WD 2004/ 024735 PCT/ EP2003/ 010171 -1 A new process for
the preparation of Epothilone Derivatives, new
wapwitioed7ehe Derivatives as well as new i nt er nedi/aP®o03/010171
products for the process and,the nethods of preparing
same The invention rel ates to a new process for the
producti on of epothilone derlvatlves having not only
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The term “solid tumor disease” especially means breast cancer, cancer of the colon and
generally the Gl tract including gastric cancer, hepatoma; lung cancer, in particular small-cell
lung cancer and non-small-cell lung cancer, renal cancer, mesothelioma, glioma, squamous
cell carcinoma of the skin, head and neck cancer, genitourinary cancer, e.g. cervical, uterine,
ovarian, testicles, prostate or bladder cancer; Hodgkin's disease, carcinoid syndrome or
Kaposi’'s sarcoma.

Epothilone derivatives are already described, e.g., in WO 97/19086. These derivatives are
produced starting from natural epothilone A and B.
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A synthesis for the preparation of epothilone derivatives of formula 9
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bonded to two adjacent carbon atoms, such as methylenedioxy. j
R2 as aryl is especially phenyl.
Halogen is especially fluorine, chlorine, bromine, or iodine, in particular fluorine or chlorine.

R2 being an unsubstituted or substituted heteroaryl is, for example, a radical selected from

following structures:
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R2 as heterocyclic radical being fused to a benzene nucleus is a radical selected for
example from the radicals of formulae
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N N R2 as heterocyclic radical being fused to a
benzene nucleus is a radical selected for exanple

w0 canioe418s r adi cal s of fornmulae H )zZX) 0 H S HQEKPZ003/010171
~/ 1 1 N\ N\ N\ N and 2004/ 024735
PCT/ EP2003/ 010171 -5 OH N The new synthesis
conprises foll ow ng sequences: a) reacting a conpound
of forrula 1 /OOH\ R OP (1) wherein R2 has the
nmeani ngs gi ven above and the nesyPHte group nay be
replaced by a tosylate group and the |like and ;(r).
is an al cohol protecting group/preferably a silyl
protecting group, nore prefergbly any of the later on
listed silylether form ou s and nost preferably
a lower alkyl silyl prots R’ group preferably
selected fromTES, TBDS, TPS, wth a sultam derived
compound of formula 2 as, for exanple, O

The new synthesis comprises following sequences:

a) reacting a compound of formula 1

(1)

wherein R2 has the meanings given above and the mesylate group may be replaced by a

tosylate group and the like and is an alcohol protecting group preferably a silyl
protecting group, more preferably any of the later on listed silylether forming groups and
most preferably a lower alkyl silyl protecting group preferably selected from TES, TBDS,
TPS, with a sultam derived compound of formula 2 as, for example,
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and nost preferably a lower "al kyl silyl protecting
group preferably selected fromTES, TBDS, TPS, in a
selective aldol reaction in the presence of a Lew s
acid and addition of a base in an inert solvent at
| ower tenperatures between2 50 to -100 C and
ther%er at el evated terrpgpatures between -20 to
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(3)
wherein R2 has the meanings given above.

The compound of formula 2 as given above may be replaced by a compound of formula 2

wherein is an alcohol protecting group preferably a silyl protecting group, more
preferably any of the later on listed silylether forming groups and most preferably a lower
alky! silyl protecting group preferably selected from TES, TBDS, TPS.

The compounds of formula 3 are new compounds and are used as intermediates for the next
step b) of the process sequence, and



-7 b) the obtained conpounds of above fornmula 3 are

reacted at tenperatures between -70 and +25 Cin the
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wherein R2 and have the meanings given above.
The compounds of formula 4 are new compounds and are used as precursors for the next

step c) of the process sequence, and
c) converting an above compound of formula 4 to the carboxylic acid by splitting- off the chiral

auxillary group with TBAOH/H202 in DME or LiO2H in THF/MeOH/H20 obtaining compound

of formula 5

(6)




internedi ates for the next step d) of the process
sequence, and d) reacting a conpound of above formnula
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cl eaving the nesylate group_g@r tosylate group or the
| i ke obtaining a conpound of formula 6 .OOH OO
(6) P wherein R2 and have the above glven nmeani ngs.
The obt ai ned conpounds of formula 6 are new conpounds
and are used as internediates for the next step e) of
the process sequence, and e) hydrolysing the
tri-protected tris-silylether conpounds of above
formula 6 a desilylation reagent or an acid in
' ol-ve Gont of , e.g. TASF or
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fully protected epothilone derivative of fornula 8

wherein R2 and have the above given meanings.

The obtained compounds of formula 6 are new compounds and are used as intermediates
for the next step e) of the process sequence, and

e) hydrolysing the tri-protected tris-silylether compounds of above formula & with a
desilylation reagent or an acid in an inert solvent or a mixture thereof, e.g. TASF or
HF-pyridine in THF, obtaining a selectively desilytated compound of formula 7
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obt ai ned conpound of fornmula 8 with HF-pyridine in an
inert solvent at tenperatures between 0 - 30 C and
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epot hi l one derivatives of 'f'o 9 HOR2Z O OOHO
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B to the correspondi | acte&m i s disclosed in Schene
21 (pages 31 and 32 d kxanple 3 of W99/02514
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reaction steps a) to g) enconmpads, but are not limted
to met hanol, ethanol, propanol~dichl oronethane,

di chl or oet hane, DWF, tetrahydrofuran (7JHF), benzene,
tol uene, pyridi ne, ethylacetate, acetone or

t-butyl -nme ether (TBME), hexane or heptane and
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The compounds of formula 7 are new compounds and are used as precursors for the next

step f) of the process sequence, and

f) macrolactonizing obtained compounds of formula 7 according to the conditions described
by M. Yamaguchi et al Bull. Chem.Soc.Jpn.,1979, 52,1989, obtaining a fully protected

epothilone derivative of formula 8
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wherein R2 and have the above defined meanings.



limted to organic am nes such as unsubstituted or
hydr oxy-substituted nono-, di- or tri-alkyl- am nes,
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nmet hyl am ne, di met hyl am ne, di- n-propyl am ne,

triethylamne, tri-n-propyl atfine, tri -n-butyl am ne and
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e
to methanol, ethanol, propanol, dichloromethane, dichloroethane, DMF, tetrahydrofuran

(THF), benzene, toluene, pyridine, ethylacetate, acetone or t-butyl-methyl ether (TBME),
hexane or heptane and the like and mixtures thereof.

Organic bases mentioned in one of the reaction steps a) to g) encompass, but are not
limited to organic amines such as unsubstituted or hydroxy-substituted mono-, di- or tri-alkyl-
amines, especially mono-, di- or tri-lower alkyl-amines, e.g. methylamine, dimethylamine, di-
n-propylamine, triethylamine, tri-n-propylamine, tri-n-butylamine and di-isopropylethylamine
(iProNet), as nitrogen heterocycles, ethylene-imine, pyrrolidine, piperidine and morpholine,
especially 4-dimethylamino-pyridine (DMAP), pyridine, 2,6-lutidine, 2,6-di-tert-butylpyridine
and the like.
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groups will be TPS.

The term pharmaceutically acceptable metal salts contemplates salts formed with the
sodium, potassium, calcium, magnesium, aluminium, iron and zinc ions. The salts are

prepared by conventional methods.

Suitable acids for cleaving the bis-trimethylsilanyloxy groups of the compound of formula 4
by hydrolysis are weak organic acids which do not open the epoxide ring of the epothilone
structure and are for example dilute acetic acid, propionic acid, glycolic acid, lactic acid,
fumaric acid, succinic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, malic acid,
tartaric acid, maleic acid, mandelic acid, amino acids, such as glutamic acid or aspartic acid,
especially citric acid and the like. Especially may be mentioned HF-pyridine in THF or
HF-pyridine in pyridine.

Chiral auxillary groups used for the aldol reaction according to a) of the process sequence
are for example the sultam auxillary group or oxazolidinone groups. e.g.



c) The obtai ned conpounds of fornula 4 are converted

to the carboxylic acid by splitting off the sultam
wa@eoolop€rsy group with TBAOH 1-1202 in DVE or LPCREPI0N3/010171

THF/ MeOH H20 obtaining a co?ggund of forrmula 5. d)

The obtai ned conpounds of forfula 5 are reacted with

Li BHET3 as reducing reagent in THE as inert sol vent

for cleaving the nesylate or tosylate group or the

i ke obtaining a conpound of fornula 6. e) The

tai ned conpounds of fornmula 6 are hydrol ysed with a
| ation reag@yt oeFﬁne:mally wi th TASF or an

ordani £ aci d, especlal pyridine in an inert
%9- t, e.g. pyriki pf THF, obtaining conpounds of
or a 7. f) The Obta\ned conpounds of fornula 7 are
nacr 3aCte@ﬁé accord t Candf @R KN cﬁtral%'uxnllar?gﬂ)ups
treating the hydroxy acid with Et 3N and

2,4,6-trichl orobenzoyl chloride at | ower tenperature,
Tae geacﬂorfstépsda)tdﬁ@)ra% dietragntibhe ﬁr&@@*s bmmem'e»o‘bume prepariieie of the

P
pBpcluRs ptblrila & are Faiddont hJadr T SesBtiba Bichowsi g of
for nul a 8. WD 2004/ 024735 PCT/ EP2003/010171 -13 g)

?g?wgﬁlr@% Bﬁ‘ém‘}lﬂé’ﬁ Sfétrggcté‘d’\ﬁﬁﬁk&g}?o 5@51* Y f ?br% ample in the

are trea Ine In

PraSERGe of FICHoM KIS BAse dPTANETA VAR5 melbane o pltompesehes of .78 °C

aRd HeRsltbdl aQémpstule 0P 8. C UsRining RN mpB isibf fPRala 3.
derivatives of fornula 9 are obtained, wherein Rl is

nmet hyl and R2 has the above descri bed neani ngs and
bpPhe anaihéd/coopoumdtstdf fgmula@ngpe tradied edth hatyrathar Brming cempound

o3, 188!, FBoPRYE: hilfe HELIEE: SERRINGS: MRASE QM A hOang

ns by conven
2&"5?&@8@0@!&&@9@9%9@[&@3 for the process sequence of

_§ @* MM dichlordh@hSlerhs Meerf @R ehtiErmi T%‘M;ﬁgnd%fof mula 4.

unsubstituted or substituted ary an unsubstituted or
substituted heteroaryl or an unsubstituted or

cﬁn{bsGUténmad&@nipe&refsWMula Arapglesimbriddus e daﬂaoayli@%amiy%pnmng off

eus are 0
i P 2y BPSepBt ToA T EBa 5 TR LSy farngeg ebtining
aigempaund ofifeemulpibepar ed by fol | owi ng process sequence
conprising steps a) - g), as given thereafter.
d) The obtained compounds of formula 5 are reacted with LIBHET3 as reducing reagent in
THF as inert solvent for cleaving the mesylate or tosylate group or the like obtaining a
compound of formula 6.

e) The obtained compounds of formula 6 are hydrolysed with a desilylation reagent,
especially with TASF or an organic acid, especially HF-pyridine in an inert solvent, e.g.
pyridine or THF, obtaining compounds of formula 7.

f) The obtained compounds of formula 7 are macrolactonized according to Yamaguchi et al,
e.g. treating the hydroxy acid with Et3N and 2,4,6-trichlorobenzoyl chloride at lower
temperature, e.g. 0 °C and thereafter the reaction mixture is added to a solution of 4-DMAP
in toluene and the temperature raised to ca. 75 °C obtaining compounds of formula 8.



The detail ed neanings of R2 and O have been defi ned
under formula 9 and fornmula 1 respectively. The new
waeleweloppesl synt hesi s conprises foll owi ng sequePCEEP200&)10171

reacting a conpound of fornu X0 (x) with PPH3 at
tenperatures between 50 - 150 C, nore precisely at a
tenperature 100 C and thereafter wwth KHVDS in an

inert solvent, especially in THE at OC and thereafter
cooling the reaction mxture to a tenperature between

g) T dbtdifed pkéiBctbd eptiitliohd BéHvaiigs Bf fofmul& BRAFEIFEIedWRitHEHF -pyridine in
P [ﬂ%%'cﬁ%e' agvfe%rqt?glr;ggg ?éa\%geez%&gj@w%%?}a%'teréhrrm‘gqgraoups (TPS, TES,
TBleSEaﬁﬁﬂBh@dé}ﬂlaﬂyes ofifbrmi@da haes dbtdthdd, PH3P (XI) a_nd,
Bl | B P 7B o gt g
cerapaprs of fermyla § wherein randai2 havetherdefinadegedninoadiederdormudn 9 to
a0t ith FRfafedBbROhy@hVerfibnal metifegper ature of 40 C

obtai ning a conpound of fornula XIIl1 02Me
The used starting compounds for the process sequence of formula 1 wherein R2 has the
meaning of an unsubstituted or substituted aryl, an unsubstituted or substituted heteroaryl or
an unsubstituted or substituted heterocyclic radical fused to a benzene nucleus are used as
key-intermediates for the preparation of epothilone derivatives of formula 9 are new and are
prepared by following process sequence comprising steps a) - g), as given thereafter.

The detailed meanings of R2 and have been defined under formula 9 and formula 1

respectively.
The new developed synthesis comprises following sequences:

a) reacting a compound of formula X

(X)

with PPH3 at temperatures between 50 ° - 150 °C, more precisely at a temperature 100° C
and thereafter with KHMDS in an inert solvent, especially in THF at 0°C and thereafter
cooling the reaction mixture to a temperature between ~50 ° to =100 °C, and treating with
CH3CO2CI more precisely at a temperature of ~78 °C obtaining a compound of formula Xi



R2 up (XIll1) c¢) reducing a conpound of fornula
(XI1'l') with a reducing agent, especially wth DI BALH,
w0 poodame7Bhiert sol vent, e.g. toluene at tenper apCr/8B2003/010171
between -50 to -100 C, nore £ecisely at a
tenmperature of -78 C and thefeafter elevating the
tenperature to 0 C obtaining a conpound of fornula
XI'V WO 2004/ 024735 PCT/ EP2003/010171 -15- OHR2 P P
(XIV) (the drawing Qf formula XIV and the foll ow ng
conpounds thereafter Rale been si npl d), R2 and (D
have t he above nean| . e Ny e conditions
under Sharpl ess PHsPf-diethyl-L-Tartrate, Ti (OPr)a4,
t-BuOCH] for epoxidation of a conpound of fornula XV
obt ai ning a conmpound of formula XV OH R2 O (XV)
wherein R2 and have tl@ﬂ)above gi ven neani ngs under
formula 9 and fornula'| ° respectively. The obtained
compound of formula XV is a new conpound and is used
aR® precursor for the next step e) of the process
sequence, and WO 2004/ 024735 PCT/ EP2003/ 010171

b) reacting the obtained compound of formula Xl with a compound of formula XIi

H

©

(X1

in an inert solvent, e.g. in toluene at temperatures between 20° to 60 °C, more precisely at a
temperature of 40 °C obtaining a compound of formula Xlli

OzMe
R

®  ®

c) reducing a compound of formula (XIll) with a reducing agent, especially with DIBALH, in

- Ro

X1

an inert solvent, e.g. toluene at temperatures between —50° to —100 °C, more precisely at a
temperature of —78 °C and thereafter elevating the temperature to 0 °C obtaining a
compound of formula X1V



-16 e) introducing the nesylate group into a conpound
of formula XV by adding nesylate chloride (the
wore@yo24785 gr oup nmay be repl aced by a corresponBCTI§P2003/010171
tosylate group or the like) _in the presence of
triethylamne (Et3N) in an 1Her t sol vent, e.g.
di chl or onet hane obtaining a conpound of fornmula XVl O
R2 PP (XVI) P wherein R2 and have the above given
meani ng. The obtai ned conmpound of fornula XVI is a new
compound and is used as intggpediate for the next
step f), and f) treating the obtai ned conpound of
formula XVI with an orgagks.acid in an inert solvent,
more precisely with pyridinijumjg t&%uenesulfonate or
canphor sul fonic aci@d i"n abso t hanol ,

hydr ol ysi ng the one cprotecting, groups and obtaining a
conmpound of formul II q/

MO R2 OHo O(XVI |) W
2004/ 024735 PCT/ EPROD3/ 01017 17 wherein R2 has the

above given neani ngs, and Q) di zing by using the
Swer n- oxi dati on nethod, e.g. oxidizing the alcoholic
group by the

(Xiv)

(the drawing of formula X1V and the following compounds thereafter have been simplified),

R2 and have the above meanings, and

d) using the conditions under Sharpless [(+)-diethyl-L-tartrate, Ti(OPr)4, t-BuOOH)] for
epoxidation of a compound of formula XIV obtaining a compound of formula XV

_OH

(Xv)

wherein R2 and have the above given meanings under formula 9 and formula 1
respectively.

The obtained compound of formula XV is a new compound and is used as precursor for the
next step e) of the process sequence, and



pronotion of oxalyl chloride and activation of

di met hyl sul foxi de, passing the al koxysul fonium salts
wa@na4at4765 addition of a base and i ntranol ecul B€T/EP2003/010171

rearrangenent obtaining a ke o conmpound of formula 1

used in the previous inventive process sequence as

starting conpound. The inventive process sequence for

produci ng epot hilone derivatives of formula 9 shows

many advantages in conparison with other known and
epinipddusing thesyiedylesgroup infoheecopsoliyd biToMRIEICY bp BddMg B/late

[ voi fds surprisi robl ematic.e idatio .
BRI @B el SR Hatehl BB G Bl €816 8 e
indbe preperee of triathyleminel BN kin eih éreit| solveitti @g. difHiaremetharse obtaining a
SRS RRG SErofRiia ke mesyl ate and tosylate epoxides. Many

steps can be carried out in the presence of these
functional groups. - Hgh yigding and highly

di astereosel ective titanium egdl ate al dol reaction
between the a- branched al deRy@gs and the et hyl ket one
key fragnments coul d be achi d. - The aldol reaction
tol erates surprisingl esence of the nesylate
and tosyl ate epoxide.] - Thejaldgl reaction allows a
hi ghl y conver gent ht'hesis o one derivati ves.
- The al dol reacti al l ows surprisingly to make use

of the chiral sult auxi liaryfhs carboxyl ate
t heref ore~ayoi ds additional tine
and oxidn steps prior to the

protecting group
consum ng reducti

final macrol actonisation step. - The i tive process
sequence is a shorter synthetic route than any other
publ i shed thetic routes known in literature,

] ' Ll yield could be d d.
hgtph AR e Pt P B 2 0B es "under | 1 ne the

i nventive step of nentioned process sequence. A
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theagglistend). @8dcri bed and are useful for the preparation
of conpounds of formula 9. The epothilone derivatives

f formula 9 for nedical treatnent nmay be adm ni stered
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mgrequigcisehngithsiyridigiuni p-ioluenésofféravedradmpharisulonid duid in absolute
ethanol, hydrolysing the one protecting groups and obtaining a compound of formula XVHi
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intraarterial route, the intracutaneus route, the
subcut aneous route, the oral route, the buccal WO
wQo4/0224¥35 PCT/ EP2003/ 010171 -18 route, thePCT/EP2003/010171
i ntranmuscul ar route, the anal, route, the transderm
route, the intradermal roufé?' the intratechal route
and the like. Al so sustained rel ease fornul ati ons may
be perforned invol vi ng bi odegradable m crospheres,
such as m crospheres conprising polyacrylic acid,
whrsei) 2y thecabqys givest Mesfings #s  of these. The conpounds
of formula 9 of the invention can be used alone or in

conpination wth other . pharnmaceutically, actiyv
o wSha e St PRaioR e RCR8: o lebidi grpug by the
pm_motiéram‘sakaiﬂlchlodgd arstt awtivatisn ofl Qimethﬁ someomassmgmmkdxwwonium
sl of By Bhicn 61 0ERE IR RSB St rpcrt e AT B g et
corayad efformyilant peasdy thermsewpus dVaNtiye PEsAsHFEquandelas staitingne
céMgoun@nd the conpound of the present invention and any

ot her cheno-therapeutic are admnistered at an

interval that allows common, additional or preferably
The/inedngieSprocese sb@ihce fob protiuings epothilaiendznivativéd ef fomhulovsimgvs
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of the invention, which should not be construed as
Lo i e R
late intermediates within the synthesis sequence,
- A remarkable stabilization effect was detected for the mesylate and tosylate epoxides.
Many steps can be carried out in the presence of these functional groups.
- High vyielding and highly diastereoselective titanium enolate aidol reaction between the a-
branched aldehyde and the ethylketone key fragments could be achieved.
- The aldol reaction tolerates surprisingly the presence of the mesylate and tosylate epoxide.
- The aldol reaction allows a highly convergent synthesis of epothilone derivatives.
- The aldol reaction allows surprisingly to make use of the chiral sultam auxillary as
carboxylate protecting group and therefore avoids additional time consuming reduction and
oxidation steps prior to the final macrolactonisation step.
- The inventive process sequence is a shorter synthetic route than any other published
synthetic routes known in literature, furthermore a higher overall yield could be detected.
All in all the summarized advantages underline the inventive step of mentioned process

sequence.

A second aspect of the present invention are the novel intermediates, which are prepared
according to the reaction described and are useful for the preparation of compounds of
formula 9.

The epothilone derivatives of formula 9 for medical treatment may be administered by every
known route and may be selected from the group consisting of the intfravenous route, the
intraarterial route, the intracutaneus route, the subcutaneous route, the oral route, the buccal
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route, the intramuscular route, the anal route, the transdermal route, the intradermal route,
the intratechal route and the like.

Also sustained release formulations may be performed involving biodegradable
microspheres, such as microspheres comprising polyacrylic acid, polyglycolic acid or

mixtures of these.

The compounds of formula 9 of the invention can be used alone or in combination with other
pharmaceutically active substances, e.g. with other chemotherapeuticals such as classical
cytostatics. In the case of combinations with an other chemotherapeutic, a fixed combination
of two or more components (e.g. kit of parts) are prepared as already known to a person of
skill in the art, and the compound of the present invention and any other chemo-therapeutic
are administered at an interval that allows common, additional or preferably synergistic effect

for tumor treatment.

The following non limiting examples illustrate the inventor's preferred method for preparing
the claimed compounds of the invention, which should not be construed as limiting the scope

of this invention.
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(Can. J. Chem 1992, 70, 1427) To a solution of 102.2

g (0.90 nol) of 6-caprolactone in 1.5 1 of toluene was

added 250.6 g (4.48 nol) of KOH and 113.3 nml (0.98

nol ) of benzylchloride. The reaction m xture was

stirred at reflux tenperature for 20 h. The reaction

was quenched with 1.7 | of water at room tenperature.

The aqueous | ayer was separated and the tol uene |ayer

was extracted with 200 m of water. The conbi ned

aqueous phases were treated with 300 m o_fl<f-|CI (conc.)

at 12 C to acidify the solution to pH 1.0.\;After

extraction with 1.1 1 of isopropyl acetate”ilg two

portions the conki ngd organic extracts were Wwashed

with 300 m of Zhr#nefand driedQver sMySO4.
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The crude acid 11 (110 g, 0.50 nol) was dissolved in

320 M of toluene. To the solution was added 140 pl
wo@toowE478D! | owed by the addition of 56.7 m (OPGBEPN}/010171

of oxalylchioride. The reac d'_on m xture was stirred

at room tenperature over nidght and concentrated in
vacuo to afford 126 g of the acid chloride Il which
was directly used in the next

t ep.
6 Bepzylonphoxphols acisl WhIGA7 b 5pome 98070 1148az o i di n- 2- one
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mi efwatgieT heerimbinpd Aquenyis Phasep avereciseted with %lmp?blﬁl (gene.) at12°C

toHc|dBS oRitidRPH P0. AteFextradiidhvitherh Bl tkeplépyl ABERBIINMOo portions
hl ori de sol ution
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the cgmbingthorgepie exteaplswergwastied Mg 399 @IEIOfabrﬁ'GegH‘éd’dﬁdq%YﬁT MgSOs,.
cbraféﬁrratmsjnﬁ?&b@ﬁeavwebs@& dﬁfdr«ijélﬂfd_l_h 1 .Tzlﬁgﬁlesr%) dvh tiscRddid mﬁgg yellowish
Aannoni . [ 0 i Qn. e ayer was washe
mf‘%‘%@#ﬂ%@@%& ﬁ’ﬁz‘%@r&#@& NaOH and with 500 m of
brine, dried over MgSO4 and concentrated. The crude

: . s purified by flash
6%%%%8%%?%3#" g%)eo of S, S 102, heptane/ TBME =
Tigoerade acigh (11020 .50 mojjiwas dissalgedin §2Q mboftplugns: Te fie solution was
a%ﬁ%?@ uPds DNErofdW Dy Yhe dddTioR of'6. 1 B%6 MolflofRAARASHde. The
regefion Anigdute yas SHIrpd afrogm fRIppegatyR el night AYY ConeKTARA Ip vegug to

afford 1 28 §ofthe aeid chbideAll Whitch (va6 dirdctly asddui themegfstédie ani de
V (120.1 g, 0.32 nol) was added to 372 ml (0.37 nol)

of NaHVDS (1.OMin THF) in 380 m of THF at -78 C
(9) 8 Bemap 8- (Bybenpoxgdidianop hoakoldingHate (V) 78. 4 ml, 1. 26

Nt el : :
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ml of saturated ammonium chloride solution. The THF layer was washed twice with 200 ml of
1 M NaOH and with 500 ml of brine, dried over MgSO, and concentrated. The crude product
(162.4 g) was purified by flash chromatography (200 g of SiO,, heptane/TBME = 80:20 — 60:
20) to yield 110.1 g (58 % over two steps) of the amide V. R;= 0.41 (SiOy, 1:1 hexanes-
TBME).

(S)-4-Benzyl-3-[(S)-6-benzyloxy-2-methyl-hexanoyl]-oxazolidin-2-one (V1)

A THF (200ml) solution of the amide V (120.1 g, 0.32 mol) was added to 372 ml (0.37 mol)
of NaHMDS (1.0M in THF) in 380 ml of THF at —78 °C followed by the addition of a CHjl
(78.4 ml, 1.26 mo!) solution in 70 ml of THF, The reaction mixture was stirred for 2 h at —78



used in the next step. Rf = 0.50 (Si02, 1:1

hept ane- TBVE);  (S) - 6- Benzyl oxy- 2- net hyl - hexan- 1- ol
W@ Yiok24765 a suspension of 13.2 g (0.35 nol) of pCI/AP1443/010171

in 380 mM of THE was added a solution of amde VI in

250 i of THE at 0 C. The midlture was stirred for 2 h

at 0 C and quenched wth 14 mM of H20O 14 m of 15 %

NaOH and 25 ml of H2O. The precipitated alum numsalts
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oncentr I n vacuo. The crude product
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od, 'trlewp%weerem@mom &f itk bdd @t1eN n@sarfaca&ﬁsa&d @mf:-@bdrﬁn @h&&é.@b The
al cohol I X as colorless oil { 19(};_' 12%8 33

org@;p@lgyerfvaf \A@éBqda\ﬁ aﬁgma 100 mt of 0.7 N'HCI, mi’of saturate ‘aqueous

NAHCO;, Boo dt of rif,-deied 6vke MYSTR hy borleentydtakit vacionBhdwrlidesproduct

(8?% a) (ng pur |e?j%y (trat2 (37:‘0 gl;:) C;I'éBP osnles)%oajf%}d 64.8 9 (79 %) of a

colorless oil. R¢= 0.64 (SiO,, 1:1 heptane-TBME).

(S)-6-(tert-Butyl-dimethyl-silanyloxy)-5-methyl-hexan-1-ol (IX)

A solution of 64.0 g (0.19 mol) of the benzylether VIl in 500 ml of THF was hydrogenated
(3.5 bar) over 7.0 g of 20 % Pd(OH),/C for 30 min at ambient temperature. The catalyst was
removed by filtration and the filtrate was concentrated to afford alcohol IX as colorless oil
(46.9 g, 100 %). Ry= 0.33 (SiO,, 1:1 heptane-TBME).

tert-Butyl-[(S)-6-iodo-2-methyl-hexyloxy]-dimethyl-silane (X)



-22 Triphenyl phosphi ne (23.91 g, 91.16 nmol) and

i mdazole (12.45 g, 182.9 mpl) were added to a
wa@odoueess of 15 g (60.9 nmol ) of al cohol | X i nPGPE8PIUL3/010171

of acetonitrile/toluene (1: at room tenperature.

The mixture was cooled to 0T and 23.13 g (91.13 mml)

of iodine was added in 4 portions over a perlod of 10

het er ogenous_ so ig was stirred for
TVQ&G%‘Q& OSRIURE @ROh sl 16 '0151052“ imidgrgle!3-42 a Sf@d"WP') H’Pre added
totatdoligione o @(%@gﬁdpl) a’f’raa:olaqux ou:moomlay atetoviisileftelparie(tt 15()1 at room
tracted wit
efiffabie ThapBLEgtshOlpd P TEEARS Lot Ko STtV aacea
indqodons pmredaenmd ofdOunin. The hetwogeeemajsmtlmyaaeltd@d for 90 min.
A@%???i@i% g%t%) %, 3_(5'53 f)%?%béd dﬂ%f%ﬁ&%@?@é{@%&ﬁﬁhe aqueous
laysr was sepaspled Apd tecﬁxéreﬁw with tovepg (10R&Y. The perptinask tolyerpslayers
werd flﬂéeﬁl ole? &ilid4 gél’fand EshcbRebitstEin ¥adt®. ?o PRlr&sidustds A& heptane

(23h 50 rerpsdinacorsiasa0h wPb S eATor T pingang drey Sy °G for 12y

Filation airfdl condénitratton-dDthe filtra2 affor@@d2 1000y (B71%) of thedodMeX @s apale
yelbdistloill R, = 0.66 (Si0,, 7:3 heptane-AcOEY).
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(S)-7-(tert-Butyl -di nmet hyl -silanyl oxy)-6-nmethyl -2-(tri

phenyl phosphanyl i dene) - hept anoi ¢ acid nethyl ester

(XI') Under argon and at room tenperature, iodide X

(15.46 g, 43.4 mmol ) and
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Aldehyde 1 with TBDMS protectin
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Example 2



tri phenyl phosphine (12.52 g, 45.75 mmol) were added to

toluene (8 m). The resulting mxture was heated at
wao@4a24765 3 h. Then, toluene was renpved undePCT/EH200&010171

pressure. THE (400 nL) was jgdded to the residue

(29.67 g) and the solution Wwas cooled to O C and

subsequently treated with a potassium

bis(trinmethylsilyl)am de solution in toluene (0.5 M

174 mM, 86.8 mml). The resulting orange suspension
(S)\HS(teStth)ﬂ-d%e‘tW-silbnﬁo@b-B&@tWﬂd-(ﬁibb&hyl@bﬁdpﬁﬁylidimu%héplanoic acid
mtggete'}@{ chloroformate (3.72 m, 48.2 mmol) was

E\ Gl er stirring for 1 h at -75 C the yell ow sh
Um@aewpo andratroem ¢empesatariel iodidel Xt(65.4@g.M3dipmmel) and) C,

DR Watégﬁﬂ% (12829, Y875 R8RS 8 LRl dhienbiENY. i dsdig

a ers were separate

m%&kﬁe‘d@%h?ﬁt@s?é QR @k@mazh% tafijenn wes (saoVed sm%raducqfh%ressure

T4/ (100 AR Y was 8ddbidGo H\%}f@éléue @86R gy@rfiRslsoNtioh was $861e8d &t ®E and
ver

“l%gueoH ﬁEFO lt%’fid‘i‘g %?F"QH' 9%@\'7};?81}{%%%5@%9{35@ B Q{m(o BiM, 174

ml, 86.80ng). Thbteaultiegorasgeasusparcmnsvasrstmefool h a@*C and then cooled

el rtgez};o k}%ﬁ.@ cthn,ééf&ﬂ]a'i‘ee(éb leEE? %}%2 was added. After stirring for 1 h

atﬁyﬁ &6 yhe-yligwish) regetion @mtw@maﬁlaﬂwwép Warm-yp kPl ‘Ox PpHEOs (300
mg%gxb%ma%b b Ef@iﬁ%bO %ﬂ)(a%d et I50tnh ﬁﬁ@|ayérsw&e S9Bfated

enoi ¢ acl ester % A sqQl ution of
angl thejaayexys Phase was ertf?qeey WibrOpe (10 m'b %ﬁ C%wﬁﬁ“e&ﬂfgan'c layers
wére memaivwfh% s}l,a)nﬁ@t?% agmns welGtiontof MaCHd xwtoo |h1!)$ otiedt %\enmgagq and
1. N uene L.
PRI roitl TR SR e PBY ot e YiobsBighbd on was

dﬁéhﬂa/lmebwemenwastepermved under reduced pressure. The
remaining solid residue (37.8 g) was taken in 370 m

of heptane and stirred successively at 40 C for 30
(2Fi5f)- <§)r5 -terbRytyletipethdsipnylokpr2-bH)- %ﬂ%rt-et@ylﬂm@taﬂﬁ"qnym)r“y
m@t‘h?/l%nfy 15- rﬁ’&hmf(z-mem}ﬁthlarzaw&lf—héi% §G-%R#\Bi§|a@|6 nV@ISyI ester (XIII)

ARSI Y108 U 21t e (U 2 gD et hder argon was

D@0 sohitien of aidehgdaiXIl) (1201 ¢S89 D4n1B4) iy talliertel (B0 k)t Thegresulting
NSl Rt A L AL B8 43 g o
re(r@ind R, solid resne@taaw@mm&en »mmnumfahemmw@nrrswmivew at
4()’3‘(29}_,‘134%%%1_%6 tgrgo&ﬁe ﬂeréﬂ!ureq"ér 28 430 n§n ZZd ﬁ(rta’lly At O‘CZ‘orE’L%d'llﬁln The
regultqng.wqunspn \A@gflltq)red gncgtge fl(@cakgpq/aswl@qulfh r@ptg@e 6%6 60 mi).
The filtrAes weré chifectel ahll céfrentridd indadib t6 @Rlle 24.85 gf the \ﬁltt@ product
Xl el oo o e RidotSpriet Hitpgy pusfigfor & = 000
(SR, 1:1 heptane-AcOEt); 'H-NMR (DMSO-d6, 300 MHz, 300 K) 0 6.90 (s, 1H Cs-H),
6.77 (t, J = 7.5 Hz, 1H, Cs-H), 6.47 (s, 1H, C;-H), 4.20 (dd, J = 7.2, 5.4 Hz, 1H, Cs-H), 3.69
(s, 3H, CO,CHa), 3.40 (dd, J = 9.9, 5.7 Hz, 1H, Cs-H.), 3.31 (dd, J = 9.9, 6.6 Hz, 1H, Cs-Hy),
2.68 (s, 3H, C2~CH,), 2.44-2.36 and 2.28-2.21 (two m, 4H, C4-H, and C-Hj), 2.00 (s, 3H,
Cs-CHs), 1.30-1.15 (two m, 4H, C>-H,, C3-H, and Cy-H), 1.06-0.99 (m, 1 H, Cz-Hy), 0.86 (s,
9 H, SiC(CHs)s), 0.85 (s, 9 H, SIC(CHa)s), 0.83 (d, J = 6.6, 3H, C5-CHa), 0.05 (s, 3 H, SiCHy),
0.01 (s, 6 H, two SiCHs), —0.01 (s, 3 H, SiCHs).



C6-CH3), 1.30-1.15 (two m 4H, C2'-H2, C3,-Ha and
C4.-H), 1.06-0.99 (m 1 H C3.-Hb), 0.86 (s, 9 H,
wE@aa338), 0.85 (s, 9 H SiC(CHI) 3) O 83 ( dPCTER2003/010171
6.6, 3H, C5.-CH3), 0.05 (s, HE'SH SiCH3), 0.01 (s, 6
H two SiCH3), -0.01 (s, Si CH3) . V\D 2004/ 024735
PCT/ EP2003/ 010171 -25 (25
6E)-(S)-5-(tert-Butyl-di methyl-silanyl oxy)-2-[(S)-5-(t
ert-butyl -di net hyl -sil anyl oxy) - 4-
(Iﬂiﬁﬂb(ﬁ)-mhsﬂu}yll-ﬁimﬁiyl b@ﬂbnﬂ?@??g{(ei-ﬂgbHibbﬁyftﬁmbmﬂ*?ﬂ{abyl@@m-
< -di.en- 1. Q ylic
BB PR e s e by e e 2R oflond over “10
Ti18.9 gi(23 mmdl)zd aligiio E§teoX!l D B of THE abM-187 Q wasasideyl overHi® min
4‘7 ‘?rﬁ“("'?td rﬁrﬂol’j‘b\e‘iﬁlﬁﬁﬁH \'B5 MEH @&L‘f‘eﬁ‘éh‘f@é Yeaélﬁl rrﬁlﬂqre Vs suzgedsgvely stirred

fo warmto

a¥ o r«FefPr Shiglipwed tatvagm b ¢ o WG 3Bin. abféft@h%r ePH gt 0 °C for 30
rrﬁwfbﬁmlﬁ’en@’qdeh@eﬂdﬁltﬁé &Jditidh obb Ml of dustay ©ausHO!. '1hé\|ayers were

st el LG S e 3 et i TEVIE 2 Caf e e roanic

ertrdcisagdre washed with slqeebuaist foraapUidaH (092 tx 50 aitl pah dNainECED 1B, dried

oty Wbl o B 98] Ine DL ca B Gl BORORLOREH,

ent'ra
chypmatogesphy (3iPo AdthsgieapBOAGIQaT OFC!S1 G0 B éfst %h@f/ ﬂvl@t&ttqohold(lv asa

pab? Qlfoqns%QnIOR,& d?@(Sr@ 9f1 h@bﬂaMé h@oéﬂ cohol XIV as a pale
yeI ow sh oil . 2, 3.1 heptane-AcCEt).

{(2S, 39)-3- [(E) (S)-2- (tent Butyl di m
{@513%)-35(F)-a8)y2- (@WButﬁ =dirRéthylsilahyloRy)Barhtiiyi4t (B-methyl-thiazol-4-yi)-but-3-
BRI GH3 kMG s prod mepHRer Y PRV ST eRo Y

Tié alyiaalgoHol OV (209 g) 5. aemmavas(dxwvmm 541l f Cld,CA. AdhEd M
soffofos'th il qtrad (PRPInl 2 AUFRTINEE weBadded e 80 o
follgwerBbyng 0.3% lempf)htamvrﬁm@ozrqm&d%@eﬁédﬂla? 11 ggnad) in CH:Cl.
Tﬁ@ Hms Wabxt.raedqor% %%@Lw 10mher 2.51 hﬁﬁBl@rfﬁrhM) of tert-butyl-

SIS 35 defiang) s s VR Bing hecteaciog midLrpgvas stired at
,
—3(183 for garh) Aquebus aHSOUY Wb, -50 My e theroaddde. THe. 1ayehd were separated

o5 R3S e by T RS LR 4t Boric
extfactswease wasghed adt &8 ml Phivinezapd dgedwemeeMg8Pa Adtercbncantthtiom
véc%e@ lﬂﬁg oﬁ&’r@&e é&ﬁﬁy §|¥$Ho@$2¥/%s BhialRe@bY bal@‘}@ﬁo%s% &l%vrﬁﬁch%s

€ conbl ned anic extracts were shed w
fax thgpe)gls}eﬁémtg%f BRHHGRioN iy 35622 (FiPe. 6’41 heptane AcOEt) MS

(ES*UWE‘(%)%OBQ’(UU M + NaJ"), 584 (13, [M + HJ").

Methanesulfonic acid (2S,3S)-3-[(E)~(S)-2-(tert-butyl-dimethyl-silanyloxy)-3-methyl-4-(2-
methyl-thiazol-4-yl)-but-3-enyl]-2-[( S)-5-(tert-butyl-dimethyl-silanyloxy)-4-methyl-pentyl}-
oxiranylmethyl ester (XVI)

To a solution of crude epoxyalcohol (XV) (3.11 g, 5.3 mmol) in CH,Cl, (40 mL) at 0 °C, were
added 2.74 mL (16.0 mmol) of N-ethyldiisopropylamine. The resulting mixture was stirred 15
min. at 0°C. Thereupon, methanesulfonyl chloride was added dropwise (0.75 ml, 8.0 mmol).
After stirring for 1 h at 0°C, the reaction solution was quenched with 40 mL of H,O and 40



vacuo, 3.11 g of crude epoxy al cohol XV was obtai ned

as a pale yellow sh oil which was wused for the next
war@g/oniBhout further purification Rf = 0.22 (BIDEP2083/110171

hept ane- AcCEt); M5 (ES+) %(% 606 (100, [M +

Na]+), 584 (13, [M+ H+). "hanesul foni c acid

(28 3S5) - 3- [(E) (S)-2-(tert-butyl-di net hyl -sil anyl oxy) -

-nmet hyl -4-(2

mh@t hgM i Fnedgysrs werp [sepaseted 80ding [aRuepLs [aygr was exipgted Wit TBME

(49inY). %@wgaﬁlb RGOS wAsHERW IHAP cmmol(lo mf)Xdataranek Bghdbos

NGB 0 s T BT o o OISR Pl £ e
prevdedi3. 29 d 4f ¢111de( rilésyl}atemml Wwhic was- ek fdr thel r&&pste;pwiﬂmml fuether

pulrﬁgatfoﬁsli"ur?l&ﬂg o u7le(fso ??%h;ﬁtgﬁedé&m 13222 M +

ropw
NéD. %B’isbﬂ()es@ﬂenmﬁls)GM 3$2Q)er stirring for 1 h at 0C,

the reaction solution was quenched with 40 nL of H20
and 40 WD 2004/024735 PCT/ EP2003/ 010171 niL
Methppesulfenic 3cid (P s Skl &) @p?a«%ﬁ-@awﬂwﬂawr@lagqle@a@wav@w-

mem§I-tB%Ed1-A04)ait-Beh - Z@Mﬂs h{/dtexyd- hnethﬁmn@n@a:mmyln@tﬁw asters(Xvii)

TRR TR, M\/ 159505 #chﬁ%%a%ﬁsﬁ'ge‘f B rp,iﬁgurea?]faof CHCl, and

CHyOH ¢l Dvie)“(Mtglsmnd fr‘mte@att(r‘:ﬂwmm 83g (Etromol) ob 10-caaphorsulfonic

at?fd a‘?\eg lon r'h%iﬂ:?e \?Eféﬁrr@g ?t>r>1(¥|I at‘(‘!h thé’r‘@émHl@E&\ éf?ﬁ agb?otectlon 20

next
mmfﬁaWraZertP aieoys NaHQO+wgse aﬁ@%féclmmﬂh 2Prplef WME6'§E lemszwere
séﬂaMté’d arldahe aque%ﬁﬁ@b@%ﬁc@’e%ﬂﬂWWZ@% mMiA2Phe combined

hanesul foni ¢
°r@9@0 fggrs 3’9[9(‘93“?@7""*?5?(‘?@159 29teqpe NaHROs R/ 28 M)abrnedy . dried

ovar W@Sb}( bndlecdn@entrated under reduced pressure. The crude product XVI (3.1 g)

o!{?pa 19?3/ %s %Y%}IP‘S"S%% W%sn%ﬁesng?r @Gf ne%%tép %t‘&{i Uj'lﬁe gF ca)fIXn 4? m%) 28

STBDIVE reptape-ABVEL)( 3. 79 g, 5.7 nmmol) was di ssol ved |n a
mxture of of CH2Cl 2 and CH3(}I(11v/v) (140 M) and
treated at 0 Cwith

Methacemgari asi] @5 a5t - O ALY et syl - matayh4-(2-
m%fhlyhh@?oih% bbt—@-eﬁii -8((6)-4-hictiN-5-6 0P Rl Mdtaiméthg ester (1)
KEHET s, B TR ol s R
s&ppatally with wistylaize A LBMS QY& mI)\wad asrluticcdfSD;wiytidine (3.61 g,
oL Wt e v S SRR LR VRSP0, e
reaclionaniki2@ weds)quenthied with aqueous NaHSO4 (10%, 20 ml) and diluted with TBME
(20 ml). The layers were separated and the aqueous layer was extracted with TBME (2 x 20
mL). The combined organic layers were washed with saturated aqueous NaHCO; (2 x 20
ml), brine (20 mli), dried over MgSQO, and concentrated under reduced pressure. The residue
was purified by flash chromatography (SiO,, 3:1 heptane/EtOAc). The aldehyde 1 was
obtained as a pale yellowish oil (2.20 g, 76% Yyield over four steps based on XIV). R;= 0.39
(SiO,, 1:1 heptane-AcOEt).

Example 3
Aldehyde XVI' with TBDMS protecting groups




over MgSO4 and concentrated under reduced pressure.

The crude product XVIl (3.11 g) obtained as a
wq@edkon7sh oil was used for the next step w t hBOI/EP2003/010171

further purification. Rf = Q.28 (Si02, 1:1

hept ane- AcOEt ) . Met hanesul +&fic acid

(2S,39)-3-[(E)-(S)-2-(tert-butyl -di net hyl -si |l anyl oxy) -

3- et hyl - 4- ( 2-

met hyl -t hi azol +

Hy|) - but - 3-enyl | - 2- (( 3 4- et hyl - 5- oxo

- pentyl) - ox Wl et hys estgr (1) tion t he
al cohol ~ xvih., (3. g7 k) | phCHR $T) at o
C was treate seguent i al ] ri et hyljbam ne (10

totugne, N

m), DVSOX6 m)_&nd a solgfias of~S03pyridine (3.61
g, 22.7 k) | L DVBO (40 m) ehxwas {added over 5
mn. After stirrihg for 1 h at 0 C the 'reaction
m xture was quenched wi th aqueous NaHSO4 (10% 20 m)
and diluted with TBME (20 m ). The |layers were
4-K EpE) St (tadf-Buty-dinteshyhrgilaop oy - (283 RI3< (-0t (Fesichubyt-dimpetivy!-
_ _ ) Yo . o A avar _
S e e o e BBk AT 2 R S S iazole
%) ne (20 m), dried over MySO4 and concentrated under
A rsﬁdﬁ&ﬁﬁ e@é)@faﬁiéﬁ@ évT{ZBe rgga; B6QHRI) tmlén)ﬂhcll)ﬁ&is;ﬁﬁir&s_?_(3b)fng}ﬁ gaﬁ |fhdmol),
rogpt.oqra | 3. eptane C)n . 1h ehyde
(o g 8 (B e 2B BRI Semren 5 26V, 6%
toluerd/acetontirile {24 mi)stt eqasn eapechtunaundey/argoivas-tréat8@witi{ B9 (33
: e~ . : . YY)
G LR e ™ S ook PR s i o PR TL0)
andpas] varkeadrup. The repetiop mixdtuie warsAsbed qnto-agueaus saturated NSO, (5
mi) OFHSARI IR fared arld the a§utdadlaldratas eRtkacted withuere W2 mi).

The combined organic layers were washed with 1N HCI (5 ml), aqueous saturated NaHCO3
(5 ml) and brine (5 ml), dried over MgSO, and concentrated in vacuo. The residue was
suspended in heptane and the insoluble triphenylphosphine oxide was removed by filtration.
The crude iodide XVI' was obtained as a pale yellowish oil (65 mg) which did not require

further purification.



4-1(E)-(S)-3-(tert-Butyl-d i methyl-si | a
nyl oxy]-4-{(2 S, 3R -3-[(S)-5-(tert-butyl-di methyl-

W@ doanyd76xy) - 4- net hyl - pentyl ] - 3-i odomnet hyl - oxi pemyP3oo2610171

- 28 -

met hyl - but - 1-enyl ) - 2-net hyl -t hi azole (XVI') A

sol ution of epoxy-al cohol XV (50 ng, 86 pnol)

tri phenyl phosphine (34 ng, 0.13 mol), (50 ng, 86 (34
ng, 0.13 nmol) and imdazole (18 ng, 0.26 nmol) in 5:1
v/iv toluene/acetonitrile (2.4 m) at roomtenperature
under argon was treated with iodine (33 ng, 0.13
mol ) in one por i . After 30 mn stirring, the
reaction was ju onpl ete (TLC) and was wor ked- up.
The reaction n1&§mn was poured onto aqueous saturated
NaHSO4 (5 m) Theoleyers were separed and t he aqueous
| ayer was extracted MAth,PeIuene (2 x 2 mM). The
combi ned organic Iay f@*m@,e washed with 1 N HCl (5

m ), aqueous satur M&HCCB (5 M) and brine (5
m), dried over My @nd concentrated in vacuo. The
resi due was suspended in heptane and the insol uble
tri phenyl phosphi ne oxi de was renoved by filtration.

The crude iodide XVE, was obtained as a pale yellow sh

oil (65 np) mhlch not require further
purification. )4/ 024735 PCT/ EP2003/ 010171 p, cn-Z
OON 04 s -1 wCfl Ocn-Z 00 V-

Example 4
Compound 2



O t- N=,np O LL. 2 0O;u) -Z0O0 O N'D NO x
0 WO WO 2004/ 024735 PCT/ EP2003/ 010171 -29
waA2{02024785 Di et hyl - 3, 3- di oxo- 6-t hi a-4-aza-tri cpct/apBoR010171
1. 0] dec-4-yl)-3-hydroxy-4, 4-,,
di met hyl - hept ane- 1, 5- di one '(?1) Under argon and in a
teflon flask, The TBDMS ether (10) (9.21 g, 18.43
nol) was mxed wth HF-pyridine conplex (26.3 m,
921 mmol ) at anbient tenperature. The resulting
1-})ﬂ)am-ﬂ)imthsﬂ-‘stmiexM&hﬁtd-ﬁdzra&dcidw[Sz.1t0]dékti4-@b%ﬁ!u®ry€¢)$d
addi ng it a irred aqueous solution of NaHCO3
d'mq$ﬁp%55'1rﬁ'&8Pe§ijer) along with 200 i of TBME.
Urdee atgay @nd inveetefon fioskaTHet TBIDMSethé(#0)q0 @4\ 18.43aymol) was mixed
Wt [ ' .
AT B BBl e, b it i BBt g an Fecfifo
reaptiophmixtbre weststirred)ior 2 and yhehgueiabed by adding it tetd sived aqueous

solution of NaHCO; (78g in 500 ml of water) along with 200 ml of TBME. The layers were
separated and the organic layer was washed with brine (2 x 200 ml), dried over MgSO, and
concentrated in vacuo to give 6.80 g of crude product which did not require any further

purification.

1-(10,10-Dimethyl-3,3-dioxo-6-thia-4-aza-tricyclo[5.2.1.0]dec-4-yl)-4,4-dimethyl-3-
triethylsilanyloxy-heptane-1,5-dione (2)

To a solution of crude alcohol (11) (6.80 g, 17.6 mmol) in CH,Cl, (90 ml) at 0°C, 2,6-lutidine
(6.14 ml, 52,9 mmol) was added followed by triethylsily! trifluoromethanesulfonate (7.98 ml,
35.3 mmol). The resulting solution was stirred at 0°C for 30 min. The reaction was carefully
quenched by adding 140 ml of 1N HCI along with 150 ml of TBME. The layers were
separated and the organic layer was washed successively with 100 ml of saturated aqueous
NaHCO; and 100 ml of brine, dried over MgSO, and concentrated in vacuo. Purification of
the crude product by chromatography (SiO,, 4:6 hexanes/AcOEt), afforded 8.3 g of pure
TES-ether 2. (90 % over two steps). Ry = 0.62 (SiO,, 1:1 heptane-AcOEt); 'H-NMR (DMSO-
d6, 400 MHz, 300 K) & 4.55 (t, J = 5.2 Hz, 1H, C;-H), 3.86 (d, J = 14.3 Hz, 1H, Cg-H,), 3.83
(t, J = 6.1 Hz, 1H, C4-H), 3.66 (d, J = 14.2 Hz, 1H, Cg-Hy), 2.84 (dd, J = 17.4, 4.6 Hz, 1H, C»-
Ha), 2.54 (m, 3H, C.-Hp and C;-H,, partially obscured by DMSO), 2.00-1.92 and 1.87~1.73
(2 m, 6H, C,-Hy, Cs-H and Cs-H,), 1.48-1.20 and 1.34-1.24 (2 m, 2H, C4-H,), 1.10 (s, 3H,
C4-CHs), 1.07 (s, 3H, C4-CHs), 0.98 (s, 3H, Cg-CHs), 0.95 (s, 3H, Cg-CHs), 0.94-0.87 (m,
12H, Si(CH,CHs); and C;-Hs), 0.60~0.45 (m, 6H, Si(CH,CHs)s); 3C-NMR (DMS0-d6, 100
MHz, 300 K) 8 215.3, 169.7, 73.1, 65.1, 52.9, 52.7, 49.2, 48.1, 45.1, 40, 38.8, 32.8, 32.1,
26.7, 21.5, 20.9, 21.0, 20.4, 8.5, 7.6, 7.5, 5.4; IR (KBr) vax 2958s, 2913m, 2878s, 1702s,
1391m, 1333s, 1312m, 1267m, 1237m, 1219m, 1166m, 1136s, 1087s, 743m, 539m cm™;
MS (ES+) m/z (%) 769 (3, [3M+Ca]*"), 538 (6, [M+K]"), 522 (100, [M+Na]*), 519 (17,
[2M+Ca]*), 500 (5, [M+H]").
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Aldol product (3)

A solution of 2 (750 mg, 1.50 mmol) in CH,Cl, (5.6 ml) at —78 °C under an atmosphere of
argon was treated sequentially with a 0.5 M solution of TiCl, in CH,Cl, (3.00 mi, 1.50 mmol)
and N-ethyldiisopropylamine (257 0Ol, 1.50 mmol), whereas the solution developed
immediately an intense dark red color. After stirring at —78 °C for 10 min, a solution of 1 (900
mg, 1.65 mmol) in CH,Cl, (1.9 ml) was added dropwise. Thereupon, the reaction solution
was stirred at —78 °C for 1 h then warmed-up at 0 °C and stirred for an additional 15 min at
which time the reaction was judged complete (TLC). The reaction was quenched at 0 °C by
addition of phosphate buffer (pH 7, 4 ml) and dilution with TBME (5 ml). The aqueous layer
was extracted with TBME (2 x 5 mL). The combined organic extracts were washed with
aqueous saturated NaHCO; (2 x 4 mL) and brine (4 mi), dried with MgSQO, and concentrated
in vacuo. The residue was purified by flash-chromatography (50 g of SiO,, heptane/AcOEt
2:1) to provide the aldol product 3 (1200 mg, 70% based on 1) as a pale yellowish oil. Ry =
0.42 (SiO;,, 1:2 heptane-AcOEt); MS (ES+) m/z (%) 1084 (5, [M + K]"), 1067 (100, [M +
Nal’), 1045 (26, [M + HJ").

TBDMS ether (4)

A solution of 3 (1.20 g, 1.15 mmol) in CH,Cl, (15 ml) at 0 °C under an atmosphere of argon
was treated sequentially with 2,6-lutidine (0.87 ml, 7.49 mmol) and tert-butyldimethylsilyl
triftuoromethanesulfonate (1.32 ml, 5.74 mmol). After stirring at 0 °C for 14 h, the reaction
was worked-up by addition of 0.1 N aqueous HCI (5 mL) along with CH,CI, (5 mL). The
layers were separated and the aqueous layer was extracted with CH,Cl, (2 x 5 mL). The
combined organic extracts were washed successively with agueous saturated NaHCO; (2 x
5 mL) and brine (5 mL), dried with MgSO, and concentrated in vacuo. The residue was
purified by flash-chromatography (50 g of SiO,, heptane/AcOEt 2:1) to provide the
compound 16 (893 mg, 67%) as a pale yellowish oil. R= 0.70 (SiO,, 1:2 heptane-AcOEt);
MS (ES+) m/z (%) 1197 (12, [M + K["), 1081 (100, [M + NaJ"), 1059 (31, [M + HJ"), 599 (75,
M + Ca®").

Carboxylic acid (5)

A solution of 4 (318 mg, 0.274 mmol) in 1,2-dimethoxyethane (4.8 mi) at 0 °C was treated
sequentially with TBAOH (730 OI, 2.76 mmol) and H;O, 30% (280 0l, 2.74 mmol) and the
resultant mixture was stirred at 0 °C for 5 h before being worked-up: An aqueous saturated
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atUwhic\:/h-timeZ thgrga;ctign w% juaéed complete by disappearance of the starting material
(TLC) and immediately quenched. The mixture was poured onto a stirred suspension of
NaHCO; (70 g) in water (100 ml) along with TBME (100 ml). The layers were separated and
the aqueous phase was extracted with TBME (3 x 80 ml). The organic extracts were
combined and were washed with 150 ml of 0.1N HCI and dried over MgSO,. Concentration
in vacuo provided the crude diol (2) (6.34 g) which was directly subjected to the next
reaction. Ry = 0.06 (SiO,, 1:1 heptane-AcOEt); 'H-NMR (DMS0-d8, 300 MHz, 300 K)é 6.90
(s, 1H, Cs-H), 6.75 (t, 1H, J = 7.5 Hz, C3-H), 6.51 (s, 1H, C;-H), 4.23 (t, J = 6.3 Hz, 1H, C;5-
H), 3.65 (s, 3H, CO,CHjs), 3.41 (dd, J = 10.5, 6.0 Hz, 1H, Cs-H,), 3.34 (dd, J = 10.5, 6.3 Hz,
1H, Cs-Hy), 2.64 (s, 3H, C,-CHg), 2.46 (1, J = 6.9 Hz, 2H, C4-H,), 2.25 (t, J = 7.2 Hz, 2H, C¢~
H), 2.00 (s, 3H, C¢-CHjy), 1.70-1.55 and 1.53—1.25 (2 br m, 6 H, C-Hy, C3-H,, C4-H, Cs-OH
and Cs-OH), 1.15-1.00 (m, 1 H, C;3-Hy), 0.85 (d, J = 6.6 Hz, 3H, C;-CHj).

(2E,6E)-(S)-6-Methyl-7-(2’-methyl-thiazol-4’-yl)-2-[(S)-4"’-methyl-5"-triethylsilanyloxy-
pentyl]-5-triethylsilanyloxy-hepta-2,6-dienoic acid methyl ester (XIII’)

A solution of crude diol (12) (6.33 g, 14 mmol} in CH.Cl; (150 mi) at 0 °C, was treated
sequentially with N-ethyldiisopropylamine (23.6 ml, 138 mmol), 4-(N,N-dimethylamino)-
pyridine (70 mg, 0.57 mmol) and triethylchlorosilane (10.9 ml, 86.1 mmol). The resulting
solution was stirred at ambient temperature overnight. The reaction was quenched with a
saturated aqueous solution of NaHCQO; (150 ml) and the aqueous layer was extracted with
CH.ClI, (3 x 200 ml). The organic extracts were combined, washed with 200 ml of brine, dried
over MgSO, and concentrated in vacuo. Purification of the residue by chromatography (SiO,,
20-30% hexanes/AcOEt gradient elution) afforded 8.6 g (86 % over two steps) of TES
protected diol (XIIP"). Ry = 0.63 (SiO,, 1:1 heptane-AcOEt); 'H-NMR (DMSO-d86, 400 MHz,
300K) 8 7.26 (s, 5, Cs-H), 6.73 (t, J = 7.3 Hz, 1H, C5-H), 6.48 (s, 1H, C;-H), 4.30 (t, J= 6.7
Hz, 1H, Cs-H), 3.65 (s, 3H, CO,CHjy), 3.41 (dd, J = 9.8, 5.9 Hz, 1H, Cs-H,), 3.36 (dd, J = 9.8,
6.3 Hz, 1H, Cs-Hy), 2.66 (s, 3H, C2~CH3), 2.45 (t, J = 6.7 Hz, 2H, C4-H), 2.30-2.20 (br m,
2H, Cy-Hy), 2.04 (s, 3H, C¢-CHj3), 1.59-1.47 (br m, 1H, C4-H), 1.45-1.23 (br m, 3H, Cz-H,
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and Cy-Hy), 1.01-1.00 (br m, 1H, Cz-Hy), 0.98-0.88 (m, 18H, two Si(CH;CHs)s), 0.83 (d, J =
6.9 Hz, 3H, C4-CHa), 0.62-0.52 (m, 12H, two Si{CH,CHa)s); IR (film) vimex 2953s, 2934s,
2913s, 2875s, 1713s, 1644w, 1505w, 1459m, 1437m, 1414w, 1376w, 1285m, 1269m,
1241m, 1185m, 1120m, 1072m, 1006m, 744m, 723s cm™"; MS (ES+) m/z (%) 618 (100, [M +
Na]"), 596 (72, [M + HJ").

(2E,6E)-(S)-6-Methyl-7-(2’-methyl-thiazol-4’-yl)-2-[(S)-4"’-methyl-5"-triethylsilanyloxy-
pentyl]-5-triethylsilanyloxy-hepta-2,6-dien-1-ol (XIV)

To a solution of allyl ester (X}II’) (45.54 g, 76.4 mmol) in THF (250 ml), was added DIBAL-H
1.5 M in toluene (153 ml, 229 mmol) at —78 °C. The resulting mixture was stirred for 3 h at -
78 °C. The reaction was quenched by slow addition of 115 mi of 2N HCI and diluted with 100
ml of TBME. The layers were separated and the aqueous phase was extracted with TBME (2
x 100 ml). The combined organic layers were washed with 100 mi of NaHCO;, followed by
100 mi of brine and dried over MgSQ,. Concentration in vacuo provided 51.53 g of crude
allyl alcohol which was chromatographed (SiO,, 20-40% hexanes/AcOEt gradient elution) to
give 32.5 g (75 %) of pure allyl alcohol (XIV). R¢= 0.47 (SiO, 1:1 heptane-AcOEt); 'H-NMR
(DMSO0-d6, 500 MHz, 300 K) 8 7.29 (s, 1H, Cs-H), 6.38 (s, 1H, C;-H), 5.29 (t, J = 7.1 Hz,
1H, C;-H), 4.60 (t, J = 5.4 Hz, 1H, C,-OH), 4.10 {t, J = 6.4 Hz, 1H, Cs-H), 3.79 (d, J = 5.1 Hz,
2H, Cs-Hy), 3.40 (dd, J = 9.8, 5.9 Hz, 1H, Cs-H,), 3.33 (dd, J = 9.8, 6.5 Hz, 1H, Cs-Hy), 2.64
(s, 3H, C2~CHj3), 2.25 (t, J = 6.8 Hz, 2H, C;-H.), 1.99 (s, 3H, Cs-CHjs), 2.00—1.90 (br m, 2H,
Cy-H,), 1.568-1.46 (m, 1H, C4-H), 1.43—-1.22 (m, 3H, Cz--H, and Cx-H,), 1.08-0.97 (m, 1H,
Ca~Hp), 0.95-0.85 (m, 18H, two Si(CH,CHs)3), 0.82 (d, J = 6.7 Hz, 3H, C4--CHjs), 0.58-0.50
(m, 12H, two Si(CH,CHs)s); *C-NMR (DMSO-d6, 125 MHz, 300 K) 0 164.1, 152.5, 141.1,
140.7, 119.9, 118.4, 116.6, 78.0, 67.3, 64.6, 35.2, 34.4, 32.9, 28.0, 25.4, 18.9, 16.6, 13.7,
6.74, 6.72, 4.3, 4.0; IR (film) vinax 3341s (br), 2952s, 2932s, 2874s, 1508m, 1458m, 1414m,
1378w, 1238w, 1190m, 1071s, 1016s, 883w, 829w, 743m, 728m cm™'; MS (ES+) m/z (%)
590 (28, [M + Na]"), 568 (100, [M + HI").

{(28,3S)-3-[(E)-(S)-3"-Methyl-4’-(2""-methyl-thiazol-4"'-yl)-2-triethylsilanyloxy-but-3-
enyl]-2-[(S)-4’""-methyl-5"'-triethylsilanyloxy-pentyl}-oxiranyl}-methanol (XV)

In a dried flask and under argon, 5.00 g (8.80 mmol) of allyl alcohol (4) was dissolved in 100
ml of CH,Cl,. Molecular sieve 4A (4 g) was added and the temperature of the mixture was
set to —30°C. (+)-Diethyl-L-tartrate (7.46 ml, 4.40 mmol) followed by titanium(lV)isopropoxide
(10.35 mi, 3.52 mmol) were added. The resulting mixture was stirred 1 h at —30°C whereas
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Methanesulfonic acid (28,3S)-3-[(E)-(S)-3’-methyl-4’-(2”-methyl-thiazol-4"’-yl)-2-
triethylsilanyloxy-but-3-enyl}-2-[(S)-4’"’-methyl-5""-triethylsilanyloxy-pentyl]-
oxiranylmethyl ester (XVI)

To a solution of epoxyalcohol (XV) (11.71 g, 20.0 mmol) in CH,Cl, (148 ml), was added 10.3
ml (60.1 mmol) of N-ethyldiisopropylamine at 0°C. The resulting mixture was stirred 15 min.
at 0°C. Thereupon, methanesulfonylchloride was added (2.33 ml, 30.1 mmol). After stirring
for 1 h at 0°C, the reaction solution was quenched with 50 mi of H,O and 50 ml of TBME.
The layers were separated and the aqueous layer was washed with TBME (50 ml). The
combined organic extracts were washed with 0.1N HCI (40 ml), saturated aqueous NaHCO3;
(2 x 40 mtl) and brine (50 ml) and dried over MgSO4. Concentration in vacuo provided 13.7 g
of epoxy mesylate (XVI) which did not require any further purification. Ry= 0.55 (SiO,, 1:1
heptane-AcOEt); 'H-NMR (DMS0-d6, 400 MHz, 300 K) & 7.34 (s, 1H, Cs-H), 6.49 (s, 1H,
C4-H), 4.38 (d, J = 11.4 Hz, 1H, C4-H,), 4.34 (dd, J = 8.2, 3.7 Hz, 1H, C,-H), 4.07 (d, J =
11.4 Hz, 1H, Cs-Hy), 3.43 (dd, J = 9.8, 5.9 Hz, 1H, Cs--H,), 3.37 (dd, J = 9.8, 6.3 Hz, 1H, Cg--
Hy), 3.33 (s, 3H, SO.CH;), 3.06 (dd, J = 7.0, 4.6 Hz, 1H, C;-H), 2.66 ( s, 3H, C2-CHj3), 2.03
(s, 3H, C3-CH,), 1.89 (ddd, J=15.2, 7.0, 3.7 Hz, 1H, Cy-H.), 1.77-1.20 (5 m, 7H, Cy-Hy,



(2E, 6E) -(S)-6-Methyl -7-(2'-nethyl-th i azo
[-4"-yl)-2-1(S)-4"-methyl -5"-tri ethyls i | a nyl oxy-
w@enpk4735- t ri et hyl si | anyl oxy- hept a- 2, 6- di enoi BCHEPZN03/010171

met hyl ester (X111') A solutjpn of crude diol (12)
(6.33 g, 14 mol) in CH2CIZ'%1'50 m) at 0 C, was

treated sequentially with N-ethyldiisopropylam ne

23.6 m, 138 mmuol), 4- (N Ndi nethyl anino)- pyridine
CLA B PCET ot bttt G A Srioh ST AR (OABHH bR
SHEH,CHIIR 0S5 (dhe= 6.6 4] 3H|,rcg._---c:1rs]19)L 0.?8—&1150/(&’5 124, tivo S CALCH,)s); "°C-

t u verni react i
NGB TR Mt A e g2 0dE sc R 13RO autRe 2
6Q.4,587.8713p.6a361, 13465, 82|8,2BUL 21l Ay 8.9 165, ¢3.67 @8, t6cT] 48, UlD; MS (ES+)
X e ICc extracts were

"o |6§ég€oom[a“§ﬁgaﬂmb?%@go%ﬁjﬁﬂ?gf brine, dried over

MySO4 and concentrated in vacuo. Purification of the

. ) c (S \ 20 B00¢ ho. SR )

R O S Y AV 7 eV PRI ISPS ety
4'6f2" rpsthylthiazol-¢ e v)?-Hiethylgilanyloxykut-3-gnghoxignylmethyhester
phapt ane- AcCEt ) ; ' H- NMR (DVBO-d6, 400 MHz, 300 K) 6

7.26 (s, 6, Cb.- 6.73 (t, J = 7.3 Hz, 1 H C3-I—P
A golgion of ’blslTI'_ﬁ eth’ef_(igl} (448%9) 7¢38 mmok: meTH;F/Acp(EI-’l/HaO H0:2:6v. pzév; 115
mf wWaB hested 3t50°CRFGBR) To gué’nl:h ttdreaction, 4808l oPsdlurbied abuddus
so%@g OE@‘)"H%QF ﬁ%zagc%%i_@?]d 512 %ﬁgbr(etv?a's\?j’axgg%gd%wi[r;’gB%’(i >l<_| E)gd ml). The
orgdnitiyers JeB0cambiHed @bd washed2iith bgte,dridd ove2 MyS Q| and dbthcentrated in

- 7 . : T y . o

vaelo et e 4,73 8 Bt crudh bl Pantesion binashbroupistiiphy (Siog -0
Ac{Picl/hegane-gradient ¢lutdn) }_affo)gec_q B:110 @ (79 %Hyved®io stedb pased on XV) of
alg?zh%?gﬂn?%ii B 8&5562 %@%&%@}@@@Mé’@@dﬂa 4boMHE 300 K) 5
7.42 (sCHACFI8Y8)6.50 @ 1H.iGar), ¢ra8Xd 205 853 H20BH €:1-H.R 9 B8dd, J = 8.3,
4.88125M, @Zﬁ%niahgéﬁée'ureé%Q@NHa)HW , JKABY 8z L ENH,), 3.30-3.23

1376w " 1285m 1260m 1241 118 1120m° 1072m
(y i biohryH7ia 49 (7 3HSSOHRHE), B 0BT, T, S Pt phsyrect
sachslng)o,e 8@e (7 2,4;[ l(%,ﬁ Ft[ba“-)i-),l 2((?5(5, 3H, Cp»-CHg), 2.04 (s, 3H, C3-CHy),
188 = %%/;%QVJ[A( |§51i| chal. W7o R se m, 14 Syridy: 154-1.32 (m, o1,
Cahy|Caxtyes Ca-Ha, C4-H), 1.10-0.98 (m, 1H, Cy-Hy), 0.93 (t, J = 8.0 Hz, 9H, Si(CH.CH)s),

L ieth ' t : j Jis

0BT Snk LR baLos beplan ST b Shylfico
d&meP MHz30PHE 51264, 1H3)2, 19kS8. H@de d1TR.BAIS, FB.3,167, 101122 58.6, 37.6,
36.§1388083.6 1%, Bb 6, #2P 1"7‘.5?%.%,6‘44.5, %37 54 Be1; 1R $elith §.0%410s (br),

m xture was stirred for 3 at -
2955s, 28765, 1655w, 1505w, 1459m, 1414m, 1359s, 1270w, 1239w, 1177s, 1081m,
1006m, 958m, 833m, 745m, 529m cm™"; MS (ES+) m/z (%) 586 (5, [M+K]"), 570 (100,

[M+Na]*), 548 (8, [M+H]").

Methanesulfonic acid (2S,3S)-3-[(E)~(S)-3’-methyl-4’-(2”-methyl-thiazol-4"-yl)-2-
triethylsilanyloxy-but-3-enyl}-2-[(S)-4""’-methyl-5""-0xo-pentyl]-oxiranylmethyl ester (1)
To a solution of alcohol (XVII) (2.00 g, 3.65 mmol) in CH,Cl, (10 mi) at 0°C was added
sequentially triethylamine (3.86 ml, 27.7 mmol), DMSO (6.48 ml, 91.3 mmol) and
pyridinium-SO; complex (2.32 g, 14.6 mmol) in DMSO (26 mi). The resulting solution was



78 C. The reaction was quenched by slow addition of

115 M of 2N HO and diluted with 100 m of TBME. The
WO aye/03473%r e separ at ed and t he agueous phase WAGT/EP2003/010171

extracted with TBME (2 X 138 m ). The conbi ned

organi c | ayers were washed W $h 100 nl of NaHCC3,

followed by 100 ml of brine and dried over MgSO4.

Concentration in vacuo provided 51.53 g of crude

stired, h gt & Shdihe fpacien YesAueReheseih Gragps splstiorpof NahiSEyd40%,

10e XA TBMERY 5@MBATIRNThye?d Werle@Bparhied afid e ofrank 18yet Was fashed

V‘ﬁg 6?@%@9%38%%:@&& %%@ﬁfge gglé%u%gr% g\@%e lgleckgxtracted

with TBMES2 xH 08imI)CBhe bfgani€ ex8taclssyerd cathbied-drif washé&Pwift bring (100
n@lar&ﬁ maMg%O{%ndﬁuhggrgra%dE@v&%o 't_cr‘]gi\?%‘_ﬁaf g Egcn}%e %_lladucj. _
Parificatipn by fiash-clromapprapy (80 8t-70% AcOEUexape gradient qlutign)
tgo 3ol ) o ol [ nlngr ik
(€RCkBP0 MHzp30q 1§) 5 %64 <o?;e.=amwg, 11, GHO), 6RP (66tH.1Rs-HH6.52 (s, 1H,
J)HR B3 (db, 284k 45 1HT,-H, bhrtidl obsddbed t%/ c‘ﬁl&l} 4232 (G = 314 Hz, 1H,

.. -Ha d C, .-H2), 1.08-0.97 , C3,..-H
ool 35068 T4 B2y T i BREAsLe T8, 360 W THaCri1) 25 (3, M,
S CHI . 706, 3H,@33TH;)02.58 ¢, ) C,.CH), 20216, 3HWQ;-CHy), 1.99-1.32 (6 m,

BATERSLE B0 (RS eSS0 ) son o

SABHIGHRYT,. 0331 (GA! 68.03%, BH, SUCHCHID); BC-NMR (IGDE5 125 MHR, 300 K) §

Ao iso blndndisoln [0’ sRad il g0s 20
2237 804, 18213895, 7LQ,909 ; IRAMmg y 2988662876823 ROW.SIds, 1948m,)1508m,
1 3%5(‘1% b, | 4 Fiow réf‘lﬁo,s( Y879 9606n? @657 MsswNBdsh, 74568520m

) ; S
cg;)l';rgs[( %)Trq/g Z(%(1D§}/&Mﬂ7lil+)-ws-(€§*)dﬁfét5ﬁ9KiOPh[M*HT)-

azol -4"-yi)-2-triethylsilanyl oxy- but - 3-
enyl]-2-[(S)-4""-methyl -5""-triethyl silanyl oxy-pentyl]
-oxiranyl }-nethanol (XV) In a dried flask and under
argon, 5.00 g (8.80 mmol) of allyl alcohol (4) was

di ssolved in 100 m of CH2Cl 2. Ml ecular sieve 4A (4
g) was added and the tenperature of the m xture was
set to -30C. (+)-Diethyl-L-tartrate (7.46 m, 4.40
nmol ) followed by titaniun(lV)isopropoxide (10.35 m,
3.52 mmol ) were added. The resulting m xture was
stirred 1 h at -30C whereas WO 2004/ 024735

PCT/ EP2003/ 010171 -36 the solution gradually

devel oped a yell owgreen color. Then, 3.52 m of
tert-butyl -



hydr oper oxi de (19.36 nmol) were added. The reaction
was | eft overnight at -25C and was quenched with 100
WOork00a/0249331SC3 and wel | st rred The filtrate WeSI/EP2003/010171
extracted wth TBME (2 X §'1 The conbi ned organic
| ayers were washed with 80 of brine, dried over
MySO4 and concentrated in vacuo to provided 7.24 g of
crude product. After purification by chronatography
(1:1 hexanes/ AcCEt), 5.2 g (100% of epoxyal cohol (XV)
wiett ®eehinfisned. Rf = 0.38 (Si02, 1:1 heptane-AcCOEt);
1H NVR (DVMSO-d6, 400 MHz, 300 K) 5 7.28 (s, 1H, C5..-
H, 6.44 (s, 1 H C4-H), 4.30 (dd, J =8.2, 4.1 Hz, 1
1HPro@&s féd)the Brepdraljah, of &pethilbde Zeertive]s offor@dlalda) , 3. 39
(dd, J =10.2, 6.0 Hz, 1 H C5,..-Ha), 3.34 (dd, J =
10.2, 6.2 Hz, 1 H, CSR1 ,,,,, . 7(d, J = 12.2 Hz, 1
H Cl-Hb), 2.90 (dd, Hz, 1 H C3-H), 2.63
(s, 3H C2"-CH3), CHS) 1.81 (ddd, J
= 12.3, 8.2, 4] 268129(4m 7H,
Cl.-Ho, CL...-H2, -Ha, 4.
1.08-0.98 (m 1 H S O093083(m18H t wo
SI (CH2CH3) 3), 0.82]j(d 7 Hz, 3H C4...-CH3),
0.59-0.50 (m 12H, Pwo QH(CPQ(:Hs)s) 13C- NVR ( DVBO
dé, 125 MHz, 300 K) S 164.7, 152.6, 141.2, 118.7,
117.1, 76.3, 67.6, 63.6, 63.6, 60.2, 57.5, 35.5,
35.4, 33.3, 28.7, 22.3, 19.1, 16.8, 14.4, 13.9, 7.1,
whergin 4.6, 4.3: IR (filn) vmax 3403s (br), 2954s,

R4 8/@sthyl bR RMhad HeIanklet Bh uAshibéttuted 338UBLtitdt48 aFA, an
up[sio Ls"t‘(c"i% OO?%ftg%eg F’ﬁe@a@?r_@n lﬁﬂéé@ﬁhk\:{gﬁ%\ér s{xnlm]fgyt%ﬁl_%lerogychc radical

fuskd kenesbdeomicleusandisalts thereof with metal cations, characterised by
(25,39 -3-[(B)-(S)-3 -nethyl-4"-(2"-met hyl -t hi azol -4"-
[)-2- triethyls i |anyloxy-but-3-enyl]-2-[(S)-4""-m
agqeagtlng@'compmraqiyprmumamy| oxy-pentyl]- oxiranyl nmet hyl
ester (XVl) To a soluti Q‘Eg/gf epoxyal cohol (XV) (11.71

I\)

/_(C,gcD

g, 20.0 mol) in CH2Cl 2 8 mM), was added 10.3 ml
(60.1 mol ) of N-et hyI/d,o opropyl am ne at 0C. The
resulting mxture was ispirred 15 mn. at 0C

Ther eupon, net hape ’yI chl oride was added (2.33 nl,
30.1 nmol ). Afte fo 1 hat 0C the
reacti on sol th ' ehed Wi th 50 m of H20 and
50 m of TBI\/E.O The Iayer wer e separated and the
aqueous | ayer was washed yh TBME (50 m). The
conbi ned organi c extractsswere washed with 0.1 N HC
(40 m ), saturated aqueous NaHC3 (2 x 40 m) and
brine (50 m) and dried over MgpSO4. Concentration in
vacuo provided 13.7 g (1)

wherein R2 has the meanings given above and the mesylate group may be replaced by a
tosylate group and the and the mesylate group may be replaced by a tosylate group and the

like and is an alcohol protecting group ,with a sultam derived compound of formula 2
as, for example,



of epoxy nmesylate (XVI) which did not require any

further purification. Ri= 0.55 (Si02, 1:1
whepiang3AcOEt ) ; 1 H-NI\/R ( DMSO- d6 400 VHz, 30BCKEPB03/010171

7.34 (s, 1 H C5. : 649% .-H),438(d,

J:11.4Hz,1HC1Ha) 4(de 8.2, 3.7 Hz, 1

H CI-H, 4.07 (d, J = 11.4 Hz, 1 H Cl-Hb), 3.43

(dd, J = 9.8, 5,9 HZ, 1 H C5...-Ha), 3.37 (dd, J =

9.8, 6.3 Hz, 1H CS..- Hb) 393 . 3H, S02CH3),
3.06 (dd, =7o 46Hz k), 2.66 (s, 3H,
C2..-CH3), 203 s 9 (ddd, J =
15.2, 7.0, 3.7 He, £1.20 (5 m 7H,
C1, - Hb, V\D2004/02473 PC@EP 003/010171 -37
Cl,,.-H2, C2".-H2, C3,,,.Ha, C4,..-H, 1.12-1.03 (m 1
H C3,,,-Ho), 097088 18H, two Si (CH2CH3)3),
0.85 (d, J = 6.6 Hz, 3H, CH3)063050(m

12H two Si (CH2CH3) 3) 13C— NVR (DMSO- g6y 125 MHz, 300

S 164.2, 152.3, 140.5, 118.6, 117.0, )75 72. 1,
IrBafseiectlveg@dei reas:f,rorgln tt%orgsenggofla Leyis geid and gﬂdmgg ofia basg i iryan inert
sdi%rf? at 13WerGempcar@resthefivech -50° t¢-180°Clarld thérBaftdr at-dlevaidd

te&?ﬁeﬁgﬁgg é%lfqlgﬂ? %Ma@ +§%16'- gbtalﬁgé a rAﬁbOL[nl\él o-F fo'?'rlntPa'S
(2S,39)-2-[(S)-5"-hydroxy-4'-nmethyl -pentyl]-3-[(E)-(S)
-3"-net hyl -
4" - (2" -)r/ret hyl -t hi ag" - I)-ig triethylsilanyl oxy-bu
{XVI1) A solution of

t - 3-enyl ] - oxi ranyl nmet hyl™"
7.238 mml) in

bi s- TES ether (XVI) (4.89
THF/ AcOH H20 (10:2:1 v/vl/v, /M) was heated at 50C
S\‘\460 m of saturated

for 15 h. To quench the
aqueous solution of Na S a@ded and the m xture
x 250 rH). The organic

was extracted with TBME
washed % i ne, dried over

| ayers were conbi ned an
MySO4 and concentr &t 4, vacuo dive 4.73 g of
crude product. Purifidat\om by @Tﬁg +slr omat ogr aphy
(Si02; 30-60% AcCEt/h ution) afforded
3.10 g (79 % over two sileps:based on XV) of al cohol
(xvn) Rf = 0.15 (Si 02, O1: 1PnepPane- AcOEt); 1H NMR
(DMSO- d6, 400 MHz, 300 K) 742 (s, 1 H GC5,..-H,

6.50 (s, 1 H CA"-H), 4.38 113 Hé,zl ,
Cl-Ha), 4.36 (dd, J = 8.3, 4. Hz B2, . -H,

partially obscured by Cl-Ha), 4.07 (d, J =11.8 Hz, 1
H, Cil-H8), B0-3.23 (m 1 H, C5 -Ha), 3.20 (s, 3H,
WBERDHRR) and3. 22- Bavedthé mpove gi*ten@fe,amhbs a arti ally obscured

by
b) the obtained compounds of above formula 3 are reacted at temperatures between -70°

and 25° C in the presence of a silyl-ether forming compound and 2,6-lutidine forming
compounds of formula 4



S2CH3), 3.06 (dd, J = 7.1, 4.4 Hz, 1 H C3-H), 2.67
(s, 3H C2,..-CH3), 2.04 (s, 3H, C3..-CH3), 1.90
W dabd/024F 35 14. 2, 8.3, 4.4 , 1 H Cl-Ha), 1.7PcWEBR03/010171
(m 1 H Cl"-Ho), 154132“11 6H, Ci1,-H2, C2,-H2,
C3'-Ha, &4,-H, 1.10-0.98 (Mm'1 H, C3,-Hb), 0.93 (t, J
= 8.0 Hz, 9H, Si (CH2CH3)3), 0.84 (d, J = 6.6 Hz, 3H,
C4.-CH3), 0.60 (g, J = 8.0 Hz, 6H, Si(CH2CH3)3);
13C- NMR (DMSO- d6, MHz, |300 K) S 165.1, 153.2,
141.5, 119.4, 117.9\ 726G, R, 67.0, 61.2, 58.6,
37.6, 36.0, 35.5, 33.9, 29. O 22.6, 19.7, 17.5, 14.9,
14.5, 7.63, 7.58, 5.1; 1R rr% X 3410s (br),
2955s, 2876s, 1655w, 1505w, 165 5(1?414m 1359s,
1270w, 1239w, 1177s, 1081 O6@m 958m 833m 745m
586 (5, [M+K]+), 570 (100,

529mcm 1; Ms (ES+) mz (

[ MtNa] +), 548 (8~ MtH] +)~ I\/Ethanesulfonic acid
(28,38)-3-((E)- ~3'- hyl -t hi azol -
yl)-2-

trlethyIS|Ianonxy but-3
x0- pentyl ] -oxiranyl net h (1) a solution of
al cohol (Xvil) (2.00 g, (§36 mpl) in CH2CI2 (10 m)
at 0C was added sequenti al triethylamne (3.86 nl,
27.7 mol ), DWVSO (6.48 m , 3 mol) and
pyridi nium SO3 conmplex (2.32 g, 14.6 mol 4)i n DMSO (26
m ). The resulting solution was WO 2004/ 024735 .
PCT/ EP2003/ 010171 -38 stirred 1 h at 0 C The
reacti on was>™quenched with a aqueous sol ution of
NaHSO4 (40 120 m) and TBME (150 ml). The | ayers
W@@wat ed havrithe meapipgrgiven 4 @ndas washed with
saturated aqueous NaHCO3 (2 x 100 ml). These aqueous

were back-extracted wth TBME (2 x 1
RO ou P AR REPE o i e JomeroaGh BUSHIPY of the chiral
atilianyegroDith TBAQHH20@th DMEfor MOSE4n AHE/MeHIIEZO bBtaBihgian
¥"ﬁ Ldﬁd ﬁfoﬁnul 5194 ¢ of crude product. Purification by

romat ogr aphy (Si 02, 50-70% AcCEt/ hexane
gradient elution) pro ed 1. 63 g (82 %9 of pure
al dehyde (1). Rf= 0.30 @2, A 1rhept ane- AcCEt) ;
1HNWVR (CDCI 3, 500 MHz, 30 9.61 (d, J = 1.7 Hz,
1 H CHO, 6.95 (s, 1 | ,Q6.52(s, 1 H,
CA.-H), 4.33 (dd, J = 4. : C2.-H, partially
obscured by Cl-Ha), 4 oA Hz, 1 H,
Cl-Ha), 4.08 (d, J =1
=7.8 3.9 H, 1H,

"-nmethyl-5""-0

Hb), 3.11 (dd, J

(6)

wherein R2 and have the meanings given above, and



S2CH3), 2.71 (s, 3H C2-CH3), 2.33 (m 1 H C4.,.-H),
2.02 (s, 3H, C3,-CH3), 1.99-1.32 (6 m 8H, C1.-H2,
w@2004/024435 C2...-H2, C3... -H2) 1.11 (d, J = 7prdI/ER2003/010171
3H, C4...-CH3), 0.94 (t, J 8.0 Hz, 9H,
Si (CH2CH3) 3), 0.61 (q, J = 8 43 He, 6H Si (CH2CH3) 3) ;
13C-NWR (CDCI 3, 125 MHz, 300 Ky 5 204.7, 164.8,
152.8, 141.8, 119.2, 115.8, 76.0, 72.0, 60.7, 59.0,
46.3, 37.8, 35.3, 30.5, 28.3, 22.5, 19.4, 14.1, 13.5,
dY %ééctlrfb R ounds%f %d")r%%ﬁ'fz‘ﬁw fSa re@@c? l@'inéaz%tgn? P1V¥aln 7n;v]rt?-éb?\fent
%‘6 whem'g}e iopyiatesday OTéFzGa%F O?tfsvﬂg ap0tRoLRA o foryla 6
(ES+) mz 546 (100, [MH—I] +). M5 (ES+) mlz 546 (100,
[ MPH +) . WD 2004/ 02473 / EP2003/ 010171 -39- What
we claimis: 1. Pr oces.. ,eparation of
epot hil one derivatives of farnula 9 R., OHORa O
(99 OOH Owherein R is Nyl and R2 has the
meani ng of an unsubstituted ofd.-Qubstituted aryl, an
unsubstituted or substituted heteroaryl or an
unsubstituted or subsiitut het er ocycl i c radi cal
fused to a benzene jeus and salts thereof with
metal cations, charatte ed by a) reacting a conpound
of formulal O OP (1) , opas the neani ngs
gi ven above and the nesyla e may be repl aced by

a tosylate group and the @mheO nmesyl ate group may
1)

be replaced by a tosylate gr and the

(6)

wherein R2 has the above given meanings.

e) hydrolysing the compounds of above formula 6 with a desilylation reagent or an acid in an
inert solvent or a mixture thereof, e.g. TASF or HF-pyridine in THF, obtaining a selectively
desilylated compound of formula 7

(7)

wherein R2 and have the above given meanings, and



P like and is an al cohol protecting group with a

sul tam derived conpound of forrmula 2 as, for exanple,
wo\e»020048024735 PCT/ EP2003/ 010171 -40 O 0=S PQI/EE20@3/Q0171

(2) in a selective aldol reigti on in the presence of

a Lewis acid and addition of "a"base in an inert

sol vent at |ower tenpeartures between -50 to -100C and
thereafter at el evated tenperatures between -20 to
fhperrolapenizing eljained enmrounds o foriglarfacgordingde the cppgitions dgscribed
bl M. yaRhagithPet #PsG.CRam. SuEIGINE 11 97 9RB2 A080, bdimind efumperéRcted
eg't}ﬁ meanl.n%sff g@? g) t he obt ai ned conpounds of above

gipilne dervatve of faiad” ot t enper at ures between -70 and

25 Cin the presence of a silyl-gther formng conpound

and 2,6-lutidine form ng coi nds of formula 4 WO
2004/ 024735 PCT/OOS/ 0
~ . \ R2

(8)
wherein R2 and . have has the above defined meanings, and

g) treating an obtained compound of formula 8 with HF-pyridine in an inert solvent at
temperatures between 0° and 30 °C and cleaving both silyl protecting groups obtaining
epothilone derivatives of formula 9

Ry, /9

",

o
o

©)

wherein R1 is methyl and R2 has the above described meanings and optionaily converting
compounds of formula 9 wherein R1 and R2 have the defined meanings under formula 9 to
a salt with metal cations by conventional methods.

2. Process according to step a) of claim 1, characterised, that compounds of formula 1 are

reacted with a compound of formula 2, for example, in the presence of TiCl4 and Hiinig base



PO, R, ,00~ 0 900(4) P wherein R2 and have

t he nmeani ngs gi ven above, and c) converting an above
w@eospoedtds of fornmula 4 to the carboxylic acid BgI/EP2003/010171

splitting off the chiral auxj{liary group with

TBAOH H202 in DME or Li 2H 1 H THE/ MeOH H20 obt ai ning a

conpound of formula 5 0 (DP CH OO (5 wherein R2

and have the neani ngs given above, and WO 2004/ 024735
(iP@et ppdigiioromethane atafemygratugaseft-78 oC eadiheiRadier B tefpesrature of 0

°¢ 6btaMIng new\oinBowhds @FfeRhiNg3r eagent in an inert sol vent
cleaving the nesylate or tosylate group or the |like

obtai ning a conpound of fornula 6 CDP- o,, \ R2 ::0
3. @rocdss @ccording to step b) of claim 1, characterised that obtained compounds of

formula 3 are reacted with a silyl-ether forming compound in the presence of 2,6-lutidine at
temperatures between —20° and +20 °C, especially at a temperature of =10 °C in
dichloromethane as inert solvent forming compounds of formula 4.

4. Process according to step c) of claim 1, characterised that obtained compounds of
formula 4 are converted to the carboxylic acid by splitting off the chiral auxillary group with
TBAOH/H202 in DME or LiO2H in THF/MeOH/H20 obtaining a compound of formula 5.

5. Process according to step d) of claim 1, characterised that obtained compounds of
formula 5 are reacted with LIBHE(3 as reducing reagent in THF as inert solvent for cleaving
the mesylate or tosylate group or the like obtaining a compound of formula 6.

6. Process according to step e) of claim 1, characterized that obtained compounds of
formula 6 are hydrolysed with a desilytation reagent especially with TASF or an organic acid
especially HF-pyridine in an inert solvent, e.g. pyridine or THF, obtaining compounds of
formula 7.

7. Process according to step f) of claim 1, characterised that obtained compounds of formula
7 are macrolactonized according to Yamaguchi et al, e.g. treating the hydroxy-acid with Et3N
and 2,4,6-trichlorobenzoyl chloride at lower temperature, e.g. 0 °C and thereafter the
reaction mixture is added to a solution of 4-DMAP in toluene and the temperature raised to
ca. 75 °C obtaining compounds of formula 8.

8. Process according to step g) of claim 1, characterized that obtained protected epothilone
derivatives of formula 8 are treated with HF-pyridine in pyridine as inert solvent and after

cleavage of both protecting groups epothilone derivatives of formula 9 are obtained
and optionally converting compounds of formula 9 wherein R1 and R2 have the defined
meanings under formula 9 to a salt with metal cations by conventional methods.



(6) wherein R2 has the above given neani ngs. e)
hydr ol ysi ng t he conpounds of above fornula 6 with a
waoele®ilog47at i on reagent or an acid in an inert BOCI/ERI003/010171
or a mxture thereof, e.g. TASF or HF-pyridine' in THF,
obtaining a selectively desf yl ated conpound of
formula 7 HD,,,. RR ;:0 (DOOH OOO(7) wherein
R2 and have the above gi ven neani ngs, and WD
920npepdy Sommia $£P2003/ 010171 -43  f)
macr ol act oni zi ng obt ai ned conpounds of fornula 7
according to the conditions described by M Yanmaguchi
et at Bull.Chem Soc. Jpn., :1{?_,7.9, &2 , 1989, obtaining a
fully protected epothilage ) vative of formula 8 0O~
\'R2 O 0QO(8) O have has the
above defined neamngs.l, ' Ren obt ai ned
compound of formula nt'h HF-pyrifdine in an inert

solvent at tenperat) and 30 C and
cl eaving both silyl"p ect+¥ng oups obt ai ni ng
epot hi |l one deri vati vesoof fo‘ﬁ a9

(9)

wherein R1 is methyl and R2 is an unsubstituted or substituted aryl and salts with metal

cations.

10. Compounds of formula 9

(9)

wherein R1 is methyl and R2 is an unsubstituted or substituted pheny! and salts with metal
cations.

11. Compounds of formula 3



HORZ O OOCHO (9 wherein Rl is nmethyl and R2 has
t he above descri bed neani ngs and optionally converting
w@orpoes1ds of fornula 9 wherein RL and R2 havePCTrgP2003/010171
defi ned neani ngs under formula 9 to a salt with netal
cations by conventional met h&s. 2. Process accor di ng
to step a) of claiml1, characterised, that conpounds
of formula | are reacted with a conmpound of formula

2, for exanple, in the presence of TiCl4 and Hunig
base WO 2004/ 02473 !ﬁﬁ / EP2003/ 010171 -44 (i Pr2Net)

i n di chloronethane \al/ant enherat ure of -78 C and
thereafter at a tenperatufe O C obtai ni ng new
compounds of fornula 3. 3K _Progess according to step
b) of claim1, characterisep:that~obtained conpounds
of fornmula 3 are reacted wk 3%si |yl -ether formng
compound in the presence pf 2,6-10tidine at
tenperatures between -2Q-and +20 C, especially at a
tenperature of -10 C in| dichlor hane as inert

sol vent formng co ds, of formulaj4. 4. Process
according to step c) | &i m 19 ’h terised that
obt ai ned conpounds of" 1 nverted to the
carboxylic acid by splifiting off the chiral auxiliary
group with TBACH H2Q2 Fn of Li O2H in THF/ MeOH H20

obt ai ning a conpound of f la 5. 5. Process
according to step d) of cl 1, charact §ised t hat
obt ai ned conmpounds of fornmula 5 are reaCted with

Li BHEt 3 as reducing reagent in THE as inert solvent
for cleaving the nmesylate or tosylate group or the
| i ke obtaining a conpound of fornula 6. 6. Process
wWhere Bt ieg theomeanipgsg)vepundariermule 9. char act eri zed t hat
obt ai ned conpounds of fornula 6 are hydrolysed with a

1§ Focat R broGRARIr o5RBoU8 ol P8 i aienssrr

ﬂmbﬁvmnmnmea@ompynﬂdﬁﬁmnda1THF obt ai ni ng conpounds of

wherein R2 has the above given meanings and the mesylate group may be replaced by a
tosylate group and the like in all following reaction sequences with a sultam derived

compound of formula 2 as for example

9
. o=
/\[MN
O 6 0
_di 2)

in a selective aldol reaction in the presence of a Lewis acid and addition of a base in an inert
solvent at lower temperatures between -50° to —-100 °C and thereafter at elevated
temperatures between —20° to +20 °C obtaining a compound of formula 3.



formula 7. 7. Process according to step f) of claiml,

characterised that obtained conpounds of fornula 7
ware@4meoBsdl act oni zed according to Yamaguchi et PEI/EP®03/010171

treating the hydroxy-acid with Et3N and

2,4,6-trichl orobenzoyl chloride at | ower tenperature,

e.g. 0 C and thereafter the reaction mxture is added

to a solution of 4-DVAP in toluene and the tenperature

raised to ca. 75 C obtaining conmpounds of fornula 8.

18. Compmpgs offorradad ng to step g) of claim1l,

characterized that optai ned protected epothilone

derivatives of form‘ﬁ are treated with HF-pyridine

in pyridine as inert>sol% Beafter cleavage of

both protecting groups O gpothilone derivatives of

formula 9 are obtained an .letQ\op,aI Iy converting

conpounds of formula 9 wher gi'@ and R2 have the

defined neanings under f a9Qo a salt with netal

cations by conventi onal thods. WO 2004/ 024735

PCT/ EP2003/ 01017 -45- 9. Conpounds of formula 9 R .

OHR2 O O i\ wherein A2 iy nethyl and R2 is

an unsubstituted or subsii'tutedoasyl sand salts with

metal cations. 10. nds~qf

HR2 O O™ O

(4)

wherein R2 has the above meanings.

14. Process for the production of new compounds of formula 4, characterised that
compounds of formula 3

©)



(9) wherein RLis nmethyl and R2 is an unsubstituted

or substituted phenyl and salts with netal cations.
wda o4@trpounds of formula 3 WO 2004/ 024735 PCT/EP2003/010171

PCT/ EP2003/ 010171 -46- O, . HCG_ ,,0d0 OO

(3) wherein R2 has the meanf gs given under fornula

9. 12. Process for the production of conpounds of

formula 3, characterised_ that a conpound a conpound

aft repeipdhal lamperaiyeasdietvern —Reisandié *Ghibthe perseRse ahea silngther
féihgt ddthpbBrlydnatiiethe ipRisBndidf 2[Bautidial Beash BB UNdPEEba¥Egiven
f‘%h?’ﬁp’* and the like in all follow ng reaction sequences

a sultam derived conpound of formula 2 as for

exanple O O=S OO0 O-Si- (2) in a selective al dol

reaction in the presence of a Lewis acid and addition

19 Compeygds offoramlda hert  sol vent at | ower tenperatures

between -50 to -100 C and thereafter at el evated

t enper at ures between - o +20 C obtai ning a conmpound

of fornmula 3. @

()

wherein R2 has the meanings given above.

16. Process for the production of new compounds of formula 5 characterised that

compounds of formula 4

(4)



WO 2004/ 024735 PCT/ EP2003/ 010171 -47- 13. Conpounds
of formula 4 PR CO_,~00, 0 O Oo0 (4) wherein
w@2o0hasi78he above neani ngs. 14. Process for theCT/EP2003/010171

producti on of new conpounds gg formul a 4,

characterised that conmpounds’of formula 3 P,,0 OO0

Hr) OO /(3) W 2004/024735 PCT/ EP2003/ 010171 -48

are reacted at tenperatures between -70 and 25 Cin

the presence of an silyl-ether form ng conpound and

atecohltedt€ 6/ POGIiccidd.b§ shiitlirigtifiBe EifaNauxdlay PRPUAGSTENOH/H202
ir@)@ﬁ%r gylo\éﬁrEn T}f-!lgl\r/lggll-i/?l-lzélo oglgihingglr{:gr%ldggn% o?ForrﬁnSlgr&Jl a5,

17. Compounds of formula 6

o?o

wherein R2 has the above given meanings.)

(6)

18. Process for the production of new compounds of formula 6, characterised in that
compounds of formula 5

()



O OHOO (5) wherein R2 has the neani ngs given

above. 16. Process for the production of new conpounds
wo@toooe4m8s a 5 characterised that conpounds of PEDEPMONZ010171

4 R PO 0O o~ 0=00(4) W 2004/ 024735

PCT/ EP2003/ 010171 -49 are cbnverted to carboxylic

acids by splitting off the chiral auxiliary group with

TBAOH H202 in DME or L102H in THFMeOH/ / H20 obt ai ni ng

afe reaetpdWiya srdusiBg FRFoeNtdn an inert slyRRb HpRMNdhe MepYiRle 8riP ©D
tédylate\ gr&tid or-tife kel obfRirAgha édPipound of above formula 6.

19. Compounds of formula 7

(7)

wherein R2 has the above given meanings.

20. Process for the preparation of new compounds of formula 7, charaterised by hydrolysing
the tri-protected tris-silylether compounds of above formula 6 with a desilylation reagent,
especially TASF or an organic acid, especially HF-pyridine in an inert solvent, e.g. pyridine or
THF, obtaining a compound of formula 7.

21. Compounds of formula 8

(8)

wherein R2 has the above given meanings.



wherein R2 has the above given neanings.) 18. Process
for the production of new conpounds of fornula 6,
web@nazt7es i sed in that conpounds of fornul a 5P&DEP20013/010171
R2 0000 (DP OH oo (5 2004/ 024735
PCT/ EP2003/ 010171 -50 are tedcted with a reducing
reagent in an inert solvent cleaving the nesylate
group or tosylate (%roup or the |ike obtaini ndg a
22 Shierssntor Bie padstigtionr o campeungs ofiformute Bysbaregteriesd Byor nul a
mZtr:]rHéctohiziRgcqrhdendé BGofabtila ﬂg@o@é}rﬁb to e c%ﬁhi%r%}hcfésa%eﬁ 3§ M.
Yt@pg%%gi% igb%lmv rt]ame acgl?%‘gqmd% ,agésf ggt{%ﬁfng%;fyﬁy p(?otected epothilone
derlvatihvetot farnseld 8oy hydrol ysing the tri-protected

tris-silylether conmpounds of above fornula 6 with a
desilylation reagent, espeeig TASF or an organic

acid, especiall @F- pyri imNan inert solvent, e.g.
pyri di ne or - ) <R

(8)

Wherein R2 has the above given meanings.

23. Compounds of formula 1

(1)
wherein R2 has the meaning of an unsubstituted or substituted aryl, an unsubstituted or

substituted heteroaryl or an unsubstituted or substituted heterocyclic radical fused to a
benzene nucleus.

24. Process for the production of compounds of formula 1, characterised by



THF, obtaining a conpound of fornula 7. 21. Conpounds

of forrula 8 O \ RR O OQOO (8 wherein R2 has
wo b@4abos® gi ven neani ngs. WD 2004/ 024735 PCT/EP2003/010171

PCT/ EP2003/ 010171 -51 22. Process for the production

of conpounds of fornula 8, ctParacterised by

macr ol act oni zi ng conpounds of formula 7 according to

the conditions described by M Yamaguchi et al
aBgpttinglacempsdyl Fpermula079, 52,1989, obtaining a fully

protected epothilone derivative of formula 8 G- R2

O 0QO0 O (8) Werein R2 has the ahove given

meani ngs. 23. Conpounds of farmul a‘- 100 R2 O P (1)

/\/\/\/O
]
(X)
with PPH3 at temperatures between 50 ° - 150 °C, more precisely at & témp‘eréture 100° C
and thereafter with KHMDS in an inert solvent, especially in THF at 0°C and thereafter

cooling the reaction mixture to a temperature between -50 ° to —100 °C, and treating with
CH3CO2CI more precisely at a temperature of —78 °C obtaining a compound of formula XI

O;Me §

PH4P
(X1
and,

b) reacting the obtained compound of formula Xl with a compound of formula X!i

H

©

)

in an inert solvent, e.g. in toluene at temperatures between 20° to 60 °C, more precisely at a
temperature of 40 °C obtaining a compound of formula XlI|



wherein R2 has the neaning of an unsubstituted or
substituted aryl, an unsubstituted or substituted
whedosopeBy| or an unsubstituted or substitut edPCT/EP2003/010171
het erocyclic radi cal fused tha benzene nucl eus. 24.
Process for the production 6f”Conmpounds of formula 1,
characteri sed by WD 2004/ 024735 PCT/ EP2003/ 010171
-52- a) reacting a conpound of formula X0 (X) with
PPH3 at tenperatures betwe®@0,p@ - 150 C, nore
precisely at a tenpera 000 C and thereafter wth
KHVMDS in an inert sol in THE at 0C and
thereafter cooling the, ure to a
tenperature between 550 0 to -100 C, and treating with
CH3CO2Cl nore premi y at a t erature of -78 C

obt ai ni ng a conpou pf for I 02M e PH3P (X))
and, b) reacting the obt ai ned rrpound of formula Xl
with a conmpound of fornula Xl (XI'1) in an
inert solvent, e.g. in toluene at te erl&tur es between

20 to 60 C, nore precisely at a tenperature of 40 C

gkéha@ Gorﬁp&ﬁ%%f’féﬂﬁulé’fxmmlm Rdutid agdR, e LRAHIPDIBALH, in

CT/ EP2003/01017
an inert solvent, e.g. toluene at temperatures between -50° to —100 °C, more precisely at a

temperature of —78 °C and thereafter elevating the temperature to 0 °C obtaining a
compound of formula X1V

(XIV)

(the drawing of formula XIV and the following compounds thereafter have been simplified),

R2 and have the above meanings, and

d) using the conditions under Sharpless [(+)-diethyl-L-tartrate, Ti(OPr)4, t-BuOOH] for
epoxidation of a compound of formula XIV obtaining a compound of formula XV



02Me R2 up (XII1) <c¢) reducing a conmpound of formnula
(XI1'l') with a reducing agent, especially with D BALH
w0 poodame7Bhiert sol vent, e.g. toluene at tenper apCr/8B2003/010171
between -50 to -100 C, nore ppecisely at a
tenperature of -78 C and thereafter elevating the
tenperature to 0 C obtaining a conpound of fornula
XIVOHR2 PP (XIV) (the drawing of fornmula XV and
the fol |l owi ng conpounds ther@4after have been
sinmplified), P R2 and have@he above neani ngs, and d)
using the conditions gn Shar pl ess
[(+)-diethyl-L-tartrate, Ti (QPrj4 g, BUOOH for
epoxi dati on of a cofipound of flormula XV obtaining a
cormpound of formul aPXV WO 20043 024735
PCT/ EP2003/ 010171 4 -, , CHRX op (XV) wherein R2
and have the above ven neaRifhgs under fornula 9 and
formula | respectively. The obtai ned gq&ipound of
formula XV is a new conpound and is used as precursor
for the

wherein R2 and have the above given meanings under formula 9 and formula 1
respectively.

The obtained compound of formula XV is a new compound and is used as precursor for the
next step e) of the process sequence, and

e) introducing the mesylate group into a compound of formula XV by adding mesylate
chloride (the mesylate group may be replaced by a corresponding tosylate group or the like)
in the presence of triethylamine (Et;N) in an inert solvent, e.g. dichloromethane obtaining a
compound of formula XVI

QU
g

o)

-

(XVI)

wherein R2 and have the above given meaning.

The obtained compound of formula XVI is a new compound and is used as intermediate for
the next step f), and



next step e) of the process sequence, and e)
i ntroduci ng the nesylate group into a conpound of

wo eoomb413XV by addi ng nesylate chloride (the PEFEPRDE010171
group may be replaced by a cggresponding tosylate
group or the like) in the presence of triethylamne
(Et3N) in an inert solvent, e.g. dichioronethane

5 e A Bl B Y % G

meie prienisely witvpyidiniinop-tdiwenasulfanaty/br ¢agnphonilfonic apid imabselnts

S - j f t

b @9&%@93&%@2%‘%%?8fSJHi‘a”@g@%i"*‘aétcﬁﬁsg%we@%m“@ xi
obt ai ned conpound of fornula &Vl _w th an organic acid
in an inert solvent, nore pr |sely with pyridinium
p-tol uenesul fonate or canpher¥syg fonic acid in
absol ute ethanol, hydral ysk the one protecting
groups and obtai ni ng formula XVII 0 Rz
OHo (D (XVI I) whergj
meani ngs, and g) oxidi z t He
Swer n- oxi dati on net hgg, e.g. oxi
group by the pronotion of oxaly
activation of dinethyl sulfoxigd
al koxysul f oni um

chl ori de and
passi ng the

(XVII)

wherein R2 has the above given meanings, and

g) oxidizing by using the Swern-oxidation method, e.g. oxidizing the alcoholic group by the
promotion of oxalyl chloride and activation of dimethyl sulfoxide, passing the alkoxysulfonium
salts and after addition of a base and intramolecularly rearrangement obtaining a keto

compound of formula 1

{

/00

(1)

wherein R2 and have the above given meanings.



salts and after addition of a base and

i ntranol ecul arly rearrangenent obtaining a keto
w@eospozdtas of fornula 1 /00 Rz O P (1) P wherrCNERD03/010171

and have the above given neagi ngs. WO 2004/ 024735

PCT/ EP2003/ 010171 -56- 25. TConpounds of fornula XV

SOHR2 Qrt. O(XV) wherein R2 and O have the above

gi ven nmeani ngs. 26. Process for the production of

conmpounds of conpounds of formula XV, charcterised by
251G onthouhds af@stehiulaiXdhs under Shar pl ess

[(+)-diethyl-L-tartrate, Ti(OPr)4, t-BuOOH for

epoxi dati on of above conpoun8Hof fornula XV obtaining

a conpound of formula XV Ck up (XV) wherein R2
and 0 have the above ¢giv anijngs under fornula 9
and 1 respectively xR

(XV)
wherein R2 and have the above given meanings.

26. Process for the production of compounds of compounds of formula XV, charcterised by
using the conditions under Sharpless [(+)-diethyl-L-tartrate, Ti(OPr)4, t-BuOOH] for
epoxidation of above compound of formula XIV obtaining a compound of formula XV

(XV)

wherein R2 and have the above given meanings under formula 9 and 1 respectively

27. Compounds of formula XVI



27. Conpounds of formula XVI WO 2004/ 024735

PCT/ EP2003/ 010171 -57 q "I /O OR2 P P (XVl)
wobene2413R2 and have the above gi ven neani ngs. P@BEP2003/010171

Process for the production gffd conmpounds of fornul a

XVI, characterised by introdulcing the nmesylate group

or tosylate group or the like into a conpound of

formula XV -OH R2 up (XV) by adding nesyl ate

chl oride (the nesylate gr oupQmay be replaced by a

corresponding tosylate groupsor the like) in the

presence of triethylam ne (/EB ) in an inert solvent,

e.g. dichloronethane obtatwpPng a conmpound of formula

XVl WD 2004/ 024735 P /01p171 -58 0\ R2 PP

(Xvl) P

(XV1)

wherein R2 and have the above given meanings.

28. Process for the production of compounds of formula XV,
characterised by introducing the mesylate group or tosylate group or the like into a

E &

(XV)

compound of formula XV

by adding mesylate chloride (the mesylate group may be replaced by a corresponding
tosylate group or the like) in the presence of triethylamine (EtsN) in an inert solvent, e.g.
dichloromethane obtaining a compound of formula XVi



wherein R2 and have the above given neaning. 29.
Conpounds of fornmula XVII 0O R2 OHp (XVII) wherein
w@Ro0anzh7Bave t he above gi ven neani ngs. 30. Pr oP€BEP1003/010171
the production of conmpounds.g§._formula XvilI
charaterised by treating the obtained conpound of
formula XVI with an organic acid in an inert sol vent,
nore precisely wth pyridinium p-tol uenesul fonate or
canphor sulfonic acid in abs® yte ethanol, hydrolysing
P the protecting group and obi&i ni ng a conpound of
formula XVI1. 31. A new cefipoihd of fornula 2 WO
2004/ 024735 PCT/ EP2003/010 -5 0 n OS'4,. N O
OO0 (2) 32. Anetho reat memt of a warm bl ooded
animal suffering fro jseage and that is in
need of such treat I ng adm ni stering a
conpound of the forg in R is an
| radical or a
Qe ¢ t hereof, according
to claim9 to sai d Warm bl ood nimal in an anount
that is sufficient for said treatment.(XVl)

wherein R2 and have the above given meaning.

29. Compounds of formula XVIi

(XVII)

wherein R2 and have the above given meanings.
30. Process for the production of compounds of formula XVII, charaterised by treating the

obtained compound of formula XV! with an organic acid in an inert solvent, more precisely
with pyridinium p-toluenesulfonate or camphor sulfonic acid in absolute ethanol, hydrolysing

the protecting group and obtaining a compound of formula XVII.

31. A new compound of formula 2



33. A pharnmaceutical conposition that is suitable for

adm nistration to a warm bl ooded animal for the
woe@abeat of a cancer disease, conprising an PODEPR1008610171

an active ingredient of the ormula 9 wherein R2 is

an unsubstituted or substltu§ed aryl radical according

toclaim 9, which is effective for the treatnent of

said cancer disease, together with at |east one

pharmaceutically acceptable car?le 34. Use of a

conpound of formula 8 {or, pregae ng\a conpound of

formula 9 for nedical fea nmengy

(2)

32. A method of treatment of a warm-blooded animal suffering from a cancer disease and
that is in need of such treatment, comprising administering a compound of the formula 9
wherein R2 is an unsubstituted or substituted aryl radical or a pharmaceutically acceptable
salt thereof, according to claim 9 to said warm-blooded animal in an amount that is sufficient
for said treatment.

33. A pharmaceutical composition that is suitable for administration to a warm-blooded
animal for the treatment of a cancer disease, comprising an amount of an active ingredient
of the formula 9 wherein R2 is an unsubstituted or substituted aryl radical according to claim
9, which is effective for the treatment of said cancer disease, together with at least one

pharmaceutically acceptable carrier.

34. Use of a compound of formula 8 for preparing a compound of formula 9 for medical

treatment.



