation in 0.6% hydrogen
peroxide in 90% MeOH for 15 minutes. After washing in TBS, slides are blocked in
10% normal goat serum in TBS for one hour. This is followed by incubation of the
AT8 phosphoTau antibody (Pierce Biotechnology Inc., Rockford, IL, Goedert et al.,
1995) diluted in the blocking solution ovemight at 4°C. After 3 washes in TBS, the
slides are incubated with an anti-mouse IgG antibody for 1 hour at room temperature.
After washing in TBS, the signal is detected using a Vectastain ABC Elite Kit (Vector
Labs Burlingame, CA) for 1 hour followed by detection using the diaminobenzadine
reagent from Vector labs. Nuclei were counterstained blue with hematoxylin,
followed by dipping slides 2 times in Scott’s tap water substifute (Surgipath # 02900,
Richmond, IL) and then rinsing in tap water. The sections were then dehydrated in
graded series of alcohol (95%, 100%, 100%) then cleared in 3 changes of xylene.

Cover slips and Cytoseal 60 mounting medium were then added.

Stereology

[00117] Nissl stained slides were scanned and digitized using the Aperio
ScanScope (Aperio Technologies, Inc., Vista, CA). Images of the entire brain section
were captured at high resolution and stored as files within Spectrum (Aperio
software). To process images, a region of 4,000 X 4,000 pixels including the entire
hippocampus was captured using the extract tool and saved as a JPEG file for
importing into Metamorph (Molecular Devices, Sunnyvale, CA) for quantification of
cell loss within the CA1 and CA3 regions of the hippocampus. A modified version of
the single section dissector method (Moller et al. 1990) was utilized to guantify cell
loss because of its suitability for thin, paraffin-embedded tissue sections. To obtain
relative numbers of cells, every fifth section was collected as the paraffin-embedded
brains were cut sagitally between the Bregma and approximately 0.75 mm laterally.
Three regions were drawn and counted per section using Metamorph software. The
same regions were used for every image and 5 sections were counted per animal, 5
slides apart. Statistics were performed using ANOVA followed by Dunnett’s post-

hoc test.
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EXAMPLE 1
[00118] The design of the Tg4510 experiment with epothilone D (Compound I) as
described above is depicted in FIG. 1. In this experiment, mice were tested at 2.5
months in the MWM and assigned to one of three groups (N = 12, 13, 16) such that
the pre-treatment performance of each group was determined to be similar. Starting at
2.5 months, mice were administered a weekly intraperitoneal (IP) injection of either
vehicle alone or vehicle with 1 mpk or 10 mpk of epothilone D (Compound I). At 4.5
months, the mice were again tested in the MWM to determine the effect of treatment
on cognitive performance. After 5.5 months, mice were euthanized and brains were
collected for subsequent analysis.
[00119] In tumor xenograft experiments, investigators typically administex
epothilone D (Compound I) intraperitoneally at 30 mpk every other day for 5 days,
yielding a cumulative dose of 150 mpk. (Chou et al., 1998) Hence, treatment with 1
mpk epothilone D (Compound I) for 12 weeks, as described herein, is considered to
be about 100-fold below the oncology dose, with the treattnent at 10 mpk being about
10-fold below the typical oncology dose administered in this type of experiment.
When mice were dosed once weekly intraperitoneally with 1 mpk and 10 mpk
epothilone D (Compound I for 2 or 6 months, no histopathological abnormalities
were observed in multiple tissues, including liver, kidney, heart, testes, adrenal g]an&,
bone marrow, peripheral nerve, stormach, and small and large intestines.
[100120] FIG. 2 shows the results of a MWM test of the Tg4510 mice at 2.5 months,

prior to dosing with epothilone D (Compound I) or with vehicle. There were no

statistically significant differences between the groups prior to dosing in acquisition or

during probe trials, which was the basis for separating animals into groups. In other
words, FIG. 2 operates as a control in showing the pre-treatment performance of each
group was similar.

[00121] The Tg4510 mice were then administered epothilone D (Compound I) )
once weekly intraperitoneally at 1 mpk,10 mpk, and with vehicle, and the MWM test
was performed at 4.5 months, following this weekly dosing over 12 weeks. The
results which are reported in FIG. 3, revealed that mice treated with 1 mpk epothilone

D (Compound I) were able to locate the hidden platform in the MWM more quickly
-38 -
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(i.e., in a statistically significant manmner (p < 0.01)), than could mice that were treated
with the vehicle. The 10 mpk treatment group showed a trend toward improvement as
compared with the vehicle group. These findings show that treatment of Tg4510 mice
with epothilone D (Compound I} led to statistically significant improved cognitive
function relative to vehicle treatment, and additionally, that the lower dose of 1 mpk
generated improved results as compared with the higher dose (10 mpk). Notably, the
inventors herein further confirmed that the exposure using this paradigm was dose
dependent based on separate experiments comparing 1 mpk and 10 mpk doses in
mice. For this reason, the reduced behavioral improvement in the 10 mpk group,
relative to the 1 mpk group, was not due to unanticipated, reduced drug levels in the

10 mpk treated animals,

EXAMPLE 2
[00122] FIG. 4 shows probe data 18 h after 5 days of training in the 4.5 month-old
Tg4510 mice dosed for 2 months with epothilone D (Compound I) at 1 mpk, 10 mpk,
and with vehicle. In FIG. 4, “TQ” stands for target quadrant, “AR” stands for
adjacent right, “AL” stands for adjacent left, and “OP” stands for opposite quadrant.
Two measures of performance, namely % pathlength (A) and number of platform
crossings (B) in each quadrant, are indicated in FIG. 4. A preference for the target
quadrant indicates that the mouse remembered the location where the platform was
located during the acquisition phase of the study. As can be seen from the data, the
vehicle-treated mice performed at chance with similar results for each of TQ, AR, AL,
and OP, for both the pathlength (A) and platform crossing (B) measures, and they did
not show a quadrant preference. However, the mice treated with 1 mpk (Compound 1)
showed statistically significant differences in both measures as compared with the
vehicle group in memory, e.g., in recalling that the platform had been located at the
TQ. Additionally, the 10 mpk group showed significantly greater performance
compared to the vehicle group in the % pathlength measure (A) but not when using

the number of platform crossings measure (B).

EXAMPLE 3
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Qn tissue was examined from a subset (N=5) of the Tg4510 mice from the
preceding experiment. Previous studies had shown that Tg4510 mice lost about 60%
of their neurons in the CA 1 region of the hippocampus at 5.5 months (Santacruz et al.
2005). Thus, the present inventors first examined the number of the neurons in the
CA1 region of the hippocampus, followed by examination of the CA3 region. FIG. 5
depicts neuronal counts in the CA1 and CA3 regions of hippocampus in the mice at
5.5 months following treatment with vehicle, 1 mpk of epothilone D (Compound I),
and 10 mpk of epothilone D (Compound I}.

[00124]  Surprisingly, as can be seen in FIG. 5, the Tg4510 mice treated with 1 mpk
epothilone D (Compound I) had substantially more CA1 neurons than vehicle-treated
animals. In fact, the difference between the mice treated with vehicle and the mice
treated with 1 mpk of epothilone D (Compound I) shows that the 1 mpk of epothilone
D (Compound I) prevented neuronal loss with a statistically significant difference
from vehicle (p < 0.01). The mice treated with 10 mpk of epothilone D (Compound I)
had CA1 neuronal levels that were intermediate between the vehicle-treated mice and
the mice treated with 1 mpk of epothilone D (Compound I). These results are
consistent with and reinforce the findings from the behavioral studies of Examples 1
and 2, i.e., showing that the 100-fold lower dose (i.e., than the chemotherapeutic
dosages administered in tumor xenograft experiments) consistently produced
significantly ifnproved results in treating tavopathy.

[00125] A similar frend was also observed for the total cell counts of CA3 regions
of the hippocampus, with significant differences between the 1 mpk and non-
transgenic mice compared to vehicle treated mice. The elevation in cell count at the
CA3 region in the treated group was less pronounced than in the CA1 region where
there is more neurodegeneration at this age; however, these results show an impact on

underlying disease in multiple regions of the brain.
EXAMPLE 4

[00126] The effect of treatment on phosphorylated Tau staining in the CAl region

was also examined. The ATS antibody recognizes Tau that is phosphorylated on both
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Rasurelibrillary tangles than did vehicle-treated mice; this is quantitated for all animals
in the study in FIG. 7B. A significant impact on underlying disease in both cortex and
hippocampous was observed at the 1 mpk dose, with the 10 mpk dose again showing
a trend toward improvement.
[00129]  As described in the preceding Examples, freatment of Tg4510 mice with
epothilone D (Compound I) prevented cognitive decline and improved cognitive
function over time as compared with the untreated Tg4510 mice. Furthermore,
neuropathological tests as measures of impact on underlying disease (i.e., cell count,
phosphoTau staining, and silver staining tests), demonstrate that treatment with
epothilone D prevents neuronal loss, reduces accumulation of abnormal Tau, and
prevents the formation of neurofibrillary tangles at statistically significant levels as
compared with untreated Tg4510 mice. Thus, the inventors herein believe they are

the first to discover and demonstrate the prevention of cognitive loss, Tau pathology,

_41 .

| east a 60-fol d i ncr easET/U82009/041634



0.05 25,100 1127 0.04 0.42 0.11 2003 595 0.28 1 .33
549 529 0.86 0.38 1 325 422 1.2 0.42 3 70 468
WO 2009/132253 PCT/US2009/041634

11274 PCT

and neurodegeneration upon treatment with a microtubule-stabilizing compound,
namely, epothilone D.
[00130] Additionally, the inventors herein have discovered that the therapeutic
effects achievable upon treatment with epothilone D is likely non-linearly dose
5  dependent. Specifically, consistent dose-dependent results were repeatedly obtained

in each of the behavioral and neuropathological studies reported, wherein at the lower
dose (1 mpk) (about 100-fold less than the chemotherapeutic dose in tumor xenograft
experiments), a significantly-enhanced beneficial effect was obtained in all measures
as compared with the vehicle, while the higher dose (10 mpk), showed a trend toward

10 effect with most measures and a statistically significant difference over vehicle in one

measure of the MWM probe test.

EXAMPLE 6
Epothilone D Performance Compared with other Microtubule-Stabilizers in

15 Bolus IV Experiments
[00131] In one group of experiments, ixabepilone (aza-epothilone B analog),
Compound I (BMS 310705, 21-amino epothilone F), and epothilone D (Compound I)
were evaluated and compared to paclitaxel after bolus IV administration into the tail
veins of nude mice at dosages of 1 to 12 mpk with 3 mice/group. Each of the four

20  compounds were dosed at 5 mVkg using 10% Cremophor, 10% ethanol, and 80%
water containing 5% dextrose. To determine the relative brain penetrance of each
compound, the plasma, brain, and liver levels of the compounds were measured at
various times after a single dose using liquid chromatography with tandem mass
spectrometry (LC/MS/MS) after an organic phase extraction, as reported in FIGS. 8A-

25 8D and Table 1. Liver levels were not measured in the paclitaxel treated mice.
[00132] FIG. 8A shows the concentration of Compound I in the plasma, brain, and
liver of mice following IV administration at 1 mpk at various times.
[00133] FIG. 8B shows the concentration of ixabepilone in the plasma, brain, and
liver of mice following IV administration at 12 mpk at various times.

30 [00134] FIG. 8C shows the concentration of paclitaxel in the plasma and brain of

mice following IV administration at 4 mpk at various times.
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[00135]  FIG. 8D shows the concentration of epothilone D (Compound I) in the
plasma, brain, and liver of mice following IV administration at 5 mpk at various
times.

[00136] The data showed that Compound II and ixabepilone had modest brain
levels relative to peripheral tissue as measured by the ratio of the brain-to-liver
compound levels, particularly at later times after the initial distribution and clearance
of plasma drug. As expected, paclitaxel brain levels were low. In particular,
paclitaxel brain levels did not exceed plasma drug levels for at least 24 h after dosing.
Unexpectedly, epothilone D (Compound I) had the combined properties of remarkably
better brain penetration and selective retention than the compounds tested in this
experiment, as evidenced by high brain levels that exceeded liver levels at 6 and 24 h
after dosing. This demonstrates unexpected retention of epothilone D (Compound I)
in the target organ (brain) relative to the periphery, including the plasma and tissues,
most notably the liver, which is a potential site of toxicity.

[00137] More specifically, Table 1 reports comparative brain penetration data for
four microtubule stabilizers — paclitaxel, Compound I (BMS 310705), ixabepilone,
and epothilone D -- after bolus IV dosing (varied mpk, as reported in the table) using
nude mice, which data is also reflected in Figures 8A-8D. The brain-to-plasma ratio
generally increases with time after dosing for each compound due to the rapid loss
from the plasma and retention of the drug in the brain by binding to microtubules.
The brain-to-plasma ratio may then fall for compounds where there is less retention in
the brain, such as is observed for Compound II showing a decrease between 6 and 24
h. Despite the change in brain-to-plasma ratio with time, this ratio provides a measure
of the intrinsic brain penetration for a compound when data from short times after
dosing (e.g., between 20-60 minutes following dosing) are compared. In the Tables
herein, brain-to-plasma and brain-to-liver ratios were calculated by first calculating
the ratios for individual animals, and then determining the mean of the ratios; the

Tables herein report the mean values thus obtained.

TABLE 1
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TABLE 3 Conpound Tinme (hr) Plasma conc. (M -Brain
conc. (nM Brain-to-plasma Rati o Conpound DI 0.17 1540

wOo38®/02263 0. 33 1150 1540 1.3 0.67 580 1150 PCT/US2009/041634

10

15

11274 PCT

range, it is preferable to compare the brain-to-liver ratios at later times after dosing
(e.g., 24 h or more), when the plasma levels have significantly decreased, thereby
allowing a more accurate measure of the drug that is specifically retained within brain
and liver cells. A comparison of the brain-to-liver ratios shows that epothilone D is
highly, selectively retained in the brain relative to the liver. For instance, the 24 hour
brain-to-liver ratio of epothilone D is 1204, a remarkably, much higher ratio as
compared with the lower ratios for ixabepilone (1.2) and Cornpound II (0.02) in the
same set of experiments.

[00140) In a separate experiment, epothilone D plasma and brain concentrations
were evaluated for longer periods of time, i.e., up to 168 h, following bolus IV
administration, using a similar protocol as described above, but with middle-aged
triple transgenic mice (Oddo et al. 2003), in the hands of different scientists. The

~ results of this experiment are reported below in Table 2 and in FIG. 10.

TABLE 2 (EPOTHLONE D ONLY)
Time (hr) | Plasma conc (nM) | Brain conc (ntM) | Brain/Plasma | Brain/Liver
Ratio Ratio
0.05 25,100 1127 0.04 0.42
0.17 2003 595 0.28 1.1
33 549 529 0.86 0.38
1 325 422 1.2 0.42
3 70 468 6.1 0.30
6 43 141 33 0.24
16 0.8 210 265 NQ
24 0.9 82.7 89 NQ
96 <LLQ (0.6 nM) 252 NQ NQ
168 <LLQ (0.6 nM) 16.3 NQ NQ

[00141] These data demonstrate the extended retention of epothilone D in brain
tissue to at least 168 h (7 days) after a single dose. The absolute brain levels and

ratios in Tables 1 and 2 for epothilone D vary; it is important to note that the
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WO HPA328 mi nut es,

10

15

20

25

30

2 Paclitaxel 0,17 940 <LLQ NQ 0.33 700 <LLQ NQ 0.67
230 <LLQ NQ [00143] Because the data was reported to

3$sa5%ed fromthis study by examning the
brain-to-plasma ratio. Paclitaxel is 5 presuned to
have poor brain penetrance (consistent with the data

PR TR0 AR 61| B SR SR ROTBICE RHay s

R aEFEERE scRIntifE Fith dITRF @R EtHDER oI The atlchtBrshRvVIIBASHECat
at | east 24 hp})ost dosi ng, and_sel ective brain

panddittsteness THlY winshien 9o pAnalierhp exickrapare mpEle psstionsly
WRﬁtm 1&?%&%&@ cbrﬁeryéQn §/ \%épéfﬂl 1@%111611:19’[&%%&0%0&1&&1% and

Epot ne D Performance Follow n
Adthien |t}st thatIV aredtion tirhd lcal di ffeuivet leen salnmisysz éoethstrhast)m,nes

el et et D S P Rt RO, e ol R OUEN
aeRdsning tlaive eﬁhrzto‘fbr@ﬁc%&fﬁ& microtubule-stabilizers as compared with
each other are consistent, and these results show that epothilone D is highly brain
penetrant with substantially improved brain penetration and retention as compared
with Compound II, ixabepilone, and paclitaxel. For example, even when engaging in
a comparison of data obtained from two separate experiments, the brain-to-plasma
ratio of epothilone D at 6 h after dosing was 2046 in Table and 89 in Table 2, still
markedly greater than the ratios at the same times for paclitaxel (0.37), and
Compound IT (2.1) in Table 1. Because the liver levels in the study described in Table
2 fell below the lower level of quantitation (LLQ of 49 nM m this study) at 24 hr, a
brain-to-liver ratio was not quantifiable (NQ) at this time.

[00142] WO 03/074053 A1l broadly discloses the use of certain epothilones for the
treatment of brain diseases. According to that publication, plasma and brain levels for
three epothilones (not including epothilone D) were measured during the first 40
minutes following bolus IV administration at 5 mpk. The brain and plasma
concentration data reported in WO 03/074053 Al for what is identified therein as
compound 1: 4,8-dihydroxy-16-(1-methyl-2-(2-methyl-4-thiazolyl)-ethenyi)-1-oxa-7-
(1-propyl)-5,5,9,13-tetramethyl-cyclohexadec-13-ene-2,6-dione, and paclitaxel, are
reproduced in Table 1 below. Data was reported in WO 03/074053 according to the
units, ug/ml, and in minutes; this data was converted to nM and is reported in Table 3
in nM and hr, for purposes of comparison. This data (per Table 3) was not
independently confirmed by the inventors herein but rather, it is reproduced based on
the values presented in that publication (as converted to hr and nM). Additionally, it
1s noted stereoisomerism and/or a method of preparation are not reported for
compound 1 within WO 03/074053, and a 13 E/Z mixture 1s referenced (see page 13,
line 15).
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15 mce at 10 npk and 35 npk by oral gavage,
respectively. Additionally, in these experinents, an
WOIi20132250 f PCT/US2009/041634
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4, 8- di hydr oxy-16- ( 1- net hyl-2- (2- net hyl-4-thi azol y1) -

et Wdh

-1-oxa-7-(1-propyl)-5,5,9, 13-tetranet hyl
hexadec- 13- ene- 2, 6-di one ( Conpound DI

herein),

-cyclo
was

al so eval uated and a si de-by-side conparison made as

bet ween epot hil one D and TABpBund DI .

Bel ow, w_e first

I e pott—t-he—ex \_..ﬁmﬁ*"l —20eettidt—ror ar-at+en—afe
i spl &OPBRUSE ﬁ‘ﬁ%ﬁﬁ ﬁ"?smaéﬁ?f t h@ﬂiﬂt‘ﬁ’@" ?ﬁ%‘@ terglasmg
viya data is descri bed. al Exp fal  Ratio

| ntormation: 11274 PCT [00745] iln {he fn Lowi ng

pr pcdypoesi Ma| | t).éifrperaturlé@ areg givéd in degréé‘!s
Celsius. 1HN |un un |_)| tretr—560—406;
or | 300 MHz instrﬁ'ﬁgnt and L‘ﬁe ﬁ were 1
reported in ppm {3y with r%ﬁerence i 550 2
tetranethyl silane All [evaporatigns were ri.ed_out
underPackidkded| pr @d3ure. UBss ot hefidiQe bt atediQ5

LCI M5 anal yses CarTi *Oﬂ)ut o AWt ers T ument
using a Phenopenéex- Luna 3. 0x50m S everse ?ﬁ%
colum enpl oyt ngoa7fl ow rase of |4 mMILGn bsingNQO. 1%
TFA-+A-MeOH wat-er—gradt-ent—|-0-100%+n—3—-A—wth—4-

mn run time],

and a UV detector set at 220 ri mor

Phenonenex- Luna 3. 0x50mm

10u reverse phase col um

eM9N&3i nGearusa thadaiaes portpd i prlifmiryiisgondy RigimrRcygiration
APTIY MLLRE ;%ﬁztu%s 1Rage) &%ﬁﬁfh% %%‘ix{f{o dglés%ﬁ' 6. Hoehidatds
|n3mn W t mn run tine det ector set
premda tﬂ hayelpegrsbrain renaifiases (SQU&IS'@dt wqﬁuﬁhp fﬂate at Tabhs1 )\hepaaise
Q-8
Bt i PR L0 e g R BB el S o
eMﬂa@mm& bﬁnﬁetemm whichseed 1ot xegnsdred at eﬁym hpsit-gosing, and

| nte BS 20Phosphoniurn salt A %}001% JH 8
L UG Mo rore UL RO Car W b AT stecsl dre
t & Wicced@aosesial ., J. Am Chem Soc., 119:7974-7991
(1997); 40.5g, 57. 9mm|) in 300 riLL THE at 00 was

added sodi um hi s(trinethyl silypam de (63.7 ni,

63. 7mmol ), and the sol ut g@AMPLE 7
Epothilone D Performance Following Oral Administration
[00144] To further analyze epothilone D’s performance in treating tanopathies, the

compound was evaluated in two experiments mvolving administration to C57BL/6

mice at 10 mpk and 35 mpk by oral gavage, respectively. Additionally, in these

experiments, an isomer of 4,8-dihydroxy-16-(1-methyl-2-(2-methyl-4-thiazolyl)-

ethenyl)-1-oxa-7-(1-propyl)-5,5,9,13-tetramethyl-cyclohexadec-13-ene-2,6-dione

(Compound III herein), was also evaluated and a side-by-side comparison made as

between epothilone D and Compound IIl. Below, we first report the experimental

detail for preparation and isolation of Compound II, and then the biological, in vivo

data is described.

General Experimental Information:
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11274 PCT was stirred for 5 min. A solution of
(63)-6-nethyl-7-(tetrahydro-2H pyran- 2-

WO 3408/4322F%pt an- 2- one (prepared accordi ng to USPCT/US2009/041634
7, 323 éi 14.54g, 63.7 rrunol) in 50 nf, of THF was
addé 4 %fdly, and the m xture was allowed to warmto
RT over 16 h. The reaction m xture was poured into
saturated NHICl, and extracted with EtOAc 5 (300 mL).
Thd0®kighnilg thedplowimnaproneduir dalldeinherbiuien exe gitrehenldagves Celsius.

| fate, filt : d :
Thoreniessale rmet aihe saf My SR Rk iR,
( Eto@éﬁicbl%&fm@ve@e OB dti® ppth €8)vifthre BrendDio fetiimRthylsHB9(5906.0).

Synthesis Internmediate-1. 11-1 NWR (500 MHz, 13) 8
pp il gexggoregons 119 cariged gt yrger rpdpced grepgyre. JUigess Ofheryipg sfated,

4. M%éﬁ %i‘y%el' \&%h}e ca%e]i%uf‘m%@%éa‘t%s 18gﬂ't%nen§ﬁ%g3a ﬁne%!gﬂcznex -Luna

3 H)3 020362 Iflﬁ%vcérbmphagd-{)ojmm 68plofin®a lpwratS bl 4 mL 18O -using 5

(i 2]51"/1 ?)F%% P/?n%}g}]‘-ﬁlt%? g%nt:fthg%/l (u}émﬂt X)lt?l mx@duxbg%%] ?1?,{1 a

1 2 HYV d@edsr set M@@mﬁldﬁ Phcﬁlbﬂn)aneﬁ\lﬁu{a B@Y@nulrﬂ\ﬂﬂ& 1ékbrs® phase
522. 44, [MrNa] = _544.42, 15Step 2: nt hesi s
| nto8PmRmployine 5 By i o de%/I% Peipg A0 @PX WYRERH I agetate
10l nta@étﬂ?ﬁ@ll@@v@te@-g&é@nt% 994 i 3 ml\%ﬂi Mmin 'Eﬂ-neﬁgndei T RRector
was added p-tol uenesul fonic aci d nonohydrate
( 5 Ssi;%it 20 mo. Wnlwmhsmsz GtRked, pritiicefioas waxs dong e @663 oeshpilica
t t
 RPF B R RIDTAT A B S ERESIEL IS,
Iaqu$nmﬂraadmasimmisvmth brine and dried over magnesi um
sul fate. After filtration and renoval of the solvent,
the crude material was purified using a Bl OTAGE(r)
155y gt ( Et OAci hexane, 10-45% to yield 9.8 g (22.4
mol , 73% of Synthesis Internediate-2. [1-1 NVR (500
MHz, 25CDCI 3)S ppm 6.92-6.90(m M€, 6.45-6.40 (n,

1H), 5.15-5.00(m l1H), 4.10-4.00%(n, 111), 3.50-3.30
(in, 211), 2.69 H, 2.35-2715%(In, 2H), 2.1-1.9
(n, 5H), 1.75° 27 PCT 1.50, (m BH), 1.50-1.25 (m

3H), 1.10-035 (m . dd, 611). M
(LOVE) [ MH1-11= 438,29, [MiBaj = 460.p4. Step 3:
OTBS OTHP

(Jl

Synthesis Intermediate-1

PPhy* I

OTBS
20 Phosphonium salt A

[00146] To a solition of phosphonium salt A (prepared according to Nicolaou et
al., J. Am. Chem. Soc., 119:7974-7991 (1997); 40.5g, 57.9mmol) in 300 mL THF at
0° was added sodium bis(trimethylsilyl)amide (63.7 mL, 63.7mmol)}, and the solution

-48 -



5 CHO Synthesis Internedi ate-3 [001481 To a
sol ution of oxalyl chloride (2.94 nL, 33.6 mmpl) in

woRO®/132258f net hyl ene chl ori de was added DVSO (PE€TAE2009/041634

10

15

20

25

68 8 mind) slowy at -78. After stirring 10 m nutes,
EATEREdi s Internediate-2 (7 g, 15.99 ninol) in 100 nmL
nmet hyl ene 10 chl ori de was added and stirring was
continued for 30 mn. TEA (11.14 nL, 80 mmol) was
wdslgned dvdh rhine Anjokittion of (G83-6ahdtiophd el tetrahyuwiag-RH tpyrand0.

Rat b Pt B PR E R CH Sl Ly 7Bl T Rc {TOBHE
TS TOIFD R @Edd gt Ay Canld S Hh A fvs NRSRE Eb WhrlkoRT &Ver 16 h.
dri ed over Na2SO4, filtered and evaporated to glve t he

EhtractigR RS Vis paud i ftented NECL put exgacteh Bl GO AL
Eoahant TR 8228018 vas SlalldaRg i, cﬂ‘ég(%@r%gé&ﬁm?ﬁfgte,
solvent, and concentration i n vacuo provi 79 (1
fritered, andOHporated By wiche sThe drmleerovudi wasguBfiadkoma ghdagel ess

il . N 5 , 9. 6-9, , 6.9
Polon PR etan Oyt o ekl B w93 1Syl
Tithrmedaté-1( 51 NS (508 MHZ, COEUNS ppdild 00 B, B1)1683 (sMHER I DD,
1.7-1.5 (m 411), 1.4-1.2?] 311), 1.1-1.0 3H),
608 1y D), .5 (38Dl 5-BH9 (m,gfﬁyﬁ%ﬁ-ﬁ (3 1H0), 3@0&6@?@5

i i 0
ot has ot [ 27 Op ChP B L G TR b ko3 . 9817 G,
48),79421.9948 JDOD6) )1 .45(mr, bH), 1c\ed 25 o, 200101 - 1070 (FHEHR

5 added jde 0f Q. e

AR ol P o gy BRIl P2 58 et
§8).42- (2, 2-di rnet hyl -1, 3- di oxan- 4-

y1) - 2-rnet hyl heptan-3-one (Klar et al., Synthesis,

2: 301-305 (2005)). Stirring was continued for 30 nm at
s@fo. After cooling to -78, a solution of 1.0M 2r2C12 (
35.0 nL, 35 mmmol) was added, and the resulting
solution was stirred for 20 mi iMeA sol ution of

Synt hesi s Interquiate-s (7 g, 46.06 mmol) in 50 nL of
THE was added 1 er 209 i m xture was stirred
for an addi ti I -78) Thejm xture was poured
into saturated N§=12Q-4 twice with EtO0Ac
(300 nL). The organic |ayers were shed with brine,
dri ed over Na2SO4 and concghiBEat ed gn vaomp. The
residue was purified using a 8i 02¥ol u

(Et OAc/ hexane, 0- 10%}h0iPh%LA8atd 25 9
[00147] To a solution of Synthesis Intermediate-1 (16 g, 30.7 mmol) in 300 mL of

ethanol at RT was added p-toluenesulfonic acid monohydrate (5.83 g, 30.7 mmol).
The mixture was stirred for 7 h, poured into saturated NaHCO; and extracted twice
with methylene chloride (300 mL). The combined organic layers were washed with
brine and dried over magnesium sulfate. After filtration and removal of the solvent,
the crude material was purified using a BIOTAGE® system (EtOAc/hexane, 10-45%)
to yield 9.8 g (22.4 mmol, 73%) of Synthesis Intermediate-2. 'H NMR (500 MHz,
CDCl3) 8 ppm 6.92-6.90 (m, 1H), 6.45-6.40 (m, 1H), 5.15-5.00 (m, 1H), 4.10-4.00
(m, 1), 3.50-3.30 (m, 2H), 2.69 (s, 3H), 2.35-2.15 (m, 2H), 2.1-1.9 (m, 5H), 1.75 -
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(11 mmol, 69% of Synthesis Internediate-4 as the
first eluting and major aldol 15 isoner. 311 NWR (500

WO M99/13225%C13) 8 ppm 6.90 (m 1H), 6.43 (m 1H) PCHUSB09/041634

10

15

20

Eblgg. f,gpg 114), 4.15- 4.00 (m 214), 4.00-3.80 (m
2 % 340( 1H) 3.30-3.20 (m 1H), 2.85 -2.75
(m1H), 2.69 (s, 3H), 2.35 -2.15 (m 2H), 2.10-1.90

Ve GO ThAdT 7S bk o876 ezl 05 i S 5,

H+BCE 436 BIVIBR] Syabhesi s | nternedi ate-5
OOlé&% To a solution o# Synthesis Internedi ate-4 (8

g, 11.8 mnol) in 200 rriL of nethylene chloride at 0

2elded 2,6-lutidine (6 87 nL, 59nBnol), followed by
ten- butyl di methyl silyl trifluoronethanesul fonate
(813 ni, 35.4 turnol). The m xturdewas al | owed to warm
to RT over 16 h., rated NaHCO3 and
extracted wth net he organic | ayers
were washed wi 2S04 and the

yi el d Synthesis InternedlateO5B67 8 . '
83% . 10111 NivIR (500 MHz, CDC13) F ppn¥B8X0 (s,

1F1), 6.44 111 11), 4.25 -4.20

(m ) 1H), 4. (18 -4, 02) (g?'&g‘?fis)‘q’meﬂr‘%?@‘%}go) (m 1H), 190-

g. g)gp?? %ti)& solgtioglg)f:ogalz%h(dﬁde 91\%145 mB, B milhogen 100 ﬂ%zb)c,
CECRCIE LI M/ P DI A L
79§rrr4§gsldzMEU@]s Synth8ddmftdme dide- §t(¢goﬁ5 99 rhrhdl§4n RBTmL methylene

nt hesi's "I nt er nedi at e- 6 To a sol ution
of cffotmf:Wels addefinné stirtig ‘Hﬁ%c@tIQ@ngfgm 5 AL 14 i, §Ommol)

”%a%adg&i Q%‘J‘?.i @h&%@_@gﬁ@f@g%&ﬁ&lmensﬁw o QP& 1@&1ch,

nono rate
was added, the reaction mixture was extracted twice with methylene chloride (100

mL). The combined organic layers were washed with brine, dried over Na;SOq,
filtered and evaporated to give the crude product as a yellow oil. Filtration through a
shoﬁ Si0; column, eluting with 15% EtOAc/hexane solvent, and concentration in
vacuo provided 7 g (16 mmol, 100%) of Synthesis Intermediate-3 as a colorless oil.
TH NMR (500 MHz, CDCls) & ppm 9.6-9.5 (d, 1H), 6.9 (m, 1H).6.4 (m, 1H), 5.2-
5.1(m, 1H), 4.1-4.0 (m, 1H), 2.7 (s, 3H), 2.3-2.2 (m, 3H), 2.2-1.8 (m, 5H), 1.7-1.5 (m,
4H), 1.4 -1.2 (m, 3H), 1.1-1.0(m, 3H), 0.87 (s, 9H), 0.03 (s, 3H), 0.01 (s, 3H).

Step 4:

-50-



5 After stirring for 6 h, saturated NaHCO3 was added
and the m xture was extracted wwth Et 0Ac. The organic

WO 200%13225%er e washed with brine, dried over NaZSQUKRMNP/041634

10

15

20

cg&&grﬂ;rat ed in vacuo. The reaction was repeated using
1 nthesis I nternedi ate-5. The conbi ned crude
products were purified using a Bl OTAGE(r) system

( Et OAc/ hexane, 10-40% to yield Synthesis

I nternmedi ate-6 (5g, 6.65nrnol, B8%.]11 10NWVR (500
VMHz, CDC13) 8 ppn§6 9 (s, (s, 1H), 5.15
505(|n 5- 4 4.00-3.90 (m
1H), 3.90- 3 H) , 111), 3.65-3.55
(m 1H), 3.10-2.997(
2.25-2.15(m 2H), 2.00-0. 75 n,
(m 12H). M5 (LCVS) [M+H) ©T SGEH 7: M
-05TBS d. %0TBS Synt hesis Inter - 11274 PCT
1001521 To a solution of SyntheSTs. nmedi ate-6 (5
g, 6.65 mml) in 200 nL of
was added 2,6-lutidine (7. , .
by tert- butyl di rrethylsHyI% ul f onat e
(9.16 mM" 39.9 mmol ). The nj e was allowed to warm
to RT over 16 h, then poured into saturated NaHCO3 and
5 extracted with et Byhtbess lalererdiate4 The or gani ¢ '

PRSI, SXAREL L0 RN, LR, 98 o

(W8s mn%/ed drqmo\mldef B 8h@sd wasladdesr T0ali. af @SN fashla prepictd

| EPR g mipp riopg o9 S P8 ool op S >- GBI 3 Jighitns-

(Syl% ﬂéfﬁylhe@taﬁ@—one%m el(::ﬂ' S)ltﬁil?}zs 233(ﬁ0305 (@OE@ @ﬂhm:é]@as
?ﬁmlmeﬂ)for 320 BY aiggo A@ﬂ) coolzngzts ~78(z° alsﬂ‘(twﬁ of 29&/5 ZnCziz b%)ﬁ Q

O 534 Minof 4l addd 1591(1 tﬁ&egﬁm(lgrgblugxéﬂ- Lhs stinke @or%() i ﬁSQ
Synfhesns I nt er medi at e-8 151001531 To a sol ution of

Syaintivnsif Synthasisrinteupediate-F (15 16.06 untoihm0 )l of BIF wis asided
| 9 dded
nﬁceli] %b ﬁ{]l?-% ]’glgi eo Vr\]'gg(’}%ggig gP r ﬁh’dfglflon%gﬁlitagg Oﬁ? .ml eewas

npo«ht&mtovsa&rmmm aﬁd)extﬁcthd amcé)wlt}p Etﬁ)[arﬂ()(inﬁﬂ) The organic
turated a xtrac t | ene
o R P A e B e AL veon e

dfe;sﬁdew INa2 Mg zasmb CORER Emm b2, 91 8deSltoBtiles s 8
I nter nedﬁﬁautne 8 as 20 azm oi | ! 3. & 8";‘4 15 ngrg)(??f l81%
ﬁ§ e

i {11 maem, p50eivppthestDaegpedat elpting angymajgy, aldpl ( s,

e ORGSOl P g 50T, Wiy s 94

268, 14D, 21{-n4.02 iy, 25D, Q01380 (1anZH6 3 5Y-3.40.(s nﬁbz(som 20 (m,

ab) 25t -3ri B Regdi oy s b o b e -
(N6 J 1t 11yt 3,03 = (RERAMHD). MS (LCMS) [M+H] = 678.47, [M+Na] =
700.44.

0.10- - 0.05

Step S:
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11274 PCT Step 9: TBSO Synthesis Internedi ate-9
51001541 To a solution of oxalyi chloride (0.8 ni,

ﬁﬁﬁg@ QNBO (1.24 nL, 17.5 mmol ). After stirring for 10
g solution of Synthesis Internediate-8 (3.6 g,

4.15 mmol) in 40 nL of nethyl ene chloride was added.
After 30 mn, TEA (3.76 mi, 27.0 rnrnol) was added and
the reaction mixture was alloM& to warmto O over 2
h. Saturated Na was 10 added and the m xture was
extracted w t h/mexphyl ene chlofl . The organic | ayers

wer e washed W th Na2504 and
concentrated i nNvac nt hesi s
I nternedi ate-9 as an oil , 100%. 111

NVR (500 MHz, CDCl13) 6 p
6.44 (s, 1H), 5.3 (s, 1H),
(m 1H), 4.1-4.0 (m 1H),
1H), 17 (8, 3H), 2.6-2.1
12-1.5 (m 4H), 1.5 -1.3 H, ~1. .1 (m 5H),
1.1-1.0 (m 311), 1.0-0.8 CBSFD 0.1->~0.1 (m

18H), Step 10: 11274 PCT ScoOTBS TBS Synt hesi s
I ntermedi at e- 10 1001551 To a sol ution of Synthesis

| nt er medi at e- 9 ( 3. 6 SynthesisilsteFmediatefn 120 ni of

\[7\(2)?%’(8?- o @@&uﬁ&b yPhesid e%%e&at@@éi? Qdﬂeéjnmn%% )r?x’ﬁ Bockk E;L

rnet ut-1-ene
dieﬁlyld:n@q&mm@s @“h\aasetdéal Bo-gptidiB (@ S?rmﬂ §9ramdl),sfokﬂwmh by tert-

rite t e ti
BB 1 PR o BBt Bl £ Pl e
?Hﬂw&il t®Warml %sz%eg a6, d;emterda@tb eahlntata;ﬁ eRHGOTRSd mﬁbm&h@sﬁﬁ
. The co I he organi c ayers. wer sne it
Biethylene ehl?réﬂ& JVe PrerHS Loprs W&W*@B??Z%Wt pratee 1%?%5@@?
?ﬂﬁﬁhé SSH AU BT RYEd Hi v@afou Siih8 gesmquQ;F A@E@a%ﬁ S8 column
Et OAc/ hexane, 10- 50% ynt hesi s

FtDdcherinat 21000 tayick] %Wlﬂwlls g’é@"@ﬁlﬁfe(ﬂ@ g 984 mmol, §3%).
‘H NMR (500 MHz, CDCl3) & ppm 6.90 (s, 1H), 6.4 (s, 1H), 5.15 -5.05 (m, 1),
4.25 -4.20 (m, 1H), 4.10 -4.00 (m, 1H), 4.00-3.90 (m, 1H), 3.90 - 3.75 (m, 1H), 3.75
~3.70 (m, 1H), 3.10 -3.00 (, 1H), 2.70 (s, 3H), 2.35 -2.15 (m, 2H), 2.00-1.85 (m, SH),
1.70 - 0.75 (i, SOH), 0.10 - -0.05 (m, 12H).MS (LCMS) [M+H] = 792.48, [M+Na] =

WOTBSY (s, 1H),
111), 4.5-4.4
H, 3.1-3.0 (m
1.9 (m 4H),

- 814.44.

Step 6:
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3,18 trimol, 72%. LH NMR (500 MHz, CDCl13) 8 ppm 6.93

(s, 1H), 6.66 (s, 0.5H), 6.46 (s, 0.5H), 5.25-5.0 (in,
wobbhy/134254 -4.3 (m 1H), 4.2-4.0 (in, IH, 3.9PCITUS2009/041634

111), 3.2-3.0 (m 1H), 2.7 (d, 311), 2.6 -2.4 (m 1H),

21YAREY (in, 311), 2.0-1.0 (m 23H), 1.0- 0.8 (in,

35H), 0.1- -0.1 (m 1811). M5 (LCVMB5) [M4 H = 881.53.

15 Step I1: Synt hesis Intermediate-11 f00156] To a
solution of Synthesis Internedviate-10 (2.8 g, 3,18
mmol) in 5 ath as added TBA F (42 nL

1.0M. The m xt egr ~or 6 h, then 5 poured
i nt o sat ur atec d ted twice with Et 0Ac
(300 int). Nged [ yers were washed

with IiCl (1.0 N, 200 rnL_{ saturated Nal -1 C38 and

brine, and dried over Na280BSt o gige
Internmedi ate-11 as a vi scous oil
100%9. 11-1 NWR (500 MHz, CDCl

g, 3.3 annol,

6.6-6.5 (m 1H), 5.2-5.1 (m 111),
4.15-4.05 (m 111), 3.8-37 ( 2 (m

10111), 3.1-3.0 (m 111), O& 8- b 2.66 (d,
311)2524(In 1H), 2.4-2.3 (m 2H), 2.3-2.2 (m

2.0-0.8 (m 461&37lﬁleasmﬁ@n1@dreﬂew 12H). M5 (LCMB)

A, 3l e S, 5 A gt

@fhaylnt RE ias addat! prioeieadl nklac{@nénolydrde 8r.0 . 4)4 inmoB7

of . THF_at . RT was
S (NF SiREE 5y 0, oEnsied Rkt Or BBeke) it tiitiie Taehipcisd
L@thﬁﬁomcn%ae Th812588 6 icOihsRAY Y 6080 8 lohErnedsOPsnd20
mn, then 74P diluted with 260 nmi, of toluene.

?h@cemt%ﬁezne’awl dbe sactitasvadenseied Poug 18 o yatheys Infasgediate-
l'gl XUL g‘mﬁfxe% r#roo’du?é V\ﬁﬁjch C,é aB'.[@T Aéﬁ@ s%téﬂ‘r

t'ohi'ene over 4 I ndi cat ed
c(El@JﬁLoétemm I(MID%Iw y@M Sme&s m&nmd@t&a@@eoﬁ 6Samrdol; %Y%), H

0 ST Y B PR e L3, 10 1.

(@oQﬁpAH?wm@ 9d3(nil@@©,,3 srmtzwo @m rwx)@ m 3(551(1@ whj phs 3.55 (m,

cont al ne pro ove m.xture

(13, F102. P%ﬁs@r@)ﬂ ﬁﬂh@i %Fé) %&5@ﬁﬁeﬁ9(%0&05§ (oN9F)L EM)-
gﬁ%q SZQIMCB?:% [M#H‘—efsb%b was subjected to
eprot ectl on further purification.

15 Step 7:.

oTBS OTBS ©

Synthesis Intermediate-7
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10 Step 13: Conpound El (00158] To a solution of the
reacti on m xture above (102 ngy) at -20 was added 1

WO 2109/132083 TFA/ CH2C13 (20% v/ v). The reacti on nPQIAIBZOONE 634
Itg?‘{;éﬁtq rred to an ice bath and stirred for ih. The
d was renoved in vacuo, adding small portions of
tol uene then re-evaporating, which provided a whi te
solid. The sanme reaction was 15 repeated with 125

(8915 he Toen woltution pf Bynthesisdatermmediata-@(5 e Stamol) @a?@pminof

T g i e g L

ter-80tydiphethilikityl \;rlfﬂnbmnmdiahebul/fasztd @Keémiu3919nmiboliyd The edixture

,_and 'f' ed b | an, -
AiealvBro Wi REC1aeon tiin poRed ik wRkaiRd HadcBswirea,
5 RiradBhi@inkihilefe Mﬂ&rﬂieOTgé%gaigé\soH/e%Qﬁrﬁs?é\JaﬁamteJ WR H8LR8e

peaks were 20col | ect eds)%Peak 1, 73. 38% and Peak
mixtuge wes fpfpredibomyich 4 g ]SICP-?é’éIQ’ Et%@ea@leéﬂh?%voww

MR abhifed RATBEIEonSa BN, GO FRETDED) Bhom

AR, 614 (4, ), B 205005 (sl F),@XIB)4.@ (apil k), 8.954- 1.85 (m,HF),

6,75 1 5- 1 .05-5. 00 I
28045235 s 0 51057 00gmg i) 1605 10 (a1, 87 9y L, 2.0
10 (6 @252292 10 S2H)3TD0 - 3. 73Fm26 AP, 890 ( 1.052AL p4HR - 35- 2. 25
(@‘H'b é )15 (m 13[) é@oo (s, Ssi(l) 1>290 1.80
(In 1H) 180 1.65 (m 5EO0;1.60-1.45 (in, 2H),
e4§5 1.30 (m 5H), 1.25-1.15 (m 311), 1.05-0.95 (m
i 0.90-0.85 (t, 3H). Ms (LCWs) [M+11l] = 520. 3.
[00160] Peak 2 was determ nedMeo be the 13-E isoner
(Conpound DI for Exanple 7 exgerinent, below) by
absence of NOB ol efinic proton and
the G 3013—rr%\hy . I HNWVR (500 |MHz, CDC13) Sppm 7.03
(s, 1H), 6.65 11-1), 5.05-5.00
(m 11-0, 4.45-4.40 (|n 1H) 3.65;-3.60 (m 1H)
3.4-3.3 (m114), 2.77 11¥&BPCT ADTBR. 6-2.3 (m
4111), 2.15-2.05 (m 1H), 1.99 (¥, : 195185(m
1H), 1.8-1.7 (m 211)yal. 57 ( 1.50-1.35 (m
411), 1.29 (s, 311), ?]1 1,0-0.9 (m
6H), 0.9-0.8 (t, 311). I\/S(L ) [ = 520.3. 5
Oral In-Vivo Studies wth EB8Ohi |l one D and Conpound
11 [00161] For each conpound (epothilone D and
Compound DI, prepar ewthass lfesnedialedl as per the

s YRR L S ANl d LR Y ARSI SOEOUP,

R 14 0hlotideekRPESRL aNlebH DR hemided (AD)- cmaplhcmﬂ@ sulfonic

A GRS Sl o 8 e B B R B Rired Pttt

NHHOQLM 2R AR, wihétBEbheRIoMdE NTREQ N Tafidrt Reredighed
liquid chromat ography with tandem nmass spectronet r%
S n

w@m syl Ovmégazﬁ% mfdr@m‘@elﬁéte% toydelé symhesisdtemeadiase
20 a-sgtao %(1@%%’ g?epor {% Mg% b WSEZJCC‘? ?) 8@2& &5 d‘Fn)grbé6 2‘14
(&,30r 5.2-5tiNen, ¢Hheetng. oam; 2HD), B)BSGFYGt(im lkme 7E3. 6 @mrmbu:n t30)

GR IR R 0, 23 2 S ar B B Lty FEs @R

319, 1.88 16044, %ﬂt% 1St-i bl(mdﬂq)eqbtdoé én, gslsmm LL&) (mam‘h)Tml e 5
orts and 9 plots, the concentration of
(éﬁgﬁilﬂ\’fo‘ﬁﬂ—(gééﬁﬁound 1) and Conpound DJ in the brain
after oral admnistration (35 npk) up to 5 to 24 h
after dosing (again, for Conpound DI, to the extent
detectible). (A plot was nét-prepar ed for the Table 4
data as only one brain concentration val ue was
detectible 20 for Conmpound I11.) In Tables 4 and 5,
bel ow, where the values were <LLQ the LLQ value is
noted in the parenthetical.




TABLE 4 Conpound Time (hr) Plasma cone (nM Brain cone
(n.M Brain/Plasma Ratio Brain/Liver Ratio Conpound

WwoOl2b9/1822533 9.6 0.8 0.1 5 1.3 <LLQ (3.7 n_M NQT/US2009/041634
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11274 PCT

Step 9:
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Synthesis Intermediate-9
[00154] Toa solution of oxaly! chloride (0.8 mL, 9.14 mmol) in 40 mL of
methylene chloride at -78° was added DMSO (1.24 mL, 17.5 mmol). After stirring

for 10 min, a solution of Synthesis Intermediate-8 (3.6 g, 4.15 mmol) in 40 mL of
methylene chloride was added. After 30 min, TEA (3.76 mL, 27.0 mmol) was added
and the reaction mixture was allowed to warm to 0° over 2 h. Saturated NaHCO; was
added and the mixture was extracted with methylene chloride. The organic layers
were washed with brine, dried over Na; SOy and concentrated in vacuo to provide
Synthesis Intermediate-9 as an oil (3.6 g, 4.16 mmol, 100%). "H NMR (500 MHz,
CDCls) & ppm 9.77 (m, 1H), 6.9 (s, 1H), 6.44 (s, 1H), 5.3 (s, 1H), 5.2-5.1 (m, 1H),
4.5-4.4 (m, 1H), 4.1-4.0 (m, 1H), 3.8-3.7 (m, 1H), 3.1-3.0 (m, 1H), 2.7 (s, 3H), 2.6-2.1
(m, 4H), 2.0-1.9 (m, 4H), 1.7-1.5 (m, 4H), 1.5 -1.3 (m, 5H), 1.3-1.1 (m, 5H), 1.1-1.0
(m, 3H), 1.0-0.8 (m, 35H), 0.1- -0.1 (m, 18H).

Step 10:

-55-
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Synthesis Intermediate-10
[00155] To a solution of Synthesis Intermediate-9 (3.6 g, 4.16 mmol) in 120 mL of
+-BuOH and 85 mL of THF at 0° was added 30 mL of water, 2-methybut-1-ene (18.5

g, 264 mmol), sodium dihydrogenphosphate (1.6 g, 13.2 mmol) and sodium chlorite
(2.98 g, 26.4 mmol). After stirring 2 h at 0°, the mixture was poured into saturated
Na,S$,0; solation (100 mL) and extracted three times with EtOAc (300 mlL). The
combined organic layers were washed with brine, dried over Na;SOs, and
concentrated in vacuo. The residue was purified using a BIOTAGE® system
(EtOAc/hexane,10-50%) to give Synthesis Intermediate-10 as a colorless oil (2.8 g,
3,18 mmol, 72%). "H NMR (500 MHz, CDCL) 8 ppm 6.93 (s, 1H), 6.66 (s, 0.5H),
6.46 (s, 0.5H), 5.25-5.0 (n, 1H), 4.4 -4.3 (m, 1H), 4.2-4.0 (m, 1H), 3.9-3.7 (m, 1H),
3.2-3.0 (m, 1H), 2.7 (d, 3H), 2.6 -2.4 (m, 1H), 2.4-2.0 (m, 3H), 2.0-1.0 (m, 23H), 1.0-
0.8 (m, 35H), 0.1- -0.1 (m, 18H). MS (LCMS) [M+H] = 881.53.

Step 11

-56 -



Ratio Brain/Liver Ratio (0.2 nM (3.7 n 1
Epotbilone D1 15.1 10.6 0.7 0.4 3 3.97.01.81.3 4
WO 2009/132253 PCT/US2009/041634
11274 PCT

Synthesis Intermediate-11
[00156] To a solution of Synthesis Intermediate-10 (2.8 g, 3,18 mmol) in 5 mL of
THF at RT was added TBAF (42 mL, 1.0M). The mixture was stirred for 6 h, then
5  poured into saturated NH4Cl, and extracted twice with EtOAc (300 mL). The
combined organic layers were washed with HCI (1.0 N, 200 mL), saturated NaHCO;

and brine, and dried over Na,SOs to give Synthesis Intermediate-11 as a viscous oil
(2.6 g, 3.3 mmol, 100%). "H NMR (500 MHz, CDCls) & ppm 6.9 (s, 1H), 6.6-6.5 (m,
1H), 5.2-5.1 (m,1H), 4.4-4.3 (m, 1H), 4.15-4.05 (m, 1H), 3.8-3.7 (m, 1H), 3.4-3.2 (m,

10 1H),3.1-3.0 (m, 1H), 2.8-2.7 (m, 2H), 2.66 (d, 3H), 2.5-2.4 (n, 1H), 2.4-2.3 (m, 2H),
2.3-2.2 (m, 1H), 2.0-0.8 (m, 46H), 0.1-0.0 (m, 12H). MS (LCMS) [M+H) =766.3,
[M-H,0] = 748.3.

Step 12:

15

13 E/Z Mixture of Compound I
[00157] To a solution of Synthesis Intermediate-11 (2.6 g, 3.3mmol) in 27 mL of
THF at RT was added TEA (2.36 mL, 17 mmol), followed by 2,4,6-trichlorobenzoyl

chloride (3.31 g, 13.57 mmol). The reaction mixture was stirred for 20 min, then

-57-
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diluted with 260 mL of toluene. The toluene solution was added slowly to a stirred
mixture of DMAP (3.86 g, 31.6 mmol) in 1400 mL toluene over 4 h, after which TLC
indicated completion. HC1 (4.0N, 12.5 mL) was added, and the solvent was removed
in vacuo. The residue was partially purified using a BIOTAGE® system
(EtOAc/hexane, 0-10%), providing a mixture which contained a mono-silyl product
and the above mixture (13 E/Z isomers) including Compound 1T (1.1 g). MS (LCMS)
(520.2, 634.2). This material was subjected to deprotection without further

purification.

Step 13: Compound Il

[60158] To a solution of the reaction mixture above (102 mg) at -20° was added 1}
mL of TFA/CH,Cl; (20% v/v). The reaction mixture was transferred to an ice bath
and stirred for 1h. The solvent was removed in vacuo, adding small portions of
toluene then re-evaporating, which provided a white solid. The same reaction was
repeated with 125 mg of the partially purified mixture. The two reaction residues were
combined and purified on a SiO; column (EtOAc/hexane, 20-35%) which provided a
white solid (180 mg). The white solid was taken up in 5 mL of MeOH, and purified
by HPLC (Varian, Dynamax PDA-2 detector; Waters C18 column; A: water with
0.05%TFA,; B: acetonitrile with 0.05% TFA, isocratic). Two major peaks were
collected (Peak 1, 73.4 mg, 38%; and Peak 2, 41.8 mg, 22%).

[00159]  Peak 1 was determined to be the 13-Z (1-oxa numbering) isomer by
observation of NOE between the C-14 olefinic proton and the C-13 methyl. '"H NMR
(500 MHz, CDCls) 8 ppm 7.14 (s, 1H), 6.75 (s, 1H), 5.15-5.05 (m, 1H), 5.05-5.00 (m,
1H), 4.45-4.35 (m, 1H), 3.65 -3.55 (m, 1H), 3.35-3.25 (m,1H), 2.92 (s, 3H), 2.55-2.45
(m, 2H), 2.35-2.25 (m, 2H), 2.25-2.15 (m, 1H), 2.00 (s, 3H), 1.90-1.80 (m, 1H), 1.80-
1.65 (m, 5H), 1.60-1.45 (m, 2H), 1.45-1.30 (m, 5H), 1.25-1.15 (m, 3H), 1.05-0.95 (m,
6H), 0.90-0.85 (t, 3H). MS (LCMS) [M+H] = 520.3.

[00160] Peak 2 was determined to be the 13-E isomer (Compound I for Example
7 experiment, below) by absence of NOE between the C-14 olefinic proton and the C-
13 methyl. "H NMR (500 MHz, CDCls) & ppm 7.03 (s, 1H), 6.65 (s, 1H), 5.3-5.2 (m,
1H), 5.05-5.00 (m, 1H), 4.45-4.40 (m, 1H), 3.65 -3.60 (m, 1H), 3.4-3.3 (m,1H), 2.77

.58
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(s, 3H), 2.6-2.3 (m, 4H), 2.15-2.05 (m, 1H), 1.99 (s, 3H), 1.95-1.85 (m, 1H), 1.8-1.7
(m, 2D, 1.57 (s, 3H), 1.50-1.35 (m, 4H), 1.29 (s, 3H), 1.25-1.10(m, 3H), 1.0-0.9 (m,
GH), 0.9-0.8 (t, 3H). MS (LCMS) [M+H] = 520.3.

Oral In-Vivo Studies with Epothilone D and Compound I

[00161]

For each compound (epothilone D and Compound I, prepared and

described as per the experiment irnmediately above), three mice per group (10 mpk

and 35 mpk) were dosed at 10 ml/kg using 85% PEG-400, 10% TPGS, and 5.0%

ethanol. At various intervals after dosing, the plasma, brain, and liver compound

levels were measured following tissue homogenization, extraction with acetonitrile,

and liquid chromatography with tandem mass spectrometry (LC/MS/MS). Results

from the studies are sumumarized in Tables 4 and 5 and also, the results of the 35 mpk

study are reported in Figure 9. Specifically, Table 4 reports the concentration of

epothilone D (Compound 1) and Compound III in the brain after oral administration

{10 mpk) up to 24 h after dosing (for Compound III, to the extent still detectible given

LLQ), and Table 5 reports and FIG. 9 plots, the concentration of epothilone D

{Compound 1) and Compound III in the brain after oral administration (35 mpk) up to

5 to 24 h after dosing (again, for Compound II1, to the extent detectible). (A plot was

not prepared for the Table 4 data as only one brain concentration value was detectible

for Compound III.) In Tables 4 and 5, below, where the values were <LLQ), the LLQ

value is noted in the parenthetical.

TABLE 4
Compound | Time (hr) | Plasma conc| Brain conc | Brain/Plasma | Bram/Liver
(aM) (nM) Ratio Ratio

Compound 1 1 123 9.6 0.8 0.1
5 1.3 <LLQ NQ NQ

(3.7 nM)
7 1.2 <LLQ NQ NQ

(3.7 s M)
24 <LLQ <LLQ NQ NQ

-59.
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147.7 67.7 2.3 0.4 5
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Compound | Time (hr) | Plasma conc | Brain conc | Brain/Plasma | Brain/Liver
(xM) (nM) Ratio Ratio
(6.2 nM) (3.7 nM)
Epothilone D 1 15.1 10.6 0.7 0.4
3 3.9 7.0 1.8 1.3
4 2.5 9.9 4.0 3.4
8 1.4 6.4 4.6 1.8
13 0.1 6.3 473 5.1
24 0.2 9.1 445 8.0
48 <LLQ 5.4 NQ NQ
(0.1 nM)
96 <LLQ 3.0 NQ NQ
(0.1 nM)
TABLE 5
Compound | Time (hr) | Plasma conc | Brain conc | Brain/Plasma | Brain/Liver
(nM) (nM) Ratio Ratio
Compound I 1 47.7 67.7 2.3 0.4
5 3.0 4.6 1.4 NQ
24 0.7 <LLQ NQ NQ
Epothilone D 1 52.7 61.3 1.1 0.5
5 3.6 76.9 25.2 11.3
24 <LLQ 118 NQ 18.7
(0.5 nM)
{00162] As can be seen, for Compound II1, tissue levels from later times (i_e., after

1 h or more) show that Compound III levels decreased rapidly in brain tissue. Hence,

Compound HI has poor brain retention as observed in the lack of measureable brain

levels at 24 h n both experiments. Oral dosing with epothilone D revealed brain-to-

plasma ratios of 0.7 and 1.1 at 1 hour, reflecting good brain penetrance. Unlike
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9- 319% i11 Tdbes B3l P 2ROV déSihg " B faRichRE, 10 BhindQSiv&Ga for
epothilone D indicates that epothilone Dis

5 Ze epathilone Dywaseh andri@dt 2h el dbsing 3t 10 sapkepd B 2 APk ieERsCH S

a in TablLes.l a 2 | q . t r,

IS A0St | e A sfr ek Gtk R e O BARLGHAE
19 r@éntidd rdtesabt @othilosd bg at 10 npk and 35 npk,
respectively (Tables 4 and 5). These val ues reflect
remar kably high selective brain-to-liver retention

rates for epothilone D. EXAMRIE 8

10 Epothilone D Half-Life Data Following IV, Oral, and IP Administration
[00163] To further evaluate epothilone D’s properties for treating tauopathies, the
brain half-life of epothilone D was calculated from multiple studies, and the results
are reported in Table 6. To calculate an accurate brain half-life for a long half-life
compound, measurements need to be taken for several half lives after a single dose.

15  From the study described in Table 2, where brain concentrations were measured
through 7 days after a single dose, the brain half life of epothilone D {Compound I)
after IV dosing is 61 h (Table 6). The brain half life in mice after multiple routes of
administration and dosages averaged 46.0 +/- 7 h (Table 6). Similarly, the brain half-
life after IV dosing in rats was 31 h (Table 6). In contrast, the brain half life of

20 Compound II was clearly significantly shorter than epothilone D, as reflected in FIG.
9. As a further illustration of the epothilone D brain half-life, FIG. 10 is provided
which plots the results of a study (data reported in Table 2, above), showing brain
concentration levels at time periods of up to 175 h post-dosing, following a 5 mpk

bolus IV administration.

25
TABLE 6
Species | Route | Dose (mpk) | Half life (hours)
Mouse v 5 61
Mouse | Oral 10 46
Mouse P 1 44
IP 10 41,37, 45, 46
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5. The use of epothilone D according to claim4,
wherein the cunul ati ve nonthly dose of epothlione D
adm nistered to the human patient is 6 ng/n2 or |ess.
6. The use according to claim 3, wherein the dose of
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