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The invention relates to the fjel gan hesi s, nedicinal

chem stry, cancer chenot heraé&gﬂ cag Rt oy ¢! chenot herapy.
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proliferating ceIIs, such as, tunDr ceIIs or 20 other hyperproliferative
cellular disease; see Hofle etg I@VE TION - Ed. Engl., 1996,
35:1567-1569. -1 WO 02/ 098868 PCTI7 us02 153 MVARY OF THE | NVENTI ON The
present inventi onlheeihatemntrelates g therfibddsaff drgunmﬂwthemnﬂecﬂioinmmnﬁd;try, aR Q
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cancer chemotherapeutic agents and cancer chemotherapy. Specifically, the invention

10 relates to microtubule-stabilizing antitumor compounds of the epothilone class.

BACKGROUND OF THE INVENTION
Epothilones are macrolide compounds which find utility in the pharmaceutical

field. For example, Epothilones A and B having the structures:

15 O OH O
Epothilone A R=H
EpothiloneB R =Me
have been found to exert microtubule-stabilizing effects similar to TAXOL™ and
hence cytotoxic activity against rapidly proliferating cells, such as, tumor cells or
20  other hyperproliferative cellular disease; see Hofle et al., Angew. Chem. Int. Ed. Engl.,
1996, 35:1567-1569.



W~RARA XBLYXYIl Il 5Qis selected fromthe group consisting of R7
ZM5 AR Z5L-, VGis selected fromthe group consisting of alkyl,
substi t utwo caloisghs aryl, 10 substituted aryl, heterocycl ®CTRBORIBID R3L
Rl "~- I DRI2Lis 0, S SO SO or NR13 or CR14R15; 15 Wis O or NR16; X
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G is selected from the group consisting of alkyl, substituted alkyl, aryl,
10  substituted aryl, heterocyclo,
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Lis O, S, SO, SOy or NR13 or CR14R15;

15 Wis O or NR1g;
Xis O, S, CHRy7orH,Ryg;
Zis O; S; H,RigorRpp Roy;
Y is selected from the group consisting of O; H, H; H, OR99; OR93, OR>3;
NOR24; H, NOR25; H, NRogR27; NHNRogR7g; H, NHNR30R31; or CHR39;

20 where OR23, OR23 can be a cyclic ketal,



10 substituted al kyl, aryl, substituted aryl, cycloal kyl, heterocyclo or
substituted heterocyclo; R6 and R7 are selected fromthe group consisting
of H, al kwb,026ss8ituted al kyl, halogen, nitro, cyano, ORCT/USMRABRAO,
R50C=0, R17, R18, R22 and R23 are selected fromthe group consisting of H,

al kyl, and 15 substituted alkyl; R20, R21, R24, R2 R26, R28, R30, R32,
R33?/ R34, R35, l,a‘Féag,z aﬁ?s@,he&%fé?mmgmmwmﬁh?g 0%&89%@9%4, R53, R54,
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H, al kyl, su@gpﬁiﬁtﬁéﬁé\lﬁ‘ﬁé&Pg/ﬁgﬁgg&lﬁ%%ﬂéd aryl; heterocyclo or
substituted hetergcycl o, is H_ alkyl jng 2 to 20 carbon atons,
substituted al kyI],Bl%ﬁ‘%‘TC:tecé%%rgS T §fC8R COLY goﬁ Zg«‘@ﬁgleﬁocgafisti t ut ed
het er ocycl o; or ) t r. W, t it 0 o which they
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heterocyglo%§4 tituted heterocyclo; 25 R12, R13, R16, R27, R29, R31,
R38, R43, R49, and R60 are selected fromthe group consisting of H,

al kyl , subst it ut edpatikyld VSHOSIEAY SEmas alis ’

R51C=0, R520C=0, R53SC0. hydr oxy, Ogﬁnkﬁ?ﬂog’r%éﬁ’bslt%{e&toégﬁgﬁkgf%%'m

02/ 098868 P®E/dUSHR2/ 15397 when X is 0 then R16 is not R51C=0, R520C=0, and
R53SC2; and Wner&jn R44. is. _further amno and R6LR6ANC=C R44 is R51C=0

R62R63NS02, or ( CoRZ B3opudBse, arpselegipdiirpmcH dpwesakyet ed from the group
consi sting of H, halogen, _alkyl, or 5 substituted alkyl; R19 | e| ect ed
from the group cﬁ%i@%%ﬁ’g%ﬁaﬁﬁl%ﬂlﬁfﬂﬁ'el?@%ﬁ‘?m HOWP K S}Stlﬁgogkﬁ?ﬁ‘}’i’

0- substitwt ed, al. kyl, ;NRBARSS . R56C=0Q. when L.is 0 S or 3 then R19 is
not O- allpyl Supstiiigd Hktyﬁtagg %l{bﬁgﬁu?em4ﬁ§:§?allﬁi,gleéqgcYﬁ%OIaﬁugsF%tgﬁe cted from
the group caopsrsdycrg of H,  hal ogen, alkyl, 10 substituted alkyl, aryl,

substituted aryl, cycloalkyl, heterocyclo, R56C=0O R570C=0, RS8NHC=0
hydr oxy, O-al kyl Rg aml Bpbestsetagteddram kel gromRe9RE0ng of H, alkyl, substituted alkyl,

Y

halogen, nitro, cyano, OR47, NR4gR49, R50C=0;
R17,R18, Rop and Ry 3 are selected from the group consisting of H, alkyl, and
15  substituted alkyl;
R20, R21. Ro4, Ros, Ro6, Rog, R30, R32, R33, R34, R35, R36, R37, R3,

R40, R41, R42, Rq7, R48, R50, R52, R53, Rs4, Rs6, R57, R58, R50, Rg1, Re2, Reas
and Rg3 are selected from the group of H, alkyl, substituted alkyl, aryl, substituted

aryl; heterocyclo or substituted heterocyclo;

20 Rg3 is H, alkyl having 2 to 20 carbon atoms, substituted alkyl, aryl, substituted

aryl; heterocyclo or substituted heterocyclo;

or Rgp and Rg3, together with the nitrogen atom to which they are attached,

form a heterocycle or substituted heterocycle;

Rj1 is heterocyclo or substituted heterocyclo;
25 R12, R13,R16, R27, R29, R31, R38, R43, R49, R55 and Rg are selected

from the group consisting of H, alkyl, substituted alkyl, substituted aryl, cycloalkyl,
heterocyclo, R51C=0, R520C=0, R53509, hydroxy, O-alkyl or O-substituted alkyl;



and any salts, solvates or hydrates thereof, with the proviso that when Q
is MRs and 15 Mis CR45R46 then Wis only NR16. DETAI LED DESCRI PTI ON OF
PREFERREDVBNVBODISMENTS Li sted bel ow are definitions of vaPCOOs0Y/esnas used
to describe this invention. These definitions apply to the terns as they

are used thro eC|f n rwise |imt
specific i ns‘f’g‘%{g OéF léﬂg Isrﬂﬂt aﬁ 5538(: @ ?881 ?‘“21 eiremd%ulf) The
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hydr ocar bon félftﬁffp{gmg}f) afgﬁzélgg‘%gr"@m atons, preferably 2 to 20 carbon
atons, nore preferahl t rRR%H,A T ssion "l ower al kyl™
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02/ 098868 PCl4MR024 Jagiﬁ heterocyclo, trifluor onet hyl, trifluor orret hoxy,
hydr oxy, “al koxy, cycl oal kyoxy, heterocyl ooxy, oxo, al kanoyl , aryl oxy,
al kanoyl oxy, ami nRjg &lselecedifrom thergrogniansistingobtkslkpnsutstitutsdodlogl Ryl ami no,
het er ocycl oam no, disubstituted amines in which the 2 am no substituents
are sel ect edalkylo@rwbktgmtedatiﬂwﬂ MR 548 58, RpbC=6% khnnid is i Soor BRag dyendkiois,
ar al kanoyl am no, substituted al kano&aam no, substituted aryl am no,
subst it ut ed zot&)-rEsby-subshaied Hkyl NRauRg4-t hi o, aryI thio, aral kylthio,
cycl oal kyl thio, heterocyclothjo, alkylthiono, Ylthlono ar al ky] t hi ono,

1

al kyl sul fonyl , arwﬁeﬂ%m@ﬁre seleeter o therespnp consisting Ak heloges, glky. CJZNHZ)
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15 Mis CRq5R46 then W is only NR 6.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Listed below are definitions of various terms used to describe this invention.
These definitions apply to the terms as they are used throughout this specification,

20  unless otherwise limited in specific instances, either individually or as part of a larger
group.

The term “alkyl” refers to straight or branched chain unsubstituted
hydrocarbon groups of 1 to 20 carbon atoms, preferably 2 to 20 carbon atoms, more
preferably 1 to 7 carbon atoms. The expression “lower alkyl” refers to unsubstituted

25  alkyl groups of 1 to 4 carbon atoms.
The term “substituted alkyl” refers to an alkyl group substituted by, for

example, one to four substituents, such as, halo, phenyl, substituted phenyl,



it wll be with hal ogen, alkyl, alkoxy, aryl or aralkyl. 15 The term

"hal ogen" or "halo" refers to fluorine, chlorine, bromne and iodine. The
term "ar yWO @9886% t o nonocyclic or bicyclic aromatic hydiPerarsbnms3gr oups
having 6 to 12 carbon atons in the ri ng portion, such as phenyl, naphthyl,

bi ph I di I [ ch be substituted. The term
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al koxycar bo nymbstlaitérd/maﬁ@ﬂarmr@c i d1DaIeeiehio adrk’xMﬁul dramylthioSexcl

aryloxy and the |ike. The substituent nmay be further substituted by hal o,

hydr oxy, al kieterogyelethjo, afl thongumlthnou@,@dal&y@hwn@@H@Iﬁtﬂf@nﬂdarybsmliynylor
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et ur ther f aegeeffbadyt %éé?%?%?%%ﬂ@%a%@s%ﬁép@%s@%&ﬁﬁq&% ary

I
g;grg?]elppg;l ugl?ycl o@%ﬁl&%?/rc&% e@%ﬂé MIg{/eC%ng\ggg@d)}hYdents 8'{{3}%? Sa%(terrpl ary
subst i t uent sfrioncdlkylearyher aalkgt)r zﬂk@:tycyﬂbogyloatgh salsstitesd at;ﬂ),@haﬁﬂdﬁmamdor one or

nmore  groups descri bed above a al k substituents. rms. "heteroaryl™
"het er ocycl eheter%écflﬁsr SeSe s, dndobgmmgiazobyl ofpiady IBEHVEF}B?ZOIYI@PEHOIHM’|PdH§}’1I= y
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substi tuted, H{uhld Sad 'é‘Hk%d .éﬁgﬁé@& HBS’JeG\%IerQEI%%B& firullt 19&9%{’&0{@%&1{ed

cyclic group,” for “exanpl e nmenbered nonocyc
menber ed bi c';tcﬂullda,evmhﬂélog@l dfyhedibexyearyl of aylklyl.c ring system which has at
| east on het er oagom in_at |east one carbon atom containing ring. Each

ring of f%e het er 68§ &ric halpegipore datoajtglergodlueainerdiarie hopinagad ipding. or 3
heteroat ons sel ecifd i ORI+ 1Y€ monocyclic or bicyclic aromatic hydrocarbon groups

having 6 to 12 carbon atoms in the ring portion, such as phenyl, naphthyl, biphenyl

and diphenyl groups, each of which may be substituted.
The term “aralkyl” refers to an aryl group bonded directly through an alkyl
20  group, such as benzyl.

The term “substituted aryl” refers to an aryl group substituted by, for example,
one to four substituents such as alkyl; substituted alkyl, halo, trifluoromethoxy,
trifluoromethyl, hydroxy, alkoxy, cycloalkyloxy, heterocyclooxy, alkanoyl, |
alkanoyloxy, amino, alkylamino, aralkylamino, cycloalkylamino, heterocycloamino,

25  dialkylamino, alkanoylamino, thiol, alkylthio, cycloalkylthio, heterocyclothio, ureido,
nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, alkylthiono,
arylthiono, alkysulfonyl, sulfonamido, aryloxy and the like. The substituent may be
further substituted by halo, hydroxy, alkyl, alkoxy, aryl, substituted aryl, substituted
alkyl or aralkyl.



atons, oxygen atons and sul fur atons, where the nitrogen and sul fur

het eroatons 15 nay al so optionally be oxidized and the nitrogen heteroatons
may al so wptoeossskd y be quaterni zed. The heterocyclic growrpTrmy2/bs9attached
at any heteroaton1or carbon atom Exenplary nonocyclic heterocyclic groups

i nclude pyrrolidi ., indolyl, pyrazolyl, oxetan pyrazolinyl,
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|soxazoI|nyI
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N- 0x0- pyr i dyExerpElmarzg'rm;ps inglydd epicthpmgmyl, qyy}qbdai,iqyylopenty]etycacbhedybpyr anyl
t et r ahydruot hi 0 tetr sul f one, hol i_nyl ,
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i sot hi azolidi msll , thietanyl, %{hlﬁrrglﬁ%{)g‘x%ﬁ]?@rifs;ﬁéi%ﬁ;/ %égé/tof P%ez% mf)r,e
li ke. Exenplgnyp$@nwﬂb¢bﬂhe¢esdkﬁ&hbmugﬁmmps i ncl ude benzothlazolyl

benzoxazol yl, othie Juclidinyl - quinolinyl, guinoliny N- OXi de,
t et r ahydr oi soqw n G Wy [R/e%oﬁ-g CFFSP‘F Wﬁ?ﬁlﬂ’g&?ﬂ %eter%ﬁ%ﬁ Sheanyl

i ndol i zi nyl, , i nyl,
 ndazol yl pt;’%?%%%ﬁ%l. ofyb%P%?‘é%%’l ik fgﬁ%hﬁﬁfﬂ‘*’f%%*&ﬂ%ﬁ%@%%%

PCT/ USO 2101536311110 Eroup| Ry 8xahply s which yd a4ftduT7 ojedqblrda] pynocithy,|7]todl membered
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3, 4- di hydr o- %‘Qzléwmbﬁre HtCrYE]il%B%PSéﬁi%llwhl basatileast@neol yl |
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di hydr obenzogrbip c(yﬁtam;dg a letatbitgarabehaet 1) QQﬁ))Brl@mtbatsmls fsélélaed from nitrogen

di hydrobenzopyranyl, indolinyl, |sochronanyl |50|ndoI|n

napht hyri di rifPmssHvas oM e lﬁﬁﬁéﬁm [wheps the mjtrogepwpd a@ﬁyrhetmatoms

qui nazoljisnyl I d
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epoxi des andt@i ri di nes.

Exemplary monocyclic heterocyclic groups include pyrrolidinyl, pyrrolyl,

and t he

indolyl, pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl,

20  oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl,
isothiazolyl, isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl,
piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxazepinyl,
azepinyl, 4-piperidonyl, pyridyl, N-oxo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothiopyranyl sulfone, morpholinyl,

25  thiomorpholinyl, thiomorpholinyl sulfoxide, thiomorpholinyl sulfone, 1,3-dioxolane
and tetrahydro-1, 1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, thiiranyl,
triazinyl, and triazolyl, and the like.

Exemplary bicyclic heterocyclic groups include benzothiazolyl, benzoxazolyl,
benzothienyl, quinuclidinyl, quinolinyl, quinolinyl-N-oxide, tetrahydroisoquinolinyl,

30  isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl, chromonyl,
coumarinyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such as

-6 -



The term "heteroatons” shall include oxygen, sulfur and nitrogen. The
conpounds of fornmula | and Il may formsalts with alkali nmetals such as
sodi um pwoDazsPasns and |lithium w th al kaline earth netal sPswaisozass3gal ci um
and 15 magnesium w th organic bases such as dicycl ohexyl am ne,

ridin and o acj ds such as argi nine, lysine and the

d 15 |
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benzenesul foni c acid, toluenesulfonic aci d "and various ot hers (e.qg.,
nitrates, phbdpaatiey, teahukeaninaliyl. thiceafund; thicappwidyl.shicoothiznys andéwezoat es,
ascor bat es, licylates and the like). Such salts are fornmed by reacting a
conmpound of ?(%rrml al and formula Il in an equi val ent anount of the acid

in a mediumin Wanilhe siBdtudtsiatRit 8hesr Mbrd dlkﬂ%r&ﬂﬂ%@%scﬁ%@d MSBVEO' | oved
by evaporation. 30 I'n addition, zwitterions ("inner salts") are formed.

-7 WO 030098868e pcwousg@pms@@mb@oa’q@m aslalkyl substitrenite. Alseridclfidedrarea |1 may
al so have prog ound that will be converted in vivo to

f
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edited by H ndgaard I sevi er, 1985)

and amino acids such as arginine, lysine and the like. Such salts can be obtained, for

example, by exchanging the carboxylic acid protons, if they contain a carboxylic acid,

in compounds of formula I and formula II with the desired ion in a medium in which

the salt precipitates or in an aqueous medium followed by evaporation. Other salts
20  can be formed as known to those skilled in the art.

The compounds for formula I and formula IT form salts with a variety of
organic and inorganic acids. Such salts include those formed with hydrogen chloride,
hydrogen bromide, methanesulfonic acid, hydroxyethanesulfonic acid, sulfuric acid,
acetic acid, trifluoroacetic acid, maleic acid, benzenesulfonic acid, toluenesulfonic

25  acid and various others (e.g., nitrates, phosphates, borates, tartrates, citrates,
succinates, benzoates, ascorbates, salicylates and the like). Such salts are formed by
reacting a compound of formula I and formula I in an equivalent amount of the acid
in a medium in which the salt precipitates or in an aqueous medium followed by
evaporation.

30 In addition, zwitterions (“inner salts™) are formed.



Met hods i n Enzynol ogy, Vol .42, p. 309-396, edited by K Wdder, et al.
(Acanedic Press, 1985); b) A Textbook of Drug Design and Devel opnent,
edi t ed bywBroesgsses d- Lar sen and H.  Bundgaard, Chapter 5, ‘PDegisgnised

Application of Prodrugs,” by H Bundgaard, p. 15 113-191 (1991); c) H

Bundgaard, Advanced Dru l.ive Revj ews, 8,1-38 (1992); d). H Bundgaard,
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sol vation are generally known in the art. Use and Utility Conpounds of
formula | an8V§®¥°Rul a 1| are nmicrotubul e-stabilizing agents. 25 They are

h feul i i 3 i i t
T TR S e A IR I e R N T

breast, col ogsterkigdetgy The cabbxylate dB@rs B¢ aérw,eniéﬂﬂ(} f&ard bgte@t@fﬁﬁ}}iﬁng &8 ofi the
thyroid and skin; .including squanous cell carcinoma; 30 * hemat opoietic
tunors of | yifpmsvHC peid darpsiongliies denndgn hakiselosed Hagistauctiugtsphocyt i c

| eukem a, acute | tic |leukema, .B-cell. | ho T- =8 2/ 098868
PCT/ US02/ 15397 c‘ggfgﬁ%%’r‘%‘%so&c ,roi'ﬁ%%%er%elﬁqﬁ?ﬁWo%?{%ng‘i%e&&Wheé q\ﬂ? ona,
hairy cell pryambdesvandsBeeketts | ynphoma; henatopoietic tunors of nyeloid
| i neage, including acute and chronic nyel ogenous |eukem as and

pronyel d&yt i@ rodsugs, editedrby féfBu@géﬁdh@mvi&m%h?n%ncl udi Ing
fib d d DX Lt | i ,
sen nom. 1 QMEPas BPABINIRT QAT 00 3hd et BY Ko welad s

central and me&l pheyal nervous system including

b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen and H.

Bundgaard, Chapter 5, “Design and Application of Prodrugs,” by H. Bu’ndgaard, o3
15 113-191 (1991);

¢) H.Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);

d) H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988); and

e) N. Kakeya, et al., Chem Phar Bull, 32, 692 (1984).

It should further be understood that solvates (e.g., hydrates) of the compounds
20 of formula I and II are also within the scope of the present invention. Methods of

solvation are generally known in the art.

Use and Utility

Compounds of formula I and formula II are microtubule-stabilizing agents.
25  They are thus useful in the treatment of a variety of cancers, including (but not limited
to) the following;
*  carcinoma, including that of the bladder, breast, colon, kidney, liver,
lung, ovary, pancreas, stomach, cervix, thyroid and skin; including squamous
cell carcinoma;
30 #  hematopoietic tumors of lymphoid lineage, including leukemia, acute

lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-
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10 astrocytoma, neuroblastoma, glioma, and schwannomas; * tunors of
mesenchymal origin, including fibrosarcoma, rhabdonyoscaroma, and

ost eosar cwow/ogasas * ot her tunors, including nmelanoma, xen®@dEUsa2/15397

pi gmrent osum  ker at oact ant homa, sem noma, thyroid follicular cancer and

terat ocarci noma. © 15 Conpoun f.formula | and fornmula || may al so_inhibit

tunor angi ogenesi s‘fei W%%@*ﬁ?‘fg&%qﬁ@lj %@ag‘wﬁgnﬂﬁg%@nstlm qma,dygay cell

anti - angi ogenesi s RLABEHL IS Bk ]ryﬂ}qlg .of formula | and fornula Il may

al so be useful in ?ﬁ@ treatnent€%$q@g tal% forns of blindness related to

retinal vascul ari zat i emategdidtid tuirrs efSmgsloidl Hneagd) idohiing odite adl dHaGAitT S,

mul tiple sclerosis, restinosis and psoriasis. 20 Conpounds of fornmula |I and

formula Il may i ndazdogimopnkukemiassad peangslogytic fmwkemist; ogi cal cel | death

process itical for nornal.devel.o nt. and hopeostasis. Alterations of

apopt ot i ?pat hways coRtiP P ReE Cl{ﬁ@ﬁ&‘?ﬁb&%ﬁﬁﬁ?&ﬁﬁsﬁcﬁ?%‘iy of human

di seases. Conpoundgaefonhy@sattams; and formula 11, as nodul ators of

apoptosis, wll be wuseful in the treatnment of a variety of hunman di seases

wi th aberrations in apbgttososs, Rshidicg mdlangme asrodnorpdetratocaraindma, but not

limted to follicular Iégggongquca[cinonas w th p53 nutations, hornone

dependent turors UG LUCEMB&t rate and ovary, and precancerous

| esi ons such as fam | 258 i i i .J.ons

(including but not | taftlord) tggﬁgeﬂrdp&e@/?ﬁ%@g%%ﬁéﬁvPﬁés% éﬁg?‘féﬁq‘%&‘ (r ovirus,

Si ndbi s i rus anchsadenoma mesyoblastdma, phonea, shdeasasndmag! udi ng but not

limted to system c |upus 30 erythematosus, inmmune nedi ated

gl oner ul onephritis* rHBGHR{gneeRshymal origin, pwhdingsfierosarcomyyd 02/ 098868

PCT/ US02/ 15397 i |, di es_and aut oi nmune di abetes
SRR ot g PSR R

mel litus), neurodedénerative ning but not limted to

Al zhei ner' s disease, dfthdSumbtsaiRthdigiBblahdma, RAbRRPicBettbsip@se,
anyotrophic | ateral sclerosis, retinitis pigmentosa, spinal nuscul ar

atrophy and cer ebéieraipactingleies, scingmoma, Aybsd folfiebletiganebnatd teragyracinomes, 5
| asti 1a, LAschem. LRjuUr ssoci at.e ocardi.al. infarctions, . stroke
oy edrf i on CHRRS of Rt F R G UG EFERRA i brt ahbiadisisn,
al cohol i ndua@éby hf*f&)”tingfﬂﬁésﬁ@%ofﬁlﬂ{@é.o&ﬂﬁia‘ﬁﬁhn@io%gﬁ‘%ﬁs:grg%&ﬁéw ng but not
g

limted to chronic anem a and aplastic anem a), ive di seases of
t he nuscul oswegipepads efifsrrewa [ iané Fardivhyllmeey also be useful in the treatment of certain

forms of blindness related to retinal vascularization, arthritis, especially inflammatory

arthritis, multiple sclerosis, restinosis and psoriasis.

20 Compounds of formula I and formula II may induce or inhibit apoptosis, a
physiological cell death process critical for normal development and homeostasis.
Alterations of apoptotic pathways contribute to the pathogenesis of a variety of human
diseases. Compounds of formula I and formula II, as modulators of apoptosis, will be
useful in the treatment of a variety of human diseases with aberrations in apoptosis

25  including cancer (particularly, but not limited to follicular lymphomas, carcinomas
with p53 mutations, hormone dependent tumors of the breast, prostrate and ovary, and
precancerous lesions such as familial adenomatous polyposis), viral infections
(including but not limited to herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus
and adenovirus), autoimmune diseases (including but not limited to systemic lupus

30  erythematosus, immune mediated glomerulonephritis, rheumatoid arthritis, psoriasis,



not limted to osteoporosis and arthritis), aspirin-sensitive
rhinosinusitis, cystic 10 fibrosis, nultiple sclerosis, kidney diseases,
and cancewopaiosssesThe conpounds of this invention are al soPasafSot/133o7

conbi nati on with known anti-cancer and cytotoxic agents and treatnents,
including radi,ation. Lf fornulated as. a fixed dose, such conbi nation
product s enpPEHMIRETE SRY Sﬁ Se alldtﬁuéolmﬁ‘%‘%‘ﬁtdil%’ﬁtes\ﬁletlmuﬁ)’ prEodeagfativange
described bejowiaR¢; - LoPR b G LV € i Lhin its
appr oved dosaog ea aL IR KE o RRLPRRENER Gt dithiy ATBESRbd Bt
sequent i al | yPaskinkork ndispasendrmygatruphic laterat ytletosis, etiagsmigmanesal sgailnent

i ncluding radiation when a conmbination formulation_ is inappropriate.

Especi al Iy u&8iglar girephygndsesshelagieggnasaian nAPS Anyelpdsrplpsiia syadiosesnd dr ug

chosen acts J | r : .g. h , than the
pr esent gz)rrpéﬂar? gqg%@bg%ﬁlﬁgﬁagﬁsf %Jr?%ﬁ(?gwpfﬁx%ﬁﬁmﬂ?%%lsé%r e%?‘ﬁei r effects
at the (- M ppassionlinfurpleaetimiaapausleosBtoLiiisliucdd oblcbhdllifdhiRpl liat |
geonetric, and stereoisoners, Included within the present invention are

al | such i sofitgasesahematplogiqal diseaspereding buteotdigeitadite chipnin angda ahpounds

of this invensi n. be, formul.ated with .a phar utjca 5.vehicle or
di l uent for trlag,ﬁgalﬁn ragvdgﬁgnlfg%{ 10‘% sueg%eatog%eorﬁgs.cgﬁﬁﬁggi ?yﬁtelnbﬁl.ml 2 %ut.
phar maceut i calt 1iaQHEAQ8 obteOPoreas alBart i iti¥y | 8pieid-deRsiBvE HAgRiflis\BRAEI Uusi ng

solid or liquid vehicles, diluents and additives appropriateto the
desi r ed lPoddibypsis.ganiinlessclesesis kidney discgses.tand canaepoainds can be admi ni stered

conpounds. are adni i <emeuii § R Invalh e Ran BRNER SpblbatonuibdSong
ng/ kg/ day, pinefenad ndlco®ortid asenlOR ATk B nclhdind radbdtdd! 8f HPBBlaRd 45N 2 to
4 divided doses. -10 WO 02/ 098868 PCT/ US02/ 15397 thods of Preparation

Conpounds ofa fixadrddse, suclapembinatien proficts emplmydpacadpdynds hbthisinveviong
schemes. 5 S\%lt e1H‘t3‘heldocs)ag56 r%nge described below and the other pharmaceutically active agent
15  within its approved dosage range. Compounds of formula I and II can be used
sequentially with known anticancer or cyfotoxic agents and treatment, including
radiation when a combination formulation is inappropriate. Espeéially useful are
cytotoxic drug combinations wherein the second drug chosen acts in a different phase
of the cell cycle, e.g. S phase, than the present compounds of formula I and formula II

20  which exert their effects at the Go-M phase.

The present compounds may exist as multiple optical, geometric, and
stereoisomers. Included within the present invention are all such isomers and
mixtures thereof in the racemic form.

The compounds of this invention can be formulated with a pharmaceutical

25  vehicle or diluent for oral, intravenous or subcutaneous administration. The
pharmaceutical composition can be formulated in a classical manner using solid or
liquid vehicles, diluents and additives appropriate to the desired mode of
administration. Orally, the compounds can be administered in the form of tablets,
capsules, granules, powders and the like. The compounds are administered in a

30  dosage range of about 0.05 to 200 mg/kg/day, preferably less than 100 mg/kg/day, in a

single dose or in 2 to 4 divided doses.
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SS NDL' RBROHMNRIOPLR2 >RRARA OHOPL O1A 16 N5HS5 /SHj~
Ns Me--/,\NRB3 OPi + M_ RNROPL OR RRRJORg OP1 0OP1 Ois 1D

HN RS R44wWD 02899868 -\N R OP1 MN R3 P1 op, ORR R4 R4 @CORBOINSBE 1F R44
5MNI RH R2 R4 OHO1G Conpounds of fornula I where Xis 0, Wis 0,

and Qis an aziridine group (l.e., Mis NR44) can be prepared as outlined
I n Scheme 1. Conpounds of formula

Methods of Preparation

Compounds of formula I and formula II are prepared by the following

schemes.

Scheme 1

1G
Compounds of formula I where X is O, W is O, and Q is an aziridine group

(Le., M is NR44) can be prepared as outlined in Scheme 1. Compounds of formula

10 1A can be obtained from a fermentation process (see Angew. Chem. Int. Ed. Engl.,

1996, 35, No. 13/14). A compound of formula 1B, where P1 is an oxygen protecting

group such as triethylsilyl, can be prepared from a compound of formula 1A by

-11-



10 I A can be obtained froma fernentation process (see Angew. Chem Int.
Ed. Engl., 1996, 35, No. 13/14). A conpound of fornula 1B, where Pl is an
oxygen prwDeewdsseg8 group such as triethylsilyl, can be pr@pansdziszom a
conpound of forrmula I A by -11 WO 02/ 098868 PCT/ US02/ 15397 known net hods
(See for ex Am Chem_ Soc.

I kat eswar |
(1972) 94, gﬁn'g’@’)% m%ﬁ%%@ﬁeéorcﬁxam@ e,rjrgoaeyi’@ %ngfell@t%W@ﬂBrépipfé&-@}L& eat nent

th
\(/:Morrpoﬁgdag:‘ _f"or rrulz; 1E ca U@Oﬁlg)ro g&g’rdef @gg?nﬁgga%\gﬁ%‘é Pgéb%&élra"f%}%mi‘@ and

1D by the 5 vGtlantazigersucleacdddann éﬁae ih @olae xelnpite sudhtds @MFEY. A c8inpahnd of .
Og. Chem, at_(1978) 43, 4271). A conpound of fornula 1F where R44 is not H
can be prepdPEBUlRlEaR ed{ﬁ*?ﬁﬁ'&ﬂféo fcompmﬂsyflf@méa&n&?mm@y%om in the

art. Deprot I F u or when Pl
o a tr 8t ny el ol CRAUR oo B R el £ QR Gheth, FEAEPAS

t et r a- n- but yoamyosicefmpblitd®6f féemura TFHFhde Ry defotld can BOpRpated fdfn 4 or nul a |
(1G9 where Xis 0, Wis 0, Qis an aziridine group (Mis NR44), and R1,
R2, R3, R4 amm;ﬁﬁn@bﬁfcdmﬁﬂmmiuaﬁg dededs Recwabothe artSChpisedtidtofR5 S [/ S
M-\\ RR2E OPL RRSBROPi 102 REORa 0 OPL OO OPL O 1B 2A TsN R5 HN
R5 //S | S ovenrgndpf foumplagii usig, fpr eamplewhepP Ris adrigihylsilyl group,

hydrogen fluoride in acetonitrile or tetra-n-butylammonium fluoride in THF provides

Q

10  acompound of formula I (1G) where X is O, W is O, Q is an aziridine group (M is
NR44), and R1, Rp, R3, R4 and R5 are defined as described above.

Scheme 2
Rs
S
Me’(\ \ P OP-[ —_— Me/<\
N R
! 1 Ro R1 R2
R4 R4
O OPy O OP;
1B 2A
TsN R5 HN R5
_— Me’<\ P R oP; > Me’<\ \ _ OP.
N 3 N R3 1
R R Ri R
o) o)
Re Ry
0O OP O O OorP O
2B 1E
15 Alternatively, a compound of formula 1E can be prepared as shown in Scheme

2. A compound of formula 2A , where P1 is an oxygen protecting group such as

triethylsilyl, can be prepared from a compound of formula 1B by reaction of tungsten

(VD) chloride and n-butyllithium (See for example: Sharpless, K. B., et al., J. Am.

Chem. Soc., (1972) 94, 6538) in THF. A compound of formula 2B can be prepared
20  from a compound of formula 2A by addition of a N-toluenesulfonamido group

according to the method of Evans (i.e., Evans, D. A., et al., J. Org. Chem., (1991) 56,
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OOP1L OO0 OP1 O2B 1E 15 Alternatively, a conpound of fornula 1E can be
prepared as shown in Schene 2. A conmpound of fornula 2A , where Pl is an
oxygen prwDeewdsses group such as triethylsilyl, can be pr@parsdziszom a
conpound of forrmula 1B by reaction of tungsten (VI) chloride and

n-butyl lithi um(See for exanple: Sharpless, K B., et al., J. Am Chem
Soc., (1972)67d4). ]éggg}ecnﬂn tmrcomp@mdpzflfﬂ@mda 2Bawinglsam2BunEadide ipr epar ed 20

£ 3, comeagof g 2 20 BruRiLbl B S foh ShASRES L LRSI E8, 8 00
Chem , (199%prhfla 1E(S%ev@e§zafn9&8a6&eﬁcy UB0RIr1639 Thef 44ho43op1GOBCT i on of

a corrpound of fornula 2B using samarium i odi
THF/ 1, 3- di nﬁlhfghleﬂaom, SC@np@mdaﬁidnlmﬂZ(lBH)mbypmwmdrfmm apooypoumtofa conpound

Ved 1994
50, 1602, - TPUPAAYY @ISR (NG DKoo Arert ok AR hrtheth dtk Flom @

conpound of Endl.O(199k532A80Y). 0xi dati on (See for exanple: Balog, A, et aI ,
Angew. Chem n( ? "En 1) (1996) 35, 2801). Scheme 3 0O RS RS //S1 /IS

MeN / RIR3R2 OP1 I\/EN R1IR3R2 031 O RARAOCPL O0OO0OPL O 1IB4A SRS ~[S

MR O3 %cﬁem@% R4

Me’<\ Me’<\ \ OP4
H‘l Rg R1 Rg
Ry

O 0Py O O OPy O
1B 4A
s /e
’ me—4 | = OH
N r.Fs
1. R
0)
Ry
O OH O
4B
10 Compounds of formula I where X is O, W is O, and Q is a thiirane (i.e., M is

S) can be prepared as outlined in Scheme 3. A compound of formula 4A can be
prepared from a compound of formula 1B using potassium thiocyanate in alcoholic
solution (See for example: Culvenor, C. C.J., et al., J. Chem. Soc., (1946) 1050).

Deprotection of a compound of formula 4A using, for example when P1 is a

15  triethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-butylammonium
fluoride in THF provides a compound of formula I (4B) where X is O, Wis O, Qis a
thiirane group (i.e., M is S), and R1, Ro, R3, R4 and R5 are defined as described

above. Mild oxidation of a compound of formula 4A using stoichiometric or excess
3-chloroperoxybenzoic acid provides compounds of formula I where M is a S=O or

20 SO9 group, respectively.

-13-



OOH O4B 10 Conpounds of forrmula | where Xis O, Wis 0, and Qis a
thiirane (i.e., Mis S) can be prepared as outlined in Schene 3. A
conpound wbD okorasus a 4A can be prepared froma conpound ofrCrarsnuis91B usi ng
pot assi um t hi ocyanat e in alcoholic solution (See for exanple: Culvenor, C.
C J., et al Chem Soc., (1946) 1050). Deprotection of a conpound of
forrrul a 4A u%ﬁh&gl—ﬂor exanpl e when P1 is a 15 triethylsilyl group, hydrogen
fluoride in acetonitrilg tetra-n-butyl ammoni um fluopide in THE provides
a conmpound of faogyul g | ere Xis 0, Wi ) thiirane group
(i.e., Mis He<a 4 and R5, afe Jas “degcribed above.
M| d oxidation of a“co 3 'or excess
3-chl or oper oxybenzoi c Qi
or 20 SO2 group, respeotiomly.

e Mis a S=O

“13 WO 02/ 098868 PCT/ Us0d,1839% Scheme 4 O

|

5SSHMN, RRP1L>Mix\PI p2R2R O O0C1 OP OR4 1B 5AH
Ts SHSH M-<\ NR3EOP1 ~N/ ROP1 R2 ORR4 R4 OP1 OO0 OP1 O

Ts

5D 5E

Compounds of formula I where X is O, W is O, and Q is an oxetane can be
prepared as outlined in Scheme 4. A compound of formula 5A can be prepared from

5  acompound of formula 1B, where Rj is a methyl group, by using lithium 2,2,6,6-

tetramethylpiperidide and diethylaluminum chloride in benzene (See for example:
Paquette, L. A., et al., J. Org‘. Chem., (1990) 55, 1589). A compound of formula 5B
can be prepared from a compound of formula 5A by hydroboration and oxidation (See
for example: Uzarewicz, A., et al., Rocz. Chem., (1977) 51, 723). A compound of

10 formula 5C can be prepared from a compound of formula 5B by treatment with p-
toluenesulfonylchloride (TsCl) in pyridine. A compound of formula 5D can be
prepared from a compound of formula 5C by an intramolecular Williamson reaction
according to the method of Moulines (i.e., Moulines, B. J., Leclercq, D., Picard, P.,
Synthesis, (1981) 550). Deprotection of a compound of formula 5D using, for

15  example when P1 is a triethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-

butylammonium fluoride in THF provides a compound of formula I (5E) where X is

-14 -



5B5C -~MNRPL>MI/ RBOH OR2pR2R4AR 001 OO0 OHOS5DSE
Compounds of fornmula I where Xis 0, Wis O, and Qis an oxetane can be

pr epar ed WO ooud8shed i n Schenme 4. A conpound of fornul a SRCEASOLE3PT epar ed
from 5 a conpound of formula 1B, where R5 is a nethyl group, by using
lithium 2,2, 6,6 tetramethyl pi peridi de, and. di et hyl al um num chloride in
benzene (Seegf‘gzrlsgcéiﬁla& Xe%&aﬁ’é%uﬁ’e?nqﬁh&.{% Ra, Rygjand Ry argydgfinedasm | (1990)
55, 1589). A conpound of formula 5B can be prepared froma conmpound of
formul a 5A b‘%fs?ﬁgigel%&?(??’%lti on and oxidation (See for exanple: Uzarewicz, A.,
et al., Rocz. Chem, (1977) 51, 723). A conmpound of 10 fornula 5C can be
prepared froma conpound of fornula 5B by treatnent with p-

t ol uenesul f Bobleatelride (Tsd) in pyridine. A conpound of fornula 5D can be
prepared froma conpound of fornula 5C by an intranol ecul arRZWI | i amson
reaction according to the nethod of Mouwulines (i.e., Mul gnesQ Bs J.,
Leclercq, D., Picard, P., Synthesis, (1981) 550). >
conmpound of fornmula 5D using, for 15 exagpl e when Me
group, hydrogen fluoride jn acetoni trd=|=(e or tetra-n-
in THE provides a conpound of formula | RO5E) where X is
PCT/ US02/ 15397 is '
are defined &\ i

5 6 O OH O

Alternatively, compounds of formula I where Q is an oxetane can be prepared
as outlined in Scheme 5. Compounds of formula 6B and 6C can be prepared from a
compound of formula 2A by Paterno-Buchi reaction of a carbonyl compound of

10  formula 6A (See for example: Arnold, D. R., et al., Org. Photochem. Synth. (1971) 1,

51). Deprotection of compounds of formula 6B and 6C using, for example when Py is

a triethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-butylammonium

- 15 -



NRRIROPL + O2 R4 gRRO21 OOPLO5 2AM NRIOPL RR 4 6CO0 OP1
ORO R5 NORBROHRR R 6DOOHORO021 5 MM 4N/ RBROHRR2OR
4 5 6E OWOH2/@s8bg er nati vel y, conpounds of formula | wher ®CQUS82/#839Dxet ane
can be prepared as outlined in Schenme 5. Conpounds of formula 6B and 6C

can be prepared. fr.o conpound of forpula 2A Pat er no- Buchi _reaction of
a car bolrcl)yl pc@%ﬁﬁ%ﬁ: H@V{‘Eg? ﬁﬁP@PBWd(@gfgnF@F‘Ié&ﬁﬁB‘ﬁéE)ﬂ R b @).WRg,O’e]E
., Og. Phgt 71h .1 ' . S 0
For il o 6B nads ERSRarsRb, hd R Ko R, Rprdng REFAUSHE! AP alubiRlRNEEE |

hydrogen fluoride in acetonitrile or tetra-n-butyl amonium-15 WO 02/ 098868
PCT/ US02/ 15397 fluoride in THE provi des a conpound of forrmula I (6D and
6E) where X Schefhe Vi s 0,

R4 Ris
Rs
S
R Me/<\ \ Z OP4
Rs 14 N Ry °R
S - c=0 ;
R 7B Ry
Me-’<\N\ _ AP~ O 15 7A O OP; O
Ri R —_— >
o +
R4
O OP; O
2A

5 7E. 0 OH O
Compounds of formula I where X is O, W is O, and Q is a cyclobutane (i.e., L

is CR14R15) can be prepared as outlined in Scheme 6. Compounds of formula 7B and

7C can be prepared from a compound of formula 2A by [2+2] cycloaddition of a
substituted ketene compound of formula 7A (See for example: Krapcho, A. P., J.
10 Org. Chem., (1966) 31, 2030). Deprotection of compounds of formula 7B and 7C

using, for example when P17 is a triethylsilyl group, hydrogen fluoride in acetonitrile

or tetra-n-butylammonium fluoride in THF provides a compound of formula I (7D and
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Q i s an oxetane group,
above.

and Rl, R2, R3, R4 and R5 are defined as descri bed
Schene 6 R14 R1I5 RS //S RS R4 M- NRRBROP1 ~-CCO0O2 S|

R

7B R4 Me WORS0@B8 15 7A OOPL O ORL RR R4 0 OP1 O R4 OPCZAISRUES3RB S Me\
R14 R15 N RIRSRZ RO 5 R4 //S 7COOCP1L O BN/ RBOHORL R2 7D

OPi

R4 OOHO 0 R1 OR R3 R4 5 7E O OH O
Conpounds OEAE)OWWPE(IIS %‘&/1%0;%% ap cygppbwans ergppy ARy Roc Bai RwardRes 215 . e.

L

10

15

defined as described above.
Compounds of formula I where X is O, W is O, and Q is a 5-membered ring
heterocycle can be prepared as outlined in Scheme 7. Compounds of formula 8A and

8B can be prepared from a compound of formula 1B, where Rs is a hydrogen, by

reaction of magnesium bromide diethyl etherate in dichloromethane. Compounds of

formula 8C and 8D can be prepared from compounds of formula 8A and 8B by

pyridinium chlorochromate oxidation in dichloromethane (See for example: White, J.

D, etal., J. Org. Chem., (1995) 12, 3600). Compounds of formula 8F and 8G can be
prepared from compounds of formula 8C and 8D by addition of a substituted
thioamide of formula 8E (See for example: Cauvin, P. Compt. Rend., (1973) 276C,
1453). Deprotection of compounds of formula 8F and 8G using, for example when P
is a triethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-butylammonium
fluoride in THF provides a compound of formula I (8H and 8I) where X is O, W is O,
Q is a S-membered heterocycle, and R, Ry, R3, R4 and R5 are defined as described

above.
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i s CR14R15) can be prepared as outlined in Schenme 6. Conpounds of formula
7B and 7C can be prepared froma conpound of fornula 2A by [2+2]
cycl oaddiwoan/oefsem substituted ketene conpound of fornul @CTASOBe339T or
exanpl e: Krapcho, A P., J. 10 Og. Chem, (1966) 31, 2030). Deprotection
of conpounds f formula 7B and 7C wusing, for exanple when P1 is a
triethylsil , hydrogen fluoride in acetonitrile or
tetra-n- butylannonlunrfluorlde in THE provides a conpound of f
and -16 WD 02/ 098868 PCT/ US02/ 15397 7E) where X is O
cycl obutane group, and R1, R2, R3, R4 and R5 are
above. Conpounds of fornula | where Xis 0, Wis 0, a i ered
ring heterocycle can be prepared as outlined in Schene 7.
®prepared froma conpound of for agh F
R5 is a hydrogen i f magnesi um brom de dlethyPAethera ein
di chl or onet hane. ful a—8€—and—8P can be prepared from
conmpounds of formula 8Aa pyri di ni um chl orochromat e dation in
di chl oronet hane (See for fex e:Pahite, J. D., et al
(1995) 12, 3600). Cbnpouﬁhsoﬁfofornula 8F and 8G ca
conpounds of formula 8C andg8D by addition of a subst|Wuted ' b Je of
formula 8E (See for exanple: Cauvin, P. Conet. Rend. (1973) .
Deprotecti on of conpounds of formula 8F and 8G using, for exaopler;vanen Pl
is atriethylsilyl group, hydrogen fluoride in acetonitrile or
tetra-n-butyl ammoni um fluoride in THE provides a conpoundrpf formula I (8H
and 81) where X is 0, Wis 0, 13 Q is a 5-nmenbered heterocyse, and Rl, R2,
R3, R4 and R5 are defined as gdes¢cri bed above. -17 02/ 09
PCT/ US02/ 15397 Schepe

rmula | (7D

Me
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OROR4A BAOOP O MBN/ RBPL+R2H ORAB OOCPL 0 M4", NR3P
I1IBORR4A 8B0O OPL1 ORE =N BSMNRP SMNI RRZ P OR2 HNARG O
2 R R4 8FO0H2/08860 OP1 O8F OCP1 O+ Re + OS B MeN R PCTMSHR/I5307 R R3 P1
OR202RARASDOCPL Oi O8GOOP REN M NRRIH

Scheme §

Compounds of formula I where X is O, W is O, and Q is a 6-membered ring
5  heterocycle can be prepared as outlined in Scheme 8. Compounds of formula 9B and
9C can be prepared from compounds of formula 8C and 8D by reaction of diethyl zinc
in THF with a Michael acceptor of formula 9A according to the method of Hansen

(i.e., Hansen, M. M., et al., Organometallics, (1987) 6, 2069). Compounds of

formula 9D and 9E can be prepared from compounds of formula 9B and 9C by

10  addition of hydroxyl amine in ethanol (See for example: Chemistry of Heterocyclic
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02 8BHRAOOHO +RES MMCJ/ H NOR2R4 81 0CHO -18 W

02/ 098868 PCT/ US02/ 15397 Scheme 8 RO B S OO M\NRR3 2 OP1 M- / R3
OP1 R 2 wWB,028868R4 R 8C 9B OP1L OR R7 + 00 OO S Br 98T/USHKEIS3IIME N R3
9P1 R 2 RA R4

Compounds, Wiley: New York, 1974; Vol. 14, Parts 1-5). Deprotection of

compounds of formula 9D and 9E using, for example when P is a triethylsilyl group,

hydrogen fluoride in acetonitrile or tetra-n-butylammonium fluoride in THF provides
a compound of formula I (9F and 9G) where X is O, W is O, Q is a 6-membered
5 heterocycle, and Ry, Ro, R3, Ryq and R5 are defined as described above.

Scheme 9

10E 10G

A compound of formula 10G that is used for the preparation of compounds of
10  formula I where X is O, W is O, and G is as defined above can be prepared as outlined

in Scheme 9. Deprotection of a compound of formula 2A using, for example when Py

is a triethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-butylammonium
fluoride in THF provides a compound of formula 10A. A compound of formula 10B
can be prepared from a compound of formula 10A by pig-liver esterase mediated

15  hydrolysis (See for example: Ohno, M., et al., Tetrahedron, (1984) 40, 145). A
compound of formula 10C can be prepared from a compound of formula 10B by
reaction of (trimethylsilyl)diazomethane in methanol and toluene (See for example:

Hashimoto, N., et al., Chem. Pharm. Bull., (1981) 1397). A compound of formula
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8DOOPL O9CCOPL OR7T RT NN\ N Me-1 / I/ \SRR3OP1 M NI / R3 CH
2RR RAR4 9DOP1 O9FOHO + RR MNROPLMRe/ ™H R2 NRRAO
R4 9E ORY0@8wBsks OO Conpounds of formula | where X is O, Porieson1s3and Qi s
a 6-nmenbered ring 5 heterocycle can be prepared as outI i ned in Schene 8.
Conmpounds of drg |l a 9B an? 9C can be aregpfrom gnds of formula
8C and 8D by!JRe&% EE)WGB‘I‘IGQI ré’f‘h%/FOIE‘P(P}E‘ ¢hyad t‘é’ﬁ F acceptor of

f la 9A t al.
Or ganoret al 1148 “ﬂ*z&gﬁlgi?ﬂ%ﬁ%%@ @éﬁﬁdlg%‘ﬁﬁfﬁe%wf?%?%@%%%n%%‘ can be
prepar ed fr ofsldnpoenas JoOrd. ahem a(l%)éﬂ%% By caipaddiof ifennudd 10T darobey |

am ne in ethanol (See for exanp Ie Chem stry of Heterocyclic -19 WO
02/ 098868 PQ¥E frﬂee@qommwﬁ@é ﬁ@@ulwma@y regshiory of RD-mor-g¢ acgeidinglia thepar t s

wnen 1 Fo direnShaurfST sk atan ey b Boshitr 1R Bk USR 51 F1ie or -
tetra-n-but W@gﬁ@lﬂdﬂféﬂdxﬁﬁﬂdﬂﬁ%ﬂu Fddﬁcﬁfse/n%leﬁa&ed foaPiBSHpshndioftfamimha | (9F
IS

and 9G wher 0, Wis 0, Qis a 6-nenbered
OE by oxidative cleavage using lead tetraacetate in ethyl acetate (See for example:

C. A. Bunton in K. B. Wiberg, ed., Oxidation in Organic Chemistry, Part A,

Academic Press, New York, 1965, p. 367). Alternatively, a compound of formula
10  10G can be prepared from a compound of formula 10D by ozonolysis.
Compounds of formula I where X is O, W is O, and G is a 1,2-disubstituted
olefin can be prepared as outlined in Scheme 10. A compound of formula 11C can be v
prepared from compound of formula 11A and 11B using standard Wittig olefination
known in the art (See for example: Meng, D., et al., J. Org. Chem., (1996) 61, 7999).
15 A compound of formula 11D can be prepared from a compound of formula 11C by
addition of an allyl metal reagent such as allylmagnesium bromide (Hoffmann, R. W.

Angew. Chem. Int. Ed., Engl., (1982) 21, 555). A compound of formula 11E, where

Py is a triethylsilyl group, can be prepared from a compound of formula 11D by

reaction of triethylsilyl chloride in DMF according to the method of Corey (See for
20  example: Corey, E. J.; Venkateswarlu, A., J. Am. Chem. Soc., (1972) 94, 6190). A

compound of formula 11F can be prepared from a compound of formula 11E by
reaction of AD-mix-o according to the method of Sharpless (i.e., Sharpless, K. B., et
al., J. Org. Chem., (1992) 57, 2768). A compound of formula 11G can be prepared
from a compound of formula 11F by oxidative cleavage using lead tetraacetate in

25  ethyl acetate (See for example: C. A. Bunton in K. B, Wiberg, ed., Oxidation in
Organic Chemistry, Part A, Academic Press, New York, 1965, p. 367). A compound

of formula 11H can be prepared from a compound of formula 111 by using a reducing
agent such as sodium borohydride in methanol. A compound of formula 111 can be
prepared from a compound with a formula 11H by reaction of iodine, imidazole and

30 triphenylphosphine in toluene. A compound of formula 11J can be prepared from
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5 heterocycle, and Rl, R2, R3, R4 and R5 are defined as descri bed above.
Scheme 9 R 5 RS OH RB M -R4/ RBOPLMNRRHOKHRR RR2 O2 H2C
R4 0 R4 WO 0098863 oPi O OH 2A 10A 10B R5 5 --,- Me N R3PATNSOMIRS Pi OH R
R2 OPi RR2 Me02 R4 MeO2 R4 OH OPi 10c 10D H55 iS HHO O OP R R2 OFi

RR2 1 Me02 RA Me02 R4 FOPL 1. 10E1 A conpou of formul.a 10G
that is use(forra%oumgef E?’E%‘g &%%aﬁe%rloeaﬁgm?ﬁagﬁa?spﬁ@r@% ing ceipriiile. x |h s
0, Wi 0, i i j i Schene
o, Dopy ot ot eofiphindior MRMBYIKAANNE AR Lr-OABBREBEAD A T ard! PO

a tri et hyl sil0G uguostpndany Fiagreolefihatiomi (See fon eamepleniBesinhaanpK. H., et al.,
nium fluaride in THE provides a conmpound of farnula 10A

tetra-n-butyla
A conpound M&ﬁi @91%)81_ 126 4%/ Pe Hreparey offgrmaladdhsanhe pspardma 10A
by pi g- svercogilobh@s LRl B€by selective deprotection using AcOH in THF. A

compound of formula 11M can be prepared from a compound of formula 11L by
reaction of LiOH in t-butanol and water. A compound of formula 11P can be
prepared from a compound of formula 11M using typical macrolactonization coupling
reagents such as 2,4,6-trichlorobenzoyl chloride, triethylamine, and 4-

10  dimethylaminopyridine (See for example: Inanaga, J., et al., Bull. Chem. Soc. Ipn.,

(1979) 52, 1989). A compound of formula 11Q can be prepared from a compound of
formula 11P by reaction of 1,1,1-trifluoroacetone according to the method of Yang
(Yang, D, et al., J. Org. Chem., (1995) 60, 3887). A compound of formula I (11R)
where X is O, W is O, G is a 1,2-disubstituted olefin, and R, R, R3, R4 and Rs are

15  defined as described above can be prepared from compounds of formula 11P and 11Q

as described in Schemes 1-9.
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15 hydrolysis (See for exanple: Chno, M, et al., Tetrahedron, (1984) 40,
145). A conpound of fornula 10C can be prepared froma conpound of formula
10B by rweadariogsse®f (trimethylsilyl)di azomethane in met hamolr/soz13391 uene
(See for example: Hashinoto, N, et at, Chem Pharm Bull., (1981) 1397).
A conpound oé for &I a -20 WD 02/098868 PCT/ US02/15397 10D can be prepared
froma conp ormula 10C by addition of t- butyldinethylsilyltriflate

and 2, 6-1utidi @n di chl oronet hane (See for exanple: Askin, D., et al.

J. Og. Chemuia ({1987) 52, 622). A comund of for a 10E can fbe prepared
froma corrpound of f_me a10b by,r @ the 5
nmet hod of Shar gss (1. ar pl ess b B et al . JI (1992)
57, 2768). gls of forrrul a 10F and 10G can be Eprepar ed frem

conpound of fB'Pa a 10E by''6xi dative ci'®avage usiny | ead tetraacetate in
ethyl acetate (Se€ for exanple: C. A Bunton in K B. Whberg, ed.
xidation in Oganic Chemstry, Part A, Academ c Press, New Ypfk, 1965, p.

367). Alternati veI a_conmppunebrof for rryl 110 1OGRg:a Be! pPe froma
conmpound of faor (ﬂ.Q,D oz nelysig ot g, rnul a | X is O,
Wis 0, and G1% drsubtrtuted I fin can be epared a&i muflined in

Schene 10. A corrp?ﬁand of forfdla 11C can®Be pr epare
formula 1 1 A and 11dB usi ng standard Wttig ol efi natiion known % S he art
(See for exanple: Meng, gD., et al., J. Og. RSChem (1996) 61,R799)9) 15 A
conpound of formula 11D C be pr epar ed, fr
eagent s,yc
nt .

of formula 1iE wher &P, R triet hylﬁe% can beOpr froma
conpound of formul a“&¢ eadtion of trietBylSilyl chlorlde Ep
according to the rret hod o rey (See for 20 exanple: Corey,

Venkat eswarlu, A, J. Am Ch)%m Soc., (1972) 194, 6190). A corrpmund of
formula 11F can be pr epared froma conpound of formula 11E by reaction of
AD-m x-a according to the nethod of Sharpless (i.gR Sharpless, K B., et
al., J. Og. Chem, (1932) 768). A conpourd ef~Foxmula 11G can be
prepared froma conpoy 'd Jof fo mdea 11F byrQxida camage using | ead
tetraacetate in 25 et hyl Tacetrm (See for “exanpl Bunton in K. B.

Wberg, ed., Oxidation ifl Ra Y Ry
up O OP1 O 'Y a

See Schemes 2,5,6\ %ee Schemes1-9
\

Ro
F‘8 & R3 OH

R4

11R
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Organic Chem stry, Part A, Academ c Press, New York, 1965, p. 367). A
conpound of formula 11H can be prepared froma conpound of fornula 111 by
usi ng a rwoweiogrges agent such as sodi um borohydri de in net ramaiso2/s3gonpound
of formula 111 can be prepared froma conpound with a fornmula 11H by
reaction of éédine i m dazol e and 30 tri phenyl phosphine in toluene. A
conpound of %—]al- 11J can be prepared from -21 WO 02/098868
PCT/ US02/ 15397 conpound of fornula 111 by reaction of triphenyl pQosphi ne
pahed from

in refluxing acetomgri}e—~" Ayconpound of fornula 11K cag, be®
conpounds of fom OCdmIsi ng standard Wtti | ef/i nat |
for exanple: Bestmanr, K B ,Refl al., Chem Ber ,(197 12, 1

conpound of formula @ pared froma 5 conpound
sel ective deprotectionlusi cOﬁ'i n THF. A conpound of fodlnulh 1[1M chan
be prepared froma cor‘r‘Boun(ﬂ'901O formula 1 1L by reaction of °Li & R
t-butanol and water. A conpound of fornula 11P can be prepared froma
conmpound of fornula 1 1M G¥ing typical macrol actoni zati on coupl®#hg
reagents such as 2,4, 6-trichl orobenzoyl chloride, triethylamne, and 4 10
di met hyl ami n8gygiHi ne (See for exanple: Inanaga, J., et al., Bull. Chem
Soc. Jpn., (19%4%) 52, 1989)q cempound of forrmula 11Q can
froma conpouq% of forimala/ll P b} reaction of 1, 1, 1 Brifl uorodcetone
according to the net 1D, et al., Py

60, 3887). ATompeund fgf ornul Af2([1IR) Where XI5 0, QY|
1, 2-disubstituted ol efin, d , , B3, R4 and R5 are 1
descri bed above can be prepareorfrom conpounds of fornula 1 Q as
described in Schenes 1-9. -22 WD 02/098868 PCT/ US02/ 15397 Schene 10 Ra™ O
'IYRs 11AR-s RO s + Ra, H-i5a RROH 116 Rs 0 OH OP2 OP2 H1zp :

Compounds of formula I where X is O, W is O, and G is a N, N-substituted
amine as defined above can be prepared as outlined in Scheme 11. A compound of
5  formula 12A can be prepared from a compound of formula 11R by addition of oxygen

protecting groups (P1), such as a t-butyldimethlysilyl, with methods known in the art,

followed by ozonolysis in dichloromethane. Reductive amination of compound of

formula 12A with a compound of formula 12B using standard reagents such as

sodium triacetoxyborohydride in acetic acid/dichloromethane provides a compound of
10 formula 12C. Deprotection of a compound of formula 12C using, for example when

P1 is a t-butyldimethylsilyl group, hydrogen fluoride in acetonitrile or tetra-n-

butylammonium fluoride in THF provides a compound of formula I (12D) where X is
O, Wis O, Gis N, N-disubstituted amine (i.e., D is NR49R43), and R1, Ry, R3, Ry

and Rj5 are defined as described above.
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Phil H 110 11D 11E 11F 05 R Rs HOR9 Rs s PPhal 0 Ra - RB Ra/ + RB RP1
~~ R2 OP2 OP2 OP2 OP2 MO CR 2 4 111G 11H 111 110 OP1 0 10G R5 R5 R Rs

RO RO R3wB320MB6R8 R3 0 P1 Ra R3 P1 OP2 R R2 OH R R2 OACRUSR21381T2C R4

Me02C R4 H2ZC R4 OPI OOPi OOCP O 1110 11L 11 M R R R9/ Rs > Ra R

OP1 Ra/ R3 !1 gl 2 RORARA lipOOPL1 0O P1L O 110 See Schenes 2,5,\
See Schenesl aRR2 CH R4 OOH 0 11R -23

[ Q
= ~ OH R OP;
N Rg —> O R
Ri Ry 5 _Re
o R4 R4
O OPy O

O OH O
(See Schemes 1-9) 13A
q Rﬂ\[\er
R
Q 12
> TMSO Rs—~OF1 o
Ri” Ry e op 13D
o) HO RS T
Ry o Ve
O OoPy O Ra
13C
i 2 OH
Riy RR3 OP; »Rn\[}l o Rg
I 1 2
Ry O 1 2 Riz O R
Rs 4
O OP; O O OH. O
13E 13F

Compounds of formula I where X is O, W is O, and G is a N, N-substituted
amide as defined above can be prepared as outlined in Scheme 12. A compound of
5  formula 13A can be prepared from a compound of formula I where G is 1-methyl-2-
(2-methyl-4-thiazolyl)ethenyl by protection with triethylsilyl chloride (Pq is
triethylsilyl) in DMF using methods known in the art followed by ozonolysis in
dichloromethane. A compound of formula 13B can be prepared from a compound of
formula 13C by reaction of sodium bis(trimethlysilyl)amide in THF followed by
10 addition of chlorotrimethylsilane to quench the intermediate lithium enolate (See for
example: House, H. O., et al J. Org. Chem., (1971) 36, 2361). A compound of
formula 13C can be prepared from a compound of formula 13B by ozonolysis. A

compound of formula 13E can be prepared from compounds of formula 13C and 13D

-25 .



WD 02/ 098868 PCT/ US02/ 15397 Schene 11 RQRI QREBROHROPL RR201 OR
O2RAORAOOHOOOCPL O 11R 12A R42~NHV RA3 ROR QR RO Q 12B ~ |
R42 N R RROOPDIRIP~ R OH R 2 R43 ORAS ORA RA 0 OP1 OPCT@MHOD1BIC 12D
Compounds of fornula | where Xis 0, Wis 0, and Gis a N, N-substituted

am ne as defined above.can be prepared as | i | 11. conpound
of 5 formul abylséﬁldgﬁfﬁarﬂ'léi%gﬁogﬁQP@IHE%WtQ%&#EQGnﬁ8§f %ﬁﬁgﬁﬁeﬂ’ﬁcﬁé addi ti on
of oxygen i érlﬁ‘]?o - ggﬁlg kdyl, with

met hoég kno%% rgfe{:%g@gfg%e #ﬁﬁyﬁﬁﬁgy%ﬁﬁgpé’sﬁ%}%&él C %?irlrge%/hane.
Reducti ve angigadisafl Soup dyReIsRE Rbridd B ModithR Adrbidln BubRRRLRgnPf formul a

12B usi ng standard reagent's such as sodiumtriacetoxyborohydride in acetic
aci d/ di chl orftureideanmdHit poiides a aoropompuiofdomiuld O (F3dH) mileze X200, Pepr@t@dt i on of

a conpou f formula 12C usi ng, for exanple en Pl is a )

t-butyl di neﬁﬂyN ﬁlﬁrﬂf’ﬁtlw‘éﬁﬂﬁwﬁfléﬁeh Raokd alé‘x\ﬁﬁ aéf‘c%%]fawﬁ@? Apssribed $RvPa- n-
but yl ammoni um fl uoride in THE provi des a conpound of formula I (12D) where
Xis 0, Wis 0, Gis N, Ndisubstituted amne (i.e., Dis NR42R43), and
Rl, R2, R3, d¥hent¥h RS are defined as described above. -24 WO 02/ 098868
PCT/ US02/ 15397

Ry &
Rg~ 2 R4 OH
R R
O
Ra
O OH O

11R

14C
14B

As shown in Scheme 13, compounds of formula I where W is NR1¢ can be

10 prepared from compounds of formula I where W is O. A compound of formula 14A
can be prepared from a compound of formula 11R by reaction of sodium azide and
tetrakis(triphenylphosphine)palladium in THF/water. Reduction of a compound of
formula 14A using Adam’s catalyst (PtO9) or a trialkylphosphine in ethanol provides

a compound of formula 14B. Intramolecular cyclization of compound of formula 14B

15  using diphenylphosphoryl azide and sodium bicarbonate or 1—hydroxybenzotriazole
and 1—(3-dimethylaminopropyl)—3—ethylcarbodﬁmide in DMF provides a compound of
formula I (14C), where W is NR1¢6 (R1¢ is H).
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Scheme 12 /S P1 M RBOHORORL2R 2 ORARA OOHOO OPL O (See
Schenes 1-9) 13AR11..,. H QOP1 Oai RI2 TMSORR3 13D 1 O2 HOOP1L ~
OO0 P 1 owB424a%8B6O P1L O 13C R11-,Y OP1 _~R11~-N R3 OH OpraRuR02/8539R R12 O
12 A R4 OOCP1L OO0 OHO 13E 13F Conpounds of formula | where Xis 0, Wis
0, and Gis a_ N, Nsubstituted am de as defined above can be prepared as
outlined in Shemealddo A conpound of 5 fornula 13A can be prepared from a
conmpound of formula I, where Gis 1-nethyl-2- (2-nethyl-4-thiazglyl)ethenyl
by protection wt rigthylsilyl chl dtide Plistriethélpj@ i n DMF

usi ng net hodsa oct@ ysis &
A conmpound of f

15C

Compounds of formula II can be prepared from a compound of formula I, where
B1 and B2 are hydroxyl groups, as shown in Scheme 14. A compound of formula 15A
5 can be prepared from compounds of formula I by addition of formyl groups using
standard conditions such as formic acid, triethylamine, acetic anhydride in
dichloromethane. Elimination of a compound of formula 15A using 1,8-
diazabicyclo[5.4.0Jundec-7-ene in dichloromethane provides a compound of formula
15B. Deprotection of a compound of formula 15B using ammonia in methanol

10 provides a compound of formula IT (15C).

Scheme 15
OH
Rg a OP4 OH
G\w/ R — Cﬁ/ Ry Rp - R my
R W. W.
4 l:{4 R4
O OH O s Op O oH ©
16A : 168

See Schemes 1-14

As shown in Scheme 15, compounds of formula I where X is S or dihydrogen
15  can be prepared from compounds of formula I where X is O. A compound of formula
16A, where X is S, can be prepared from a compound of formula I where X is O by

reaction of triethylsilyl chloride(P1) with methods known in the art, followed by the
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formula 13C by reaction of sodiumbis(trinethlysilyl)am de in THE foll owed
by 10 addition of chlorotrimethylsilane to quench the internediate |ithium
enol at e (Boa2/ms68 exanpl e: House, H 0., et al., J. Og. @uemsp2/{BI71) 36,

2361). A conmpound of fornula 13C can be prepared froma conmpound of

formula 13B by ozonglysis. , A conpound of fornmula 13E _can be prepared from
conpounds ofre¥%lroﬁ1ﬂr}i“a $2808 Feqsant -IIZ@TW 9”8@@@%9%%@4%7“ %yi
standard am |} i . X 1=0 & y?&lil GR) .
Depr ot ect i on‘qlglfpgﬁ%gpﬁggghg@g???%}%?@" 1 Iguﬁm ngf,aBﬁg;I?p exanpl e \%@ﬁéggl s a
triethyl sil ysingtoippenyitydhydyaie ahtl @@’ tadebisisomagitonittile inlbengene, followed by
tetra-n-but yCL?ammni um fluoride in THE provides a conpound of fornula I
(13F) wher e RPF¥eqilonysing siandeyd mgethgda\guckyag pagitsscia i Grfeder examplR1, R,

R3, R4 ard Rg; fén a sed i hed 1 R3
af re R ort HeReRE R 6 B R Rl PR EFr) REOAR aonipoli Sk it g
H2N R 2 HO2Q (R8B¥ viltdrerXliddihydbBedds shown in Schene 13, conpounds of fornula
| where Wis NR16 can be 10 prepared from conmpounds of fornula | where W
is 0. A conmpound of formula 14A can be prepared froma conpound of fornula
11R by reacts'c%E §f16sodi um azi de and tetrakis(triphenyl phosphine)palladiuin
i n THE/ wat er= ion of a conmpound of fornula 14A using Adani s catal yst
(PtQ2) or a tri hosphi ne in et hanol

rovi des

OP4 Rg OP;4
— > R Rg
o)
R4 Ry Rs
O ©OH O O OP; O OAc OP; O
See Schemes 1-13 17A 178
G\I/ Rg OP4 Rg OH
—_ R Ro —_—— B Rs
0. O.
Ra R4
Rig OPy O Rig OH O
17C 17D
10 Alternatively, as shown in Scheme 16, compounds of formula I where X is H,

R1g can be prepared from compounds of formula I where X is O. A compound of

formula 17A can be prepared from a compound of formula I by reaction of
triethylsilyl chloride in DMF using standard methods known in the art. A compound
of formula 17B can be prepared from a compound of formula 17A by reaction of

15  diisobutylaluminum hydride followed by acetic anhydride according to the method of
Dahanukar (i.e., Dahanukar, V. H., et al., J. Org. Chem, (1996) 61, 8317). Reaction
of a compound of formula 17B with dialkylzinc, (R18)2Zn, in dichloromethane

according to the method of Rychnovsky (Rychnovsky, S. D., et. al., J. Org. Chem.
(1997) 62, 6460 ) provides a compound of formula 17C. Deprotection of a compound
20  of formula 17C using, for example when P is a triethylsilyl group, hydrogen fluoride

in acetonitrile or tetra-n-butylammonium fluoride in THF provides a compound of
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a conpound of fornula 14B. Intranol ecul ar cyclization of conmpound of
formul a 14B 15 using di phenyl phosphoryl azide and sodi um bi carbonate or

1- hydr oxywernzotssstazol e and 1-(3-di net hyl am nopropyl) - 3- etlylusaz/bwset i m de
in DMF provides a conpound of formula | (14C), where Wis NR16 (R16 is H).

20 1 O O R SRS RSl 50 SR RS 2 14

Q G~ R3 OH R% R4 O O 15C Conpounds of formula Il can be prepared
froma conpoii Bt ¥ fula |, where B 1 and B2 are hydr oxyl groups, as

shown in Schene lzﬂvhe @Qﬁ%&@s%ac@ﬁ%hﬁ’d éﬁf%rmﬁaqaﬁlcﬁ% @Ae(( an% Lram

conpounds of formula by addition of fornyl groups using s
condi ti ons sm@thyhsn& Bg mBemamylﬂ—thmzcdy])ydaarherc@noaaihycproteaﬂeﬁytd,rfbﬂecample,
ound of formula 15A usi

g: gg Ltgir g cI o lghy Lﬁ g%tul?%gﬁgéthgfiségn@n&ndp %%aﬁéOEPBW‘H@%foﬁn@grﬁ&;\d of
b st et A8 G5B LR
with certain metal halide salts such as magnesium bromide. A compound of formula
18C can be prepared from a compound of formula 18B by treatment with a metal
azide salt such as lithium azide. A compound of formula 18D can be prepared from a
10 compound of formula 18C by Mitsunobu reaction using, for example,
triphenylphosphine and a carboxylic acid such as 4-nitrobenzoic acid. A compound
of formula 18E can be prepared from a compound of formula 18D by hydrolysis or
ammoniolysis of the ester group using, for example, a solution of ammonia in
methanol. Optionally, a compound of formula 18E where P1 is an oxygen protecting
15 group such as triethylsilyl can be deprotected using triﬂuéroacetic acid in
dichloromethane, or other methods known in the art. Reduction of the azido group
and subsequent cyclization of a compound of formula 18E with a reducing agent such
as a triaryl- or trialkylphosphine provides a compound of formula I, such as 18F
(where R4 are inethyl and Re is 2-methyl-4-thiazolyl).
20
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G OH_/ TRRBR ~/ RRBOPi aRR2R H WI R 4 WHORRA R4 OOSOP1 O
OH O 16A 16B See Schenes 1-14 As shown in Schene 15, conpounds of formul a
| where XVD92898368 di hydrogen 15 can be prepared from compamruse2/of39T or nul a
| where X is O. A conpound of forrmula 16A, where X is S, can be prepared
froma conp éﬂi {orrrula | where Xis O by reaction of triethylsilyl

chl ori de(P1) thods known in the art, followed by the -27 WO

02/ 098868 PCT/ US02/ 15397 reactl on of Lawesson’s reagent i wHt ol uene (See

for exanple: N c ., J. Amer. . 90) 112,
6263). Reductjzanlof] a Lo ound rmula | (g iMg Yriphedyl tin
hydri de and 2, 2' - l&zo S ¥trile in benze Py
deprotection using stanadarc KNols sueh—as—acet | ¢ aci doln '{" e for

exanple: 5 N col aou, K It . Mchem Cconm (1995) 1 83] plfoviBes a
compound of formda | (16 ere X is di hydrogen Sch B
OPi RBOPL OR2 O <R R2 R4 Ra Ra O CH OO0 OP1 @sOAC OP1 @2

Schemes 1-13 17A 1 IRR30xXeh ploteciinglgfddp Sch&8 R2 O R2 Rqg R4 R18 OP1 O R18
OH O 17C 17D triethylsilyl

Me—-éN \

18C 18D

R = 4-nitrophenyl, phenyl
and the like

O OPy

18E l:P1 = Oxygen protecting group such as TES 18F
Py=H

10
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10 Alternatively, as shown in Schenme 16, conmpounds of fornula | where X is
H  R18 can be prepared from conpounds of fornmula | where Xis O A
conpound wb 02/oessnall a 17A can be prepared froma conpound @CTfusomadsar | by
reaction of triethylsilyl chloride in DVF using standard nethods known in
the art. Ac¢ ou of formula 17B can be prepared froma conpound of
formul a 17AMi on of 15 diisobutyl al um num hydride followed by acetic
anhydride according to thednethod of Dahanukar (i.e., k@%}égar, V. H, et
at., J. Ora. Ch Jhd"Qf formula 17B

with dial kyl g, \( | or omret hang, nd to tRe nethod of
Rychnovsky (Rychho 460)

provi des a conpound of0 , :
formula 17C using, for | @ when P1 is a triethylsilyll gdoud, Nydrogen
fluoride in acegenitrile or' tetra-n-butyl ammoni um fJuor de %°h OTHE provi des
a conpound of -28 WD 02/098868 PCT/ US02/15397 formula | (17D) where X is
H R18 and R, R2, R3, R4 and RS are i ned cri bed above. The

hydr oxyl groups of a conpound of fom a\Iysu h as IJA gphere R1_4 are

met hyl and R6 is 2-methyl-4-thiazolyl) 6 Nc onkd oRally protected as, for
exanple, 5 triethylsilyl ethers using netho N the art. A conpound
of fornula 18B where X is hal ogen, can be prepdreg,f Oorﬁ\"a conpound for
fornula 18A by treatnment with certain netal haligde salrogﬁgt,such as m?,lgnesi um
broni de. A conpound of formula 18C can bqui—ep’a'r ed9T PO EBHRFETG "ot
formula 18B by treatnent wwth a netal azide*sal4Hsuch as lithium azide. A
conmpound of forrmula 18D can be prepared froma 10 conpound of fornula 18C
by M tsunobu reaction using, for exanple, triphenylphosphine and a
carboxylic acid s = Qi f ci.d. J 18E can
be prepared fr om‘%@%ﬁ%@@ﬁg C%@P gl?&rrﬁ‘; %r@gfﬁqbgﬁ@eggg?;g%’sm?rgeﬂ g%#r%érglﬁgl ysi s

of the e$tergroumuom bscmyertédto exlapipbrerylaulohylichivnidef Redwaivhaf it agddanol .
Optionally, a conpound of forypula 18E where P1 is an oxygen protecting 15
group such &EOUR3NdhrcgueRtcyelisntion ofa sprmpeerdef Ioanplg 194 ysingn sdseingc aci d

[ di chl - okh d ' [ th
21 do. or oup ok g e e S AR RE ol SRR g CREMEL RBE W' o

reduci ng ag€Rd, Gaft®s/Pb) provides a compound of formula I such as 18F (where R;.4 are methyl

and Rg is 2-methyl-4-thiazolyl).

10
Scheme 19
OH
|
Me—éN P1
Me
O OPy O
18C 20A
X is halogen
)

l:P1 = Oxygen protecting group such as TES
18F
P1=H
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as atriaryl- or trialkylphosphine provides a conpound of forrmula I, such
as 18F (where R1_4 are nethyl and R6 is 2-nmethyl-4-thiazolyl). 20 -29 WO
02/ 098868wWB@THYB6®/ 15397 Scheme 17 OH Me M Me | / MPCRPIUSMB15891 / Me
PLMM NMM M OM 18A OP1 OP1 E Pi = H 18B X=hal ogen P1l= Oxygen

protect 10 070 Syttt BN o ot 1
and the |ike; G hh BNcoMRredtéta bohpSudd & foMruth 26A where X is a halogen by
treatment with, for example, triphenylphosphine and a carbon tetrahalide. Reduction
of the azido group and subsequent cyclization of a compound of formula 20A using a
5  reducing agent such as a triaryl- or trialkylphosphine or with hydrogen and Lindlar’s
catalyst (Pd, CaCO3/Pb) provides a compound of formula I, such as 18F (where Ry.4
are methyl and Re is 2-methyl-4-thiazolyl).
N-acyl derivatives of the present invention (such the compound of Example
23) were prepared by reacting compound 18F with the corresponding acid halide
10 (alkyl or aryl carbonyl halide, or acyl halide) in the presence of a base, such as
diisopropylethylamine. Acyl halides include, but are not limited to, acetyl chloride,
benzoyl chloride and thiophene-2-carbonyl chloride.
N-sulfonyl derivatives (such as the compounds of Example 26) were prepared
by reacting compound 18F with the corresponding sulfonyl halide in the presence of a
15  base, such as diisopropylethylamine. Sulfonyl halides include, but are not limited to,
propane sulfonyl chloride, 2-thienyl sulfonyl chloride and pyrazolyl sulfonyl chloride.
N-sulfonylureido derivatives (such as the compounds of Examples 17-19)
were prepared by reacting compound 18F with the corresponding sulfamoyl halide in
the presence of a base, such as diisopropylethylamine. Sulfamoyl halides include, but
20  are not limited to, N-alkyl sulfamoyl halide, N-aryl sulfamoyl halide, N-cycloalkyl
sulfamoyl halide and N-heterocyclyl sulfamoyl halide. Sulfamoyl halides include, but
are not limited to, N-methylsulfamoyl chloride, N,N-dimethylsulfamoyl chloride, N-
phenylsulfamoyl chloride, N-chlorosulfonyl morpholine and N-(2-thienyl)sulfamoyl

chloride.
25
The in vitro assessment of biological activity of the compounds of formula I
and formula IT are presented in Table 1. Experiments were performed as follows:
In vitro Tubulin Polymerization
30 Twice cycled (2X) calf brain tubulin was prepared following the procedure of

Williams and Lee (see Williams, R.C., Jr., and Lee, J. C. Preparation of tubulin from
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OMH MM NMM M M 0 OP1 OH 18E LP1 = Oxygen protecting group such
as TES 18F P1 = H 5 10 -30 WD 02/098868 PCT/ US02/ 15397 Schene 18 OH OSO2R
Me N ~ Mewbl2ibsskd M N Me PL MM Me O M 0 0 OP1 O OrORiUS@/M397 18E 19A
HNM M OH MNMe OM 0 OHO 18F F Pi = Oxygen protecting group
such as TES

an oxygen prg)?@gg\h??aéﬁs‘tsi%r o \C/’ﬁ’lééﬁsggg %g%%—gg@gf%é?rgnrﬁgétggfprlﬁlg}i\é\gg;F 5 u Ilf l)rs1yl
O Sy o S5 e b R S AYhRBRR bl 00 of 2
accomplished following a modified procedure of Swindell, et al., (see Swindell, C.S.,
Krauss, N.E., Horwitz, S.B., and Ringel, I. Biologically active taxol analogues with
5  deleted A-ring side chain substituents and variable C-2’ configurations. J. Med.
Chem. 34: 1176-1184, 1991). These modifications, in part, result in the expression of
tubulin polymerization potency as an effective concentration for any given compound.
For this method, different concentrations of compound in polymerization buffer

(0.IM MES, 1ImM EGTA, 0.5 mM MgClp, pH 6.6) are added to tubulin in

10 polymerization buffer at 37° in microcuvette wells of a Beckman (Beckman
Instruments) Model DU 7400 UV spectrophotometer. A final microtubule protein
concentration of 1.0 mg/ml and compound concentration of generally 2.5, 5.0, and 10
uM are used. Initial slopes of OD change measured every 10 seconds were calculated
by the program accompanying the instrument after initial and final times of the linear

15  region encompassing at least 3 time points were manually defined. Under these
conditions linear variances were generally <10, slopes ranged from 0.03 to 0.002
absorbance unit/minute, and maximum absorbance was Q.15 absorbance units.
Effective concentration (ECo ;) is defined as the interpolated concentration capable of
inducing an initial slope of 0.01 OD/minute rate and is calculated using the formula:

20 ECyg1 = concentration/slope. ECpp; values are expressed as the mean with standard
deviation obtained from 3 different concentrations. ECq; values for the compounds

in this invention fall in the range 0.01-1000 uM.

Cytoxicity (In-Vitro)

25 Cytoxicity was assessed in HCT-116 human colon carcinoma cells'by MTS
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphenyl)-2H-
tetrazolium, inner salt) assay as reported in T.L. Riss, et. al., "Comparison of MTT,
XTT, and a novel tetrazolium compound MTS for in vitro proliferation and
chemosensitivity assays.," Mol. Biol. Cell 3 (Suppl.):184a, 1992. Cells were plated at

30 4,000 cell/well in 96 well microtiter plates and 24 hours later drugs were added and

serial diluted. The cells were incubated at 37° form 72 hours at which time the
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agent such as a triaryl- or trialkylphosphine or with hydrogen and
Lindlar's catalyst (Pd, CaCO3/Pb) provides a conpound of formula I such as
18F (wherwOR2/0#886% € nethyl and R6 is 2-nethyl -4-thiazol ylPrT/ub02/8shene 19
OHX NN MM MNI MPLMOP MM NMMM OMOM OO0PLOO

OP1 18C 20A HN X is.h ' Pi N WM M OP1 18F |LP1 =
Oxygen pr ot lET 4R UIB?S @(PS%?F 353?3 ”%i <f%#n%&tf%"g§n69§@wﬂ%wt@é / 15397
Al ternativel yect@RnGd sbedf phebImL ﬁlgﬁg)&l?%g %ﬁ%ﬂ; &%@\in C&f&&%ﬁﬁ'ioﬂf £Cting

group, can be converted t0 a compoun ere I's a hal ogen
by treat nerddded.t A, dehgdrogamasp bz ynterin five oyllpledsqb itieMASoa foan ko absorbs
tetrahalide.  Reduction of the azido group and subsequent cyclization of a
conpound of Y& atF22ndd which Gag bs ayantiaigd shrstragbetemeiricallss The grepigr (e~ or
trial kyl ghosphj ] LAdl a4 I / Pb)
provi desga C%Qn%ﬂgg%%tgygff%Fe?ru arﬁﬂl?[;%é gg Véé&saf%B?hf \?\%Sg?[gg%lééﬁesgaefdgasﬁag? > and
R6 is 2-met hyhichid ik &Y ddnkentration required to inhibit cell proliferation (i.e. absorbance at

450nM) to 50% of that of untreated control cells. The IC5( values for compounds of

this invention generally fall in the range 0.01 - 1000 nM.

As preferred compounds there are formula I and II compounds wherein

10 Q is selected from the group consisting of
4
R
5 - 2 L Rs
- ;o /
AAA- AAA M
Gis

‘ XisOorS
15 andYisO.

Most preferred are compounds of formulas I and I wherein:
Qis
5

el

20
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N-acyl derivatives of the present invention (such the conpound of. Exanple
23) were prepared by reacting conmpound 18F with the corresponding acid
hal i de 1WO(valoisgks or aryl carbonyl halide, or acyl hali depPCrrUSoes3pr esence
of a base, such as diisopropyl ethylam ne. Acyl halides include, but are not
limted to, E@§%¥§h chloride, benzoyl chloride and thiophene-2-carbonyl

chl ori de. yl derivatives (such as the conpounds of Exanple 26) were
prepared by reacting conpound 18F with the correspondi ng sul fonyl halide
in the presence of a 15 base, such as di|sopropyl et hyl am ne. Sul fonyl
hal i des i ncl ude, but are not Iini¢@Q};§§9LL§fane sul fonyl chl ori de,
2-thienyl sulfonyl chloride and pyra I fronyl chl ori de.

N-sul fonyl urei do derivatives (such as the ¢ ounds of Exanples 17-19)
were prepared by reacting conpound 18F with the -correspondi ng sul f anoyl
halide in the presence of a base, such as diisopropyl ethylam ne. Sulfanoyl
hal i des i nclude, but 20 are not limted to, N-al kyl sul fanoyl halide,
N-aryl sul fanmoyl halide, N-cycloal kyl sulfanoyl halide and N-heterocyclyl
sul f anoyl halide.lgﬁ% anpyl halldes i nclude, but are not limted to,

N- et hyl sul f amoy! PYing expumlediiiestiain the PressRiyRVERIOBr | de, N-
phenyl sul famoyl chl oride, N-chlorosul fonyl norpholine and

N-(2-thienyl)sul fanoyl chloride. 25 The in vitro assessment of biol ogical
activity of the corrpounds of formula Exarﬁﬂﬂafor mula Il are presented in
Tabl e 1. Experinents wer erforned a ows: In vitro Tubulin

Pol yneri zat i on 3d1$v[1133a SELERTA0S™ ,él\Rf‘algRﬁtlﬁsfk Libls11- Plbﬂkoﬁ)’ﬁpﬁiﬂbm
f [ t f | d
o0 RIS A o L

br a| n. I\1/Bt hegabicclolizyn0] wptad&eanés,9-8lond./6- 385, 1982) and stored in liquid
nitrogen before use. Quantification of tubulin polynerization potency is

acconpl i shed followi ng a nodifi proce of. . Swindell, et al., (see
Swindell, C S., Krauss, NE TWit , 3. B. d Ringel, |I. Biologically
active taxol analogues with 5 d A | j 6B n substituents and

vari able G 2' configurations. J. Med. 176-1184, 1991). These

nodi fications, in part, result in the

A. [1R-[1R*,3S8*(E),7S*,10R*,11S%*,12S*,16S*1]-7.11-Dihydroxy-8.8.10,12-
tetramethyl-3-[1-methyl-2(2-methyl-4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0]
heptadecane-5.9-dione. [12,13-Epi Epothilone A]

15 To solution of epothilone C (100 mg, 0.21 mmol) in CH3CN (2.5 mL) and
0.0004 M Na,EDTA (1.5 ml) at 0 °C were added excess CF3COCHj; (1 mL) followed
by 2KHSOs*KHSO4°K,S O, (potassium peroxymonosulfate) (325 mg, 0.53 mmol)

and NaHCO3 (75 mg, 0.89 mmol). The reaction mixture was stirred for 35 min then
treated with dimethylsulfide (0.50 mL) and water (3.75 mL). The reaction mixture

20  was warmed to room temperature, extracted with EtOAc (4 x 10 mL), dried over
MgSOy, filtered, and concentrated. The residue was chromatographed with 55%
EtOAc/hexanes to give epothilone A (59 mg, 57%) and compound A (30 mg, 29%) as
a white solid. m/z: 494(M+H)*.
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tubulin polynerization potency as an effective concentration for any given
conpound. For this nethod, different concentrations of conpound in

pol yner i z&vioemdses f er (0. 1M MES, 1mM EGTA, 0.5 nmM MgQ 2, pHTAIS6)/1389E added
to tubulin in 10 polymsrlzatlon buffer at 37 in mcrocuvette wells of a
Beckman (Beckman A final
m cr ot ubul e Prote i TGS sefitFati on
of generalIy5375)-te%~aﬁlet@m6#9.mé\41ﬁrﬁzqﬁé%ﬂv1mwoﬁlnea{e pRs.of D change
nmeasured every 10 seconds were cal cufated by tNe progrant acconpanyi ng the
i nstrunment acﬁ)tachlo]nmdadedan&ﬁcﬁ fional tinmes of the | i near 15 region
enconpassi ng at %ast 3 ti poi nts were manual |y _defi ned. Under these

conditions Iinear ?’/élsP]éEHe’égF (vemgoyha(3Pmg, QQ@B@ODSIP&S@ﬁ (rzasrﬂ@&iwpﬁ‘om 0.03
to 0.0024
agsor banceaunl tzs?m?\% gﬁ@g@g%lﬁglg%pra I on@@éos@%n%?@ 'ge Fha guéfg t he

i nt er pol at edmtameendsitehicdat 6@ Kre dn‘ys Thelteictich #as talickhiddted lag@eneof 0. 01
OD/mnute rate and is cal cul ated u3| the fornmula: 20 ECo. 01 =

concent r at i RPN Pas cimomatpraphe > EfQAehesancato give Gempound Br(18 mmdar d
deviation o i ffe centrations. ECO.01 values for the
conmpounds %%ﬂ?%%%%@ﬂgéﬁgpgnn?gésﬁ%ﬁme range 0.01-1000 M Cytoxicity
(lii-Vitro) 25 Cytoxicity was assessed in HCT-116 human col on carci noma
cells by MT'S
(3- (4, 58 meehy! tlds A0y

et. al.,

- tetrazoli ,
" Conpari sonltgl— C Strazortumcotpourtd MIS for in vitro
proliferati cuzaaegﬂc1ophe1n@ﬁﬁggaldg¢aylbi5y9 @ﬁ)ﬁgys " Mol . B| ol. Cell 3 (Suppl.):
184a, 1992. Cells were plated at 30 4, 000 ceII/weII_ln 96 well mcrotiter
plates and 24 houFeaselutien gf GompowndsB 4tRieg GORSmMmel imTH (1 jtel) wahe cel | s

wer e i ncubat Qrm.7 our s at ich.time the 1,098868
hoT Usos) 1o 588 PRE 5% L?r#%‘Jh Drr%’day]é%tla? KR  eatsas A0 Cn n), in
conbi natiison MihthThORac@bERhES &ihcélﬁkﬁ@éd Rfd aReBlid W ARZhBRaREDASY i@t € at 25
M (final concentration) was added. A dehydrogenase enzyne in live cells
reduces the NESH/EIQAFBEM ({ 19:0.3 hlosgiveridie tﬂtlﬁghmpaun(ﬂmnwgvﬁﬁ%}ascaawﬂntae
guantitated s[)}ﬁgt og?g)k yically. The greater the 5 absorbance the
greater the R g?/ cells. The results are expressed as an | C50,
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which is the drug concentration required to inhibit cell proliferation
(i.e. absorbance at 450nM to 50% of that of untreated control cells. The
| C50 val e oko9sseonmpounds of this invention generally falPCTius02/b89T ange
0.01 - 1000 nM As preferred compounds there are formula I and Il conpounds
wherein 10 Qis selected fromthe grQup consisting of Z RS RS L R5 and
ri-r Gis RO R8 XisOorS 15 and Y is-&ﬂﬂﬁ‘:s% preferred are conpounds of

formul as | kb | B 4 % w1 € ; )/ 15397 and
Gs R Re SRR e bk TpRe R rB i RRC SR B iR O
Exanple 1  8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
[1S-[1R*, 3R*(E), 7R*, 105* 11R*, 12R*, 165*]]- 7, 11- Di hydroxy- 8, 8, 10, 12

t et r amet hy| -Zapicyglefid1.0heptadegane;$.94diong- azol yI ) et henyl ] - 4- oxa- 17- 10

azabi cycl o[ 14. 1. 0] hept adecane- 5, 9-di ong. gN,, S',,0H O

%I/

To solution of epothilone 1C (2mg, 0.004 mmol) in acetone (0.2mL) at 0 °C
was added 4-formyl-2-methyl-1,3,4-thiadiazolin-5-thione (1 mg, 0.006 mmol), and
the reaction mixture was stirred for 1 hr (See for example: Yazawa, H.: Goto, S.

10  Tetrahedron Lett,, (1985) 26, 3703-3706). The reaction was concentrated, and the

residue was chromatographed with 65% EtOAc/hexanes to give the title compound
(0.8 mg, 38%) as a white film. m/z: 521 (M+H)".

Example 3
15 [1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-dihydroxy-8,8,10,12-
tetramethyl-3-{1-methyl-2(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
thiabicyclo[14.1.0] heptadecane-5,9-dione.

Compound 1A (50 mg, 0.1 mmol) and ammonium thiocycanate (25 mg, 0.33
20  mmol) were dissolved in acetonitrile (1.5 mL) and heated in a sealed vial to 120 °C

for 30 min. The reaction mixture was separated by HPLC (C18, 45%
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OOHOA

[I1R-[1R*, 3S*(E), 7S*, 10R*, 11S*, 12S*, 16S*11- 7, 11- Di h. doxy- 8, 8, 10, 12-

t et r amet hyD-02/0948681et hyl - 2( 2- net hyl - 4-t hi azol yl PCT/US02/15397
et henyl | -4, 17-di oxabi cycl o[ 14. 1. 01 hept adecane-5, 9-dione. [ 12, 13- Epi

Epothilone Al 15. T | yti on of epothilone C (100 , .0.21 mml) in CH3CN
o 0E ) S cPee B T AR S R eh g opiat DUt MG S. MBIV SRiatdn WrdrorD

(1 n) follomglt g A nosul fate) (325 ny,
0.53 mol) and o’\gﬁ% 5 ;g gg%ﬁgg%%%ﬁwgﬁ%:@?ﬁﬁom xture was stirred
for 35 mn then treated with dinethylsulfide (0.50 nL) and water (3.75

m.). The reaction mxture 20 was warned to roomtenperature, extracted with
Et OAc (4 x 10 ml), dried over MSO4, Exampladd and concentrated. The

resi due was chro C o] Yo, Bt A 3 [ epot.hi | one A
(59 nmy, 57% andnﬁgﬂ%&w&g #é@ (’EEQ Rgg & mﬂ?ﬁeflggﬁt%ﬁaﬁl}q)aﬁ‘?ﬁi@mw +.
- 35 WO 02/ 098 86Qili3drox358 8, 10582 fetrBmethyl-3-[1-methyl-2(2-methyl-4-

j4S-f4R*, 7S, 8R*, 9R*, 13S*, 14S*, 16R*(E) 11- 13- Azido-4 8 14-trih day- 5

5,7, 9- t et r artbiasplylpthanylirboxg 17 spabiepeln[id. LOhnptaderarie-B P diond. | - |

oxacycl ohexadecane- 2, 6-dione. To a sol ution of Conpound A (30ng, 0.06mmvl )
in EtOH (2.5 nL) were 5 added NaN3 (240y—B, 36 nmol ) and NH4CL(2 ny, 0.04
nmol ). The reaction m xture was heated atj 60 Cfor 2 days. The reaction was
concentrated, and the residue was chrondtpographed with 60% Et OAc/ hexanes

to give Conpound B (19 ng, 599 Sas a,colior sNoil. mz:537 (MrH) +. 10 C
FIS-[1R*, 3R*(E), 7R*, | Os*, 11R*, 1%@\/}54!1,6& -7 11- i hw@xoxy-8 8 10 12-
tetramet hyl -3-f 1-nmethyl -2(2- nethyl ~4-thi thenyl | - - 4- oxa- 17

azabi cycl of 14.1.01 heptadecane-5, 9-di ution of Conpound B
(29ngy, 0.035mml) in THE (1.5 nL) was added|PPh3 (12 ng, 0.047 nmol), and
the reaction m xture was heated at 60 C r o5 -14hr. The reaction was
concentrated, and the residue was chronat ographed with MOH Et QAc/ Et 3N
(1:9:0.3) to give the title conpound (11 ng, 62% as a white solid.

m z: 493 1Q)M'|'H) +.

To a solution of compound 1C (10 mg, 0.020 mmol) and N,N-dimethylglycine
(2.3 mg, 0.022 mmol) in methylene chloride (0.20 mL) was added a catalytic amount
of DMAP followed by the addition of DCC (8.3 mg, 0.040 mmol) at 0°C. The
reaction mixture was warmed to room temperature and stirred for 18 h under Ar. The
mixture was directly purified by flash chromatography (short SiO, plug, 0-2%

15 methanol/chloroform gradient elution), and then further purified by reverse phase
HPLC (YMC S-5 ODS 10 x 250 mm column, A-95% water, 5% MeCN, B=95%
MeCN, 5% water, 0-100% B/40 minutes/gradient, flow rate = 3mlL/min, retention
time = 29 min) to afford 3 mg of the title compound (26%) as white a lyophilizate
along with 4 mg of starting material (40%). FABHRMS m/z 578.3287 (C30H47N306S,

20  requires 577.3186).
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-36 WD 02/098868 PCT/ US02/ 15397 Exanple 2

[1S-[1R*,3R*(E), 7R*, 1 OS*, 11R*, 12R*, 165*]]-17- Fornyl -7, 11- Di hydr oxy-

8, 8, 10, 12woebseases hyl - 3- [ 1- net hyl - 2- ( 2- et hyl - 4-t hi azol yl perhsnyi3397- oxa- 17
- azabicycl o[ 14. 1. 0] hept adecane-5,9-dione. O, H S o%H OOC 5 OCHOTo
solution of epothilone 1C (2ng, 0.004_nmol n acetone (0.2nL) at 0 C was
added 4-fornyl -2-nethyl -1, 3, 4- t hi adi aESABPI&S ¢ hi one (1 ng, 0.006 mmol), and

the reaction m Xtyyke ' d 1foQk ar .01~ @i A7 12H. :
Goro, 5 10 Tot A e TR R Aot S AR o BNl
concent r at edetrantthyle3-[ I-artlol - @2amethyl drthii ool yd fetkechylf- 11 (B st ist1QAc/ hexanes

to give the title caonpound %0.8 n}; 38% as a white film nmz: 521 (MH) +.
Exanpl e 3 150xobutyl)-4-o0xa-17-azabicyclo] 4.1.0]héptadecane-5,9-dione.

[1S[1R*, 3R (E), 7R*, 105*, 11R*, 12R*, 165*];-};,_3{& hydr oxy- 8, 8, 10, 12-
S

tetranet hyl - 3-{1-net hyl - 2( 2- met hyl - 4-t hha | ) et henyl ] - 4- oxa- 17-

t hi abi cycl o[ 14. 1. 0] hept adecane-5, 9-di ongf. v,y O ="lc OMHO
Conmpound A (50 ng, 0.1 mmol) and anmoni Wy t hi ocycanate (25 ng, 0.33 20
mmol ) were dissolved in acetoni(¥hle (1.5 and heated in a seal ed vial
to 120 C for 30 mn. The react \'\cl) nxt urle was papat ed by HPLC (C18, 45%
-37 WD 02/ 098868 PCT/ US02/ 15397 ’ '

5 © OH

O
To a solution of compound 1C (10 mg, 0.020 mmol) and triethylamine (10 uL,

0.080 mmol) in methylene chloride (0.20 mL) was added isovaleryl chloride (3.0 pL,
0.024 mmol) at 0°C. The reaction mixture was warmed to room temperature and
stirred for 1 h under argon. The mixture was diluted with methylene chloride (5 mL)

10  and was quenched with saturated aqueous sodium bicarbonate (1 mL) at 0°C. The
organic layer was collected, dried over sodium sulfate, and concentrated. The oily
residue was purified by flash chromatography (SiO,, 4.5 x 30 cm, 25-50% EtOAc-
hexanes gradient elution) to afford the title compound (6 mg, 51%) as a white solid.
FABHRMS m/z 577.3343 (C31H4sN206S, requires 576.3233). "H NMR (400

15 MHz, CDCL) 6 6.97 (s, 1 H), 6.57 (s, 1 H), 5.38-5.35 (m, 1 H), 4.15- 4.11 (m, 1 H),
3.84-3.80 (m, 2 H), 3.18-3.15 (m, 1 H), 2.70 (s, 3 H), 2.66-2.53 (m, 2 H), 2.52-2.49
(m, 2 H), 2.45-2.11 (m, 6 H), 2.09 (s, 3 H), 1.84-1.72 (m, 3 H), 1.55-1.40 (m, 4 H),
1.36 (s,3 H), 1.19 (s, 3 H, J = 6.8 Hz), 1.14 (s, 3 H), 1.02 (d, 3 H, J = 6.9 Hz), 0.95-
0.93 (m, 6 H). MS (EST": 577.3 M + H)".

20
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acetonitril e/ 55% 50 mM amoni um acetate buffer, pH 6.8, with UV detection
at 254 nM to give the title conpound (11 ng, 219 . mz: 553 (MtH) ' ".
Exanpl e 4w 02/098868 PCT/US02/15397
[1S-[1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 165*]] - 17-[ D net hyl am no) acetyl ] -

7, 11-di hydr oxy-8, 8, 10, 12- tetramet hyl - 3-! 1- Egt hyl - 2(2- met hyl -

t hi azol yl ) et henyl ] - 4- oxa- 17- azabi cycl € 9] hept adecane- 5, 9-di one. O)/-~N

S,SOH OO ™ O # R pof 1 and

N, N-di met hyl gl yci %1? [-E'?Zajfﬁgy’&g ’ggg llft@’f? [ ?r?%ﬁeﬁhyllgn@% l"ori g‘gp?gh)m m.)
was added a atmydquyl-8;8anna%tranietm[I—ﬂetlgﬂ&d(zhnetﬁye-mmzk)lﬂ)éﬂﬁnyqﬁﬁ (8.3
ng, 0.040 mmol ) _at The reaction mxture was warmed to roomtenperature
and stirred 9% &Bzﬂ’lm‘iﬂxro]hqlﬁé eGamet3-dioggs directly purified by flash
chromat ography (short Si02 plug, O- 29,@615 t hanol / chl or of or m gr adi ent
elution), and then further purified by \géver se phase HPLC (YMC S-5 ODS 10
X 250 mm col umm, A-95% water, 5% MeCN, OB:N),S% MeCN, 5% water, 0-100% B/ 40

m nutes/gradient, flow rate —B_g;g§ m n, ‘time =29 mn) to afford
3 ng of thetitle conpound (2 j
of starting material (409%. FABHRVE 1 7

577.3186). -38 WD 02/098868 PCT/ US02/ 1
[1S-[1R*, 3R*(E), 7R*, | CS*, 11R*, 12R*, 165*] ]It 7, hydr oxy- 8, 8, 10, 12-
tetramsttﬁyl-B [ 1- rrethyl 2 (2- rrethyl 4- thl%zopw )%thenyl] 17-(3-nmethyl -1 -

oxobutyl) - 4- oxa- s Q%&BHSX 8{' Q(Ln]rp Ll:l’ldol@ﬁ%trﬁ‘g qf@ibemﬁio% d%%dme% ﬁl :'0]‘1(5}|

mmol) in methylene chloride (0.20 ml) under Ar was added methanesulfonyl chloride

(1.6ul, 0.021 mmol) at -15°C. The reaction mixture was kept at -15°C and stirred for
30 minutes. The mixture was diluted with methylene chloride (5 mL) and was

10 quenched with saturated aqueous sodium bicarbonate (1 mlL) at 0°C. The organic
layer was collected, dried over sodium sulfate, and concentrated. The oily residue
was purified by flash chromatography (SiO;, 4.5 x 30 cm, 25-50% EtOAc-hexanes
gradient elution) to afford the title compound (6 mg, 52%) as a white solid. 'H NMR
(400 MHz, CDCl,) 6 6.98 (s, 1 H), 6.57 (s, 1 H), 5.34 (d, 1H,J=8.0Hz),4.15-4.12

15  (m, 1 H), 3.84-3.81 (m, 1 H), 3.78-3.75 (m, 1 H), 3.18-3.10 (m, 1 H), 3.04 (s, 3 H),
2.87-2.83 (m, 1 H), 2.75-2.71 (m, 1 H), 2.70 (s, 3 H), 2.62-2.55 (m, 1 H), 2.52 (dd, 1
H,J=14.7,10.2 Hz), 2.43 (dd, 1 H, J = 14.7, 3.0 Hz), 2.32-2.27 (m, 1 H), 2.05 (s, 3
H), 1.93-1.70 (m, 3 H), 1.58-1.42 (m, 5 H), 1.36 (s, 3 H), 1.18 (d, 3 H, J = 6.8 Hz),
1.15(s, 3 H), 1.01 (d, 3 H, J = 6.9 Hz). FAB HRMS m/z (M"+ H) calcd for

20 C,H,N,0.S,: 571.2512, found: 571.2525.
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5 OOHno To a solution of conmpound IC (10 ng, 0.020 nmol) and
triethylamne (10 L, 0.080 mmol) in nmethylene chloride (0.20 nL) was added
i soval er ywoahlgsssgle (3.0 L, 0.024 mmol) at OC. The react PCA/USOXIWIPE Was
warnmed to roomtenperature and stirred for 1 h under argon. The m xture
was diluted with nethylene chloride (5 nL). 10 and was quenched with

sat ur at ed aqueous sodi um bi carbonat e gﬁm—it 0C. The organic |ayer was

col l ected, dried pyeipsei sC resi due
was purified by f%s 6%130 i@é;fg%fﬁ % ﬁ ?M% %llr@hg%%%ﬁt OAc-
hexanes grac8,8i0, IEI-IJatr'ame)hych Hif-foetly12h@- meﬂinGthmolymtl{e(ﬁyI]m oktY)- as a
white solid. FABHRMS m z 3343 C31H48N2068 ires 576.3233). 1H NMR
(400 15 Mz,3Zabieyslolkt. h%hel{@de% 9-gdiagp-17scarb 01‘1} %3 38-5.35 (m 1 H),

4. 15- 411(m1H),384380(m2H) 43.18-3.15 (m 1 H), 2.70 (s, 3

H, 2.66-2.53 (m 2 H), 2.52-2.49 (m 2W2.45-2.11 (m 6 H, 2.09 (s, 3
H, 1.84-1.72 (m 3 H), 1.55-1.40 (m O4=<—|) 1.36 (s, 3 H, 1.19 (s, 3 H J
=6.8 Hz), 1.14 (s, 3 H, 1.02 (d, 3 H Nz 6.9 Hz), 0.95- 0.93 (m 6 H).
M5 (ESI+): 577.3 (M+ H+. 20 - |V\D 2/ CT/ US02/ 15397 Exanple 6
[1S-[1R *,3R * (E), 7R *, 10S, 1IR\* 7:OHMet hyl sul fonyl -7, 11-
di hydroxy-8, 8, 10, 12-t et r anet hyl '\é [ rre' hyl - t hyl - 4-thi azol yI)et henyl
]- .

4- oxa-17-azabi cycl o[ 14. 1. 0] hept adec M\ ,e0 S 0 S

| NOH OSOO—IOToasqutlonof compou rrg,OOZOmmI)and
pyri di ne (8 |, 0.120 nmmol) in nethylene (0.20 m) under Ar was

added met hanesul fnykolaRb@bi &fnpound 1C (10 mg, 0.020 mmol) in EtOAc (0.20 mL) was

added ethyl isocyanate (1.9 uL, 0.024 mmol) at 0°C under Ar. The reaction mixture
was warmed to room temperature and stirred for 30 minutes. The mixture was directly
purified by flash chromatography (SiO,, 4.5 x 30 cm, 0-3% methanol-chloroform

10  gradient elution) to provide the title compound (5.5 mg, 66%) as white solid.
FABHRMS m/z 564.3367 (C9HysN304S, requires 563.3029). 'H NMR (400 MHz,
CDCl3) 8 6.97 (s, 1 H), 6.60 (s, 1 H), 5.62-5.59 (m, 2 H), 4.51 (br s, 1 H, OH), 4.23-
4.18 (m, 1 H), 3.86-3.83 (m, 1 H), 3.23-3.20 (m, 3 H), 2.70 (s, 3 H), 2.53-2.42 (m, 2
H), 2.40-2.36 (m, 2 H), 2.09 (s, 3 H), 1.98-1.92 (m, 2 H), 1.82-1.77 (m, 1 H), 1.61-

15 1.36 (m, 7 H), 1.35(s,3 H), 1.15(d, 3H,J=7.0Hz), 1.11 (t, 3 H, J = 7.4 Hz), 1.08
(s, 3 H), 0.97 (d, 3 H, J = 6.9 Hz); HRMS (EST") m/z (M* + H) calcd for
Ca0H45N306S: 564.3107, found: 564.3367.

20

25
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(1.6, 0.021 mml) at -15C. The reaction m xture was kept at -15C and
stirred for 30 mnutes. The m xture was diluted with nmethylene chloride (5
m.) and wae 0209836nched wit h sat urated aqueous sodi um bi cacharsar/es3¢1 nl) at
OC. The organic |ayer was collected, dried over sodiumsulfate, and
concentrated. The oily residue was pﬁrifi Ed§ by flash chromat ography (Si 02,
4.5 x 30 cm 25-50% Et QAc- hexanes gr €Sl ution) to afford the title
conpound (6 ng, H RSPk R * 3) 6 6.98 (s,
.6 (a0 1 R IR TR s R e R ) © Oy
. 84- 3. 81 ( n8,8,10HR,173péitadetttyl-Grll-thetty]-232ABetByk@-thimzolykbhengl| ddoxas17-3 H) ,
.87-2.83 (m 1. H., 2. 75-2.71 (m . 2.70 (s, 3 H, 2.62-2.55 (m 1 H),
.52 (dd, 1 a%ﬁlcycbfiﬁz-glhw%ecﬁm%’9;2‘1289(dd, 1H J=14.7, 3.0 H),
.32-2.27 (m 1 H, 2.05 (s, 3 H, 1.9%1.70 (m 3 H, 1.58-1.42 (m 5 H)
J
d:

.36 (s, 3 H, 1.18 (d, 3 H J =6.8 Hz),y, 1.15 (s, 3 H), 1.01 (d, 3 H,
.9 Hz). FAB HRMS rn/z (M++ H) cd for I 2N20, S2: 571. 2512, foun
571.2525. -40 WD 02/ 098868 PG%%SSW Exa IeoEI 1S- [ IR *,3R *
(E), 7R *, 108, 11R *,12R *, 165 * N 2N dIhydr oxy-

8,8, 10, 12-tetranet hyl - 3-[ 1- net hyl - 2- ( 2- azol yl)ethenyl]-4-oxa-17
- azabicycl o[ 14. 1. 0] hept adecane-5,9-di o boxamide. H ON, S =
~,0H 590 OH O To a solution of conpound 1COH1® ny, 0.020 mmol) in Et CAc

(0.20 nL) was added et hyl i.socyanat .9 024 C.under Ar.
The reaction m xt ?853\)6&@&2?%%@@ &@#T%%%&W@%ﬁ%ﬁ%‘?@&y% 130

m nutes. The,; I r il r t hy (Si 02,
b5 x 30 cm S Rt e o S 0807 de t he

title conpoufdiloled by dimethoi¥nlfs (IR LLL0.980 intnol) HABDFEA i r2achiod ndiRGife was

(C29H45N306S, requires 563.3029). 1H NWR (400 MHz,
then stirred overnight at 4°C. The mixture was directly purified by flash

OFRLNNNWE

10  chromatography (SiOs, 4.5 x 30 cm, 0-3% methanol-chloroform gradient elution) to
afford the title compound (5.0 mg, 40%) as white solid. FABHRMS m/z 507.2888
(Cr7H42N,OsS, requires 506.2814).

Example 9
15 [1S-[1R*,3R*(E),7R*,10S* 11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-5,9-dioxo-4-oxa-17-
azabicyclo[14.1.0] heptadecane-17-carboxylic acid, 1,1-dimethylethyl ester.

O OH O

Di-tert-butyl dicarbonate (0.008 mmol, 1.8 mg) was added to Compound 1C
20  (0.004 mmol, 2 mg) and triethylamine (0.0048 mmol, 0.0007 ml) in THF (0.15 mL) at

room temperature. After 30 min, the reaction was concenirated and purified by flash
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CDC13) 8 6.97 (s, 1 H, 6.60 (s, 1 H, 5.62-5.59 (m 2 H, 4.51 (br s, 1 H
oH), 4.23- 4.18 (m 1 H), 3.86-3.83 (m 1 H), 3.23-3.20 (m 3 H), 2.70 (s,
3 H, 2.530224%868n 2 H), 2.40-2.36 (m 2 H), 2.09 (s, 3PHr/US2/¢8971.92 (m
2 H, 1.82-1.77 (m 1 H, 1.61 151.36 (m 7 H, 1.35 (s, 3 H, 1.15 (d, 3
H J=7.0 . 1.11 (t L J = 7.4 H), 108 (s, 3 H, 0.97 (d, 3 H J
= 6.9 Hz); Eﬁ%@nfé@gaﬁy ﬁ?%ﬁm&ﬂ%ar@& {8 itogHthe elo ammomishss BRI 8
found: 564. :}?%7( g_@D+ 253 -41 WO 02/ 098868 PCT/ US02/ 15397 Exanple 8

[1S-[ 1R*, 3R* ,%&F,105#,11FF,12FF,165#]]-7,11-EXhydroxy-

8,8, 10, 12, 17- pent anet hyl - 3-[ 1- et hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] - 4- oxa
-17- azabicycl o[ 14. 1. 0] hept adecane-5,9-dione Mg X ~~S N,..0H O5 0 H
O To a solution of conpound 1C (10 ndixampledOnmpl) in THE (0.20 ni) under

argon wag added t *§ﬁ€g b QLEOR AL Ner JHE 4 0.021 mol)
foll owed%by di meﬁg% [(sigl fa Eﬁi}é%@fﬁlﬁﬁ%&ﬁﬁ%@ﬁ)ﬁ;ﬁ y&%gs’%%g’_l%eact i on

m xture was tetraﬁmtlsyw-[Bﬂleﬂmm@ethbﬂ?)l-ﬂtﬁiazm&)eméﬂ L£18as directly
purified by flash 10 chromat ograpﬁ% Si02, 4.5 x 30 cm 0-3%

net hanol - chldexrhiexsle/d4d: Uaetadeq6(Eorepet9-digfeor d the title conpound (5.0
ng, 40% as white solid. FABHRMS niz 507. 2888 (C27H42N205S, requires
506. 2814). Exanple 9 15 s
[1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R* ;@LSE*H
tetramet hyl - 3-[ 1- net hyl - 2- (2-ne ~r4, i
- azabicyclo[14. 1. 0] heptadecane-17-car
ester.

i hydr oxy- 8, 8, 10, 12-
herlyl ] -5, 9-di oxo- 4- oxa- 17
[ 1, 1- di et hyl et hyl

O O
A. [1S-[1R*.3R*(E),10S*,11R*,12R*,16S*]]-11-Hydroxv-8.8,10,12-tetramethyl-

10 3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0Theptadec-
6(E)-ene-5.9-dione.
HCOH (22.7 mmol, 0.85 mL) was added to a solution of epothilone B (4.5
mmol, 2.3g), NEt; (45.3 mmol, 6.3 mL) and N, N-dimethylaminopyridine (10 mmol,

1.2g) in CH,Cl, (100 mL) at room temperature. The reaction mixture was cooled to —

15 15°C, and (CH3CO),0 (22.7 mmol, 2.1 mL) was added dropwise. The reaction was
maintained at —15°C for 15 minutes then at room temperature for 30 minutes. The
reaction was quenched with pH 7 buffer (100 mL) and extracted with CH,Cl, (3 x 100
mL). The combined organic phase was washed with 1N HCI (100 mL), saturated
NaHCO3 (100 mL), dried over Na;SOy, and concentrated to give the bis-formate of

20  epothilone B as a white solid, which was taken to next step without further |
purification. 1,8-Diazabicyclo[5.4.0Jundec-7-ene (44.7 mmol, 6.7 ml) was added
dropwise to the crude bis-formate in CH,Cl, (125 mL) at room temperature. The
reaction mixture was stirred for 1 hour, quenched with pH 4 buffer (200 mL) and
extracted with CHCl, (3 x 200 mL). The combined organic phase was washed with

25  saturated NaHCO; (200 mL), dried over Na;SO4 and concentrated to give a viscous
oil which was taken up in MeOH (95 mL) and treated with NH3 (2M solution in

MeOH, 21.9 mmol, 11 mL). The reaction mixture was maintained at room
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0~ 0 S, ~OH OO OD -ter-t-butyl dicarbonate (0.008 mol, 1.8 ng) was
added to Conpound IC 20 (0.004 nmmol, 2 ng) and triethylam ne (0.0048 mol ,
0. 0007 mwoOi/0J4d68 (0. 15 nlL) at roomtenperature. After 3@CEIUSY2/13387
reaction was concentrated and purified by flash -42 WD 02/098868

PCT/ US02/ 15397 chr onmat pgr aph 0%t OAc/ Hexanes), to afford the title
conpound as SOPCELE LRy ‘Pg%mg C%H'éa)“tramﬁpé Pu@@QEEEbé?PpCFkEO@BtOSTaPEY (éo(;
[1S-[1R", SRkl adfiexantd B nht Bio ABPiolaks YA 8 wlﬁe fid (2.05g, 92%

t et ramet hyl - 3- [1&%¥hy 2n(2 rr(?atﬁgtlo O;[?‘ILI az]g(f )et?m%n jsél %2 § =%

di oxabi cycl ofot 3.s&p6). (eEEDNESIG( E) - ene- 5, 9- di one SO 00 A

[1S- [ 1R, 3R*(E) 10S*, 11R*, 12R*, 16S*11- 11- Hydr oxy-8 8 10 12-tetranmet hyl - 10
3-[ 1- net hyl - 2- ( 2- et hyI 4-t hi azol yl)ethenyl| -4, 17-di oxabi cycl o[ 14. 1. O hept a
O oot i on o (SLARE AR KRR SRR PR 1Oy P Ao R0 6,13, SOf Ut on
of epothilone B (475 miol, 2.39), NEC

N, N- di et hy| @oramethy-B-di mecthi®- «mmﬁhﬂ-A-@g@Wl%@lﬂBﬂ%1%@&@&%1@“« nom
t enper at ur e. The reactlon mxture was cooled to 15 15C, and (CH3CO) 20
(22.7 mol, ge-p(R)aeneadideliong: opwi se. The reaction was maintained at

-15C f 15 t T tion
was quzached”‘w“?hﬁ@ﬁf*—}% b TSR FECkME of PmdQd L Bt 9805 o
nL). The conwjAneisopteBidttyl ahase16@mmels b@dnwp tahd J&N\’kﬁnetﬁ@ﬁﬁuﬁﬂﬁyndﬁfét urat ed

NaHCO3 (100 ni), dried over Na2SO4, and concentrated to give the
bi s-f or Ht e @f S%H@bd{?’ﬂ.m@n@ BLES @O tas rewh lemperkintsh Theseackioa mixtire ext

step wit hOUtwgsut'il ﬁéated at 45°C for 12 hours, quenched with pH 4 buffer (50 ml), extracted
with CH2Cl, (3 x 25 mL), dried over Na,SO4, concentrated and purified by flash

chromatography (hexanes to 20%EtOAc/hexanes) to afford compound B as a white
solid (590 mg). (M+H)" 604.

15
C. [7R.85.98,145,16S(E){-14-Hydroxy-13-hydroxymethyl-8-triethylsilyloxy-
5.5.7.9-tetramethyl-16-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-1-oxa-3(E)-

cyclohexadecene-2.6-dione.

Diethylaluminum-2,2,6,6-tetramethylpiperidide [1.5 mL of 0.28M solution in

20  benzene maintained at 0°C, 0.42 mmol; prepared by method of Paquette, L.A. et. al.
J. Org. Chem 1990, 55, 1589; stepwise addition of n-BuLi (1.1 mmol, or 0.68 mL of
1.6 M solution in hexanes) and diethylaluminumchloride (1.1 mmol, 1.1 mL of 1.0 M
solution in hexanes) to 2,2,6,6-tetramethylpiperidine (1.1 mmol, 0.15 mL) in benzene
(2.0 ml) at 0°C] was added dropwise over 20 min to Compound B (0.18 mmol, 109

25  mg) in benzene (2.0 mL) at 0°C. The reaction mixture was quenched with saturated
NH4Cl (8 mL), extracted with CH,Cl, (3 x 10 mL), dried over Na,SOj, concentrated
and purified by flash chromatography (25% EtOAc/hexanes) to afford 13,14-allylic
alcohol as a clear oil (70 mg, 64%). (M+H)* 604.
BH;3*THF (0.35 mmol, 0.35 ml of 1.0 M solution in THF) was added dropwise to the

30 13,14-allylic alcohol intermediate in THF (4.0 mL) at —78°C. The reaction mixture
was stirred at —78°C for 10 minutes, then transferred to a 0°C bath. After 4.6 hours,
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purification. 1,8-D azabicyclo[5.4.0]undec-7-ene (44.7 mmol, 6.7 nlL) was
added dropwi se to the crude bis-formate in CH2Cl12 (125 nlL) at room

t enper at LIWO.02/098868 r eacti on m xture was stirred for 1 hour pPCyusowse’ wi th pH
4 pbuffer (200 m.) and extracted with CH2Cl12 (3 x 200 nlL). The conbi ned
organi ¢ phase was .washed with 25 saturated NaH 200 m_) dried over

Na2So4 anddégﬂ FRRHP B PR eV Ry Sfiared %T@Hbt?glpe%ﬁ“ﬂre esy dilwpd g IVEO;
7
5221?} z)nanm xﬁ?ﬁg{s(wrga@ﬁ?l |E%‘%ne%l at% 9rs og%%fgaww%%ﬁé%%p%}) %%41@5%%97 ©

t enper at ur e thby antl 3050 150, aquees tolatied (4 ehIPu Thé ir@dltimg redctioh ntiktuegrwkogr aphy
(60% Et OAc/ Hexanes to neat Et OALJ to afford co nd A as a white solid
(2. 05g, 920, Stifrgd agr%)pé peratyye ity Jlagyrs, sxtgacted wit CH2C12 Bx 10 mL), dried

et Ayl 3 MRt Wea&%éﬁ &fﬁlfﬁﬂefl‘fyh.%ﬁwwﬂhﬁ%o%@ 10 12-

et henyl | - 4, IHtONphexbhesy @ efforli4o g@&ndﬂ%@h@ﬂsﬁﬁoﬁ 2 aipe 28, Andie e
Et 3Si C1(10.8 mml, 1.8 nl) was added to conpound A (1.08 nmol, 529 ny),

N, N-di i sopr d&ﬁlbﬁg}ua&ﬁieﬁ@e(smwwil 2.8 nL), and

N, N- di et hyl am nopyridine 10 (1.08 nmmol, 132 ng) in CH2C12 (10 nlL) at room
tenperature. The reaction m xture was then heat ed at 45C for 12 hours,
quenched wi tih, pH 4Rb8S O8I13R9Y OS(EFXULEGABRy-19iL ol fehe&ElBniBx¥medylte) .

dried over Na2SO4, concentrat ed and purlfl ed by flash chronmat ography
(hexane§-0t0 tothsdp xxhadstrampethyls r [ -motinyb Pt oRthd -dathidriotybethent

rr;rgill (I\/![+Ir-|l) ;t 6045;1E_i-c Cgl | 7(%cené 8% c?igr% 168( E) 1- 14- H ddr oxy- 13- _h drox

5,5,7, 9-tetranet hylfrof@ndshioRfiMbride (02t ﬁ@ddlyigﬁhg} Whedddedlto compound C (31

et henyl | - 1- oxa- 3(E) - cycl ohexadecene- 2, 6-d
Di et hyl al umimgr: (tpans; 0@)1%@5 amlhw@}p@nnaﬂoﬁ 1{111105 02 k) & CBMC g @1 Otl on in

20 b t t 0C
CoA ot LD leBbmaie. 15iscerdn RGNt e G Lo S b
(1.1 muob, Qddfiodsl ﬁﬂol@én(esﬂf(ﬁlywhﬁﬁidét(() Qrim'nBl Ii?’ﬁ%é)%ﬁ)l p?ﬂ&lme 0.25 mmol,

di et hyl al um nunthl ori d M SOl uti on in hexanes) to
2,2, 6, 6-t et ra@dkmhy wWeirpatdedi Adtef 4 hdursnible ,reatatlﬂzﬁ wab yjuénchbdwitbpdl 4 buffer (20
ml), extracted with CH,Cl, (3 x 10 mL), dried over Na;SO,, concentrated and

purified by flash chromatography (30% to 60% EtOAc/hexanes) to afford tosylate, as

a clear oil (22.3 mg, 13R/13S=2) and unreacted starting material (3.8 mg). The 13S
20  and 13R (Compound D) isomers were separated by flash chromatography (neat Et,0).
(M+H)* 776 for both isomers.

E. [1S-T1R* 3R*(E),10S*,11R*,12R*,16S*]]-11-Triethylsilyloxy-8.8,10,12-
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,18-dioxabicyclo[ 14.2.0]
25 octadec-6(E)-ene-5,9—dione.7
NaH (60% in nujol, a pinch, >0.053 mmol) was added to Compound D (41
mg, 0.053 mmol) in DMF (1.0 mL) at room temperature. After 20 minutes, the

reaction was quenched with saturated NH4ClI (10 mL), extracted with CH,Cl, (3 x 50
mL), dried over Na,SOy, concentrated and purified by flash chromatography (10% to
30  30% EtOAc/hexanes) to afford Compound E, as a clear oil (11.3 mg). (M+H)* 604.
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(2.0 M) at 0C] was added dropwi se over 20 mn to Conpound B (0.18 mol,
109 25 ng) in benzene (2.0 nL) at OC. The reaction m xture was quenched
wi t h sat uwetoed9ssb#H4CL(8 nL), extracted with CH2Cl2 (3 x 1@Cmiysp2/d3ped over
Na2SO4, concentrated and purifi ed by flash chromatography (25%

5aons e Enon LBRsRE o IR HrAIENE 1 IefteE R0 aietimedi: yas
added dr opwi 51 bl e (z%ﬁetmﬁhlegdmbat&n% 16010k dx Bt IRt Aot BadEre 4- O
m.) at -78C.  The reaction niXture was St -/gC for 10 nutes, then

transferred dne-g9-dneat h. After 4.6 hours, -44 V\D 02/ 098868 PCT/ US02/ 15397
the reaction mxture was stirred at roomtenperature for 10 m nutes,

diluted with THPEHesI0Reetio agid)(] nyfyeivé(a dolyiion tebllhCl Davrsiadieshtoof pH 7
phoSPNal & DU Gdh 900 1) il SPYHSTIEAGHPYS SPLUBICON A, B)gecTe
resulting reactfon mxture was StrItre room-‘t enper at’ur e “hour s,

extracted withé r@bﬁ@iﬁu)(tar@(wésihdéh&heddmﬂﬁ@tuﬁted@ﬁﬂ%?@@ﬂ{u) eaneed wieh ed and
purified by flash chrorrat ogracg 60- 75% Et OAc/ hexanes) to afford conpound
C as a cl earCB¢l (31 19 ped Oygr aa$@4, PHC@WCﬂ%d@FEQG@bEﬂm s). (MHH) +

622. D. [7TR 6 dr

p-tol uenesul ony%§§&§§ﬁﬁﬁ%é}&%ﬁﬁo egxx}i ljt}gyn%h%lal?u@)tt ?ﬁf%rrdré{l%yl 16-f
1- et hy| - 2- (@toeikund; atsm\amsdlmqmﬂgy (M@mt@d E) - cycl ohexadecene- 2,

6-di one. p-Tol uenesul fonylchloride (0.1 nmol, 19 ng) was added to corrpound
C(31 mf 2:1 (trans:cis), 0.05 nmml) and pyridine (0.25 mol, 0.02 L) in
CH2Cl12 (1.0 nlL) at room tenperature.,The Ik ction m xture was heated at
35C for 16 hours, then 15 additi onal %Qm-gizesul fonyl chl oride (0.1 nmol,

19 ng) and pyri diBg-[§R*A5),0R70bs* 1§R=924Rt -4%16,139499,1647. Oktah &ﬁimas-the
reacti on was quenched Wt h H 4 buffer (2 ), ‘extracted wltz CH2C12 (3 x

10 ), dri eﬁhmywamlzémetﬂmﬁhﬂdiémetbﬂrl (Z-mi:tlnvﬂ -4-| ash

oi 1 (22,3 e R S gl B ot M Rtler PR BaCanRfoné e 15

20 and 13R (Conpound D) isoners were seRarated by flash chronmat ography
(neat Et20) . (MrH)+ 776 for both isonerssNE

[1S-f1R*, 3R*(E), 10S*, 11R*, 12R*, (S*11- 19¢
_<\N| P

15 O OH O
A. [1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*1]-7,1 1-Bistriethvlsilyloxy-
8.8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl- 4-thiazolvl)ethenvl]-4,17-~

| silyloxy_ 8, 8,10, 12-
OH

dioxabicyclo[14.1.0] heptadecane-5.9-dione.
Et3SiCl (4.15 mmol, 0.7 mL) was added to epothilone A (4.2 mmol, 205 mg),

20  N,N-diisopropylethylamine (6.2 mmol, 1.1 mL), and imidazole (2.1 mmol, 141 mg) in
DMEF (5 mL) at room temperature. The reaction mixture was then heated at 40°C for
15.5 hours. Additional N,N-diisopropylethylamine (4.2 mmol, 0.720 mL) and Et3SiCl
(2.1 mmol, 0.35 mL) were added and the reaction was heated to 60°C. After 48
hours, the reaction mixture was concentrated and purified by flash chromatography (5

25  to 10% EtOAc/hexanes) to afford Compound A as a clear oil (264mg). (M+H)" 722.
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tetranet hyl - 3-fl - net hyl - 2- (2- net hyl - 4-t hi azol yl ) et henyl | - 4, 18- di oxabi cycl of
14.2.01 25 octadec-6(E)-ene-5,9-dione. NaH (60% in nujol, a pinch, >0.053
mol ) waswaddeesss® Conpound D (41 ng, 0.053 mmol) in DVFPCT/GonPBIAt room
tenperature. After 20 minutes, the reaction was quenched with saturated
NH4AC1(10 nl), ext ni), dried over 2804,
concent r at edBand s ' RyH By 4 Higm g5h.8-

£t Ohc/ hexanesl i Al R s@ﬁ@%@gnéhvﬁfa f1-ElofRA 0Pl anbih 2 el Wotst M. 604
-45 WD 02/ 098868 PCT/ USUZ/ 15397 F.

[1S- [ 1R*, 3R*1- Eka@ﬁshcﬁaﬁﬁsank%dﬂcﬁls*ll 11-H droxy 8 8 1012 tetrarret hyl - 3-[

1-met hyl - 2-(2-neth -4 t hi azol yl) et henyl | - 18 di oxabi cyc
14. 2. O oct adec- 6(¥EBraRELgd. e2 5 3RS éé@@@ﬁ&)oa@qlé (é145rﬁ1me¥ 4669%

| ut d
?:I(zlzgllzo?lsin%gHg %&i\@@&@?ﬂﬁ_g i ?@p@%&ghtge&%agg%&c%ww%‘gm%)dtauenched
with satur atﬁncmmﬂaa&t(omnmgmxmq@adnmol 2.5 SHR4slA1ded. Thd eablion métied over

Na2SO4, concentrated and purified by flash chromat o%ﬁaphy (20% to 60%
Et OAc/ hexane®asagaH Wepnad tetR)TG anchalpinianed fomlhomm@ndt 0 vermedisodiC, as a

\[Mglst F5S|i>9|( :E;j ‘g%’g’ @Oﬂ%%ﬁ%&ﬁ‘f 9 &8%&@5%2%% added; Aften UL o, 13-
di hydr oxy- 2, r&ktib@, idiziukd wae ahi@isabd WithH 1 pBiphtte baffe? M}"exﬂacted with

t hi azol yI )et henyl ] - 5H oxacycl ohexadeci no[ 5, 4-d] t hi azol e-7,11(8H, 12H) - di one.
,=N S 90, 1¢HK« é@}ﬁ x d0Q mnlg, pdriexd Aver NazSOy, concentrated and purlfled by flash

L Eéﬁf’f‘éﬁn%ﬂ&%t?%y Hifﬁﬁé?%e/ﬁ* ) it ComvbridSar Jrueleffie.os 17

di oxabi cycl ofy14vkD1goept adecane- 5 d| one.

C. [4S-[4R*,7S*,8R*,9R*,13S*.14S*.16R*(E)]-14-Bromo-4,8-
15  bistriethylsilyloxy-5.5,7,9-tetramethyl-16-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenvl]-

1-oxacyclohexadecane-2.,6,13-trione.

Pyridinium chlorochromate (1.48 mmol, 320 mg) was added to Compound B (0.37
mmol, 300 mg), pyridine (3.7 mmol, 0.3 mL) and small amount of crushed 4A
molecular sieves in CH,Cl, (3 mL). After 5 hours, the reaction mixture was diluted

20  with CH,Cl, (50 mL), filtered through a short pad of silica gel, concentrated and
purified by flash chromatography (5%EtOAc/Hexanes) to afford Compound C as a
white solid (273 mg). (M+H)* 800.

D. [SS-[SR*(E).9R*,128%*,13R*,14R*11-4,9,10,13,14.15.16,17-Octahydro-9,13-
25  bistriethylsilyloxy-2,10,10,12,14-pentamethyl-5-[ 1-methyl-2-(2-methyl-4-
thiazolyl)ethenyl]-SH-oxacyclohexadecino[5.4-d]thiazole-7,11(8H,12H)-dione.
Thioacetamide (0.03 mmol, 2.3 mg) was added to Compound C (0.015 mmol, 12 mg)
and N,N-diisopropylethylamine (0.038 mmol, 0.006 mL) in ethanol (0.3 mL). The

reaction mixture was heated at 80°C for 24 hours. The reaction mixture was
30  concentrated and purified by flash chromatography (50% to 75% EtOAc/Hexanes) to
afford a hydroxythiazoline intermediate (4.6 mg, 39%). (M+H)* 795.
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Et3Sid (4.15 mmol, 0.7 nL) was added to epothilone A (4.2 mmol, 205 ng),
20 N, N-diisopropylethylamne (6.2 nmol, 1.1 nL), and imdazole (2.1 mml,
141 ng) iwWOoDNP8seH mL) at room tenperature. The reacti on mCIIUSOE138AE t hen
heated at 40C for 15.5 hours. Additional N, N-dii sopr opyl et hyl am ne (4.2

mol , 0.720 nL) and Et 3Si 2.1 mol, 0.35 nL re added and the
reaction was heat Mgt f%aae%@fenylxs;ﬁ @rde48.0h gppsl, th(?gg; g srethylamined OW4s

Et Orc/ hexaneDfiep S SLE SelladdeASRRGIt WRIHURRPi{BYE b el (0,005,
-46 WO 02/ 098868, miﬂigwﬁﬂefﬁlﬁﬁfw 17BmlL) at 0°C. The reaction flask was then removed

f4S-f4R*, 7S*, 8R*, 9R*, 13S*, 14S*, 16R*(E) 11- 14- Bronp- | 3- hey-4 8-
bistriet hyI Sﬁrqnwt@(lfe@a@l apdgtlfréﬂ phipeIHgmpeRivre for 5 hours, concentrated and

5 (R s g AR B2 £
in CH2A 2 ( 8@gigv-ai)*-778C. After 2 hours, the reaction mxture was warned

to 50C and additional MgBr2. CEt2 (9.7 nmmol, 2.5 g) was added. The reaction
mxture was again warned to -30C and maintained for lhour; and then warned

{0 -20C,  whgre addlianl oAOBS: C12, (605 0Tl 141 280 5 gl A e

| hour ‘eact C||\..||cu T prospra

m), extr aCt(ﬁHVd‘i*bH'le]l@ l@m4zpér§arﬁetﬂ19105 Monethyi- Z%Lﬁ&thﬁfﬁh1W§%envﬂ-

concentrated and purlfl ed by T ash chrorrat ography (30% Et OAc/ hexanes) to
af ford dénpat R yvatphexadecing 54 i |

14S- 14R*, 7S*, 8R* 138* 148*

bi striethyl si |yl okyt¥orgacetig a?&@i%ﬁ’ﬁyﬁ% luﬂﬁ? Hﬂléflléle)zwﬁ%?%fi -t hi azol y
| ethenyl ] - leompsutl DREBOSLRERE 28 ﬁlg}%l CHZQHE{O 18@%155'3@0@ sm!epé@chr onat e
(1.48 mol, 320 ng) was added to Conmp 0 ng), pyridine

(3.7 mmol, OmBwtds) thaehction mix mrowag ccm‘cemiralls:hmﬂ pmmﬁedﬂjyélaﬂh ahromaea@a)hyn
CH2d 2 (3 n e hour s e reaction m r s di 20 with
CH2d 2 (50 rif )85)(7'61% Q"{“éﬁ%m‘tef’?r%&gz? rd thetiflecoppgu Hs? m\gia@éh% ncent r at ed
and purjisfied by flash chromat ography (5%t OAc/ Hexanes) to afford Conpound

Cas a white solid (273 ng). (MH + 800. D.
f5S 15R*(E), 9R*, 12S*, 13R*, 14R*11- 4 9 Exwniiflel2 15 16 17- Oct ahydro-9 13-

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-

i

azabicyclo[14.1.0Theptadecane-5,9-dione.
HN,,,

S
—<\N]\)"’~ WwOH

20 O OH O
A. [1S-[1R*.3R*(E),7R*,10S*.11S*,12R*.16S*1]-7,11-Bistriethylsilvloxy-
8.8.10,12-tetramethyl-3-[1-methvl-2-(2-methyl- 4-thiazolyl)ethenvl]-4,17-

dioxabicyclo[14.1.0] heptadecane-5.9-dione.
Et3SiCl (25 ml, 149 mmol) was added to epothilone A (10.39 g, 21 mmol),
25  N,N-diisopropylethylamine (55 ml, 315 mmol), and imidazole (7.15 g, 105 mmol,) in
DMF (75 mL) at 25°C. The reaction mixture was then heated at 55°C for 6.5 h and
concentrated in vacuo. The residue was then diluted with CH,Cl, (100 mL) and the
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25 bistriethylsilyloxy-2,10, 10, 12, 14-tent mmet hyl - 5-[ 1- net hyl - 2- (2- met hyl -
t hi azol yl ) et henyl ] - 5H oxacycl ohexadeci no 15, 4-dl t hi azole-7 11(8H

12H) - di orw0 02/dpEsescet ami de (0.03 nmol, 2.3 ng) was added troTAsapospn C
(0.015 nmmol, 12 ng) and N, N-diisopropyl et hyl arri ne (0.038 nmol, 0.006 m)
i n et hanol (0 3.

-The react i on§3P ﬁ%téa%gee@&;a - on Wgﬁﬁas aV%y‘T%z%s o 24 hours.
Cht or mediat st A et Eﬁ%ﬁs@éé@*ﬁg@%ﬁ@%@g@gg%%@%}%g%i%gg 07

Met hanesul f omiitl) cmhh@randeto( 5% Et0Anhexdhed giddient ¢lution) tb affetd@bmpounel A@s 04
nmmol, 0.006 nlL). were ded stepwi se to the hydroxythiazoline internediate
(0.005 mmol? t?s‘?ﬂﬂﬁgril setd. My Eg+RIN gb@ The reaction flask was
then remgved fromthe ice bath and stirred at roomtenperature for 5
hours, concentrated and 5 purified by flash chromat ography (18%

Et OAc/ HexaneB) t d48FHBr cy SEBRIQIRY 133, 145>, 16RIYE) 1€ MEBon o T3-hy&roxy-4.8- 8—

[5S- [5R*(E),9R*, 12S*, 13R*, 14R*11-4, 9, 10, 13, 14, 15, 16, 17- Cct ahydr o0- 9, 13-

di hydr oxy- 2 @Mﬁx&sﬁm}aﬁl&w hyg- 16t [ e thyl-24 2 moethididrihiazglyl Jethensily | ) et h
enyll- 10 5 4- dIth| azol e 7,11(8H, 12H)-di one.

Trifl uoroac?t‘a%& s Cj 810 40% solution in CH2Cl2) was added to
Conmpound D (0. 0036 mml 2.8 ng) in CHZClZ)H(O 150 nL) at 0OC. After 20

m nutes, the reaction m xt ure con t and purified by flash
chromatography (80%EtOAc/He*a@e ) tlo ford tthe title conpound (1.8 np).
(MrH) + 549. 15 Exanple 12 Z WOTES

[1S-[1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 16561] - hydr oxy- 8, 8, 10, 12-
tetramet hyl - 3-[ 1- net hyl - 2-(2- nmet hyl - y )et henyl] -4-oxa-17-

azabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one.© TES OHN,,2S = N"NOH O

10 To a solution of bis-TES-epothilone A (2.0 g, 2.8 mmol) in CH,Cl, (30 mL) at
~20 °C under Ar was added MgBr,*OEt; (3 x 1.1 g, 12 mmol total) in three portions
every two hours while maintaining an internal temperature between —15 and —5 °C.
After 7 h, the reaction mixture was quenched with pH 7 aqueous phosphate buffer (40
mL) and brine (40 mL), carefully extracted with EtOAc (3 x 100 mL), dried (Na;SQOy,),

15 and concentrated in vacuo. The residue was purified by flash chromatography (SiOs,
4.5 x 25 cm, 10-20 % EtOAc/hexanes gradient elution) to afford compound B as a
white solid [1.0 g, 45 % (67 % based on 0.6 g of recovered starting material; <2 % of
the 13-bromo-14-hydroxy regioisomer was detected]. 'H NMR (400 MHz, CDCls) 0
6.97 (s, 1 H), 6.55 (s, 1 H), 5.48-5.46 (i, 1 H), 4.39-4.38 (m, 1 H), 3.69-3.66 (m, 1

20 H), 3.01-2.99 (m, 1 H), 2.76-2.74 (m, 1 H), 2.73 (s, 3 H), 2.71-2.56 (m, 3 H), 2.49-
2.47 (m, 1 H), 2.13 (s, 3 H), 1.63-1.61 (m, 4 H), 1.30-1.28 (m, 2 H), 1.23 (s, 3 H),
1.14 (s, 3 H), 0.99-0.93 (m, 26 H), 0.72-0.63 (m, 12 H). MS (ESI"): (M+H)* 802.

C. [4S-[4R*,7S* 8R* 9R*,135*,14R*. 16R*(E)]1-14-Azido-4.8-
25  bistriethylsilyloxy-13-hydroxy-5,5,7.9-tetramethyl-16-[ 1 -methyl-2-(2-methyl- 4-

thiazolyl)ethenyl]-1-oxacyclohexadecane-2.6-dione.
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20 0 CH O A

[1S-[1R*, 3R*(E), 7R*, 10S*, 11S*, 12R*, 16S*11-7, 11-Bi stri et hyl si |l yl oxy-

8, 8, 10, 12woebgases hyl - 3-[ 1- net hyl - 2- ( 2- met hyl - 4-t hi azol ylPerhsSoyid397, 17-

di oxabi cycl o[ 14. 1. 01 hept adecane-5, 9-dione. Et3Si C1(25 m, 149 mmol) was
added to epothilone A (10.39 g, 21 mol), OH25 N, N-di i sopr opyI et hyl am ne (55
m, 315 mmol ), and imdazole (7.15 g, 1\@,5 ol ,) in DMF (75 nb) at 25C
The reaction m xture was then ed jat “ 6.5 h and concentrated in
vacuo. The residue was then di Y (Jo@snl) and the -48 WO
02/ 098868 PCT/ US02/ 15397 organic extracts shed with NaCHG3 (30 L),
dri ed over Na2SO4 and concentrated in© resi due was purified by
flash chromat ography (Si02, 5.0 x 30 c héxages to 15% Et OAc/ hexanes
gradient elution) to afford Conpound A as @T&thite solid [15.1 g, >95% . MS
(ESI+): (MrH) + 722. 5 B.

f4S-f4R*, 7S*, 8R* @01

bi stri et hyI silyl o£§§§&§§?i éflt eté&%t Iﬂé ﬁp%&%nwmém tHider Ar

1- et hyl - 2- (Rasneldby lsedfiummzaiec(oun)gezhenmbl)-anal{mﬁsmqhgb@pﬁ@@rﬁﬁ@s Zafin€d one.
OH S Br "%TES,_ OO O O To a solution of bis-TES-epothilone A (2.0
g, 2.8 rnol )i Ertdier 3@7@ thﬁ_ﬁ)olvépt wopregqygd &t vaguowad thedgsiduaiyes diretly2 (3 x

1.19, 12 | t
an'i ot er ol TRl st BBl ARG RIS S5 S on, P20 W B XD E 1 5" 1O
m xture was gradiaehdeion) thgiptlcdmpaueinu $0. mhgsmh%)easwvﬁ@é folaff) "HNMRMDOOT i ne

(40 m.), carefully extracted with EtQAc (3 x 100 nlL), dried (Na2S04), 15
and concent rMHédCﬁ@a)zﬁcﬁi%l (sThéDr @81 ud Was.26dr.23 (rgdl B, 3 9%r§l92((mr,drﬂl, ogr aphy

gg'nggu e A9E3.88 T, 14028 s 1N MRS AR 95 AR, T, S5HY 8 O ¢
2.74 (m, 1 H), 2.64 (s, 3 H), 2.57-2.52 (m, 1 H), 2.21- 2.18 (m, 1 H), 2.03 (s, 3 E),
10 1.81-1.42 (m, 5 H), 1.37-0.96 (m, 10 H), 0.92-0.75 (m, 24 H), 0.67-0.51 (m, 12 H).

MS (BST"): (M+H)" 765.

D. [4S-[4R*.7S* 8R* 9R*,13R*,14R*,16R*(E)]-14-Azido-4,8-
bistriethylsilyloxy-13-(4-nitrobenzovloxy)-5,5,7.9-tetramethyl-16-[ 1-methyl-2-(2-

15  methyl-4-thiazolyl)ethenyl]-1-oxacyclohexadecane-2.6-dione.

To a solution of compound C (0.10 g, 0.13 mmol) in THF under Ar was
sequentially added 4-nitrobenzoic acid (55 mg, 0.33 mmol), triphenylphosphine (86
mg, 0.33 mmol), and diethyl azodicarboxylate (52 uL, 0.33 mmol). The reaction
mixture was stirred at 25 °C for 1.5 h, concentrated in vacuo and the residue was
20  purified by flash chromatography (SiO,, 2.5 x 10 cm, 10-20 % EtOAc/hexanes
gradient elution) to afford the corresponding p-nitrobenzoate (0.10 g, 86 %) as a white
foam. MS (EST): 914.6 (M+H)*.

E. [4S-[4AR*,7S*.8R* 9R*,13R*,14R*,16R*(E)]-14-Azido-4,8-
25  bistriethylsilyloxy-13-hydroxy-5,5.7.9-tetramethvl-16-[ 1-methyl-2-(2-methvl-4-

thiazolyl)ethenyl]-1-oxacyclohexadecane-2.6-dione.
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white solid [1.0 g, 45 % (67 % based on 0.6 g of recovered starting

material; <2 % of the 13-brono-14-hydroxy regioi soner was detected]. 1H
NVR (400 WBh2/08B8643) S 6.97 (s, 1 H), 6.55 (s, 1 H), 5. 48CH/u862/(339p71 H),
4.39-4.38 (m 1 H), 3.69-3.66 (m 120 H, 3.01-2.99 (m 1 H, 2.76-2.74

(m 1 H, 2.73 (s, 3 H, 2.71-2.56 (m 3 2.49- 2.47 (m 1 H, 2.13 (s,
3 H, 1.63-1.61 (m 4 H), 130128(mN 1.23 (s, 3 H, 1.14 (s, 3

H, 0.99-0.93 (m 26 H), 0.72-0 T (ESI+): (M+H)+ 802. C.

f4S-f4R*, 7S*, 8R*, 9R*, 13S*, 14R*, ,,;L 0:ES 25

bi stri et hyl si | yl oxy- 131hydroxy-5, 5, 7, 91t et r aget hy! - 16- f
1-net hyl - 2- (2- et hl - 4- t hi azol yl ) et hen{ , .
-49 WD 02/ 098868 PCT/ US02/ 15397 OH S N3;5= olei "NOTES O O OTESO To a
solution of compound B (0.17 g, 0.21 mml) pﬁE$)I\/F (2 nmL) under Ar was
added sodi um azi MR m Q

warnmed to 43 T. dg?&g &@GISISO%?ké soI ven %a&ﬁ?ent?e%@d&bﬁﬁ’gz@ﬁ%% Q%Ihe

resi due was retheqdll(y nf.)pu 25 PCegddayAf foadh. CiieamBlcagwaPhndyel @2vackoand 15 cm
10- 20 % Et OCAc/ hexanes radient elution) to give conépound C(0.14 g, 88 %
as a white ftBaggsidug iegdppumnified bydbeshafran@ograpis(Si@2,H)3 x40%m, (18;30% H) |

5 26 5. 231 ?tg)]ﬁcl_ﬂexa eﬁ?%gra(%ﬁntgeé&tigngé I?_PfOrdfopb%(?)ug’d §§7 gﬁg7§5%n’as % lt 3272 4( Ens,
3 H), 2. 57- 2o, (IHINMHJOMOMQ% cﬁciﬁa(am((% HHQ (25@@5 (15516)7§ 5'50552181111 ﬁ} 1.42

(m 5 H, 1.37-0.96 (m 10 H), 0.92-0
M5 (EST}): (Mw397(55.1m396394(m1H)361356(m1H)305 301(m1H)275-

bi st 1 ot hy | & 1P P (O EPoRNZ0Y] By T 2ot 503 Pl Uiy 12K 1- ot
| 2-(2- 15 niesmlsoltn{ B'I‘P)Z@IX'(le}ﬁ?rD’M1'10"(’%136}!?' P0¢XE \'A%)S,ﬁré‘éi-&??- To a

sol ution of conpound HE "under
sequent 18l | Wmmdadd. MSI(ESHDJé%ﬁcﬁ @1-eld) dMSSBES.’(gﬁ 763. BV )
tri phenyl phosphi ne (86
F. [4S-[4R*,75*,8R* 9R*,13R*,14R*,16R *(E)]]-14-Azido-4.8-13-trihydroxy-

5.5.7.9-tetramethyl-16-[ 1-methyl-2-(2-methyl-4-thiazolvl)ethenyl]-1-

oxacyclohexadecane-2.6-dione.

15
Compound E (15 mg, 0.20 mmol) was treated with 20% trifluoroacetic acid in

methylene chloride (0.2 mL) at O °C under Ar for 10 min. The reaction mixture was
concentrated under a constant stream of nitrogen at 0 °C and the residue was directly
purified by flash chromatography (SiO;, 1x 5 cm, 0-5% MeOH/CHCl; gradient

20  elution) to afford Compound F (9 mg, 86%) as a film. MS (ES) *: 537.3 (M-H)".
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ng, 0.33 mmol), and di ethyl azodicarboxylate (52 L, 0.33 mmol ). The
reaction mxture was stirred at 25 Cfor 1.5 h, concentrated in vacuo and
t he resi dwe oaasssgd purified by flash chromatography (Si 02PCZAS0x15897 cm
10- 20 % Et OAc/ hexanes gr adi ent elution) to afford the correspondl ng

p- ni tr obenz te( ) . 914 (IVH-|)+
E f 4S—f4R*& dReL 1 Brud R4k . 5501

bi stri et hyl Stb{rxrh%¥r é_%x nlibtﬁkrl@% Iieéwf 4 Qm%%lm‘éfﬁérlm' 1 %@a f7-
1- met hyl - 2- (Z-methyT-4-"thrazol'yl yethenyl

- oxacycl ohexadeicarief12, 60 heptndecand 0, Mok / 098868 PCT/ US02/ 15397 OH --~5 N3
"I %OTES O O OTESO Conpound D (0.10 g, 1 mol) was then treated with 2.0
Manmonia in methanol (1 nL) atg25 C unt&e Acfor 4 h. The solvent was
removed in vacuo and the residde|was|dirfectly purified by flash

chromat ography (Si02, 1.5 x 10 ~30% 5 Et Q&s/heRanes gradi ent el ution)
to afford conmpound E (71 ng, 85% as a i 1H NVR (400 WHz, CDC13)
8 6.97 (s, 1 H, 6.59 (s, 1 H, 5 55-5.* N 4.42-4.39 (m 1 H),
3.96-3.94 (m 1 H, 3.61-3.56 (m 1 H, & I_|.1(m 1 H, 2.75- 2.74 (m
1 H, 2.70 (s, 3 H, 2.61-2.56 (m 1 H) ,21@(5, 2.04-2.02 (m 1 H),
1.84-1.56 (m 3 Mo a dolbiok 6f CompbundlE Wik, 10ufol) ’ﬁﬂ“‘%OZinlglm@elgﬁr b 24 H,
0.68-0.57 10 (m 12 H). MsS (ESI+): S(Mﬁ) ESr): 763.3 (MH-. F.
[ 4S-f 4R*, 7S*addmt trgfhensﬂemﬁsphnﬁ‘(,l&ﬁ@ éE}mIbl)l AThezahtion I’J&Xﬂlﬁe tmas Wwarmedkto 45

5579tetr Flrreth hyI zol ethenII-I

oxacycl ohex Dgg%’ép(ﬁ‘ ‘gth(fﬁ SBH’@nt O&Sd ¥R a@qnﬁaquﬁ;% ng(n_LS , 0.20

mmol) was t rgghedw blhhf?éHJ/B;I fatifal H%Hﬁﬁy%"ra{p‘hy%? bl K0, GF rotor, 2-10%
MeOH/CHCI; gradient elution) to afford the title compound (4 mg, 50%) as a film.

10

(Alternative procedure)

H. [1S-[1R*3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Bistriethylsilyloxy-

8.8.10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4-oxa-17-
15  azabicyclo[14.1.0Theptadecane-5.9-dione.

To a solution of compound E (56.5 mg, 67 umol) in THF- H,O (12:1, 1.2 mL)
under Ar was added trimethylphosphine (134 pL, 1.0 M in THF). The reaction
20  mixture was warmed to 45 °C for 10 h, and the solvent was removed under a constant
flow of nitrogen. The residue was purified by flash chromatography (SiO», 1 x 5 cm,
0-5 % MeOH/CHCl3 gradient elution) to afford compound H (41 mg, 85 %) as a film.
'H NMR (400 MHz, CDCl3) 6 6.94 (s, 1 H), 6.52 (s, 1 H), 5.20-5.18 (m, 1 H), 4.02-
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nmet hyl ene chloride (0.2 nL) at 0 C under Ar for 10 min. The reaction

m xture was concentrated under a constant streamof nitrogen at 0 C and
the resi dwe masssas rectly purified by flash chronmat ographpCr&is02153px 5 cm
0- 5% MeOH/ CHC13 gradient 20 elution) to afford Conpound F (9 ng, 86% as a

L1 (Sl ] o i, 8, ﬁ%%ééo%ﬂ?ﬁm%ﬁ%’ kT

tetramet hyl }%ﬁb 14970k [y 1 ﬁ)(ié@ggdg}’(h},g@hh%% s é@‘{lbg%f% Léo- 0 M OE

azabi cycl of 1. O 'hept adecan H'N,’,,

To a sol uti dn2bfm CoHpdutt(si3 {9, ] (12 Hp0.p3THE (R, 21 K}, )0.46:064 (Ar IVES. added
tri penyl phospgl ne 5)1% % 67 nol). The reaction m xture was warnmed to 45 C
for 4 h, an K@SQ d (Mﬁg)rem)ved under a constant flow of nitrogen. The
resi due \f;as purified by radial chromatography (1 mm Si 02, G- rotor, 2-10%

MeOH CHCI3 gradient elution) to afford the title corrpound (4 ny, 50% as a

film 10 (AlteraBHYR*pBRECENIRE) 03+, 1 IR, B, 168RY]-3R1 -y droRy-3108), 1211

R*, 12R*, 168 *11 7 113 Bi striethylsilyloxy- 8,{3 10, 124tet r1a7mat hyl - 3- f

1- rrethyl ( = [CH) ,-'..gf'r_l"‘f,.-'-.!-"%‘ gihenyy [74-0
azabi cycl of ipne. HN,,, S = .OTES O O OTESO To a
sol ution of ]a%al}lc : ec?ne- utd in THF- HZO (12 1, 1.2 nm) under

Ar was added trimet hyI phosphl ne (134 L, 1.0 Min THF). The reaction

10 O OH O

Compound H (17.2 mg, 24 pwmol) was treated with 20 % trifluoroacetic acid in
methylene chloride (0.5 mL) at 0 °C under Ar for 10 min. The reaction mixture was
concentrated under a constant stream of nitrogen at 0 °C and the residue was purified
by radial chromatography (1 mm SiO, GF rotor, 2-10 % MeOH-CHClI; gradient

15  elution) to afford the title compound (10.6 mg, 86 %) as a white solid; "H NMR (400
MHz, CDCl3) 6 6.84 (s, 1 H), 6.52 (s, 1 H), 5.46-5.44 (m, 1 H), 4.08- 4.04 (m, 1 H),
3.69-3.68 (m, 1 H), 3.20-3.17 (m, 1 H), 2.57 (s, 3 H), 2.44-2.38 (m, 1 H), 2.34-2.30
(m, 1 H), 1.95-1.93 (brs, 4 H), 1.82-1.78 (m, 2 H), 1.71-1.53 (m, 2 H), 1.46-1.31 (m,
4 H), 1.27 (s, 3 H), 1.23-1.01 (m, 2 H), 0.99 (d, 3H, J = 6.9 Hz), 0.91 (s, 3 H), 0.81

20 (d,3H,J=6.9Hz); CNMR (300 MHz, CDCls) §220.3, 171.2, 165.1, 152.4,
136.8,119.2, 115.9, 76.5, 66.1, 75.4, 52.5, 45.0. 38.1, 34.6, 34.2, 30.1,29.9, 26.1,
24.9,22.9,19.3,17.6, 16.4, 15.4, 14.3. MS (ESI"): 493.2 (M+H)".

Example 13
25 [1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16R*]]-7,11-Dihydroxy-
8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-
azabicyclo[14.1.0] heptadecane-5,9-dione
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20 m xture was warned to 45 C for 10 h, and the solvent was renoved under a
constant flow of nitrogen. The residue was purified by flash

chr omat ogwaphpossa 02, 1 x 5 cm 0-5 % McOH CHC13 gr adi entPCelusn2/oizy7 t o
afford compound H (41 ng, 85 % as a film 1H NWMR (400 MHz, CDCl1l3) S 6.94
(s, 1 H, 6.52 (s, 1 H, 520-5.18 (m 1 Hhr 4.02- -52 WD 02/ 098868

PCT/ US02/ 15397 4.00 (m 1 H), 3.91- 3. 894y 1 H, 2.99-2.96 (m 1 H),

2.72-2.70 (m 2 H), 2.66 (s, 2,17-2. 1 H, 2.10-2.09 (m 1 H,
2.06 (s, 3 H), 195191(”1T%Q 1, 9- 1.27 (
(s, 3 H, 0.98-0.87 (m 24 H 66>

50H) ., 1.14 (s, 3 H, 1.11
" M5 (ESI+): 537.3

(MtH)+. 5 1. [1S-[1R*,3R*(E), 7R, HB* *11-7,11-Di h dY

roxy-8, 8, 10, 12- tetranethyl-3-[1- rrethyl (24 metthyl -

4-t hi azol yl ) et henyl | - 4-oxa- 17 az ablcycldy[ ®4. P 01 hept adecane-5, 9-di one.

N, S ="NH Q10 9, O ol , r was treated mnth
20 %trlfluo‘?‘oac 23 i Ry tenellohiof 53 3-gentam, Ar
for 10 mn. fhgehgasid %tm xi Jom%th&l%qeeie{ ?jw-cvasﬁéxaﬁe&%%@afonét ream
of nitrogenat U Cand theé res purrited by raarat chiromatogr aphy

(1 mm Si O2 @Epothilone D2- 10 96NECH-CHC13 gradlent 15 elution) to afford the
title corrpound(106rr% asavx/mte solid; 1H NVR (400 ©MHz, CDCl13) 8
6.84 (s,°1 H), lyf@s 1F © mb-at - 1% Qwil et apgon wasgglded Wirdls (48 me)).5

RTRIET (%%Qwﬂlo%i@ SphEs O3 allop 5 1 s0ifgon i hendfed 3 Fipingl T £
(m 2 H), 1.é8%&tibnlas(dMowed tbhwarch t8 fodifi terdpdihtureloved a2 Ohid @Zno%{ Hn allq? (d,

3 H J=6.9 H), 0.91 (s, 3 H, 0.8120 (d, 3 H J=26.9 13C NVR (300
MHz, CDCL3) (8-597al, §,05mmop) of £ tungst@szeagent v&asa*emovqm_@ctzaddtdso epothidor® B 66. 1,

75.4, 52.5, 6, . 34.2. 3 .9 9,..22.9 9.3,
17.6. 16. 4. (?g) Iﬂg, (iﬁl%mrﬁ}é) tlggef)algdépg %Z&i? mqgﬁlpl_ﬁ st2 rrec} for 125 mif then quénched
10 by the addition of saturated NaHCOs; (1 ml). The reaction was extracted with EtOAc
(3 x 1 ml). The combined extracts dried (Na,SO,), and filtered. The volatiles

removed under vacuum. The residue was chromatographed with 35% EtOAc/hexanes

to give compound A (7.0 mg, 0.014 mmol) in 80% yield. m/z: 492.3 (M+H)".

15 B. [4S-[4R*,75* 8R* 9R*,16R*(E)]]-4.8-Bistriethylsilyloxy-5,5.7.9.13-
pentamethyl-16-[1-methyl-2-(2-methyl-4-thiazolylethenvl]-1-oxa-13(7Z)-

cyclohexadecene-2,6-dione. [Bis-Triethylsilyl Epothilone D]

To a solution of compound A (30 mg, 0.061 mmol) in anhydrous CH,Cl,
(1.25 mL) under argon were added N, N-diisopropylethylamine (0.16 mL, 0.92 mmol,
20 15 eq) followed by triethysilylchloride (0.10 mL, 0.61 mL, 10 eq). The reaction
mixture was stirred for 18 hrs. The reaction mixture was cooled to 0 °C then 2,6-
lutidine (0.021 mL, 0.18 mmol, 3 eq) was added followed by
triethylsilyltrifluoromethanesulphonate (0.056 mL, 0.24 mmol, 4 eq). The reaction
was stirred for 0.5 hr then poured into a 1:1 mixture of HyO/saturated NaHCO; (1
25  mlL) and extracted with CHyCl, (3 x 1 mL). The combined organics were dried

(NaySOy), filtered, and the volatiles were removed. The residue was
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Example 13 25 [1S-[1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16R*] ] -7, 11- D hydr oxy-

8, 8, 10, 12, 16- pent anet hyl - 3-[ 1- net hyl - 2- (2- net hyl - 4-t hi azol yl ) et henyl ] - 4-
azabi cyclwpD4/04886§ hept adecane-5, 9-di one -53 WO 02/ 098868 PPTN/SUB(E39715397

M SN, OH NHOOHOA [4S-f4R* 7S* 8R* 9R* 16R*(E)11-4, 8-D hydroxy-5 5
7 9 13- penta |azoI

|- 4-t
1) et henyl | -1¢ %‘Qa%tafge ‘i%*&%%é&&’@é‘ﬁ 240 givg éﬁ’ég of eampauri B8 %yiel) ¢,
anhydrous TH er argon was added WC16 (198 ng, 0.5
mmol ) foll om%ﬁgwm?%dﬁ? Z%@éggl” ‘of 1.6 Msolution in hexanes, 1.0 mmol).
The reaction was allowed to warmto roomtenperature over a 20 m n period.
An aliquot (0.50 m, 0.05 mml) of the tungsten reagent was renoved and
added to epdthil dis- IBR*(R*(OEN%R* 0084, 81 Rrfrdb PR * (16REN]- At GDihalinok vt §18, 104 Ak on

stirred for 15 m i on of saturated NaHCO3(1
m). The Sr e RE0a0E ethenyl l4-oxabigyclolddali0 e g

extracts dri%t&%@%d1&ﬁd f| I tered The volatiles renoved under vacuum
The residue S chronat ogr aphed with 35% Et OAc/ hexanes to give conpound A
(7.0 ng, 0.014 mTbd ) solntiBHHE ghleﬁiyﬁunmﬂozm B 2f 3. MHn)heptahd, 24 mmol, 5 eq) in

[4S-f4RY, 7S* R, 16R* 8B|str|ethyIS|Ionx 557913-
pent anet hyl - 1 gglfh? m?@?‘l’ﬁ/% )é r{‘@ ?fbt PC 4ndey argop Vi Phlowlmﬁlei@@Z)

of “comound S (30" 0 08" Fash) %«ﬁfﬂ%ﬁ@hﬁé&ﬁ%k&“@&% GRad "
argon welOe acagmbuhtl NBIi(33 aps, ApgAR dd arth Nig2d@hlGoethandd (R20 ML) was 3w €q)

fol | owed by tl’lethéSHlehl oride (0.10 nL, 0.61 nL, 10 eq). The reaction
m xture was adpd.Rad thoteagtprniturg s sired far - st (rhe ropesion ests aenched b t hen

2,6- lutidi ”a%ldft%n%f%a%ateﬁ‘l‘%ﬁé‘i‘”@lj mi) %ﬂ)i e%%ctgg %9131 Eﬂzbg\'@dx BymL). The

combined organics were dried (Na,SO,), filtered, and the volatiles removed in vacuo.

To the residue was added 15% trifluoroacetic acid/CH,Cl, (0.50 mL) and the reaction

15 stirred for 15 min. The volatiles were removed under a stream of air and the residue
was chromatographed with 70% EtOAc/hexanes to give 2.2 mg of compound C (10%
yield- two steps) as a white film; m/z: 506.3 (M+H)".

Alternatively, sodium hydroxide (0.3 ml of 50% solution in H,0) was added
to compound 1B (109 mg, 0.15 mmol), PhCH,(CH3CH,);NCl (0.7 mg, 0.002 mmol),

20  and EtOH (0.03ml) in CHBr3 (1.0 ml). The resulting mixture was heated at 40°C for
2 hr. The brown reaction mixture was diluted with H,O (30 ml), extracted with
CH,Cl, (3 x 30 ml), dried over Na,SO,, concentrated and purified by flash
chromatography (stepwise gradient: 5 to 25% Et,O/hexanes) to afford a
dibromocyclopropane intermediate as a light brown oil (40mg, 30% yield). (M+H)"

25 8923

Bu3SnH (3.4 mmol, 0.91 ml) was added to the dibromocyclopropane
intermediate (0.34 mmol, 305 mg) and 2,2-azobisisobutyronitrile (0.034 mmol, 6 mg)
in hexanes (7.0 ml). The reaction mixture was heated at 70 °C for 5 hr. The reaction

was concentrated and purified by flash chromatography (stepwise gradient: hexanes to
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triethylsilyltrifluoronethanesul phonate (0.056 niL, 0.24 mmol, 4 eq). The
reaction was stirred for 0.5 hr then poured into a 1:1 m xture of

H20/ sat urwDed/odsbCO3 (1 25 nl) and extracted with CH2Cl2 @8TAISR2/M3Y7 The
conbi ned organics were dried (Na2SO4), filtered, and the volatiles were

W th 19 Bt 2B PerBre) PEAET A breR GRS RBOT R Clset Rl Gkar
?llg-sfiR*nT gﬁ*‘{lég)?l%@(* %+ 1%?7-, 12R*, 16R*11-7, 11-Di h day-8 8 10 12 16- 5

Bt heny 1. 4- oxabi oyl B elOptine ifterniaRga0BL mmol, 228 me) was disolved
2 A RSomionie o e s, ot ¢ 7

chl or oi odonethisdgectiongniggne was concesirpias pnd nerilied) by Bash chremaipsgephe was

2 d ohl 8@@8%?5&@%&'#%0" gt g%%aﬁx&ﬁpéégéeéméﬁﬁgﬁgnégi%i PRk or e
: ) _ ! act
saturated NHRE-( SR CERG- B PabPLy 7T G EIERES 45 TR Tph 34
combi ned or ganiieH, 1Y ¢ddlne8, £ MALSVH). 3 §9.bisar@fl .1 a4 gﬁ]éygé al4 b gp removed

in vacuo. To the residue was added 15%trifluorodaceti ci d/’CH2C12 (0.50
m.) and the H&a2{/Ods 31D, 3R (de&d=12i, L% Hr, hH),Thél (ddl &:159.22.9Hr. el H)e t9ded

Ei nc/ ndPancatd gl b 28030 rifDof-Secmbiomd 16: {105k S5 Aal . L6 (S06he} b a

white film : G\ r i el ' i - of
50% sol ut | o 1 2 To 0P was Gones Mb Tonaonnd T Thd Tegk GPIL98 (-r.0"
PhCH2 ( CH3CHZJZ IEN)( .97 (sy§H)00.80-D. 54w, )1 H), 87 &) JE8.QHt. { 010 3Hi),)-0i14-(QHB)3 (1. 0
m). The resulting mxture was heated at 40C for 2 hr. The brown reaction
m xture was (B}’Ilmed with H20 (30 m), extracted with CH2C12 (3 x 30 nl),
dried over Na2SO4, concentrated and purified by flash chronatography
(stepwi se gradient: 5 to 25% Et 20 hexanes) to afford a dibronocycl opropane
i nt er medbat e.as d1BHaRE,IRHEITRE, 1 0S4 DIRY:., 1 3094 R *Hi-0) 1.1 - Dy hok v-825 1@ 92.18-

Bu3SnH (3.4 mmol, 0.91 m) was added to the di bronpcycl opropane
( pentamethvl—3~J1-m%,thvl—Z-(2-methv1—4—thiazolvl)ethenvl]—4¥ prop

azabicvclo[14.1.0}heptadecane-5.9-dione.

A suspension of compound C (26 mg, 51 mmol) and sodium azide (6.7 mg, 0.10
mmol) in a THF-H,O mixture (2:1, 1.0 mL) was degassed for 15 min with nitrogen. To

20  the mixture was added a catalytic amount (12 mg, 10 mmol) of
tetrakis(triphenylphosphine) palladium(0) under Ar. The reaction mixture was warmed
to 45 °C for 1 hr and cooled to 25 °C. The resulting yellow homogeneous solution was
directly treated with a 1.0 M solution of trimethylphosphine in THF (0.11 mL, 0.11
mmol) at 25 °C and the reaction mixture was stirred for 1 hr at ambient temperature.

25 The amino acid-containing mixture was then diluted with MeCN-DMF (12:1,
1.9 mL), cooled to 0 °C and treated with 1-hydroxybenzotriazole hydrate (7.0 mg, 51
mmol) followed by 1-(3-dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (25
mg, 0.13 mmol). The reaction mixture was gradually warmed to 25 °C, stirred for 3
hr, diluted with H,0 (5 mL) and extracted with EtOAc (3 x 5 mL). The organic

30  extracts were washed with H,O (8 mL), saturated aqueous NaHCO; (2 x 8 mL), and
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internediate (0.34 mmol, 305 ng) and 2, 2-azobi si sobutyronitrile (0.034
mml, 6 ng) in hexanes (7.0 m). The reaction m xture was heated at 70 C
for 5 hr.wole/nessexti on was concentrated and purified by PCags02/15397
chromat ogr aphy (stepw se gradi ent: hexanes to -55 WD 02/ 098868

PCT/ US02/ 1539 2 uEt 20 t fford d d
i nt er medi at 24EAg éﬂ‘éezgpsﬁeéﬁ&e%@ %h%orggél%egtrrﬁﬂﬁfc : 57]%2% &ecedl ng
|
cycl opr opane.onBiflpech 3hesd - ﬁilerg;reﬁhe wgszﬁhﬁ@d%ﬁﬁgcnl%l éﬁeln\é&%@hg)qggl cor 18

CF3CO2H CH2C12 (20% solution b ume,” 10 m stirre
hr. 5 The rS&égtoton Qn%Me@H-(\l\Hé?lgis onaféort tiad e annlpcplmdl(fﬂch byngf 1250

chromatograp 7Q%Et 0Ac/ Hexanes) to affo d .conpound as | ear 0|I (111
, 710 mwy a-(ll «31/56 atong it /ifqspmeynt g %@dxwfyeoalev (phratio by(i‘ﬁ; %4 (s,
( 34H21H) 4.17 (dd, J=9.5, 2.8 Hz, 1H), 379383
(m 1H) @ ggli %)2%0?46 7, 4.5 Hz, 1H), 2.79 (s, 3H), 2.52 (dd, J=15.1, 9.7
Hz, 1H), 241(dd J=15.2,2.9 Hz, 1H), 1.98 10 2.02 (m 1H), 2.00 (s, 3H,
1.63-1.73 (m 1H), 1.40-1.58 (m 5H), 1.36 , 3H), 120 1.33 (m 1H),
1.11-1.17 (m 1H), 1.15 (d, J=6.8 HzE 1408(s, 0.96 (d, J=7.0

He, 3H) 0.94 (s, *1§ﬂ6{*%}§9%97? 168% 11 lZR*?i%SG‘ﬂdI7-61c§ﬂ(§‘o47ﬁ Hz, 1H),

-0.14-(-0.10)

1R*, 3R*(E) i de& iR,12 A& pehfdfidthyll3-] L-ohdth Ynethy-4L0, 12, 16-

pent amet hyl - 3- }1}‘7 I ?reii]’% | - ,ZR}) met hyl §,4 -:[]Ehl azo?,m-)%-t hen{?l | -4 azabi cycl of

14. 1. 01H8pt ath@@aly@eﬁle@yﬂr%n@ablszychi%éﬂih@ta@caamﬁébdmec (26 ng, 51 mmol)

and sodium azide (6.7 ng, 0.10 mml) in & THF-H20 mxture (2:1, 1.0 n)

was degassed for 15 mn with nitrogen. cig o the m xture was added a

catal ytic amount (12 ng, 10 mmolg_ of t et (i phenyl phosphi ne)

pal | adi un(0) under Ar. The r ﬁn nr/'|xt re was warned to 45 Cfor 1 hr

and cooled to 25 T. The resulti “@¥r honog tSHsol ution was directly

treated with a 1.0 Msolution of tri ime in THE (0.11 i, O0.11

mmol ) at 25 C and the reaction m xture or 1 hr at anbient

tenperature. 25 The ami no aci d-containin® mktupge was then diluted with

MeCN-DVF (12:1, 1.9 nlL), cooled to 0 C and $Heated with

1- hydroxyberpzotrlr@thﬁ*@Rd@tmﬂ(ios@ G+, PR+ 189)-7 719l V&« P¥ 8.10,12.16-

1- ( 3- di et hyl ami nopr opyl ) - 3- €t hyl car bodi m de hydrochi ori de (25
pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-

oxabicyclo[14.1.0] heptadecane-5.9-dione.

15 A suspension of epothilone B (5.06 g, 9.97 mmol) and sodium azide (0.777 g,
12.0 mmol) in a THF-H,O mixture (5:1, 96 mL) was degassed for 15-20 min with
nitrogen and then treated with a catalytic amount (1.2 g, 0.997 mmol) of
tetrakis(triphenylphosphine) palladium (0) under Ar. The reaction mixture was
warmed to 45 °C for 20 min and cooled to 25 °C.

20 The resulting bright yellow homogeneous solution was directly treated with a
1.0 M solution of trimethylphosphine in THF (24.9 mL, 24.9 mmol) at 25 °C and the
reaction mixture was stirred for 1-2 hr at ambient temperature.

The amino acid-containing mixture was then diluted with MeCN-DMF (20:1,
450 mL), cooled to 0 °C and treated with 1-hydroxybenzotriazole hydrate (1.35 g,
25 9.97 mmol) followed by 1-(3-dimethylaminopropyl)-3-ethylcarbodimide

hydrochloride (4.78 g, 24.9 mmol). The reaction mixture was warmed to 25 °C, stirred
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ng, 0.13 nmmol). The reaction mxture was gradually warnmed to 25 C, stirred
for 3 hr, diluted wwth H20 (5 nL) and extracted with EtOAc (3 x 5 nL). The
or gani ¢ 3Woaeseet s were washed with H20O (8 nlL), sat ur at edCagisenss9NaHCCO3
(2 x 8 nm), and -56 WO 02/098868 PCT/ US02/ 15397 saturated aqueous NaCl(8
m.). The orgam c_extracts were dried (Na2SO4) and concentrated in vacuo.
The resi due RB42 Busnd xd@ctsd wiluFQACHr o480 By aphe organigpxtgptoerowashed? o

MeOH CHC13 overal |
el ) it o QU6h b a8 SAURSLREHCQ, Mg ). Ao satfunt SUESR) o
S (MHH) + 50N4CIE40BITY. The organic extracts were drled %‘\Ia2804) and concentrated in vacuo.

[1S-[1R*,3R*(E), 7R*, 1 OS*, 11R*, 12R*, 165*]] - chl oro-7, 11-

di hydr oxy- 8, Eheresidge was p@m@riﬁftﬂgshcsrqnlatmhlw SH04, zomfzﬁy:m 2%1MeOH-

LI 3201 1) el S L ik 3B 2 A 11 B SR ks G585 0 M O -

1S-[1R*, 3R
15, A8 MBI e 0 g OO i

oxabi cycl o [condentragd zheptmm@ath@re&cmedvasdmphﬂﬁzeé\fm parsipacettiteiotchi | one B

e (5 Pregboutyoie A GO A o Sishi imholiar, S ESSUSAd {hen

treated W t et RISYESE): 8043 2 0, 0997 mol ) of
tetrakis(t rlk(phelgl); pr%spﬁ)l ne) gal I gdl um (0) under Ar. The reaction mxture

was warfted to 45 C for 20 nin and cooled to 25 T. 20 The resulting bright

yel | ow hormqgeneouriss[gkg%SQ%R\Qﬁgi* 148 *C(EH 4, . %%v%goxvéfﬂ—é Q 79.13-pentamethyl-16-

[1-methyl-2-(2-methyl-4-thiazolylethenyl]-1-aza-13(Z)-cyclohexadecene-2.6-dione.

Tungsten chloride (1.98 g, 5.00 mmol) was added in one portion to pre-cooled

THF (50 ml) at -78 °C, and the resulting mixture was stirred for 5 min. n-BulLi (1.6

15 M in hexanes, 6.25 ml, 10.0 mmol) was added to the suspension which was kept at -
78 °C for 10 min, then warmed to room temperature over 30 min. After 30 additional
min at room temperature, the reaction mixture was added to compound A (0.351 g,
0.690 mmol) via syringe. After 15 min, the reaction mixture was cooled to 0 °C,
diluted with ethyl acetate (10 ml), and quenched with saturated sodium bicarbonate

20  (15ml). The reaction mixture was extracted with ethyl acetate (5 x20 ml), dried over
sodium sulfate, concentrated and purified by reverse phase HPLC ( solvent A = 5:953,
acetonitrile:H,O, solvent B = 95:5, acetonitrile:H,O; gradient: 40-100% solvent B
over 40 minutes; Flow rate: 40 ml/min, 50 x 500 mm YMC ODS S-15 column) to
afford compound B (0.164 g, 36%) as a white solid. (M+H)"491.3

25
C. [4S-[4R*,7S*.8R* 9R*,16R*(E)11-4.8-Bis(t-butyldimethylsilyloxy)-
5,5,7,9.13-pentamethyl-16-[1-methyl-2-( 2—methv1—4—thiazdlvl)gthenvl]—l—aza- 13(Z)-

cyclohexadecene-2,6-dione.
To a solution of compound B (19 mg, 0.039 mmol) in CH,Cl, (1.5 ml) at 0 °C
30  was added lutidine (0.023 mL, 0.20 mmol). This was followed by addition of zert-

butyldimethylsilyl trifluoromethanesulfonate (0.045 mlL, 0.20 mmol) over 2hr. The
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1.0 Msolution of trinethyl phosphine in THE (24.9 nL, 24.9 mmol) at 25 C
and the reaction mxture was stirred for 1-2 hr at anbient tenperature.
The am noweaoRdessesnt ai ning m xture was then diluted with MPCRABNMA1{320: 1,
450 nl), cool ed to 0 Cand treated with 1-hydroxybenzotriazol e hydrate
(1.35 g, 25 97 mol

fol | owed .b :
1- (3-di net hyf AT Wasfoéfﬁjp%ﬁ%wwc%ﬂ% And extEpsted s CEaChy o
mol ). The r 02/ 098868
Pen Usody 155657 2 paft ThoPHGnURSdRt ValaliO vl driediNe ¢ $64 %%Zﬁlr%@ The
or gani ¢ ext r emicentvaed Vasiesidue wiat bhidd@tdeffihediw)ith 209 Bx@Aethemes augivelaHCO3
(400 m.), and satur%g(ég) @;)us NaCl( 400 rrLl The organic extracts were
dried (NaZSCQSm%FH’& FREr O 7BIRs; Wit did. ( )r 88 due was purified by
flash chrpmatography (Si02, 5.0 x 25 cm 2% MeOH 5 CHC13) and then HPLC

(YMC S-15 ODS 50 x 500 mm colum, 38 to 95% MeCN H20, gradient (40 mn),

50 nl/mn flDw ral®Y1RTAR*EMRODI0SAT 1 R EXR, 1555 1A8T-BicliedCENT-batted in vacuo
and the resi dute vvashllyophl | i zgdof rolm aqueous 1acet oni t “2| e to afford

conmpound A (¥YX YPX O AT nethys2-(2opethyl-4507. 2
(MrH) +; MS( 7 9R*, 16R*(E) 11-4,8-Di h
dy roxy-5, Eﬁ%o}@g%gﬁ%’lgne%B]‘CV&IQHQ l"é]ﬁgpt y| -4 §§%¥éﬁ 4 t hi azol yl

et henyl | -1 -aza- 13'ra)1~ssmb@bemﬁp&aﬂec@6ncg 03 mﬂiblZﬁl@CﬂCl np mfn@)e (1.98 g,
5.00 mml({ was added in one {)ortlon to pre-cooled THE (50 -78 C, and
the resul® n@jaﬁ‘rﬁ@@?élbén%@egw aopraenifiey chiporider(0. QQO%mmC(kKBng)lEt@Hl(ﬂ Opdxanes,

6.25 m, whi ch was kept - 78 C
for 10 min, I?Hg%% %Ob}n@g @o qgcg(#nB%g ng(fgfﬁiﬂ(ﬁ%v e’f?BCt}ﬂnﬁmXAqu&fﬁsso

addi tional  vigbroaklysaa8a f@TIaTAH Uhen dtr@@yr&@&hat@graphea 59, MRPA FRGRHed)0
compound A (0.351 g, 0.690 nmmml) via syringe Af t er mn, the reactlon

m xture was ©cbveepmpouod® (Z‘nguﬁéﬂ)aﬁ@hle@tmyl(l\@d@t 8%k (10 m), and
guenched with saturated sodi um bi carbonate 20 (15 m ). The reaction m xture
was extracted with ethyl acetate (5 x20 m ), dried over sodiumsulfate,
concent rigt ed.and [RULIR+ SRE(RY, TREVIOSS S 1 RFADR +HRISE| (1 A DkHESD- 74 Ediiyoy-
acetonitrile: H20, solvent B = 95:5, acetonitrile: H20; gradient: 40-100%
solvent B  c%8d4048.16: pantassethylinli-mathyl 240 methyli4thifolwed@ayim YMC ODS S- 15
colum) to

azabicyclo[14.1.0lheptadecane-5.9-dione.
To compound D (2.2 mg, 0.0027 mmol) at -15 °C was added 20%

trifluoroacetic acid/CH,Cl, (0.20 ml). The reaction mixture was warmed to 0°C and
20  stirred for 2 hr. The volatiles were removed under a stream of air and the residue was

chromatographed with 60% EtOAc/hexanes to afford the title compound (1.2 mg,

75%) as a white solid, (M+H)"573.

Example 15
25 [1S-[1R*,3R*(E),7R*,10S,11R*,12R*,16S*]]-17-Benzyl-7,11-dihydroxy-
8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione.
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afford conmpound B (0.164 g, 36% as a white solid. (MH)+491.3 25 C.
[4S-14R*, 7S*, 8R*, 9R*, 16R*( E) 11- 4, 8- Bi s(t - butyl di net hyl si | yl oxy-
5,5, 7,9, openesanet hyl - 16-f | - net hyl - 2- (2- met hyl - 4- t hi azolPgIr/US02/15397
et henyl 1- 1-aza-13(Z)- cycl ohexadecene-2, 6-di one. To a solution of conpound
B (19 ng, 0.039 mmol) in CH2C12 (1.5 mM) gt 0 C 30-was added |utidine
(0.023 n., 0.20 nmmmol ). This was foll owedsby addition of tert-
butyl di met hyl silyl trifluoromethanesul fo at e (0.045 n, 0.20 nmol) over
2hr. The -58 WD 02/ 098868 PCT/ UD2/ 15397 : on mxture was poured into
saturated NaHCO8 (2 ml) ande@ with cH2d12 (3 x 2 ml). The
conmbi ned organic extracts were d¥i Nt@Ped and concentrat ed.
The resi due was chromat ographed with 2 exanes to give conpound C
(19 ng, 68% as a white solid. (MtH)+ 7195 | R*, 3R*(E), 7R*, |10S

, 11R*, 12R*, 16S *11-17-Dichloro-7 11-bis@- OH O
butyl d| rrethyIS|IyI oxy 8, 8 10, 12, 16- pentanet hyl -3-[I -nmeth (2- rreth

t hi azol yl ) et henyl 1. d hept adecane- 9 dl one a solution
of conpound C (9.6 r‘?‘?ﬁre %nﬁ‘% Ofeﬁ uﬁlég% bropgdgand pej a@alm

benzyl tri et i i 0 and
50% KlaO—K aql)})% g% Sﬁ(‘{‘fb@g % ﬁ?\ﬂ*/{% @Qﬁ %gg:t?c%%sm Xt %6(% @i ousl y
stirred for &dﬁms ash, 559454ﬁ(mqtmy macmtmgt e GJJS%IEQCBBGBBGXM@S) to
gi ve conpoun

2 M+H) + 801 15 E.
Tt B B (e Tk 30917 Card FE T3 G Stas 34 (o 19 81 108 T 6%y - 4

8, 10, 12 16- hy- t 2- Y

azabi cycI 0ll § 1. epi%%e%%%%@ (gydéi %Hé lﬁ%ﬁ@irﬁmu}g %%?21%8%%&%)’0027
mol ) at -15.42-183% (added), Ze%(s tsrm)‘ Ilmtpazghlzﬂa)q%(aﬁ@ww 2Qzy1)11 The
reacti on m xture was warne and 20 stirred for hr. The volatiles
wer e renovedslﬁnﬂbro%(éit?’éhrﬁ-oﬁ 96171?) ERYS &5 )e§$iiﬂ|éMmh§1)chronat ogr aphed with
60% Et QAc/ hexanes to afford the title conpound (1.2 ng, 75% as a white
solid, (MrH) +573.

10 Example 16
[LS-[1R*3R*(E),7R*,10S,11R*,12R*,165*]]-17-Sulfonylurea-7,11-

dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-

-

oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione.

O OH O

15 (Prepared with sulfamoy] chloride in the presence of diisopropylethylamine.)
"H NMR (400 MHz, CDCl3) § 6.89 (s, 1 H), 6.64 (s, 1 H), 5.39 (dd, 1 H, J = 6.9, 2.3
Hz), 5.20 (br s, 2 H, NHy), 4.15-4.09 (m, 1 H), 3.82-3.77 (m, 2 H), 3.18-3.10 (m, 1
H), 2.65-2.62 (m, 1 H), 2.62 (s, 3 H), 2.51 (dd, 1 H, J = 14.6, 10.4 Hz), 2.48-2.43 (m,
1 H),2.40 (dd, 1 H, J = 14.6, 3.1 Hz), 2.34-2.29 (m, 1 H), 2.06-2.03 (m, 1 H), 1.95 (s,

20 3 H),1.93-1.86 (m, 2 H), 1.74-1.64 (m, 1 H), 1.63-1.34 (m, 5 H), 1.33 (s, 3 H), 1.08
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Exampl e 15 25

[1S-[]RY, 3R*(E), 7R*, 10S, 11R*, 12R*, 16S*]] - 17- Benzyl - 7, 11- di hydr oxy-

8, 8, 10, 12w0enzmm hyl - 3-[ 1- net hyl - 2- (2- et hyl - 4-t hi azol yl perhesnyi3397- oxa- 17
- azabicyclo 14.1.0] heptadecane-5, 9-di one. -59 WD 02/ 098868

5 using éiﬁ’@y? B néié{@n%-%ﬂgﬁg ORI @9 Horm £ 3208 B B Ane 0 ©

MHz, CIK&S).$E§ﬁ31 (s, 5H, 6.99 (s, 1 H, 6.67 (s, 1 H, 550-5.47 (m 1
H, 4.09-4.00 (m 1 H), 3.78-3.73 (m 2 H, 3.37-3.33 5 (m 1 H, 3.20-3.17
(m 1 H), 2.73 (s, 3 H, 2.54 (dd, 1 H J =13.8, 10.2 Hz), 2.46 (dd, 1 H,
J =13.8, 3.0 Hz), 2.08 (s, 3 H, 1.98-1.84 (m 4 H, 1.58-1.48 (m 3 H,

1.42-1.37 (m 4 H), 1.36 (s, 3 H, 1.28-1.22 (m 2 H, 1.16 (d, 3 H J =

6.8 Hz), 51.11 (s, 3 H, 0.95 (d, 3 H J =6.9 Hz); LRV5 (ESI4): 583.4 (M+
H)+. 10 Exanple 16
[1S-[1R*, 3R*(E), 7R*, 10S, 11R*, 12R*, 163ydmdlé13ul f onyl urea- 7, 11-

di hydr oxy- 8, 8, 10, 12-t et rane
et iyl - 5 (2 e LR SR SRH9 SRR A RR*165*11-17-N-Methylsulfonylurea-

17- azab 02 N,,, =NX.OH
00 o 16 ( Pk aytety R AP AREERRG S fu R R R
di i sopr opy! aiatmb@rneumn)yl] 4ok NYR-dz4b1y Mol 4. ke d&aﬁne899(cﬁonel H, 6.64 (s,
1H, 5389 (dd, 1H J'=6.9 23 H), 520 (brs, 2 H NH2), 4.15-4.09
(m 1 H, 3.82-3.77 (m 2 H), 3.18-3. 10N(m 1
SO,

10 O OH O

(Via N-methylsulfamoy] chloride in the presence of diisopropylethylamine.):
"H NMR (400 MHz, CDCl3) § 6.99 (s, 1 H), 6.61 (s, 1 H), 5.37 (dd,1H,J=9.5,23
Hz), 4.65 (dd, 1 H, J = 10.3, 5.0 Hz), 4.16-4.11 (m, 1 H), 3.83 (dd, 1 H,J = 8.7, 4.4
Hz),3.75(d, 1 H, J = 6.5 Hz), 3.20-3.18 (m, 1 H), 2.89 (d, 3 H, J = 5.2 Hz), 2.74-

15 2.70 (m, 1 H), 2.71 (s, 3 H), 2.64-2.55 (m, 1 H), 2.56 (dd, 1 H, J = 14.8, 10.2 Hz),
2.46 (dd, 1 H, J = 14.8, 3.2 Hz), 2.29-2.18 (m, 1 H), 2.08 (s, 3 H), 1.92-1.84 (m, 1 H),
1.83-1.75 (m, 2 H), 1.57-1.39 (m, 6 H), 1.38 (s, 3 H), 1.19 (d, 3 H, J = 6.7 Hz), 1.15
(s, 3H), 1.02 (d, 3 H, J = 7.0 Hz); HRMS (ESI") m/z (M" + H) calcd for
C27H43N307S,: 586.2621, found: 586.2635.

20
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H, 2.65-2.62 (m 1 H), 2.62 (s, 3 H, 2.51 (dd, 1 H,
2.48-2.43 (m 1 H, 2.40 (dd, 1 H J =14.6, 3.1 Hz 2.34-2.29 (m 1 H),
2.06-2. 03wQrnp/0d88k§ , 1.95 (s, 20 3 H), 1.93-1.86 (m 2 H) , PCT%0218497 (m 1
H, 1.63-1.34 (m 5 H, 1.33 (s, 3 H, 1.08 -60 W 02/098868

PCT/ US02/ 15397 (d, 3 H J =6.9 Hz), 1.0 (1 3 H, 091 (d, 3 H J=17.0
Hz); LRVMS (ES]r): 572.4 (M + |—|)+ 5 MY [1S-[1R *,3R *(E), 7R

*,10S, 11R*, 12R* Bl Byl *ejﬁgs* .

7 11-di hydr oxy- 81[351]61{’1%3@& ?/ZR %R[ }lllzw ]]7% Dlh¥%rqu -

t hi azol yl )etH@h&,8JIO&M&aﬁahﬂa&[bnﬂMIM(ﬂnﬁiﬁmmyuﬁe@d}ds One. H SO2
SI11,0H O O (Via N nethylsul fampyl chloride in the presence of

di i sopr opyl é?ﬁ’?‘fgaxﬁ azabi W dAdeeniagecapetsylfgnamide. (s, 1 H), 6.61 (s,
1 H, 5.37 (dd, 1 H, 9.5, 2.3 Hz)\465(dd 1H J=10.3, 50 Hz),
4.16-4.11 (m 1 H), 3.83(dd 1H J=87 44 H), 3.75(d, 1 H J=6.5
Hz), 3.20-3.18 (m 1 H), 2.89 (d, 3 H, JS“'525.2 Hz), 2.74 15 2.70 (m 1 H),
2.71 (s, 3 H, 2.64-2.55 (m 1 2.56 (Tjdd, 1 H J=14.8, 10.2 Hz), 2.46
(dd, 1 H J =14.8, 3.2 Hz), 2. 2.1 ( 2.08 (s, 3 H, 1.92-1.84
(m 1 H, 1.83-1.75 (m 2 H, - WOH38 (s, 3 H, 1.19 (d,
3 H J=6.7Hz), 1.15 (s, 3 H), 102 J]= 7.0 Hz); HRVB (ESI+)
mz (M+ H) calcd for C27H43N307S2: 5 586. 2635. 20 -61 WO
02/ 0988685 PCT/ US02/ 15397 Exanpl e 18

J = 14.6, 10.4 Hz),

O OH O

(Via N,N-dimethylsulfamoyl chloride in the presence of
diisopropylethylamine.):
"H NMR (400 MHz, CDCls) & 6.99 (s, 1 H), 6.57 (s, 1 H), 5.32 (dd, 1H,J=10.2,2.1
Hz), 4.15-4.12 (m, 1 H), 3.83-3.81 (m, 1 H), 3.65-3.62 (m, 1 H), 3.19-3.16 (m, 1 H),
10 2.88 (s, 6 H), 2.73-2.69 (m, 1 H), 2.71 (s, 3 H), 2.62-2.55 (m, 1 H), 2.54-2.50 (m, 1
H),2.52 (dd, 1 H,J = 15.0, 10.0 Hz), 2.45 (dd, 1 H, J = 15.0, 3.0 Hz), 2.29-2.25 (m, 1
H), 2.07 (s, 3 H), 1.86-1.79 (m, 2 H), 1.79-1.75 (m, 1 H), 1.56-1.40 (m, 5 H), 1.37 (s,
3H),1.21(d,3H,J=6.9Hz), 1.17 (s, 3 H), 1.03 (d, 3 H, J = 6.9 Hz); HRMS (EST")
m/z (M + H) caled for CogHusN304S,: 600.2777, found: 600.2761.
15
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[1S-[1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 16S*] ] -7, 11- Di hydr oxy-

N, N, 8, 8, 10, 12- hexanet hyl - 3-[ 1- net hyl - 2- (2- net hyl - 4-t hi azol yl ) et henyl ] -5, 9-
di oxo- 4- owa-02/pessesmbi cycl o[ 14. 1. 0] hept adecane- 17- sul f onam @#€T/U8p2/B327 S
l,,O0H O350 OH O (Via N N-dinethylsulfamyl chloride in the presence of

d i sopropyl ethylamne.): 1H NVR (400 13) 8 6.99 (s, 1 H, 6.57 (s,
1H),532(dd 1H J=10.2 21 a -4.12 (m 1 H, 3.83-3.81 (m
1 H, 3.65-3.62 ( 3. 2 2. 69
(01 B2t (SRR SRS R, ﬂR‘E'?lﬁg BTV nplindolihnyid (6

1 = 15. dlhydﬂmy -§38,)10,12- téEraobthyl13-H - nﬁtlwl-zamne&yﬂ4ﬂhlazo@lﬁﬂreﬁy254 (m 1
H, 2.07 (s, 3 , 1.86-1.79 (m 2 H, 1.79-1.75 (m 1 H), 1.56-1.40 (m 5
H, 1.37 (s,OX%H#?ﬁ?@i&éﬂ-,l-‘éhwtaﬁe@ns'%? ﬂE’Pe 1.17 (s, 3 H, 1.03 (d, 3 H,
J =6.9 H); HRVMS (ESI'-) mz (M++ al cd for C28HA5N307S2: 600. 2777,
found: 600.2761. 15 -62 WD 02/ 098868 / US02/ 15397 Exanple 19 [1S-[1R

* 3R *(E), 7R *, 10S, 11R*, 12R*, 165*] ] - N()r hol i nosul fonyl -7, 11-

di hydr oxy- 8, 8, 10 12- tetranethyl 3-[ 1- met Wy2- 2- ( 2- et hyl - 4-t hi azol yl ) et henyl
]-4- oxa-17-azabicycl o[ 14. 1. O]h tadecan@b,S 9-dione. 0 ON, S.0.OH O5
0 CH O (Via N-chlorosul fonyl ol i ne it resence of

di i sopropyl ethylam ne.): m\) WOH

ll ll,

5 O OH O

(Via N-chlorosulfonyl morpholine in the presence of diisopropylethylamine.):
"H NMR (400 MHz, CDCl3) § 6.92 (s, 1 H), 6.50 (s, 1 H), 5.23 (d, 1 H,J=9.3 Hz),
4.06-4.04 (m, 1 H), 3.73-3.72 (m, 1 H), 3.70-3.58 (m, 4 H), 3.20-3.17 (m, 4 H), 3.10-
3.08 (m, 1 H), 2.66-2.63 (m, 1 H), 2.64 (s, 3 H), 2.64-2.62 (m, 1 H), 2.61-2.57 (m, 1
10 H),2.56 (dd, 1 H, J=14.8,10.2 Hz), 2.46 (dd, 1 H, J = 14.8, 3.2 Hz), 2.19-2.14 (m, 1
H), 2.02 (s, 3 H), 1.80-1.72 (m, 1 H), 1.72-1.32 (m, 8 H), 1.29 (s, 3 H), 1.12(d, 3 H, J
= 6.7 Hz), 1.08 (s, 3 H), 0.95 (d, 3 H, J = 6.9 Hz); LRMS (EST": 642.4 M + H)".

Example 20
15 [1S-[1R*,3R*(E),7R*,10S,11R*,12R*,165*]]-7,11-dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
azabicyclo[14.1.0] heptadecane-5,9-dione-17-carboxylic acid phenyl ester.

O OH O

(Via phenyl chloroformate in the presence of diisopropylethylamine.): 'H
20 NMR (400 MHz, CDCl3) & 7.39-7.34 (m, 2 H), 7.24-7.20 (m, 1 H), 7.11-7.08 (m, 2
H), 6.93 (s, 1 H), 6.61 (s, 1 H), 5.44 (d, 1 H, J = 8.6 Hz), 4.19-4.12 (m, 1 H), 3.87-
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1H NVR (400 MHz, CDC13) 8 6.92 (s, 1 H), 6.50 (s, 1 H, 523 (d, 1 H J =
9.3 Hz), 4.06-4.04 (m 1 H), 3.73-3.72 (m 1 H), 3.70-3.58 (m 4 H),

3. 20- 3. 17W()m;z/0%sbs 3.10- 3.08 (m 1 H), 2.66-2.63 (m 1 mp;r/tmmssgs 3 H),
264262 (m 1 H, 2.61-2.57 (m 1 10 H), 2.56 (dd, 1 H J = 14.8, 10.2

ho-175 E?rfgie%ﬁfd $3e: 1§£m¢ ;1,&{)‘55&.; 22 57 é@zl(%ﬁl 2gé%s 3 ﬂ%fa%ﬁw A

0,7 M) oL 08,65 Aald B, 094 do. Bk}, 27708 P 14 (50T 350 Sffmy (M +

[1S-[ 1R* 3R*I@E)2 Oms,, AHp, LUR 82 ZR; 4 1H51.B] -1A441(1a,di H)/dr3j7x6$ CBHB,, no] (@3 H,J

e e G AT b B I B e o

Ph O S yll.fore N@@%Qgé(g\/% h hIoroformate |nthe presence of
di i sopropyl etmflyf’sar‘rlfL ne.): 1K 20 N ?%%95%42 CDC13) 8 7.39-7.34 (m 2 H),

7.24- 20(m1|—|),711708(m2 H, 6.93 (s, 1 H, 6.61 (s, 1 H, 5.44
(d, 1 H J =8.6 H), 4.19-4.12 (m 1 H), 3.87- -63 WO 02/ 098868
PCT/ US02/ 15397 3.83 (m 2 H), 3.21-Example2l) 1) 2.75-2.62 (m 1 H), 2.67

(s, 3 H, 2.62-2,56 " 2. 47 (dd,
1H J =14 4 3@&%@ 3%? @ ®” ]i(%m 1’12%0 %5*1]6}7%“%@@%?{@0’1 84 (m 4
H, 1.81-1. 4848,([0;[125et|ﬂ)1meﬂh33—3 [AsmethytHR+(2dmdthyl-4-thiazblyl)étheniy-4Sod#217- 1. 13 (s,
3 H, 1.01 (d Hz); HRVB ESTg’na/z(MH calcd 5 for
033M4N2@7sazeh@ys219h181lﬂlmmﬂdem %Qshone Exarrpl e21[ 1 s- [ 1R *, 3R *
(E),7R*, 108, 11R *,12R *, 165 *] ] -17-4c -7, 11- di hydr oxy-

8, 8,10, 12- tetranethyl 3- [1 nmet hyl - 2- ( 2- thyI 4-t hi azol yl ) et henyl]-4-oxa-17
- 10 azabi cycl o[ 14. 1. 0] hept adecane 5, 9- leone o)/

A

O oOH O

(Via acetyl chloride in the presence of diisopropylethylamine.): 'H NMR (400
MHz, CDCl3) 6 6.99 (s, 1 H), 6.58 (s, 1 H), 5.39-5.37 (m, 1 H), 3.86-3.83 (m, 1 H),
3.75-3.73 (m, 1 H), 3.20-3.18 (m, 1 H), 2.71 (s, 3 H), 2.57-2.46 (m, 3 H), 2.42-2.38
15  (m, 1H), 2.29-2.25 (m, 1 H), 2.14 (s, 3 H) 2.11 (s, 3 H), 1.87-1.74 (m, 4 H), 1.56-1.41
(m, 4 H), 1.37 (s,3H), 1.20(d, 3H, J = 6.8 Hz), 1.16 (s, 3 H), 1.03 (d,3H, /= 6.9
Hz). MS (ESI"): 535.3 M + H)*.

20
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N, S="NOH OOOHO (Via acetyl chloride in the presence of

dii sopropylethylamne.): 1H NWR (400 MHz, CDC1l3) 8 6.99 (s, 1 H), 6.58 (s,
1 H, 5 390928%s8sm 1 H, 3.86-3.83 (m 1 H), 3.75-3.73 @oI/UB0)5397
3.20-3.18 (m 1 H, 2.71 (s, 3 H, 2.57-2.46 (n1 3 H, 2.42-2.38 15 (m 1
H, 2.29-2.25 (m 1 H, 2.14 (s, 3 H), . 2. 1% &i 1.87-1.74 (m 4 H),
1.56-1.41 (m 4 H, 1.37 (s, 3 H J-68Hz 1.16 (s, 3

0% 098868 PCT/ USOS) Taa6 T ElRe 21(21§S 32{“%’{5‘*@ ”’B‘i J;’gi‘arb%ﬁyrﬁ‘hV\O

* 10S, 11R*, J(ERydxiﬁ@*ﬂ#,10,12Ré1¢auieﬂml-l3@{rlyﬁ1eﬂly1-2-(2-methyl 4-thiazolyl)ethenyl]-4-

di hydroxy-8, 8, 10, 12-tetraneth 1- met_hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl
] -4- oxa- 17°%27bbnzapieysiol k4 1‘%’}%‘&5%@% digne. dj one. OyPh S 0 ,O0H O5 0
OH O (Via benzoyl chloride in the pres eppf diisopropyl ethylamne.): 1H
NVR (400 1H NWR (400 MHz, CDC13) S 7.32\\«(7 93 (m 2 H), 7.60-7.56 (m 1 H),

7.49-7.45 (m 2 H), 7.00 (s, 1 H), 659,\(,,5, 1H, 5.37 (d, 1 H J =281
Hz), 3.85-3.83 (m 1 H), 37 ~3-21-3.18 (m 1 H), 2.72 (s, 3
H, 2.69-2.43 (m 6 H) ,206 w m 4 H, 1.79-1.71 (m
2 H, 1.64-1.45 (m 3 H), 1.39 ( 1 , J =6.8 Hz), 1.17
(s, 3H, 1.05(d, 3 H J =6.9 H) ( 93(M++H). Exanpl e 23
[1S-[ 1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 165*] ienyl)carbonyl -

5 O oH O

(Via benzoyl chloride in the presence of diisopropylethylamine.): 'H NMR
(400 "H NMR (400 MHz, CDCl3) § 7.96-7.93 (m, 2 H), 7.60-7.56 (m, 1 H), 7.49-7.45
(m, 2 H), 7.00 (s, 1 H), 6.59 (s, 1 H), 5.37 (d, 1 H, J = 8.1 Hz), 3.85-3.83 (m, 1 H),
3.72 (brs, 1 H), 3.21-3.18 (m, 1 H), 2.72 (s, 3 H), 2.69-2.43 (m, 6 H), 2.06 (s, 3 H),
10 2.06-1.93 (m, 4 H), 1.79-1.71 (m, 2 H), 1.64-1.45 (m, 3 H), 1.39 (s, 3 H), 1.21 (d, 3 H,
J=6.8Hz), 1.17 (s, 3 H), 1.05 (d, 3 H, J = 6.9 Hz). MS (ESI") 597.3 M" + H).

Example 23
[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-17-(2-Thienyl)carbonyl-
15  17,11-dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-
thiazolyl)'ethenyl]-4-0xa-17 -azabicyclo[14.1.0]Theptadecane-5,9-dione.

O OH O

(Via thiophene-2-carbonyl chloride in the presence of diisopropylethylamine.):
'H NMR (400 MHz, CDCls) § 7.76 (d, 1 H, J = 3.9 Hz), 7.58 (d, 1 H, J = 4.6 Hz),
20 7.14(dd, 1 H,J=4.3,3.9 Hz), 7.00 (s, 1 H), 6.59 (s, 1 H), 5.40-5.37 (m, 1 H), 3.85-
3.84 (m, 1 H), 3.73-3.70 (m, 1 H), 3.21-3.18 (m, 1 H), 2.77-2.76 (m, 1 H), 2.72 (s, 3
H), 2.60-2.41 (m, 4 H), 2.13 (s, 3 H), 2.03-1.99 (m, 1 H), 1.76-1.74 (m, 1 H), 1.57-
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15 7, 11-di hydr oxy- 8, 8, 10, 12-t et r anet hyl - 3-[ 1- net hyl - 2- (2- met hyl -

t hi azol yl ) et henyl ] - 4- oxa- 17- azabi cycl o[ 14. 1. 0] hept adecane-5, 9-dione. |k o
S S N'. wOb2ibg8ss OH O O OH O (Vi a thi ophene-2-carbonyl ekirarsoziesspn t he
presence of diisopropyl ethyl am ne. ) 1H NMR (400 MHz, CDC13) 6 7.76 (d, 1

E&),J;gog( Fhs oy % Bas s B gt aﬁzéaé%) i&’sdsgﬂssosgd@ﬁ(ﬁrfgtg,

3.73-3.70 2.77-2.76 1 2.72 3
2.60-2. 41 (m 4ZZ%M§(E’§F)36®%Q% kﬁ 03-1.99 (m 1(3), 1.H)76-1.74 E?n 1 H,
1

1.57- -65 WD 02/ 098868 PCT/US02/15397 1.43 (m 6 H), 1.38 (s, 3 H), 1.21
(d,3HJ:68Hz)117(s 3 H, 1.05(d, 3H J = 6.9 H). M
(ESf'-): 603.3 (M + . mpl e 24 ¥Example 24

1S-[1R* 3R (E) , 7 2

G hyclr ox} 8. 6. )10 o iﬁ ﬂ*‘@”# oS IR RS R R batio§ir,11-

4-t hi azol yl )(hhbl&mﬁy]-t} 8; 10;1&&eﬂr§nﬂtl@kn3:Mchﬁﬂﬂyl-zl(z%hﬂmaﬂﬂﬁaﬂﬂyﬁetﬁeﬁlylme Oet
OS= 0OIllY OOHO (\ﬁa et hyl chloroformate in the presence of

di i sopr opy! e?¥y17aazahicyclo[1d1likeptadeqanets dHionecDC13) 6 6.98 (s, 1 H), 6.63
(s, 1 H, 544-5.32 (m 1 H), 419411(553 H, 3.91 (br s, 1 H, 3.86

(br s, 1 H, 3.22-3.18 (m 1 H), 2.71c§s< H, 2.58-2.39 (m 4

WOH

O OH O

(Via ethyl chloroformate in the presence of diisopropylethylamine.): 'H NMR
10 (400 MHz, CDCl3) 6 6.98 (s, 1 H), 6.63 (s, 1 H), 5.44-5.32 (m, 1 H), 4.19-4.11 (m, 3
H), 3.91 (brs, 1 H), 3.86 (brs, 1 H), 3.22-3.18 (m, 1 H), 2.71 (s, 3 H), 2.58-2.39 (m, 4
H), 2.24-2.20 (m, 1 H), 2.11 (s, 3 H), 1.90-1.76 (m, 3 H), 1.55-1.41 (m, 3 H), 1.37 (s,
3 H), 1.30-1.27 (m, 3 H), 1.18 (d, 3 H, J = 6.8 Hz), 1.13 (s, 3 H), 1.01 (d, 3H, J = 6.9
Hz). MS (ESI"): 5653 M +H) ™.
15
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H, 2.24-2.20 (m 1 H), 2.11 (s, 3 H, 1.90-1.76 (m 3 H), 1.55-1.41 (m 3
H, 1.37 (s, 3 H), 1.30-1.27 (m 3 H), 1.18 (d, 3 H, J = 6.8 Hz), 1.13 (s,
3 H), 1.0000d09Bs8 J = 6.9 Hz). MBS (ESI+): 565.3 (M + H) PCT/USBH136)

02/ 098868 PCT/ US02/ 15397 Exanple 25

[1S-[1R*, 3R*(E), 7R, 10S, 11R*, 12R*, 165*]] - 17- N n- Propyl sul fonyl - 7, 11-

di hydr oxy-8, 8, 10, 12-t et ranet hyl - 3- [ 1-FABINESD (2_ net hyl - 4-t hi azol yl ) et henyl
-4- oxa- 17- azabi gychad e , 1O, -r,11. 0, OH
LML 05 0 a0 (R O e S [ PRy PEopallpy a1

di i sopr opy! edilyllposiya8,8)10,12HetiihR A Mz thyTDI3hethyb-499idzslylkthdny164-57 (S,
1 H, 534 (d 1 H J=80rH) 38338 (m 1H, 3633562(m 1H,
3.18-3. 15 (npxarliszabjcyclol14.1¢)iheptadecane-5.9digpe. (s, 3 H), 2.67-2.51 (m 1
H, 2.47- 2.43 (m 1 H), 2.29- 2.25 (A 1 H, 2.32-2.27 (m 1 10 H), 2.10
(s, 3H, 2.02-1.70 (m 5 H), 1.55-1.46S0m 3 H), 1.37 (s, 3 H), 1.21- 1.08
(m 12 H), 1.03 (d, 3 H J =6.9 H). M 599.3 (M++ H). Exanple 26

[1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R* |,16 *11¥17~(2-¢t hi enyl )sul fonyl -7, 11- 15
di hydr oxy- 8, 8, 10, 12-t et ranet hyl - 't hyl - 2- ORyl - 4-t hi azol yl ) et henyl
]-4- oxa-17-azabi cycl o[ 14. 1. 0] hept adecaoe- 5, ' . sS®2 S=,~0H OO

oH O
5 O OH O

(Via propanesulfonyl chloride in the presence of diisopropylethylamine.): 'H
NMR (400 MHz, CDCl3) 6 6.99 (s, 1 H), 6.57 (s, 1 H), 5.34 (d, 1 H, J = 8.0 Hz),
3.83-3.82 (m, 1 H), 3.63-3.62 (m, 1 H), 3.18-3.15 (m, 1 H), 3.11- 3.07 (m, 2 H), 2.70
(s, 3 H),2.67-2.51 (m, 1 H), 2.47- 2.43 (m, 1 H), 2.29- 2.25 (m, 1 H), 2.32-2.27 (m, 1
10 H), 2.10 (s, 3 H), 2.02-1.70 (m, 5 H), 1.55-1.46 (m, 3 H), 1.37 (s, 3 H), 1.21- 1.08 (m,
12 H), 1.03 (d, 3 H, J = 6.9 Hz). MS (EST") 599.3 M* + H).

Example 26
[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-17-(2-thienyl)sulfonyl-7,11-
15  dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-
oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione.
SO,

<L
S
N ‘t,
S =
1.,

O OH O

(Via 2-thienylsulfonyl chloride in the presence of diisopropylethylamine.):

'H NMR (400 MHz, CDCls) § 7.70 (m, 2 H), 7.15 (dd, 1 H, J = 4.3, 3.9 Hz), 6.99 (s,

20 1H),6.58 (s, 1 H), 5.36-5.34 (m, 1 H), 3.83-3.80 (m, 1 H), 3.70-3.69 (m, 1 H), 3.18-
3.16 (m, 1 H), 2.88-2.83 (m, 1 H), 2.76-2.73 (m, 1 H), 2.71 (s, 3 H), 2.59- 2.53 (m, 2

H), 2.46-2.41 (m, 1 H), 2.19-2.07 (m, 1 H), 2.06 (s, 3 H), 1.92-1.89 (m, 1 H), 1.87-
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(Mia 2-thienylsulfonyl chloride in the presence of diisopropylethylamne.):
1H NVR (400 MHz, CDC13) S 7.70 (m 2 H, 7.15 (dd, 1 H J = 4.3, 3.9 Hz),
9 (s, wP@2/moddps 6.58 (s, 1 H), 5.36-5.34 (m 1 H), 3.8PCIB02/(33971 H),
0 9(m 1H, 3.18 3.16 (m 1 H ,288283m1 H, 2.76-2.73 (m 1

(lﬁo ghip T 49 i0thgh ,11?3@ Hr 1153, 5o Guih 1o (s 3
il (O3 60y 6 Props TR 698 LVDZ128 155 e (esy:

8
H) +. The follow ng corrpounds were prepared in simlar fashion:
27

HCD“

(s
06
/15
6.
+

(
npl e
1R*, 3R* IBfOEP?MI}gc@mPPERdS wonrepsed inspmilar fpshionr oxy- 8, 8, 10, 12
rarret -[ 1- met hyl - 2- ( 2- met hyl yl')ethenyl ] -5, 9-di oxo- 4- oxa- 17
zabi c;&él o[ 14. 1. 0] hept adecane- 17-AE’UPlll ¢ l70 acid phenyl nethyl ester. O

S =j.,,0H Q18 [DR*QR*B),(RFHDS* 2R > 1BR*MBS¢]12811-Dihydroxy-8,8,10,12-

S-[1Rx, SR*(E) 7R*, 105*, 11R*, 12R*, 165*] ] -7, 11- Di hydr oxy- 8, 8, 10, 13-

r amet hy| -tetrapethyled-Hymethyli2 (2omethyl-4- la)zgml)le&m;w}] 539{dloxee4ﬁya-li (2 met hy

S~0 15 Ot h : gza?ax c)y gqtﬁ@@ ]éf}[i)t@&flhé ﬁ)azc%ggccy:yyq{cozlc%(ﬁ p&en%llm%a}y?gﬁc gne- 5, 9-di one.

D
Q

_hr—c-

10 (M+H)" 627.

Example 28
[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-17-[(1-methyl-1H-imidazol-4-yl)sulfonyl]-3-[1-methyl-2-(2-methyl-4-
15  thiazolyl)ethenyl]-4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione.

(M+H)* 637.
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-68 WD 02/ 098868 PCT/ US02/ 15397 Exanple 29

[1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R*, 12R*, 165*]]-7, 11- Di hydr oxy- 17-

(et hoxyawetoglodssss 8, 10, 12-t et r anet hyl - 3-[ 1- et hyl - 2- ( 2- netPhyivs42/15397

t hi azol yl ) et henyl ] - 4- oxa- 17- azabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one. 00w
S.5,0H 050 OHO (MtH) + 565. Ex Ie3

[1S-[1R*, 3R*(E), 7R*, 1 OS*, 11R*, 12R*, 1 9 (2- Oxopr opanoyl )-7,11- 10

di hydroxy-8, 8, 10, bl = 3okt ARk 2 &z0l yl ) et henyl
]-4 oxa-17- azab|cé%”%?ifngg?zgpqngeggﬁéh¥h3%§g Hw?ih%hh d%%?aﬁ&,, S =

.~, OH O 0 Ckhethoxyeeiyh-§8,10,12efrantelieyl-HHrmethyd2-@rmpthybd- according to the
rret hods descri bed above_ _include the follow 1R*, 3R*(E), 7TR*, 10S
* 11R*, 12R*, yljetheny]]- ‘EJPH@V&?&@W}’G‘O&H llﬁlthta%éﬁ‘ﬂea%v@t@%le-S

1- et hyl - 2- ( 2- net hyI 4-t hi azol yl ) et henyl

oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one;\ 20 -%9 WO 02/ 098868 PCT/ US02/ 15397

(M+H)* 565.

Example 30
[1S-[1R*,3R*(E),7R*%,10S*,11R*,12R*,16S*]]-17-(2-Oxopropanoyl)-7,11-
10  dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-
oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione.

(M+H)" 561.

15 Further compounds prepared according to the methods described above
include the following:

[1S-[1IR*,3R*(E),7R*,10S*,1 1R*,12R*,16R*]]-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4-
oxabicyclo[14.1.0]heptadecane-5,9-dione;

20
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[ 1 S[ 1R, 3R*(E), 7R*, 10S *, 11R*, 12R*, 16S *]]-17-Di chl oro- 7, 11- di hydr oxy-
8, 8, 10, 12, 16- pent anet hyl - 3-[ 1- net hyl - 2- (2- net hyl - 4-t hi azol yl ) et henyl ] - 4-
oxabi cyclwoO[02/4s8848 O] hept adecane-5, 9-di one; 5 PCT/US02/15397
[1S-[1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 16S*] 1- 17- Di br onp- 7, 11- di hydr oxy-

oy et & S AR TN i AR R SR

R, 12R*, 16R*4 k16,10 st hQKyr: {ﬁn‘fkﬁlﬁ h(lzjxﬁet [4-thigzol l?ﬁthefygxabu cyclo |

tetramet hyl - 3-1 12 met hyl - 2- 2rre azo

14. 1. 0] hept abiyole] Bi. Bomepmdeca{nejsssel{ona,R* 3R*(E) 7R* 10S *, 11R*, 12R*, 16S
*] ]1-17-Di chloro-7,11-di hydroxy- 8, 8, 10, 12, 16- pent arret hyl -3-[

1- net hyl - 2- (2- et hyl - 3- oxo0-4-t hi azol yl ) et henyl ]-4 15

oxabi cyclq[ 14. 1. & % 1EQx . EREWPT )

S [1R*, 3R*(E) 7R*0ﬂ11@ggif ?&‘%ﬁﬂ%q?g%}? }b%llﬁsr@c}r oy 7yl -giBydrgxy

pent anet hyl &8,[10,]12mﬁtmltarﬁetbﬁﬁr{élt—h]}éthyBZQZQn&hylm &ﬁgﬂoy;bl)sai gl];ql] 4

oxabi cycl o[ 14, ﬂheptadecane 5,9-dione; 20 [ 1 S-[ 1R, 3R*(E), 7R*, 10S*,
1 1R*, 12R*, qz@lcw of 1471 Qﬂwmaﬁwﬂéséy&éloae,lo 12- tetraanethyl -3 - |
1-nethy|-2 (2-met hyl -4-thiazolyl)ethenyl]-5, 9-dioxo-4-oxa-17- azabicycl o]
14. 1. 0] hept adecane-17-carboxylic acid, 1, 1 -dinethylethyl ester; 25

[1S-[1R*, 3R*(E), 18 ,IRI‘B‘R”’-KEWR’R@@’}liﬂ’ﬂitﬂdﬂﬁRz}]&ﬁ],mlyli}-.)oi eqoemhyl 3-1
1- net hyl - 2- (2- net hyl - 4-t hi azol et hen -4, 18- di oxabi cycl o
14. 2. 0] o& adé@are?ﬂz)’]- 3¢ hranathyg- ?déomthy{ 41hlgquyli¢2her3ﬁ>%f) 7R*, 10S

* 11Rx, 12R* (%gg*c&%]lofmlllﬁgeh%grox¥g&79hg>]ﬁlo 12, 16- 30 pent arret hyl - 3-[

1- et hyI W] 4 azabicyclo |

14. 1. 0] hept adecane-5, 9-dione; -70 WO 02/098868 PCT/ US02/ 15397

[1S-[1R*, 3R*(E), 7R*, | 0S*, 11R*, 12R*, 16S *] 1-17-Di chl oro- 7, 11- di hydr oxy
8, 8, 10, 12, 16- pent[ASddRyI3RF(E), ZR’FréOWyllle*@ Tre6$511-12-Rinhlarel yll ydhyveoxy-] - 4-

azabi cycl O[ S'lé '1(J] 19] %ep%n? ({ﬁ‘yrl% ﬁ-me P—E-?%methyl&-oxo-4-thiazoly1)ethenyl]—4-
15  oxabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R* 16R*]]-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-[ 1-methyl-2-(2-methyl-3-ox0-4-thiazolyl)ethenyl]-4-
oxabicyclo[14.1.0]heptadecane-5,9-dione;

20

[1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-5,9-dioxo-4-0xa-17-
azabicyclo[14.1.0]heptadecane-17-carboxylic acid, 1,1-dimethylethyl ester;

25 [1S-[IR*,3R*(E),10S*,11R*,12R*,16S*]]-11-Hydroxy-8,8,10,12-tetramethyl-
3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,18-dioxabicyclo[ 14.2.0]octadec-6(F)-

ene-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R* 16R*]]-7,11-Dihydroxy-8,8,10,12,16-
30  pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-
azabicyclo[14.1.0]heptadecane-5,9-dione;
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[ 1 S[ 1R, 3R*(E), 7R*, 105 *, 11R*, 12R*, 16S *] ]-7, 11- Di hydroxy- 8, 8, 10, 12-
tetranet hyl - 3-[

1- met hyl -wo(0209s86hyl - 4-t hi azol yl ) et henyl ] -5, 9- di ox0- 4- oxaPTTAUSAZ&3pTYCl Of
14. 1. 0] hept adecane- 17- car boxyl i ¢ acid phenyl ester, (MH)+ 613; 10

[1S-[ 1R*, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*] 1- 7, 11- Di hydr oxy- 8, 8, 10, 12-

tetranet hyl - 3-[ 1- net hyl - 2- ( 2- net hyl - 4-t hi azol yl ) et henyl ] -5, 9- di oxo- 4- oxa- 17
- azabicycl o[ 14. [1:1; pmmﬂaﬂgmﬂeesiTimaanymﬂ]aaimﬁcnmﬂyjlmlmdr Bpter,
(MrtH) + 627; gl 1R 10S *,1 | R, 12R*, 16S *]]- 7, L1- Di hydr oxy
15 N N 8, 8, 1% jQJRel)@d?@fq@qthﬂ—i*’{—[l -methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-

| - met hyl - 2-( h ]-5, 9-di oxo-4- oxa-17-azabicycl o]
14. 1. 0] hept a g@?&ﬁ%lﬁl‘ll Qﬂ%ﬁanﬂg@g §T9 (ﬁﬁix—% + 600; [ 1 S-[1R*,3R*(E), 7R*, 105
* 11R*, 13R*, 16S *]]-7,11-Di hydroxy 8,8,10,12- tetranethyl-3- [

1rrethy| 2-(2- rrethl-4th|azo ) et hen -17@§2th|enylsulfonyl)-4 20
oxa- 17- azabi cycl 0[[@4[@*01&%5) %é%%lﬁg’glﬂi’bh *1-iy Dihydey-§,8,10,82{

1R*, 3R* (E),. 7 8,8,10

Lot tamet by “Erpi A PR ae0 St b P i ko 22 1

1- net hyl - 2- (2- e hi a onI et henyl ] - 4-oxa- 17-azahi c

14. 1. 0] hept é&é‘&l&w’g‘)@“d et eC e -CaI%BBVﬂIC acyphenyl estqr, @Iﬁ"ﬁéF{éi?E) , 7R*, 10S
* 11R*, 12R*, 16S *]]-7,11-D hydroxy 8,8,10, 12- tetranethyl-3-[

1- met hyI -2- ( 2-met hyl - 4-thi azol yl ) et henyl ] -17- (propyl sul fonyl ) - 4- oxa-
17-azabil®ycl o] 141$-[0RASRAETRNEOS!, D1, 02, 14 H), 11 - DB droxy-8,3MD,02/ 098868
PCT/ US02/ 15397 [1 S— 1R*, 3R2;<(2E) , /R*, 108 * 11R*, 12R*, 16S

*]]-17- Acet ﬁFtraim%hyld% gngibyh4-thiagal¥ieshenyll-39dioxo-4-oxa-17-

- met hyl - 2- (2- et hyl - 4- th| azol yl ) et henyl ] -4-oxa- 17-

azabi cycl o] BaalicpiloldilQlbeptadecand BahexylioMeid phensiBasthy ester, (M+H) " 627;
[1S-[1R*, 3R*(E), 7R*, 105*, 11R*, 12R*, 16S*] ] - 17- Benzoyl - 7, 11- di hydr oxy-

8, 8, 10, 12- tetranethyl -[ 1- rrethyl 2-(2-nethyl -4-thi azol yl ) et henyl ] - 4- oxa-

17- azabicycl o[ 14;1§. [@kkﬂ%m e0$s, Drigh o3ves 1649y 11-DRfdrox
[1S-[ 1R, 3R*(E), 7R*, 10S*, 1R, 16517~ 7,'11- hydroxy g 8,10, 12- 10

tetr a_n’etlﬁyl -BN, 8,8,10,12- hexamethyl 3-[1- methyl -2- (2-methy1 -4- thlazolyl)ethenyl] 5,9-dioxo-4-
1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] -17-(2-1t hi enyI car bonyl) - 4-

oxa- 17- azabioyel7eadabibgcld| 18] heptpeldaane1 B.sOchatide, (WHE)™ 600603; [ 1 S|
1R*, 3R*(E), 7R*, 10S *, 11R*, 12R*, 16S *]]- 7, 11- Di hydr oxy-17-

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-17-(2-thienylsulfonyl)-4-

20  oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione, (M+H)+ 639;

[1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12~
tetramethyl-17-[(1-methyl-1H-imidazol-4-yl)sulfonyl]-3-[ 1-methyl-2-(2-methyl-4-

thiazolyl)ethenyl]-4-oxa-17-azabicyclo[ 14.1.0]heptadecane-5,9-dione, (M+H)+ 637,
25
[1S-[1R*,3R*(E),7R*,10S8*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12~
tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-17-(propylsulfonyl)-4-oxa-

17-azabicyclo[14.1.0Theptadecane-5,9-dione, (M-+H) ™" 599;
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(et hoxyacetyl )-8, 8, 10, 12-tetranet hyl - 3-[

1-met hyl - 2- (2-nmet hyl - 4-thi azol yl )ethenyl]- 15

4- oxa- 17-wpabiogsses o[ 14. 1. 0] hept adecane- 5, 9-di one, (M+H) +PB&AIS0}/15BIS- |
1R*, 3R*(E), 7R*, 1OS * 11R*, 12R*, 16S *]]-17- (2- Oxopr opanoyl )-7, 11-

di hydr oxy- 8, 8, 10, bl ——— P ]
1o methyl > 2 (2. metht [tlg ﬁi‘ﬁ g’( ?0# LR 128 J6S1-17-Acetyl-7,11-dihydroxy

17- azabi cycl&Biéfllrt@&d&ﬁﬁhﬂdﬁ@ﬁﬁﬁt 1-9= ﬁﬁilrﬁétﬁyl Mﬁhhﬁom) gl]ad}lgxa"-@%[ 1s[1
R, 3R*(E), 7R*, | OS *,11R*, 12R*, 16S *]]-7, 11- D|hydroxy

tetramet hyl -Babiovclof14.1.0Jheptad -5,9-d M.
1- met hyl - 2- (2- rrlg H 4- t]hlelgiazloeimil et hé(r)]@e]( §H€3 3| 0X0- 4- oxa- 17- azabi cycl of
14. 1. 0] hept adecane 17-carboxylic acid et hyI ester, (MtH)+ 565. 25 The

fol |l ow n%*are further ounds. of the esent inven

e SR R e R S R -
di hyd 8,
1 iyt SRR AL el ik pri b ton e T

hept ad 2 2{.098 IS02/ 15397 1S
lR*]SeRE)(E) e%%g&f?é% [lgfﬁﬁgiﬁﬁz 3“%101137?@*};%8 yl) sul fonyl[ 7, 11[
di hydr oxy-8, 8, 10, 12- tetranethyl 3-]

1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] - 4- oxa- 17-azabicyclo [ 14.1.0]
hept adecane- 5, 9- dil6H{éR*3R*(E),7R*,105*,11R*,12R*,165S*]]-7,11-Dihydroxy-8,8,10,12-

E:Ill ﬁygﬂ'? 3 t%tllg% t@—%@f—p}}#g{l - -@6%19184 llliazlozyl)se"tjhgn?f yi%f{ ?t%jeg’yﬁ:]érbonyl)-dr_

1- net hyl - 2- (2 met hyl - 4-t hi azol yl ) et hen I9] 4-oxa- 1y¢-azabicyclo [ 14.1.0]

hept adecane cgiagljcﬁzgh@yclp[lfr ISOZ[heptadecane— dione, (M+H) " 603;

1R*, 3R*(E), 7R*, 10S, 11R*, 12R*, 168*]] 17- N- Met hyl sul fonyl urea-7, 11- 10

di hydroxy 8, 8, 10 12- tetrarret hyI 3-]

1-met hyl - 2- (2- net[hSlHR*BWeEmBﬂl )GNEIRA, 1 2R, W]]711-D1h droxy-17-

17- azablcyclo[14 1. t adecane-5, 9- dlone £ g

() 7 05, (piefhoryagetyly B 10, PR b ASiTyIghd Py -thiazolyDethenyll-

di hydroxy 8,8, 10, 12-tetranet hyl - 3-[

1- met hy[152- (Qomihylab&Wh[hﬁtbl()ihepaﬁh@nyﬁj&—dmxdl\/[ﬂ]ﬂ) 1¥6%zabi cycl o[ 14.

1. 0] hept adecane-5,9-dione; [ 1 S-[1R*, 3R*(E), 7R, 10S*, 11R*, 12R*, 16S

*11-7,11- D hydroxy-8, 8,10, 12- tetranethyl-3-]

1- rrethyl 2- (2- metrhgli1 R B # cycl o]

14. 1.0] hept adec[aﬁe 17 sci}a?%)?x%/ﬂi ?(? afcazllml‘dblJ %)zkl%n%@]f)m-(ﬁ% rcﬂpzm%\ﬂ)?f?tiq
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-

17-azabicyclo[14.1.0]heptadecane-5,9-dione, (M+H)+ 561; and

20
[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12~
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-5,9-dioxo-4-oxa-17-
azabicyclo[14.1.0]heptadecane-17-carboxylic acid ethyl ester, (M+H)+ 565.
25 The following are further compounds of the present invention:

[1S-[1R*3R*(E),7R*,10S*,11R*,12R*,16S*]]-17-(2-Thienyl)carbonyl-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-
17-azabicyclo[14.1.0]heptadecane-5,9-dione;
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[ 1 S[ 1R, 3R*(E), 7R*, 10S *, 11R*, 12R*, 16S *]]-7, 11- D hydr oxy- 8, 8, 10, 12-
t et ranet hyl -17-[(1-rret hyl -1 H- 1 m dazol -4-yl)sul fonyl]-3-[

1- net hyl -WO(OZ/OmmhyI - thi azoI yl) et henyl ] - 4- oxa- 17- azabi egeluspr45397

1. 0] hept adecane- 5, dlone

E #S'E Lés; ageR: §,R é,Ré ég§f§%‘@1éﬁ§$}’}fﬁ§l %212* %%S’E])'] q)f 5Weny1)sulfonyl-7 11-
1-met hyl - 2- (Zn{Rbiy.8 840k 1. ﬁﬁ%ﬁ%&hﬁ?%h? rﬁfétil%l—?. (2- methyl ﬁg}hl[azcilyg_etﬂmenyl]A—oxa—

4- oxa- 17- azablcyclo[14 1.0] hept'adecane-5

1R*, 3R*( E) , 7TR-azbbBy¢lplIURF.OTh2RRadddate- 5% dibite;( 2- O(Opr opanoyl)-7,11 30

di hydr oxy-8, 8,10, 12-tetranet hyl - 3-[ 1- net hyl - 2- (2- net hyl - 4-t hi azol yl ) et henyl
]-4-oxa- 17-azabicyclo [ 14.1.0] heptadecane-5, 9-dione. -73 WO 02/ 098868

described _above G R - RYAFICAHMB MY TR REURSSRIEET 1Y (15" "8G
OH O 0 OH O dihyds6Ry- $®210L\12—tetrbﬂn%ﬂyll B%méﬁlﬂlﬂdﬂﬁieﬂlylﬁ—th@z@yﬂ)@h&ﬂuf@x& \, N,

S2 s S N_S N, N | OH\,, OH OO
17-azabicyclo[14.1. O]heptadecane 5,9-dione;

[1S-[1R*3R*(E),7R*,10S,11R*,12R*,165*]]-17-N-Methylsulfonylurea-7,11-
10  dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-
17-azabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S,11R*,12R*,165*]]-17-Morpholinosulfonyl-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-
15  17-azabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-5,9-dioxo-4-oxa-17-
azabicyclo[14.1.0] heptadecane-17-carboxylic acid phenylmethyl ester;

20
[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-17-[(1-methyl- 1H-imidazol-4-yl)sulfonyl]-3-[ 1-methyl-2-(2-methyl-4-
thiazolyl)ethenyl]-4-oxa-17-azabicyclo[ 14.1.0Theptadecane-5,9-dione;
25 [1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-17-

(methoxyacetyl)-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-
4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione; and

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-17-(2-Oxopropanoyl)-7,11-
30  dihydroxy-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-
17-azabicyclo[14.1.0]heptadecane-5,9-dione.
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pmNN NN SO2 802 SS N\, OHN\, GHOO OOHOOOH -74 WO

02/ 098868 PCT/ US02/ 15397 Table 1. In vitro data for aziridine anal ogues 17
X R S =w0'02/04868 ~N ", , , OH4 0 7 9 O OH O Exanpl e X R Twowluisn2/assay HTC 1
16 assay L Nos. ECO01 uM1C50 (nM Epothilone AO H2.0 4.4 Epothilone B
O M 1.80.81 NHH14 2.7 8 NCH3 H 2.6 0.13 15 NCH2C6H6 H 35 23 5
NCOCH2CH(CH3) 2 H 3.5 41 4 NCOCH2N(CH3) 2 H >1000 - 21 NCOCH3 H 1.2 0.9

22 NCOC6H6 H 1.4 3.0 23 NCO (2-thiophene) H 1.2 1.6 24 NCOOCH2CH3 H 1.2

7.7 20 NCOOC6H6 H 1.1 1.8
The following compounds may also be prepared by the methods described

above:
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6 NSO2CH3 H 14 2.1 25 NSQ2CH2CH2CH3 H 9.4 94 26 NSO2-(2-thiophene) H 4.0
30 16 NSO2NH2 H 28 36 17 NSO2NHCH3 H 2.3 7.8 18 NSO2N(CH3)2 H 1.0 0.2

19 NSO2N(WHa2e28620 H 460 160 7 NCONHCH2CH3 H >1000 - 5 PT3/0A02/(5390D98868
PCT/ US02/ 15397 What is claimed is: 1. A conpound of forrmula I or formula

I1: G62 GR3 B2 aR R 2 Y L.kl wherein Qis selected
fromthe group consisti ngTéP%ll]O %%gjdﬂﬁ?ér?zkl%%a&aﬁ)ﬁgsel ected fromthe
group consisting of alkyl, substituted al kyl, aryl, substituted aryl,

heterocyclo, 15 RO Ro O R8/\ '* p RL TN R‘~ R12
17

Example X R Tubulin assay HTC-116 assay
Nos. ECo.01 (UM) ICso (NM)

Epothilone A O H 2.0 4.4
Epothilone B 0 Me 1.8 0.8
1 NH H 14 2.7
8 NCHj; H 2.6 0.13

15 NCH,CgHs H 35 23

5 NCOCH,CH(CHg) » H 3.5 41

4 NCOCH,N(CHj3) » H >1000 -

21 NCOCHj, H 1.2 0.9
22 NCOCgHq H 1.4 3.0

23 NCO-(2-thiophene) H 1.2 1.6
24 NCOOCH,CH3 H 1.2 7.7

20 NCOOC¢H; H 1.1 1.8

6 NSO,CHj; H 14 2.1

25 NSO,CH,CH,CHjz H 9.4 94
26 NSO.-(2-thiophene) H 4.0 30
16 NSO,NH, H 28 36

17 NSO,NHCH; H 2.3 7.8

18 NSO.N(CHg), H 1.0 0.2
19 NSO,N(CH,CHy) ,O H 460 160

7 NCONHCH,CHjz H >1000 -
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Lis 0, S, SO SO or NR13 or CR14R15; WsOorNR16; Xis 0, S, CHR17 or H,
R18;, 20 Zis G S; H R19 or R20, R21; -76 WD 02/098868 PCT/US02/ 15397 Y
i s sel ectwo okwgssss he group consisting of 0; H H, H OR22PCORAZ82/1BR23;
NOR24; H, NOR25; H, NR26R27; NHNR28R29; H, NHNR30R31; or CHR32; where
OR23, OR23 can etal; B 1 and B2 are selected fromthe group
consi sting of Wﬁ%?{&ﬁ&(&é 5 OCONR35R36, NR37R38 or NR39CONR4OR41; D
is selected fromthe group consi st i ng of NR42R43 or heterocyclo; Mis
selected fromthe group consisting of S, C=0, S=0, SO2, NR44 or CR4A5R46;

J, E U d4nd vAssanpesmd of &mmlaherdarbee I oxygen, nitrogen or sul fur; or V
may be absent; 10 Rl, R2, R3, and R4, are selected fromH, |ower aI kyl ;
R5, R8, R9, R10 and Rl1l are selected fromthe group consisting of H, alkyl,
substituted al kyl, aryl, substjfuted aryl, cycloal kyl, erocycle. or
Nd\R7 are selected fr roup consisting

substituted heterocyclo;

of H, alkyl, substi tuE%l Kyl gen, nitro,q 418R49,
R50C=0, 15 R17, R18, and Selected fr 1P consi sting of
H, al kyl, and substit d R21, R24, W5.A% 8, R30, R32,
R33, R34, R35, R36, R37, 1, R42, RA7, , R53, R54,

R56, Rb7,1158, R59, R61, and R65 are selxect ed flvomthe group of
H, al kyl, substituted al kyl, aryI substituted aryl; heterocyclo 20 or
substituted heterocyclo; R63 is H alkyl having 2 to 20 carbon atons,
substituted al kyl, aryl, subfti tuted aryl; heter ocycbﬁ or substituted

het erocycl o; or R62 and R63, together with the nitrog atomto which they
are attached, forma heterocycle or substituted heterocycle; 25 R51 is

het erocycl o or substituted heterocycl o;
wherein Q is selected from the group consisting of

10
R7
R Z
rd J
L A | T
L aaad WA ;
G is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted
aryl, heterocyclo,
15
Rg Rio 0]
R12 .
Lis O, S, SO, SOg or NR13 or CR14R15;
Wis O or NR1g;
Xis O, S, CHRy7or H, Ryg.
20 Zis O; S; H,Rjg9 orRyp Rpyp;
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R12, R13, R16, R27, R29, R31, R38, R43, R49, R55 and R60 are selected from
the group consisting of H alkyl, substituted al kyl, substituted aryl,
cycl oal kywp ohetsssocycl o, R51C=0 R520C=0 R53S(2, hydr oxyCT@sat/k3sh7 or
O substituted al kyl; when X is O then -77 WD 02/ 098868 PCT/ US02/ 15397 R16

I's not R51C=0 R52 R53SO2; and S ther am no and
R61R64NC=0 Rﬁlﬁss? %@R@Eﬁ?m&m@?&gﬁ %425#2 %‘rig R15 ar e
sel ected m t c al stitute
ikl RISORE é@ﬁ\é@i‘@apﬂ @Eﬂ@ﬁ ToRaRasBast b R mAoRG ! Lo Q&Rgzsw SFi utec
al kyl I S l kyl, NR54R55, R56C=0 enLis 0, S5 or
NRl% t he @%ﬁ; 0%23n aﬁﬁ% ‘%};Igy%ﬁgt substltut ed al kyl, NR5|4R55 R45 aBd R46 4
are selected f a 10 substitute
al kyl, aryl, Euﬁé%%?ﬁ?gcfgary cycC 0@%{: rl_‘ﬁ’tlpgf)ggl)e/ o°’ é?é)cl}—%d R57OC—|O
R58NHE=0, gp%ﬁ d al kyl, NR59R60; and any salts,
sol vatg;;s %d?®hy IaQ?QgN lﬁ?x%%&Nwﬁ§ﬁb§$1 Opr‘@i/l o) that when Qis MJ5 VNNI.
and 15 Mis GRARAB RSN Wd SoffbinsNEhE of&R4rT%Ra8%9ﬁ9@fHa9c18f claiml
wherein Qis selected fromthe group consisti z "R R 5 L and

- SW-. . nin. v selé@ed3rbm the group consisting of S, C=0, S=0, SOy, NRy44 or CR45R46;

J, E, U, and V are selected from carbon, oxygen, nitrogen or sulfur; or V may be
absent;

10 R1,R9, R3, and Ry, are selected from H, lower alkyl;
Rj5,Rg, Rg, Rig and R11 are selected from the group consisting of H, alkyl,

substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo or substituted heterocyclo;
Rg and Ry are selected from the group consisting of H, alkyl, substituted alkyl,

halogen, nitro, cyano, OR47, NR4gR49, R50C=0;
15 R17,R18, Ry and Rp3 are selected from the group consisting of H, alkyl, and
substituted alkyl;
R20, R21, R4, R25, R26, R28, R30, R32, R33, R34, R35, R36, R37, R39, Rap,
R41, R42, R47, R4g, R50, R52, R53, R54, Rs6, R57, R58, R59, Re1, Re2, Re4. and Rgs
are selected from the group of H, alkyl, substituted alkyl, aryl, substituted aryl; heterocyclo

20  or substituted heterocyclo;
Re3 is H, alkyl having 2 to 20 carbon atoms, substituted alkyl, aryl, substituted

aryl; heterocyclo or substituted heterocyclo;

or Rgp and Rg3, together with the nitrogen atom to which they are attached, form a

heterocycle or substituted heterocycle;

25 Rs51 is heterocyclo or substituted heterocyclo;
R12,R13,R16, R27, R29, R31, R38, R43, R49, R55 and Rg( are selected from the

group consisting of H, alkyl, substituted alkyl, substituted aryl, cycloalkyl, heterocyclo,
R51C=0, R5200C=0, R53S02, hydroxy, O-alkyl or O-substituted alkyl; when X is O then
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-78 WO 02/098868 PCT/US02/15397 R9 R8-- Xis Oor S and Yis 0. 5 3. The
conpound of claim2 wherein Qis R5 .new 10 andGs RO R38 4. A conpound
sel ect ed Wponio9dses gr oup consi sting of: 15 PCT/US02/15397

[1S-[ 1R* 3R*( E), 7R*, 10S*, 11R*, 12R*, 16S*]] - 17- (2- Thi enyl ) car bonyl -7, 11-

di hydroxy etra - . . .

1- met hyl - B16 % fmg?@% 5 Hﬁ@%ﬂ% apé#ﬁéﬁ?ﬂj and whereipR a4l pithss @pgpo and

14. 10]heﬁta]lg e~>, 9- di one; S-[ IR, 3R*(E), 7R*, 10S*, 11R*, 12R*, 16S
*1]-17 (2 h@mﬁ?)@ulfonyl 7, 11 di hydroxy-8,8, 10, 12-tetranethyl-3-]

1- net hyl - 2- ( 2- tRi hen 1Ad-0xa: 57-. 20

azabi cycl of 14. ﬁ@ﬁ%%ﬁ%@é@ é‘os;‘é@v@' 5008868 PCT/ US02/ 15397
[1S [ 1R, 3R(R 1280 1S -7 - di hydr oxy-
88 10 12. tetra %ﬁﬁﬁlé%&a@ed ’tﬂegéolqlcc}lzslsﬁﬂg ??th%i'l g@n a11<1yi', o(il

1- met hyl - dik@rb@itfi1: 4-t hi azol yl') et henyl | - 4- oxa- 17 azabi cycl of

14. 1. 0] hept adecane-5,9-dione; [ 1S [ 1R*, 3R*(E), 7R*, 10S, 11R*, 12R*, 16S*]
]-17-N Met hyl sRi§ m’gdlmt&d&ffcinlﬁﬁ group consisting of H, alkyl, substltuted alkyl, O-alkyl, O-

di hydr oxy- 8, 8, 10, 12-t et r anet hyl - 3-[ 1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl
] - 4- oxa- 1mbsiamﬂd|adlysdl NR%4R 54, RidiEid;adendns-G, D odNRg; thc@lﬂﬂw is not O-alkyl,

1R*, 3R*(E), 7R*, 10S, 11R*, 12R*, 168*]] 17- Mor phol i nosul fonyl -7, 11-

di hydr oxyOssubstitoted 21kyb{NRsR 41y - 3-

1- met hyl - 2- (2- et hyl - 4- t hi azolylf) et henyl ] - 4- oxa- 17- azabi cycl o[ 14.

1. 0] hept adec anB45 and Rue aee selected from the group consisting of H, halogen, alkyl,

10 substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo, R56C=0, R570C=0,
R5gNHC=0, hydroxy, O-alkyl or O-substituted alkyl, NR59Rg0;

and any salts, solvates or hydrates thereof, with the proviso that

M. 8
¥
M and

15 Mis CR4q5R46 then W is only NR1¢.

when Q is

2. The compound of claim 1 wherein Q is selected from the group consisting of

Rs Z Rs
L
:rﬁ and :\_H
WAA-
AAA-
20
Gis
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10 [1S-[1R*,3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]] -7, 11- D hydr oxy- 8, 8, 10, 12-
tetranethyl -3- [ 1-nethyl-2-(2-nmethyl-4-thiazolyl)ethenyl]

-5, 9-di oxwod2o%m68.7- azabi cycl o] 14. 1. Q) hept adecane- 17-cacihasyr/i1s39aci d
phenyl net hyl ester; [ 1 S [ 1R*,3R*(E), 7R*,10S *, 11 R*, 12R*, 16S
*1]1-7,11- D hydr oxy- 8, 8, 10, 12-

tetranethyl -17-[ (1-nethyl -1 H i m dazol - 4- fl)sulfonyl] 3-]

1- net hyl - 2- (2-nmet hyl -4- 15 thlaz IyI)et enyl ] - 4- oxa- 17- azabi cycl o

14. 1. 0] hept adecane- 5, 9- di one; (E), 7R*, 10S *, 11R*, 12R*, 16S
*11-7, 11- Di hydr oxy-17- (nethoxyacetyl) 8, 8 0, 12- tetranethyl 3- [
1-nethy|-2 (2-met hyl -4-thi azol yl) et henyl ] -

oxa- 17- azahi ygko[ 14. 1. 0] hept adecane- 5, 9- dlone and 1S[ 1R, 3R

(E), 7R*, 10S * 11R*, 12R*, 16S *] ]-17-(2- Cxopropanoyl) 7,11 20
dihydroxymaﬁeﬁxm,12-tetranethy|-3-[

1-met hyl - 2- (2-net hyl - 4-t hi azol yl ) et henyl ] - 4- oxa- 17-

azabi cycl o[ 14. 1. 0] hept adecane- 5, 9-di one. 5. A pharnmaceutical conposition
conprising a Gﬂﬁﬂ%ﬁgﬂuﬂﬁofﬁ.n??%m%ﬁ%1a pharmaceutical Iy acceptable
carrier. 25 6. A pharmaceutic conposi tion conprising a conpound of claim
1 in conbinati@is wth a pharmaceutically acceptable carrier and an
anti-cancer agent. 7. A nethod for nodul ati ng apoptosis which conprises
adm nistering to a 30 nmanmalian specie 1 need thereof an effective

apopt osi s nodul ati ng anount of a oynd of claim1l. -80 WO 02/098868
PCT/ US02/ 15397 8. A nethod for tr cancer which conprises

adm nistering to a manmal i an speci t hereof a therapeutically
effective anount of the conposition of claifm5. 5 9. A nethod for treating
cancer which conprises admnistering to a mammalian specie in need thereof
a therapeutically effective anount~ei-the conposition of claim6. -81

10 and Gis

4. A compound selected from the group consisting of:

15 [1S-[1R*,3R*(E),7R*,1058*,11R*,12R*,16S*]]-17-(2-Thienyl)carbonyl-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
azabicyclo[14.1.0lheptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,1 IR*,12R*,16S*]]-17-(2-Thienyl)sulfonyl-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-

20  azabicyclo[14.1.0]Theptadecane-5,9-dione;
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[1S-[1R*,3R*(E),7R*,10S,1 1R*,12R*,165%]]-17-Sulfonylurea-7,11-dihydroxy-
8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl}-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,108,11R*,12R*,165%]]-17-N-Methylsulfonylurea-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl ]-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione;

[LS-[1R*,3R*(E),7TR*,108,11R*,12R*,165%*]]-17-Morpholinosulfonyl-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,108*,1 1R*,12R*,16S*]}-7,11-Dihydroxy-8,8,10,12-
tetramethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-5,9-dioxo-4-oxa-17-
azabicyclo[14.1.0] heptadecane-17-carboxylic acid phenylmethyl ester;

[1S-[1R*,3R*(E),7R*,1OS*,1 1R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12-
tetramethyl-17-[(1-methyl- 1H-imidazol-4-yl)sulfonyl]-3-[ 1 -methyl-2-(2-methyl-4-
thiazolyl)ethenyl]-4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione;

[1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy-17-
(methoxyacetyl)-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl )ethenyl]-4-
oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione; and

[1S-[1R* 3R*(E),7R*,10S*,11R*,12R*,16S*]]-17-(2-Oxopropanoyl)-7,11-
dihydroxy-8,8,10,12-tetramethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione.

5. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

6. A pharmaceutical composition comprising a compound of claim 1 in combination

with a pharmaceutically acceptable carrier and an anti-cancer agent.

7. A method for modulating apoptosis which comprises administering to a
mammalian specie in need thereof an effective apoptosis modulating amount of a

compound of claim 1.
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8. A method for treating cancer which comprises administering to a mammalian

specie in need thereof a therapeutically effective amount of the composition of claim 5.

9. A method for treating cancer which comprises administering to a mammalian

specie in need thereof a therapeutically effective amount of the composition of claim 6.

-81 -



