; e3e*d6T*Tj 13 Sept enber 2004 A PROCESS FOR THE PREPARATI ON OF EPOTHI LI NE
ANALOGS AND | NTERVEDI ATES The present invention relates to an inproved
process for the preparation of certain epothilone anal ogs, including novel
i nternedi ates, which is characterized by a 5 significantly enhanced vyi el d.
Epot hi | ones are macrolide conpounds that find utility in the phar maceuti cal
field. For exanple, epothilones A and B having, the structures

epot hilone A R--H epothilone B R--Me 15 may be found t® 65&@!’@'39"2004

m crotubul e-stabilizing effects simlar to paclitaxel (TAXOL~ and hence
cytotoxic activi ty against rapidly proliferating cells, such as, tunor
cells or other gerprol iferative cellular disease, see Hofle, G, et al.,
Angew. Cherit PRfESS EQR TER-AREPARYHION OF5EPQRBILTYE MAL"PS@‘NDlB@WRB"Q‘@

W93/ 10121 published May 27, 1993:; and \W97/19086 published May 29, 1997.
20 Derivatives andDapEsesgvertionselates lopmdapraved Apcess forthe pepwatignathesi zed
and nmay be u 2y fa

proliferati v§ %eaiﬂglg&&gg% air?g*u&g g{r;ég i&?%ﬁ%g%d%ﬁﬁﬁo e%ﬁ?é bya

Ni col aou, 5K. Gignifisantlyl enhapaedyicld. Chem Int. Ed. En~l.. Vol. 36, No. 19,
2097-2103 (1997); and Su, D.-S., et al., Angew. Chem Int. Ed. En~l.. Vol.
36, No. 19, 2093-2097-(1:997). 25 Anal ogs of the epothilones that have been
found to have advapsthiles sreafidetolide Yompeundé haeheitity bytht PRarimatdufiil Ny
structure 13 Septenber 2004 11 wherein Q_ and R through R6 have the
meani ngs gi véitt %@PEF’F?UB%‘F’GWWMW Ao Bt ving the¥aIcBIeShr ¢ hese anal ogs

i nvol ving novel .internmediates is provided in accordance with the
presentinvention. 5 The present invention is directed to a process for the
preparation of conpounds represented by bo rrul as | and Il wherein Q Z, and
R through R6 are as defined beg %I J conpounds represented by
formula | are novel mterrrqgj ijj;\o/y h preparatlﬁg of epot hil one anal ogs
that are useful in the treat nen [ ers and ot her abnor nal
proliferative di seases. Conpounds repr ent'@% ®ormul a | may be utilized
to prepare epothilone anal ogs represente el | which are useful as
anti cancer, agents. 15 The process of theQpreggntpinvention provides an
advant ageous synthesis for the conmpounds represented by forrmula I

i ncluding the preparation of novel ring opened epothilone internediate

conpounds represented by formuag,,ea4  R=H
epothilone B R=Me

15  may be found to exert microtubule-stabilizing effects similar to paclitaxel (TAXOL®)
and hence cytotoxic éctivity against rapidly proliferating cells, such as, tumor cells or
other hyperprc;liferative cellular disease, see Hofle, G., et al., Angew. Chem. Int. Ed.
Engl., Vol. 35, No.13/14, 1567-1569 (1996); W093/10121 published May 27, 1993;
and WO97/19086 published May 29, 1997.

20 Derivatives and analogs of epothilones A and B have been syntheéized and
may be used to treat a variety of cancers and other abnormal proliferative diseases.
Such analogs are disclosed in Hofle et al., Id.; Nicolaou, K.C., et al., Angew. Chem.
Int. Ed. Engl.. Vol. 36, No. 19, 2097-2103 (1997); and Su, D.-S., et al., Angew.
Chem. Int. Ed. Engl., Vol. 36, No. 19, 2093-2097 (1997).

25 Analogs of the epothilones that have been found to have advantageous activity

are represented by the following structure



13 Septenber 2004 | Il As used in formulas | and Il, and throughout the
specification, the neaning of the synbol Qis: R~ M 5 Mis selected from
the group consisting of oxygen, sulfur, NRB, and CROR ; Z is selected from
the group consisting of Rl sR-6Ri 6~+~Rn ~Rtes ' R Ris Rand~ as RR - R5,
R, and R" - R S are selected fromthe group consisting of hydrogen,

al kyl , substituted alkyl, aryl, substituted aryl and t d
wherein R and Rz io are al kyl, they can be joined toq1§ ‘f‘{ﬁqé%@%g 8g?kyl R6
is selected fromthe group consi sting of hydrogen, alkyl, substituted

al kyl, aryl, substituted aryl, I terocycl o and substituted

het erocyclo; Rg is selected fromtlhe gyoup copsi séiéng of hydrogen, alkyl,
substituted alkyl, RRC=O R z and R are selected
fromthe group consisting of hydrog al kyl, substituted al kyl,
aryl, heterocyclo, hydroxy, R 4C=Q~ gnd R6, R', and R$ are
i ndependently sel ected fromthe grouplicongi stf ng of alkyl, aryl, and

aral kyl. The process of the present i Ton”is advantageous in that only
two steps are 20 required to prepare the #pothilone anal ogs fromthe

epot hi l one star i 3 ABelBy. TWO furt her

di stinct advant‘g%egcgng?atﬂtg ﬁkougigsgﬁgmegmnggggﬁ?é@ ® 13 Sept enber 2004
i nvention are tAmimprdyed wnéueﬁsfoofhe@rayﬁ%wwogw f’@bﬁ*{ﬂ%‘iﬂ‘i‘ﬁ%‘“ﬁ%b?@%’é‘?ﬁ‘éd by
formila |1 are atgaiibd GANGE prelndifhiban hose previously real ized
utilizing the free acid he conmpound represented by formula | as the

i nter nedi at > conpound, and the fact that the preparation of the

intermediate is amﬁﬂ@ﬂ%@cn&f?veh{%ﬂgdl%feﬂlt&éjprewss forth@pepadtRR of A furt her
advantage of this process is that it cané'grogress frq(;?\ﬁhhe epot hi | one

starting mat er i @mppends rrareegisd RY fosmalas bgr dsuifidtQusky o foueh ka5 Bhout t he
need to isol ategegpdimeidi fy an internediate. Those skilled in the art wll
i mredi atel y recogni ze the econonic benefits of such a process. 10

Definitions The follo ' sed herein to
describe this inv . THese defji ni tp@ns appl agyt hey are
used throughout this

10 The compounds represented by formula I are novel intermediates for the preparation
of epothilone analogs that are useful in the treatment of a variety of cancers and other
abnormal proliferative diseases. Compounds represented by formula I may be
utilized to prepare epothilone analogs represented by formula II which are useful as
anticancer agents.

15

The process of the present invention provides an advantageous synthesis for
the compounds represented by formula II including the preparation of novel ring

openéd epothilone intermediate compounds represented by formula I.



specification, unless otherwise [imted in specific instances, either
individually or as part of a larger group. 1 s The term "epothilone", as
used herein, denotes conpounds containing an epothilone core and a side
chain group as defined herein. The term "epothilone core", as used herein,
denotes a noiety containing the core structure (with the nunbering of ring
system positions used herein shown): Gg /14 RQ R~ Rz ~3~ Rs O B~
20 wherein the substituents are as defined herein and1§%§?§3§%#§%?§ﬁected
fromthe group consisting of C=Q CHz and CHOR~9 Bl and Bz are sel ected
fromthe group consisting nd OCORz~; 9 an are selected from

t he group consi stkng al kyh, trk%IkyIS|IyI,
al kyl di aryl silyl, ard yl; an 1 romthe
group consi sting of hydr substltuted al kyl% and

heterocyclo. -4 13 S 2004 “Rie tern1"§(ﬁ upkirefers to
substituent G as defined fty t I'l'owing formula [ym A[whefje Ais
optionally substituted al kenyl; is an optionallysu itdted ring system

contai ning one to three rlngsland at | east one carbon tlo carbon doubl e bond
in at least one rin er o1 rm.: to
optionally substltu?basstral %?ﬁ Quﬁ%g#gﬂgggnﬁﬁ fﬁ%ﬁéa?aﬁgﬁéﬂg%f

hydr ocar bon gr othgsynibalQ g fron11 to 20 carbon atons, preferably from1l to 7
carbon atons. The expression "l ower aIkyI"'rEfers to optionally substituted
al kyl groups having from1l to 4 carb atony. The term "substituted al kyl"
refers to an al kyl group substitut ,dx, IFgzr\lgxanple one to four
substituents, such as, halo, trifldoromethyl7 trifluoronmethoxy, 15 hydroxy,
al koxy, cycl oal kyoxy, heterocylooxy~’oxo“~élkanoyl aryl, aryl oxy, aral kyl,
al kanoyl oxy, g am no, 8 kyl am no,
heterocycloanlno dP§%E§%?¥H?§Bm§%¥h%akﬂgmﬁ? F¥L§?&£g§hgﬁgr?ﬁ£nts on the
am no group are sel éds setected Samahelaroup capsisting efy aI kyl, al kanoyl am no,

ar oyl am no, aralkanoylanlnoRmsubstltq@Qd alkanoxvan1no substi t ut ed
aryl am no, substituted 20 a[alkanoyl m no, th|04 al kylthio, arylthio,

aral kyl t hi o, cycloalkylthloN het,er oc clotPlo,, Ikylthlono aryl t hi ono,

ar al kyl t hi ono, al kyl sul f ony dﬁylsu fony araWﬁyfs&ffonyl sul f onam do
(e.g. SO2NHz), substituted Lulfonanld , hitro, 4yano carboxy, car banyl
(e.g. CONHZ), substituted caPbanyl (&'y. @B\H algyl, CONH aryl, CONH

aral kyl or instances mhere there re two substltuents on the nitrogen 25
sel ected from al kyl R'aRyR’,end Ry aREwe)sele@wm@ag@smqnmstmy)lf hydsegsat i t ut ed
aryl, guanidino IWQu&QFU?JdQﬁ&P Lx?ﬁ sub§t'ﬁﬁtl@d &St anld 'HQQIIOV}JCIO, bdﬁ'v@iﬁ?em WlanaREryl,
thlenyl thi azoly pyrro y r and the |iKke. V%ereln

as noted aboVe, mfﬁéﬂs ﬂgﬁnbﬁ@ﬁﬁ%“%¢%m%@$9@%ﬂare further substituted, such
further substituent %mrsaeé&llfﬁﬁ{%l &ﬁpwns.hﬁggfmgepmyxswbmu@d alld@l ogen,

al kyl, al koxy, aryl and aral % efinitions ven herein 3o for alkyl
and subst i t ut ecardh sepstitgedaryl, ca/slovmli hef‘-’ﬁo%’ﬂ%a’&llskwm'g“é‘rhf"ie@ﬁy 4t al koxy groups.
-5 13 Septenber 2@84 fR&ed FdniMihe Bloli Eohbisting@F By dPoges) akif, s¥B@bied alkyibst i t ut ed
unsat ur at ed alle}ghatlcl drocar hon groups having fromone to nine carbons
and one or d%d%lb(ﬁ%ﬁH?dRS§9§tltuents may i nclude one or nore

substituent groups RSashaeCsk hesdiedBOMAhd @bup consisting of hydrogen, halogen, alkyl,
substituted alkyl, aryl, heterocyclo, hydroxy, R'C=0, and R'’0C=0; and
R'®, R" and R"® are independently selected from the group consisting of
alkyl, aryl, and aralkyl.
The process of the present invention is advantageous in that only two steps are
20  required to prepare the epothilone analogs from the epothilone starting material, for

example, epothilone B. Two further distinct advantages of the process of the present

-3



substituted alkyl. 5 The term "hal ogen"” or "halo" refers to fluorine,
chlorine, bromne and iodine. The term"ring systenl refers to an
optionally substituted ring systemcontaining one to three rings and at

| east one carbon to carbon double bond in at |east one ring. Exenplary ring
systens include, but are not limted to, aE aryl or a partially or fully
unsat ur at ed heterocycllc ring system which nay be opt i,tuted.
to The term"aryl" refers to nonocyclic or bicyclic af%§§$¢g¥ﬂ%%?§@grbon
groups having from6 to 12 carbon atons in the ring portion, for exanple,
phenyl , napht hyhventiingskecthatitheaneddschif piystallized gspopgyads represented byferrewa Haye be
substltuted T I to a | arger
entlty throughagﬁkg%ﬁyhﬁﬁggﬁ%tmmégi%g%bkgﬂ%&faﬁ&thEQHQggﬁPﬂgﬂbst|tuted
aryl" refers tcyomowaﬂwpregmpbﬁmlalltaathedﬂwedwtwor@/@amﬁpPréi thefaet thay f our
substituents SL{H‘J’brﬂﬁ ﬂlng(é/t{thel fégr?etdlatqu %ﬂenﬁl\ﬂfé'tlo’belngl:é?rlechu't fn o‘rngtQﬂTEA hyl,
trifluoronethox roxy koxy, cyc l'oxy, heterocycl ooxy, alkanoyl
al kanoyl oxy,s a tiths acahrié@ge@ﬁihmrocassaﬁ thgt|itaan n@gressrfmnwt epfthilgne starting

cycl oal kyl am nqnatéaﬁr@ﬁ&%&h%@w}%er@éd@rf%m Hfhout Bk Rled t&géﬁytk by 0.

cycl oal kyl thi o, heterocyclothio, 20 uréido, nitro, Yano car boxy,
carboxyal kyl , caribamjitermadinexThose tkaltegin thaprwrlklmn@ﬁ@te YAESPRRIRAT B0,

al kysul fonyl, sdbfoRathds ofdtidhlaPrdce@nd the like. The substituent may be
further substltuted by one or nore nenbers selected fromthe group

consi sting of hal o, hydroxy, alkyl, alkoxy, aryl, substituted al kyl,

substi t ut ed;@r Wenaftdnar al kyl . The term' cycloalkyl refers to optionally
substituted saturated cxcllc 25 hydrocarbon ring stens pref erably
containing 1 to 3 riefellewiee ge ti‘if‘mi"oé%‘?fb(é’ﬁ%‘sffé‘F‘s \‘ﬁeﬁ reipég deserivaiPive f urt her

fused with an ypsagda ahed dihitfens %ryh@wqédngasnhagare \Eswmpdu@ndﬁtaﬁsoups i ncl ude
cycl opropyl, cyclobutyl, cyclopentyl, cycl ghex cycl ghept cycl ooctyl,

cycl odecyl , cyéP??tf&ﬂ‘é@yW“leSéWBer&&aﬁﬁ‘ﬁ?‘iﬂP Spﬁf'érﬁ‘ﬁ?laé?eﬁ %‘HHéTq‘Y‘%H}’%WSnCI ude one
or nore aIkyI gﬁ@up§m@§r§mﬁﬁrlbed above, or one or nore of 30 the groups
descri bed above as substituents for al kyl groups. -6 13 Sept enber 2004
The terns "Het er ocy&iederm “epgthilang e gcyspeh er%l?r e“‘%‘f'ét"%'?‘?ﬂf‘?‘?,slc(?ma‘t“@ﬂé? to an

optional 'y subspbthitthngdore biitSetidélchdif Sroup @l defidddIh¥remATHE RE Gepotiloreltbiey,
saturated, aronati

nponaromatic cyclic rou for exanple, whichis a 4
to 7 nembered r"f‘BHT?g ErF‘flcdenefestad“‘ﬁ‘yﬁ‘é%%‘é B‘?r‘é prefuge (Wth?"fG'“'E“BerTSO nber ed
tricyclic ring rﬁ]gsj‘zswi’ﬁpdéﬂﬁbﬁhlsaﬁ&reaishbﬁ@st one heteroatomin at |east one
carbon atomcontaining ring. Each ring of the heterocyclic group containing
a heteroatom may have 1, 2 or 3 het ons>sel ected from nitrogen atons,
oxygen atons arid sul fur atonmsg wh¢re the nitrog and sul fur heteroatons
may al so optionally be OX|d|zed\and the nigrogen feteroatoms may al so
optionally be quaterni zed. The eterocygglc grgup may be attached at any

het eroat om 10 or carbon atom enpl cycllc het er ocycl i ¢ groups
include pyrrolidinyl, pyrrolyl, imn on py af/\?ha oxetanyl, pyrazolinyl,
i m dazol yl, im dazolinyl, |n1daonid|ny| oxazol yl, oxazolidinyl,

i soxazol inyl, isoxazolyl, thiazoly?, th%adlazolyl t hi azol i di nyl,

i sot _hi azol yby ivafRtehH tﬁ@ﬁlbétﬁ“eﬂﬁélare ab HEhkd hdr&h ErﬁthQFeOf uryl, thienyl,
oxadi azol yl, piperidinyl, 15 piperazinyl, 2-oxopi era2|(ﬁ9

2-oxopi peridinyl, 2Xdsslegied Bom dieryaup corsisingf §Ry CHz

pyri dyl, N-0X0-Pyri fyind BPYe adbcid! fromPKE £ FoRMdting BYORY add OTOR?;
tetrahydropyranyl tgtrah%drothleHyranyl tetra%ydrothlopyranyl sul f one,
mor phol i nyl , t hi omoRpRed Rngie selegtsddran hhgopmsansismgrbydmeen.alybnor phol i ny|
sul f one, 1, 3- dIseeg%&%wﬂﬂlatﬁknﬁ%@ﬁ&a}lsnﬂ -l @XRYIByRAN! angdi OXanyl

i sothiazolidinyl, thjetany thiiranyl, zo triazinyl, and trlazonI and
the like. BEXenpl aryR |15csylsvtp<£fr%th§rgm99ems’(&ﬂ@wébﬁgoaemﬂiméuhﬁ%wtféﬁ'ﬁvlazo| yl,
benzoxazol yl, henzal h&d%klo. qui nuclidinyl, quinolinyl, quinolinyl- N—OXIde,
tetrahydr0|squ|noI|nyI i soqui nol i nyl, benzinidazolyl, benzopyranyl ,

i ndol i zi nyl, benzofuryl, chrononyl, coumarinyl, cinnolinyl, quinoxalinyl,

i ndazol yl , pyrrolopyridyl, furopyridinylg(such 25 as faro[ 2, 3-cJpyridinyl,
faro[ 3,1-b] pyridinyl] or faro[2, 3-b]pyridinyl), dihydroisoindolyl,

di hydr oqui nazol i nyl (such as 3, 4-di hydro-4-oxo-qui nazolinyl),
benzi sot hi azol yl , benzi soxazol yl, benzodi azi nyl, benzofurazanyl,
benzot hi opyranyl, benzotriazolyl, benzpyrazolyl, dihydrobenzofuryl,

di hydr obenzot hi enyl, di hydrobenzot hi opyranyl, di hydrobenzot hi opyranyl

sul fone, di hydrobenzopyranyl, 30 indolinyl, isochromanyl, isoindolinyl,
napht hyri di nyl, phthal azi nyl, piperonyl, 13 Sept enber 2004 puri nyl,
pyridopyridyl, quinazolinyl, tetrahydroquinolinyl, thienofuryl,

t hi enopyri dyl, thienothienyl, and the Iike. Exenplary substituents for the

T T T T T

4- pi peridonyl,



20 The conpounds represented by fornmulae | and Il above may exist as

mul tiple optical, geonetric, and stereoi soners. \Wile the conpounds shown
herein are depicted for one optical orientation, included within the
present invention are all isoners and m xtures thereof. 2s Use and Utility
The invention is a process by which conpounds represented by fornula I
above that are mcrotubul e-stabilizing agents are pro ounds,
and thus the process, are useful in the treatnent of %ggf’t&%@%ﬁa@ncers
and other proliferative diseases including, but not limted to, the
followi ng; .g 13TiBaphehle cha2Ofidup” refers &l subatituent Ghad dglineddytiheat of t he

bl adder, brea_stouogvcgl qnﬁmulfa{ dney, liver, lung, ovary, pa_ncrea_s, st omach,
cervix, thyroi and'&RIM? i nel udi ng squanous cell carcinoma; -

hemat opoi etic tunors of |ynphoid |ineaderAincluding | eukem a, acute 5

| ynphocytic | eukem a2, acute | ynphobl astic | eukem a, B-cell |ynphoma, T-cell

| ynphoma, Hodgki ns Wynphona, non- Hodgki ns | ynphoma, hairy cell |ynphoma and
Burketts | ymphoma; A ihetetadlycwbstitved alsenyks of nyel oi d | i neage, including
acute and chronic . I AS, ; 5R0Y6E QNS Infee BbkER2; 10 -
tunors of rresenchy%l%agl%ﬁ)ggdré,ﬁy%uﬁ%ﬁg?ﬁ}ggs?lg}%?gsar.cloérm and reﬁagdorr;oscar consg;
- ot her tunors,leastmob cabongo nabertontle bedm atdenst one Bpgiewtar ci nonm,
neur obl ast ona and glnii yor1 tumors of the central and peripheral nervous
system including astrocy?ofra, 15 neurobl astoma, gliona, and schwannonas;
tunors of mesenchynihe tom Giky]” refosltuetitingally isehstiiad stenight- or hapdetrgltsdtar onm, and
osteosar comy, %thra%h.*ﬂﬁéméawmrﬁou é}g&i g?rb{ﬁ@l tﬁ% SRR ont S OEEhIYRoR IGFENE OSUM
ma, tﬁyrl())l ol ar

ker at oacant honm, semn ho ' i cul ar cancer and tefatocarci nom.
20 The conpoundscapondumedThsyexprission fflewet dlon” rafersite ptivadhytsabptipyedpivhul a |1 |

above will al sor(%#ph;p,gn% A0 ISR Stomd hereby affecting the growt h of
f

tunors and prO\ﬁ ng treatnent of tunors and tunor-rel ated di sorders. Such
anti - angi ogenesi s pibplem fsebstiptediabal”ceffrs aiadot erpyresbwitded byyf or nul a |11
will also be useﬁgrﬂéle,'oﬂe {ohgurts?tﬁ%émé?gucgfas,(Hslb,q{iﬂ&f?&gétﬁ)ll,mo?&lﬁﬂ%ﬂﬂ ve to

anti-angi ogenesi s agents i1ncluding, but not Iimted to, certain 25 fornms of
bl i ndness r &l athydrogy afkexy, ayaloalky@pyuhaigrocyloers Axo, alkeney}, pivh arvlaxy.ralig)

i nflammatory arfiihdidiS,; acih, bikPlafine CrkRSb Srallyfsdind) SRR 1kgRMIHRSOr | asi s.
Conpounds produced by the i'nvention as represented by formula Il will

i nduce or i nhi HieterogyRienmirg. disubstityiss amigp gjyiich the ko subpbitieps ﬁ‘fngﬁé’g’élocri tical

for normal develapHRilcaB8 bR IRASIHS hidikylMik@bRihas ardyfandgOpt ot i ¢ pat hways
contribute to the 30 pathogenesis of a vari ety g{a&gumﬂn dj seases. Conpounds
represent ed by Fdkanylamine, subsbtuted qlipnpy gmanogsubsiity praino, Subsited seful i n

the treatmenf OfalRn¥Aihi&bMniof alRHikRaryhio, allcyBRPLSOBAKyIBRO4 di seases with

aberrations in apoptosis inclu I ng, . but not I,|mtei ifo, \c}?)frf%ﬁr i’?d

precancerous | dstereclothigpalivdthions aeyithiang aralkyithiong; diodsulfanyl OMf ect i ons,

degenerative di $aRa&%oRM, shifdhailis ¢l SORMH Y] sabstifiyesilsaifonamidliokiiss) eyandj sease.

W thout wishing to be bound to _any nmechani sm or h&orggﬁ oY, conpounds

produced by thecafbt‘?i%ﬁ%rpwlé"sg-FQN%%é‘fPPtétﬂte%V‘ﬂ_?aB’ry ) hr‘?gé be used to

treg_t condi ti olrhsygp@djngn afrahl@DorQﬂsTKﬁlee}’s \xfhléregﬁek’@d’re moalhi,s_iielem bvehe ditrsmﬁes. Such

conditions include, but are not t to.viral infectiong such as

her pesvi r us 25 poelFFtedEom E‘%%lt @'iylr%é‘iah‘%i q?li?é?'cag?lo%iﬁr%l’ S\Vﬁﬁ?’ﬁ'&eda  YEENBYi 1 us:

aijt oi m"r}me dihsga@;.aenste@%a;tbs,agacwghmlgmﬁqawﬁ, mfyj/,jrtMa’_ryattlﬁ&usd,_pyr?Tﬂdyb medi a';) ed I
omer ul onephriti s, rheumato rtaritis, psqrjasi I a tor owe

gi seases ang au‘fyé‘fjWnWﬁ‘g“%’ﬁé‘Bfe‘g% enghefei’hgs; ‘Bf"fgﬁ{’%’a’et ée?’i‘é?uglfelneéhealls%f)ersde?/s such

as Al zhei mer' s # 8£8&8ubstMuldd; sue itk subetirediits aze seléated frors dre’ gsougli sease,

anyotrophic |ateral. sclerosis initis pi nt.0s i nal ul ar

a':nr/ ophypand cer‘é’BﬂftinﬁPlr%c&gﬁgp(é{ ?l%%y ﬂllﬂgﬁ)ar%@gglr (L)rg'i/g%"lngg’f] 1878 y%ﬁ%%o nes;

apl astic anewi afor ilkyd hed¥ubstinngdully] apb 0w inat! ectheriky podioabf dlkvkpgobpsons; st roke

and reperfusion injury;



15 restenosis; arrhythm a; atherosclerosis; toxin-induced or al cohol

i nduced liver diseases; hematol ogi cal di seases such as chronic anem a and
apl astic anem a; degenerative diseases of the nuscul oskel etal system such
as osteoporosis and arthritis; aspirin-sensitive rhinosinusitis; cystic
fibrosis; multiple sclerosis; kidney diseases; and cancer pain. 20 General
Met hods of Preparation The novel open-ring internediat repr by
formula | can be prepared froman epothilone starting ﬁi?gﬁﬁﬁgﬁ%@sent ed
by formula Il in Schenme 1 wherein Q Z, and R~ through R6 are as defined
above. The epot hi | omge Sinrdlichg” Férepioplichalbsubgipitaberitediedyliphaticrul a 111 are
known compounds, see, for exanple, Hofle, G, et al., Angew. e Int. Ed.
EnQ ., Vol. 35,hyflﬁ??%f@nlgi?upigﬁg’%lf%gmfi%%ﬁ ?ar‘iﬁﬁbﬁfﬁi%‘f“%gg‘i‘ﬁb'se%“ SMay 27,
1993; and W97/<$8a8&nRukl iimhre ofdy mdP: subtithént dhbupe hsxdesiribéd boye ot al ., Anew
Chem Int. Ed. EQQL, a}é/g& 36, No. 19, 2097-2103 ( 1997); and Su, D.-S., et
al ., Angew ChenVbsifed ¥yl En_| vol . 36, No. 19, 2093-2097 (1997). 30 As
illustrated in Schemge lerm th&ge ek Miald) Rfers toafhioting citatirel bradnink hid ibding. eact ed
with a suitable azi q.ﬁ dongr agent,, a{%d are uciun?ubatglg{gariinn ttge presence of a
phase transfer - 10 'N¢"%a" SUESENPRBBOA LR GV L0 ARG “a"palradi um cat al yst
under m | dly aciodiaing@néiotthredsngsiandat leastpht cagtionhetathun glbwhild bdnd & at pegf er abl y

frompH 6.0 to 6.5, st _preferably .ahout. 6.5, in. ui I ], X sol vent

syst em conpri si 1§ "R&it em&ﬁ‘@’ i Sﬁ%ﬁéﬁ?@“@bﬁ“\?gﬁ? °ts1h“<‘:‘%d§°s E%,&ﬁ%ﬁg‘ﬁd t he

| i ke. The react érdully wnsab@mnedintectyaic ringloysemt, whiehpey ¢ optendllysulstitugdt ended

period, e.g. in excess, of .twelve hours. The.epgthil [ terial

for this invéntion cah*B2 aé’\(f/regeﬁ%{gﬁrimlngcﬁléhcc%r?f)cglcqlsciqﬁoﬁ gghg&ﬁ%ta {?P'Fgrr? core and

si de chain as defing&dmitas ¢t carbdAraefarimtht ying preticst, for examylenpltenyli mphthy, a

conpound represented by formula 1] i heme 1 5 OH~ R4 z O

R3OHIII Buff%f;h?’f]}g)1 aﬁéc/?lakllegylpﬁi? URSZie%%l &%FS‘EEH%%“F%‘%‘%Sem Phase Transfer

Agent Pal | adi um Cat ghy &tm Sualkdbieferain ianlary tigyouprbondpd e & lafger entifyi thropghent | on

i ncl ude net al aaﬂ'(qe;sou f%ha??e%%' e 15 20 25 lithium or sodium azi de,

t et raal kyl ammoni tnrazi-des, > ror exanpl e, tetrabutyl ammoni um azi de,

trial kyl silyb azi deShe feon “sksitgpédaryl} fefrt thyh siyl sroupesabstiutedaigfor ¢xemplek e,

Pr ef err ed azi deon%%.' RliPsufd ﬁ“uegt?gﬁcﬂgl Qﬁ#l?‘s%bs@iﬂgedtaﬁéﬁ,%gwt}ﬁhu Lum azi de. An

especially pref B e B P HE GBRGT TS Y et rabut yl amouni um azi de. Suitable

reduci ng agent striflngomethedykipldphpsitioxn syclealyloxy. heterosyhonis, alkanoyl,

tri(alkyl/aryl) Ly Sind T o3 Gminb ok MRS E oy lamin,

tri(al kyl/aryl )%?ag?ﬂgigﬁaméﬁa;(@hﬁ%’ tlﬁegeol]p.’?Pr ey1¥er r édﬁ?"é‘d&é‘?‘ﬁ“g" agents are

trimethyl phosphiterecyclpariies, ikanqyhodehihied alkylhipsygipalighibiophstasecyclpthiopheny |

phosphi ne, apd trispr % RO RSB NErb AL IST REGARY kR &HRETIEMKyIBRKS I Ng agent
359 LElprARY %wﬁa?‘? o dgfhe@%h A dkRY @R 1M]

is trinethyl phosphine I'tal ase transter catalysts or agents
may incl ude anyanyitfaener akyspifoml, suifonamido.andoxyrad the dike. s sehsttrsity manPons.

Suitable phase hiflShiRlin@d8Pbi drokdifndRIEIAALKRRE Wiy Llisdigaty! oni um
an

t et raaral kyl oni um an?: conbi nation of these types of onium
substituents. Mo hydrex slkdaalkoxytand, subsitiedppiarh sybstituied iyl apderaiyl, i ncl ude

tetraal kyl ammoni um hgl il SciRibaRy 1 e freloloplidhally ABTRREdSRuedMdRRéIde OF 13
Sept enber 2004 benzyl tri et Ryl amoni um chl oride.  An especi.al | Féar eferred

phase transfr byserrerbprringsyptemu Pifeabhioartaiting dIte s riggs andf k0 LRMM Rbst i t uent

may be ammoni Ui, PRARR AP bLFIhE Tustd SRANAIUTRsankBI0l-6f drtRBylifind. OF t hese
gquartenary salts i1nclude, but are not limted to, halides droxyl, cyano,

h
phosphat e, sul f Bresnpkanyeroprs inciude cyckyppyl. Q’C%Ptt"ab‘fc@pﬁ%s‘éfcweéﬁéf er catal ysts

or agents are d@y%fdhghgdcyhlaocmr chl@@écﬁb%ﬁ@dod@@ﬁﬁaﬂd Idaanafth e ExGapladyysi s, Gordon
ubl 1992,

and Breach Science i'shers, apter 1 q?fg he references. cited
in il

therein, the fuPybstitesefs ipgludgirpees njoge 3d &roHRs2s des M By B Hce.

30  the groups described above as substituents for alkyl groups.



The pal | adium catal yst for the reaction shown in Scheme 1 may be, for
exanpl e, palladium acetate, palladiumchloride, palladium
tetrakis-(triphenyl 10 phosphine), palladiumtetrakis-(triphenyl arsine),
tris-(di benzylideneacetone)di pal | adi un{0) chl or of orm adduct (Pd2(dba) 3. CHCI 3
and the like. A preferred catalyst is

tris-(di benzylideneacetone)-di pal | adi unm(0)chl or of or m

(Pd2(dba) 3. CHCI 3) . Tris-(dibenzylideneacetone)-dipallggfgﬁPegﬂgvggoé usefu
catalyst in the reaction illustrated in Schenme 1. The chemi stry of the

pal | adi um cat al yst S TheSterh® “kd@Wdycles CRetérotycBRanpiteterdeycld” ref‘éstojah Pal | adi um

Reagents and Cata | nnpvations in anic.S he York, Wley
and Sons, 1995, Opf‘I’IéﬁI’ ﬂ‘Ith‘tI‘téqc:t“nSSI“rWﬁir At %%?Wét(g?’ﬁ\éﬁlgl?'éﬁurﬁfg? @mm 1§/°rr ef er ence.
Sui tabl e buff erdoﬂzﬁorﬁﬁﬁI@Sfﬂlctgﬁbuff,&bxfﬁxamﬂe,tvhﬁchﬁkh Mo rhembtiehd nebaséyckd 7tange

include a mld CIdO C | t,. sugh .acetic aci blphosphate
and, preferably! "f@‘barr‘ﬁlrg ﬁ’noéﬁﬁ?rlisd‘é‘?m%ﬂ%egzr% RS %ﬂ’ewmcgqaseaﬁ)o?% | one
anal ogsdreprsesamteﬁaerbatoﬁgragwa? ohd casliifoﬂ appfire@ataithgfringnEddheinp ofbk oplen ring

i nternedi ates re nt e armul a | 1,90 Yt izing a
sui t abl e macr ollﬁgf ‘féf"I“Bﬁ Wn‘%ﬁ}bﬁt"ifﬁa@(’%ﬁlﬁavf kazcor%rﬂeéﬁ)ac??]s gen?cct:edsol vent
system such asfrohtHhfréddr atod, o'i@genla%ms aﬂ@suﬁ&ﬁt@ﬂi‘dﬁ@her&fh@dltﬁg@aﬂé stfur

Macr ol act am zati on Coupl i n ent I act am zat n agents
for the reacti o‘ﬁtef%@f’ﬁg@y ig‘( %‘g‘cﬂ‘% ﬂflgﬁfq%d‘grﬂbeﬁlﬁtfc)g l%te’tr%y "CarBddri ni de
hydr ochl ori de (dpt¥ésda)ly boduatebdidedi Thedrtdbicpeicigenup wiay be attached at any heteroatom

1- hydr oxy- 7- azabenéotrl azol e (HOAT) or 1-hydroxy-7 benzotriazole hydrate
(HOBT), ot h&t cEFHBUYId' M des such as di cycl ohexyl carbodiimi de and

di i sopropyl car bodi i Ekd@larﬂnbmyﬂtcmemyohdggohpshhchme pymolinyl, pyrrolyl,

N - bls(tetrarreth ne) ur.o exa ophospha A (7
azabenzotri azol'} CYOieI y}'aﬁf’lyﬂfxeﬁny N‘razﬁynsy(] Bd%m?r?at f??qagegrjg%ron Eﬂdmy?

hexaf | uor ophos pdxaiod!yl (cbAZblidiDNIRYxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thlazolldmyl

b t | l | t. j I h t
Penzot T a2ol e TeHkgB LRI N ST ARMAISSPAR RISl s aospht

triethyl an ne amphretzhel I2+oqu1pcﬁazpwbﬂemrémtrimwr Z}bmwwﬁdzrad iZCWIa?azg’eﬁt 15

el udes 1 (5 cLERRRAARLORRS ). S5 A REMILT AR 05 i (e

sui tabl e macr ol tamathadmmanybretralgérmlsom'amylb@trﬂtydwdnqpmranyl Smonﬁumphﬂéyyland A R

Chanberlin, x@fnenhi ch i s
é)lmﬁ%golmry Zh’mn?o%%%h%ggﬁtioﬁﬁie Jﬂ?g%&yh(;lff@l sfxff&rle f?ﬁfo Qfn

|ncorporat ed her ation reaction as shown in
Schene 2 is carandeedrahmro 1.ri-di¢rethéenllddioxany, IS@th@@#ﬂ’@ﬂaﬂllﬁ?@Y‘@ﬁmfaflﬂm about OC to

about -20C, .pre I QY §C to -10C. The reaction of Scheme 2 is
car ned out |2(§1) n‘%‘%’ﬁp aX?L{a?l r%zé?lcoﬁ lIktl ons with a mld base such as KzC03,

triethylamne, dii S(Epmmw hieyolie hetergeychesrounsénclude benaethisrafyllieproxpepbh3, to
inhibit the pr O&H?&ﬂl d‘a&ﬁ\gﬂgm%”%@ﬂmlﬁﬂf BYinAn9ON Gk e, §ah§%ﬁﬁ(§nr§hbﬁ | ow

illustrates a preferr he i nventi on. hesi's of the
conmpounds r epr eiseninelinybypenzimiderolyl, benzopysravt: H@Olﬂla/ﬂ’tbiﬂ??@f”@ﬂdihfﬂm%ﬂe material ,

epothil one B repyf ?%gmg}ﬁyf QifdKafnyh liddazdig, p%f?rq Eﬁtd?lﬁlfdr?lpﬁlﬁﬁﬂt(ﬁ@hw t hout

i sol ati on of the novel I nternedi ate represented or. mul

illustrated?2s - 18 furo[2,3-c]pyridinyl, furo[3,1 b]pyndmyl] or furo[2,3- ]pyrldmyl)
dihydroisoindolyl, dihydroquinazoliny! (such as 3,4-dihydro-4-oxo-quinazolinyl),
benzisothiazolyl, benzisoxazolyl, benzodiazinyl, benzofurazanyl, benzothiopyranyl,
benzotriazolyl, benzpyrazolyl, dihydrobenzofuryl, dihydrobenzothienyl,
dihydrobenzothiopyranyl, dihydrobenzothiopyranyl sulfone, dihydrobenzopyranyl,

30 indolinyl, isochromanyl, isoindolinyl, naphthyridinyl, phthalazinyl, piperonyl,



13 Septenber 2004 Schenre 3 OM S~a M~ HMM a OHBu4N0O ~ ~ ~Me OCH O
OaSM_Mi MOHM HNM OOHOS5 It has been found in accordance with
the present invention that the conpounds represented by formula Il can be
prepared in significantly inproved yields in conparison to prior methods.
Typically, the instant process produces about a three fold increase in
yield. 1 o All references cited herein are incorporat g€ eferggﬁg as if
set forth at length herein. The foll ow ng non- Ilmtlng %‘IIﬁ ve to
illustrate the practice of the invention le 1 15 ( sR, ~S, rlS,
2R 39) - 3- [ ( 2SpuBiE), peridopiidyl, Quinesolipl. tqtra@zdrmrgsf)wml@mfmbﬂwym@m enyl ]- (3,
; - di hydroxy-y r nt anet hyl - 8- oxooxi raneundecanoi ¢ aci d,
tetrabutyl ammﬁlI‘éj’r?Ihz‘”’é‘I" an ﬂ?e .- 14 13 Septenber 2004 |n a 250 nL round
bottom fl ask there %@P@mbmn@ﬁwﬁwtﬂéﬁeﬂﬁ Yo7 “Bfferoyplei um azi de (NaN3~
(0.99 g, 2.0 eaiyyalemnt )andtﬁétér@c%xi Inana@&felamnsﬁalswsmangﬁuwl) (2.3 g, 1.1

equi val ents), amonrum chlorid Cl) (O .0 equi val ents) and

t et r ahydr of Ur aﬁeS(CW)ab‘(VGGOWEI)SUWWélkb’b@lﬁlﬂtsﬂwg’d§’D’§ﬁé‘h%;‘i“’é‘ﬁr hegesocydgfassed with

argon and therg,yags ?gg&g Lixenel favatge ( 1.37 g, 10 equival ents,
pre-degassed), tri net hyl hosphi ne (PNES%@( 15.2 m., 1.0Msolution in THF,

2.0 equival ents). T’H@t?@a@H@@bﬂ ‘refeisér %(QHEREf the ni xture was equili brated

to 25C before the aﬁ@lt&rhp@u&amkahﬁé;@gb@&&ﬂd @@(ﬁ'}es%@fm&ﬁ)lkﬁl pal | adi um
(0) chl or of or m adduct (Pd2(dba) 3~CHC1 158 0. 02 equival ents). The

resul ting sol ution Wedere Pfé‘loi’t@l“? sglf I“FIB‘EF ‘I}M%Férsulaﬁﬁraéfiﬁﬁrﬁg?“ 0 at npsphere for

| 9 hours apd wat er r§c38mpPdohdseste@hRY by ReRlIAlISlofFtA¥\)th & 3&kiekLof o¥Aie added
thereto. The two | ayers of the resultln m xture were segﬁ)rated and the

aqueous | ayer @34 nggpEgadidsy §‘é"htSF1F?é%"1%etﬂT?s°2@mﬁﬁIE‘ vy rggen cioride hy | acet at e.

The conbi ned eth¥beAGRInAEE meM)iREulvBR aExanyd@xydmﬁésel%nw dctd, funfueeaciy ni
portions of water. The resul tj ng conhi ned aquegjtf%g r was turated with

sodi um chl ori dé“(‘ﬂé@ﬂ)‘“%‘f?ﬂoai%‘ctaﬁé pAlei¢ pb Bereng t‘EJI“‘I‘“IE ’B°to 6.5 with

sodi um phosphata@id@ﬂf‘@h@@&he‘s'\l@h@?%émzeﬁm? tHo@sSdﬂot'dlrfhgy SUBRERS@A Was
extracted with five 25 port| ons of di ch{? Oﬂﬂst hane (CHzCI é) and the
extracts webe (?B‘IFB‘F‘?‘F@EFE‘&?REPPBI“I g SudrselSats armed Y g a'ﬁ%‘p% pensi on was

filtered and t h@bréshﬂtéd BHBmRRE B egdi@dent SmdunOofitkbarcid.ifa fhedifbimthwhigtim no aci d

I n % I h HPL r f % 1S[1
SR:? gRI* ( E)9 67?%“ eql dsej\gp}eilgl?ates or 1Cn: ag ac?u%m?s me%i?{mg foﬁowe@%y nPaporatlor[ S

R, 12R*, 16S*] ] - 7, 11fn[adhmdr @Wte&nS(mmrlszlts’L@mmte aormbdtld-ade-ifcluded within

1- net hyI 2- (2- net hyl - 4- th| I )et henyl ] -aza- 17oxabi cycl o[ 14. 1. 0] hept ade
cane- 5, 9- di one.! "’2‘3‘;;%13 azi“ﬁﬁ . O—I MewaHNM OOHO- 15 13
Sept enber 2804 The mmdampamudreﬁmehteﬂay foardulad bk Hrapdve niay (edistla8 ngltipkas
dissolved in a (;))Qcal tgeometrxc and stereoisomers. While the compounds shown herein are

depicted for one optical orientation, included within the present invention are all

isomers and mixtures thereof.

25  Use and Utility

The invention is a process by which compounds represented by formula II
above that are microtubule-stabilizing agents are produced. The compounds, and thus
the process, are useful in the treatment of a variety of cancers and other proliferative

diseases including, but not limited to, the following;



one m xture of tetrahydrofuran (THF) and N, N-di nethyl formam de (DWF) (270
m.) and the resulting solution was cooled to -5 C. There was added

pot assi um car bonat e(KzC03) (0.75 g, 1.0 equivalent) and the m xture stirred
for five mnutes 5 before the addition of |-hydroxy-7-benzotriazole hydrate
(HOBt) (0.88 g, 1.2 equivalents) and

1- ( 3-di nmet hyl am nopropyl ) - 3-et hyl car bodi i m de hydrochl %r%%)et é]'}:'JDC\%O%Z' 09 g,
2.0 equivalents). The resulting m xture was stirred at ours,
OC for eight hours and 10C for two hours. There was then added et hyl
acetate (ETQAc) (50&rd’ﬁlo)naallﬁdudli‘ﬂ§thﬁteﬁ'tHeﬂ)laﬂ(j}er,djrga&ni:dionl kijimy, Inees, lum@shed with
five 120 1 o nL ort 0 he. comhi.ned r was washed
three tinmes witH ri’(?ﬁncrrrf‘lsﬁgo a\ggﬁ%mx thyrpid\ad AL {1 ufa%%ﬁ}eé%g{l)%ﬁned organi c

| ayer was back cexinbagt ed with three portions (- 100 nL each) of water, 100

nL of brine, and drj ed, over g ration
fol | owed by coﬁcent%’egtam(gﬂletbcr%r\?l fyﬁ'n%&llmea e 3%11‘11 12@?%:1, &L$3R*( E), 7R*, |
0S*, - 11 R*, 12RMyihSEtik detkdndia, Bcnhytjtrrrphgblﬁp&eﬂl&pﬁaz Bio6l1 iyBnphoma, T-cell

14" 1 0] hept ademamsa e Pl e P REOL MR B ot UrBRAR A0 Vo

AP of 94.75. Thhxrlmts)tjmphonms passed through a pad of silica gel by neans of
a solution of ethyl tate/c cIo he (3/7/0.04)
and crystallized fr%erh' OPRIEK ur8r‘°‘8¥J %ﬁglll%aégtl% ngmdﬂe%/ng:aéﬁg%ane to give
1.6 g of purifimclogemdiietkemins 261 FFémPelacytd ldukemamn epot hi |l one B wi t h a HPLC

2R 16541 - 9 11 D R ey s R hdioba g ) 11

et hyl - 2- ( 2- rthMbmﬂasd:almoamDIyl)et henyl ] - 4-aza-17 25

oxabicyclo[14.1.0]h . Atk eMe a HN M o nH
O- 16 13 Septenbgtlr:}ér (%Q‘T"%Iu%"i% gl?rg?j S%lgméﬁ_terr%%cﬁrémbottom flask, fitted
wi th a nechani owbroblasternasand glidres; e was conbi ned epot hil one-B (5. 08 g)

t et rabut yanmoni um a Q1 nefvodsySEM MALERY Sirocy@ATEONI UM
chloride ( 1.07qg, E""gf“’(fﬁ’%m an(i%%ﬁe T Oeqsijr val lent sf);g trgctrahydr of uran
(THF) ( 15 M) neernblawm&dilmmmﬂwl‘fv@mmﬂsde (DMF) ( 15 5 m). The mxture
was inerted by spar £ HhaBYRSL nk RERg Fibtosatcontd] AHdBMyostdorRa, SECON

fl ask was charged tglt"{ragsh@g&egﬁ 3 ,%ﬁ#n 1%] Sz)av\ed by trr}r’r(r)est h(;/l phosphr ne
(PMe3) ( 1.56 rand ofteosgeamepipndal ents) then

el s(dibenzt || 4l neaggbanfi HRlr st RIoReL ARG ol C!

(Pd2(dba) 3~CHO 3) (0. 259 g, 0.025 equivalents e catalyst mixture was
stirred for 20 k¢tatnaeaathome, sarmpemthyreérﬁélrcatamaecerfirrﬂetﬁratszaﬂeaomao the 10

epot hi | one- B, m Xt ur gpe HipoGR ats%edssleﬁtrr;t&nm@%r@gres@ﬁe&bmﬂmﬂaﬁaMrs at 30
C. The conpleted reaction m xture was filtered to renpve SO|Id

anmoni um chl or i Wé alsiabibitpngiqgsaesisi qh?fﬁ%xaéfeﬁtwﬂt"%ﬁ&‘fé’ﬁh p{tymorsapd prodding g oR
3S5)-3-[(2S, 3B)gedmii d¥mbdri %k Mthor Felhdd JI%&Ys' St datiaz@bgendsisPrépetrayd 1 - (3, t;

-~i 1 hydroxy-y, ~y, s, rl, 2-pentanethyl 8-0x00xxi raneundecanorfc aci d,
t et r abut y| anmorih€famparrds representepl byfqrpula Typil elso peuseryf infhe tepatmeg) of ofher, 500 1y

flask there Wascoﬁafmtsm&gon@wé%aemar@téayéseragm)lmmtglBmaotehmhtéhm&éwﬁh i mde
hydr ochl ori de ( EDCl) equi val ents

g gldr ox¥ ‘z ﬁnzot ri azol e
hydrate (HOBt) forms therdgess 1 ai“égtﬁ“t}%hVé%ﬁt‘%f)“ ‘%t‘a‘g PR BHYPRAPY . 3 8 g,
1 equivalent), JNnrif¥, uliBleRVbhgs, m@m@gaﬁ@@as(s40 m ) and tetrahydrofuran
(THF) 20 (160 m). The m xture was warned to 35C a%t%#the I?L 1ate from
above was added theF@’E‘Bounﬁsr%ﬂ%c%de’ydbfef’veé“‘ﬂ’eﬁs|r??ées‘31‘ rgfid Thi s

m xture was theidgt bf ingsit tpapmar] a@dﬂ;ﬁcﬂégﬁlﬁﬂdell Hedtoprocesd crilibal Gor nvfaelium
distillation was then a pI|e t/hle reaction rtnxtthj e to tbgeutc t he vol une
t hereof to aboufevgermant “‘fllltgm?oé?ﬂf Loy Y ePWIPuGREMEAS £PRNE] et ween 100
m_ of ethyl 361Ceﬁa@fo@etﬁﬂﬁofb@@néﬁoﬂﬁmﬂﬁ&@d’asesTbﬁnmmoerﬁesleﬂyehiy fabnuield, t hen
back-extracted with 100 et hyl é’e I'll'he conbi.ned %ql?‘r c layers were
extracted with 3E9GPlatoref aropigy ‘Y‘ ‘h“sﬁ frithedreptment of g ZarjeDe MY oy oduct
solution was filtered through a Zeta Plus pad and then stripped to an oil.
The crude oil was chromatographed on silpca gel 60 (35 m silica per gram
of theoretical product) wth an eluent conprised of 88% di chl or onet hane
(CHzCl z), 1 0% ethyl 30 acetate (EtOAc) and 2% triethylamne (Et3N). The
fractions were anal yzed by HPLC, the purest of which were conbi ned and
stripped to give the purified solid. - 17 13 Sept enber 2004 The resulting
solid was slurried in ethyl acetate (32 m) for 40 mnutes at 75 C, then
cycl ohexane (C6H,2) ( 16 m) was added, and the m xture cooled to 5 C. The
purified solid was collected on filter paper, washed with cold et hyl

acet at e/ cycl ohexane, and dried. The yield was 1.72 g (38% yield) ofthe
white solid product, [1S



" round bottom fl as

[ 1 R, 3R*(E), 7R, | OS*, 11

R*, 12R*, 16S*]] -7, 11-di hydroxy-8, 8, 10, 12, 16pent anet hyl - 3- [

1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] - 4- aza- 17oxabi cycl o[ | 4. 1. O] hept ade
cane-5,9-dione, with a HPLC area of 99.2% Exanple 4 1 0[ 1 S[ 1

R*, 3R*(E), 7R*, | OS*, 11

R*, 12R*, 16S*]] -7, 11- Di hydroxy- 8, 8, 10, 12, 16pent anet hyl % 3-

1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl | - 4- aza- 17 1§§eptember 2004

oxabi cycl o[ 14. 1. 0] hept adecane-5,9-dione, ~/' a S'1 a M~ || "t~ J"OH M
HN - Me ~H 1$ | diseivestilyabermasions imapaptasis inclding JRpepat limifed igecapser F‘?éi conpound can
be prepared inacslchghQedidi@ Gk %ﬁ)%ﬁselrelytbd Qeudtes i veral infetiitas, db@néradver medi at e
salt (represented as formula I) follows, In a 25 nL round bottom fl ask

i s conbi ned epétSPﬂSdeﬁéwm(seﬂeirelayl Sysg%?%'dzley dissa¥fe (NaN3) (0.99 g, 2.0

equi val ents), tetr aWyhith T0RB kBB tolAdb hﬂan&cﬁamgﬁc&)m&r&m&gg,thel 1

equi val ents), amoni um chlorrde (NHC) (0.82 Ogﬁgw vg and

t et r ahydr of ur aﬁor(‘ﬂqliF‘is RrebRid)by thquvepggmsgqpﬁ‘gﬂgﬂgyéﬂg]u ey %)3%?5%‘& d with
argon and t her g irsut &d@iens JARE Bhd catedr 8F other brodifergive d8eal Silchl cOMditions
pre-degassed), and trinet h){ phosphi ne ( PMe3) éﬁlS 2n, 1. 0M i‘_‘gl ution in
THF, 2.0 equi vaPtsKe.Dpt argped listed @d’c‘ff“l ’B%Cttoéﬁsb‘éli’ HGPPESYIPS: PREYITHS EPUFE | s
equi | i brated t@a&Q@uben@B@vman@-ﬁhéhéduﬁﬂ a@bimmune dlseases such as systemic lupus

tris(dibenzilidi neacetone - di aI | a Efg ’29 ?S)\I or a dl?:ﬁ

( Pd2( dba) 3. CHCEBfh e(T*fS’S“Srfﬁ'm‘@e digfed lomeraige ““ST aé%‘ PRETH RSP on i s
stirred undey asNash@eRy BEWEDERAGS and Mloimmili diabetesBelBRRneubdReRBide SEvent een
hours. The tenperature of the reaction Ied t,0.-5C. There is
added pot assi urﬁ‘se‘%F‘Eé?Fé‘taéAEZR‘Z éiieﬁs"?%ﬁjgé"re%mgqga?ﬁt PEg il?lfffafehe mi xt ure
is stirred for afﬂyUtﬁ)pHicﬂﬁlérﬁfsclbﬁﬁlﬁ)I’r&m’itfﬁ@lgaddﬂoial, Qﬁhannuscular atrophy and

1- hydroxy- 7-benzotri azol e h U|valents) and

1-[ 3- (di met hy| &REpRY ?'p‘fﬁé?jxfi’fa}‘g% @MY?EEFBITF‘ Crﬁ‘/‘a‘g 'gésh%%c%ﬁ‘”& tde (EDCI)
(2.09 g, 2.0 eqschsmmt ﬁfﬁrﬁ)issocTah&l mﬁwhfm iAfromibnst smioke arsl rgfeirusi@dniaty; 5C for t wo
hours, OC for eight hours and ate (500 m) is
added and tFe r&lqipss: ﬁ‘éhyékfr’aﬁrﬁﬂ’(?“’ls‘avg?s Eoém\?\l/ﬁ(g% (gorv?nﬁf) Eéif'rlld\?%e% 158 m. portions
of water. The mhbﬂednaqu@mslséa&yexﬁchlasclband(arxemtaraatimﬁd;u‘chrreemt| mes with 100
mL portions of tate. [ t hen washed
wth 100 M 10 GRS o GOER RGBT ARk & PSR )

Filtration fol |lanisged; hxplrmesmrserve riaasinmsit; wtmﬁsosmomtnpz sel@rogys; dﬁidnt-')he nanmed
product as a vvhd] 88 andca cThe product is passed through a pad of silica gel
by neans of a SetiaRon ch acet at e/ cycl ohexane/tri et hyl am ne (Et3N)
(3/7/0.04) and crystalli zed from a mxture of ethyl acetate and cycl ohexane

(0, 9o a0t e Byl hLgBfouet 10 Brarpl e © Tt abutytammon um
stirring bar, thereThamvdonbi- m@jntb@terhatsuteyneémwehvtﬂmelhlleﬂmbaereegefiNCI Hz O)
(7.789, 1.4 equiyal, V@mho&@mﬁgg*fg{r& gépgegged;bdﬁgnfgnawn SGMinY 2lwaBEs) i n DVF

14 m.. The m xture was stirre C. The reaction was
diluted with THE Z 28! RiithroeghR*aiveas definediaboyie rBrefpithilone sfarting mataralsiashed wit h
THE (12 L) o3 EXORlRePop it | ﬁabymmmwum A2 G xbRbEMERY, G T8 R 50 nL

tic sflrrlng(oar t here was conbi ned

t et rabutyl ammrMmmiEiLﬂxMeE_(BZAN@l 315|2189 17/84, 18671962 (1880 WRORIY) sodi um
azide (203 0 L gi@EHnd £ R8e) aday &M?wlaé's%ﬂbnshwmagwtlwﬁm&oetmcred for 7

h at 30 C h. The reaction was |uted w and the solids were

filtered off 3Cah .. Volg 36, o) 19, 20919?103 2139%9%% 1552004

Exanple 7 [ | o5 No. 6S
*”am; e DI[ hydr%)%lyilAn 3R ﬁlﬁ)ﬁigﬁ lat\rlel%’ﬁ 9 hod?fzod?ﬁ%ﬂ

-met hyl - 2- (20 net hy| Aglfbsraieddn §¢fy>e9 hehﬁﬁp})%ﬂor&f rtipg mydesip yjgiegsed with
14. 1. 0] hept adecanGante iddid0Re agent and a reducing agent in the presence of a phase transfer
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asSaM~~~-~"" ~ ,OHeMe a HN M@ OCOH O To a 100 nL round bottom
flask, fitted vmth a rrechanl cal stirrer, there was conbi ned epot hil one-B (
10.15 g), solution of tetrabutyl anmoni um azi de (Bu4NN3) 10 (56nil, |.25
equi val ents) in DVF and THF, amroni um chloride (2.14g, 2 eq), water (3.6
m, 10 equivalents), and N, N-dinethylformam de (DVMF) (6 m ). The m xture
was inerted by sparging nitrogen subsurface for 30 mn In, a

flask was charged tetrahydrofuran (40 m), foll owed by%?‘*r?é‘?'ﬂ??b?@@% ne
(PMe3) (3 m, 1.5 equivalents), then

tris(dibenzili dafigaced opdidinRahlyadhddirtiityabide codditions,dddudt not below

Stirred Tor 20 FhhdveEssioidoratt TR S riR e B RaAT hRg ¢ S

epot hi | one- B minfiked selvenk Bgstenoeoniprisidg Whoeit 4utl @n mmsstoilwentesdclf aMHFSDMEuUr s at

31-35 C. The conpl e eaction m red enove solid
anmoni um chl or |agE h(ehgﬁlé[f)e reagjg i fqnﬁcgetdé‘t ﬁ?n; é’afa!&‘ § 2% eﬁ%eg%ed S, r~S, 2R

39)-3-[(2S, 5’3E)peaocamgnﬁe)&:e§§&ﬁ“hydlve4m(xr2 net hyl - 420 thiazolyl)-3-butenyl]-[i,
~-di hydr oxy-vy, Xi rane undecanhOfoge aci d,

tetrabutyl ammnl um gﬁ‘l "tp"?‘%‘i‘%ftafmgI“P‘?t%‘alzisbtglﬁtmfﬂf"onI?a’}th Ras “Combi ned
| - [ 3- (di net hyl adasmpﬂglﬁg@wbt]mo&e edrh yddcsidelzbaln asrﬂedaaedhydnod’hﬂferablyiélc( EDCl) (7.64

g, 2 eqU|vaIent 1- - 7benzotri a t) (3.06 g, 1
equi val ent), %lé@l’fﬂ‘r%‘@[a ?{ﬁ‘io n‘freliresﬂ egLy @“ﬁgﬁgi léqu&F% 1ent), N,
N- di nethylforrram de (DWF) (40 m) and tetrahydrofuran (THF) (24 m ). The

m xture vvaslvvarégﬁ P 35C and the filtrate from above was added thereto,
slowy over 4 f8%" of four hours. The resul ti ng sol ution was then

partitioned - 20 Se teer 2004 between 80 nL of ,ethyl acetate and 210
nmL of water. Thg aqueo vwas then back-extracted w
acetate. The co $ yersB\‘/@f'@Aé‘ﬁ‘fP%ct 1

2 X] 80 nml ethyl

end
dri ed over sodi um subfa e resul Tl ngCr product sol ut ivap IIrred over
Darco KRB ( 1 g) for . TheYcrutle sAHdptoBy was filter @ pad of
florisil (3g of floriss pr 0gr am of EdEL%I}%erA col um ed with
ethyl acetate (60 nL). Thegyconbi ned pjjhd: agdy;%as concentr at under vacuo

to a final volune of ~ 100 nL below 30 C. The resulting slurry in ethyl
acetate was heated for 30 minutes at 71 C, then heptane (C-H-6) (SO m) was
added, and the mni xt Snigblaeidedorboagedts ©r thidreacion inflidedneidl lakideswies exambleect ed on
fllter paper. hedI vmthe / I ape, Qd dried. The yield
wns 4. 4"g ( Haos ARGy St e bl AEFLALE SR, RPErant)

[1S-[1R*, 3R*(E) mﬁﬁhgyk@ﬁmpmmgdmwkﬂﬁma]z]dev f«mxmmg/tdmsbylsﬂyl azide, and
8101216pent h ‘de and tetrabutyl id

1- met hyl - 2- (2- n@?ﬁﬁﬁ )éﬁe %ﬁlhgzzlg yoinﬁ)rsa eS%‘i}T‘]‘ ¥4 eaaéla-teml utyl ammonium azide.

oxabi cycl o[ 14. 1Aﬁ)]:dpamllaqbea(f€anéa5¢€9d0dor0ﬂetrabmﬂdmnapumpm@zld¢ ea of 98.3% 1s

Exampl e 8 1S[1

R*, 12R*, 168* 11-7, 11@1‘1&? &&gé%'sf%t@‘ HBEP}]’%"S#E‘?WP}’(’SEhml met hyl - 2- (2-met h
yl - 4-t hi azol2§yl )ker(dﬂmﬂylb'])pm&lmrtm?lkﬂkralm GWI@FIM trﬂal@ylﬁ@ﬂlaéﬁa@@aﬁ@wr@ di one.
20 a a M\ ~ = g Prefe ax}\fa Ened e teraetH}l phoSPhiR, Bt ng%h@@‘phﬂh@und bot t om

flask, fitted wt harrec anlc tlrrer here was conbi ned othil one-B
(5.1 g), soluti mhutmlfphp@bma,bumtymdmmsnlinwraiztnprepxl BRSNS P(WPﬁfla 1. 30

equi val ent s) m@?[ﬁ F o enfid MM Kd3pie (BRIEC). 1- 079, 2 eq), water 2s (
1.8 m, 10 equ/ e?l(flg cpé'a%enN N-dtWF +form&1mde (DMF) (3 nml), The

m xture was inerted Sbstﬁbéeg&‘lﬂfglniﬁl@ﬁfqﬂcwlbﬁ%ﬁ agenYTindue pay ABEMAYAMES . In a

second flasks m&lt%l?@(h&?@hrkﬁ‘ﬁoﬁ@@’&iﬁ&fs US28blE %ﬂ’asé’fir&nsfeif ehtOWRRddY

trimet hyl phosphi ne ( PMe3)
tetraalkylonium, tetrararylomum tetraaralkylomum and any combination of these

types of onium substituents. More specifically the phase transfer catalyst may

include tetraalkylammonium halides such as tetrabutylammonium chloride or

-11 -



13 Sept enber 2004 equival ents), then

tris(dibenzilidineacetone)-dipall adi um 0)-chl orof orm adduct

(Pd2(dba) 3~CHC13) (0. 175 g, 0.017 equivalents). The catal yst m xture was
stirred for 20 m nutes at anbient tenperature, then added to the

epot hil one-B m xture. The conbined m xture was stirred for 18 hours at
31-35 C. The conpleted reaction 5 mxture was then fil e solid
anmoni um chl oride (NH4C ), followed by a zeta pad (R5§%gec5’?e'ﬁ§ %%;T&Y
filtration. The filtrate contained ((3S, ER -~S, rlS 2R 3S)3-[(25,

3E) - 2- anmi no- 3- rewhlydethylaf@noniurheploride.t A eﬁpeﬂl%}IB’PregerEGPb%ﬁ?tfim(esagentlﬁi| hydr oxy- 7,
s, r-, 2-pe [ SHIH eHRRUE maCbmbdlinbut yl anmoni um
e e e B SR g

3- (di net hyl ahdsplyppyre pdrjoniun. (Exemplgily @aopoidi ﬁhwaearﬁwy grdth insludel dut EDCI )
3.9 9, 2 equi YAl Biled tolhmyoqg %fo%@%gzﬂat mo%;ﬁ% %umfeimttﬁe maéoamer( 1.52 g, 1
equi val ent), potassi um car bonat equi val ent(lP

N- di met hyl f &r maviiable pbwyns(ezgatzm(s)soangpntselfordéwla%lfldﬂla@% fR)Plase1 2 i ). The
m xture was warhde! Gaatnfs, amomaﬁréécﬁ KatRe PRAIMAD PR, BRDAdaRMAd her et o,
slowmy over a pe od of four hours. The resulting solufion was then
partitioned 15 r¢ferengensited therein, te fidtesiof whigh isincopa@ted berewby srferghseer . The
aqueous | ayer was tERatifits QA & bl sfouh i Scrne Sy be g0t at €. The
conbi ned organic layers were extracted with wat er.  The resulting
product sol ut i Grempds pfllaflipmpaeciate. mallpdim chlozide, aalﬂﬁéaln(tmé‘wémpé?nytz51 SP). The
crude sol ut foonplﬁ‘@sﬁh;ﬂ’é&lﬂﬁlﬁﬂurﬂ"ﬁeﬁrﬁklsl(tﬂﬁfeﬁyl&glné;ytﬁé—(ﬂﬂ%ﬁ%ﬂﬁeﬁéﬁ&toﬁe yvlv of

triethylam ne was ad his solution was ltere throu%hapad of 2o

silica gel (5g drliadiusHPlshliprofoam addust(Pad(dhayifl§h andiike 1S etstERd rinsed with

2:1 ethyl acet g, QYsCthQ d&é&@mm))dlﬁnm@h(okmrok{wwmt riethyl am ne.
After discardin ty i rst ltrate was concentrated under

vacuo to a fi nélgdz@é?)uﬁﬁcb} Tfﬁédlhﬂlzﬂéiewwe@‘l’@@w&Hse&%i’rﬂélsflecfalab’s%0 nm) was

added and the regetdéted uﬁiswtwmmmeeatmdch%ﬁrst@@fm pullb@em Altalyss i€ Fi nal |y
the m xture was cool ed t C. The 25 ur|f|ed sol |<t1I was coI I ected on

filter papel, \Kﬁ%%éFe\/fPrtel’ia'ER‘ﬁ)}lJ 5%‘8{1 e yield
was 5.1 g (51 &W@;Nb\em Weleﬁahlsénmmwﬁe fun[teﬁoswijlcmlsR* 3R*(E), 7R*,
| OS*,11 R*, 12R*, 165%]]- 7, 11- di hydr oxy- 8, 8, 10, 12, 16pent anmet hyl - 3- |

1- net hyI 2- (2 r\‘?ﬁ’ﬂ’ﬁ?’fateﬂ ‘Erﬁ‘i“é’ié‘f §FI€t henyl | - 4- aza- 170xabi cycl of

14. 1. 0] hept adecane- ﬁutgblebﬁmngugehd@mamhmﬁtmrpemmﬁn 89 dR%ed radg® inchidd Sept enber
2004 W claim 1. A co nd.represented.b rein: I Qis
sel ected from ?W@ldg*'f‘&?g%d‘gﬁ%aﬂts%“ }hﬁ aggticgeid, Rsxd' ‘p}"’sﬁ’%%?ﬁfi‘ pmeéﬁ Sym i s

sel ected frmm tahenogiumplosignsi sting of oxygen, sulfur, NRg, and CROR ; Z is
sel ected fromthe groyp co Sti +- Ro ~s , =~
~e and ~ is R - R5MSPROWD H{%lh ¢4 g‘l’-??hlgn%?n§%§ rle%rg?em&cliqw form'flﬁlel af;e?oup

consi sting of Mhygaredeom t}alnlsydl ppeﬁublgﬁlltérmbtﬁdeﬁh}h‘ydentembwfonmﬂuwI tuted aryl
and heterocycl can j,oined to
forma cycl oal mtopaﬁémfzgnoé‘é'l"g@%%ls“ﬁ?%?ﬁ“f“i’i&a&ar%%a"b%?Jrncé) | pslfngﬁ%eng]fn hydr ogen,

al kyl , substi t uiied odgaki¢lsolvent yWstemSsubls 8s THE/BMFar yl , cycl oal kyl , heterocycl o
and substltut ed heterocyclo; R8 is selected fromthe group consi st i ng of
hydr ogen, af’ kyl, substituted alkyl, R'CcO R ZOC=0 and R 3SQZ; R9 and R
are selected fromthe group consi sting of hydrogen, hal ogen, alkyl,
substituted al kyl, aryl, heterocyclo, hydroxy, R Q=0 and R SOC=C R 6,
R', and R 8 are independently selected fromthe group consisting of

y
sal
1-[
(

30
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al kyl, aryl, and aral kyl; and any salts, solvates, or hydrates thereof. -23
13 Septenber 2004 2. A conpound in accordance with claim1l wherein said
conpound has the formula 5 3. A conpound in accordance with claim?2
wherein said conpound has the structure 4. A process for preparing a
conmpound represented by the formula 10 | wherein: Qis selected fromthe

group consisting of R~ R M and Mis selected fronlhﬂf gr 4_stlng of
oxygen, sulfur, NRB, and CROR~; 15 Z is selected fro ﬁ 8?@ si sting
of -24 13 Septenber 2004 R~-6 Rlre Rlre -Ro -Rn" MR >~ ~s and ~ie R

- R5, R, and Bthemd2 S are selected fromthe group consisting of hydrogen

al kyl , substltuted al kyl, |, substituted aryl and heterocycl o, and ‘
wherein R and Rz e al hey can be joined to fo ) al kyl; 5 R6
Is selected fr : up consi sgamg of hydrogengs al substltuteg
al kyl, aryl, subsTi cl oal kyl, heteroc 4

het erocyclo; R8 is s the roup COmSI I ng al kyl ,
substituted al kyl, R' Cfan m?f g@?ﬁ“ﬁ@ and K sel gct ew’ f rom
t he group consisting ofo hy ﬁeﬁ% d?kyl to substi b al kyl ,

aryl, heterocyclo, hydroxyl R'C=0, and R SOC—O' R 6, R', andllIR g are
I ndependently selected fromthe group consisting of alkyl, aryl, and

ar al kyl ; corg)rl Si ngl\facro%&érﬁ@ﬁ%&a&?nﬁtf@thﬁ@%g%ﬁﬁn Mkpg materi al represented by

the formula 15 wher &' flned above with an
azi de donor agaslirhetlyigniaopropyl)-3-ethylcarbodiimide hydrochlorlde (EDCI), or EDCI in
combination with 1-hydroxy-7-azabenzotriazole (HOAT) or 1-hydroxy-7-
benzotriazole hydrate (HOBT), other carbodiimides such as
dicyclohexylcarbodiimide and diisopropylcarbodiimide, O-benzotriazol-1-yl-N, N,
10 N', N'-bis(tetramethylene)juronium hexafluorophosphate (HBTw/DMAP), O-(7-
azabenzotriazol)-1-yl-N, N, N', N'-bis(tetramethylene)uronium hexafluorophosphate
(HATw/DMAP), benzotriazole- 1-yloxy-tris(bimethylamino)phosphonium
hexafluorophosphate (BOP), N, N-dimethyl-4-aminopyridine (DMAP), K,CO;,
diisopropylamine, triethylamine and the like. A preferred macrolactamization agent
15 includes 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) in
combination with 1-hydroxy-7-benzotriazole (HOBT). Examples of other suitable
macrolactamization agents can be found in J. M. Humphrey and A. R. Chamberlin,

Chem. Rev., 97, 2243-2266, (1997), the full text of which is incorporated herein by

reference.

20 The cyclization reaction as shown in Scheme 2 is carried out in the cold, i.e. a
temperature of from about 0°C to about -20°C, preferably from about -5°C to -10°C.

The reaction of Scheme 2 is carried out in mildly alkaline conditions with a

mild base such as K,COs, triethylamine, diisopropylamine and the like, preferably
with K;CO;3, to inhibit the production of any unwanted by-products.

25 Scheme 3 below illustrates a preferred embodiment of the invention. The
synthesis of the compounds represented by formula II from the starting epothilone
material, epothilone B represented by formula II1, is sequentially reacted without

isolation of the novel intermediate represented by formula I as illustrated.

-13 -



reduci ng agent in the presence of a phase transfer catalyst and a pall adi um
catalyst. 5. A process in accordance with claim4 for preparing a conpound
represented 20 by the forrmula -25 13 Septenber 2004 OHR3 IV 6. A
process in accordance with claim5, wherein said epothilone starting
material is epothilone B, and said conpound of formula IV is represented by

the 5 structure 7. A process for preparing a conpound égfr se t%ﬂxgy t he
13 SeRlpTEpey

formula |0 wherein: Qis selected fromthe group cons M-y [/
J'’~and .,..,.. Mis selected fromthe group consisting of oxygen, sulfur,
NRB, and CRIR ;scEems3 sel ected fromthe group consisting of -26 | 13

Sept enber 2004 R sRIsRI s -RL7' R17517~RI S, ~ I1SSnd~ IB R~ - R5, R, and R ~
- R15 are selected from the Mfroup consisting of hydr ogen,y adekyl ,
substituted al kyl, M ™Muted aryl and hetesc
and RZ are al kyl™® be-0ip®¥d to formal I
fromthe group consistin M H?OQen, al kyl', "substi tut
substituted aryl, cycloal kjl,T h§t eMécycl o and substi tBu efjoayc! o; RS
is selected fromthe groupocdfsidsti ng of hydrogen, al kyl,0swbsoit uted

al kyl, RRC=0, R zOC=0 and R 3S02; R9 and R are selected fromthe group
consi sting of hydrogen, hal ogen, alkyl, substituted al kyY, aryl,

het erocycl o, hydroxy, R-4C=0, and R150C=C, RI6, R', and R$ are

i ndependent|y sel ected fromthe group consistd of kyl, aryl, and

aral kyl ; conprising reacting an epot hid-Qnemst g material represented by
the formula Il 15 wherein Q and P defi ned above with
an azide donor agent and a buffering agent jin Mef esence of a pall adi um
catal yst and a reducing agent. 8. A process IJh @cqgor #ance with claim7 for
preparing a conpound represented by the formf a0H 2y

5 It has been found in accordance with the present invention that the compounds
represented by formula II can be prepared in significantly improved yields in
comparison to prior methods. Typically, the instant process produces about a three

fold increase in yield.

10 All references cited herein are incorporated by reference as if set forth at
length herein.
The following non-limiting examples serve to illustrate the practice of the
invention.
Example 1
15 (BS, €R, £S, 1S, 2R, 38)-3-[(2S, 3E)-2-amino-3-methyl-4-(2-methyl-4-thiazolyl)-3-
butenyl]-p, {—dihydroxy-y, ¥, €, 1, 2-pentamethyl-3-oxooxiraneundecanoic acid,

tetrabutylammonium salt (1:1).
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13 Septenber 2004 iv 9. A process in accordance with claim@8, wherein said
epothilone starting material is epothilone B, and said conpound of formula
IV is represented by the structure 10. A process in accordance with claim
7, wherein said azide donor is tetrabutyl anmoni um azide. 10 11. A process

for the preparation of an epothilone represented by the formula Il wherein:
Qis selected fromthe group consisting of -28 1 &?? g 41 R~ M
and ,~",. Mis selected fromthe group consisting of oxé?& %r NRB,

and CROAR ; R -R5, R?, and R" - RS are selected fromthe gro conS|st|n
of hydrogen, alkyl, I%m%@tmlemué‘ﬂb%qOWﬂaSk‘&?rﬁlwasW%FFW@H“%EQHgﬁ% ’

heterocycl o, ar&@dﬂ\tﬁ%@é NaR;) (@@dg %eémaerl&u)aie{%uynatnhﬁymﬁaéhldaﬂe (mumeg to form

a cycloalkyl; R6 1s selected fromthe group consistin | kyl ,
substituted al K§Bg bt W“1V357Gt5)59m¥19‘t‘%‘6°1§?‘946 (BEWP @aﬁ%&y?g e%‘fa&“ﬁiiﬁgl 0 aﬁd y

substituted hetigracu6han (T8F)i0 gt eduifif RGorOw 2B a@@ﬂ&htﬁfai 6@ of
hydr ogen, al kyl, asﬁdgstl '?ut ec}( ,ﬁgj R’ Cu-Cl)MﬂZCOCO-O andgF\’§ g10 RO and R

are sel ect ed f riofribereevag P‘éﬁﬁﬁﬂ’@@%‘i’%%rl(hy %flbﬁ‘}*ﬂ‘falfﬁﬁri’re ey t““‘&ﬁh%&/l

substituted al kybgp hﬁxeyﬂMemtstcy@momhmmmzﬁ?ecﬂ@a@msanmeﬁéaam-o whi ch
corrprl SeSs carrying out a nmacrol actam zation reaction of an |ntermedi ate

compound r epr esempesiup f thtvaixtuse Yyed eguilibratsd {27 e pefore e agditjorof iy ough R6 are

as defi ned abov(@rbetéyfuﬁné@ét&ﬁ ﬁlgalfaﬂﬂm (bi@ﬁ&oﬁf&MQd&@f@H{é&HaB@mg) Eilsb R's Rb Rn
Rm.- n Ra, ~ ~§ ~ and are dnecgen ently

sel ected from t% 0@? Gﬂlpvaéf‘@ﬁél Hlelf?fglt% S%‘%P"’Rﬁ/‘l"agn&?% St‘”ﬁﬁﬂ FRAA™ in the
presence of |@ SighdBhrEtof PRutsNEd 8EF1B0 Fd) afilbeyl SRARYEM@NAC) (3DNL) were

added thereto. The two layers of the resulting mixture were separated and the
aqueous layer extracted three times with 25 mL portions of ethyl acetate. The
combined ethyl acetate layer was back extracted with three 15 mL portions of water.
The resulting combined aqueous layer was saturated with sodium chloride (NaCl) and

15 the pH thereof adjusted to from 6 to 6.5 with sodium phosphate monobasic
(NaH,PO,). The resulting suspension was extracted with five 25 mL portions of
dichloromethane (CH,Cly) and the extracts were combined and dried over sodium
sulfate. The suspension was filtered and the filtrate concentrated to provide 5.6 g of
the amino acid salt in 96% yield with a HPLC area of 93%.

20

Example 2

[1S-[1R* 3R*(E),7R*,10S*,11R*12R*,165*]]-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[14.1.0]heptadecane-5,9-dione. '

25
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13 Septenmber 2004 12. A process in accordance with claim1l wherein said
internmediate is represented by the formula H 13. A process in accordance
with claim12 wherein said epothilone represented by forrmula Il has the
structure and said macrol actamni zation reaction is carried out on an

i nt ernedi ate conmpound represented by the structure to 14. A process in
accordance with claim 1l wherein said coupling agent c i §es

1- ( 3- di net hyl ani nopr opyl ) - 3- et hyl car bodi i m de hydr ochl g#rgrgg eRRen2@R4ir oxy- 7
benzotriazol e hydrate. 15 - 30 13 Septenmber 2004 15. A process for
the preparation of ahﬁ@pmnldaghé)mabm@gmleh(%kﬁH)Wésﬁléﬁohﬁﬁﬁ’aiqne%er ein: Q

is selected froy i 5 ;
Mis sel ected f%%Q&ﬁggggtga&g&g%h@ﬁgﬁlﬁ)na%ﬁdﬁ?fgwfé&ﬁm & deF) NRB, and CR9R'

R - R5, R, arudRe resulRiBsodution wia$ mbé@b-ﬁ?@rﬁmwagﬂdﬂﬁﬁpmwstl ng of
hydrogen, - al kyloapaiiSkiddly @ﬁg’yﬂgrwle%m%x Pl ffla ffohe ARt er ocycl o,

and wherein R e ] ol ne forma cycl oal kyl
to R6 is selfectbewrémomdithveog1bmowﬁnlmnsthlﬁgleb?dfﬁyﬂﬂ%'éﬁp 8%8, k¢l , substituted

alkyl, aryl. sUblhbdh Sl RRimeRYEhRBbANI-o- DR)IEHRENRlR h?d}éch'?dx'ia&i tuted

het erocycl 0; Rg 'S se e group consisting of hydrogen, alkyl,
substituted al KEDCHR.G=E)2. (Rnﬁ@ﬂa@;)aﬂ”ue tﬁsl@sezmxtﬁa@\@n@lrﬁd abrSeC fslvet ed from

e 0 00 o SR o RS, 110
epot hi | one st aratcetﬁlg (BTB0 ) (300 nilg prictherehdthgyygantedayeowaswaahed mith-{gd 120
10 mL portions of water. The combined aqueous layer was washed three times with 100
mL portions of ethyl acetate. The combined organic layer was back extracted with
three portions (100 mL each) of water, 100 mL of brine, and dried over magnesium
sulfate ) (MgSO,). Filtration followed by concentration provided 2.50 g of crude [1S-
1R* 3R*(E),7R*,10S* -11R*,12R*,16S*]]-7,11-Dihydroxy-8,8,10,12,16-
15  pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[14.1.0]heptadecane-5,9-dione as a white solid in 92.7% yield with an
HPLC AP of 94.75. The product was passed through a pad of silica gel by means of a
solution of ethyl acetate/cyclohexane/triethyl amine (Et;N) (3/7/0.04) and crystallized
from a mixture of ethyl acetate and cyclohexane to give 1.6 g of purified product in

20 56 % yield from epothilone B with a HPLC area of 99.0%.

Example 3
[1S-[1R* 3R*(E),7R*,10S*,1 IR* 12R*,165*]]-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
25  oxabicyclo[14.1.0]heptadecane-5,9-dione.




13 Septenber 2004 wherein Q and R through R6 are as defined above, with
an azi de donor agent and a reducing agent in the presence of a phase
transfer catalyst and a palladiumcatalyst to forman internedi ate conpound
represented by the formula I 5 wherein: Q and R through R6 are as defi ned
above; Z is selected fromthe group consisting of Rb RlI6 16 R~+ RIB =R S
Rmls , ~laand ~lan;adRG®6, R', and R 8 are independent| ﬁcted
fromthe group consisting of 10 alkyl, aryl, and aral k‘@l ,e@ﬁmt{e&ﬁ% ng out
a macrol actam zation reaction on said internediate conpound in the presence
of a suitable CoupITcngjaa@edlﬂZier@u&hottoeaﬂHSk d‘mcdwﬁhameqjmigzés@rrdr,n accor dance
with claim15 erein s e ormula I,
-32 13 Sep}tmg er © @ﬁ%ﬁ&hi ro5 g) |te§ra%‘§% aﬁ'@eg}vﬁ%?%lgﬁf\[éﬂ?s%G wherein
sai d epot hi |l one, Biiaﬂ"thvalgntsbabmmbmhmlchloeqlﬁdﬂJQVg @reg), Bates@i8dnli H er nedi at e

Fepr esent e’ by ooy R el 0 GHEiE A R RRRBTbAFpAS! N | one
preparati on sof ndn Thpotitiut @/laemcrmdrbgsmgmgjmtwgen ebsiréacerfor &5 mirjuteg Olnwher ei n: Q
15,51 et e {1 O SLethonal Ak el T udt ol ARyl s
13 Sept enber ZG)EMealR(l 56nR51 SFélulvaEn@) Ren trisit@nzilidinegestane) dipkliadigm®he gr oup

e het er oyt SHOIRER Nl Wl BRI SEE Kbkl miRURRGA Ut o 20
form a cycl oal lyiktureR@s stgred &ir 86 mamlites rpambidnetegpperaiprectbensidded adheof hydr ogen,

A upat el bRl i, 3 dombBHRHh A VRO for 4 HELAT B it er ooyl 0

and subst i t Ut ed®
completed reaction mixture was then filtered to remove solid ammonium chloride

(NH4C1). The filtrate contained (BS, €R, S, 1S, 2R, 35)-3-[(2S, 3E)-2-amino-3-
methyl-4-(2-methyl-4-thiazolyl)-3-butenyl]-B, {—dihydroxy-v, v, €, n, 2-pentamethyl-

8-oxooxxiraneundecanoic acid, tetrabutylammonium salt (1:1) with a HPLC area of
15 94.1%.

In a 500 mL flask there was combined 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide hydrochloride (EDCI) (3.82 g, 2 equivalents), 1-hydroxy-7-
benzotriazole hydrate (HOBt) (1.68 g, 1.1 equivalents), potassium carbonate (1.38 g,
1 equivalent), N, N-dimethylformamide (DMF) (40 ml) and tetrahydrofuran (THF)

20 (160 ml). The mixture was warmed to 35°C and the filtrate from above was added
thereto, dropwise over a period of three hours. This mixture was then stirred for an
additional 1 hour at 35 °C. Vacuum distillation was then applied to the reaction
mixture to reduce the volume thereof to about 80 mL. The resulting solution was
partitioned between 100 mL of ethyl acetate and 100 mL of water. The aqueous layer

25  was then back-extracted with 100 ml ethyl acetate. The combined organic layers
were extracted with 50 ml water and then 20 mL brine. The resulting product
solution was filtered through a Zeta Plus® pad and then stripped to an oil. The crude
oil was chromatographed on silica gel 60 (35 ml silica per gram of theoretical
product) with an eluent comprised of 88% dichloromethane (CH,Cl,), 10% ethyl

30  acetate (EtOAc) and 2% triethylamine (Et;N). The fractions were analyzed by
HPLC, the purest of which were combined and stripped to give the purified solid.
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Rg is selected fromthe group consisting of hydrogen, alkyl, substituted
al kyl, RRC=0, R zOC=0 and R 3502; RO and R are selected fromthe group
consi sting of hydrogen, hal ogen, alkyl, substituted al kyl, aryl,

het erocycl o, hydroxy, R 4C=0, and R SOC=C, conprising reacting an

epot hilone starting material represented by the formula Il wherein Q and
R through R6 are as defined above, with an azide do grS%ﬂenb a g
buffering agent in the presence of a palladi um cat al3 t gm ng 9& ng
agent to form 15 an internedi ate conpound represented by the formula |

wherein: Q an@hﬁes&thfg@blﬂhvﬁ@luﬂ{eﬁ uaahyzlaédtmgz aimme(;o Hinutes &b eCtiead from t he
group consisting of - ept enber. 2004 n R 18

., ~ 1B Slld 180%€H&6’R“°6(C6W2)(léﬁﬁ) ‘F?SS‘d%ﬁdea“firtl}&é?)‘é?‘}fféFﬁ?lF toéef%lgft“&a‘"ff%m t he

group consi sti BgidQfas Bdilekd orffiiek papaﬁ%ﬁl%@lwkutoldaﬂﬂa@@dté/wclweﬁué aid
macr ol act ani zation reacti on on nternmedj ate 5 COﬂ’gf[)Ul’ld in the presence

of a suitabl e EdplThaycldgent. 7?-ér(3%{‘1é”r?ld|)é%FE?Wb‘FFS°11‘§Pr° btess in accordance

with claim 18 yengiE)IRk, @'oS*mthHrﬁdi Pa‘seinsurcﬂ@a@ﬁjamsed ,1by6t he formula IV 10
20. A process I'n accordance with cl 9 wherein said_epothilone starting

material is ep8ttmedyk3Bl-methyl?- izrf’t‘?é]iax’rédl“é@@’l)@@ﬁﬁ&%@ar dpresented by formila
|V has the str U%%&@o[l5l@]%@pt§&b'ﬂle-@@0(ll$\{e| Witta HPIC &8e6itoedohy fornula 11 has
the structure - ept enber 2004 21. A process in accordance with
claim 15 wherein said azide donor agent is selected fromthe group

consi sting of lithium azide, sodi um agiagipe 4 et r aal kyl ammoni um azi de and

trialkylsilyl azid d L sepacted ¢
conei o1 ng B L UREPRUERRBSOAT 0C R A5 TR LER L B kifar <1 ne,

triarylarsine, pafihdMyxsyr- ﬁ}‘éth&lhﬁ(ﬁﬁéthylSlahldzoﬂ)}hﬁﬁlenyﬂ]r-@‘ﬁbﬁflGr catal yst is
selected from t he group consi of, tetraal kyl onium tetraaryl oni um

t et r aar al kyl onPW%QP&IEIQH’GPt eﬁ"t”ﬁ &@s4i%er eof , sai d pal | adi um catal yst is
selected fromthe group consisting of pall adi um acet at e, 1 o palladium
chl oride, palladiumtetrakis-(triphenyl phogphi ne) pal | adi um tetrakris
(triphenylarsine) and tris-(di benzyliden

adduct. 22. A process in accorddmge wit h »tf V\/nerel n the azi de donor
agent is sodium azide, the Mvw,ent i i tmgl phosphi ne, the phase
transfer catalyst is 15 tetrabutlyl anori ' and the palladi um
catalyst is tris (dibenzylideneacetone)ndi 0) chl or of rom adduct .

15
In another embodiment of the invention the title compound can be prepared in
a single reaction vessel without isolating the intermediate salt (represented as formula
I) as follows.
In a 25 mL round bottom flask is combined epothilone B (3.87 g), sodium
20  azide (NaN3)(0.99 g, 2.0 equivalents), tetrabutylammonium chloride (BusNCl) (2.3 g,
1.1 equivalents), ammonium chloride (NH4Cl) (0.82 g, 2.0 equivalents) and
tetrahydrofuran (THF) (60mL). The resulting suspension is degassed with argon and
there is added thereto water (1.37 g, 10 equivalents, pre-degassed), and
trimethylphosphine (PMe;) (15.2mL, 1.0M solution in THF, 2.0 equivalents). The
25  reaction temperature of the mixture is equilibrated to 25°C before the addition of
tris(dibenzilidineacetone)-dipalladium(0)-chloroform adduct (Pda(dba);.CHCls) (158

mg, 0.02 equivalents). The resulting solution is stirred under an argon atmosphere for
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coupling agent conprises one or nore nenbers selected fromthe group
consi sting of 20 1-(3-dinethylam nopropyl)-3-ethyl carbodiim de

hydr ochl ori de, 1-(3di methyl am nopropyl)-3-ethyl carbodi i m de hydrochl ori de
and 1- hydroxy-7 benzotriazol e hydrate,

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de and

1- hydroxy- 7- azabenzotri azol e hydrate, dicycl ohexylca

di i sopropyl carbodi i m de, di phenyl phosphoryl azide, ﬁgqﬁ%%&bggEgpoﬁ yl -

N, N, 25 N -bis (tetranethyl ene)uroni um hexafl uorophosphat e,

O (7-azabenzot rsévaﬂt@én)hn&syirhej‘demﬂ)\é.ratme oftNe rehdtioh batitioanedoblel ens)r Tiatelim

hexaf | uor ophosphat e, benzotri azol - % -36 . 1%? Eﬂptenbet %oog

tris(bi met hyl aRfd8 PRASYBHEIPLAR %%S%Q#M%Sr pHsapale) anf tepigiupeds $iUge

ani nopyri di ne, #4600 Rinutks beorRmRRMbiaN 6¥a -hyarsly7iteeboskahyteate @IOBHA process in
accor dance mnth claim 23 where sajd co

i ng.agent. i .
1- ( 3di et hyl anih&h$ dpyayivalenty agA ]ch(ﬂ’é?ﬁtLH)L?l‘rt‘fg))mgwq&éﬁﬁ%ﬁrtifgngl% 1- hydr oxy- 7
benzotri azolse hydbai®ide ZDCIN2ADIQEES SquiivaleaBy: OThd addaleinginixure Isaiimedl8- wher ei n
sai d azi de donor _agent is selected fromthe tgr oug1 cong ‘{hstl n% fool i thium
azi de, sodium éz@&’étwct‘élufsa‘épl'\f?ﬂe‘gf@h%‘ﬁsﬁﬁ‘ﬂllﬁrﬁ VAWS (SRd= (110! §0P1 vl azi de,

sai d buf feri ng y39eddddand le &hiBRg brpain Meelsgﬁa@wa“ﬁmnm $20 ﬂﬂgp&iloﬁ’ﬁldfd aci ds
and acidic salts, said palladiumcataly i S (gthec .ed f{tl?@& group
i

consi sting of & aﬁi%ﬁ*i“é’é@’(a&t“’é’us Bé‘?rllsat&rcl&?ﬁtr&ﬁ? eglimesw

tetr ?lél E (t r: pgbeﬂmhmgﬁplmcaa} ,Thpaéxhtaﬂhdw@ahleuaryalsﬁte&he&lt“rasmhemuam siLne) and
tris | penz |

eneacet one) - di pal | adi u uc and said
reduci ng ag¥nt °f Brinesnd dnicd O ¢ PagRESHHT Y a‘@f%%zq& igl{ﬁ'éria'é 80 Vst 0%
trial Kyl phosphicBgenttatibmprislildi QB¢ 2 5@ g of thé AdnkeylIpaudsétiaes whitd salig.| Bresi ne, and
m xtures thereof. 26. A process in _accordance with cl.ai 5.wherein the
azi de donor agé’Fﬂd“?‘éSHaésteEQ’B‘ﬁ‘S'S’/f‘BM fﬁﬁ”eg X geans ?#f‘es E’ﬂ?‘f @eﬁ% agent is

amoni um chl or iagkRate/tyeRhe@hd/@idihilamAe (RxaN)aB/y8104) #d crystallized from a mixture
tris-(di benzyli eacet one) al I adi.umio 0 uct and the
reduci ng agent §tg¥ laFoiale chﬁ‘ﬂ?}gbﬁe Weglvega(}’ 3@\}]&&?{%«3‘%&@%0 M or dance with

claim 18 wherein said macrol actam zation coupling agent conprises one or
nore nmenbers selected fromthe group ]gon3| sgl ng of 25

1- (3-di net hyl am nopropyl ) - 3- et hyl car boHTHE Ye hydrochl ori de, 1-(3

di met hyl am noprrepytu}ylasmdnhul 2éde(@ANNg de hydr ochl ori de and

1- hydr oxy- 7benzotri azo drate

1- ( 3- di net hyl ani nop‘?%éﬁ%ug?hg}fog*af}as% ited i mosy P TrTang b STe s

1- hydr oxy- 7- az abmbinat teirbaglamntoytimaheriddBoyNd1 dhe x| 78 arl Homnivaieds,

di i sopropyl car bo i m e ol -1-yl -
NN 90 N b B af PR ORIkt 1 B HFe mieE DAOI IR

O (7-azabenzot rﬁza:zaoﬁ()-zll"-q/IThN;eaN;onMa$ diNtedpyith(EHEt @B meD end thewso)ids wag um
hexaf | uor ophos e 19 Qxy -37 13 Sept enber 2004
tris(bimethyl a%}?ﬁ 6?8 fgrsl(g onldu‘gin{hgfe%%(f? ?ophosphat e, N, N-dinethyl-

am nopyri di ne, KZCGOs, diisopropylamne, and triethylamne. 28. A process in
accordance with claim27 where said cg ’?{’Q'l‘L g agent is 1-(3 5

di met hyl am nopr opyl ) - 3- et hyl car bodi i m ydrochl ori de and 1-hydroxy-7
benzotri azoke Hietntatygamm@Bim azide (BusNN3).

To a 50 mL round bottom flask, fitted with a magnetic stirring bar, there was
combined tetrabutylammonium chloride (BusNCL.H;0) (8.7g, 1.4 equivalents) sodium
azide (2.03 g 1.4 equivalents) in DMF 14 mL. The mixture was stirred for 7 h at
30 °C h. The reaction was diluted with THF (28 mL) and the solids were filtered off

30  and washed with THF (12 mL).
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-10% u&' () - +i K3-[(Z»BE)&-{minda3 m%yu&(:( inethyl-4-thiazolyl)-3-butenyl]-B, C—dlhydroxy-y,

W& () 210% t;-l?i’/"’ ® R Syttt et ol arw e 1

0% ul 3 10%j & ()- -, OYRD ﬂa&k)th@reMS epnibined L [109@&&1@1119)7)119@9/%&' () -

S s R BRI

vslgl/g;/‘&( ;) Mégmz(oymzmmm&mé? gA@IOVaIvR), p9wsslum1qamt1906ysﬂ@/m& ()-S
0, S 0,
f G C310%& () - %%@‘)( %%%?%HZ’%? F?Z% ) a“d tetahy di%f"/ra?&(g})l D 100& () -)

- ./ 01 ml). The mixture was warmed to 35°C and the ﬁltrate from above was added thereto,

slowly over a period of four hours. The resulting solution was then partitioned

15 between 25 mL of ethyl acetate and 100 mL of water. The aqueous layer was then
back-extracted with 2 x 25 ml ethyl acetate. The combined organic layers were
extracted with 60 ml water. The resulting product solution was filtered through a zeta
pad (R53SP or R51SP). The crude solution was diluted with 1 part of cyclohexane
and 1%v/v of triethylamine was added. This solution was filtered through a pad of

20 silica gel (5g of florisil per gram of input). The column was rinsed with 2:1 ethyl
acetate:cyclohexane (400 mL) containing 1% v/v triethylamine. After discarding the
first 100 ml, the filtrate was concentrated under vacuo to a final volume of ~50 mL
below 30 °C. Cyclohexane (20 to 30 mL) was added and the resulting slurry was
heated for 30 minutes at 71 °C. Finally the mixture was cooled to 21 °C. The

25  purified solid was collected on filter paper, washed with ethyl acetate/cyclohexane,
and dried. The yield was 5.1 g (51% yield) of the white solid product, [1S-
[1R* 3R*(E),7R*,10S*,11R* 12R*,16S*]]-7,11-dihydroxy-8,8,10,12,16-
pentamethyl-3-[ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[14.1.0]heptadecane-5,9-dione, with a HPLC area of 99.2%.
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1. A compound represented by the formula

5 wherein:

Q is selected from the group consisting of

R’ ‘ R’
o
A A
~ and A~ ;

M is selected from the group consisting of oxygen, sulfur, NR®, and CR’R'’;

Z is selected from the group consisting of

R16 R](, RI6
N"‘—Rl 7 Pt_R 17 Ag" R"
18 s 18 and 18 .
10 R R R ;

R'-R% R’, and R" - RY are selected from the group consisting of hydrogen,
alkyl, substituted alkyl, aryl, substituted aryl and heterocyclo, and wherein R! and R?
are alkyl, they can be joined to form a cycloalkyl;
R®is selected from the group consistihg of hydrogen, alkyl, substituted alkyl,
15 aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;
R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
R''C=0, R"’0C=0 and R"SO;;
R’ and R'? are selected from the group consisting of hydrogen, halogen, alkyl,
substituted alkyl, aryl, heterocyclo, hydroxy, R'*C=0, and RP0OC=0;
20 R'®, R", and R'® are independently selected from the group consisting of
alkyl, aryl, and aralkyl;

and any salts, solvates, or hydrates thereof.
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e COKbA13/ K "+Y'10%& ()-b )109%#& ()- | zf9d0%#& ()- fod0%& ()- F
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| 1109X#&' () - ~+Y"10%!;& ()-b O ~+Y"10%#& ()-bILNOPQC}\ ;3 |, F10%z& () -
10%z& ()-, -10%z& ()-10X#10X#10X#F10%#HE () - SYMLOY#HE' ()-M <|[:}\; 3
10%2z& ()- ,10%z& ()- 3Z10%z& ()-  Y10%z& ()-  310%z& ()-)
10%z& ()-9u|[:}\;3 ,10%z& ()- f f#109W& ()- |f#10%
i *Pf#109P4P&' ()- "10%z& ()-) 10%2z& ()-uA [: 1062)@%6%9%@(2)004
4310%z& ()- L310%z& ()- 110%z& () - -10@&2&]() ) -10%0z& ()- YkqwbA;
10zz  1098S& @) - y{aro9Rssd {n)accordangepwithsdaifm)l-whgregosmggopound has the
- 10%8S& () - 10z7JQzzw =7| [: A; 10zz w @ocyw&' ()- @O0% ()- 1098S& ()-
L1098S& () - -10%6S& () - f -10%5; S& ()-f7_ V' |[:A 102z @10%8CS& ()-M
1098S&' ()-M | @10%h<& ()-M
&' (), %8'"VT310 nh'f 109 ()i f ~§ 10% - & () -
-10% - & () - 10SS10SS10SS 710%6 A g n fl10%&' ()-i
fIlOO/W&'() f1109& ()-!]f1109%& ()- g 1G9 ( RZs$f 10%

& ()-S'(")&"')()));:))vUslo 918uR()"- E#&N()5 ( 10- - 10- - 10- -
810% - & ()- y310%-& ()- fl110%.& () | [PvU410 ;3% 109%6& () -
| SLOYE#& ()- | zS109E#&' ()- S 10%E#&' (- £
109E#& () - @QJ 0$2wW2x2y27z2{ 22| 0bU410 -10%z& ()- 10E#10E#10E# 810VEH& ()-
13%610% & ()- 7 3%10%"& ()- . ~3% 10%E#& ()-223E334= 4|%‘ bU410
Z10%z& ()- 5Y Bovxz4&cpmpound mowgordenge with daimawherein said coppgung hsthe
10%z& () - =44] 66| [ : bU410 y#10%z& ()- '10%z& ()- 10%z& ()-
, 108 17& ()-g 310%hé& ()- Z210%z& () - 78889% | [:-410zz 710%z& ()-
,110%z& ()- -10%z& ()- S, 10%z& ()- .,

10 |

wherein:

Q is selected from the group consisting of

R’ R’
o
| - %
A~~~ and A~

M is selected from the group consisting of oxygen, sulfur, NRs, and CR9R‘°;

15 Z is selected from the group consisting of
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S)10%z& ()- $s10%v& ()-::::::;;bA410zz 4hy 10%t& ()-S/y 10% & ()-S
“10% #: & ()- 10% #: & ()-y -10% #: & ()-10zz10zz; ;) <g<<<!=|[: A410zz
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109 # & ()-10: #: 10: #: 10: #: 710% #: & () - SS/ 910% #: & ()3 15%?/6*"0
C@0%#: & ()-BBBICCD7E|[: bUALO ,t10% # & ()- 10% # & 3(% Blen /V%Pé() f B
10% # & ()- 10% # & ()- 109% IR“& ()-g?HEExFGGGGl ¥ hU410  3S&" 10WNV& () -
,$10% # & ()-  f#10% # & () z100/<sj" S& ()- , Z109N' N&' () -

|, t10% #l & () - GH{ JUK+K, K- K. K ’U41a’—r—n'10fy “ORT10 # 10" # 100 #

710% # & ()- 3S& 109%m#n& ()-] 3S&" 10% # & () -

u3S&" 10% #[ & () - @(LLMVIVI\/][ bUg10 Y orff 109& () ®*3 I\/IJ_O‘%@L ()- S109@a& () -

&LOYQLE () - S £< 7) - g n %F sLO% ) W /&L rlny S10v@a () -
310%@e% ()-9 310% W)in $g 15%6(”8&86‘ HIP PO of hydgggen
10%,& ()-[ N\ NaNgllNkat[ed 414,101, sEbsﬁﬁﬁEH@ax@ heteflel & bOdABeréin R' bnd R
F" rrfLO‘%@L ()- 1 l/ Q % O‘V@L () - PQRRRRRRRzY810
10% # & ()-- . 091&9! f—-bfé(@i% 68@ ‘@ ()- F . nlov@m® ()- @F
R%is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;
R® is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
R''C=0, R?0C=0 and R"S0O;
R’ and R'° are selected from the group consisting of hydrogen, halogen, alkyl,
10 substituted alkyl, aryl, heterocyclo, hydroxy, R'"C=0, and R"*0C=0;
R'®, R", and R"® are independently selected from the group consisting of
alkyl, aryl, and aralkyl,

comprising reacting an epothilone starting material represented by the formula

15
wherein Q, and R' through R® are as defined above with an azide donor agent and a

reducing agent in the presence of a phase transfer catalyst and a palladium catalyst.

5. A process in accordance with claim 4 for preparing a compound represented

20 by the formula
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ccee|[:yX7101 Y ,m10%-& ()- f)10% ()-2 (10% - & (]3- F & 10%-& ()-1
1 940% - & ()-° F &$10% - & ()-cccceccecee~] <1od o 10%#: & ()- S
-10% #: & ()-10--10--(10--y@10%-& ()-3F 10%-& ()-
710% -& ()-efjhiiij|[:~]<101 Y - 10%#+& ()-- f&I0%#: & ()-- S
%40% #: & ()- SF10% #(& ()- WSFL0%t& () -
NSFL09%W' & ()-jkjjjiAbd -0 1 M- S 0 B S onthine #igd! @ 1096t&' ()-Z
~@ 10%:& ()-Z 8 10&@@%#%%%(%8%%&5 a(";’gj ﬁifd%%%ﬁ@&%f% 0
| S10%6#68& () - @natsug i0eppthilgne(B, an@saﬁg;g@g@{r]&ok §3m@la IV is represented by the

5 structure

10 wherein:

Q is selected from the group consisting of

R’ R’
o
e A
A~ and A~ ;

M is selected from the group consisting of oxygen, sulfur, NR?, and CR’R'Y;

Z is selected from the group consisting of
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1

15  wherein Q, and R' through RS are as defined above with an azide donor agent and a

buffering agent in the presence of a palladium catalyst and a reducing agent.

8. A process in accordance with claim 7 for preparing a compound represented

by the formula
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11. A process for the preparation of an epothilone represented by the formula

wherein:

Q is selected from the group consisting of
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substituted alkyl, aryl, heterocyclo, hydroxy, R'C=0, and R">0C=0;
which comprises carrying out a macrolactamization reaction of an

intermediate compound represented by the formula

15  wherein:
Q, and R! through RCare as defined above;

Z is selected from the group consisting of

R'¢ RS R'
NI—R!"7  gi—t As—___ RV
18 R 18

R'®, R", and R'® are independently selected from the group consisting of
20 alkyl, aryl, and aralkyl;

in the presence of a suitable coupling agent for such reaction.
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12. A process in accordance with claim 11 wherein said intermediate is

represented by the formula

5 13. A process in accordance with claim 12 wherein said epothilone represented by

formula II has the structure

and said macrolactamization reaction is carried out on an intermediate compound

represented by the structure

10
14. A process in accordance with claim 11 wherein said coupling agent comprises
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1-hydroxy-7-
benzotriazole hydrate.

15
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| " #$9@' () *+, - ./ 0123456789:

>’>@\BCDEFGHI JKLM\IODQ?STU\/V\XYZ | >_d abcdefg@ykl mopqgr st uvwxyz{| } ~
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<= >O@\BCDEFGHI JKL WQ&TWZE{\S]MC_S‘C ect%&i Frorg mej glr(cl)up co r1rslgt &‘ﬁwér\é énl b~
alkyl, substituted alkyl, aryl, substituted aryl and heterocyclo, and wherein R' and R?
are alkyl, they can be joined to form a cycloalkyl;
10 R¢is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;
R® is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
R''C=0, R">0C=0 and R"’SO;;
R®and R" are selected from the group consisting of hydrogen, halogen, alkyl,
15 substituted alkyl, aryl, heterocyclo, hydroxy, R”C=O, and R" OC=0;

comprising reacting an epothilone starting material represented by the formula
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wherein Q, and R! through RS are as defined above, with an azide donor agent and a
reducing agent in the presence of a phase transfer catalyst and a palladium catalyst to

form an intermediate compound represented by the formula

5  wherein:
Q, and R' through R are as defined above;

Z is selected from the group consisting of

R'S R'S R'S
N—pR"” PV As— g7
18 l 18 d
R R an RIS ; and

R'*,R", and R'® are independently selected from the group consisting of
10  alkyl, aryl, and aralkyl;
and carrying out a macrolactamization reaction on said intermediate compound in the

presence of a suitable coupling agent for such reaction.

16. A process in accordance with claim 15 wherein said intermediate is

15 represented by the formula
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17. A process in accordance with claim 16 wherein said epothilone starting
material is epothilone B, said intermediate compound represented by formula I has

the structure

and said epothilone represented by formula II has the structure

5
Me
Q,
S Me 2
me—_ |
\ / /,"’// \\\\“\\0H
HN
Me
0 oH O
18. A process for the preparation of an epothilone represented by the formula
5
6
/
H- N
I
10 wherein;

Q is selected from the group consisting of

R’ R’
o
s K@ﬂ
A and AN ;

M is selected from the group consisting of oxygen, sulfur, NR?, and CR°R",
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R'-R’ R7, and R"' - R" are selected from the group consisting of hydrogen,
alkyl, substituted alkyl, aryl, substituted aryl and heterocyclo, and wherein R' and R?
are alkyl, they can be joined to form a cycloalkyl;
R®is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
5  aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;
R® is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
R''C=0, R"*0C=0 and R"*SO;;
R’ and R are selected from the group consisting of hydrogen, halogen, alkyl,
substituted alkyl, aryl, heterocyclo, hydroxy, R"*C=0, and R'*0C=0;

10 comprising reacting an epothilone starting material represented by the formula

wherein Q, and R' through R® are as defined above, with an azide donor agent and a
buffering agent in the presence of a palladium catalyst and a reducing agent to form

15  an intermediate compound represented by the formula

wherein:
Q, and R! through R® are as defined above;

Z is selected from the group consisting of
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R' R'® R'
NZ—R" P17 A Q17
18 y I 18
R R and . R|8 ; and

R', R and R'® are independently selected from the group consisting of
alkyl, aryl, and aralkyl;
and carrying out a macrolactamization reaction on said intermediate

5  compound in the presence of a suitable coupling agent for such reaction.

19. A process in accordance with claim 18 wherein said intermediate is

represented by the formula

v
10
20. A process in accordance with claim 19 wherein said epothilone starting

material is epothilone B, said intermediate compound represented by formula IV has

the structure

15 and said epothilone represented by formula I has the structure
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21. A process in accordance with claim 15 wherein said azide donor agent is
selected from the group consisting of lithium azide, sodium azide, tetraalkyl-
ammonium azide and trialkylsilyl azide, said reducing agent is selected from the
group consisting of a trialkylphosphine, triarylphosphine, trialkylarsine, triarylarsine,
and mixtures thereof, said phase transfer catalyst is selected from the group consisting
of tetraalkylonium, tetraarylonium, tetraaralkylonium salts and mixtures thereof, said
palladium catalyst is selected from the group consisting of palladium acetate,
palladium chloride, palladium tetrakis-(triphenylphosphine), palladium tetrakris-

(triphenylarsine) and tris-(dibenzylideneacetone)-dipalladium(0)chloroform adduct.

22. A process in accordance with claim 21 wherein the azide donor agent is
sodium azide, the reducing agent is trimethylphosphine, the phase transfer catalyst is
tetrabutylammonium chloride, and the palladium catalyst is tris-

(dibenzylideneacetone)-dipalladium(0)chlorofrom adduct.

23. A process in accordance with claim 15 wherein said macrolactamization
coupling agent comprises one or more members selected from the group consisting of
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1-hydroxy-7-
benzotriazole hydrate, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
and 1-hydroxy-7-azabenzotriazole hydrate, dicyclohexylcarbodiimide,
diisopropylcarbodiimide, diphenylphosphoryl azide, O-benzotriazol-1-yl-N, N, N,
N'-bis (tetramethylene)uronium hexafluorophosphate, O-(7-azabenzotriazol)-1-yl-N,

N, N', N'-bis(tetramethylene)uronium hexafluorophosphate, benzotriazol-1-yloxy-
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tris(bimethylamino)phosphonium hexafluorophosphate, N, N-dimethyl-4-

aminopyridine, K,CO3, diisopropylamine, and triethylamine.

24. A process in accordance with claim 23 where said coupling agent is 1-(3-
dimethylaminopropy!)-3-ethylcarbodiimide hydrochloride and 1-hydroxy-7-

benzotriazole hydrate.

25. A process in accordance with claim 18 wherein said azide donor agent ié
selected from the group consisting of lithium ézide, sodium azide, tetraalkyl-
ammonium azide and trialkylsilyl azide, said buffering agent is selected from the
group consisting of mild acids and acidic salts, said palladium catalyst is selected
from the group consisting of palladium acetate, palladium chloride, palladium
tetrakis-(triphenylphosphine), palladium tetrakris-(triphenylarsine) and tris-
(dibenzylideneacetone)-dipalladium(0)chloroform adduct, and said reducing agent is
selected from the group consisting of a trialkylphosphine, triarylphosphine,

trialkylarsine, triarylarsine, and mixtures thereof.

26. A process in accordance with claim 25 wherein the azide donor agent is
tetrabutylammonium azide, the buffering agent is ammonium chloride, the palladium
catalyst is tris-(dibenzylideneacetone)-dipalladium(0)chlorofrom adduct, and the

reducing agent is trimethylphosphine.

27. A process in accordance with claim 18 wherein said macrolactamization
coupling agent comprises one or more members selected from the group consisting of
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1-hydroxy-7-
benzotriazole hydrate, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
and 1-hydroxy-7-azabenzotriazole hydrate, dicyclohexylcarbodiimide,
diisopropylcarbodiimide, diphenylphosphoryl azide, O-benzotriazol-1-yl-N, N, N',
N'-bis (tetramethylene)uronium hexafluorophosphate, O-(7-azabenzotriazol)-1-yl-N,

N, N', N'-bis(tetramethylene)uronium hexafluorophosphate, benzotriazol-1-yloxy-
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tris(bimethylamino)phosphonium hexafluorophosphate, N, N-dimethyl-4-

aminopyridine, K,CO;, diisopropylamine, and triethylamine.

28. A process in accordance with claim 27 where said coupling agent is 1-(3-
5  dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1-hydroxy-7-

benzotriazole hydrate.
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