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Brief Description of the Invention

The present invention is directed to a process for preparing

10 compounds of formulas II and IV.
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The compounds of formulas I - IV are useful in the treatment of a

15 variety of cancers and other abnormal proliferative diseases.
Compounds of formula I are disclosed in Hofle et al., Angew. Chem.
Int. Ed. Engl.,, 1996, 35, No 18/14; W093/10121 published May 27, 1993 and
WQ97/19086 published May 29, 1997 and alsc Nicolaou et al., Angew
Chem. Int. Ed. Engl., 1997, 36, 2097 and Danishefsky et al., Angew

20 Chem. Int. Ed. Engl., 1997, 36, 2093. As used in the formulas I and II,
and throughout the specification, the symbols have the following
meanings:

Wis 0, NRg;



Int. Ed. Engl., 1996, 35, No 13/14; W93/10121 published May 27, 1993 and

W07/ 19086 published May 29, 1997 and al so N col aou et al.,

Chem Int. Ed. Engl., 1997, 36, 2097 and Danishefsky et al.
Chem Int. vﬁg%/ﬁ%g‘{ ., 1997, 36, 2093. As ug8ed in the fornu
and t hroughout the speC|f|cat|on t he synbol s have the fol
meani ngs: Wis O NRerr];

Rlerr], Rerr], Rerr], Rerr], R[err], are selected from
al kyl, 5 substituted al ky, or aryl and when Rerr] and R
can be joined to forma cycl oal kyl ; R err]
the group consisting of H, alkyl, substituted al kyl,
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from t he gridupsubstitaitg Ialkﬂubzﬁrjzhﬂmﬂw&iehy]i; and Ry ardalkyy kan delistriedutoed

al kanoyl, aroyl, substituted aroyl, trialkylsilyl, aryl
di aryl al kyl si form aceycdesdkglil yl .~ 15
Description of the Févig%tele% frcﬁ: the group c&ﬁﬁ%ﬁﬂﬁ%?%ﬁvﬁlﬁfr

various terns used escri I nven ese

to the terns agyy egrﬁr@ éggmyl or hbfygbi@ut this specifi
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of a larger group. Rs is H, alkyl or substituted alkyl, OH, O-alkyl, O-substi
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P; and P, are selected from the group, H, alkyl, substituted alkyl,

alkanoyl, substituted alkanoyl, aroyl, substituted aroyl, trialkylsilyl, aryl

dialkylsilyl, diaryl alkylsilyl, triarylsilyl.

15 Detailed Description of the Invention

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, unless otherwise limited in specific

20 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 1 to

7 carbon atoms. The expression “lower alkyl” refers to unsubstituted

alkyl groups of 1 to 4 carbon atoms.

25 The term “substituted alkyl” refers to an alkyl group substituted

by, for example, one to four substituents, such as, halo,

trifluoromethyl,

trifluoromethoxy, hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo,

alkanoyl, aryloxy, alkanoyloxy, amino, alkylamine, arylamino,

aralkylamino, cycloalkylamino, heterocycloamino, disubstituted amines

30 in which the 2 amino substituents are selected from alkyl, aryl or

aralkyl, alkanoylamino, aroylamino, aralkanoylamine,

substituted

alkanoylamino, substituted arylamino, substituted aralkancylamino,



The term"al kyl" refers to straight or branched chain unsubsti tut ed
hydr ocarbon groups of 1 to 20 carbon atons, preferably 1 to 7 carbon
atons. The expression "lower alkyl" refersgato unsubstituted al kyl
groups of WQ%728324ar bon atons. 25 dhe term 'subst i t BEBYSEIGYE4-
refers to an al kyl group substituted by, for exanple, one to four
substituents, such as, halo, trifluoronethyl, trifluoronethoxy,

hydr oxy, al ko 1C t | |
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al kyl thiono, gyNEHLPOH, (ﬂﬁt—?&ﬁlhm Sty Bel ikl whéey itk (228 \thwo

aral kyl sul fonyl, sul fonam do (e.g CIerr] NH err]), subst i tut ed
sul f onami do, Bubstituentscymbie n@'fa‘pg@&)%e lacted

substituted cag ases
where there a g?%carggng{aggy ’tﬁ@# a%)%dtaﬁ%%{afggen asle%)gcte %%r(%%ﬁ H:

ﬁr yl or alr al kys) uﬁdalyi,aﬂnk@ayzobﬂbﬁnwﬂ,_, thdepyl, thidelyll pyecblady}) pyddyhi di no and
byt ol 1 ayl10: pybragavlasid s PPy hernphel shave ik the SeusabE ther o
the substituefliriler substitutd®it Wilbbelwithathlbgen) élkypeam&? hajlagedallyky!

al koxy, aryl or aral kyl . The term"” hal ogen' 'hal 0" _ refers to

fluorine, chlorine The seaméhalogendrer (halphseters to fluorine ﬂ*@"ﬁé?n@’%ﬁ
refers to non %Y&hé&i Qr bicyclic aromatic 15 hydrocarbon groups having 6
to 12 carbon atons In the ring portion, such as phenyl, naphthyl,

bi phenyl and di pher{D'er germfaryRasifersf tonnionbcyclic ombicybkic swbsiaticut ed.

;Lhﬁy} e(r;][nou%r als}é%# e%ghgg;{u%s ARGt |6 % 14 cargnzg % zggrig%hleyriﬁg Ea%%ggn, an
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 group, such as benzyl.

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

25 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.

30 The term “cycloalkyl” refers to a optionally substituted, saturated
eyclic hydrocarbon ring systems, preferably containing 1 fo 3 rings and 3
to 7 carbons per ring which may be further fused with an unsaturated

Cg-C7 carbocyclic ring. Exemplary groups include cyclopropyl,



20 The term "substituted aryl"” refers to an aryl group substituted

by, for exanple, one to four substituents such as al kyl; substituted
al kyl , hal o, trifluoronethoxy, trifluoronethyl, hydroxy, alkoxy,
cycl oal kyl @x¢y99/28324 heterocycl ooxy, al kano%ll al kanoyl OXY, PeHDS98/25464 .
3I klylkalrri no, ar al kyl am no, cycl oal kyl am no, heterocycl oam no,
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al kyl groups as ove or one “or nore groups descri be above
as al kyl substnngesysmm5wlnch bas a‘tﬂeasteanashéﬂ&ee@ﬂctmlaéieastma@-bynl i c"

o Cunsat ur B st shnipkt; rie. RAcREAE AT LY rREARAUI Sou forlchoaia b2 o
which is a 4 tl@etérmﬂibem have lnﬂrw@/hbmoa%m&sélécﬁmmemeﬁitmgkml ic, or

10 to 15 nenbered tricyclic system ich.has..at | east o
het er oat om i n &HOTRSH gﬁﬁ@tééffsoﬁﬁd fué't%tﬁ%ﬁf rﬁl Wﬁ@gwe@ea SHTﬁ’d of

the heter00y0|%;&;a95%&§ﬁiﬁyaé1@b%tﬁnaﬂy b \ShialAat 01 By nitdygenl, 2 Or 3

het er oat ons sel ected fromnitrogen, atons, oxygen atons and sul fur
at ons, where thetempate@g%msamlsgmmnnany be gae FEL PR AetAToBY SR BV | v

be oxi di ze TR optionally be

guat er ni ze% T%1 gir:ttgcy ?%aél ou%g{fgﬂg &nge a%st ﬁ%d at any heteroatom
or calr bon atom Exemplarﬁnmnﬂcgclyc h‘nmyptthtcgimmw um}mﬁe eyyrdidiayl.ncl ude
pyrrolidinyl, pmo!ﬁ%lmc?olg’{ p}g'rrzlaggfy\{ éxe%nalz ffato}. ) Yc!lazo@‘lt azol inyl,

i m dazol yl ,

imidazolinyl, imidazolidinyl, oxazolyl, oxazolidinyl, isoxazolinyl,
isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolyl,

20  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, tetrahydrothicpyranyl,
tetrahydrothiopyranyl sulfone, morpholinyl, thiomerpholinyl,

25  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-

30 ozide, tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl,
benzap};ranyl, indolizinyl, benzofuryl, chromonyl, coumarinyl,
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such
as furo[2,3-clpyridinyl, furo!3,1-blpyridinyl} or furol2,3-blpyridinyl),
dihydroisoindolyl, dihydroquinazoliny! (such as 3,4-dihydro-4-oxc-



I m dazolinyl, imdazolidinyl, oxazolyl, oxazolidinyl, isoxazolinyl,

| soxzﬁzol yl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolyl, 20
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benzi m dazol yIF’%g'myl f’hfgﬁggﬁ dé@yﬁgqu"f@@?‘&% ny )L urylp",q’ E]hwréml’,
counarinyl, th;eﬂbpjﬁiﬂylpﬂhenqﬂnaﬂyhlauwme likelaz ol yI pyrrol opyridyl,
furopyridi nyI (suc as f i! %r# di ngl furo ridi nyI ] or
furo[ 2, 3-b] pyri di nsb‘r%emp arysdﬁ Il%ﬁl 8 pne g7 1) éﬁ’ﬁ’iﬁl&%ﬁnw (such as
3, 4-di hydr o- 4&%%‘1}386 above or onglﬂrriﬁéf’é Ry ad&e%eﬁcﬁﬂ'dv@zéﬁ Moyl

benzi soxazol yl enzodi azi nyl, benzof urazanyl , benzothlopyranyl
benzot ri ad8| ylspbitifagyisazAlgp includediang gmaller betergeycles, pehdtse reza@fq:de@nyl

di hydr obenzot di hydr obenzot hi opyranyl sul fone,
dihydrobenzop??%gé% %%é%llnyl 5 isochronenyl, isoindolinyl,

napht hyri di nyI%@tﬁrl&@Fa}zdampb'l” mfamml-}(MO) alkyburl nyl, pyr| dopyri dyl ,

qui nazol i nyl , etra i,nolinyl, thie i e
t hi enot hi enyI "P%eS‘F %u%eé aYkano %M&@)Wt ?F@%@WST\CI ude one
or nore al kyl 'mé)magmﬂv rg@g@g%bg(:t);agﬁrqe or one or nore groups described

above as al kyl 10 substituents. Al so |ncluded are srrall et erocycl os,
such as, dpoxithsterm “substitated pgpylegefers to Q‘F@ {5@? éﬁ)h% I‘EIYEI‘S to

- O - aIkyI « 51, refers to
-C(O -substitu ed Eig fﬁéﬁy},ﬁﬁah %e%%g %ir(oy refers to -C(O-aryl. 15
The term "substud w84 “afﬁyalaufﬂéﬁﬁs refersGo OBi(aUBAJ(AMfIRd aryl .

The term “diaryl alkylsilyl” refers to -Si(aryl)o(alkyl).

The term “heteroatoms” shall include oxygen, sulfur and nitrogen.

20
Use and Utility
The compounds of formula I - IV are microtubule-stabilizing
agents. They are thus useful in the treatment of a variety of cancers,
including (but not limited to) the following;

8 - carcinoma, including that of the bladder, breast, colon, kidney,
liver, lung, ovary, pancreas, stomach, cervix, thyreid and skin;
including squamous cell carcinoma;

- hematopoietic tumors of lymphoid lineage, including leukemia,
acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell

30 lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins
lymaphoma, hairy cell lymphoma and Burketts lymphoma;

- hematopoietic tumors of myeloid lineage, including acute and

chronic myelogenous leukemias and promyelocytic leukemia;



The term"trialkylsilyl" refers to -Si(alkyl)[err]. The term "aryl

dialkylsilyl" refers to -Si (alkyl)[err](aryl). The term "di aryl

al kylsilyl" refers to -Si(aryl)[err](al kylé. The term "het er oat ons”
shal | incl &d@s¥38sgen, sul fur and nitrogen.®20 PCT/US98/25464 _
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of a variety o!]‘ ancers i.ncluding (but not limted to) the follow ng;
25 - carci W"q}m?%‘:ﬁﬁl%hat of the bl adder, breast, colon, kidney,

liver, lung, ovary,otheectieasss, Shel@hny Selatomal BPhdmand skin;
I ncl udi ng squanpus, cel |, carci nom; hemat opol etf c tunors of

| ynphoi d | i ned§ératosaTaiBrmg, IW@H%}JOI&& and @lioama;ymphocytic | eukeni a,

Fodgki ne | yion, RARoRp g, Sl el pcr MO Reryodpyateli Breiing

Bur ket ts | ynphastagcytoma, neurcblamsbmategpglicehac andnavhsvanfnonigs:oi d | i neage,

i ncl udi ng acute an chronic el ogenaus .| em and promyel ocytic
| eukeni a; ) dtumgrs o1 F’chgrf’:‘ éﬁ?@h)}ﬂ’gﬂé&?g OSEFO™RA ng

fibrosarconma afithbdomydReemy)sed 688Bsarcoma; and Other tumors, including
mel anoma, semni nonm, tetratqcarcinoma, neuroblastoma and glioma;, 5 -
tunors of the tent r%ﬂheaﬁdl%@fﬁ: preludingapelanpmagysrengdarms pigmgntosum,

ast 1 ooyt oy, NEeAbh ARk eHBmad s ATBonA IO CMPRNRIAS: cancer gnd _TUTOTS Of

mesenchymal origin, 1ncluding osar _ onyoscaroma, and
ost eosar conn; ®ydtocarcinomaot her tunors, including nel anoma, xenoder ma

pLgTent osum 10" ke B80S By P95l A Shlgl Ay _cancer and
t unor angingjepesesiy, theeelepnifatiing tthe groteh efenhdoref Suekossti- Such anti -
angiogenesis properties of the compounds of formulas I and IV may also
15 be useful in the treatment of certain forms of blindness related to retinal
vascularization, arthritis, especially inflammatory arthritis, multiple

sclerosis, restinosis and pscriasis.

I

Compounds of formulas I - IV may induce or inhibit apoptosis, a

physiclogical cell death process critical for normal development and

20  homeostasis. Alterations of apoptotic pathways contribute to the
pathogenesis of a variety of human diseases. Compounds of I - IV, as
modulators of apoptosis, will be useful in the treatment of a variety of
human diseases with aberrations in apoptosis including cancer
(particularly, but not limited to follicular lymphomas, carcinomas with

25  pb3 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, inflammatory bowel diseases and autoimmune
diabetes mellitus), neurodegenerative disorders (including but not
limited to Alzheimer’s disease, AIDS-related dementia, Parkinson’s

disease, amyotrophic lateral scleresis, retinitis pigmentosa, spinal



angi ogenesi s properties of the conpounds of fornulas | and IV nay also 15
be useful in the treatment of certain fornms of blindness related to retinal
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to system c lupus, 30 erythematosus, inmune nediated gl oner ul onephrltls _
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reperfusion injury, arrhyt a, . atheroscl erosis, t oxi n-i nduced or
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known anti - canggpesiatlyCydefaDurs cymtm dfg doreBinmitns, whesdiidtheosecond
drug chosen acts in a different phase of the cell cycle, e.g. S phase, than
the present compounds of formulas I - IV which exert their effects at the

20  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

25 pharmaceutical 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,

30 granules, powders and the like. The compounds are administered in a
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.



radiation. If fornulated as a fixed dose, such conbi nation products
enpl oy the conpounds of this invention within the dosage range
descri bed bel ow and the ot her pharnaceutically active agent within its
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appropriate to the desired node of admnistration. Oally tlizlg

conpounds can Yyplradyl pretecting gnoupRaUchran gilanes .51 né&ﬁéﬁ‘l anggthe

Spanul es, PONELS b ahb ooy BB ARAL R 1E ORI bR 1 2

my/ kg/ day, 10 n @mpoghds ddfenoula I o WS vﬁm&i'levwhexé dbﬁ&ﬁd P, are hydrogeniet hod

of Preparation Compounds of fornulas Il and IV are prepared from
conmpounds S¢hémerdul as | and 111, as shown in Scheme 1. A conpound of
fornmul a | or Il afforngorrpounds of formula Il or I'W,when treated wth

a 5 reactive netall oceneQsyéh as titanocene, zirconocend or_ni obocene (see
for exanple R Schoberfg a hlein, Synlett (1989),¢% ).
Optional Iy, conpo 5 AQf mr |V wher Plepy] are
hydr oxyl protecting ps{silanes, g.g9., tri l
| i ke, can be deprotectedV A@nown in the art W

0 OPy O O OPy O
} i
R
o Bs 5
Rg Ta ~
P R Pa
W, [ B3 W. x R
O O O 0
il v

15  Alternatively, other metal or metal-assisted reagents can be used for the
conversion of a compound of formula I or III to a compound of formula
I or IV, as listed below:

1) N,C(CO,Me),, cat Rh,(OAc),
Martin, M.G.; Ganem, B. Tett. Lett. 1984, 25, 251.
20 2) N,C(CO,Me), cat [(n-C,H,;CO,),Rhl,
Rancher, S.; Ki-Whan, C.; Ki-Jun, H.; Burks, J. J. Org. Chem.
1986, 51, 5503.
3) Zn-Cu, EtOH
Kupchen, 8.M.; Maruyama, M. J. Org. Chem. 1971, 36, 1187.



10 conmpounds of fornmula Il or IV where where Plerr] and Plerr] are

hydr ogen. Schene 1 [err]
Al ternativel 5 ot her metal or netal -assi st?d reagents can be used for the
conver si on Y 2%&¢hpound of formula | or Il to a conpound FCTHPHRIE4-

Il or IV, as | 1) Nerr]C(COerr]Me)[err], cat
Rh[err] (QAc) [ A}%Ieg?}l%? I%VBI'E Martin, MG ; Ganem B. Tett. Lett. 1984, 25,
251. 20 2)N err] QR eLhnt, /B . MSraeselli, Tuj Zublam, G.; Cainelli, G. Chem.

(el derlebgrppg cist gy Lol o o nensr S K e
Zn- Cu, EtCH Kupchen, S.M; Maruyama, M J. Og. Chem 1971, 36,
1187. 5 5)(314) My(Hg), MyBr[err]
Gladysz, J.A.; Fulcher, J.G.; Togashi, S. J. Org. Chem. 1976, 41,
3647,
6) FeCl,, n-BulLi

Fujisawa, T.; Sugimoto, X.; Ohta, H. Chem. Lett. 1974, 883.
10 7) TiCl,, LiAlH,
McMurry, J.E.; Fleming, M.P. J. Org. Chem.. 1975, 40, 2555.
McMurry, J.E.; Sitvestri, M.G.; Fleming, M.P,; Hoz, T.;
Grayston, M.W. J. Org. Chem. 1978, 43, 3249,
8) TiCl,, Zn
15 McMurry, J.E.; Silvestri, M.G.; Fleming, M.P.; Hoz, T.;
Grayston, M.W. J. Org. Chem. 1978, 43, 3248.
9) WCl,, LiAlH,
Fugiwara, Y.; Ishikawa, R.; Akiyama, F.; Teranishi, S. J. Org.
Cherm. 1978, 43, 2477.
20 10) NbCl,, NaAlH,
Sato, M.; Oshima, K. Chem. Lett. 1982, 157.
11) VCL, Zn
Inckuchi, T.; Kawafuchi, H.; Torii, 8. Syrleit 1992, 6, 510.

12) WCl,, n-Buli
25 Sharpless, K.B.; Umbret, M.A.; Nieh, M.T.; Flood, T.C. J. Am.

Chem. Soc. 1972, 84, 6538.

30
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Bertini, F.; Gasselli, P.; Zubiani, G; Cainelli, G Chem Commun.

1970,144. 5 5)Cr d adysz, J. A ; Fulcher, J.G; Togashi, S. J.
Org. Chem 1976, 41, 3647. 6) FeC[err], [err]-BuLi
Fuj i sawa, Twopeopgimoto, K ; Ohta, H Chem Xlett. 1974, 883. 59@54“
TiC[err], LiAlH err] MMwirry, J.E; Flem ng, MP. 5“ g. _
Chem . 1975, 40, 2555. MMirry, J.E.; Silvestri, MG ; Flemng,
MP.; Hoz, T.; Grayston, MW J. Og. Chem 1978,43, 3249.
8) TidJ[err], Zn 15 McMirry, J.E.; Silvestri, MG ; Flemi ng, MP.;
Hoz, T.; Grayston, MW J. Og. Chem 1978, 43, 3249. 9)
WCl [err], LiAlH err] Fugiwara, Y.; Ishikawa, R ; Akiyama, F.;
Teranishi, S. J. Og. Chem 1978, 43, 2477. 20 10) NobdJerr],
NaAl H err] Sato, M; Gshi K Che Lett. 1982, 157. 11)
VQ [err], ZR | nokuchi, T. %@m , H; Torii, S. Synlett
1992, 6, 510. 12) Wl [err], [err]-BuLi 25 Shar pl ess, K B.;
Urbret, MA ; Nieh, MT.; Flood, T.C J. Am Chem Soc.
1972, 94, 6538. 30 35 § 8

MQ—QNU%

G OH C©

[48-[4R*,7S* 8B * 9R* 15R*(E)]1-4,8-Dihydroxy-5,5,7,9-tetramethyl-16-[1-

10  methyl-2-(2-methyl-4-thiazolylethenyl]-1-0xa-13(Z)-cyclohexadecene-2,6-
dione. [Epothilone C]

To a two-necked flask was added chopped pieces of magnesium

turnings (24 mg, 1.0 mmel). The flask was flame-dried under vacuum
and cooled under argon. Bis{cyclopentadienytitanium dichloride (250

15 mg, 1.0 mmol) was added followed by anhydrous THF (56 mL). The
stirring suspension was evacuated with low vacuum, and the reaction
flask was refilled with argon. The red suspension became dark, turning
a homogeneous deep green after 1.5h with nearly all the magnesium
metal being consumed. An aliquot (8.5 mL, 0.70 mmol, 3.5 eq) was

20  removed and cooled to -78 °C under argon. To this solution was added
epothilone A (99 mg, 0.20 mmol, 1.0 eq). The reaction mixture was
warmed to room temperature and stirred for 15 min. The volatiles were
removed in vacuo and the residue was chromatographed two times on
silica (25g), eluting with 85% EtOAc/hexanes to give 76 mg (80%) of the

25 title compound as a pale yellow viscous oil.

30



5 Example 1

[err]

[4S-[4R*, 7S*, 8R*, 9R*, 15R*(E)]] - 4, 8- Di hydroxy-5,5, 7, 9-tetramet hyl - 16-[ 1- 10
met hyl - 2- ('Q’Drﬁ?fzﬁ%d 4-thi azol yl) et henyl ] - 1-'0xa- 13( Z) - cycl oheREHARISRIS464 G-

di one. [Epothilane C] To a two-necked flask was added chopped -

pi eces of nagnesi um turnings (24 misampledopl). The flask was

fl ame-dried under vacuum and cool ed under argon.

Bi s(cycl opent adi enyl )titaniumdichloride (250 15 ng, 1.0 nmmol) was added
foll owed by anhydrous THF (5 nL). The st i¥& i ng suspensi on was evacuat ed
with | ow vacuum and the reaction fl gasS +#efilled wiwth argon. The
red suspensi on becane dark, t uh i LR hm)geneus deep green after 1.5h

with nearly all the magnesium
0.70 mmol, 3.5 eq) was 20 renoved and cog 8l [err] C under argon. To
this solution was added epot hil one A e . OMenol, 1.0 eq). The

reacti on m xture was warnmed to roomtenoer@t-yr@ and stirred for 15 mn.

333 Y?lrrgtsl loﬁs ﬁg@ﬂ.,@l?ﬁgﬁ@ @%@gﬁ% %@ﬁe@ prom t;a,%[gphed
(809 of the r{.methyl-2-(2-methyl-4-thiazolylethenyl]-1-oxa-13(Z)-cyclohexadecene-
2,6-dione. [Epothilﬂne D]

To anhydrous THF (5 ml) at -78 °C under argon was added WCl, (198 mg,
0.5 mmol) followed by nBuli (0.625 ml of 1.6 M solution in hexanes, 1.0
mmol). The reaction was allowed to warm to room temperature over a

10 20 min period. An aliquot (0.50 ml, 0.05 mmol) of the tungsten reagent
was removed and added to epothilone B (9.0 mg, 0.018 mmol) under
argon and the reaction mixture was stirred for 15 min, and then
quenched by the addition of saturated NatCO, (1 ml). The reaction
mixture was extracted with EtOAc (3 x 1 ml), the combined extracts

15 dried (Na,80,), filtered, and the volatiles were removed under vacuum.
The residue was chromatographed with 35% EtOAc/hexanes to give the
title compound (7.0 mg, 0.014 mmol). MS m/z: 492.3 (M"+H).

H An aliquot (3.5 ni,

20 Example 3

o O ;2“80

[4S-[4R*78* 8R*9R* 15R*(E)]14,8-Triethylsilyloxy-5,5,7,9-tetramethyl-
16-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl}-1-0xa-13(Z)-

25 eyclohexadecene-2,6-dione. [Bis-Triethylsilyl Epothilone C]
EtgSiCl (4.15 mmol, 0.700 ml) was added to epothilone A (0.415

mmol, 205 mg), imidazole (2.07 mmol, 140 mg) and i-PraFtN (6.22 mmol,
1.08 ml) in DMF (5 ml). The resulting solution was heated at 40 °C.



25 title conmpound as a pale yellow viscous oil. 30
Exanple 2 [err]
[4S-[4R*, 7S*, 8R*, 9R*, 15R*(E)]] - 4, 8- D hydroxy-5,5,7, 9, 13- pent-anet hyl - 16- 5

[ 1- met hyl - v forsBihy| - 4-t hi azol yl ) et henyl ]E1- oxa- 13(Z)-cyl o ,?E -
2, 6-di one. [Epothilone D To anhydrous THF (5 m) at 95)‘( e?srsﬁ%?,&under

argon e addeamiEnBa) abdifousl mteSicRoDTHRld), 6 85D MBLY; ERFIILhs

(0.625 m of 1.6 M solution in hexanes,

al | oned to warmmta, OS2 tdhwerandded andrihe rk8ulidly Bdlntierdtaded A 69 @uot
(0.50 ml, 0.05

fed he t sten reagent s, renoyved and added to
epot hil one B (@%f‘?o. geﬁﬁﬁB? v@ﬁqunc%ntragﬁ%,oﬁﬂgﬁ}ae tTREdPééEW parified ur e
was stirred fogith5flaklh chaddaté@aphy (102eRENRIHVk0BS), aﬁ?d-&ﬁ@dm‘? '%a; urat ed

NaHCO err] (1 m ). The reaction m xture was extracted w c (3 x1
m ), the cénbiemsthilrne dcwasisolatied es cohhalees 6]1%2Bémng,)88%).| MS &r+H) y22he

volatiles were renoyg qangrfr Fous THE'(B ml) at -78 °C under argon was added WCl,

(198 mg, 0.5 mmol) followed by nBuli (0.625 ml of 1.6 M solution in
hexanes, 1.0 mmol). The reaction was allowed to warm to room
temperature over a 20 min period. An aliquot (1.0 ml, 0.089 mmol) of the

10 tungsten reagent was removed and added to bis-triethylsilyl epothilone
A (22.5 mg, 0.031 mmol) under argon and the reaction stirred for 20 min
then quenched by the addition of saturated NaHCO, (1 ml). The reaction
mixture was extracted with EtOAc (3 x 1 ml), the combined extracts
dried (Na,80,), filtered, and the volatiles were removed under vacuum.

15 The residue was chromatographed with 10% EtOAc/hexanes to give the
title compound (13.6 mg, 0.019 mmol) in 62% yield. MS m/z: 706.5
(M*+H).

[7TR-[TR*,88*98*% 15R*(E})]]-8-Hydroxy-5,5,7,9,13-pentamethyl-16-[ 1~
methyl-2-(2-methyl- 4-thiazolylethenyll-1-0xa-3(E),13(Z)-
cyclohexadecadiene-2,6-dione.

25 The title compound was prepared following the procedure described in
Example 2. From 10 mg of [1S-[1R* 3R*(E),108*,11S* 12R*,168%]]-11-
hydreoxy-8,8,10,12,18-pentamethyl-3-[1-methyl-2-(2-methyl-4-
thiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0theptadec-6-ene-5,9-dione

{prepared from epothilone B using the procedure described in



The resi due was chromat ographed with 35% Et OAc/ hexanes to give the
title conpound (7.0 ng, 0.014 mmol). MS mz: 492.3 (Merr]+H). 20
Exanpl e 3 [err

[ 4S- [ 4R*, W& 99BB3249R* , 15R*(E)]] -4, 8-Tri et h’?l si |yl oxy-5, 5, 7, SCTRISPHAdehy | -
16-[ 1-met hyl - 2- (2-met hyl - 4-t hi azol yl ) et henyl | - 1-oxa-13(Z2) - 25

cycl ohexadec PGI/ERS6M05080 foriihe-ddlegins sirversibpafigpobil@pe A), 4.5 mg of

Et[err]SIA (4,15 mol, ,0.70Q .ni pot hil one A (0.415

mmol , 205 rrg%m,éh‘? W’BBQBP%W%%#W@%‘?W%%LM 2EtN (6.22 mol

1.08 M) in DWW (5 m). The resulting solution was heated at 40 [err]C.
After 16 hrs, additional Et[err]Sid (2.07 mol, 0.350 mM) and i-Pr[err]EtN
(4.15 mol, 0.725 m) were added and the resulting solution stirred at
60 [err]C for 48 hrs. The reaction was concentrated, and the residue-
was purified wi th flash chromat ography (10% Et oAc/ (Hexanes).
Bis-triethylsilyl 5 epot hil one A was .isolated as colorless oil (264 ng,
88%. M5 (Merr]+H) 722. To anhydrous THF (5 m) at -78 [err]C
under argon was added WO [err] (198 ng, 0.5 mmol ) foll owed by nBuLi
(0.625 M of 1.6 Msolution in hexanes, 1.0 mmol ). The reaction was
allowed to warmto room tenperature over a 20 mn period. An aliquot
(1.0 M, 0.089 mmol) of the 10 tungsten reagent was renoved and added to
bis-triethylsilyl epothilone A (22.5 ng, 0.031 mmol) under argon and
the reaction stirred for 20 mn




t hen quenched by the addition of saturated NaHCO err] (1 m ). The reaction
m xture was extracted with EtQAc (3 x 1 m), the conbined extracts

dried (Na[err]SOerr]), filtered, and the volatiles were renoved under
vacuum 15wHw ke due was chronmat ogr apheddw th 10% Et OAc/ h g% gi ve
t he TR nd (13,6 mg. 0,010 Mol ) in 629%yield. NEoprsdad

fg’[rfl”l *H) . What is claimed: Exanpl e 4

[7TR-[ 7TR*, 8S*, 9S*, 9S*, 15R*(E)]] 8- Hydroxy 5,5,7,9, 13- pent anet hyl - 16-[ 1-
met hyl - 2- ( 2- t hyl - h| azol et hen Fr%%E
cycl ohexadecadi ene- ?1*8 13/ uc?ﬁ‘e P?‘émi8 %l)ﬁ%uﬁ)é@ prepar ed follow ng

t he procedure described in Exanple 2. From 10 ng of
[1S-[1R*, 3R*(E), 10S*, 11S*, 12R*, 16S*] ] - 11-

hydr oxy- 8, 8, 10, 12, 16- pentaﬁethyl 3-[1- et hyl - 2- (2- et hyl -
thlazolyl)ethenyl] 4,17-di cycl o[ 14. 1. 0] hept adec;
(prepared from epot hi ig the procedure des

PCT/ EP96/ 05080 f rsion of Gfg of
title conpound was obt Rﬁ4(|\/&l—|)[@rr] s
Re R
O OPy O 0 0
5 H] v
wherein
Wis O, NRg;
10 R1, Rs, Ra, Ry, Rs, Ry, are selected from the group H, alkyl,

substituted alkyl, or aryl and when R, and Ry are alkyl can be joined fo
form a cycloalkyl;
Ry is selected from the group consisting of H, alkyl, substituted
alkyl, aryl, cycloalkyl, or heterocyclo;
15 Rg is H, alkyl, or substituted alkyl, OH, O-alkyl, O-substituted
alkyl: and
P, and Py are selected from the group, H, alkyl, substituted alkyl,

alkanoyl, substituted alkanoyl, aroyl, substituted aroyl, trialkylsilyl, aryl
dialkylsilyl, diaryl alkylsilyl, triarylsilyl.

Which comprises reacting a compound of the formula

I 0 A



VWhat is clainmed: 1. A process to produce a conmpound of the fornulas
[err] 5 . wherei n Wis O NRerr]; 10 Rerr],

Rlerr], Rerr], err], Rerr], Rerr], ate selected fromthe group
al kyl , W@G&EQ& uted al kyl, or aryl and™when Rlerr] and W%?’Sf93&5®4al kyl
can be joined to forma cycl oal kyl ; Rlerr] is selected from
t he group consisting of H, alkyl, substituted al kyI aryl, cycloal kyl,

O et er 0%yl etk W, Ra, 15, H R RatBa2y byl Bt biiadpnl kol O
sel ected frongidie, Qﬁé’&& cr'ine?élk‘i@szst%& hehibit S8letledyrom the ?{/d@ oyl ,

substituted al kanoyl, aroyl, substituted aroyl, trial kyIS|

| |
di al kyl silyl, caxxsasbymg of laytesictiye, metallocpnes IY,C(CM,Me) ,, vat B, arfl
reacting & cofpeyth Sief, NGBl 2C0,), Rhl,; [Zo-Cu, EtOH; {Mg(Hg), MgBrl;

Cr; [FeCl,, n-Bulil; [TiCl,, LiAIH,}; [TiCl,, Zn}; (WCl,, LiAlH, ] INbCL,,
NaAlH,]; [VCL,,Zn] and {WCl,, n-BuLil.

2.  The process of claim 1 wherein the metal or metal assisted

10  reagent is a metallocene.

3. The process of claim 2 wherein the metaliocene is selected from

the group consisting of titanocene, zirconocene or nicbocene.

15 4. The process of claim 1 wherein the metal or metal assisted
reagent is {WCl,, n-Buli].

JLR



[err] o wherein W Rerr], Rerr], Rerr], Rerr],
Rlerr], Rerr], Plerr] and Plerr], are as above with a S,

| ener T T S Se he pyenFFs 1 N
O
g INTERRATHONAL he L Ch i pBLISHER b TPl Cilpimpality $hEATy A5

Li AI(EH[ Temr?ifmal[me@qaeqﬁﬂﬂm &n] ; [ Wo [ er r(‘m Idmrﬁkxbd[pﬂrubﬁudan N{nﬁibﬁ [ err WO 9928324

NaAl H eori hoahd/@ims, rﬂ77ﬂm,]4gamd, [ WElfsef r], n-Buli . The process
of {cl aAGIK 31425 ei n the metal or netal ‘AJ%‘} ‘%?”hc?‘@aﬁetﬁt i S 14 June 1999 (10.06.99)

netjal [ ocene. The process off claim 2 wherern The nmetartrocene T35
sel|éH} baggreatiqyphApplicatiop H@nlgr oup ESHEPYLHGHg (BT Desipnated Bates) AL, SN ATokld A&rA, BB, BG, BR,

0] P oo g e ToREEESS 000! M ol i B T B o

GE,
asqi gent is VW BuLi ] .re, 1k, LR, LS, LT, LU, LVMDMGMK,MNMW

MX, NO, NZ, PL, PT, RQ, RU, 8D, SE, 8G, 81, 8K, 8L, T7,
(39) Priﬂril}’ Data: TM m 'rT, UA, UG: Uz) VN' YU: ZW, ARIPO patmlt
60/067,549 4 December 1997 (04.12.97) us {GH, GM, KE, LS, MW, SD, §Z, UG, ZW), Eurasian patent
60/082,563 21 April 1998 (21.04.98) Us {AM, AZ BY, KG, KZ, MD, RU, T3, TM), Buropean patent
(AT, BE, CH, CY, DE, DK, ES, Fi, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE}, OAPI patent (BF, BJ, CF, CG, CI,
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{54) Title: A PROCESS FOR THE REDUCTION OF OXIRANYL EPCTHILONES TO OLEFINIC EPOTHILONES
{87) Abstract

The present invention relates to a process for the reduction of oxiranyl epothilones to olefinic epothilones.




