12 February 2007 1 SYNTHESI S OF EPOTHI LONES,
| NTERVEDI ATES THERETO, ANALOGUES AND USES THERECF

BACKGROUND OF THE | NVENTI ON Epot hi l ones A and B é%ab
and 2b, Scheme 1) are naturglly occurring cyt ot d ruary 2007
rracrol ides that were isolated froma cellul ose

radi ng na;obact erium Sorangium cellulosum (HBfle
gxwm.sye NES, INTERMEDIATESCITHEBETIO6 7 and J

‘Antl bi ot . m.oemsmmmmh is

i ncor por at ed herein by reference). Despite their
vastly different structures, epothilones A and B
share the sanﬁdﬁi@mwmm!*as pacl it axel

(MM@E n rrerl zap onmefﬁlahgt%g%ﬁméz kelin of

MMMM mltted;ﬁninlaﬂulo@m&ém mgtobatiariumy Sdrangium

cstulo g i of e, CHeoL. 1 e A9 51, 56 oAbl

1996, 4}9)68@tehdimﬂﬂéh 18 i@ftirated Rerein'By réfebedibo)f lmﬁleﬂuy

dru Its margi nal water solubility necessitates
differep arotxlopesA and B share thessams mechanisr o ofretion®Eor es

e %’;‘WS@#&“ vy iRpb ot oPRARA SH by RRAF°
polymemuonmﬂrm ammﬁhn}em@mblmsmuagmuémerm
I”S%-Qaugr' ﬁ%@’%‘%i tlvatlonthrggﬂ"%mle

ammmmﬂomumdiﬂé& Taio®qs 20 Groksh lﬁﬂﬂhg
enonst F at ed

reference) ., However, it has also been
water 50 BRReRsitelshecouLse tofopnylation

Yehiclesguehan Cremophoresthat
pose et Cel | 1995, éﬁ&gggm&l ncor(gbﬁfggﬂegiﬂﬁéfé{my re%ce)

1996, 9%y @,tm@nam@d by mefierence)d Mareever, Takoliis ilgerable to

deactiyE U BB ot Ben ROV tiBaabon 20, Bty

Chem. $997,272,191 k8pimpospothtedtaéih bymtae&eoznowﬁmﬁzwm&mﬁe

a ent er Qf tinge pothllonefamly of
demonfihied i SpiiBiches A/ SO e recearkatia potp SESBEMDI et s

cells (KowaldkDah Mol BioL Cell1998 rd szﬁc\s@ggﬁ% el QSW)C

_.index (Suet al Angew. Chém
Additionglly, dluzincregsed weter selubility i comparisonepaclite] may be aseful.

for the WWW%ZWE%&WW ref er gnce)

epothiléied (3t EpoR, fiwSéheme 1), is a potent member of the epoﬂnlone family of
natural products, it unfortunately possesses, at least in xenograft mice, a worrisomely
narrow therapeutic index (Su ef al. Angew. Chem. Int. Ed. Engl. 1997, 36, 1093; Harris
et al. J. Org. Chem. 1999, 64, 8434; each of which is incorporated herein by reference).

)

R Tl P e mia%?%%

Scheme 1: Taxoids and Epothilones
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desoxyepothilones previously described, or those described herein, for clinical trials
and for large-scale preparation.
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in the therapeutic utility of this class of conpounds,
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Figure 8 shows the therapeutic effect of 9,10-dehydro-dEpoB and dEpoB in
nude mice bearing human mammary carcinoma MX-1 xenograft (iv infusion, Q2Dx3).

Figure 9 shows the stability of epothilone analogs in murine plasma. Epo 1 is
12,13-desoxyEpoB, Epo 2 is 26-F;-12,13-desoxyEpoB, Epo 3 is (E)-9,10-dehydro-
12,13-desoxyEpoB, and Epo 4 is 26-F3-(E)-9,10-dehydro-12,13-desoxyEpoB.

Figure 10 depicts the therapeutic effect of epothilone analogs in nude mice
bearing HCT-116 xenograft (iv infusion, Q2Dx7, n=3). Arrows indicate drug

' administration. Epo 3 is (E)-9,10-dehydro-12,13-desoxyEpoB.
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| Nt us Figire 2BBNoRYs the effect of 26-trifluoro-9,10-dehydro-dBpoB and 9,10-
dehydro-dEpoB on tumor size in nude mice bearing A549/Taxol xenografts (6 hour iv
infusion, Q2Dx7). .

Figure 22 shows changes in body weight of nude mice bearing A549/Taxol
xenografts treated with 26-trifluoro-9,10-dehydro-dEpoB and 9,10-debydro-dEpoB (6
hour iv infusion, Q2Dx7). '

Figure 23 shows the effect of 9,10-dehydro-EpoB on tumor size in nude mice
bearing human colon carcinoma HCT-116 tumor xenografis (6 hour iv infusion),
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- Figure 34 shows the effect of 9,10-dehydro-EpoB on tumor size in nude mice
bearing human colon carcinoma HCT-116 tumor xenograft (6 hour iv infusion,
Q2Dx7).

Figure 35 shows changes in body weight of nude mice bearing human colon
carcinoma HCT-116 tumor xenografis following treatment with 9,1 0-dehydro-EpoB
and oxazole-EpoD (6 hour infusion, Q2Dx7).

Figure 36 shows the effect of 26-trifluoro-9,10-dehydro-dEpoB and 9,10-
dehydro~dEpoB on tumer size in nude mice bearing A549/Taxol xenografts (6 hour iv
infusion, Q2Dx4).

Figure 37 shows the effect of 9,10-dehydro-dEpoB on tumor size in nude mice
bearing A549/Taxol xenografts (6 hour iv infusion, Q3Dx3).

Figure 38 shows the stability of epothilone analogues in 20% mouse
plasma/PBS.



20 Figure 33 is a table detailing the therapeutic

effects of various epothilone analogues against human
tunor xenografts in mce with 6 hour iv infusion,.
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Fi gure 43 shows the therapeut| c e

9, 10- d &gy 4 shops the thesapensiceffeet of S0l OsishydragiBpoR, dEpeB, and
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Figure 48 shows the therapeutic effect of 9,10-dehydo-dEpoF and dEpoB in

nude mice bearing human colon carcinoma HCT-116 xenograft (6 hour infusion,
Q2Dx8).

25 Figure 49 shows the changes in body weight of nude mice bearing HCT-116
xenograft following treatment with 9,10-dehydro-dEpoF and dEpoB (6 hour infusion,
Q2Dx8).

Figure 50 shows the therapeutic effect of 9,10-dehydro-dEpoF and dEpoB in
nude mice bearing Taxol-resistant human lung carcinoma (A549II'axol)'xeno graft (6

30  hour infusion, Q2Dx5).

Figure 51 shows changes in body weight of nude mice bearing Taxol-resistant
human lung carcinoma (A 549/Taxol) xenograft following treatment with 9,10-dehydro-
dEpoF and dEpoB (6 hour infusion, Q2Dx5).
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Fi gure 53 shows the therapeutic effect
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b o Sl o 52 oy
weight minus tumor weight assuming 1 mm? of tumor equals 1 mg of tumor tissue. A.
Mammary carcinoma MX-1 xenograft treated with a low dose of 25-trifluoro(E)-9,10-
dehydro-12,13-desoxyEpoB (10 mg/kg) when compared with those in Table 1 (20
mg/kg and 30 mg/kg). B. MX-1 large xenografts (500 mm®) were treated with 25-
trifluoro~(E)-9,10-dehydro-12,13-desoxyEpoB (25 mg/kg) and dEpoB (30 mg/kg). C.
Slow growing A549 lung carcinoma xenbgraﬂ treated with 25-trifluoro-(E)-9,10-
dehydro-12,13-desoxyEpoB (25 mg/kg) and dEpoB (30 mg/kg). D. A549/Taxol (44-
fold resistance to paclitaxel in vifro) xenograft treated with 25-trifluoro~(E)-9,10-
dehydro-12,13-desoxyEpoB (20 mg/kg) and (£)-9,10~dehydro-12,13-desoxyEpoB (4
mg/kg). The treatment for deH-dEpoB on day 28 was skipped due to marked and rapid
body weight decreases.
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?‘?@b@ G amingd. ﬁ@&gbﬂ%hmoff?r Biesc lﬁ%glaaﬁnmeémte in
5taui sf punp -
2 i
|nfieS°Eﬂep°§919ueB36 2093 Chou, T. c et al. Proc.

Nat | . 7 h
i ncor por%% rtéﬁér?wb %vgl?lg%téoé?: ’?émoﬁﬂ%g Bz’tb‘ghl ngaIJDSttumor
con@llkmee@CRF-GEMrand)ltsdmgeesistmasuﬁméy wei ght was

\r/v:TSL[ g 0 ﬁ:!the t ot al bo{jyﬁ'@q&f&?@ﬁ{lnusi ﬁ 2B and

10 t | Faxotin Rude2Bicd/BEAFRAE hukdh qtmrrymb%blasﬁe Mikkaid CCRPUEM

with a |l ow dose of 25-tritluoro-
dem%ﬁl@hﬂmﬂémmﬂo my/ kg) vvhen conmpared with

1o | P B gy e

t r hrharoT-oell Bmphoblastitcleylcbnyia MCEMWMOIIMMM with

cat ERHRE 2P appol s YL S By isthrion. 010, 10

15 30 deh Y%We]ﬁ shows M&Eﬁ&ﬁc effect Wé&@ﬁiﬂ@&g&j@&ﬁy&%%poB and
D.. A549/ Taxol fold resi stance
WEP&% mamde mice, bearing mgrcaﬂtlmwv@ac huknma CCRF-CEM/Taxol
2 EpoB (20
@%@‘Z&%&Whﬁ%ﬁ% AR s (4
ng/ k g) F?!m@ Grsbawsrthetchinges tebddyByeight charhey oPfudeanice bearing

decr eas es. lytm%i‘% ﬂﬁ'ﬁ?d it Q&R%F?]M"%E’tﬁ”& Jaxg|gesistant)

20 syfollowiigsreatment #ithpediiflige-9,10-dehydro-dEpoB and Taxol 6hour iv
9, E)Qgﬁﬁydro epot hi | ones. Fi gure OA shows t
y‘Hﬂﬁl(? t

26-tri fhip@e Foshs é?@e i iE
12, 13- desoxyepo? one i |gure ég% I's a syn poB and
s Crzebinfnyde mtice lpamhmmlommﬁmma HCT-116 xenograﬂ (Q2Dx4 x2,6

tr Eg[ﬁ am no- 9, 10- (E) - dehydr o- 12, 13- desoxyepot hi
Igir?e as é#)l nt er nedi ate in 5 the synt hesi s of

25 26-tri fRigere 67 2howH e changaslin Sud9 weeikhit 6F n aea}&gl:%man colon

desox u&gﬁ&@_ﬁne B. Fi gﬁlogﬂ&l | s table W-Lgﬂllog%ﬂﬂp-dehydm-
cquoglaﬂgmlhgg%,q&%hb&r lq%&%?l stant subl i nes. _
Figure 68 shows the therapeutic effect of 9,10-dehydro-EpoB in nude mice
bearing MX-1 xenograft (6 hour iv infusion).
30 Figure 69 shows the changes in body weight of nude mice bearing human
mammary carcinoma MX-1 xenograft following treatment with 9,10-dehydro-EpoB (6
hour iv infusion).
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Fi gure 62 shows the therapeutic effect of
26-trifluoro-9, 10-dehydro-dEpoB and 10 Taxol in nude

m ce bearing human T-cell | ynphobl astic | eukem a
CCRF- CEM Z@&g’ a&éé‘ hour "iv infusion, Q@Dx8) 12Febr”arY2°°7
Fi gur e é‘%"% effsctipd @yl %@yﬁ#ﬁﬁﬁﬁge@mw

N e Hughall Gadellt
CCRF CEM xenogr, a?ltIl %szﬁg%e%?%%ﬂﬁﬁamw@ﬁm
P

23esistant) (G dppr 1y infys oB and Taxol (6 hour iv

Iefn ; :ilt %P&’gr}’g}‘%gfgb‘%@h %&gs °5EB%B'§’%?§@’Q&?‘@‘3&”

i reelh bmh@McﬂwemmgCEmEMHtmbl xdny @i (Pdxab telsistant) following

(EHBRAYIR VpeRek ﬁ%‘mé iy Bsicn, F088 Fhows 1 he

changesigure Hoshwike BGﬁ‘éct‘bffﬁlﬁ‘i'ﬁud?b-%ER;?F ifluoro-
héﬁgn T-cel Iaq%rrphobl as I c | eukem a CCRF- T%(do Horo

nuds pyeedentin BiaryCarGin
V"'xéﬂbg?aﬁr(q ﬂxwag%{%ﬂ%ﬂ%dehydro dEpoB and Taxol (6 hour

infu Fi gure 66 shows the

t her ap@gumﬂahﬁwstheamms o okl wousi ght 9f ude-rolied bekiring Giuped

M%’éﬂﬂn nw_(lm ce bfﬁréf n human coI &n car.cl nona B and

FW9SW®M§@{WIEWVW%QN of nude
mce \kl)ﬁarl n7g human col on™ carci nona 16 xenograft
e

follo showe e tharepsuticeffeat of §.d pelelydtedBpeB tvmde mice

gl gure 68 sﬁg@shﬂ%%?lﬁer a%gﬁt? |}J§8 e ?gﬁ,;c}lglhg{})w infusion).

9, 10- d@mrﬁsmmemhmwemodywehmnfmgieweabmn@gmﬁﬂ

By o 0T e e S 952

c@%p&honhﬁsm?graft following treatment with

6 hour iv infusion). 8 12 February

9, 10- hydro- B
2007 d’%s%ra?% b 6 froramatia ?f&%g%%ﬁ-ﬁr@ﬂt@m-%é@-dghydm-dlipwm

%‘ﬁgﬁgbl asti CEPS%(EB %@%?ﬁéﬂ{a gg?%r;‘t’&?q%&no v

riBISPEYNt ) (6 hour iv infusion, QBDX5, x2) Figure 71

puran 180 73R ok Selio S50 Neiohl P e o R0 T

xeenogyafa follofiag batmest witted6-riffuetd-9M)-Aehydrd ot fvh
91 &de%nxgrlgecgog (6 hour iv infusion, BDx5, X2).

DEFINITIONS

Certain compounds of the present invention, and definitions of specific
functional groups are also described in more detail below. For purposes of this
invention, the chemical elements are identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and Physics, 75 Ed., inside
cover, and specific functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as well as specific functional
moieties and reactivity, are described in “Organic Chemistry”, Thomas Sorrell,
University Science Books, Sausalito: 1999, the entire contents of which are

incorporated herein by reference. Furthermore, it will be appreciated by one of
9



Figure 72 shows the therapeutic effect of
26-trifluoro-dEpoB and 26-trifluoro- 9, 1

0- dehydro dEpoF in nude nice bearing human ma
ft (Q@Dx11, iv .inject] onj£¥al{§uary2007

E.aré’c %@5 £t t%ﬁ%ﬁ@&eﬂpﬁﬂcﬂv@éwaéﬁgﬁ ehergipnggtilize a variety
;nofbfggmﬁ%gh rea% ment vvlth %W% Kgﬁg’gﬁﬁf'ﬁtha

26 Perichp@netianal moisth g ,@,t:SEpDN is Gaipairdrily blocked so that a reaction

e

5 rraunmfczyed@arbodmmms Wifrdteoting eudfirtacts@BIRcQvelPin§wod yield to give a

|n&@?&gs gﬁpggggeéﬁ? hows, t h changﬁ%l n body up must be
X I
9 mﬂf?‘ﬁ’%‘%?%a;m@%ﬁﬁfimzfu?iﬂ°ﬁif

rréiah{bung carcﬁ(ﬁ:ogniﬂ%%&ﬁ%lgw&g u(sg}e nud mﬁlpvy%@” n

10 | nf:mra)namhﬁe protectiigighjupdias @ iﬁmmﬁtxgrbﬂﬁdﬁﬁnﬂfmﬂamhhmy to avoid
nges . n ody.wei ght qQf .nude mi ce bearing MX-1
sites ggft m, p¥ygen, sulfur, nr genandcarbon

26 totdcfihd!SroapOmaP bél G460 O FERA herei
ang i v |gjn egltjlon 25 DEFI'NITI %&éﬁoCerta n corrpoun S Berein,

of 9%%# the appresiatadthat wwmmnmumcﬁﬁmsmdm belimited to

beI OW. Wﬁy@%é%a% nveﬁ?’?%ﬁqu't‘r}ﬂr%&%g groups can

15 eI beneadily 1émxt11:iJ edelsmgﬂht husabowEI e cntenmt anﬂiitﬂheMCAS 1i the tnibﬂ:od of the p;esent
e e nent s, versj on, boo
o neifior AditionRlly, o afied of peptecting sroupy G dessbed By roteciive
anGrcmpsml (Dﬂgﬁm"E: SpfitheAEEThifl] 04! [Gredde T, W%HEWEF, 2l dJohn

Wj @(sed thérein. Additionally, Wgener a
% JINewripski $99, heieptireycontgnts wé whicksrs hereby incorporated
Upclefpd@b, NI eties and reactivity, are described in

Or gani ¢ Chemistry", Thomas Sorrell, University

20 sei encdthmepmmalﬂhuheﬂ:&ﬁﬁounﬂhas dedcribed Baeincmbp bof

PP S ik 459 SR ool ofatetingel aios o epperl, the tomn

Feanbstinied® Ghethed pedcBaddbystks temi“pth ?'&rﬂdﬁ%dtsﬂ?summs
synthetlc thods as descrlbed ereln utilize
E’E thisigveptionpesfer by the meplacsment tpﬁhyﬂmgten ragmals in

f ﬁ%‘?‘.’“&‘#ﬁ‘?‘“ﬁ?@??ﬁ’ Gl ol sp it Nhpeeih, SacBHide fign Sne
25 plnssitien insanytgiven s!mc’em:mapbe substttuted with more than one substituent
selected from a specified group, the substituent may be either the same or different at
every position. As used herein, the term “substituted” is contemplated to include all
permissible substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and
30 heterocyclic, aromatic and nonaromatic substituents of organic compounds. For

" purposes of this invention, heteroatoms such as nitrogen may have hydrogen
substituents and/or any permissible substituents of organic compounds described herein
which satisfy the valencies of the heteroatoms. Furthermore, this invention is not

intended to be limited in any manner by the permissible substituents of organic
10
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can be carried out selectively at another reactive
site in a multifunctional conpound. In 5 preferred
enbodi ments, a protecting group reacts sel ectlvig? ¥et'>r9ary2007

g ield.to.give a. protected substrate.th . 4
P8 pbits chrabiteiPa Bt albPlogE Rt Eiabieg yFpaioy fis invention
gmoprefzribly thee tbetestlt invthe YorkRBY 6€ktble gRRSbuwAEAEI ¥ the

r eadi leYz ?val I akil e, pr.eferably nontoxic reagents.  that
dgfeﬁ‘& b {4r s¥ample, of proliferative disgrders incluging, it not imited to cancer.

PO S S, B, SR o3 Bl G

s s@piliymiiicient i aliomt mamyfactarednd Wwhichmutintsinithejintagoityof ths

£ cOBhRM B onfiShle} ERRY of tihE v dBtebted n QRrBHPARly fopp suffcient
s?gxfgdofﬂmagbgmﬁarfdrma?b@tagesraeanaméraﬂ. groups may be
utlrii z . a rote I N [ QUPS are etall e

her ei n;* ‘?ﬁ%&% , r%t&%ﬂﬁﬂé“‘%ﬁ?%‘“é@ﬁ@ﬂé@%‘&@%%ﬁ
PE@& S chaifl GR1 bhBEndhed)) Brarkhid® Es%@,a &@gg»i‘égﬁycrﬂ(ﬁaﬁ&ié Hydrocarbons,

these protecting groups; rat her,
aWdichiapmentioealiyisvbstituted prithtope o1 moredumntipnal gronps SAHwill be

 cbed 7Gxt L i i o Pl SRR it mctude

- Abidliis hatilimitey to, alkyh ail@hyl, stkyi),Wyeloblicily cebicilishyR id cycloalkynyl
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descr. b in "Prqtective Goupsg.in Organic Synthesis"
TR IR s i ottty th, ero R ehedes SEAlgit, bryoghed and oyclic

Wik earéupPO AR andisoy rents ; ' Ex‘f‘erﬁ:‘i&‘u%‘ﬁ:?h
Whi ch qrpg' If}gr eby iu%’ggﬂr%egﬂ@?%g&%? o}ﬁg'?gr ence. 20 tg
wi 2lkeng’, “alieyp it iapd the likiea Furthesmotenpousad bereins thedemnsi “blil”,

RSP eI ond R TecHE el ol AP BHENERY st v,

-t raertathembediimients ol used hérbiay "lpwercide'tis yed 14ndicstathose alkyl

"optionally" aqr t, and supstituents contained in .
PR G tingacy e Sybatiedh wu Shagkorvobraneinil hving 16
ofarboncli@gen radicals in a given structure with the

radi cal of  a sgeci fied substituent. \Wien nore than one

25 posPerin Wpenfsathp alkyl alkenyl andralicyniyt geawps einployediin the
B i T DO b, 15 B 86 St fRBOdps, the alo
salkanyb andialkynyl groups¢mpleyed iy teoinvénition coiainUs Bblaliphatic carbon
t term 'substituted' i.s cont | ate o include all .
pag‘?%?-g’@iYB et _ gheaﬁwg@gﬁﬂe _ hgeoups gmployed in
tthe ittetioR @6ktaint 1N alihall 2arbbtk Stoms URSHIl diR& efnbolimhehliS the alkyl,
gigcl Lc nd Ci;d ic, branched and unbranched, =
By 9@? aliynyhgroups eraployasiin ghe inventipn pentin lathaliphatic carbon
preYerTg ' AN ENTITsl r 1C,..C s . _F .
AR ot SO, the Sl AR wECIRAT ol Bhployed in
rthe myersio nlna;talh' gvkgdrboh atgms.f Hhustoative aliphpitis @(ﬁui;%d tiusdmdlude, but
Si. ubsti t uent o[ gani c .conpounds
%&@‘?‘6‘8@" I o, @ﬁ&agfﬁéﬁ,&wwgﬂmwc@mqp% -CH-
kgtlo 1 nERFINGICORIE, isbttity, fef bR | \
i nt e%lgg%lpﬁl’be_ [Tmted i]méaﬂr?;ﬂn%ﬂ ner ,bééﬁltohgtyﬂ%}lg-cycloburyl,
_ penty, sepeniylctartpentyl, sy4opentyl,-CH;-cyclopentyl, n-hexyl, sec-
hexyl, cyclohexyl, -CHa-cyclohexyl moieties and the like, which again, may bear one
or more substituents. Alkeny] groups include, but are not limited to, for example,
ethenyl, propenyl, butenyl, 1-methyl-2-buten-1-yl, and the like. Representative alkynyl
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12 February 2007 conpounds. Conbi nations of
substi,tuents and vari abl es envi sioned by this
invention are preferably those that result in

formation of stable conpounds useful in the gpsebma?gi?T
t Brevpsneiude, buarenol Mped &9, By £7 BORTHPHPETEY Bef-gropyny

'ﬂl@h ling, but not limted to cancer. The term

‘stabl e", as used herein, Ereferably refers to
conpoRedemitalioxp o5 Ebivaliyl'tasivised hegein nefers ¢ amalkylgroup, as

e Onip R e B el pleUl lgleHfintoipfilh okfecatom or
dﬁt@@he@um&c&m elnfeathin\enfbodingents, fikiatkiyd ploup pentains 1620 atipahtic

t to b ful f th tailed b

Ao, cara it croA SR o AH R A0S b ppbati

&g naétﬁtﬁs N et i et ts, e afidyf] AkeR{iRhrid dlkyiB groups
ranched),

branche cycllc or polycycllc aliphatic

heroployealrib dhesinvention odritain e @pbp‘m cankgn afoms,

i o o B b 1Py s e o oy oter

I éihb({imgh%tﬁ ‘the ]ﬂli:(yl :gfdhplcégdtahis ned :Ih;ihmc mbmrhlsaomf I@(@Iﬂampies b alkoxy,
Il mtea to, alkyl. alkeny 0a ,

c‘?ﬁ Pwtarr pot ligitgd %@P%%Wﬁ@?xsy a%wfx gpropg n-‘g{§° » tert-

br anchg‘gﬁgﬁtg céhg | Wﬁ%ﬂ%@“ﬂ?ﬁ%"%gﬂmm limited

conmetiylie, ﬂmlﬂﬂxwesmltbnm T i, g thedikeq 5.

2 s U b 98 o

aliyhas Heﬁmd&eﬁsmnﬂs:artﬂﬁﬁ eimbedibriis] the etkybgrdup contains 1-20

h}gﬂggstltut ed gr gﬂﬁgg‘ra{ al n enbtggl nt S@éastﬁér?fjlo

e Ededidh dtéms. %W bffier B& alley) allbnlyl, lakid alkynyl

branched or unbranched) havin 16 car bon atorrs 20

|sroummlwedrmﬂmmt19n cantain AtBaliphatiq cashop atomst 1a SR Ather

g e
a{rlg"p |c car ‘%%lm;n%\{lcgél p%l%‘gg%}%@dr ":.—Li—ﬁ g‘ etr?%hser
t hﬂbﬁﬂulnyﬂts, theadlkyd Rydup conthins! lkt%/ﬂmmgc carben atomb.djxadopiles of

i nyenti.o ontain_1-1Q ali tlcc on. atons
BT nctio s e i 5 Oty g. TS S Rgpyflnico
O&ftRE liRdp!l oyed in  the | nventl on contain 1-8
al i phatic carbon atons. In still other _enbgdinents

the al $ome exagiples o shistitugpig oﬁwwe-@qsmw amg/eed pther)

ik & Vol B el indenfiof Lo AR) Bl aftoh Ridite 4 iphatits
ghelemahplﬂﬁé Qy)e;:hemoa:yh myﬂﬂkﬁmetanamhﬂtyizl aumynanymon
haSRkons Hoeianie: Ay RBLle e Bi Sl
anr OO Ntﬁamo Fs, -CHSCRP LT, .crgbzr, -cngtamnpmzmm,

butyl, ’sec~butyl,” i sobut tert but
T i O CoaRas RONE 2o R OO HFON(R: -

RN oS g TR PR bt
Noutds hatdinited td, Aliphdticehetsybaliphatig) aryl, hetargarple arylaﬂq;d or
heteroarylalkyl, wherein any of the aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents described above and herein may be substituted or
unsubstituted, branched or unbranched, cyclic or acyclic, and wherein any of the aryl or

heteroaryl substituents described above and herein may be substituted or unsubstituted.
12
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or nore substituents. Al kenyl groups include, but are
not I|n1ted to, for exanple, ethenyl, propenyl,
but enyl, |-nethyl-2-buten-1- yI and the |ike.

R Lese tat|v§§§%$%%l¥*l¥11 1 Ebsﬁ:ﬁﬁéﬁzoa L@%;r:;;g?

( Bmwcaﬁgﬁis)shovan WtHEFJEﬁﬁiplas"lﬁat ah-mesbnm heli term
"al koxy", or_ "thioalkyl" as used herein refers o an
e fo able

al kyl B esmpral, she termse givd yand, heteroagdg, as

1 4i0 Uh&furated
© FIoB0 o BOEGHI By, pANR] B8 ptIEIOcyRYE Tnfdhr
almojgtiey hawing preferabiyis14 cmomampwlazaph of which maytbe sebstitited or
1 Bl Bl i byt ach s By Be 6 reSiciy

e hieﬂdtbﬂﬁil?.ﬁbstlttitém, aé.kihe squtlhﬁmd reclﬁﬂd'oxadli?:}lﬁﬂtl m@iefespsr for other

{}@Lo d! l(Meslnventlon contgmlSa&gh;&c carbon

Efbddid (] G
errbodl nent s, eltﬁ%]te’ﬂg@& &%%ﬁgﬁ%n ns %%%i’ Bhg{bl%hc

ceatbenyche msys@ndmpingsmofor twoarematic fingd incladipgitbutinet lingited to,

obfRe b T e R g ECHR) T erle

Exabgliments bf the ipfstrt ylvehtien, lﬂmznﬂ theterofrylTDs ﬂsbdfhéteﬁ, refersto a

et Ml ok o o

f@eﬁ&i’t&l frém &, 0284 N Baw&wrla&oﬁhg%hwa%e MdRiond Wit&baoRs

|s al kyl ; as défined herein. In certaln

selectod frami& O amcbiipansidhe remadning rigg atgmis precnarbon, the

g%al nswgé‘ﬁgf‘gﬂsﬁg‘ﬁ?%@hﬁ"g?%%‘n ﬁ%sh{;&s,?g@& for

otxnenple; ipipridyl)wyndzinyl, tﬂymxﬁﬂthyl, pyredlie Pvﬁazolﬂnﬂmﬂémmazolyl

grou Ler%lﬁé%ﬁg i.nE_t hn’i vgntl oh .cont ai n@%m%al ] pha t| c

rs@qtﬂn&ﬁm Ahdthe i, al | phatl c carbon atons. In yet

“other 20 embodi nents, the al kyl group contains 1-4

al i pha’ttmll bmmm%thatarﬂ@dﬁn groups (ineliding bicyclic aryl

%Wm no, 1 S0- propyl am no. 5& %@#ﬁﬁgﬂﬂ’g})"r‘rieesmpmmmt

esfoome] v arfthreesifithe hydrogen atbms ﬂmmhm.hpd@nﬂy Wwith any one or more

a?%}@ﬁ?qﬁfama”%aﬁ%h Sefing b i 6 R PO Prigroalipgatic: ryl
aEdt&oar?IaM&y ill&h@f ﬂ?[o)ﬁr heﬁr&dl?dﬂﬂhetema:yloxy;
aryl ox heteroal oXY;

hﬁiﬁi@gfaﬁ Sy Rk bbbyt bios P i Bl oM NG (E: -CF
Fglé%?%@%%ﬁ% SRt QM COR -
CFRARRCHCONRDM GR(OIRGECEXTOR: ~OUIITR)2; MR B(O)Ry; -
"RRIED)R, whE eath dcurrence of Ry independently includes, but is not limited
to, aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl, wherein any
of the aliphatic, heteroaliphatic, arylalkyl, or heteroarylalkyl substituents described
above and herein may be substituted or unsubstituted, branched or unbranched, cyclic
or acyclic, and wherein any of the aryl or heteroaryl substituents described above and
herein may be substituted or unsubstituted. Additional examples of generally applicable
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N(Rx)2; -S(0 2% NRR(CO) & wherein each occurrence of

Rx independently includes, 30 but is not limted to,

al i phatic, heteroaliphatic, aryl, heteroaryl,

arylal kyl, or heteroarylal kyl, wherein any of tfgFepruary2007
akibstitatents ar diustrated by thespesificenybogiresats shown in the Examples that are

hgt er.ﬁe%r | al kyl substituents descri bed above and

ek %e%'e substituted or unsubstituted, branched .
orh un bn;imghﬂ d%ymm alﬁuseagipﬁln,mfenrsﬂgmﬂm?gm gmn%s lufving three
the ary r eteroary ubst 1 tugnt escr \

2 RcpeFeh Brederably thiee & 168 atbon wigmsy StiablaSlaaliy i inchyd, bt are not
F ' 5&918' c%jﬁ,lﬁﬁ(i 18 R9E1hdptyl and the like,
agﬁﬁgwﬁﬁgg?gﬁ%? Slobfe il u’g? Yate A ha o e

b t by t
s pihm;h;(‘: :son %mmeu bﬁaﬁgtgli;hg{vihétﬁoﬂh@aﬁﬁ anlpﬁt%qulig anoiefies, may
d i herejn., | L. . tha: " . .
" RRfdnpfie P Al ity AR inblifine bl hot Fhited to¥ifhatic
Ohftﬁﬁhuﬂﬁt' fit; aﬁlyl_; h%ﬂﬂ@@wﬂthlkgl; hetesoayyddlicyl - ; alkany; aryloxy;

0 eterocyclii c unsaturare etl \VAN1] R
besproaler; h%la%am&%&@&m@ﬁ#@%% heggongylthios F;
SRyt Lo Kb OICNU@Q@HZCF};QQH(% bt oM e CHROHY GH,NH;; -

Fimted to of the I

but® are 'not r evli ous

ERL S0 Hb; sQ@R&I-ﬁCbﬂié;,-ag‘KRx)ﬁt-ﬁ’@(&&s HOEOR ¢ OCON(R.)z; -

S5 RSAREOR, At ol 1 kg i,

s badik fotdipsAus faliphatic, hewioaliphatio)utyl, hetatoaryhfarglilkyl, or

present invention, "aryl" refers to a no- -

bLEt?@P{YM’ wﬁm&@yzﬁ ﬁ@n@%ﬁ%&ﬂn&@gﬁﬂﬂ@w t wo
ahQaBRktylallty] 3E6stinkntd iisdHbed Abdveial hbiet fffibd Qubstitiie@ oy | |

napht hyl, °t etrahydronapht hyl, indanyl, indenyl and the

| mksubstituted,chranghad orvbwatiched, cxclistorapyclisy andayherein any of the aryl or

[ ' . rm. . h " [e] .

- BAEIP BBt e B AR B 30 hepinHia Xt Br qrsubsinted
t adtitionslienamples of g@feralyiapplicable substiutents ave illustrated by theespecific
fro , 0 and N, zero, one _or t ring. atons are
aaﬁ%‘gﬁ'ﬁﬁtﬁ sﬂ%‘f”éi‘b’éﬁg‘fé“lﬁ Sﬁﬁﬁ%‘ﬁ%&hﬁ??ﬂg‘&r ected from

S, 0 ampe fhm2RetetdaBpldAET iab Lid Hekdif] refefS alipititic aidistits that
the radical being joined to the rest of the nolecule,

v Fentainpne pr mnze oNygen, sulfirsnitrogen phespherys or slicomatems, e.g., in place

agl . i . gk , I :
Fﬁ%ﬁ%i |%§A€W , cn@(‘gt%%l it isooxa%o g.?é,ﬁafeﬁ,éjﬂchcor
t heyalit amdbinglude xatdiateticing unsativated heteydeyclesisugh s morpholino, '
ui nql j.nyl, _.isoqui nolinyl nd the.ljke..20 It wi|.
BN cte- 0 St Sabifingits Hakroslipblis Sigiefa s sistifuted by
( iddepetdbMTeplhbetsént 6f He)or mdié 6FMS hySRdBedoms HeRdhiviith @i or
or substituted, wherein substitution_ includes

r Boremeietiet inchlingnbut notlimited torpliphatior hetwakiphati gyl heteroaryl;

a iy n : P

¢ BBt G A TERRT M tond Bl o32 a0, al Rt

ahjynh'm:;( haerothyhhioahétablatylthip; E{@kll; Br; Ih @H{-(Nﬂzyi-cN ; ~CF3; -CH,CF3;

ar ' t eroar -l v | . _

P el bR, (oo 0,8, YR -COuRa; -
CON(Ry)z2; “OC(O)Ry; -OCORy; ~OCON(R,):; -N(Ry)z; -S(0)2Ry; -NRy(CO)Rx
wherein each occurrence of R, independently includes, but is not limited to, aliphatic,
heteroaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl, wherein any of the
aliphatic, heteroaliphatic, arylalkyl, or heteroarylalkyl substituents described above and

herein may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic,
14
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25 al kyl thio; arylthio; heteroal kylthio;

heteroarylthio; F, d; Br, I; -OH -NX®2; -CN, -CF3;

-CH2CF3; -CHC12; -Cl120H;, -CH2CH2OH, - CH2NHZ;

CH28@CH3 QR - CO2(RA) ;. - OON Rx)b oc( 13 fgpruary 2007
mkzor hefgroarylzubstigengsiesert edmz'e@@)i hgeein may

%lfgulﬁéstﬂ%tgﬁps [ m Ed‘ﬁ{‘ ﬁhg{aﬂ%?&he?%?ﬁl Eﬁﬁtl ceS

agupbtitutbmts ereaﬂusﬂatedzhy}thmd'pbmﬁp embodinteets sbowd inythe Exdneplesithat are

a f the aliphatic, heteroaliphatic, arylalkyl,
@éﬂ'ﬁ){eg?‘ I al kyl substituents descri bed above and

her ei IThHeRdm3 *halgb giid *HaldRenOds usEtshER6inh rdfert 16 Gn albn@Seldved from

or unbranched, cyclic or acyclic, and wherein any of
tﬂ@“ﬁF:wm%neMPWQFO%st i tuents descri bed above

Zggl tiona e:%!r{r)p Psdé@%ene@l@“fé%%%%a@gom two,

Ftubhraahglo@noﬂomsathshed theretotand v exemplifisd bnsush gioups be
cifi odi sho anpl es that are
og?rP%t&EleH;g’Pg’eﬁeﬂ %&Wfﬂg EEFY , as used

her ei IThe k@i htebdySlohlkelt|or Yhetdto ol ds vded/hedéin fefedSto atnon-

seven, referabl y three to ten carbon atons, Suitable
5{3 Qrraolisycliogroynyincliylings but not limited to

ﬁ%ﬁé&?’@ ﬁ?ﬁ‘éﬁ%‘% AR U toen one end

betetoafpimstindspendently sdeotqaiﬁa;m oxmenhsuiﬁr ayditrogen, wherein (i)

RS R g D Sl W b g 02

hbt:b]b @ahclslp ti?t;he:mtrageﬁi and hﬁﬁﬁﬂiléﬂodtomﬁm?jr [ k}iyt}l(ohally be oxidized,
er 0] a 0X ar XY ro XY
a Yer%ww@m%@a@m&&%adﬁ P%mf&!w above
f‘ﬁéqﬁ%‘é%‘?é’#%ﬁc%z betip b g, Kt Koo Slfinclud,
Msmqmﬁwmmﬁdinﬁmmghnﬂmm@ﬂ, infid¢zo}inyl;
b haicoin pbRRi, inerbbiff) decatiih Shorer MR S Fiotin
kthibzolidiny) tisdthiazdlidthyl, and edmabiihbﬁmyl h@bﬂm&ﬂbmhntents a

axél H“iq%lt er oar y{oHng'L | al %YEI Qr _ het eroaﬁéﬂal ku}éedherem,refers

ab ¥ hauaﬁ{moﬂkyﬂo’é hE@I-o%Srélé‘ @bduﬁ' d@deﬁﬁé&%obé kkiSuted by the

descri bed above and herern may be substituted or

drdependent @pledemw aﬁ@mﬁetm)ar ﬂmlg o thethydrogen atpme thereon with but

ZA?%&{ l?‘dents escrl a ove %ﬁd%ﬁ%;‘ﬁﬂ aﬁ'gﬁh%[ %@Hﬂarylaﬂcyl
sikoxy; alryibm lmte;:oaﬂmlxbshdtérbh:rgmx%r, alkidibio; er};«llnloe haamhkglthxﬁ
ener a i.ca i ent s ra
Beraantales 2 Bhaf b oPBE e b Ak -Ghirs itz SRR -
TR CIROLE, LORINIE LeHIBO0.LH; lutosl%r CCORRLE tm‘?‘ﬁmefmkx; -
as used herein, refers to aliphati c noi et i es
QEANGH 2N R 50N Ruis HIRW(GQRa Mihetsipcaach ocourrence of Ry
%H%Mﬁ?mgfudéi, lbhf:ig ot%mned to,ealﬂahaﬁé, ﬂe@}ogﬁﬁmﬁc, aryl, heteroaryl, ‘
arylalkyl, or heteroarylalkyl, wherein any of the aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents described above and herein may be substituted or
unsubstituted, branched or unbranched, cyclic or acyclic, and wherein any of the aryl or

heteroaryl substitnents described above and herein may be substituted or unsubstituted.

15



of carbon atons. Heteroaliphatic noieties may be

branched, unbranched, cyclic or acycljc and include
saturated and unsaturated heterocycles such as

nmor phal i no, yrrolidinyl, etc. In _certain 12 February 2007

enﬁe@nemh@@m gensralbiapplieablesubstitatents are @mmt@a specific
fdSiticnOfe ARErHRYd HERGiE. Of the

Jﬁogen atons ?Lereon th one or nore noieties
i ncI udi ‘ﬁ.gbeléaﬂt Asolsedhmﬂiemmé‘ﬂabphd’f isantended to mean that a

e Bl ) lfie o Meinoh? oD oY dterni Rl Vil attached to enable

5 hethe dedétioh @f he oahlbdhﬂdll Iﬁ gen@ilYlabéls ﬁ-.ll iheithiee aldsselst ﬂ)llﬂ)toplc
heteroarylth| o, F,. d;

Vhlch reaychemdionstierar hoavivofapes chiingalipt no Lizited to,
- ot . o BT ROI) 200 b0y De: R o) kB labels

whwhieh may be intibodies oremngend' aid] c) colbegbordinorésperntdyts. dbwill be

DUt b s 8y BBl 158 SR B AR osition tat

10 vvrutree 6t lﬂ&‘fete fwithltBe bidldgidabbdtivity bﬁé}ﬁfa@tﬂﬂsﬁhdﬁﬂﬁ com u.nd that is
k or heteroaryl al kyl substituents SCri
b%?ﬂedgi(ﬁsfe In eariginarybadiments of the invertion, plam%@y!ttv lﬂbﬁm is
Fegruary 2009 e@'gﬁ%ﬁgﬁlgﬁﬁ%ﬂr@l og Ee ary Psi'n“bﬁl%glcalsystems
h e(teegc,dmplybe &abpmﬂ:ﬂmtmdldgwlnlaeubmmneranﬁ Vhricty pﬁlmmign
be ,s titut ornbst t ed dition
orPIRENE} 140 sl O sEiHiog op phbarBhlem ot P spqmas,

15 byazﬁdw oB ﬂﬁﬁiﬁab@to&ﬁﬁ?@ﬁs iﬁearsen%h@ggl BayldyhH., Eahambﬁamw Reagents

" Ritrbamiiy apd Uplsrulds BRolpBr @PED oBlseyich Ameisaiare dbe catir

: L%“?%LS?‘”‘ES%%%%%@ ATeRic Tpftin phRdhi of the

h anventjonyths, photanffinity labéls emplomdmen-, a-and peazideberagyls,

exe | uch
ciihhad Rl oo S5RER nlneES mbienph R R e £ S‘S*Alamfeﬁm*m-
20 | i35, Gétaxaﬂilerdbelizﬁciiﬁd.erocycl oaI kyI or "het erocycl e
as useq _herein, refers a non ronat i
7- rren‘gg? melf rTaw&?ma“m 31% referscp: admgommﬂ

NQdonipki qe&,ylﬁlchxc bEnEhEA dr PRS- 1iBkéDof
fused si X- rrerrbered ri n?enhtgl\)/l ng fween one and three

haepgating wnits (nonemens)itat gy bethe ma:lozf diffexeni i will beappreqiated

F T RRE o oRE Pl ool A SRR S s

25 1%hegkinlid ﬁtehdm xefet to)pdlhﬁerw iiteg fovnd nsn&tﬁmror based upon those

het er pat be optlon y |d|z (jii)

e oA B Saur innp S oo et nﬁegn@d

(| fibmefiBy/thereof. TR céﬁaﬂi(%the? bR, 'tﬁe {enPO1yHiRY ré¥ersitd Sfifthetic

to a benzene ring. Representatlve heter cycles

i rpolymabes, such as biodegradable polymers or other polymeric materials. It will be
appreciated that polymeric solid supports are also encompassed by the polymers of the

30 presentinvention. Inventive compounds can be attached to polymeric supports and

thus certain synthetic modifications can be conducted on the solid phase. As used
herein, the term "solid support” is meant to include, but is not limited to, pellets, disks,
capillaries, holiow fibers, needles, pins, solid fibers, cellulose beads, pore-glass beads,

silica gels, polystyrene beads optionally cross-linked with divinylbenzene, grafted co-
16
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but are not Iimted to, pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imdazolinyl, imdazolidinyl,
plper|d|nyl plpera2|nyl oxazol i di nyl, 42 February 2007

S50 LRSS L G b ponl

Wﬂﬁ N-ﬁ'-bxs—%&?ﬁ)tyle‘ﬂ&ﬂ&ﬁdﬂﬁhﬁé' afd/ thePakiidlestoated with a

het er ocycl e" group |s ut|I|zed and as_used herein

hytleaphobic polymere Qneof prsiinsay skill inthetaamal sesfize thag the shoice of

R S or B Ve s ol 7P B Sppor wit e

tﬁmﬁm@ﬁhmmﬂh%hwmunmmmwmmm&mqmﬁﬁdﬂﬁunﬁkmphaﬂhmmgﬂmmmm

Hg%g%gghbﬂgakgﬁjaar | ; heteroarg! 32&%@AK§IH 9gand2)
ﬁl:y[éﬁé’ gly%J Yfén'fﬁg@i is arp‘ﬂﬁcﬁlaﬂy umﬁﬁoﬁ%hﬁpﬁﬂﬂeﬁause it

heteroary

CF3;
POIEE3; versauempportcﬁpmm on-@sm@@”-bead @ssaKgand it also undergoes

SR Hieaf e B e 5y Rz, S5O

wherei n each occurrence of Rx independently includes,
but is nof limted t

aryl . het F%EPVPWV§68§FaII %hggpaﬁteroagbgagﬁlc
wh | ot t
1 i A K5 T i e

ﬁu&?ﬁ@hﬂeé%ep@nﬁié’% HetiédEKgies endblisg Asdebd tat ed,

branched or ‘unbranched, cyclic or acyclic, and mhereln

angerostyclenkavingya bregd mm@rbs@pgzpﬂwém gicalagHyity, aywell

%g%ﬁe %P‘ﬁ%%%‘aggglﬁ onal e au&{ es o eneraﬁ(‘iﬁmdsof

aysinigitieab bempouhdy anidicompositianse i | | ustrat ed by the

speci enbqdirent s .shown .in the h._are
doscr M EeaREoRetS, i IgypavR com o B yierul P58 iifont of
"caddee! €értain @om;;&:ﬁawﬁdhé vemivh exhibit citotxnPOg b ot iakibitbry

| east one el ement, isotope or chem cal, compound

aaﬁeaté B8 gancer GeHa lings, exhibinan shility de pelymetize tybulin spdstahifize

A0S iy 1 bl dapeses, oy conce

uxbmam&wﬂimmhﬂudnngﬂnbambmhnmmwnmﬁedmmumdsmmyhaﬂntézﬁdﬂf

aﬁinaa?eﬁ‘éeffm% PG 156t Vil ghoas hpes Solinky e

?ﬂﬁtﬁﬂﬁﬁtbﬁﬁd%ﬂﬁﬁQﬂtQheﬁmﬂansﬂMdﬁuﬁwm.ﬂ&éﬂwddmpmnms
appreC|a d that the | bels

mertp r@@ Aegreaspd foxicy,

mtaEé #&Qgﬁ |é?(gl cal activity or
qﬁgracter tic npoun that IS being

detected. In certaln enbodi nents of the invention,
ot o i nj I eling,l ilized for the dlrect
2‘?” mggff%’ﬂ}'%/ff feﬂ'@fpﬁg‘fbe #’"’f"fﬂ O8r actions in
bi ol o@ofipburfity oF &igtinventofinclude chinbnds bEthe pehéral forrrula (0) and
binding site in a tubulin diner). A variety of known

K0 e nberdefivedbalewenpl oyed, nost relying on
phot oconver si on of diazo conpounds,
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‘W || be appreci g

15 azides, or diazirines to nitrenes or carbenes (Leg,

Bayl ey, H., Photogenerated Reagents in Biochemstry

and Mol ecul ar Bi ol ogy (1983), Elsevier, Ansterd§$}%ﬁ 2007
the entire ontents of, which are hiaeby %ncoQg Y

by reference: z nbodlnent

i nventi on, y Iabekg -
m and p- a2|/ s ostltut re
hal ogen : ) ?

4 azi do-©
"Pol yner" :
to a corrpos'ti 0 cohpri® ng chain tHall may be wpen,
closed, |iRear, T eyR0r cr oss-Rsi nke @Reat i ng
units (nononers) h,at may be the sane or o“f«,fferent It
d’R4that in gertain e dlp@ntsthe
t erm pol ynmer refers to bi opol yners, which, as used 25
herein, i s i ntended t@ refer to polyneric mat@) al s

f d t f d

.ﬁ“ﬂat' ol RS a e tes o Rgtbstfoonyt BySherg, Btk
lﬂﬁﬁnyl ene@mmmm, BistefolB Sk Tyl , oPhet@biuglatkynyl

other enbo i ment's theterm@%ghéﬁer refers to

smtmtm@ertqa@ piphediments, Reis 2 lallenyleheterpgmrialicrl

t ﬁbt?kagfméé}ﬁi B Ml Sl IRB?I So‘i%ﬁ@éﬁ.passgﬂmglety,

t Iuertqm bmimdxmemﬁ Rotiea Bétepnaedalky] moietynini atker emhodinmtentseRy is a 5-7

co un aa#glan be atiach%gFQ%%a@o@pg&%ﬁawed

Omdﬂlﬁrﬁ(ﬂmﬁh@ﬁ%& hefégoat§Biloiet$ irfitill othdt@nibodifenOR) it a-
upport” is meant to include, but is not Ilmi]ed to,

pb!qyek%momwrem ahenyll zing ds fusedpiadigteroasy BwigtEn other

Fs)lbl i caﬂ&gsﬁdﬁ%%ﬁ’yﬁ/ %‘?@h&e %grg&% %lﬂﬁgss cross-| i nkelg’

mxm& of imillivelersviety; iyt bthér ebaiiméits,Ralis aisubgtitegior
bea 'yl am de beads, | atex beads,
%@W&Q’%b&beads opti onal I y crossli nked W th

N N - bRg ad Ry hre ¥heh!ifidedpe rnlymfbgexﬁrcbds@sﬁm&dmmhmhﬁmed,
- coated with a hﬁdrophobl c.. pol ymer f ordinar
skmwrhrapmedawc PT 4CyF G pliphati @,rhaterqalhe w

p at abl I | ty 0 Hﬂ% ﬁ%étu; fﬁﬁl{sﬁgﬁ@%??glﬁmofhydmxy,

c pmmdr bydoiynajkextyi, tarbexy, cmboatdnhpﬂca lipeasor branchedadieyd or cyclic

e AT o, P i o

hryl Bﬁﬁﬂe@,@-ﬁ?&hﬁiﬂtﬁ of Nyalebiyimibe]ina@ethiniembadiments, R; and Ry

part| cularly useful solid support beca se it 0 |des
amaaglamdpnenéembdwﬂmgm ﬂw@nmré?qu@&ar tﬁﬁ%ﬁm

20 VEents r anglaﬂ:Q ?éﬁtlﬁ}'ﬁ?ﬁfoggﬁgr?gﬁ %desﬁﬂltotﬁéf%bbﬂﬁldn& R3 ®
methyl, and R, is hydrogen;
Rs and Rgare each independently hydrogen or a protecting group; in certain
embodiments, Rs and R¢ are both hydrogen;
X is O, S, C(Ry), or NRs, wherein each occurrence of Ry is independently
hydrogen or lower alkyl; in certain embodiments, X is O; in other embodiments, X is

NH;
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DESCRI PTI ON OF CERTAI N EMBODI MENTS OF THE I NVENTI ON I n
recognition of the need to devel op novel and effective
cancer therapies, the present invention provid

novel synthetic methodol ogi es enabl ing access tgstEb'”aryzom
macr ocyisl @S, Ih&it,l@@v)a Cﬁiond{ﬂ,ang*&Imhetﬁlma@g oecurrengechf Ry is

phar ma¢ol.o act,i vit

CTE LS B et ko i o (i 0sin otter

C@ﬁmﬂ&hd ént@ﬂsgsb&ndnpﬁtomﬁbmbmmuﬁts,gﬁﬁﬂnﬁe cgnpounds

and conpositi.ons. | n certain odi t he

i nventqgglé ﬁﬁ%@ﬁ‘&éﬂn@f B d&%ﬁ?f‘uﬁmﬁm V’eaé]f%’rﬂm‘&?

ﬁﬂﬂ(?l hikglamifd) MRGYE and for Eﬁlﬁnhﬁ&d@ﬁ uh<BstiNbd, Binkar or
oxi C or

growth i nhibitory. effects on cancer

ched,jcyelic oxagyelisialipkatic sterpaliphatic, pal.\hetsroand, #Xib‘&ﬂp n

?%9 ls ?ﬁk%ﬁﬁ(gaﬁdl appea#ggiclz(gl ﬂ?@ﬁ% ln%&ghh cel |

xmnmgrg aptionaﬂyi gibstituted by en¢ ai morerah dmdman potectdddiydroxy, alkexy,

S R TR Jnt o bt il & Rl B eGRtfE o

dpratebib& aminc hindpaabsitutsbwith bnd @twp alkyl gturylgadieties) Wv er

tb&(l ci.ty, &I;]lqn di sordqirlg etc‘3 Th’eJ congounggilr0 ré%’ymal SO
sahmi&xeﬂty Rﬂ@&fcﬁ@@eﬁ YePasthéd énvbodRenits) RE BFRBEIne; in still other

t herapeuti'c range, i ncreased effi cacy, etc. Cener al

l:@@'eqdﬂtp@nt@ Red§ lowmlbﬂﬁu@wfm@thﬂ, mmpmbwwgg HrClas-

ié—@%igcl'inb&‘é urtherm&pw%e oW 17 12 Febr["lluﬂgigmup’
zmor%t otmamﬂ:oﬂmm RoisikalogeRaRd oxpaethalotnded alkylpsoups or

Sﬁ s 5 g, sli“lo%ngt(‘g& 2“'gr §’/? e&lﬁe ?@e gpi p?dr E%S(tgjl S{E‘H%"%ﬂed)& unsubstituted,
aﬁndaﬁbmﬁndhed, ayslicdriagyetic aliplettiey mmvdl@hﬂ;cL aryl, heteroaryl, aryl

T SR ks B e L B RS

hﬁt&bﬁ?faﬂbﬁﬂﬂ&ﬂy%pﬁoﬁﬁlﬁﬁbﬁiﬁde@ bif 8AYbr hdtk Bf yidrdxy, protected
ot her enbodi ments, Ro Is het eroarg@gl ke;@ noi ety

dresyy alkpxy, GaOR, ﬁ@h@@ldehasdq dingprige chhc acetal,
nﬁﬁcﬁ'ﬁ%, athigio PrbRbted HARQ! ARMb SubsBrutddSwith Ghieor two alkyl or aryl

moieties, N-hydroximino, or N-alkoxyimino; in certain embodiments, one of Rg and
Ryo is methyl; in other embodiments, both Ro and R, are methyl; in yet other
embodiments, one of Ry and Ry is methyl, and the other is bydrogen; in other
embodiments, both Ry and R;, are hydrogen;

Rp is, independently for each occurrence, hydrogen; halogen; ~-ORp’; -SRg:; -
NR p)2; -C(O)ORg"; -C(O)R p; -CONHR p'; -0(C=0)Rp"; ~O(C=0)ORp’; -
NRp-(C=0)Rp; N3; N2R p; cyclic acetal; or cyclic or acyclic, linear or branched
aliphatic, heteroaliphatic, aryl, or heteroaryl, optionally substituted with one or more of
hydrogen; halogen; ~ORg’; -SRa’; -N(R g)z; ~C(O)ORg:; -C(O)Rg; -CONHRp; -
O(C=0)Ry’; -O(C=0)ORg; -NRg(C=0)Rg'; N3; NaR p’; cyclic acetal; or cyclic or
acyclic, linear or branched substituted or unsubstituted aliphatic, heteroaliphatic, aryl,
or heteroaryl moiety; or is an epothilone, desoxyepothilone, or analogues thereof; or is

a polymer; carbohydrate; photoaffinity labelé or radiolabel; in certain embodiments, Rp
i




menbered aryl or heteroaryl noiety; in yet other

enbodi nents, Ro is an 8-12 nenbered bicyclic aryl or
heteroaryl noiety; in still other enbodi nents, IS a

10 bicyclic noiety wherein a phenyl ring is fus@oFele‘aé)’zoo-"

het eroaryl or | noiety; in other enbodinents, Ro

is a bi cyclﬁ:\@ety wherein a phenyl ring is fused to

a tifiydzoges, zghethypéthymptdg;z:omympaeﬂyhe;dyn cy&lbpropyl,
odi rent s a substituted or

th
O S lPPRER o ey capunaHBFtRse L oopgiually substituted
lndem%ﬁdeﬂrnbrem&raﬁmfhgr g&Pt@H' ‘01136 4, CTNgR% , or any

unsubstituted, 15 |i near brahched

ac yembisatin thergef, whemmteeph)@qcumm iof Ru-ds ;ddppdrdwbdmdydgpn, alkyl,

52 Mo o 1 ol LI e SR BAE b, o v, i

10al kyl;  é43h @biRlen&TeY)

hy dlrilbc@wr ailbodmyents Ry limmythylciardtes ainbedipttats, GV G(DHW, -CH,Y,

branch 0 C uori ne m po,, .
o SPERRCH, B i, Rl NifRs, 3Ro i, br Sy .76 Rl Popagiments, Ra is
al k@F;, aCH,1 by CHFR i biheSembudimedisO R 1 ﬁ@ﬂu&[nated or ﬂuonnated alkyl
N-al kox | mno; in certain enbodi nment's,

ar 8OBR; %Fﬂ’é%&ﬂ@éﬁ*wr Mé@bﬂmtq%@rm@logﬁmﬂeéml group;

|ndependentlly hydrogen or Er% hyy éﬂ‘ﬁﬁ 73ﬁ¢1gmup,ahnear
gatecdor mmwwdmmhm wclmy dhpig!ﬂn heRoailighatic,

i e NN Y

hymmmlzﬂcyﬁwrmnﬁy S C(R7)2, or NR7, wherei n each
occurrence R7 is | endent | dr ogen, ar vver
al kyl : P &g?a‘?” 2&1‘?&”‘“)%’?‘? oy nblsr’réP°

15 enhﬂhﬁdimaits;ana( is NH 18 12 February 2007 Y is 0, S,

20

25

NH, R7212 @ﬁ?ﬁ? or NH vvherer n each occurrence
of P nM‘}FHP% Br 1 ower alkyl: in

certain enbodr nments, Yis O; in ot her enbodi nents, Y
IS NH in yet ot her enmbodi nents, Y is CH2; each Rs is

| nde p e nERero hwroﬁglsnnvenmrugelnde tomipamys ofthé ganeral formula (1)

ﬁﬁl%@‘l aI kyl am no, fluoro, cyano, or
st t ut or unsu strtuted i near or branched,

cycl ic or acyclffc aliphatic, het eroaIR1phati c, aryl,
het er oar yi% aryl al kﬁnyl

het er oary Yy
noi ety, opti onaII [ J)‘Q"ed by

hydr oxy, prote
caboxal deRy-
acetal, fluori
substituted wt

or
@ a)
wherein R, is hydrogen or lower alkyl; in certain embodiments, R, is methyl; in
certain embodiments, R is -CF;, -CF2H, or CH;F; in other embodiments, R} is
perfluorinated or fluorinated alky! group; in yet other embodiments, R, is halogentated
or perhalogenated alkyl group;
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hydr oxi m no, or N al koxyimno; in certain enbodi nents,

Ra is hydrogen; in other embodinents, Rs is hydroxy;

in yet other enbodinments, Its is quorrne ins

ot her enbodinents, Ra is |ower alkyl such_ as géo”aw2007

in ot MRaris @ pubstiied of Hﬂﬂﬂbsﬂt‘éted @'3 heterog;i,lag alkyl, @f’FE"arVHIkY‘

;
i SRy BALADp egba n
hahlxgiemm BdlmlbqubdameEMIdehmle,gr oup; R9 and Ri o

Cnub gl Re SRR kpehdhiy 8B Hen: OF adRRlel ol bt B,

almqahatbrmchhe tpolioak apletit Aliphatic, y;bterdahpmaary] hetemgﬂyl,

ar | kyl, aryl ny| , aryl alk t eroar

%‘%/Jéﬁ%lg y iR, Bbtcty, Sptecally SHbkihriY ShE pEgR of ydrony,
teeied hdfoty Bkbky, lé&:%ﬂx)b)éa:ﬁﬂﬁddahyw lified?or bmﬂmuwcyl or cyclic
protected 2 hydroxy akoxy oarboxy oarboxal dehﬁ o

| fagteh flugying m@ateareﬂm amino|substisited with ong pr Hp;
PapieRL N R 10 AR b@rdeﬁﬁh%&b%ﬁﬁbnﬁ”ﬁgﬁfdm

roxi mno

l\bxalemmdmmnﬂy rw@@enmﬂwmmtm@mml@l mn@zwmb@luams Rs

i B e iR AL o it

Rinethiyls adR 48 hydrogeh; t he ot her is hydrogen in other 25

?ggggé]{%éﬂiﬁ'ﬁ bot gg 8@?@3@3@ rogen Re |s

dimcn%f%hs andia!éae%b%,hydﬁ@ “(OR B; COI\IHRB
COORB ; NRB c 0) RB'; N3;. NZRB;

oyol i c% H*c,%t%lc '&h 069]&74 whezgin cpgTencs ey is dpdependently

ﬁ‘g L eRhakiis O; fif other effbodiments, X is
he eroar§/ FHEeELSEGH u?”ed W th onee or nore of
SNthdrogen haI ogen -SRB; N(R Bw)2; -C(0O ORS

| i Ry g eggﬂ S R hlgTRs O SR -

aNR b)2£-C(O)ORgS -CIO) R ammw r;@roqomgd m(lC=0)0RB -

o BRE G- R R B Giehe gceg,ﬁgoggg? PR 1 br brasRea

w& n&bﬂ%hﬁm 21, Gr'ttepsHSop ﬂaamgoéubsmmeu with®ne or more of
p mer ;. car bohydr at e; hotoaffrnrt

caihaogen;: ORar; -5k DRSS r@rm@ smsé‘dﬁaw_rzcmary

ﬁ?:(f)kﬁ &%Qg g Ra ¥ éiﬁli& aceit ofleyclic or
enty Rex cyclopro yl, cyc cyclo entyl,
oacycl,uc llmmﬁybrandadlsuhmm@smmnmhewm nlmtmahphﬂﬂc aryl

i 4 0 G BB B EHARAE, B 50t o

t hpslgats; cabeliydrale; @hotoakiimty label) OEtadioleBH int sertain embodiments, Rp
i ndependent |y hydrogen, alkyl, 5 aryl, or a protecting
group, in enbodi nents, R is hydrogen nmet hyl ,

O s A, ORI i Tt R,
cyclobutyl, cyclopentyl, or cyclohexyl, each unsubstituted or optionally substituted
with one or more occurrences of halogen, -OH, -ORp', NHz, or N(Rg);, or any
combination thereof, wherein each occurrence of Rg- is independently hydrogen, alkyl,
aryl, or a protecting group, in other embodiments, Rp is hydrogen, methyl, or ethyl, in
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where Yis F, Br, d, I, ORB,, NHRB, N(RB>)2, or SRB
in yet other errbodl ments, RBis -CF3, -CH2F, or CHFZ2;
in other 'enbodi nents, RB is perfluorinated or Februagy 2007
fluorinated al kyl group; in yet other enbodi metft $ORE
| SstifahiRg @ﬁb&ﬁﬁgﬂtg) 'Rﬁ@&téﬂly@%@é@&ﬁbr%ﬁ:ﬁ&dmﬂh@%lsl@ﬁ%flf or
occurrence of i's i ndépendent|y hydrogen; a
pr(éJItIEziﬁ'il g group a linear or branched, substituted
Ontafi¥ QL ic, al i phati c,

eroal |ép gé‘lﬁc ng lil&nﬁésttg?%g*ryl aryl al kyl ,

arylalkenyl arylalkenyl heteroarylalkyl

hetero ke r Jheteroar . M isS
Yt LSRR IR R Bt o

i sha gmeram fdmpula (I o) ehithehé stereddldmidngdefinedds shawh:y

acceptabl e derivatives thereof. The conpounds of the

i nvention include conpounds of the general fornula (1)
or (1') as fur®Rher defined below R RRL R2 X ORB :

Ol O R_R5 4 RS vvheelnRI
i s hydr ogen~ef oA Rl
is nmethyl; ceftain en‘@%ﬁ‘f ment s %:ZH,
or CH2F; in ot jre s~ment s, B ' sr+hat ed
or fluoripated al kyl groupy~Tn I mpsAt s,
Rl is hal o@en at ed perxha N gr oup;

‘ 8§ a substitOreyl or
unsubstituted aryl,” he{eradaryl, arylalkl
het er oar yl al kyl UY; DRgcertain enbodl.ynt-oRBQ i's
substituted or [
enbodi ments, R2 iR suRgtituteg or unsubs i tRy ed
thiazole; R3 and R4 are each i ndependently hydrogen
or substituted or unﬁﬁbstltuted 5 linear or(@@)

het er oa?tf phx% R3’ aﬁ%c‘%’i’er oara?{], arf/q atf<°

het er odm wmid@dlbudnnmtggx B@.i lmrmhdrymbommeniquedNHy Inother
c SPBls RYECE Hony o, Iinear or br anched al kyl or
cyclic
In some embodiments, R; is a substituted or unsubstituted thiazole. In certain
embodiments, R; is 2-methyl-thiazo-4-yl. In other embodiments, R, is 2- -
hydroxylmethyl-thiazo-4-yl. In yet other embodiments, R; is 2-aminomethyl-thiazo-4-
yl. In other embodiments, Ry is 2-thiolmethyl-thiazo-4-yl.

In certain embodiments R; is a substituted or unsubstituted oxazole. In certain
embodiments, R; is 2-methyl-oxazo-4-yl. In other embodiments, R; is 2-
hydroxylmethyl-oxazo-4-yl. In yet other embodiments, R; is 2-aminomethyl-oxazo-4-
yl. In other embodiments, R is 2-thiolmethyl-oxazo-4-yl.

In certain embodiments, Ry is hydrogen, methyl, ethyl, -CF;, -CH;F, -CF,H. In
certain embodiments, Rg is methyl. In yet other embodiments, Ry is —CF;. In certain
embodiments, Rg is hydrogen. In other embodiments, Ry is ethyl.
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acetal, fluorine, am no, protected am no, am no
substituted with one or two alkyl or aryl noieties,
N- hydr oxi m no, or N-al koxyimno; in certain
embodi ments, R3 and R4 10 are each |ndependentI1/2Fem“aW2007

hydr od%ﬁﬁ*mﬂfﬂr%fe‘F‘Fdr@mP@PMSéQ@\‘dea@RWﬂmﬁ % ot her
enbodi nent s apnd R4 are eac ndependent |y
hydr ogen or“ﬁ@ﬂhy

R3 is
met hyl , and [
i ndependent |y hydr ¢ [ in
certain enbodi _ en; 15
Xis 0, S, C(R7)2, [ rence of
R, is independently e in
certai n enbodi nents, [ ; odifrent s, X
is NH RBis, indepe ently for each ocCurrence,
hydr ogen; halac-n -ORB ; -SRB N(RB)2 - C( O ORg;

-C( O RB; *€0ON R,/q o \\cm- 2
NRB' ( C=0) RB>; "N3;™N2RE' ; CdeIC acet4al ; or ‘yg#ic or

acyclic, linear or j+anched allphag d

het eroal i phatic,—afyl, or hg eroar y £ opt onalX

substituted with one Pr FroH e of hydreggn; Yre{ ogen;
-ORB-; -SRB; -N(RB') (OORB,; -C(0RB_KCONHRa, ;
OQQO)RB-; -C=OORB; NRB,T'C=ORB ; N3; NR B ; cyclic
acetal; or cyclic or acyclic, linear or oranched

substituted o apstituted al i phg
het er oal i pha
an epot hi |l one, £
or is a polynmer; X ; aff i ni'ty{ | gbel ;
or radiol abel; inf ' : i ments [

hydr ogen, , nethyl,
hexyl , cycl opropyl,
cycl ohexyl ,” each unsub

gt yl, cycl opdqt
tittted or optionafly"

-OH, -ORB,,

|ndependently hydrogen alkx§
group, in other enmbodrnents,
or ethyl, in
enbodlnents

Rs is -CF3,
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RR XR XO ORS;OR6 Ol a. OORSORS R3'"'"R4 or R3

R4 (11) (I1") 10 wherein X, Rl, R2, R3i R4, Rs, Rs,

RB, and X are as defined above. In certain

enbodi ments, X is O In other enbodi ments, X is afgbruppy 2007

ot her enbodi Rz
is a substitute j oCertain
15 enbodi nents, R2 is her
enbodi nents, R2 is In
yet ot her enbodi nent z4-
yl . I n other enbodi nentjs,

2-t hi ol met hyl -t hi azo- 4-yw-~Ng ' LANP’s R2
is a substituted or unsupstituted oxazole. Jn Certain

R2 is 2- nethyl oxazo-4-yl. 1n other

20 enbodi nent s,
enbodi nent Sumd

yI I n ot her enbodlnent.
t hi ol net hyl - oxazo- 43y
hydr ogen, nethyl, etR
certai n enbodi ments, -
enbodi nents, RD is -CF3:
i s hydrogen.

February 2007
for exanpl e:
12 February 200
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on Conpounds of this invention include those
specifically set forth above and described herein, and
are illustrated in part by the various classes,

subgenera and species disclosed el sewhere here 12, ebryary 2007

It will be app ary skill in the
art that asymy s \ el : >
conmpounds of the pres i on. 3 vemti ve
conmpounds and phge 6 AR ‘--reof may
be in the form of—qn indivi# ofl 12

may be in the formofla i Y Ers.  In
certain enbodi nents, the cOnpounds of the |n0%nt|on

are enantiopure conpourids. In certain other
enbodi ment s, "My xtures of steregf

t hat some of the
conmpounds can exi
i nventi on enconpa
i somers substanti al
alternatively,

Thus, conpoundg da
structure (0), (0'Y,
enconpass those st¢t
(Z2) or (E). In ce
doubl e bond at the
Z configuration.
at the C9-d O p03|t|on IS ]n t he trans or
configuration.
doubl e bond 3

of treating a subject usiing ihese conmpoundg
; Sy or jei ther of

these in cr”o|n~t'oq/
t herapeuti c agents.
accept abl e derivati ¥ -
pharmaceutical ly .--_ptao e SA
such ester, of such Conpound
derivati ve mhlch

Compounds of this invention include those specifically set forth above and
described herein, and are illustrated in part by the various classes, subgenera and
species disclosed elsewhere herein.

It will be appreciated by one of ordinary skill in the art that asymmetric centers
may exist in the compounds of the present invention. Thus, inventive compounds and

pharmaceutical compositions thereof may be in the forin of an individual enantiomer,
26
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25 upon adm nistration to a patient, is capable of
providing (directly or indirectly) a conpound as

ot herwi se described herein, or a nmetabolite or

thereof. Pharnmaceutically acceptable deeratiV@@i%ﬂ%§ZOU7
i disstercmenion geprestiicsisemen; or WAy besin the fgpm of g migureof stereoisomers.
dfy eycﬁh 'e%ﬁocﬁfneﬁts,(}ﬁgp&%%dm% inVentfoh BreEnSitdplfedabdpyunds.
reduced pharmacol ogl c activity, which contains an
alictiettain other embaelimertth) atmingrasws sterspisbinetsiop diasipigomersiare
vivo,.30 yielding the parent nol ecule as the

pPAVEtol ogi cal |y active species. An exanple of a

pr o- drivgrli e dpreeitedrthitRahe bfthe fareguint ¢lassed and stlmlassasio

a conmpound of_ interest. Pro-drug of g.variety of
C CRTPRURIASAD SHA TR AIOMERA PTRSt 5e SvPRoRFRPARRRSEes bty
t &ﬁnmﬁ}% indAERY R sbsthRll Pt 6 AhG-ishmegSandalternatively,

know may be adapted to the present 27 12 February
2@0mixtires.af yations isomers. 4ign S Stepenisomers. 4dditionally,

¢ &m%ﬁén%éoﬁﬁgse% Igﬁg{'@g ot ﬂeEz BbdbYe bHAGEMAPIAess otherwise

derivatives w ussed In nore detail herein,
bepeoificallatesignatets THuss dvimpoimdsed thednventipe pengrally depicted in
particular jnterest |nc t hose Lehs

C et @R G o A LTS i oiirs. Besttiures B foute
I mm&qua(ia?lenk deftain \preférfedainbiodintenisythe dotible bersl atdher(gl2-

a scientifically acceptabl e cancer cell xe%ha# bond at
nbdd position,in indhe Ciger A5PHIEYRtoR- Ruamrsmtadinerfy foe foublg bond &
S iRttd.¢ AEpdiitfoh X Mkt fard o5 € Ebhfig%ation] On stiKéthétiembatiinieiB) the
level s of  toxicity to vital organs; lead to tunmr
dideubiaternd ahthe G13-(Hi3i pesitipn isda theriser Zegniigwation, gad the dophle
X tro. ion i t L5852 Uhe ifvention al
S%I i%gaﬁgs%sg%ogﬁ%g@ﬁ%%ﬁggﬁ{ogg _@gﬁogfaften pnao
menteinpassdsStautomars df specificcrompiosadspe dessribed dhove.
scientifically acceptable cancer cell xenograt nodels
and del ayed/-or no recurrence of the tunor after

Et gppi Agdiﬁéagymapresemmgmaﬁ provides phatmagenti 'cnliaymcspf piihle
ody wei ght, decreases and,show therapeutic effects |

< Bt the R e BB AL D U0 It Beefita Spiest lstnd dese
NReiRpotinds, pistiakdutiBANBRPE St MR tiireSTObrethbr dfthedy 81 combination
epothilones A, B, Cor D, _or pacl]taxel,

20 or
adtdthione prapip additignal dharnentieagyntex Fhe phrase, {phagpagsutically

N

eesterpor sali of sushaster of suchicohpound( er. apy othsp addughersigrivative which,

art]xgonca a Isi?:/'a 'o%ftg g (fa:t:t en Igsact:apiagle of providing (directly or indirectly) a
compound as otherwise described herein, or a metabolite or residue thereof.
Pharmaceutically acceptable derivatives thus include among others pro-drugs. A pro-
drug is a derivative of a compound, usually with significantly reduced pharmacologicat
activity, which contains an additional moiety that is susceptible to removal in vivo
yielding the parent molecule as the pharmacologically active species. An example of a
pro-drug is an ester that is cleaved in vivo to yield a compound of interest. Pro-drugs
of a variety of compounds, and materials and methods for derivatizing the parent
compounds to create the pro-drugs, are known and may be adapted to the present
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1

superior to that of epothilone B, epothilone D, or
paclitaxel. A variety of epothilone anal ogs as
descri bed supra have been prepared, characteriz 25
and tested as exenplified herein. B Feons) 2007

9, 10versiondCertaipencmplay phamakagialampodites ahd phamiaceutibaly
use ' 4 t. . of cancer ng. in payticular
corr%cglﬁm‘%ﬂgc #&%é%g%ﬁggéﬁgfséﬁ éf‘%ﬂﬂﬁﬂfaﬁ {?é'% ess one
or nore of the desired characteristics |listed above.
Synt heti ¢ Met hodql qQ 30. The synthesis of certain

epot hi | dREPOURHS S SR IR RHion G ars of paviday detsrestasluds those
shawehjblgen previously described (see, U S Patents

6, 242, 469, 6,284,781, 6,300, 355, 6,204, 388,
6, 316 638hibig aytowxizay grsuh inhidtorPefferhon dqmobi edtlinesimaintained in

09/ 797, . and 10/ 236,.135: and PCT

Publ i ¢ a%anor% é‘zﬁ\%ﬁg‘g‘? DEER s%%@?“l gg%eg?abgeh@n%c% xenograft
12 Febr wamdgl; 2007 01/ 64650, the entire contents of

whi ch_are .Hiereq%z JJncorporated by reference). In .

r ecoghi R alility t Bre T“Hbﬁ‘b‘o“é‘d‘ﬂbﬂlza%wmbﬁblassembhes;
0Synt het leshibieiniiasial RUIE S bhicied 1 vifal Gighdey generate
epot hi | ones, desoxyepot hi 'ones and &naf ogues t her eof

i n | af gdead épiantor disappeataner inrseientificallywesptable caicey télb&nograft
an effi %loﬁ . and nodul ar route for the 5 synthesis of

epot hi | ones,” desoxyepot hi | ones and anal ogues t hereof.

Al t houglteall BetumSy BlirfikaSinQEiehBidatl I

is descg}i@ﬁag{ in the Exenplifi catJiVon e?igicﬁt,wéftear%ﬂiggﬁ

be appr ed that this nethodology is generally

R S S T T p—

and subglodels el delrysdior be cechmerei iof the Gunhor afiet stoppih@ireatment;

the 9, 10-dehydr oepot hil on onpounds. of the present .

i nvent i Sﬂu L K8 iﬂderﬁ‘éﬁr%gleﬁ’ﬂ@w?&& deprpases ay $how faerpeutic
synt het bffectsih Beiei @it sciep@blelcahddr tdMBrensyabnfie; Of
epothilones. In certain enbodi nents, the conpounds are

pr epat eErbikl sahanced water splybility exenennthilopes 41BC of By or paclitaxel,

205521 S RO AR APPSR

t oget hedn agyeqrisahedliurh usidg siduea Fropoctiomufichrtmdphon agl/or
enbodi nep one of the internedjates _is an acyl .
por t id.o ne'%%b%‘taatﬁﬁaﬂﬂmcdjﬁﬁ’f%i&g 1 ORSimugy, 3pfety apd, 6‘1“391("3 effect) that is
I nt er mestiperior t6 that 6f $PoUEIRAPBIEpoltfioa® DAGKhagRMxAl SO

contai.n t i azol e side chain. These two roughly

{
eqftfaripy PF ?eRﬂt@PO&F applagsas desaribedh suprg e vrebesn prrplated, characterized,

25 t ogigt tBgd sl ek&hgﬁ'ﬁédﬂrﬁﬂ. 93 b-??h@r%%&dﬂ%iﬁ)éﬁ gﬁn%é%}‘/’% peen found to

30

between C-1 and an oxygen o
male wssbil inshe Geament ofsiangpr,;and in pavticubarchmpowads hlaveggen prepared

et o G o ort G acbiebtec Pt M daipve. g

Synthetic Methodology
The synthesis of certain epothilonés, desoxyepothilones and analogues thereof
have been previously described (Sﬂ?: U.S. Patents 6,242,469, 6,284,781, 6,300,355,
6,204,388, 6,316,630, and 6,369,234; U.S. Patent Applications 09/797,027, 09/796,959,
and 10/236,135; and PCT Publication Nos. WO 99/01124, WO 99/43653, and WO
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closing step is acconplished using a ring closing
met at hesis reaction to formthe 9, 10- doubl e bond and

cl ose the macrocycle. The ring closing netat hes1:235ebruary2007

re ' is acconplished usin n. or ganonet al
D40, b8 enitE e Qe i e e, wboran A By etpice). In
SchesgniforTiieeed for GfprlovedorAaliGdhArRfitRetic ¥ghodologies to
9, 10-doubl e bond is reduced or oxidized, 25 or the

9, HociratinpmenisfaofHgnasedspervenethilongn aad asaloenesdhprea in large
T QA es2the phds Al veRREH fibvi B %n ofRidnt 2id %&Iﬁgarlrau@%}%e

odiments, the final ring closing ste

5 actossis ohepythilonesgdesoxyepethilones andapainpnesthaeifs Althaughi the

10

15

to b= doubl ng.and ¢l gse,.t e - ..
e PR b Gercf el PRK N oRp s £ e bl P empplicatipn heren, i
bowill lbesaplpgd}a_mddhapthimbﬂibdcﬂﬁkyl ik erRtdlgrapplitabletie the Egemiration of

a nacroa i zation qQr nmac actoni zatlon reacti.o S

< HGEBE 250 o hetes b diogusped aboveoiar eaghor dipigspcs apd subelasses
Syddstritedhein. t he conpounds of the invention are

provided in the Fi ﬁures and in the Exanples. As woul d

be _apprle&ﬁ’alﬂle:fl, Kyp Iehticdedydraepthitong compunds of the preseat invention
| et b piebare e D G Yok e SO ERRL i the
devathesie of ¢pothilomes. Boeeraimemiadiments; thecuinglowrls areprepied using a

. [ t ith diff t t j
o Dt et SGBBAlES  or RAAE th blon gl BE ofHRsBE b
r i preparing Beaoniee ifteraredialee vikch dré broaght kdgethiermosiidld e desired

a1 SRR 1558 Sp Sl g RinBESGRRS s BB seithining

hevathons 19 al AAORENBESMEiSE cbMains 6APSmBNDA 5 afl@ Fay alsh ¢Entain the

"~ thereaf, which conpounds are capable of inhibiting the

20

25

30

gr ¢ gide ghain; Thess, fvo ronghly pquakpertions.pf ¢he epathilang maybe brought
gro ' g |

g har I e ap ARAI R Ve BER bpfeEn CHPRR G Rbgen off C-15. The
r dagcsecyple mayikearbesioskd usingia cabonetarbanrdouplinggraction kb as a

p%ﬁ’&‘@ | . | QIR S€8 gs}. .
sol ubi I%lg#ﬁr?g%%)lpﬂéﬁug%? ﬁf%r@geﬁggegaﬁ@o i et e%tp 0 Pnal rng
( pidsinpepep i8sccomplished asiny a sing Sloking edetathpsis yeaictiyn ©rferm the 9,10-
gl ycpol ,66012- - hydrox3+strearate). .di scussed ahove,
© 955 e LORR B cheRt e et ol Tig RSB A I RAToROR
1 cedihplishedisinga€ ofgdinbReallici@taist $teh asthk Gribbs cadlsidld dBown in
th I nventive conpounds are useful for the treatnent
ofOSkegRE & Pelo Lyseaabodimens gl 0-dalshondis redied or oxidized,
ProR 82/Y,10-BHBRHoAS may DR AARE '-aﬁh,-z,&ﬁag hie!a Q8% i
provi ded, wher elﬁnmtaﬁese corrpﬁg%flt Ions C %g!r“ltese aﬂ@:{l%pothﬂone
derivatives.

In other embodiments, the final ring closing step is accomplished using a ring
closing metathesis reaction to form the 12,13~double bond and close the macrocycle.
In certain embodiments, the 12,13-double bond is reduced or oxidized. In other
embodiments, a macroaldolization or macrolactonization reaction is used to form the
macrocycle.

Certain exemplary syntheses of the compounds of the invention are provided in
the Figures and in the Examples. As would be appreciated by one of ordinary skill in

the art, a variety of analogs and derivatives may be prepared using the synthetic
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one of the conmpounds as described herein, and

optionally conprise a pharmaceutically acceptable
carrier. In certain enbodi nents, these conpositj
optional ly further 20 conprise one or nore addlkﬁ%%QPW2007

th qrraq;:edutes deserjbeit imereid. Foe ekamaple, dak 6ild abdvRdiliBERasy of t4€ synthetic
addj tion hera euti c agent an a t1 cancer_  agent,
as HiP §8Vd'3 PE?}F%“% roLps 0%!-& t*ttuw qn the Egsmsgbered
appingci at ed that certain of the conpounds of present

i nvention can exist in free formfor treatnent, or
where appropriate, as a pharmaceutically acceptable

5derp%ﬁ;,baé§mttﬂ@rog,?{,smdﬁgcordl ng to the present
i nvention maceutically 25 acceptable

d er i v at iThis i mYﬂ;lhng also provides zsphmnadeuma'l erephration comprising at least

C 1 RUBE Y oofBoty R SR ol e 3, b tarpiefisnlpeceptabe

u p cdnnm:hve lﬂlcséufmhldrbonipbuﬂdm b@ﬁble o tdhﬁﬁ‘ﬁhgl the £RRARbEr ktllmg

I ovi dlreqt ndlrectl a conpound as
ot it fgj o, 11 oin P‘éftlwen 5 0f fiesest aus capablesef; iphjbiting

10t heliegbwitiofr hlﬂng%ﬂﬂ resfdtant! xh&tl?' cheﬁﬁﬁe&ﬁ(ﬁi‘ments the
"pharmaceutically acceptable salt" refers to t
wgélmﬂsaﬂmmm

sa algp comprises as sniwhilizing orsouwmisifyirgfigest| such as
j u Wi
ti ssues of huosiﬁ %@?SQ#OWQ%V%%I%%% ultn%’g'eu'
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30 a‘wg]t are; Wi 31[1«: scope of sound medical judgement, suitable for use in contact
with the tissues of humans and lower animals without undue toxicity, irritation, allergic
response and the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge,

et al. describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
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30  acrylates and ethylsuccinates.
Furthermore, the term "pharmaceutically acceptable prodrugs” as used herein
refers to those prodrugs of the compounds of the present invention which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of

humans and lower animals with undue toxicity, irritation, allergic response, and the
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30  solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic

compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, releasing agents, coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants can also be present in the composition, according

to the judgment of the formulator,
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In order to prolong the effect of a drug, it is often desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material

with poor water solubility. The rate of absorption of the drug then depends upon its rate
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absorption of the drug from subcut aneous or

i ntranmuscul ar injection. This nmay be acconplished by

the use of a |liquid suspension of crystalline of

amor phous material  with poor water sol ubility. 2figguary 2007

I 3JfRiRbuANSRhRh, iR furf) md SH&Mbo ReRISRES d fofin.
rate 35u 12 Februarym 00 of di ssol ution ich, in

t uilﬁpm%'ylyaéqimd abyeeption of & patienisrally adminiderpd duigiformeis

£ BRI 140 Sy o

b>foﬂn$am hnadelgy fnmmgsmermdnaagsulh matticagjof the dmgdn bmdegradable
h I t de d .Or [
e iusie apaf BOR R ecaalabyeolif Bipfiind Hip i aidpe
P PoYstBerand thethatiie Gahy patdulaobaer eplykd, die rawamy 18 ase can
n the ratio of drug to. pol {re and the nature
Fp@ coaillod PiArnaien o e Bidebysbls PohnaRs ey polyaghocsters) and
athy@fdes). l?fepﬁﬂﬁjeﬁﬁi)lla ESmuiatioiPAe 218 by entrappmg the

b|o gradable pol ymers 1 ncl ude poly(orth estefrs) and
Brlippepmescs )mmpwmonwb@h atg| compatibie it body tigspes.

aI SO

i or o HoRof oF bl agital afiniith e beRSH Eppifrores
10v1ﬁdnm§ietpr@amdfbgrmmmgm comfpoundyi of lhis ad'amtmnsmtedmtaiﬂe non-
are. preferably suppositqries L.ch _can. b pr Eqalred by
iSSP Pl 3 G abeh a5 cBoon Rusee. eofyedplen® elivetane o
NGRppdsitory tvixi Wigcleas solida bmbidit ©Rbeiafiré btUiglidas bédcemperature

butt er ol yet hyl ene gl ycol, or g suppository wax
wiind ﬁhea?fo % t 1 thg regtygsy &i yaginal paahzand releasgithe dcgiye gpmpound.

body t G518 A forms 86 ol SARERAERP ol chilel SRAUILRS,

vag| nal cavity and release the active corfpound

Saomdersrndganubnsnin suidy solid dpsage fermissthe activersompeunddemixed with

caERAlEe el bk ducicl S oo BB Gl i At Udim

wicitrate ait ditadcivin pdmsphnla and/pr q)tfﬁterm&mtendak kuchas stegched) lagtose,
exci pient or carr h as. rat.e or

o RRAS Btveeoatritef and Hiche 25 B i teh o8 o shple
s wﬁfboﬁﬁn&hﬂbﬂhﬂé‘sc, Al GAMES gelatui PolyeRglpydolidias, sucrose, and acacia,

and_siljcic acid, b) binders such as, for
efgﬁweﬂmébsw b ap ghygereh AldisRtegfting agents syphnas agar—agar, calcium
g%bﬁ;ohae Pty ¥ wxb&mreﬁ,la%ﬂe B&id, GHainSARated Hild 86deh darbonate,

c) humectants such as gl'ycerol, d) di sintegrating
agémlshmmch@g ag;atssu@aaspamﬁn; ghsoxptioh a¢rsiemtons suchtas

or [ C S

Bl B borBhiah 5 o gkt Wt ha Yot LRSS co

s lahi@halsmﬂ gb&éfol mpnés)eaﬂms &) pbsorbenzGoel s lablin andshentonits clay, and
mmnu conpouns wetting agents such

i i Bat3s piestitepleciof polyetisiene

ﬁtgmtsgﬁﬁﬁﬁhﬂauﬂh sam@ RREADLRWSS Hered . 1K a@! dake mdpsules, tablets and

bg’ﬁiﬁ?m te cl ay and i) lubricants such as tal

tags fermemaydemeasmntise bufering agentso | d
pol yet Ryli®Bémpositions of a similar type may also be employed as fillers in soft and

hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as

o

high molecular weight polyethylene glycols and the like. The solid dosage forms of
tablets, dragees, capsules, pills, and granules can be prepared with coatings and shells
such as enteric coatings and other coatings well known in the pharmaceutical

formulating art. They may optionally contain opacifying agents and can also be of a
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glycols, sodiumlauryl sulfate, and m xtures thereof.

In the case of capsules, tablets and pills, the

dosage form may al so conprise buffering agents. Solid
conposjtions of a sinilar type may al so be enpl &%/&Rprygsy 2007

f PoRROBiiop thas Byey relpase ﬁ@mh@rlwﬂilpmt@d ogleﬂ ertpreferentially) in @ certain

uﬁ“ﬁ‘gﬁﬁ& calu g‘?%“% bo 4?}’3@%3‘{ ene %s angg@wg

| porepositions which danibyuasgé mmdﬂpolmmerm aitbstanees aod wapess Solid
C I C are
coatt nS‘? and4 Anﬁﬂ?ﬂgg ‘gﬁfﬂy e@?ﬁ%‘?ﬂlﬁ% @gg gtamgmd-ﬁﬂed
?Bdiﬂml Gapaﬂasngmg\méﬂ e:detpinm as [actohe opﬂﬂﬂl‘cl I SERE b waabs high

or atln ey ally contain

‘F?‘i‘ﬁﬁ‘ iﬁlg’ &lygg%a%‘ﬂi‘ﬁgg% of a 36 12 February
2007 THHRA6d édnﬁ}ibuﬁ&ﬂian bl& ke fn%ﬁﬁﬁ&mﬁﬁﬁlﬁéﬁtfoﬁﬁ with one or more
| ngredl ent(s). only, or preferentl %611%'1 in a certain
[

puaws 33potadabavs. Thesol Wdagage fospisi atsy dragwsacaassﬂqsym&s,

be used I ncl udgl%ga%ynerl C s Fgg%ﬁe%%ﬁ% M?@m
cenpyolling matmga ﬁmhotb&-rrmhtmgs wolb kmmyuﬂhesphdnma@npdzab fomdulating
f d-filled

i BESR ftid s i 8% B coB Bty e g v et one
atmerh d!jjlllbnt sorh@s shicddse)actgdator patch! M@Bm |f?y’tﬁﬁ |nﬁay&lhd cbiprise,

like. Th t d I
ooeF BB CrRtne, OGP e re Oh B e diueaibe. ) letng

ambniuahecéna Bﬂié?tabeHﬁg 8iad dudh Qﬁﬁ ifn® Stera@fand A r6drpstalline
%'g capsul es, pill s an lﬂranul es can be

§ the dasagefomms mey also comprise

coat Pﬁgs e\f\]/eisfl kinomyﬁpqt% Jﬁg{‘%gceutég%ﬁi %B{rirrcﬁf |br?g°fa
stomposition thahthey ralenseiths agare ﬁmsrcrhent(s)eonig,t ar\peeferemnﬂy,nd a certain

o o Pot B el bty 3 eV i Bl S Phesbeigins

adompositionuy wisieh carct used includepolypherid sutbﬁanc&d aind wmal

subst ces t he an,.inert, diluents, e.g., tableting..
ey | L 6 for brea) rhntder Al b rAERt af fEqprRo0RA i tis
Sihfbﬁmaﬁ icRidd ofitBERS, 'pistEsdbreARE 1dtions %elsl,llﬁ&ﬁﬁls kdlutida8, sprays,
QE‘TOf capsul es, tablets and |IIs dosageforrrs

L 8e actiygrcpmponeat lagélﬁt’@d yterileyconditions with a
hlnRBAdCKlIF QO Ble QRFHE! 'aﬂgggsgigggesﬁg V&5 B: BHERR aluay be

of a conp05|t| that t |ve
tb@lmmfwnwlam gar dfcﬁlseaﬂ.dl exé yops ang akso&entﬂaplated as

ok %aﬁ%&g i lverip R A BRI ONR: rbient ByBueloR| 27 o
D P s oS B e Ton

oV htTiad Sfiiver) af s Sompennid 6 e bty SHish dpHoeh e can be
mﬁ&‘bﬁ disS60RBTor displrsB the &&Jpsundoﬁ\mee o ersﬁéduhﬁ 915:%0 tion

sprays, inhalants or patchés. The actlve conponent 1S
sabaneers opm sy beyused itg iscreassdhe Fwref thy eompound across the skin. The

rate can be controlled by either providing a rate controlling membrane or by dispersing
the compound in a polymer matrix or gel.

As discussed above, the compounds of the present invention are useful as
anticancer agents, and thus may be useful in the treatment of cancer, by effecting tumor

cell death or inhibiting the growth of tumor cells. In general, the inventive anticancer
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pharmaceutically acceptable carrier and any needed
preservatives or buffers as may be required.

Opht hal m ¢ fornul ati on, ear drops, and eye drop e

al so contenplated as 25 being within the scope1séoF1%[’m'a"y2007
t NggentsWYEehif? i th&BethieAnA! { ferd J8R. includi
con%eerrpl_ ates the use of t_f%cgr eﬁ?ﬁgﬁfeggx?g%éétﬁg%ﬂ:dgﬁ,mdudm&
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o HoiEEoheth 1RGNN ok Bindiof Yo S RvBRRE Sont Bliin's
i nlyniphopa,apyeriamedcerpanéieatis ginta)prostateamues, and pastd dfcer, to
be_used.to ., ncrease the fl % of the conpound across

t hBARSE 7% TR &eTstn Prabostiments. e WRGHIIVE RRUGINESF agnts e active against
pr Ievkehnin gells and nfelah0facalls, b AYR 13¢Ta foF the YrefhiRRESfIb ik Emias
th&éorape%gnﬂ in aﬁg‘gl ymer matrix or gel. As di scu_ssed ]
abfvie mySd.dymphacibe PEmYelneyhs, aelncylieausiymphoblastic lenkemias,
us Hr6RRSE : Sd® ul
[ nwﬁ?ﬁ%ﬁrmﬁ?ﬁgnt of mﬁ&gﬁﬁé@l ng'%iﬁ?rrtg%bﬁ%gl I

d e¢rnbpdignents; theinventiye antisanpevagentsafe dative agatwst kolid tiunors and also

10 2R e i B o S e s RS ool

ot ¢émbodpnaits, trerintdntee ahitivmiodeagentsiafCadtite Bainst Badicerd Which are
limted.to,breast cancer, prain cance ski n cancer,

cefFSitAL o ather kno FIGoRlAstic agents of basie been-forndinet to respond
| uelinically eedtherkRbwh @A nedPlbistié R¥efts IR bRPemBlnéiRE #d i?\'reitive

| ynphoma, ovarian cancer, pancreatic cancer, prostate

ca ICeTAANS aceactive agamsteancer yhicharetesistant-ty othen anti-neoplastic

15 Ceficiitib i { ' hve anticancer agents
B RIRR Sy O, PEAEEL)
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are active again I's and nel anoma cells,
and t hdewilkalsa besippreciated that ¢het copponmdstand bharmakeetical Sompositions

o tic... el ic,. I ti
e e lcion YRRt RN R e M R s ¢
f cromppurads dndrphargrenticatebmpositichs chinbés ddrhinis@kddoncurrently with,
enbod ment s thlg inventive anticancer agents are

RS 59O PLETEOthER desired dherapsutics or medisab

act v e uH
i ritodettiires. MPhegpaofdular @bmBRkiidrtit ki RS @ichPeutidlok procddRs) to

cells).. In certain enmbodinents, the inventive

arfiPaY B écompuiation ermenwill\tekedntgiagequnt eomepatibilihefithe desgred

" Qfdrsgedfids dnd/cP kD ABlagsl : ;
whi ch havse _beeh@%n not to respon g%ﬁ%‘%&%ﬁ?ﬁ'ﬁe&w‘ It will
otalferbe ppRresiated that the dherapies emplayed nsay achiced ddssired effect for the

e ' Lavent i v anti cancer .agents ar

o RAEUAEALE ton bl Bl pkorFive BRRRN TS IR AR poncurently
arviith-amothpt @xicanced sgeni) Corakieytindycachienb differdnd effe@e@lgS, control of
(e.)g. :oac#t%xel ). It will also be appreciated that

t RBY 84y5B6 GHEES)and” phar maceut i cal conpositions of the

Phor ap! e Rt s G R b M b i in

 GBSRYQT WD The Anysativamtinanoetageats o6 e prosonttiivention inclade
surgery, radiotherapy (in but a few examples, y-radiation, neutron beam radiotherapy,
electron beam radiotherapy, proton therapy, brachytherapy, and systemic radicactive
isotopes, to name a few), endocrine therapy, biologic response modifiers (interferons,
interleukins, and tumor necrosis factor (TNF) to name a few), hyperthermia and

cryotherapy, agents to atienuate any adverse effects (e.g., antiemetics), and other
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prior to, or subsequent to, one or nore other desired
therapeutics or nedical 20 procedures. The particul ar
conbi nation of therapies (t herapeutl cs or procedur sl)
to enploy in a conbination regimen will take i Brilary 2007
aapprondd ohem‘pmbﬁapéﬂtm dyugsf intldingdwit net dimited ¢o, ajieylating drugs

d/ d.t d d, t f f.
F SmporBhE e bl CSolipamidso FaARalA fosfimioon e
t hﬁﬁﬁsmmlt@meﬂm&éxamyp@ﬁwaﬂﬁ?mﬁstﬁaﬁi pyeichidihé eigohiats (6-
the sane disorder (for_ exa an_inyventive conmpound
nd\glerr)@tm% el mr@&a@b ﬂ‘cyramlgﬁt Ggmeitabige), spiadle ppigons

e][(yhﬁ: Vﬂ{é s Vitlo é/ PaERaiet 'ﬁo%¥ﬁxéi¥ b&dpBitotoxins

ects , contro any adverse e ects For
e XEwpoade, Imlomcan, Hep@tprae}. aptibiosi (Eaxmebxclagﬁhommmtmmm)

ag eﬁh%gﬁg*srt{:ﬂ'%%o fe S gﬁ%‘%ﬁ‘%t‘{b %ﬂfc ‘ﬁﬂ‘f/@é@ ta r ger E“}Qt{]ﬁ eanwnes

r adspﬁdgma@ymﬁrhmbaﬂes Tdnswifex,drpprelide, Flutanirde,tald Megestrol), to

T D T TR L S T

S Whéth Rivey A AR, la 118t of thOFDAYPpro ﬁréli SitoRgR dhpyit
endocri ne therapy bi ol ogi.c _response nodifiers

( ibttpd/mmey.fagovicdasicanqer/druplisiframe, »and b Morck el .t of
( B¥antdeRn' ARG, {bs%mefbx Fds B b %l%geb?w&%m

agents to attenliate any a verse e
amefersnest i cs) and ot her 38 12 February 2007 approved

;rﬁg})a egtﬁ rug asg{?fe%mre RS, h@?gnééwmmk

Qomkmpdrmmﬂngmﬂ@ndquinmmefdwﬂmmmmore of the ingredients of

qrrrr’et abolites 5 otr Ea{gg ﬂ&lg&“ ne ta olnrlstesm_salr}{ghudes
5aﬁ|aﬂdlﬁ&ial tﬁ?ﬁ%@s&%ﬁﬁhﬂh&?ﬂr&%ﬁ Optionally
poi sons .5, an astl ne crl stine, Vinorelhi

PAeoriaed avit Behe cantaingr(s) o @myrr inths fosm presexibed byiage
| b RhRERE 2 %9%@%5& theARAduBlcRird, &S bA¥MEUT P RARIaBeutical

Bl"'eomyci n, myci n) ni trosoureas (Carmisti ne,

L oreduets, eich M@p g@ﬂ@p@ approval brithqszandyref neanfiepre nser sale for

gi nase), and hornones (Tanoxifen,
Leuproﬁ%‘é,ﬁﬁ‘%@lam de, and Megestrol), to nane a few
For a nore conprehensive di scussion of updated cancer
tﬂféa |es see, 10 http://ww. nci.nih.gov/, a list of
roved oncol ogy drugs at
http://ww. f da. gov/ cder/ cancer/druglistfrane. htm and
The MeThkrepfesemitive ekmupied which ffollostk aré 9fiéhded tochelpillustente the

contents of which are hereby ipcorporated by .. .
¢ SvERt, and arp natintended; fa o5 stould ey be r?rémﬂfriéé»éﬁrﬂ the scope of
| eSiitenton. Andeed)Vaious a%dﬁicaﬁarswmqhv&abnmm Iartier

Kit conprising one or nore containers filled vvlth one
oembpdiments thereof; in gdditipr et thossfshown and described herein, will become

apparent to those skilled in the art from the full contents of this document, including the

examples which follow and the references to the scientific and patent literature cited

herein. It should further be appreciated that the contents of those cited references are
incorporated herein by reference to help illustrate the state of the art. The following

examples contain important additional information, exemplification and guidance
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t he pharnmaceuti cal conpositions of the invention, and

in certain enbodi ments, includes an additiona

approved t herapeutic agent for use as a conbi nati

therapy. Optionally associated with such contﬁzﬁ%g ?2007
Cawhi@ can BO haa,a@d kdthb Esﬁ‘acﬁsg SR this GRehRaH i t$¥a:?ous embodiments and
governnental agency regul ating the manutacture, use

saf@u ”Bh@? ceutical 20 products, which notice

refl ects approval by the agency of manufacture, use or
sale for human adm nistration. EQU VALENTS The
representative exanples which follow are intended to

help illustrate the anent|on and are not

i ntended to, nor shoul d W‘H@Cdg’ﬁgtrued to, linmit

t he scope of the invention. |ndeed, various

MOBkdhpR{: Svathebis BN,IOW%&QQ,I@%%OEHEEQ@r

enbodi nts thereo In a and
descr i bEs Fxamnledesyibes thesysthesis efypansSht0-debydrnd2d 3-
skddsbBpi %l&ﬁé@% %Imflﬁﬁmntal?:? 29/18ldeh fc&ﬁ-tlf Tﬁ-?eé%%%ﬁogﬁlgn? B..26-

docunen i ncl udi n exahples
r e‘Fl@P@ch?sll‘dﬁswyep@hﬂmtB fand 13 h3HeakyapbihiloheB ahdiblogical

ci shoul d further be appreciated that
thtte’?ﬁgl téﬁﬁ]3 g}dﬂﬁm &osSe cited references are

i ncor pdfladrimited de:ﬁanv&yoﬂepﬁiﬁﬂ@iﬁé Svebedprifirddl dnid ltdbBdd Ve the
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the state . of the art. The foll ow ng . exanples contaln
r%é?‘l“'gﬁ Pharmpacekinehics a‘ﬂﬂhﬁ“ﬁ&ﬂaﬁﬁm%ﬁ’ﬁﬁ of pihermedpinaagents
gwﬁaﬂﬁm&%uﬂs&niﬁabi (Binka, 29fhbue, 1 CRIERARPS.. 3IPRLAHe Eflem.
tE@a r &ﬂece of this invention in its varidus

gﬁeri g’“’&ﬁ&*‘eq‘éﬁ%l’eﬁ{ﬂbﬂh MeRe¥; Cabral, F., Vourloumis, D.;

B a 0

9 dgfy dcréolﬁlagl % gg’gﬁ? eﬁg&@ﬁ%'&? &hﬁoéaob(K‘l%rgavone N.

msCfrmﬂwrﬂmﬂmlozowmwgsmsemwmmamb&pomed

Zg@trlﬁfuoro-gpans 9, 10- dehydro- 12, 13- desoxyepot hi | one
B, 26- 10 trifluoros42, 13- desox=*~othllone B, and

12, 13- desoxyepot hTtigee
t hese conpounds. ¥ & i L %gR of

epot hi l ones were prepe t he
enhanced phar maceki ne | Cchefm utic indices
of ot her nedicinal agen R i pe¥xpubstitutions

(Gima, |.; Inoue, T.;
Chem 15 1999, 97; Newnran 6& ; Finlay, M
R V.; Cabral, F., leﬂdFFB'EJm s, '*'B“'Fa'[‘ sehhens, L. C.:

(T:r ?nﬁlgsgrﬁ%aeh ch.nﬂi!‘buna(z vnVlger Cﬁﬁm)t hagﬁméﬁar rrahgﬂ?f&%a troute

4fseently reporteddepamowrlahamtoty forthe ayshasisrod epathilone 490 (6,
dehydrodeoxy Epo B) en route to dEpoB (1, Scheme 3) (Biswas, K.; Lin, H.;
Njardarson, J. T.; Chappell, M.D., Chou, T.C., Guan, Y.; Tong, W. P., He, L.; Horwitz,
8.B., Danishefsky, S.J. J. Am. Chem. Soc. 2002, 124 (33); 9825-9832; Rivkin, A.;
Njardarson, J. T.; Biswas, K; Chou, T.C.; Danishefsky, S. J. J. Org. Chem, 2002, 67,
7737-7740; each of which is incorporated herein by reference). In that synthesis, we
introduced a flanking vinyl group to compound 4 via a stereospecific Stille coupling of
a vinyl iodide precursor 3 with tri-n-butylvinylstannane. Ring closing metathesis
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herein by reference). ai ,of F3 OH O+ | [76]dEpoB

226- F34l 61 dEpoB 20 To reach conpound 2, we sought to

t ake advantage of a highly convergent route

reported fromour |aboratory for the synthesis %‘%.%L u¥ary2007

efodioived bindepagection led teibyhichbwasion Epnsiamedip dEpoBdllda a

d %Qﬁ{ﬁ lﬁ% Bi swas, K.; Lin, H; N ardarson,
J{;'El(1)°§31£c(}i‘r1vappe ) ,' Chou T.C., Ctuan, Y.; Tong, W
L.; Horw tz Dani shefsky, S.J. J. An

Chem Soc. 2002 982 -
Nj ar dar son, J. éwg}éﬂ"‘ ?fhlg‘ff%gqon@"%Damshefsky

S. J. J. Og. Chen1 2002, 67 7737-7740; each of
which is incorporated herein by reference). In that
synthesis, we intrgquced a fla group to
conpound 4 via a ¥ '
vi nyl iodide precurso
tri-n-butyl vinyl stannan
12 February 2007 foll i

whi ch was then transf d to dEpoB (1) ¥i &%
regi osel ective diim fn;ﬁduction Schenes3. Synthesis
of Epot hil one 490 Rrroo SR1 5 "4R=vinyl O
DH dEpoB (1) OH 6 Att enflon was first directed to

the synthesis of 15g(Schene 4). Al kylation of the

previ ously report ht hium enol ate of 7 (Chappell, M |
D.; Stachel, S. J.; .oB.; Danishefsky, S. J.

Org. Lett. 2000, 2(11y, J16B3°1636; incorporated herein
by reference) e dEpoB (1)

Attention was first directed to the synthesis of 15 (Scheme 4). Alkylation of the
previously reported lithium enolate of 7 (Chappell, M. D.; Stachel, 8. J.; Lee, C. B.;
Danishefsky, S. J. Org. Lett. 2000, 2(11), 1633-1636; incorporated herein by reference)
with iodide 8 (synthesized from the known alcohol 16 using TMSI in methylene
chloride) afforded 9 in 78% yield and high diastereoselectivity (>25:1 de). Compound
9 was advanced in three steps to 10 as shown. Attempts to accomplish addition of
methylmagnesium bromide to the Weinreb amide linkage of 10 failed. The breakdown
of this reaction was attributed to the presence of the iodoalkene linkage. However we
could accomplish our goal by changing the order of these two C-C bond forming steps. |
Thus, reaction of 10 with vinyltributyltin under Stille conditions could then be followed
by addition of methy] Grignard reagent to give the desired ketone 11. Condensation of
ketone 11 with phosphine oxide 12, followed by deprotection of the triethylsilyl ether,
afforded fragment 13 in good yield. Esterification of the resulting 13 with C1-C10 acid
fragment 14 (Biswas, K.; Lin, H.; Njardarson, J. T.; Chappeli, M.D., Chou, T.C., Guan,
Y.; Tong, W. P, He, L.; Horwitz, S.B., Danishefsky, S.J. J. Am. Chem. Soc. 2002, 124
(33); 9825-9832; Rivkin, A.; Njardarson, J. T.; Biswas, K; Chou, T.C.; Danishefsky, S.
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10 with iodide 8 (synthesized fromthe known al cohol
16 using TMSlI in methylene chloride) afforded 9 in
78% yi el d and hi gh diastereoselectivity (>25:1 .
Conpound 9 was advanced in three steps to 10 agzet)-‘ebruary%l)?

shaw .0rt CRam 2602, 67,773 TPA0; Sitorfbedtéd Beteif by reference), provided the
me&%l nigneilou%rzrom de to the inreb am de |inkage
of ed Ip. A% piRld GrebemeiHan  of this reaction was
attributed to the presence of the iodoal kene |inkage.
However we 15 coul d acconplish our goal by changing
the order of t [fisheme dcSyoti@sisofthd BCM precursepd5 Thus,
reaction of 10 with vinyltributyltin under Stifle
condi ti ons coul e followgdy b ddition of

met hyl Grignar en 0_@gi Vv esi Ped ketone 11.
Condensat i on of~+ket one Wt osphi ne oxi de 12,
foll owed by deprotection of the tri I silyl ether,
af forded fragnment ;13 in good vyield. Esterification of

the resulting 13 with C1-C10 cid 20 gnent 14
(Biswas, K.; Lin, ¥ . N ardarfolpms] Chappel |,
MD., Chou, T. Y& V. :“T¥ng, . He, L.:

Horwitz, S.B., i sphef sty S J%) J.° An¢(iem  Soc.
2002, 124 (33); 32; [Pijav. A.;2 ar dar son, J.
T.; Biswas, K Chou, T.C; nishe?skkf, S. 41 12
February 2007 J. Og. Chem 2882, 67, 7737-7740;
i ncor por at ed her et ) \G.@

desired 15, in_¥5%
Synt hesi s of the RCMpr
79 C+ Mo-' 0 OIES
DVAP - FN 14 75%1:’er3

{a) LHMDS, <78 °C, 78%,; (b) i} HOACTHF:H,0 (3:1:1);
il CH;ONHCH;, AlMey; i) TESCI, imidazole, DMF, 79%
overall; (¢) 1} Vinyitributyltin, Pd(dba), DMF, 80 *C, 3h
43%,; H) MeMgBr, 0 °C, 84%; (d) i) n-BuLi, THF, -~78 *C,
30 min., i} 12, =78 *C fo #, 81%,; W) HOACTHF:H,0
(3:1:1), 94%; (e) TMSI, CH,Cl,, 0 °C, 92%

Unfortunately, attempts to carry out the ring-closing metathesis reaction of 15
using the second generation Grubbs catalyst (Reviews: Grubbs, R. H.; Miller, S. J.; Fu,
G. C. Acc. Chem. Res. 1995, 28, 446; Tmka, T. M.; Grubbs, R. H. Acc. Chem. Res.
2001, 34, 18; Alkene Metathesis in Organic Chemistry EQ.: Firstner, A.; Springer,
Berlin, 1998; Filrstoer, A. Angew. Chem. Int. Ed. Engl. 2000, 39, 3012; Schrock, R_R.
Top. Organomet. Chem. 1998, 1, 1; each of which is incorporated herein by reference)
in methylene chloride led primarily to apparent dimerization of the starting material
(Equation 1). Given the fact that the RCM works quite well in the related setting of 5 —
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;PVES 1 14 CF3 ~ 318 Ofroc a CLHVDS, 78 C, 78% (Db)
i) HOAc: THF: H20 (3:1:1); CH36 AN% W TESC,
knl dazote, DMF.79% overall; (c) 1) Vinyltrl butyki
Pd(dba), DVF, 80 'C, 3h 43% 8) MeMgBr, 0 'C %A‘Jé&”“awzom
(6w in;.tumuglamibmme falBre iGthe @Ge nf If to the presepce ofghed C t 0
|t 8190 4 A J o HAFHE: H20 5 (3:1:1), 94% (e) TwmBI,

R om, %)m%gr%}@;?ortunately, attenpts to carry out
the ri ng-cl osing netathesis reaction of 15 wusing the
second generatjon G ubbs catal yst (Reviews: Gubbs, R

H; Mller, S{ &; , G C . Chem Res.

1995, 28, 446 T._ M; Gub R._H. Acc. Chem
Res. 10 2001, 347 Aeene Met a oms Organi c
Chenistry Ed. g Fi/ maL A i erdhi n, 1998;
Furstner, A Ahge¥ saém TWT. 00, 39, 3012;
Schrock, R R ”3;‘ foPecat Che 8, 1, 1; each

of which is incor herein by r eré°ﬁce) in
met hyl ene chloride l,gd primarily to apparent

di neri zation of the starting material (Equation 1).
G ven the fact that the RCM works quite well in the

| at =
"ot o 56 bt et fal FERA Bf the Fbfint Forifioro
tshhstmmendm defirddreadtion,frhight wnadlefiated by adding 6 cGbon spa¢er
.OTM CEEs. .F G ubb 0 aT ol 6 17 5
et e R edtbm oot ang fhé HlpPrRERY oo, AbseriBe e
r@ahfimta s?ﬁﬂlesriﬁ dff bl@QEQuatlSM n?hattha ﬁgtaﬂﬁding nhaaﬂe.as 6118, which
reacti on, m g e evl al,e a | O.
A proseL o Rop Rt R 8 Ehe At e ring

{dohfalnitQ) OSMRIpRY (1,9 kM. Accordingly, we

18 18

The synthesis program directed to 19 commenced with the preparation of
compound 21, which corresponds to the O-alkyl sector of our proposed RCM substrate
(Scheme 5). We began with allylation of 10, this time under radical reaction conditions
as shown (Keck, G. E.; Yates, J. B. J Am. Chem. Soc. 1982, 104, 5829; review: Curran,
D. P. Synthesis 1988, Part 1, pp 417-439; Part 2, pp. 489; each of which is incorporated
herein by reference). This conversion was followed by reaction of the alkylated ‘
product with methyl magnesium bromide, thus affording the required ketone 20.
Condensation of this compound with phosphine oxide 12, followed by deprotection of
the triethylsilyl ether function provided 21 in good yield.
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undert ook a synthesis of 19 (Equation 2) via the
ring-closing netathesis of 18, which 10 woul d present

the trifluoronethyl group in the context of a

17-menbered ring containing a shipped (1,4)- di'@fg°rugly 2007
7 9 Fa (2) rocSditnts. $pnihbds spth Neshol fizRFnes]

directed to 19 comenced with the preparation of

compound 21, which copresponds t sect or

of our proposed
with allylation of 1 4]
reaction conditions asjshown (Kec ‘w4 Yates, J.
B. J. Am Chem Soc. 1d ;

489 “each of which is corporated 20 her ei n by
reference). This cgnve n was foll owed by reaction
of the al kyl ated préduct. wW4s¥ et hyl magnesi um

brom de, thus affordig% the required ketone 20.
Condensation of this nmppund wi t h phosphi ne oxi de 12,
foll owed by deprotecti oR€CoF >t he triethylsilyl ether
function provided 21 in good yield. 25 43 12 February

2007 Schene S. in. Ot fragnent 21

OV5 ons + 10 0 m @,,%ﬁuﬁ% % (a) 0

ABYI bi butyttin, @% %ﬁ)eﬂg%gpﬁ: 0@'7*18&0?34% i)

MelvgBr o c 93% LI ThF, -78 C, 30

m n. to it HOAa, THF: | . O°

(3:1° 1) Scur‘i\?éF the @2% provided the proposed

5EsREM p:recumm mfrs%lmu sthéﬁi@

10

pr ov&ﬂ@d. tha%;l&b%posed RCM pr ecur sor 18%%% ﬂ’léag

18,copid herpeeomeplished using the segongd gepemation Grubbs
catalyst in methylene chloride. As in the case of the conversion of 56, the reaction

provided exclusively the trans isomer 22 in 57% yield.S F inally, reductive cleavage of
the trichloro ethoxycarbonyl protecting group with zinc and acetic acid, followed by
deprotection of the TES ether with HF-pyridine, provided the desired 19 containing a
triflucromethyl function at C;,, albeit in the context of the 17-membered ring series.




met at hesi s reaction of 18 could be acconplished using

the second generation Gubbs catalyst in nethyl ene
chloride. As in the case of the conversion of 51 2007
the reaction provided exclusively the trans |58rﬁ3Pr”§rﬁ

in 57%yvyi el d. 6 Scheme by Syntheis27-FeddEpeR €l§2 of the
trichloro ethoxycarbonyl protecting group with zinc

and acetic acid, sfoll onwed by 105gep otectlon of the

TES et her wit h—H§ ol
containing a tri Iurorret hyl
in the context of gk |\ ' .
February 2007 Schegk 6. Synthesi sg pdEpoB (19)
oHO0/'0 F3EDC|¢1F37534 2k 7 r%T€9° 19 Mae c4
| CHIM (0.002) 57% O SOH 1., ACOH, AIES THF 41
Fs 2. HF-Py, THF 73% Trot 19 R 5uTRe2P 23 R - M
(Previously synthesized) Synt hetlgd%h ﬁwal uat ed as
to its cytotoxic activity. As shoWen | e 1-1 5
bel ow, direct c ari son of the pgevi ously reported
[17] ddEpoB (2 i i ndi cat ed
that the new per | nat ed corrpo n ssed a

Compound

73%

19 R=CF;
23R= Me (Previously synthesized)

Synthetic 19 was evaluated as to its cytotoxic activity. As shown in Table 1-1
below, direct comparison of the previously reported [17]JddEpoB (23) with 27-F;-
[17]ddEpoB (19) indicated that the new perfluorinated compound possessed a
comparably high cytotoxic potency.

Table 1-1. In vitro Cytotoxicities (ICsp) with tumor cell lines®

Compound CCRF-CEM CCRF-CEM!/ VBL
(ICso (M) | (ICs0 (uM)*)

J7F,[17]adEpoB (19) | 0.068 0.191

[17]ddEpoB (23) 0.040 0.196

[161ddEpoB (6) 0.030 0.068

“XTT assay following 72 h iphibition. CCRF-CEM is a human T-cell acute
lymphoblastic leukemia cell line. The CCRF-CEM/vpL100, CCRF-CEM/yp; and
CCRF- CEM/1axo1 cell lines all overexpress P-glycoprotein and display a multidrug
resistance phenotype to MDR associated oncolytics (Ojima, I.; Inoue, T.; Chakravarty,
S.; J. Fluorine Chem. 1999, 97, Newman, R. A.; Yang, J.; Finlay, M. R. V_; Cabral, F.,
Vourloumis, D.; Stephens, L. C.; Troncoso, P.; Wu, X.; Logothetis, C. J.; Nicolaoy, K.

45




(1C50 (JMa) (1C50 (FPM' ) 27-F3-[17] ddEpoB (19)
0.068 0.191 [17]ddEpoB (23) 0.040 0.126 [ 16]ddEpoB
(6) 0.020 0.068 10 'XTT assay following 72 h

i nhibition. CCRF-CEMis a human T-cel| acute 12 February2007
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resi stance phenotype to MDR associ at ed oncol ytics
(Qima, 1.; Inoue, T.; Chakravarty, 15 S.; J. Fluorine
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QiC agyivi tY 8‘6‘@ F‘éb‘ﬁ ﬁsrﬂgﬂ%n@&%un mguse
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tr iy
effegitwgﬂﬁﬁhe gross @hgyf%yt)%%a}éﬂgg@gw@% pre{:ee%‘n nacr’1§/m’etlc
datigsues averlikedy taokes| critical duythe detualonse of amji epothilonmageatas a drug, we

plq;ﬁgq]% enotably nore stable than is the
10 rent %ﬂﬁgﬁ%%umgeg? |Iones 19 and 23 to nude
rmuse amiebyntﬁmpf?&ﬂ’:&dﬂﬁﬂ?.tzgvc«iiﬂ@bﬁdéﬁ”oht?:ﬂshb’&v?e?ahlghlg/I
Yy

!J'l

hi n 30 ut es Wﬁhlle epthlloe19rerm|ned oS
! nicARYeraeat iEiPEyTaaIn o 18t FEPloYddn Bl SRSRH R ot rld7ISelERoB
cr u(ls)cabcdran%@ eﬁ-%ﬁleﬁlbgsifﬁgﬁg{on Mk beiteasde§ BhildiSg blocks

, to b te
Zn Zéé‘n%a»@“vﬁgw trdasiangd thas ﬂwsanﬂfseget fm&gﬁé’m a3 the polypropionate

152C GemRly nh ag a‘ﬂhfl‘sémF hglak ¥4 woild 6 g&ﬁatﬁtegs | @Peﬂrﬁ%ly described in the

related to that oyed I n

2 7 -llFtB)dPFtK]nd atepmﬂm c(fxm twqo&agmeutsrzg(zﬂ) ahd 25 woultl be dfitiated through

3 B0 G B i € et e ot pung® Tiny,

c 0 uledvge o ﬂleqmotédung prluppwouli pftﬁich tho dekired| hﬁhlcﬁgé Qstah@ 29.

6 Shpmiieike Shucton AT meRotaiehin SEARGRI 20 stoul) Faeaish P (1) and

20frm§1m1€32ﬁ)13aﬁgmg,@ @jd be initiated through an

esterification and consumat ed via a subsequent
ring-closing netathesis. Finally, cleavage of the
protecting groups woul d proS¢thtmethe desired anal ogs 28
and 29. Chennselectlve reduction of the 9, 10-ol efin

of 28 and 29 uI rni EpoB (1) d 20 the
desired 26- esox §2)
OTBS

R: CF3(21}), Mo (24) 25 R: CF;3(26), Me (27)

trans-9,10-dehydro-12,1 EpoB (28) 12,13-desoxyEpoB (1)
26-Fy-trans9 10-dehydmmoxﬁpos (20)  26-F5-12,13-desoxyEpoB (2)
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tdinsterdoisdinkr B2 whasiéasilpseparattalby HlasittlebBatdgraphythnd %rota'dwi asa

Wﬁﬁlyﬁﬁg%ﬁéy%ﬁf 3 Sgtr‘r’ghﬂgﬂ%mvﬂw; %"l%a %pmggégéggwpxs gave
&bidQildehile 3 kothihSthe Stagd Br e lsSRRA AR reB G2 FollivaHP the
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SR TARSRAYS Sphpiphcabri eyt e chhagheh of b pcenlf hinary

fydropy prosided tHel comespomiinglslpety ﬂ@ﬁi&hm th&&ﬁmb&[bﬂ)tb a terminal

Blevin VTG ot poma 4 ARG, KRR, bycisit e outy

eqeveT36 8t TESOTHrédidal th 4 ! @&ﬁb
twrow de 36 i nﬁ{hl gh ylzﬁigﬁédcl rﬁgs%s?/%$r(§a§/lg]ﬁs e 37

yras caryegted gracgsesipt 38 mﬂ_‘@rﬁe‘ér tepdand he acyl
ERGhiafopR g;(\,f rifts Q7B Welellachtib 10 bRgiaky Stih Ed &;éf%y from

whi ch was to acy secto
s@etpmmmmmmmmwms@cmpem es of 38 wer e
identical to previously obtained naterial from other
progranms in Dr. Sinha's Igc&ratorles (Scripps). Schene
S ~JQ_as ~Pr + H i

ol

35

36 25 B ¢

Raagents and Gonditions: (g} LDA, THF, ~80 °C, 79%: (b) () TBSOTY, l f

2,8-lutidine CH,Ct,, —40 to-20 °C, 87%, (i) 2) pTsOH-H,0

(cat.)THF-H,O (4:1), 64 °C, 86%; (c) t—butyl acefate, L DA, chiral-Ti OTBS

complex, Et,0, =78 *C, 82%, (dr->20 1); (d) HTESC!, imidazole, DMF, £ a8s
0 °C to 1it, 99%, (if} Hz.PdIC(‘IO%) EtOH, 83%, (lii) TPAP, NMO =

CH.Cl,, 93%, (iv) MePPhyl, n-Buli, THF, -78 to -5 *C, 78%; (g} H ¥
TESOT(, 2,6-lutidine, CH,Cl,, 0 °C to it 82%; (B (i} 'l‘BSOTf 2  E-utidine, =
CH,Cl,, 0 *C to t, (i) sat. NaHCC, {aq.), MeOM, THF, 1t, 99%,
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25 37 Reagents and Conditions: (a) LDA, THF,

79% (b) (I) TBSOTW 2, 64utidine CHZO 2, -40 to1922‘:c?b“€"y2°°7
97% (I 1) 2) p-TsOHH20 (cat.)THF-H20 (4:1),64 'C,

86% (c) t-butyl acetate, LDA, chiral-Ti |TBg conpl ex,

E120, - 78 .
I dazol geﬁcﬁg%(’fm ﬂlﬁ@%&é‘%lglsu(?) a'{dgz/g%ﬁ % E&“‘%ﬁ%’“’m 25

( 1peRyided t‘@r—l cogtpspondmg R%cymommmrsgz%an@m respectively
MERRbBine ofi- BULi , THF, -78 to -5 'C, 78% (a) H
TESOIf, 2°6-lutidme, O Cl2, 0'Cto It 82% (1) (I)

5TBSOTf, 2, 64utidine, 20 C -9@@i29.0' C to rt (11) sat.

NaHCO3 (aq ), MeOH, THF, it, 99% 38 47 12 February

2007 Esterification of the allylic alcohols 21 ands/24

d the corresp Mes :
Qpimsel P (10 mol%)

\ _OH ¢

uene, 110 °C
OOT Bs?mln
OTBS

21 (R'=Me, R=H), 24 R'=CFy R=H) R mhe P a7, 70%)
53 R ==Me R =0T Bs = 3 = ]
o ¢ ) R'= Me, R?= OTBS (54, 92% from ester)

Dr. White's proposed compound

Pk 3%a (R =Me, R’ = H, 36%), 39b(R‘=Me, R2=H, 62%)
;’f,,;('!gﬁg;"e‘[ 40a (R'=CF, R?= H, 22%), 40b (R'=CF,, % = H, 60%)

0°C ot | 56(R'=Me, R = OTBS, 27%), 56 (R '=Me, R = OTBS, 57%)

KOC-N=N-CO,K

ACOH, CICH,CH.C!

45°C

e e
R: =Me, R2= H, ( 28, 77%) R’ = Me, R? = H (1, 60% + recovery of starting material in 36%)
R'=CFy, R%=H (29, 79%)  R'=CFy, R2=H (2, 37% + recovery of starting material in 60%)

R'=Ms, R%= OH (57, 77%)

The ring-closing metathesis reactions 26, 27 and 54 were then carried out using the
second generation Grubbs catalyst in toluene, which provided, as in our earlier study,
exclusively the frans isomer 39a, 40a, and 55 along with the corresponding side
products 39b, 40b, and 56. Finally, deprotection of silyl ethers with HF-pyridine led to
the desired compounds 28, 29, and 57. Spectral and chromatographic properties of 28

were not identical to previously obtained material from the epothilone program in Dr.
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26 21 (R1=Me, R2=1-1), 24 (RICF RAH), Rl= Me, R2= H,
(24 79% 53 (Rl=M¢, R2-OIBS) a R=CF3. R2 - H
(27,709 Rl= Me, R2 = OIBS (54,92% from ester) Ry 2007
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Vihbe kad sypthesiesd28, eyreyeninaiverfasily hie ngile thed0 4 3E Ron@F 8] ins@ad,

ST B e S Chl e e

KC]‘hé:ﬁtSt/DﬁhsCtﬂ BKve synthédeéald 28 GhdDtdR e fifd compouddfor @s Ewtitufor actmty.

r ecove rjs%l o%g 'lggl?ﬂfef'ﬁ gh r?& Z%dl 22}}751@ hee@(;ygeuatﬁg ba thyquell

( 29peb A UetBdminE i aﬁ?mmof'bc{tﬁmas Aﬁhé@& ﬁi’%lé 195, aRiliRved | N
material _In 60% RI= OH (67, 779 The

r i SopoPds sxdyibited high é@@m @a@ﬂtycﬂsgmgt@ vazlw;ﬁﬁ sensifive\andaresistant

oyt B R, ot b 28 e R REAT B BT

stigdigates atthe oew eoxypquné possesses nesdyrthreedines nidre potamyy. 55
along with the corresponding side 10 products 39D,
40Db, A

Wit o e ] as 'avwaVasa avar 78 9.
and 5 peecltral and chrorrat ograﬁ‘FfP%'Méropertl es of 28
wer e not i dentical t erial
from the epot hil one pr2 gram i n 48 ‘FZ"%bruarV

2007 EERIE-EEIQ vvn e ? UUITH S o€ St
Uni versity). Dr. James (Bal Whi tgb(% Eought ' 635 haa‘*"“"s‘

synt hesCRBdEﬂ&BLlapvveve.nosis nadveppaot |y hen.(made tdvgoe
12, 13E i somer 41 instead, which would explain the
poor bFERGEEMARxohct i vPO8i7he ob88IVed. CAPIEquerfiod?3 we
are

“XTT assay following 72 h inhibition. CCRF-CEM is a human T-cell acute
lymphoblastic leukemia cell line. The CCRF-CEM/ypr100, CCRF-CEM/yp\; and
CCRF- CEM/zaxo cell lines all overexpress P-glycoprotein and display a multidrug
resistance phenotype to MDR associated oncolytics (Prié, G.; Thibonnet, J.; Abarbri,
M.; Duchéne, A.; Parrain, J. Synlett 1998, 839; incorporated herein by reference).

To improve the overall yield of our synthesis of 28, 29, and 2, we decided to
carry out the RCM reaction in the absense of the thiazole subsituted olefin and in so
doing avoid the formation of the undesired side product 39b and 48b. Deprotection of
the silyl ether of the previously reported 42 and 20 provided hydroxyketones 43 and 44.
Esterification of the resultant hydroxyketones 43 and 44 with C,-C; acid fragment 25
provided the corresponding RCM cyclization precursors 45 and 46, respectively
(Scheme 10). The ring-closing metathesis reaction of 45 and 46 was then carried out
using the second generation Grubbs catalyst in toluene, which provided, as in our
earlier study, exclusively the trans isomer 47 and 48 in high yields. Installation of the
thiazole moiety gave 39a, 40, and 55 in high yield. Deprotection of the two silyl
ethers with HF-pyridine led to 28 and 29. Finally, selective reduction of the C9-C10
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the first ones to have synthesized 28 and tested this
compound for its antitunor activity. 5 The fully
synthetic 28, 29, and 2 have been eval uated aga
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Cell Lines |Cso 28 29 °dEpoB (1
0. mn@g@bgslw&msso 00051 CCRF- CEM VBL1, 0.0065

0. 0210 0.014 0.0106 CCRF- gﬁ\@ &P! 0.0017 0.0057
0. 0057 0.00073 XTT assay folTowng 72 h inhibition.

CCRF-CEM is a human T-cell acute | Y astic

| e)kenia cell fine. The FFPGEM vM
a 1%° CCRF- Taxo, | E V

P- gty copeoat ei nanehertivap! ay \ dr UgmeSi St a OTES
PPenot ypgt 0- Cra pS

Thi b®¥nneio J. asDbk , ne, WG Parr

Synlett 1998, 839 i ncor por d'¢#®$ein by refere
IOrdprove thg-qQuerall yield of our synthesis of 28,
Zor=cand 7, werawcraed to GEI¥afiky out the ROM.R=Me7sn
reaction in the absense of the thiazole subsitdted >
olefin and in so doing avoid the formation of the
undesirgd side product 39h and 40b. Deprotectjon of

t he si h

RLQYiseled RYC
t-n@e-nesul 13

45 and 46 was then carried out using the second
generati on @l %at al yst i n 3 B1ddHe, which prov} TS,
as in our earlier study, exclusivély the trans |soner
47 and 48 in hlgh ylelds Installation of the

9a, 40a, and 55 in,

1

55, R =Me, 61%
58, R=CF,, 74%

With compound 28 of rigorously proven structure in hand, we were surprised to
find that its spectral properties were not congruent with those previously reported for a
compound presumed to be the same entity. However it is clear in retrospect that 28 had
not been previously prepared and, in fact the whole family of (E)-9,10-
dehydroepothilones reported here is a new class of compounds.
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olefin afforded the correspondi ng epothilones 1 and 2.

The structure of 28 was rigorously corroborated by

its high yleldlng conversion to 1. The total sy
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47, R=Me, 78% 3, 88% 48, R=CF"71% H b N ,OH n-BuLl,
THE abBTES. [nGiroTCytotaikisities (1) wvithTuhoriCell Adkest E6N  THE
--- Pn~u, OOCoFt 0 CIC5 CCC 0 CC OTBS OH OH
39a, R=Me, 78% 28, R=Me. 97% 1. R-Me, 91% _40a, R=CF3. 70%
29,Congrtind % 2, R- CF" 94WBCRF-TBS MCAVBLIg , . Oasl

10RBUCC, THF TOTES . OTES CEM(@)o- 20 C HF, pyri di ne ~

15

20

25
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35

(xM) oM M)
Epo 1 (1, dEpoB) 0.0036 0.016 0.0046
Epo2(2) 00041 - 0.080 0.018
Epo 3 (28) 0.0009 0.0042 0.0012 .
Epo 4 (29) 0.0035 0.0210 0.0057

“XTT assay following 72 h inhibition. CCRF-CEM is a human T-cell acute
lymphoblastic leukemia cell line. The CCRF-CEM/VBL g0 cell line is resistant to
vinblastine and CCRF-CEM/Taxol to taxol.

The impressive cell growth inhibition exhibited by epothilones 2, 28 and 29 (Epo 2-
4) across a range of various drug-resistant tumors prompted determination of the blood
plasma stability of these new (£)-9,10 congeners. For mstance the recently described
(£)-10,11-dehydro-dEpoB (of case 1 with a CH; group at C-12) exhibits very poor
plasma stability with respect to lactone opening, It is this plasma instability which has
stifled advancement of (E)-10,11-dehydro-dEpoB. By contrast, on exposure of 2, 28
and 29 (Epo 2-4) to murine plasma, we observed a much slower drug degradation as
compared to dEpoB (1) by a factor of seven. This stability constitutes a substantial
advance from a drug availability perspective relative to dEpoB (see Figure 9).

The combination of the cytotoxicity and plasma stability data encourged us to
synthesize substantial amounts of 28 (Epo 3) in order to determine its in vivo efficacy,
in nude mice bearing human tumor xenografts. Epothilone 28 (Epo 3) demonstrated a
markedly improved potency in inhibiting on the growth of implanted tumors, relative to
dEpoB (sec Figure 10). The improved potency and plasma stability allows very
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epot hil ones 2, 28 and 29 (Epo 2- 4) across a range of
vari ous drug-resistant tunors pronpted determ nation
of t | ood 25 plas tability of the
(E) - congeners. ignst ance t he
descrlbe

dEpoB (1) 9,10-dehyd EpoB (51
) hydro-dEpoB 28) 1\ 5 10 anraEoon (49)

Epoxidation of 28 with 2,2’-dimethydioxirane (DMDO) proceeded with high

20  chemoselectively at the more substitted C12-C13 olefin to give an 87% yield of a

25

1:2.6 ratio of the (£)-9,10-dehydroepothilone B (49) and its diastereomer (50). The
stereochemistry of the epoxides was determined by selective diimide reduction of the
C9-C10 double bonds. Examination of the spectral properties of these products
revealed the minor product (49) to be dEpoB. The preference for a-epoxidation in the
case of 28 stands in striking contrast to the highly stereoselective epoxidation of
dEpoB, which occurs from the B face leading to EpoB (Meng, D.; Bertinato, P.; Balog,
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S d%hy&loépo%lgm% '(\59?exh%_i|ts %h%’tojfgxu? activity against a variety of sensitive
and resistant tumor cell lines. Direct comparison of 49 and EpoB (51) indicates this
new analog possesses nearly 3-fold more potency than EpoB (51) making it one of the
most potent epothilone analogs reported to date. Interestingly, a-epoxide series (50, 52)
displayed a much lower activity than EpoB (51). The graph below shows the findings

for in vivo studies of compound 49.
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0. 1507 aXTT assay followng 72 h inhibition. CCRF-CEM
| S ExpeigRatals cel | acute B | ynphobl astic | eukem a cell
l'ine. The CCRF- CEI\/NBL and CCRF- CEMraxol cell lines

al | overexpress P-gl rotein and di spl ay a multidru
r esFeeEtl Meth %%89% oblainpd Smreo pksuppliesyiwere psedovithout

Th%ﬁpe%w.ﬁca%ﬁ ks ?he%zr%%mﬁ&l H‘h’é E&i@@nﬁ%&% obtained from

beari ng"MX-1 xenograft r-1v u3| oh
a dry solvent system (passed through a prepacked column of alumina) and used without
15  further drying: tetrahydrofuran, methylene chioride, diethyl ether, benzene, and toluene.

All air and water sensitive reactions were performed in flame-dried glassware under a

positive pressure of prepurified argon gas'. NMR (‘*H and 13C) spectra were recorded on
Bruker AMX-400 MHz or Bruker Advance DRX-500 MHz as noted individually,
referenced to CDCls (7.27 ppm for 'H and 77.0 ppm for >C). Infrared spectra (IR)

20  were obtained on a Perkin-Elmer FT-IR model 1600 spectrometer. Optical rotations
were obtained on a JASCO model DIP-370 digital polarimeter at 22 + 2 °C, Analytical
thin-layer chromatography was performed on E. Merck silica gel 60 F254 plates.
Compounds which were not UV active were visualized by dipping the plates in a ceric
ammonium molybdate or para-anisaldehyde solution and heating. Silica gel

25  chromatography was performed using the indicated solvent on Davisil® (grade 1740,
type 60A, 170-400 mesh) silica gel. |

Acronyms and Abbreviations

TES, triethylsilyl; TBS, Dimethyltertbutylsilyl; EDCI, 1-ethyl-3-(3-
30  dimethylaminopropyl)carbodiimide; HF-PY, hydrogen fluoride in pyridine; DMAP, 4-
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t hen s®HMQyht H)rvvardly applied to the preparation of
th r o%{mﬂl uoro anal ogs 2 and 29 (Epo 4).
Furt her epoxXi ion of 28 5 provided 49 and 50,
whi ch upon site-selective diinide reduction gave
Epothilone B (51) and 52. The data reported above

5 poiCotnpoand rm Wogﬁf(bﬁ%fﬁéslﬂy prepire®LDA (31.63nmi6NVin TEF(2Smmol)
of ant drugs .appropi ate for further eval uation
ool dsppiten SHotiak b ion D 450 st menaD . FHE (68 L) st -

cl 797 oA fies Slisking o ~JOWOYSF 08 ‘b?ethE W&Bﬁa% $90 °C. A solution

I cant pr acti cal

st rat egy Iﬁlﬁrsl ses a signi
d%wéﬂ teh - 72 owradl) By THI 668 mL) as Ede deopwise) After
SRy i A R v
10 wi edvoaxtracted with EtOAc (50 mL x 3). The combined organic extracts were dried over
Na, SO, and concentrated, Purification by flash column chromatography (Si0,
hexane/EtOAc = 15:1 to 12:1) gave 32 (2.09 g, 66%) and isomer 33 (0.39 g, 12%) both
as yellow oils. 32: [aJp® 13.1 (¢ 1.22, CHCly); IR (film) v 3494, 2972, 2932, 1708,
1454, 1380, 1329, 1120, 1038, 998, 734 cm™; '"H NMR (400 MHz, CDCls) § 0.98 (3H,
15 d,J=6.9Hz),1.06 (3H, d,J=6.9Hz), 1.10 (3H, d,J = 6.1 Hz), 1.14 (3H, d,J=6.9
Hz), 1.15 (3H, s), 1.17 (3H, d, /= 6.2 Hz), 1.18 (3H, s), 1.20 (3H, d, /= 6.2 HZ), 1.81-
1.92 (1H, m), 3.33 (1H, qd, /= 7.0, 2.2. Hz), 3.51 (1H, dd, /= 8.9, 6.3 Hz), 3.64 (1H,
d, J= 1.8 Hz), 3.66-3.71 (2H, m), 3.78-3.86 (2H, m), 4.51 (1H, d, J=12.0 Hz), 4.54
(1H, d, J=12.0 Hz), 4.58 (1H, 5), 7.25-7.35 (SH, m); *C NMR (100 MHz, CDCl5) 3
20 10.0,14.3,20.5,21.3,21.9,22.5,23.5, 23.6, 36.4, 42.1, 54.1, 69.8, 71.2, 72.8, 73.3,
73.4,103.8,127.6, 127.7 (2C), 128.5 (2C), 138.9, 221.6; LRMS (ESI) caled for
Ca4HypOsNa [M+Na'] 431.3, found 431.4.

Py OTBS
32a
HPro OBn

ni

25 Compound 32a (not shown): To a cooled (-40 °C) solution of alcehol 32 (1.01 g, 2.47
mmol) and 2,6-lutidine (691 pL, 5.93 mmol) was added TBSOT (681 pL., 3.00 mmol),
and the mixture was warmed to —20 °C over 3.5 h. The reaction was quenched with sat.
aq. NaHCOs (10 mL). After extraction with hexane (50 mL x 3), the combined organic
exiracts were dried over NaiSO.; and concentrated. Purification by ﬂash column
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128.0 (2C), 128.5 (2C), 138.6, 201.3, 213.3; LRMS (ESI) caled for CpaHp04SiNa
[M+Na'] 443 3, found 443 2.
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as (40 mEp The amusalayer Waa pBizasted WitV EGO (D0GSL xaamsghp coibined

o8 EBhipa e gy Sy it Jaind (a0t} 3684 oyl Nagbo. g Sppsgnirated
CDﬂlﬁﬁcﬁoﬂ b Blask tﬁ)HmlBt)hr(ilﬁatB&af)Ef{SﬂS;), hexXan&¥B1(QAd+= 10:1) dave 35
157" G654, 4.5 ginol, 36bo &2 pale yolloprl: o209 (6 1 PHOR IR (Bilm) v
(1 32%22%9%17%2%?0 Q@% 1¢32 470061@72”71%6 1%522 HSZ 1(&9& 1042, 386 834,

7. %’Hz gm?; ‘3D mmoawm Cnﬂa)f) 010'1—(3)1, s3062 (FH, ), 0D (9H:s), 0.99

9.

2 oy TPy 5 bl e,y T o

(1.%11741283, (1H, &3, 2261(1H, a%,f-—mzag-lwmsz?esz gﬂllgmid ABL1 MR 7 Hz)
925 W adRSb, 285 ad s 37 Soha i il = 70

. 1, 7 - 7 -

c H?), 3 28(955{ J 9273 94Hz) §s§guin& X EIE%IQ?)I%%,%@Q& dt, J =

Hehg. 48[&&\&44 25236 45H,fro) € WMIR. @00 MHZ2DOBEL:) 5 -3.5, —

3.4, 16.3,16.7, 18.7, 20.1, 21.6, 26.4 (3C), 28.3 (3C), 38.0, 39.1, 45.8, 51.8, 72.2, 72.9,

73.5,76.7, 81.4, 127.7, 128.0 (2C), 128.5 (2C), 138.8, 172.7, 219.6; LRMS (ESI) calcd

25  for C3pHs506SiNa [M+Na'] 559.3, found 559.4.

QTES

35a

' +BUO OBn

Compound 35a (Not Shown): To a mixture of alcohol 35 (10.2 g, 18.9 mmol) and
imidazole (2.70 g, 39.7 mmol) in DMF (25 mL) was added TESCI (3.3 mL, 19.8
30 mmol) at 0 °C, and the mixture was stirred at rt for 2 h. The reaction was quenched
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H OBn 34 15 Conpound 34: The m xture of 32a (3.03 g,
5.79 mmol ) andp-TsOHH20 (286 ng) in aqueous THE (64
m., THF/ H2O = 4:1) was heat'ed under reflux for

The .peact cooled tq rt and po rgﬁ%bmﬂyzm”

s atqm }E;\hq Aty %@?@ﬁ@vﬁéﬂ‘tﬁwa@ﬂ‘ Pathchexane (965)0(‘;1' ftl@RanL x 2),

( 10k mmme%rgdmaeﬁ)agts wag vRRHd d’%las%g%gﬂ? Water [AYEL £ 2YBidbrine
ried over

oo VDR 4ki84 oV Va0 i comrengated. Reriiousion by fagh coluzan
Chﬁ:ﬂﬁﬁa AL :@ll&?&mﬁ’ejﬁeéfﬁﬁ 3hQ12 1521 839mﬁ}ol 98%) asa

gave 34 as a co ess
zdessxg Bx](:c -08.91(50.4€9E1CH)); IR (it wm)rs 28293333, aem 1456,

3% 57,1268 a5 135, B B8, 838caed oy ' RBAR (4} Vi3, ClaCig 0.0
( 3|f6H 3), 0. 531,@63 (&Hm)so 89 QH%J b%l{s»ﬂ*, 1, J- 779 1@[@9 3k, 837=7.0
ﬁ?):i Ogimﬂd ﬁﬁ sz 106 ), ide (SJ{; s); 135 (ﬂ:I,1s),Hz’50 -1.79 (1H,
103 28, 2)56( %ﬁdd,qr*L ¥ 7ok, Sabith, a}i& 19875138, (3;»,3 (?155 ad, J=
7 271 '7753@) (323[11(111, ﬂ‘)mti-g =53 HDB. 61;I1H,316, -NS’BJ( 1@012)15283 (IH dd,J
(30 >33 B30 i g, 2= 69,5 By 483 Burcsyer I3 38 s, i
(1:§BTMR (m:I)MHi,ZﬂggliISiS’-@ 5, lsmﬁlgl(ﬁ%l'?% (3@*1353 1@"{57 ﬁﬂ 23.4,
&‘ig (@b?%%%ﬂ)zé%# GRS, BAD TR 748, mﬁ;@m amaa 127.9
Tom:),sm:;Lst (209, 188 o LFdibys, 15 2113005 £ Pitsth Phcd gog g%%@gﬂ [Di+Na']

Msolution in
15ad@7e3a4t0 VBSacetate (1 16 ni, 8. 61 mol) at - 78 C
After stirring for 50 mn, CpTiClI(OR)2 (100 nL of a

0.1 Msolution in Et20 5 10.0 nmol) was added

dropwi s EVEB_65 via syringe punp. After stirring
for 20f ma, fhejr (xlo m xture was warned to -30 C,
St -8 ( ® cooled to - 78 C. A

solutlon o] 4 {2.42 g 5 75 nmmol) in Et20 (9 nL) was

ed dro se_over and the resulting m xture
°'§P?'F'f‘g65ba€N af ‘:590@) }Kﬂ tﬂéﬁrred solutionpf36a (R3%g, 6t7aenmol) in THF

Q?q g e BRI U0 R e R RGP e s

20 yetigied paderan ptmospherarpfia Atenstiring for 26rh, Her mikturé Way fillered
CoproEn PREELACHRE Synichl s s BRI el THE 120 SLF T8 Bl
\émoecenu(md anﬂ))mﬂéda) emx:ewﬁnhnbamefnampﬁy {3105, heghndfHiDAc =

103 0% T give 350 &S5 ¢, 638 omol, 0494) es & colorless ofl: []o® ~16.1 (c
0.62, CHCL); IR (film) v 3543, 2956, 1732, 1696, 1472, 1368, 1299, 1252, 1155, 1100,
25 988,837,775, 742 cm™; "H NMR (400 MHz, CDCl;) 5 0.10 3H, §), 0.12 (3H, 5), 0.60-
0.68 (6H, m), 0.93 (9H, s), 0.96 (9H, ¢, J = 8.0 Hz), 0.99 (3H, d, J = 7.1 Hz), 110 GH,
d, /=69 Hz), 1.14 (3H, 5), 1.20 (3H, s), 1.45 (9H, 5), 1.46-1.55 (1H, m), 2.21 (1, dd,
J=172,7.1 Hz), 239 (1H, dd, J=17.2, 2.8 Hz), 2.54 (1H, t, /= 5.8 Hz, -OH), 3.30
(1H, quint, J= 6.9 Hz), 3.58 (IH, dt, /= 11.5, 5.5 Hz), 3.66 (1H, dt, J = 11.3, 5.4 Hz),
30 3.92(1H, dd,J=8.0,2.1 Hz), 432 (1H, dd, J= 7.1, 2.9 Hz), ®C NMR (100 MHz,
CDCL) §-3.6,~3.5, 5.3 (3C), 7.2 (3C), 16.0, 16.1, 18.6, 20.0, 23.4, 26.4 (3C), 28.3
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organi c | ayers were washed with brine (40 nm.), dried

over, Na2SO4 and concentrated. Purification by flash

col utm chr omat ogr aphy (Si 2, hexane/ Et OAc =10:

35 15 (2.65 g, 4.94 nmol, 86% as a pale yell om)zo'g‘?%ruaryzom

3 i 1 8
104%”%8‘2%@%&“%&983}65}@5 BSAAR (400 MHz, CDCI3) S

0.07 (3H, s), 0.07 (3H, s), 0.90 (9H, s), 0.99 (3H,
d, J=7.0 *?r 1.07 (3H, d, J= 7.0 Hz), 1.10 (3H, s),
s 4701(BgH s), 1.77-1.83 (1H, n), 2.26
0. 5&3&234(1H dd, J=15.9, 2.7
9.2, 71Hz)335(IHdJ=

6 1H quint, J=17.0

2.7 He, _

4 23?2%?2%@& sg;? W %‘%“H“‘ é%@*{”kgfz 6,53 g, 6.28 mmol)
R ¢ added NMO

. o i gt oo S oo e

oL, 2 i 5 B 16 4 b=

f Kgme 344 g, 58 SrmolT9E%) axaBumﬂ@ﬁﬂTlB %né%rpszwo 235@1{(:13),
16 ofun] 89835, 2898 375% 1504 G474, 1566 1354, 4155, 10, Bk szsm '
L) NS (400 demlz, TESEL) § GoP (i 5), 699%31?1,3:3, dz‘sﬁﬁﬁ.ksrﬁéen,‘}n),co.sg (9H, ),

and the m xture was stirred at

r ea® Py Gl hak= §0d¥m).HelB (581, 921 Fe(@Hya; Y =200Hz), W14 (3Kal, J= 7.1 Hz),

i LPALEER, (08 S, 210 Bt A VAL Ddor b dod N {20d 22

wash#t(1$l ddebsi17.6) 33 Ha), 6128 (B9, quintx/ 275804, 207 (1, d43P=7.9,2.2

IQSL)I%[%) Efglc;'?\éﬁn']'\% %t‘%gga%i{ﬁ(em ated Pgrl |cat|on

gglz(??ggze% Islaes 452 gcg 7. 21@05 1@1”68@1 89?80@ ?? 5‘3 ?% 3 3%28 3

55 43d7496. 9,1571313 53 56’9470 7@45@ 7, 1173672(1@:981&95@1\43 (ESI) calcd
11 NVR (400 Mz, CDC13
s aorls %wfgﬁﬁafﬁﬁgﬂﬁg%@%ﬁﬂ , 0 89 (9H, 's), )

0.95 (9H, t, J= 7.9 Hz), 0.99 (3H, d, J= 7.0 Hz),
1.02 (31- 19@3 J= 6.8 Hz), 1.04 (3H, s), 1.18 (3H, s),

1 45 ( , . 70FEs 79 (1H,
1 O~ 082) , 2. 40(1H, dd, J=17.0, 3. 1Hz), 3
22‘1%?1 d, 5 Hz), 3.31 (1H, quint, J— 6.9

20p) ) 3.61(1H, dd, ';—’91 5.4 Hz), 3.83 (1H dd, =
7. LontpoundAk: M@P Q;I (21515 %%8 mmof} i THE- (110 5'QL) wdasﬁ'%atgggvltth t-

) ’BuOK2(76 57711?1,]?.0 al. OMsolutloanHF 6.57 mmol) at 0 °C. After stirring at 0 °C
for 20 min, the resulting suspension was cooled to —78 °C and a solution of aldehyde
35¢ (3.34 g, 5.98 mmol) in THF (14 mL) was added. Afier stirring at —78 °C for 15
25  min, the mixture was stirred at 0 °C for 15 min and at rt for 15 min. The reaction was
quenched with sat. aq. NFL,Cl (20 mL) and extracted with Et,0 (120 mL + 50 mL x 2).
The combined organic extracts were washed with brine (20 mL), dried over Na;SOq,
and concentrated. The residue was purified by flash column chromatography (Si0~80

g, hexane/Et;O = 40:1) to give 36 (125.3 mg, 0.225 mmol, 78%) as a colorless oil;
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NVR (100 MHz, CDCl13) S -3.5,-3.4, 5.3 (30, 7.3 (30,
15.3, 16.9,18.7, 20.1, 23.4, 264(3C) 283(3C)
391 41.1, 46.2, 53.4, 72.2, 73.4,'74.3, 76.7,

bruary2007

[ 5 ok b2 s 0 Sl i S B o

oo o st om0
6o, B0 68 @eins i Gt S o6 @a@sgﬁp plm d/=170
f r|g), 4\@9eﬁicis)1Q%M(3H4s’§71 @@@@dz@g% fg'f(;i Y85 ngg?J 17.0,

stirred er anarmspe

52. 202,24 (WHxddid s Wl 311 Hz) 3. 0f(1Hn qmngH=a7 O Bit), 5684 (1H, dd, J =

J(trat%awflvvgéﬂ( ﬁctrélntr egﬂ%ﬁ’dﬂ?ﬁgﬁa&mgﬂﬁQ@HZ)J%(IH

codd;rfr-F 10t b0z o 9, (idii,@% 17tpe>1aﬁ;e1 FEHAC cmmalootqu,

SoP BR8P 323k Gy Tl Y2 1705 0,808 255, et 30, 283

(1 f1 “35”945% g‘gm@géﬁsﬁﬁ 7&%9@0 é‘i??rslgﬁ%é%?gb%%kﬁémsn

10 cryelegfor pHasBigNa [MTNa*(l 5‘1524,(fm 579)4. 0.60- 0.68 (6H,
m, 0.93 (9H, s) 0.96 (9H, t, J= 8.0 Hz), 0.99 (3H
d, J= 7.1 Hz), 1.10 (311, d, J= 6.9 Hz), 1.14 (3H

s) 145(91Ls) 1.46-1.55 (111, ),
2 21 W1 d BS7.

HzWo?Z. : 228Hz)254(1HtJ58Hz “oH), 3.
30 ,3—69Hz)358(1Hdt J—11,55

Hz).. 3.66 (111, 1H dd
é‘%'“b**""?z% ke sSlptioo i gifer 390487 ¢, 8% gummpt) andzso il
( J(ﬁ@smmsnne@pm%i 35 O?Imﬁml fh éH cﬁz %8(:&19 was/added ?ﬁﬁm*f(f OmL,
16,1, 18. 4 (3C), 28.

15 Felgrimlyl) ah Q@%)shrrm a0 ﬂféfﬂy 25 enig, the ivtugwa stined gt rt for

Gt Rl il g; %“ﬁg‘%‘% o) waei SltHnccessively e

t mqu@ur»i@m( BhD and bAEH(60 Wi, drfedwaver NESOR, atdiconesirated.,

er e gb@%ﬂﬁ ?‘? dgﬁﬁi%h gg"t“g%f?re{j? h§§ D ”% %&é&éo &
( %mmn)nawd vatleTERHINYRE crsde grédwst (680 @) wasdidsofvel xomREous THF
20 34875 L FREIRS Grl) lesered it s iaRGRs 60 P i piring
C ait strfor 20feinthe rdstiding Susperksiontwas diluted with Et,O (500 mL) and acidified
with aqueous 5% KHSO, (55 mL). After the layers were separated, the aqueous layer
was extracted with Et,0 (100 mL x 2) and the combined organic layers were washed
with brine (50 mL x 2), dried over N2;80, and concentrated. The residue was dried
25  under high vacuum overnight to give crude acid (5.60 g, contaminated with TESOH) as
a colorless oil, which was used for next reaction without further purification.
Purified for characterization by flash column chromatography over silica gel eluting
with hexane/EtOAc = 4/1.
[a]p™ —30.7 (c 0.985, CHCl3); IR (film) v 2956, 2936, 2879, 1712, 1472, 1417, 1303,
30 1253, 1107, 1046, 1003, 988, 872, 837, 775, 741 cm™; '"H NMR (400 MHz, CDC) 5
0.08 (3H, 5), 0.09 (3H, s), 0.59-0.67 (6H, m), 0.93 (9H, 5), 0.96 (9H, t,J= 8.1 Hz), 1.05
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give 35c (3.34 g, 5.98 mol, 95% as a colorless oil;

[a] D25 -69.6 (c 0. 25, CHClS) IR 10 (film v 2955,

2878, 1732 1696, 1472, 1368, 1253, 1155, 1097, 98%9 F%S”? 2007
cm1: 'H NWR (400 MHz, CDC13) 8 0.09 (311, s), ®

( 31(BH, d)% 0.0%E),Q1. (&;(38561,11 mo, HE), B2 f,@tis) $21 (31@ 5952 (!632*13 (1H,
1 e 200, i, $ho ks 34, J<6.43 002 §06 (U qutar, /-

2 183 H: 3811H3dﬂ.17=705687H 140 JE7.39 / =
z)‘| 2q41 i, 270 E}Z %11331d£|z & 29 SGIJ(IH dd, J =

qU| H{g 0fHz), 507 £, dé,bvl@m zaﬁ) 593 (ngdddsz 13@, m 7.8 Hz);

Zcﬁxﬂ%ﬂ M@H%OC )83:&%:?% 5§9(3§$‘g(11§’c§dxsgj I8 ?3%1 192,

7 224(13c)s 4 (3Q), 69.83,18.6 463, 53.5213.R.7683113.6, 260.8, 1736) 218273 LRMS

(o tesn ed BNl R0 5 Jnlighscitsl e

[I\/H\Ia j 581.3, found 581.3. QIES ~j T~-BS t-BuO c;~ 1
= 36 0 Conpound 36: MPPh3l (2.56 g, 7.18 nmol) in
THE (4.0 nL) was treated with t- BuOK (6.57 nL of a

1.0 rbaiEg THF, 6.57 nmol) at 0 C. After
stirri ~C for 20 min, the resulting suspension
was 8 Gigand a solution of al dehyde 35c
(3.34 ) in THE (14 nL) was added. After
stirringNatl - 78 C for 15 25 mn, the m xture was
stirre OB$or 15 nmin and at rt for 15 mn. The

reaction s quenched with sat. aq NH4C1(20 nL) and

: Oe ; rt‘rtﬁb‘ﬁﬁogﬂo rg ;ﬁlle? & )?{é% cts c%g é"%&‘%%d % vas %P?%r@o(‘@bmmpi“

nL)d;snuammfmm benzbize? Bfadhly dried alvohsl @B tz(mt:ﬁgi 1.1008mb Ogss dlsBlved in

wa hr Qmat
o D U] deooled i o St E% rg%n ( 3 g 37 wmol)
mmhd solfBDCIS261 &g PBT Amsol
[a]og 33, 69(( 02he0, (:HcgJAI Mer Qi 2956 H‘g“s’?g‘m‘“‘o
1738 for|8gmin, a spfutionpfgnid 2514 mg;LCE !)aa DCM @ md added
1583 drophi
83 &rop (%H?ﬁesclmﬁgg NMM:%@B ég@jﬁd uﬁﬁé%ggén(uggl%% a§;§tﬁﬁr %%durs The
( 9Ffude reagtiongmiytusy §s dﬂlxte(dmasucw(lom,)ﬁna putifidd bylsia gel
3 . 15, 111
by ChigboetapEPoraglbyind 0% O Aprandd us 52 St giv eter 45 380
17:@, 8% Yiekd; fwo Steffl3 sthitirlg febm 3as&tle3r&l fltla)Hz 1§13@1Q1tb013) R
= I H, d
( 1@f 204955, 3952 38 114%3m2§2 5 60 (1474, 1461 1415 u@o,assq, 1895,1252,
20 (H2116961@9% fd43, 98kls! 9133147154, 838557745, 7416 ben ' L EENMER 500 Mz,
CDCl3) 0.08 (3H, s), 0.08 (3H, 5), 0.60-0.68 (6H, m), 0.93 (9H, 5), 0.95 (9H, t, J = 8.0
Hz), 1.04 (3H, d, /= 6.9 Hz), 1.05 (3H, d, J= 6.9 Hz), 1.10 (3H, 5), 1.25 (3H, 5), 1.69
(3H, 5), 2.08-2.15 (2H, m), 2.16 (3H, 5), 2.38 (1H, dd, = 17.0, 7.0 Hz), 2.48 (2H, t, J =
6.5 Hz), 2.57 (1H, dd, J= 17.0, 2.7 Hz), 2.71-2.76 (2H, m), 3.07 (1H, quint, J = 7.0
25 Hz),3.83 (1H d,/=7.2 Hz), 4.36 (1H, dd, J=7.0, 2.7 Hz), 4.97-5.07 (4H, m), 5.19
(1H,t,J=17.0), 5.73 (1H, td, J= 15.4, 5.9 Hz), 5.92 (1H, dd, /= 15.7, 8.0 Hz); °C
NMR (500 MHz, CDCl3) 3 218.4, 205.4, 172.1, 140.1, 137.4, 135.4, 119.1, 115.8,
115.6,78.7,76.5, 73.9, 53.3,46.3, 43.7, 39.6, 36.6, 29.2, 26.7, 26.4, 23.8,23.7, 19.9,
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10

15

20

CDC13) 8 -3.6,-3.3, 5.4 (30, 7.2 (30, 15.2,18.7,
19.0, 20.2, 23.6, 26.4 (3C), 28.3 (30, ,
4%.1,43.8,46.4,53.5,73.9a7$.6,80.6,112.2,140.2, %&E@%ZOU?
1 ¢ r i .

R B s S A e T b%‘%is. g

a BHNa'] 673.6ifounda?8\i. ester 36 (4.87 g, 8.74 mmol) and
2,6-lutidine (freshly distilled, 4.1 nL, 35.0 nmol)

in CH2CI 2 (58 nlL) was added TESOIf (4.0 ni, 15 17.5

mml )Qat 0 C. After stirring at 0 Cfor 25 mn, the

Kp8O4 (60 L x 2) and brine (.60 ni), dried
a0d c¥hcentrated. The residue was dried
aguum for 1.5 h to give crude acid 25
. , apt.am nated with TESOH). The crude product
(6.30 g) lwas drssol ved in aqueous THE 20 (87.5 i,
THE/ H20 = 6:%_) and treated wth sat. ag. NaHCO3 (12.5
niLSompaund 47 dp asolyton af compopadt 4920 mign .08 hmmodkin|dry tolpene (60

o ?%fgﬁ W 3adkd i o %%%Eﬂ@“("gg‘i‘ﬂ@@ S
| M?é:%m@%&%ﬁﬂyﬂmmmaaﬂ%yﬁdmﬁ]ﬂ:enz}éniggne]x('juthenium avy
exd: n cO I ne
AR5 o ThACERTa b Gl 81 5 AR e e
grl!%gmmge rThglmEﬁh_Sh ?hdme Nag emedaih_ﬁ@brc]itiafétw inf dSicélbath gﬂlﬁstripped

ri . u er vacuu ver ni 0 Ive crude
aé)ln? S(Jéaéﬂgam"& H’rﬁ‘ﬁ%&g? %ﬂ%@%ﬂ@ﬂ)ﬁ@g’m £80%r | ess
oiBtO Auipesiing/@sdierft Q8 tHeQlueRe bl Q:Blinﬁ(_;hn\fl’u_tﬂpsjglﬁf ?’% Eﬁfd) as an

puri [?idcgti on, Purified for characterizatiaon
c &kt b 2RO 4er2oGHEBMNRAneat) 2956, 2933,9878,1745,i 1731, MP5,H471,

oIS, o8 a9 R Soge ot s 93, 45N 4
'12’»5@,1 c;mzo1 OM(scmoaHz, 13)0@0’2(%2&)? 0.13 (ﬁ% sg,gﬂsgéﬁﬁs gsﬂ, m),
e n e, S e wes o
=1.00Hz), 617 B2, BR8N, SO0 (3635}, 297253 (109 2 W(H, dd, 7=
2182, éﬁ%),‘(ﬁ’ls,l;isl?(z%, s st dg,%.!i’ 15%;,’3.311'15)} :?;-Hs’.l (SS)H, m),
e D A S W i
H%GA’ t4f a%SM-ﬂ (IHJdd,g= 128 9.94, €9 Hz), 5.92.(0H, ddiy =d&,0, 16:3, 7.8

%?}zﬁﬂé@%@ @;&I@#ﬁ);ﬁsﬁiﬁﬁﬁn,}; f0!d432.7: 1382, 1186,

79.1,78.2, 754, 54.0, 48.2, 41.7, 40.3, 35.0, 29.2, 26.6, 26.5, 23.5, 22.8, 20.6, 18.8,
17.3,14.3, 7.19, 5.53, ~3.36; LRMS (ESI) calcd. for CaqHs2O6Siz 645.4, found 645.4
(M+Na").
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5 13C NMR (100 MHz, CDC13) S -3.6,-3.3,5.3 (30, 7.1
(30),15.6,18.7,19.1,19.2, 24.1, 26.4 (30),
39. 8, 43. 6, 46. 4, 53. 5, 73. 7, 76. 6, 115. 6, 140. 0, 177. 9,

LRVE (ESI) calcd for C26H5206Si 2Na [ MeNal 523, é%""bf”awzw

f ound .9. OCOITES 45 O OIBS 10 Conpound 45: The
3-O - -OTBS protected acid 25 was dried through

azeot r Ypi distillation frombenzene. Freshly dried
al cohol 4 1.19 nmol) is dissolved in DCM

g&solld EDCI (261 ng, 1.37
irring the reaction mxture
a solution of acid 25 (425 ny,
0.85 mmol ) i %g m.) is added 15 dropw se. The
cooling bath fs renoved and stirring continued for

anot her 2 hours. The crude reaction mxture is
di | Grexpownd B:DAN o sDintinh pf Whitigpeagerti(Ed 1 mg, §4.7 pml)geﬂ'HF (04

chr omat ogr .G 10% Hexansas o

1 B WS Ko DS U pl, ard S hSoRli S Rlfese. A7 fmol) at 0 °C.
St ePBe mblt@E el Gtifk 810 36 Xord®5 B afd B8k c&nbd tol-B 0C - TPthd nlikture was
1.2, CDCI3); IR (neat) 2955, 2932,2877, 1743,

5 7 3added grmpwiseavsohsien of ketorp 47180 mz3 80 2120d) in THFX0.3p0L), and the

7 4ol ineh® s a6 bt 90 o 13 Jhrendilt g,
(3 1(1uensl)ed witlc@it. g ASH(T KR miTj) and)e:&ﬁct(eﬂ HnthsEtOAG (PmL(0Y), The
t’ Hl%mgi'?“‘lbw?réﬂe‘(e ledf"éré‘faegsf %ieﬂ%eteg’ (1%9 resg‘?ue was

|
& 8&1:%0355&%? ?%n tghr&ﬁa(oﬁﬂph 31022 hﬁn@/ﬂt‘ilOH Ql% é)]ﬂ)\llg?vé)S .6 mg of

19[7 # insepprahe mixpure of @’Z‘Pl?ﬁPQWZm g mpsmevaapwtzﬁedw

7 Oprtie T (Rl 437 e b 50 6 plgld b ko, 155 asa
7 Oc)qloﬁesi’ﬁxl;([bzﬂi;zs 415 GATRLSICHELS, IRA By 9555 1884, U787, 1630, 1467,
SoLRT8, 53, 1 T0) 1105; Toa0h B, ST 30, 714 5med: 1 BIMR (408 Mz, CDCl) &
1150 08 53@ sY,0, 1726(35, 63579(633 37}‘= I‘éﬁgﬂ gé(i% L%Sbfg gég (93 (9H,
152005’), 1. Q‘BCQLEB 1706.‘(51'141,7%1 EIZBG 123353); BI6GH, RS 7(1HS) 1.68

c ao'ég, §P5. 1538500 R 218, 2L brbhs Fus (UBE 54,6 4.8 Ha,

2.50 (1H, dd, J=14.9, 3.2 Hz), 2.64-2.74 (2H, m), 2.72 (3H, s), 3.02 (1H, quint, J=7.0
Hz), 3.10 (1H, dd, J= 144, 7.3 Hz), 3.96 (1H, d, /= 8.7 Hz), 4.43 (1H, dd, J= 8.3, 2.9
Hz), 5.22 (1H, dd, J=9.8, 5.7 Hz), 5.33-5.42 (2H, m), 5.69 (1H, dd, J = 15.8, 8.2 Hz),

20  6.57 (1H, s), 6.96 (1H, s); *C NMR (100 MHz, CDCl3) § —3.3,-3.2, 5.6 (3C), 7.1
(3C), 15.0, 17.2, 18.8, 19.4, 21.4, 21.7, 23.8, 24.3, 26.5 (3C), 33.2, 35.6, 41.3, 41.8,
48.2,54.0,74.4,77.4,79.3, 116.4, 120.5, 121.0, 129.3, 132.1, 137.8, 138.0, 152.7,
164.8, 170.7, 216.8; LRMS (ESI) calcd for CyHegNOsSSi; [M+H'] 718.4, found 718.3.

at 0 C for 115'
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/ 47 O OIBS 5 Conmpound 47: To a solution of conpound

.45 (20 ng, 0.031 nmol) in dry toluene (60 nlL) at

10

15

20

reflux was added in one portion a solution of
tri cycl ohexyl phosphi ne[ 1, 3- 12 February 2007
bi s(é, , 6-trimethyl phenyl)-4,5-di hydroi m dazol - 2-yl i de

ne ylldene]ruthenlunw(l\o di chloride (5.2 ny,

0. 0061 dry toulene (2 nL) and the m xture was
heat ed m nutes. The reaction m xture was
cool ed | in an ice bath and stripped 10 onto
silica é§?|ng silica gel chromatography
enpl oyi c/ pentane gradi ent as the el uent
to furnis nd 47 (15 ng, 78%yield) as an oil
[a] -28.6 OBt CHC13); IR (neat) 2955, 2933, 2878,
1745, 1731, 81695, 1471, 1462,1380, 1361, 1251, 1159,

b 3mpoRiy 28 CEpagyaTe & seluign ot 3G e P4 {bsfimo TR (g mb)
(9 acfd)gﬁl }Esﬁﬁdi%e 882 @m (gyc 288 td kG wad stiebd aBreor 3. The
1Topgtion yas %rcncjwd by émprzfase 3‘1"1‘1"/“ Qfsﬁfg@e éo 'r&() %@L‘%)ﬁzﬁef

2 c@rkeﬁt?h!ﬂn% dx%m%h&er%?gh(vléﬁh tife rasiddel-was ﬁﬂ.ﬁe& By ﬂlgh &lumn

1 (2H 57 (1H, dd,
ml}mmgtog@phy ©i03 heany/EtOAc 1:1) to give 28 (196. 6 mg, 0 402 mmol, 97%)

3,94

Jag i b e £ I CHOLITR B, Y55, 208381, §7,

=188 1505, 9456, 6378, Hzo1, 1529R040197, cost dH NMRY30OMER, BDCL) §

7.8 20 Hz); 13C NVR 5 125 ML44 CDC13) S_215.9, 204.8

1396 3H,mJ. 0 GHgd, S~ 7.9 35). 1. 22(3Hed, /=68 Hz), AL8(3Hz %), |72 (3H,

54 6, , . 2 . =

Zézl)_, g.’lt)g%l,é), 2‘11%1_ %f&&ﬁm&%@(%}@ad, OF = ?650 63 7 f-i@) § 49%131{5&1, J=

( B80)9.2 He) 3.55¢2:68 (@34@,@27@6{311296158 ﬂlH,fdduﬁa 16456 ﬂ HZ) 3.16

Led! 9

iR 7 2 HE AR, 4075 54,52 R (s, 1292, 3.7 o)

( msxm;gm, 34773 He), 5.32 (1M dE, .[© 844, 2.5 Hz), 5.63 (1H, dd, J= 15.7,6.4
Hz), 5.60 (1H, ddd, J= 157, 6.9, 5.1 Hz), 6.60 (1H, s), 6.98 (1H, s); *C NMR (100
MHz, CDCl3) & 15.1, 16.0, 17.7, 19.2, 19.5, 22.5, 23.6, 32.0, 35.0, 39.6, 40.3, 44.8,
53.3,71.8,75.6, 78.3, 116.1, 1196, 120.5, 129.9, 1313, 137.5, 138.2, 152.2, 165.0,
170.7, 218.8; LRMS (ESI) caled for Ca7HeoNOsS [M+H'] 490.3, found 490.2.

S
—&
N
L o 0
OH
/J 1
o)
OH

dEpoB (1, Epo 1): To a solution of 28 (1.2 mg, 2.5 pmol) and TrisNHNH; (29.3 mg,

98 pmol) in CICH,CH,Cl (0.7 mL) at 50 °C was added Et3N (13.7 pL, 98 umol). The

reaction was monitored by HPTLC (hexane/EtOAc/CH,Cl, = 1/1/2). After stirring for 7
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m.) was added KHVDS (109 pL of a 0.5 Msolution in

toluene, 54.7 nmol) at 0 C. The mixture was stirred at

O Cfor 0.5 h and then cooled to -78 C. To the >§:t

was 5 added dropwi se a sol ution of ketone 47 (5.'7 ﬁE’“aWZOOT
9. 12h,the iriture Tk cédledBtont, Milurd thith BROAE asd Filtkied tiFbughWWd of silica

was al,l dto vvarm C.over 1.5_h. -The reaction

vas EelEHE whS TR Ml EORG. ARfuoneniRing, e oudue vasirarified by
W t hpflebdofigy B0l )
wer eplg?l ed e%%ﬁl?ﬁ%)&wg%? czgir%ceir{? }rég%d;%%fig %%)élfg?md’gm’) as
was @White salidd by flash col unm chr omat ogr aphy (Si 2

X0 B8 1485 Bl el e b g P 201 ©

purified by preparative TLC (hexane/Et20 = 4:1) to
give pure 39a (5.0 ng, 6.96 pnol, 7699 as a colorless
oil; [a]D25 -41.5 (c 0.715, CHC13); IR (film v 2955,

2884, 1937, 1690, 1467, 1378, 1249, 1179, 1102, 1014,
979, —8%9,l] 826, 773 cn7' ;' H NMR (400 MHz, CDC13) S

0.08 (3M ), 0.12 (3H, s), 0.57 (6H, g, J= 7.8 Hz),
0.89 (91-1Xt,0J48.0 Hz), 0.93 (9H, 15 s), 1.04 (3H,
s), JOTESL Hz), 1.12 (3H, s), 1.17 (3H,

d, J= 88 . (3H, s), 2.15 (3H, d, J= 0.8 Hz),
2.14- 2. ), /2. 45 (IH dd, J=14.0, 4.8 Hz),

2.50 (1H, .9,3.2 Hz), 2.64-2.74 (2H, m), 2.72
(3H, s), int, J= 7.0 Hz), 3.10 (IH dd,
J 14 4, 7 3 3,96 (1H d, J= 8.7 Hz), 4.43 (1H

:{'J 2?% %ﬁ’d 11 L dd, J= 9.8, 5.
gyt Rjngiglco 4dwre Sieotoed Vathmibamzend(s mL x 2)
6 5 Gk

50524 A ider gl o 1"5" o 18 ol ol L atgid 34630 mg, 2.63
197 M@lmﬂ%ﬂg(ﬂz@m@ @d(FzD@)‘I (57Bmg, 3.09 nanolydnd DMAP (366

1202 797 mhnsi3 e 6 Tyl mid vpl dadhs 3bion ot uci 25 (11 g, 5 1.88

1 70 npmolpi mEﬁEzClL(ZQNEL&BSML rinae) debrfvdse 63%9 HE ANOBIIOIC After stirring at 0
7183 64 1 2007 N O SCOH

a5 S b et el atron T3 A Eonshucpinge rsidue was

( 29$u18ﬁﬂi}?y ﬂashbﬁlumm-lh)omﬂnogﬂﬁ g@@ Hexhne/BESAGS 964 10 20:1) to give

he m xture was

IgtF CH é‘gﬁ‘gg’ 1%'1 : ”1' ff% é-b“%%ﬁ&qr) #ve splerlegsigibiched by
dr opugp¥e28ddi & isepcﬁblgi'!’ﬁ%)(@ébﬂ‘;igﬁ 28751788 166, 1461, 1378,

1290, 1243, 1173, 1091, 985, 873, 773 em™; 'H NMR (400 MHz, CDCL)  0.06 (3H,
s), 0.06 (3H, 5), 0.58-0.66 (6H, m), 0.92 (SH, 5), 0.95 (9L 1, J= 8.0 Hz), 1.02 3H, d, J
=6.5Hz), 1.03 (3H, d, /= 6.5 Hz), 1.07 (3H, 5), 1.21 (3H, 5), 1.67 (31, 5), 2.07 (3H,

20 5),2.052.12 (1H, m), 230 (1H, dd, J = 16.9, 7.5 Hz), 2.39 (1K, dt, J= 14.8, 6.7 Hz),
249 (1H, 4d, J=17.0, 3.0 Hz), 2.50 (1H, dt, /= 14.8, 6.7 Hz), 2.70 (3H, 5), 2.74-2.30
(2H, m), 3.07 (1H, dd, J= 7.0 Hz), 3.83 (1H, dd, /= 7.1, 2.0 Hz), 435 (1K, dd, J= 7.4,
2.8 Hz), 4.98-5.07 (4H, m), 5.16 (1H, brt, J=7.0 Hz), 5.23 (1H, 1, J= 6.9 Hz), 5.74
(1H, ddt, J=16.7, 10.2, 6.5 Hz), 5.91 (1H, ddd, J= 17.8, 10.5, 7.8 Hz), 6.50 (1H, s),

25 695 (1H, 5); *C NMR (100 MHz, CDCL) §-3.7,-3.3, 5.3 (3C), 7.2 (3C), 14.8, 15.2,
18.7, 18.9,19.4,203,23.6,23.7, 26.4 (3C), 31.7, 36.7, 40.1, 43.8, 46.4, 53.3, 74.2,

D]

=
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5 concentrating and drying under high vacuum the
residue was purified by flash colum chronat ography
(Si 2, hexane/Et OAc =1:1) to give 28 (196.6 ny, uary2007

a3y Bas e eg 30ls, b B8 asedo 4 ‘iiégslﬁ 9,1647,
1500132551065 (8Dl AR, AL 100 Rl 08.5

MHz, CDC13) 6 1.06 (3H s), 1 = 7.0 Hz),
1.22 (3H d, J=6.8 Hz), 1.28 (3H s), 1.72 (311 10

s), 2°% (3H, s), 2.31-2.40 (2H, nm), 2.43 (1H dd,
J=16.% 2 .49 (1H, dd, J= 16.0, 9.2 Hz),
2.55-2. ), PIES] (3K, s), 2.98 (1H, dd, J=14. 4,
6.4 Hz), B quint, J= 6.2 Hz), 3.76 (1H, dd,
J= 5.9, 3. /R0 (1H; dd, J= 9.2, 3.7 Hz),
5.18(1H, brt, %), 5. 32( 1H, dd, J=8. 4, 2. 5Hz), 5. 63( | H, d
d, J=15. 7, 6. 4 ~HYoT18s 60 (1H, ddd, J=15.7,6.9, 5.1
Hz), 6.60 (114 .5), 6.98 (IH s): "C NVR (100 15 M,
CDC13) S 15.1, 16.0,17.7,19.2,19.5, 22.5, 23.6, 32.0,

5 35Compsends39ad . Dlutibh.oF 27 (563 thg, 3611 Bmolf &n ﬁlueﬁ&(’[@ mL) was heated
11%. 1ﬂ 1%.3. 0, 150.,3{@ ]6i9, 9, égil. 3, 137. 5 138. 2, 152. 2,
rgttux ateq 4 g of Eaybps’ &&Tab&’t rms;zﬁrﬁhmgt toluene

T('\)/@z;ﬁiéol ution of @uﬁ@@f&zsﬁ%ug& ?m

( 20f siliqegel, whizhgyms gserhwith h¢mﬂﬁt@=ﬁ@l=l2@1’(‘hb contidediiraes were

ET:DHI tor e%ﬁ%?%%%hé%gr%@ dﬁ’@‘ﬁﬁ?ﬁ’?‘y L%Piﬂ%he%tﬁs 40:1

10 st tor§: g give B9 (9.Bmg] P3.5 ahbl as%) waolmﬂhss bilre m xt ur e
to rt, diluted w OAc and fil

|
Piabe At il Cﬁqla)eaufg@ovzm SRE4, DT, 1680 G461, 4578, 1249,

Et go,@ 11ht tih
by prep arg{lf‘ve TE@ fz Aner Et %&W?@/%ﬁ (2'88 (BH, 5),
gi Q. é?. 03}(, 8, 0. SNGI]:I,Z;, Z=DB Hz§) 1989 (alﬁ, t, A=80 He), 6.98 (9H, sR 1T(13&(3H,
S C t | nti (e] t O eport
POt EA R Bl B E T 5 o A ARG, 8121
15 al Gbha)J 26.8 18,2 mzamm,qﬂ) Bi45 1l rad, ,lveruerws (rﬁ) n?-smﬁ) ad,J
and ?pa_?d u)nggé h vacuum before reaction.
soT Br): 2164308 (25U m)sB 62 GEL )p3 63 (1H, quint, /= 70Hz),3 10 (1H,
dd,/=14.4,73 Hz), 3.96 (1H, d, /= 8.7 Hz), 443 (1H, dd, J=8.3, 2.9 Hz), 5.22 (1H,
dd, J=9.8, 5.7 Hz), 5.33-5.42 (2H, m), 5.69 (1H, dd, J=15.8, 8.2 Hz), 6.57 (1H, s),
6.96 (1H, s); >C NMR (100 MHz, CDCL) 5-3.3,~3.2, 5.6 (3C), 7.1 (3C), 15.0, 17.2,
20 18.8,194,21.4,21.7,23.8,24.3,26.5 (3C), 33.2, 35.6, 41.3, 41.8, 48.2, 54.0, 74.4,
774,79.3,116.4, 120.5, 121.0, 129.3, 132.1, 137.8, 138.0, 152.7, 164.8, 170.7, 216.8;
LRMS (ESI) caled for C3sHgsNOsSSi, [M+H'] 718.4, found 718.3,
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10 mmol ) in CH2C12 (13 L) were added EDCl (576 ng,
3.09 nmol ) and DVAP (366 ng, 3.09 mml) at 0 C. To the
m xture was added a solution of acid 25 (1.11 as 2007
1.88 nmml) in CH2Cl2 (5 mL + 2 nl rinse) dropwpse ruary
over 1g. mn at 0 C. After stirring at 0 Cfor 1.5 h,

concennra

ing, the residue was purified by flash
col um chd

ph ogpaphy (Si @2, hexane/ EtOAc = 30:1 to

20:1) to~gi (1564 (1.20 g, 1.61 nmmol., 86% from
t-butyl eg s, a_col orl ess oil; [a]D7'-25.1 (c
1. 30, p il m v 2955, 2925 2872, 1732,
1696, 1461, —\ 1290, 1243, 1173, 1091, 985, 873,
773 cm; ' H! 200 MHz, CDC13) 6 0.06 (311, s),
0.06 (3H, s), 8-0.66 (6H, m, 092(9H s), 0.95

(9H t, J= 8 028%), 1.02 (3H d. J = 6.5 Hz). 1.03
otﬂyon]t&d %"ﬁ(’?@"“ﬁ‘éﬁ Qf3da ok s %lg 041 il o THE (635 S7) was

s) addebHE: pytidinei(33 m2.) 20F 1CJ,add thbzdiatude Wastizged At & $erBh. dthe

1= 14.8. 6.7 _2.49. (1H, .dd, -
. Sgpchibpwas ucehitivigh Eippyishaatigt s5TNSOMz. 00 md) il 5C aee he

5( 2|1h1xﬁire was &Zwﬁ'aﬂ't 6B h. Jftef cOndattating - aﬁ@d‘yﬁé&mﬂgﬂ higirvacvum, the
7. é.lq)Hz) 4.35 (LH, dd, J= 7.4, Hz

4, 9831 pyrifiedpy flashoglyme chromatography (SO hgxangEiAC = 1:1) to
1 16.7,10.2,6.5
S o ot e 1,10

5[5]:(2 +96 6 {c: 01286 IS‘NRI:;O,]IG(Iﬁlm&y m:mgsm 2731733, 3685, 150631456,

%75%%1,,( gy 191? 39%7 c %Nnﬁ (%10 CDég) g 1 o%ésli 5, L1

1053 (BH, J4=27.0 }ﬁﬁi 1@ (Eﬁba,w 8. sii&zjl 237@155) 192 ?H Y20 0H, ),
115.6, 116. 121, 1,
148- @'2 i@@ﬂa m)ﬁ&?’ (ZIH 4117-1-56 P137 HZ),LZFWEIHE@,)/TH! ¢§.2 Hz),

LoB SR ) oA 0P 5 3 o gl -

36 Hz)3-Ao(1H, dé, S-05.8ch2 Hz), @300 Hydd; Jeh?,&d7 He) 518 (1 Hpbrt, J = 7.3

o0y €58 B B UL 84005 M) SRR H0n5 £ A0S B aaa, v =

15st i16170d.9§ 5.1 2R maorrmg@pb 9sl(m> P ¢ AMi (1Iob11\m2,d:1§d315wg$11 16.0,

was rinsed wi

f sil
o l3 e St 253 56300 35 Aile 405 44800 Ther 1.6, 783, 116.1,

t
congegt Iﬁﬁ@z@@dlsw h§7.£938% L&%%s?g,oﬁp 21-8: LRMS (BSD calod

chr onmat ography (Si hexanel

to @Ws%ﬁ%}w%ﬁ%f@mﬂmn 38% as a colorless
oil; [a]D25 -41.5 (c 0.715, CHC13); IR (film v 2955,
2884, 1737, 1690, 1467,1378, 1249,

—~ ]

LOTES

20 26
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1179, 1102, 1014, 979, 879, 826, 773 cm1; 'H NMVR (400
MHz, CDC13) 8 0.08 (3H, s), 0.12 (3H, s), 0.57 (6H,

q,J—78Hz)089(9Ht,J-80Hz)093(9
s),1.04 (31L @) 1.06 (3H d, J= 7 1 H). 1. 12}%5‘??““""”2007
s)Commmd(i?@HAc 25 pad alcsnhqhz)\ were ggoteaperl with drypbepgenes(S ml x 2)

24 dfed gl Vit eadgfp 56% sﬁfh%v%f%ﬂaﬁégl 80 me,

2.067562nmdl) (PEH,C) (5 @l @ere AtledBDCIY1927 tgH, .0 hoinr) ang-DMAP
;P58 o o by 2 o ket Gl s
E Jlxﬁg Odfg?ﬂ mrdil)sﬂms(&{g@,gz@ I_r|1tzr1)z *.1 1bL figsed debpwise lover )5, min 460 °C. After

130 1ot oty waS stiyrod o Tor 2 i eqncbilirating) the

10

15

20

25

ré&&@wasé:ﬁnﬁedlﬂy ﬁ’ash%@lgé&ﬁoﬁmnia%ﬁ?hg sit, h%ika:%/Et@)%c& 20: 1 to

7 71541) tqgtng ggggg 1mg, 0435 mmdlp§8% based o acld) asa coloriess 011

(805" 2 o crshaR ERy S s, 1iehe, 1 rs, 117

711&53 1164, 1128 Embrsua,r 8722087 775 inS; HH mpmz(aoo mwwcla)am 06

solutlon of

(868, 556 5085 @D e (SHLisv O @ 1 w9 o), bOB G/ = 69

t §
BT 8 eR €01 0 e o g e ot o
atS),@ K @Hddd,hf(? Eﬁ 9m7>3tlﬂ|z)e2 ShEUE ddrfe16.8:3.0 Hzx 31492.65 (2H, m),

f b
P REDSESk0b 8 B0 TSR A O 129,21
( 4. BﬁeihdéJE TRGS. e:Hz),)4 98eh. 1 e m),S . J0LQB, 6 Jg6.7 BizAGT6

., 979 ite solid: 5 :96.6 . B
Olittagdt {Ra€7, B 85 mosbe Br Bl T 9k s ngyf 1o um, 1, -
150@3&)145@(1}1,15 7 (1D L : AR IR THHAFNORSING

Mﬂﬁ 06 (3H, s),1.11 10 (3H, d, J= 7.
,+1*ia %22(43iqmd§225~ 6.8 Hz), 1.28 (3H, s). 1.72 (3H
s), 2.10 (3H, s), 2.31-2.40(211, m), 2.43
(111, dd, J=16. 0, 3. 7Hz) , 2. 49( 1H, dd, J=16. 0, 9. 2Hz)
2. 55,268 (2H m, 2.71 (3H s), 2.98 (111, dd,
; , 316(1H quint, J= 6.2

A3 tr). 5.32 (1H, dd. J= 8.4, 2.5 ),

$ 6.4 Hz), 5.60 (111, ddd, J= 15

2y, 6.60 (1L H s), 6.98 (1H, s): 13C
3) S 15.1, 16.0, 17.7, 19.2,19.5,

Compound 40a (via RCM of 26): A solution of 26 (57.6 mg, 72.0 pumol) in toluene
(142 mL) was heated to reflux and treated with a solution of Grubbs’ catalyst (6.1 mg,
7.20 pmol) in toluene (2 mL). The mixtute was stirred for 28 min, cooled to 0 °C and
filtered through a pad of silica gel, which was rinsed with hexane/EtOAc = 2/1 (300
mL). The combined filtrates were concentrated and purified by flash column
chromatography (Si0,, hexane/Et;0 = 40:1 to 15:2) to give 40a (12.0 mg, 15.5 pmol,

22%) as a colorless oil;
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119.6,120.5, 129.9, 131. 3, 137.5,138. 2, 152. 2, 165. 0, 170. 7,
218.8: LRMS (ESI) calcd for C27HAONCBS [ MeH ] 490. 3,
found 490.2. ,OT ES F3C OTBS 20 26 68 12 Febr lé’dp’%

2007 Conpound 26: Acid 25 and al cohol 21 were 12 February 2007

azem(ﬁmedzass I28ga M 702 N800)8 41D 1920,117, 11@4‘%@% 19@'3 873,832,773
under h vacuum before reaction. To a solution

al C%}ﬁoil @O0 Mz, CDCH 6 GHR3H, S)nO-@BIZEﬂLZB),(Oa‘SSr(E)-I wefr=e7 7 Hz),

T ofs sty 41 39 HarBhs dpd, TP R W AR S Lafn on,

of Hc1.20 zﬁ-l,(d3.14= 7 Bz)07-0.16 2B ap R)19i (BHszm(lw dajJ=143,3.5

L1 bk p R B p S U e s Tafasa A s a g on,

f Orr_n?, 296-Rb9 I, 0 qlgnwmmm NB= 3 51er), 4. %tﬂp%dvzﬁs'z 3,3.4 Hz), 5.28-

col utm chronmat o

d b
Eg;}a ﬁﬁa}é@i@é@iﬂdp&%&iﬁ@,&’gﬂ glgé,{%w_ﬁhﬁz)ﬁzlszs

[ a]“%mlﬂj‘é%?so & osg @g @l%ﬁb?%ﬂ?s @Z ?“]fc"?#&rd %?gﬁdﬁs,% [M+H']

174624 6mmd 77242, 1378, 1317, 10 1253, 1174, 1118,

10988, 915, 872, 837, 775 cm ;1H NMR (400 MHz, CDC13) S

0.06. (6H, s) 0.57-0.65 (611, m), 0.92 (9H, s), 0.94

(9H, = 7.9 Hz), 1.02 (3H, d, J= 6.9 Hz),1.03
(31T, \d,l J= 6.8 Hz), 1.07 (3H, s), 1.22 (3H, s),
2.07-2NT0%(1H, m), 2.09 (311, s), 2.31 (1H, dd, J=
16.9, 7.3 %81 (1H, dd, J=16.8, 3.0 Hz), 249-2.65
(2H, n) (S,HPHS) 2.96-2.99 (2H, n), 3.06 (111,
qui nt .83 (1H dd, J= 7.3, 2.1 15 Hz),
4. 35 (3?H ' 0 Hz), 4.98-5.12 (4H, m), 5.30

(1H, t, J= ¢ , 5, 76 (1H, ddt, J=16.7,10.2, 6.2
Hz), 5.92 (Th"%gd, J=17.8, 9.9, 7.8 Hz), 6.19 (1H, t,
J= 7.0 Hz), b.51(1H, s), 6.97 (1H, s); LRVS (ESL)
cal cd for C41HGSF3NOSSSi 2Na [ MtNa+] 822.4, found

82

so upoud 3 T oaiusl S0 8785 231 s S BBIE s adaes

pmﬂQWl}fHﬂ‘m{ndawe(u 5 mL) at 0 °C, and the mixture was stirred at rt for 4 h. The
reaction was quenched with dropwise addition of TMSOMe (80 mL) over 10 min at 0

15 °C. The mixture was vigorously stirred at rt for 2.5 h. After concentrating and drying

under high vacuum for 2 b, the residue was purified by flash column chromatography
(8i02~50 g, hexane/EtOAc = 1:1) to give 29 (1.20 g, 2.21 mmol, 96%) as a colorless
powder;

[a]o®® ~54.6 (c 0.28, CHCly); IR (film) v 3478, 2974, 2929, 1736, 1689, 1449, 1381,

20 1318, 1247, 1169, 1113, 1039, 983, 867, 736 cm™; "H NMR (400 MHz, CDCL3) § 1.05

25

(34, 8), 1.12 (3H, d, /= 7.0 Hz), 1.23 (3H, d, /= 6.8 Hz), 1.37 (3H, s), 2.04 (1H, brd, J
=3.8 Hz, -OH), 2.12 (3H, 5), 2.25-2.33 (1H, m), 2.38 (1H, dd, J= 15.3, 3.0 Hz), 2.48
(1H, dd, /=154, 9.8 Hz), 2.54-2.61 (LH, m), 2.66-2.76 (14, m), 2.71 (3H, 5), 2.96
(1H, dd, J=16.5, 4.5 Hz), 3.02 (1H, dd, J=16.3, 6.5 Hz), 3.11 (1H, quint, J= 6.7 Hz),
3.19 (1H, brs, =OH), 3.74 (1H, brs), 4.35 (1H, brd, J= 9.5 Hz), 5.42 (11, dd, /= 6.2,
4.1 Hz), 5.60 (1H, ddd, J=15.8, 5.6, 4.5 Hz), 5.66 (1H, dd, J = 15.8, 5.8 Hz), 6.24 (1H,
t,J="7.2 Hz), 6.64 (1H, 5), 7.00 (1H, s); *C NMR (100 MHz, CDCL) & 15.1, 16.1,
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15

20

(142 m.) was heated to reflux and treated with a
solution of Grubbs' catalyst (6.1 ng, 7.20 no|) in
t ol uene (2 m.). The mixture was stirred for 28 1:5]%3ruary2007

cooled to 0 Cand filtered through a pad
G, i RS, T 0l 39 639K ABAET D B 25 3/ 104 366> 192,

h _
2,43.);‘ 3f[I 9(%/ f :2'??41 ﬁzgl 1979! £/ MY EJ(@:%G%ID ;ﬁj 91@0%f[6 25 (CF)=

um’ chrohat ogr ap
Hagdalide], BB2200136.40L52.0, 6514 12921218@381\4@ )L@l@ifq’g 15.5

r%?Wﬁf:*%ég@@g& RIS 500 1470 1890 1173

1114, 1038, 1008, 873, 832, 773 cm' ;'H NWR (400 Mz,
CDC13) S 0.09 (3H, s), 0.12 (3H, s), 0.55 (6H, q, J=
7.7/M), 0.88 (911, t, J= 8.0 Hz), 0.96 (9H, s),

1. 0.3 , 1.06 (3H, d, J= 7.1 Hz),1.12 (3H s),
1.20 (3§, = 7.1 Hz), 2.07-2.17 (111, m, 2.19
(311, &2 1, dd, J=14.3, 3.5 5 Hz), 2.39-2.49
(1H m , dd, J=14.3, 7.3 Hz), 2.73 (311, s),
2. e m, 2.96-3.09 (211, m), 3.98 (111,
dd, J= { #54 (111, dd, J= 7.3, 3.4 Hz), 5.28-
5.38 (111 . B.63 (111, dd, J= 9.6, 2.3 Hz), 5.77
(I'H, dd, J Od 8.5 Hz), 6.21-6.28 (111, n), 6.60
(111, s), 6.99 (IH s); LRVMS (ESI) calcd for

C39H65F3NCBSSi 2 [M+HY]  772.4, found 772.4. 10 ,CH
FGﬁnﬂrhndZB Toangabutiod 0229 (122 mg, 224 prholh ant TAQETTE, 25 ’gmg,

@

| ?@?em“%ﬁ qlctptebickfi i PG vt alea BVl (306 fandf mhe

tfon Rvas T¥Ritore tmmmécaﬂuﬁmm&mcﬁb ldm \Mf&?stxmng for
addltlnon of T(IJ\/SO\/g (80 nmL) over 10 mn at P T. The

"3 &m:ahwa'&nsu&@ama@rlwgs 8.6 penplandBGN 0R. ol 8.6 pelpere

C‘HQC$ g{c}ﬁ %’éﬂ%ﬁsﬂﬁﬂﬂ%m@%‘”bwiés ﬂl 9 L \6&9 HH&%& Rarrt, %llli}!ed with

IO Sind dilteredyhrolghi £pad of Silicg gelhwklah slaE i wih BI04 After

Cesmeeab e g by pepeadye TLCGeRmR QA=

2 1636 268m %thi 4318, 1247,
1%/3) "’2%%2 ﬁlo%%ﬁg’g‘gs 8%1'?&6 cm t‘%ﬁl NVR (400 MHz,

CBONBIR @00 MBz, GIREY) &).03 (BHL 4, { 370 Ha), 1.08(3H,6),Hz19 (3H, 33/ =

(882 Y052 T3 88 1) 13738 f, $ 33:1.55) et 65 182 o, ) 2.10
(3H, d, J= 0.8 Hz), 2.21-2.47 (2H, m), 2.27 (14, dd, J=14.2, 2.6 Hz), 2.48 (1H, dd, J
= 14.3, 10.8 Hz), 2.70 (3H, 5), 2.70-2.28 (1H, m), 3.02 (1H, d, J=2.0 Hz, -OH), 3.19
(1H, qd, J=6.9, 2.2 Hz), 3.65 (1H, 4, J = 6.2 Hz, -OH), 3.69-3.72 (1H, m), 4.34 (1H,
ddd, J= 108, 6.2, 2.6 Hz), 5.28 (1€, dd, J= 10.2, 2.2 Hz), 6.12 (1H, dd, J = 10.2, 5.2
Hz), 6.61 (1H, 5), 6.98 (1H, ) ; LRMS (ES) caled for CyHzoFsNOsS [M+H'] 546.3,
found 546.2.
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10

15

20

= 3.8 Hz, -OH), 2.12 (3H, s), 2.25-2.33 (111, n), 2.38
(1H, dd, J=15.3, 3.0 Hz), 2.48 (111, dd, )= 15.4, 9.8
Hz), 2.54-2.61(111, m), 2.66-2.76 (111, m),

s), 2.96 (1H dd, J=16.5, 4.5 Hz), 3.02 (111 5gmy@v2°°7
16.18806. 5skz) . 3.11 (111, quint, J= 6.7 Hz), 25 3.19

(111, , 3.74 (111, brs), 4 35 (111, brd, J=
9.5 Hz), (111, dd, J= 6.2, Hz), 5.60 (IH
ddd, J= 15 8 8, #.5 Hz), 5.66 (1 1, dd, J=15.8, 5.8
Hz), 6.24 ( ,\kn§82 Hz), 6.64 (IH s), 7.00
(111, S); 13 MHz, CDC13) S 15.1,16.1, 70 12
February , .5, 19.3, 22.5, 28.8, 31.1,
39.6, 39.7, 7, 71.4, 75.3, 76.9, 116.7,

120. 2, 124. CF) = 273.4 Hz], 127.9, 130.2

[q, 3J (CF) =6 oﬂzé 130.6 [q, 2J (CF) _ 28.4
Hzj, 132.5, 136.754152.0, 165.4, 170.2, 218.4; LRVS

( E@bhpsau!.d:m fQ5d 2%2&&5@&&%&?%%6 upf %ﬂ%#e GmLx2)

544, npoun 0O a so
29al(d1dnzé un@erhmhzm Wb fprecmabtion. FoN-BdhBionasf albohia) 53 (650 g,

P79 loBELHCTR ) 2 e ok Ry 7 RS inspa ohane

HP(BE(L‘ nigh @xtam mﬂnlgmm WACLR: mﬁiﬁéﬂ?\% a%d@‘dta@ohﬁibh lof 4ddI25 (72.6
ny,

A ep Q23 it 1 CHEC (A 5E) opwis aylan . . KRedstiring at 0
msafmreh,tﬁéhmufdwmwmfﬂh AR o resid
cool Lo rt iluted with EtQOAc and fllter roug
E‘E@ e py Sagh colirpn chromatogtapliaESi0;, hexaneHOAC Etagzsb to give 54
Af t d b
@95 mE N AL 7% ﬁo%l@%w&oﬁg{s /o?l ed by

gqiatlve TLC {hexane/ Et 72) to give
&23y(c 2361 @Hﬁiﬂim Gilal va8§55 2081,2886,d178 51,1698, 1506, 1472,

( 2”38‘5 oM, RISt sl 75, A7 g VbR o,
1. mcmm;aos 6H, s;l, 04%(3}1?5) 6. 24;«511 13), 0. 513 (gﬁl&, A28, ()%i‘z'},y@z (9H, s),
( 1“}% (9é‘dt J f*‘?MHz) 0z97e{9H&a), 1.92 (3, @,m= ﬁcﬁdHZ)J 1 05(3H, &BJ=6.5 Hz),

108681y, Fa ek o 808l 4 508 265 ol

3,263 (UH1dd, J&& 16)%; 765 Hiz)R 33—2(33)(2H3mﬁ@ 50 (1R, 4d,:0= 19.9, 24 B4,

80 3.7 (B it 5y 19 i B GH, 90,579y 2: 3 Hel 35
N,(th3, dit=16 724, 3. CHZ)HEDT (FH, 6}, 4(91715,015045 M)9816 51*111 tS)= 7.2 Hz), 5.24

B 7260158, 5% (1, a2 6 V50 6.5 Y, 4 91 (18, 30d, 7= 17.6, 9.9,
7.7 Hz), 6.50 (1H, 5), 7.06 (1H, 5); °C NMR (100 MHz, CDCls) 5 5.2 (2C), -3.7, —
3.3,5.3(0C),7.2(30),14.7,15.2, 18 5, 18.7, 18.9, 20.3, 23.6, 23.7, 26.0 (3C), 26.4
(3C),31.7,36.7, 40.1, 43.8, 46.4, 53.3, 63.4, 74.2, 76.5, 79.6, 115.5, 115.6, 116.6,
120.5, 121.3, 135.8, 136.1, 137.4, 140.1, 153.0, 171.5, 172.2, 218.4; LRMS (ESI) calcd
for C47HgsNOSSi; [M+H'] 876.6, found 876.5.
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found 546.2. 71 12 February 2007 TB ,,OYES OIBS 54
Conpound 54: Acid 25 and alcohol 53 were azeotroped
with dry benzene (3 nL x 2) and dried under hi

e reaction. To a solution of al coholggg%br“aryzoo-"

EDCI (378 0. 197 mmol) and DMAP5(241mg 0. 197
mmol) at 0 C lto phepmi xture was added a sol ution of
acid 25 (72. s prgg3 mol ) in CH2C12 (0.7 m)
dropwi se over " 0 C. After stirring at 0 Cfor
1 h, the m rred at rt for 2.5 h. After
concentrating, ue was purified by flash

col utm chromat o i 2, hexane/EtOAc = 30:1) to
give 54 (99.5 ng§ 0.71IZ -nmol, 92% fromt-butyl ester)
asacolorless oi | ;5610 [a] D2s -23.4 (c 0.56, CHC13);

|2 ot 552831833508 133 kG0 ol 41 e e

742 tereflux aid ORI WigDa Mittion JERHE’ &tﬁyﬁgfﬁ'ﬂg; 93 ngl@toluene
(3H,.s 1%614(6H s), 063(6H 679
(91(2&f). ed rélmmmzqooledt@v °C ondl filtsred thragh a pad

s 3 :of ség 2l %Iﬁ%lﬂﬁs :;ﬂse?@gf):ﬁ%%afgﬂité]&c 8. 3216(#@ L), ]The fombined
fijggates \@rq;@ngemmte(dmad pmiified by f2ash ?olé.mﬂ, chﬂiihatnyaphﬁ (ﬁDz,
hé@en;éo okt for3:Eb e S50 Rl oL, 7 oL, 1256) G saperies o

3 Sﬁx]f)z.fH#O dgc 0.9, C?H@lg) ZR%ﬁHZ-))v 209;!»5%2%(1) 18;)19 Edo, tls 1]_4]42 1387,

t : 3362%'1@3%00 5102413%318 776, 132 cm '9 H&Imaoumm:nch)ao 08

8, g s gy gl R 88 B Ty
(10095/(%1 SLDOTIPHSs); BMGHZ,@) 105(?H d 20=‘813Lz) 5 1<) (éﬁG))%a 17 (3H,
06 8 S oy ey Oply Bog b oty 2 1B, S24801%4 62y 156, 3.6

53. Bz), 8 = .
Hz) 30(11Hm 28 1%2)65 f 71663 iﬂ@(ﬁ{ 1%)1596 3%‘"{1&1:;153 10 (1H,

120.5, 12
218‘3‘?-’11 77 ) 3. 04 d #cﬁiﬂ@%&ﬂc&sgdsffmaf&)ﬂm(zﬂ
15 ougyds @Zﬁfﬁdﬂ?ﬂ—%% 504 15299 G, BB, 5.70 (14, dd, J=15.6, 8.1 H),

6.57 (1H, s, 7.07 (1H, 5); LRMS (EST) caled for CosHgNO:SSi; [M+H'] 848.5, found
848.5.

g

57

20 Compound 57: To a solution of 55 (61.8 mg, 72.8 pmol) in THF (2‘ ml) was added
HF-pyridine (1 mL) at 0 °C, and the mixture was stirred at rt for 3.2 h. The reaction was
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N SATES OTBS 55 Conpound 55: A solution of 54 (69.7
my, 79.5 nmol) in toluene (158 L) was heated to
reflux and treated with a solution of G ubbs' c thalbb/dzlthOO?

(6.7 .. £.95 mol), in_toluene 2 nmL). The m xtUure

o rquBhehedih grapvise sQgtioBr IMSSMs Bt OSkeibe mivugivs

a padlined af rt fr Ik c¥htathe WREdrYH ' :
hexane/ Et Oﬂﬁ\?rz hg,?if(&gégg ) .ﬁhﬁ'he coi#g?ﬁ%ém Haﬁ‘gltl’etgeremduewas

wer PEifigd by flascolymmrirgruatpgraphy (5104 hexane/EtdAGm 1:3) to give 57 (32.4
h t [ . [Et20 = 20:1 to 15:1) t

;i 52{]@5@?‘5@‘9@%@%“}“@?@&37% as a col orloess oi)l ; °

[5a] Oadp? 41084 (¢ o.2@5,3ﬁacgﬂ¢a§g1m)lﬂm,i 29%32913%9, 73301449, 1377,

2879, 1740, 1694, 1472 13 1362, 1253,
1200128202 53,06¢4, 938 em™ 7 'Hs NMR, $409MHz, CDEIXS 195 (BHA),, 1.12 3H, d,J

o5 SRR A6l SO 1 7 i3 i 8251240

0. 9543Higu), 2618,(118, &7 J €91,5, 3)5,HZ), 149 (1B1dd,s)= 15,5065 HBJ2.98.-2.67 (21,

160k 3 ) 507508, 6 o 13 O i = 650k £ 34 i, -0,

101H,3. 151 H) ad, 5 ~66.6, 3.4602)H4 06 513&359% (ééi(-'i)f ﬁ%élﬁfddl,f‘f%.%_?]ﬂ Hz), 4.92

Hz) , .63-2.75 (2H, 2. , 3.10 ,
) @), 518 Gt 6.5 Mo 530 GHEL, dit 758 s 263 W)y 5.52 (4B, dd, /= 1538,

(s $Brt o - Bhsd Ao s o i g o o

J=13Bz, CDA)EDS5.3, 163577.8,114,2, 82.8, .01 0 35.1,599.7, WR45.0, 53 4,

Cao L8 7 rsie ORISR Baltifd, 1805 . 9488, ase 1700,
161  330.7£218%7; NBMSAESS daredl for CHHENDERa NONWRS28 30 8Rind 528.0.
HFpyridine (1 nL) at 0 C, and the m xture was stirred

at it for 3.2 h. The reaction was 73 12 February 2007
guenchedOw t h dropw se addition of TMSOMe (15 M.) at O

C. The stirred at rt for 2 h. After
concentrat| ngfanOTES yi ng under hi gh vacuum the

resi due Ni f£ied by flash colum chronat ography
(Si &2 c =1:3) to give 57 (32.4 ny, 64.1
nol, 8 ite solid;

46
Compound 46: Crude acid 25 (4.65 g, as 7.27 mmol) and alcohol 44 (2.18 g, 9.84
mmol) were azeotroped with dry benzene and dried under high vacuum before reaction.
20 Toa solution of alcohol 44 (2.18 g, 9.84 mmol) in CH;Cl, (65 mL) were added EDCI
(2.09 g, 10.9 mmol) and DMAP (1.33 g, 10.9 mmol) at 0 °C. To the mixture was added
a solution of crude acid 25 (4.65 g, as 7.27 mmol) in CH,Cl; (20 mL + 5 mL rinse)
dropwise over 20 min at 0 °C. After stirring at 0 °C for 40 min, the mixture was stirred
at 1t for 4 h. After concentrating, the residue was purified by flash column
25 chromatogtaphy (SiO2~160 g, hexane/EtOAc = 20:1) fo give 46 (4.85 g, 6.87 mmol,
94% from ¢-butyl ester) as a colorless oil;
'HNMR (400 MHz, CDCL) § 0,08 (3H, s), 0.08 (3H, ), 0.60 (6H, q, /= 7.8 Hz), 0.93
(9H, 5), 0.94 (9H, t, /= 8.0 Hz), 1.04 (3H, d,J="7.0 Hz), 1.04 (3H, d, /= 7.0 Hz), 1.11

(3H, 5), 1.23 (3H, 5), 2.05-2.14 (1H, m), 2.17 (3H, 5), 2.40 (1H, dd, J = 16.9, 7.0 Hz), -
74




.5 [a]n S -108.4 (c 0.285, CHCI3); IR (film v 3422,
2968, 2919, 2729, 1689, 1449, 1377, 1252, 1152, 1064,
978 cmi; 'H NMR (400 MHz, CDC13) S 1.05 (3H, s) 2007

12
(3H25b(1ﬁ dd:J@ﬁO"gBHz}?%ﬁabﬁﬁj ﬂzg@g%lgﬁi 4 (HL, quint, |
Jz= %@H@zw (H4, ddﬁfg %2. ossa 458 (1md49=(1m 4@@) 9. 14 (5H,

Zn)55 72(1’%%% ig ?géilﬁﬁ'ﬁ%ﬂﬁ d@i& 9'8“'1%3 81;}12),621

br s (1HadH)./ = m 135 1), mes m:sl) chtcdﬁoﬁC36H63E30&szNaWﬂH7 4,

rs 4.33 (1H, dd, J= 9.4, 3.0 Hz), 4.92 (2H
? T@"‘%}bi t, J= 6.9 Hz), 5.33 (1H, dd, J= 8.0, 2.5

Hz) 5.52 (I H dd, J=15.8, 6.4 Hz), 5.59 (1H, ddd,
J=15.8, 6.6, 5.0 Hz), 6.63 (1H, s), 7.13 (1H, S); 13C
NVR (100)f M4z, ,CDC13) 8 15.3,16.3, 17.8, 19.2, 22.8,

: . 01,.39.7, 40.2, 45.0, 53.4, 61.8, 71.7,
75.8, 781, 9 S19. 0,120.5, 130.0,131.2,137.6,
138.;:%2 2.5, 17 , 15 170.7, 218.7; LRMS (ESI) cal cd
for I MtNal 528. 2, found 528.0. O , OTES
F3C OIBS ound 46: Crude acid 25 (4.65 g, as
7.27 mol ) ¥hdO3B¥ohol 44 (2.18 g, 9.84 nmmol) were
azeotroped W 4h dry benzene and dried under hi gh

ia F9HRRARE 4 G ilontSt 45 (S8 0 72l Ty Bloche (L) s

EDChedt@! 109eft s treatethwith 2 soleltiAMNFGHbbS Satglyst(92.9 xﬁgmllm mmol)

re was ag sol uti on_of cr.ude
1@CI Hltgg“e?%(léﬁd ég‘lﬂ%wﬁlm '_FS%?F %mt%d%r lgmﬁ’ﬁfhately
r i naa)led tdroom/una ee;ﬂm °@ Befdtd filtatich frouph h phd &t sh!i‘!a' gw Abecond

C for he nmixture was stirred "at rt

h mtﬁléPf sind me: %23 ml)mumsméyiep@naufmsmyﬂmewly
fl BiRE e%édsg%
heizﬁzﬁg{lom rgji:z%‘%; to give 4 gﬂé&cgofggnc%}(wo ), which

949pvas oased withthpxane/EtQAY =341 €.4L). a'hé e@ablmd filirates WeF® concentrated

1 £0hnd e Sl g SOZ ki esilomdo$o w51
8. OtoHgiye 481(7024 (igH .1@Imrdot, 76%6) dsia)colotlebik 3H, d, J= 7.0
1) i Vi Tt b ot S ooy & Frf b, 095
Fe b%smi%y Oi)ﬁgsi‘l{ t25 59, s@iégl (_Lsﬂ(l aH}Z 7% Hzé ﬁo% 9 Jif3 (. ¢ /=
J 770He),, 131 48H a)gms (3H; SB 22534 (15, 38(2164 AHy da, = 35 4150 Hz),
20 - 42842754, 2.76 (11, dd, /= 15.6, 6.4 Hiz), 2.85 (1H, dd, J = 15.6, 5.7 Hz), 2.97
(1H, dq, /= 8.3,6.9 Hz), 3.04 (1H, dd, J= 15.6, 6.3 Hz), 3.92 (1H, dd, J=8.3, 1.2 Hz),
4.36 (1H, t, J =153 Hz), 5.30-5.39 (2H, m), 5.58 (1H, dd, J= 15.5, 8.0 Hz), 6.13 (1H,
brt, J=7.2 Hz); “C NMR (100 MHz, CDCls) § -3.6, -3.6, 5.4 (3C), 7.0 (3C), 17.5,
18.5, 19.0, 21.6, 23.5, 26.3 (3C), 26.5, 28.6, 29.1, 41.0, 42.3, 47.3, 54.1, 74.2, 76.3,
25 77.7,124.0 ['J (CF)=273.7 Hz), 126.0, 128.7 *7 (C,F)= 5.9 Hz], 132.2 [/ (C.F) =
28.1 Hz], 133.8, 170.5, 204.1, 216.1; LRMS (ESI) calcd for CsqHsoF306SizNa [M+Na']
699.4, found 699.4.
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m, 5.75 (1H, ddt, J=16.0, 9.9, 6.2 Hz), 5.92 (111,
ddd, J=17.8, 10.5, 7.8 Hz), 6.21 (1H, td, J=7.2, 1.5
Hz); LRVMS (ESI) calcd for C36H63F306Si 2Na [ M+Nal

727.4, 5 found 727.3. TOTES F3 0 OTBS 48 Conblifiuary 2007
48: A sol ution of 46 (510.0 ng, 0.723 nmol ®+n tol uene
(500 ) was_ heated to refl ux andtreate\'I h a
sol ution-of {5 ubbs‘ cat al yst (92.1 ng, 0.109 m

in tol uene Them was stlrredf N
under reflu Satel ‘c% ,0 C and_Kept [ axOTES
0 C bef pge 'througha |l

second {)at ' (51'0*'&‘!Tg—6—7‘2-3'~m'r:8§

processed ide and si nul t aneously.

of silica gel (1Q0 g), which was rinsed with
hexane/ EtOAc = 3M (1.4 Q The conbined filtrates wae

conc Eeiipaaed 4615%@%&? rehéefh J?kef&n@%g) ;col um
hexane/ Et =10:1 to 5:1)

‘ ;:(I’)lr gﬁt ggégf;'?a 1n78me (3 mE603) and thenalied nhdss high vacuum
gé l; forgoj\ﬂ\./g' ﬁ(a%&tlg@%% Eé@ (%78%#?% (58 %@ml} E)ﬂ '8}952@4@9 was added
J F-B'#OE (i?-lff)mL of ©BOMsyhtinn i THF, 2.48izimol) wgsardversg mm 4t 0 °C.

1 1204l ke a3 gl gk g3 -G s g e s

.(21I6_|8a®edﬂmamf1dc argplutidn dfkefcid, 484010 §=1.62 famdi) th THD (13 mBver 10

d 15 17 Hz
(1H, 'a'g“’ﬁﬂ‘gﬁ& %Wm@mﬂa tojwarg tg 3P oversbl. ke geaction
d, ) ~@adiqueficlitd ifh of:. Buchld METLCI (‘ifnﬁbéand'@trac@% %ﬁé%c (50 mL x

, (1H, dd, J= 15.
t 3)%“7‘30215'?1&3‘1 OIQ@% Inygrs persovashed W@D@l@ (28 mL), dried over Na;SOs

2 S““"?é’ﬁ%éfﬁ Tty phidte by gl ofronfiaanty i,
Ogl,

54. 1hex tod9:1y giye e desireld' 15(K).-isomer2D3 (F40Hg,,1.22 mmol,

8 PR o At 1 o

C34FE@F®(IGSS|(&IBH [ MtNal  699.4, found 699.4. 75 12
fzebruary 2007 4 N

—~]

F3C

(OTES

40a
[@l5* ~17.1 (¢ 0.14, CHCL); 'H NMR (400 MHz, CDCl) 5 0.09 (3H, 5), 0.12 (3H, s),
0.5 (6H, g, /="7.7 Hz), 0.88 (SH, t, /= 8.0 Hz), 0.96 (SH, 5}, 1.01 (3, 5), 1.06 (3H,
d,J=7.1Hz), 1.12 (3H, 5), 1.20 (3H, d, J= 7.1 H2), 2.07-2.17 (1H, m), 2.19 3H, s),
20 2.38(1H,dd,J=143,35 Hz), 2.39-2.49 (1H, m), 2.50 (1H, dd, J = 14.3, 7.3 Hz), 2.73
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20

,, PT ES OTES PBu3Cl F3C F 3C OIBS OIBS 48 40a

Conpound 40a (via Wttig reaction of ketone 48):

Ket one 48 was azeotroped with benzene (5 nL x i% 2007
then dried under high vacuum for 0.5 h. To a SoftHY%h

of(sMl 3. 7739} {ait, ?18)72@843.0@(519 539 A, A5 e'Priid AP, aa,

added 5 t-B on
2.J437.87004 Hz)) 528vH. 310l &), 5563Vl SO 66, o =
stirred at )j 0 C fo;m(o 5 ar?gl(I Hﬁg% Coff,ed?f%ﬁ);g'eféﬁd\ﬂ’af
t HE 958 2tEl).c6.2a6.28 ikt a), 6,60 (1H, S}, 699 0H )] 'S0 NMIR KEI0MHL,

48@1 10 1.62 rmpl)l in THE (13 nL) over 10 mn,
2 RPEWS THb B B 58 X7 HECNab 6z b, {94818 43264
ek %&ﬂ;ﬁar L% LB OB B e 61305 By (G =

SR B T 22 %&?QW}“@‘Q@“ ) a8
Wwas2.BUresfo, £70.0Y17h aHRMEVERIRLRAT tpﬁ%ﬁgslsrbe@ﬂ;m

hexane/ Et 20 = 20:1°to 10' 1) to g| ve
1GTENOT4s fownd 7204102940 ng, 1.22 mmol, 75% along with
the undesired 16(2)-isonmer 40b (140.9 ng, 0.182 mmol,
9 , as colorless oils; 15 ,0r ES F3C OIBS
.1 (c 0.14, CHC3); 'H NWVR (400 MHz,
.09 (3H, s), 0.12 (3H, s), 0.55 (6H, q, J=
(9H, t, J=8.0 Hz), 0.96 (9H, s), 1.01
(3H, 1.P6 O%®S d, J= 7.1 Fz), 1.12 (3H, s), 1.20
N Hz), 2.07-2.17 (IH m, 2.19 (3H, s),

2.38(117) dd 4.3,3.5Hz),2.39-2.49(1H,n), 2. 50(1 H, dd, J
43 76 12 February 2007 (3H s),
277291(2H m, 2.96-3.09 (2H, m, 3.98 (1H dd, J=
8.9 Hz), 454(|H dd, J=7.3, 3.4 Hz), 5.28-5.38
(1H, n), #¥93 (1H, dd, J= 9.6, 2.3 Hz), 5.77 (1H, dd,

Jfaln™ 62.7 (¢ 0.33, CHCL;); 'H NMR (400 MHz, CDCL) 5 0.09 (3H, s), 0.13 (3H, s),
0.49 (6H, g, /= 7.8 Hz), 0.85 (9H, t, J= 7.8 Hz), 0.97 (9H, 5), 0.99 (3H, 3), 1.06 (3H,
d,J=7.1Hz), 1.11 (3H, s), 1.20 (3H, d, J= 7.1 Hz), 2.00 (3H, 5), 2.03-2.13 (1H, m),
2.35 (1H, dd, J=14.3, 3.0 Hz), 2.46 (1H, dd, J= 14.3, 7.8 Hz), 2.41-2.50 (1H, m),2.73
(3H, 5), 2.71-2.90 (2H, m) 2.98-3.12 (2H, m), 3.99 (1H, d, J=9.2 .Hz), 4.56 (1H, dd,J
=7.7,2.8 Hz), 5.33 (1H, ddd, J = 15.6, 8.9, 4.1 Hz), 5.82 (1H, dd, J = 15.6, 8.4 Hz),
6.29 (1H, 5), 6.33-6.40 (1H, m), 6.94 (1H, m), 7.09 (1H, brd, /= 8.4 Hz); °C NMR
(100 MHz, CDCl3) §-3.2,-3.2, 5.5 (3C), 7.0 (3C), 17.2, 18.7, 19.3, 19.6, 20.0, 22.3,
24.9,26.4 (3C), 29.7, 32.9, 41.9, 42.0, 48.6, 54.0, 72.2, 73.3,77.0,116.7, 120.7, 124.5
[V(CF)=273.3 Hz], 127.9, 129.7 [/ (C,F) = 28.0 Hz), 131.9 '/ (CF) = 6.1 Hz],
132.9, 136.6, 152.1, 165 4, 170.2, 217.4; LRMS (ESI) caled for C30HgsFsNOsSSi;
[M+H'] 7724, found 772.4
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15.9, 8.5 Hz), 6.21-6.28 (1H, n), 6.60 (1H, s), 6.99

(IH s): 13C NWR (100 Mz, CDC13) S -3.4,-3.3, 5.5

(30), 7.0 (3C),14.6, 17.1, 18.7, 19.4, 19.9, 2 ‘

24.8, 26.4 5 (3C), 29.6, 32.8, 42.0, 42.1, 48.%?%%Q?TW2°°7

73.4, 76.9, 77.8, 117.0, 121.6, 1243Tp 273.5

Hz], 127.2,130.6 [2J(C F) = 28.2 He]
52

6.1 Hz], f133. 2, 136.5, .3, 165. 0 170 1,

HRVS ( E 3 for SSi 2 [ MEH*]

772. 4074, founld 79TES1102. 91 10740 (OTES
[a] DRS..6F. 7 (c 0\33, CHC13);1 9%;& \

0. 09 . (3H, °S), 0. 49 (oH (,

0.85 (9H Y. 8 Hz), 0.97 (9H, s), 0.99 (3 )

1.06 (3H, (2] 31 Hz), 1.11 (3H, s),°1.20 (3H,

J=7.1 Hz), B.00 (3H, s), 2.03-2.13 (1H m,

2.35(1H, dd, M814. 3, 3. OHz) , 2. 46( | H, dd, J=14. 3,
7.8Hz),2.41-2. 50(1 H, m), 2. 73 15 (3H, s), 271290(2H
m Somygound; 38 tmg reactim ((fkbtoneMS)} 9.2 Hz), 4 56

1H, ddd, J= 15.
“2“‘*1431&’55 318‘“53?9%‘ Mh b&B@ng E51 &,2)@nd thep ylried Bndpg high vacuum

Sl*mﬁkhg’faﬁ%g@ﬂ 5ot Witk g o2 27 Eifhin T (sl s astea

%45%“ S04 g i TR, 13 Wb%‘é’geg*'gﬁm #0°C.

72. The rifidfuBe waystlreld 60 7
[ e A C G0 i 5 g

[3wa(scaddgd dropwise pizdltiorl GkeBne (135 .1 Sl&ﬁml;l)ulQ‘SIFA(IOmL-!-ZmL
170. 2, 217, 4 LRVB (ESI) cal cd for C39H65F3NOBSSI 2
MJH&?) 091 Qymin, gud:the rosplting mixtere wastallowed k208 toFROTE@Eer 2 h.

o TS T W el i 8 04BN IS gl s practe with

10 EtOAc (50 mL x 3). The combined organic layers were washed with brine (20 mL),

| .
|

|

15

dried over NaySO, and concentrated. The residue was purified by flash column
chromatography (SiO;~ 65 g, hexane/Et;0 = 30:1 to 20:1) to give the desired 16(E)-
isomer 58 (1.01 g, 1.11 mmol, 74%) along with the undesired 16(Z)-isomer 58a (154.5
mg, 0.182 mmol, 11%) bdth as colorless oils;

B
N\

FaC

58

'HNMR (400 MHz, CDCl5) § 0.09 (3H, 5), 0.12 (3H, 5), 0.15 (6H, s), 0.55 (6H, q, J =
7.8 Hz), 0.87 (9H, 1, /= 8.0 Hz), 0.96 (H, ), 0.97 (9H, 5), 1.01 (3H, 5), 1.06 (3H, d, J
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Lli

Ket one 48 was azeotroped wth benzene (5 nL x 2) and
then dried under high vacuum for 0.5 h. To a solution

of Wttig salt (1.19 g, 2.27 nmol) in THE (18 S
added t- 5 BuoK (2.2 nL of a 1.0 M sol ution m@l—'ﬁgmaryzom

st|rre R G R RE T R P e B S R =10

EI-I%JQSS{‘]HEM\@& ﬂdd@%h 1# E@%&%@ﬁ,%z}ﬂz'49@11@%&59‘-013% 7.4 Hz),

nse

10 2178!‘2 B2, )2, 9’1@309 (ZHLQHITB&B I d\a's: 8 Hﬂ)\]@dﬂﬂi V@,f.!?fh 7.3,

to -20 Cover 2 h. The reaction was quenched wth

sat3:3 Heué 81N 6133 (118, ddd) J =1d.80%.6y42 He)j 5v63 t( HH, 1M, Fe=06, 2.4
nic |layers were washed

¥ %ﬁﬁ@@ggﬁuﬁmﬁ&g 0 XEt 4 6 4RI o), 5,08 IEL, 51 °C
SRty COCLISS L0y B B, 5y 20 TR 171 T4,
201‘31‘)’%?8? NI ST B AL B 6D a1 42 iy 634,
throasys ?Egg\mipé%‘ég T o TACH 270 8 0, BR300 50, % (C.F)

cocm)s Isz]olm [qsia(cs‘-)) 62 H2],(131.2, 136)4, 152, 6,517() 6;[1172 £P217.1;
55 (611 87 (9H, t, J= Hz)

100 Sa@sixqaicdofogrz@er N)gsss:fmmmm; foM4(53H

20

d, 78 12 February 2007 =7-1 Hz), 1.12(311, s),

1. 20 (311, .d, 1=.7.1 Hz), 2.07-2.16 (113, m), 2°18

, . ), 2.38 (111, dd, J=14.4, 3.3 Hz),
2.34-2. 411, n), 2.49 (1H, dd, J=14.4, 7.4 Hz),
2.78-2.00 (214, m, 2.97-3.09 (2H, m), 3.98 (111, d,

= 8. .i&%sul dd, J= 7.3,
3. 3Hz), 5.33(I H, ddd, J=15. 8, 8. 6, 4. 9Hz) , 5. 63
(1t 5 Hz), 5.78 (1H, dd, J= 15.8, 8.2
Hz) | (IH, m), 6.60 (1H, s), 7.09 (111, 8);

13C NWRI(1 , CDC13) 8 -5.3 (2C) -3.4,-3.3,5.5
(30), 7.0 Y3CPIBi4.6,17.1,18.4, 18.7, 19.8, 21.3,
24.8, 25.9V(3C), 26.4 (30), 29.6, 32.9, 42.0, 42.1,
48.2, 54.%8a63.4, 73.4,76.9,77.8, 117.2,121.7,124.3
[9,1J (CF) = 273.6 Hz), 127.2,130.7 [q, 2] (CF) =

27, Ist (400308 qRCL)H0.0THH,3),8.13 (3]s), 0.16 (61, 5), 043 (6H, g, J=
133.2.136.4,152.6,170.1, 172.4,217.1; 10 LRVs (E
c:a?éaiz)fﬂeﬁ4 (BH5t-+ ST7NBe)5 0i93 N2SHL N, 058 (3H45)5].06 ca}hoﬂ J 7.1 Hz),

15 9241730, 5), 1.20 GH, d, /= 7.2 Hz), 2.00 3H, ), 2.03-2.11 (1EL, m), 2.33 (1EL, dd, J=
14.1,2.8 Hz), 2.43 (1H, dd, J= 14.0, 7.8 Hz), 2.40-2.48 (1H, m), 2.76-2.89 (2H, m),
2.97-3.10 (2H, m), 3.99 (1H, d, /= 9.3 Hz), 4.57 (1K, dd, J= 7.8, 2.6 Hz), 4.95 (1H, 4,
J=14.6 Hz), 5.00 (1H, d, J = 14.6 Hz), 5.33 (1H, ddd, J = 15.6,9.1, 3.8 Hz), 5.82 (1H,
dd, /= 15.6, 8.3 Hz), 6.30 (1H, 5), 6.32-6.38 (I, m), 7.04 (11, 5), 7.11 (1H, dd, J=
11.0, 2.3 Hz); LRMS (ES) caled for CesHysFsNOsSNa [M+Na'] 924.5, found 924.5.
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~TBS NPTES F3C OTBS S 58a 'H NMR (400 MHz, CDC13) S
0.07 (311, s), 0.13 (3H, s), 0.16 (6H, s), 0.48 (611,
q, J= 7.8 Hz), '0.84 (911, t, J= 7.9 Hz), 0.97 (1811
s), 0.98 (3H, s), 1.06 (3H, d, J= 7.1 Hz), 15 QQ% bruary 2007

(3H, HY) , 0 (311, d, J= 7.2 Hz), 2.00 (3H, s),
2.03-2 4% 101, m, 2.33 (111, dd, J= 14.1, 2.8 Hz),

2.43 (111, J=14.0, 7.8 Hz), 2.40-2.48 (111, m,
2.76-2.89 (2 2.97-3.10 (211, n), 3.99 (IH d,
J= 9.3 Hz), HOHd, J= 7.8, 2.6 Hz), 4.95 (111,
d’ » .

J=14. 6Hz 3% <14. 6Hz) , 5. 33( 1H, ddd, J=15. 6, 9. 1,

3. 8%&) 5. 82(I J=15.6, 8.3 Hz), 6.30 (111, s),

6. 32-6.38 (111, 04 (1H, s), 7.11 (IH dd, J= 20 :
11. 0, 2.3 Hz); LRVS (ES! cal ed for C45H78F3NOG6SNa

[ MENal 924.5, found 924.5. 79 12 February 2007 HCK'

., 1DH F3C OH 29 Conpound 59: To a solution of 58

(1. Oé'oﬁ 0 nd’zg?_mml) in THE (22 nL) was added slowy

BF- pyri ‘11 nL) at 0 C, and the m xture was

stirgtsd : i ot 1t
with or 3?;‘5‘&“2‘2“253&.1-?‘.’% 225 U @2 o) Sl 8RG8 Sty e pyicine
at  O(1C.mITye 0 M Xdnd e MBGurY Wae kisresal o risthi 4.5 $OTR reaéan%as quenched
4.2 h. After concentrating and dryi ng under high

viac uwith fiwpwist atiitiomhed TMSOMec(7f@sl.)puwer 10 mih 409 °Cl Badmixture was
col um chr omat ograph Si&-25 g, hexane/EtQAc = 3:4

to 1viggrously gfired 2ty ferahBh7ARer, conceptatingyind doyied under hlgh vacuum for
col o S ovvder 57.7 (c 1.20, CHC13
NI\/R {5’38 é[b’{]f@éh %Oé'lllmg (mft bsﬁﬁloer*35 &—

( 1H ﬂ%lneﬁﬂtoé% i.ﬂlzf'to g@a t% géxﬁeo% ('3% 7mg, %Q)O(mnﬁ'bl 3%%) asa colorless

( 3H,wddr:23- 2. 32( 1H, ) , 2. 34( 111, dd, J=15. 7, 2. 4Hz) , 2. 49(
1H, dd, J= 15.7,10.1

10 [ado™-57.7 (c 1.20, CHCI;); "H NMR (400 MHz, CDCls) § 1.04 (3, 5), 112 (3H. 4,
J=69Hz), 1.25 (3H, d, /= 6.8 Hz), 1.36 BH, s), 1.90 (1H, d, /= 6.6 Hz, OH), 2.08
(3H, 5), 2.23-2.32 (1H, m), 2.34 (1H, dd, J= 15.7, 2.4 Hz), 2.49 (1H, dd, J=15.7, 10.1
Hz), 2.59-2.69 (2H, m), 2.95-3.01 (2H, m), 3.04 (1H, quintet, /= 6.8 Hz), 3.72 (1H, td,

J=17.0,3.0 Hz),3.78 (1H, d, J= 5.7 Hz, OH), 4.38 (1H, ddd, J = 10.1, 5.7, 2.4 Hz),

15 4.90(2H, d,J=6.1 Hz), 5.10 (1H, t, J= 6.1 Hz, OH), 5.44 (1H, t, /= 4.7 Hz), 5.60
(1H, dd, /=159, 4.4 Hz), 5.66 (1H, dd, J= 15.9, 5.0 Hz), 6.28 (1H, t, /= 6.7 Hz), 6.73
(1H, 5), 7.16 (1H, s); LRMS (ESI) caled for Cp;HzFsNOgSNa [M+H'] 560.2, found
560.1.
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10

15

20

Hz), 2.59-2.69 (21L m), 2.95-3.01 (2H, m), 3.04 (1H,
quintet, J= 6.8 Hz), 3.72 (111, td, J=7.0, 3.0 Hz),
3.78 (1H, d,J=5.7Hz, OM 4.38 (111, ddd,J= 10.1

5.7,2.4 Hz), 15 4.90 (2H, d, J= 6.1 Hz), 5.10 (% Fgbryary2007
J= 3 He, OH), 5.44 (1H, = 4.7 H), 5.

dd, 4.4 Hz), 5.66 } dd, J=15.9,

6.28 (I4, 4. 0= 6.7 He) , 7.16 (1

f ound 30 120MBBr yary O\ OH Ud
a Ww to ch{,C OH @ A9 SO
49 and 5( 3] Ut-TEAn~G91°C 28 (12. ¢ , %24. 9 pnol)

CH2C12 (1.%) was cool ed to -8 XHand treat ed
a cool egg sol ution of DVDO (-7844, “0.06 Min acefpn
914 )iL, 54.8 pnol). The m xture was allowed to warm

GDmB@l@SéﬁdnétSPMé@PuE?n of 285022 mg 248 1md) in GiHCle(2 38 anl)

ECHERAE06 e S By N5 DORA 13 . 005 M

adcetone, 914 alip®4.8 ok, Thermitive IWas dievedse wdinio ~F8°C and stirred at

lr_g,&q&e%ﬁ#g %y)whcatl on by preﬁgr %tlve hc}ogof

o 8 By Wik b it susans 5,
mlqut Vg remoad in mu@d?qm'wntiomby prepardivi tin yenlizomatography

MAS =6 @ Igﬁ‘se%fé%"ﬂw Odﬂlg,‘]f' 93 umol,|¥4)’/6) and a-epoxide 50

796hH, 0gH0%) 4.0
&(lz)&a{zl@lz??lﬁt J= ?gdg&&zﬂr&)ﬁﬁﬁ(w s),2.21

(1H, dd, J=14. 6, 8. OHz) , 2. 33 15
(1H, §d, J=14. 7, 4. 8Hz) , 2. 47( 1H, dd, J=13. 8, 3. 3Hz), 2. 59( | H,

49
Compound 49: 'H NMR (400 MHz, CDCl;) § 1.03 (3H, 8), 1.11(3H, d, J= 7.0 Hz),
1.14 (3H, d, J= 6.9 Hz), 1.34 (3H, 5), 1.36 (3H, 5), 2.00 (1H, ddd, J = 15.1, 7.3, 4.0
Hz), 2.14 (1H, dt, J=15.1, 5.2 Hz), 2.14 (3H, s), 2.21 (1H, dd, J = 14.6, 8.0 Hz), 2.33
(18, dd, J=14.7, 4.8 Hz), 2.47 (1H, dd, J=13.8, 3.3 Hz), 2.59 (1H, dd, /= 13.8, 9.4
Hz), 2.73 (3H, 5), 2.77 (1H, brs, OH), 2.93 (1H, dd, J = 7.3, 4.8 Hz), 3.34 (1H, qd, J =
6.9, 3.7 Hz), 3.75-3.82 (1H, m), 4.12-4.24 (2H, m, including OH), 5.54 (1H, ddd, J=
15.7,7.4, 5.0 Hz), 5.54-5.60 (1H, m), 5.64 (1H, dd, J= 15.7, 5.6 Hz), 6.94 (1H, s), 7.01
(1H, s); LRMS (ESI) caled for Co7HNOsS [M+H'] 506.3, found 506.3.
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Hz), 2.73 (3H, s), 2.77 (IH brs, OH, 2.93 (111, dd,
J='7.3, 4.8 Hz), 3.34 (IH qd, J= 6.9, 3.7 Hz),

3.75-3.82 (1H, n), 4.12-4.24 (2H in, including

5.54 (1H, ddd, J= 15.7, 7.4, 5.0 Hz), 5.54-5.60°(I9pay2007

n, 5.6 1H, dd, J= 15.7,5. 6 Hz), 6.94 (111, s), 7.01
(1H,
f ound )

l RMS (ESI) cal cd for C27H40NOGGS [ MtM 506. 3,
I 20 81 12 February 2007 a~ ,0OH OH 50

Conpound 50k MYR (400 Mz, CDC13) S 1.00 (3H, s),
1.04 (3H,_ d, 6. PWZ),  1.12 (3H, d, J= 7.0 Hz),
1.35 (3HQ 3H, s), 1.87 (1H, dt, J=15.0, 9.2
Hz), 2.08 |

(1'H, dd, =13 DHX) , 2. 13(3H, s), 2. 13-2. 19(1H, m), 2.36
(I'H, dd, oNgut 5 Hz), 2.39 (1H dd, J= 12.2,2.1
HZ), 2.42-2.510 (1 H, m) 2.49 (1H, dd, J=12.4,10.9

'Hz), 2. 69 (1H, & J= 2.7 Hz), 2.72 (3H, s), 3.06 (1H,

55, amling ik Gt bR o

4.1 }&3 (3H5 d52= T(0LMk) 39 ETE 55,135 (3H, 5), 1.87 (1H dt, J=15.0, 9.2 Hz), 2.03

) s R S s oo

G27 IYHNDISEH, [l Rel123281 F.Lz), 2121, 911(1(.!{ 2382.29 (19, Gkl B 03Bl 10.9

oo b s LA 52 O S i T iy 35 1 a

d
an Jie vggwg@\%agﬁgb&% ggan, ), 46#«4*1&((&91 51 fgﬁgtgqbacu P8), 5.52

at
Tt QHaddront vad hie 560 QAL tﬁﬁ%ﬁith(?uﬁ%ﬁ:ﬁ@k&l 4,7=84

=1/ 2h . & [ ) %91511@ t

to rt) i{)utlﬁtla%5 ds@@% c an D eflga . %ﬁr a @2%1@9]5282,
19f fsnmdw.@el whi ch was ri nsed with Et OAc. After
concentrating, the residue was purified by

preparative TLC (hexane/Et OAc= 1/2) to give 52 (1.2
I, 709 as a white s d.

OH TrisNHNH»
EtzN

CICH,CHAC!
50 °C (70%)

Compound 52: To a solution of 50 (1.7 mg, 3.4 umol) and TrisNHNH; (40.1 mg,
0.134 mmol) in CICH,CH;Cl (0.8 mL) at 50 °C was added EtsN (18.7 pL, 0.134

15  mmol). The reaction was monitored by HPTLC (hexane/EtQAc = 1/2). After stirring
for 4 h, the mixture was cooled to rt, diluted with EtOAc and filtered through a pad of
silica gel, which was rinsed with EtOAc. After concentrating, the residue was purified
by preparative TLC (hexane/EtOAc= 1/2) to give 52 (1.2 mg, 2.4 umol, 70%) as a
white solid.

20 'HNMR (400 MHz, CDCL) 5 0.95 (3H, d, J=17.1 Hz), 1.04 (3H, 5), 1.11 (3H, d, J =
7.0 Hz), 1.28 (3H, 5), 1.37 (3H, 5), 1.35-1.44 (1H, m), 1.45-1.59 (4H, m), 1.71-1.82
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20 1H NMR (400 MHz, CDCL3) 6 0.95 (311, d, J= 7.1 Hz),
1.04 (3H, s), 1.11(3H, d, J= 7.0 Hz), 1.28 (3H, s),
1.37 (3H, s), 1.35-1.44 (1H, n), 1.45-1.59 (41H ?ﬁbmawzow

1.71- 1, 2 12 Feb 2007 (211
iy Y 08, 8L 00 bty s S o
221 (ﬂﬁ"lﬂd s% 12, 52 z%zgléh@(ilz éa, J=12.5,11.0 Hz), 2.74 (3H, 5), 2.80 (1H,

12 5,2. 5Hz
Qﬁ),%o @(I@qus)) 20.3(%( 3 Hp), 3BALIHG) J=3.0)7.0(H2), 3.82(1H, brs,

D80 0138 g 3284 e 50 a8 88) s B, 0

5 5(89, ):IRMS (ESB célcd forlyH, NGSNalM-+29"] 530.9 Gourd 560 b1
s); LRVB (ESI) calcd for C27HA1NO6SNa [ M+Na'] 530. 3,

found 530.2. "DH TrisNHNH2 ,OH <O E13N O Cl CH2CH2Cl
199 OH4 OH 49 Si EpoB (gnpound 51: To a

SOC;'E( [
S i gn of 49 (0.7 ngy, 1.384

, 69 in ClCHCH2Cl (0.M-w) at 50 C was added
Et 3N (9,5 Lo 62 pmol ). The 10 realjti ., noni t or ed
by HPTLC( exaneOHt ORdsNHNES 2) . Yl I igyng for 6 h,
the ™ § _cooFelN to rt, Q= ‘ch Et OAc and
filtem®y thrQugh~a p " ST G@ whikCh was
rinsed vv|t|1 Ef Rc. ¢ 1*3,5 cent raty he resi due
was purifieg-mMpy preparative TLC ( hkxake/ &t QAc=1/2)

H
gave 51 (0.% ng, 0.985 p.nol, 71% ag a%lte solid.
he spectrgl data of 51 was i denti c X ;l% hose
reported of EpoB. 15 Exanple 2: Alte P¥e synthetic

sCmﬂpogndaSl £ T0 a SolRIORRE HY (07D mig)1 88 ﬂﬁﬁ!)%&%ieﬁ}mn (20,6 mg, 69
ﬁ%‘ E Bées The foll ow ng exanpl e ffer met hods
ptepatt

Ratdhihe0bub) ot eCm addekEGN (.60 ﬁﬁépmol) The
10 %ﬁ%ﬁ%ﬁ OM}@% eses A§3 1% Aﬁgrm QZ the
omixgurg avey dod &b tutrh idiloted Wit EAOAL and. fitdred\througha, pad of silica gel,
tatidfdwas Rbsdd J%SEtOAc. After concentrating, the residue was purified by
preparative TLC (hexane/EtOAc= 1/2) gave 51 (0.5 mg, 0.985 umol, 71%) as a white
solid. The spectral data of 51 was identical to those reported of EpoB.
15

Example 2: Alternative synthetic strategies for synthesizing intermediates of
epothilones

The following examples offer methods of preparing the various intermediates in
20  the synthesis of epothilone analogs. |
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H~~Yv OBn t-Bu0O Bnh 40 C, 87% 34 60, 1:1 m xt. of
di asteroners Dess-Martin TBS NaBH4, L-tartar’i c acid
periodinane t B OBn -10 C, THF, 24 h 95% 61 H_T

H
HTBS f-Bu Bn + t-B Bn + SM (32% 62, 36% 63, 1916/%&“%/2007

Eaptimiftién WMNEH Syrindses bpv1oRieidroEBotfilioesY H t - BuO

OBn t-BuO n 61 H2, 1200psi 66 .69% TESCI
RIO OR1 imdaz. O~~ Ph2 | . f-BuOi Plin 2) Et3N 85%
Exafipile 4: 66, R~ = TES 64 84 Exanple 3. Noyori
Reductions 12 February 2007 i-PrO OH 1. TrocC, pyr.,
92% Troc_PP Bn H YYI Bn p- TsOHH2O_ 76% 3_%867 g

Dess- NprQi n§TBS BuO'zn, 4 Bser i odgnaige
H Bn > {-BuD Bn
i ~40 °C, 87%

€

34 60, 1:1 mixt. of diasteromers
Dess-Martin ‘ .
periodinane B QTBS 0B NaBH4, L-tartaric acﬁ

95% H ~10°C, THF, 24 h
61
OH TBS OHOH OTBS
t-Bul - Bh + fB 3 Bn + SM(32%)
62, 36% : 83, 19% :

Example 2. Noyori Reductions

BS 64 (10 mol%) QH H
t-BuO OBn +-BuO n
MeOH/MCI
61

ihea
fin

[

Hp, 1200psi 65
69%
TESGI . 1
imidaz. RO 'h J Phz
> tBUO +~"~0Bn Ru(Clz)} EtsN
85% : "B .
66, R! = TES o4
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t-BuO pBn 7--s LDA 80%68, 1:1 mxt. of diasteroners
PhzZ i Troc Ru(Ch)lCBN Pz 2 (10 M)1% OHO OTroc
t-BUO Bn t- B Bn 69 = McOH/ HCl H2, 1200psi, 80% 70

daz. Troc 1. Zn, AcOH THF, 12tghguary 2007
itz 6"’3’ ariRedudlid BN 106 (779 bosm) < 1 = 2. TBSOTY
2,6 |l ubdne t$uO Bn 71 36 Exanple 4. Alternative

Synt hesi_b% 0 t Key Di ketone Et0 LDA, THE LDA, 40%i i
ZH + d t OY Bm Tré0¥pyr- gzvatl yR BTpcl 72 73
74 75+8 N Y 3PBIBSOH—TIBS— 2,56

T Et O Bn = ib- 2-pB[sOHBI207%€%76t-BCPi,,

85 12 Februar:gz 2007 Exanple 5. Approach 1. s1S|IyI

Group Mgration - Decarboxylatlon O 77 SIRS Si R3

Shar pl ess Dess-Martin :
roc penodmane

-

L.DA, 80% 2
68, 1:1 mixt. of diasteromers

. 2 (10 mol%) OHQ  QTre
> t8 B
MeOH/HCI

Hz, 1200psi, 80% 70
TESC, imidaz. “OW 1. Zn, ACOH/THF, 99%
e
51% (77% bosm) 2. TBSOTY, 2, G-Iuhdme
Example 4. Alternative Synthesis of the Key Diketone

X_ oA LDA, 40%
+C - &0 —>  EO
90%

Il"t
+

nno

lno

n

anti: syn, 3.8:1 E
72 73 75-anti
Hi_./\OBn
= 3
TBSOTE :
2, 6-Iut|dme TBS
----- " £BuO +"~OBn

%;.o
(10

61

85




SR3 H Asymmetric H + NaH TMSOTf Di hydroxylation -- -

------------ P. 78 RI R1 RI1 R1 79 80 81
Approach 2. Decarboxylation - Silyl Goup
I ncorporati on NaH, THE SOR 3 Sharpless O ' C, - Blf fiebggry 2007
Baale Asymetric H ---------- Di hydroxyl ation t-Bu
0C Appro&ch 1. SiY Group-Migration~ Decafbdxylgtiod FA, CH2Cl 2 | 2)
TESCl, pyr Cl21 1 a 79a, 50%yield SCa 8la 78a
Exanplze |B. jJEvans Auxi | iar yodgpr oach tasifshe goynt hesi s
of 2- yR&Rone at | mde, In 2 As i)l BAL H
CHzZCI 2 X OEt THMEH1420 (I3: )IMSE_QT*’C 7¢ C DibydroxylitioE]|
F3CO 48]C, 85%F 3 Cf77% F 3 C 99%F C 5700 OH™3 '
82 83 84 8%\ 0 hhg 1 ES HOAc- HZOI~(N R~
Imvazl e ~ll(3:1:1) CHI LHNVDS, Tﬁﬁg en  68%\"
.78 Ct&r.t F F3C 95%°85 87 88 Al 3, McONHMWE
Approach 2. Decarboxylation - Silyl Group Incorporation
NaH THF Sharpless
1 eq TESOTf Asymmetric H
........... Dihydroxylaﬂon
t'B" 0°Ctort. ? """"""
1)TFA.CH20!2
) 2)TESC! pyr :
/d 79a , 50% yield 81a
Example 6. Evans Auxiliary Approach to the Synthesis of 2-Hydroxyketone
aliyt bromids, | 50CL, pyr 1 '
Ot TI-F-H20(3:1|; OFt 5530 ?7‘3%:53?2
—_— —_— 1
FyC” S0 48°C, 85% FC 99% F.C
¥ OH 1
82 83 BS N
ES
lo, PPhy C&"j\’m JL ES  HOAC-THF-H,0 p\)—kj‘
imidazole “an (3 1:1)
—_— T . I
CH,CL FsC LHMDS, THF Bnji
68% S -78;%::r.t £ F2C
86 7 X 88 e
AlMes, MeONHMe
mp’oocmn "‘“’0‘ MeMgBr, THF
0°C, 53%
73% borsm ]
FC
x
90
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10

15

20

THF, 0 Ctor.t 0. McMW6r, THE 97% 0 C, 53% 73% balm
F3C F3C 89 90 86 12 February 2007 Exanple 7.

Kowal sky - Sharpl ess "Approachto the Synthesis of2 February 2007

EXalfls PRUGHERT. oirhfs ANBRAHS oy SBSuisor avgomvigions

F3C F3C 86 1 92 \ 90 3) RSSICI Experinentals r.rro
5 Carbonic acid | -(2-benzyl oxy-I-methyl et hyz

5, 5-dii sopropoxy-2,4,4-trinethyl-3- oxopentyl ester
2,2,2-trichloro ijb ester (32a » a scﬂhafphem of

7- BenzyQoxy- 5- hyds-oxy-, | -diis XYy- %";2'" tetrane
t hyl - hefat ajet 3-9mBul82)(1.0 g, 2.4 mml)___r_Y_ar?__r_ldlne
(0.8 . .3 mol) ip/CH2C12 (10 nL) at O C Was

added 212, 2-tri chl orlpbet hyl chl ofiof ormate (668.0 L, 4.9 l
mml ) and the m xft8f €y10 wasFs€hem al | owed to vvarmtoFaC

rt. After | h, the ggeastion mxggu\gzvvas quenched Wi th g0 &
brine and then %tgact ed with CH2 The conbi ned

organi c | ayers 2%dried over MySO4 and concentr at ed

under reduced pressure. The crude product was purified

b fl.ash chromatography (gradient hexane to
héﬂ‘Bﬁ‘@Pﬁ?’G&c 93:7) to give 32a (1.285 g, 92% as a
clear off: 1H N (400 MHz, CDCl13) 8 1.03-1.09 (m
12H),115(d 815112 3H) 1.17 (d, J=1.9 Hz,
1.97-2.11 (m IH, 3.2 (dd,
L 13, 3. 54 (dd, J=4.8 and 9.1
1H), 3.82 (qd, J= 3.6 and 5.9
N4 5, 2H), 4.57 (s, 1H), 4.72 (d, J=11.9
Hz, 1H), 4.8%,(d, J= 11.9 Hz, 1H), 5.08 (t, J= 6.0

HCartiddlic acid ZQZ-WIWI-ﬁ@HyI&ﬁﬁH%i{smpwz,&(mn?&hylé-
oxopentyl ester 2,2,2-trichloroethyl ester (32a)
To a solution of 7-Benzyloxy-5-hydroxy-1 .1-diisopropoxy-2.2,4,6-tetramethyl-heptan-
- 3-one 32 (1.0 g, 2.4 mmol) and pyridine (0.8 mL, 7.3 mmol) in CH>Cl, (10.0 mL) at 0
°C was added 2,2 2-trichloroethyl chloroformate (668.0 ul., 4.9 mmol) and the mixture
was then allowed to warm to rt. After 1 h, the reaction mixture was quenched with
brine and then extracted with CH>Cl. The combined organic layers were dried over
MgSO, and concentrated under reduced pressure. The crude product was purified by
flash chromatography (gradient hexane to hexane/EtOAc 93:7) to give 32a (1.285 g,
92%) as a clear oil: 'H NMR (400 MHz, CDCl;) 4 1.03-1.09 (m, .12H), 1.I5(d, /=18
Hz, 3H), 1.17 (d,J= 1.9 Hz, 3H), 1.19-1.21 (m, 6H), 1.97-2.11 (m, 1H),3.2 (dd, J=
6.2 and 9.0 Hz, 1H), 3.54 (dd, J= 4.8 and 9.1 Hz, 1H), 3.57-3.60 (m, 1H),3.82 (gqd, J=
3.6 and 5.9 Hz, 2H), 4.47 (s, 2H), 4.57 (s, 1H), 4.72 (d,J= 11.9 Hz, 1H),4.81(d,J=
11.9 Hz, 1H), 5.08 {t, /= 6.0 Hz, 1H), 7.29-7.35 (m, SH); *C NMR (100 MHz, CDCl3)
811.9,15.0,18.8,21.4,21.7,22.3, 23.2, 234, 35.7, 42.5, 53.4, 53.9, 69.4, 70.9,71.4,
73.3,81.3,94.7, 1034, 127.5, 127.6, 128.2, 138.2, 154.0, 215.6; IR (film, NaCl, em™)
2966, 1760, 1698, 1247; LRMS (ESI) calcd for C27Hg 07ClsNa [M+Na'] 605.2, found
605.2; [a}”p =~204 (c = 1.0, CHCl,.

OH

87



8 11.9, 15.0, 18.8, 21.4, 21.7,22.3, 23.2, 23.4,
35.7,42.5, 53.4, 53.9, 694 70.9, 71.4, 20 73.3,
81.3,94.7,103. 4,127.5,127. 6, 128. 2, 138. 2, 154. 0, 2}%)%%3 2007
IR (film NaCl, cni 1) 2966, 1760, 1698, 1247; Y
(ES1) caled for C27HA107Cl3Na [ MFNal 605. 2, f ound
605.2; [a]23u = -20.4 (¢ = 1.0, CHC13. 87 12 February
2007 | 67 Carbdnic acid

1- (2- benzyl oxy- | ethyl )-2,4,4-trim

et hyg - 3 ter 2,2,2-trichloroethyl :
ncbf 32a (1.28 g, 2.25 mmol) in
§ addedp- TsOH (111.0 ng, 0.6
heatlng at 70 C. 5 h, the reaction
mxture was poufed into a cold (O C) sat. NaHCO3 aq
solution (12 "ﬁL) and then extracted with Et OAc. The

o et aelf - EmEdTaey ey A At ucthy G dlapentyl ester

The, Zoufiehk-oddhftesttpgerpur i fied by flash chromat ography
10 (gradi ent _hexane to hexane/ Et OAc 84:16) to give

3( 795 lytipn of 523 (L28 & 2:35emmob) in 4:1 THF/Rpfk (390b) mzaddedp-TSOH

4??091 g%%&g)ﬂﬂef%%m?%7§b@ 5%&&%@& g%\%‘gl&poumdmm

4 a camj(@“ stiz NaHE0: a@ s@lutionl (12 mlpnd thed zxt(rwd vith Et9Ag. The

57y ekl it e o g

11 whdbredhddd sSifte (The cﬁfde rdduEtawas ed by Pash chfontdldgraphy
511), 15 9.49 (s, 111): 13C NMR (100 MHz, CDCL3)

) o 1
10 12t§ﬂdi&ﬂ ﬁcxli%:z §> He%a;iﬁ%@icikg Slﬁgto%vcﬁ@ ?9322:43 3}64335 Pelear oil: "H

21@\11111104@04\&14@%@090&#1358&3&10(d,J 651z, 38D, 124 G,

ot 0eh P A AR 208 et 97 i P e, 150 il gaa, /-

ma@szaﬂz,@lmﬂ@r@l&)Ilmwug);mze(&,gr-119ﬂz,1m,464(d,J—

ghﬁg%ﬁ%,ﬁi%ﬁ §§£%H§| @?y%[z’%h%%%ét; LI, (721?2}?8 m, 58D,
155 5540 Gr EHDs 3 AR A Bz CRb Ry 10 a fidis, 53, 8, 0,

mil,1, 33, 90&‘1,)94 5A12%7, 129.81128.3, 23E9) 1541100006, 266.1{ BOE 1R, NaCl,
ny, Ilmml) in Et20(2 88 12 February 2007

cm™) 2073, 2880, 1758, 1701, 1453, 1380, 1248; LRMS (ESI) caled for
C21H2704Cl:Na [M+Na'"] 503.0, found 503.0; [o]p =~18.5 (¢ = 0.8, CHCls).

20 69
9-Benzyloxy-4,4,6,8-tetramethyl-3,5-dioxo-7-(2,2,2-trichloroethoxycarbonyloxy)-
nonanoic acid zert-butyl ester (69)

To a solution of LDA (1.17 mmol, 0.3 M in Et;0) at —78 °C was added t-butyl acetate
25 (1.0 mmol, 135.0 pL). After 30 min, a solution of 67 (464.0 mg, 1 mmol) in EtO (2
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m.) was slowy added over 15mn. After stirring for 1
h, the reaction was quenched wth a sat. NH4C aq
solution and then extracted with Et OAc. The conbi ned

or vere sashed with brine., dried dg Eppruary 2007
w@@“’%ﬁ?&"@ﬁ e vy hsbadind phezagijop wayguenched
C rwithea gt QU0 agRsluReH Ard R eRitadtbBoAth m&@%@ gbRBRYd orgamc

glr adi ent hexane to 5 hexane/ Et OAc 86:14) to give 68
( Paerepeyyashed il brine, dued pver MgSOguuhconesnizated rder tidiced

e A SR gy kbl by e

5 181€)Kaneﬁt9?\036214o tn giAd-H8 (19, Pitadichixbure, 46HK, mgf3 80%) 3s Kdlear oil:
, . 39-3.48 5 4.03-4.06 (in, 1H),
bk 00 Mz, D0 3 087 (s S ke, 41 0.8 @t 5,591 BF, 1.02-

4H) )10 (f7h 951—[2 t, 383%153&12 é@? 2 %K% @ogémzal @D%Ei%% ﬁgza 274, 38,

. 113 348 (m,1$)94 034,08 (13 1H), 419-4314 @4, 18), 4233-4;45 aﬁ,m) 4.58-4.73
3 1.4 4 5 51.9,71.3,71.3 72
Jubun, M % 401%; Borhoduoh- s b P, o

10 10MR (1028, i)?;%)@ 11@81217 11;@415’2 1]135741&3 4178 23.:61780.%5.6,

216.0, 216.3° IR
3504, 4575210159, 815'139' 713!681 3,27225 115273 1,798, §ESI91.2%; 81.8,94.6,

o W2 o o1 e (D 8 b4 SRR ko8 o

m(mnymcmﬁetj 350829751759, N170F rm@silms'fu@m gm) Q1 for
n% mxture was stirred at rt for d then
T%?&O?Crh EMENE 619.1.fpund 64952 ur e of 1: 1 sat

5 2SR o S s

wileiss- NEttﬁipen‘meamw(ﬂBS feg, 0.0ganol). Ehetmixtirswisstieredasfogd 1 h

conctehﬁﬁt %%%%Bwﬂ\rfhggﬂmd“ edfgﬁﬁl%ﬁg?%/gig I@é’gﬂh

ﬁllnylefslvmie mpafdtaﬁgt)er t@@ﬁnﬁﬂﬂ‘h@6 u%(ﬂizﬁsélg{(ﬁw bﬁ%gawmbmm
n 0 lve as
m‘ f pom ’He‘im d V@hgg%HGKIGOs,j)Bng dgied over

20 HMgs@L')and Qoftfnth %{}%cpvag W'Ehe%egﬁr% &mﬁ%@kgﬂs&é&h

( nhmmography zgaagmt h2kdne tothekBne/BIOA-9119) 16 give 69 1248.4 lﬂg,sza%)
(d, J= 11 9 Hz, 111), 4.79 (dd, J= 4.6 and 25 7.3
madvaroul 7Hf§~4w0 z,fa%@smspm@fw Hzcmg)swd,-f 6.9

e 153000190 0, T oA e iy sl s

1283 fs, 2H).3848)(d, 75410, Hb 6HR, 4205449 2 10,50z, LR), @1791(dd, J= 4.6 and

25 (8= B 0T oo 80y G0Nt Coom 3 11l 207,215,

30

637.9135.4 ab 2233@%'33491% 193,799, §1.590%L 34.5307%2 1377, 1282,
February 20

138.0, 154.0, 1662 202.9, 210.0; IR (film, NaCl, cm™) 2977, 1758, 1697, 1368, 1248,

1154; LRMS (ESI) caled for Cp7Hs705Cl3Na [M+Na'] 617.1, found 617.1; [o)p =~
49.1 (¢ =0.9, CHCl,.
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0 Pi 4aw 70

9- Benzyl oxy- 3- hydr oxy-4, 4, 6, 8-t etr amet hyl - 5- oxo-7- (2, 2

, 2- trlchloroethoxycarbonyloxy) nonanoi ¢ aci d

tert-butyl ester (70) 5 A bonb |iner was char ged?{ipiryery 2007
(R) - RuBI NAP cat al yst [(16.8 ng, 10.0 nol). HC (555 L,

0. 2N i ngMcQhl) S he m xture was then

soni cat¢d for 15 sdc. Then solution of 69 (59.4 ny,
0.1 I n (5% s added and the m xture
transferred alPari apparatus. The vessel was purged

wth H for 5 miw and then pressurized to 1200 psi.
After 17 h, the reaction was returned to atnospheric
pr es$henzylOxyadrdty duxy agh, 6, 8- tetramethil-Nox T2 A2~ sol ut i on.

The triphborusthbggearbonytoxy)hommiotchcidVepehity@ter (V) N
Et OAc. The conbi ned organic extracts were drie over

concentrated _  under_reduced pressure.

SO
udd baing&w& Worehapgg Withd#)-BYBINAR patelist (k.8 g é%ﬂ ymol) HC (555

&%Ba*%”“as Y RER0R s ARRIARA B PSRt onflplt ok 5, Then o

a c| solutiopiolf 69 (59.0MR, €.#2Gnd¥)a M@m@ss 1) wdaGddel a??il?le@n&ture

ggirgp &1",0 %Pé% g}(pgrat@_l’)?‘hg véel_sé “%él llggget#}mth ﬂ(q)f’or 5 mm and then
Ii(j(f'ﬁsa jﬁie?l'l %, t?% o:?\lv&s) senﬁnﬁ% %@pﬁeﬂc pressure

211) 11 4. 14 211
Yy Wﬂ?"!@@)mt& aget IM-I ;amwhmomz'meﬁq)leo@ 1gysr prsiextiicted three times

i o, PR e, 166 porlbhed (reffc frei Mo Bl Gyt p B, A mcentrated

411 % 7 mndéﬂm&;cea br&surg 3:2113 crnﬂi?i axdu&%a@4 pufified by ﬂgshﬁﬂtlﬁﬂatégmphy
|
{404 BepahcroTenansmuORC sBghto Sva0 (a5al: a4 pdeed by 'HNMR

5?%3&%%@@%@&?@%&@0%%8“W ‘0

1513 I@z, DA 1L @, J €d@113,. 3H),71. PE(s, 3H), 1.18 (s, 3H), 1.47 (s, 9H), 2.05-2.12 (m,

oor iy S5 b, Pl S BRI P S S ardd i T, a6

aC| ds,128D; 4. ﬁm@wentgenz,(lmﬂ §m(dr;us=qlumgr1mf 5, 65)(&13]—6 0 and 6.7

and im dgzol e pnol )

(0. m;ﬁja?@ 7.35 (ST @dﬂmmqmz’scpclﬁ@taomsp 193 21.7,

i | o A e or S B Rl Y a7, 1285,

20xt nastzepbahnewtzlrsem m@mer@&ésamﬂbw&%m 1958, 1701, 1454,
or gani xtract was brine, dried ovér

My SBI68, ,;343 1152, 926 734 LRMS (ESI) calcd for Cy7H3005ClsNa [M+Na'] 619.1,
found 619.2; []®p=-13.0 (c = 0.4, CHCL).

25 9-Benzyloxy-4,4,6 S-tetramethyl-5-0x0-7-(2,2,2-trichloroethoxycarbonyloxy)-3-
(triethylsilanyloxy)-nonanoic acid zert-butyl ester (71)

To a solution of 70 (37.6 mg, 6.3 pmol) and imidazole (9.4 mg, 13.8 pmol) in DMF

(0.4 mL) at 0 °C was added TESC] (11.6 pL, 69.3 pmol). After 3 h, the mixture was
90




concentrated under reduced pressure. The crude product
was purified by flash chromatography (gradient hexane
to hexane/ EtQAc 93:7) to yield, in order of elution,

Z § 12 ary 2007
gsdTlé]tq(g;ﬁﬂlg{ﬁt & Ng&q’.@ Nibggguﬁégsc S LG gg’lee%tflﬁganes
7. 'gg"%glbﬁ%% %rggﬂlﬁ %Etlgé&sSwg‘) “%il%g?ﬁ?hﬁﬁf})_dnéh cgilr T

3 H)o,n&enﬂﬁted andes tdducedlprdsbuses Theddride [Rodit mpur(ﬂnd b Xlesh

ophiopehy (giacied! i hener ke 8397 ' il 8 ougls S ehution,
5 ?@égﬁ}%ﬂmg)aﬁd faBvéied 7({@2 9%1@34?1«&81::&4% F=BNRIR (400

104745 , J=11.9 Hz,
1|'W'IZ,4C17913I&HO 684q, V= B9 ez, 6H)] 096 (t41J9=77 QHg,ma;l 81, 3H) 1.05 4,

Cot§7 4, 315 1op & 454 g 311354, 30 L AR, e 2 811 . 200,

21230@3 ﬁ;?& aﬁd3523—12§11—1} 345%(ad53= §96hd 9.0 HZ 1R), 3¢49.(dd, J= 4.0

12@(1? ot 1@:1%513 @il-h 3B 246, 77HZ’ NED(4-18 (4, {565 and 5= 1H),

10 00 G 0s 4% PR ER PO T O R R T 7127 ond

[ l\&i\léﬂz, 937 29-7fsat(2;;1 aﬁ;gs* GN%/&H{IZSMHZ cmcn) g 6.377.5,.10, 9 14 9,
o S 26 AR 350t LTHA oty T oM TarTy Tty 301 3Py 123941280,

o B TIPSR 1 22t OO B By ok, s
1: IBEBHREACKDEA 1098, 988) swwmaamms ((ssr) calngforcsﬁlsmslcma

15 7RG e 2 358 Bk B 3RS 2UEE lon. ol owed

by sonication for a further 15 mn. The suspen3| on was
filtered through a celite pad, washing with EtCAc
ES
filtrates were washed with sat.

I\/gSO4 and concentrated 25
untf&y vacuu cruyde r&si due was passed through a
short plug of silicaXel eluting with hexane/ Et OAc 4:1
to give 17.1 myg (99% yield) of 7la as colorless oil:

5 i P by i S
31d9nandic beid(zers-tokgl este €710, 3H), 1.44 (s,
20 9&3‘6 z gﬁ (0331(@19 b3 gfr.[.gmb,ngciﬁ'g{ﬂ%%}f DRt ad(d%ﬁl Zn (5.0
111 4 36 f‘?a““ﬁ‘—’ﬁ%"”é’ “}ggg%é%gd Bob35 fail Mgl% ﬁiz(g Ome, 78
fugh
Febmdangnoﬁwmmw, fqﬂov@& by s@nigation ffes)a furthed s (mnn The
J élu%pe%g‘l%lz *waél !ﬁ'ltbrez h{ergad, \!v_gsm:%%n%l\ﬁd&c several times. The
filtrates were washed with sat. NaHCO;, brine, dried over MgSO, and concentrated
25  under vacuum. The crude residue was passed through a short plug of silica gel eluting
with hexane/EtOAc 4:1 to give 17.1 mg (99% yield) of 71a as colorless oil: 'H NMR
(400 MHz, CDCL) 8 (m, 6H), 0.96 (t, /= 7.9 Hz, 9H), 0.97 (d, /= 6.8 Hz, 3H), 1.05
(d, J= 6.8 Hz, 3H), 111 (s, 3H), 1.26 (s, 3H), 1.4 (s, 9H), 1.84-1.90 (m, 1H), 2.21
(dd, J=6.7 and 17.0 Hz, 1H), 2.36 (dd, J= 6.7 and 17.0 Hz, 1H), 3.24-3.29 (m, 1H),
30 3.44-3.52 (m, 2H), 3.67 (dd, J=3.9 and 8.9 Hz, 1H), 4.36 (dd, /= 3.5 and 6.5 Hz, 1H),
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MHz, CDC13) S 5.0, 6.9, 9.7,13.9, 20.2, 21.8, 28.0,
36.3, 40.8 41.5, 53.7. 72.5. 72.9,8

73.2 73.6,80.7.127. 4. 127. 5. 128. 2. 138. 6, 171. 0, 22

(film NaCl, cm7') 3502, 42égm“aw2°°7

(Es‘?fgﬁﬂ’ SR S0 i 46 o 1o F R (100

55MHz, CBICE} B 5:0, 6D, 90.7( 139)20.2001C8,38.0, 363, 40.831 506, ,%@25 72.9,
9- Benzyl oxy- 7-(t art but yI di net hyl si | anyl oxy)-3-(dieth ly

| et 7316, EOJ) KB 127.5, 138 8, 138%f, A AN012214; R (it NeBhooi 3 3502,

aC| e b I (

3, D A Hog D%, T BhoR Oy ik TRV @8 vatea o
Smmaoﬂkzmssﬂﬂml B P5 393, fatnd 589.8; (095 2d9ed (d BSAT CHCL).
<(10.0 pL, 85.8 nmmol ). After 2 h, nore ,6-1utidine
(10.0 L, 43.5 mwol) and TBSOTf (10.0 L, 85.8 mmmol)
g : , the mxture was diluted with
sat aq jNaHCS. queous | ayer was extracted three

ti mes W > ned organic extracts were
washed w th i drged 15 over MgSOH4 and

concentrat ed upder reduced pressure. The crude product
vvas urified by flash chromat ography (gradi ent hexane

w@m@mﬁnﬂ@m@)@mmsy)eﬂmeth@memnamxn)-4,4,5,s.

?Le‘%f't“e KR ARAIP A B SR E ol 53. o

10s0l m 2 solutivin of t7hy (4. n%,E 7.6 tuiiol) and amﬁamaclempn 2(3254111&01) in
o%ﬁrtféﬁé?eim BLd st T8 v ated THIGAE (30 8 Y o5 § s, Ater 2 b, more
éqﬁ?v) an 90(1 g'Lr 225%‘%‘8 m’X ?J'F%(qg/ao ?5 rﬁ’a‘ﬂ%\?a'@“‘i"d After
foré ll,shdmmfﬁtremdﬂutb@withmttaqmm Mcpdoﬁsdayeom extracted
B3k o GRS e b e e s o, i
15Cordver®igSO;, gl donsenifated Iﬂaeﬁeh&wg%a%n fThé &ﬁ&@@od@da Svas purified

concentrated in 92 12 February vacuo

chiyfiash ghra@nvg{anbxw@hent hexnag tmeans/BiOACID:9) to give 86 (54 mg,

sy af aftee BF sl did el 5l o depdrtf el

(s), 1377 (m, 1345 (m), 1301 (m), 1232 (m), 1173 (s),
1095 (M) ,~1023 (M), 927 (m) cm'; 1H NVR (400 Mz,
CDC13) 5/5.82 (m 1 H), 5.15 (m 3 H, 4.17 (m 2 H),

OEt
FaC

OH
N

83
20  Alcohol 83. To a solution of ethyl 4,4,4-triflucroacetoacetate (24.0 mL, 0.164 mol) in
THF-water (3:1 = V:V, 320 mL) at room temperature were added allyl bromide (20.0
mL, 1.4 equiv) and indium (powder, -100 mesh, 25 g, 1.3 equiv) and the resulting
mixture was stirred at 48 °C for 15 h. The reaction mixture was cooled to room _
temperature, quenched with 2 N aq. HCI (400 mL) and extracted with CH>Cl, (400 mL,
25 2x200mL). Combined organics were dried (MgSOy), filtered, and concentrated in
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52.5 (m 1H, 2.58 (d, J= 3.4 H, 2 H, 2.29 (dd,
J=14.2, 8.6 Hz, | H), 1.24 (t, J= 7.2 Hz, 3 H):13C

NVR (100 MHz, CDCI3) 6 172.08, 130.89, 125.65 (
Hz) . 61,55, IBe“}xruaryZOOT

280 7. 73..79 2
6)75:141))151}%%er @o@%&?%*n%@?ﬁ@f F‘Mn"ﬁilz—’ 6:1 - 4:1)
227g@@9:&op()1|\as+a)s a plea:adlpmfm i, SBRLARD (F)tf'gk (zﬂ?a%i ?]%%9(@%@,]2986 (m),

. A t
(161750, gy la r&ﬁa&r(ga, Y178 (9, H05 (23,3023 (m), 927

o et Ak b0 r E0EL. 189 so 0 Bl S o ST RNy e ),
fes%rﬁ? (gl M, 2658 (& MaS;Nh;ErEﬂ, 1.29 @8, G=aud, $6 H&,r ppt),flozq (t, J="72

I AN TS o
CH2 . 5
e TP 808 0 Ay e

HH); paled el fornGadusFaR2r.0896hcent rated in
vacuo. Fl ash chromatography (pentane:ether 15:1)
af forded @ster 84 (11.90 g, 77%yield) as yellow oil:
IR (film}2986 (w), 1731 (s), 1308 (s), 1265 (w), 1227
é 1133 (s), 1025 (m), 920 (w), 896 (w) cm
(26bmz, 20 cDO3) 6 6.36 (s, | H), 5.79
(dgg 16. 9, 10. 2, 6.6 Hz, 1 H, 5.15 (dd, J=17.1,

3Cy |

1 H, 5.08 (dd, J=10.0,1.4 Hz, 1H), 4.22 (q,

J= 7.1 HIIQ M), 3.44 (d, J=6.5 Hz, 2 H, 1.29 (t, J=

7.1 Hz, :13C NVR (100 MHz, CDCl3) 8 164.22, 143.37
la, 3= %asz) 132.71, 123.21 (q, J= 274 Hz), 122.60

(q; r]; U%SS 30,54, 13.85;-high

resol ut ﬁi‘é’t}’P (P71 2980 Wanllmdl-])mdmdlidmL 2.5

f 0 eqm}ﬂmzﬁﬁd 1025 020%0A (22%bd witR ﬂ%ﬁnﬁ%@l’gﬁg HIARL 2. oquiv)

? 85 AI cohol 85. To a coole
esF Wixsover ¥1 mm. (Thegesudting misture was @uded 2o 55 90 Anddtikred @6 12 h,

s o 6 Sl

15 ¢ oWFtB&’F{ZQ;r(% &28¢ mle2 oMiSH niL)h Coribined efgihicod Werd WisHEEwith
saturated NaHCOs (2 x 200 mL), and brine (200 mL), dried (MgSO,), and
concentrated i vacuo. Flash chromatography (pentane:ether 15: I) afforded ester 84
(11.90 g, 77% yield) as yellow oil; IR (film) 2986 (w), 1731 (s), 1308 (s), 1265 (w),
1227 (m), 1197 (s), 1133 (s), 1025 (m), 920 (w), 896 (w) cm’™’; '"H NMR (400MHz,

20 CDCl)86.36 (s, 1 H), 5.79 (ddt, J=16.9, 10.2, 6.6 Hz, 1 H), 5.15 (dd, /= 17.1,1.5
Hz, 1 H), 5.08 (dd, J=10.0, 1.4 Hz, 1 H),4.22(q,/=7.1Hz, 2 H),3.44 (d,J= 6.5 Hz,
2H), 1.29(t,/=7.1Hz 3 H); “CNMR (100 MHz, CDCl;) 8 164.22, 143.37 (g, J =
29 Hz), 132.71, 123.21 (q, J=274 Hz), 122.60 (q, /= 6 Hz), 117.32, 60.85, 30.54,

13.85; high resolution mass spectram m/z 209.0788 [(M+H)"; caled for CoH;,0,F3:
25 209.0789].
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5 was cooled to 0 C, quenched with saturated NH4Cl (12
m.) and stirred at room tenperature for 20 mn. The
reaction mxture was diluted with ether (200 rrL#F b 2007
dried (MySQ4), and concentrated in vacuo. Fl asfh "~eoryay
chr omat ogr y (pentane:ether 3:1-+ 1:1) provided

al cohol 85 J(5.68 g, 99% as clear oil: IR (filnm 3331

(br s), 2029 (m), 1642 (m), 1445 (m, 1417 (w), 1348
(s), 1314| (s), 1217 (s), 1175 (s), 1119 (s), 1045 (m,
985 921 (m), 831 (w) cnmi’'; 'H NMR (400 Mz,

CDC13) S 6./33 (td, J= 6.1, 1.6 Hz, 1 H), 5.75 (ddt,
J=17.2, 10.%98.6.2 Hz, | H), 5.07 (m 2 H), 4.29 (ddd,
J=6.3, 4.3, 2.1 Hz, 2 H), 2.95 (d, J=6.2 Hz, 2 H);
13CNVR( 100841z : CDC13) 8134. 45 (q, J= 6 Hz),

133. A%cohal8% Todhootkd (25 qr;ba))seluﬁ&ﬁef%@,te& 84 gﬂtz % )mol) i3 ch,Cl,
116. é‘%ﬂ% 87, 29.79 F3C 15 | odi d cool e
O s Pageddad aebition of P@@Iz—f@(?smw»m mzmz (1 0 M) and

CH2Cg résiflin
eQUICeJ)3 im W equ é %ﬁ%hg@fﬁcgnmxm
151 wagiPapledin@ *Chpenchied mmrsgtmmmmmzmm stitredtat Brom

gaI Sr@gg%?ééma i I n t o e %e@d (ﬁ%mL) dried

) MgS@)),tandebﬁdnmé&mﬁﬁﬂioarﬂasﬁ%hib &mleﬂﬁﬂs ‘1 1:1)
or ganl C X\B o\{\/lgshe with saturated Na2 -saturated .
P s ted Siochol 88,568 B30 a5 leer ok T lra 633 iy ), 2009 (00, 1642

(NQS@@ 14456h) CIN G B, ﬂ?&@é},'l@ltmf%gl @329{ (1 19 Opifgs (), 985

chr onat o?ra hy (pentane) " gave

pE). O2F &), 831 (wyoniR'; THINMR (SBBRHDCEI 8 5.36W)d, JE63E 1.6 Hz, 1

Hy
§Vr¥)) ’P}gs’? (9‘5‘11314? J(Y")ﬁ%ﬂ#""%g@m&@)%@g’ J563,43,2.1
FebriayHR 003 (d,(96.2 i H?J”@mm (i0d Frgﬂlﬁﬁ éﬂ@ﬁj\%u 45(q,J=6

t
e'% ?313@3% 12723972@42 ?_9#5@ 1@31@ (m 2111iz), BI&2S, 63484, 29.79
J—89 2.9, 1.4 Hz, 2 H, 3.00 (dt, J=6.1, 1.4 Hz,
2 H):13C NMR (100 MHz, CDC13) S 132.42, 131.64 (g, J=
6 Hz), 129.63 (q, J= 29 Hz), 123.64 (q, J= 272 Hz),

117. 00, 29-32,-4.27; low resolution 5 nmass spectrumm z
298.7 [(IWNa)+; calcd for C7HSF31Na: 299.0]. O OH Bn
| F3C

FsC

15 86
Iodide 86. A cooled (0 °C) solution of alcohol 85 (5.97 g, 0.0358 mol) in CH,Cl, (50

mL,) was treated with PPhs (11.17 g, 1.2 equiv), imidazole (3.55 g, 1.5 equiv) and I»
(9.10 g, 1.1 equiv) and the resulting mixture was stirred at 0 °C for 10 min. The
reaction mixture was quenched with satureted Na,S;03-saturated NaHCO; (1:1 = V:V.
20 200 mL) and extracted with pentane (3 x 200 mL). Combined organics were washed
with satureted Na,S;03-saturated NaHCO; (1:1 = V:V, 200 mL), and brine (100 mL),
dried (MgS0,), and concentrated ir vacuo. Flash chromatography (pentane) gave
iodide 86 (6.69 g, 68%) as pale red oil: (IR Hilm) 3083 (w), 2982 (w), 1636 (w}), 1558
(W), 1456 (w), 1367 (w), 1317 (s), 1216 (m), 1181 (s), 1151 (s), 1120 (), 989 (m), 921
94
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a- Hydr oxyoxazol i di none 88. To a cooled (-78 C) of TES

protected 4-Benzyl -3 hydroxy acetyl -oxazolidin-2- one 7

(16 28 g, 1.92 equi v) in THE (160 nmL) was added éi\F 2007
IutlonofLI\{DS( 0 n, 173eguw |nTHE

dr EBhiB26 (BY@R 5 H MME GOMMEEHEDERYS b fig, Jfﬁméumm 5.79

Cr S R uﬁ@h R R T 48 2 m),

mnsmp (it Fi6E,  MHz R H)aH GNMR (1eGMHz, c@cmmamuz 18254 (q, /= 6

T2 A8 h <ad e ARGt e A Ml a8 1 B0 alaR <t D Tow esottion

SMMaﬁ%Mzﬁrﬁmxﬁaﬁ%mf&tmm 2663115 x 200

mL) . Conbi ned organics were washed wth saturated
NHACI (150 ni), brine (150 ni), dried (MySO4), and
concgntrafded i n vacuo. Flash chromat ography (hexanes-
Et OAgL 6: 1 41) provided a mxture of al kylation
pr @duc g) which were used for the next
reagti gn mnthout further purification. A solution of

the al Byl a#fon products in HOAc-water-THF (3:1:1=

Vi V.V, m.) was stirred at roomtenperature for 4
h. 20_T eaction m xture was concentrated in vacuo
to reh guenched with saturated NaHCO3 (400

cted with EtOAc (3 x 200 ni). Conbi ned
organi®s were™dried (MgSO4), and concentr at ed in
vautﬂydrﬁkmhzdfﬂimm.gn"alahbo]eﬂw SfEEs?e&;te%tea 4-Benzyl-3-

azol i di none 88 1%

B ol (O She. bh eas A p I {4 L) §as addsd a

10 %sﬁﬁutaog?gi?%ms ?12(6 il M) 7%4% vl E{ Tﬁﬁ‘ of g ?ﬁw&gx Z9%ith and

I%@nsmlxtllmwaS(s at].—'?&‘}q fC(rriPﬁ mif] The feaptionoBixturerjvas treated

Sk st g £y 5 s e

H) mgurg wag ddewedto Wenh ttiﬂmm temPerdturly slowlyvernight) 8Tlﬁd‘ﬂeatﬁlon

o pistayt b et Coy amcdtod Ny 0q i hid isictod it B 3

15 9.220(Bmkl). HZomBbinéd orgﬁnd’s&ve(rb mghed&nﬂﬁsa{’uxhad wagsé%miﬂ brine
( fllgo g:L)gilr@dEMg%Oﬁ) H%lzso%enpmeg nHyacug g@sh Q}pfpmgtogppl;}g(&;exanes-
’i'g%f%%??a%ﬂ) %@3 ? §mL2 3 8%&%%3@&@98&&& used
140t the nextawaction Mthox@ (urtler purifi@Hian. HA)spll.ﬂ:ﬂ)ﬁ oBthe afkyhfio®froducts
Ty HoaS a5 .
20 38PhelrddBibn niiki@eNvdStdondedat8d in vacuo to remove HOAc, quenched with
saturated NaHCOj; (400 mL), and extracted with EtOAc (3 x 200 mL). Combined
organics were dried (MgSOy), and concentrated in vacuo. Flash chromatography
(hexanes:EtOAc 3:1 — 2:1) provided a-hydroxyoxazolidinone 88 (7.55 g, 81% yvield
for two steps) as clear oil: [a}p”* ~48.2 (c 1.08, CHCl,); IR (film) 3486 (br 5), 3030
25  (m), 2983 (s), 2925 (m), 1790 (s), 1682 (s), 1481 (m), 1393 (m), 1360 (m), 1217 (m),
1171 (m), 1113 (m), 992 (m), 919 (m), 847 (W) cmm™; 'H NMR (400 MHz, CDCls) &
7.32 (m, 3 H), 7.17 (m, 2 H), 6.33 (td, J = 7.2, 1.5 Hz, 1 H), 5.77 (ddt, J= 16.6, 10.1,
6.2 Hz, 1 H), 5.08 (m, 3 H), 4.74 (ddt, J = 4.8,3.7, 4.4 Hz, 1 H), 4.33 (dd, J=8.6, 8.6
95




1

a- Hydr oxyam de 89. A suspension of (MO NHMeHCI (10.1
g, 5.25 equiv) in THE 10 (100 nL) at 0 C was treated
with a solution of AIMe3 (50 m., 5.1 equiv) in e
(2.0 M dropw se and the resulting clear sol utli%k%é%a 2007

stl rHed H), 426, LBaper B4 He.q FIPB 4br A 6.4 BN ﬁg ; 8(HS?,J—

(7 S8 §I A o R s i) ‘%%é‘r’%z;gbﬂ&mi 1H),2.50
m x QHF CRIMIEA 25 ML 'SH%@ Ui @ 44?3 ! 129.98 (g, J
t (e ) (ci 1 s g : { gaﬂ @

for 12 The reaction m xt Ul toole
quentﬁ@l#) B98P dqv el 28 Hi)o 299, 150 01;| 129.58 namoer(q a=am<1-1z), 116.34,

10 s tur or 25 mn,

St oo, 73l e i 030, o B esoBioB mseeererimprkcona. 21
wer d(ERY c4IMy £, HANO, Fesaeaps it ed i n vacuo. Flash
chromat ogr aphy (hexanes: Et OAc 2:1-> 1:1) gave

a- hydroxyarg de 89 (5.12 g, 97%yield) as clear oil:
[a] D25 -57.1¢ (c 1.03, CHC13); IR (filnm) 3432 (br s),
3084\/Iém , 2943 (m), 1652 (s), 1464 (m), 1373
: 1313? 1214 (m, 1171 20 (m, 1112 (nm), 991
9191(m, 1818 (vv) cm'; 1H NWMR (400 MHz, CDC13) S
632 (td, =7.3,1.5 Hz, 1 H), 5.74 (ddt, J=16.9,
10.3, 6.1 , 1 H, 505 (m 2 H, 4.43 (dd, J = 7.6,
3.5 HZlcH™~3.70 (s, 3 H), 3.35 (br s,1 H, 3.24 (s,
3H) 2.394(d J=6.1 H, 2 H, 259 (m 1 H, 2.36
(1 H); (100 MHz, CDCI3) 8 173.43, :

133. 68, 1303 59 , J= 6 Hz), 129.25 (q, J= 28 Hz),

3> o %@m%%i? b oottt o st Sy o o

Q68(IDDﬁﬂLI at IUIw‘-'B)Was tfedted Gith @'solufbn b 268 e} di®linltoluene
st ) dprebruery 07 G ESR RN st

Newé’%“’*%%m@ 1o ocblde (0 3 koftisb U3 10G o Britoe 88 (755 g, 107
i nmqh)emﬂéﬁ“c(?mnmnm mnngmnmmm 7 x@&htmis@&me and

N14 and extract ed 5 X
%éﬁl nzslg{ Oy °§W‘H?SI 'R/E l(lczl‘ﬁ‘éIbYSIOW&ddmon of

15c 0 n DY g Eerindic laﬁhd\(wﬂmL), Ehﬂ&l" aﬁhbzﬁ'f&hﬁﬁ&tﬁi@ﬁr 25 min, and extracted

(he > 1:2) provid

gi?fg‘éggﬁ%%@w zc%blged OFgaRics wra dn@@agswn,an@ segentrated
ikt e T T TN T M

the starting materl roxyam

ylbfw)z g pa%mad}mm (,m [&]Déhsm@hsos dﬂ&l?f?)%ﬂ(@m%’ﬂ B2 (brs),
( 30%%@9??3 W)Igg%zg@f), %&;&ng(@gﬁa&’% w), 13190, 1244 @), 1171

20 (m), 1112 (m), 991 (m), 919 (m), 818 (w) cm™; *H NMR (400 MHz, CDCls) § 6.32 (td,

25

J/=7.3,1.5Hz, 1 H), 5.74 (ddt, /= 16.9, 103, 6.1 Hz, 1 H), 5.05 (m, 2 H), 4.43 (dd, J
=7.6,3.5 Hz, 1 H), 3.70 (5,3 H), 3.35 (br s, 1 H), 3.24 (5, 3 H), 2.94 (d, J= 6.1 Hz, 2
H), 2.59 (m, 1 H), 2.36 (m, 1 H); *C NMR (100 MHz, CDCls) § 173.43, 133.68, 130
39 (q, /=6 Hz), 129.25 (g, /=28 Hz), 124.05 (g, /=271 Hz), 116.17, 67.57, 61.44,

32.56, 32.38, 29.75; high resolution mass spectrum r/z 268.1161 [(M-+H)"; caled for
C11HisNOsF3: 268.1161).
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1216 (s), 1172 (s), 1113 (x),1020(m,994 (m, 968 (w),

919 (M cm11; 1H NMR (500 MHz, CDC13) S 6.21 (t, J=

7.0 Hz,1 H), 5.75 (ddt, J=16.7,10.4, 6.2 Hz, 1 5.07

(m 2 H, 426 (dt, J= 7.1, 4.5 H, | H), 3. 51%%?9%“3"5’2007
4.7 Hz,jit H), 2.96 (d, J=6.1 Hz, 2 H), 2.66 (m 1 H),
2.42 (i , 2.19 (s, 3 H);13C NWR (100 MHz, CDC13)

S 208.53,715 133.43, 129.80 (q, J= 28 Hz), 129.76 (q,

J= 6 Hz) J123.85 (q, J= 271 Hz), 116.32, 75. 36,

31.22, (79.81, 25.11; high resolution mass spectrumniz

223.09 [(M:H) +; cal cd for CloHL4ANOR2F3: 223. 0946] .
Ex e™8; Catalytic Asymmetric Oxidation Approach 20
1)2’%9$2/ -, "Q-Bu 1) HWA, TMSI, CH2CI2 OH NaH, THE
-20 Cto FsC 2) TFA, 0 Cto r.t 2) 10 nol % Gs04,

AD Mgg-a 3) benzene, reflux McSO2NH2, t BuOH H20 NC

81 r 0 ° € Y
R0t B IR oS5k S0 1

21 manalhie- THF (150mljovas-added-eSolbtion efilidMpR F2f0ML) 12 dquiviin ether
C CRVPSSEs B ol il YRS el o
5 Na B3, @Nd eidutdd wAREDAOG% 100 @lE). CIrhbided organics were dried
(MgS04), and concentrated in vacuo. Flash chromatography (hexanes:BtOA¢ 4:1 —
2:1 — 1:2) provided a-hydroxyketone 90 (2.16 g, 53% yield, 73% yield based on the
recovered starting material) as clear oil and the starting material a-hydroxyamide 89
(1.30 g, 27% yield): [a]p® +58.5 (c 1.30, CHCl3); IR (film) 3460 (br s), 3085 (w), 2984
10 (m), 2926 (m), 1716 (s), 1679 (m), 1641 (m), 1417 (m), 1361 (m), 1319 (s), 1247 (m),
1216 (s), 1172 (s), 1113 (8), 1020 (m), 994 (m), 968 (w), 919 (m) em™; *H NMR (500
MHz, CDCl3) 6 621 (t, J=7.0 Hz, 1 H), 5.75 (ddt, J= 16.7, 10.4, 6.2 Hz, 1 H), 5.07
(m, 2 H), 4.26 (dt, J=7.1,4.5 Hz, 1 H), 3.51 (d,J=4.7 Hz, 1 H), 2.96 (d, J= 6.1 Hz, 2
H), 2.66 (m, 1 H), 2.42 (m, 1 H), 2.19 (s, 3 H); *C NMR (100 MHz, CDCl;) 5 208.53,
15 13343, 129.80 (g, /= 28 Hz), 129.76 (q, J= 6 Hz), 123.85 (q, /=271 Hz), 116.32,
75.36, 31.22, 29.81, 25.11; high resolution mass spectrum m/z 223.0945 [(M+H)*;
caled for CjoH4NO,F3: 223.0946).

Example 8: Catalytic Asymmetric Oxidation Approach

20

1)J\/ﬂ\082 ‘
| NaH, THF —20°%Ctort
FsC g gA. 0°Ctort | 2) 10 mol% 0s0 ,, AD Miix-a |
nzene, reflux MeSO ,NH,, +-BuOH-H,0
S 81% for thres ste 27 2 FsC
ps 38
N % for two steps S
86 93 90 (79%ee)
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96 87 5 3 N,DH F3C OH 98 Conpound 98: To a

sol uti on of 59(504rrg 90.1 pnol) in THE (1 nL) was
added (PhO2PON3 (27.2 L, 126 nol) at 0 C. Aft

stirring at 0 Cfor 5 min, DBU (16.2 L, 108 ane%F%ryzom

was stlrred at rt for 20 5 h. The reaction m xture vvas
diluted with Et OAc and quenched by addition of water
(2 . After t he | ayer 3squese separ at ed, ¢ ,

| ayer wad.extracted with EFTQRA (three times)y
conblned dwo;n}c | ayers were drdi ed gver

o

concentrati 98! 12901@br uary 20 7 (e resi dug
dri ed wgrd FE0 remever
Purificatio flash col umm ography (S| Op

8

hexane/ Et OACy=cd: 2) gave azi de 93 5. . 0™y
87% as a corless solid; "H NMR 400 MHz, CDClI3) 'S
1.05 (3H, s), 1.12 (3H d, J= 7*0™&), 1.23 (3H, HZ*
J= 6.8 Hz), 1.33 (3H, s), 2.01 (1 J= 5.5 Hz, OH),
5 2.17 (3H s), 2.25-2.35 (1H, m|me® (1H dd,
J=15.5, 3.2 Hz), 2.49 (1H, dd, J1B%5 9.5 Hz),
2.54-2.60 (1Ha m), 2.66 (1H d, 6:0 Hz), 2.65-2.76
(1H, m, 2.96 (1H dd, J =16.0, 4.2 Hz), 3.03 (1H,
dd, J= 16.1, 6.7 Hz), 3.TN(PH quintet, J= 6.8 Hz)*
3.71- 3.76 (1H m, 4. 31 (1HWwtdd, J= 9.2, 59, 3.2
Hz), 4.65 (2H, s), 5.43 (1H, dg\ J

5.58 (111, ddd, J= 15.8, 6.4, 4.&
J=15.8, 6.1 Hz), 6.23 (1H, ¥&
(111, s), 7.18 (IH s); LRVS (ES
C27H3SF3NAOSSNa [ M+Nal  607. 2,
F3C OH o

FsC

Compound 98:

To a solution of 59 (50.4 mg, 90.1 pmol) in THF (1 mL) was added (PhO),PON; (27.2
BL, 126 pmol) at 0 °C. After stirring at 0 °C for 5 min, DBU (16.2 pL, 108 pmol) was
10 added. After stirring at 0 °C for 2 h, the mixture was stirred at rt for 20.5 h. The
reaction mixture was diluted with EtOAc and quenched by addition of water (2 mL).
After the layers were separated, the aqueous layer was extracted with EtOAc (three
times), and the combined organic layers were dried over Na;SO4. After concentrating,
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86 Conpound 96: 15 To a solution of azide 98 (21.0 ng,
35.9 mol) in THE (0.6 nL) was added PMe3 (1.0 Min

THF 43.1 L, 43.1 nmol). After stirring at rt fO{@ébm;ryzom
' 0,.1.nmL added and the m xture S

ot i 54 ‘é‘*‘t“"’%t‘f"f"éf“‘% it f% T 40 min tp rempve DBY. Purification by
™ Iﬂ)ash mnmaﬂ@datagdpnmlm h&a&h@/ﬁt@&c sh m%ﬁ% a%{dersfs ((é% me,

To the m xture was ded 28%

L) 78 Rﬂml 84%4) 128 2 aeforlens solidy qutNMRrﬂB&th, Gasls?ﬂsn@st(m s), 1.12
f 2

Po B9 b 1, ROFPRLEL Y Opiic | Z 0 pofgff U8 4 7% S5 s, om)

5coFde7I(3i§,§) 2A52135 (1H, Nl\)’RZ 4100, Iaul,zl 0S8} H&D 2. @E(1H3dd J=155,

) gs4d 284050 Gy 13, 1B 1) s+ S0l s i, s,
(1H16mh4221z553 31, @ujJJm 7557141 ?;glp(l"[';,)qzumgetﬂﬁ-sg'll%zl A7

dd3 7%51]1%”3743154#@ 538, @9 g m;ss (2H09, TAH1HIdd, /= 6.0,

J =2, - t 7
' @}&a, P10, 318 d,k'd 4841, ﬁﬁ(lé;dd 'y 31;4%)1% ﬁ@dé‘m (1H,
10 5=t,d=g/3 52)9646& )(le),473,18 (QH, 2 LRMS ESD)caRador CRssBN,0ISNa

64 (IH, 5.67 (1H dd, J=
15&6?14%‘33%3’;?&%&@1%(113( br?) J= 7. 3(Hz), 6. 66 (111,
s), 7.10 (I H, s); LRVS (ESI) calcd for C27H33F3N2G6S

found 559.2. -1V OOH F3'COH 5 97
F~97: To a sol ution of anine 96 (15.9 ng, 28.5

(31.4 L, 0.843 nnDI) foll owed by NaBH3CN (1.0 M in
&5 nol), and the nmixture was stirred

(1 drop) was added, and 10 the

rt for 40 mn. The m xture was

& product 97 (15.6 ng, 26.6 nol,
¥ solid; "HNWR (400 MHz, CDCI3) S
1.05 (3H, s), 1.12 (3H d, J= 6.9 Hz), 1.23 (311, d,

J= 96
Compeund 96:

15 To a solution of azide 98 (21.0 mg, 35.9 umol) in THF (0.6 mL) was added PMe; (1.0
M in THF, 43.1 pL, 43.1 pmol). After stirring at rt for 2 min, water (0.1 mL) was
added and the mixture was stirred at rf for 3 h. PMe; (1.0M in THF, 7.2 pL, 7.2 pmol)
was added and the mixture was stirred at rt for 1.5 h. To the mixture was added 28%
NHsOH (ag.) (54.5 uL). After stirring for 1 h, the mixture was directly purified by

20  preparative TLC (CH;Cl,/MeOH = 100:7.5) to give amine 96 (15.9 mg, 28.5 pmol,
79%) as a colorless solid;

HNMR (400 MHz, CDCL) 5 1.05 (3H, 5), 1.12 (3H, d, J= 7.0 Hz), 1.23 (3H,d,J=
6.8 Hz), 1.34 3H, s), 2.12 (3H, d, /= 0.7 Hz), 2.24-2.35 (1H, m), 2.39 (1H, dd, J=
15.4,3.0 Hz), 2.49 (1H, dd, J = 15.4, 9.8 Hz), 2.54-2.63 (1H, m), 2.66-2.76 (1H, m),

25 2.97(1H,dd,J=16.2,4.2 Hz), 3.03 (1H, dd, /= 16.3, 6.5 Hz), 3.10 (1H, quintet, J=

6.8 Hz), 3.74 (1H, dd, /= 6.7, 3.5 Hz), 4.18 (2H, 5), 4.34 (1H, dd, J = 9.3, 2.9 Hz), 5.43
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6.8 Hz), 1.33 (3H, s), 2.17 (3H, s), 2.24-2.35 (1H,
M. 243 (1 dd, =187, 3.6 k), 15 2.49 (1H dd |
J= 15. 6, 1Hz) 2.55-2.64 (2H, m including |
2.68-2.77 (1H m, 2.80 (3H, s). 2.81 (3, 5], 94&"’”””"”‘”

298, %J(—z{lpﬁr?.ﬁlz) 5394 bl r#f’/tngm‘]ia ds l(SfLéHS &Hi2), 6.24 (1H,
5543"’%} 73 B, éé?ﬁ?éﬁm@ﬂ?% eSS0 530 for ot EDss

Hz) .[&¢ ﬁ_’)_qaundngQO (1H, s); LRMS (ESI) calcd for
C29H42F3N2CES [ MrH++] 580. 2, found 580.2. 20 100 H S 12

February 2007 J ,OHr ,OH F3C F3C OH OH 59 R = OIs
(94) oy C (95 Conpounds 94 and 95: To a m xture of
59 (T8 9 My, 33.8 nol) and Et3N (18.8 L, 0.135 nmol)
in CH2C nm.) was added TsCl (12.9 ny, 67.5 nol)
and DVAP 169prm|) at 0 C 5 After stirring
at rt for 1.5 B mxture was diluted with EtQAc
and filtered tHro gh QaH pad of silica gel (EtOAc
rinse). éf ey concenyrating, the residue was purified
by e pre?)artlv TLZhexane/ Et OAc =1:1) to give
tosylate 94 (8]p 1.9 mol, 35% and chloride 95
(4.3 ng, 7.44 nv 2K9; both as colorless solids; T
s~\ | pOH F3CDH 10 94 iH NWR (400 MHz, CDC13) S
406(3H s), l.g¥2 (3H, d, J= 7.0 Hz), 123(311 d,
()!133(3Hs)199(1H d, 3= 5.5 Hz),
21§0m2n2 2.25-2.34 (1H, m 2.41 (IH dd,

S Lo soitydy Sﬁ%m%%s)fglﬁ(g%% 263 puliy gfﬁ?v 628 L] vagadded 37%

HCH(B@qa (37154 H). 143 mméNIdH Swéih
OH) (ul,g :ZB; Sty 75%1{%(13310343:1?% 85.5 L,

a8 Bgesccghaniess Wagisined aiz {269 min. ACOH (1 drop) was added, and

10 the mixture was stirred at rt for 40 min. The mixture was purified directly by
preparative TLC (CH;Cly/MeOH = .1 00:8) to give the product 97 (15.6 mg, 26.6 pmol,
93%) as a colorless solid;
'H NMR (400 MHz, CDCls) 8 1.05 (3H, 5), 1.12 (3H, 4, J= 6.9 Hz), 1.23 (3H, d, J =
6.8 Hz), 133 (3H, 5), 2.17 (31, 5), 2.24-2.35 (1H, m), 2.43 (1H, dd, J = 15.7, 3.6 Hz),

15 249(1H, dd, J=15.6, 9.1 Hz), 2.55-2.64 (2H, m, including OH), 2.68-2.77 (1H, m),
2.80 (3H, s), 2.81 (3H, s), 2.92-3.06 (2H, m), 3.10 (1H, quintet, J= 6.8 Hz), 3.69-3.76
(1H, m), 4.25-4.34 (1H, m), 4.33 (2H, s), 5.42 (1H, t, J=5.5 Hz), 5.57 (1H, dt,J =
15.8, 6.3 Hz), 5.66 (1H, dd, J=15.7, 6.4 Hz), 6.22 (1H, brt, J=7.2 Hz), 6.64 (1H, s),
7.30 (1H, s); LRMS (ESI) caled for CooHyFiN205S [M+HH'] 580.2, found 580.2.

20
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J , 4.5 Hz), 5.57 (111, ddd, J=
15.8,6.4, 4.6 Hz), 5.65 (1H, dd, J = 15.8, 6.0 Hz),
6.21 (IH t, J= 7.1 Hz), 6.59 (111, s), 7.18 (LH.s
7.3AQ(2Hs.d, J= 8.1 Hz), 7.84 (2Hgd, J= 8.31}"4?)9?’”2“”’2007
LRV )lcal cd for C34H 2F3N0532n'§_1_§ ] 736.2,
found 73873y 101 12 February 2007 C~
95 ' H NVR (4Q0 g0 CDC13) 61.06 (3H, ),

3BH, d, J= 6.7 Hz), “
6 Hz, OH), 2.15 (3H, s),
» FsC
| 2. 49(1H, dd, J=15.5,
M), 2.69 (1H d, J= 6
OH), 2.66-2.76 M, 2.92-3.05 (2H, ), 3. YLy
quintet, J= 6.4 Hz), 3.70-3.76 (IH, m, 4.32(IH,
ddd J= 9.2, 589 3.1 Hz), 4.85 (2H, s), Rsozs(s(qm,cuss)

s 9 59( 1H, ddd, J=15. 9, 6. 4, 4. 5Hz) , 5. 66( | H,
1% 9, 6. !{%ﬁ%

6.23 (IH t, J= 6.8 Hz), 6.63 (1H
S) Top mixtyre pf 518 il 3(§mhl) arl BN (1018 00,135 mumol) in CHCy (1

5CIF 600.2, found 6
mmémﬁ%%ﬁﬁ g(%z ﬂPss & Simol) pechDMARQ. l(xﬁg,g 6rﬁ3,tmdlﬁat3) °C,

s), 5.41 (111, dd, J= 5.8
5 (

(1H, m)Fs
9. 4Hz) . 2. 53- 2%

A S g A

10

15

Q liga gol (BiOAnginse). Aﬁcrfoonceﬁtrmng,mbeesmuxm Puiifidd by

f lite, which was rin

'Ph R GRS 15 oBtite P s, Licsamol, 35%)
uend ¢hdakide\95q1 8 L ofyh 1) to

SI ve al dehi/gdsg 98% gWWOT ﬁ/@ m?ﬁ%e%%&csoras :

colorless solid; 102 12 February 2007

&

FaC

JOH

OH

94
"HNMR (400 MHz, CDCl5) 5 1.06 (3H, 5), 112 (3H, d, J = 7.0 Hz), 1.23 (GH, d,J=
6.7 Hz), 1.33 (3H, 5), 1.99 (1H, d, /= 5.5 Hz), 2.10 (3H, 5), 2.25-2.34 (1H, m) 2.41
(1H,dd, J=15.5, 3.3 Hz), 247 (3H, 5), 248 (1H, dd, J = 15.7, 9.4 Hz), 2.51-2.63 (1H,
m), 2.63 (1H, d, /= 6.1 Hz, OH), 2.64-2.75 (1H, m), 2.91-3.05 (2H, m), 3.10 (IH,
quintet, J = 6.8 Hz), 3.70-3.75 (1, m), 4.30 (1H, ddd, /= 9.3, 6.1, 3.2 Hz), 5.32 2H,
$), 341 (1H, dd, J=5.8, 4.5 Hz), 5.57 (1H, ddd, J = 15.8, 6.4, 4.6 Hz), 5.65 (1H, dd, J
=15.8,6.0 Hz), 6.21 (1H, t,J=7.1 Hz), 6.59 (1H, 5, 7.18 (1H, 5), 7.37 (2H, d_ J= 8.1

Hz), 7.84 (2H, d, J= 8.3 Hz); LRMS (ESI) caled for CsyHyFsNOsS;Na [M+Na']
736.2, found 736.3.
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H NVR (400 MHz, CDC13) 81.06 (311, s), 1.13 (3H, d,
J= 7.2 Hz), 1.24(3H d, J= 6.9 Hz), 1.35 (3H s),
1.96 (111, d, J= 5.6 Hz, OH), 2.22 (311, d,

Hz), 2.25-2.35 (1H, m). 2.44 (111, dd, J=15. 4195‘3“5“3“’2007
Hz), 2.46 (IH d, J= 5.9 Hz, OH, 2.51 (111, dd, J

=15.7, 9.3 Hz), 2.57-28 (111, m). 2.68-2.79 (111, ),

2. 967\3. 3.10 (IH 5 quintet, J= 6.8 Hz),
3.71- 3. 4.31(1H, ddd, J= 9.4, 6.3, 3.5 Hz),
5.45 (1 .O Hz), 5.53-5.63 (111, m, 5.67
(1H, dd, 2 Hz), 6.24 (1H, t, J= 6.6 Hz),
6.72 (1H S) H1, d, J= 0.9 Hz),10.01(1H, d, J=
1.2 Hz)F 100 10 Conpound 100: To a

9 (4.6 ng, 8.25 pnol) in CH3CN

(0.5 nm) at O added MeNH2 (2.0 Min THF, 41.3

pL, 41.3 pnol) YAroer stirring at 0 C for 15 mn,

NaBH3CN (1.0 M!In THF, 25 pL, 25 pnol) was added.

After stirringst O Cfor 0.5 h, AcOH (3 drops) was
added After stirring at OCfor 2 h, 28% NHACH (aq.)

(40 Hmm54@mm1apkdadh)&ndstmsm1Xtm &@ﬁ=§b gzﬂtm dJ=

rt f mxture was directiy ur|

0
i 650 L TP A S 0B (L6 o bt (.15 (IB09 256,36/ m),
soo 4

2](§§(Sgﬂrm1,.f 153 3?'?& %‘3{’@1 ﬁﬁﬁ— 1%051@@%3%593&“{1}1 ), 2.69
7 o( JE 6213H§,311*D; 2. 66-236 (18, 8), AP -3 05 @A, 013111 §H, quintet, J=

- ié“%%* {0 iz é%’#%ﬂ»’? 0% 59T 08 quy, 5.0

2 564, (31-6. 0,94)4H2),54921mzudaw=1m),62,@§ﬂz) B%6( m,ldd M=159,6.1

oot BB (B TRl n Oy TRt L i elid o

1ld, aaﬂam&msswaﬂm@mg)foﬁn@&mul dd, J=9.6, 2. 9Hz) , 5
.43 (111, dd, J= 6.2 . 5.56-5.63 (111, m),

566(IHdd J159 57Hz)624(111 t, J=7.3
Hz)g 6g66 (1H, s), 7.11 (111, s); LRvVB (ESI) cal cd
for F3N2GsS [ Mrln 573.3, found 25 573.3. 103 12
Febguar 07 Exanple 10: Enothil one Anal ogs that

abl at e Xendgr unors to a Non- Rel apsable State

sol uti on of

FaC

Compound 99:

To a solution of 59 (6.9 mg, 12.3 pmol) in CH,Cl, (0.4 mL) was added activated MnO,
15 (purchased from Acros, 26.8 mg, 0.308 mmol). After vigorously stirring at rt for 4 h,

the mixture was filtered through a pad of Celite, which was rinsed with EtOAc. After

concentrating, the residue was puﬁﬁed by preparative TLC (hexane/EtOAc = 1:1) to

give aldehyde 99 (2.7 mg, 4.84 pmol, 39%) as a colorless solid;
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10

15

20

25

By a conbi nati on of chem cal synthesis, nolecul ar
nmodel i ng, and spectroscopic analysis, we discovered

that introduction of an E-9, 10-doubl e bond (seg b 2007
conpound 28 5 bel ow) acconplishes ca. 10 fol d ' February

oo ARG TP Bl RRDRR, 3B A 2 0 S 2 =
PEo ek B el Pt ap D AT R SR RAIL DY PR} 2o

V(I\IP o) Pak (1T HaS.s dh 5 8CY $Hz), 9413961111, d,UnDs.9 HyPER), 2151 (\I\Hde J
appar eént that 28 is inherentl nore cytotoxic than

25 151098 \1ed), 2. 5128 (181, n) DG8-2. ﬂﬂl(ll—[},gn)f, 2.96:3103i(2H] hp 8. 10H(EH,

| actone 10 noiety in the 9,10-dehydro series is
singniet,i/ca 8 Hyz), 3ot €. % AL, 0,143 i Hs ddd et Tl 3.5HRAsHéS (1K, 1,

than is the case for 9, 10-dehydro congeners, The s Jum
of ~He50) 8-S B 1, G ST P e b 750 6 Ha),

(BB iRy <90 BB BR P a4 R8RRG "ae opposec

to 30 ng/kg reginent for 1. I5 NOR.OHOH RR OO
RM. ,(,1) CF, OHR .(2a).C 29) OH EpoB (2h)
12.71 yEpoB (1) (E)-9, 104ehydro-12. 13daaa 4Epo$

(21) 26 2, 13desoxyEpoB (R) 26 dy{E

-9, 10dehydr|- 3, 1@dasoxyEpo8 (29) Upon suspension of
t reat nent 7 p3 1 Ieoﬁurmrs re-appear in sonme fraction
of the ani Atcordi hgly, at |least at present,
fully Byt 28 {fas not fully met the stringent

standards O avorabl e effective therapeutic

i ndex and el ibg pti@n of 20 tunors to a non-

rel apsi ng staté. ese findings directed our attention

to the consequences of substituting the three

hydr ogens of tﬁm 26-nmet hyl group of 28 with three

fkﬁﬁﬁm e43bé I ncorporation of the fluorine atons
1°SPEite Ied to inproved stability of the

1?0 h3olitioh bLalbhyde 99 @mﬁg, 823 ﬁiﬁbll) ANCHSIM (0.5 mB) atd °C was
FI uorine Chem 2001, 109, 3; incorporated herein by 25
I, (25 Mhjp EHE 4%5% mgmna&ﬁ@w at B fa for 15 min,

BT 2 B LB o 51

(AcOR @z;kirﬁpswa@idded Wkﬁﬁh@ ] 0 ?»pfor 221;908% NEOH @G0 uL)

i ncorporated herei by reference). di scl qsur g,

waf t andrihe mpdure was shirediaf BifghlQ 'atnaﬂ‘h%wgmlre Fyas directly

ti%e TEC (CH,Cl/MeOH = 100:9) to give 100 (2.4 mg, 4.19
dehydro 26 trpn%ﬂlaﬁaor%epothl Foﬁlyse focu3| 219 p‘z;ertl c(u | ar y

opmioh & 1%} ias @ eolbrlesk sajids al
'H NMR (400 MHz, CDCl3) § 1.05 (3H, s), 1.12 (3H, d, J="7.0 Hz), 1.23 (3H, d,J=
6.8 Hz), 1.34 (3H, s), 2.13 (3H, s), 2.25-2.34 (1H, m), 2.39 (1H, dd, J=15.3, 3.0 Hz),
2.49 (1H, dd, J= 15.3, 9.7 Hz), 2.56 (3H, s), 2.54-2.64 (1H, m), 2.66-2.75 (1H, m),
2.89 (1H, 4, J=5.1 Hz), 2.94-3.05 (2H, m), 3.11 (1H, quintet, J= 6.8 Hz), 3.74 (1H,
dd, J= 6.6, 3.5 Hz), 4.08 (2H, ), 4.34 (1H, dd, J= 9.6, 2.9 Hz), 543 (18, dd, J=6.2,
4.1 Hz), 5.56-5.63 (1H, m), 5.66 (1H, dd, J=15.9, 5.7 Hz), 6.24 (1H, t,/=7.3 Hz),
6.66 (1H, s), 7.11 (1H, s); LRMS (ESI) caled for CagHoF3N,058 [M+H'] 573.3, found
573.3.
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30 performance of parent structure 29. 104 12 February
2007 The therapeutic efficacy of dEpoB (30 ng/kg),
paclitaxel (20 ng/kg) and F3- deH dEpoB (29, 2 nd 30
my/ kg) agai nst human manmary carci noma MX- 1 xgﬁgﬁ?rﬁ?ﬁygow

cl ose y St udi ed , S ares OWN T 1N
10Relapsable State o group consisted of four or more nude

e, By SO S B oo

di emadysim wediscovedl thayni,‘t@iuaﬁmmf anuiséddpuasie bénd (see compound 28

5 BERRT eonlidid o, 930 soaoccry oot BiGad i P

foﬁmmsﬂmphﬁ@mmﬁmtﬁﬁm{m Weidlin &l D 460 Chem. Soc. 2003,
??f%g%é;f 29 sh d.a ,long term, absence of_ tunors
ingprporaicq pecyin bBreierenced F olfspving sareiation of fRopiso and in
r ebﬁﬁ%ﬁﬁnﬂeﬁmwm 1 binfR 5‘t1t \)Mst nf HAKR is inherently

dosages of 29, resulted in conplete tu

di BWFRsAetexie than 2. Hewewtssamother entthvfing é’aceqzs:ethmhe bactone

0 05t 4 R s S0 B ol 0

F3pldsshi thep sBhegae foxt9, I0dehydrd Ezomnelgr The sunnofikiee two

ry e RS Fas 5 1BRE RS Stmnb ol poiCpierioe o

af tuppres&ibi of tumot HfalsRiiony o@dmdgiﬂ’tsfaﬁﬁ Vg d9pRYA mgxkg
after @?025' ng after stopping adm nistration
i on dEpoB(1) 30 25 32.1 -9.14.1 10/10 5/10

]5PaC||taxe| 20 - 23.9:k 3.7 - 8.7t 0.7 7/7 27

20

25

30

Fs-dell- 20 - 22A :h 0.6 7.3:h 0.7 4/4 0/4 rot dEpoB

(29) 30 - : T XD 4k 3.5 4/ l'al Human
mammary car‘c wX- 1" Xedodraft tis¥u was

i mpl anted S. Day ® reat nem 6 6hr-iv
i nfusion was s d on D %and st oppe 20 Day

18. | bl Detectable tMMBER apearaﬂt‘@"?’ﬁ’ 4 on 27th
day after st oppl‘Tﬁ’g tﬁm ﬂlﬁm«&knmﬁewm

Upon suspension of treatment, palpable tumors re-appear in some fraction of the
animals. Accordingly, at least at present, fully synthetic 28 has not fully met the
stringent standards of highly favorable effective therapeutic index and elimination of
tumors to a non- relapsing state.

These findings directed our attention to the consequences of substituting the
three hydrogens of the 26-methyl group of 28 with three fluorine atoms. Incorporation
of the fluorine atoms at this site led to improved stability of the 12,13-double bond
toward oxidation (Smart, B. E. J. Fluorine Chem. 2001, 109, 3; incorporated herein by
reference). Previous experience had pointed toward some attenuation of cytotoxicity,
by placement of polar groups in the area of the C12-C13 double bond (A. Rivkin et al.
J. Am. Chem. Soc. 2003, 125, 2899; incorporated herei by reference). In this
disclosure, we report the discovery, through total chemical synthesis, of the 9,10-
dehydro-26-trifluoroepothilones, focusing particularly on the umque biological

performance of parent structure 29.
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™ Detectable tumor reappearance in 2/4 on 27th day after stopping treatment. No

further tumor reappearance during the 28th - 64th days after stopping treatment.

< No tumor reappearance during 64 days after stopping treatment when experiment
terminated. :

20

25

Lowering the dose of agent 29 to 10 mg/kg (Q2D) also led to MX-1 tumor
disappearance, but nine doses were required to achieve this result (Figures 57, 58 and
59A). As an added challenge, chemotherapeutic treatment was delayed until the tumor
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25 rapid body weight recovery to near the pretreatment control level (Figure 59C). In
contrast, a parallel study with dEpoB (30 mg/kg, Q2Dx6) resulted in 97.6% tumor
suppression but led to no tumor eradication. In an additional study of 29 (20 mg/kg
dosage) against A549/Taxol resistant xenograft (Figure 59D), tumor growth was totally
suppressed and the tumor eventually reduced by 24.4% of the pretreatment control.

30  During this study, the maximal body weight decreased by 24%, however upon
suspension of drug treatment the body weight recovered to 90% of the pretreatment
control. In a comparison study of (£)-9,10-dehydro-dEpoB (28, 4 mg/kg group), tumor
growth was suppressed by 41.6%.
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P! Graded relative therapeutic index (TT) at MTD (maximal tolerated dose):

+ Tumor growth suppressed 25-50%.
++ Tumor growth suppressed 50-100%.
-+ Tumor shrinkage but no tumor disappearance.

H++ Tumor disappearance in some or all nude mice with slow body weight recovery and/or with

relapse in some mice within ane week after stopping treatment. |
+H++ Tumor diseppeared in all nude mice, body weight rapidly recovered and/or without relapse.
The therapeutic experiment for epothilones against human xenografts in nude mice, such as MX-1, were
studied in Chou, T. C. et al. Proc. Natl. Acad. Sci. USA. 1998, 95, 15798 and in 2001, 98, 8113.
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Synt eS|s of the acyl sector, 25. 108 12 February 2007

W@mp& shedelis partioulay oyr new; prejqeols |

t a@@c%h ?—

2626- ﬁé@b@kﬁ@s awaared)wcﬂewrawﬂ eayligy (RivkireodGl. Ao ihem. $zo2003,

(1425, ProbS{aebiplrated Befeindy referddd€). 1 will be noted that in the new synthesis,
stereocenters 6, 7, and 8 are derived from the trivially available ketone 30 and aldehyde
31. Upon alcohol protection and aceial hydrolysis, the corresponding aldehyde was
condensed with t-butyl acetate to afforded an aldol like product. Since this.
condensation is not diastereomerically-controlled, a remedial measure was necessary
and achieved. Oxidation of this 1:1 mixture of C3 epimers, afforded ketone 69.
Following a highly successful Noyori reduction (Noyori et al. J. Am. Chem. Soc. 1987,
109, 5856; incorporated herein by reference) under the conditions shown, alcohol 70
was in hand. Preparation of acid 25 -was then accomplished in a few additional simple

steps as shown.

Scheme 12. Synthesis of the acyl sector 25.
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Femmmmmospmsgps Synt hesi s of the alkyl

sector 17. tOEl =~ Oa b F 3C 0 65% FaC 67% FaC 82 84
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I( B)fo @W&S&%&L 13 'I'l@g.g@hggs starts wigh era@uongg‘wm(qep&;aIMVadable

10 PPdRuordTk otk 92 with allyl indium bromide. The key step in the synthesis is the
positionally specific and stereospecific dehydration of the resuiting tertiary alcohol to
produce 84 (in 65% overall yield for two steps). The stereocontrol of this reaction
atises from a “dipolar effect” wherein the strongly electron-withdrawing CF; and
CO,Et groups are best presented #rans with respect to the emerging double bond. The

15  required iodide 86 was obtained in two steps from 84. Alkylation of the previously
reported lithium enolate of 7 with iodide 86 in THF afforded 88 in 81% yield and high
diastereoselectivity (>25:1 de). Foliowing deprotection of the secondary alcohol,
compound 88 was advanced in three steps to 90 as shown,

(¥, ]
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5 CH2C12, 74% (c) (i) LHVDS, THF, -78 Cto r.t.; (ii)
HOAc-T HF-H20 (3:1:1), 81 % for two steps; (d) (i)

Al Me3, McONHMe, THF, O Cto r.t., 97% (ii) M

THF, 0 C_ 53% (73%borsm) Wth 25 and 90 in h1¥%§[’%’;"’/‘”2°°7
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2003, fi2%=2 28Q9; ifjcwmaliat edfherein by reference).
The ol | Ngs%El @l merat NS reaction of 25 was

carried out in toluége using t second generation

G ubb$? cat al yst ¥Gubbs, R 8.; Mller, S. J.; Fu, G
C. Acc. Chem Res. 1995, 28,446; Trnka, T. M;

G ubbs, R Hb . 2001, 34, 18; Al kene
Met at hesi s j »8ry Ed.: Fiirstner, A ;
Spri nggrl, [ X Jrstner, A Angew. Chem
Int. Jdgy Engles 2p00, 3% 3§12; Schrock, R R Top.
Organ JHChem 8, 1, Imc’egch of which is

i ncoRpaok at e). The reaction

af f or eq,,°e clusi®ely the ®wans isonmer 48 in 71%
yield. Installation of the thiazole noiety via the

i d_b
o e e O ol B B s s,
t &R “G.d: fe) DDBAL-Hh CHCla T 810 &Y.CO9%(iih BIPM;Simidazole,

“nani iy oo (L. Al ok o iibdeatifabe widh s

pr dpetweditcpy; (HbGinAlMysn MeONIRME, THE) @ °69tb kit Na76 (i MeMgBr, THF, 0
aca.@egg.yz BoALS I?boratory. 25 110 12 February 200/
schere 14 ﬁi’?f?ﬁ" steps of the synthesis of
26- CF3- (E) - 9, 10- dehydro-dEpoB (29). 0 0o O -OYES b 44
'~W1m%§n%()/§ozloo Qros .25 N O COTES . OH

1n hand by easily processable chemistry, the route to 29 was clear

10 following protocols first developed in our discovery phase (A. Rivkin et al. J Am.

15

20

25

Chem. Soc. 2003, 125, 2899; incorporated herein by reference). The key ring-closing
metathesis reaction of 25 was carried out in toluene using the second generation Grubbs
catalyst (Grubbs, R. H.; Miller, S. J.; Fu, G. C. dcc, Chem. Res. 1995, 28, 446; Trnka,
T. M.; Grubbs, R. H. Acc. Chem. Res. 2001, 34, 18; Alkene Metathesis in Organic
Chemistry Ed.: Filrstner, A.; Springer, Berlin, (1998); Frstner, A. Angew. Chem. Int.
Ed. Engl. 2000, 39, 3012; Schrock, R. R. Top. Organomet. Chem. 1998, 1, 1; each of
which is incorporated herein by reference). The reaction afforded, exclusively the frans
isomer 48 in 71% yield. Installation of the thiazole moiety via the protocol shown in
Scheme 14 was followed by removal of the two silyl protecting groups with HF-
pyridine thereby leading to 29, which was then converted via reduction of the 9,10-
olefin to 2 in high yield. Gram quantities of structurally novel epothilones have been
prepared by total syntheses in the setting of an academic scale laboratory,
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11 February 2007 2003.42, 2518; Rivkin et al . J .
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20

25

(5.32 ppm for 'H and 53.5 ppm for *C). Infrared spectra (IR) were obtained on a
Perkin-Elmer FT-IR model 1600 spectrometer. Optical rotations were obtained on a
JASCO model DIP-370 digital polarimeter. Analytical thin-layer chromatography was
performed on E. Merck silica gel 60 F254 plates. Compounds which were not UV
active were visualized by dipping the plates in para-anisaldehyde solution and heating.
Preparative thin layer chromatography was performed using the indicated solvent on
Whatman® (LK6F Silica gel 60A) TLC plate.

Chemicals. All epothilones were synthesized in-house (C. R. Harris, S. J. Danishefsky,
J. Org. Chem. 1999, 64, 8434; D.-S. Su et al. Angew. Chem. Int. Ed. Engl. 1997, 36,
2093; Smart, B. E. J. Fluorine Chem. 2001, 109, 3; F. Yoshimura, et al. Angew. Chem.
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30  guidelines for the National Institute of Health Guide for the Care and Use of Animals

and the protocol approved by the Memorial Sloan-Kettering Cancer Center’s
Institutional Animal Care and Use Committee,
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volumes of plasma to PBS for a total volume of 300-400 pl, filtered, and the addition of
0.5-2 ul of the substrate (20 mM) to achieve about 30-50 mAU at 250 nm in the HPLC
analysis. For pooled human liver microsome 89 fraction (Xeno Tech, Lenex, KS), 20

ul (400 pg) or 89 fraction was mixed with 280 ul of PBS then proceeded as above.
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30

Example 11: In vitro studies
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adm nistered via the tail vein for 6 hr.-i.v.
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Example 12: In vive studies

Athymic nude mice bearing the nu/nu gene are typically used for tamor
xenografts. Outbred, Swiss-background mice were obtained from Charles River
Laboratories. Male mice 8 weeks or older weighing 22 g and up were used for most
experiments. The drug was administered via the tail vein for 6 hr.-i.v. infusion. Each
individual mouse was confined in a perforated Falcon polypropylene tube restrainer for
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ro_ 1271 FHAEOmPE ypdayizisigdag the
t ox Bpothdomanalogs every third day to reduce toxicity (see Figures 53 and 54). In
30  summary, 9,10-dehydro-12,13-desoxyepothilone B shows decreased toxicity as
compared to other epothilones, greater potency in arresting tumor growth, and greater
serum stability. Other therapeutic studies are shown in Figures 17 and 18 (HCT-116,

Q2Dx5 and Q3Dx5); in Figures 19 and 20 (A549/Taxol, Q3Dx7); and in Figures 21
and 22 (A549/Taxol, Q2Dx7).
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When 26-trifluoro-9,10-dehydro-12,13-desoxy-epothilone B was administered
at 30 mg/kg, Q2Dx6, 6 hour iv infusion, tumor disappearance was 2-3 days earlier than

the 20 mg/kg dosage. Body weight dropped 27% at this higher dose and persisted 4
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| ead to death suggesting no severe toxicity toward
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pr etinysavithont leading todéthalitg geHiriiifl hé sdvede@lisityl tv vithf orBhé; Four

iR o 1t deabSetl a0 tke bodk i oo s@venn On the 169

bOdﬂay\ﬁ’t@hEaﬁuh Wt abtuinéd t
26- té‘é‘%“ yor -S 1’£11IE;)]M€?JI,eh %1?0 12, 13y\g§;s%g>{th?gr egﬁgonérolagam

was Cofirminghe rexersibility gt)towg;txg Treapme ) wub 2§ﬁuﬂucrm-9 10-dehydro-

: ELEE e 29k RARERE MOSE S Y ERRS) b piase e

s t hi 62 avgivas sehnsietha 36 npgkgdmeed‘ uﬁoidﬁapb%ar&ﬂi&rmrayso%ﬁéved at
days eadi.ng,to | et. ty onfirm ng, no severe
tomwggg%f‘gﬁmggagﬂg vﬂﬂh ﬁ‘?ltd@?es%ﬂ'@nl@gt’resn Only

t r estinoe idss af badly weighk ovas bissdyvedait !J@hlgﬂ%@%fv\hélﬂg%r?@ml&éhydm—@pw

f d
@% Sé Mﬂéﬁggﬁ@fyaﬁtﬁw sammh cansinnsd %gz:t;snt

lﬂ he I eVefF 50 shYm&fizek .
AR ol 9, 10- dehy g?oéﬁéy%%%sﬁﬁ? Y%LHMIFEQB (2nd %‘8“

ny/ Rythilogey against MK xapograft. o mb baw doseB. %nnisﬂiargcahm

ft { T
i sapio.ng CaoE Rerb B, €1 whd Banllly %ﬁ%ﬁ'ﬁ%ﬁﬁ?g CarSinoma
adndd %T@!Olngw?aﬂoﬁes with three additional doses

d ht,
0,15, 0, B B e e
1X Fiﬂﬁwcw-cmmmﬁcckwssmmw wei ght was seen

with co |nu£tretman ure 59 sunmari zes the
ef f ect %‘%F@PF‘%I @ﬁﬁd‘%@’rﬂéﬂ dEpoB (15mg/kg and

epasdmgl/kg)aﬁa TagA {208l Qb D&%ﬂ@ﬂbﬁk@» gﬁrs.o%tagae.w 0345 T-cell

a nst | ar t unor, al nst ung "Car C1 nona
d&%?imlasue eﬂﬁm ngramm Simgilan hody weight decreases were
cardysm 25 gure 61 lists in
vitro p%?lgr%)ﬁllﬁg% &%ﬁggloﬁﬁg{]% e&lﬁ g'ﬁ'gt%fl ones agai nst
20CCRF 1§ma@mntmmnmwma@5mh&amtfwwn@m-9 10-

-{%a 35%%@5 S 55 by 61%6 F3-9, 10- EMgagmeved%

h 0 ltumor disappedratse. Theagme manﬁuuﬂwnhﬁraﬁal iOmé/Mé‘”ﬁBRl@h |
I eukem a CCR CEM xepograft Sinlar bod wei ght %ﬁl&pﬁrhal

J_

#adifailed 49 pchigye dumer {(Figure 64). The
tr evalt 52&? @%IE %m&g? f axol
xenogjrﬂg’fe{gh‘ Taxol reS| stant) wth sl% = deH dEpo

255 15rrg/ It l@annycsﬂqnmnmmffemmegmﬁmm 26-F3-9,10-deH-
a sane
t re a}g me n(t%l%ﬁgf#ax o fﬁg“ 3’ agpfe&é%l?g(?ﬂ’ a wgver, Fs-deH-
dEpo B at 30mg/kg yield better thcrapeutlc effect with 2/4 tumor disappearance
following 5 doses (Figure 66). The body weight changes during this exXperiment were
shown in Figure 67.

30 The therapeutic effects of F3-9,10-dehydro-dBpoF against MX-1 xenografis at
different doses (5-30mg/kg) with 6 hour i.v. infusion and i.v. injection are shown in
Figures 76 and 77.

Conclusion. The 9,10-dehydro, 26-trifuoro, or both modifications to dEpoB

result in a 1.5- to 5-fold increase in cytotoxicity in vitro and a 2- to 5-fold increase in
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suppression of tunor gromh and failed to achieve
tunor shrinkage (Figure 64). The body wei ght changes
during this experinent were shown in Figure 65. % 2007
Trgﬂ}ggpt of hunan col on carC|nona HCT- 116 xendgr &PHa"Y

1p 3Qyse plagpa-in visto, Bisinedmgrar g?h%@m%v@apgafhmms in

ef hhdeasdd Jgﬁgﬂu 2008/ i VIaNE et
at fli:I%Orrg/ ﬁg%l eld bgt ter glf(ﬁg gpeut %Ilgﬁ(teef 51%8 W t ?ﬂﬁmmal

Thwéqrated degspdbeg antiginor ﬁﬂiolﬂmgmﬁcuo@@slq-&lgdmee;ﬁﬂ)dones were
ohoyeRaibt. Y5k 4 AR Rl hulndl. BoRR b, dyint: shrinkage,

5 F3a8i disaPpehrimee mbowtdfor-fuather inwedstidditoi tdutagiind the relipse rate and

10

15

antHoF e S0 00 FoapE S byeborog, e et pateptppoione

Colmidwiﬂ‘n Oﬂro Heough mgglgeﬁeduﬁw ,sh&ﬁadtﬁédw ﬁemﬁéuﬂe eafth margin

result in a 1.5- to 5-f

di fi t to d
o ises 3 Ayt b pt 4 magﬂsgmo@elurﬁwp@ St el and 21-

| NBY RS9, 10lde Beps Flpghﬂti srbdsd Prubddr ?Mﬁfm
p| asma’'in vitro. B usi ng man SO urmr xeno
noWestaine periof efdime and aglnglvesbpmg umu stydikege,-20d s6mb acliieved tumor

codupolindce: B0 8 20 ke ok ffudte 1107 B cppbB o5 and

9, peRlithmélyati 20 mﬂ«gtaliish@mbatmag mppmsﬁbmaf fthor M Bid dchieved

to, achi,eve compl.ete tunor grow h suppressjon, nor .
PR strkess o disopnesmsen of iy °‘F‘81“°F’€r el xenografts in
i nalExsitce Gestddo QGItﬁﬂlﬂﬁé—Qﬂ UideBydr8AEHEB AARA chRp cmt;sbﬂ or
rate after st oppi ng treatnent. 10- dehydro Epo$

oRCligsesnbicypdt lone bim curevsiovt ; tupar relapsgiand agyyed an equally

hi @pidedverly R Bb@Hee: eutic safety
nargin I n vivo. %%Qggﬁ$hro- é%ﬁ%h%??k@ﬁ / kg

9, 10- dehydr o- EpoB at 0.4 ng/ kg, and 21-

hydr oxy- 9, 10- dehydr o- dEpoB at 3 ng/ kg all strongly
suppressed tunmor growmh for a 10 sustai ned period of
time and achi eved sone tunor shrinkage, and sone

achi eved tunor di sappearance. dEpoB at 30 ny/kg,
26-trifluoro-9, 10-dehydro- dEpoB at 20 ng/ kg, and
paclitaxel at 20 ng/kg all showed strong suppression
of tunor growt h and achieved tunor shrinkage and

di sappearance of human manmary carci noma MX- |
xenografts in all mce tested. 26-trifluoro-9,

| 0- dehydr o- dEpoB, when conpared wi th dEpoB or 15
paclitaxel, achieved a long termcure w thout a tunor
rel apse and showed an equally rapid recovery of body
wei ght to the pretreatnent control |evel. 119 12
February 2007
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Exanpl e 13. Synthesis of Cyciopropyl - Epot hi bne Anal ogs
/~~R2j 1 HR2 MesN' Mes NH ,OIES 00~ C11? (10

nol k) EDCl, CrRe~Ph Rif- + DMAP _ Rln ky3 t

Q2ort 5 in 110C fOTBS 25 102(Rl=Me, R =H), 132%&“9”2007
( R1-FApmPiRA3 fynthesis gk Cydlapropy -Efat6ione BidlogdR]1 =Me,

Rz=OTBS), 106 (Rl CF3, R2=0TBS) Rl= CFs, R2. H (107)
R> Ri=Np-R2= OTBS (109)  Hyzal Xmes
O O &Sy o, (10 mol%)
H  112(RL 8 Sk =pn
HEPy~i congy : xid(H H.O Poys
KO2CN N- CO2 CHEG®, Q,““‘*s e 110
TES min
102 (R=Ma, R%=H), 103 (R'=CF; Ri=H), RY=Me, R? =H, (106)
104 (R'=Me, R=0OTBS), 105 (R'=CF,, RZ=OTBS) R!=CF, R?= H (107)

R'=Me,RZ =0TBS (108)
RI=CF;, R=0TBS (109)

110 (R'=Me, R%=H)
111 (R'=CF3, R2 = H)
112(R'=Ms, R? = OTBS)
113 (R'=CF,, R2=0TBS)

HF Pysidin
* e
0°C tort

e
: HyCl
oA CHC

it
R:=Me, RE=H,(114) R! =Ms, RZ=H {118)
R1=CF3.R2=H(115j R' =CFs, B2 = H (119)
R'= Me, R2 = OH (116) R! =Me, R2=0H (120)
R'=CFs, R%=0H (117) R'=CF4, R?%=0H (121)

120
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25

OH Rl=Me, R2 -14,(114) Rl =Me, R2H(118) R1=CF3,

R2=H(116) R1=CFaR2=H (119) R = M, R2 = CH (116) R1

=Me, R2= OH (120) R1=CF3, R2=0H (117) Rl CF3,

(121) 120 12 February 20Q3; 121 O ai ns "c?ﬁiz‘f’Br”ﬁEYzom

of the formula: REyx QRS Re Ra. 5 vvhereln Rc is

hydrogen or lower alkyl; R2 Is It aubsdnued or

unsubati euted aryl, heteroaiyl, arylalkyl, or

heteroaryl al kyl noiety;. 10 Its and R6 are each

i ndependent|y hydrogen or a protecting group; X is O
,)2, or NR . wherein each occurrence of R 1is

i ndependent |y hydrogen or |ower alkyl; Re is,

lndep r]g,ﬁlg,w,d‘fg{ .occurrence, hydrogen; hal ogen;
- SR -N(R e)z; -CY3, -CHY20 -C1 Y, where Y is

F Br G,1. ORa,, NHRe.R, N(R5.)2. or 15 SRw,

-C(O) OR5; -C(O) Re; - REIERBX, PO(C=; O Rs; - Q(3a0) CRs;

NRH(C. O Rs; Ns; N2R e; i a.QBSaI or cyclic or

acyclic, linear or b ,hatlc,

hot eroal i phutic, aryl® yl, optionally

substituted with one or \ o¥p. hydr ogen; hal ogen;

-ORs; -SRs; -N(Rs)2; -C(ORIpRy C(OR a ; -CONHR a; -

QCORs; -OQCO)ORr; -NRa.(CT.=ORw, Ns: NsRs; cyclic a

. ; | i r /clic, linear or branched
g&%"ﬁ{’ﬁ%@'&&&%nlgﬁ%s Fluted al | phade, heBEwoal i phade.
aryl ,Rs dis henubsmlayl orrounstbstituted  igevl,arhelematyl)i laniedkyl, or
qsﬁgﬁé 9 or anal ogues thereof, or is a

ol'y ; car bhydrate phowaffinity | abel; or
rad| dhetind Bs avejesch didapendesitly byrdrogenon g protectingrroups
i nde I dﬁmﬁ : r gguh'lggmgr : ﬁldl _J.uﬂ
or b?‘g%ﬁeg’, égﬂ%“st it u'{]eg kst ¥ is Sty
hydrogen or lower alkyl;

Ryg is, independently for each occurrence, hydrogen; halogen; -ORp-; «SRp';
-N(R g-)z; -CYs, -CHY3, -CH,Y, where Y is F, Br, Cl, I, ORpr, NHRg, N(Rp')z, OF
SRg'; -C(O)ORg'; ~C(O)R g; -CONHR g; -O(C=O)Rg'; -O(C=0)ORsz; -
NRp-(C=0)Rp-; N3; N2R pi; cyclic acetal; or cyclic or acyclic, linear or branched
aliphatic, heteroaliphatic, aryl, or heteroaryl, optionally substituted with ons or mors
of hydrogen; halogen; -ORg-; ~SRp-; -N(R p-)z; ~C(O)ORg:; -C(O)R pr; -CONHR p; -
O(C=0)Ry:; -O(C=0)ORg-; -NRp:(C=0)Ry:; N3; NzR p+; cyclic acetal; or cyclic or

“acyclic, linear or branched substituted or unsubstitueed aliphatic, hetsroaliphatic, aryl,

or heterog:yl maisty; or is an epothilone, desoxyepothilone, or analogues thereof; or is
a polymer; carbohydrate; photoaffinity label; or radiolnbel; wherein each occurrence
of Rp- is independently hydrogen; a protecting group; a linear or branched. sybstituted
or unsubstituted, cyclic or acyclic, aliphatic, heteroalliphatic, aryl, heteroaryl,
arylalkyl, arylalksnyl, erylalkynyl, heteroerylalkyl, heteroacylalkenyl, or
heteroarylalkynyl moiety; and

misl,2,3,0r4.
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or unaubsdtuted, cyclic or acyclic, aliphatic,
heteroal |l i phatic, aryl, hoteroaryl, 25 aryl al kyl,
aryl al I xnyl, eryl al kynyl, hstoroaryl al kyl,

het er oaryl al kenyl . or hetgﬁoarylaikynyl moi et y'2 FERYYaRH,2007
is 1, 2, 3. or 4. 12 February 2007 122 2. A conpound
of the formula: Re N X o no Rs ORO 5 wherein Xis
0, S, C(R7)2, or NR7, wherein each occurrence of R7 is
i ndependently hydrogen or lower alkyl; R and R6 are
each i ndependently hydrogen or a protecting group; Rs
i s I2ydr ogetmpdiad o0REformed?0’ ; - SRe; -N(R R)2; - CY3,
-Cl3Y2, -CH2Y, 10 where Yis F, Br, d, L M., NHRa,
N(Ra)2. or SRs C(ORy; -C(OR ; - CONHR B, ;
-Q(CORa.; -Q(CeO | -NRsr (C=O RB; N3; NaR s';
cyclic aoetal; omRg i or jJacyclic, |inear or
branched allphatlc h ' 22yl , or
hetetoaryl, option aIIy substr 7 mrpﬁaone or nore
of hydrogen hal ogen;

“(OCRS.; -C(ORB.; -ENEH a.: e
-Q(C=0 ORs. ; -Ma(C—O),; M E. cyclic
acetal ; or cyclrc or acyclic, )3 br anched

substituted or unsubstituted ai phg
heteroal i phatic, aryl, or hetero2 PR ety; or is an
epot hil one, desoxyopot hil one, org anal ogues t hereof,
or is'a polyner; carbohydrate; photoaffinity |abel;
orradi ol abel ; wherein each occurrence of Re, is
ind@p@ﬂvently hydrogen; a protecting group; a linear

or branghg |
acycl i C 20 "al |?§7 Nﬂ“Fr'et er oaﬁ@%&égw{\:&dﬁr ke 8 iddipedbionty
Vi kyl

thyringgenyar lover aryl al konyl aryl al'kynyl

het er oagyinglrk i
hetcroa?yilngl kyn3??&“{i‘l‘&géaﬁsﬁdﬁ{‘I E ,ndeg‘["‘eg g group;

hydr ogeRa is hxdragsa NERy 2C Y, Y2, -CH, -
g;mmmﬁcsenrvcr ECﬁh Fmé%w ( N@b ﬁa%m ;- Of
- ( B" R oNaR g; cyclic acetal; or
cyclic or ncyclic linear or branched aliphatic, betarouhphaﬁc. aryl, or heteroaryl,
optionally substituted with one or more of hydrogen; halogen; -ORar; -SRa:; -N(R p-)a;
-C(O)ORp; -C(O)R p'; -CONHR g -O(C=0)Rg'; ~0(C=0)ORg:; -NRp(C=O)Rp; N3;
N2zR g; cyclic acetal; or cyclic or acyclic, linear ar branched sybstituted or )
unsubstituted aliphatic, heteroaliphatic, ery}, or heteroaryl moiety; or is an spothilone,
desox yepothilone, or analogues thereof; or is a polymer; carboliydrate; photoaffinity
label; or radiolabel; wherein each occurrence of Rg: is independently hydrogen; &
protacnng group; a linear or branched, substitated or unsubstituted, cyclic or acyclic,
eliphatic, heteroalliphatic, aryl, heteroaryl, erylalkyl, arylelkenyl, arylalkynyl,
hetz=roarylalkyl, hetsroarylalkeny), or heteroarylalkynyl moiety;
Rq is independently hydrogen, halogen, ~ORs, -SRs, -N(Rs), -CYs, -CHY,, -
CH.Y, where Y is F, Br, Cl, [, ORp.. NHRy:, N(Rg");, or SRa'; {CV3),ORg, -
(CV2)uNRs), -(CV2)uSRy, (C=0)Rs, -O(C=0)Ry, -(C=O)ORy, -O(C=0)ORs;-
NH(C=0)Rs, -NH(C=0)ORy, (C=0)NHR;, or & cyclic or acyclic, linear or branched




10

20

25 NH(C =OR9. -NH(C=O)ORo, -(C "ONHRO, or a cyclic
or acyclic, linear or branched ~tl RV 3F?526 P .M5 12
February 2007 123 aliphatic, beteroaliphatic,

hetemaryl, aryl al kyl, or h@geroaryl al kyl noi et y1281£e¥)rdary2007
opti onaIIy substi t ut ed with one or nore occurrences of
hal ogen, -OR9, -SR9, -N(R9)z, - (Cva)nOR ,
-(CV2)nN(R9) 2. - (CV2LSR9, -(000) R9, -O(C"O)R9,
-(GOORS, C'OORy:-NH(OnO R9, NH(C=0 OR9, -(

-_O) E‘F%ﬁ or a,cy ‘laleéb?'retﬁggfﬁrgll g{l [ near]ﬁ‘g&w‘m

h at cpicily m&ahmsd wilk e, ornh&t@asiﬂﬁééb of liloghs) LORS, SRy, -N(pr -

“etfﬁkﬁe%%éﬁémﬁﬁw (A AErPubctor i R HER

ﬁ %CD(C#@)Q&. -HEYCHO)R), -NEH(E40)0BS, -(O=E)NITRy] or weyolt Dl’lfﬂﬂlﬂﬂf or
DRt i, oG8 oA E AR e Seip ] sy

het'eroar or 1s an epo

debmbmiﬂlkyherhﬂmwmﬂlmgﬁms hereof: a poI yner,
cezbohy BatRed {'}"*ﬁé""’c’f“ :ﬁ-%gﬁ ﬁ‘&&lﬂng group;
wher ei n eac ”ggcurrer%'gmm I's I n epyn enﬁ

hyam@leﬁrwc@g@ﬂr teganFhed, ubstityted; op unspbtizged ol P k&cani no.

or haszam wml Huew BF iy mmlmﬁaséaoﬁepm@eae

oft nde endently ; 0 u nce
s AR T B A
accept abllle&udﬁch vairRs omermf»ndcnus hﬁdmadammmy&dxﬂf

c1 B oo iR Bistpoichios s, ST R ARy,

)

' 2 naepeodsﬁuyMeuré;ndﬁmmmMmsxmmmm of

%{‘ -4340H. 9. The
%ougzgﬂéﬂbp{cal m : , wWherein RD is -CB2NH2.
25 A.N9[ ~'tdTi5D P. 007 124 12 February 2007 10. A
COFTPOUMGhe Bdmpcddfid S dit2ivhidreirR O ndthyll S 5 wherein

4. . ‘Thscompound of cleim 2 whersin Rg is ~CFs.

5. The compound of clalm 2, 3, ar4, wherein Rg ls methyl.

8. The compound of claim 2, 3, or 4, wherein Ry is -CH;0H.

9, The compound of claim 2, 3, or 4, wherein Rs is ~CHNH;,

.- L an o

-AMENBED SHEET e00 p 07



10

15

Xis 0, S. C(R )z, or NR . wherein each occurrence of
R7 is independently hydrogen or |ower alkyl; Rs and
R6 are each i ndependently hydrogen or a pr ot ect,

group; RV is hydrogen; hakgagen: -ORa; - SRs; _N(E@gyuawzoor
-Cy3, -CIFY4, -CH2Y. 10 where Yis F, Br. d, I,

ORB., NHRe, N(Ro,)z, or SRa; -C(OORe; -C(OR a; -
CONHR P-; -Q(C=ORB,; - CzOO0ORa: -NRn(C=O) Rs: Ns; NxR
an, cyclic acaal; or «cyclic or acyclic, linear or
branched aliphatic heteroaliphatic aryl, or ‘
het t.aro substltuted with one or nore
of rha/dro é ?ng‘g'gi% e.., -SRs; -N(R e)2:

-C(0)ORn; -C(ORa; -CONHR a-; - C ORw, -Q(C O ORs;
-NRv('C O)Re; N3; 15 a.; cyclic acetal; or cyclic
or acyclic, ling hed [substituted or
unsubstituted ali yc, aryl, or
het ar oaryl noiety:

desoxyepot hi | one, or analogues Is a

pol yner; car bohydrate; / abel ; or
radi al abel ; wherei n eacheT ’ K 1S

i ndependently hydrogen; a p pre—yroup; a linear

or branched, substituted or ung

acyclic, 20 aliphatic, heteroal Mwp -}

het eroaryi, arylal kyl, arylai kcayg, aryl al kynyl,

het eroaryl al kyl, hetoroaryl al kenyl, or

het eaoaryl al kynyl noiety; Rs is independently

hydﬁmggﬂ halogen -Clt* -SR9, N(RO) 2: - CY3, CHYz -

is F. Br , ORe, NHRs, N(Ra)a

SRS " 2k Q. 8 s o o e Soorowrgjof Ry lndepcndently

Jpeilor loweralk RS, -O(C—O) OR9; 25 NH( C=0) 14. -NH(C

83253he85w@<m i jHepadi il nySinBio 81 Felig ey 2007

125 al | Bpéstliydrogénedagen: -ORpaiSRe; -um);,-cm,eem;,ycuﬂ

2N B T SRR N B R B B

G@Nmagﬂcﬂﬁ?m) m}nommwma (16/PhR ROYYRIIG Beetal; or

e

%g¢d, cyclic or
aryl,

cyé‘P W with 'swwr meepof umav}z.
or .JERBRG! i -@bm@t % P NRE=0)Rp; Ny;
hete oaryf al kyl et eroar yl al'ky nnlety,

wh &R e c¥lic H*Eg %fécx?ﬁlﬁwgfh%&

h y dﬁﬂﬂﬁmwd diphaie] Rfkkd rnr Ry Gbéﬂiﬂuna

oAt e e T T

mudnmuwﬁmdmalammauﬁﬁh&mmﬁmuﬁfimﬁymmeMdmNmmhmmma
protecting group; a lineer or branched, substituted or unsubstituted, cyclic or acyclic,
aliphatic, heteroalliphatic, aryl, heteroaryl, arylalkyl, arylalkenyl, arylalkynyl,
hmummnﬂﬂkﬂwhaunuyhnumyLorhuwumnﬂdkwudnnnﬂy,

"Ry is independently hyd:ogan, halogen, -ORy, -SRo, N(Rs)2; -CY3, -CHYz, -

CH,Y, where Y is F, Br, CI, I, ORw, NHRy, N(Rar)z, or SRg-; (CV2),ORg, -
(CV2aN(Rp), (CV2):SRs, -(C=0)Rs, -0(C=0)R;, {C=0)ORs, -O(C=0)ORs;-
NH(C=0)R;, -NH(C=0)ORs, -(C=0)NHRy, or & cyclic or acyclic, linear or branched

AMENDED SHEET 509 p.00s




10

15

10 anal ogues thereof a polyner, carbohydrate;

photoaffmty label; or radiolabel; Werein each
occurrence of V is independently hydrogen, hal n
hydroxyl, thin, amno, ajkylam no, or protect ] erruary2007

hydroxyl, thin or am no; each occurrence oft is

i ndependently 0O, 1 or 2; and each occurrence of nis

i ndependently 0-10; and pharuraceutically acceptable
derivatives thereof.. 15 11. The conpound of claim
10, wherein Ito is hiahyl 12. The compound of claim

1O’ﬂﬁff4}4ﬁ£§iﬂ&f§lei e I 2011 Iﬂw%ﬂrgg’ound gf cl aound

of opricmially shBstingst, thhron&& mopl oceiirenciiofihalogen-IoRS, -SR, 5N(E'.Ebk§-

mé‘%‘zﬁéﬂ%t gce.é'i? 'f)cfl'g?)ﬁ%% R'I%%épliﬂ'r x O

© QREC=IBRy: mmlmwmtmmm B eyalic lor acytlit, R6

?{; |%penﬁg%ﬁ%hyguége%ﬁgﬂ ﬁ%ﬁﬁn&mgroup,

- Nesteyparyl, arybutiyl, ovdppparylalkgR@dietywhere Y is F, Br,
ORO. , ea&l( ﬁ?@ é‘% . )
(CVx) aN( $S) 2, - ( CVASRO g EW&’G ‘tj"ﬁg“ 8 group;
(wfbm xc@e-é afe;tym

Gty 3 Gh mdowaagoxgpoméﬁfd?ed

a|I€‘hatIC hateroallp ati c, aryI cte soar

ar&prig tyletm!-u%w&ﬂa}'a'
subst i wm ewntohc;ﬁe@eefvm&p y l?ﬂﬁg& , Fgﬁ'fﬂ&ﬁﬁyl,

%& %g’k"'%“(% mméfc’%ﬂxgw ocqvg'ence of tis

OliaiepanEiity ONHO: Qldﬁch @Mﬁnﬁmﬂd@éﬁﬂﬁm 4ndor a

iRl Ao S e oo, SUSt) ured o

het eroaryl , aryI al kyI or het eroaryl al kyl noi ety,

Wher ei m&p Wependent 'y

hydrogen a prot ec |ng group, cyclic or acyclic,
| i near or branched, substituted or unaubstituted

alya phagy Q:mnfémaﬁf&diﬁ% v Ry is?EH) . or hoteroaryl
noi ety; Bor s an epot hi | one, desgxyepothl | one or
13.  Thecompound of claim 10, 11, or 12, wherein R; is methyl.

14.  Thecompound of claim 10, 11, or 12, wherein Ry is —-CH,OH.

15.  'Thecompound of claim 10, 11, or 12, wherein Rg is —CHNH,.

16. A compound of the formula:

AMERIED SHEETIS00 P09
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anal ogues thereof; a pol yner, carbohydrate;

photoaffinity, |abel; or radiolabel; . wherein each
occurrence of V is independently hydrogen, hal oge
hydroxyl, thlo, anino, al{ylan no, or protect e% Feoruary 2007
hydroxyl. thio or amno; : Xis 0, S. C(R7)2, or NR7,
wherei n each occurrence of R7 In independently 20
hydrogen or |ower alkyl; Re is, independently for each
occurrence, hydrogen; halogen; -ORB; -SRS -N(R w)2;

-CY3, -CHY2, -CH3Y, Were Yis F, Br, d, Z (]?3,

NM4,, N(Rs)2, or SRs; -C(OORa ; -C(OR I, - CONHR

8. wh RB( C O) RB; NS N2R B ;
cycl |%‘lacet | ar cyc?ﬁg@%’lﬂI T & PfOtRCing goup;
br anc hedlxznsmdamqsmbthydmonenmm -op.nasn,q,um LGYHLCHY, -

'ﬁ%‘?’c‘?‘é#" "ﬂp%gen bl e R N s S -

e Ry, =0, B B0 COIREEOC=Y0Rs:

-aC)F/mIﬁl c, It near o?é%@&ﬁ%ﬁh?u%’%f%‘%ﬂ% S Cmgfb?{“ ched

Bhefic hateesliphatios ke, heterogryl, anylabiyl, piisetbeoarylaliy! moisty

" eb@ﬁﬁh@ﬂ%h% ith B ok 5&% ot ifisgen, -ORs, -S3s, N(Ro)s -
Dok POl Ak N B - Valoin a0 R omnal-mona.
r aﬁ(ﬁ@m& RE) -RACROIORS XCSBHER 2 br d355kc |°? o3t ar

endent]ly h drogen a protectlng gro
%ﬂw&s dgsubgituteraliphatic] hetprast Neterastiphatis; atyl,c or

acbmﬁunyl 1@3&}@”&@; hadc aryl, heteroaryl,
127 12 Eebruar 2007 {ﬁal kyI aryl al kenyl
F5/p dependenthyeydsepa;

aryl al R PteEting groupt
he&mﬁugﬂmifdﬁﬁﬂmbﬂﬁd‘wd. &Ihdumﬁh&fmﬁie&

e A T
c|2anlngups therdafs mohymaecmmﬁs;rpnmmgr 1Bl FabAde); Of
E'Oﬁ'pé"unﬁﬂ% cal oebeatd 5 e, bhtgen
2 fhio, prning; glylaming, ayipratécted ydrGiyl, Zhio of apdifio; Wherein Rs is
Crt Nk is 0,82 Clién,, 6 RRIRAMAG &bt bSnbRe " K s fBRepethienty
hydmgen or lower alkyl;
Rg is, indopendently for each occurrence, hydrogen; halogen; -ORp-; -SRp:;
“N®R g');; -CYs3, -CHY, -CH;Y, where Y is F, Br, Cl, I, ORg, NHRz, NRa'),, or
SReg'; -C(O)ORy; -C(O)R p; -CONHR. p; -O(C=0)Ry:; -O(C=0)ORg; -
NRg-(C=0)Rp'; Ns; NzR p; cyclic acetal; or cyclic or acyclic, linear or branched
aliphatic, hetsroaliphatic, aryl, or heteroaryl, optionally substituted with o'na or more
of hydrogen; halogen; -ORp; -SRy-; -N(R p-)z; -C(O)ORg:; <C(O)R p-;~CONER g'; -
O(C~0)Rg:; -O(C=0)ORg"; -NRg(C=O)Ra; Na; NiR p; cyclic acetal; or cyclic or
acyclic, linear or branched substituted or unsubstituted aliphatic, hetercaliphatic, aryi,
or heteroaryl moiety; or is an epothilane, desoxyepothilone, or analogues thereof; or is
& polymer; carbohydrate; photoaffinity label; or mdiolabel; wherein each occumrence
of R is indspendently hydrogen; a protecting group; a linear or branched, substituted
or unsubstimted, cyclic or acyclic, aliphatic, heteroalliphatic, aryl, heteroary],
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i5

20

wherein Rl is hydrogen or |lower alkyl; 20 R2 is a
substituted or unsubstituted aryl, heteroaryl,

aryl al kyl, or heteroarylal kyl noiety; R5 and re

each independent!ly hydrogeg,or a protecting gr(%b%aryzom
is 0, S C(R7)2, or NR/, erein each occurrence of R7

is independently hydrogen or. lower alkyl, 25 Ro is,

i ndependently for each oc cunence, hydrogen; hal ogen;
-ORs.; -SRr; -N(R a%2; -CY3; -CRY2, -CHsY, whamyY is

P. Br, d, NBRa., N(Rs)2, or SRa ; -C(OORa

|, ORs..

o (R iy RS iyl hptroansialisylotn ¢ or
o G o R A et or aar | opti onal |
sub?’?’%ﬁ&l’%ﬁ%ﬁ“‘%ﬂﬁ%ﬁ" ' 2l 1 ATVAEDHC E . 529

P.011 12 February 2007 128 of hydrogen; hal ogen;

O(OEEE) h‘;’ﬁ?é@%ﬁgﬁ 1?(@%{5&5@,@%; R w

cyclic acetal; or cyclic or acyclic, linear or

br agghe ' Mol ituted aliphatic,

het é?’oaﬁ%%g%@&gﬁgﬁ?ﬁlg? e ﬂ?‘blgr‘y *nmoiety; or is an
epot hi l one, desoxyepotl al one, or anal ogues thereof; or
is pa N rat o gb}g&%;\ﬁf' ' | abel ; or
radi ol a%%ﬁvﬁergia{}%gﬁ' lg'c‘%d?'r ence b#%@dl's

i ndependent |y hydrogen; a protecting group; a linear
or 20, an a8 Somgikhiclath 16, 1705 18 Wil ki W LEhorg Yl 1 © o
acyclic, aliphatic, hetoroalliphatic, aryl,

heteroaryl, arylal kyl. aryl al kenyl, aryl al kynyl
het2ir oamyé ednhpwlmd dfelaih 0617, onl & Whkdein Kyis

het ar oat yl al kynyl noiety. 10 23. A conpound of the
formula- R8-- N TORO O As 15 wherein Ra is hydrogen;
hal28genA-<cGRpoynd oSRBformM&:R B)2; -CY , -Ciy2, -CW,
where Yis F, Br, d, I, ORB., NHRB, N(R5.)2. or SR .;
-OGORS.; -(OR 13-;H2- a

wherein R, is hydrogen or Jower alkyl:
Rz is a substituted or unsubstituted aryl, heteroaryl, arylalkyl, or
heteroarylalkyl moijety;
Rs and Rs are cach indspendmtlir hydrogen or a protecting gronp;
X i8 O, S, C(Ry), or NRs, wherein cach accutrence of R; is independently
hydrogen or lower alkyi:
Rp is, independently for each occurrence, hydrogen; halogen; -ORp:; -SRg-;
-NR w)z; -CYs, -CHYj, -CH: Y, where Y is F, Br, Cl, I, ORgs-, NHRs:, NRp);, or
SRe'; -C(O)ORp; -C{O)R g-; -CONHR p; -O(C=O)Ry-; -O(C=0)ORy; -
NRp(C=0)Rp'; N3; NzR p-; cyclic acetal; ar cyelic or acyclic, linear or branched
aliphatic, heteroaliphatic, aryl, or heteroaryl, optionally substituted with one or more

(AMENDED SHEET 509 .01




COWMB.; -QCOR; - QCOORI.: -M' (C0)RB; N3; N2R

jr; cyclic acetal; or cyclic or acyclic, linear or
branched al i phatic, hereroaliphatic, aryl, or

hoteroaryl, 20 optionally ybstitut ed with one 'GFeRypY 2007
of hydrogen; hal ogen; (PB .SRe-; -N(R B,) ;

-C(OORS,: -C(OR e-; ~ CONBR 5; -O(C-O)R5 ;- Q(On0) ORB
NRW c-- O Rw;, Ns; N2R e ; cyclic acetal; or cyclic or
acyclic, linear or branched substituted or

unsubstituted aliphati c, het emal i phatic, aryl, or

TR ofF 36, AR BUERR: oy ponm
pol )Rnar‘BWB! ?e-NRp-ﬁ@#@&ﬁ-f N NeR o2 gcliaimeta); opeyelic oy

oy ﬁ"'%“%“g%ﬁﬁ* a2 ik o Yol pgtpba g

12 P@mw or igAD emﬂylonc. dmmmtum.tnrwl@uwbmf oris

5 WNek BbIImBR iyl OREmAA 1) of pafAHBOS RN ket coonorence

10

15

hydrogen; it protecting group, I
sub%k mlwpﬂﬂmh’éixmqnt m'éfacnncmp,oa hmaab;anmed. subatituted

al i ghakdbat Bet Jnfghﬁ?
aryl B@lf:é( eI ken |, ry a eta(l:evroaryflg1 kyl ,

het’é?’ | 8Ty b betrd K‘W&W‘Y elenvler 5 | ts

and;e%agayg tcietydependent | y hydrogen or a protecting
group; Rs is |ndependently hydr ogen, hal ogen, - OR9,

-SR., -N(R), -C¥s, -CHY2, - Cli2Y, where Y is F, $r
d 231 ) %Mowmemh, or 84’ ) (C\/Amg -
(CVZ)nN(R. )2, -((!V2)1sR9, -(C=0)R9. -Q(C=O Ry.
-(CB0) OR9, -O(C - O OR9;- NH(C-OR9, -NH(C=0)O4 -(C

=O) NHRa or a cyclic acycl | | i near or branched 10
al i phatic, heter Hphay|i ; heteroaryl,

aryl al kyl , or hel! er ogjyial g~\@dPsl s’ opti onal Iy
substituted with one or rore o currencé&‘%of hal ogen,
-OR, -SR, N(R4, - (CV pORy , 2,

-(CVzLSRp. -(COORS, -y
Nfl (" )RI. j (C=0 K,
acyclic, linear or branched,

ted aliphatic, heteroaliphatict P15 het eroaryl
aryl al kyl, or he onryl al kyl [ f&®r ei n each
occurrence of Rp is independent|® hydrogen; a
protecting group; a cyclic or acyclic, |inear or

branched, subsdtutod or* nsubsdtuted aliphatic,
heWB#®RBI i phati c, aryl orhateroaryl nmoi ety; or is an

Sgl()d“ lms% i hot oa f| a|P Qgﬁ,glfcﬁ%,?m&' =
raﬂk"&? gﬂ%ﬁ T B atRege O 3&1@@’8’{5\/ C@Rp;-

| nceNTRG m(oﬁ-d)nar -QIEE0)ORG!; QURC=D)RF ; cyélicQeetal; or
El%orlklgg.] B‘ﬁﬁ‘ﬁ’%&\f’gﬁ“@’ mg/nﬂrox, .torlhgwt%xriry,

opuonally substituted with one oy more of hydrogen; halogen; -ORp'; -SRg; ~N(R ')z}
~C(O)ORg:; -C(O)R g} -CONHR ' -O(C=0)Rp; -O(C=0)ORg; -NRz-(C=O)'; INs;
NzR g; cyclic acetal; or cyclic or aeyclic, linear or branched substitated or
unsubstituted aliphatic? heteroaliphatic, aryl, or heteroaryl moiety; or is an epothilone,
desoxyepothilone, or analogues thereof; or is & polymer; carbohydrate; photoaffinity
label; or rediolabel; wherein each occurrence of Ry is independently hydrogen, alkyl,

LA“ENDED-SHEET 1599 PO
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i ndependently 0, 1 or 2; and each occurrence. of nis
i ndependently 0-10; and pharmaceutically acceptable

derivatives thereof 25 24. The conpound of cl ai
whotein Re is methyl. 255,gThe conpound of cl aﬁg‘}:éﬁ’“awzow
wherein Pta is -09. 26. The conpound of claim 23, 24,

or 25, wherein Rs is nethyl. 30 27. The conpound of
claim23, 24, or 25, wherein Re is --CH2CH. Pi

(s-1AC} BT-:529 P.013 12 February 2007 130 28. The
conmpound of claim 23, 24, or 25, wherein Rs is

-Gy BRI Al L0t 8 U el

(N)(? FIYAyagen; a@reecting i ap; amm bramliadr mbaﬂmdimﬁbsuu%d, crelic
CCNH%%:' %E%W“'@ﬂb%&%wl i3 - NA

br anthog, aliy}, heterparyhatienyi, oawmmkimwwaw

het a+oary|ﬁu Eﬁ*%nm%?%swg%"e%hh%a'ﬁ%?r nor e

of hydr Bgisin ﬂ@xgahydmwalosusm SRNGR(&M-CY;, -CHYz.
Cm@)%ﬂ“’@ﬁﬁm ch&g’%@sﬁa '(or ycC |c or

AT oSN N R e e
unMeEDmI-MI(EL-Owl@I J(@:Q)mro?%hﬁ@&tdc&lic,aﬁﬁékror%nched

he‘é%w@ ﬁfwn%ﬁ@% or IS an Eot one a]l‘:ygmalety

pobmmymmnwmmﬁ&ebm&éﬂea&mb eloa,cxsn.. -N(Rg); -

Qf aé@?@-n ﬁ?}’ﬂﬁ?@% AR e °$q¢%g>§? dtpo

ENEMCMR, -NHCSO)OR, Mmﬂmwhwu aﬂrcnc.

ﬁgt er oar arw ar %W M .%yl ’

hehmlMMLWMWMkweuyl or
h
et er ORnéleMRARY decitinsd B B ap&dgﬁ?o%?&gcpmngmup_

|ndependently hydro en
a cyclic or acyclic, linzar or ed, subsu orunsuhstimed aliphatic,

heteroaliphatic, aryl, or heteroaryl moiety; oris &n cpothilone, desoxyspothilons or
analogues thereof; 8 polymer; carhohydrate; photoaffiaity label; or radiolabel;

wherein each ocoursencs of V is independently hydrogen, halogen, hydroxyl,.
thio, amino, alkylamino, or protected hydroxyl, thio or amino; each occurrence of t is
independently 0, 1 or 2; and each occurrence of n is mdepwdenﬂy 0-10; and
pharmaceutically acceptable derivatives thereof.

24.  The compound of claim 23 wherein Rg is methyl.
25.  The compound of claim 23 wherin R is ~CFa.
26.  The compound of claim 23, 24, or 25, wherein Rg is mathyl.

27.  The compound of claim 23, 24, or 25, wherein R is ~CH:OH.
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Rs i s independent|ly hydrogen, hal ogen, -OR9, $Ry

-N(Ry)s, -CY3, -CHY2, - CHzY, where Y is F, Br, ,

ORe', NHRs, N(R .) . or SR (CVO:\’S - (Cvz)"

-(Cvz)" SR9, -(CO)R5, -Q{@) R9. ' -(CmD) OR9. I\J‘('B%}”%W”m

-Q(CCOORv: 25 NHHCOO R9, -NB(C O ORe. -(C=0)NH4, or a

cyclic or acyclic, linear or branched A IE~ID .

?~SF~ET f1529 P.014 12 February 2007 131 aliphatic,

het eroal i phatic, aryl, hewoaryl, arylallryl, or

het emaryl al kyl noiety optionally substituted with one
re.occurrences of halegen, -OR9. -SRI, -N(R9)2, -
O Compe el 7. 24 GER hesin -

O(C—O)Ra -(~Q OR9, - ()(C--O)OR” NH( C=0) Ry,

| l—:\lﬂ(giOé%&%@%ﬁgt |O{ u?egyg:rl aangzfiyflgit gd °

al i phatic, heteroaliphatie, aryl, heteroaryl,
aryl al kyl, or het aro lal k)| noiety, wherein each

occurrence of <n penently hydrogen; a
protecting grou clig, linear or.
branched, substi tuted or

Fedpgl i phati c,

het eraal i phatie, ary 1, dryi® noiety; or is
as opot hil one, desoxye%g | ggues t hereof;
10 a pol yner, carbohyd ) | abel ; or
radial"; wherein each occur¥es i S |ndependently
hydr ogen, hal ogen, hydroxyl, ¥no, alkylan no,
or protected hydroxyl, thin or ach occurrence
of t is independently 0,1 or

and each occurrence
of a is Independently 0-10; and ™ pharmaceutically
accept abl e derivatives thereof. 15 30. The conpound of
clvitiergi®9 wherein RRis nethyl. 31. The conpound of

claimég \A@ eln Rx- is -4F3. 20 32. The co ound of
cl ai m 2918 hajogen; Rz rIRersN ‘%T}?E‘PH@-I

caﬂpﬁUHﬁIDBnﬁhﬁiﬂkﬁﬂNﬁﬂl N(Rg-$:] or SRS LE{ONO IRl OH
3@%173?%%285@-{9%%%;% lia@a#”“er i o
C epqliz uan deyolic, lihear 6xhmmghesl aliphatic, heteroaliphatic, aryl, or netemaryl
optionally substituted with one or rpore of hydregen; halogen; -ORg-; ~SRa+; -N(R p')z;
-C(O)ORp'; -C(O)R g'; -CONHR g; -O(C=0)Rg'; -O(C=0)ORp’; -NRp:(C=0)Rgp-; N3;
NoR g+; cyc{ic acstal; or cyclic or acyclic, linear or branched subatituted or )
unsubstituted aliphatic, heteroaliphstic, aryl, or heteroaryl molety; or is an epothiloae,
desoxyopothilone, ar analogues thereof; or is a polymer; carbohydrate; photoaffinity
label; or radiolabel; wherein each occurrence of Ry is independently hydrogen; &
protecting group; & linear or branched, substituted or ynsubstituted, cyclic or acyclic,
aliphatic, heteroalliphatic, aryl, heteroaryl, arylalkyl, arylalkenyl, arylalkynyl,
hmmuuyhmw,Mannﬂdhmﬂﬂxhannaﬂdknwhwﬁﬂm
R, and Ro are sach independently hydrogem or 8 protsoting group;
Rs i# indspendently hydrogen, halogen, -ORs, -SRs, -N(Rs);, -CY3, -CHY:, -
CH;Y, where Y is F, Br, Cl, I, ORg,, NHRs, N(Rg')2, or SRg:; -(CV;),0Rs, -
(CVuN(Rs)2, -(CV2)SRs, (C=O)Rs, -O(C=O)Ry, -(C=0)ORp, -O(C=O)ORs:-
NH(C=0)R;, -NH(C=O)ORs, -(C=0)NHR;, or & cyclic or acyclic, linear or branched

'AMENDED SHEE icpg p 14
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IC OH 36. A conpound of the formul a:

S M -<NOP

M-< NOSOH Ma OH 5 37. A conpound of the fornul a:
AAs-- 1 OO NOH DF3ICOH W IN D EF529 P.O

12 February 2007 38. A cegpound of the fornul égglgruaryzow
-OH Me OH 380. A conpound of the fornmula: HOHZCG- N O

O 3H F3C

dliphatic, hetevoaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl moiety
optionally substituted with one or more ocourrences of halogen, ~-OR,, -SR;, -N(Rs), -
(CV2ORs, (CV2JNRs)z, -(CV2)uSRs, (C=O)Rs, -O(C<O)R;, -(C=0)DRa,
O(C=0)OR;-NH(C=0)R, -NEH(C=0)ORs, -(C=O)NHR5, or & oyelic or aoychc,
linear or branched, substituted or unsubstityted aliphatic, hetoroaliphatic, aryl,
heteroaryl, arylalkyl, or heteroarylalkyl moiety,
wherein each occurrance of Ry is independently hydrogen; a protecting group; a cyclic
or Pcyclic, linear or branched, substituted or unsubstitufed aliphatic, heteroaliphatic,
aryl, or heteroary) moisty; or is an epothilons, desoxyepothilone or analogues thersof:
& polyruer; carbohydrats; photoaffinity label; or radialabel;

wherein each occurrencs of V is indepandenﬂjr hydrogen, halogen, hydroxyl,
thio, amino, alkylamino, or protectzd hydroxyl, thio or amino; each occm:renoe_of tis
independently 0, 1 or 2; and each ocourrence of n i independently 0-10; and
phermaceutically acceptable derivatives thereof,

30.  The compound of claim 29 whesein Rg is methyl,

3L.  Thecompound of claim 28 wherein Ry is ~CFs.

32.  Thecompound of claim 29, 30, or 31, wherein g is methyl.
33,  Thecompound of claim 28, 30, or 31, wherein R; is -CH,OH.

34.  The compound of cleim 29, 30, or 31, wherein Ry is ~CH>;NH.,.

AMENDED SHEE o p 0




0O OH 38b. A conmpound of the formula: nms | N SOH FsC

OH [f~529 P.017 134 12 February 2007 39. A tmm

9, 10- dehydr o-ci s-12, 13- dehydFoepot hi | ow anal og.,.40.

The MM 9, 10- dehydm ci s- 12,443- dehydr oepot hi | one %ﬁé%Wﬂfy2007
wherein the analog is characterized by an | C50 of

| ess than 0.01 in a CCRF-CEM cell line, 5 41. The

anus- 9, 10- dehydm ci s- 12, 13- del t ydsoepot bi | one anal og,
wherein the analog is characterized by an |ICso of

|l ess than 0.05 in a CCR F-CEM cell line. 42. The
turps-9,10-dehydro-cj s-12, 13- dehydr oepot hi | one anal og.
V\he'?szi n ﬁ%nwﬁxcg?@?#@mp‘é”characteri zed by an |Ce, of

less than 0.01 in a G€
Taxol . 43. The Me—
trans-9, 10-dehydm ci sg423 epbtitilo . anal og,
wherein the analog is ch dr i n | Ce, of

| ess than 0.05 In a CCRF-CE pel resi stant 15
to Taxol. 44. A phar maggutis gh conpri si ng
a trans 9, 10-dehydro-cis-1 deaydr gepot hi | one
anal og and a pharmaceutical 'y fcceptame udpi cqL 20
45. A phant naceutical conposit “
cancer conprisinga conpound of e of clains 1-32
and a pharnaceutically acceptabl g excipient. 46. The
pharmaceuti cal conposition of claimd44 or 45 further
conprising Crenmophor. 25 47. The pharnaceutica
coAposiA conpoohd of the frmdda:or 45 further conpri sing
Crenophor and et hano 48. The pharmaceutica

conposi tion of && jna 5, wherein the conmpound is
30 suspended in 1:1 dEt

call litre resistant to

Mo

37. A compound of the formula:

 AMENDED SHEET eg p 015




49. The pharmaceutical conposition of claim44 or 45
further conprising an iDSHE 529 P..018 135 12

February 2007 additional cytotoxic agent. 50.

phar maceuti cal conpositi ofusf or the treat ment oﬂzgﬂﬁE@Yzm”
conprising: a therapeutlcally effective anmount of a
conpound of any one of clains 1-43, 5 or
pharmaceutically acceptable salts thereof; and a
pharmaceutically acceptable carrier or diluent.

wher ei n the t herapeutically effective anount of the

CONFRHUNCH éﬁﬁﬁé nmﬁuffICIent to deliver .about

0.001 to a ny conpound per kg body wei ght of a
subj ect 10 51 A et pBomof t eati ng cancer conpri sing;
adm nistering a M pe tlca Iy effectlve amount of a
conpound of any one S NS A9 a subject in

need t hereof. 15 52. The
the therapeutically effec
I s an anmount suffi ci enjugt-d
about 40 ng conpound per

cl 3@ 51, wherein
df the conpound
N#0.001 ng to

- 53. The

sufficient to deliver about 0.1 fig t@Habout 25 ny
conpound per kg body weight. 54 A nethod of
preparing a conpound of fornula: R ax AFts Ra ORa 25
wh e|n RI |s hy%;&gen or lower alkyl; Rais a

su pmaul% ut ed aryl, heteroaryl,

aryIaIkyI or heteto | atkyl noiety; Its and Ra am
each |ndependenn}¢_h§? r a protecting group;

[V tt;i~i[~[?f"Tg P 007
SH

Lo}

F3C

38b. A compound of the formula;

T p—
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136 X is 0, S, C(R7)2. or NR7, wherein each occurrence

of R7 is independently hydrogen or |ower alkyl; Re

i's, independently for each occurrence, hydrogen;

hal ogen; -ORt.; -SRw, -M(R s.)z; -CY5, - CHYz 2 Fijpuary2007
when Yis F, Br, Q ZORs., NHRr, N(R3.)2, or 5 SRs

; -C(0)ORs.; -C(ORS$.; -CONHR B.; -0OP=0)RS$.; '
-Q(C~)A5.; NRs(C2mD) Rs; N3; N2R a q cyclic acetal;

or cyclic or acyclic, linear or branched aliphatic,
heteroal i phatic, aryl, or het=aryl, optionally

subgt i t ted one qr _nore of hydrogen; hal ogen;
o%g 5& -3y Créehydrospetljlqre gnalog. CONHR B:

(XCO)RS (XC OORa ; -NRSsWMCORB,; N,; NzR a,;

cycli,c cyclic, linear or
branche@%"ﬁkﬁ M”'ﬁ’ m&& "&I%Wb@mnmu

he#RRlag:s charaaterized bymy KCso ofdses @i B.OD A aCCIREE Mbell Bfe.i S 2N

5 epothilone, desoxyepothitone, or anal ogues thereof or
is a polymer, carbohydrate; photoaffni y |abel;
or #hdi GMharais-9, Mm-mmnsmwmm &fnloﬁewhdran the

or RPE N Rl kisSH Y PR BLoreol il T syt s, o

acyclic, allphatlc hetcroalllpbatlc aryl,

he;zet om et eanar ?‘%ﬁ%ﬂ%‘lﬂe arﬂ%l L WILQ

het er var

0 | angh 5§wi4mwrﬁ/wy I Ceiof st Ol » CCRE:CEM ool resista
mab P@@l.conpri sing steps of: subjecting a conpound of
the formula: R~ X QRe RB ~ Rs 20 to conditions of a
ring closing netathesis reaction. 55. A nethod of

Pr&par THeGrink-50 ORBYIRAc:212, { NichiyidepothiloneAnalod Rerei e
analog is characterized by an ICx of less than 0.05 in 8 CCRE-CEM cell line resistant
15 to Taxol.

44. A pharmacentical composition comprising a tmm—9,10-dchydm—ci..v-12,13-
dehydroepothilons analog and a pharmaceutically acceptable excipient.

I

|

|

‘ 20 45. A phammaceuticsl composition for the treatmant of cancer comprising-a
compound of any one of claims 1-32 and a pharmaceusically acceptable excipient.

46.  Ths pharmaceutical composition of claim 44 or 45 further comprising
r.

47.  The pharmaceutical composmnn of claim 44 or 45 further comprising
Cremophor and ethanol.

48.  The pharmacentical composition of claim 44 or 45, wherein the compound is
suspended in 1:1 Cremophor/BtOH.

49.  The pharmacautical composition of claim 44 or 45 further comprising an
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wherein Rl is hydrogen or |lower alkyl; Rz is a
substituted err unsubstituted aryl, heteroaryl

arylal kyl, or hateroaryl akkyl moiety; Its and RsF&ary 2007
each |ndependently hydrogen or a protecting group; 5 X

is 0, Sr C(R7)j, or. NR7, wherein each occutaence of

R7' is independently hydrogen or lower alkyl; RB s,

i ndependently for each occurrences hydrogen; hal ogen;
--0R5.; -SR,; -N(Rs')z; -CvyY, -CBY2, -My, what e Y

IS F,d%ﬁ@al . H, NRRa., N(4.)2, or Us,;
-C( O %’{5% -CONHR B,; -Q(COR -t 0)ORr;
10 NRB' (CO RB-; Ns; NzR B ; cyclic acetal; or cyclic

or cI br, al i hat| c,
het g%all a |hc! Eﬁ#'&”’”%ﬁ“f ’g‘l‘ p &p!qmpnymg
substit mgm uupaﬁwﬁwmmmfaeﬁmﬂbuﬂuﬁg.ﬁpmm O%%ﬁg_ﬁ

* o Rt el i (g . Ton

a; cycl id@hprneceyticallyaceeptelile carmer or dilopt) i C, | | near

Eéi"”"he“"ﬁ*‘*ﬁ“‘*“"’“‘@‘ﬁ iy S e Fw@ o o

an gﬁsﬁ{“ﬂfhat e thout M o abieis| 49rmg

or sulsjecta pol ymer car bohydrat e; photoaffini ty | abel ;
or radiol abel; wherein each occurrence of 4, is
i ndependent |y hydrogen a protecting group; a linear

or 5hr ans thod o Beating cmg,ﬁ,y, ubstituted, cyclic or

acyclic,, al. |tg$1at| cC, het er oa g’shatl c, aryl,

hat er oa utically effectivg gpount of 3 camtroysd,df any one of

becbmaﬁgauhhgﬂjmmww al kMyl, or 20

heterbaryl al kynyl noiety; and mis 1, 2.3, or 4, the

met hod conprising steps of. subj ecting a conpound of
15 th@ f ormwwmmmwhﬁam

HRrapaRicilly efré&tive bmaunkt bf e
o) S & b dhinl %ﬁw@a&tﬂiﬁlﬁﬁn"ﬁq@-ﬂsﬁg

n”e‘l"m per kg body welsht

10

53.  The method of claim 51, wherein the therapeutically effective amount of the
20 compound is an amount sufficient 1o deliver about 0.1 mg to about 25 mg compound
per kg body weight.

54. A method of preparing & compound of formula:
» R1

25 wherein R, is hydropen or lower alkyi;

R;xsnsubxntutedormsuhanmwdmthemaryl,uylalkyl ar
heteroarylalkyl moiety;

Rs and R are esch independently hydrogen or a protecting group;

HMENBER.SHEET S p.org




reaction include a Gubbs catal yst.
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February 2007 138 57. The method of claim 565’12Februa 2007
wherein the Grubbs catal yg Y
tricycl ohexyl phosphi ne[ i %I S( 2A6- hi net hyl phcayl ) 4, 5-
dt hydnb*l1azol - 2- ylideno)[ benai |l ydene)rut heni um (1V)
chloride, 5 58. A nethod of preparing it conpound of
formula: R RE FIX Re Rs wherein R is hydrogen or
| ower al kyI R2 is a substituted or gnsubstituted

| k h | al kyl
?rL.yhety 1§ G8 mRe et M Vo st Smmem oyl ingrmdenty

vedrogenprdewaralkybr oup; X is 0, S, CO(R7)2. or NR7,

ﬁ‘;ﬁii' o5 2 BBl Y o8 b, g e, SR B

occ €Y B gEH, ¥ hetlemglis F, Bma ORpSRER, ﬂtkﬁih.sarz

> NH OD-I\(I'(ngé% %%%"%@a“&@?%  CONHR

Rath: ﬂ(ﬂfmmﬂsh or bjRlie srGeiiBlinedivr bidfcked ;

;ly ?"*A‘Z‘%?’é&hﬁ‘é‘%%g%a FYE R et BBl ot

opPH yREREss; halogssy Tqau.eatw-m% wizeC(D)ORet (O o OOINETES; -

hab R B &@S&w&’d\[ EFP'q %@ﬁd%&’ LS

10 acyﬂgngnear nbuns@lyt;mwd aliphaﬁt) heterpsliphatic, aryl,
| i d@@ieroffy] RioRRS
a:| atlc hgt(gﬁgallphatlc arf?ls or he Eﬁgdfmf.m‘m
Wmmpmhomume
arﬁmaguhﬂeﬁdnm:ﬂ?h EDOG n lin6 bSHANCH bR isriruted
occwgﬁé%mxsw?belwgqrrgﬂ 0] aﬁa el ; vvherel n each& e,
15 pmldmmgwmmk Refdioedy &l&&hﬁ@k«wﬁdﬁbﬁhﬂut ed

l VTR Fﬁ| ‘¢ or acyclic, aliphatic,

ero 'g |p&a'{‘§g‘y“§¥yl hetaroaryl, 25 aryl al kyl,

aryI al memyJZ,B.aerllﬁéMthquoﬂpﬁmsmﬁf:al lyl,
hetero%mégﬁ!]g]% Qﬁl “Pﬁ"f ﬁ‘% rylallcynyl nmoiety; and m
is 1 or e % conpri sing steps of:

Py

X
DR

20  toconditions of a ring closing metathesis resction.

55. A method of preparing a compound of formula:

Ry
d
X




reduci ng a conpound of the fornmula: AlIE }fEIE3 i ET
[tN P.022 12 February 2007 139 Rs R X RS 59. A

nmet hod cf preparing a conpound of fornul a;

Re R 6 5 wherein R2 is hygtogen or |ower alkyﬁ2$é%Ha§2007
a substituted or unsubstituted aryl, heteroaryl,

aryl al kyl, or heteroaryl al kyl nniety; As and RB are

each i ndependently hydrogen or a protecting group; X

is 0, S, C(R7)z, or NR7, wherein each occurrence of R7

IS independently 10 hydrogen or |lower alkyl; Ra is,

|nde,9@.aq§m ﬁfndlfn gén urrence, hydrogen; hal ogen
i W 8%%’3 -CRY2, -CHzY, where Y

“SRa.
F, Br &, 1§, ORbsHWINR Sir, uhgBRtjuled Qiyl, l,%@n@?aor
.- lﬁkyl Rl y; -CORr; -Q(CCO
NRs, (C N2R a.; cyclic acetal; or cycllc or

ﬁcycl i Cbﬂ W@ mhibdmmljvhy&ogmqohmt ting gro I p
5 hereaoa i r or ero opti Qna
su stltutgd vﬂt‘al’ﬁR n}a"l.io\trk"rr"@?glc‘ae @ﬁ%‘?ﬁ%@ﬁ? é‘&@ﬁ"“bﬂﬂy
- Bengndo Werﬂé:ﬂ. a)2 -C(OORS.; -C(OR e, CONHR s;
- o Cs ,qsg,h
5; cogc clic or acyg@cﬁlq‘mﬂ' %"
§ bs?ﬂ?a % whers b B Brviicl] ORi, NHRE| N(Rg'),, or
hes (OYORY:;] h l . is an
ﬁ;;pf;t? d&%@é%ﬁ%s ﬁ(or a y% uegal%/%ereof or
( )§~51r Rag ﬁ’fcﬁbw ar@cliqm@mwj ﬂinmmybrb:whet
orﬂa:dh:td.mhah pHAlR! @Y, 1n

d@g@ﬁdenbﬂx %g&ﬁi it pro ectl ng '&Eoup zﬁfl haar
&7 uﬁ%u @mrg@@m s.eqemaop
a e n ar y a ﬂ
et P o ool
15 or hetsroaryl moiety; or is an epothilone, desoxyepothilone, or analogues thereof; or is
a polymer; carbohydrate; photoaffinity label; or radiolabel; wherein each occumence
of Ry is independently hydrogen; a protecting group; & linear or branched, substituted
or unsubstitutad, cyolic or acyclic, aliphatic, heteroalliphatic, aryl, heteroaryl,
srylalkyl, arylalkenyl, arylalkynyl, heteroarylslkyl, heteroarylalkenyl, or
20 heterdarvialkynyl moiety; and
m is 1, 2, 3, or 4, the mathod comprising steps of:
subjecting a compound of the formula;

- to conditions of a ring closing metathesis raaction.

36.  The method of claim 54, wherein the conditions of a ring closing metathesis
reaction include a Grubbs catalyst.
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hetemaryl al kynyl noiety; and mis 1.2, 3, or 4, the

nmet hod conprising steps of oxidizing a corrpour,]gggérg?ry2007

the fornula: Rt bX0 00 188 Rs mO 60_ A net
preparing a conpound of formula Ritj X 0 ARe ORs
wherein Rl is hydrogen or |lower alkyl; R2 is a
substituted or unsubstituted aryl, heteroaryl,

aryl al kyl, or 10 hereroaryl al kyl noiety; Rs and R6
are each independently hydrogen or a protecting group;

X 15, 0, The méthdd of &lair® 565) ; r(f'l‘l.b}%s ccurrence of
e ngmor 0\%@9% kyl; Ra is.

R7 i.s j pdependent | hydr ogen

| n SoheRPosERineL1 3 pis 4,6 it sinbenyik-dlyprviniiddzakn
-Wnemﬁmw&ﬁ]m&m;ﬁ%ghm@g& -CRY2, -CH2Y, where Y
is F. Br, d, 1.0R%., NHRa., N(Ra,h, or SR5.; -C(0)04

,; -C(ORB.; -CONHR a.; -QC=ORs,; -O(C OORs ;
NRS8. ( (/A GefMad of \aspaliRdh comiposnd®@F frmite:2| ar; or cyclic or

acyclic, linear or branchgd aliphatic,
heteroal i phatic, aryl g or hpket aryl, optionally
substituted with one of Y f oydrogen; hal ogen;
-CRe.; -SRa.; N(R a')2; , -C(OR B ; -CONHR
a'; 20 QCOR.; -0 .(CORs.; N3;
NSR$.; cyclic acetal; or acyclic, linear or
branched substituted or u uted aliphatic,
heteroal i phatic, aryl, or hgeteroaryl noiety; or is an

S icieinl RIS hy R syRhaladiy.one, or anal ogues thereof; or
is a polyner, carbohydrate; photoaffinity |abel; or

r adi ol abels; anfubstitnped o g hunsebstituted ngeyl, hetercaryl, arylalkyl, or
hetzroarylalkyl mojety;
R and Rg are »ech independently hjdrogen or a protecting group;
X is O, S, C(Ry)2, or NRy, whemin each occurrence of Ry is independently
hydrogen or lower alkyl;
Rp is, independently for each occurrence, hydrogen; halogen; -ORg:; -SRp';
-N(R p-)s; -CY3, -CHYy, -CH:Y, where Y is F, Br, C1, L ORp-, NHRg, N(Rg)a, or
SRp; -C(O)ORg:; -C(O)R g; <CONHR p'; -O(C=0)Rg-; -O(C=0)ORgp’; -
NRg(C=0)Rp; N3; NzR g-; cyclic acetal; or cyelic or acyclic, hnear or branched
aliphatic, heteroaliphatic, eryl, or hetsroaryl, optionally substitutad with one or more
of hydrogen; halogen; -ORg:; -SRar; -N(R p)z; -C(O}ORp; <C(O)R p-; ~CONHR g:; -
O(C=0)Rp-; -O(C=0)ORy-; -NRg:(C=0)Rg:; N5; N;R p'; cyclic acotal or cyclic or
acyclic, linear or branched substitued or unsubstinuted aliphatic, heteroaliphatic, aryl,
or heteroaryl moiety; or is an epothilone, desoxyepothilans, or analogses thersof; or is
& polymes; carbohydrate; photoaffinity label; or radiolabel; wherein each occurrence
of Re- is independently hydrogsn; a protecting group; a linear or branched, substituted
or unsubstituted, cyclic or acyclic, aliphatic, heteroalliphatic, ary), heteroaryl,
arylalkyl, arylalkenyl, arylalkynyl, heteroarylatkyl, hereroarylalkenyl, or
heteroarylalkynyl moiety; and
m is 1, 2, 3, or 4, the method comprising stops of:
reducing a compeund of the formula:
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"Al~IEEME SH P.024 12 February 2007 141 of Ra, is

I ndependently hydrogen; a protecting group; It |inear
or branched. substituted or unsubstituted, cyc
acyclic, aliphatic. heterqggdliphatic, aryl, 45ﬁ%ﬁﬂ&y2007
heteroaryl, arylalkyl, arylal kenyl, arylal kynyl, he
aryl al kyl, heteroaryl al kenyl, or heteroarylal kynyl
noiety; and 5 mis 1, 2, 3, or 4, the nethod
conprising steps of condensing a phosphene oxi de or
Wttig reagent having the structure: .OR X R or
wherein R and R' ate indeggndently C1.8 linear or
branched chain al kyl, of, 8- Hubspi t ut edor

unsubsti tured phenyl, aryrT, X\ORr aryl oxy, and 10
X i's a counterani on such e, or bromide; wth
a ketone having the str OPRe 15 61. A
compound of forrmula: Rr b Re ERs wherein Ri
i s hydrogen or |ower alkyl; Ryt substituted. or
unsubstitued aryl, heteroaryl i arylal kyl, or

hat eroaryl al kyl noiety; 20 Rs and R6 am each

i ndgpendent |y, hydrogen or a protecting group; X is O,
S, o R7)Ametipd Riprepanipms cmpoud ofifosumler r ence of R7 i s

i ndependently A1~1!", NL th, 529 P.025 142 12 February

2007 hydrogen or | owemRs

R

whesein R; is hydrogen or lower alkyl; '

R; is s substitwtsd or unsubstituted nﬁ.lwmmmyL arylalkyl, or

heteroarylalkyl moiety; ' |

Rs and Ry are each independently hydrogen or a protecting group;

X i3 O, S, C®R5), or NRy, wherein each occurrence of Ry is independently
hydrogen or lower alkyl;

R is, indspendently for each ocourrence, hydrogen; halogen; -ORy:; -SRp:;
~N(R p-)2; -CY3, -CHY;, -CH, Y, where Y is F, Br, C1, 1, ORg:, NHRp', N(Rp-)z, Or
SRe'; -C(O)ORg; -C(O)R g-; -CONHR g/; -O(C=O)Rg; -O(C=0)ORy:; -
NRg{C=0)Rg; N3; NaR g; cyclic acetal; or cyelic or acyclic, linear or branched
aliphatic, heteroalipheric, aryl, or heterodryl, opticnally substitutad with one or more
of hydrogen; halogen; -ORg'; -SRg; N #)z; -C(O)ORg'; -C(O)R p; -CONHR p; -
O(C=O)Rp-; -O(C<0)ORg; -NRp(C=0)Rp; Ns; N;R p; cyclic acetal; or cyclic or
acyclic, linear or branched substituted or unsubstituted aliphatic, heteroaliphatic, aryl,
or heteroaryl moiety; or is an epothilone, dosoxyepothilone, or analogues thereof; or is

‘& palymer; carbohydrats; photoaffinity 1sbel; or radiolabel; wherein sach oécurence
of Ry- is independently hydmogen; a protecting group; & linesr ar branched, substituted
.or unsubstituted, cyclic or acyclic, aliphatic, heteroalliphatic, ary, heteroaryl,
arylalkyl, erylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylaikenyl, or

nrsimpne mm AR oy

AMERDED SHEET 529 P.028
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RB is, independently for each occurrence, hydrogen

hal ogen; -ORB ; -SRp -N(R eh; -CY3, -CRY' 2, -

where Yis F, Br, d, I, ORB-, NFIRB., N(RB)2 %EbSRBzow
. -C(OORB : -C(OR B -GgHR B: -O(C=O)RB ; Ol ebruary
OORB, 5 NR9(C-0)Rs ; N3; N2R s ; cyclic scetal or
cyclic or acyclic, linear or branched aliphatic,

het eroal i phatic, sryi, or het=aryl, optionally
substituted with one or nore of hydrogen; hal ogen;
-ORB.; -SRB; N(R ah; -C(OORB; -CCORa-; -CONHR jr;
QWIM% NRB(C=0.RB; N3; N2R B; cyclic

acet al ; %ycl icor acyclic, linear or branched
subst i t'ﬂt’%h oiprisinigteps oft
her er oaixidiﬁﬁﬁieumpaﬁﬂdufm .heteroaryi noiety;

i s independently
Ilnear or branched,
Ygki C or acyclic,
?h het emaryl ,
I, heteroarylal kyl,
' kynyl noiety. 15 62.

wherei n each occurrence o
hydrogen; a protecti
substituted or unsubs
al i phatic, heteroalliphaty
aryl al kyl, aryl el kw yRg
het er oaryl al kenyl, or he
The conpound as clained in 61, wherein R6 is
hydrogen; and Rs is hydroggn. The conpound as
clainmed in claim6l or claim62, wherein RB is nethyl.
20 64. The compound as clained in claim®6l or claim

680. whameitidBPBpreperdiy 8 clfRtnd offgmukn® CONpound as

claimed in claim6l or cIRaim62 erein Its is -CF3.
66. The conpound as clai [fed J ngany one of clainms 61 to
65, wherein R is net "'W’ bH‘The conpound as

5 {t0 66, wherein R2 is
RB Rs N or wherein Raig gRgdent | y hydrogen,

hal ogen, -OR,, -SR 9, -N y. CY3, -CFlY2, -M,
where Y is F, Br, CL, I, CR I Rs, N(Rs. h, or SRB;
30 (Cv2),,0R9, -(CVv N(Ry)2 V)" SU - (C=0 Ro,

(
viroa) o lRwer DEi -91 .4 P.026 12
Eg)ﬁg' T v q'c':k%)mg NH( C =0) R% NH( 0=b) OR9,

NSt Apstinted coF; gmsgbucinsdc ard, hecionssb acplalkyl, ar
Yhiopyat i ¢, heteroaliphatic, aryl, heteroaryl,
aryl akmcms% each independently hydrogen o a protecting group;
X is O, 8, C(Ry), or NR7, wherein epch occurrence of Ry is independently
hydrogen or lower saikyl;
Ra i8, indepsndently for each occurrence, hydrogen; halogen; -ORg; -SRg-;
NR p)z; -CY), -CHY;, -CH,Y, where Y is F, Br, Ol I, ORp’, NHRgp:, N(Rg');, or
SRp'; -C(0)ORg:; “C(O)R p; -CONHR g; -O(C=0)Rp; -O(C=O)ORg; -
NRg:(C=O)Rp-; N3; NoR g; cyclic acetal; or cyclic or acyclic, linear ar branched
ammmﬁqhuumﬁmum=uﬁnxhamnmﬁfwmmﬂhsmHmmmdwﬂﬁmmormmz
of hydrogen; halogen; -ORg'; -SRp:; -NR »)z; -C(O)ORg'; -C(O)R p; -CONHR p; -
O(C=0)Rp-; -O(C=O)033 s “NRp(C=0)Rg'; Ns; N3R g-; oyelic acetal; or cyclic or
mamhchnummﬂummmmsmmﬂm&durmwﬂnﬁMMdﬂqmmu;mmnmmPMuwnmﬂ,
or heteroaryl moiety; or is an spothilons, desoxyepothilone, or analogues thereof: or is
2 polymer; carbohytrate; photoaffinity label; or radiolabel; whemi'n each occurrence

"RMENDED SHEET 529 P04




het et oaryl al kyl noi ety optionally substituted with one
or nore occunenoes' of halogen, -OR4, -SRI, N(Ry)?2,
-(CV2) cOR9, 4CVz)oN(R9h, -(CVASR9, -(C =ORo,

-(COMR9, or acyclic or acyclic, linear or
branched, substituted or unsubstituted aliphatic,
heteroaliphatic, aryl, heteroaryl, arylal kyl, or
heteroaryl al I tyl noiety, wherein each occurrence of Rp
IS independently hydrogen; a protecting group; a

CY Cdfi r .br anche substituted or
unsukl)z(;ssitg:jnt u ed al | ’#ﬁ%”@ﬁ“ﬁ%ﬁs%agmﬁaﬁwthmm
het% MBS, §H‘-‘“‘H% P)éﬂiymmweqnphwadmmmme rsey:, iRferdbrilS

[ ndep qhmﬁ,g I OX t hi n
am.no, I %/: am no P%%’f%%ﬂ”hl‘ﬂr

amhﬂtsm Evd‘!!ﬂrence of a is independent I y

5 0-10; amgs przagrmq %mﬁgﬁgg able derivatives
thereof. 15 Qﬁé ou fFmed in claim67.
wher ei rPopdonsia ERE ffie oc Wirtip regkntisving shiersricrive: ¢l ai m

67, wherein Rz is 20 78. The conpoung as clained in
any one of clains 67 tjp 69, whe®ein Re is nmethyl. 71.

; R
The conpound aspgl i n' anyg, one &i'ns 67 to 69,
wherein Rs is - 5 72ﬁ2\Fh-e’c&<pB<und as cI a| ned
in any one of clains 61 tB M wherei is O

The comwhemirR'and RY @b Mdehehdin®y', s HAbhr 0f bréd W%&;;
W}Eﬂs@:&ﬂ:ﬂ}t mﬁhgpéé%mgﬁg"’;é)'% 1%? Lug:}z one of
10 ¢ aj nsxﬁianmmmmoniﬁcha&cMWW£ fornmula: Me O OCH

Me O Gh aketons having the structure:

15 61. A compound of formula:

wherein R is hydrogen or lower alkyl;
R; is a sobstituted  or unsubstityted aryl, heteroaryl, arylalkyl, or
heteroarylalky) moiety;
20 Rs and Re are each independently hydroges or a protecting group;
X is O, S, CR;)z or NRy, whemin each occurrence of Ry is independently

AMENDED BHEET 509 p1ps
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76. An isol ated conpound as clained in claim75. 77.
A conmpound of formula: S Me NOOSOH F5C OH 10 78.

A isolated conpound as clainmed in claim?77. 79.
phar maceut i cal conpositi ofasconprising a conpouﬂaéggumy2°07
claimed in any one of clains 61 to 78, and a

phar maceutical ly acceptabl e excipient. 15 80. The
pharmaceutical conposition of claim79 further

conprising CREMOPHOR AMt11C ~ C CGJMMP.m 12

February 2007 145 81. The pharmaceutical conposition

of h?ﬂ:@gemc\?ﬂwﬂfuﬂ aim 80 further conprising ethanol.
npound as clainmed is any one of clains 61 to

78 or al‘qo'&aF#amqycfaw eaclﬁocewwpushydmgm aloginRiOFest -5Ry

22W@3%g)m§a ar‘fqr%gteg'tl caI ggﬂpscgsfr @Fgeh% gﬁﬁ (5'r| n
g )?J&B mreﬁﬂho)ﬁm. €MC+0)ORr; eat nent

Of NRA(C=O)Rs- ;Lﬂ,,ms, ke ?,ccggmmg%ﬁgvs .cl ai g$ | n, any

f. cl 6 6
ﬁeﬂﬁ?‘@ ﬁ’éﬁf“al? 1Fremﬂt i annwbﬁu&shmmmﬁrm
caﬁhﬁrogm&@ogebeoa§~ @R@ mﬂ.a,n.c"( fﬁ 5 (d)gg mt' ng

c ILH;E‘erﬂ{ ‘n%mg B’ W@“‘Pgﬂ Pnrﬁtéggiﬂ gyolie aestsl; or cyclic or
c aeywlic, smg onwaﬁohda BBstititeBor uhBiin AR iShat, %ke&anﬁ%ﬁé\'%[ﬁ

SW moie : whe:ein each accumrence of Rg: is independently hydrogen; a
protecting group; & linear or branched, substituted or unsubstituted, eyelic or acyclic,
aliphatic, heteroalliphatic, aryl, heteroaryl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalicyl, heteroarylalikenyl, or heteroarylalkynyl moiety,

62.  The compound ss claimed in claim 61, wherein Rj is hydrogen; and Rs i5
hydrogen.

63.  The compound as claimed in claim 61 or claim 62, wherein Ry is msthyl
64.  The componnd as claimed in claim 61 or clsim 62, Wherein R is hydrogen.
65.  The campound ss claimed in claim 61 or claim 62, wherein R i ~CFs.

66.  The compound as claimed in any oue of claims 61 to 65, whersin R, is methyl.

- 67.  The compound as claimed in any one of claims 61 to 66, wherein R is

ey

wherein Rq is independently hydrogen, halogen, -ORy, -8R, -N(Ro)g, -
CY3- "CHYI, 'CHZY: Whm Yis F, Brr CII L ORB" mﬂ'l N@B’kr or SRB'; =
(CV2)ORs, (CV2NRs)s, -(CV2),SRs, -(C=0)R;, -O(C=O)Ry, -(C=0)ORs3, -
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O(C=0)ORy;-NH(C=0)Ry, -NH(C=0)ORy, -(C=0)NHR;, or a cyclic or acyclic,
linear or branched eliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or -
hetercarylalkyl moiety optionally substituted with one or more occurrences of
halogen, ~ORg, SRy, “NRs)z, {CV2)iCRs, (CV2)sN(Rp)z, ~(CV2)aSRy, -(C=0O)Ry, -

S O(C=O)Rs, -{(C=0)ORs, -O(C=0)ORs;-NH(C=O)Rs, -NH(C=0)OR;, -(C=0)NHR;,
or a cyclic or acyclic, linear or branched, substimsted or unsubstituted eliphatic,
heteroaliphatic, aryl, heteroaryl, arylatkyl, or heteroaryletkyl moiéty,

wherein each occurrence of Ry is indepsndently hydrogen; a protecting group;
a cyclic or acyclic, linear or branched, substituted or unsubstituted aliphatic,
10 hetesoaliphatic, aryl, or heteroaryl moijety;

' wherein sach occurrence of V is independently hy&ogm, halogen, hydroxyl,

thio, amino, alkylamino, or pio:ected hydroxyl, thio or emino; and each occunence of

n 18 indepandently 0-10; and
m-{ﬁ
N

pharmaceutically acceptable derivatives thereof.
<

N

15

68. The compound as claimed in claim 67, wherein Rz is

69.  The compound ss claimed in claim 67, wherein Rz is

20 70.  The compound as claimsd in any one of claims 67 to 69, wherein Re is mathyl.

71.  The compound as claimed in 2ny one of claims 67 10 69, wherein Rp is —
CH,0H.

25 72 'mecompoﬁndasclaimcdinanyoneofclaimsﬁl to 71, wherein X i3 O.

73.  The compound as claimed in any one of claims 61 to 71, whersin X i NH.
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74.  Anisolated compound as claimed in any one of claims 61 to 73.

75. A compound of formule:

Me

5

76. Anisolated compound as claimed in ¢leim 75.
77. A compound of formula:

10 :
78.  Aisolated compound as claimed in claim 77.
79. A pharmaceutical composition comprising & compound as clainied in any one
of claims 61 to 78, and a pharmaceutically scceptable excipient.

15

80. The pharmaceutical composition of claim 79 further comprising
CREMOFHOR.

SRS itk




10

15
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8l.  The phammaceutica! compasition of claim 79 or claim 80 further comprising
ethano].

82. A componnd ag claimed in any one of claims 61 to 78 or a pharmaceutical
composition a5 cleimed in any one of claims 79 to 81 for use in medicine.

83. A compound or a pharmaceutical composition a3 claimed in claim 82 for use

. in the prevention and/ortreatment of cancer.

84. ' Use of a compound as claimed in any gne of claims 61 to 78, in the
manufacture of & medicament for the prevention and/or treatment of cancer.

85.  Use as claimed in claim 84 for inhibiting tumor growth and/or tamer -
metastasis.

86.  Use as claims in claim 84 or 85 for treating cancer comprising multidrug
resistant cancer calls.

AVENDED SHEETHE2 P.023

L T



