; 3rMmopgr st uvwxyz{ | } ~e3eX62X32222~2026f 2T2 ?Cl | ~~Al B~~O~ Epot hi | one
Derivatives i ynt hesis and Use Summary of the invention 1 gngFE ﬁUZ
2002 111 ~N—|‘|®n “"ﬂmmpresent invention relates to epothilone anal

havi ng si de arn nodifications and to1 met hods for produci ng such
conpounds, t hei P®%e in the t herapy of ' di seases or for the ma nufacture of
phar maceutical preparations for the treatnent of di seaseﬁmwmmmwmm& to
novel internediates used in the synthesis of such anal og hods
of syntEmshipne Berieativesind®heihEgnthbsis antidsat i on was nmade wi t h«gaser nment
support under G ant CA 46446 awarded by the National Institutes of Health.
The U. S. governnent has certain rights in the invention. Background of the
i nventiQn The oé hi | ones (1-5) are natural substances which exhibit

cytoto paclitaxel -resistant tunor cells by pronoting the
pol ymerThegiresent Giveatiomratatps toudpdthilons Wpdidgs Aavinglsigé shaihinzodiicatibes asstd ti ng
nicrotubuke aéfenb i es. Egothilqﬁfs di s Iac% paclitag&l (the thive

pri nci gRENGEs IPARERGHCING SUCR GPMPRURSS: thefr Hsa N theithrIpRY Ok HipeAse @r 2rdDs Blor t ed
to be rmﬂ@ctmt&'phaﬁd%éuﬁ@él|pté|gé¥@|on‘éﬂfc§rhhé feRAeht 6fiddRes  ANéll Zdoi ivep|
mcrotubules. zs o ~ R -. .. i R=H R = Me: epothilone A 2: R = M,

R = MNteEPediaies siged i 1Be synthegis ofsuch anajegsiand nisMinethARes of synthesis. 1y
epothilone C5: R = Me: epothilone D Wiat is needed are anal ogs of

epot hil one A and B that exhibit superior pharnacol ogi cal properties,

especi dBoverRentdRigitsre of the fol l owing properties: an enhanced therapeutic
i ndex (¥;0; r i | Aat j tive

i soas oy FuloRr B mbdd At Bov kiR Pighol Bhas (R CAL1RA0 pupidid e

pr opertﬁlaibnaidestitéﬁesl@hhﬁeaém&wdéﬁi gowrajpemtthaesprtaietriggts ig theubventiop. i n wat er)
better efficiency against tunor types that are or becone resistant H O
1 9DEC?2002 2 to treatnent wwth one or nore other chenot herapeutics,

bet t er Bachprmund ef thedn¥endidhi t at e manuf acture of fornul ations, e.g. better
sol ubi Ity in. O, rally. th ASi nced
stabi |11 eroliBEas 1B a Tl o PRERRS WHch BTG FATBLLRL e Rl 500

i nhi bi txebrestamturhof egllaby pronadtirigte polymatizdtioh @y &t and1p-glibuliesabsnitsfand

T O Y R b e 08 o HMSS. ERAToRS BRETRSIHSY finBalel °

principle of TAXOL™) from its microtubuli binding site and are reported to be more potent

than paclitaxe! with respect to the stabilization of microtubules.

1: R=H, R' = Me: epothilone A 4: R = H: epothilone C
2: R = Me, R! = Me: epothilone B 5: R = Me: epothilona D
3: R=H, R! = CH,0OH: epothilone E

What is needed are analogs of epothilone A and B that exhibit superior pharmacological
properties, especially one or more of the following properties: an enhanced therapeutic
index (e.g. a larger range of cytotoxic doses against e.g. proliferative diseases without toxi-
city to normal cells), better pharmakokinetic properties, better pharmacodynamic properties,
better solubility in water, better efficiency against tumor types that are or become resistant



Det ai | ed description of the invention: The present invention relates to new
conpounds that surprisingly have one or nore of the above-nentionedq g EC 2002
advant ages. One nmj or aspect of the invention relates to an epothil one
anal og conmpound represented by the forpula | R4A0 ORS v R~ wherein the waved
bond indicates that bond "a" is presenteither in the cis or in the trans
form (i) R2 is absent or oxygen; "a" can be either a single or double
bond; "b" can be either absent or a single bond; and "c" can be either
absent ta{) tr@ar:mbng\lvm bnmg; m‘otetcisthékmamomwérapedthe,tbdtﬁ‘er&Zapbaleem'@&mtaghm b'r'] and
"c" are, bot si ngl.e bond | S absent then
b andtactire gftoranBuRes. & beter sttt aler Syeat, aeaaly pseiconpr gL o
bond, th@férFﬁthha nbe d atladulliwcora,remeabmnuf,aciafae btha cbméb@ﬁds S48l Bebrbvarn t he
group con3|s|

n- pr opyinhibitios. %%699?"3}/?1" B&P?Ice"‘f %’de‘tﬁhwgh 'ef’ggt%?g{ﬁr%%“'ﬁ Siﬁ%tzmgeéf{]?clf‘%xyl ;

CH:CHZand/Q" cifc gaFmacdiddiéprofiteetiZ- OH, - CH2- O (C~-Cs-al kyl ), especially
- CH2- O CH3; Qé gﬂ% S(C, - C%balkyl) especially -CHz-S-CH3; R4 and Rs are

|ndependently sel ected from hydrogen, nethyl or a protecting group,

prefera DEC 2002 -3 R, is a radical selected from
Phe Plaﬁéllgél'%&g@ﬂon e |?ve11t|§n RNVR 1/I1 TR O RANNNS -~
SS / ~The preseq igvtionaeldtes t-ARMTOMPOLNdS thabsirptsiogly have one SNNOITHhEH20H

?SpeCt,\M@eh%\ﬁggtd“ﬁgﬁ@g H}Ed‘_lgrglrjl éNI N~' ( ~N'"~~NCH2F \ \ I / , 1 [

One major aspect of the invention relates to an epothilone analog compound represented

by the formula |

U]

wherein
the waved bond indicates that bond “a” is present either in the cis or in the trans form;

(i) Rz is absent or oxygen; “a” can be either a single or double bond; “b” can be either
absent or a single bond; and “c” can be either absent or a single bond, with the proviso that
if Rz is oxygen then “b” and “¢” are both a single bond and “a" is a single bond; if R, is
absent then “b” and “c” are absent and “a” is a double bond; and if “a” is a double bond,
then Ry, “b” and “c” are absent;

Rais a radical selected from the group consisting of hydrogen; lower alkyl, especially
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl; -CH=CHo;

-C=CH; -CH,F; -CH,Cl; -CH,-OH; -CH,-0O-(C;-Cq¢-alkyl), especially -CH,-O-CHjs; and -CH,-S-
(C4-Ce-alkyl), especially -CH,-S-CHs;

R4 and Rs are independently selected from hydrogen, methyl or a protecting group,

preferably hydrogen; and



CHzF I / , I | , ~N'"z ~N CHZF J wherein R and R are |ower alkyl,
especially nethyl) or, in a broader aspect of the invention, furthei@ﬁ Zﬁl
i s hydroxymethyl or fluoromethyl and R is hydrogen or nmethyl; (ii) A
R3 is | ower alkyl, especially nmethyl, ethyl, n-propyl) iso-propyl) n-butyl,
i so-butyl, tert-butyl) n-pentyl, n-hexgl" -CH=CH2; -C -CH, -CH2F, -CH2d;
-CH2-OH, -CH2-O (C, -Csal kyl ), especially -CH2-O CHs; or

-CHZ-S-(C,-C6-al kyl), especially -CH2-S-CH3) and the other synbols except
R~ have the neani ngs given above, R, can also be a radical selected from
the foll owm ng structures: 1 9DEC2002 -4 NNNN, ~/>, NN~\ N ~
S/ , NRyisaradicahseleqtpdsfrpmahesigllowing strugturass~z and ~ /~S'CH3 NN N or, if R3
has one of the nmeanings given in the definition of R3 above under (ii)

other than pethyl, R carn \o be a radiehf of th mula N (iii) and, if
R3is hydro omer al Kyl , ci al Iyi| mephyl , etlhyl »—+ror opyl ,
i SO- propy Rabut yl, s ) tert- N> n-pe N Nn-hexyl; -CH=CHz,

-CG-__CH™-HzF, -CHzQ” = ™H, - (C, -Co-"alfkyl ), especially

-CHz-O CH3; or -CHz-S-(C -C6-alkyl), especially CHz-S-CH3, and Rz is
oxygen, "b" agd "c" are eacheg single bond and "@" is a single bond, then
R, can al sqybe\a rgadi cal off the partial fornmul: \'.~Nor N\ / ;- NNN
H~H(iv bng)TF R3.is | pwer al%$Maot Bed th ﬁ |7§’[—Fi{>'ﬁ,2 @ kroageret hyl )
n- propyl ,”4,soNpr opyl, n- yiN iso-butyl, t -bhtyl, n-pentyl, n-hexyl; or
preferably is -CHCHz; -C-__CH, -CH2F, -CHzC; CHz-OH,

-CHZ-O (C~-C6-al kyl)) especially -CHz-O CH3; or -CHz-S-(C~-Cs-al kyl),
especially CH,OH

CH,OH
X N 2
aspect of the invention, of the formula ) l ,
Z bz
N N
CH,F
)2(1 )ﬁ )ﬁ B ﬁ
/ ) ] ’ / 1
N CH,OH N N/ N CH,F

S S
)q[ />—O-CHZCH3 o ]
N N/

wherein R and R’ are lower alkyl, especially methyl, or, in a broader aspect of the invention,

furthermore R’ is hydroxymethyl or fluoromethyl and R is hydrogen or methyl;

(i) and, if R; is lower alkyl, especially methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyi,
tert-butyl, n-pentyl, n-hexyl; -CH=CH,; -C=CH, -CH;F; -CH:Cl; -CH,-OH; -CH,-O~(C1-Ce-
alkyl), especially -CH,-O-CHa; or -CH,-S-(C+-Ce-alkyl), especially -CH,-S-CHj,, and the other
symbols except Ry have the meanings given above, Ry can also be a radical selected from

the following structures:



190ECZ2002 -5 CHz-S-CH3; and the other synbols except for R have the
nmeani ngs given above under (i), R~ can also be a nmoiety of the form4 @pe00]
~N | or a salt of a conmpound of the formula | where a salt-formng group is
present. A further aspect of the invention relates to a nmethod of synthesis
of a conmpound of the formula g OH (mheférn Q is hydrogen or preferably

met hyl ) and/or a nmethod of synthesis of a conpound of the formula HO vn The
general termnms used herei nbefore and hereinafter preferably have within the
context of this disclosure the follow ng neani ngs, unless otherw se

i ndi cated: Thelterm"lower"” means that the respective Uhdical preferably
has up to and i up to and _LNcl udi ng 4 carbon
atonms. Lower d one or PDr ti mes and has
preferably_u i ijjg 7, 'no(e prgﬁerabby and including 4
carbon at A ' O #4418 DE C 2002 -s

nmet hyl , ethyl n- propyl, iso-propyl, n- butyl i so- butyl tert-butyl or
further n- pentyl or n- hexyl A protecting group is preferably a standard

protecting grdtdip. If oneg r e ot hﬁr/gnctl onal
S F S S
)éi /> . %[ />—N(CH3)2 and )q[ />_S'CH3 : or, if Rs has
N N N

one of the meanings given in the definition of R above under (ii) other than methyl, R, can

X

=
N

also be a radical of the formula |

(iii) and, if Rs is hydrogen, lower alkyl, especially methyl, ethyl, n-propyl, iso-propyl, n-butyi,
iso-butyl, tert-butyl, n-pentyl, n-hexyl; -CH=CH,; -C=CH; -CH,F; -CH.ClI;

-CH2-OH; -CH,-O-(C4-Cg-alkyl), especially -CH,-O-CHg; or -CH,-S-(C4-Ce-alkyl), especially -
CH,-S-CHj,

and

R. is oxygen, “b" and “c” are each a single bond and “a”" is a single bond,

then Ry can also be a radical of the partial formula:

D00

(iv) and, if R; is lower alkyl other than methyl, especially ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl; or preferably is -CH=CH,; -C=CH; -CH,F; -CH,CI, -
CH2-OH; -CH,-O-(C-Cg-alkyl), especially -CHo-O-CHg; or -CH,-S-(C4-Ce-alkyl), especially -



groups, for exanple carboxy) hydroxy, am no, or nercapto, are or need to be

protected in a conpound of fornulae I, because they should not take pargf iz
the reaction, these are such groups as are usually used in the synthesis of
pepti de conpounds, and al so of cephalo§ggrins and penicillins, as well as

nucleic acid derivatives and sugars. The protecting groups may already be
present in precursors and should protect the functional groups concerned
agai nst unwant ed secondary reactions, such as acylations, etherifications,
est eri f i Cld-$-@Hy; and treadthersymbetd exzlepsfios R+ hadk thieméaningsegivdn abrosve under §), a
charactegi sti f protect] royps that they lend thenselves readily, i.e,
mﬁthout%%ﬁ@8§ﬁ¥§ﬂagggwﬁﬁgt@%HgEWﬁgons, to renoval, typically by solvolysis,
reducti on, photolysis or also py eanne activity, for exanple under

condi tions anal ogous to physioPogi caPHconditions, and that they are not
present in the end-products. ng“sﬁgciahist knows, or can easily establish,
whi ch protecting groups ar Ntable with the reactions nentioned

her ei nabove and hereinafter.” The protection of such functional groups by
such protecting groups, the protecting groups thenselves, and their renoval
reactions are described for exanple in standard reference works, such as J.
F. W 1 &, "F*éahﬁﬁﬁ[ LM k&It ] 3 m Press,
London an ﬁagﬁf$ork 19?%?f&%ﬁ$ﬁﬁ%§Ief%@ﬁ%?&;ﬁ?@?tcr?%zﬁ '%ﬁﬁg in Organic
Synt hesis", Wiley, New York 1981, in "The Peptides”; Volune 3 (editors: E

G oss a ! X ] in
et oden el St O Rplove A RINE: I F i i gRrant e kololind 8Pthe  iben
Wyl , 4th edition, Volumeqdl5/d, CGeorg Thiene Verlag, Stuttgart 1974, in
H. -D. Jakubke and H. Jeschei " Ami nosaugen) Ketide, Proteins" (Am no

aci ds, peptides) proteg ém e\ _Veynheim Deerfield Beach, and
m/& der Kohi enhydrate:

Basel 1982, and ;

Monosac j[de’e y~Nf car bohy, ~ RN ri des
qgﬁﬁmg Stuttgart fgé%%ﬁégﬁggwgﬁgé$§¢eferred

(Dot ecti ng groups, such as

and derivatives
protecting groups .ake 1
tert-butyldinmethylsilfff/l of tffityl. R4 and R5 are preferably hydrogen. 19
D E C 2002 The wavedcpond5%t@yting fromthe carbon atom beari ng R3 neans
that bond "a" is present PR the traps- or preferably the cis-form Salts
are especially the pharmaceutically acceptable salts of conpounds of
formul a nrefeantmmgmyggndfoe afroethed of $\athesiseid eompainddf thaa@anvlaon sal ts,
preferably with organic _or inorganic acids) from conpounds of formula I
with a basic nitrogen gfom especially the pharmaceutically acceptable
salts. Suitable ingrdahilc acids a&fe, Y or exanple, halogen acids, such as
hydr ochl oric acifd, sul furicyjacid, or\ hosphoric acid. Suitable organic

¢ carpQxyxy, phosphoni c, sulfonic or sul fam c acids,
for exanple areétic,acid, yfoproni c™cid, octanoic acid, decanoic acid,
dgﬂecanoic acid, Y yCeIicOacid, | actic acid, funaric acid, succinic acid,
adi pi ¢ aci d," pryél N& acid,” suberic acid, azelaic acid, malic acid) tartaric
acid, citric acld, am acids, such as glutamc acid or aspartic acid,
mal efi ¢ aci d) hydrog eic acid, nethylmaleic acid, cyclohexanecarboxylic
aci d, adamant anecar boxylic acid, benzoic acid, salicylic acid,
4-am nosalicylic acid, phthalic acid, phenylacetic acid, mandelic acid,
cinnam c_aci d, nmethane- or ethane-sulfonic acid, 2-hydroxyethanesul fonic

aci d, etMergeneralteamsyised hieteinkafere andriessivaliarmeiptablchaye within the context of
2- napht h@%%ﬁébkﬁ?b%l%@diﬁb rgéarﬁ%ﬁﬁ%‘é@@'oﬁ@@fsé%d&&%& acid, 2-, 3- or

4- met hyl benzenesul T oni ¢ aci yl sul furic acid, ethylsulfuric acid,
dodecyl sul furic acid, N-cyclohexylsulfamc acid, N-nmethyl-, N-ethyl- or
N-pr opyl ] ol ' r ' ' corbic
et d. o tgl bl fidns Bac e RspBLNBRR AR BRI A o SHABIn Tl

phar mac entreqaéfieyablyner teqrid intiLding @l dashorf atomsxanpl e pi crat es or perchl or at es.
For therapeutic use, only pharmaceutically acceptable salts or free
conpounds are enpl oyed (where applicable in the formof pharnaceuti cal

pr Iepa_r atljowm)ag(ym Benierear arlaardsite"dedrwadrpo:_eftia’tds@mdfﬂas préfevéabm{]up teeared oa e f

rel ati onshi tween t he novel compounds jn free for n se inp the form
of ¢ her g 7, Mata pfarapty 1oL SCElad uir Blonis Ettaaolyn Ruralivii s

for exanple in the purification or identification of the novel conmpounds)
any reference to the free conmpounds herei nbefore and hereinafter is to be
understood as referring also to the corresponding salts, as appropriate and
expedient. The term "about” in connection with nunerical values, e.qg.

"about 2-fold nolar excess” or the like, is preferably intended to nean
that the given nunerical value may deviate fromthe 19 QE C 2002 8

R - ey A NN 7 Y T T T oy o,



are excluded fromthe scope of the invention. Al so, a group of conpounds of
the formula | without a conpound of the fornulae | wherein CHzOH ~ zlﬁm
is a noiety of any one of the formulae | ~' |I ~. ~N~ "N CH2F ~ CH

|l ~, I ~, '"Ls ~N CHzOH ~N ~N 'zt 'N FSI~>--OCHZCHBorINN|s
preferred (the renmining synbols having the neanings defined for a conpound
of the formula |I). Especially preferred is either a free conpound of the

formula I, or a salt thereof. Bioactivitv: The conpounds) of the invention
can be usathylf ethyli ivprapyk adorenopylph-batyhrisd-bdtely tert-twetyldir foties N-pEshd or athexyla
cancer, |ike cancers of the lung, especially non-small lung cell |ung

carcinoma, of the prostate, of the intestine, e.g. colorectal cancers,

epi der noy rotedlng Eroupti@bre@@rabl?%dstamﬂr@ brotésting igretpy. &, on@rorbﬁ@@%&h&dumbnalor
ot her cancers |1 ke cancers t he bl adder, pancreas or brain or nel anona,

i ncl udi SEPURSp % EXARIeqRED Y kiR aBHNCy SHEEFREPIN ATC B ReSFLIPDIEGRTBIgEteddn 8t ant

(e. 9. d¢gmipBuhdsf f%%ﬁﬁlﬁﬁ'tﬁ&a@ie fheQ'sM@nﬂ@h@i @aka Fart by G\Ié)reaéﬂynofhe‘sgfaF@QGdPnr y to
treatment with paclitaxel orm o E C 2002 -g_

t he
Bi ol oqi |9(E%Hpsaﬁaﬁfaé!§ili‘ﬁr¥ usvﬁ(@ i qy}\tnwsmof Pﬁ@'%?ﬂmw&ég»oﬁnq Heo Bfr eepbato-
| nvent i QBofifk MMdsdnidilies, @@Wll%dc?e@é A8 d&ivail&d Md'&ildrs.can be shown by the

fol |l owi ng assay: M crotubule assays are carried out following literature
procedures and eval uate synthesized conpounds for their ability to formand

stabil i 3?1 BH];&; Wbﬁﬁs %E%Q&V%ﬂ #)%séﬁt%i feeufofs &ft sﬁc{Lﬁcht%%ct?rﬁa R - The

conmpounds t est the raction on l'in asse Iy
usi ng ptichéli groupsudenicemediaghinahurvwardgd skoootayadadtionsmgichfag atylafiens edesi-

bet h I ,

e e (RS B TRNof Bhefo, BBy AR ane SRR RSO B bk o
activi t)p,rotasnngcgmmsewat meﬁmmhhémaasesﬂread@ Be. v(nthomlt eMezdnred@a«m&iar;G‘eawt her .
Phar mac v 136 996 gan, et al |enc 994- 84
it r at (BRSBTS AP ERS s B PlER BBy snssie Eiyhn iy 1 &
pl aced |e|xamp$mrmsseqndmdme amabbgdus to-physioldgical tasditionsnaadithdt treg ameidenbreThe
sanple is_mxed and inc ted at 7Cfor30m a

Cranst o PR sipiasUE ThE e larRY ey s iy PP, B RrRekins

hydr ophigroupstard 2uitablgwitie tre rzactidnstmeritioned he@irabobe ahd hainaferi ously been
washed with 200 p.| of MEM buffer under vacuum The well is then washed
with 200 ~I of MEM buffer. To stain the trapped protein on the plate, 50 pl

am do b|m@l‘far6t©btwridﬁ%ubl@f@c‘ﬁ(@rﬁ‘éﬁ@i’ddﬁ;@lbytﬂuuﬁpkdt@ahg(g&@m)ﬂe%%eﬁ&rﬁ@gmbé 10%
acetic reaq] to the filter f&)’s %gc‘% acuur‘r}
reappl i é {neBemgyal seretions aiR dpeppetier Sé%'PB'Pr\“ BRI
met hanowoz% 3061 hsJ i) M@D?ne':}dld&?edtﬂ?e ICROWPEEIn O anib ChdyrastryT Fesirg Paéssi a
guanti t e net . SC ner mann Bj ochem ,
26- 500 Lefdon yub Bow T 1heddn ToWh bt *Bloatd SamRf Qdeds SHRirikse 0. A6
mm EDTAW:}@E% Rlelvanok 1 9af,|er|1 debeﬂleétwegh@ommid 3 eegmowe ceddstdriy. IMeigRhofsH), Wi t h 8
piipette after n. Fal |l ow 10-mipn.ipcubati on at raqo te erafure, 15
w o of t rﬁ@aéﬁfﬂt‘*‘spdﬁs%&PU&%%”%F‘gWaYOéMP%T H%g&?‘ﬁoé?{bd%é%' garygc IG[RUE] plate
and t he (pe#de dP6Rah’ dm#ﬁém/ﬁd-ldweﬁ Ve enth leaitioheVdlgns 18IICGesigaterigader .
Cyt ot oxi_ci ty exFerl ments wt g 1 A9PTX10 ("a tubulin mutant), and 1
A9PTX22 MedlaguBtyltaart 1974, in H.-D. Jakubke and H. Jescheit, "Aminosauren, Peptide, Proteine
(Amino acids, peptides, proteins), Verlag Chemie, Weinheim, Deerfield Beach, and Basel
1982, and in Jochen Lehmann, "Chemie der Kohlenhydrate: Monosaccharide und Derivate”
(Chemistry of carbohydrates: monosaccharides and derivatives), Georg Thieme Verlag,
Stuttgart 1974. Especially preferred protecting groups are hydroxy protecting groups, such

as tert-butyldimethylsilyl or trityl.

R. and Rs are preferably hydrogen.



mutant) cell lines can reveal the cytotoxic activity of the conpounds of
formula |I. Like the naturally occurring epothilones 1 and 2, conpound$ 06€ 7007

the formula | show significant activity ~ s OEC zo002 -10 agai nst the
altered a-tubulin-expressing cell Ilnes7 1A9PTX10 and 1A9PTX22. For
conpounds of the formula I, the pref erred 1C50 val ues (concentration where

hal f - maxi mal growth i nhi b|t| on of tunor cells is found in conparison with a
control wi thout added inhibitor of the formula |) can lie in the range of 1
to 1000 Thd wavedfbmndlstarting tsomhe oarR06 atdvh bearingay mearys bat bérel ‘abisgresahd irf

t he pres I nventi.on inhi.kif tunmor grow h can be shown by the foll ow ng
assays mﬁ?ﬁ{a%e"'f’ﬁﬁfF’&RjﬁaeggrfB’ Tines: Colorinetric Cytotoxicity Assay for
Anti cancer-Drua Screeni ng The colorinetric cytotoxicity assay used is
adapted {rom Skehan e (Jo of Nati onal ncer | nst 07-1112,
19901 SHRES FREGRIY theprATBEENEaI pecep bl e ] EmBAUIS AT Ve et hod
for measuring the cellular protein content of adherent and suspension
cultures in 96-wel|l mcrotiter plates. The nmethod is suitable for the

Nat i onal Suchrals ateformed)tfer exampie asackt addiioacsalts, Rreterablvapith SEIRBISIY iy

di 5COverg)én&qc‘t‘d%”frohrbo?ﬁdduhaélbﬁform@l‘el'Itht'heaSbafsWrﬁQo i} dtok b%ﬂc@éﬂlg%‘e?ﬂé?- aci d
are stained for 30 mnutes with 0.4% (wt/vol) su f or hodani ne

di ssol vetageytiqallyageentale saity Suitablgineroarie acigs ﬁeniﬁr@erawler 66'99%5?!@% w. t h 1
% acet i i ledng fe

Tris bacsu%}Ftarglh h@f‘géé%ﬂgwggrgnyﬁrod@ts rfcaa%iogr@ugéeté &é&n{[ﬁ\% on o opt| cal
densi t y @xamgle; gatpaxyic, DmS@hb@AGeﬁﬂlfOBG qnéuufarnm@p@mfpéexqmme@cmamm Prefhe SRB
assay r r I

ol w1 aeis far Saaldieahy Ye-aphibaoRt BRfbcalic SBks SR alld, Begatig Tyhihc
densi ti exid, augplmgacldoammpamslepmwcamﬂl sldm:le ac:d aadiaic keigemalic acnd tartaric

ot b1, ot BRfacid afie Ap8s. .80 ARG a¥ach &lashait 38, aMRERT IR o
t hat | s malaidesid; melthyxlrealelcrmtef cynl@hﬂxyne«:aiwﬂllc acid, adasndnitanecarbokgicramichd eye.
I

| uor oo BEoRR AR ellact SetthiRe ey fid BTG st mietiletble seid Mengslie
?gig':] ; 'ﬁ] aiec;d(einyiamtc ddict mth@ieeocetﬁanb@u&bmbycndiahydrokyanlmrmsulemmeamqtmm}t r y

At or nat LR REaRR, ety SR R S stitengputehl it 5P gend:

i nhi bi t alisulfohicricid; 8¢, Bbul 4-ntkipdtbenrenesudfonisracitia mektey|sidfoman sdid aettleyjsmmt ol | ows

190 EC 200 Iutlonso

and st orle dodecylsbiiqnas ViR Plamis R BirafRlh WP BN B §-APa syt wo
cycl es ahictaeidper ather ergasip praemit adiepoduchmisiasédrbigrdcd! yner i sat| on, as

descri bed (see Weingarten et al., Biochem stry 1974; 13: 5529-37). Wor ki ng
stock solutions of mcrotubule protein (meaning tubulin plus

m cr ot ul.‘Hdr isoRis A OF pnmd:apdsmberipbse)s lsealss possibleato usE(thrma'dswudagrmecwpti he

mcrotub i ein meri sation st co S I7 ured
T Sont | e sl Mo stRple BiFTeRE Of PEBhlaralEs Foc erahey TR oS o Rikmare ey
Phar m Ja%@@pta@l& s&@@orlﬁl&% corhfouRdgfate e Pmyéd sitek apgilcdbledn it fokhef pR&rma-
conpound are Bre m xed in, the twenty f the desired final

concent regHlGRh pr@t@gs)papdgfesm%meéefo;eog ef'8fperature, and the nixture is
then placed on ice. An aliquot of the working stock solution of pi g brain

m crotubulj protein is thawed qui ckl)‘I and then d| | ut ed to 2
i ce- col dn ¥iey qlthg paee eslatiopsiip ﬁ’let"l‘(@@t 8 nQ¥e!camBROUBdSYtiegdPEm a‘g&"@” QWES

2- nor ph%l‘ﬂ'i‘@ﬁth@ﬁ‘@@l?# iicRUdiry tﬁ@é@'sal@@f&t ¢an be used as intermediates, for example in

et hyl engl ycol - bi s-( 2( 2- am noet hx )-tetraacetic acid %o ynmerisation
react i onih¢ utifigatiors erideetification efdhe hgyelicomperndsaany tqfﬁren%wpt e figie|cemed

m cr ot Utﬂ'éluhdgh%ﬂb%fc}rﬁ ah@ﬂg?eﬁte?%%%eis@éd fetind Q64 %b%rr@g

sanple i'n a wa th room tenperature. en the reaction tures
are pl actnb saitsaas Gupeprikde Andiexpaxtentt ri f uge and i ncubated for addl tional 15
mn at roomtenperature. The sanples are then centrifuged for 20 mn at 14
000 rpmat roomtenperature for separating polynerized from non-pol ynerized
m cr ot ubiinei teqom ttbeuti.in fennection with nomascal @alues, et@éabmh@l-fbtd—molbyemew’atri on the

protein entra of t whi ch contaj ns th of, 1 he
(i pol y ikt et Palsr iy Bhoncsp? BRI ARfiBt ol rbdefldl RETndy edeif lpRighe o ne
Lowy nethod (DC Assay Kit, Bio-Rad Laboratories, Hercules, CA), and the
optical density (OD) of the color reaction is determ' ned at 750 nmwith a
spectroneter (SpectraMax 340, Mol ecul ar Devi ces, Sunnyvale, CA). The
differences in the OD s between sanples treated with a test conpound and
vehicle-treated controls are conpared with those of test incubations which
cont a| n 25 pM Epot hilon B (p05| t| ve cont roI S) . The degr ee of poI yrrerl satl on

., o S . o, . b )



period that | eads to 50 % of the nunber of cells in conmparison to controls
wi t hout test conpound (concentration at hal fmaxi mal inhibition of cell§ DEC 2002
growt h). Compounds of the fornmula |I preferably show here and 1C50 in the
range from0.1 x 10 "9 to 500 x 10 '9 _preferably between 0.1 and 60 nM
Conpar abl e testing can al so be made with other tunor cell lines, such as
A459 (Il ung; 1 9 DEC 2002 -13 ATCC CCL 185), NCI H460 (lung), Colo 205
(col on; ATCC No. CCL 222) (HCT-15 (colon; ATCC CCL 225 - ATCC = Anmerican
Type Cul giwremﬁntbérdzytlipoho X Fmékmbtel rrefekdbly s 1q + BIA; Ii6st(prefecab)y, thai145
(prostat CE : see also Cancer Res. 37, 4049-58 [1978]), PC 3M
( pr ost at'&mengg Y?d%%'su‘%%‘éa S?S[Q'Y,%P derivative obtained fromDr. LJ. Fidler (M
Ander son Cancer Center) Houston, TX) USA) and derived fromPC-3 that is a
ceII Ilge ava | abl e from AT (ATCC CRL 1435) &')' MCE-7 (breast; ATCC HIB 22)
PW@HPQ&@E"O"WMW nvegngt'aﬁtcowe %ﬁe@éwﬂw'a bas deserbedbades C et
.) J. Biol. Chem (1983), the cell line is highly resistant (360-
to 2400-fol d) to doxorubi cj ita al kal oi ds conpared over MDR-7 "Sw ld
type" cefv)abve (high By si m | ts alaredichided drofrsthel ScbpdlBr i invemhtikB- 8511
cells. Compounds of the a l preferably show here and I1C50 in the
range fromO0.1 x 10 -9 to 500 x 10 "9 M preferably between 0.1 and 60 nM
Based on these properties, the conmpounds of the fornmula | (neaining also
salts t F@Fgroup e appPeIdsAf dhe lormulnd witheutiheampayndsf ihe fospdlep\ whareieases,
such as especially tunor diseases, includi n%hal SO netastasis where present,
for exanple of solid tunors, such as Iung breast tunor, col orectal
cancer, prostate cancer, nelanoma, brain t tun@g OH
head- and neck tunor, bl adder cancer, neuf toma) phar eaI turmr or
al so of Prisrimeiettal ey enechtedornulas ood lel s
further for the treatnent of other dis o] treatment W th
m crotubul i depol ynerisation inhibitors, such as psoriasis. The conpounds
of formula I, or salts thereof) are also appropriate for covering nedical
i npl ants (useful in prophylaxi sCHiF restenosis) (see WD 99/ 16416, priority
Sept. 29, 199 The in vivo acflivity of a corrp@md of the jnvention can be
denonstr at eg
(nude) mce
cage) wth4rnre wei gh b
grams at the tine of “tunor inplantation. rs are established by
subcut aneous injection of cells (mnimm2 x 106 cells in 100 NI PBS or
medi um in gier mce (4-8 M r cell line). The resulting tunors are
serially pagsa éQngHm nmum f thre t prlor
to start at ment . un”?)Jr f ? %%%%%%Lt% rgm)afr‘%ig%lg%ﬁog S.
into the | ank of ani nal 'N1af 3-gauge trocar needl e vvhllethe
mce are exposed to Forene (Abbott, Switzerl and) anesthesi a. 19DEC
Z002 - 14hdwmeanings detifecafod alvothpourd ghths fameulamni t ored once or tw ce weekly.
Al treatnments are admnistered intravenously (i.v.) and are initiated when
a mean tunor vol unme of approximtely 100 to 250 mMm®B is attai ned, dependi ng
upon t heedpdbmlly piepRredlis BRfier\frddTBSMBILM AL iRy 15vmEId | U kit thErelo®r mila (L x
X n)/6 (see Cancer Chenother. Pharmacol. 24:148-154, [1989]). Treatnents
with epothilones of the formula | vary the dose and the frequency of
adm ni str.ati.on. ar at or ts are admniste ed according.to previously
et er m ooyl 7ap rbay sl SBe vdhlol (T Srisesd BhtedTeR SR AR bURtges. | n
t u- nor \iveudiseasevespetiblly & oancee, likk caneas wkthe, luray) espevially ratdnvdlltiyng sell
express ( r.yvo a
di Vi de dq%ﬁ€ﬂgln% S'Ft P%&%Sa@%{\é’ ntéslmg e¥ éo%@apéan%{ar% eggefm}lm&ors
mul ti pl iskghieg hsed)and/m mk Weprs o8 btﬁast %nceepr ethencancerlikergancerstof dk&an t unor
vol ume GRSERRKE ShricRasHf bAERG: ﬁ'ﬂélﬁ%m‘éoi'n?mm@te bbSalf tAe Erle(mérgt ea&a%g}s) that | _

accor-ding t formul a Regression Vstart

final neHf ”’t‘{}f%ll‘g RSISIARL evs%mothe GERIESEinet P-glycoprateint =Fhep)angfar f@‘f

treat ”BWFacthWtréélm%anW@@bacliia}@l e tHettohn f TAROLRf a conpound of the
invention on growth e.g. of tunors derived fromthe followng cell |ines
can be tested: Human col orectal adenocarcinoma cell |ine HCT-15 (ATCC CCL
225) is fromthe Anerican Type Culture Collection (Rockville, MDD, USA), and
the cells are cultivated in vitro as recommended by the supplier. HCT-15 is
an epithelial-like cell line (Cancer Res. 39: 1020-25 [1979]) that is

mul ti-drug resistant by virtue of over-expression of P-glycoprotein (P-gp)
gpl70, MDR-1 ; Anticancer Res. 11: 1309-12 [1991]; J. Biol. Chem 264:
18031-40 [1989]; Int. J. Cancer 1991; 49: 696-703 [1991 ]) and

gl ut at hi one- dependent re5| stance rrechanl Sms (I nt. J. Cancer 1991; 49:
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190 E C 2002 -1s conpound di ssol ves (about 1 hour). The solubilities
found are preferably between 0.01 and 1 % by weight. Wthin the grouns) pfC 2002
preferred conpounds of formula |I nentioned hereinafter, definitions of
substituents fromthe general definitip§§ menti oned herei nbefore may
reasonably be used) for exanple, to replace nore general definitions with
nore specific definitions or especially with definitions characterised as
bei ng preferred. The invention preferably relates to a conpound of the
f or nul a BiolduimabEyal@®idns absent or oxygen; "a" can be either a single or
doubl e bond; "b" can be either absent or a single bond; and "c" can be
ei ther abbeabilityrof thes¢ampasinds ntitheviregent ingemtiomtp Hlock e depolyReerizatioxglywin t hen
"b" and i is asingle bond; if RZ is absent
hen- b S8 éﬁ'%a'pg%reghg‘ﬁﬁ bg%eefo@awgaeggyg doubl e bond; and if "a" is a
double bond, then R2) "b" and "c" are absent; R is a radical selected from
the gr ouMim,‘mnblills assaysaire hydiled@ehtouo\oime liteaatkgel proessiveasi axid| gvaluathgynthasized |

n- propyl A t yl;
e ; corbPrp B heis Aot ol 1 st mbiEhip 8 Koty hies i g8 |
- CHz- OGaBdovatrmkwe(DHZ S(C, -C6-al kyl), especially - CHZ S-CH3; R4 and RS are

i ndependently sel ected from hydrogen, nethyl or a protecting group,

preferably hydrogen; and R~ is a radical selected fromthe foll ow ng

st ruct ur €se compburlds¥f forRula-l dre tegtedRor their action on tubfh aMeIN\HW Ssmg puiidd

[ ~~-CH3 and.( [~NHx "N ~N ~N whereir nd R a | ower al specially

rothyl - B Wl n Aeedivelaner ds aaplly RefRmege sEhss Sreofirdliohis e

i nvent i ofhaprteiker q‘ninypcmna@ of HedbMsuld Pard fsmm@meofm% levél @t Botoxic AMEET €i n

1 9DEC, 2002 -17 i s absent or ox " can be ejither a single or

doubl e bbRYHN pdvme%"ea aéi"t"i&{e"f‘s %‘H%%?g g’rE%OtE'i%@F & ARy (Lihet alcGanagh pe
ei ther aBRembther. %aﬁhé\éﬂl%@%éhct émsz‘*mqah%\flasocrehaé 244, gBZ 99%  QEHE then

b" and "c" are both a single is asingle

absent then "b" and "c" are absent and "a" is a double bond, and |f "a" is
a doubl eFfpedidn dm%éﬂ?@ Asdny and "c" are absent; R3 is a radical selected
fromthe group consisting of hy dro | ower aI kyl, especially nethyl

et hyl , anrdp&vle pPrajein ¢@8§yml)ofﬁ oy |ls pla@%i bl 91 assay tybeand 2.5 P%Ofp@ﬁtt??rt

o hey ot affges e T R REls s Slor @y R ek galido ),
and R5 amlbla tran\steerredenalwellsela&ﬁt\edl WitipareHiditisgeaen Durapyre hydrqwhmc taprinng
A L AT A ML R e R
I~ , | Yacuum. The well is then washed with 200 ul of MEM buffer. To stain the trapped protein on
the plate, 50 pl amido black solution [0.1% naphthol blue black (Sigma)/45% methanol/ 10%
acetic acid] are added to the filter for 2 min; then the vacuum is reapplied. Two additions of
200 pl amido black destain solution (30% methanol/2% acetic acid) are added to remove
unbound dye. The signal is quantitated by the method of Schaffner and Weissmann et al.
Anal. Biochem., 56: 502-514, 1973 as follows: 200 ul of elution solution (25 mM NaOH-0.05
mm EDTA-50% ethanol) are added to the well and the solution is mixed with a pipette after
5 min. Following a 10-min incubation at room temperature, 150 pl of the elution solution are
transferred to the well of a 96-well plate and the absorbance is measured on a Molecular
Devices Microplate Reader.

Cytotoxicity experiments with 1A9, 1A9PTX10 (a-tubulin mutant), and 1A9PTX22 (o-tubulin
mutant) cell lines can reveal the cytotoxic activity of the compounds of formula (. Like the

naturally occurring epothilones 1 and 2, compounds of the formula | show significant activity



rt ~ Nzt ~N~~NCOCHZOH 'rz ~ NCH2F/ NNCHF S| />-0CH2CH3 and N
N wherein R is hydroxynethyl or fluoromethyl and R is hydrogen or mgtoh§ac 2007
or a salt thereof where a salt-formng group is present. The invention
preferably also relates to a conpound qf, the fornula I wherein 19DEC
2002 -18 R2 is absent or oxygen; "a" can be either a single or double bond;
"b" can be either absent or a single bond; and "c" can be either absent or
a single bond, with the proviso that if R2 is oxygen then "b" and "c" are
bot h a sgagisetheaigrechd-tutaliiniexpmssing gelelinesnd9PTX 1RAnd I AQBT KRR, fidien "b" and
"c" are absent and. "a" i double b ~and if "a" | band, then
ro, b Gpounc B toedamidls F thebiRtstieditp vaes [doneFurrtbn BirR bR Ereda
consi st lgi'@fvmflnlhlbmn ofitusydr, cewﬁeﬁdur&i |h3éoﬁiphl‘7$dn, wie @Ed)ntrdnmtﬁmtladdb@ prhivitepy |
n-butyl) ert-hut C—CH - CH2F;

I sO- but u
cH2c1; abipe Pécﬂﬁarde(@thtﬁengmw)to 1§9‘§>a awqf%}ab'mgnd @%00
-CH2-S-(C, - Cs aI kyl), especially -CH2-S-CH3, R4 and RS are |ndependently
sel ected from hydrogen, methyl or a protecting %roup, pr ef erabl y hydrogen;
and R i deahiliyptihe compeyndsiof the praseat inventionita iphibittumergrewth ean be-shown ~ ' |
AN A% ke 1) , I/, ~-N\ " ~-NSFSS/, I
~ N~Cliﬁfg)t2 aér}ig IAﬁ/ Se,_a&%_‘\gh%t ° |$Wln%we|(!i|lr§§|t t hereof where one or m)re
salt form ng groups are present The invention preferably also relates to a
corrpoundc(gu‘:)r| bt : | oxygen; "a" can be either
a singleor ' or a single bond; and "c"
can be € rtermlormﬂ;emcytgtoxwt\eas&gtlye:smmadapte:dfrqm&pmmetsab.udmma/lofNﬁm:nat _
%y?:\na}éﬁ rﬁ%ﬁﬂqW'ﬂ 1%,319985 h ﬁe%r@@éa%rebb)ﬂ?ﬂnd"é‘gg ra&d, éensﬂvglaﬂgllﬁe pond; if
pensive method for measuring the cellular protein content of adherent and suspension cul-

tures in 96-well microtiter plates. The method is suitable for the National Cancer Institute’s
disease-oriented in vitro anticancer-drug discovery screen.

In particular, cultures fixed with trichloroacetic acid are stained for 30 minutes with 0.4%
(wt/vol) sulforhodamine B (SRB) dissolved in 1% acetic acid. Unbound dye is removed by
four washes with 1% acetic acid, and protein-bound dye is extracted with 10 mM unbuffered
Tris base [tris (hydroxymethyl) aminomethane] for determination of optical density in a
computer-interfaced, 96-well microtiter plate reader. The SRB assay results are linear with
the number of cells and with values for cellular protein measured by both the Lowry and
Bradford assays at densities ranging from sparse subconfluence to multilayered supracon-
fluence. The signal-to-noise ratio at 564 nm is approximately 1.5 with 1,000 cells per well.

The SRB assay provides a calorimetric end point that is nondestructive, indefinitely stable,
and visible to the naked eye. It provides a sensitive measure of drug-induced cytotoxicity.
SRB fluoresces strongly with laser excitation at 488 nm and can be measured quantitatively
at the single-cell level by static fluorescence cytometry (Skehan et al (Journal of National
Cancer Inst 82:1107-1112, 19901)).

Alternatively, the efficiency of the compounds of the formula 1 as inhibitors of microtubuli
depolymerisation can be demonstrated as follows:



1 9 DECZ2002 "b" and "c" are absent and "a" is a double bond; and if "a"
is a double bond, then R2, "b" and "c" are absent; R3 is a radical stBd¢fail
fromthe group consisting of |ower al kyI ot her than methyl, especially
ethyl, n-propyl) iso-propyl, n-butyl) i ﬁp butyl, tart-butyl, n-pentyl,

n- hexyl; -CH=CH2; -C-__ CH -CH2F; - -CHzZ- OH, - CH2- O(C~-C6 al kyI)
especially -CH2-O CH3; and - CHZ- S—(C~ Coal kyl ), especially -CHZ-S-CH3, R4
and RS are independently selected from hydrogen, nethyl or a protecting
group, pBwetksabtignshefthe dast compdumis ars madedt O ahd ssteeed atR0I°G. Mickotabulia

or et er aoptn i peRafaf oMo 57 kbl Belis HEMPTells dop oDl dorbiiperigs™ ' O"
oxygen, bdmp@lyrdensahoa,r &s éeazfibed (ssebg'blembamh atral.,, Bﬂibhemnsa'ys_lgml‘e 552@}37)?3 is
ety WioRgng Stagk spbions AmBrdiie BiRtesppehice woblifbS ridproffRscRed

n- pent y| rotmﬁét))é)’é storeQ'ElCVb °C: ﬁed@ﬂeeoﬂ%ﬁmcﬁﬂ&ﬂh rot@ld%o@rhensatlon induced

- CH2- O ( C~- -al kyl ), especiall al k 1),

especi al lP)S/"" 1‘@’-120@9@1@ ISFAC3ENE Ss&%kyrﬁﬁgi&%}?!ﬁm S'f‘eé'éqréﬁ‘g (:T’eP dr ogen,
met hyl ?ﬁce‘? ICHeRE PHaeMm 91 $44? ea%@fﬁbf% ¥h$1¥%r;99ﬁi&k sBlfloof the tést %%ﬁ@ﬁﬁc{

sel ected fromthe group consistin | om ng structures: ,
/> and ~are,préintikeeNnthe twerdy-feld satrte delseedabmalwhmwtranm with nﬁméofswatw dtor m ng

She For baPleRmtituren AR 1Ry R:BE BfpHcaE oh 8. AR AIGLRST e BofibatBR o
Ee gl tgﬁfjolmnm dig:llgabminedm@tt ! Lbulbprotkin |shhawed1q|1neklyeahdn&Tenc”dilaeuuo Qrmggm;t}:/vggl ?hat
on

PPy T oeepiadn M ilier Bho MY, nfe TR b RECh i b e 280 hel

bond; i fpidlinbsthakeifonichem, E@Tmadthymng@bet m@mziammthy@ tetr@a@tldabﬁb)e bond,;

and |f "a" is a doubl e bond, then bsent : S
radi cal 54 B%'V@G“%ar"@ﬁmf?ﬁ‘ém@r‘%m@”ééﬁf&quqy the aefﬂ'tlpwle?aca tlf@ﬁf S%t%',utetdnaﬁro-

methyl ., @paRpicMih Yo ﬁiell\ébb cd?nd?fuﬂ@)’t’ollov\léd)bwn@@ﬁ(étbon'b‘f Wéﬁmplé #0a WHfeY bath
tert- butyI n-pentyl or n-hexyl; CH; CH2Cl ;- CHZ- OH;

- CHz- O (With @natemne;at% gben é*ner iﬁw@w@@ﬁsar%{@ca@@nﬁp@enw Eigeggen:
especi al {rifgeGiRritedtated R aabloms 181 a'i'?’&‘o‘?ﬁmi'r%btrétﬁres ?h@%&ﬁ»n lek ra?éﬂh'é)ﬂdr ogen,

met hyl or a protecting group, preferably hydrogen; ~ is a radical

of the feantiflged for 20-mingt 14 09QIreMa repre tarprAlAWrefor ﬁﬁ&aramgrﬁmﬁnwz\ﬁﬁém a

gg'ﬁ%o‘l‘]ﬁ{jﬁ%@‘gmg Hﬂard nrﬁlcgétﬁgl?mrotel\m 28 iRbiRIERRBL e féMAe WBGALbbRMeS iRhERe L O 2
protein concentration of the supernatant (which contains the rest of the un-polymerised,
soluble microtubuli protein) is determined according to the Lowry method (DC Assay Kit,
Bio-Rad Laboratories, Hercules, CA), and the optical density (OD) of the color reaction is
determined at 750 nm with a spectrometer (SpectraMax 340, Molecular Devices, Sunny-
vale, CA). The differences in the OD’s between samples treated with a test compound and
vehicle-treated controls are compared with those of test incubations which contain 25 uM
Epothilon B (positive controls). The degree of polymerisation that is induced by a test
compound is expressed relatively to the positive controls (100 %). By comparison of several
concentrations the EC50 (concentration where 50 % of the maximal polymerisation is
found) can be determined. For compounds of the formula | the EC50 lies preferably in the
range of 1 to 200, preferably 1 to 50 uM. The induction of tubulin polymerisation of test
compound of the formula | in 5 pM concentration as perentage in comparison to 25 pM

epothilone B preferably lies in the range of 50 to 100%, especially 80 to 100%.

The efficiency against tumor cells can also be shown in the following way:



""" NRvRHO~, \ ~/~laN() (~, Op wherein, independent of each
other, the R noieties are hydrogen or nethyl, or a salt thereof. Mrg9 JEC 2[][]2
preferably, the invention also relates to a corrpound of the fornula Ib,

9 DE C 2002 -21 (Ib) wherein, indepengdent of each other, the R noieties
are hydrogen or nethyl, or a salt thef 86f. The invention rmst specifically
also relates to a conpound of the fornmula Ic wherein R* is nethyl. R* (lc)
The invention nost specifically also relates to a conpound of the formula
lId D....,~, Sv~>AHO"'~~.,, \ N(Id) ,, (,~ OONN 10 wherein Ais
ethyl) fluoronethyl, nethoxy, nethylthio or ethenyl (-CH=CH2) and D is

hydr oger§todK setutions b/ thiest acompoent wf formaladdioahMy in80geea prePaeed ane storean

most spe? gd ‘%auu%'l ll?é) 3r eln%t %Sultltd(r)ugare(szls%?%gp %0 wge;(;?rgssma lkg Bsﬂ_I ©
epidermoid carcinoma cells are from Dr. M. Baker, Roswell Park Memorial Institute (Buffalo,
NY, USA) (for description see also Akiyama et al., Somat. Cell. Mol. Genetics 11, 117-126
(1985) und Fojo A., et al., Cancer Res. 45, 3002-3007 (1985) - KB-31 und KB-8511 both
are derivatives of the KB-cell line (American Type Culture Collection) and are human
epidermoid carcinoma cells. KB-31 cells can be cultivated in mono-layers using calf serum
(M.A. Bioproducts), L-glutamine (Flow), penicillin (50 Units/ml) und streptomycin (50 pg/mli
(Flow); they then grow with a doubling rate of about 22 hours, and the relative efficiency of
plating them out lies at about 60 %. KB-8511 is a variant derived from the KB-31 cell line
which has been obtained by treatment cycles with colchicine, and it shows an about 40-fold
relative resistance against colchicin in comparison to KB-31 cells). The cells are incubated
at 37 °C in an incubator with 5 % v/v CO; and at 80 % relative atmospheric humidity in MEM
Alpha-medium which contains ribonucleosides und desoxyribonucleosides (Gibco BRL),
complemented with 10 IU Penicillin, 10 ug/ml Streptomycin and 5 % fetal calf serum. The
cells are spread in an amount of 1.5 x 10° cells/well in 96-well-microtiter plates and
incubated overnight. Serial dilutions of the test compounds in culture medium are added at
day 1. The plates are then incubated for an additional period of four days, after which the
cells are fixed using 3.3% v/v glutaraldehyde washed with water and finally stained with
0,05 % w/v methylen blue. After washing again, the stain is eluted with 3 % HCI and the
optical density at 665 nm is measured with a SpectraMax 340 (Molecular Devices,
Sunnyvale, CA). IC50-values are determined by mathematically fitting the data to curves
using the SoftPro2.0 program (Molecular Devices, Sunnyvale, CA) and the formula

[(OD treated) - (OD start)}/[(OD control) - (OD start)] x 100.

The IC50 is defined as the concentration of a test compound at the end of the incubation
period that leads to 50 % of the number of cells in comparison to controls without test
compound (concentration at halfmaximal inhibition of ceil growth). Compounds of the
formula | preferably show here and IC50 in the range from 0.1 x 10 * to 500 x 10 * M,
preferably between 0.1 and 60 nM.

Comparable testing can also be made with other tumor cell lines, such as A459 (lung;



190EC2002 _ 22 _(le) OHwherein Ais ethyl, fluoronethyl) methoxy,
met hyl thio or ethenyl (-CH=CH2) and D is hydrogen, fluoro, hydroxy oqgggczmz
met hyl . The invention nost specifically relates to the conpounds of

formula I given in the exanples, or the, pharmaceutically acceptable salts

t hereof where one or nore salt-form ng gtoups are present) Mst preferably,
the invention relates to a conpound sel ected fromthe group consisting of
conpound D (Exanple 1 ), the compound of Exanple 2 A), the conpound of

Exanpl e RTCCOO985)] NCRI4 GG hmgh@otp 205 4dalors ATIORING, GOb 208 )¢ 85ndotord) |

Exanpl 6 A7 CO B aABSC < BireBath e Goturt SalieiA BeopdboMEs TRMR T | ¢

conmpoundi f9(cofRs, tﬁnausubmsée)te Acmmmnsl'ré@ﬁ s6€alEs TumLer Ads. 3gpammmisel 67 (see

Exanpl e 4 d d 6 EX h
accept e Mo e el PG et g BTy HARSMR . The

COWDOUndﬁné\irsérh@ahéﬁf%rﬂté’r”H@@ﬂorbeT ﬁmﬂ%‘ﬂdmw@fr@lﬂ PEBhRAlSs hite@é 00y toO
nmet hods that are kno t he ably by a nethod characterized by

a) r eactavegiaaleuftsmn AEC@r ATFP@ @Bk r’rﬁ%) |MCF-7 bneagt @«Tﬁcd'i"ib@i!) opMCRATIARRer ei n

th d
T R L S A s A R e U el
t he neanﬁ&r’gsh@cﬁﬁblmemb@h')’ffeslmhh(%oatmceﬂorfgldb togaxopbigin anéé/m@wékalqid&et hyl
?Ir V)n P th é@mp%@d %l/elr ﬁﬁﬁtf Q/ﬂldeﬁé" @eﬁﬁmléﬂgsﬁ Iart J&gul(soérglélb?aiﬂe\é amgh ﬁﬁ(ﬂ 3

and KB-8511 cells. Compounds of the formula | preferably show here and IC50 in the range
from 0.1 x 10 ° to 500 x 10 "° M, preferably between 0.1 and 60 nM.

Based on these properties, the compounds of the formula | (meaining also salts thereof) are
appropriate for the treatment of proliferative diseases, such as especially tumor diseases,
including also metastasis where present, for example of solid tumors, such as lung tumor,
breast tumor, colorectal cancer, prostate cancer, melanoma, brain tumor, pancreas tumor,
head-and-neck tumor, bladder cancer, neuroblastoma, pharyngeal tumor, or also of proli-
ferative diseases of blood cells, such as leukaemia; or further for the treatment of other dis-
eases that respond to treatment with microtubuli depolymerisation inhibitors, such as pso-

riasis. The compounds of formula |, or salts thereof, are also appropriate for covering medi-

cal implants (useful in prophylaxis of restenosis) (see WO 99/16416, priority Sept. 29, 1997).

The in vivo activity of a compound of the invention can be demonstrated with the following

animal model:

Female or male BALB/c nu/nu (nude) mice are kept under sterile conditions (10 to 12 mice
per Type lll cage) with free access to food and water. Mice weigh between 20 and 25 grams
at the time of tumor implantation. Tumors are established by subcutaneous injection of cells
(minimum 2 x 108 cells in 100 pl PBS or medium) in carrier mice (4-8 mice per cell line). The
resulting tumors are serially passaged for a minimum of three consecutive transplantations
prior to start of treatment. Tumor fragments (approx. 25 mg) are implanted s.c. into the left
flank of animals with a 13-gauge trocar needle while the mice are exposed to Forene
(Abbott, Switzerland) anesthesia.



wherein R2) R3, R4, R5, a, b and c and the waved bond have the neani ngs
given under fornmula I, with a iodide of the formula V, R -1 (V) whereippe R
has t he meani ngs given under forrmula I; and, if desired, a resulting
compound of the formula | is converted‘into a different conmpound of the
formula I, a resulting free conpound of*the formula | is converted into a
salt of a conpound of the fornula I, and/or a resulting salt of a conpound
of the formula | is converted " ORS O 1 90EC2002 -24 into a free
compound of the forrmula | or into a different salt of a compound of the
formula_I, and/or a, stereoi sonmeric mxture of conpounds of formula | is
separ at BgMergrgwthand BQque\gﬁjSWa ianQ Mo ReALNCEHRE MigeaMe s M reatientsrare id-

pr ef err gghidléRaGPavepBEdly E.Q!)%hd'a‘?e Hitatéd @hén 5'%é&ﬁﬁ%bﬂo‘?um%ﬁéﬁp%%ﬁﬂtél?d)
functional groups,that shall not participate in the reaction are protected

by pr ot 22 1aRPOYNEN jEsattaingsk dppeNdjng vRerte dupeidvRa t TUROIHOIRES arpifietesmit ect i ng
group&nédﬂﬁéei@g lH%%gﬂMSt(ﬂ_ge'bfﬁﬂeg %'éar@e?éﬁ%ﬂ?th?ﬁ‘P’hgﬁﬁé(%l.'él:fm@zf t, for

exanpl e, t are ScCri e standar ef erences nenti oned 'above.
React i o1989]). Treatmend witlo apgthilqnesef éreatormulahpaoivibe doSe ahtl thectvequanay pf

refera . e d . L : nr ef ) t he
Peacti oforinjstéioh. Rdtfisor fberié AR bcBiing B8, BLHY bfpheg,

el evat ecptineaireatmenteegimepsdn abdijioa boprtes&ting @hatgastin iBMhoCyvolprmetevabthy W t h
an excess of fthe tin conpound of the formdla I/éol referably  in the 1.1- to
3-, e. gcoUrpRohtraatmept anfitymgr agive Isppressed aRd °é’£‘t831‘>'!1‘%’%asgrﬁ§ﬁ‘r'ﬂ‘?’

pr ef er aflymes pﬁi@@axt édlanmls’%@x%e@bgftm ?:Fb]hlui:ﬁréa@e_l;gt&fzo[r)gguﬁﬁéf@&:ﬂmn o[ (i) f
in an appropriate.sol vent,_e.qg. dine or mam de , . a enperatures o
 Fonm 1 SRS m aliPlse e TO)- it ragreRbion 46] BPAIRY Y AMalest Feabdumer ¢ ho ¢ 1
conpoungbigrhe cbphAIdtiRe Mlehn turh&f vldhe ¥t the stdieof redtmdr, &ccor-gingtote 1.5- to
2.3-fold nol ar excess; he presence of a catalytic am)untl)E pref erably of

t
1010 Soumuladiagiessian o g VendiVsiar sl ORL¥RITelival meandumer volmep Netertions

for thigesRUPhdBIithS ot B0 SRIH HardatBentse of the foll ow ng reagents and/ or
conditions: ' ~ (iii). cuprous 2-thiophene carboxyl ate)

N- et hyl - 2-pyrrolidine. (iv). Pdd2(MeCN)2 (cat.), DWF, 50 - 150 (with or
Wi T hout weeldhib eRbdd, zﬁ@rn?‘rnib%wf&%%%f;a GU&\Bofda(d?%“ﬂwér@éh drcgtowin SFot 50 - 150

(with or without addition of tertiary base) Reaction b): The reaction (an

i mpr ovel§Mors ferveddipip thegfpligyieg eplhines qegibedesipdce under standard conditi ons;
nore preferably, the reaction takes place in an appropriate solvent,

especially DW, at tenperatures of from50 to 100 g@ref_erabl from80 to 85
C, pr efdvwann golpregial adengcaseinomma cehiing TS (BTCEHCl 825his Hom the Amasisan

pr esenc,f canr@oah¥dtion (REBNME, OD, Mh,%ndgﬁgg%rsgé%um@%% ifpwﬁoagvéament S)

Cul) preferably about 0.1 equivalents, an . CN) 2, prefterably about
0. 2 equingadethipythe supplierDHETG5d9@0 epithelasfectelling (GanspeRped39% 182088 reacti on

oo TSR NGRd o BRI RS o RNETLRR SRR S L

f or mul agp179y MRxRrihdamticaoeertiase 1 1 nEi09otR[1991]; J. Biol. Chem. 264: 18031-40 [1989];
Int. J. Cancer 1991; 49: 696-703 [1991)]) and glutathione-dependent resistance mecha-
nisms (Int. J. Cancer 1991; 49: 688-95.[1991]). The Colo 205 cell line is also a human co-
lon carcinoma cell line (ATCC No. CCL 222; see also Cancer Res. 38, 1345-55 {1978]
which was isolated from ascitic fluid of a patient, dis-plays epithelial-like morphology and is
generally considered to be drug-sensitive. A human androgen-independent prostate cancer
cell line is used to establish subcutaneous and orthotopic models in mice. The human me-
tastatic prostate carcinoma PC-3M is obtained from Dr. 1.J. Fidler (MD Anderson Cancer
Center, Houston, TX, USA) and is cultured in Ham's F12K media supplemented with 7% v/v
FBS. The PC-3M cell line is the result of isolation from liver metastasis produced in nude
mice subsequent to intrasplenic injection of PC-3 cells [ATCC CRL 1435; American Type
Culture Collection {Rockville, MD, USA)], and they can grow in Eagle's MEM supplemented



For exanple, a compound of the fornmula | wherein R2 is absent) b and c are
absent and a is a double bond, and the other noieties are as descrl
conmpounds of the formula |, can be converted into the corresponding epOXIgé
wherein R is Oand b and c are pres_ei while a is a single bond.
Preferably, the epoxidation takes place in the presence of
(+)-diethyl-Dtartrate ((+)-DET) (preferably about 0.5 equivalents),
Ti(i-Pr0)4 (preferably about 0.5 equivalents), tert-butyl hydroperoxi de
(pref em&thl130°/atwaltboﬂmﬁ seum,\sadizmi pyrueend mm1 essehtal amlmeclds:s!.pglotamhhq, & A

opt - onsiry R sqliBE (BRBG LR BlaneS oS Tand iy Rk eoB iy Eaetomiy ™ 7

to 0 C(Flewn%b@tériesalaeutvuremd@ Tivg PCFBNPEEIBIRIRGS hefmdnedinegitivieqthaxisdr
(prefer ablg about 30 equi val ent s,} etonitrile (preferably about 60
! e £5

equi val9EWsh the,apspnce obapdopansly P eglilibeds & '99%(:%"9“?0 nggaiveaPRift s) in

an appf %éruhitfbﬁl theldeAvdd P6- 3%1 c@:ﬂm@' pei®isa é&l%ﬁ@raﬂﬁﬁla}ﬁlémérhmd (AtcooHerred
terrperatures bet ween 10 and Sa% at about 25 C. A conpound of the

f or mul 5435»@@@7@8@@0%?6&%@% ¢ @gdanesareionoe ispladed WP’B 3a6%b?ﬁ5rﬁi¢ld of
formul g uc¥‘§l§ﬁ FHaTb 'ﬁ?é ¢élls eleﬁft‘i'HW%W hof‘rk&tas‘éyaﬁdrteﬁB%FﬁneVB Bbe%%rse

prefera to 1.4 equival ents an appropriate sol vent, gY
met hyl @ﬁbWWhThﬁ c@lb araﬂearotnplpéirw@r anmdebnurpb@f@ ﬁatv;hsormsong@ Ne rormaa!
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agent or. e e W ne a carponat es a .

o oo oitenstsAd PRl onss' ahdhatR A hufPer g hatoe pintdh oS BuPanepidar

car bonaiat (raouth pcardinving deh inel KB-8B1e (a Esgid bvmgexbresemg@ﬁw(hnmdsrmearirdnhm, i f

of sal eeeprR (eups Re- 4 fubnne cobind Topaahee TEm bt Aot 6ker 8ol it oo of

di ast elPagRlemorisldnstiigte SBpRalAT Y . IUIEN) (td?@ieécrqmbh e8PARYaMA dt 20 186Mat. Tell.

ot ur AT andlEe AL T BB e Cane i A el Gy R AL a0y SEE boner &

by neaasd @ citlasd aso;mr@tnedsly dySdribleti(mayérom,, ecAl, anmy cCHrRiRhY3, 89 1989)).
di strl%tlon and simlar grocedures ThIS separation mag t ake ace either

at t he s calisdiketkdt-81 rige dariyrslinem dre KR cgll lidt Gt @ t Man ¢ sel f .

Enant i @Blﬁléﬁnélﬁs)ér&h%rﬁ@@élrsaksléﬂcfbm@@ﬂrhb& @%vﬁrﬂhﬁﬁéd@l@y@fuéﬂ'\g’ﬂﬁﬁlﬁém“ c salts,
for exarrpl % salt formatlon with an enantioner-pure chiral acid, or by

means GO4 mgaiwn ([O-MEMIWR1 Q5% fstalqalf serym (M BIRRSRRHGS)r biphi c

substr @m&nwret(hlowsndealcmhd mnms/nﬁ)t &Hd Sttt fsml rﬁg/nﬁmém mgeymé@grcm s and
i nternedi ates are known in the art, conmercial avai l abl e) and/or v;~f~
pr epar ¥ithiandeubliog Hxa o 23ih hnqirgtevfdal@t%awg ﬁff‘P'ﬁBCYa'FtaPBFOXI'FﬁtSWaﬁoo’gy}(q her et o.

Conpoungs @a&é\ﬁlrfecﬁ'eWéé‘frbh tﬁé‘@tBQ:h Eélﬁmfe grﬂélefbf 'cblbhl%ﬁ@ treaﬂﬁeﬁl geLq be
synt hesi zed describ CT application WO 981 25929, ich is herewith
i ncor p@haweab@;t a 44- @ﬂcbwwvems:%tsn@emm%@dlcmmerwr@naqoowred)wwm&!ed@-ladds in
t he ex%gﬁg ﬁ%anggiﬁigwﬁgﬁd% é??mfe%ﬁﬂ?ﬁ}{i’né Y RB§qaccessi ble by reaction of the
respectrve conpo $or exanpl e by reaction of a
compound of the formula Il with (RysSn2, wherein Ris lower alkyl,

especi r t rogen
base SolbilfF RSy 1By del il S BRS To o DY oMol

(pr ef efarbhiwa Rbote daltd trenenfyadecstitrad with wdér2PhGord temp exatusg pntid moi fartteersol vent ,
e.g. toluene, at elevated tenperatures) e.g. 30 to 90 C, especially 80 to
85 C. 1 9 DE C 2002 -27 lodides of the formula V are known and can be
obtai ned according to literature procedures, or they are comrercially
avai |l abl e. For exanple, 2-iodo-6-nethyl pyridine can be obtained according
to Klei, E. ; Teuben, J.H J. Oganonet. Chem 1981, 214, 53-64,;

2-i odo-5-nethyl pyridine according to Talik, T.; Talik, Z Rocz. Chem
1968, 42, 2061-76; and 2-iodo-4-nethyl pyridine according to Talik) T.;
Talik, Z. Rocz. Chem 1968, 42, 206176, Yamanoto, Y.; Yanagi, A.
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Preferably, new or also known starting materials and internediates can be
prepared in accordance with or in analogy to the methods described ingtiwg 200
exanpl es, where the anounts, tenperatures and the |ike of the respective
reactions can be nodified, e.g. by vary &9 in the range of 99 %
preferably 25% and ot her appropriate Solvents and reagents can be used.
The invention relates also to all new internedi ates, especially those
mentioned in the Exanples. The invention also relates to a nethod of

synt hesi sompoand dispavesiabout hieodrp Mimalsalublitidsfbundvaieqitefiesabhyhzateeer Diddeghd n

t hat acg{\%‘pound the formula VI 1 9DECZ2002 2s_ Sn(R3 (V1)
wher ei n P r al kyl, especially nmethyl or n-butyl, is coupled with a
i odi de of the formula VIII, I N(MIIl) (commercially available, e.g. from
TCl, USA it es ecially under Stille cou Irn and anal ogous/ nodi fi ed

conditio SHPEPE 9f Rrafesied pmPeRRdsAt a\/'ern%ntw@gggereararﬂyr Sefipitippsel

al kyl -1 Omstﬁéf@ﬁ’é{ﬂn tﬁérggﬁerapdé?‘f'rﬂlbﬂé)h%nﬁhdé@%YénnBéiéﬁ&ﬁ&ﬂr%a%nabﬂP@é asadle;
t he compound of forrmula VIII preferably being in slight” nolar excess over

t he conpéirirample, rréremmere\meneraédejmltronsmem_prqspecw‘losiqﬂartlens espwecillyy in
the 1.5 Lah&eRnitiondomitsieteed R bdippmRlefeln 2. 1-fol d excess; in the presence

of catalytic anounts of AsPh3 (especi al I y about 0.4 equi vaI ents),
PdCl 2(MeCN) 2 (especial |y about 0.2 equivalents) and Cul (especially about

01 equl XA lkhlon BlerGh6Y FELI S EREHBOUESnE dmuld) i ange of SO to 90

C, prefera out fur reaction conditions see
t he det aiR,éxlalthestor qntygen “‘ahcaer beeithee asingle oratoubleaiondl) ‘IRE aan bererther dbsabbve

for thesntherso (o]0} f the . action tjons
can be- obt Pl BB afH e SaR BecPas Sedapt ot Aatndle band bl e Risk R e s

know howogygdntRed eti"smid “Badeboitka lsingiebdnB@nara”.is Ifsﬁrgldb’cﬁﬁiﬁ if 01 ihiseent @ledt €S
to the inverted method wherein instead of the conmpound of the forrru a Vil

an anal oiéNdsCLRBARRRRY NG ‘Bsiseadrubre hand: apg iR %"'%rdSPQ)eQW‘?)dP%RP'S p?@%ent
and i nst eady@hpddp. conpound of the fornula VIII an anal ogue is used that
hss the noiety Sn(R)3 instead of the iodine. The reaction conditions are
t hen anaPRetgjcutadical s¢iected tmmethe gmuwmna;tm@@eﬁmogdnd@w@lmbresvhealg@nt hesi s

Cynt hosi B Aty Prcpfl Bécitonuy TOR RURIN A BLOR S BBATISN RIS °1

D E C 2002=CPR-TH.F; -CH,Ql; 8H,-OH; -CH,-O- (C,-Ce-alkyl) especially -CH,-0-CHj; and -CH,-S-
(C4-Ce-alkyl), especially -CH»-S-CHg;
R4 and Rs are independently selected from hydrogen, methyl or a protecting group,
preferably hydrogen; and
R, is a radical selected from the following structures:

oD O
Xl[:)—/ , )Q[:)—o-cm and )JE:%NHZ

wherein R and R’ are lower alkyl, especially methyl

or a salt thereof where salt-forming groups are present.

The invention preferably also relates to a compound of the formula | wherein



OO0~..1 0 (IX) wherein Qis hydrogen (epothilone E) or nethyl (epot hi | one
F), which is characterized in that a conpound of the formula X D g E@)

"' N(X) OOHOis epoxidized in the presence of a peroxide to the corﬂ)g& 1001
of the formula I X, preferably by using g4 andard reaction conditions for

epoxi dation, nore preferably by epoxidation in the presence of H202, a

base, especially KHCO3, acetonitrile and an appropriate solvent, especially

an al cohol, e.g. nmethanol, at tenperatures preferably in the range of 0 to
50 C, esBetsmwlsbnyt @rtmqygefzS' '(ra(nbastthanafsomlmondnubierbcmt W’Iosem@waatrmnm dic

aci d or in th senge, of (+ -D-t.ar

S opr opodk ABNOBTARAF BEAFS 3h o ehinat et ra SRGR BB, Bl ine P Bt Ras
met hyl enggjqahitkkéh @ q!ma %’1 é}@éﬂoiWa df?l@ﬁert%nétanb@ﬁ" i5 QNEARJI b #)R As Bbsent thdrp O

C, especi aIIy about - C. These reactions have inter alia the advantage to

provi de thiang |"¢1"aﬁre[ﬁb§§|lﬂkﬁn§1 “ahista dauble kangl; andiif G&del aidegkiertiondpthen Ry, “b” an
Phar rracexét.lapeaébﬁnspar ations: The present invention also relates to the use
of a conpound ot the forrmula | for the manufacture of a pharnaceuti cal
f or mul at Reis af radicakselaxed frstn the granipi doesiating/ef mt'dm@aaeloweralwu ewdc:alb,ove or to

h i cal . f | f
i Sease. Stk elh g RRRhssHeP Gi b hiraine: oo PRl hend Rt
accept abl-e=CH{ {GHF; -CH,LI,3-0R,OH; -200D-(C T Tane/ ) osprriang sCiof-Otdie,; had raHast are

called active ingredient hereipnafter. The invention relates also to
phar macelftiieektlo apRRGIANYoRY S0P si ng an active ingredient as defined
above, f opas defined
above, aﬁaaéggﬁf EFee:ﬂngéﬁdaeﬁ!)éﬁelg?t@ lgl'g)rﬁ{rgdréﬁ cal rgrb%lgatl ongb |P sai d
treat rrenprefera@yuhmdmenoand el ates also to a pharmaceutical conposition that
is suitagle rQB:cE‘IdégléEt ‘“’8?‘ tR@f&IIB ?? pé ooded animal) especially a

n era

hunman, fol t treat ne ive di sease as defi ned

her ei nbefore 'qonprl si ng a@unt of an ggive mgrq@ﬂ ent, which is

effective f Ltf}ﬁ__ eat e | d pr0|fe/2at|ve together with at
| east one rmgceuti ecal ab,le carrier., The ma%eutlcal

conposi ti abBor di ng i nventi aMe t hos orN enteral, such as

nasal, rectal or oral, or preferably parenteral, such as intranuscul ar or

i ntravenous, adm ni st ratl on to a warm bl ooded ani mal (human or ani mal),

that conprise Odt fective dose of the pharmacol ogically acti V@iFngredi ent,
0

accept abl e
speci es of
condi ti on, Prg TN
t he node of admi nistration; preferably, the dose is one of the preferred
doses as defined bel ow, belng accomodat ed appropriately where pediatric
treatnment is 3tiF The ph ceutical co itions conprise from about
0.00002 to & 959@ especi e.g, inthg c usi on dilutions
that are reg use) ’'of to 0.02% for@g&éﬁ%ﬂe'] case of

i nfusion ; CA,F% t o out 95% preferably from about
20% t o about 90% active ingredient (weight by weight, in each case).

Phar maceuti cal conpositions according to the invention nmay be, for exanple,
in unit do such as in the formof anpoules, vials, suppositories,
dragees, ta |ets or capsul es. The pharnaceutical conpositions of the
present in ti are prepared in a manner known

wherein R’ is hydroxymethyl or fluoromethyl and R is hydrogen or methyl;

or a salt thereof where a salt-forming group is present.

The invention preferably also relates to a compound of the formula | wherein



per se, for exanple by neans of conventional dissolving, |yophilizing,

m xi ng, granul ating or confectioning processes. Solutions of the act]ggggzmz
i ngredi ent, and al so suspensi ons, and especially isotonic aqueous sol utions
or suspensions, are preferably used, |t bei ng possible, for exanple in the
case of 19 DEC2002 -31 Iyophlllzgd conpositions that conprise the
active ingredient alone or together with a pharmaceutically acceptable
carrier, for exanple mannitol, for such solutions or suspensions to be

pr oducedRpisiabserttar expgern] e qahdrensliberia single aaiopbisibondy’” narybboitbereabisbhtz ed

L i mg SONIE GRORLTS on G b6 ALASF SbaP TG SR b Wt TR ProvisBhatilefSt ne

osnoti c PhBERHe ‘BRAn@ e kivé beths S|ﬁ§l9 bBh&E aRé EPad s@mlgrb BordR NG lis KBEAWDtHRR! Se,
for exanpl'e by nmeans of conventional dissolving or oph|I|2|ng processes.

The sai d béend,:t‘cr"@no absert asgéa's ersiouhieybondnand ik @’ g %éobble ponédhe Bl and
substano%s FS sodi um car boxynet hyl cel | ul ose, carboxynet hyl cel | ul ose,
dextran, 8“@ ’pyrrolidone or gelatin. Suspensions in oil conprise as

t he oil RgsRoaEiBAl stelwemfg@heutd @ouﬁwohémtnig(bf lowes atkyl, @ypadislyintetoyl) ethglyst omar y

for injection purposes. be nentioned as suc ecial ui d
fatty acﬁ’r8P3é|s'ﬁ@tpéomﬂ'lat'b‘éﬂntsatbh'tyaée'ttﬁétyhé‘i‘%e%rfbb??@t 7% Qﬁg}*yég” atty

aci d havepgf IHREHL 00!330 (@%@%Qﬂ'ﬂ@ |é’spfeEﬂW JHLO-Ctay aWM%-@P@@aIk{HPV

exanpl e [auric acid tridecylic acid rlstlc acid, pentadecylic ac

pal m ti cesperally ielgaiGhe, aci d, st ear| c aC| d, arachidic acid, behenic aC| d or
correspondi ng unsat ur at ed aC|ds, for exanple ol eic acid, eIaidic aci d,
erucic acid, brasidic acid or linoleic acid, if desired with the addition
of anti -BxamthR§ sre ihoep%wanw seleatechirom hgdragen aoethgh arragprotecting group,

3, 5-di -teré %ﬂ X g hxdbﬁrytoluene. The al cohol conmponent of those fatty
aci d estRPEI#HYY é'ﬁﬁ of 6 carbon atons and is a nono- or pol yhydroxy)
for exanple a nono-, - or tri- hydroxy, al cohol, for exanpl e nethanol,

et hanol , _propa ntano|l or the isonmers thereof, but

especi al 'WS GI@aG‘?' S&Eﬁ‘f ‘i?ﬂy%’@ %ﬁ%'agﬁﬁr@wﬁson or infusion conpositions are
prepared in customary manner under sterile con ditions; the same applies

al so to introdycing the conpositions into anpoul es or yials and sealing the
containers. Pt | ati on conprMsing an active

i ngredi ent afid tabhe organi ¢ sojvent. The
pharmaceut ichl Iy, i used i ormul ation accordi ng
to the in 3] y or garfi Jb1 vent known in the
art. Preferably the solvent is selected fromalcohol, e.g. absolute ethanol
or ethanoUwater m xtures, nore preferably 7096ethano| pol yet hyl ene gl ycol

300, ponethyI ne gl ycol poI ene E C 2002 -32 glycol or
N—nethylpyr one, nost lipre erably\po propyl Iy | or 70% et hanol or
polyethylen col 300, act,i v edi.ent y/ referably be present in
the fornu in a concénthation o ahout 0 about 100 ng/m, nore
preferably about 0.1to about 100 ngl M, still nore preferably about lto

about 10 nmg/ M (especially in infusion concentrates) The active ingredi ent

may be used pure substan or as a m xture anot her active

i ngredi ent . N%e dinit é HS pr fo; gchp enploy a
concent r aty activeé i ent of 6 75 nor e preTerany 0.05 to
50, still re preferably to 10 ng/m (thl makes reference

especially to an infusion concentrate that, before treatnent, is diluted
accordi rlolalsalﬂﬂerdaebmwe.or@u@rhnctrersmﬂf@rtﬁimgwgroapeawusaﬁt.ent ly stored in vials
or anpoul es. Typically the vials or anpoul es are nmade from gl ass, e.g.
borosilicate or soda-linme glass. The vials or anpoules nmay be of any vol une

convent i ﬂfbalhvérﬁhohhﬁeféfébly Ne6ta4t8ty/a thRpo@icEoiahe formuke wheréinci ent to
accommpdate 0.5 to m of fornmulation. The fornmulation is stable for

peri ods Bfisgabserifs %YQQIb"Q sanbeteitheya pipglerry dauble bepdy B Garke sitheabsertst 2
to 8C. or a single bond; and “¢” can be either absent or a single bond, with the proviso that if R, is

oxygen then “b" and “c” are both a single bond and “a” is a single bond; if R, is absent then



Formul ati ons nust be diluted in an aqueous mnedi um suitable for intravenous
adm ni stration before the formulation of the active ingredient can bdg 9 DEC 2002
adm nistered to a patient. ' ~ The infusion solution preferably nmust have
the same or essentially the same osnotig pres sure as body fluid.
Accordi ngly, the aqueous medi um preferably contains an isotonic agent which
has the effect of rendering the osnotic pressure of the infusion solution
the sane or essentially the sane as body fluid. The isotonic agent nay be
sel ect edbt andriciiaye absantend “X'rivardouhletbondaand if &8”ds a daukie tond, tHex Re.obeand
gl ucose .ﬁn%r Sag)dieH{P chloride. Preferably the isotonic agent is glucose or
sodi um chl 8Fi BE®Mhe i sot onic agents nmay be used in anobunts which inpart to
t he i nf Usiioa rﬁdlbaltsblél&teﬁhﬁ)rﬁ&@grﬁﬂpe&mﬁg&ifhdwdrbﬂ(y&&ﬁ& B8R Bidtiey| PEspesiEme as
e

body fluid. The precise quantit[es needed can be determ ned bé*éoutine
exper i metb¥dt 1-BrePYh EENRPPY! de-priYh isgitYk test-RivipreeRtyloA-NeKYlt heHFHais i@ CH:

sol uti onggpe. | aEHLBHT . IS -HS ok i ially SeHEBLEAN Mk -2HRa.{d, Ll ar

i sotonic aae'nleng?réa zeéﬁgvicﬁl—g%r g‘g(r&%am)'%ﬁg%arlgggbf F)é%g%fa%sjthgquOe%éagent .
~ 9 o E akyDoesprecBdly ThH-Ecetdent rati on of isotonic agent in the aqueous

medi um w4 | riLsul ar ' ent used.
When gl \llj%oésngdlﬁ gﬁﬁg%%&%ﬁ d'%s“?'pr Zs%cg%o:gﬁ?rb hgggo(?@ﬁhﬁmgtﬁglocﬁg nrﬁfr%tgﬁ %ﬁro@? "from1l to
5% w/ v, prefeeabhahydrogérgrang 5% w/ v. When the isotonic agent is sodium
chloride it is preferably enployed in ambunts of up to 1 %wyv, in
particular 0.9% w v. The infusigaornulation my be diluted with the

aqueous ﬁ',‘?é’h‘ﬂ%i%aﬂaguﬁh@Hﬁﬁ|a9f 1queo s medi um enpl oyed as a diluent is
h

chosen accordin esir copgentration of active ingredient in the
i nfusi on solution. Preferabl nfusion solution is nmade by m xing a
vi al, or anmpoul e of infusion concentrate afore-nmentioned with an aqueous
medi um grakdanghéraef if 6hs!BEmYR: §4t-fderhing@fouly drk passdn200 nl, preferably

bet ween about 50 and about 100 mi, with the aqueous nmedi um I nfusion

sol utions may contain other excipients comonly enployed in fornmulations to
be adm mihetigverdioh préfaMd0S bolatb & & ic6Mpsund 6t tHél ormblal Imtiedgint s. | nf usi on
solutlons_nag be prepared by m xing an anpoule or vial of the fornulation
wi th t hdid8QRues. MEdandnt” egach asupalp fout aedse isyFNglRANAn WFI or

especi alps 8 r&ied) QIR iHelfosio bitiditoldt Igive? HikyRBLS AP IRIAR etnfh; 6 an
i nfusion bag or bottle. The intusion solution, onCe forned, 1S preterably
used i mpsehyhtied-prapy!, wHutylniserbgtybtert-bityk nefentydi mipeXytr -Qt=Chi; gC=GHt #GHF6-

convent (GRS ERRONI Rt eR e BN, SedRe R R B T T e B on.

d ass ca@specialyr CHRIEHEr om t hose gl ass types afore-nentioned are suitable
al though it may be preferred to use plastics containers, e.g. plastics
i nfusi on bags. The invention also relates to a nethod of treatnent of a
war m bl cuded Byareidepespetiyadelecta finamibpdrogbatmetbylian anpeedctidg greap, t r eat ment ,
especiallf °f|tﬁﬁﬁtnﬁnt 8f a proliferative disease, conprising
admi ni stPEFRRPMNYRASBIART0f the formula |, or a pharmmceutical ly acceptabl e
salt thereof, to said warm bl ooded aninal, especially a human, in an anount
that is sufficient for said treatnent) especially effective against said
prol i f efhi§ 3 &adicad sglgstedirosmtie grovmeongisiinge! oot sryctdighi ni st er ed
intravenously in a dosage of fromO0.01 ng up to 100 ng/n2 of active
i ngredi ent, ef erably f§§n10.1 to 20 _Qu/ n2 of active ingredient. The exact
admn
i
2

dosage requfjfresyand th ation ofN nistration will depend upon the
serious ngss _of/ the co diV’oﬁ?Kthehéb\ tion of the patient and the rate of
adm ni stré&tyg o The eN 19 DE q¢2 -34 may be adm nistered daily or
preferably with intervals of sone days or weeks, for exanple weekly or

every 3 weeks. h 0se na |.Lver i ngray sly, the dose
receiveéwgﬁ%mﬁﬂé%B{%@ﬂ @8%55H¥V§§?@ﬁxgﬁﬁg@gu@%%@ﬁﬂéﬁﬁg accurately on the
basis of known in vivo and in vitro techni ques. Pharnaceutical conpositions
for oral_adm nistration can be obtained by conpining the active ingredi ent
wh th ol T IRUE1PE pEsTePh RIS AT ISmarEPsUN o the Bt gMarsiur o, and
processing the mxture, if desired or necessary, after the addition of
appropriate excipients, into tablets) drag~e cores or capsules. It is also
possible for themto be incorporated into plastics carriers that allow the
active ingredients to diffuse or be released in neasured anounts. The
conpounds of the invention can be used alone or in conmbination with other
phar maceutically active substances, e.g. with other chenotherapeutics, such
as classical cytostatics. In the case of conbinations with an ot her

chenot herapeutic, a fixed conbi nation of two or nore conponents or two or
nore independent fornulations (e.g. in a kit of part) are prepared as

.



~ 9 D E C 2002 -35 Exanpie 1: 5-Methyl pyridi ne anal ogue D of epothil one B:
---Schenme 1 BB SnMe3 | NC D To a solution of B (20 ng, 0.035 mml)gimgtzl}n}
degassed di methyl formamide (= DMF; 350 ~I, 0.1 M is added C (17 ng,

mol , 2.1 equivalents) followed by AskPh3 (4 ng, 0.4 equivalents),

Pdd 2(MeCN)2 (2 ng, 0.2 equivalents) d&md Cul (1 ng, 0.1 equival ents) and
the resulting slurry is placed in an oil bath at 80-85 C for 25 m nutes.
The reaction mxture is then cooled to roomtenperature and the DVF renoved
by di stRj{ isabisemt.ortixggere $a"dia@ bieseithak ersingfe omdoebleydondc s’ @te befeitheessdnt hr ough
a small plug of silic and el uted w th hexane/ et hyl etate ( v/ V)

The sol‘?fp ﬂg Psbof‘ﬁe?’P‘@&nE%’hP? sttler qtﬁe(}'a‘?ﬂf’os'%aﬁbﬁﬁq'lwnihetgeWvﬂﬁoetéé\"éﬁt Fe’ TLC

h I b bl d ted:
oty oSaRngrsh 4030 o) G DEIERAE sl | T gt

H; 7.50"add“¢” a:e 'abSerHLand Ta™Hy aioubtsi bandiHpnd if ‘d’ds edipulble Hond5thern R21"bHand
yrldln,% H?efb (s, 1 H =CH pyridine). 1 9 DEC 2002 -36 Starting
mat er i al’s ¢ 30%Phere’ 1 A: SnMe3 7002 To a sol ution of 7002 (see Schene 11

bel OW) R,ﬁé afgdic8l. sklgvm florh the oup Rensidting of IGwek Ayl othenihanndihyicedpeciatded (4

) | t Pd PPh | t d
Dot 1 oAbV Bpray, 55-Bibys AU 504, orebiivh 1R YLSH B iRt 0. s o
for 15 gioM t@ﬁaszﬁn ngz@N e@ﬁmf(epm amwp%rsaéaan@ -CHRO-2eL] o -2pl,i8-i on i's

then filtered through a snal lug of silica, and éluted wth hexane/ethyl
acet at e(C(1Pefdkyl)vﬁﬁgemﬂﬂhec@oﬁtﬁl'ﬂamn is then concentrated on vacuo and the

d 1/1 t
noxaner B b ot EeftbipcbicciedHBnAGLRERN, MBENAYH SoalNd BB o1 H i Ot
for B pENMBaliFARIGepn; didpect ed: MrCs = 7031 705/ 707. 1276, found:

703/ 705/ 707. 1402. ' HNMR (600 MHz) CDCI 3) 5.88 (t, JH.sn = 40.6 Hz, 1 H,

=CH- Snl\/e3) and 0.18 (t) JH sn = 40. 9HPHSNMe3) . Exanpl e 2: In anal ogy
to exanplig  tabBe dithd RWhGE exanpl e |ar pared: OH OH O
or a salt of a compound of the formula | where a salt-forming group is present.

More preferably, the invention relates to a compound of the formula la,

wherein, independent of each other, the R moieties are hydrogen or methyl, or a salt
thereof.

More preferably, the invention also relates to a compound of the formula Ib,



OH B 190 E C 2002 -37 Conmpound R~ Physical Data Starting I\/Iater ql
Example 2 A) = Yield = 40 % NS (FAB) Expected (MB plus + Cs): 620 856002
found: 620.2010; N ' H NWVR (500 MHz,.CDO 3): 8.53 (d, J = 4.4 Hz, 1 H)

pyridine H; 7.72 (t) J =1 N 7.4 Hz, H pyrldlneH) 7.31(d)J=7.7
Hz, 1 H pyridine H; 7.17 (t, J = 6. 1 H pyridine H; 6.65 (s, 1 H,
=CH pyridine). Exanple 2 B) ~ Yie d:14% M5 (FAB): expected (M+ Cs):
634.2145; found 634.2122;'H N NWMR (500 MHz, CDCI3): 8.36 (d, J =1 N4.4
Hz, 1 H pyridine H; 7.53 (d, J = 7.4 Hz, 1 H pyridine H; 7.13 (dd) J =
4.4, 7.4 Hz, 1 H, pyridine H);"§ (s, 1 H ,=CH pyridine). Exanple 2 C

Yield = 20 % M5 (FAB) exp€c + ; 2145; found 634.2124; 'H NWR
(500 MHz, CDC13): 8.38 (d} J N = 4. 1/lH, /pyRidine H; 7.11 (s, 1 H, |
N pyridine H; 6.98 yr'Nli ne H); 6bB9 (s, 1 H =CH
pyridine). Exanple 3. Total Bynthesijs of Epothilone E and Rel at ed

Si de- Chain Modi fied AnalQg fle Co~ling Based Strateay The first
total synthesis of epothi is acconplished by a strategy in which
the key step is a Stifle gouplingll(Stifle et al. Angew. Chem Int. Ed.
Engl . 1986, 25, 508-524; Fari @4 e al. J. Org. React. 1997, 50, 1-65)
between vinyl iodide 7 and the thiazole noiety (8h, Schenme 2a). The

macr ol agheraie, indeperidend nberchtherhthehR npigiiespee bytirogen o mgthgl, osasgltol ef i n
met at helfhil% RCM, is subsequently used to provide convenient and flexible
access 168" 1 9 D E C 2002 -38

The invention most specifically also relates to a compound of the formula Ic

(Ic)

wherein R* is methyl.

The invention most specifically also relates to a compound of the formula Id

(Id)

wherein A is ethyl, fluoromethyl, methoxy, methylthio or ethenyl (-CH=CH,) and
D is hydrogen, fluoro, hydroxy or methyl, especially hydrogen.

The invention most specifically also relates to a compound of the formula le



vari ety of side-chain nodified epothilone analogs (9) for biological

eval uation (Schene 2b). The RCM reaction used to access 7 al so prOVHQ??ECZWZ
frans-macrol actone (11, Schene 2b) which serves as an alternative tenplate
for the Stille coupling process and prfvides an additional array of anal ogs
10. ---Schene 2: a) Retrosynthetic anéﬁyéis and strategy for the total
synthesis of epothilone E thesis and epoxidation Aldol OH Stille coupling +
N n-Bu3Sn "' Esterification 1 9 DECZ2002 -39 b) Side chain anal ogs of
epothilone C (9) and its ~' 2~ 3ians-isonmer (10) OH 9 O ldol Aldol coupling
thesis | R~ Bu3Sn/ v' ' Esterif¥Cation 7 Thesis __ 8 ~e~fication 10 11 The
chem cal synthesis of the requisite vinyl iodides 7 and 11 is delineated in
PCT application WO 98/ 25929 t annane gLLng partners used in the

an

A
N (le)

wherein A is ethyl, fluoromethyl, methoxy, methylthio or ethenyl (-CH=CH,) and
D is hydrogen, fluoro, hydroxy or methyl.

The invention most specifically relates to the compounds of the formula | given in the
examples, or the pharmaceutically acceptable salts thereof where one or more salt-forming
groups are present,

Most preferably, the invention relates to a compound selected from the group consisting of
compound D (Example 1), the compound of Example 2 A), the compound of Example 2C,
compound 18b (see Example 4), compound 19b (see Example 4), compound 46 (see
Example 4), compound 50 (see Example 4), compound 52 (see Example 4), compound 53
(see Example 4), compound 58 (see Example 4), compound 59 (see Example 4), com-
pound 66 (see Example 4), compound 67 (see Example 4), and compound 68 (see
Example 4), or a pharmaceutically acceptable salt thereof if one or more salt-forming
groups are present.

The compounds of the invention can be synthesized using methods in analogy to methods
that are known in the art, preferably by a method characterized by

a) reacting a iodide of the formula I,



1 9 QE C 2002 -40 7 Stille coupling -Schene 3: 18b, d,h)j,p,q,r,s S I />X
~N R-Sn 8b: X = SMe, R= M 8d: X = OEt, R = n-butyl Sp: x_ove RFgrmg[;Jgggz

ei;u" """.,;;ng R~ R~ S X N R3Sn 8h: X = OH, R =n-butyl 8j: X =F, =
n-butyl Stille coupling: Procedure A 0 equiv. of 8, 5 - 10 nol %
Pd(PPh3) 4) toluene, 90 - 100 C, 15 40 fi'n, 39 - 88% procedure B: 2.0 - 2.2

equiv. of 8, 20 - 30 nol % Pd(MeCN)2Cl 2, DM, 25 C, 12 - 33 h, 49 - 94%--
The coupling partners 8b, 8d, 8h and 8 and additional stannanes 8p-r are
prepared fromreadily accessi blﬁ 2, 4-di bronot hi azol e (20) via nonobrom des
21 as outlined in Schenes 4 an cheme 4. b: 21 b d: 21 d f:
Me3SnSnve3 | S e.~ ~ ~ X Pd( X ,~Br ~ 1 Br NBr "N R3Sn "N 2p 21b:
X = SMe 8b: X = SMe 21p: X 21d: X = OBt ---~- 8d: X = Cet

(i

OR, O

wherein R;, Rs, R4, Rs, a, b and ¢ and the waved bond have the meanings given under
formula |, with a tin compound of the formula I,

Ri-Sn(R)s (1

wherein Ry has the meanings given under formula | and R is lower alkyl, especially methyl

or n-butyl, or

b) reacting a tin compound of the formula IV,

(V)

wherein R;, Rj, R4, Rs, @, b and ¢ and the waved bond have the meanings given under

formula I, with a iodide of the formula V,
Rl (V)
wherein R, has the meanings given under formula |;
and, if desired, a resulting compound of the formula | is converted into a ditferent compound

of the formula |, a resulting free compound of the formula | is converted into a salt of a com-
pound of the formula |, and/or a resulting salt of a compound of the formula | is converted



g: n-Bul-i, n-Bu3snd 19b, d, h, j, p, g, r, s OHO 19 DEC 2002 -41
Preparation of A) stannanes 8b, 8d and 8p. Reagents and conditions: {B)JEB.1007
equiv. of NaSMe) EtOH, 25 C, 2 h) 92% (d) 13 equiv. NaOH, EtOH, 25 C, 30
h, 91 % (e) 13 equiv. NaOH MOH, 25 S& 16h, 82% (f) 5 - 10 equiv. of
Me3SnSnMe3, 5 - 10 nol % of Pd(PPh3)4) "t6l'uene, 80 - 100 C, 0.5 - 3 h) 81 -
100 % (g) 1.1 equiv. of n-BuLi, 1.2 equiv. of n-Bu3sSnC) 78 to 25 C, 30

mn, 98% -- ---Schene 5: a. /~Br ---~Br N 20 d. n-BuLi, DWW S ~ c. H-~,
PtO S %ihtoM fre dchpdditl &irtha idrmbla Fbrﬁiubla,dlﬂfbr&hlti’s‘éﬂt@f a%oin@oﬁncfoﬁhé formul®r, 22
n- Bu3Sn 8N n-Bu3Sn N q 8r e. NaBH4 S X b. n-BuL -Bu3Snd | S XJ

DAST S -anclar a_stpreoispi¢riRauRuIg of-QaTpeHEs & fOfFQﬁlﬁr'm'&SeQé'ai@d—'n@ﬁBS R = n-Bu3sn
9i -' 2lopredpondilidiBofRrs = OH R = n-Bu3Sn Preparation of stannanes 8h, 8
and 8g-s. Reagents and conditions: (a) 1.05 equiv.. n-Bu3SnCH=CH2, tol uene,
100 C, 21 h, 83% (b) 1.1 - 1.2 equiv. of n-BuLi, 1.2 - 1.25 equiv. of

n- Bussncegeta;.% Syl the Preteied nBB8ds oyl 0. 15 equi v, of P2, ELCH
25 C, 4 equiv. of DMF, -78 to 25 C, 2

h; (e) ln@llestaring mefentwhereNsmredszrctlormgrﬁuns tfm%albmotmdlcmaé@@ thef) 1.3
cqui v, aF® %@i%eP&ﬁ?ctﬁéﬂ&)‘@%&ﬁg@f%&@eJsgﬁ%a%da@?pvr&ecﬁn%x@ws‘%cf 2? 78
to 25 Cprdﬁchrig]groﬁﬁ%thém@ﬁodudioetdmylItlamt ciea\taglefane kmown indhe de, for egrhplede 21 b
thethi dRE AR Ssrsetd A Ge AEreBH AR Reb MBS o) 25°0). “The et hoxy
and net hoxy thiazoles 21 d and 21 p are prepared by treating di brom de 20
with Na%actlon apaﬂ\e reaalon (a ](pr%fe(?atla‘:ly lcr:npzrg\(/)ezd) Stille coupling) preferably takes place

under standard conditions; more preferably, the reaction takes place

(i) in an appropriate solvent, e.g. toluene, at elevated temperature, especially about 90 to
about 100 °C, preferably with an excess of the tin compound of the formula lll, preferably in
the 1.1- to 3-, e.g. the 1.5- to 2-fold molar excess; and a catalytic amount, preferably of
about 1 to 30%, preferably 5 to 10 %, of Pd(PPha),; or
(i) in an appropriate solvent, e.g. dimethylformamide (DMF), at temperatures of from 10 to
40 °C, especially at 25 °C, preferably with an excess of the tin compound of the formula ill,
preferably in the 1.1-to 3-, e.g. the 1.5- to 2,3-fold molar excess; in the presence of a
catalytic amount, preferably of 10 to 50%, especially 20 to 30%, of Pd(MeCN).Cl..
Alternative conditions for this coupling also comprise the use of the following reagents
and/or conditions:

v (iii). cuprous 2-thiophene carboxylate, N-methyl-2-pyrrolidine.
(iv). PdCL(MeCN), (cat.), DMF, 50 - 150° (with or without additon of tertiary base).
(v). Pd(PPh,) /Cul (cat), DMF, 50 - 150° (with or without addition of tertiary base)

Reaction b): The reaction (an improved Stille coupling) preferably takes place under
standard conditions; more preferably, the reaction takes place in an appropriate solvent,
especially DMF, at temperatures of from 50 to 100, preferably from 80 to 85° C, preferably
with an excess of the iodide of the formula V, in the presence of a catalytic amount of
AsPhs, preferably about 0.4 equivalents, Cul, preferably about 0.1 equivalents, and
PdClz(MeCN)., preferably about 0.2 equivalents.



-42 et hanol, respectively. Bromdes (21 b, 21 d and 21 p) are then

t ransf or ned to the desired trinethyl stannanes (8b, p) w th hexanet hyig DtE'CWU[]Z
under pall adium catal yzed conditions [Pd(PPh3),, toluene, 80 - 100

whereas tri-n-butyl stannane 8d is obtained from ethoxybrom de 21 d by

hal ogen- net al exchange (n-BulLi, EtZO - 2pPg C) and subsequent trapping with
tri-n-butyltin chloride in 98% yield. The synthesis of stannanes (8h, 8j
8g-r) is also achieved fromthe conmon precursor 20 (Schenme 5). Thus,

pal | adi ugyseth aﬁl%/ yisterrad kengikagaction condiichSnidtiched inREé Bikiadptes. t ol uene, 100 (]
of 2, 4-di bronot hi azol e 20 affords nonobrom de 21 g, which undergoes

hal ogenmet al exchange (n-BuLi, EtzO, -78 C) and subsequent quenching with

tri-n- bUéMHé@gﬁ%‘bP&dgﬁ@uﬁ@si&h‘lwi sh the desired stannane 8q. Reduction of
the intermedrate viny romde 21 (H2, PtOz, EtOH, 25 Q) t]orovi des access
to et hyl Compaumiscofahe formuld lganibe Q@@Mm ity differentseommesnds ek formulad bydent i cal
manner tg.hhah J6 %l'npé?ﬂocjé)r 89. The synthesis of stannanes 8h and 8 is

achi eved via the ey hydr oxynet hyl thiazole 21 h. As shown in Schene 5,
this alcohol is, itself, obtained from di brom de 20 in a two-step process

I h
Lot R 0l Pt 1 R e AT oBHRBUREE o SRS it
25 C) t oafoubledond handitbs iof et nmle;tmlsdre as_dﬁsqnhe@fz%cowomds ofitie¢ thrmBenv ears | on

o The bAE SRR RI T BB AS sBol Y FRE SIS LT XaI L ASBY A O

n- BuLi, &igz&singlédhdad. PrefenabButhSrB@bxldswtaMIammmehmpmsemtmpmfdﬂ-bdtethth( TBAF,
THF, 25C 959 £ at f, & | i A a,,
5 o proA e RET BrelReueBoql 4y Shah) T PEPRERED RPRC s

nec essar valémapwebmylhydrobemhdet bmfe:rably abadt 23 ed:&mlemsn);ﬂnmgeleaular sueve

i nvestigated, T ative sets o cti,on conditjons prov. uat e
(Scheme Sypeciab A ole SR HUTs ELa hrPETS Sourlerd: EraEns FhGYe RBdRsi r e
vinyl i ogbritfly @R alandlsychvdstdechhe, AW Rpipediteres| proferdlly &8ito o 10; egpedaiyce of
catal ytic armg 05 of Pd(PPh~), at 80-100 C for between 15 and 40 min. This
pr ot ocol abut ' @ it o coupl e stannanes 8b and 8h. The renmi ni ng stannanes) 8d

\«md ﬁj abteint(iﬁé@nefd oﬂﬁyd‘rllgé;\rnpétbi(leéWbleY@Iy a)mdudeo e?&Whl@dt)s rarcemc[l)tl\i}EQpﬁ)tl n e
ich a mxture of vi or st ann - IS treate
Wt h padeRbeRyS 6o civatents). § Batep spbect st Pralapt EouL b B, y!
i odi de 7|n3d?ﬂa;ﬁir6mm@§ol8éhtpé QVarklaBolairelepaspmethhabl, wyreferrany@persurb§e
precursor to the n tur% ﬁ@pOt hi | one (3) (Schene 6a). -Schene 6a: 18h a.
CH3C( =NHy &geryi0janc40.° atabout2p ¢ |\, , o 0 3 Preparation of epoxide 3.
Reagents and condltlons (a) 30 equiv. of HzZO2, 60 equiv. of CH3CN, 10
equi v. of KHC03, 6 h, 66% (based on 50% conversjon).-- The
total syhtoREwPRYNd &f E‘@rfﬁ'l"é{'%HWB?’eéb%k'F hePsmiTiean besonyeriRehiBioat em-

et hyl peb&m&rfl@%la Wdé@urﬁﬂ&i@ﬂﬁbﬁ%%th%@b VesthenMRADABT (FieféiaB dIhOE| et
aly J. . Chem 1982, 47, 5196-5198) fur ni shi ng epot hil one E (66%
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is then extended to provide easy access to a variety of sidechain nodified
anal ogs of epothilone B (2), both at C-26 and the side chain. The
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40 to 45 °C.

Other conversions can be made in accordance with known procedures, e.g. those given in
PCT application WO 98/25929, which is herewith incorporated by reference.

Salts of a compound of formula | with a salt-forming group may be prepared in a manner



1 9DEC?2002 - 44 --Schene 6b: Fuxtia~l gra.p manip~latians .~C.i 6xiers
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N + ~g~ 8 Yamagu~i N acrdacta~iraticn Illustration of a retrosynt hel—l C

anal ysi s of epothilone anal ogs possessing nodified C26 and si de-chain

nmoi eties.-- The synthesis begins fr om2he vi nyl iodide 13 (Schenme 7) used
In the preparation of epothilone E and rel ated anal ogs (Schene 3). 19D
E C 2002 - 45 --Schene 7: COZMe X ~~\~ PPh3 27 \ | c. benzene, reflux OR

13: X=CiHaoWnlped se. TASCaddition Xals dHddmpBumdsT@IobnulObMdy thusde obfaine®pyR = TBS

Nal104 ~T . . . . .
treatment with an acid or with a suitable anion exchange reagent.

Salts can usually be converted to free compounds, e.g. by treating with suitable basic
agents, for example with alkali metal carbonates, alkali metal hydrogencarbonates, or alkali

metal hydroxides, typically potassium carbonate or sodium hydroxide.

The resulting free compounds can then, if desired, be converted into different salts as

described for the formation of salts from the free compounds.

Stereoisomeric mixtures, e.g. mixtures of diastereomers, can be separated into their corres-
ponding isomers in a manner known per se by means of suitable separation methods. Dia-
stereomeric mixtures for example may be separated into their individual diastereomers by
means of fractionated crystallization, chromatography, solvent distribution, and similar pro-
cedures. This separation may take place either at the level of a starting compound or in a
compound of formula | itself. Enantiomers may be separated through the formation of dia-
stereomeric salts, for example by salt formation with an enantiomer-pure chiral acid, or by
means of chromatography, for example by HPLC, using chromatographic substrates with
chiral ligands.

Starting materials:

Starting materials and intermediates are known in the art, commercially available, and/or

“"-ﬁ; prepared in accordance with methods known in the art or in analogy thereto.

Compounds of the formula Il and of the formula Ill can, for example, be synthesized as
described in PCT application WO 98/25929, which is herewith incorporated by reference, or
as described or in analogy to the methods in the examples.

Compounds of the formula IV are accessible by reaction of the respective compounds of
the formula ll, for example by reaction of a compound of the formula Il with (R)eSnz, wherein
R is lower alkyl, especially methyl or n-butyl, in the presence of an appropriate nitrogen
base, e.g. Hinig's base, and in the presence of catalytic amount (preferably about 0.1 equi-
valents) of Pd(PPh;), in an appropriate solvent, e.g. toluene, at elevated temperatures, e.g.
30 to 90 °C, especially 80 to 85 °C.
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which is characterized in that a compound of the formula Vi



The transformati on of al dehyde 35 into the desired epothil one macrocyclic
core 24 is summari zed in Schene 8. 1 9 DEC?2002 -47 RO ---Schenql_gBBEEmz
OrBS O OIBS 36 35 b. LDA | ~T~ 39: R=R =R2=TBS c¢. HF~pyr. ~~, 40: R = =
TBS, RZ = Hd. Swern oxidation ~OIr | + H b. TBSOIf ~ 37: R=H R = RzZ =
TBS TBSO\ ,.,,,. 15 OIBS COX O OIBS 228NaC102 41: X = H42: X = OHR O |

(. TBAF TBSi nn nT. 38 f1T 43 g. Yamaguchi nacrol actonization | vn h.
HF~pyr.~ 44: R=Tr, R = TBS 24: R=R =H

ViI)

wherein Rj is lower alkyl, especially methyl or n-butyl, is coupled with a iodide of the formula
viil,

' (van
o
f N

(commercially available, e.g. from TCI, USA), especially under Stille coupling and
analogous/modified conditions; especially in an appropriate solvent, especially a di-lower
alkyl-lower alkanoyl amide, preferably dimethyl formamide or -acetamide; the compound of
formula VIl preferably being in slight molar excess over the compound of the formula VI,
e.g. in the 1.1- to 5-fold, especially in the 1.5 to 2.5-fold excess, for example in 2.1-fold
excess; in the presence of catalytic amounts of AsPh; (especially about 0.4 equivalents),
PdCla(MeCN), (especially about 0.2 equivalents) and Cul (especially about 0.1 equivalents),
at elevated temperatures, €.g. in the range of 50 to 90 °C, preferably about 80 to about 85
°C. For further reaction conditions see the detailed description under process variant (a)

! (“Reaction a)") above for the synthesis of a compound of the formula I. The reaction
conditions can be optimized for the particular substrates in accordance with the know-how

of the person havin skill in the art.

The invention also relates to the inverted method wherein instead of the compound of the
formula VIl an analogue is used where instead of the Sn(R); moiety a iodine is present and
instead of the compound of the formula VIl an analogue is used that has the moiety Sn(R),
instead of the iodine. The reaction conditions are then analogous to those under method a)
presented above for the synthesis of a compound of the formula I.

The invention also relates to a method of synthesis for epothilones E and especially F of the

formula IX,



1 9 GE C 2002 -48 Stereosel ective synthesis of vinyl iodide 24. Rea%ge%é
and conditions: (a) 1.45 equiv. of LDA) THF, -78 C, then 1.4 equiv. 2002
in THF, -78 C, 1.5 h then; -40 C, 0.5 h; then 1.0 equiv. of 35 in THF at
-78 C (66% conbined yield, ca. 1.5:1r t|o of 37:38); (b) 3.2 equiv. of
TBSOTf, 4.3 equiv. of 2,6-1utidine, -20to 0 C, 2.5 h, 90% (c)
HFpyr. in pyridine, THF, 0 C, 3 h, 84% (d) 2.0 equiv. of (COCl)2, 4.0
equiv. of DMSO, 6.0 equiv. of Et3N, CHzZClz, -78 to 0 C, 1.5 h) 98% (e) 5.0
equiv. of NaC 02, 75 equiv 2- met hyl - 2 butene, 2.5 equiv. of NaH2P04,

tBuOH. H20 (4.5:1 ), 25 O Q_O 1009 ):HS 0 eqw v. of TBAF) THF, 0 to
| 4 eqw v. of
, h: then add to a solution of

2.2 equiv. of 4- . Mbasedon43) 75 C, 2.5 h, 84%
(h) 25%v/v HFpyr. . 15 h, 86% TBAK= tetra

n- but yl ammoni um f | uor|i de gol reaction of ketone 36, previously used in
our synthesis of epot FI M and rel ated anal ogs (LDA, THF, -78 to -40 C)
and al dehyde 35, affors aachols 37 and 38 in 66%overall yield, with
nodest selectivity for~t heHiEsired 6R 7S diast ereoi somer (37). Separation
and S|Iyl ation (TBSOIf, 2,6-lutidine) CHZClz, -20 to 0 C of the correct
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via al dehyde 41 by a two- stepcgr ocedure [ Swern; then NaCl Oz,

2- met hyl - 2- but ene, NaHZPO, , t-5BuOH HzO, 25 C, 98% for two steps) Renoval
of the C15 silicon protecting
hydr oxy-acid 43 (95% ayd | e foundafji oN_foy the macrol actonization
process. This key step arguchi conditions

(2,4,6-trichl orobgﬁ F,; Nt hen add to a sol utkpn of

4- DNMAP i n toluene) 0./005 ; anaga et al. Bull. Chem Soc. Jpn. 1979,
52, 1989; Miizer et.¥ (59992, 215-228; Nicolaou et al. Chem Eur.
J. 1996, 2, 847-868) tdq|gi ve th protected epothilone core 44 in 84%yi el d.
G obal deprot ection (HRpyr 0 to 25 C, 86% conpletes the synthesis
of the key vinyl iodide |nterHrre iate 24. Wth internediate 24 in hand) the
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tilized in th t f 45-48 (S 9
{1 om ¢ neTeFRyP of BbOhE Baben RpRciAly Kot s e aA S A e 8P e 80 & lones 4 and

5). 1 &pecikllyar?Qeahol48.g:- mefbahoirat @mperatdreliptdi@rdbly.in el rhh@e oo s00c 54: X

= CHzF 5e5$pec:|ally a%v%tgg °C>%n-SItu-forrnH%~tlon if meﬁ%ylperoxycalrbo%ldlc acnd)KSAE R3Sh-R- 8

2,4, 6- trlchlorobenzoyln

j or in the presence of (+)-diethyl-D-tartrate and titanium isopropoxide, then t-butyl hydro-
peroxide in an appropriate solvent, e.g. methylenchloride and optionally decane at low

temperatures, e.g. -78 to 0 °C, especially about -40 °C.

These reactions have inter alia the advantage to provide the final products in high yield and

good isomeric purity.

Pharmaceutical Preparations:
The present invention also relates to the use of a compound of the formula | for the manu-

facture of a pharmaceutical formulation for use against a proliferative disease as defined
above; or to a pharmaceutical formulation for the treatment of said proliferative disease

comprising a compound of the invention and a pharmaceutically acceptable carrier.



SI ~~X,.,,, \ NHOcC.~ OH0O45: X = CH2F 46: X = Owe 47: X = Et 48 X =
CH20H 49: X = CH=CH2 b. DAST F S\ ~~X \ ~N HO O O OH O 50: X = CH2F 95JEC 7802
= O\t 52: X =FEt 53: X=CHCHZ SXO~,,,~\ ~NOOOHOF S ~ ~~..-X\
~NOOOH O58: X =CHF 59: X=0w 57 a. Stille coupling rCH 19
0 E C 2002 - 50 -30-

The compounds of the formula | are called active ingredient hereinafter.

The invention relates also to pharmaceutical compositions comprising an active ingredient
as defined above, for the treatment of a proliferative disease, especially as defined above,

and to the preparation of pharmaceutical preparations for said treatment.

The invention relates also to a pharmaceutical composition that is suitable for administration
to a warm-blooded animal, especially a human, for the treatment of a proliferative disease
as defined hereinbefore, comprising an amount of an active ingredient, which is effective for
the treatment of said proliferative disease, together with at least one pharmaceutically ac-
ceptable carrier. The pharmaceutical compositions according to the invention are those for
enteral, such as nasal, rectal or oral, or preferably parenteral, such as intramuscular or in-
travenous, administration to a warm-blooded animal (human or animal), that comprise an
effective dose of the pharmacologically active ingredient, alone or together with a significant
amount of a pharmaceutically acceptable carrier. The dose of the active ingredient depends
on the species of warm-biooded animal, the body weight, the age and the individual
condition, individual pharmacokinetic data, the disease to be treated and the mode of ad-
ministration; preferably, the dose is one of the preferred doses as defined below, being

accommodated appropriately where pediatric treatment is intended.

The pharmaceutical compositions comprise from about 0.00002 to about 95%, especially
(e.g. in the case of infusion dilutions that are ready for use) of 0.0001 to 0.02%, or (for

example in case of infusion concentrates) from about 0.1% to about 95%, preferably from
about 20% to about 90%, active ingredient (weight by weight, in each case). Pharmaceu-
tical compositions according to the invention may be, for example, in unit dose form, such

as in the form of ampoules, vials, suppositories, dragées, tablets or capsules.

The pharmaceutical compositions of the present invention are prepared in a manner known
per se, for example by means of conventional dissolving, lyophilizing, mixing, granulating or

confectioning processes.

Solutions of the active ingredient, and also suspensions, and especially isotonic aqueous

solutions or suspensions, are preferably used, it being possible, for example in the case of



Synt hesi s of epothilone anal ogs 54-56 and 58, 59 and desoxyepot hi | ones
45-49 and 50-53. Reagents and conditions: (a) procedure A 1.7 equi¥.9 BHC 2802
13 nol % Pd(PPh3)4, toluene, 100 C, 2 h, 15% procedure B: 1.5 - 2.0 equiv.
of 8, 10 - 20 nol % Pd( MeCN) 2C1 2, DWF) 25 C, 15 33 h, 41 - 56% (b) 1.05 -
1.4 equiv. of DAST) CH2ClI2, -78 C, 101in, 26 - 58% (c) 0.5 equiv.
(+)-DET, 0.5 equiv. Ti(i-Pr0)4, 2.2 equiv. of f BuOOH, --40 C, CHzC12, 4A
nol ecul ar sieves, 1 2 h, 52 - 89% DET = diethyl tartrate.--
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those fatty acid esters has a maximum of 6 carbon atoms and is a mono- or polyhydroxy,

for example a mono-, di- or tri-hydroxy, alcohol, for example methanol, ethanol, propanol,

butanol or pentanol or the isomers thereof, but especially glycol and glycerol.

The injection or infusion compositions are prepared in customary manner under sterile con-
ditions; the same applies also to introducing the compositions into ampoules or vials and
sealing the containers.

Preferred is an infusion formulation comprising an active ingredient and a pharmaceutically

acceptable organic solvent.

The pharmaceutically acceptable organic solvent used in a formulation according to the
invention may be chosen from any such organic solvent known in the art. Preferably the
solvent is selected from alcohol, e.g. absolute ethanol or ethanol/water mixtures, more
preferably 70% ethanol, polyethylene glycol 300, polyethylene glycol 400, polypropylene



O OHd. PH3P=CHZ ~ 62: R=TM5 Y = 066: X = CHF 63: R=TM5 Y = CH e.
HVENH 67: X = OVt ~ 64: R=TMS, Y = CH3, H68 X = Et f. HF-pyr. ~3:9 BE2002
H Y =CH3, H' Synthesis of C26-substituted epothilones 66-68. Reagents
and conditions: (a) 15 equiv. of Et3N, /g.o equiv. TwMsCl, DW, 25 C, 12 h;
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may be of any volume conventional in the art, preferably they are of a size sufficient to

accommodate 0.5 to 5 mi of formulation. The formulation is stable for periods of storage of
up to 12 to 24 months at temperatures of at least 2 to 8°C.

Formulations must be diluted in an aqueous medium suitable for intravenous administration

before the formulation of the active ingredient can be administered to a patient.

The infusion solution preferably must have the same or essentially the same osmotic pres-
sure as body fluid. Accordingly, the aqueous medium preferably contains an isotonic agent
which has the effect of rendering the osmotic pressure of the infusion solution the same or

essentially the same as body fluid.

The isotonic agent may be selected from any of those known in the art, e.g. mannitol, dex-
trose, glucose and sodium chloride. Preferably the isotonic agent is glucose or sodium chlo-
ride. The isotonic agents may be used in amounts which impart to the infusion solution the
same or essentially the same osmotic pressure as body fluid. The precise quantities needed
can be determined by routine experimentation and will depend upon the composition of the
infusion solution and the nature of the isotonic agent. Selection of a particular isotonic

agent is made having regard to the properties of the active agent.



“is | [/~-xHO ~ ..,,..1NOO OH O18d: X = CEt4(Fornul a: see under entry
3)18b: X = SMe 1 9DEC2002 -53 5HO"'" , \ g X 0\ NOOH O19h: x1:9[]E[;2[][]2
of f6(Formul a: see under entry 5)19j: X =F/HO'', . \O\ | N---XOOH O19d:

= CEt 8(Formul a: see under entry 7)19b: %( = SMeOHS | /~--xHO \ ~NOO OH 045.
X = CH2F10( Fornul a: see under entry 9)3 T X = OWe11(Fornul a: see under
entry 9)47: X = CH2CH312(Formul a: see under entry 9)48: X =

CH20H13( For nul a: see under entry 9) 1 90EC 2002 -54 49: X = CH=CHz14s
[>-xHO .,,~~ ~ ~N.,".. OO OH B0: X = CHZFlS(ForrruIa see under entry

yves ﬁ‘bﬁyomrggowngseqz%%fﬁﬂaﬁrﬁ%335%8 e wi depsd Gpor 00 gl 5 =
CH2F19( ﬁryﬁaﬂu@raﬁe@omacé@énﬂ&baywh%h@@coée B @yaaoé Q@rérubra us6@fh élﬁd'ﬁienent ry
18)56: X = CHzZCH32 ~~~ ~ ~ CHzF22( For mul a: See

under ekekgn offrgm 1 '3 58 mhimioropaiculaty 51 wiy, Whendsotonic agatt 5 spm oo CH
066 X zhicheER i G;Er%fé%lﬁ C@ﬁﬁ/e& W%oﬁﬁ\%\ruﬁ@ $ohwik nrrp%@lé( EQB/W)va see

under entry 23) CH326epot hi  one” A Exanpl e 5: Biolodical results
I n accordance with the nethods described above (inhibition of tubulin

depol y gL 7L 4i0R tdhhufhtion may be diluted with the aqueous medium. The amount of aqueous
medium employed as a diluent is chosen according to the desired concentration of active
ingredient in the infusion solution. Preferably the infusion solution is made by mixing a vial
or ampoule of infusion concentrate afore-mentioned with an aqueous medium, making the
volume up to between 20 mi and 200 ml, preferably between about 50 and about 100 ml,

with the aqueous medium.

Infusion solutions may contain other excipients commonly employed in formulations to be
administered intravenously. Excipients include antioxidants. Infusion solutions may be
prepared by mixing an ampoule or vial of the formulation with the aqueous medium, e.g. a
5% wi/v glucose solution in WF| or especially 0.9% sodium chloride solution in a suitable
container, e.g. an infusion bag or bottle. The infusion solution, once formed, is preferably
used immediately or within a short time of being formed, e.g. within 6 hours. Containers for
holding the infusion solutions may be chosen from any conventional container which is
nonreactive with the infusion solution. Glass containers made from those glass types
afore-mentioned are suitable although it may be preferred to use plastics containers, e.g.

! plastics infusion bags.

The invention also relates to a method of treatment of a warm-blooded animal, especially a
human, that is in need of such treatment, especially of treatment of a proliferative disease,
comprising administering a compound of the formula |, or a pharmaceutically acceptable
salt thereof, to said warm-blooded animal, especially a human, in an amount that is
sufficient for said treatment, especially effective against said proliferative disease.

Dosage forms may be conveniently administered intravenously in a dosage of from 0.01 mg
up to 100 mg/m? of active ingredient, preferably from 0.1 to 20 mg/m? of active ingredient.
The exact dosage required and the duration of administration will depend upon the serious-
ness of the condition, the condition of the patient and the rate of administration. The dose



compound of the fornmula | is neasured using pig brain mcrotubuli,
conparison with 25 p. M epothilone B; cellular assays are anal ogous LS DER M2
descri bed above for KB-31 cells), the results given in the follow ng table
are obtained for the nmentioned conpounds of forrmula 1 ConmpoundTubul i na
(%9KB-31 1C50 [nMKB-851 f 1C50 [nVV}55 549 | C50 [ nM HCT- 15e | C50

[nM HCT- 116e 1 C50 [nM D (Exam 88. 90. 1080. 1050. 170. 2470. 209pl e 1

) Exanpl €89. 90. 1530. 1630. 240. 2980. 3732C a) | nduction of tubulin

pol ymemasabe admimistéredMatpocmetaraltly eith dritetvastof comp aaps ovweskss ferpatimbld one B

at 25M(in,%9. b idernmpid ") epidermpid (P- over expr essin d) lung e
01 o wackly s euly SRS TR B cbsE s e de v oGy TR SeanS FossiReRRENCE. S0
| C50 [ nihVké& biboABncértaiioh BM Be dBtcuiNed abcufdtehpd® thedidsisldidPoRhIvieop! e

2B0. 3200. 4980. 1441. 31 prostate 9) breast ") breast (rmultidrug resistant)

Exanpl @ng:in petaeniqspounds of the formula | In analogy to the nethods
descri bed above and bel ow, the conpounds falling under fornula | are

prepared that have the follow ng fornul ae: o
Pharmaceutical compositions for oral administration can be obtained by combining the acti-

ve ingredient with solid carriers, if desired granulating a resulting mixture, and processing
the mixture, if desired or necessary, after the addition of appropriate excipients, into tablets,
dragée cores or capsules. It is also possible for them to be incorporated into plastics
carriers that allow the active ingredients to diffuse or be released in measured amounts.

The compounds of the invention can be used alone or in combination with other pharma-
ceutically active substances, e.g. with other chemotherapeutics, such as classical cyto-
statics. In the case of combinations with an other chemotherapeutic, a fixed combination of
two or more components or two or more independent formulations (e.g. in a kit of part) are
prepared as described above, or the other chemotherapeutics are used in standard formu-
lations that are marketed and known to the person of skill in the art, and the compound of
the present invention and any other chemotherapeutic are administered at an interval that
allows for a common, additional or preferably synergistic effect for tumor treatment.

The following examples are intended to illustrate the present invention without being
intended to limit the scope of the invention.



HExarrpIe6(|) H Example 6(ii) S~SM O~.,,,~~\ ~-N.,,,,,. Onu 10 O
'~,,) SO0l ~>-SM ~"~\ NOOHO 19 DE C 2002 Exanple 6 (iii) 51%5@-@[)2
~,,~\VN; ., ,,,,. OO O Exanple 6 (iv) HO,, Exanple 6 (v) HO CH2F S
-CH:CH2\~N,,,,.O\/OO—IOExarrpIeSG(vi)HOSCHZCHa_/",..,,\N
...,,. OOOHO -85~

Example 1: 5-Methylpyridine analogue D of epothilone B:
--Scheme 1B

To a solution of B (20 mg, 0.035 mmol) in degassed dimethyl formamide (= DMF; 350 pl,
0.1 M) is added C (17 mg, 0.077 mmol, 2.1 equivalents) followed by AsPh; (4 mg, 0.4
equivalents), PdCl,(MeCN), (2 mg, 0.2 equivalents) and Cul (1 mg, 0.1 equivalents) and the
resulting slurry is placed in an oil bath at 80-85 °C for 25 minutes. The reaction mixture is
then cooled to room temperature and the DMF removed by distillation. The residue is taken
up in ethyl acetate, filtered through a small plug of silica, and eluted with hexane/ethyl
acetate (1/1, v/v). The solution is then concentrated in vacuo and purified by preparative
TLC (hexane/ethyl acetate 1/2) to give compound D: MS (Electrospray): expected: (M+H)" =
502, found: 502. 'H-NMR (600 MHz, CDCly): 8.37 (s, 1H, pyridine H); 7.50 (d, | = 7,5 Hz,
1H, pyridine H); 7.19 (d, | = 7.5 Hz, 1H, pyridine H), 6.59 (s, 1H, =CH pyridine).



19 DE C 2002 - 58 Example 6 (vii) S~ ~~CH2F HO ~-,,,~~\ NNOOnH O

Exanple 6 (viii) HO Exanple 6 (ix) O S| ~~SMe O .,,~~\ N,,,,.,.,1 0 200
OH O Exanple 6 (x) HO ~CH=CH2 | ; and ~s 0 Ec zoo2 - 59 Exanple 6
(xi) HO..,,,,. OS ~CH2ZCH3 \ ~ ~~N """ _.: OO—I Exanpl e 6: Pharnaceuti cal

formul ati on: Epothil one anal ogue D (exé’ﬁ’pl el or the epothilone anal ogue
of Exanple 2 C) (15 rng) is dissolved in 98- 100 % propyl ene glycol (1.0
m). The solution is sterile filtered through a 0.22 nmicrons pore size
filter ogdrtiabanagechiso 1 m anpoules. The filled anpoul es are used for
storage and shipnent. Prior to intravenous adm nistration, the contents of
an arrpou'rgca?'@eéd\ded to 250 to 1000 ml of a 5 % gl ucose solution in

wat er-for-injection. Exanple 7. Use of additional stannanes to synthesize
side chain nndifiedwgp hilone anal ogs as illustrated in Schemes 11 and 12

7002 B

To a solution of 7002 (see Scheme 11 below) (55 mg, 0.1 mmol) in toluene (1 ml, 0.1 M),
Hlnig's base is added (4 pl, 0.2 equivalents.), as well as Pd(PPh3)s (12 mg, 0.1 equivalents)
and (Meg)Sn. (91 pl, 5 equivalents). This solution is then warmed to 80-85 °C for 15 minu-
tes, and then cooled to room temperature. The yellow solution is then filtered through a
small plug of silica, and eluted with hexane/ethyl acetate (1/1, v/v). The solution is then con-
centrated on vacuo and the residue is purified by flash chromatography (hexane/diethyl-
ether 1/1 to hexane/ethyl acetate 1/1) to give B (20.2 mg, 34.4 %) as a waxy solid. Data for
B: HRMS (FAB Cs): Expected: M+Cs = 703/705/707.1276, found: 703/705/707.1402. 'H-
NMR (600 MHz, CDCl3): 5.88 (1, Ju.sn = 40.6 Hz, 1H, =CH-SnMeg) and 0.18 (t, Jy.sn = 40.6
Hz, 9H, SnMe3).

Example 2: In analogy to example 1 the following examples are prepared:




1 9 DEC 2002 -so -Schene 11: a HOHO- b g OHHO d S Bu3Snh N OH O OH O 57
vn 7001 ¢ OOH O 7003 Vr'l 7002 1 9 DE C 2002 -61 NR ~R N RRECSH
N or NR* sx R3Sn

.37 -

Compound Ri Physical Data Starting
Material
Yield = 40 %; MS (FAB) Expected (M B plus
| P + Cs): 620.1988, found; 620.2010; §
N "H-NMR (500 MHz, CDCl,): 8.53 (d, J |
= 4.4 Hz, 1H, pyridine H); 7.72 (t, J =
7.4 Hz, 1H, pyridine H); 7.31 (d, J =
7.7 Hz, 1H, pyridine H); 717 (t, J =
6.6 Hz, 1H, pyridine H); 6.65 (s, 1H,
=CH pyridine).
Yield = 14 %; MS (FAB): expected (M
| + Cs): 634.2145; found 634.2122; 'H- |
N NMR (500 MHz, CDCl5): 8.36 (d, J = [ N
4.4 Hz, 1H, pyridine H); 7.53 (d, J =
7.4 Hz, 1H, pyridine H); 7.13 (dd, J =
4.4,7.4 Hz, 1H, pyridine H); 6.64 (s,
1H, =CH pyridine).
Example 2 C) Yield = 20 %; MS (FAB) expected
(M + Cs): 634.2145; found 634.2124;
'H-NMR (500 MHz, CDCl,): 8.38 (d, J
= 4.8 Hz, 1H, pyridine H); 7.11 (s, 1H, I
pyridine H); 6.98 (d, J = 4.8 Hz, 1H,
pyridine H); 6.59 (s, 1H, =CH
pyridine).

Example 2 A)

=
N

Example 2 B)

N/

N/

Example 3. Total Synthesis of Epothilone E and Related Side-Chain Modified Analogs via a
Stille Coupling Based Strategy

The first total synthesis of epothilone E (3) is accomplished by a strategy in which the key
step is a Stille coupling (Stille et al. Angew. Chem. Int, Ed. Engl. 1986, 25, 508-524; Farina
et al. J. Org. React. 1997, 50, 1-65) between vinyl iodide 7 and the thiazole moiety (8h,

Scheme 2a). The macrolactone core fragment 7, which is prepared via ring-closing olefin

metathesis (RCM), is subsequently used to provide convenient and flexible access to a



HOV hi " 7005 HOor ey H~* ~R//NN\~R,,,,.. \ NRr OO0 0 7002 a R ~J
R sSn N7004 R=H M R =H M or a protecting group , preferabhy {00
Me OH 7006 General Route to the synt hesi s of various side-chain nodified

epot hil one B anal ogs having pyridine and i m dazole nodifications. a: as
previ ously described (see N col aou et-38 -~ Tetrahedron 54, 7127-7166
(1998)); b, d, e: conditions as previously described (see above or N col aou
et al. Tetrahedron 54, 7127-7166); c: NaBH3CN, HWPA, 40-45 C. -- Protecting

groups @{rRtyf boside- Klﬁ'é?ﬁ"ﬁwddﬁneﬁ%oﬁﬂbhe 8541694 @) for btdmf@l deaa@éudhe(eche:ﬂe%

standard references nentioned herei nabove, as well as the nethods of the| r
i nt r oduthe BEMareactiemuses tomeaessohalso provisiss drags-magtaiartons (i efebeme@byf er abl y,

in_70086 B%h isl?n)é's %s arll;eatlrgmativé %n?pggt%’foﬁhé tiltd &Idiﬁiﬂ& l)lyocggg A provngegano 19

DEcC 28
additional array of analogs 10.

—Scheme 2:
a) Retrosynthetic analysis and strategy for the total synthesis of epothilone E

Olefin metathesis and epoxidation

OH

Stille coupling /[S
/>
N

+
n-Bu;Sn

Esterification



-62 Use of the Stille coupling procedure to prepare a nunber of side chain
nodi fi ed epot hil one anal ogs fromthe conmmon precursors 57, and 8h, gg) 0
and 8z is described in Schene 11 and 12. Synthesis of vinyl iodide 6% i'S
achieved fromthe previously reported C26-hydroxy conpound and i nvol ves
conversion of 57 to diiodide 7001 and-S@bsequent reduction usi ng NaBH3CN:
Diiodide 7001 (1 equivalent; from57) and sodi um cyanobor ohydri de (10
equi val ents) are dissolved in anhydrous HWA (0.2 M and the resulting
mxtmetwm @13, tammaun@
water is aé?%e dﬁlgﬂggggo{ Otﬁ%ase@%ﬁgé{g ?ﬁuﬁ%ﬁeﬁg@wth et hyl

acet ate. The conbi ned organic fractlons are drled (Naz S04, lﬁnﬂ? HRssed
through a short plug of silica gel to renove traces of I R (eluting with
50% et hyl acetate ip _hexanes). Follow ng evaporation ofsfsolvents, the

residue is purdfi parative thin | ayer chfona , (eluting W th
50% et hyl F{o provide pure v|nyl i (84 ¢

Coupl i ngHP SIALR)| reiradn L bl ing of a
nunber of pyri d\Aes and li m d@zol es i s accol hk®d/ via co pI|ng of n rous
al ternativesl n QMtflthe—a*ﬁﬁﬂtIC st @k 2 WL i A mes 11

: p E ¢ z0o2 - Schene
12: x -63 x vIBn HP (0) (aStileeaplirgbed above) @000580v1 2-SnSnR3, Pd(O) or
nBuLi, R3Snd ArBPM-T Ar = | S~NS | />-Ov NA® B sYhzunafEt NS
/~NHz N Illustratiog of sone side chain nodified epothilone anal ogs using

i ndi cated aryl stannanes (ArSnR3) fromeither the tat hesis or

macr ol act oni zati on approach wherein Ris n-butyl or nmethyl. The stannanes
are synt hesi zed ysing standard conditions known in the art. X is a radical
sel ected from tHe group consisting of hydrogen; Quer @bﬁMﬁmﬁ@§@€Cla||y

met hyl, ethyl, |n-pnopyl, iso-propyl) n- butyl i y
n- pentyl , h ; {QCH=CH2; -C-- CH HZClge - CH2- OH,

-CH2- O (C, - ’ ~especial | 10T reppsi C~- Cbal kyl)
especially -CH2 i s nethyl X . Synthetjc Protocols
General : AN ctionsYare“carri ed out undef an argon>af nb®phere mhth dry,

freshly di stilled solvents under anhydr ous con-|t|on unless ot ér'wi se
et hyl ether: Oare wigsi’l | ed Trom
sodlun}benzo hen_ne i 'lqih net hane (C CFZ) zene (PhH),gand

tol uene fromcal gj u ﬁ?drous sol vent s jpar ey al'g

passi ng them t hrdugh comrercially avail abl e acti vat ed al&sterifigatiocol ummns.
Yields refer to chreatographically and spectroscgplcally (" H NWVR)
honogeneous materials, un ~ s OEC z002 -64 |l ess otherw se stated. Al
solutio se not ed.
501 U e YRR BSBLIIRR R AR WDR3gh e s, ot o
furt her gpplicdtioo W O@A8/26828ss ot herwl se stated. Al reactions are nonitored
by .t hin-1ayer chromatography carried out on 0.25 nmE. Merck silica gel

pl ates (60F-254) using UV light as visualizing agent and 7% et hanolic

phos phormleysiahranadiodpling garmeissudedan yeStiel ruidtion aae ehdvaain Schetey 8] opi Ng
agents. E. Merck silica gel (60, particle size 0.040-0.063 mrm) is used for
flash col um chromat ography. Preparative thin-layer chromatography
separations are carried out on 0.25) 0.50 or 1 mmE. Merck silica gel

pl ates (60F-254). NMR spectra are recorded on Bruker DRX-600) AMX-500,
AMX- 400 or AC-250 instrunments and calibrated using residual undeuterated
solvent as an internal reference. The follow ng abbreviations are used to
explain the nultiplicities: s, singlet; d, doublet; t, triplet; g, quartet;
m rmultiplet; band, several overlapping signals; b, broad. IR spectra are
recorded on a Perkin-El ner




i 600 series FT-IR spectroneter. Optical rotations are recorded on a

Per ki n-El mer 241 polarineter. H gh resolution mass spectra (HRMS) ane DEC 2002
recorded on a VG ZAB- ZSE mass spectroneter under fast atom bombardnent

(FAB) conditions. cis-Mcrolactone diol, 7 as illustrated in Schene 3. To a
sol ution of iodide 16 (305 ny, 0.491 M) in THF (8.2 nL, 0.06 M at 25 C
is added HFpyr. (2.7 nmL) and the resulting solution is stirred at the sane
tenperature for 27 h. The reaction is then quenched by careful addition to
a m xture of saturated agqueous NaHCO3 (100 nlL) and EtOAc (100 nlL), and the
resul ting two-phase mxture is?stirred at 25 C for 2 h. The"extracts are
then separated and the organid Ig @E g\/\ashed W th satur at %datnaqctmpmsg
NaHCO3 (100 ni) and brine (100 31 then dried (KSO%4). YPurification by
flash col umm chronmat ograp 20 toHBO%E OAC in_hexanes)

furni shes diol 7 (208 ng,
hexanes); [a] 220 -530 .
2930, 173 1688, 1469) 1379 1259 4

NVR (500~ TREemesy 3) gd 43 H &CHEC(CHB)), 5. 10.5, 10.5,

4.5 Hz, 1 H, CH=CHCH2) = 9.5 2.0 Hz, A , 5.32 (ddd,
J= 10.5, 10.5, 5.5 Hz, 1 , 4.07 (ddd, 1Y "0, 3.0 Hz, 1
H, (CH3)ZCCH(OH)), 3. 73 ddd, 0= ©.5, 2.5, 2.5 Hz, rm ( CHCHB) ), 3. 10

(qd, J= 7.0, 2.5 Hz, Q). 2. 84 (d, J= 2.50H, 01 H

CH( CH3) CHOHCH( CH3) ), 2. gpgb%d‘g'q_%\lq’ %5 9.5, 9. ﬁgi,-lzd h,l Et q-|CHZCHO)
2.51 (dd, J = 15.5, 11.0 Hz, 1 H, CI—|2000)242(dd): % .0 Hz, 1 H,
CH2C00) ) 235(d J= 6.0 Hz, 1H) (CH3) 2CHOH), 2.21-2 J,g m H))
2.05-1.97 (m 1 H), 1.88 (s, | CH=CCH3), 1. 1 9 QE C 2002 -65
(m 1 H, 1.70-1.62 (m 1 tﬂ;ﬁs X(s, 3 H, c&é%é%}y—Jﬁ 18 (d, J= 7.0 Hz, 3
H CH3CH(C=0), 1.10 (s, CH3)2), 1.35 N(m 3 H), 0.99 (d, J =
7.0 Hz, 3 H, CH3CHCH2);RiS"RVB (FAB), cal cdfs¥br CzzH35106 (M + Cs+)

639. 0584 found 639. 0557. trans Macr ol act gpe, di ol 11 as |IIustrat ed in
Schenme 3. A solution 0181 ?“ﬂ‘i Bg( F?% Utyl, THE (5.2 nL, 0.06
M is treated with HFptgF ordlh bcedure descri bed for
the preparation of di oi°P el’ or'ﬂ after flash coI urm chr omat ogr aphy
(silica gel, 20 to 50% Et OAC in hexanes) diol 11 (134 ng, 85%. R~-= 0.16

Vo o2 e oAl ReXaeel of Q2 il Bt etk o L ¢
Hz, 1 H)40 0A-B8HER%: BIamdutdd, 2.0 =2 L. pi 8, 207- 39 mel% Ad ecmcrsmr@zs .24

(ddd J-,gusgsh b D40 2, 1 H CHECHOR)) 517 (dd, J=6.5 3.5z, 1H
C}Kxx» 4.41 (dd, J =8.0, 3.5 Hz, 1 H, (CH3)2CCH(OTBS)), 3 85 (bs 1 H

GraCH 0%3% Gouplog Doty s o 84 Wé‘”@%?%)d“@nﬂ Stftﬂ(ltgﬂtﬁ 853 Gisobrepardifim 1

1.96 (s, readlﬁa%&‘ﬁ@@rt dibr&ﬂotﬂnaQ@e(Zd))r//almb'ﬂobré-m@& 31 82 oliffhedint8chelnetds 1. 42
(m 1 H, 1.31-0.99 (m 2 H), 1.22 (d 3 H CHICH(C=0))) 1.14
(s, 3Ha"(§(%|—|3)2)109(s 3 H, C(CH3)2)102(d J =7.0 Hz, 3 H,
CH3CHCH2) , 0 84 (s) 9 H SiC(CH3)3(CH3)2), 0.08 (s, 3 H, SiC(CHs)S(CHs)z),
-0.01 (s, H SIC(CH3)3(CH3)2); HRMS (FAB), calcd.. for C22H35106 (M +
Cs+) 639-'@584mef4jund 639. 0606. 2- Thi orret hyl - 4- br omot hi azol e 21 b as
illustrated in Schene 4. 2, 4-Di bronot hi azole 20 (82 ng, 0.34 mml, 1.0
equiv,) is dissolved in ks@Hanol (2 3 nL, Oy ﬂE‘d treated with sodium

t hi omet hoxi de 75 rrg, 1. QDZ“Frm)I equr v )P react i mxture is
stirred at C;} 2 h 8RR h etion of he/zr{ea(ctron is
est abl i shed I\Ei The m xt ure ur ed i nt 0 wat er ) and extracted

with etheg {2 X5 nL). The combihed '\brganl c fracti®Ss areVdri ed (MyS04))

t he solvents eyaporated and the re Lified byyfkagpyecol um

chr omat ogr aphy #Psi | i ca gel, 5% Et {bdﬁﬁ_g% anes) tépiit%%éh

2- t hi onet hyl - 4- br onot hi azole 21 b 3dXx 2Betsilica gel, 10%
Et OAc i n hexanes); IR (film vm- 3118 29269 aaasa 1430, 1388, 1242, 1040,
966, 876, 818 cmi'; 'H NWMR (500 MHz) CDCl 3) n@ﬂawl(s 1 H AH, 2.69 (s, 3
H, SCH3); GC/ M (EI), cal cd. for CAHABrNS2 (M+) 209 / 211, found 209 / 211.
~ s 0 E c 2002 -ss 2-Ethoxy-4-bronothiazole 21 d as illustrated in Schene

4. To a solution of 2,4-dibronothiazole 20 (58 ng, 0.239 mml, 1.0 equiv.)
in EtOH (2.4 m) 0.1 M is added NaOH (122 ng, 3.05 mmol, 12.8 equiv.) and
the resulting solution is stirred at 25 Cuntil TLC indicates the

di sappearance of dibromde (ca. 30 h). The resulting yellow solution is
then partitioned between ether (10 nmL) and saturated aqueous NH4CI (10 nl)
and the layers are separated. The aqueous l|ayer is extracted with ether (10
nL) and the conbrned organrc extracts are. mashed mnth brrne (20 nL) dried

R A £~/ AN\ T 1 o ] R T



2- (tent Butyl di methyl silyloxynethyl)-4-bronothiazole 21s as illustrated in
Scheme 5. To a solution of alcohol 21 h (59 ng, 0.304 mmol) 1.0 equiqgpEL M0
CHzA2 (1.0 nL, 0.3 M is added imdazole (62 ng, 0.608 mvl, 2.0 equiv.),
fol | oned by Pert butyldimethylchl orosrlﬁlne (69 ng, O0.456 mml 1.3 equiv.)
at 25 C. After 30 min at 25 C, the reaéfion nixture is quenched wth

nmet hanol (100 nL) and then passed through silica gel eluting with CHZC12.
Evaporati on of solvents gives the desired silyl ether 21 s (90 ng, 969%.

R = 60 | )0 Et OA h IR (f.il ) ; 943) .2858, 1489,
a5, 1 ShapardihetlS ) siass 86, 88 and BT Ftbas st coMugtil B8 cogr o)
87. 16 ( dlaSMeEI@HRY °@,. DB, 92%; Pd)H,3 egdRr) NaOH) £tQH, 29°CH 30% Q‘I@"ﬂéﬁ‘(ﬁﬁl}lﬁ)

0.12 (s ) i HR FAB).,

i) 200 RIS ToaOreae 8) 37 19 ety eRhElysn P OS] Mok e
in Schetmudhe, 86 - 408 3CubBord f812- wQﬁ’br(@nbt leiqaiy odfen- IOLI(uabqrrg, ofln-80:9n)] &
1.0 equ RAL bSs _added tri-n-butyl (vinyl)tin (552 p.L, 1.89 mol,
1.05 qu?&afbfgl?%ﬁ@g%gfsPd(PPh3)4 (208 ng, 0.180 nmmol) 0.1 equiv.) and t he
resulting mxture is heated at 100 C. After 21 h, the mxture is cool ed and
purified—ﬂbmameﬁy by flash colum chromat ography (silica gel, 0 to 9% et her
i n hexanes) to afford 2-Vvinyl -4-bronot hi a oIe 21 q as an oil (285 ng, 83%.

R, = 0.50 (sili § /% ether in nesg) ; ¢l R SvrraX 121, 1470,
1259, 1226 11 B)r 975026, 19DEC
2002 -ss 87 13 (s, 1 b H)) 6. 86 (dd 17 5, 11.0 Hz, 1 H,
CH=CHZ) ) 6. :175Hz Brh, )) 5.5960r 105Hz 1 H,

2-vi nyl - 4- br onot Hi azol e g (279 ng,| 1. 47 equiv.) in ethanol (15
m, 0.1 M is added PtOz(50rrg 0.2 i% equi ¥.) and the resulting
mxture is stirred unde@ an at m)spher of drogen at 25 C for 4 h.

Subsequent filt |at hrough a sho of silica eluting with
Et OAc, and careflul 7c oncentratr on un er/ e uced pressl re i shes
I i ca

CHCH2) ; GO/ Ms (E?? calcd. for CS5H4Br (M+) 189 / 19 Ffound 189 / t 91.
2- Et hyl - 4- br om)tg 8Z2R!s % s il lustrates ,1 Bu@pherre % A sol ution of
1

2- et hyI 4- bByfot hNazol e 21 | @283 "0, N84% . Ri= gel, CHzCl z);
IR (film vmax 31222 2974, 293? 1488q 1456, NF 1 1 1090) 1040, 956)
884, 831 cmi'; 'H NWR (500 MHz, CDCI3) 87.08 (s, 1 H, ArH)) 3.03 (g, J=17.5

Hz, 2 H) CHZCHB) 13&7NQBHJ—75HZ 2 H CHZCH3); GC/Ms (El), calcd. for
C5HGBrNS (M+) 191/ 193, fou d 191/ 193.

2- Thi orret hyl - S’ret hy Ise 8b z(s | rat ed in §che mg3. To a
sol ution of bro | e 2’1 1 0 equi gassed
tol uene (4.9 g\b i's added he hyI d|t|n (498 p.L,

equi v.) and EF"d(PP )4 (14 nyg, ﬁ Q 0. 05 eqw reactl on

m xture i s—heat g¢hay 88HC for °h. Then e reactio ﬁ ure is cooled to
25 C andf 4f f or ds, after fI ash oI urf® r)hr' BegFepMBYsin i ca el , 5% Et3N in
hexanes)) st stannate %k QVBSny, 8h Rx= OHOR L5-BuSSh gel ;. pre-tr eat ed with
Et 3N, 10% Et OAC) IR (film vmax 2981, 2924 1382, 1030, 772 cnf "H NWR
(500 3) .8 9 H,

Sn( CHB) O(fﬁZ?eT ésaﬁ'&tllal af‘géql(_,g Ssnarz‘f\ﬁo-f‘ulﬁf Cgszﬂ Q§§9“'Vf ound

295. 9576- Bugsneﬁhekry, _téhiené, MESIOHRE, 21 An8gY%t () dzio! B2 Buiesofi f-Bulst at et.25 rqGivhefme

dleg:'!t-gs:g%’QJ ?h%ﬁe ; gﬁﬁ ggghkﬁézéa@ﬁ Ehesx[ 'neqﬁz(?ﬁlEtﬁl iniI 57%0 %y/'/(é a

mol , 51@ esyi. of p- Qe 3y DNBS-Thyto 25 ;@ hmte) f g@qlllvleLNaBH.:. MeH, RS

reactlorbrwﬁqw @3*/°sfoh%agp@t %Oﬁeﬁr.f%rré@dﬂzb G9! uﬂga&ae,d; cﬁr,%eéure
or atter flash’col utm

descri bed f esli nane ,

chr omat eérta;%/ ((Bﬂ g@&UUePf TW Bt 25 Chek et PF%idD) drireawy. 9 DASTOChigClaig 1
% . R =_f8 P24 s¢|1Cmirg sl o, DAST LaictilamibdsEipiiudidg-et her in hexanes); IR
(f| |l m vmax 2985, 2948, 2915, 1512, 1414, 1259, 1234, 1219) 1087, 988 cm';
'H NMR (500 Mz, CDCl3) 86.72 (s, 1 H, ArH) 4.07 (s, C E C 2002 -69
3 H, )f'decMzs phtaingdin 9%.4(mfg)by)replmtrrerz«ep)n%arbéafuemf 28 with3kessn (M +

H+) 279 °

2-(Pert-ﬂﬁ%§ hd’r nmet ﬂ/yﬁr?q yl oxy thlememoxge EtOH Zg C)I g?%ﬁtrtl‘;%){ ﬁ?%rznc?lneox S as
illust ratimblemZBtaredrﬂf;5areTmrepar@dIblyttleahng)drbmrmdmﬂnMmthaOHZirsethéhﬁbl gy 0. 065
mmol, 1.0 equiv.) in ether (1.0 nL, 0.07M at -78 C, is added n-BuLi (49
p.L, 1.6 Min hexanes, 0.078 mmol, 1.2 equiv.) and the resulting mxture is
stirred at -78 Cfor 10 min. Tri-n-butyltin chloride (23 p.L, 0.078 mmol,
1.2 equiv.) is then added, the solution stirred at -78 C for 10 mn, and
then slowy warned to 25 C over a period of 1 h. The reaction mxture is
diluted with hexane (2.0 nL), and passed through silica gel eluting with
20% Et OAc |n hexanes FI ash coI um- chromat ography (sr i ca geI pre- treat ed

. /N RAI . o o Y o " o, o o ~



1211, 1082, 1023, 960, 894, 872 cm'; 'H NWR (500 MHz, CDCI3) 86.65 (s, 1

H ArH), 4.43 (g, J = 7.0 Hz, 2 H CH3CHzO), 1.61-1.53 (m 6 H) 19 DEC 200
(CH3CH2(CH2)2)sSn), 1.43 (t, J = 7.0 Hz, 3 H CH3CH2), 1.37-1.30 (m 6 H,
(CH3CHzCH2CH2) 3Sn), 1.08-1.04 (m 6 H, éCHBCHZCHZCHZ) 3Sn), 0.89 (t, J =7.5
Hz, 9 H (CH3CHZCH2CH2)3Sn); HRMS (FAB)"l cal cd. for C'H33NOSSn (M + H+)

418. 1380, found 418.1396. 2-Vinyl-4-tri-rrbutyl stannylthiazole 8qg as
illustrated in Scheme 5. A solution of bronothiazole 21 q (191 ng, 1.00

ol , 1 {atiegial, Yespectively. hsronﬁlaéls Pmﬂrm@aﬁa 2hp) are Shdr aistetmuEditd thnBuddired804
~.L) 1.5 Min hexanes, equiv.) and tri-n-butyltin chloride

(341 thrmetmdstﬁﬁmnesﬂfi%p)ewm w»a%bﬁ¢tan Hgdqrcpatlmwp@t?é)@@ﬂéoa@ﬁemﬁ bed for

t he syn n S silica
gol ;- pr LREERYE oI BNBRT 0850l et LIt Ry NI SAEARMON ™) | 2
(si I i cabgmhlde 27&dbg thhkgenmmdtekancbahge (rFBtélfu EEtE@, VWCZQBG,SUQ%eananSSO,
1459, 1377..120 Q8 13,, 868 crri'; ' H NMR (500 MHz, CDC13) 87.21
(s, 1 HW“Ai"Hf’ZD g”“ﬁ‘zgﬁ?ﬂi’e '\’1?9'81’93"%"d 11.0 Hz, 1 H CHECH2), 6.00 (d, J= 17.5
Hz, 1 H CHCH2) 552(d J=11.0 Hz, 1 H CH=CN2), 161153(m 6 H,

( CH3CH2( CH2) z) aSn) 19 DEC 2002 -71 1.27 (m 6 H)

( CH3CH2 em&s%ﬁ?f S‘Q”’i@@f (80, 3ifa-g isalse eﬁzqex@érm% %%WPO“ fragersof 203= 7.5
Hz, 9 Hg |

402. 1275 Igéoilui 5nolH 4io|2!' ;igaglo%mzm Eiﬂﬁ%eﬁg't&r@?' y'at% [%uﬁ%%}?n%h%ﬁy g?g‘ fé'\{grrbegg)

i 11 ust r 4D@AC) of %H@rﬁ@ngthla«owﬂmﬁqms ofonbb@mehzmd\rmmnderqmehadngeni 24
nmol, 1 12,0 t

Bl T Ylbiares' @ g, H2a0cTagd Sueedio apiedthyig whf - hERR Hidrte
tri-n-btd f;ulrmiismthEPﬂesnedetaMé)ﬂe 84, Redd&iommadithe mteﬁneqlatewn)ylamddlzrlg (Hp the

procedure d he synt hes| s, of st 85 to eId fter coI um
e ormt B aERgR (2% ToNMOYaFs achkas 15 etyiuRiagd BTRMNGH R sarare o Taiahe o
(357 mygrilan |deRical Mabfel1dithatcestfded for 84 2he syrﬁhéé‘s b BtaHERSs %ﬂ%@m QQQS,
2870, 2852) 1464, 1376, 1292, 1174, 1072) 1033, 953, 875 cm~'; 'H NWR (400
MHz, CDeghigves via e ey hydraxymethy thiagole21ly, J = 7.6 Hz, 2 H, CH3CH2Ar))
1.60-1.50 (m 6 H (CH3CN2(CH2)a)asn), 1.39 (t, J= 7.6 Hz, 3 H, CH3CH2Ar),
1.36-1.30 (m 6 H (CH3CHZCH2CH2)3Sn), 1.13-1.08 (m 6 H,

(CH3CH2 GHZCH!D" :ESﬁ?')ere §8tf‘d9¢ alcghat isz |tgelf-|pbtagne|q) IdR20HR P3@AStePHIRNS
FAB 4
((3I S- ?\/acr%} %hrqgé Tg{h ﬁlr&lljé!tﬁ rt’gjt' ZZ?’. QP%#%&%J%%%”%&%&&% Mvﬁ tﬁ |ve| odi de

7 (10. Onrngme(dlmaldﬁmyﬂq 22. vihiehyisithen redstedh(Nafil, MeQHE2D *Opto formBhChemesi; 2. 0

C300" ) [ et 2 TR Gk Bugreliiesd) CRAYINBE b Rytfinflitatnanel th SERRBSE Hrke; o1

pour ed sﬂbmeqabmue&haﬂvnagp&ﬁeﬂmhlaiﬁwwm@yl gloupTBSDKlimidazole)GH,EG1 %%)4\,1 th

cvapor s IR e Bl ERDL B R SRl R an BRI oy ot

chr omat g3 4mHK 260CBE%).| Fmarmionmfmeeresﬁmﬂ/gRabﬁw@ne 8h ESH.Cl,, ~78 °C)
macr ol actone 18h is obtained (7.5 ng_} 769 = 0.29 (silica gel, 50%
o

Et OAc i R'ayidesslrest: aCF&sz'Eo‘ifawnzﬂ(l %oieleHa 3): IR (thin film vhmax 3387
(br), 2925 2859, 1730, 1688, 1508, 1461, 1256, 1183, 1150, 1061, 980, 755
cm'; ' HNWR (500 MHz, CDCI3) 87.12 (s, 1 H_ ArH), 6.61 (s, 1 H

CH:C( CHWith thg naseqsgadcorupﬂn@otsan hs.aodstheAprlm:aﬂ@tlIleicqupllwwﬁtlgase%wqdd J

2 o5 (2mave gy breadrgtt oI Hipy dupdidart gotierds 8), “Pidegads inyoED

( CHB) 2 CEEiiDg) 9 tolenésoButida of the desied GH@HOGHEKBY) 11)viB3h¢ dppdpristestatnang H,

e s o W O o Wy ke
15 0) 9rrﬁn mﬁpﬁbcomsUsedcgﬁgﬂ%G‘ﬁhnnﬁwe@QBb(m 8hl Tﬁe15m9|nmblst5nddhes I8dH,

CH2C00), 2.35 (dd, J 9 DE C 2002 - 72 2. H, CHzCOO))
2.31-2. aad @hyrelcoupled@amgm;emazwmmﬁdemne{th?d Progedure, légn(@'chaa mixtureroboH3) |

2 06 1. 1.17 (n) 3
, %zﬁ%a&ﬂa@ﬁ%ﬂ% b p s gy iy PPCTMENRaL R ) 1 o5
3H c(CH3)2), 1.00 (d, J = 7.0 Hz, 3 H CH3CHCHz); HRVS (FAB), calcd. for
C26HasNGCs S (M + Cs+) 626 1552, found 626. 1530. Epot hil one E (3) as
illustrated in Schemes 2 and 3. To a solution of |actone 18h (10.0 ny,
0.020 mml, 1.0 equiv.) in nethanol (600 ~L, 0.03 M is added acetonitrile
(32 pL, 0.606 mmol, 30 equiv.), KHC3 (10 ng, 0.102 mmol, 5 equiv.) and
hydr ogen peroxide (27 p.L, 35%wWwin water, 0.303 nmol, 15 equiv.) and the
reaction mxture stirred at 25 C for 3 h. Additional acetonitrile (32 ~.L,
0.606 mml, 30 equiv.), KHCO3 (10 ng, 0.102 mmol, 5 equiv.) and hydrogen
peroxide (27 p,L, 35%wWwin water, 0.303 nmol, 15 equiv.) are then added



1 9DEC?2002 -73 40 mn, according to the procedure described for §HE
synthesis of lactone 18h, to yield, after preparative thin | ayer 1 ¢ 2001
chromat ography (250 mm silica gel pI ate, 75% ether in hexanes))

macrol actone 18b (4.1 ny, 44%. R 50 (silica gel, 50% EtQAc in
hexanes); [a]22p -38.6 (c 0. 21, CHC13 " IR (thin fil n) vmax 3444, 2925,
1732, 1682, 1259, 1037) 756 cm': * H NMWR (500 MHz, CDC13) 86.99 (s, 1 H,

CI-~C(CHS)) 6.52 (bs, 1 H, ArH) 5.45 (ddd, J= 10.5, 10.5, 4.0 Hz, 2 H,

Cl f CHCHiRg ,coﬁplﬁr% dfdat) |obrde170al5d stdfindhe &h Qrobiaes hab’vole@ﬁr@‘ﬂﬂﬁmlcﬁ safebde J =
8.0 Hz, 1 ddd, J = 11. 5 Hz, 1 H, (CI-B)ZCCI—l(G—l))
3. 75- 3tfvespr(eﬁw89rlqt @H@H(@ngyl?neﬁ QBS(caemeﬁa 6 5, 2.0 Hz, 1 H,
CH3CH(C=0O)), 2.98 (d, J= 2.0 Hz, 1 H, CHOH(CHCH3)), 293(d J=5.5 Hz, 1
H (CH3)2CCH(OH)), 2.71 (ddd, J= 15.0, 10.0, 10.0 Hz, 1 H, CH=CHCH?), 2.70
(s, 3 H-SA@Be fa2. 51 (dd) J = 15.5, 11.5 Hz, 1 H, CH2CQ00), 2.30 (dd, J =
15.0, 2.5 Hz, 1 H CH2C00), 2.28-2.16 (m 2 , 2.13 (d, J =1.0 Hz 3 H,
CH=CCH3), 2.06-1.98 (m 1 H, 1.79-1.6 H), 1.40- 1g)6(m , 1.33
(s. 3 H CO®B)2), 1.19 (d, J = 7.0 (C= ?s 3 H,
C(CH3)2), 1.00 (d, J:7OHZH8H (FB) calcd for
C26H39NCSS2 (M + Cs+) 642. 1324, > “MadY ol actone 19b as
illustregied in—Seherme—3—Arsol uti iodide 11 (6.9 ng, 0.014 mol,
1.0 equiv.), stannane 8b (8.2 ng) O0 equiv.) and Pd(PPh3)4
(1.6 ng, O. 0@.1@H|3@()4=NH9D®I-qu|v ) injdegasseq toluene (140 pL, 0.1 M is
heated at 100 C for 40 mn, accordiny to 1 rocedure descri bed for the
synt hesis of lactone 18h, to yield, aftero"Ereparatlve thin | ayer

chromat ography (250 nmsilica gel plate, 75% ether in hexanes),

macrol actone 19b (5.0 ng, 72%. R = 0.37 (silica gel, 50% EtQAc in
hexanes); [a]22p -32.9 (C 0.35) CHCI3); IR (film vmax 3488, 2928, 1728,

1692, prépratiddi epoliide 375=7ea@8h@and|doh%6§ unﬁDf:Pal 2,%6 |v( §t C&Iadjtl

éerl 55‘“'(’5‘5'1%3"?83'?5_’:&?@%%} 5% H@&é@‘fgjg‘"% E?b‘ﬁ‘) "J = 15 o i 5 7.5

Hz) 1 H, CHECHCH2), 4.12 (ddd, J= 11.0, 2.5, 2.5 Hz, 1 H, (CHS)ZCCHO—D
3. 77- 3TRé tdtal sy]:tHé)suﬁH%ﬂd@cBW epoxidafioh With In sku @ﬁ&@ﬁﬁe}hﬁp&&xy(cmboh

oo Tt b .y kP50, s pat, 45 £ CiugBur et agd o, e Shap 198 G@ﬁ) by

(m 1 H)I96$1§'§) f@rrﬁ&uﬁg'fb athitdne El(ﬂgsb/oﬁéséd%n Qoﬁ)con\lergig ,which &khifteCH3) 2) ,
1.18 (d, J=7.0 I—F *& (s, ( )2), 0.99 (d, J=
7.0 Hzjdestigal pmcs@u@hayactm NYR, [@hx t@dhosemuburmqsgmm (M + Cs+)

642. 1324, found 642.1298. 1 9 DEC 2002 -74 cis-Mcrol actone 18d as
illustrated in Schene 3. A solution of vinyl iodide 7 (14 ng) 0.028 mol,
1.0 equhe Stille seupiinarmeprexpc istthag exendebtoprovide 2agy 2epebs 19 a adRtPaGHdeVeCN) 2

2.0 t d
531 25”%@&@&8“{?@{&6 resg)gﬁ”%g ?n(@f ggﬁa{ts ﬁ%@%ﬁs@%nw é%undery%r Zdlucr:(reg

pr ess uﬂ@tlcfaﬂhl}’elﬁ@(ﬂ eppthilenghandldgsqepsedsing thgsavlwal nigtdidisetiorsnid shawnin ed by

7 hexrnéfieidh fhn RXEfeF e TSR ot Epiahiliod dBugtS alpfan R0 ¥} 02

gel , 66%c&1|dimon|zandmestaltmy)&mtial&&ﬂt ugdt id due syhtbesis Woﬂ)nbnblBe(rtdm nfilm

3501 (b 34, 132 68 1526, 14 . 2 1150, 1091, 1007
L. Saery Phbeaifiohe il Biaghto Be Most Siagle’ fRF&US 5ekah (s 1 H

CH=C(CH3)), 5.43 (ddd, J = 10 5, 10.5, 3.5 Hz, 1 H) CH=CHCH2), 5. 37 (ddd, J
= 10.5, 10.5, 4.5 Hz) 1 H, CH=CHCH2), 5.26 (dd, J = 9.5 1.5 Hz, 1 H
CHOCO) . 4.44 (q) J= 7.0 Hz, 2 H, CH3CHZO), 4.18 (ddd, J= 11.0, 5.5, 2.5 Hz,

1 H (CH3)2CCH(OH)), 3.73 (m 1 H, CHOH CHCH3)), 3.12 (qd, J= 7.0, 2.0 Hz,
1 H CH3CH(C=0)), 2.98 (d, J = 1.5 Hz, 1 H OH, 2.95 (d) J = 5.5 Hz, 1 H,
OH), 2.69 (ddd, J = 15.0, 10.0, 10.0 Hz, 1 H, CH=CHCHZCHO), 2.49 (dd, J =
15.5, 11.5 Hz, 1 H, CH2C00), 2.36 (dd, J= 15.5, 2.5 Hz, 1 H, CH2C00),

2.23-2.16 (m 3 H), 2.11 (s, 3 H, CH:C(CHS)) 2.04-1.98 (m 1 H), 1.77-1.71
(m 1H, 1.70-1.61 (m 1 H, 1.42 (t, J .0 Hz, 3 H, CH3CH20), 1.38-1.16
(m 2 H, 1.31 (s, 3 H CCH3)z), 1.17 (d J = 7.0 Hz, 3 H CH3CH(C=0),
1.08 (s, 3 H C(CH3)2), 0.99 (d, J= 7.0 Hz, 3 H CH3CHCH2); HRMS ( FAB))
calcd. for C2~H4, NGsS (M + Cs+) 640. 1709, found 640.1732. tran~Macrol act one
19d as illustrated in Schene 3. A solution of vinyl iodide 11 (14 ny, ,;
0.028 mml, 1.0 equiv.), stannane 8d (23 ng, 0.055 nmmol, 2.0 equiv.) and
Pdd 2(MeCN)2 (2.0 ng, 0.008 mmol, 0.3 equiv.) in degassed DMF (280 ~L, 0.1
M is stirred at 25 C for 20 h, according to the procedure described for
the synthesis of macroiactone 18d to yield) after preparative thin layer
chromat ogr aphy (250 nm5| l'ica gel pl at e) 50% Et OAC in hexanes)

o .y A~ 1 ~N AN A P r— ~~ N7 o I



19 0 E C 2002 -7s H, CH=C(CH3)), 5.60 (d, J=47.0 Hz, 2 H, CH2F), 5.45
(ddd, J= 10.5, 10.5, 4.0 Hz) 1 H d-~CHCH2), 5.38 (ddd, J = 10.0, iQ} @EE 2007
5.0 Hz, 1 H C-1=CHCH2)) 5.31(dd J:100 1.5 Hz, 1 H CHOCO,

(ddd, 1 H, J =11.0) 5.0) 2.5 Hz, 4(CHB)ZCCH(O—I)), 3.73 (m 1 H,

CHOH( CHCH3) ), 3.13 (qd, J = 7.0, 20 1 H CH3CH(C=O), 2.97 (d, J = 2.0
Hz, 1 H OH, 2.93 (d, J= 5.5 Hz, 1 H, O—|), 2.71 (ddd) J= 15.0) 10.0, 10.0
, 1 H CH=CHCHzZCHO), 2.51 (dd, J = 15.5) 11.5 Hz, 1 H, CH2C00), 2.39 (dd,
= 15.5Schefhetéh: 1 H) CH2C00), 2.29-2.22 (m 1 H, 2.22-2.16 (m 1 H))

11 (d, J= 1.0 Hz) 3 H CH=C(CH3)), 2.06-1.99 (m 1 H), 1.77-1.71 (m 1
H, 1. 69 1.62 (m 1 H) 1.38-1.16 (m 3 H, 1.32 (s, 3 H C(CH)z), 1.18
(d, J Z 0, 3 H CHICHC0O), 1.08 (s, 3 H C(CH3)2), 1.00 (d, J =7.0
Hz, 3 H , HRVB (FAB)) calcd. for C26H-FNO5S (M+ Cs+) 628 15009,

found 628."FEBHIR ~Macrol act as i11ustrated.j W
sol ution of vi nyl i égﬁa 80 nmbPL. @ equ s annane 8j

(27 nmg, 0.066 n >M7eq 1V, an PdCI ‘ .5 nmg, 0.006 nmol, 0.2
equiv.) in dg¢gasse 0}_ i at 25 C for Oh,
accordi 3% | dedCrTbed for t i i $ macr ¢ acto 18d,
to yiel Q |nlayer 0 mm $j | i£a rBgel

pl ate, 50%|Et QX i n heéxanegs)Adniwestion , 75%). 17
(silica get N\t i nshexanes); Ja]z ' ); IR (thin
film vmax 3§08 Ebr §, 1730) 1690, 15(5, ‘ 1428) 366, 1251 1196,
1150, 1041, Q77 ; HSNW'EHJO VHz, . (s, 1 H APH), 6.58
(s, 1 H CH( )561(dJ 47.0 Hz, Y -5.50 (m 1 H,
CH=CHCH2)) 5.41-5¢35 (m 2 H, Cf-f=CHCH2 and ), Mectictdhigléh J = 10.0,

3.5, 3.0 Hz, 1 H (CH3)ZCCH(OH)), 3.75-3.73 ( 1 H CHOH(CHCH3)), 3.24
(qd)J-?O 4.5 Hz, 1 H, CHSCH(C-O))3051dJ 4.0 Hz, 1 H OH), 2.62
(d, J _lllustmtlplz ofgre{rom:phetngaagly@g@f epothilore analopgg pessessing rppdlf@q;g@@)andz 49
(dd) J %d‘%é?aﬁ%"ﬁé z,. 1 H CH2C00), 2.49-2.44 (m 2 H), 2.20-2.13 (m 1

, 2.1 C(CH3))) 2.01-1.93 (m 1 H), 167156(m2H))
149143(m1 H, 1.31-1.17 m2 , 1.28 (s, c(CH3)2), 1.18 (d, J

. S By B oo et Al B P,

628 148vne Eidnd relatéliaan@lﬁga(sqdemgsmr ated in Schene 7. To a solution of

al cohol 13 (12.96 g) 54.4 mol, 1.0 equiv.), in DWW (180 nm., 0.3 M at 0 C,
is added i m dazole (10.2 g) 150.0 mml, 2.8 equiv.) followed by
ten-butyl di methyl chlorosilane (13.5 g) 89.8 mol, 1.7 equiv.). After war

1 9 CE C 2002 77 mng to 25 C over 7 h, the solvent is renoved under
reduced pressure and the resulting oil is partitioned between ether (200
m.) and saturated agqueous NH4ACI (200 nlL). The aqueous | ayer is extracted
with ether (200 nL) and the conbi ned organic extracts are washed with brine
(550 m.), dried (MgS04) and concentrated under reduced pressure. Flash

col um chromat ography (silica gel, 0 to 5% Et QAc i n hexanes) furnishes
silyl ether 25 as an oil (16.03 g, 84%. R~ = 0.48 (hexanes); [a]2~p -17.5
(c 1.65, CHCI3); IR (thin film Vmax 2954, 2928, 2857, 1472, 1361, 1278,
1252, 1082, 914, 836, 776, 677 cm'; ' H NWR (500 MHz, CDC13) 56.15 (s, 1
H, CH=CCH3), 5.74-5.66 (m 1 H C-f=CH2), 5.03 (bm 1 H, CH=CHZ), 5.01 (s,
1 H CHCH2), 4.16 (dd) J= 6.5, 6.5 Hz, 1 H CHOH), 2.25 (m 1 H,
CH2=CHCHz), 1.77 (s, 3 H CH=CCH3), 0.88 (s, 9 H SiC(CH3)3), 0.04 (s, 3 H
Si(CH3)z), -0.01 (s, 3 H Si(CH3)z); Al dehyde 26 as illustrated in Schene
7, To a solution of olefin 25 (16.0 g, 45.3 mol, 1.0 equiv.) in a mxture
of THF (206 niL)) t BuOH (206 nL) and HzO (41 nL) at 0 Cis added

4met hyl nor pholine N oxide (NMO) (5.84 g, 49.8 mmol, 1.1 equiv.) followed by
GCs04 (5.2 m, 2.5%wWv in t-BuOH, 0.453 mmol) 0.01 equiv.). The m xture is
vigorously stirred 13 h at 25 C and then quenched with saturated aqueous
Na2S03 (125 nmL). The resulting solution is stirred for 2 h and then
partitioned between EtOAc (150 nlL) and water (150 nmL). The organic phase is
separated and the aqueous phase is extracted with EtOAc (2 x 200 nlL). The
conbi ned organic extracts are dried (MgS04), filtered, and the solvents are
renoved under reduced pressure. Flash colum chromatography (silica gel, 50
to 90% et her in hexanes) provides unreacted starting material (1.0 g, 6%
and the desired diols as a ca. 1:1 mxture of diastereoisoners (15.5 g,
89% . R = 0.44 (silica gel, 50% Et OAc in hexanes); IR (thin film vmax
3387, 2952, 2928, 1252, 1080, 837, 777 cm';'H NMR (500 MHz, CDClI3) 8 6.28
and 6.26 (singlets, 1 Htotal, CH=CCH3), 4.47-4.42 (m 1 H, CHGCS ),
3.86-3.76 (m 1 H CHOH), 3. 61 3.55 and 3. 49 3 39 (m 2 Htotal, CHzZOH),
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Tri phenyl met hyl ether 30 as illustrated in Schenme 7. Al cohol 29 (23.5 g,

55.7 mol, 1.0 equiv.) is dissolved in DM (300 nL, 0.15 M and 4- DVAR) DEC 2002
(11.3 g, 92.5 mol, 1.7 equiv.) and trityl chloride (22.1 g, 79.3 mol, 1.4
equiv.) are added. The reaction mxturegs stirred at 80 C for 21 h, cooled
to roomtenperature and the solvent is rermved under reduced pressure. The
resulting residue is purified by flash columm chromatography to afford the
required ether 30 as an oil (35.3 g, 95%. R = 0.88 (silica gel, 20% et her

i n hexanes3chenad 22p 0.74 (C 0.3, CHC13); IR (thln fil rr) Vmax 3058, 2927,
2854, 1488) 1470, 1448, 1250, 1082 %gﬁ 702, 632 cm'; 'H NVR (600 Mz,

CDCl 3) 87.45-7.43 (m 5 H, Ph), %1(m 10 H, Ph) 6.19 (s, 1 H,

CH - CCH3), 5. 61x(m 2 H C-f= , 4.87 come H CH=-CH,
CH(C) CHZOTT), 4%49 (dd, J= 6.8/ 6\ "Ph; H, CHOSi]), 3.46 (s) 2 H, CH20Tr),
2.78 (dd, J= 15. 1 H CHZ&H=CHZ)) J=15.4, 6.3 Hz, 1 H,

CHZCH=CHR), 2. 33 (ddd Jy_ =.114. 5 6.8)76.8 Hz* , i), 2.31 (ddd,
J=14.5, 6.8, 6.8 H2 CHZ CldSiinkene LreBiX (S, 3 H) 10.87 (s, 9 H,
Si Q(CH3)3)) 0.04 (s/ 3 H Si(CH3)z), 0.00 (s, 3.4 Si . HRVS (FAB),

cal cd. for C36Hasl Oz§ (M + Cs ), 797.1288 foun(f8797 309. 1 9 DEC 2002
-so Alcohol 31 as i Rthene 7. Aefin 3 6%@83 g, 53.1 mmol,
1.0 equiv ) ﬁBT@$§bt Zd |n T (53 mL, 1.0 M and {hg ppdaution is cool ed
to 0 C. 9-BBN TEa;U 2¢WF B$4. 5 mol, 1.4 eqw\/® i s added
dr opwi se over %%‘h %Ghé‘r%ﬁﬁﬂ'ﬁ%g mxture is stjomed for 9 h at 0 C
Agueous NaCOH ( 8 ‘m. of 6.0 equiv.) is added,
319.0 mmol, 6.0 equiv.).
Stirring is conti d 1hato C) after the reaction m xture
is diluted with 0O nmL) and water (500 nL). ThHe organic |layer is
separated and th phage i3 extracted Wwth et XX AB00 nL). The
conbi ned organi c 'extracts hed with brine (1 L), i (MgS04) and
concentrated under reduced [pressure. FlfasBBl¥ol um chro gegraphy (silica
gel, 9 to 50% ether in hex&I88) furnishes prlnary al cohol 31 (34.6 g, 95%.
R, = 0.54 (silica gel, 60% ether in hexanes) % %%ﬁc =—3+-5206crRQ.H, CHCl 3);
IR (thin film vnag.ﬁs 3058 =9Hi32, 2926, 28 489 >1449R =278, 1251,
1078, 835, 706, 632 ¢& FiP-NWRI(Soo MHz, CDClI3) 87.47-7.45 (m 5 H, Ph),
7.32-7.22 (m 10 H, Ph), 6. 22 (s, 1 H, Cl-~—C£}B), 5.58 (dd, J =7.1, 7.1
Hz, 1 H C=CHCH2), 4.22 (dd{ J = 6. 0 Hz, 1 H CHGSI), 3.52 (bm 2 H,
CH20H), 3.50 (s) 2 H, CH20Tf)h Ezd%sa'{‘ﬂd'onJ = 14.5, 6.8, 6.8 Hz, 1 H,
CH2CHOS i), 2.28 (ddd, J = 14.5, 6.8) 6.8 Hz, 1 H CHCHGCSI), 0. 14 (m 2 H,
CH2CH2CH20H), i .82 (s) 3 H, CH=CCH3), 1. 46 (n1 2 H CH2CH Tr 0.90 (s, 9
H, SiC(CH3)3), 0 06 ga4 ,0§i(CH3)2) 02 (s, 3 H Si( )2); HRMVB

I

(FAB), ca Si (M+ Cs ')MM§E5 1394 fou 1430. | odide 32
as illust ate in Sc A sol ution of al ¢cohol ( - 50. 3 nmol

L@@ equi v a mxgure (380 nm) and MeCN 127 nL) to O
Inldazole (1@ ), . .0 equiv.) and hg"(33 nmol

2 5 equiv.) are n ‘added an ixture is stirred until all ge sol i ds

have di ssolved. lodine (33.5 g,_131.9 mml, 2.6 equiv.) is addé¥B3nd the

mxture is stirred for 45 nin GBSO C. The reaction is quenched YR Lhe,

addi tion of saturated aqueous Na2S203 (150 mlL) and. biBaLl ayers are
separated. The aqueous phase is then extracted with ethe 3850 =rdHO and
t he conbi ned organic extracts are washed with brine (750 nL)) dried (MS04)

and concsmté@bedtnwdeﬂthe"smbfceldewdewrF@ea dehisdndcsandiions: g onateqoivapBsCl, 28

o= 0. seoqdt-imiayl OEoT el I REkuMLLO fEPashty §1 chuho v g Y ) -

(thin fiBaHIHEO (8EET), 02926,°C28E6, BB4SIL 6.0 4ddly. NG, Mecmamzoe(ag @%)30717\41

(m 10 k2P 24 Sy 27 ghie N%if@%'fﬂ‘ S D@@O‘éﬁuﬁ”@'@“ﬁhﬁa G2k
CITZC—CI ’rQO%L )zu%m:.uuvg 0ET63|817@<]8|VHlf -BMAP, 8D °Gg 24 h, 9p%; (2 114 equi0f ) )
3. 07 (ddisﬂz EHE glvc R t%&é&ue%iﬁabl—?ﬁ%sé‘&j% “’Clgh595% @)% 6Ffaie P2

-81 6.8

CH2 CHOS 5QemelV(cphlmzdaﬂoleo?ré@qymflﬁ’hﬂ{?&@ :IgCN43: m) oaa:ean:msm?@)m 2 H)
CHzCH2CH21)) 0.90 (s, 9 H, SiC(CH3)a), 0.07 (s, 3 H Si(CH3)2), 0.02 (s) 3
H Si(CH3)2); HRVMS (FAB), calcd. for C3gH4612~25~ (M + Cs+), 925.0411 found
925. 0450. Hydrazone 33 as illustrated in Scheme 7. Diisopropylamne (5.0
m., 35.28 mmol, 1.4 equiv.) is added to a solution of n-BuLi (22.0 m., 1.6
Min hexanes, 35.28 mol, 1.4 equiv.) in 32 nL of THF at 0 C and stirred
for 1 h. The SAMP hydrazone of propional dehyde (5.6 g, 32.76 mml, 1.3

equiv.) in THF (16 nL) |s added to thIS freshly prepared solutlon of LDA

AL 12 M



1 9 DE C 2002 -84 Miz) CDCL3) 57.46-7.44 (m 5 H, Ph), 7.31-7.21 (m 10 H,
Ph), 6.21 (s, 1 H C-~CCH3), 5.52 (dd, J = 7.0) 6.9Hz , 1 H, C-CI—|CI—|21)9[]EE2[)[]2
4.20 (dd) J = 6.5, 6.5 Hz, 1 H, CHOSi), 3.88 (dd, J= 7.5, 2.5 Hz, 1

CHOSi), 3.67 (m 1 H, CHZOSI)) 3.60 (m,1 H CH20Si), 3.46 (s, 2 H,

CH20Tr), 3.30-3.21 (m 2 H, CHoH, cH3cH&=0)), 2.30-2.25 (m 2 H,
C=CHCHzCHOSi ), 2.05-1.93 (m 2 H, CH2C(CHzZOTr)=CH), 1.81 (s, 3 H,
CH=C(CH3)), 1.63 (m 1 H, CH(CH3), 1.45 (m 2 H), 1.24 (m 2 H), (s) 3 H,

H)
) 2oy iy il o oty B0 g

CH( CH3) ) 100’@an¢ add 1) equiGiab@RHBYBF, — 10010 ~@8YC32MH, Bi%;aAhB 2 pauie. IMNEP, 3 H)

Si (CHB) 2 H,
S (G) 2 Rigiibphagbdier PN 10 2.5, dw § I8 ot IDIBAL Obhel e . ¢
1257. 4749 h, 88%s &@@levé@w@tcycle@ Zitnpnangs DiBAled dilwbsmi@h@lrwmhv@mM 37

(1.136 gpwfare= 9:dimét hﬁll%ﬁ%l&lheq_@@hm%rﬁ@us% nﬁfB@'NMé -04%%4h9vim}>r hline

di ssol ve n dW|th2 i di ne
(470 uL N SRS = k85t gémqwmeﬁwwm"% |y|m°n°per°xvpht%a"°
tri fl uor acie magesiunh ealat-e (695 ~L) 3.03 mml, 3.2 equiv.). The mxture is
then stirred for 2. 5 h wth slowwarnmng to 0 C. The reaction is then

Ot r act PRI s & Bhe BYER Broub B S ipicRedte dad B AT wnohed
Wi th bri aet 26¢34%) whidh Iu@ﬁhr(swmé)intara%w@@zmbgatm@swpotﬁmydrmm dgResur e.

Fl ash colunn chr omat ogr aphy i n_hex

fUrni Sho§leA¥age-Sacsnes Eogias ) Twrﬁwwswe%@?oﬂc ARErNaIE. MEOSIER, @ 0. o1

I I t hi
i ey AL BBl RGO GNARR oyl g Rdbite st Bl
'H NVR ( @e0e, vetux; WBGHR)l eAdl. 460m. Shennl 985,181, FF35-17412Begtmemn(ahal. Angew. Ph) |

7 =6 5, el IES RN AT A g0 Tatfhrdbederpeld o soboebpicE kegh i, (00

(dd, J =98%Ajield. GeHactich dfithala@8i Jomud (DIB, THF =78 &) adfob)s dicGhdtizg, 1 H,

o1 1 WBIDdPietetiedas pin ndymestiiy) dghvele Gy i SIMB P0G - €
Hz, 1 H o8¥3CH(C=0 ), 2.27 (ddd) J= 14.4, 7.2, 7.2 Hz) 1 H, C=CHCH2CHGCSI ),
223 (ddd, J = 14.5, 6.2, 6.2 Hz) 1 H, C=CHCHZCHOSI), 1.97 (m 2 H,
CHZC(CH20Tr) =CH), 1.79 (s, 3 H, CHEC(CH3)), 1.57 (m 1 H), 1.46 (m 1 H),
é Sg Em) Egabg}atloﬂa ol?he(&rmﬁal‘d;?lef@(@d@nzéoh(ebe@bé(ﬁglecﬂve%)@r&drﬂnorﬁoﬁﬂatﬁl‘ﬂ(tm))
s
S G G3) e ool S L 5-BENC R 24 Gy e Hel) H0n Beiiel3rarslagted fgher int
C66H", | Oél@d‘idéM Flugﬁldhzoléagl'%P%@) ih @Q%domﬂyléézﬁﬂroduéﬂo% A the @8%@30@3\5

Al cohol 40 as illustrated in Scheme 8. To a 'solution of tetra-sil yl et her

39 (180 #rjis henpshigned ysing amgmnders QkY’rﬁt)OFBQFO@C@@éMBdWéCBZHFEW prqunalde

DL, 1 ReRISE B o GRALALC ARG IEe| Ehhl  OTAE BB L
sol ut i onsissl 98¢ Mﬂl@l@olﬂolr D2, Ed.abcaglemic Mase, Gangdo, VoIS, WEY@BB%/WMF\WHQIF e
(0.5 n) ﬁeilshgrna S'r‘i’é?ﬁué’la o?tS'Arl\ﬁli)r??sdI@%Cﬁ%d @g'ﬁ&ofnogf ﬂ%nels#llaat 0C

The reac 1onis aref ion satura ed queous
and the [n%oed. C@nemsioado erﬂnlwsui(lMEtPBAMe((B—i/[&h&bh%)buff‘éthdbmtfmed"/d))argdam c

extracts are then dri S04) and . entrated under reduced_pressure.

i hh chPonG s phl g gte I8 ESAHEH 1A dRcked R vPa S5 B HRonci 40
as a pale yellow oil (137 ng) 849 . R = 0 36 (silica gel, 40%ether in
hexanes); [a] 220 -26.0 (c O CHCI 3) ét hin film vm- 3422, 2928, 2855
1690, 149be tr@nafgzrmqtmwf ai@@mde iés@oﬂmmlre epathilawanageeyclio zare 2408 cni* ;
H NVR (6 44-7.42 (m 5 H Ph), 7.29-7.20 (m 10 H, Ph) ,
6.19 (s quwaaﬁﬁg{@genﬁ%zw (dd, J = 7.1, 7.1 Hz, 1 H, C=CHCHz), 4.17 (dd,
J:6.2 6.0 Hz, 1 H CHCSi), 4.03 (dd, J-66 37Hz, 1 H CHCsi), 3.73
(dd, J =7.2, 1.7 Hz, 1 H CHCSi), 3.65m 2 H CHOH, 3.45 (d, J =11.7
Hz, 1 H CH20Tr), 3.42 (d, J =11.7 Hz, 1 H CH20Tr), 3.06 (gqd, J = 6.9, 6.9
Hz, 1 H CH3CH(C=0), 2.28 (ddd, J= 14.7, 7.3, 7.3 Hz, 1 H C=CHCHZCHGCSI ),
2.22 (ddd, J=14.7, 6.3, 6.3 Hz, 1 H C=CHCHZCHCSI)) 1.98 (m 2 H,
CHzC(CH20Tr)=CH), 1.79 (s, 3 H CHC(CH3))) 1.56 (m) 2 H, 1.24 (m 3 H),
1.18 (s) 3 H C(CH3)2), 1.03 (d, J =6.9 Hz) 3 H CH(CH3)), 0.97 (s, 3 H,
C(CH3)z), 0.87 (3 singlets, 27 H SIC(CH3)3), 0.81 (d, J=6.7 Hz, 3 H,
CH(CH3)), 0.10 (s, 3 H Si(CH3)2), 0.04 (s, 9 H Si(CH3)2), 0.03 (s, 3 H,
Si(CH3)2), 0.00 (s, 3 H Si(CH3)z); HRVM5s (FAB), calcd. for CsoH9,|1 06Si 3 (M
+ Cs'), 1257.4692 found 1257.4780. Al dehyde 41 as illustrated in Schene 8.
To a sol utlon of oxaIyI chI or|de (150 p.L, 1. 72 rrrml 2.0 equiv.) in CH2Cl 2

— e ey R A~ 7 & A=



_88_ 1695, 1468, 1381, 1253) 1156, 1065, 985, 834, 774, 733, 706 cm'; ' H
NVR (600 MHz) CDCl13) 87.44-7.42 (m 5 H Ph), 7.29-7.20 (m 10 H, Ph),9 BEGE?
(s, 1 H CH=CCH3), 5.51 (dd, J 9.5, 6.8 Hz , 1 H C=CHCH2), 5.07 (d, J =
9.3 Hz, 1 H, CHOCO, 4.02 (d, J-92Hz 1 H CHCsi), 3.82 (d, J = 8.9 Hz,
1 H CHCSi ), 3.46 (d, J=11.5 Hz, CﬁEOTr) 3.42 (d, J = 11.5 Hz, 1 H,
CH20Tr), 2.95 (dgq, J =8.7, 7.0 Hz 1 H CH3CH(C=O)), 2.72 (m 2 H,
C=CHCH2CHO and CH2C00), 2.54 (dd, J = 16.2, 9.7 Hz, 1 H, CH2C00), 2.29 (m
1 H C=CHCBRRéE#p8:2.12 (dd, J= 14.3, 5.1 Hz, 1 H CHZC(CHZOTr) =CH), 1.98
(m CH2C(CH20Tr)=CH), 1.88 (s, 3 H CH=C(CH3))) 1, .23 (m 5 H, 1.18
(s, 3 H CCH)2), 1.10 (s, 3 H CCH3)2), 1. %H, J-6.8Hz 3 H
CH(CH3)), 0.92 ((s). 9 H Si(CH3)3), 0.82 6.9 Hz, 3 H, CH(CHS)),
0.72 (s) 9 H Si( 0.05 (s, 3 H Si(CH3)?2)),
0.05 (s, 3 ; HRMS (FAB), calcd. for
C~H~9106Si 2 (M ng)r 1139 3514 found 139. 3459, I 24 as illustrated
in Scheme 8. To”a s8't%ion of macrol acone 44 (60 , 0.604 nmol) 1.0
equiv.) in THF (451) at 0 Cis added HFpy, fL[ (15 The resulting

m xture is allowe to warmup to 25 C over 15 h and is then cooled to 0 C
and quenched by c aqueous NaHCO3 (50 nlL). The
product is then extracted with Et x 50 nmL), and the conbi ned organic
extracts are dried (MgS04) and the Bolr'?@entrat ed under reduced pressure.
Flash col um chronat ogia Phy (silicd gel, 60% Et @% hexanes) furnishes
triol 24 as a colorl gss toam (280 ng, 86%. R~= (.32 (silica gel, 60% Et OAc
in hexanes); [a]l&20 432.1 (c 0.2, CHCI 3); | film Ymax 3413) 2923,
2857, 1731, 16§6, 1379, 1259, 1148, 1p46, 737 cmf; 'H NWR (600 Mz,
CDCl 3) 8&ak3 (3., Ll 5. 38 ('Bd, ' 1 H C=CHOHR),
CHO—|)) 4.06 (d) J =
pBFS 3.69 (dd, J = 3.5.

O

3.4 Hz, 1 ¥H, '3 =69 31 CHBCH(C—O)) 2.76 (bs,
1 H OH, 2.6 J15.0, 9. 7, 9.7 H9 1 B L PCHO), 2.45 (dd, J =
154 106Hz 1 HORSHZHH0), 2.38 (bs, 1 H OH), 2.33 (dd) J = 15.4, 3.0
Hz, Q%géfe—e—} (3m R 2 HHR ' CRROEE3H20H) =CH), #.06 (rn, 1 H,
C—CHCHZCHO) 7 WA CR=CREHSPS, 1.71 (m 1 H, 1.66 (m 1 H, 1.32
(s) 3 H C(é) -4b; B4 F'mTES, M.,Hl 17 (d, J = 6.9 Hz, 3 H CH(CH3)),
1.08 (s, 3 H, C(CH3)2) .99 (d, J =7.0 Hz, 3 H, CH(CH3)) HRVS ( FAB),

calcd. for Cp3H371Qy (M s> 9"‘ %‘6’9"%689 found 669. 0711. 190 E C 2002
89  Macrol actone 45 as i 8§trat ed in Schene 9. A soluti F vinyl iodide
24 (55 ng, 0.103 mmol equiv.), stannane 8] (84 04207 mol, 2.0
equi v.) and PdC 2( ng, ,0. 015 mmol, 0.15 equ¥Vv.) iRy degassed DVF (1

m, 0.1 M i r 33 h, ordi.pg t |
described fol® ?PI Al RAE T 58 vieel d, a

preparative thin | & aphy (250 nm sililca‘gel pl at ng 80% Et CAc
i n hexanes), starty i g@%%(rje 24 (21 ny, 390/() one 45 (30
ng, 56%. R, = 0.48/ (sikica ge 80% Et OQAc i n hexangs); 2zp*-48.3 (c

0.2) CHC 3): |R(tﬁ* fPIRy Vmax 3372, 2924, 2860, ‘?L7315f]é 1454, 1384,
1252, 1148, 1040, 92&@@_, " H NMR (600 MHz, CDC13) 87.21 (s, 1 H,

ArH), 6.61 (s, 1°H? 2: ¥= 68 (d, Jom 47.0 Hz, 24|31) CH2F), 5.45 (dd, J
= 9.8, 5.3 Hz,

.0 1 H) CHOCO) 4.23
(dd, J = 10.9, 1 Ua.). 4.01
(d, J = 13.1 H 7 ,ac, ,z,a,,g;, 16
(gd, J= 6.8, : , 2.69 (ddd, J =
15.2, 9.6, 9 1 J . 8, 10 9 Hz, 1 H,
CHzCOO), 2. 36- ( : .3 J =14.8) 2.6 Hz, 1
H, CHzCOO, 2 , 3 ) 1 —~CHCH2CHO), 1.77-1.58
(m 5H), 1.33 (s, 3 H, , L1327 ( 6.9 3 H CH(CH3)), 1.06
(s, 3 H C(CH3)2), 1.00 (d, J = 7.0 R# 3 H CHCH3)); HRVB (FAB), cal cd.
for C22H40FNO6S (M + Cs+), 6§8I4Fl:§/rlm__m 58, A64#ss Macr ol act one 46 as
illustrated in Schene 9. A soluti’o w#fy+ Ri-otli de 24 (32 ng, 0.060 mml,
1.0 equiv.)) stannane 8p (28

ng, 0.101 mmol, 1.7 equiv.) and Pdd 2( MeCN) Z
(1.7 ng, 0.07 mml, 0.1 equiv.) in degassed DMF (650 pL, 0.1 M is stirred
at 25 Cfor 20 h, according to the procedure described for the synthesis of
macrol actone 18d, to yield, after preparative thin |ayer chromatography
(250 mmsilica gel plates, 80% Et QAc i n hexanes), starting vinyl iodide 24
(6 ng, 19% and nacrolactone 46 (17 ny, 54% . R = 0.37 (silica gel, 80%

Et OAc in hexanes); [a]220 -48.7 (c 0.15, CHCI3); IR (thin film vmaX 3402,
2931 2874 1731, 1686 1533, 1458, 1420, 1383 1242 1150, 1048 1007, 979
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Hz, 1 H CH3CH(C=0)), 3.00-2.85 (m 1 H, OH), 2.71 (m 1 H C=CHCH2CHO),
2.46 (dd, J = 14.9, 11.0 Hz, 1 H CH2C00), 2.38-2.29 (m 2 H, 19 DEC 2002
CH2C( CHZOH) =CH), 2.30 (dd, J = 14.9) 2.8 Hz, 1 H, CH2000), 2.15-2.09 (m 1
H) C=CHCH2CHO), 2.11 (d, J-lOHz %gCHB)) 1.80-1.50 (m 4 H),
1.37-1.29 (m 2 H), 1.33 (s, 3 H, O(CHS 1.18 (d, J = 6.8 Hz, 3 H,
CH(CH3)), 1.06 (s, 3 H C(CH3)2), 1.01 d J= 7.1 Hz, 3 H CH(CH3)); HRVB
(FAB), caI cd for C2~ H39FZNOSS (M + H+) 528. 2595 found 528. 2610. Fl uori de

ilanqL: Al B30 ﬁ(ﬁ”y' §epg #}y 'hchis'dhatonifial @ (s Sl '-@;&3025
m., O. OJJEHFrrrﬁStB °C lthen dguequiy. chiB8 in MEFr 801C; il 15ch thiert 4OEC; 8.5h;itheret.Oatquiv/ef C
for 10 e@gaﬁﬁfﬁétdbé'ga 86%@*&%%% éfl&ecad‘?%cp;}?%%ffs?rsamﬁ ﬂ%tqﬂﬁlsbﬁé)%%f

fluorid afte reparativ r‘'omat ogr aph
silica g’e’Bepllﬂat@@SBG%fEt ChieC n-%w&l‘&PSHJQR%l(G)aHB'PV(SHBY ne4T 0°R, 3

0.57 (siH,igag,; %‘20@%\/5&%@3@}3 b%‘aﬁﬁf%f DMBDb28% e‘%’k i EgNOci-%% 10'7@403&: ecl R

hin fi] 52 1734, 1686,
(Lo T, AT Besicns 7 NaitOr 75 oot B buldse: & 5 e 57 NeFarOM

ArH), 6.B00H:$1,0X4)8:1)CeEEEHR) mirk 160%» (fp6. O(e@uwloHBKFGFH(FHZ)) to 25. 22 10thl95%; )7

0.0 28 S PP s AWl senio . pln SR B

CHOH) . 400800 9f 22 e4UICKEEQMAP Tr tolidkhe (0:008 MsbasedorHia), 15@4: ZTSI0HP3%3(h) 258qd)

oy o A BFt RER B g ToM5 <P R mernierie-< T,

CHZCOO 2.37-2.27 (m 2 H CNZC(CH20H)=CH), 2.29 (dd, J = 14.5, 25Hz) 1
H CH2 C(N;kpl réadtionzf kéto(nm361 ptévioUsIghiGeEd CHOYr, syRthedis (of ep&thihneBratd GHBtel

1001, 0 ok 35 kb 36 oyt PPy (2,

CH( CH3) )ovei'ﬂl\ﬁeldﬁ/o\m modaét(sélecflﬂry fGZtHd%h@SRQM dfraétlé'r)emSS%r 25739 Skpavation
526. 2625. Fl.uor.i d S illustrated in_Schene 9. A solutjon of triol 47
(12.5 nga”dos"ﬁ?ﬁo SO f, 8.8alytigige ) Chlaelorpfio (G ”;!f’ ‘F_O"%“t BS’OWOQ‘L““ 37Pre i s
treat ed whdsiSARA e(r?e'?@SF?rlrQOQ ﬂelM G@lmovgiénﬁe Pr@hry s%ylc&h&%btﬁcﬁngand

the resulting mXxture is stirred - mn according to th
pr ocedurg@odr gtfripyedn pmdlrtelﬁéHEWfCBn)e@ffosds)achméﬂ |(&1‘€A)5®lhlqhds pm@llzed ttaacléﬂz

7 hoxard ey RS CEEP AR ARG InBING I g2 e s ooy b e

i n hexars).PO.a}ERIHAGO, 55 (€, 892 20r tELIGERE). Rﬁné\tdtlbhthfeld:‘rﬁ snmmr&ﬁeﬁhg 2969,

2935; .2877 NE@”@% Tﬁ?%%)‘&ééqg pé%?%g QyéQOX a'%_:1%54% ?q% o)@h% Y(the s ét@}qngB 976

5. 56- 5. Bﬁeﬁﬁacrdlahbnlﬁét@ﬁ%deSSS%l(didstep]ié atfieVed dnderNamdgulchi dohiichs 4 80

Cri-oc - s HiefeRRnZoyrtorde, GUnG THIF bieg S to Sﬂ'““@ﬂﬂg?f’@‘*e "l o -

5. 0 2 @O%N@ 7‘$Z°C 1nér|1a Buﬂ @ﬂerﬁdSocJ Jpn GLEﬁ'Q"BZ 1bBb’r MQM@E et|a)l Sﬁ}tﬁleéli qd,

J = 7. r? én%“g % , J= 7.5 Hz, 2
H, CHch@% %1%82% dﬂfaolagwew &hep %‘r Jz1 9442, 8474868 @%@—E‘@Pﬁ@tec‘?d% (dd.
27 141 S epbhnkitbreladin S35k 0)  oBoauchdBolfilPuith, RGO B 2 20
(dd, J= 14.5, 2.5 Hz, 1 H, "CH2C00 C—CHCHZCHO) 2.08
(d, J = conpleges e ﬂntrtaaisc(f@mywvimylsonIQe @Yer(rmilaazﬂ 1 39 (t, J =7.5 H, 3
H, CHzCH3), 1.39-1.24 (m 2 H), 1.35 (s, 3 H CCH3)2), 1.19 (d, J = 7.0
Hz, 3 H CH(CH3)), 1.07 (s, 3 H C(CH3)2), 1.03 (d, J= 7.0 Hz) 3 H)

CH( CH3) )W ithiRNEn{daiB) R4dmhend, tm@Stnm&d@nﬁg\b@&o@mm@semplosjé@tmmhftmdet

oo, e gl Bty EhEFYB P oA SRS pAOTEIAIER orshi L 2
treat ed thblight RAGE tHddm3t prhctical &&d Mﬂba@n@wiasés% ana uQ&ﬁinzﬁﬁm theéarépeﬁﬂﬂbn\/of) and

the resulting mxture is stirred a m n accor

to the
pr ocedure2&BEEPXberPthilones Aa- Wﬁ»@hsme@ém \hecymyb'ed-s'e 24t%5‘dy‘hﬁlagp"°8f'@t§r
prepar at phy (250 mmsilica gel plates, 50% Et CAc
in hexanéetés(?]atn?fgtr?o(rglé%geggm%gwr‘wg)a 50%9. R = 0.50 (silica gel) 50% EtOAc in
hexanes); [a]22p -12.4 (c 0.2, CHC 3); 190EC2002 -94 IR (thln film
vrt,ax 3408, 2926, 2851, 1732, 1682, 1462, 1384, 1292, 1250, 1150, 1068,
974 cm'; "H NWR (600 Mz, CDCI3) Qr.04 (s, 1 H ArH, 6.86 (dd, J= 17.4,
10.8 Hz, 1 H, CfCHz), 6.59 (s, 1 H CH=CCH3), 6.05 (d) J=17.5 Hz, 1 H,
CH=CHz), 5.55 (d, J= 11.0 Hz, 1 H CH=CHZ) 5.57-5.51 (m 1 H, C=CHCHz))
5.25 (d, J = 10.0 Hz) 1 H CHOCO, 4.79 (dd, J = 83.8, 10.7 Hz, 1 H,
CH=CCH2F), 4.71 (dd) J = 83.6) 10.7 Hz, 1 H CH=CCHzF), 4.28 (dd, J= 10.6,
1.6 Hz, 1 H CHOH), 3.70 (m 1 H CHOH), 3.33-3.25 (m 1 H CHOH), 3.16
(gqd, J= 7.0, 2.1 Hz, 1 H, CHBCH(C:O)) 298(m 1H oH) 275266(n)1



Hz, 1 H, CHOH}, 3.75 (dd,
1 H OH), 3.31 (qd
6o 1 14 pEC 100
CHzCOO), 2.46 (brs) 1 H,

2002 - 96 4.13 (ddd) J= 9.5, 6.5,
O Hz, 1 H CHOH), 3.74 (d, J =7.0
, 1 H CH3CH CO), 3.02 (dd, J =
), 2.56 (dd, J - 14.0, 10.0 Hz, 1
2.42 (dd, J = 14.0, 4.0 Hz, 1 H-48HzC00), '2.13 (s, 3 H CHC(CHI3)),
-1.97 (m 3 H, 1.951.87 (m 1 H, 1.90-1.82 (m 1 H, 1.75-1.63 (m 2
H), 1.50- 1. 20 (m 2H, 1.36 (s, 3 H C(CH3)z), 1.16 (d, J= 7.0 Hz, 3 H,
CH( CH3)) 08 (s 3 H CCH3)2), 1.01 (d, J=7.0 Hz, 3 H C(CH3)2); M
(el ect rv§5h 9 calcd. for C2~H3sF2NOBS (M + H+) 544) found 544. Fluoride
59 as iIIustrated in f8ne 9. A solution of triol 5‘5/(31,5 ng, 0.028 mol,
1.0 equiv.) in CH2C14 (280 p.L, 0.1 M at -78 Cis treated with DAST (5
p.L, 0.038 mol, quiv.) according to the prQcegy Y described for the

%E'

chr omat ogg&phy (250 mmisi | i a_ I pI ates, 50% fluoride
59 (4.0 my, , N'ica gel, BO9 Va1 220 -29. 4
(c 0.33, CHC 3) R (thl n{ fil m—vrexe 3492, 74 2865, 1738,
1732, 1693, 262, 14%SAE1422, 13 , 980 cm'; 'H

NVR (500 M-z, (s, 1 H ArH. “B. 35 (s A Py CH=CCH3)) 5. 41 (dd)
J=7.0 3.5 &4 COCO), 4.40 (dd, J = 8 Hz, 1 H, CHzZF),
4.30 (dd, J = 111.5, 10.5 Hz, 1 H, CHzZF), 4. 19 (dd@ J=10.0, 7.0, 3.5 Hz,

1 H CHOH), 4.08 (s.28 H CH30), R®& (d. J= 7.0|Hz.67 H OH). 3.78 (dd, J=
3.5, 3.5 Hz, 1 H [CHOH), 3.31 (qd, ¢J = 7.0, 5.0 asﬂru b GBCH(C=0)), 3.01
(dd, JaStllepougfing |, 1 H (0 CHCOF2CHO), 2.55 (dd® Y& "29 10.0 Hz, 1 H,
CH2C00), 2.53 (bs) 1 Ho@H), 2.40 (dd, J = 14.5, ¥3.5-68, 1 H, CH2C00), 2.14
(s, 3 H CH=C(CH3)), P.12-2.15-1. 90 (m 3 H), 1.73-1.20 (m 1 H), 1.55-1.24
(m 5 H, 1.36 ( 17 (d 5 , ))) 1.09
(s, 3 H C(CHB) ))\caled.
for C2, H4OFNO &64/% >§ﬁown in
Schene 101° & al co mrol') 1.0
equiv.) and ecul ar{sieves in CHzCl z {( 1. 5‘ m.) at 40 Cis added

dropwi se (+)-\die ) taptrate (13 pL, Q- . 50equiv.), followed
by titaniumis ro i (18 pE5—07060 mmol ) [f0. 4 Bqui{{.) and after 1 h at
this tenperatufe, 8 hydr op&BdRi de (66 gL ofga 50M sol ution in decane,
0. 330 mml, 2. eun ) and the reaction conducted according to the
procedur e described for the synt hesis of epoxide 54 to yield, after flash
col um chr omat odfaPpmFtEi lica gel, 80% Et OAc P4 ¥ekdfes), epoxide 57 (74
my, 89% . R = 0484XEaM4 ca gel, 80% Et QAC in 'M@Mf [a] 220 -32.5 (¢ 0.3,
CHCI 3); IR (thi 71‘ F 25 X 3455 19 0 E C FFEls7 2959, 2931 ( 2877,
1733, 1689, 146 89, 1257, 1147, 1040, 979, 912 cm'; ' HNI\/R(600
M—IzCDCI3)8636(’§'fH CH=CCHB)548(de 4.9) 4.7 Hz, 1 H,
CHOCO)400(bm1 CHOH), 3.75 (dd, J= 5.6) 3|4 Hz, i H CNOH), 3.7i
(d, J= 12.5 Hz, 1 H, | GHEAdT, 3.64 (bs, 1 Hp OWsY B.56 (d, J= 12.5 Hz, 1 H,
CH20H), 3.32 (qd, J=}6. 7F 6.7 Hz) 1 H CH3CH(C=0 §.09 (dd, J = 6.

Hz) 1 H C(0O CHCH2 1 H CHzZCOO) 2.

2.52 (dd, J = 14.3, 9.8
J = 14. 3, 34Hz)1H CH2C0), 2.28 (bs, 1 H_COHJ..8.95 (m 2

3,
43

C( O) CHCH2CHO) , 1.67
(m 1 H, 1.61 . X 1. 3 —2% (m 2
H, 1.15 ¢o p) )Hol. 06 (s, NO.98 (d) J=
7.0 Hz) 3 H, NZ); AB)) cal cd. "Cp3H37| + Na+)) 575. 1483
found 575. 146Q. as illustrated]|ingeghene 9.1 A sol ution of vinyl
i odi de 57 (20 Wg 0035wl , 1.0 equi vy, O(29 ny) 0.072 mol ,
1.5 equiv.) and[Pdd2(MCN)2 (2.0 ng, 0.004f/mol; 0.4} equiv.) in degassed

DMVF (360 p.L) @1 MoHs Stirred at 25 C for020 hoH ac &or di ng to the
procedure described for the synthesis of |lactone 18d, to yield, after
preparative thingd: xecH,ghr omat ogr aphy (250 mmegin 4 ca,Fgel  pl at es) Et OAc) ,
startl ng vi nyl |5)|d|xdeo,ﬁ7z (6 ng, 309 and nacrgga)@.tgm 56 (10 mg, 51 %9. R,
0.23 (silica gsd: x 8% Et CAc i n hexanes); [a,J2zp -60.0 (c 0.14, CHC 3);
IR(thin film veesX=3a14H,2969, 2933, 2B72, 1736, 1687, 1458, 1373, 1293,
1258, 1150, 980, 914 cm';'H NWMR (500 MHz, CDCI3) 86.99 (s, 1 H ArH, 6.61
(s, 1 H d-h=CCH3), 5.43 (dd, J=8.0, 3.0 Hz) 1 H CHOCO, 4.20 (ddd, J=
9.5, 6.5, 3.0 Hz, 1 H CHOH), 4.04 (d) J=6.5 Hz, 1 H OH)) 3.77 (dd, J=

4.0, 4.0 Hz, 1 H, CHOH), 3.74 (dd) J= 12.5, 4.0 Hz, 1 H, CH0H), 3.57 (dd,
J= 12.5, 8.0 Hz, 1 H, CH20H), 3.32 (qd, J= 7.0, 4.5 Hz, 1 H, CH3CH(C=0)),
3.16 (dd, J= 7.5, 5.0 Hz, 1 H, C(O) CHCH2CHO), 3.01 (g, J = 7.5 Hz, 2 H,
CH2CH3), 2.56 (brs, 1 H, OH), 2.54 (dd) J = 14.0, 10.0 Hz, 1 H, CH2C00),



Oefin 63 as illustrated in Schenme 10. Methyl tri phenyl phosphoni um brom de
(104 ng of a mxture with sodiumamde (Al drich), 0.250 mol, 9.7 epymggymz
in THF (2.0 nL) is added portionwi se to a solution of aldehyde 62 (18.0

0.026 mml, 1.0 equiv.) in THF (0.5 at 5 Cuntil the conpletion of the
reaction i s established by TLC. Satur&ted aqueous NHACL (1 nlL) is added and
the product is extracted with ether (3 x 2 nL) dried (MyS04) and then
concentrat ed under reduced pressure Fl ash col utm chr omat ography (silica

(i 11 c3REPHEE PRI Tidlocd 058 A0 28, 85 o BeeprendrBiee iy a0 8.,

film WRergewsandzopgditions4@) preeRiurd A5s.7 ensd2 of 8,250m01%4 Bd(PPhijl,30lug0e,1100086,
885; 84é K5¢s%%roce3mérw?1 (099 '\éldéw GP&H?d z‘%ﬁmé}r% MéCNé}gCIArd‘W %5 &9 1%6%1 J

CHZ
5. 29 (§ah 4% - $6%; (b)11.85 £ 4 equy. Q:ﬂtécﬁ-lp 2@'zﬁ3(§d103mn1%§§ %) @?eqy'VH

CH2=CH)4)- @E'ﬁ%&@duanﬁéQJr@)4 E?.Oeddav ot +-BuOCHSiY °C3CQ§CI£dLArﬂele8ul5r ﬁBveshH
CHOSl) 2 53 & 1H CHRCH(C=0)), 2.85 (dd, J = 9.5) 4.0
Hz, é;’%xzhg ad'e‘?y'ﬁé Rﬁé%l = 16.0, 10.0 Hz, 1 H  CHZOOD), 2. 65
(dd, J—160 2.5 Hz, 1 H, CHZCI)O)212(ddd J= 15.0) 4.0, 2.0 Hz, 1 H,

SH%SH( Onfordurfel,. thSse( Sortdition ard n&ébuitableiiothe bemb%) 24 anG9in{! ﬂ@nrﬁaﬂ‘ie &qs H)H

s
GH ario)§ec Bbhame 8], hoksursi o int Hefiatie pronesyre Apruides Acdsshgo NGBsed) - b 07
(9 H  poltibia 38 dideit iVBodryfdR)., cal cd. for C30H53106SIp (M + Cs+), 825.1480
f ound 855 1450. 'Macrol actone 65 as illustrated in Schene 10. A sol ution of
olefin 63 (15 ng, 0.022 mmol, 1.0 equiv.) in EEOH (1.0 n) is treated with

hydr azi ; o win
wat er , Tr&%g%gen% ! 9195886 Hg@{b\iyﬁﬁ dﬁq wéﬁ’r ?%g ?lc g%e&t? E?@%E??"r{% rat 0 C
for 3 Ielabprasioniolthe epwtbulqrtmomam Foroe:emptbattlwaéaeetcnbmlsm 47igndAfiargat er (2

(3 x4 T BAS TOE e ot el AR ERR B bt B FRRLEE RS " =T

concentrmcaie@aie ylelids as sichwareial snmsnws e Atterngtivedy, asfrometricEpoRidatgn efsubh i s

di ssol v THF and ted wth H rid F ,(600 ni)
ana.  nU 1SS A 45 URed ey ShE RS conoons R HETa i Eemt 4 o
quenchﬁ%wa} swegr@Hﬁﬂ, aqoeouURathakiCP3sharpiss, 12Nl Ji AneXoheRC B8d. vadoh Et OAc
(3 x n.). The conmbi ned or gani c_extracts are dried and

concent1|0§t %QYQJW&] afferiscapetipres 8¢ and Bp oreRPRLIV e Séh?%ﬂb’é‘?aéﬁ'ﬁw WVith lica
gel , 8@%@# o\ n—f@"t%%&)ndéé*édﬂutﬂ?ﬁ%ﬁ@& @é@&@@@@ ir(iR- néoderatez.ém Ea€ z002
- 100 1 ca get 0 1 n~hexanes 2z0 -19.3
(c O. 33hfs mﬂettsq a mRrg emp'ﬁnfanmaq}me emm)es s9cuys Hpand 5&87ezwtsagsd in 1689,

é%‘Sie (ehyayayic Rpgsetbh ) viyliboige 24,s BeHinsfpionein PR Mol

CMOI9h than Bérvebrama stibstrateHiorthariillOepypliBg 3 Depith) indial ®s&rvalors dancert H

?ff—f“( e sEmpAp ot hsopndte gty bty A ine SndatBE] 7o o

(br s 1ednlnreGlebr thils aﬁofdacﬂhﬁs prapardd frorh.ofin(34 in 31 % yi€li3eekiribets. fd0the s‘grﬂ- ( m 5
H) , -1.24 I-_P, 1.35 (s, 3 H, CH3,22_, 1.19 %d, J =6.5 Hz, 3 H,
CH( C:I-l3)“7es'sl°f0"‘75 ‘E’ld 4@» I-‘Po'-ﬁ(p@%#? S“’B"%%H'Caﬁ Lofzhg signdarg qqupling p%assy | 0. 91
(t, J SHBCHLIs HRME Cs*)
683. 082%317?‘ ound %§tah‘na Mac#tts)l act O*E@é?giuég?ép‘éfetgb(rbg?%lﬂl n Sche&rge}ésio A
sol ut i dr3%fyield hgsed @M?QI"é @8version).ny, 0.017 mol, 1.0 equiv.), stannane 8j
(10 ng, 0.036 mml, 2.1 equiv.) and PdC 2(MeCN)2 (1.0 nmg, 0.004 mmol, 0.2

equiv.) in degassed DM (250 ~.L, 0.07 M is stirred at 25 C for 15 h,
accor diThg suocesseof rban)ShﬂﬁwQuPﬂ!@ gratbgylon eubstheemasse@mgsaroepcrm mp@tyc one 18d,

to yiel i gel

pl at es, &Ha&é ?’aﬁgé&ﬁ act oéégséségr?tﬁé ggcﬁeﬁssggg%ea %8&8%}1%% sial i ca %8 2 80%

Et CAc |||nedilcn<sam')|e1ba] 2zp -30.0 (c 0.17, CHC13); I R (thin film v", ax
3432, 2967, 2933, 2872, 1736, 1689, 1458, 1384 1256 1151, 1067, 1038,
979, 905, 733 cm'; '"H NWR (500 MHz, CDCI3) 87.23 (s) 1 H ArH), 6.62 (s) 1
H, CH=CCH3), 5.59 (d, J= 47.1 Hz, 2 H CHZF), 5.46 (dd, J=6.3, 3.7 Hz, 1
H, CHOCO), 4.15 (d) J = 8.8 Hz, 1 H CHOH), 3.98 (brs, 1 H OH), 3.77 (brs,
1H CHOH), 3.35 (qd) J =6.6, 4.8 Hz, 1 H CH3CH C=O), 2.82 (dd, J= 6.1,

6.1 Hz, f H CH(O CCH2CH3), 2.56 (dd, J= 14.0, 9.9 Hz, 1 H, CH2C00), 2.48
(brs, 1 H OH, 2.41 (dd, J = 14.0, 3.0 Hz, 1 H, CHzCI)O)) 2.13 (s, 3 H,
CH=C(CH3)), 2.04 {ddd, J = 15.1, 5.9, 4.0 Hz, 1 H CH2CH(O CHCH2), 2.001.94
(m 1 H CHCHOCHCH2), 1.78-1.24 (m 7 H), 1.36 (s, 3 H C(CH3)2), 1.17
(d, J =7.0 Hz, 3 H CH(CH3)), 1.07 (s, 3 H C(CH3)2), 1.00 (d, J= 7.0 Hz)
3 H, CH(CHB)) HRIVB (FAB) cal cd. for C2BHazFNO6S (M + Cs'), 672.1771 found

N — I T 1



- 103 What is clainmed is: 1. A conpound represented by the formula | Ra
-.. .5 Rl wherein the waved bond indicates that bond "a" is present e|t ei
inthe cis or inthe trans form (i) R2 is absent or oxygen; "a" can % 002
either a single or double bond; "b" c be either absent or a single bond,
and "c" can be either absent or a siﬁgﬂé bond, with the proviso that if Rz
I s oxygen then "b" and "c" are both a single bond and "a" is a single bond,
if R2 is absent then "b" and "c" are absent and "a" is a double bond; and

if "a" 4-Schemeulgt e bond, then R2, "b" and "c" are absent; R3 is a radical
selected fromthe group_consisti ng of hydrogen | ower al kyI - CH=CHZ;
-C=CH, -CHzF; - CH2CL;—®f-oH - O(CleaIkyI)/aln‘d

-OH2- S (C, - C6-al kyl )

and R5 are independently sel ected from hydrogen,
met hyl or a pro

and R is a radi cted fromthe

foll ow ng strudtures: ~R-1 /1 /R NCHROHS/ SS/ ~ 1
/~0-CH3 wd ) A (19 DE C 200 I/lNNCHZF
CH2F , \ \ | X7 O CH2CHPqn XX wherein R and
R are |owerjal 3 is hydroxyrret hyI and Ris

hydr ogen o 's |lo CH2; -C=CH, - CHZF;

- CH2C1;, - CH2-

X -al kyl), and the
ot her synbol s xcepg)HRlchave the meani ngs gl

0 or O

57 . 60: R = R = TMS
b. SO, 61:R=TMS, R' = H
c. TPAP, NMol

66: X = CH,F 63: R = TMS, Y = OH,
67: X = OMe * :I'L’ENH [:64 R=TMS, Y = CH, H
68: X = Et L 5:R=H,Y=CHy,H

Synthesis of C26-substituted epothilones 66-68. Reagents and conditions: (a) 15 equiv. of
EtsN, 8.0 equiv. TMSCI, DMF, 25 °C, 12 h; (b) silica gel, CH,Cly, 25 °C, 12 h, 98% for two
steps; (¢) 3.0 equiv. of NMO, 10 mol% TPAP, CH,ClI,, 25 °C, 40 min, 90%,; (d) 9.7 equiv. of
PhsP*CH;z Br — mixture with NaNH,), THF, -5 °C, 65% (e) 25 equiv. of H,NNH;, 16 equiv. of
H20,, EtOH, 0 °, 3 h; (f) HFepyr. pyridine in THF, 0 to 25 °C, 2 h, 75% for two steps; (g) 1.7 -
2.3 equiv. of 8, 0.2 - 0.3 mol% Pd(MeCN),Cl;, DMF, 25 °C, 15 -23 h, 52 - 79%. TPAP =
tetrapropylammonium perruthenate.---

Preparation of the desired template (65) is achieved by a five-step sequence, which starts
with global protection of triol 57 (TMSCI, Et.N, DMF, 25 °C). Selective deprotection, using
silica gel (CH.Cl,, 25 °C, 98% for two steps), reveals the C26 primary hydroxy! functionality
which is then oxidized (TPAP, NMO, 4A molecular sieves, CH,Cl,, 25 °C)to furnish aldehyde



above, R can also be a radical selected fromthe follow ng structures: N |
I ~1/ ~1' / NNNNN~\VN ~S/ , N, -N, (/, N~\ NSF S H9Ipef 200
/rN(CH3)2 and | /~S-cH3 ; or) if R3 has /, N N N one of the meanings given
in the definition of R3 above under (i%% ot her than nmethyl, Rl can al so be
a radical of the formula | / N (iii) arfd, if R3 is hydrogen; |ower alkyl;
-CH=CH2; -C--CH -CH2F;, -CHzZCl; -CH2-OH, -CHzZ-O (C, -Co-al kyl); or

-CH2-S- (C, -C6-al kyl)) 1 9 DEC 2002 -105 and RZ i s oxygen, "b" and "c"
are eaclg2an s0%gliedd.oMethyiomatiomusingmathyi tighensticdphbien brimiierSahisssdre a
radi cal of th? partial forpula: HNNJL ~, | =>or =~ NN-=-NH~ H(iv)
and) if RERPYIdoREy THFkYP "ot PRVossRaM-miehaHD, Bofhinda 1882, 8p 396%) furmishes

- CH2F;  o(@riR68; (65 rRnRhuncibtigeOrddeicti&ith Ity bk geblerar&irdinmiub Fnre,allo; ) ; and
t he ot her synbol s" except for Rl have the neanings given above under (i), R
can al s&t@d, & Gotbalive ivfermhdiafedi4niDepradction ofthe rembiningfsily edharp GdiRepyddiine he

formul a,l ere a salt-farnin roup i s present rei.p the term"l ower"
denot e (RPYAGREARARRHE, BE) Bomh 340 deshol iy T hdics SR 72l HaR 167MR SeMbound
of the fraemili@cduphng @FsbeBdre @ dedclibBY hbbheis@héh used to access epothilones 66-68

in moderate yields (Scheme 10).
The chemistry described in this exampie relies on a Stille coupling approach to construct a
series of epothilone analogs with diversity at the side-chain or at both the side-chain and

C26 site from a common macrocyclic intermediate.

Example 4: Formulae of compounds according to the invention: '

Table: Formulae of compounds according to the invention:

En-try Compound
1

o ou O

| 18h: X = OH
2 (Formula: see under entry 1)
18): X = OH
3 S
/>—-x
HO N
o} 6H O
18d: X = OEt
4 (Formula: see under entry 3)

18b: X = SMe




(1) RZ is absent or oxygen;

"a" can be either a single or double bond;

can be either absent or a single bond; and "c" can be either absent1§”g%2m2
single bond, with the proviso that if R2 is oxygen then "b" and
both a single bond and "a" is a singl ond; if Rz is absent then "b" and
"c" are absent and "a" is a double bort;" and if "a" is a double bond, then
R2, "b" and "c" are absent; R3 is a radical selected fromthe group
consi sting of hydrogen; |lower alkyl; -CHCH2; -C-__CH -CH2F, -CHzC;
-CH2-OH; [ -CHZ- Of(CI-GCs-al kyl); and -CH2-S-(C~}Ce-alkyl); R4 and R5 are
i ndependently sel ected ffom hydrogen, nethyl pr a protecting group; and R~
is a radjcal sellect LEg ructures: 1 9 DEC 2002 -106
NI ~~R|~-NR S NR 2;NTK S|I /~--OCH3 and , NNR I /~--
, R ~N[S | /~NH2 ; vare loper alkyl; or a salt thereof
where sal t-forming groups are present whereinjthe term"lower" denotes a
radi cal having up to ng 7 carbon afons. 3. A conpound of the
formula | according to éld mifl, wherein R2 is|absent or oxygen; "a" can be
ei ther al single |or doubl edod; "b" can be eifher absent or a single bond;
and "c" can be dither absent or a single bond] with the proviso that if R2
i s oxygeh then "jb" and "c"1§hexbd@H a single pond and "a" is a single bond;
i f R2 israbsent—tten T t—anpd "a" is a double bond; and
if "a" iF a doubl e boﬁgnn@ﬁ %e?dérgnﬁgﬁgT are absent; R3 is a radical
selected fron1the gr oup conSBdeﬂﬁ of hydrogen; | ower al kyl; -CH=CH2
-G - 2 , —GH2EE—CH2-OH——6H2-0+6; -al kyl); and
-CH2-S—(C E% alfkyl); htly sel ected from hydrogen)
met hyl or a protectng cal selected fromthe
follomﬁnb st ruct|ur es: .+ » » NR~N NN CH20H CH2F
CH20H
19d: X = OEt
8 (Formula: see under entry 7)
19b: X = SMe
9
o) éH 0
45: X = CH.F
10 (Formula: see under entry 9)
46: X = OMe
11 (Formula: see under entry 9)
47: X = CHzCHa
12 (Formula: see under entry 9)
48: X = CH,OH
13 (Formula: see under entry 9)




"1 ~" 1 ~"1 ~N~N'"s ~-NCHZOH~-N 1 9 DE C 2002 - 107 CH2F I / , /I N
NCH2F S| /~--0CHCH3 N and N wherein R is hydroxynethyl or 19 DEC 2002
fluoronethyl and R is hydrogen or nethyl; or a salt thereof where a
salt-form ng group is present wherei n_tqu term "l ower"” denotes a radical
having up to and including 7 carbon atons. 4. A conpound of the fornula I
according to claim1l wherein RZ is absent or oxygen; "a" can be either a
singl e or_doubl e bond; "b" can _be either absent or a single bond; and "c"
can be eijther abgent or a 49:nQ:€Hx@Ht), with the proviso that if R2is
oxygen t hen—b ' gnd—ec—are—both—a—-stnrgle—bend and "a" is a single bond; if
R2 is abdent!then "b" and "c'fAdre absent and "jJa" is a double bond; and if
"a" is a|double Hpond, sC" are absent; R3 is a radical
sel ected [fromthe group x alijkyl; -CH=CH2; -C--__CH
-CH2F; ChizCl; - CHZ- G6l; 1); and -CH2-S-(C,-C6-al kyl), R4
and RS arle i ndependen : m hydrogen, nethyl or a protecting
group; ad R isla radl ca\s sel ecfed fromthe floll owi ng structures: NI ~ ,
L/, 04, 1 /~{, NN ; N,N~(/, N\V\ ~-NSFSS/
;o /~N(3:Hs)2 anﬁl ~ [ ~SgCH3 5, '"N'N 1 9 G E C 2002 -108 or a salt
t hereof Where one¢ or nore salt-form ng groups jare present
50: X = CH;F
15 (Formula: see under entry 14)
51: X=0OMe
16 (Formula: see under entry 14)
52:X=CH=CH2
17 (Formula: see under entry 14)
53:X=CHQCH3
18 —OH
54: X = CH,F
, 19 (Formula: see under entry 18)
55: X = OMe
20 (Formula: see under entry 18)
561X=CH20H3
21
58: X = CH.F
22 (Formula: See under entry 21)




wherein the term"lower" denotes a radical having up to and including 7
carbon atons. 5. A conpound of the fornmula | according to clain11 g[ﬁégﬂz
R2 is absent or oxygen; "a" can be either a single or double bond; H
be either absent or a single bond; and_c" can be either absent or a single
bond, with the proviso that if R2 is ‘oXygen then "b" and "c" are both a
single bond and "a" is a single bond; if R2 is absent then "b" and "c" are
absent and "a" is a double bond; and if "a" is a double bond, then R2, "b"
and "c" |are absgnt; R3 Is 89rRdiOKb selected fromthe group consisting of

| ower allkyl ot than methyl; -CH=CH2: -C-- | CH, -CH2F;, -CH2Cl; -CHZ-OH;
-CHz- O (|C~-&%- allkyl ) ; and GHZ S-(C1- C6- al kyl), R4 and RS are independently
sel ect ed from hydrogen, t a prqtecting group; and R- is a radical

of the flormula N or a s ‘o Pr pore salt-formng groups are
present.| 6. A corrpHHnd Zaccor di ng to claim1 wherein R2 is
oxygen, ("b" and e bond and "a" is a single bond, R3 is
a radicdl selectled from Ae groyp consi sting pf |ower alkyl; -CH=CH2;
-C=CH, -|CH2F; Chi2C1" - -0 (C -C6-al kyl); and

- CH2- S- (|C1- C6- aljkyl ), are independently sel ected from hydrogen,
met hyl gr a protlecting group; and RL is a radjcal selected fromthe group
consi stilng of the fol | owi nge:stewHBsres: HNNand / ~, NNNH't Hor a
salt thereof where one or-npre salt-formng-groups are present wherein the
term "1 dwer 24 defot es (BOTMulA: €88 UAGRT 8YY#S) t o ahd i ncl uding 7 carbon at ons.
7. A conpound ofi the fornugp ¥ -asgerding to claim1 wherein R2 is absent or
oxygen; |“a" _canlbe either a single or double bond; "b" can be either absent
or a singl e2bond; andForgula; §ae bader amiy23absent or a single bond, with the
proviso |that if |R2 is 02 -109 oxygen then "b" and "c" are
both a dingle band and " ﬁgl)g ?"?C?h“% e bond; Jf R2 is absent then "b" and

c" are |absedit and "a" is epotbikiecAbond; and |f "a" is a double bond, then
R2, "b" lanrd—e"lare °bscnt, R3—+s—a—radteal—sel ected fromthe group
consisting of |ower alkyl other than nethyl; -CH=CH2; -C-__CH -CH2F;

- CHzCl ; Ex@ae@&@ RsUfts- C6-al kyl); and -CH2-S-(Cl-Cs-alkyl), R4 and R5

%r'ieRllnldE‘p%ggrgjg}‘le yv;’sttgfheefrﬁgt(ljlpgg %T).ch%gé% 8\?9 (lnrﬁlatgltrl] n of tubLﬂlane%%ﬁ’(r:r;[elnrz]gtlo%r g and

compound of the formula | is measured using pig brain microtubuli, comparison with 25 uM

epothilone B; cellular assays are analogous to those described above for KB-31 cells), the

results given in the following table are obtained for the mentioned compounds of formula ! :

Compound | Tubulin® | KB-31° KB-8511° [A549° | HCT-15° | HCT-116°
(%) IC50 [nM] | IC50 [nM] | IC50 [nM] | IC50 [nM] | IC50 [nM]

D (Exam- 88.9 0.108 0.105 0.17 0.247 0.209
ple 1)
Example 89.9 0.153 0.163 0.24 0.298 0.373
2C

%) Induction of tubulin polymerisation at 5 pM concentration of test compound versus epothi-
lone B at 25uM (in %).

®) epidermoid

°) epidermoid (P-gp overexpressing)

% lung

®) colon



"N wherein the term"lower"” denotes a radical having up to and including 7
carbon atons. 8. A conpound according to claiml of the fornula Iaqég ﬁ@ﬂhl
wherei n, independent of each other, the R noieties are hydrogen or P :
or a salt thereof. 9. A conpound according to claiml of the formula Ib,
(I'b) wherein, independent of each othe¥,” the R noieties are hydrogen or
methyl, or a salt thereof. 10. A conpound according to claim1l1 of the
formula lc OHO 190ECZ2002 - 110 wherein R* is nmethyl, or a salt

t hereof. 11. A conpound according to claim1l of the formula Id D A (1d)

(|C) wherein A jis ethyl fluoro
(- CH=QHR9MBeNdD i s [HYEidRjen, f1 P& 3Miydr oxy MCE@% hyl . 11_EMQE'Z/&9&)und
according to clai ml~ah [,th for””b@ol[W]D OH Aicso (M) IC50 [nM]
D (Example 1) | 0.252 0.361 0.114 0.853
Example 2B 0.320 0.498 0.144 1.31
7 prostate
% breast

") breast (multidrug resistant)

Example 6: Further compounds of the formula |

In analogy to the methods described above and below, the compounds falling under

formula | are prepared that have the following formulae:

Example 6 (i)

Example 6(ii)




(le) wherein Ais ethyl, fluoronmethyl, nethoxy, nethylthio or et henlyé; 0

(-CH=CH2) and D is hydrogen, fluoro, hydroxy or nmethyl. OH O 1 DB:@E

2002 - 111 13. A conpound according to claim1l) selected fromthe group

consi sting of the compounds of the fog ovm ng formulae: (a) (b) (c¢) (d) HH
OH O

S~~-Sw O~ ,~~~~N,,,,. Ov OCH

Example 6 (iii)

Example 6 (iv)

Example 6 (V)

Example 6 (vi)




19DEC2002 - 112 HHOOOHOS~-OB\ -N' .,,,. , Oa OOCHOFS

~CHZF HO ~,,, \ ~-N/ ,; ,,,,. O\/ HO,, FSI| ~~CHCH2 .,,,,.. \ N %9,&:2@2
OHOF ~h) HS~CHZCH3 O ~,,, \ N; ,, ., OOOHO 19DEC2B -
113

-58 -

Example 6 (vii)

Example 6 (viii)

Example 6 (ix)

Example 6 (x) ; and




,F (i) HOOHOSI| ~~CHF "~,,, \ N,,,,. OOOHO,FH .. SI ~—~QOw

v,y ... V. N,,,,. O(7 (THO (k) HOS | ~~CH2F ..,,... \ N,,,,. O1f b 100
HOS~OM N~~ ..,., .. ,,,,. O =-114_Im H,", (n) HOOS,.,,, ;. ~
~~CH2CH (,. Na O~ ~ ~ 0 ~H O Sm ssséw

S
/>———CHZCH3
N

Example 6 (xi) HO

R
W
W

O OH O

Example 6: Pharmaceutical formulation:

Epothilone analogue D (example 1) or the epothilone analogue of Example 2 C) (15 mg) is
dissolved in 98-100 % propylene glycol (1.0 ml). The solution is sterile filtered through a
0.22 microns pore size filter and charged to 1 ml ampoules. The filled ampoules are used

for storage and shipment. Prior to intravenous administration, the contents of an ampoule
are added to 250 to 1000 ml of a 5 % glucose solution in water-for-injection.

Example 7: Use of additional stannanes to synthesize side chain modified epothilone

analogs as illustrated in Schemes 11 and 12




(o) vVHOSM ~-HOr~~ W HOs ,, oM NY W' O OH ~O 19 D E C 2002 - 115
(

H(r) HSI| ~~CH2F O~ ~~.,, \ NOS | ~~CHCHZ O"''~~.,, ~ N O O o DDE&}00?
HOSI| ~~CH2CH3 .,, \ N, OOCHIO(t) HO2F OOHO
-60 -
~-Scheme 11:

7003 BUSSI‘I 7002



1 9 DEC 20D2 - 116 (u? HOS ~-OW ~J "WN O (w HO (X? HOv ~CH=CH2 and S
~~CHzZCH3 .\ '. N,,,, . V11 0 off o or a pharmaceutically acceptiabDEl 2002
salt thereof where a salt-formng group is present. 14. A conpound
according to claim1 having the following formula: OOHO 1 9 DE C 2002

- 117 OOHOHO,,,,,,. OS ~~SMe \ “\-or a pharmaceutically acceptabl e
salt thereof.

NR* 7002

7005 7004

R=H, Me

R* = H, Me or a protecting group,
preferably H or Me

7006
General Route to the synthesis of various side-chain modified epothilone B analogs having

pyridine and imidazole modifications.

a: as previously described (see Nicolaou et al. Tetrahedron 54, 7127-7166 (1998));
b, d, e: conditions as previously described (see above or Nicolaou et al. Tetrahedron 54,

7127-7166); ¢: NaBH;CN, HMPA, 40-45 °C.---

Protecting groups are those known in the art, especially those described in the standard
references mentioned hereinabove, as well as the methods of their introduction and re-
moval mentioned in said standard references.

Preferably, in 7006 R* is H or methyl. In 7004, R is preferably methyl.



15. A pharmaceutical fornulation conprising a conpound according to any one
of claims 1 to 14 and a pharmaceutically acceptable carrier 16. A cpgpepng;
according to any one of claims 1 to 14 for use in the treatnment of a
proliferative disease. 17. The use of a conpound of the fornmula I according
to any one of clains 1 to 14 for manaféct ure of a nedi canent for the
treatnent of a proliferative disease. 18. A pharmaceutical conposition that
is suitable for admnistration to a warm bl ooded aninmal for the treatnent

of a prgéd 6ﬁh@t§tu"@c@hpﬂnﬁ§%ﬂ3ce§@ﬂ§n6';fﬁéd’é@e aRuMBBLGLsIRS chaih Medifike epoBNeE ent  of
the formula | according to claim is effective for the treatnment of

sai d pranalagsieam the canyBeR BrecsgE: He ﬂnGﬁth’étBYIaé‘é!sﬁz i® Hesq:nbafi fmeebemedr| y

accept 1L 3 ifbsis SISO bolilfedtiaN BES) Sl PrBRR A8 Rl e

f or mul cou I'ng a I odi
2002 - siylébmpduRd a\nﬁm»&imsﬁanvdﬁon BAS57 fbdiiodidel70ahdnd samqubat redvetbnbond have

t he nmeani.n ven uynder fornul a laim1, w hatl of the
oot St e g PR Th cRuvaladt fad Srodtd Rl ey erPhsIERB R a |
and R iéqdn\%\ﬂﬁfts adrgmlssoleé@mcamybwugﬁm/i (mz ah&tmlresmrndohmamlehmea tin
corrpound of formula IV, RRa Sn(R)3 (I wherein R4, R5, a,

b and c4up@ Q%%Meb@ﬁﬂ“&%@wmﬁ’ééﬁwrﬁg‘ga‘gf isaddeshaed “T%?Cinloasl with a

i odi de ﬁas@@‘itr&&ém&ﬁtl}ﬁesanthleﬂg})()acé’i’ﬂf%r ?h@c&ﬁbuhé&o@éﬁlc%ﬂbﬁ@&e%%@n under
f or mul in claiml; ired, a resulting conpound formul a

| is coﬁNﬁé@é@nﬁrﬂaéSéﬂ tvauabrasstioriqdvgel slicasrel orempwe Hases af, HMPAé%iHI'TIQ ng free
COWO“”QMP@O‘%E& | 8E&en 'heka?\e%g 'ﬁé%\klﬁ& e\/Qﬁd?atﬂm 'sBIerf\tﬁathgor nﬁ?’é‘g p% the

formula I, raresultln alt o npound of 't
conver tfiadl by preparative thin layer chromatography (elutlng with 50% ethyl acetate in hexanes) to

provide pure vinyl iodide 7002 (84 %). Coupling to the epothilone E side chain is achieved
and the coupling of a number of pyridines and imidazoles is accomplished via coupling of
numerous alternative side chains with the aromatic stannanes as shown in Schemes 11

and 12 using the standard methods outlined herein.



OR5 O 1 9 DEC?2002 -119 into a free conpound of the formula | or into
a different salt of a conpound of the formula I, and/or a stereoi sofrgrjt¢ 2002
m xture of conpounds of forrmula | is separated into the correspondi ng

i somers. 20. A nmethod of synthesis of conmpound of the formula VI, OH
characterized in that a conmpound of the'formula VIl Sn(R)3 (VI) (VII)

wherein R3 is lower alkyl, especially nmethyl or n-butyl, is coupled with a
i odide of the formula VIIIl, (VII1). I N 21. A nethod of synthesis for

epot hi | arghemeof2:F of the fornula IX, 1 9DEC?2002 - 120 S HO-,, ~
N, ,, oo~o(|X)x

HO

————

ArSnR,, PA(0) (as
described above)

8000 8001
R,Sn8nR,, Pd(O)
or nBulli, RySnC}
ArBr —_— ArSnR3
Ar = S

s S
OM | / NH
Lo A;[ |

lllustration of some side chain modified epothilone analogs using indicated aryl stannanes
(ArSnR;) from either the metathesis or macrolactonization approach wherein R is n-butyl or
methyl. The stannanes are synthesized using standard conditions known in the art. X is a

) radical selected from the group consisting of hydrogen; lower alkyl, especially methyl, ethyl,
n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl; -CH=CH,; -C=CH;
-CH,F; -CH,CI; -CH,-OH,; -CH,-O-(C4-Ce-alkyl), especially -CH,-O-CHjs; and -CH,-S-(C-Cg-
alkyl), especially -CH,-S-CHj; and R is methyl or n-butyl.---

Synthetic Protocols

General: All reactions are carried out under an argon atmosphere with dry, freshly distilled
solvents under anhydrous conditions, unless otherwise noted. Tetrahydrofuran (THF) and
diethyl ether (ether) are distilled from sodium-benzophenone, and dichloromethane
(CH2Cly), benzene (PhH), and toluene from caicium hydride. Anhydrous solvents are also
obtained by passing them through commercially availabie activated alumina columns. Yields
refer to chromatographically and spectroscopically ('H NMR) homogeneous materials, un-



wherein Qis hydrogen or nmethyl, characterized in that a conpound of the
formula X (X) wherein Gl is hydrogen or nmethyl is epoxidized in the g DEC 7002
presence of an epoxide to the compound of the formula !X
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. ANU. AU#. A{S. Ah, r. AU, Y. AA A . AAf . A@ A9, .A& A
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gen at 25 °C for 4 h. Subsequent filtration through a short plug of silica gel, eluting with

EtOAc, and careful concentration under reduced pressure furnishes 2-ethyl-4-bromothiazole

21r (238 mg, 84%). Ry=0.63 (silica gel, CHzCly); IR (film) vinax 3122, 2974, 2932, 1483,

1456, 1245, 1181, 1090, 1040, 956, 884, 831 cm™'; 'H NMR (500 MHz, CDCls) §7.08 (s, 1

H, ArH), 3.03 (q, J= 7.5 Hz, 2 H, CH,CH,), 1.37 (t, /= 7.5 Hz, 2 H, CH,CHs); GC/MS (EI),

calcd. for CsHeBrNS (M*) 191 / 193, found 191/ 193.

2-Thiomethyl-4-trimethylstannylthiazole 8b as illustrated in Scheme 3. To a solution of
bromothiazole 21b (51 mg, 0.24 mmol, 1.0 equiv.) in degassed toluene (4.9 mL, 0.1 M) is
added hexamethylditin (498 pL, 2.4 mmol, 10 equiv.) and Pd(PPhs)s (14 mg, 0.012 mmol,
0.05 equiv.) and the reaction mixture is heated at 80 °C for 3 h. Then the reaction mixture is
cooled to 25 °C and affords, after flash column chromatography (silica gel, 5% Et;N in hexa-
nes), stannane 8b (71 mg, 100%). Ry= 0.67 (silica gel; pre-treated with Et;N, 10% EtOAc);
IR (film) vinax 2981, 2924, 1382, 1030, 772 cm™'; 'H NMR (500 MHz, CDCls) 67.25 (s, 1 H,
ArH), 2.70 (s, 3 H, SCHj3), 0.32 (s, 9 H, Sn(CHa)s); HRMS (FAB), calcd. for C7H3NS2Sn (M +
H*) 295.9588, found 295.9576.

2-Methoxy-4-trimethylstannylthiazole 8p as illustrated in Scheme 4. To a solution of
bromothiazole 21p (147 mg, 0.758 mmol, 1.0 equiv.) in degassed toluene (7.6 mL, 0.1 M) is
added hexamethyiditin (785 pL, 3.79 mmol, 5.0 equiv.) and Pd(PPh;)s (88 mg, 0.076 mmol,
0.1 equiv.) and the reaction mixture is heated at 100 °C for 30 min according to the proce-
dure described for the synthesis of stannane 8b to afford, after flash column chromatogra-
phy (silica gel, 5% E;N in hexanes), stannane 8p (170 mg, 81%). A= 0.49 (silica gel; pre-
treated with Et;N, 17% ether in hexanes); IR (film) vmax 2985, 2948, 2915, 1512, 1414,
1259, 1234, 1219, 1087, 988 cm™; 'H NMR (500 MHz, CDCl3) §6.72 (s, 1 H, ArH), 4.07 (s,
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| seSt 0087 M et agTEEE Pt chnersf BOES] hirjsneg fainiindel lgg mo, 572). A=
105&&6" 0.69&sliqa) gesii1 7E0 BEE&er () héx@ine )L IVAIIMG) (n.x 2858, 2923) B3E, 386301 444, 980V8&' () - m
" #1098 LD 1188 18R, 1023, 874, 807 om™: "H NMR (500 MHz, CDCly) 57.41 (s, 1 H, ArH),
5.69 (d, J = 47.5 Hz, 2 H, CH.F), 1.58-1.52 (m, 8 H, (CHsCH(CHz)2)sSn), 1.36-1.29 (m, 6 H,
(CHsCH2CH,CH,)sSn), 1.14-1.07 (m, 6 H, (CHsCH,CH,CH,)sSn), 0.88 (t, J = 7.5 Hz, 9 H,
(CHZCH2CH,CH»);Sn); HRMS (FAB), caled. for C1gHaoFNSSn (M + H*) 408.1183, found
408.1169.

2-Ethoxy-4-tri-n-butylstannylthiazole 8d as illustrated in Scheme 4. A solution of bromo-
thiazole 21d (82 mg, 0.394 mmol, 1.0 equiv.) in ether (3.9 mL, 0.1 M) is treated with n-BuLi
(289 pL, 1.5 M in hexanes, 0.433 mmol, 1.1 equiv.) and tri-n-butyltin chloride (128 L, 0.473
mmol, 1.2 equiv.) according to the procedure described for the synthesis of stannane 8s, to
yield, after column chromatography (silica gel; pre-treated with Et3N, hexanes), stannane 8d
(161 mg, 98%). IR (film) vmax 2956, 2927, 2870, 2851, 1504, 1472, 1258, 1257, 1232,
1211, 1082, 1023, 960, 894, 872 cm™"; 'H NMR (500 MHz, CDCly) 66.65 (s, 1 H, ArH), 4.43
(q, J=7.0 Hz, 2 H, CH;CH;0), 1.61-1.53 (m, 6 H, (CH3CH>(CH;),)3Sn), 1.43 (t, J=7.0Hz, 3
H, CH;CH,), 1.37-1.30 (m, 6 H, (CH3CH,CH,CH,);Sn), 1.08-1.04 (m, 6 H,

) (CH3CH2CH,CH,);Sn), 0.89 (t, J=7.5 Hz, 9 H, (CH;CH,CH,CH,),Sn); HRMS (FAB), calcd.

| for C47H3aNOSSn (M + H") 418.1380, found 418.1396.

2-Vinyl-4-tri-n-butylstannylthiazole 8q as illustrated in Scheme 5. A solution of bromo-
thiazole 21q (191 mg, 1.00 mmol, 1.0 equiv.) in ether (14.0 mL, 0.07 M), is treated with n-
BuLi (804 uL, 1.5 M in hexanes, 1.20 mmol, 1.2 equiv.) and tri-n-butyltin chloride (341 pL,
1.26 mmol, 1.25 equiv.) according to the procedure described for the synthesis of stannane
8s to yield, after column chromatography (silica gel; pre-treated with Et3N, hexanes), stan-
nane 8q (112 mg, 28%). Rr= 0.63 (silica gel, 17% ether in hexanes); IR (film) vmax 2956,
2925, 2870, 2850, 1459, 1377, 1205, 1080, 981, 913, 868 cm™"; 'H NMR (500 MHz, CDCl,)
67.21 (s, 1 H, ArH), 7.02 (dd, J=17.5, 11.0 Hz, 1 H, CH=CH,), 6.00 (d, J=17.5 Hz, 1 H,
CHCH,), 5.52 (d, J= 11.0 Hz, 1 H, CH=CH_), 1.61-1.53 (m, 6 H, (CH3CH,(CH,)2)sSn), 1.37-
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2-Ethyl-4-tri-n-butyistannylthiazole 8r as illustrated in Scheme 5. A solution of bromo-
thiazole 21r (238 mg, 1.24 mmol, 1.0 equiv.) in ether (12.0 mL, 0.1M) at =78 °C, is treated
with n-BulLi (909 pL, 1.5 M in hexanes, 1.36 mmol, 1.1 equiv.) and tri-n-butyltin chioride (403
uL, 1.49 mmol, 1.2 equiv.) according to the procedure described for the synthesis of stan-
nane 8s to yield, after column chromatography (silica gel; pre-treated with Et:N, hexanes),
stannane 8r (357 mg, 72%). A= 0.64 (silica gel, CH.Cly); IR (film) vmax 2956, 2925, 2870,
2852, 1464, 1376, 1292, 1174, 1072, 1033, 953, 875 cm™'; 'H NMR (400 MHz, CDCly) &
7.18 (s, 1 H, ArH), 3.10 (g, J = 7.6 Hz, 2 H, CH;sCH.Ar), 1.60-1.50 (m, 6 H,
(CH3CH,(CH3),)sSn), 1.39 (t, J= 7.6 Hz, 3 H, CH,CH>Ar), 1.36-1.30 (m, 6 H,
(CH3CH,CH,CH,)3Sn), 1.13-1.08 (m, 6 H, (CH;CH,CH,CH,);Sn), 0.88 (t, J=7.3 Hz, 9 H,
(CH3CH,CH,CH,)sSn); HRMS (FAB), calcd. for Cy7H33sNSSn (M + H) 404.1434, found
404.1416.

cis-Macrolactone 18h as illustrated in Scheme 3. A solution of vinyl iodide 7 (10.0 mg,
0.020 mmol, 1.0 equiv.), stannane 8h (16.0 mg, 0.040 mmol, 2.0 equiv.) and Pd(PPhj), (2.1
mg, 0.002 mmol, 0.1 equiv.) in degassed toluene (200 uL, 0.1 M) is heated at 100 °C for 20
min. The reaction mixture is poured into saturated aqueous NaHCO5-NaCl (5 mL) and

'. extracted with EtOAc (2 x 5§ mL). After drying the combined organic fractions (Na,SO,),
evaporation of the solvents and purification by preparative thin layer chromatography (500
mm silica gel plate, 50% EtOAc in hexanes), macrolactone 18h is obtained (7.5 mg, 76%).
R = 0.29 (silica gel, 50% EtOAc in hexanes); {a]*%p —44.2 (¢ 0.60, CHCly); IR (thin film) vmax
3387 (br), 2925, 2859, 1730, 1688, 1508, 1461, 1256, 1183, 1150, 1061, 980, 755 cm™; 'H
NMR (500 MHz, CDCl3) 67.12 (s, 1 H, ArH), 6.61 (s, 1 H, CH=C(CHj)), 5.45 (ddd, J = 10.5,
10.5, 4.5 Hz, 1 H, CH=CHCH,), 5.38 (ddd, J= 10.5, 10.5, 5.0 Hz, 1 H, CH=CHCH,), 5.31 (d,
J=8.5Hz, 1 H, CHOCO), 4.92 (d, J= 4.0 Hz, 2 H, CH,OH), 4.23 (ddd, J=11.5, 5.5, 2.5
Hz, 1 H, (CH,;).CCH(OH)), 3.75-3.71 (m, 1 H, CHOH(CHCHj)), 3.32 (d, /=5.5 Hz, 1 H,
C(CH,).CHOH), 3.25 (t, J= 4.0 Hz, 1 H, CH,OH), 3.13 (qd, J=7.0, 2.0 Hz, 1 H,
CH3CH(C=0)), 3.03 (d, J= 2.0 Hz, 1 H, CH;CHCH(OH)CHCH,), 2.68 (ddd, J= 15.0, 9.5,
9.5 Hz, 1 H, =CHCH,CHO), 2.50 (dd, J= 15.0, 11.5 Hz, 1 H, CH,COO0), 2.35 (dd, J= 15.0,
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Epothilone E (3) as illustrated in Schemes 2 and 3. To a solution of lactone 18h (10.0
mg, 0.020 mmol, 1.0 equiv.) in methanol (600 pL, 0.03 M) is added acetonitrile (32 pL,
0.606 mmol, 30 equiv.), KHCO; (10 mg, 0.102 mmol, 5 equiv.) and hydrogen peroxide (27
ul, 35% w/w in water, 0.303 mmol, 15 equiv.) and the reaction mixture stirred at 25 °C for 3
h. Additional acetonitrile (32 uL, 0.606 mmol, 30 equiv.), KHCO;3 (10 mg, 0.102 mmol, §
equiv.) and hydrogen peroxide (27 pL, 35% w/w in water, 0.303 mmol, 15 equiv.) are then
added and stirring is continued for a further 3 h. The reaction mixture is then passed direct-
ly through a short plug of silica gel, eluting with ether, and the filtrate is concentrated under
reduced pressure. Preparative thin layer chromatography (250 mm silica gel plate, 50%
EtOAc in hexanes) furnishes unreacted starting material 18h (5.0 mg, 50%) and epothilone
E (3) (3.4 mg, 33%). A= 0.56 (silica gel, 66% EtOAc in hexanes); [0]*p = —27.5 (¢ 0.20,
CHCIy); IR (film) vinax 3413, 2928, 2867, 1731, 1689, 1462, 1375, 1257, 1152, 1061, 978,
756 cm™'; '"H NMR (600 MHz, CDCl3) §7.13 (s, 1 H, ArH), 6.61 (s, 1 H, CH=CCH,), 5.46 (dd,
J=8.1, 2.4 Hz, 1 H, CHOCOQO), 4.94 (d, /= 5.2 Hz, 2 H, CH,OH), 4.16-4.12 (m, 1 H,
(CH3)2,CCH(OH)), 3.82-3.78 (m, 1 H, CHOH(CHCHa)), 3.66 (bs, 1 H, OH), 3.23 (qd, J = 6.8,

‘ 5.2 Hz, 1 H, CH3CH(C=0)), 3.04 (ddd, J=8.1, 4.5, 4.5 Hz, 1 H, CH.CH(O)CHCH), 2.91
(ddd, J=7.3, 4.5, 4.1 Hz, 1 H, CH,CH(O)CHCH,), 2.61 {t, J=5.2 Hz, 1 H, CH,OH), 2.55
(dd, J=14.7, 10.4 Hz, 1 H, CH,COO), 2.48 (bs, 1 H, OH), 2.45 (dd, J=14.7, 3.2 Hz, 1 H,
CH,CO0O0), 2.14-2.07 (m, 1 H, CH,CH(O)CHCH,), 2.11 (s, 3 H, CH=CCH), 1.91 (ddd, J =
15.1, 8.1, 8.1 Hz, 1 H, CH,CH(O)CHCHj), 1.78-1.66 (m, 2 H, CH,CH(O)CHCH,), 1.52-1.38
(m, 5 H), 1.36 (s, 3 H, C(CHay),), 1.18 (d, 3 H, J = 6.8 Hz, CH;CH(C=0)), 1.10 (s, 3 H,
C(CHa)z), 1.01 (d, J= 7.0 Hz, 3 H, CH;CHCHy,); HRMS (FAB), calcd. for C,6H39NO;S (M +
H*) 510.2525, found 510.2539,

cis-Macrolactone 18b as illustrated in Scheme 3. A solution of vinyl iodide 7 (9.2 mg,
0.018 mmol, 1.0 equiv.), stannane 8b (10.7 mg, 0.036 mmol, 2.0 equiv.) and Pd(PPhg), (2.1
mg, 0.0018 mmol, 0.1 equiv.) in degassed toluene (180 pL, 0.1 M) is heated at 100 °C for
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0% () - M-34.6] Q@lOd:HCIQLQﬁ@& r(film) 1Q.. 3444, 2925, 1732, 1682, 1259, 1037, 756 cm™"; 'H-
NMR (500 MHz, CDCls) §6.99 (s, 1 H, CH=C(CHa)), 6.52 (bs, 1 H, ArH), 5.45 (ddd, J = 10.5,
10.5, 4.0 Hz, 2 H, CH=CHCH,), 5.39 (ddd, J=10.5, 10.5, 4.0 Hz, 1 H, CH=CHCH,), 5.29 (d,
J= 8.0 Hz, 1 H, CHOCO), 4.20 (ddd, J= 11.0, 5.5, 2.5 Hz, 1 H, (CH3),CCH(OH)), 3.75-3.73
(m, 1 H, CHOH(CHCHSa)), 3.13 (qd, J = 6.5, 2.0 Hz, 1 H, CHsCH(C=0)), 2.98 (d, J = 2.0 Hz,
1 H, CHOH(CHCHj)), 2.93 (d, J=5.5 Hz, 1 H, (CH3).CCH(OH)), 2.71 (ddd, J= 15.0, 10.0,
10.0 Hz, 1 H, CH=CHCH,), 2.70 (s, 3 H, SCHy), 2.51 (dd, J = 15.5, 11.5 Hz, 1 H, CH,COO),
2.30 (dd, J=15.0, 2.5 Hz, 1 H, CH,C00), 2.28-2.16 (m, 2 H), 2.13 (d, J= 1.0 Hz, 3 H,
CH=CCH,), 2.06-1.98 (m, 1 H), 1.79-1.60 (m, 2 H), 1.40-1.06 (m, 3 H), 1.33 (s, 3 H,
C(CHa)p), 1.19 (d, J = 7.0 Hz, 3 H, CH,CH(C=0)), 1.09 (s, 3 H, C(CHs)z), 1.00 (d, J = 7.0 Hz,
3 H, CHsCHCH,); HRMS (FAB), calcd. for CsHagNOsS: (M + Cs*) 642.1324, found
642.1345.

trans-Macrolactone 19b as illustrated in Scheme 3. A solution of vinyl iodide 11 (6.9 mg,
0.014 mmol, 1.0 equiv.), stannane 8b (8.2 mg, 0.028 mmol, 2.0 equiv.) and Pd(PPhg), (1.6
mg, 0.0014 mmol, 0.1 equiv.) in degassed toluene (140 uL, 0.1 M) is heated at 100 °C for
40 min, according to the procedure described for the synthesis of lactone 18h, to yield, after
preparative thin layer chromatography (250 mm silica gel plate, 75% ether in hexanes),

o macrolactone 19b (5.0 mg, 72%). R, = 0.47 (silica gel, 50% EtOAc in hexanes); [o]*%p —32.9
(€ 0.35, CHCl3); IR (film) vmax 3488, 2928, 1728, 1692, 1259, 1036, 800, 757 cm™; 'H NMR
(500 MHz, CDCl3) 67.00 (s, 1 H, ArH), 6.48 (s, 1 H, CH=CCHj), 5.53 (ddd, J=15.0,7.5,7.5
Hz, 1 H, CH=CHCH,), 5.40 (d, J= 8.0 Hz, 1 H, CHOCO), 5.39 (ddd, J= 15.0, 7.5, 7.5 Hz, 1
H, CH=CHCH,), 4.12 (ddd, J= 11.0, 2.5, 2.5 Hz, 1 H, (CH3).CCHOH), 3.77-3.74 (m, 1 H,
CHOH(CHCHjy)), 3.24 (m, 1 H, CH=CHCH,), 3.07 (m, 1 H, CH,CH(C=0)), 2.70 (s, 3 H,
SCH,), 2.61 (d, J= 3.5 Hz, 1 H, CHOH(CHCHjy)), 2.59-2.44 (m, 5 H), 2.19-2.12 (m, 1 H),
2.13 (s, 3 H, CH=CCH,), 2.02-1.94 (m, 1 H), 1.70-1.55 (m, 2 H), 1.48-1.41 (m, 1 H), 1.29 (s,
3 H, C(CHas),), 1.18 (d, J= 7.0 Hz, 3 H, CH,CH(C=0)), 1.08 (s, 3 H, C(CHj3),), 0.99 (d, J=
7.0 Hz, 3 H, CH;CHCH,); HRMS (FAB), calcd. for C,sHagNOsS2 (M + Cs™) 642.1324, found
642.1298.
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10: 3710(ylca Qutlﬁé%q /OE‘%OM a%d pLR?ed by preparative thin layer chromatography (250 mm
silica gel plate, 50% ether in hexanes) to furnish macrolactone 18d (12.5 mg, 89%). R;=
0.30 (silica gel, 66% ether in hexanes); [0]%% —=70.2 (¢ 0.63, CHCly); IR (thin film) Viax 3501
(br), 2934, 1732, 1688, 1526, 1472, 1386, 1232, 1150, 1091, 1007 cm™"; 'H NMR (500 MHz,
CDCl3) 66.47 (s, 1 H, ArH), 6.33 (s, 1 H, CH=C(CHa)), 5.43 (ddd, J=10.5, 10.5, 3.5 Hz, 1
H, CH=CHCHy,), 5.37 (ddd, J=10.5, 10.5, 4.5 Hz, 1 H, CH=CHCH,), 5.26 (dd, J=9.5, 1.5
Hz, 1 H, CHOCO), 4.44 (q, J= 7.0 Hz, 2 H, CH3CH,0), 4.18 (ddd, J=11.0, 5.5, 2.5 Hz, 1 H,
(CHa).CCH(OH)), 3.73 (m, 1 H, CHOH(CHCH3)), 3.12 (qd, J=7.0, 2.0 Hz, 1 H,
CHCH(C=0)), 2.98 (d, J= 1.5 Hz, 1 H, OH), 2.95 (d, J=5.5 Hz, 1 H, OH), 2.69 (ddd, J =
15.0, 10.0, 10.0 Hz, 1 H, CH=CHCH.CHO), 2.49 (dd, J=15.5, 11.5 Hz, 1 H, CH,COO),
2.36 (dd, J=15.5, 2.5 Hz, 1 H, CH,C0O0), 2.23-2.16 (m, 3 H), 2.11 (s, 3 H, CH=C(CH,)),
2.04-1.98 (m, 1 H), 1.77-1.71 (m, 1 H), 1.70-1.61 (m, 1 H), 1.42 (t, J= 7.0 Hz, 3 H,
CH,CH,0), 1.38-1.16 (m, 2 H), 1.31 (s, 3 H, C(CHa)2), 1.17 (d, J= 7.0 Hz, 3 H,
CH,CH(C=0)), 1.08 (s, 3 H, C(CHs)z), 0.99 (d, J= 7.0 Hz, 3 H, CH;CHCH,); HRMS (FAB),
caled. for Cz7H41NO6S (M + Cs*) 640.1709, found 640.1732.

trans-Macrolactone 19d as illustrated in Scheme 3. A solution of vinyl iodide 11 (14 mg,

) 0.028 mmol, 1.0 equiv.), stannane 8d (23 mg, 0.055 mmol, 2.0 equiv.) and PdCl,(MeCN),

| (2.0 mg, 0.008 mmol, 0.3 equiv.) in degassed DMF (280 uL, 0.1 M) is stirred at 25 °C for 20

h, according to the procedure described for the synthesis of macrolactone 18d to yield, after
preparative thin layer chromatography (250 mm silica gel plate, 50% EtOAc in hexanes),
macrolactone 19d (12 mg, 86%). R;= 0.27 (silica gel, 66% ether in hexanes); [a]**p ~28.0
(c 0.48, CHCI3); IR (thin film) vinax 3495 (br), 2930, 1732, 1690, 1526, 1472, 1233, 1017, 976
cm’’; 'TH NMR (500 MHz, CDCls) 66.50 (s, 1 H, ArH), 6.30 (s, 1 H, CH=C(CHj3)), 5.57-5.51
(m, 1 H, CH=CHCH,), 5.42-5.36 (m, 1 H, CH=CHCH,), 5.37 (dd, J=9.0, 2.5 Hz, 1 H,
CHOCO), 4.46 (g, J = 7.0 Hz, 2 H, CH3CH,0), 4.10 (ddd, J= 10.5, 3.5, 3.0 Hz, 1 H,
(CH3).CCH(OH)), 3.76-3.73 (m, 1 H, CHOH(CHCHj3)), 3.23 (qd, J=7.0, 4.5 Hz, 1 H,
CH,CH(C=0)), 3.07 (d, J= 3.5 Hz, 1 H, OH), 2.57-2.38 (m, 3 H), 2.56 (dd, J = 15.5, 10.5
Hz, 1 H, CH,COO0), 2.47 (dd, J = 15.5, 2.5 Hz, 1 H, CH,COO0), 2.18-2.16 (m, 1 H), 2.13 (s, 3
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Hz 3H CH3 H,0), 129 s, 3 H, C(CHz),) 1271 16 ( m 1H) 1.18 (d, J=7.0 Hz, 3 H,

CH,CH(C=0)), 1.08 (s, 3 H, C(CHs)), 0.98 (d, J = 7.0 Hz, 3 H, CHsCHCH,); HRMS (FAB),

calcd. for Ca;H4NO6S (M + Cs*) 640.1709, found 640.1731.

trans-Macrolactone 19h as illustrated in Scheme 3. A solution of vinyl iodide 11 (5.1 mg,
0.010 mmol, 1.0 equiv.), stannane 8h (8.0 mg, 0.020 mmol, 2.0 equiv.) and Pd(PPhg)4 (1.1
mg, 0.001 mmol, 0.1 equiv.) in degassed toluene (100 pL, 0.1 M) is heated at 100 °C for 20
min according to the procedure described for the synthesis of macrolactone 18h, to yield,
after preparative thin layer chromatography (250 mm silica gel plate, 50% EtOAc in hexa-
nes), macrolactone 19h (4.3 mg, 88%). A= 0.20 (silica gel, 50% EtOAc in hexanes); [¢)%p
—31.5 (¢ 0.60, CHCI); IR (thin film) vinax 3410 (br), 2930, 1726, 1692, 1463, 1374, 1255,
1180, 1064, 973 cm™; 'H NMR (500 MHz, CDCl5) §7.13 (s, 1 H, ArH), 6.60 (s, 1 H,
CH=C(CHa)), 5.48 (ddd, J=15.0, 7.5, 7.5 Hz, 1 H, CH=CHCH;), 5.40 (dd, J= 5.5, 5.5 Hz, 1
H, CHOCO), 5.35 (ddd, J= 15.0, 7.5, 7.5 Hz, 1 H, CH=CHCH,), 4.91 (d, J=7.0 Hz, 2 H,
CH-OH), 4.23 (ddd, J= 9.5, 3.5, 3.0 Hz, 1 H, (CHj3),CCH(OH)), 3.74 (ddd, /=7.0, 5.0, 2.5
Hz, 1 H, CHOH(CHCHj3)), 3.34 (t, J=7.0 Hz, 1 H, CH,OH), 3.26 (qd, J= 7.0, 7.0 Hz, 1 H,
CH3CH(C=0)), 3.05 (d, J = 3.5 Hz, 1 H, C(CH;).CHOH), , 3.00 (d, J=5.0 Hz, 1 H,
CH3CHCH(OH)CHCHa), 2.56 (dd, J = 15.5, 9.5 Hz, 1 H, CH,COO0), 2.47 (dd, J = 15.5, 3.0
Hz, 1 H, CH,COQ), 2.58-2.45 (m, 1 H, =CHCH,CH), 2.24-2.16 (m, 1 H, =CHCH.CH), 2.08
(s, 3 H, CH=CCH,), 1.98-1.90 (m, 1 H), 1.63-1.56 (m, 2 H), 1.54-1.46 (m, 1 H), 1.41-1.30
(m, 1 H), 1.27 (s, 3 H, C(CHa).), 1.20 (d, J = 7.0 Hz, 3 H, CH,CH(C=0)), 1.07 (s, 3 H,
C(CHas)2), 0.99 (d, J=7.0 Hz, 3 H, CH;CHCH,); HRMS (FAB), calcd. for CagH3sNOeS (M +
Cs") 626.1552, found 626.1536.

cis-Macrolactone 18j as illustrated in Scheme 3. A solution of vinyl iodide 7 (12.5 mg,
0.025 mmol, 1.0 equiv.), stannane 8] (20 mg, 0.049 mmol, 2.0 equiv.) and PdCl,(MeCN),
(1.5 mg, 0.006 mmol, 0.2 equiv.) in degassed DMF (250 puL, 0.1 M) is stirred at 25 °C for 20
h, according to the procedure described for the synthesis of macrolactone 18d, to yield,
after preparative thin layer chromatography (250 mm silica gel plate, 67% ether in hexanes)
macrolactone 18j (3 mg, 74%). R;=0.32 (silica gel, 50% EtOAc in hexanes); [0)?5 -65.3 (¢
0.45, CHCI3); IR (thin film) vmax 3406 (br), 2924, 2852, 1732, 1682, 1455, 1366, 1263, 1192,
1148, 1096, 1043, 983, 881 cm™'; 'H NMR (500 MHz, CDCly) 67.21 (s, 1 H, ArH), 6.62 (s, 1
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H, CH=C(CHy)), 5.60 (d, J = 47.0 Hz, 2 H, CH,F), 5.45 (ddd, J = 10.5, 10.5, 4.0 Hz, 1 H,
CH=CHCH,), 5.38 (ddd, J = 10.0, 10.0, 5.0 Hz, 1 H, CH=CHCHS,), 5.31 (dd, J= 10.0, 1.5
Hz, 1 H, CHOCO), 4.19 (ddd, 1 H, J= 11.0, 5.0, 2.5 Hz, 1 H, (CH3),.CCH(OH)), 3.73 (m, 1 H,
CHOH(CHCH,)), 3.13 (qd, J = 7.0, 2.0 Hz, 1 H, CH,CH(C=0)), 2.97 (d, J= 2.0 Hz, 1 H,
OH), 2.93 (d, J= 5.5 Hz, 1 H, OH), 2.71 (ddd, J = 15.0, 10.0, 10.0 Hz, 1 H,
CH=CHCH,CHO), 2.51 (dd, J = 15.5, 11.5 Hz, 1 H, CH,COO), 2.39 (dd, J = 15.5, 2.0 Hz, 1
H, CH.COO), 2.29-2.22 (m, 1 H), 2.22-2.16 (m, 1 H), 2.1 (d, J= 1.0 Hz, 3 H, CH=C(CH,)),
2.06-1.99 (m, 1 H), 1.77-1.71 (m, 1 H), 1.69-1.62 (m, 1 H), 1.38-1.16 (m, 3 H), 1.32 (s, 3 H,
C(CHa)2), 1.18 (d, J = 7.0 Hz, 3 H, CH;CH(C=0)), 1.08 (s, 3 H, C(CHa)2), 1.00 (d, J = 7.0 Hz,
3 H, CH;CHCH,); HRMS (FAB), calcd. for CosHssFNOsS (M + Cs*) 628.1509, found
628.1530.

trans-Macrolactone 19j as illustrated in Scheme 3. A solution of vinyl iodide 11 (15 mg,
0.030 mmol, 1.0 equiv.), stannane 8j (27 mg, 0.066 mmol, 2.2 equiv.) and PdCl,(MeCN}),
(1.5 mg, 0.006 mmol, 0.2 equiv.) in degassed DMF (300 pL, 0.1 M) is stirred at 25 °C for 20
h, according to the procedure described for the synthesis of macrolactone 18d, to yield,
after preparative thin layer chromatography (250 mm silica gel plate, 50% EtOAc in hexa-
nes) macrolactone 19j (11 mg, 75%). A;=0.17 (silica gel, 33% ether in hexanes); [])*p —
37.1 (¢ 0.55, CHCl); IR (thin film) vmax 3508 (br), 2934, 1730, 1690, 1505, 1461, 1428,
1366, 1251, 1196, 1150, 1041, 977 cm’™"; 'H NMR (500 MHz, CDCls) 67.22 (s, 1 H, ArH),
6.58 (s, 1 H, CH=C(CHg)), 5.61 (d, J = 47.0 Hz, 2 H, CH,F), 5.65-5.50 (m, 1 H, CH=CHCHy),
5.41-5.35 (m, 2 H, CH=CHCH, and CHOCO), 4.15 (ddd, J= 10.0, 3.5, 3.0 Hz, 1 H,
(CH3),CCH(OH)), 3.75-3.73 (m, 1 H, CHOH(CHCHa)), 3.24 (qd, J=7.0, 4.5 Hz, 1 H,
CH3CH(C=0)), 3.05 (d, J=4.0 Hz, 1 H, OH), 2.62 (d, J= 4.0 Hz, 1 H, OH), 2.56 (dd, J=
15.0, 10.5 Hz, 1 H, CH,COO0), 2.49 (dd, J= 15.5, 2.5 Hz, 1 H, CH,COO), 2.48-2.44 (m, 2
H), 2.20-2.13 (m, 1 H), 2.10 (s, 3 H, CH=C(CH)), 2.01-1.93 (m, 1 H), 1.67-1.56 (m, 2 H),
1.49-1.43 (m, 1 H), 1.31-1.17 (m, 2 H), 1.28 (s, 3 H, C(CH3),), 1.18 (d, J=6.5 Hz, 3 H,
CH,CH(C=0)), 1.07 (s, 3 H, C(CH,).), 0.98 (d, /= 7.0 Hz, 3 H, CH;CHCH,); HRMS (FAB),
caled. for CasHasFNOsS (M + Cs*) 628.1509, found 628.1487.

Silyl ether 25 as illustrated in Scheme 7. To a solution of alcohol 13 (12.96 g, 54.4 mmol,
1.0 equiv.), in DMF (180 mL, 0.3 M) at 0 °C, is added imidazole (10.2 g, 150.0 mmol, 2.8
equiv.) followed by tert-butyldimethyichlorosilane (13.5 g, 89.8 mmol, 1.7 equiv.). After war-
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10% & () With brine (550 mL), dried (MgSO,) and concentrated under reduced pressure. Flash co-

lumn chromatography (silica gel, 0 to 5% EtOAc in hexanes) furnishes silyl ether 25 as an

oil (16.03 g, 84%). Rs=0.48 (hexanes); [0]%p —17.5 (c 1.65, CHCly); IR (thin film) vimsx 2954,

2928, 2857, 1472, 1361, 1278, 1252, 1082, 914, 836, 776, 677 cm™’; 'H NMR (500 MHz,

CDCl3) 66.15 (s, 1 H, CH=CCHg), 5.74-5.66 (m, 1 H, CH=CH,), 5.08 (bm, 1 H, CH=CH,),

5.01 (s, 1 H, CH=CH,), 4.16 (dd, J= 6.5, 6.5 Hz, 1 H, CHOH), 2.25 (m, 1 H, CH,=CHCH.),

1.77 (s, 3 H, CH=CCHs), 0.88 (s, 9 H, SiC(CHa)3), 0.04 (s, 3 H, Si{CHa)z), —0.01 (s, 3 H,

Si(CHa)z);

Aldehyde 26 as illustrated in Scheme 7. To a solution of olefin 25 (16.0 g, 45.3 mmol, 1.0
equiv.) in a mixture of THF (206 mL), +BuOH (206 mL) and H2O (41 mL) at 0 °C is added 4-
methylmorpholine N-oxide (NMO) (5.84 g, 49.8 mmol, 1.1 equiv.) followed by OsO, (5.2 mL,
2.5% w/v in +-BuOH, 0.453 mmol, 0.01 equiv.). The mixture is vigorously stirred 13 h at 25
°C and then quenched with saturated aqueous Na,SO; (125 mL). The resulting solution is
stirred for 2 h and then partitioned between EtOAc (150 mL) and water (150 mL). The
organic phase is separated and the aqueous phase is extracted with EtOAc (2 x 200 mL).
The combined organic extracts are dried (MgSOQ,), filtered, and the solvents are removed
under reduced pressure. Flash column chromatography (silica gel, 50 to 90% ether in
hexanes) provides unreacted starting material (1.0 g, 6%) and the desired diols as a ca. 1:1
mixture of diastereoisomers (15.5 g, 89%). R;= 0.44 (silica gel, 50% EtOAc in hexanes); IR
(thin film) vmax 3387, 2952, 2928, 1252, 1080, 837, 777 cm™; 'H NMR (500 MHz, CDCl3) §
6.28 and 6.26 (singlets, 1 H total, CH=CCHj), 4.47-4.42 (m, 1 H, CHOSI), 3.86-3.76 (m, 1 H,
CHOH), 3.61-3.55 and 3.49-3.39 (m, 2 H total, CH,OH), 3.33 and 3.15 (2 doublets, J = 2.0
and 3.5 Hz, 1 H total, CHOH), 2.46 and 2.45 (triplets, J = 5.5 and 5.5 Hz, CH,OH), 1.78 and
1.76 (singlets, 3 H total), 1.63-1.60 and 1.58-1.53 (m, 2 H total, CH,), 0.88 and 0.87
(singlets, 9 H total, SiC(CHas),), 0.08 and 0.07 (singlets, 3 H total, Si(CHs)2), 0.01 and 0.00
(singlets, 3 H total, Si(CHs),); HRMS (FAB), calcd. for Cy3H27103Si (M + Na*) 409.0672 found
409.0662.
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rated. The aqueous layeris extracted th CH,Cl, ( 500 L) and the combined organi¢ ex-
tracts are washed with brine (1 L), dried (MgSO,) and concentrated under reduced pres-
sure. Flash column chromatography (silica gel, 17 to 50% ether in hexanes) provides alde-
hyde 26 as an oil (19.6 g, 92%). As= 0.35 (silica gel, 20% ether in hexanes); [0]?% -34.1 (¢
2.8, CHCIy); IR (thin film) vmax 2954, 2928, 2885, 2856, 1728, 1471, 1279, 1254, 1091, 838,
777, 677 cm”’; "H NMR (500 MHz, CDCl3) §9.73 (dd, J = 2.5, 2.5 Hz, 1 H, CHO), 6.34 (s, 1
H, CH=CCHj3), 4.70 (dd, J = 8.0, 4.0 Hz, 1 H, CHOSI), 2.68 (ddd, J= 16.0, 8.3, 2.5 Hz, 1 H,
(CHO)CH,), 2.44 (ddd, J= 16.0, 4.0, 2.5 Hz, 1 H, (CHO)CH,), 1.80 (s, 3 H, CH=CCH,), 0.85
(s, 9 H, SiC(CHas)s), 0.05 (s, 3 H, Si(CHa),), 0.01 (s, 3 H, Si(CHs),); HRMS (FAB), calcd. for
Ci2H23102Si (M + Na*) 377.0410 found 377.0402.

Methyl ester 28 as illustrated in Scheme 7. A mixture of aldehyde 26 (19.6 g, 55.2 mmol,
1.0 equiv.) and stabilized ylide 27 (50.2 g, 134.0 mmol, 2.4 equiv.) [prepared from 4-bromo-
1-butene by: (i) phosphonium salt formation; (ii) anion formation with KHMDS; and (jii)
quenching with MeOC(O)CI)] (see Marshall, J.A., et al., J. Org. Chem. 51, 1735-1741 (1986)
and Bestmann, H. J., Angew. Chem. Int. Ed. Engl. 1965, 645-60) in benzene (650 mL, 0.1
M) is heated at reflux for 1.5 h. After cooling to 25 °C, the mixture is filtered and the solvent
is removed under reduced pressure. Flash column chromatography (silica gel, 9 to 17%
ether in hexanes) furnishes methyl ester 28 (24.5 g, 98%). R;= 0.37 (silica gel, 20% ether
in hexanes); [a]?% ~7.25 (c 1.6, CHCL); IR (thin film) vmnax 3078, 2952, 2920, 2856, 1720,
1462, 1434, 1276, 1253, 1208, 1084, 836, 776, 672 cm’"; 'H NMR (600 MHz, CDCl3) §6.81
(dd, J=7.4, 7.4 Hz, 1 H, CH=CCOOCHj), 6.22 (s, 1 H, CH=CCHj3), 5.83-5.75 (m, 1 H,
CH=CH,), 4.99-4.98 (m, 1 H, CH=CH,), 4.96 (m, 1 H, CH=CH,), 4.22 (dd, J=7.5, 5.1 Hz, 1
H, CHOSI), 3.72 (s, 3 H, COOCHj3), 3.05 (d, J = 6.0 Hz, 2 H, CH,C(CO.Me)), 2.40 (ddd, J=
15.0, 7.5, 7.5 Hz, 1 H,.CH,CHOS:i), 2.33 (ddd, J=15.0, 7.5, 5.1 Hz, 1 H, CH,CHOSi), 1.77
(s, 3 H, CH=CCH), 0.85 (s, 9 H, SiC(CHa)s), 0.02 (s, 3 H, Si(CHs).), =0.02 (s, 3 H, Si(CHj)2);
HRMS (FAB), calcd. for CigH3:105Si (M + Cs*), 583.0142 found 583.0159.



S*10% Y, " 1098& ()-*"1098& ()-f&&L10MB& ()-!f&RLO%E ()-$" 10YBE& () - " 10%BE:
bCY s*10% #10% & ()-410% & ()- ' @10% & ()- 10B 10B 10B1T#109B& ()- 198
109B& () - GH dE: / 10:

10: 3: G'10% & () - 8#10% & ()-5S#10% & () -hf ,"10% & ()-"10% & () - S#10% & () - 41
IX] ~JfxY: [ 10: XK&X 109%& () - Sy#10%&: () ~78S#109%& () - SSH10%& () -

109 ()-& 109 ()- 10:fbC 10:10% & ()-10% & ()-10% & ()- (,10% & ()- 10 10
10S' 10%& () - dt aBbC 10: ##10% & () - @10% & ()-z10% & ()-!y10%& ()--10% & () -
s10% &' (Alylic htcdhol 29 ag(iHustRfd&i Schde 71 Methyl ester 28 (24 5 g, 54.3 mmol, 1.0
10\ L10% & ()-10% & ()-+10% & ()-I (T#10% & ()~ zHJEsh )

10: ( Ylo@ﬂ&w())ls gdisgalved i THE @P@%@ qnd thesotution (S)QOO@@I% &78yCafiBlk(183. Q-lKI\/RTY[ \

aB4l

10: smf?w 4

nr a’?l

L,1Mi nz §3I—3ZC|2, 10609 .0 g 3 0 e(%%/g‘ IS( ?ddeI{jlsdl%%gl e a% —~78 °C over 50 mln

tioe mcnwmmws(sw@q r glflmtmm mig. The reaction mixture is quenched with
saturated aqueous sodium-potassium tartrate (150 mL) and the resulting mixture is allowed

to warm up to 25 °C over 16 h. The organic layer is separated and the aqueous phase is
extracted with ether (3 x 250 mL). The combined organic extracts are washed with brine
(650 mL), dried (MgSQ,) and concentrated under reduced pressure. Flash column
chromatography (silica gel, 17 to 50% ether in hexanes) furnishes alcohol 29 (22.9 g,
100%). R;=0.11 (silica gel, 20% ether in hexanes); [0]%, —7.25 (c 1.6, CHCly); IR (thin film)
Vmax 3346, 3078, 2954, 2928, 2857, 1637, 1471, 1361, 1276, 1252, 1078, 1005, 836, 775,
674, 558 cm’'; 'H NMR (500 MHz, CDCl,) 6.16 (s, 1 H, CH=CCH,), 5.81-5.73 (m, 1 H,
CH=CHj,), 5.45 (dd, J= 6.5, 6.5 Hz, 1 H, CH=CCH,0OH), 5.03 (m, 2 H, CH=CH,), 4.16 (dd, J
= 6.5, 6.5 Hz, 1 H, CHOSI), 4.02 (d, J= 4.5 Hz, 2 H, CH,OH), 2.85 (dd, J = 15.0, 5.1 Hz, 1
H,CH,CH=CH,), 2.84 (dd, J = 15.0, 5.0 Hz, 1 H, CH,CH=CH;), 2.27 (ddd, J= 15.0, 6.5, 6.5
Hz, 1 H, CH,CHOS:i), 2.25 (ddd, J= 15.0, 6.5, 6.5 Hz, 1 H, CH,CHOSI), 1.78 (s, 3 H,
CH=CCHj), 0.88 (s, 9 H, SiC(CHa)a), 0.02 (s, 3 H, Si(CHs),), —0.02 (s, 3 H, Si(CHs)z); HRMS
(FAB), calcd. for C17H310,Si (M + Cs*), 555.0192 found 555.0177.

Triphenylmethyl ether 30 as illustrated in Scheme 7. Alcohol 29 (23.5 g, 65.7 mmol, 1.0
equiv.) is dissolved in DMF (300 mL, 0.15 M) and 4-DMAP (11.3 g, 92.5 mmol, 1.7 equiv.)
and trityl chloride (22.1 g, 79.3 mmol, 1.4 equiv.) are added. The reaction mixture is stirred
at 80 °C for 21 h, cooled to room temperature and the solvent is removed under reduced
pressure. The resulting residue is purified by flash column chromatography to atford the re-
quired ether 30 as an oil (35.3 g, 95%). R;= 0.88 (silica gel, 20% ether in hexanes); [a)? -
0.74 (¢ 0.3, CHCIy); IR (thin film) vmax 3058, 2927, 2854, 1488, 1470, 1448, 1250, 1082,
836, 702, 632 cm™'; 'H NMR (600 MHz, CDCls) §7.45-7.43 (m, 5 H, Ph), 7.32-7.21 (m, 10 H,
Ph), 6.19 (s, 1 H, CH=CCHj3), 5.61 {m, 2 H, CH=CH,, CH=CH,), 4.87 (m, 2 H, CH=CH,,
CH(C)CH,OTTY), 4.19 (dd, J= 6.8, 6.8 Hz, 1 H, CHOS:I), 3.46 (s, 2 H, CH,OTr), 2.78 (dd, J=
15.4, 6.7 Hz, 1 H, CH,CH=CH,), 2.73 (dd, J = 15.4, 6.3 Hz, 1 H, CH,CH=CH_), 2.33 (ddd, J
= 14.5, 6.8, 6.8 Hz, 1 H, CH,CHOSI), 2.31 (ddd, J= 14.5, 6.8, 6.8 Hz, 1 H, CH,CHOSI),
1.80 (s, 3 H, CH=CCH,), 0.87 (s, 9 H, SiC(CHa)3), 0.04 (s, 3 H, Si(CH3).), 0.00 (s, 3 H,
Si(CHa),); HRMS (FAB), calcd. for CagHaslO2Si (M + Cs*), 797.1288 found 797.1309.
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74.5 mmol, 1.4 equiv.) is added dropwuse over 1.5 h, and the resulting mixture is stirred for
9 hat 0 °C. Aqueous NaOH (106 mL of a 3 N solution, 319.0 mmol, 6.0 equiv.) is added,
followed by aqueous H0, (32 mL, 30% w/w in water, 319.0 mmol, 6.0 equiv.). Stirring is
continued for 1 h at 0 °C, after which time the reaction mixture is diluted with ether (500 mL)
and water (500 mL). The organic layer is separated and the aqueous phase is extracted
with ether (2 x 500 mL). The combined organic extracts are washed with brine (1 L), dried
(MgS0,) and concentrated under reduced pressure. Flash column chromatography (silica
gel, 9 to 50% ether in hexanes) furnishes primary alcohol 31 (34.6 g, 95%). R;= 0.54 (silica
gel, 60% ether in hexanes); [a]*%; —3.5 (¢ 0.2, CHCly); IR (thin film) vimaex 3380, 3058, 3032,
2926, 2855, 1489, 1449, 1278, 1251, 1078, 835, 706, 632 cm™’; 'H NMR (500 MHz, CDCl5)
§7.47-7.45 (m, 5 H, Ph), 7.32-7.22 (m, 10 H, Ph), 6.22 (s, 1 H, CH=CCHj3), 5.58 (dd, J =
7.1,7.1 Hz, 1 H, C=CHCH,), 4.22 (dd, J = 6.8, 6.0 Hz, 1 H, CHOSi), 3.52 (bm, 2 H, CH,OH),
3.50 (s, 2 H, CH:OTr), 2.33 (dd, J= 14.5, 6.8, 6.8 Hz, 1 H, CH,CHOS:I), 2.28 (ddd, J= 14.5,
6.8, 6.8 Hz, 1 H, CH,CHOSI), 2.14 (m, 2 H, CH,CH,CH,0OH), 1.82 (s, 3 H, CH=CCH;), 1.46
(m, 2 H, CH,CH,0H), 0.90 (s, 9 H, SiC(CHjg)s), 0.06 (s, 3 H, Si(CHa)2), 0.02 (s, 3 H,
Si(CHs)z); HRMS (FAB), calcd. for CagH47105Si (M + Cs*), 815.1394 found 815.1430.

lodide 32 as illustrated in Scheme 7. A solution of alcohol 31 (34.6 g, 50.73 mmol, 1.0
equiv.) in a mixture of ether (380 mL) and MeCN (127 mL) is cooled to 0 °C. Imidazole
(17.3 g, 253.7 mmol, 5.0 equiv.) and PPh; (33.3 g, 126.8 mmol, 2.5 equiv.) are then added
and the mixture is stirred until all the solids have dissolved. lodine (33.5 g, 131.9 mmol, 2.6
equiv.) is added and the mixture is stirred for 45 min at 0 °C. The reaction is quenched by
the addition of saturated aqueous Na,S,;0; (150 mL) and the layers are separated. The
aqueous phase is then extracted with ether (2 x 250 mL) and the combined organic extracts
are washed with brine (750 mL), dried (MgSQO,) and concentrated under reduced pressure.
Flash column chromatography (silica gel, 5 to 9% ether in hexanes) furnishes iodide 32
(39.2 g, 97%). R,=0.88 (silica gel, 60% ether in hexanes); [0]*p —2.9 (¢ 2.6, CHCl3); IR
(thin film) vmax 3057, 2926, 2855, 1481, 1448, 1251, 1083, 939, 836, 774, 706, 632 cm™; 'H
NMR (500 MHz, CDCl;) §7.49-7.45 (m, 5 H, Ph), 7.33-7.23 (m, 10 H, Ph), 6.23 (s, 1 H,
CH=CCHz), 5.67 (dd, J=7.2,7.1 Hz, 1 H, CH,C=CH), 4.22 (dd, J= 6.8, 6.8 Hz, 1 H,
CHOSI), 3.51 (s, 2 H, CH,OTr), 3.07 (dd, J=7.1, 7.0 Hz, 2 H, CH,!), 2.34 (ddd, J = 14.5,
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CH,CH,CHal), 1.84 (s, 3 H, CH=CCHa), 1.75 (m, 2 H, CH,CH,CH:l), 0.90 (s, 9 H, SiC(CH),),
0.07 (s, 3 H, Si(CHa)), 0.02 (s, 3 H, Si(CHs)2); HRMS (FAB), calcd. for CsHasl202Si (M +
Cs*), 925.0411 found 925.0450.

Hydrazone 33 as illustrated in Scheme 7. Diisopropylamine (5.0 mL, 35.28 mmol, 1.4
equiv.) is added to a solution of n-BuLi (22.0 mL, 1.6 M in hexanes, 35.28 mmol, 1.4 equiv.)
in 32 mL of THF at 0 °C and stirred for 1 h. The SAMP hydrazone of propionaldehyde (5.6
g, 32.76 mmol, 1.3 equiv.) in THF (16 mL), is added to this freshly prepared solution of LDA
at 0 °C. After stirring at that temperature for 16 h, the resulting yellow solution is cooled to
—-100 °C, and a solution of iodide 32 (20.0 g, 25.23 mmol, 1.0 equiv.) in THF (32 mL) is
added dropwise over a period of 2 h., The mixture is allowed to warm to ~20 °C over 20 h,
and then poured into saturated aqueous NH,C! (50 mL) and extracted with ether (3 x 100
mL). The combined organic extract is dried (MgSO.,), filtered and evaporated. Purification
by flash column chromatography on silica gel (5 to 50% ether in hexanes) provides hydra-
zone 33 (15.0 g, 71%) as a yellow oil. R,= 0.83 (silica gel, 40% ether in hexanes); [o]*p ~
22.7 (¢ 0.2, CHCI3); IR (thin film) vmax 3057, 2927, 2854, 1489, 1448, 1251, 1078, 940, 836,
775, 706, 668, 632 cm™'; '"H NMR (500 MHz, CDCls) §7.46-7.44 (m, 5 H, Ph), 7.31-7.21 (m,
10 H, Ph), 6.40 (d, J= 6.5 Hz, 1 H, N=CH), 6.21 (s, 1 H, CH=CCHjy), 5.50 (dd, J=7.0,7.0
Hz, 1 H, CH,C=CH), 4.20 (dd, J= 6.0, 6.0 Hz, 1 H, CHOSI), 3.54 (dd, J=9.2, 3.5 Hz, 1 H,
CH-OCHjy), 3.45 (s, 2 H, CH.0Tr), 3.41 (dd, J= 9.5, 7.0 Hz, 1 H, CH.OCHg), 3.37 (s, 3 H,
CH,OCH,), 3.32-3.30 (m, 2 H, CH;N), 2.60-2.55 (m, 1 H), 2.34-2.20 (m, 3 H), 2.04-1.95 (m,
1 H), 1.98-1.73 (m, 5 H), 1.82 (s, 3 H, CH=CCH,), 1.38-1.21 (m, 4 H), 0.96 (d, J= 6.9 Hz, 3
H, CHCH,), 0.89 (s, 9 H, SiC(CHjs)3), 0.06 (s, 3 H, Si{CHs)2), 0.01 (s, 3 H, Si(CH3)2); HRMS
(FAB), calcd. for C4sHeslN,O3Si (M + Cs*), 967.2707 found 967.2740.

Nitrile 34 as illustrated in Scheme 7. Monoperoxyphthalic acid magnesium salt
(MMPP«6H,0, 80%, 52.4 g, 84.8 mmol, 2.5 equiv.) is added portionwise over 10 min to a
rapidly stirred solution of hydrazone 33 (28.3 g, 33.9 mmol, 1.0 equiv.) in a mixture of
MeOH (283 mL), THF (100 mL) and pH 7 phosphate buffer (283 mL) at 0 °C. The mixture
is stirred at 0 °C for 1.5 h and then more THF (120 mL) is added in two portions over 30 min
to help dissolve the starting material. After stirring for a further 1.5 h the reaction mixture is
poured into saturated aqueous solution of NaHCO; (750 mL) and the product is extracted
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washed with brine (1 L), dried (MgSO,) and concentrated under reduced pressure. Flash
column chromatography (silica gel, 9 to 20% ether in hexanes) furnishes nitrile 34 as a
colorless oil (21.8 g, 89%). R, = 0.44 (silica gel, 20% ether in hexanes); [a]*p +2.9 (¢ 1.2,
CHClg); IR (thin film) vinax 3057, 2928, 2855, 2238, 1490, 1448, 1252, 1081, 836, 775, 707,
632 cm™; 'H NMR (500 MHz, CDCly) §7.47-7.45 (m, 5 H, Ph), 7.33-7.23 (m, 10 H, Ph), 6.22
(s, 1 H, CH=CCHj3), 5.56 (dd, /= 6.8, 6.8 Hz, 1 H, CH,C=CH), 4.21 (dd, J=6.8, 6.8 Hz, 1
H, CHOSI), 3.49 (s, 2 H, CH,OTr), 2.48 (m, 1 H, CH(CH,)), 2.29 (ddd, /= 14.5, 6.8, 6.8 Hz,
1 H, CH,CHOSI), 2.24 (ddd, J= 14.5, 6.8, 6.8 Hz, 1 H, CH,CHOSi), 2.07 (m, 2 H,
CH,(C)CH,0Tr)), 1.82 (s, 3 H, CH=CCH,), 1.58-1.23 (m, 4 H), 1.24 (d, J=7.0Hz, 3 H,
CHCHa), 0.90 (s, 9 H, SiC(CHa)s), 0.07 (s, 3 H, Si(CHs).), 0.0 (s, 3 H, Si(CHj3)2); HRMS
(FAB), calcd. for C3gHs0INO2SI (M + Cs*), 852.1710 found 852.1738.

Aldehyde 35 as illustrated in Scheme 7. Nitrile 34 (7.01 g, 9.74 mmol, 1.0 equiv.) is dis-
solved in toluene (195 mL, 0.05 M) and cooled to -78 °C. DIBAL (29.2 mL, 1.0 M in tolu-
ene, 29.2 mmol, 3.0 equiv.) is added dropwise at —78 °C over 10 min. The reaction mixture
is stirred at =78 °C until completion is verified by TLC (1 h). Methanol (10 mL) and HCI (10
mL, 1.0 N in water) are sequentially added and the resulting mixture is brought up to 0 °C
over 1 h. Ether (250 mL) and water (250 mL) are added and the layers are separated. The
aqueous phase is extracted with ether (2 x 250 mL) and the combined organic extracts are
washed with brine (500 mL), dried (MgSQO,) and concentrated under reduced pressure.

\ Flash column chromatography (silica gel, 17 to 33% ether in hexanes) affords aldehyde 35
as an oil (6.18 g, 88%). Ry= 0.51 (silica gel, 20% ether in hexanes); [0]*p +2.0 (¢ 0.3,
CHCly); IR (thin film) vmax 3057, 2927, 2855, 1726, 1490, 1448, 1251, 1081, 836, 775, 707,
632 cm’'; '"H NMR (500 MHz, CDCl,) §9.51 (d, J= 1.9 Hz, 1 H, CHO), 7.46-7.45 (m, 5 H,
Ph), 7.32-7.22 (m, 10 H, Ph), 6.20 (s, 1 H, CH=CCH,), 5.54 (dd, J=7.0, 7.0 Hz, 1 H,
CH,C=CH), 4.20 (dd, J = 6.5, 6.0 Hz, 1 H, CHOSi), 3.47 (s, 2 H, CH,OTr), 2.34-2.20 (m, 3
H, CH,CHOSi and CH(CHj3)), 2.04 (m, 2 H, CH,(C)CHOTr), 1.82 (s, 3 H, CH=CCH), 1.66
(m, 1 H), 1.30-1.19 (m, 3 H), 1.02 (d, J=7.0 Hz, 3 H, CHCH,), 0.89 (s, 9 H, SiC(CHa)s), 0.06
(s, 3 H, Si(CHsa).), 0.00 (s, 3 H, Si(CHs)2); HRMS (FAB), calcd. for CagHsi103Si (M + Cs?),
855.1707 found 855.1672.
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&0s $10%ARe( StintigIoE1B tyat738\°Q MG solution is allowed to warm up to —40 °C over a period
of 30 min. The reaction mixture is then cooled to —78 °C, and a solution of aldehyde 35
(1.51 g, 2.09 mmol, 1.0 equiv.) in THF (12.5 mL) is added dropwise over 15 min. The resul-
ting mixture is stirred for 1 h at ~78 °C, and then quenched by dropwise addition of satura-
ted aqueous AcOH (3.1 mL of a 1 M solution in THF, 3.10 mmol, 1.5 equiv.). The mixture is
then warmed to 25 °C and partitioned between ether (25 mL) and saturated aqueous NH,CI
(25 mL). The aqueous phase is extracted with ether (3 x 25 mL) and the combined organic
extracts are dried (MgSO,) and concentrated under reduced pressure. Flash column chro-
matography (silica gel, 4 to 20% ether in hexanes) provides unreacted ketone (502 mg,
42%), undesired aldol product 38 (705 mg, 27%) and a mixture of desired aldol product 37
and unreacted aldehyde 35 [1.136 g, (ca. 9:1 ratio of 37:35 by 'H NMR)] (i.e. 39% yield of
37). This mixture is used directly in the next step. 37: (major) (obtained as a colorless oil
from a mixture containing 35, by flash column chromatography silica gel, (10 to 17% EtOAc
in hexanes). A= 0.22 (silica gel, 10% ether in hexanes); [0]%p —20.0 (¢ 0.3, CHCl); IR
(thin film) vmax 3486, 2954, 2928, 2856, 1682, 1472, 1448, 1253, 1090, 994, 836, 775, 706,
668, 632 cm™'; 'H NMR (600 MHz, CDCl;) §7.45-7.43 (m, 5 H, Ph), 7.30-7.19 (m, 10 H, Ph),

) 6.19 (s, 1 H, CH=CCHj3), 5.51 (dd, J=7.0, 6.9 Hz, 1 H, C=CHCH_), 4.18 (dd, J= 6.3, 6.2

Hz, 1 H, CHOSI), 3.88 (dd, J= 7.5, 2.6 Hz, 1 H, CHOS;i), 3.65 (m, 1 H, CH,0Si), 3.59 (m, 1
H, CH,08Si), 3.46 (d, J=11.2 Hz, 1 H, CH,OTr), 3.43 (d, J= 11.2 Hz, 1 H, CH;OTr), 3.27
(m, 1 H, CH3CH(C=0)), 3.22 (d, J= 9.3 Hz, 1 H, CHOH), 2.32-2.18 (m, 2 H,
C=CHCH,CHOSI) 2.00 (m, 2 H, CH,(C)CH,OTr), 1.80 (s, 3 H, CH=C(CH,)), 1.66 (m, 2 H),
1.46 (m, 2 H), 1.27 (m, 1 H, CH(CHj3), 1.19 (s, 3 H, C(CHs)2), 1.07 (s, 3 H, C(CHs)2), 0.99 (d,
J=6.8 Hz, 3 H, CH(CHs)), 0.89 (s, 9 H, SiC(CHj3)s), 0.87 (s, 9 H, SiC(CH3);), 0.86 (s, 9 H,
SiC(CHy)s), 0.71 (d, J= 6.7 Hz, 3 H, CH(CH,)), 0.10 (s, 3 H, Si(CHa)2), 0.07 (s, 3 H,
Si(CHas),), 0.04 (s, 3 H, Si(CH;),), 0.03 (s, 6 H, Si(CH;)2), ~0.01 (s, 3 H, Si(CHz).); HRMS
(FAB), caled. for CgHer106Si; (M + Cs*), 1257.4692 found 1257.4639. 38: (minor) Colorless
oil; Ry=0.38 (silica gel, 20% ether in hexanes); [0]?% —11.9 (¢ 2.9, CHCly); IR (thin film) Vmax
3501, 2954, 2930, 2856, 1682, 1469, 1254, 1088, 836, 776, 705, 670 cm™’; 'H NMR (500
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5.52 (dd, J=7.0, 6.9Hz , 1 H C-CHCHZ) 4.20 (dd, J= 6.5, 6.5 Hz, 1 H, CHOS;), 3.88 (dd,
J=7.5, 2.5 Hz, 1 H, CHOSI), 3.67 (m, 1 H, CH,0Si), 3.60 (m, 1 H, CH,OSi), 3.46 (s, 2 H,
CH,OTr), 3.30-3.21 (m, 2 H, CHOH, CH;CH(C=0}), 2.30-2.25 (m, 2 H, C=CHCH,CHOSI),
2.05-1.93 (m, 2 H, CH,C(CH,OTr)=CH), 1.81 (s, 3 H, CH=C(CH,)), 1.63 (m, 1 H, CH(CHa),
1.45 (m, 2 H), 1.24 (m, 2 H), (s, 3 H, C(CH,),), 1.05 (s, 3 H, C(CHj3),), 1.01 (d, J= 6.9 Hz, 3
H, CH(CHsa)), 0.92 (s, 18 H, SiC(CHs)s), 0.89 (s, 9 H, SiC(CHjs)3), 0.88 (obscured d, 3 H,
CH(CHs)), 0.88 (s, 18 H, SiC(CHa)s), 0.11 (s, 3 H, Si(CHs),), 0.07 (s, 3 H, Si(CHs)z), 0.06 (s,
3 H, Si(CH,)2), 0.04 (s, 6 H, Si(CHa)), 0.01 (s, 3 H, Si(CHa)2); HRMS (FAB), calcd. for
CeoHgr106Sis (M + Cs*), 1257.4692 found 1257.4749.

tetra-(Silylether) 39 as illustrated in Scheme 8. Alcohol 37 (1.136 g of a 9:1 mixture with
aldehyde 35, 0.933 mmol, 1.0 equiv.) is dissolved in CH,Cl; (5.0 mL), cooled to —20 °C and
treated with 2,6-lutidine (470 pL, 4.04 mmol, 4.3 equiv.) and tert-butyldimethylsilyl trifluoro-
methanesulfonate (695 pL, 3.03 mmol, 3.2 equiv.). The mixture is then stirred for 2.5 h with
slow warming to 0 °C. The reaction is then quenched with saturated aqueous NaHCO; (25
mL) and the aqueous phase is extracted with ether (3 x 25 mL). The combined organic
extracts are washed with brine (250 mL), dried (MgSQ,) and concentrated under reduced
pressure. Flash column chromatography (silica gel, 4 to 9% ether in hexanes) furnishes te-
tra-(silylether) 39 as a colorless oil (1.04 g, 90%). R;= 0.91 (silica gel, 20% ether in hexa-
nes); [0)?%p —16.8 (¢ 0.7, CHCly); IR (thin film) vmax 3058, 2951, 2856, 1693, 1471, 1253,

, 1079, 1004, 836, 706 cm’'; 'H NMR (600 MHz, CDCl;) §7.46-7.43 (m, 5 H, Ph), 7.29-7.19
(m, 10 H, Ph), 6.19 (s, 1 H, CH=CCHj,), 5.49 (dd, J= 7.0, 7.0 Hz , 1 H, C=CHCH,), 4.18 (dd,
J=6.3, 6.1 Hz, 1 H, CHOSI), 3.85 (dd, J= 7.6, 2.5 Hz, 1 H, CHOSI), 3.70 (dd, J= 6.7, 2.0
Hz, 1 H, CHOSI), 3.67 (ddd, J = 9.6, 4.8, 4.8 Hz, 1 H, CH,0Si), 3.59 (ddd, J=9.7,7.9.7.9
Hz, 1 H, CH,0Si), 3.45 (d, J=11.2 Hz, 1 H, CH,0OTr), 3.42 (d, J=11.2 Hz, 1 H, CH,OTr),
3.08 (qd, J= 6.8, 6.8 Hz, 1 H, CH3;CH(C=0)), 2.27 (ddd, J= 14.4,7.2,7.2 Hz, 1 H,
C=CHCH,CHOS:I), 2.23 (ddd, J= 14.5, 6.2, 6.2 Hz, 1 H, C=CHCH,CHOSi), 1.97 (m, 2 H,
CH,C(CH,OTr)=CH), 1.79 (s, 3 H, CH=C(CHs)), 1.57 (m, 1 H), 1.46 (m, 1 H), 1.25 (m, 3 H),
1.17 (s, 3 H, C(CHa),), 1.01 (d, J= 6.8 Hz, 3 H, CH(CHa)), 0.95 (s, 3 H, C(CH3).), 0.87 (s, 18
H, SiC(CHa)s), 0.86 (s, 18 H, SiC(CHjs)3), 0.09- —-0.03 (m, 24 H, Si(CH,).); HRMS (FAB),
caled. for CeeH111106Sis (M + Cs*), 1371.5557 found 1371.5523.
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Alcohol 40 as illustrated in Scheme 8. To a solution of tetra-silyl ether 39 (180 mg, 0.145
mmol) in THF (1.5 mL) at 0 °C is added HFepyr. in pyridine/THF mixture (prepared from a
stock solution containing 420 pL. HFepyridine, 1.14 mL pyridine and 2.00 mL THF) (1.5 mL)
and the resulting solution is stirred for 2 h at 0 °C. More HFepyr. in pyridine/THF mixture
(0.5 mL) is then added and stirring is continued for additional 1 h at 0 °C. The reaction is
quenched by careful addition of saturated aqueous NaHCO, and the product is extracted
with EtOAc (3 x 25 mL). The combined organic extracts are then dried (MgSQO,) and con-
centrated under reduced pressure. Flash chromatography (silica gel 30% ether in hexanes)
furnishes alcohol 40 as a pale yellow oil (137 mg, 84%). Ry= 0.36 (silica gel, 40% ether in
hexanes); [¢]* ~26.0 (¢ 0.3, CHCly); IR (thin film) vma, 3422, 2928, 2855, 1690, 1490.
1471, 1448, 1360, 1252, 1086, 1004, 986, 8386, 774, 706 cm’'; 'H NMR (600 MHz, CDCly) &
7.44-7.42 (m, 5 H, Ph), 7.29-7.20 (m, 10 H, Ph), 6.19 (s, 1 H, CH=CCHj3), 5.49 (dd, J=7.1,
7.1 Hz, 1 H, C=CHCH,), 4.17 (dd, J= 6.2, 6.0 Hz, 1 H, CHOSI), 4.03 (dd, J= 6.6, 3.7 Hz, 1
H, CHOSI), 3.73 (dd, J= 7.2, 1.7 Hz, 1 H, CHOSI), 3.65 m, 2 H, CH,0OH), 3.45 (d, J=11.7
Hz, 1 H, CH.OTr), 3.42 (d, J=11.7 Hz, 1 H, CH,OTr), 3.06 (qd, J=6.9, 6.9 Hz, 1 H,
CH;CH(C=0)), 2.28 (ddd, J= 14.7, 7.3, 7.3 Hz, 1 H, C=CHCH,CHOSI), 2.22 (ddd, J= 14.7,
6.3, 6.3 Hz, 1 H, C=CHCH,CHOS:I), 1.98 (m, 2 H, CH,C(CH,OTr)=CH), 1.79 (s, 3 H,
CH=C(CHs)), 1.56 (m, 2 H), 1.24 (m, 3 H), 1.18 (s, 3 H, C(CHa)z), 1.03 (d, J= 6.9 Hz, 3 H,
CH(CHsa)), 0.97 (s, 3 H, C(CHj3),), 0.87 (3 singlets, 27 H, SiC(CHa)s), 0.81 (d, J= 6.7 Hz, 3 H,
CH(CHs)), 0.10 (s, 3 H, Si(CH3)2), 0.04 (s, 9 H, Si(CHj3),), 0.03 (s, 3 H, Si(CHs)2), 0.00 (s, 3
H, Si(CHjs).); HRMS (FAB), calcd. for CgoHg7106Sis (M + Cs*), 1257.4692 found 1257.4780.

Aldehyde 41 as illustrated in Scheme 8. To a solution of oxalyl chloride (150 puL, 1.72
mmol, 2.0 equiv.) in CH.Cl, (10 mL) at -78 °C is added dropwise DMSO (247 pL, 3.48
mmol, 4.0 equiv.). After stirring for 10 min at —78 °C, a solution of alcohol 40 (960 mg,
0.853 mmol, 1.0 equiv.) in CH,Cl, (10 mL) is added dropwise. The resulting solution is
stirred at =78 °C for 1 h, and then Et3N (714 uL, 5.12 mmol, 6.0 equiv.) is added and the
reaction mixture is allowed to warm up to 25 °C over 30 min. Water (30 mL) is added, and
the product is extracted with ether (3 x 40 mL). The combined organic extracts are dried
(MgS0O,) and then concentrated under reduced pressure. Flash column chromatography
(silica gel, 17 to 50% ether in hexanes) furnishes aldehyde 41 as a colorless oil (943 mg,
98%). A;=0.74 (silica gel, 40% ether in hexanes); [0)*p ~10.8 (¢ 0.1, CHCl); IR (thin film)
Vmax 2928, 2855, 1728, 1690, 1471, 1448, 1260, 1252, 1085, 987, 836, 774, 706 cm™'; 'H
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NMR (600 MHz, CDCly) 69.74 (dd, J= 2.4, 1.6 Hz, 1 H, CHO), 7.44-7.42 (m, 5 H, Ph), 7.29-
7.20 (m, 10 H, Ph), 6.19 (s, 1 H, CH=CCH,), 5.49 (dd, J=7.0, 6.8 Hz, 1 H, C=CHCH), 4.44
(dd, J= 6.3, 5.0 Hz, 1 H, CHOSI), 4.18 (dd, J=6.9, 6.4 Hz, 1 H, CHOS;i), 3.70 (dd, J=7.2,
1.8 Hz, 1 H, CHOSI), 3.45 (d, J= 11.4 Hz, 1 H, CH,0Tr), 3.42 (d, J=11.4 Hz, 1 H,
CH,0Tr), 3.05 (qd, J=7.0, 7.0 Hz, 1 H, CH,CH(C=0)), 2.49 (ddd, J=17.0, 4.5, 1.4 Hz,
CH.CHO), 2.38 (ddd, J=17.0, 5.4, 2.8 Hz, 1 H, CH,CHO), 2.27 (ddd, J= 14.0, 7.1, 7.1 Hz,
1 H, C=CHCH,CHOS:i), 2.23 (ddd, J= 14.5, 6.5, 6.5 Hz, 1 H, C=CHCH,CHOSi), 1.98 (m, 2
H, CH,C(CHOTr)=CH), 1.79 (s, 3 H, CH=C(CH,)), 1.27 (m, 4 H), 1.19 (s, 3 H, C(CHjy)2),
1.12 (m, 1 H), 1.00 (d, J = 6.8 Hz, 3 H, CH(CHa)), 0.98 (s, 3 H, C(CHa).), 0.87 (s, 27 H,
Si(CHa)s), 0.80 (d, J= 6.7 Hz, 3 H, CH(CH,)), 0.07 (s, 3 H, Si(CHa)z), 0.04 (s, 3 H, Si(CHs).),
0.03 (s, 3 H, Si(CHjs)z), 0.03 (s, 3 H, Si(CHs),), 0.02 (s, 3 H, Si(CHj3),), 0.00 (s, 3 H,
Si(CHs).); HRMS (FAB), calcd. for CeoHeslOgSis (M + Cs*), 1255.4536 found 1255.4561.

Carboxylic acid 42 as illustrated in Scheme 8. To a solution of aldehyde 41 (943 mg,
0.839 mmol, 1.0 equiv.) in t+-BuOH (38.5 mL) and H,O (8.4 mL) is added 2-methyl-2-butene
(31.5 mL, 2 M in THF, 63.0 mmol, 75 equiv.) and NaH,PO, (250 mg, 2.08 mmol, 2.5 equiv.)
followed by NaClO; (380 mg, 4.20 mmol, 5.0 equiv.) and the resulting mixture is stirred at
25 °C for 40 min. The volatiles are then removed under reduced pressure and the residue
is partitioned between EtOAc (40 mL) and brine (40 mL) and the layers are separated. The
aqueous phase is then extracted with EtOAc (3 x 40 mL), and the combined organic ex-
tracts are dried (MgSQO,) and then concentrated under reduced pressure. Flash column
chromatography (silica gel, 60% ether in hexanes) furnishes carboxylic acid 42 as an oil
(956 mg, 100%). A, = 0.47 (silica gel, 40% ether in hexanes); [0]*% —19.6 (¢ 0.2, CHCLy); IR
(thin film) vimax 3389, 2930, 2856, 1711, 1469, 1254, 1085, 988, 835, 775, 705 cm™'; 'H NMR
(600 MHz, CDCl3) §7.44-7.43 (m, 5 H, Ph), 7.29-7.20 (m, 10 H, Ph), 6.19 (s, 1 H,
CH=CCHjy), 5.49 (dd, J=7.3,7.1 Hz, 1 H, C=CHCH,), 4.34 (dd, J=6.4, 3.3 Hz, 1 H,
CHOSI), 4,18 (dd, J= 6.2, 6.2 Hz, 1 H, CHOSI), 3.72 (dd, J= 7.2, 1.7 Hz, 1 H, CHOSI), 3.45
(d, J=11.4 Hz, 1 H, CH,OTr), 3.41 (d, J= 11.4 Hz, 1 H, CH,OTr), 3.07 (qd, J=7.0, 7.0 Hz,
1 H, CHsCH(C=0)), 2.46 (dd, J= 16.3, 3.1 Hz, 1 H, CH,CO.H), 2.32-2.18 (m, 3 H, CH.CO,H
and C=CHCH,CHOSI), 1.97 (m, 2 H, CH,C(CH,OTr)=CH), 1.80 (s, 3 H, CH=C(CHj)), 1.31-
1.19 (m, 5 H), 1.19 (s, 3 H, C(CHa),), 1.02 (d, /= 6.9 Hz, 3 H, CH(CH5)), 0.99 (s, 3 H,
C(CHas),), 0.87 (s, 27 H, Si(CHs),), 0.80 (d, J= 6.8 Hz, 3 H, CH(CHa)), 0.07, (s, 3 H,
Si(CHa)z), 0.04 (s, 3 H, Si(CHs).), 0.04 (s, 3 H, Si(CHs)2), 0.03 (s, 3 H, Si(CHj3),), 0.02 (s, 3
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extracted with EtOAc (3 x 40 mL). The combined organic extracts are dried (MgSO,) and
concentrated under reduced pressure. Flash column chromatography (silica gel, 5% MeOH
in CH.Cl,) furnishes hydroxy acid 43 as a yellow oil (817 mg, 95%). Rr= 0.27 (silica gel, 5%
MeOH in CH.Cly); [0)%5 ~11.4 (¢ 0.2, CHCla); IR (thin film) vmax 3364, 3057, 2938, 2856,
1712, 1694, 1469, 1254, 1086, 1053, 988, 836, 776, 734, 705 cm™'; 'H NMR (600 MHz,
CDCl3) §7.43-7.42 (m, 5 H, Ph), 7.30-7.21 (m, 10 H, Ph}), 6.32 (s, 1 H, CH=CCHz), 5.46 (dd,
J=7.2,7.2Hz,1H, C=CHCHy,), 4.35 (dd, J= 6.3, 3.2 Hz, 1 H, CHOH), 4.21 (dd, J= 6.4,
6.3 Hz, 1 H, CHOSI), 3.73 (dd, J=7.3, 1.2 Hz, 1 H, CHOSi), 3.52 (d, /= 12.1 Hz, 1 H,
CH,OTr), 3.48 (d, J= 12.1 Hz, 1 H, CH,OTT), 3.06 (m, 2 H, CH3CH(C=0) and OH), 2.45 (dd,
J=16.4, 3.0 Hz, 1 H, CH.CO;H), 2.35 (m, 2 H, C=CHCH,CHOH), 2.29 (dd, J= 16.4, 6.5
Hz, 1 H, CH,CO,H), 2.07-1.94 (m, 2 H, CH,C(CH.OTr)=CH), 1.85 (s, 3 H, CH=C(CHj)), 1.71
(m, 1 H), 1.39 (m, 1 H, CH(CHa)), 1.27 (m, 3 H), 1.18 (s, 3 H, C(CHg).), 1.02 (obscured d, 3
H, CH(CHa)), 1.02 (s, 3 H, C(CHa)z), 0.87 (s, 18 H, Si(CHa)s), 0.81 (d, J = 6.8 Hz, 3 H,
CH(CHs,)), 0.09 (s, 3 H, Si(CHa)z), 0.07 (s, 3 H, Si(CHj3),), 0.04 (s, 3 H, Si(CH,)2), 0.02 (s, 3
H, Si(CHa)2); HRMS (FAB), calcd. for Cs4Hgs107Si; (M + Cs*), 1157.3620 found 1157.3669.

Macrolactone 44 as illustrated in Scheme 8: To a solution of hydroxy acid 43 (1.06 g,
1.04 mmol, 1.0 equiv.) in THF (15 mL, 0.07 M) is added Et;N (870 pL 0.24 mmol, 6.0 equiv.)
and 2,4,6-trichlorobenzoyl chloride (390 pL, 2.50 mmol, 2.4 equiv.). The reaction mixture is
stirred at 0 °C for 1.5 h, and then added slowly over a period of 2 h via syringe pump to a
solution of 4-DMAP (280 mg, 2.29 mmol, 2.2 equiv.) in toluene (208 mL, 0.005 M based on
43) at 75 °C. The mixture is stirred at that temperature for an additional 0.5 h and is then
concentrated under reduced pressure. The resulting residue is filtered through a plug of sili-
ca gel eluting with 50% ether in hexanes. Flash column chromatography (silica gel, 17%
ether in hexanes) furnishes macrolactone 44 as a colorless foam (877 mg, 84%). R;=0.19
(10% ether in hexanes); [0]?p —7.4 (¢ 0.2, CHCI3); IR (thin film) vmax 2929, 2855, 1742,
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1682, 1454, 1384, 1252 1148, 1040, 979, 735 cm™’; 'H NMR (600 MHz, CDCl3) §7.21 (s, 1
H, ArH), 6.61 (s, 1 H, CH=CCHa), 5.58 (d, J = 47.0 Hz, 2 H, CHF), 5.45 (dd, J= 9.8, 5.3 Hz,
1 H, C=CHCH,), 5.26 (dd, J = 9.4, 2.0 Hz, 1 H, CHOCO), 4.23 (dd, J= 10.9, 2.4 Hz, 1 H,
CHOH), 4.08 (d, J= 13.1 Hz, 1 H, CH,0H), 4.01 (d, J= 13.1 Hz, 1 H, CH,OH), 3.70 (dd, J =
4.2,2.7 Hz, 1 H, CHOH), 3.16 (qd, J= 6.8, 2.6 Hz, 1 H, CHsCH(C=0)), 2.94 (bs, 1 H, OH),
2.69 (ddd, J = 15.2, 9.6, 9.6 Hz, 1 H, C=CHCH,CHO), 2.46 (dd, J= 14.8, 10.9 Hz, 1 H,
CH,CO0Q), 2.36-2.24 (m, 2 H, CH,C(CH,OH)=CH), 2.30 (dd, J = 14.8, 2.6 Hz, 1 H,
CH,CO00), 2.09 (s, 3 H, CH=C(CH,)), 2.07 (m, 1 H, C=CHCH,CHO), 1.77-1.58 (m, 5 H),
1.33 (s, 3 H, C(CHs),), 1.17 (d, J= 6.9 Hz, 3 H, CH(CHa)), 1.06 (s, 3 H, C(CHa)), 1.00 (d, J
= 7.0 Hz, 3 H, CH(CH,)); HRMS (FAB), calcd. for CooHsoFNOsS (M + Cs*), 658.1615 found
658.1644.

Macrolactone 46 as illustrated in Scheme 9. A solution of vinyl iodide 24 (32 mg, 0.060
mmol, 1.0 equiv.), stannane 8p (28 mg, 0.101 mmol, 1.7 equiv.) and PdCl(MeCN), (1.7 mg,
i 0.07 mmol, 0.1 equiv.) in degassed DMF (650 uL, 0.1 M) is stirred at 25 °C for 20 h, accor-
ding to the procedure described for the synthesis of macrolactone 18d, to yield, after pre-
parative thin layer chromatography (250 mm silica gel plates, 80% EtOAc in hexanes), star-
ting vinyl iodide 24 (6 mg, 19%) and macrolactone 46 (17 mg, 54%). A;= 0.37 (silica gel,
80% EtOAc in hexanes); [a]*%p —48.7 (¢ 0.15, CHCly); IR (thin film) vma, 3402, 2931, 2874,
1731, 1686, 1533, 1458, 1420, 1383, 1242, 1150, 1048, 1007, 979 cm™"; 'H NMR (500
MHz, CDCls) 66.50 (s, 1 H, ArH), 6.36 (s, 1 H, CH=CCHj), 5.45 (dd, J= 10.0, 5.0 Hz, 1 H,
C=CHCHy), 5.23 (dd, J = 9.5, 1.5 Hz, 1 H, CHOCO), 4.24 (bd, J= 11.0 Hz, 1 H, CHOH),
4.11-3.68 (m, 1 H, CH,OH), 4.07 (s, 3 H, OCHy), 4.01 (d, J= 13.0 Hz, 1 H, CH;OH), 3.71
(dd, J= 4.0, 2.5 Hz, 1 H, CHOH), 3.30 (bs, 1 H, OH), 3.16 (qd, J= 7.0, 2.5 Hz, 1 H,
CH,CH(C=0)), 3.00 (bs, 1 H, OH), 2.68 (ddd, J=15.0, 10.0, 9.5 Hz, 1 H, C=CHCH,CHO),
2.46 (dd, J= 15.0, 11.0 Hz, 1 H, CH,COO), 2.30-2.20 (m, 2 H, CH.C(CH,OH)=CH), 2.29
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* S| 109MREF l)ctbART%E(RuStEa¢d AV EEhEnel9. A @ILEYBE Viny! iodide 24 (41 mg, 0.076

P T T R e SO
0.015 mmol, 0.2 equiv.) in degassed DMF (760 pL, 0.1 M) is stirred at 25 °C for 21 h, accor-
ding to the procedure described for the synthesis of macrolactone 18d, to yield, after prepa-
rative thin layer chromatography (250 mm silica gel plates, 80% EtOAc in hexanes), starting
vinyl iodide 24 (6 mg, 15%) and macrolactone 47 (20.5 mg, 51%). A;= 0.41 (silica gel, 80%
EtOAc in hexanes); [a]*%, —86.0 (c 0.25, CHCl,); IR (thin film) vinax 3387, 2968, 2936, 2874,
1733, 1685, 1458, 1381, 1253, 1149, 1050, 1003, 912 cm™’; 'H NMR (500 MHz, CDCl) &
6.97 (s, 1 H, ArH), 6.63 (s, 1 H, CH=CCHs), 5.43 (dd, J = 9.0, 5.5 Hz, 1 H, C=CHCH,), 5.25
(dd, J= 8.5, 2.0 Hz, 1 H, CHOCO), 4.32 (ddd, /= 11.0, 5.5, 2.5 Hz, 1 H, CHOH), 4.12-4.07
(m, 2 H, CH,OH and OH), 4.02 (d, J= 11.0 Hz, 1 H, CH,OH), 3.69 (dd, J=2.0, 2.0 Hz, 1 H,
CHOH), 3.16 (qd, J = 7.0, 2.5 Hz, 1 H, CH3CH(C=0)), 3.08 (bs, 1 H, OH), 2.98 (g, J = 7.0
Hz, 2 H, CH,CH3;), 2.61 (ddd, J= 15.0, 9.0, 9.0 Hz, 1 H, C=CHCH,CHO), 2.46 (dd, J= 14.5,
11.0 Hz, 1 H, CH,COOQ), 2.38 (dd, J= 15.0, 4.0 Hz, 1 H, CH,C(CH,OH)=CH), 2.31-2.25 (m,
1 H, CH.C(CH,0OH)=CH), 2.23 (dd, J = 14.5, 2.5 Hz, 1 H, CH,C00), 2.17-2.07 (m, 1 H,
C=CHCH,CHOQ), 2.04 (s, 3 H, CH=C(CHs)), 1.97 (bs, 1 H, OH), 1.78-1.61 (m, 3 H), 1.38-

| 1.23 (m, 2 H), 1.37 (q, J=7.0 Hz, 3 H, CH,CH5), 1.35 (s, 3 H, C(CH,),), 1.18 (d, J= 7.0 Hz,
3 H, CH(CH,)), 1.05 (s, 3 H, C(CHj3),), 1.01 (d, J= 7.0 Hz, 3 H, CH(CH,)); HRMS (FAB),
calcd. for CygHisNOgS (M + Na*), 544.2709 found 544.2724.

Macrolactone 48 as illustrated in Scheme 9. A solution of vinyl iodide 24 (26 mg, 0.048
mmol, 1.0 equiv.), stannane 8h (29 mg, 0.072 mmol, 1.5 equiv.) and PdCl,(MeCN). (1.5 mg,
0.006 mmol, 0.1 equiv.) in degassed DMF (480 pL, 0.1 M) is stirred at 25 °C for 15 h, accor-
ding to the procedure described for the synthesis of macrolactone 18d, to yieid, after prepa-
rative thin layer chromatography (250 mm silica gel plates, EtOAc), starting vinyl iodide 24
(10.5 mg, 40%) and macrolactone 48 (10.5 mg, 41%). A= 0.27 (silica gel, EtOAc); [o)?%p —
43.0 (¢ 0.14, CHCl,); IR (thin film) vmax 3388, 2924, 2851, 1732, 1682, 1462, 1384, 1251,
1185, 1150, 1067 cm™"; 'H NMR (500 MHz, CDCl;) 67.13 (s, 1 H, ArH), 6.63 (s, 1 H,
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() GLO Ao fs)allowed to warm to 25 °C. The product is then partitioned between saturated aque-
ous NaHCO; (5 mL) and CH:Cl, (5 mL) and the layers are separated. The aqueous phase
is extracted with CHzCl; (2 x 5 mL) and the combined organic extracts are dried (MgSOs)
and then concentrated under reduced pressure. Preparative thin layer chromatography (250
mm silica gel plate, 40% EtOAc in hexanes) furnishes fluoride 50 (2.1 mg, 58%). R;= 0.39
(silica gel, 50% EtOAc in hexanes); [}y —34.4 (¢ 0.09, CHCl3); IR (thin film) vimax 3413,
2919, 2849, 1725, 1684, 1465, 1381, 1290, 1250, 1150, 1041, 979, 872 cm™'; 'H NMR (600
MHz, CDCls) 67.22 (s, 1 H, ArH), 6.62 (s, 1 H, CH=CCH,), 5.60 (d, J=47.0 Hz, 2 H,
ArCH,F), 5.56-5.52 (m, 1 H, C=CHCHy,), 5.27 (dd, J= 9.5, 2.0 Hz, 1 H, CHOCO), 4.79 (dd, J
= 82.2,10.8 Hz, 1 H, CH=CCH;F), 4.71 (dd, J = 81.8, 10.8 Hz, 1 H, CH=CCH,F), 4.24 (dd, J
=10.9, 2.6 Hz, 1 H, CHOH), 3.70 (dd, J = 4.3, 2.5 Hz, 1 H, CHOH), 3.15 (qd, J=6.8,2.5
Hz, 1 H, CH3CH(C=0)), 3.00-2.85 (m, 1 H, OH), 2.71 (m, 1 H, C=CHCH,CHO), 2.46 (dd, J =
14.9, 11.0 Hz, 1 H, CH,COO0), 2.38-2.29 (m, 2 H, CH.C(CH,OH)=CH), 2.30 (dd, J = 14.9,
2.8 Hz, 1 H, CHCOO), 2.15-2.08 (m, 1 H, C=CHCH,CHO), 2.11 (d, J= 1.0 Hz,
CH=C(CH)), 1.80-1.50 (m, 4 H), 1.37-1.29 (m, 2 H), 1.33 (s, 3 H, C(CHa).), 1.18 (d, J=6.8
Hz, 3 H, CH(CHsa)), 1.06 (s, 3 H, C(CHa)2), 1.01 (d, J=7.1 Hz, 3 H, CH(CHj)); HRMS (FAB),
caled. for Co;HagFNOsS (M + H), 528.2595 found 528.2610.

Fluoride 51 as illustrated in Scheme 9. A solution of triol 46 (8.2 mg, 0.016 mmol, 1.0
equiv.) in CH,Cl, (200 pL, 0.08 M) at —78 °C is treated with DAST (0.025 mL, 0.019 mmol,
1.2 equiv.) and the resuiting mixture is stirred at —78 °C for 10 min according to the proce-
dure described for the synthesis of fluoride 50, to yield, after preparative thin layer chroma-
tography (250 mm silica gel plates, 30% EtOAc in hexanes), fluoride 51 (3.5 mg, 43%). A=
0.57 (silica gel, 60% EtOAc in hexanes); [0)% ~41.7 (c 0.11, CHCl3); IR (thin film) Vinax
3418, 2925, 2852, 1734, 1686, 1535, 1461, 1415, 1383, 1334, 1241, 1150, 1045, 976 cm’’;
'"H NMR (400 MHz, CDCly) 66.51 (s, 1 H, ArH), 6.37 (s, 1 H, CH=CCHs), 5.55-5.51 (m, 1 H,
C=CHCH,), 5.22 (dd, J= 10.0, 2.0 Hz, 1 H, CHOCOQ), 4.81 (dd, /= 74.0, 11.0 Hz, 1 H,
CH=CCH,F), 4.71 (dd, J=73.0, 11.0 Hz, 1 H, CH=CCH.F), 4.26 (dd, /= 11.0, 2.5 Hz, 1 H,
CHOHY), 4.09 (s, 3 H, CH30), 3.71 (dd, J= 4.5, 2.0 Hz, 1 H, CHOH), 3.17 (qd, J=7.0, 2.5
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(CAGLA N ) ‘mmol, 1.05 equiv.) and the resulting mixture is stirred at —78 °C for 10 min according
to the procedure described for the synthesis of fluoride 50, to yield, after preparative thin
layer chromatography (250 mm silica gel plates, 60% EtOAc in hexanes), fluoride 52 (5.1
mg, 41%). Ry = 0.19 (silica gel, 50% EtOAc in hexanes); [a]*%p —68.6 (c 0.22, CHCl3); IR
(thin film) vnax 3504, 2969, 2935, 2877, 1736, 1687, 1461, 1369, 1290, 1250, 1148, 1068,
1044, 1008, 976 cm™; "H NMR (500 MHz, CDCl;) §6.98 (s, 1 H, ArH), 6.60 (s, 1 H,
CH=CCHjs), 5.56-5.52 (m, 1 H, C=CHCH,), 5.23 (dd, J= 10.0, 2.0 Hz, 1 H, CHOCO), 4.80
(dd, J=783.0, 10.5 Hz, 1 H, CH=CCH,F), 4.71 (dd, J=72.5, 10.5 Hz, 1 H, CH=CCH,F), 4.33
(ddd, J=11.0, 5.5, 2.5 Hz, 1 H, CHOH), 3.71 (ddd, J=5.0, 2.5, 2.0 Hz, 1 H, CHOH), 3.71
(d, J=6.0 Hz, 1 H, CHOH), 3.17 (qd, /= 7.0, 2.0 Hz, 1 H, CH3CH(C=0)), 3.07 (m, 1 H,
OH), 4.51 (q, J=7.5 Hz, 2 H, CH,CH3), 2.70 (ddd, J= 15.0, 10.0, 2.0 Hz, 1 H,
C=CHCH,CHO), 2.45 (dd, J= 14.5, 11.0 Hz, 1 H, CH,COO0), 2.39-2.28 (m, 2 H,
CH,C(CH,OH)=CH), 2.26 (dd, J= 14.5, 2.5 Hz, 1 H, CH,COO0), 2.17-2.10 (m, 1 H,
C=CHCH,CHO), 2.08 (d, J= 1.5 Hz, 3 H, CH=C(CH,)), 1.80-1.67 (m, 3 H), 1.39 (t, J=7.5
Hz, 3 H, CH,CH,), 1.39-1.24 (m, 2 H), 1.35 (s, 3 H, C(CH3),), 1.19 (d, J=7.0 Hz, 3 H,
CH(CH,)), 1.07 (s, 3 H, C(CHa)), 1.03 (d, J = 7.0 Hz, 3 H, CH(CH,)); HRMS (FAB), calcd.
for CosHa2FNOsS (M + Cs*), 656.1822 found 656.1843.

Fluoride 53 as illustrated in Scheme 9. A solution of triol 49 (6.0 mg, 0.0151 mmol, 1.0
equiv.) in CH.Cl, (1.5 mL, 0.01 M) at =78 °C is treated with DAST (0.20 mL, 0.08 M in
CH.Cl,, 0.016 mmol, 1.1 equiv.) and the resulting mixture is stirred at —78 °C for 10 min
according to the procedure described for the synthesis of fluoride 50, to yield, after prepa-
rative thin layer chromatography (250 mm silica gel plates, 50% EtOAc in hexanes), fluoride
53 (3.0 mg, 50%). A= 0.50 (silica gel, 50% EtOAc in hexanes); [)% -12.4 (¢ 0.2, CHCly);
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f 100m#@d( ¥ =7.0.% /Org@)H) sCH{C=0)), 298(m HOH)275266 ,
C=CHCH,CHO), 2.46 (dd, J = 14.6, 11.0 Hz, 1 H, CH,COO), 2.37-2.27 (m, 2 H,
CH,C(CH,OH)=CH), 2.28 (dd, J = 14.6, 2.6 Hz, 1 H, CH,C00), 2.15-2.08 (m, 1 H,
C=CHCH,CHO), 2.11 (s, 3 H, CH=C(CH,)), 1.80-1.64 (m, 3 H), 1.43-1.27 (m, 2 H), 1.34 (s,
3 H, C(CHa)2), 1.18 (d, J= 6.8 Hz, 3 H, CH(CHs)), 1.07 (s, 3 H, C(CHa)2), 1.03 (d, J= 7.0 Hz,
3 H, CH(CH,)); HRMS (FAB), calcd. for CgHFNOsS (M + H*), 522.2689 found 522.2704.

Epoxide 54 as illustrated in Scheme 8. To a solution of allylic alcohol 45 (25.4 mg, 0.049
mmol, 1.0 equiv.) and 4 A molecular sieves in CH,Cl, (0.50 mL) at -40 °C is added drop-
wise (+)-diethyl-D-tartrate (41 pL, 0.59 M in CH.Cl;, 0.024 mmol, 0.5 equiv.) followed by ti-
tanium isopropoxide (55 pL, 0.35 M in CH,Cl,, 0.019 mmol, 0.4 equiv.). After 1 h at that
temperature, t-butyl hydroperoxide (22 uL of a 5 M solution in decane, 0.110 mmol, 2.2
equiv.) is added and the reaction mixture is stirred at =30 °C for 2 h. The reaction mixture is
then filtered through celite into saturated aqueous Na,SO, (10 mL), eluting with EtOAc (10
mL). The resulting biphasic mixture is then stirred for 1 h and the layers are separated. The
aqueous phase is extracted with EtOAc (3 x 10 mL) and the combined organic extracts are
dried (MgSO,) and concentrated under reduced pressure. Preparative thin layer chromato-
graphy (250 mm silica gel plates, 80% EtOAc in hexanes) furnishes epoxide 54 (13.5 mg,
52%). Rr=0.23 (silica gel, 80% EtOAc in hexanes); [a]*’p -55.4 (c 0.06, CHCI3); IR (thin
film) vmax 3425, 2929, 2862, 1732, 1688, 1456, 1367, 1292, 1258, 1195, 1149, 1040, 980
cm’”; "H NMR (600 MHz, CDCly) §7.22 (s, 1 H, ArH), 6.62 (s, 1 H, CH=CCHy), 5.59 (d, J =
47.0 Hz, 2 H, ArCH,F), 5.46 (dd, J= 6.7, 3.4 Hz, 1 H, CHOCO), 4.14-4.09 (m, 1 H, CHOH),
3.89 (d, J=6.4 Hz, 1 H, OH), 3.76 (bs, 1 H, CHOH), 3.72 (d, J= 12.1 Hz, 1 H, CH.OH}),
3.56 (dd, J=12.1, 7.5 Hz, 1 H, CH,OH), 3.33 (qd, J= 6.8, 5.3 Hz, 1 H, CH3CH(C=0)), 3.16
(dd, J=6.3, 6.1 Hz, 1 H, C(O)CHCH,CHO), 2.55 (dd, J = 14.1, 10.2 Hz, 1 H, CH.COQ),
2.50 (bs, 1 H, OH), 2.41 (dd, J= 14.1, 3.1 Hz, 1 H, CH,CO0), 2.11 (s, 3 H, CH=C(CHs)),
2.10-1.97 (m, 2 H, C(O)CHCH,CHO), 1.91-1.81 (m, 2 H, CH,C(CH,0H)), 1.74-1.60 (m, 3 H),
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Epoxide 55 as illustrated in Scheme 9. To a solution of allylic alcohol 46 (22 mg, 0.042
mmol, 1.0 equiv.) and 4 A molecular sieves in CHCl, (420 ulL) at =40 °C is added dropwise
(+)-diethyl-D-tartrate (4 L, 0.021 mmol, 0.5 equiv.), followed by titanium isopropoxide (5 uL,
0.016 mmol, 0.4 equiv.) and after 1 h at this temperature, t-butyl hydroperoxide (18 pL of a
5 M solution in decane, 0.092 mmol, 2.2 equiv.) according to the procedure described for
the synthesis of epoxide 54 to yield, after preparative thin layer chromatography (250 mm
silica gel plates, 80% EtOAc in hexanes), epoxide 55 (16 mg, 70%). Rr= 0.25 (silica gel,
80% EtOAc in hexanes); [0]?p —44.8 (c 1.4, CHCly); IR (thin film) vmax 3435, 2959, 2935,
2877, 1732, 1689, 1534, 1459, 1421, 1371, 1338, 1241, 1174, 1039, 980 cm™; 'H NMR
(500 MHz, CDCl,) §6.51 (s, 1 H, ArH), 6.35 (s, 1 H, CH=CCHy), 5.40 (dd, J= 7.0, 3.0 Hz, 1
H, CHOCO), 4.11 (ddd, J= 10.0, 6.5, 3.0 Hz, 1 H, CHOH), 4.07 (s, 3 H, CH;0), 3.88 (d, J=
6.0 Hz, 1 H, OH), 3.77-3.74 (m, 1 H, CHOH), 3.73 (dd, J= 12.5, 4.0 Hz, 1 H, CH,OH), 3.57
(dd, J=12.5, 8.0 Hz, 1 H, CH,OH), 3.32 (qd, J= 7.0, 5.0 Hz, 1 H, CH3CH(C=0)), 3.16 (dd,
J=7.0,5.5Hz, 1 H, C(O)CHCH,CHO), 2.54 (dd, J= 14.5, 10.0 Hz, 1 H, CH,COO0), 2.50
(bs, 1 H, OH), 2.40 (dd, J= 14.5, 3.5 Hz, 1 H, CH.COQ), 2.13 (s, 3 H, CH=C(CH,)), 2.12-
2.05 (m, 1 H, C(O)CHCH,CHO), 2.03-1.95 (m, 2 H), 1.90-1.82 (m, 1 H, CH,C(CH,OH)),
1.75-1.60 (m, 2 H), 1.50-1.20 (m, 3 H), 1.35 (s, 3 H, C(CHa),), 1.16 (d, J= 7.0 Hz, 3 H,
CH(CH,)), 1.07 (s, 3 H, C(CHs)2), 0.99 (d, J = 7.0 Hz, 3 H); HRMS (FAB), calcd. for
C27H41NOgS (M + Cs*), 672.1607 found 672.1584.

Fluoride 58 as illustrated in Scheme 9. A solution of triol 54 (5.0 mg, 0.009 mmol, 1.0
equiv.) in CH,Cl, (1 mL, 0.01 M) at =78 °C is treated with DAST (0.25 mL of a 0.1 M solution
in CH,Cl, 0.025 mmol, 1.05 equiv.) according to the procedure described for the synthesis
of fluoride 50, to yield, after preparative thin layer chromatography (250 mm silica gel
plates, 60% EtOAc in hexanes), fluoride 58 (2.0 mg, 41%). Rr= 0.22 (silica gel, 50% EtOAc
in hexanes); IR (thin film) vinax 3402, 2954, 2923, 2853, 1732, 1688, 1462, 1378, 1262,
1185, 1149, 1082, 1031, 980 cm™'; '"H NMR (500 MHz, CDCls) §7.23 (s, 1 H, ArH), 6.63 (s,
1 H, CH=CCHa), 5.60 (d, J = 47 Hz, 2 H, ArCH,F), 5.47 (dd, J=7.0, 3.0 Hz, 1 H, CHOCO),
4.39 (dd, J = 97.0, 10.5 Hz, 1 H, C(O)CH,F), 4.30 (dd, J = 97.0, 10.5 Hz, 1 H, C(O)CHF),
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ArH), 6.35 (s, 1 H, CH=CCH), 5.41 (dd, J=7.0, 3.5 Hz, 1 H, CHOCO), 4.40 (dd, J= 111.5,
10.5 Hz, 1 H, CH,F), 4.30 (dd, J=111.5, 10.5 Hz, 1 H, CH,F), 4.14 (ddd, J=10.0,7.0, 3.5
Hz, 1 H, CHOH), 4.08 (s, 3 H, CH40), 3.80 (d, J = 7.0 Hz, 1 H, OH), 3.78 (dd, J= 3.5, 3.5
Hz, 1 H, CHOH), 3.31 (qd, J = 7.0, 5.0 Hz, 1 H, CHsCH(C=0)), 3.01 (dd, J = 7.0, 6.5 Hz, 1
H, C(O)CHCH,CHO), 2.55 (dd, J = 14.5, 10.0 Hz, 1 H, CH,COO0), 2.53 (bs, 1 H, OH), 2.40
(dd, J=14.5, 3.5 Hz, 1 H, CH,COO), 2.14 (s, 3 H, CH=C(CHj)), 2.12-2.15-1.90 (m, 3 H),

, 1.73-1.70 (m, 1 H), 1.55-1.24 (m, 5 H), 1.36 (s, 3 H, C(CHs)z), 1.17 (d, J= 6.5 Hz, 3 H,

CH(CHs)), 1.09 (s, 3 H, C(CHs),), 1.00 (d, J = 7.0 Hz, 3 H, C(CHa)2); HRMS (FAB), calcd. for
CarHeoFNO;S (M + Cs*), 674.1564 found 674.1594.

Epoxide 57 as shown in Scheme 10. To a solution of allylic alcohol 24 (81 mg, 0.151
mmol, 1.0 equiv.) and 4 A molecular sieves in CH,Cl (1.25 mL) at —40 °C is added drop-
wise (+)-diethyl-D-tartrate (13 L, 0.076 mmol, 0.5 equiv.), followed by titanium isopropoxide
(18 ulk., 0.060 mmol, 0.4 equiv.) and after 1 h at this temperature, t-butyl hydroperoxide (66
uL. of a 5 M solution in decane, 0.330 mmol, 2.2 equiv.) and the reaction conducted accor-
ding to the procedure described for the synthesis of epoxide 54 to yield, after flash column
chromatography (silica gel, 80% EtOAc in hexanes), epoxide 57 (74 mg, 89%). A= 0.34
(sifica gel, 80% EtOAc in hexanes); [} -32.5 (0.3, CHCI3); IR (thin film) vinax 3455,
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H, CH(CH)), 1.06 (s, SH C(CHa)z) oger J= 70l—?z 3H C( a)2); HRMS (I¥A ), calcd.

for Cz3H37107 (M + Na*), 575.1483 found §75.1462.

Epoxide 56 as illustrated in Scheme 9. A solution of vinyl iodide 57 (20 mg, 0.036 mmol,
1.0 equiv.), stannane 8r (29 mg, 0.072 mmol, 1.5 equiv.) and PdCl;(MeCN). (2.0 mg, 0.004
mmol, 0.1 equiv.) in degassed DMF (360 pL, 0.1 M) is stirred at 25 °C for 20 h, according to
the procedure described for the synthesis of lactone 18d, to yield, after preparative thin
layer chromatography (250 mm silica gel plates, EtOAc), starting viny! iodide 57 (6 mg,
30%) and macrolactone 56 (10 mg, 51%). Ar= 0.23 (silica gel, 80% EtOAc in hexanes);
[]?%0 —60.0 (¢ 0.14, CHCIg); IR (thin film) vinax 3414, 2969, 2933, 2872, 1736, 1687, 1458,
1373, 1293, 1258, 1150, 980, 914 cm™'; 'H NMR (500 MHz, CDCl3) §6.99 (s, 1 H, ArH),

6.61 (s, 1 H, CH=CCHa), 5.43 (dd, J= 8.0, 3.0 Hz, 1 H, CHOCO), 4.20 (ddd, /= 9.5, 6.5,
3.0 Hz, 1 H, CHOH), 4.04 (d, J=6.5 Hz, 1 H, OH), 3.77 (dd, J= 4.0, 4.0 Hz, 1 H, CHOH),
3.74 (dd, J= 12.5, 4.0 Hz, 1 H, CH,OH), 3.57 (dd, J= 12.5, 8.0 Hz, 1 H, CH,OH), 3.32 (qd,
J=7.0,4.5Hz, 1 H, CH;CH(C=0)), 3.16 (dd, J=7.5, 5.0 Hz, 1 H, C(O)CHCH,CHO), 3.01
(9, J=7.5Hz, 2 H, CH,CHs), 2.56 (brs, 1 H, OH), 2.54 (dd, J=14.0, 10.0 Hz, 1 H,
CH,COO0), 2.38 (dd, J= 14.0, 3.0 Hz, 1 H, CH,COOQ), 2.14 (ddd, J= 15.0, 4.5, 3.0 Hz, 1 H,
C(O)CHCH,CHO) 2.11 (s, 3 H, CH=C(CHj)), 2.02-1.96 (m, 1 H, C(O)CHCH,CHO), 1.93-
1.84 (m, 1 H), 1.74-1.71 (m, 1 H), 1.55-1.25 (m, 5 H), 1.40 (t, J=8.0 Hz, 3 H, CH,CH>), 1.37
(s, 3 H, C(CH3)2), 1.17 (d, J=7.0 Hz, 3 H, CH(CHa)), 1.08 (s, 3 H, C(CH3).), 1.01 (d, J=7.0
Hz, 3 H C(CHs).); HRMS (FAB), calcd. for C23H13NO>S (M + Na*), 560.2658 found 560.2640.

bis-Silylether 61 as illustrated in Scheme 10. To a solution of triol 57 (83 mg, 0.150
mmol, 1.0 equiv.) in DMF (1.5 mL, 0.1 M) is added Et;N (315 uL, 2.26 mmol, 15 equiv.) fol-
lowed by TMSCI (152 pL, 1.20 mmol, 8 equiv.) and the mixture is stirred at 25 °C for 12 h.
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The mixture is then concentrated under reduced pressure and the resulting oil is partitioned
between ether (10 mL) and water (10 mL) and the layers are separated. The aqueous layer
is extracted with ether (3 x 10 mL) and the combined extracts are dried (MgSQ,), concentra-
ted under reduced pressure and then filtered through a short plug of silica gel. The resul-
ting filtrate is concentrated, dissolved in CH.Cl> (5 ml), and silica gel (1g) is added. The re-
sulting slurry is stirred at 25 °C for 12 h, filtered, concentrated and finally passed through a
short plug of silica gel to afford the bis-silylether 61 as a foam (103 mg, 98%). Ry = 0.48 (si-
lica gel, 60% Et,0 in hexanes); [)p ~19.1 (¢ 0.23, CHCl3); IR (thin film) vinax 3408, 2956,
1746, 1698, 1454, 1383, 1250, 1156, 1113, 1060, 1021, 985, 898, 841, 752 cm™; 'H NMR
(500 MHz, CDCl3) §6.44 (s, 1 H, ArH), 5.37 (dd, J= 9.0 Hz, 1 H, CHOCO), 4.01 (dd, J=
10.5, 2.5 Hz, 1 H, CHOH), 3.86 (d, J= 10.0 Hz, 1 H, CHOSI), 3.79 (dd, J= 12.5, 4.5 Hz, 1
H, CH,OH), 3.49 (ddd, J= 12.5, 10.5, 8.5 Hz, 1 H, CH,OH), 3.39 (m, 1 H, OH), 3.09 (dd, J
=10.5, 3.5 Hz, 1 H, CH(O)CH,CO)}), 2.97 (qd, J= 6.5, 4.0 Hz, 1 H, CH;CH(C=0)), 2.74 (dd,
J=16.5,10.5 Hz, 1 H, CH,COO), 2.67 (dd, J= 16.0, 2.5 Hz, 1 H, CH,COO), 2.18-2.15 (m,
1 H, CH(O)CH,CHO), 1.95-1.82 (m, 2 H), 1.82 (s, 3 H, CH3C=C), 1.68-1.40 (m, 4 H), 1.24
(m, 2 H), 1.18 (s, 3 H, C(CHg)z), 1.11 (s, 3 H, C(CHa),), 1.06 (d, J= 6.5 Hz, 3 H, CH(CH,)),
0.95 (d, J = 7.0 Hz, 3 H, CH(CHj)), 0.14 (s, 9 H, (CH3)sSi), 0.06 (s, 9 H, (CHs)sSi); HRMS
(FAB), calcd. for CxgHs3l07Si; (M + Cs*), 829.1429 found 829.1459,

Aldehyde 62 as illustrated in Scheme 10. To a suspension of alcohol 61 (20 mg, 0.029
mmol, 1.0 equiv.) and 4 A molecular sieves in CH.Cl, (0.25 mL) is added NMO (10 mg,
0.085 mmol, 3.0 equiv.) followed by TPAP (1 mg, 0.003 mmol, 0.1 equiv.). The resulting
slurry is stirred at 25 °C for 40 min and then filtered through a short plug of silica to afford
aldehyde 62 (18 mg, 90%). R:= 0.66 (silica gel, 60% Et,0 in hexanes); IR (thin film) vimax
2958, 2913, 2851, 1732, 1698, 1454, 1383, 1250, 1156, 1113, 1021, 987, 895, 841, 750
cm’’; 'H NMR (600 MHz, CDCl,) 68.84 (s, 1 H, CH=0), 6.51 (s, 1 H, ArH), 5.46 (dd, J= 7.9,
3.4 Hz, 1 H, CHOCO), 3.81 (d, J=8.3 Hz, 1 H, CHOSi), 3.32 (dd, /= 8.5, 4.2 Hz, 1 H,
CHOSI), 3.04 (qd, J=7.1, 7.1 Hz, 1 H CH;CH(C=0Q)), 2.65 (dd, J=15.6, 8.3 Hz, 1 H,
CH,C00), 2.59 (dd, J= 15.6, 4.1 Hz, 1 H, CH,COOQ), 2.21 (ddd, J= 15.2, 3.8, 3.8 Hz, 1 H,
CH(O)CH,CHO), 2.06-1.97 (m, 2 H), 1.87 (s, 3 H, CH;C=CH), 1.87-1.80 (m, 1 H), 1.62-1.56
(m, 1 H), 1.51-1.41 (m, 2 H), 1.27-1.21 (obscured m, 2 H), 1.15 (s, 3H, C(CHa),), 1.08 (s,
3H, C(CHa)), 1.08 (d, J= 6.2 Hz, 3 H, CH(CH,)), 0.96 (d, J= 6.9 Hz, 3 H, CH(CHs)), 0.13 (s,
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9 H, (CH2)sS), 0.05 (s, 9 H, (CH3)sSi); HRMS (FAB), calcd. for CagHs:107Siz (M + Cs*),
827.1272 found 827.1304.

Olefin 63 as illustrated in Scheme 10. Methyltriphenylphosphonium bromide (104 mg of a
mixture with sodium amide (Aldrich), 0.250 mmol, 9.7 equiv.) in THF (2.0 mL) is added por-
tionwise to a solution of aldehyde 62 (18.0 mg, 0.026 mmol, 1.0 equiv.) in THF (0.5 mL) at -
5 °C until the completion of the reaction is established by TLC. Saturated aqueous NH,CI
(1 mL) is added and the product is extracted with ether (3 x 2 mL) dried (MgSQ,) and then
concentrated under reduced pressure. Flash column chromatography (silica gel, 15% ether
in hexanes) furnishes olefin 63 (11.7 mg, 65%). Ry= 0.50 (silica gel, 20% Et,0 in hexanes);
[0]%%5 =17.9 (¢ 0.2, CHCL3); IR (thin film) vmax 2954, 2923, 1747, 1698, 1456, 1382, 1250,
1156, 1113, 1021, 986, 889, 841, 750 cm™; 'H NMR (500 MHz, CDCls) §6.44 (s, 1 H, ArH),
6.00 (dd, J=17.0, 10.0 Hz, 1 H, CH=CH,), 5.36 (dd, J= 9.0, 2.0 Hz, 1 H, CHOCO), 5.29
(dd, J= 17.5, 1.5 Hz, 1 H, CH,=CH), 5.14 (dd, J = 10.5, 1.5 Hz, 1 H, CH.=CH), 4.12 (dd, J =
9.0, 5.0 Hz, 1 H, CHOS:I), 3.85 (d, J=9.5 Hz, 1 H, CHOSI), 3.04 (qd, /=9.0, 7.0 Hz, 1 H,
CHaCH(C=0)), 2.85 (dd, J= 9.5, 4.0 Hz, 1 H, CH(O)CCH=CH,), 2.73 (dd, J = 16.0, 10.0 Hz,
1 H, CH,CO0), 2.65 (dd, J=16.0, 2.5 Hz, 1 H, CH,CO0), 2.12 (ddd, J = 15.0, 4.0, 2.0 Hz,
1 H, CH,CH(O), 1.93-1.78 (3 H, m), 1.84 (s, 3 H, CH=CCH), 1.65-1.20 (m, 5 H), 1.19 (s, 3
H, C(CHa)2), 1.11 (s, 3 H, C(CHa)2), 1.08 (d, J = 6.5 Hz, 3 H, CH(CH5)), 0.95 (d, J=7.0 Hz, 3
H, CH(CH3)), 0.14 (s, 9 H, (CH3),Si), 0.07 (9 H, s, (CH3),Si), HRMS (FAB), calcd. for
CaoHs3106Si2 (M + Cs*), 825.1480 found 825.1450.

Macrolactone 65 as illustrated in Scheme 10. A solution of olefin 63 (15 mg, 0.022 mmol,
1.0 equiv.) in EtOH (1.0 mL) is treated with hydrazine (17 pL, 0.500 mmol, 25.0 equiv.) and
H20, (25 uL, 30% w/w in water, 0.370 mmol, 16.0 equiv.) and the resulting mixture stirred at
0 °C for 3 h. The mixture is then partitioned between ether (4 mL) and water (2 mL) and the
layers are separated. The aqueous layer is extracted with ether (3 x 4 mL) and the combi-
ned organic extracts are dried (MgSO,) and concentrated under reduced pressure to give a
foam (15.0 mg) which is dissolved in THF (1.5 mL) and treated with HF epyr. in pyridine/THF
(600 mL.) and the mixture is stirred at 0 °C for 2 h. The reaction mixture is then quenched
with saturated aqueous NaHCO; (5 mL) and is extracted with EtOAc (3 x 3 mL). The com-
bined organic extracts are dried (MgSQO,) and concentrated under reduced pressure. Flash

column chromatography (silica gel, 80% ether in hexanes) furnishes macrolactone 65 (9.4
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mg, 75%). Ar= 0.06 (silica gel, 60% Et,0 in hexanes); [0]*%p —19.3 (¢ 0.33, CHCL); IR (thin
film) vmax 3416, 2954, 2926, 2872, 1734, 1689, 1456, 1384, 1287, 1256, 1149, 1084, 978,
892 cm™; '"H NMR (500 MHz, CDCl3) 66.46 (s, 1 H, CH=CCH3), 5.48 (dd, J = 5.0, 5.0 Hz, 1
H, CHOCO), 4.03 (brm, 1 H, CHOH), 3.76 (brm, 2 H, CHOH and OH), 3.34 (qd, J=6.5, 6.5
Hz, 1 H, CH3CH(C=0)), 2.73 (dd, J = 6.5, 6.5 Hz, 1 H, CH(O)CCH,CHa), 2.54 (dd, J = 14.5,
10.0 Hz, 1 H, CH,COO0), 2.44 (dd, J = 14.5, 8.5 Hz, 1 H, CH,C0O0), 2.29 (brs, 1 H, OH),
1.96-1.85 (m, 2H), 1.89 (s, 3 H, CHsC=CH), 1.70-1.40 (m, 5 H), 1.31-1.24 (m, 4 H), 1.35 (s,
3 H, C(CHa)2), 1.19 (d, J = 6.5 Hz, 3 H, CH(CH»)), 1.07 (s, 3 H, C(CHa)2), 0.99 (d, J = 7.0 Hz,
3 H, CH(CHs)), 0.91 (t, J = 7.5 Hz, 3 H, CHsCHy); HRMS (FAB), calcd. for CpqHaslOg (M +
Cs'), 683.0846 found 683.0870.

Macrolactone 66 as illustrated in Scheme 10. A solution of vinyl iodide 65 (9.4 mg, 0.017
mmol, 1.0 equiv.), stannane 8j (10 mg, 0.036 mmol, 2.1 equiv.) and PdCI,(MeCN), (1.0 mg,
0.004 mmol, 0.2 equiv.) in degassed DMF (250 ulL, 0.07 M) is stirred at 25 °C for 15 h, ac-
cording to the procedure described for the synthesis of macrolactone 18d, to yield, after
preparative thin layer chromatography (250 mm silica gel plates, EtOAc) macrolactone 66
(4.6 mg, 52%). R, = 0.40 (silica gel, 80% EtOAc in hexanes); [0]%; —=30.0 (¢ 0.17, CHCly); IR
(thin film) vmax 3432, 2967, 2933, 2872, 1736, 1689, 1458, 1384, 1256, 1151, 1067, 1038,
979, 905, 733 cm™’; 'H NMR (500 MHz, CDCly) 67.23 (s, 1 H, ArH), 6.62 (s, 1 H,
CH=CCHjs), 5.59 (d, J = 47.1 Hz, 2 H, CH,F), 5.46 (dd, J = 6.3, 3.7 Hz, 1 H, CHOCO), 4.15
(d, J=8.8 Hz, 1 H, CHOH), 3.98 (brs, 1 H, OH), 3.77 (brs, 1 H, CHOH), 3.35 (qd, J = 6.6,
4.8 Hz, 1 H, CH3CH(C=0)), 2.82 (dd, J= 6.1, 6.1 Hz, 1 H, CH(O)CCH.CH3), 2.56 (dd, J =
14.0, 8.9 Hz, 1 H, CH,COO0), 2.48 (brs, 1 H, OH), 2.41 (dd, J = 14.0, 3.0 Hz, 1 H, CH,COO0),
2.13 (s, 3 H, CH=C(CH,)), 2.04 (ddd, J=15.1, 5.9, 4.0 Hz, 1 H, CH,CH(O)CHCH,), 2.00-
1.94 (m, 1 H, CH.CH(O)CHCH.), 1.78-1.24 (m, 7 H), 1.36 (s, 3 H, C(CH3)2), 1.17 (d, J=7.0
Hz, 3 H, CH(CHa)), 1.07 (s, 3 H, C(CHj3),), 1.00 (d, J = 7.0 Hz, 3 H, CH(CH:)); HRMS (FAB),
calcd. for CzgHs2FNQOeS (M + Cs*), 672.1771 found 672.1793.

Macrolactone 67 as illustrated in Scheme 10. A solution of vinyl iodide 65 (11 mg, 0.020
mmol, 1.0 equiv.), stannane 8p (14 mg, 0.034 mmol, 1.7 equiv.) and PdCi,(MeCN), (1.0 mg,
0.004 mmol, 0.2 equiv.) in degassed DMF (250 ulL, 0.08 M) is stirred at 25 °C for 20 h, ac-
cording to the procedure described for the synthesis of macrolactone 18d, to yield, after
preparative thin layer chromatography (250 mm silica gel plates, EtOAc) macrolactone 67
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(8.5 mg, 79%). A= 0.88 (silica gel, E,0); [0)%p —44.7 (c 0.08 CHCI5); IR (thin film) via
3442, 2964, 2934, 1732, 1683, 1536, 1461, 1422, 1384, 1241, 1150, 1070, 979, 906, 732
cm’™; 'H NMR (500 MHz, CDCls) §6.52 (s, 1 H, ArH), 6.36 (s, 1 H, CH=CCHg), 5.41 (dd, J=
7.0, 3.3 Hz, 1 H, CHOCO), 4.15 {ddd, J = 10.3, 7.0, 3.7 Hz, 1 H, CHOH), 4.08 (s, 3 H,
OCHs), 3.99 (brd, J = 6.3 Hz, 1 H, OH), 3.77 (brm, 1 H, CHOH), 3.34 (qd, /= 6.6, 4.8 Hz, 1
H, CH,CH(C=0)), 2.81 (dd, J = 6.6, 5.9 Hz, 1 H, CH(O)CCH,CHj), 2.55 (dd, J = 14.2, 10.1
Hz, 1 H, CH,COO0), 2.52 (brs, 1 H, OH), 2.39 (dd, J = 14.0, 2.9 Hz, 1 H, CH,CO0), 2.14 (s,
3 H, CH=C(CHj)), 2.05 (ddd, J = 15.1, 5.5, 4.0 Hz, 1 H, CH,CH(O)CHCH,), 1.98-1.92 (m, 1
H, CH;CH(O)CHCHS), 1.80-1.70 (m, 2 H), 1.58-1.39 (m, 5 H), 1.30-1.24 (m, 2 H), 1.17 (d, J
= 7.0 Hz, 3 H, CH(CHa)), 1.08 (s, 3 H, C(CHa)z), 1.00 (d, J = 7.0 Hz, 3 H, CH(CHj)), 0.91 (t, J
= 7.4 Hz, 3 H, CHsCHz); HRMS (FAB), calcd. for CzsHsaNO;S (M + Cs*), 670.1815 found
670.1837.

Macrolactone 68 as illustrated in Scheme 10. A solution of vinyl iodide 65 (5.8 mg, 0.011
mmol, 1.0 equiv.), stannane 8r (10 mg, 0.025 mmol, 2.3 equiv.) and PdCl,(MeCN), (1.0 mg,
0.004 mmol, 0.3 equiv.) in degassed DMF (100 uL, 0.1 M) is stirred at 25 °C for 23 h, accor-
ding to the procedure described for the synthesis of macrolactone 18d, to yield, after prepa-
rative thin layer chromatography (250 mm silica gel plates, EtOAc) macrolactone 68 (3.7
mg, 65%). A= 0.45 (silica gel, Et,0); [0)*p -33.3 (¢ 0.09, CHCL); IR (thin film) Vi 3408,
2954, 2924, 2872, 1736, 1692, 1454, 1384, 1254, 1150, 1071, 979 cm™"; 'H NMR (500
MHz, CDCl;) §6.99 (s, 1 H, ArH), 6.60 (s, 1 H, CH=CCHj), 5.42 (dd, J= 7.9, 3.1 Hz, 1 H,
CHOCO), 4.33 (brs, 1 H, CHOH), 4.24 (brd, J= 9.6 Hz, 1 H, OH), 3.76 (brm, 1 H, CHOH),
3.32 (qd, J=6.8, 4.3 Hz, 1 H, CH3CH(C=0)), 3.01 (q, /= 7.6 Hz, 2 H, ArCH,CHa), 2.82 (dd,
J=7.4,48Hz, 1 H, CH(O)CH), 2.60 (brs, 1 H, OH), 2.54 (dd, J= 13.6, 10.3 Hz, 1 H,
CH.COQ0), 2.35 (dd, J = 14.0, 2.9 Hz, 1 H, CH,COQ), 2.10-2.05 (obscured m, 1 H,
CH,CH(Q)), 2.08 (s, 3 H, CH=C(CHs)), 1.96-1.90 (m, 1 H, CH.CH(O)CHCH,), 1.80-1.67 (m,
2 H), 1.66-1.25 (m, 7 H), 1.38 (s, 3 H, C(CHs)2), 1.16 (d, J= 7.0 Hz, 3 H CH(CH,)), 1.07 (s, 3
H, C(CHa)z), 1.00 (d, J= 7.0 Hz, 3 H CH(CH,)), 0.92 (t, J=7.4 Hz, 3H, CH,CH,), 0.91 (t, J=
7.5 Hz, 3 H, CH,CH,); HRMS (FAB), caled. for CagH4sNOgS (M + Cs*), 668.2022 found
668.2042.
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Tubulin polymerization and cytotoxicity assays.

Tubulin polymerization is determined by the filtration-colorimetric method, developed by
Bollag et Cancer Res. 1995, 55, 2325-2333. Purified tubulin (1 mg/mL) is incubated at 37
°C for 30 minutes in the presence of each compound (20 mM) in MEM buffer [(100 mM 2-
(N-morpholino)ethanesulfonic acid, pH 6.75, 1 mM ethylene glycol bis(B-aminoethyl ether),
N, N, N’, N-tetraacetic acid, and 1 mM MgCl;]; the mixture is then filtered to remove unpo-
lymerized tubulin by using a 96-well Millipore Multiscreen Durapore hydrophilic 0.22 um pore
size filtration plate; the collected polymerized tubulin is stained with amido black solution
and quantified by measuring absorbance of the dyed solution on a Molecular Devices
Microplate Reader. The growth of all cell lines is evaluated by quantitation of the protein in
96-well plates as described previously. Briefly, 500 cells are seeded in each well of the pla-
tes and incubated with the various concentrations of the epothilones at 37 °C in a humidi-
fied 5% CO, atmosphere for four days. After cell fixation with 50% trichloroacetic acid, the
optical density corresponding to the quantity of proteins is measured in 25 mM NaOH solu-
tion (50% methanol: 50% water) at a wavelength of 564 nm. The IC50 is defined as the
dose of drug required to inhibit cell growth by 50%.

Scheme 11 is shown using conditions described in Nicolaou et al. J. Am. Chem. Soc.,1997,
119, 7974-7991 and those as indicated in the description of Scheme 11 above.

Vinyl iodide 7002 as illustrated in Scheme 11. Diiodide 7001 (1 equiv.; from 57) and so-
dium cyanoborohydride (10 equiv.) are dissolved in anhydrous HMPA (0.2 M) and the resul-
ting mixture Heated at 45-50 °C for 48 h. After cooling to room temperature, water is added
and the aqueous phase extracted four times with ethyl acetate. The combined organic frac-
tions are dried (Na,SO,) and passed through a short plug of silica gel to remove traces of
HMPA (eluting with 50% ethyl acetate in hexanes). Following evaporation of solvents, the
residue is purified by preparative thin layer chromatography (eluting with 50% ethy! acetate

in hexanes) to provide pure vinyl iodide 7002 (84 %).
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What is claimed is:

1. A compound represented by the formula |

(1)

wherein

the waved bond indicates that bond “a” is present either in the cis or in the trans form;

(i) Rz is absent or oxygen; “@” can be either a single or double bond; “b” can be either absent
or a single bond; and “¢” can be either absent or a single bond, with the proviso that if R, is
oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if R, is absent then
“b” and “¢” are absent and “a” is a double bond; and if “a” is a double bond, then R,, “b” and
“c” are absent;

Rsis a radical selected from the group consisting of hydrogen; lower alkyl; -CH=CHy;
-C=CH; -CH,F; -CH,CI; -CH,-OH; -CH,-O-(C,-Cs-alkyl); and -CHz-S-(C,-Ce-alkyl);

R, and Rs are independently selected from hydrogen, methy! or a protecting group; and

R, is a radical selected from the following structures:

e 0 05
L Lo Dm0
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CH,F
)ﬁ o )m b )Q/ B
1 / 1] / H / 1
N~ N~ CH,OH N N
X S AN
I _ ) | /> O-CH,CH;  and
N~ CH,F N =

N
wherein R and R’ are lower alkyl, or R’ is hydroxymethyl or fluoromethyl and R is hydrogen

or methyl;

(i) and, if Ry is lower alkyl;, -CH=CH,; -C=CH; -CH,F; -CH,CI; -CH,-OH; -CH,-O-(C;-Cs-
alkyl); or -CH,-S-(C4-Ce-alkyl), and the other symbols except Ry have the meanings given
above, Ry can also be a radical selected from the following structures:

/
N
N N N
N \ NT N s
\ \
s F s s
)ﬁi[/>__/ , >4£/>— N(CH;), and )41)' S-CH; . or, if Ry has
N N N

one of the meanings given in the definition of R; above under (i) other than methyl, R, can

AN
also be a radical of the formula

.
N

(iii) and, if Ry is hydrogen; lower alkyl; -CH=CH,; -C=CH; -CH,F; -CH,Cl};
-CH,-OH; -CH,-0O-(C4-Cs-alkyl); or -CH,-S-(C4-Cg-alkyl),
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and
R; is oxygen, “b” and “¢” are each a single bond and “a” is a single bond,

then Ry can also be a radical of the partial formula:

(iv) and, if R, is lower alkyl other than methyl; or is -CH=CH,; -C=CH; -CH,F; -CH.Cl; -CH,-
OH; -CH,-0O-(C,-Cg-alkyl); or -CH,-S-(C4-Ce-alkyl); and the other symbols except for Ry have

the meanings given above under (i), R, can also be a moiety of the formula

>4E:/>_/OH |

or a salt of a compound of the formula | where a salt-forming group is present,

wherein the term “lower” denotes a radical having up to and including 7 carbon atoms.

2. A compound of the formula | according to claim 1 wherein

(i) R, is absent or oxygen; “a” can be either a single or double bond; “b” can be either absent
or a single bond; and “¢” can be either absent or a single bond, with the proviso that if R; is
oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if Rz is absent then
“b” and “c” are absent and “a” is a double bond; and if “a” is a double bond, then R, “b” and
“c” are absent;

R;is a radical selected from the group consisting of hydrogen; lower alkyl; -CH=CHy;
-C=CH; -CH,F; -CH,Cl; -CH,-OH; -CH,-O-(C;-Cg-alkyl); and -CH,-S-(C;-Ce-alkyl);

R, and R;s are independently selected from hydrogen, methyl or a protecting group; and

R, is a radical selected from the following structures:
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)41?1)__/ , )41:)——0-0% and | )@[:}——NHZ;

wherein R and R’ are lower alkyl;
or a salt thereof where salt-forming groups are present
wherein the term “lower” denotes a radical having up to and including 7 carbon atoms.

3. A compound of the formula | according to claim 1, wherein

R, is absent or oxygen; “a” can be either a single or double bond; “b” can be either absent or
a single bond; and “¢” can be either absent or a single bond, with the proviso that if Rz is
oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if R, is absent then
“b" and “¢" are absent and “a” is a double bond; and if “a” is a double bond, then Ry, “b” and
“c” are absent;

R;is a radical selected from the group consisting of hydrogen; lower alkyl; -CH=CH,;
-C=CH; -CH,F; -CHCI; -CH»-OH; -CH,-O-(C-Ce¢-alkyl); and -CH,-S-(C¢-Cg-alkyl);

R, and Rs are independently selected from hydrogen, methyl or a protecting group; and

R, is a radical selected from the following structures:

CH,OH

CH,F
ﬁ )ﬁ . )g(\/l\ )ﬁ
) ) / 1] !
N/ N/ N CH,OH N/
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N X s
) _ , >4£/> O-CH,CH; and
NT N~ CH,F N
~
Z
N

wherein R’ is hydroxymethyl or fluoromethy! and R is hydrogen or methyl,
or a salt thereof where a salt-forming group is present

wherein the term “lower” denotes a radical having up to and including 7 carbon atoms.

4. A compound of the formula | according to claim 1 wherein

R; is absent or oxygen; “a” can be either a single or double bond; “b” can be either absent or
a single bond; and “¢” can be either absent or a single bond, with the proviso that if R, is
oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if R, is absent then
“b” and “¢” are absent and “a” is a double bond; and if “a” is a double bond, then R, “b” and
“c” are absent;

R;is a radical selected from the group consisting of lower alkyl; -CH=CH,; -C=CH; -CH;F; -
CH.CI; -CH,-OH; -CH,-O-(C;-Ce-alkyl); and -CH,-S-(C4-Ce-alkyl),

R, and Rs are independently selected from hydrogen, methyl or a protecting group; and

R, is a radical selected from the following structures:
N/
AN AN AN
e gNeUNsS
N
N N N
H N
N \ A\ N\/\> S
- A0 & 10—
N \ \ N
S F S S
| /> ' )gLIE/>__N(CHs)2 and | />_S‘CH3
N N N
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or a salt thereof where one or more salt-forming groups are present

wherein the term “lower” denotes a radical having up to and including 7 carbon atoms.

5. A compound of the formula | according to claim 1 wherein

R. is absent or oxygen; “a” can be either a single or double bond; “b” can be either absent or
a single bond; and “¢” can be either absent or a single bond, with the proviso that if R; is
oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if R, is absent then
“b” and “c” are absent and “a” is a double bond; and if “a” is a double bond, then R,, “b” and
“c” are absent;

R;is a radical selected from the group consisting of lower alkyl other than methyl; -CH=CH;
-C=CH; -CHF; -CH.CI; -CH,-OH; -CH,-O-(C4-Ce-alkyl); and -CH,-S-(C;-Cg-alkyl),

R, and R; are independently selected from hydrogen, methyl or a protecting group; and

X

~
N

R;is a radical of the formula

or a salt thereof if one or more salt-forming groups are present.

6. A compound of the formula | according to claim 1 wherein

R: is oxygen, “b” and “c” are each a single bond and “a” is a single bond,

R;is a radical selected from the group consisting of lower alkyl; -CH=CH,; -C=CH; -CH.F; -
CH,CI; -CH,-OH; -CH,-O-(C4-Cs-alkyl); and -CH,-S-(C,-Cs-alkyl),

R, and R;s are independently selected from hydrogen, methyl or a protecting group; and

R, is a radical selected from the group consisting of the following structures:

or a salt thereof where one or more salt-forming groups are present
wherein the term “lower” denotes a radical having up to and including 7 carbon atoms.

7. A compound of the formula | according to claim 1 wherein
R; is absent or oxygen; “a” can be either a single or double bond; “b” can be either absent or

a single bond; and “¢” can be either absent or a single bond, with the proviso that if Ry is
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oxygen then “b” and “¢” are both a single bond and “a” is a single bond; if R, is absent then
“b” and “c” are absent and “a” is a double bond; and if “a” is a double bond, then R,, “b” and
“c” are absent;

R, is a radical selected from the group consisting of lower alky! other than methyl; -CH=CH,;
-C=CH; -CHaF; -CH,CI; -CH,-OH; -CH,-O-(C4-Cg-alkyl); and -CH,-S-(C4-Cg-alkyl),

R, and Rs are independently selected from hydrogen, methyl or a protecting group; and

)
R, is a radical of the formula )ﬁl[ />

N

OH

wherein the term “lower” denotes a radical having up to and inciuding 7 carbon atoms.

8. A compound according to claim 1 of the formula Ia,

wherein, independent of each other, the R moieties are hydrogen or methyl, or a salt thereof.

9. A compound according to claim 1 of the formula Ib,

(Ib)

wherein, independent of each other, the R moieties are hydrogen or methyl, or a salt thereof.

10. A compound according to claim 1 of the formula Ic
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wherein R* is methyl, or a salt thereof.

11. A compound according to claim 1 of the formula Id

(Id)

wherein A is ethyl, fluoromethyl, methoxy, methylthio or ethenyl (-CH=CH,) and
D is hydrogen, fluoro, hydroxy or methyl.

12. A compound according to claim 1 of the formula le

wherein A is ethyl, fluoromethyl, methoxy, methylthio or ethenyt (-CH=CH;) and
D is hydrogen, fluoro, hydroxy or methyl.
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13. A compound according to claim 1, selected from the group consisting of the compounds
of the following formulae:

.
'II
‘

()




-112-

19 DEC 2002



-113-

19 DEC 2002



(h)

-114.

19



- 115 -

19 DEC 2007



" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$9& () *+,-./0123456789: ; 190552%2

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<:>?@ABCDEFGHIJKLNNCPCRSTUVMXYZ[\]A_‘abqqgtghijklnnopqrstuvmuyz{|}~

" #$9& () *+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

P"#$UR' ()*+,-./0123456789: ; :

<:>?@ABCDEFGHIJKLNNCPO' “abcdef ghi j kI mopgr st uvwxyz{|}~
S S

_‘aucd§>ghbhﬁlnnopqrstuvmuyz{|}~

‘abcd%fghijklnnopqrstuvmuyz{|}~

< >9@%BCDEFGHIJKL
"HSR ()W, - . HA
< >7@ABCDEFGHIJKL
#EU&' () *+,-./012;
>9@%BCDEFGHIJKL ‘
"HSUR () *+, -. /01234
< >7@ABCDEFGHIJKL »POR
"HSUR () *+, - 10123456789
<= >°@%BCDEFGHIJKLNNCPQRSTUVMXYZ[\]A_‘abcdefghijklnnopqrstuvmuyz{|}~

P\]~_"abcdef ghi j kl mopqr st uvwxyz{| } ~
Z[\]"_" abcdef ghi j kl mopqgr st uvwxyz{| }~

()




" #$UR' ()*+,-./0123456789: ;

<=>7?@\BCDEFGHI JKLMNOPQRSTUWKYZ[ \ | ~ _" abcdef ghi j kI mopqgr st uvwxyz{|}~1 9 pf¢ 2002
" #$9& () *+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j ki

- 117 -

S/>——SMe
N

HO

\““‘
\

or a pharmaceutically acceptable salt thereof.

15. A pharmaceutical formulation comprising a compound according to any one of claims 1
to 14 and a pharmaceutically acceptable carrier

16. A compound according to any one of claims 1 to 14 for use in the treatment of a

proliferative disease.

17. The use of a compound of the formula | according to any one of claims 1 to 14 for

manufacture of a medicament for the treatment of a proliferative disease.

18. A pharmaceutical composition that is suitable for administration to a warm-blooded ani-
mal for the treatment of a proliferative disease, comprising an amount of an active ingredient
of the formula | according to claim 1, which is effective for the treatment of said proliferative
disease, together with at least one pharmaceutically acceptable carrier.

19. A method for the synthesis of a compound of the formula |,
comprising

a) coupling a iodide of the formula Il,
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(1)

wherein R;, Ra, R4, Rs, a, b and ¢ and the waved bond have the meanings given under
formula | in claim 1, with a tin compound of the formula Ill,

R-Sn(R)s : )

wherein R, has the meanings given under formula | and R is lower alkyl, especially methyl or
n-butyl, or

b) coupling a tin compound of the formula 1V,

(IV)

wherein Ry, Rs, Ry, Rs, a, b and ¢ and the waved bond have the meanings given under
formula 1, with a iodide of the formula V,

Ry-l (V)
wherein Ry has the meanings given under formula | in claim 1;
and, if desired, a resulting compound of the formula | is converted into a different compound

of the formula |, a resulting free compound of the formula 1 is converted into a salt of a com-
pound of the formula [, and/or a resulting salt of a compound of the formula [ is converted
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into a free compound of the formula | or into a different salt of a compound of the formula I,
and/or a stereoisomeric mixture of compounds of formula | is separated into the

corresponding isomers.

20. A method of synthesis of a compound of the formula VI,

(V1)

(VIN)

wherein R;j is lower alkyl, especially methyl or n-butyl, is coupled with a iodide of the formula
VIll,

] (VIN).

21. A method of synthesis for epothilones E or F of the formula 1X,
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O(:)HO

wherein Q is hydrogen or methyl, characterized in that a compound of the formula X

wherein Q is hydrogen or methyl is epoxidized in the presence of an epoxide to the
compound of the formula IX.
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