1 A new process for the preparation of Epothilone Derivatives, new
Epot hi Fone Derivatives as well as new internedi ate products for the process
and the nethods of preparing same The invention relates to a new process for
the production of epothilone derivatives, having not only the

2-nmet hyl -t hi azol e substituent but, for exanple, other heteroaryl or aryl
substi- tuents or heterocycllc radlcals fused to a benzene nucl eus and
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neck cancer, genitourinary cancer, e.g. cervical, uterine, ovarian,

testicles, prostate or bladder cancer; Hodgkin's disease, carcinoid syndrone
or ‘These agents have the same biological mechanism of action as Taxol, an anti-cancer drug

currently-used as primary therapy for the treatment of breast cancer and have been reported

fo be more potent than Taxol.

Potential applications of the epothilones are the treatment of Alzheimer's disease, malaria
and diseases caused by gram-negative organisms. In particular, epothilones are suitable for

the treatment of proliferative diseases.

The term “proliferative disease” relates especually to solid tumor diseases, liquid tumors e.g.

leukemia, and psoriasis.

The term “solid tumor disease” especially means breast cancer, cancer of the colon and
generally the Gl fract Including gastric cancer, hepatoma; lung cancer, in particular small-cell
lung cancer and non-small-cell lung cancer, renal cancer, mescthelioma, glioma, squamous
cell carcinoma of the skin, head and neck cancer, genitourinary cancer, e.g. cetvical, uterine,
ovarian, testicles, prostate or bladder cancer; Hodgkin's disease, carcinoid syndrome or

Kaposi's sarcoma.

Epothitoné‘ derivatives are already described, e.g., in WO 97/19086. These derlvatives are
produced starting from natural epothilone A and B.



Kaposi's sarcoma. Epothilone derivatives are already described, e.g., in WO
97/19086. These derivatives are produced starting fron1natura| epothllone A
and B. -2- The total synthesis of epothilone A is described by Schinzer at

al in Chem Eur. J. 1996, 2, No. 11, 1477-1482. Another synthesis of
~ epothilone A and B and derivatives i s described by K C N colaou et al. in
Angew. Chem 1997, 109, 170-172 and Nature, Vol. 387,1997, 268- 272. In
Chem Comrun. 1997, pp. 2343-2344, K. C. Nicolaou et al describe a total
synt hesis of 26- hydroxy epot hilone B and rel ated conpounds involving a
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Furthermore in WO 98/25029 K.C. Nicolaou et al describe and claim the synthesis of
epothilone A, epothilone B, epothilone analogues, libraries of epothilone analogues by using

solid phase and solution phase chemistries.

The embodiment and goal of the present invention is to overcome ali the drawbacks of the
known processes and o provide a more simple and improved process for the preparation of
the above mentioned epothilones and epothilone derivatives and saits thereof which is also
feasible on industrial scale by shortening the sequence of the synthetic route and which
process constitutes a basis of high overalt yield in average and provides precursors and final

products of high purity.

A synthesis for the preparation of epothilone derivatives of formula 9

(9)

wherein
R1 is methyl, and



O OOHO(9) wherein RL is nethyl, and -3- R2 has the neaning of an
unsubstituted or substituted aryl, an unsubstituted or substituted

het eroaryl or an unsubstituted or substituted heterocyclic radical fused to
a benzene nucleus, and salts thereof. The prefix "l ower"” denotes a radical
having up to and including a maxi num of-%; especially up to and including a
maxi mum of 4 carbon atons, the radicals in question being either unbranched
or branched with single or nmultiple branching. R2 as unsubstituted or
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substi t uentsqd sgtsdh@ealbl y up to three, primarily one or two substituents,
especi al |y those selected fromam no; |ower al kanoylanm no, especially
acetyl am no; hal ogen, especially fluorine, chlorine or brom ne; |ower alkyl,
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phenyl - | ower al koxy, especia nitro, cyano, 2- al koxy,

espeC|aIIy“%@ﬂ@@?ﬂ&k?mngﬁﬁﬂﬂﬁﬁypb‘FG@&P@ﬂWﬁHhmgcarbanDyI such as N—nethyl-
or Ntert-butyl car bamoyl, |ower al kanoyl, such as acetyl, phenyl oxy,
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hal €gen | oo orsz au@ﬁtnemambmalyub@eaﬁsleﬁeﬁiﬁmmmﬂmeﬁamﬁﬂmym phenyl
- especially acetylamino; halogen, especially fluorine, chlorine or bromine; lower alkyl,
especially methyl or also ethyl or propyl; halogen-lower alkyl, especially triftuoromethyi;
hydroxy; lower alkoxy, especially methoxy or also ethoxy; phenyl-lower alkoxy, especially
benzyloxy; nitro, cyano, Cg-Cqz-alkoxy, especially n-decyloxy, carbamoyl, lower alkyl-
carbamoyl, such as N-methyl- or N-tert-butylcarbamoyl, lower alkanoyl, such as acetyl,
phenyloxy, halogen-lower alkyloxy, such as trifluoromethoxy or 1,1,2,2-tetrafluoroethyloxy,
lower alkoxycarbonyl, such as ethoxycarbonyl, lower alkylmercapto, such as methyl-
mercapto, halogen-lower alkylmercapto, such as trifluoromethylmercapto, hydroxy-lower
alkyl, such as hydroxymethyl or 1-hydroxymethyl, lower a!kanesﬁlphonyl, stuch as methane-
sulphonyl, halogen-lower alkanesulphonyl, such as trifluoromethanesulphonyl, phenyl-
sulphonyl, dihydroxybora (-B(OH),), 2-methyl-pyrimidin-4-yl, oxazol-5-yl, 2-methyi-1,3-
dioxolan-2-yl, 1H-pyrazol-3-yi, 1-methyi-pyrazol-3-yl; and lower alkylenedioxy which is
(: bonded to two adjacent carbon atoms, such as methylenedioxy.

R2 as aryl is especially phenyl.
Halogen is especially fluorine, chlorine, bromine, or iodine, in particular fluorine or chlorine.

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

following structures:



sul phonyl , di hydroxybora (-B(OH)2), 2-nethyl-pyrimdin-4-yl, oxazol-5-yl,
2-met hyl -1, 3- di oxol an-2-yl, 1 H pyrazol-3-yi, 1-nethyl-pyrazol-3-yl; and

| ower al kyl enedi oxy which is C bonded to two adjacent carbon atons, such as
met hyl enedi oxy. R2 as aryl is especially phenyl. Hal ogen is especially
fluorine, chlorine, bromne, or iodine, .ign particular fluorine or chlorine.
R2 being an unsubstituted or substituted heteroaryl is, for exanple, a

radi cal selected from followng structures: -4- SSN SOHSORKSS NN
N N(CH NNNS\ ; V-~/ V-Q NNN N N NHNQ NNIN il i and)\
| wherein Rx is acyl NNC RQ A heterocycllc radi cal being fused to a
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R2 as heterocyclic radical being fused to a benzene nucleus is a radical selected for
C example from the radicals of formulae
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~NN~-N OH\I N> xx>TM~I N\ Nand -5_ OH CaN The new synt hesi s
conprises foll ow ng sequences: a) reacting a conpound of formulal ~ o0 HRz
OP (1) wherein R2 has the nmeani ngs given above and the nesyl ate group may
be replaced by a H P tosylate group and the |like and Ois an al cohol
protecting group preferably a silyl progecting group, nore preferably any
of the later on listed silylether form ng groups and nost preferably a

| ower al kyl silyl protecting group preferably selected fromTES, TBDS, TPS,
with a sultamderived conpound of fornula 2 a8y for exanple, O 1Il 0=S 00

0 -6- _ //
Jow.
N
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

C 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,




(2) P wherein is an al cohol protecting group preferably a silyl protecting
group, nore preferably any of the later on listed silylether formng groups
and nost preferably a lower alkyl silyl protecting group preferably
selected fromTES, TBDS, TPS, in a selective aldol reaction in the presence
of a Lewis acid and addition of a base i@.an inert solvent at |ower
t enperatures between -50 to -100 C and thereafter at el evated tenperatures
between -20 to +20 C obtai ning a conpound of fornula 3 a PO,., \ Rz 0o d %0
HO OO\J. (3) wherein R2 has the neani ngs given above. The conpound of
formula 2 as given above may be replaced by a conpound of fornula 2 P
wherein is an al cohol protecting group @ eferably a silyl protecting group,
nore preferably @ of the later on listed silylether form ng groups and
nost preferably & #ower alkyl silyl protecting group preferably selected
from TES, WwBBEIn TPS. ismrealedhoppratedinacdrodopraieradly3 silleprofeotingangpungse and ar e
g)se?has 'bel_%Féi@ﬂy ahyest trfééléte'?Pﬁ*lié&%éily%e&?e?i%rrﬁ%g@foub@Sncpi’ng &f@?i}@ﬁ@@ﬁ and --7-
eo ed . co unds o ove f.or a r ed a e ures
bet ween -7%““3&?&"5@%%@ Prﬁ”?ﬁ@?eﬁ?'ﬂgﬁﬂ%%g%’mﬁ ESI ﬁ'ﬁgfﬁéﬁ’ ""fab?‘?lﬁﬁﬁ @[S’fa#)ound and
i n the prewseanton inthePpr@sence 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

(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 -
alkyt 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



| utidine form ng conmpounds of formula 4 GPRz )" OO0 O OOOCP (4 P
wherein R2 and have the neanings given above. The conpounds of fornula 4 are
new conpounds and are used as precursors for the next step c) of the
process sequence, and c) converting an above conpound of fornula 4 to the
carboxylic acid by splitting off the chigal auxiliary group with TBAOH H202
in DVE or LiO2H in THE/ MeOH H20 obt ai ni ng conpound of fornula 5 0 0., 0 (5)
OHOO-g_ P wherein RR and O have the neani ngs gi ven above. The obt ai ned
conpounds of formula 5 are new conpounds and used as further internediates
for the neltthepligingy cemPauRes g FhoE’ Orava darr Ecaciad gt i§mPr@aEes PRIWESR offbound of
above f or nHdZ% W ih thedpreMAue bhgsilyr@ & Torniing Gmponsd andialihepresence of 2,6-

lutidine forming compounds of formula 4 :

(4)

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 ¢) of the process sequence, and
c) converting an above compound of formula 4 {o the carboxylic acid by splitting off the chiral

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

of formula 5

(6)




cl eaving the nesylate group or tosylate group or the |like obtaining a
conpound of formula 6 OP-O'.. OHOp O OP (6) P C wherein R2 and have

t he above given neani ngs. The obtai ned conpounds of fornmula 6 are new
conpounds and are used as internmediates for the next step e) of the process
sequence, and e) hydrolysing the tri-progected tris-silylether conpounds of
above fornula 6 with a desilylation reagent or an acid in an inert sol vent
or a mxture thereof, e.g. TASF or HFpyridine in THF, obtaining a
selectively desilytated conmpound of formula 7 9 .. \ R ;:O (DOOH OOO
(7) C P wherein R2 and O have the above given neani ngs. The conpounds of
formula 7 are new conpounds and are used as precursors for the next step f)
of the process sequencer~ and f) nacrol actoni zi ng obt ai ned conpounds of
formula 7 according tQ Phe conditions described by M Yamaguchi at al

Bul | . Chem SberelpR2 arkd® 79, Sidvd 8tOmetirigaigivengbavef ul | y pr ot ect ed

The obtained compounds of formula 5 are new compounds and used as further

intermediates for the next step d) of the process sequence, and

d) reacting a compound of above formula 5 with a reducing reagent in an inert solvent
cleaving the mesylate group or tosylate group or the like obtaining a compound of formula 6

(6)

wherein R2 and have the above given meanings.

The obtained compounds 6f 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 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 desilytated compound of formula 7



epot hil one derivative of formula 8 11\~ R2 OO O O (8) P wherein R2 and
have t he above defined neani ngs. -10- The obtai ned conpounds of fornmula 8
are new conpounds and are used as precursors for the next step g) of the
pr.ocess sequence, and g) treating an obtained conpound of formula 8 with
HFpyridine in an inert solvent at tenpematures between 0 - 30 C and
cleaving both silyl ether protecting groups obtaining epothilone
derivatives of formula 9 O HOR2Z OOOHO (9 wherein RL is nethyl and R2
has t he above descri bed neani ngs and optiqnally converting conpounds of
formula 9 to a salt with netal cationsbhytgeormuentional methods. The
transformation of epothilone B to the corresponding |actamis disclosed in
Schene 21 (pages 31 and 32) and Exanpl e~3 of W99/02514 (pages 48 - 50).
The transformation of a conpound of formyl@ 9 which is different from

epot hilone B into the correspondi ng | act@m™ conpound nmay be achi eved

anal ogously.

@

wherein R2 and have the above given meanings.

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

8

wherein R2 and have the above defined meanings.



Inert solvents nentioned in one of the reaction steps a) tog) enconpass, but
are not limted to nethanol, ethanol, propanol, dichloronethane,

di chl oroet hane, DWF, tetrahydrofuran (THF), benzene, tol uene, pyridine,

et hyl acetate, acetone or t-butyl-nmethyl ether (TBME), hexane or heptane and
the like and m xtures thereof. Organic bgses nentioned in one of the
reaction steps a) to g) enconpass, but are not Iinited to organi c am nes
such as unsubstituted or hydroxy-substituted nono-, - or trl-alkyl

am nes, es ial l hyl.am ne,

ai ot 1 am e coned E3Baulcr b ot B pafrabtts B -‘%%a%ﬂﬁasq ihee e
tri-n-but yummstana)qathewpe@pa,emmlm ne (iPr2Net), as nit rogen

het er ocycl es, ethyl ene-ini ne, pyrrolidine piperidine and nor phol i ne,
especially 4 di et hyl am no- pyri di ne ¥ e, 2,6-1lutidine,

2, 6- di -t er 9) beAtipP FpraPtRiIned corRauRd i ffpw@ 3 W'ith R/Etd&edﬂ an gﬁﬂ.selvs%tsaés are e.g.
LDA (1i thi %ﬁﬁbr&t&@@%@ﬁweﬂm nso °C Bhd-tleavirRodthdilyl etﬂ@?"l!f%cﬂnbbl’dh@&obt@imd}jaHNDS
Reduci ng ag qh? are g '5 qh(dllsobutylalunlnlun}hydrlde) Li A

(Li t hi unmal GHAY ‘hﬁFeHVﬁ ?%1)W"W¢% iumtriethyl boro-hydride and the Ilke 0
are al cohol protecting groups commonly used in organic synthesis and shoul d
protect the functional hydroxy groupshaeg t unwant ed secondary reactions.
Silyl-ether form ng conpounds ar tandard protecting groups
used very commonly in organic syrnthesis an ly a silyl protecting
group is |ower alkylsilyl ! tecting group is
selected from TMS (tri nmethyl - -silyl), TPS(tri-n-
propylsilyl), TBDS(tertiary- but
DEI PS(di et hyl -i sopropyl -si |yl
TDS(.t-hexyl - di met hyl silyl), TIPS(t
(tetrahydropyranyl-silyl) or the ,

preferably TPS. |If
wherein R1 is methyl and R2 has the above described meanings and optionally converting

compounds of formula 9 to a salt with metal cations by conventional methods.

The transformation of epothilone B to the corresponding lactam Is disclosed in Scheme 21
(pages 31 and 32} and Example 3 of W098/02514 (pages 48 — 50). The transformation of a
compound of formula 9 which is different from epothilone B into the corresponding lactam
compound may be achieved analogously.

Inert solvents mentioned in one of the reaction steps a} to g) encompass, but are not limited
to methanol, ethanol, propanol, dichloromethane, dichloroethane, DMF, tetrahydrofuran
C (THF), benzene, toluene, pyridine, ethylacetate, acetone or t-butyl-methyl ether (TBME),
o 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-substituied 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
(iPr:Net), 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.



a conpound contains nore than one protecting group the protecting groups are
sel ected independently of each other and may be all the sane, all different
or any conbination thereof, preferably the protecting groups are all the
sane, nost preferably the protecting groups will be TPS. The term
pharmaceutical ly acceptable netal salts gantenplates salts formed with the
sodi um potassium calcium nmagnesium alumnium iron and zinc ions. The
salts are prepared by conventional nethods. Suitable acids for cleaving the
bis-trinet f C I drol ysi s
are weak o?é%%%cﬁg%kﬁé¥m%&%%ﬁgLaA Fﬁﬁmcﬁ&#ﬂﬂwggﬁ%g L?%ﬁgBﬂ% ?&gﬁébothllone
structure &ftMRS.corNgHMB&Npl e dil ute acetic acid, propionic acid, glycolic
acid, lactic acid, fumaric acid, su00|n|c aC|d adeIC aC|d plnellc aci d,
suberi c aci d, azel ai ¢ aci d, mal i aci d,

mandel i ¢ a&eguCRgRIRSISRP&S: D&Féﬁ“é@"*@?%’%ﬁ‘ﬁ‘@*“&bf‘yﬁﬂéﬁ) 'alé\\b%r(%"ﬂﬁura@w'mum-
especi al | y hgdride, githaumh ehietytbotdigydtiikand tkémeci al |y may be nmentioned HFpyri di ne
in THE or HFpyridine in pyridine. Chiral auxiliary groups used for the

al dol reaction according to a) of the process sequence are for exanple the

sul t am auxi }r8ry group or oxazolidinone groups. e.g. -12 OYOO! Ph N Ph
R3 Z especiig and ot her known chiral auxiliary groups. The reaction steps
a) to g) of The anealitoiwhpdtgslinrgespsmquemiyastdin dahanipsyegesatandshafldt he
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exanpl e i nfaRiag compounds are for example standard protecting groups used very commonly in
organic synthesu:j and preferably a silyl protecting group is lower alkylsilyl more preferably a

C ) silyl protecting group is selected from TMS (trimethyl-silyl), TES(triethyl-silyt), TPS(tri-n-

propylsilyl), TBDS(tertiary-butyl-dimethylsilyl), DEIPS(diethyl-isopropyl-silyl},
IPDMS(dimethyl-isopropy-Isityl), TDS(thexyl-dimethylsilyl), TIPS(tri-isopropyl-sityt), THP
(tetrahydropyranyl-silyl} or the like, preferably TES, TPS or TBDMS most preferably TPS. If
a compound contains more than one protecting group the protecting groups are selected
independently of each other and may be all the same, all different or any combination

tHereof, preferably the protecting groups are all the same, most preferably the protecting

groups will be TPS,

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

prepared by conventional methods.

C Suitable acids for cleaving the bis-trimethylsitanyloxy groups of the compound of formula 4
by hydrelysis are weak organic acids which do not open the epoxide ring of the epothilone
structure and are for example dilute acetic acid, propionic acid, giycolic 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. Especlally 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.



presence of Ti 4 and Honig base (1Pr2NET) in dichloronethane at a
tenperature of -78 C and thereafter at a tenperature of 0 C obtaining new
conpounds of formula 3. b) The obtai ned conmpounds of fornula 3 are reacted
with a silyl-ether form ng conmpound. e.g. TPSCI, TBDVSOIf in the presence of
2,6-lutidine at tenperatures between -202and 25C, especially at a
tenperature of -10 C in dichloronethane as inert solvent form ng conpounds
of formula 4. c) The obtai ned conpounds of forrmula 4 are converted to the
carboxylic acid by splitting off the sultamauxiliary group with TBACH H202
in DME or Li Q2H in THE/ MeOH H20 obtaining a conpound of fornula 5. d) The
obt ai ned co@ﬁgggﬁs of fornul& 5 are reacted with Li BHET3 as reduci ng reagent
in THE as ingrt \solvent for i rphthe nesyl ate or tosylate group or the -
| i ke obt ai ni

a/ conpound of Eéor |la 6. e) The obtai ned conpounds of
fornula 6 aré hydrol ysed with esPhyl ati on reagent, especially with TASF

or. an organi c a®;d, especiall/y HFpyridine in an inert solvent, e.g.

pyridine or THF, ob€&kasialy conmpounds ofand@thenkaown chiml apxlayigraiped conpounds
of formula 7 are macrol actoni zed according to Yamaguchi et al, e.g.
treating the hydroxy aci i Et 3N and 2,4, 6-trich] orobenzoy] chloride at

| owerPentE bR Sersg) ol he T Ra eSS St RO RO L0 RS added
to a sol utcompothdslefiMitula & aret calriceront iamebré betal degeabeat agrfellowst sed to ca. 75 C
obt ai ni ng conpounds of forrmula 8. -13- g) The obtained, protected epothilone
derivatives of fornmula 8 are treated with HFpyddine in pyridine as inert
sol vent ana)} Gdmpeunds effommda dareesdiedswithyd cavoond pffotrawa Riier eyamplpdn 8PS, TES,
TBDVE) ep . . . ‘ . L ne Bl

rechyl and e Rag! T ARHERRES (PRI B e e B ng
corpounds ¥ theyeafiarat o teipraratiig oRP °§mtwmmue@rqf:¥@w%m ngs under
formula 9 to

b) The obtained compounds of formula 3 are reacted with a silyl-ether forming compound
e.g. TPSCI, TBDMSOTT in the presence of 2,6-lutidine at temperatures between —20° and
25°C, especially at a temperature of

-10 °C in dichloromethane as inert solvent forming compounds of formula 4.

¢) The obtained compounds of formula 4 are converted to the carboxylic acid by splitting off
the sultam auxiliary group with TBAOH/H202 in DME or LiIO2H in THF/MeOH/H20 obtaining

a compound of formula 5.

d) The obtained compounds of formula 5 are reacted with LIBHET3 as reducing reagent in
C 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-trichlorobenzoy! 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.



a salt with metal cations by conventional methods. The used starting
conpounds for the process sequence of fornula I wherein R2 has the neaning
of an unsubstituted or substituted aryl, an unsubstituted or substituted
het eroaryl or an unsubstituted or substituted heterocyclic radical fused to
a benzene nucl eus are used as key-interfBedi ates for the preparation of
epot hil one derivatives of fornula 9 are new and are prepared by foll ow ng
process sequence conprising steps a) - g), as given thereafter. P The
detail ed nmeani ngs of R2 and have been defined under formula 9 and fornul a I

Feaet ng. oM sE R iBYBUSBSGRKRbAGRS, BT g WRale8 U AT RIBE R cL S0
- 150 C, neyrigingras dieskdojvent ang af@hgleavageupébolm)ellyteth@rrmotteﬁmg@aﬁtmer(T% tTESKHVDS i n
an inert Sﬁéﬂrﬂ@}epo%iaﬁ&ti@fli\}aﬁvésrbf?{)'ﬁu@tg #Cotatled hereafter  cooling the

reaction mxture to a tenperature between -50 to -100 C, and treating with
CH3CCRC  nheseip Rdds gty %!id R2 hasipe pheverdesgibed mpatinghend eRtiagally cervpsingnd of
fornmula Xl ccnﬂp%uﬁascbf f&mmwﬁ&%ﬂa« afdR2 ww,tndoaerhe@ﬁfebﬁnggs hRiepRiAiBedo

conpound of for a co nd of, fornula Xl
P asalthtrﬁu m&a?(cations by convent] neﬂ methods

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 heteroary! or
an unsubstituted or substituted heterocyclic radical fused to a benzene nucleus are used as
C 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 femperatures 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



(XI'l) in an inert solvent, e.g. in toluene at tenperatures between 20 to 60
C, nore precisely at a tenperature of 40 C obtaining a conpound of formula
X1l &M R2 u (X111) c¢) reducing a conmpound of formula (XII1) with a
reduci ng agent, especially with DIBALH, in an inert solvent, e.g. tol uene
at tenperatures between -50 to -100 C, mpe precisely at a tenperature of
-78 C and thereafter elevating the tenperature to 0 C obtaining a conpound
of formula XIV -15- OH R2 (XIV) (the drawing of formula XV and the

foll owi ng conpounds thereafter have been sinplified), P R2 and O have the
above neani ngs, and d) using thecogngliti ans under—Sharpl ess
[(+)-diethyl-L-tartrate, Ti(OPr)4, t-BuOCH| f§r/xidation of a conmpound
of formula XIV obtaining a o) 0 OH Rz (XV) P wherein R2
and have the above given nedni*hgs under fornmula 9 and fornula 1

(X1)
and,

b} reacting the obtained compound of formula Xi with a compound of formula XII

H

©

(Xil)

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 XIil

OMe

yd))

¢) reducing a compound of formula (Xlil) with a reducing agent, especially with DIBALH, in
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 fo 0 °C obtaining a
compound of formula XIV



respectively. The obtai ned conpound of formula XV is a new conpound and is
used as precursor for the. next step e) of the process sequence, and -16- e)
i ntroducing the nesylate group Into a conpound of formula XV by addi ng
mesylate chloride (the nesylate group may be replaced by a corresponding
tosylate group or the like) in the pres#hce of triethylamne (Et3N) in an

i nert solvent, e.g. dichloronethane obtaining a conpound of fornula XVI (5
OR2 CP (XVlI) P wherein R2 and have the above gi ven neani ng. The obt ai ned
conmpound of forrmula XVI is a new conpound and is used as internedi ate for
the next step f), and f) treating the obtained conmpound of fornmula XVI with
an organic acid in an inert solvent, precisely with pyridinium

p-tol uenesul fonate or canphor sul foqiclacid in absolute ethanol, :
hydr ol ysi ng the one protecting grpups afd optaining a conpound of formula
XVIIl OR2 OHO(XVIl) -17- oy R

© &

(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 cbtaining a compound of formula XV

(XV)

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

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



wherein R2 has the above given neani ngs, and g) oxidizing by using the

Swer n- oxi dati on nethod, e.g. oxidizing the alcoholic group by the pronotion
of oxalyl chloride and activation of dinethyl sulfoxide, passing the

al koxysul fonium salts and after addition of a base and intranol ecul arly
rearrangenent obtaining a keto conpoundgaf fornula 1 used in the previous

i nventive process sequence as starting conpound. The inventive process
sequence for producing epothilone derivatives of formula 9 shows many
advant ages in conparison with other known and published synthesis: C -The
early introduction of the epoxide avoids surprisin a problematic.

epoxi dat i o) Bragucig the BesYata CERRHP atC@%"PerdmffP”ﬂ*H’é% fogrewitence, - A

renar kabl e cHibadd ftheZmbdyiite §lolig flay b8 e a@ya@ofr@gpohdﬂﬁg fmﬁmle@trﬁjpad}dhé peyl ate
epoxi des. e functional

o bas in b brer o Simirmra i i Sibert Soall o ShERT e A N Ae a1 do

reacti on betmpamdtohtorauiab®nched al dehyde and t he et hyl ket one key fragnents

coul d be achieved. - The aldol reaction tolerates surprisingly the presence
of the mesylate and tosyl ate epoxide. -QTphe aldol reaction allows a highly
convergent synthesis of epothilone derivadives. - The al dol reaction allows

surprisingly to nake use of the chiral-sSul®am auxiliary as carboxylate
protecting group and therefore avajds addlitional tine consumi ng reduction
and oxidation steps prior to th macriol actoni.sation step. - The
inventive process sequence is ashorter route than any ot her
published C synthetic routes ' re, furthernore a higher
overall yield could be detected. t he sunmari zed advant ages
underline the inventive step oOf rocess sequence. A second aspect
of Y.he present invention are medi ates, which are prepared
according to the reaction des useful for the preparation of
conmpounds of (XVI)

ment i oned
@ novel i

wherein R2 and have the above given meaning.

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

f) treating the obtained compound of formula XVI with an organic acid in an inert sofvent,
more precisely with pyridinium p-toluenesulfonate or camphor sulfonic acid in absolute
ethanol, hydrolysing the one protecting groups and obtaining a compound of formula XVII

(XVI)



formula 9. The epothilone derivatives of fornmula 9 for nedical treatnent may
be adm ni stered by every known route and nmay be selected fromthe group
consisting of the intravenous route, the intraarterial route, the

i ntracut aneus-route, the subcutaneous route, the oral route, the buccal- -18-
route, the intranmuscular route, the ang% route, the transdernal route, the

I ntradermal route, the intratechal route and the like. Al so sustained
rel.ease fornul ati ons may be perfornmed invol ving bi odegradabl e m crospheres,
such as m crospheres conprising polyacrylic acid, polyglycolic acid or

m xtures of _th s of formula 9 of the invention can be used
al one or vﬁheé%ﬁ%ﬁ%r{??% é‘b\fﬁn%)ﬁw%q Wg?nmgﬁhg? ceutically active substances, e.g.
wi th other chenotherapeuticals such as classical cytostatics. In the case

of conbin .Qi'aﬁl ybg(hsﬁngt éWérn%Qiﬂ tRREHY Exididn {as -0 %JQ%RPM of two

or nore corponen It o Parts areé prepare to a
per son of Premptign qfﬁquﬂéhlaﬂq!e angrglivatien ebdimeiiindey xmtehéawr@stbﬂﬂlkpmwmnitm and

any other GhepRt &ﬁ@@a@@dﬁéf% baaé sn@mﬁhmbiaélﬁér@deﬁang@mémto%[amhg bhafo al l ows
comon, addition referably s ner istic effect for tunor treatnent.

The f.ol | oVi°AY® |?ﬁ‘ﬂ”i) hﬁseék'éﬂ‘ﬁlpé%‘"quﬁ W?quatpé"cﬁﬁ%ser%@?ﬁ%?s@“ﬁq eferred

met hod f orcopipepd.i ng the clai ned conpounds of the invention, which should
not be construed as limting the scope of this invention. C2/ \ OO ao

0o~ ’>~m X
The inventive process sequence for producing epothilone derivatives of formula 9 shows

many advantages in comparison with other known and published synthesis:

C -The early introduction of the epoxide avoids surprisingly a problematic epoxidation step at
late intermediates within the synthesis sequence, '
- A remarkable stabilizationh effect was detected for the mesylate and tosylate epoxides.
Many steps can be carried out in the presence of these functional groups.
- High yielding and highly diastereoselective titanium enolate aldol reaction between the a-
branched aldehyde and the ethylketone key fragments could be achieved.
- The aldol reaction folerates 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 suitam auxiliary 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 synthefic route than any other published

C 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 intravenous route, the
intraarterial route, the intracutaneus route, the subcutaneous route, the oral route, the buccal
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route, the intframuscular 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
K 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
: C ‘ are administered at an interval that allows comman, 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.



r=a~ LLm~0OI1I / \0 2ccx~ O mO XCO NpOzNo CDE=<NO
OCa LLC?coDO" WUO d -20- 6-Benzyl oxy-hexanoic acid (Il) (Can. J.
Chem 1992, 70, 1427) To a solution of 102.2 g (0.90 nol) of 6-caprol actone
in 1.5 1 of toluene was added 250.6 g (4.48 nol) of KOH and 113.3 m (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 wth 200
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m of water. The conbi ned aqueous phases were treated with 300 m of HCl
(conc.) at 12 C to acidify the solution to pH 1.0. After extraction with
1.1 1 of Isopropyl acetate in two portions the conbined organic extracts
were washed with 300 ml of brine and dried over MJSO4. Concentrati on under
reduced pressure afforded 151.2 g (76 % 28f a the acid 11 as a yel |l owi sh
oil. Rt =0.35 (SI02, 95:5 CH2Cl 2-CH3OH). C 6-Benzyl oxy- hexanoyl chl oride
(1) The crude acid 11 (110 g, 0.50 nol) was dissolved in 320 m of

t ol uene. Tos-tmazyslokyl-hémomld @rjdean. VAOhen. 1992,DFF1420) | owed by the addition

f 56.7 m I t t d
o 50T T E0o 38BNy 202 O B PR SRR VSt o,
t he aci d chf4ctd niel) bf KOl anghil €h3 mh0.98 meld of henadentbride. THegeantion mtap was

S)-4-B -
3(37? 7 (68235%'”%‘*("‘3@ Q@Q%p%){% ﬁ?’qgﬁc}ige)zéo d’;’%@gﬁ%@%’““)?’ fgfs‘),’o‘%’l g’gu n 1.41
of  THE andemperairer Bie ageas lpysk yiop SeRaralas erzi t5e falyene fyrawes §xtreted with 200. 45

Eﬂ;% Wasoag.gﬁ&fwatm ir@é/\&ﬂnﬂwedss @bmlasésoper@irea$c§glrt]wemmmr &fH(ﬁ%dgxrcqg'%gﬁ bgle 111
ddi tPonal “RGG thesokien kbl o il erErrdmy L § bollbrtepvignohte b wg etions

Sat ur at ed afjd eomBinadoRBhiy mteddtmerd@vasnédmtmo(rm@ﬂbnﬁe)anaaﬁneade@dﬂgsn,q uench

the reacti ayer ara he, 0

W th add t 1 Gmgentgion Shier reteed pre Rt anand 1 e B hP o fe ol s vethBo o

| ayer was vaills Re< 0136i(8i©,,v@5t5hCRA,-0H,@H). 1 M NaCH and with 500 ml of brine,
dried over MJSH4 and concentrated. The crude product (162.4 g) was purified
by flash chromat ography (200 g of Si 2, heptane/ TBME = 80:20 - 60: 20) to

yi eg'i 110 1B- @erquwgwwltchbﬂ@@ﬂs) of the amde V. Rf= 0.41 (Si®2, 1:1

hexanes- crude acxd Il g10 g, 0.50 mol was dlssolved in 320 ml of toluene. To the solutlon was
- hexano oxazol i din-2-one (VlI)

(S)-4- Benzyl Bé é} oxy- ng& A
THF (200m)adged (¢¢ B'rPf@Mthﬁ V%ﬁ%*ﬂéh%f{dfm 015%7 mh {0366 mal 9f valylchiorde e 372
(0. 37 ol ) resdtiohaiiAS wab std &t rdbikerheratBi@ o¥br Mdht Bl céicentrileCinvaklbowed by
the addition of 2 SERfe acid chioride Il which was directly used in the next step.

(S)-4-Benzyl-3-(6-benzyloxy-hexanoyl)-oxazolidin-2-one (V)
A solution of 87.7 g {0.50 mol) of {S)-4-benzyl-2-oxazolidininone IV was dissolved in 1.4 | of
THF and cooled to —78 °C. Hexyllithium (2.5 M in hexanes) (178 ml, 0.45 mol) was added
followed by siow addition of a solution of acid chloride 111 (126 g, 0.50 mol) in 100 ml of THF.
After stirring at ~78 °C for one additional hour, the resulting solution was allowed to warm to
0 °C. Saturated aqueous ammonium chloride solution (400 ml} was added to quench the
reaction. The layers were separated and the organic layer was washed with additional 100
C : mi of saturated ammonium chloride solution. The THF layer was washed twice with 200 m| of
1 M NaOH and with 500 ml of brine, dried over MgSQ, and concentrated. The crude product
(162.4 g) was purified by flash chromatography (200 g of SiO,, heptane/TBME = 80:20 - 60:
20) to yleld 110.1 g (58 % over two steps) of the amide V. Ry = 0.41 (SiO,, 1:1 hexanes-
TBME).

(S)-4-Benzyl-3-[(S)-6-benzyloxy-2-methyl-hexanoylj-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 CHl
(78.4 ml, 1.26 moi) solution in 70 ml of THF. The reaction mixture was stirred for 2 h at -78



(78.4 m, 1.26 nol) solution in 70 mM of THF. The reaction m xture was
stirred for 2 h at -78 -21- C. Aqueous saturated amoni um chloride (670 m)
was added to quench the reaction. The |ayers were separated and the aqueous
phase was extracted with 200 M of TBME. The conbined organic |ayers were
washed twice with 250 ml of brine, driediaver MgSO4 and concentrated in
vacuo. The product Vi (123.9 g) was obtained in 87 %de and was directly
used in the next step. Rf 0.50 (Si02, 1:1 heptane-TBME);

(S)-6-Benzyg %ﬁe%ﬂé‘?étb%ked@?ﬁ?ﬁ&ﬂdm eﬂumcc}él (6?0 At w%s %H&&%%@ﬁbhqae ile%caorg hE- 35

nol) of LiAIH4 in was added a sol ut In 250 m
of THE at V&S W%S?H%E%tﬁﬁ’ én‘i’/\% %F?W@Ba%‘?’asﬁﬁa?}?d H‘”@:Z%'Eﬂ" %fJé%eH’e with 14

m of H20, cdfbinkd oigadib IdfeMNatdre aashedwisk with 2620 of biige red bpértMQmL #dum num

salts were re by filtration. oncentr at.i f||tr te, the
crude pr oG ISR op it d P vl Ge R BRIE0h T st et

t ol uene/ Et G im tigOnekOsieBIR:aMBG Gidwhd/Hep@Ae-TEBMED : 20 1 1) The product VI
was obtained as a colorless oil (54.5 g, 81 %over two steps). Rf= 0.24
(Si02, 1:1 heptane-TBME); HPLC. 87% de (Chiralcel OD, n-hexane/i-PrCH =

95:5, 1.0 (§H6-Benrylogn2a)ethyRaaanetrol (Vi
[(S)-6-Be n:py la%é’pe%sﬁﬁtoh&’é 2 B% #5 W]of LWI—LNPS%CVM&? 'ir('F)thv{?QQ adeibd Q@SIuﬁ% b)) The

al cohol . di ssol ve treat ed
with 33. 3 3’“’ (30’ Eggfrpd'l’ DfJHF|Wd§zBW%mP‘Blr? W@\%ﬂ‘"@Q ferigeh %tIQ)\K? WAL a
sol uti on okith™ i &f K, 31 niret 15 %fNé@-ﬂ Eand @whyéfrqoneméwﬂeapka{é@ﬁlhmmudesana 100 m

f DMF at th d
Snt Vg ergirempged iy itHson Rior &incahERlioh Of g At fherprudicraflcs hos Bl TR The
g‘ﬁm c | ayesilicaare! ilastvad579 ¢ bf &Mltblumwm@ a6l 10f 3 Darit thlubsl/EtC2@0= 8d ; of
sat

at ed r oy.£4, =
concent rat%@yﬁgﬂ\%/ea%rao ?%ﬁwagggt&e Ed%gl% lRé EP? (%4999 #é’%n?’ %c]ge)'yR"
filtrati on.g67@0g 1ot h@ita}@-TB%ﬂEMé’Hé? 8786 d@ f@vralcém% rghe@pe/trQit =850, 86l or | ess

oil. Rf= %%ingﬁ_%}h;’:@oﬂ}ﬁiﬂ:{ ane- TBMVE) .

[(S)-6-Benzyloxy-2-methyl-hexyloxy]-tert-butyl-dimethyl-silane (ViIl)
The alcohol Vi (54.4 g, 0.25 mol) was dissolved in 100 ml of DMF and treated with 33.3 g
(0.49 mol) of imidazole followed by the slow addition of a solution of 55.4 g (0.37 mol) of tert-
butyl-dimethylsilylchloride in 100 ml of DMF at 0 °C. The mixture was stirred for 2 hours at 20
°C, then poured onto 240 ml of ice cold 0.1 N HCI and extracted with 300 mi of heptane. The
'organic layer was washed with additional 100 ml of 0.1 N HCI, 200 mi of saturated aqueous
NaHCOs, 200 ml of brine, dried over MgS0, and concentrated in vacuo. The crude product
5 (81.5 g) was purified by filtration (670 g of SiO,, toluene) to afford 64.8 g (79 %) of a
C colorless oil. Ry = 0.64 (SiO5, 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 Vill 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 ﬁiirate was concentrated to afford alcohol IX as colorless oil
{(46.9 g, 100 %). Ry= 0.33 (SiO,, 1:1 heptane-TBME).

teft-Butyl-[(S)-S-iodo-z-methyt-hexyloxy]-_dimethyl—silane (X)



(S)-6-(tert-Butyl-di net hyl -sil anyl oxy) - 5-net hyl - hexan-1-ol (IX) A solution
of 64.0 g (0.19 nol) of the benzylether VIII in 500 mM of THE was
hydrogenated (3.5 bar) over 7.0 g of 20 % Pd(OH)2/C for 30 min at anbient
tenperature. The catalyst was renoved by filtration and the filtrate was
concentrated to afford al cohol |X as colzgrless oil (46.9 g, 100 9. Rfi=
0.33 (5102, 1:1 heptane-TBME).

tert-Butyl-[(S)-6-iodo-2-nethyl-hexyl oxy]-di methyl -silane (X) 22

Tri phenyl phﬁ;%h IBﬁosfaaﬁe?ﬂ-S G g, Bh. 15 mBIPhNd lmzbmfbaza)é el8f2132rm415f) @eré&%ea nmol )
wer e added y ? g qi&gﬁéﬁo ﬁ%mﬁg &le 90 of
acetonitri foe? ?%‘I'tl‘i’ar?é %Q %} ohl 915‘?'8 aeﬂtﬂé"tﬂlﬁ ehugne (; al:YS’BT"ed to 0
C and 23. 1&ngpefdire Ithamidiuye whs conthidite OBanaddad g (BN 1% mpeot} of dotineovy addlepper | od

of 10 m n., The heter stirred for. 90 ueous sodi um
bt sulf 110 1 et SVRCs PR of B . e Mokl B wadseltar BB LS °Fayor
was separ ahguboas dodiwm disuifibec(d &6l 380 i} ansl 100me of bl@neiwere ddded cOwxguedud ol uene

| ayers fi t+at t he
ot tue waEs iR SRade Rl rebylRadit 0O A IR b RaBEUR 1aGs | 10
for 10 m nweférﬁfﬂe@tjélf%ﬁf"ﬁ? gal amdfCQFCeI'Qatﬁd in yEcpe. rTQtth%f?Sﬁ'Ha“@éﬁd@?ﬂhﬁﬁﬁf@n of the

filtrate ?gb@m)e@h@ﬂesgﬁn@s&s%ns%n 0s diea idbHn bndSicfed@l £C 1P AW sh of 1.

= 0. 66 tane-AcCEtz C N~-Z g
Filtration and concentration of the filtrate afforded 21.05 g (97 %) of the |od|de Xasa pale

yellowish oil. Ry = 0.66 (SiO;, 7:3 heptane-AcOEt).
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(S)-7-(tert-Butyl -di nmet hyl -sil anyl oxy) - 6-net hyl -2-(tri phenyl phosphanyl i dene)
-heptanoic acid nethyl ester (XI) Under argon and at room tenperature,
iadide X (15.46 g, 43.4 mml) and triphenyl phosphine (12.52 g, 45.75 mol)
were added to toluene (8 m). The resul43dng nixture was heated at 100 C for
3 h. Then, toluene was renoved under reduced pressure. THE (400 nlL) was
added to the residue (29.67 g) and the solution was cooled to O C and
subsequently treated with a potassiumbis(trinethylsilyl)am de solution in

t ol uene (0O ' , e r ) L an LQn was
stirred f ol ferkfluenenSbodnTalit et g ol e e e SRR 5 B e o
(3.72 m, uoetyester (Xwas added. After stirring for 1 h at -75 C the
yel | owi sh ' ' ) L RAWEHad R (e - . NaHCO3 (300 ml)
was added p?%i)dvr\gﬂ] %Hf%tﬂdﬁ% ? gggéur'ﬁg) and vﬂ/at'edr%’%%S%mﬂ!loﬁgn he | ayers were
separat ed tiRAenyirhespiitR0dH29h 4865 maolevare addaddo Wilvane k8 hc Thamseuiimg .. The
Klggbl ?Sd Oﬁﬂé\ﬂb%als%g%agt e fﬂaés&%ewabmeﬁeﬁéé térnﬂivst guwwe§9.l1gﬁ§ur@.n gf
X ,.dried over n concentrated in vacuo. The crude
product Xl %gg%b))wmdé’ﬂgﬂmgge%d”\??%%gh@ %Fé%ﬁ&w WRa S0 ﬂ‘ilijfer:t(F?" sed in
t he next s&@peqlehlly GEted Btk a-pofaesiimBis(trimethylsityl)amide solution in toluene (0.5 M, 174
utyl -di nmet hyl.sj |l anyloxy)-2-1(S)-5-(tert-butyl-di tg |_; sdd anyl oxy) - 4-
et hyt - penty BpSn AR e v e atbied sboiniipn vy s e DY ot S b o
met _hyI est dowr( ¥I-76jC. Metby cbibiofommefe (§I72 dd, 48)2 1nmpl Wag added. Adkudimng(f@00hn ) at
anbi ent t e&p—%%abl{ﬁéayéhﬁ%h rédHE M mM¥Re was allowed fo warm-up to 40 °C. NaHCO; (300
C mi) was added followed by EtOAc (300 ml) and water (150 ml). The layers were separated
and the aqueous phase was extracted with EtOAc (150 ml). The combined organic layers
were washed with a saturated aqueous solution of NaCl (2 x 200 mi), dried over MgSO, and
concentrated in vacuo. The crude product X| (27,02 g) obtained as a viscous orange oif was

directly used in the next step.

(2E,6 E}-(S)-5-(tert-Butyl-dimethyl-silanyloxy)-2-[( S)-5-(tert-butyl-dimethyl-silanyloxy)-4-
methyl-pentyi]-6-methyl-7-(2-methyl-thiazol-4-yl}-hepta-2,6-dienoic acid methyl ester (XIll)
A solution of ylide (X1) (27 g) in toluene (200 mi) at ambient temperature under argon was
treated with solution of aldehyde (XII} (12,7 g, 39.0 mmol} in toluene (80 mi}. The resulting
mixture was stirred at 70 °C for 5 h. The solvent was removed under reduced pressure. The
remaining solid residue (37.8 g) was taken in 370 mi of heptane and stirred successively at
40 °C for 30 min, at room temperature for 2h and 30 min and finally at 0°C for 30 min.. The
C. resulting suspension was filtered and the filtercake was washed with heptane (2 x 60 ml).
The filtrates were collected and concentrated in vacuo to give 24.85 g of the Wittig product
X1l as a yellowish oil which was used for the next step without further purification. Ry = 0.59
(SiO;, 1:1 heptane-AcOEL); 'H-NMR (DMSO-d8, 300 MHz, 300 K) T 6.90 (s, 1H, Cs~H),
B.77 {t, J = 7.5 Hz, 1H, C3-H), 8.47 (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, /=9.9, 6.6 Hz, 1H, Cz-Hy),
2.68 (s, 3H, Cx-CHj3), 2.44-2.36 and 2.28-2.21 (two m, 4H, C4-H; and Cy-Hy), 2.00 (s, 3H,
Ce-CH3), 1.30—-1.15 {two m, 4H, C»-Hy, Cs-H, and Cy-H), 1.06-0.99 (m, 1 H, Cz-Hy), 0.86 (s,
9 H, SiC(CHs)a), 0.85 (s, 9 H, SIC{CHs)s), 0.83 {d, J = 6.6, 3H, Cs-CH3), 0.05 (s, 3 H, SiCHa),
0.01 (s, 6 H, two SICH3), -0.01 (s, 3 H, SiCHa).



treated with solution of aldehyde (XII) (12.7 g, 39.0 nmmol) in toluene (80
m). The resulting mxture was stirred at 70 C for 5 h. The sol vent was
renoved under reduced pressure. The renmining solid residue (37.8 g) was
taken in 370 ml of heptane and stirred successively at 40 C for 30 mn, at
roomtenperature for 2h and 30 mn and tghally at OC for 30 mn.. The C
resulting suspension was filtered and the filtercake was washed w th heptane
(2 x 60 mM). The filtrates were collected and concentrated in vacuo to give
24.85 g of the Wttig product X111 as a yellow sh oil which was used for

hoct st acdZEpEH SRk RS eV eriitb 25y ke iy e Pdmetrg- Bmioad o 1

6 77 (t J metiiylehty]l-6imethyl CA2H)ethyb thidzol4yi)-hepta-2@7dieh-1-080@0) (dd, J = 7 2, 5.4

iy Ha) C5r3<Ji‘Pa %g(éﬁmn&) of e %%@@@f%@ﬂat_@wégw% adieh b%z1dd3,‘§)
2.44-2.36 aﬂ?dnlz('f@smzo!m DIBANH 45 Wiip todwnmmm@aeﬁlon-miztyre wageiceessively stired

C5-CH3), 1.5307d- dﬁar@tw\@llcFWeﬁbiwa@gto d‘% gn@ﬂ;rrthél) stirred Q@DQC%% som 1 H
Ca-Hb), 0.86 (s, 9 C(hCl_B%Lﬁ? f( % %g‘% (d, J =
6.6, 3H, Cgmn@q@)re bgmggue%c ed bt egd@ng) o 500“’07.f 36%90”8 HN T‘S‘? @‘B‘F welg) 01
(s, 3 H SIs@bEr)ated-aﬁE-the( Qdileous layer was washed with TBME (2 x 50 m!). The combined organic

6E) - (S)-5- LELds BUIN AL TRAE Xque%ué AN Ed ((§ ) 53 ngli[ §id bnnet(gd ﬂl eyhyl-sil

anyl oxy) - 4-
met hyl - pentoyé] MGS Qrdrddoner(t2tanet hyduet Theaade ptedub) whsepmrdied bgflakhen- 1- ol (XIV)

To 13.9 ¢ f S

added over (CE% m HVJ'%E{& (ﬁﬁj g%ﬁ)h%%gﬁ%/%f& %Holfﬁfﬂjl ﬁp@%fﬁ'& ?E E{?:E}rllce%hz%g 5%

re =t on niprlewetowiglsolk ik e 8616i(5i8lz)3: thenta@dAc%&t) 78 Cfor 3 h, allowed to warm
Cwithin 30 mn. andfurther stirred at 0 Cfor 30 mni before being

quenched by the additi aqueous 0.1 N HCl. The |ayers were
separat ed ARd-3Se- I&E}d@béét’eﬁeﬁw dw&@%?nﬂ%w‘%ﬁé%ﬁ%%ﬁ&-y ity

conmbi ned OkgAR2-{{S)-6XleHasity:-dWRAITI-YREVIEH ) MindihaguagexiaipmatreaNIACO8 (2 x 50
crude. pr oaiBt 20lS 2be R Bp §15FamHaliafdeedRaiRe ! pEago ek N¥sl T
hept ane/ Et @lofjont af (-B)fdiethy-LiartGtey(4(4BGn10Z.64 Mmnadl)l iy CHeClaive® Added)dt V3@ &C a

followed by a 0.34 M solution of titanium(IV) isopropoxide (6.21 mi, 2.11 mmol) in CHxCl,.

The mixture was stirred for 30 min at -30 °C. Then 2.11 mi (16.6 mmol) of tert-butyi-

'hydroperoxide (5.5 M in decane) was added over 5 min. The reaction mixture was stirred at

-30 °C for 24 h. Agueous NaHSOQ; (4 %, 50 mi) was then added. The layers were separated

and the aqueous layer was extracted with ethyl acetate (2 x 50 ml). The combined organic

extracts were washed with 50 ml of brine and dried over MgSQ,. After concentration in

. vacuo, 3.11 g of crude epoxy alcchol XV was obtained as a pale yellowish oil which was
' C used for the next step without further purification R = 0.22 (Si0O;, 2:1 heptane-AcOEt); MS
(ES+) m/z (%) 606 (100, (M + NaJ"), 584 (13, [M + H]").

Methanesulfonic acid (28,38)-3-[(E)-(S)-2-(tert-butyl-dimethyl-silanyloxy}-3-methyl-4-(2-
methyl-thiazol-4-yl)-but-3-enyil-2-[( S)-5-(fert-butyl-dimethyl-silanyloxy)-4-methyl-pentyl]-
oxiranylmethyl ester (XVI) .

To a solution of crude epoxyalcohot (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 mmot),
After stirring for 1 h at 0°C, the reaction solution was quenched with 40 mL of HO and 40



c pale yellowsh oil. Rf = 0.16 (S102, 3:1 heptane-AcCEt). {(2S,
35)-3-[(B)-(S)-2-(tert-Butyl-dim '

et hyl - si | anyl oxy) - 3- et hyl - 4- ( 2- net hyl -t'hi azol - 4-yl ) - but - 3-
enyl]-2-[(S)-5-(tert-butyl-di nethyl -silanyl oxy) - 4-net hyl - pentyl ]-oxiranyi}-m
et hanol (XV) The allylic alcohol (XIV) €200 g, 5.28 mmol) was dissolved in
51 m of CH2Cl2. A 0.59 M solution of (+)-diethyl-L-tartrate (4.48 m, 2.64
mmol) in CH2ClI 2 was added at -30 C followed by a 0.34 Msolution of

titani um(l Vi o oBmeped Qgeré QertlsePhrated-ahd tHERjubotdNafedridfe extracldlbwi TBMES Was
stirred for,b 30 an at -30 C. Then 2.11 nj %16'6 Sler{zl of tert-butyl-

hydr oper oxi ¢& Mlb TBe Rrganicfiragiz yergaesheriuth 130dP-18) (A0, pRturated 2Yesis ni xt ur e
was stirredNatiCOs 20k 40 fnand drife (4é\ellemd siridabiBORgSd, Workz@ntrdtibn Wagact/ben added.

The | ayers wer, rated. and,t.h eous_| ayer s extracted wth ethyl
acetats (2 Houged o0 ERes REPuRd XY RAT o LRRGPE ol HenRabRR M 50 m
of brine anglrificatiod. Rwificatioh S&= 0.2F (Si@., edrieptane-AcDEL; HRMSvek $684.3221((Mg of

crude epoxynat I i s a pale yellow sh oil which was C used
for the nex?ﬂé?g'g?jﬁ(%%é%\?%ﬁgﬁsﬁéea?%ga%fication Rf= 0.22 (Si02, 2:1

hept ane- AcCEt); M5 (ES+) mlz (% 606 (100, [M+ Na]'), 584 (13, [M+ Ht).
(55 39 5. [ {RpEneASHdhic acd (28,39) 3Ny 2 ortutydimethyl slanylon) Smetryl-4-0>-

et hyl Lt i BB b Sy (S b e ot eyt BRI UYL SSter SR Poxy) - 4
- met hy: - pﬁntnél d‘udeOPBDm)élrﬁEIS(hN(B.TG@:; 817 nfridf) \)Z.raslessi)ll\&ﬂ lirtid g fof 61 T, anddd 4
SPoxY ool Gyt oo S eEMBb 2 g 0 Pl B g
sti &ed 15 acit. fihe eeactd miFhies wagsiived fetteatds Gl Atiendompetion bitbe arotettieri20

> . " . paes il B e
Sttt on vl sifluaidt AR Morodh b aBlad doridyholp i &t TR e EDERRARF L 0T
wer e separ #epaated@nd e aaygeviayar aps extiasiedayith TARME (R 2Q WLIFBhecombipedd ) . The

or gani ¢ exigramiciayrs ReMARWRED With Satiftled GRudouhINabED, TR X 20 34, VR €8 rAf dREYS

NaHCO3 (2 x 40 ml) and brine (40 m) and dried gqver SO4. Concentration in
vacuo ( over MgSQ, and concentrated under r?educed pressure. 'lohe cruc%gproduct XVil (3.11 g)

obtained as a yellowish oil was used for the next step without further purification. Ry = 0.28
(Si0;, 1:1 heptane-AcOEt).

Methanesulfonic acid (2S,3S)-3-[(E}{ S)-2-(tert-butyl-dimethyl-silanyloxy)-3-methyl-4-(2-
methyl-thiazol-4-yl)-but-3-enyi}-2-({ S)-4-methyl-5-oxo-pentyl)-oxiranylmethyl ester (1)
A solution of the alcohol XVII (3.11 g, 5.7 mmol) in CH:Cl, (15 ml} at 0 °C was treated
sequentially with triethylamine (10 ml), DMSO (6 ml) and a solution of SO, pyridine (3.61 g,
| 22.7 mmol) in DMSQO (40 mi} which was added over 5 min. After stirrihg for 1hatoO °C, the

C reaction mixture was guenched with aqueous NaHSO, (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
mi), brine (20 ml), dried over MgSQ, and concentrated under reduced pressure. The residue
was purified by flash chromatography (SiOz, 3:1 heptane/EtOAc). The aldehyde 1 was
obtained as a pale yellowish oil (2.20 g, 76% Yield over four steps based on XIV). Ry = 0.39
(8i0,, 1:1 heptane-AcOEt).

Example 3
Aldehyde XVI' with TBDMS protecting groups




provided 3.79 g of crude nesylate XVI which was used for the next step

w thout further purification. Purification. Rr= 0.27 (Si02, 2:1

hept ane- AcCEt); FIRMS nmlz 684.3222 ([M+ Na] ', C31H59N06S2Si 2 requires

684. 3220). Met hanesul fonic acid '
(2S,39)-3-[(E)-(S)-2-(tert-butyl -di met hyly-.si | anyl oxy) - 3- net hyl - 4- ( 2-

nmet hyl -t hi azol - 4-yl)-but-3-enylj-2-((S)-5-hydroxy-4-nethyl-pentyl)-oxiranylm
ethyl ester (XVIl) The crude TBDMS ether XVI (3.79 g, 5.7 mml) was

di ssolved in a mxture of (y‘OHCHZCIZ and CH3OH (1:1Liv/v) (140 m) and

treated at 0 Cwith 1.3 573 nol ) of 10- canphk sulfo acid. The
reaction mxture was stjirre r lf,>h- a{PP'@ C Al ter n of the
deprotection 20 nl of &atur Were a ed‘ along with 20 ni .

of TBME. The |ayers wgre sephr at ed amtentdvgeNagueous fayer was extracted with
TBME (2 x 20 nl). Thelcombi nef— or gani(qt‘f"‘fa%t’?e%were Ashed with saturated
aqueous NaHCO3 (2 x 20 ), ine (20 m), drled¥ MySO4 and
concentrated under reduced pressure. The crude product XVII (3.11 g)

obtai ned as a yellow sh oil was used for the next step w thout further

purificati N . \G ( onic acid
(2S, 39) - 3- ??‘8 E%) “‘%’ %gg'é'%le% ?"%'Qaurﬁfﬁ;}?g F?Agi@ x(te?@%plﬂﬁl ﬁe%h 2-

met hyl - t hi silzoylogg¢ipethyltpestyddyodorzthyt @?faﬂyih%mﬁwyl-@tdx@méﬂﬂ#hyliimaiqleanyI met hy
| ester (1?x\/f‘ solution of the alcohol XVII (3.11 g, 5.7 mmol) in CH2Cl 2 (15
m) at 0 CwasS treated sequentially with trieth Iam'_n%aéslo m% DVMSO (6 m)
and a sol ufisBHtigs of spRyRIFAChEV (80 B ﬁsum@btﬂ?h?ﬂﬂﬁa;?sﬂhﬁ‘e ®3( %33 MoMahi ch was
added over s'énﬁg 86 (#f ingl 0.98 hfrﬁdl)%dfrﬁlﬁaz"olé’lS 8imd) 0@6 rirhi8) R 5iE@Gti on m xture was

Thell 2533%?%3@3%%“@35 et ond riedlve PaymsodEtivliotre Ferave (2

20 ). Ting, & t3rimmuddn ongpartion. Mymnwm;mngvabélmﬂacmnt\mssadgmmmdlemmecus

NaHOCB (2 o Al Rk 108 20 b0 o e Lo HGBh 808 ARGEIT G 80 under

reduced pr essu e Irdae roma (Si 02,
3: 1 hept an®l) EXfedeyers Waie sapareﬁfad@thle awagoUSdaaY@awafewtragted “ﬁiblt@uswgl(z swineh oi |

(2.20 9, 7H nfifhadfginid 13Hrs FERRFshEPRfh A0 HE Mml) RBlqusold- s3Rirated NaHCO,
{5 ml} and brine (5 mi), dried over MgSO; and cencentrated in vacuo. The residue was
suspended in heptane and the insoluble triphenylphosphine oxide was removed by filiration.
The crude iodide XVI' was obtained as a pale yellowish oil (65 mg) which did not require
further purification.



(Si02, 1:1 heptane-AcCEt). Exanple 3 Al dehyde XVI' with TBDMS protecting
groups -27- SOH /I r/j~1 r lz.:: f/r* ONimdazole ~ N O toluene/ CH3CN
O $fi- (quantitative) |- -Si XV 1 T XVI.

4-1(BE)-(S)-3-(tert-Butyl-di methyl -silanyl oxy]-4-{(2S,
3R)-3-[(S)-5-(tert-butyl-di nethyl -

si | anyl oxy) - 4- net hyl - pentyl ] - 3-i odonet hyl - oxi

ranyl }-2-net hyl -but-1-enyl)-2-nmethyl-th iazole (XVI') A solution of
epoxy-al cohol XV(50 ng, 86 pnol) triphenyl phosphine (34 ng, 0.13 nmmol), (50
ng, 86 (34 ng, 0.13 mmol) and imdazole (18 ng, 0.26 mMmol) in 5:1 v/v

tol uenel acetonitrile (2.4 )/ gt roomtenperature under argon was treated
with iodine (33 ng, 0.13 in one portion. After 30 mn stirring, the
reacti on was judged conpl et em( LC) and was worked-up. The reaction m xture
was poured onto aqueous satur‘@ NaHS04 (5 m) The layers were separed and
the aqueous |ayer was extracted with-toluene (2 x 2 m). The conbi ned
organic |ayers were washed wit h.b-B HCI® (5 m ), aqueous saturated NaHCO3 (5
m) and brine (5 nl), dried oer MIS4 and concentrated in vacuo. The

resi due was suspended in hefdt and the insoluble triphenyl phosphi ne oxi de
was renoved by filtration. Th¢ crude iodide XVI' was obtained as a pale
yell owi sh oil (65 nmg) which not require further purification.

=

TESOTf
2,6-lutidine
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Example 4
Compound 2
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1- (10, 10- Di net hyl - 3, 3-di oxo-6-thi a-4-aza-tricycl o[ 5. 2. 1. 0]dec-4-yl)-3-hydrox
y=4, 4- di met hyl - hept ane- 1, 5-di one (11) Under argon and in a teflon fl ask,
The TBDVS ether (10) (9. 219, 18. 43 mol)2%as mi xed

1-(10,10-Dimethyl-3,3-dioxo-6-thia-4-aza-tricyclo[5.2.1.0]dec-4-yl)-3-hydroxy-4,4-
dimethyl-heptane-1,5-dione {11)

Under argon and in a teflon flask, The TBDMS ether (10) (9.21g, 18.43 mmol) was mixed
with HF-pyridine complex (26.3 ml, 821 mmol) at ambient temperature. The resulting
reaction mixture was stirred for 2 h and then quenched by adding it to a stirred agueous
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 MgS0, and
concentrated in vacuo to give 6.80 g of crude product which did not require any further

purification.

C ' 1-(10,10-Dirnethyl-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 triethyisilyl triflucromethanesulfonate (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 mi of 1N HCI along with 150 mi of TBME. The layers were
separated and the organic layer was washed successively with 100 mi of saturated aqueous
NaHCO3and 100 ml of brine, dried over MgS0,4 and concentrated in vacuo. Purification of
the crude product by chromatography (SiOz, 4.6 hexanes/AcOEt), afforded 8.3 g of pure
TES-sther 2. (90 % over two steps). Ry = 0.62 (SiO,, 1:1 heptane-AcOEt); 'H-NMR (DMSO-
dé, 400 MHz, 300 K)  4.55 (t, J= 5.2 Hz, 1H, C;-H), 3.86 (d, J = 14.3 Hz, 1H, Cs-H,), 3.83
{t, J = 6.1 Hz, 1H, C,~H), 3.66 (d, J = 14.2 Hz, 1H, Cg-Hp), 2.84 (dd, J = 17.4, 4.6 Hz, 1H, Co-

X Ha), 2.54 {m, 3H, C,-H, and C;-H;, partially obscured by DMSO), 2.00-1.92 and 1.87--1.73

C (2 m, 6H, Cz-Hp, Cs-H and Cs-Hj;), 1.48-1.20 and 1.34-1.24 (2 m, 2H, C4-H;), 1.10 (s, 3H,
C4s-CHj3), 1.07 (s, 3H, C4-CHa), 0.98 (s, 3H, Cg-CH3), 0.95 (s, 3H, Cg-CH;), 0.94-0.87 (m,
12H, Si(CH.CH,); and C;-H,), 0.60-0.45 (m, 6H, Si(CH,CHa)s); *C-NMR (DMSO-d8, 100
MHz, 300 K) 8 215.3, 169.7, 73.1, 65.1, 52.9, 62.7, 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) vmax 2958s, 2913m, 2878s, 1702s,
1391m, 1333s, 1312m, 1267m, 1237m, 1219m, 1166m, 1136s, 1087s, 743m, 539m cm™;
MS (ES+) miz (%) 769 {3, [3M+CaJ*"), 538 (6, [M+K]"), 522 {100, [M+Na]"), 519 (17,
[2M+Caf*"), 500 (5, [M+H]").



wi th HFpyridine conplex (26.3 m, 921 nmol) at anbient tenperature. The
resulting reaction mxture was stirred for 2 h and then quenched by addi ng
it to a stirred agqueous solution of NaHCO3 (78g in 500 mM of water) al ong
wi.th 200 mMl of TBME. The |layers were separated and the organic |ayer was
washed with brine (2 x 200 m), dried over MgSO4 and concentrated in vacuo
to give 6:80 g of crude product which did not require any further
purification. c-

- 1-(10, 10- D net hyl - 3, 3-di oxo-6-thi a-4-aza-tricyclo[5.2. 1. 0] dec-4-yl)-4, 4-dime

thyl-3- triethylsilanyl oxy-heptane-1, 5-dione (2) To a sol of crude

al cohol (11) (6.80 g, 17 6 mol CH2CI2 (90 nLi aty QC, | utigi ne
(6.14 m, 52.9 nmol) €g§ owed by LEiet i) ZO
trlfluoronethanesulfo a=e 980ﬁﬁ2 35.3 nﬁﬁl) sql ytion was

stirred at OC for 30 m reat |%q s garef 4 : “bf di ng 140
m of 1 N HC along w s TBWEQ?The—PayeQ§ [ ed and the
organi c | ayer was mashe F th 100 ntsof satur aqueous
NaHCO3 and 100 m of balne [ pver NgSO4 an@(poncentrqud in vacuo.
Purification of the-ﬁiude produxt *by chromat ography (Si-02,> 4:6

hexanes/ AcOEt), afforded 8.3 g of pure TES-ether 2. (90°% over two steps).
Rf = 0.62 (SiQ2, 1:1 heptane-AcCEt); 1H NMR (DVMSO- d6, 4Q0 MHz, 300 K) 8
4.55 (t, J =5.2 Hz, | H, C3-¢D, 3.86 (d, J = 14.3 Hz, ’H Ce--Ha), 3.83
(t, J =6.1Hz, 1 H Cl.-H), [3.66 (d, J = 14.2 Hz, 1 H £h¥Hb), 2.84 (dd, J
= 17.4, 4.6 Hz, 1 H (C2- Fbﬁ 2.54 (m 3H C2-Hb and C7- ® partially
obscured by DVBO), 2.00-1.92lamd 1.87-1.73 (2 m 6H, C27-H2, C3.-H and
C5vH2), 1.48-1.20 and 1.34- 2. 24 (2 m 2H CA.-H2), 1.10 (s, 3H C4-CH3),

.04 (s, 3H C4-CH3), 0.98 @9,£3H, C9-CH3), 0.95 (s, 3H, C9,-CH3), 0.94-0.87
(m 12H, Si (CH2CH3)3 and C?-H@ 0.60-0.45 (m Sis 3); @3C NWR
(DVBO-d6, 100 MHz, 300 K) 8 215 3, 169.7, 73.1, : : > 7, 49. 2,
48.1, 45.1, 40, 38.8, 32.8, 32.1, 26.7, 21.5, 20. 2. %Q.A}% , 7.6,
7.5, 5.4; d R (KBr) vmaz 2958s, 2913m 2878s, 1702s) - ¥333$, Y1312m
1267m 12%7/m  1219m 1166@-%365, 1087s, 743m 5%9m cni 1 °

s
%% : A .
O A

Compound 6 with TBDMS Protecting Groups

4-32671A
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Aldol product (3)
A solution of 2 (750 mg, 1.50 mmol} in CHCI; (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 ml, 1.50 mmol)

and N-ethyldiisopropylamine (257 0f, 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 exiracted 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 MgSO, and concentrated
in vacuo. The residue was purified by ﬂash-chromatography (50 g of Si0O,, heptane/AcOEL
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 +
Na]"), 1045 (26, [M + HY).

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 mi, 7.49 mmol} and fert-butyldimethylsilyl
trifluoromethanesulfonate (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,Cl, (6 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 MgSQ, and concentrated in vacuo. The residue was
purified by flash-chromatography (50 g of 8iO,, heptane/AcOEt 2:1) to provide the
compound 16 (893 mg, 67%) as a pale yeillowish oil. Rr= 0.70 (SiO,, 1:2 heptane-AcOEt);
MS (ES+) m/z (%) 1197 (12, [M + KJ*), 1081 (100, [M + Nal"), 1059 (31, [M + H["), 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
éequenfiaily with TBACH (730 01, 2.76 mmol) and H,0, 30% (280 01, 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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Al dol product (3) A solution of 2 (750 ng, 1.50 mmol) in CH2CI 2 (5.6 m) at
-78 C under an atnosphere of argon was treated sequentially with a 0.5 M
~solution of TiCl4 in CH2CI 2 (3.00 mM, 1.50 mmol) and

N- et hyl di i sopropyl am ne (257 01, 1.50 r¥8r), whereas the solution devel oped

I mredi ately an intense dark red color. After stirring at -78 Cfor 10 mn, a
solution of 1. (900 ng, 1.65 mml) in CH2CI 2 (1.9 mM) was added dropw se.
Ther eupon, sctldrtmnroéalelnﬁ:lcm mé)odastadded alvag with TBMEQ2 atl). THSlagerk werelsdpatéimand

war med- up gt 4, %p e?%vb{ Eﬁ%e{eﬁlﬁv@%ﬁ%d(ﬂ ?Mﬁ The o aﬂlcae&tra &%ﬂ%ﬂ he

reacti on was Ju quenc e
addi tion mucgmlyam@ alglqu@rSﬂ(l-mﬂef?NaﬂCﬁh §2 m&mLMammwr@rﬂ Ly, hzommed( Griegi ) The

aqueous | ay@{ Mg %ﬁarﬁi‘é&n@&{tl%%d% YBcubBie fedidife @aﬁlﬁmea IB? ﬂ%@ir&ﬁﬁo&feﬁ%ﬁ' c

extracts were washed with gueous sat ur at ed brine (4

m), dri ed i SRstertanrd O dehtaniainize 1%.0f Habto ertB% P‘HDBOLWQS" (ﬂﬂﬁl fied
by 1 ash- cip camst @AY ydIbRisB ol iR, SidlA, (SiRps:8AG RS H,CN-hexanes); MS (ES+)

m/z (%) 984 (100, [M + NaJ'), 962 (12, [M + H").

Methyt epoxide (6)
A solution of 5 (78 mg, 0.081 mmol) in THF (1.6 ml) at ambient temperature was treated
dropwise with a 1 M solution of LIBHEt; in THF (970 OI, 0.97 mmoi) and the resultant mixture
C" was stirred at ambient temperature for 1 h. The reactio_n was quenched by addition of
aqueous saturated NH,CI (2 ml) along with TBME (2 ml). The layers were separated and the
aqueous layer was extracted with TBME (2 x 2 mL). The combined organic extracts were
washed successively with aqueous saturated NaHCO; (2 x 2 mL.) and brine (2 mL), dried
with MgSO, and concentrated in vacuo. The residue was purified by flash-chromatography
(6 g of Si0,, heptane/AcOEt 1:1 containing 1% of AcOH) to provide the compound 6 (60 mg,
85%) as a pale yellowish oil. Ry= 0.56 (SiO,1:1 heptane-AcOEt with 1% of AcOH); MS (ES+)
m/z (%) 890 (100, [M + NaJ"), 868 (50, [M + Hj").



2:1) to provide the aldol product 3 (1200 ng, 70% based on 1) as a pale
yellowsh oil. Rf = 0.42 (Si02, 1:2 heptane-AcCOEt); M5 (ESt) mlz (% 1084
(5, [M+ K] +), 1067 (100, [M+ Na]+), 1045 (26, [M+ H +). TBDVS ether (4)
A:solution of 3 (1.20 g, 1.15 nmol) in CH2CI 2 (15 mM) at O C under an

at nosphere of argon was treated sequentially with 2,64utidine (0.87 m,
7.49 mmol) and Pert-butyldinmethylsilyl trifluoronethanesulfonate (1.32 nl,
5.74 mmol ). After stirring at 0 C for 14 h, the reaction was worked-up by
addition of 0.1 N aqueous HCl (5 nmL) along with CH2Cl12 (5 nlL). The |ayers
were separated and the aqueous |ayer was extracted with CH2Cl2 (2 x 5 nl).
The conbined organi c extracts were masheq%zucce55|vely W t h aqueous
saturated NaHC3 (2 x 5 nlL) and brine (5« dried with MyS04 and
concentrated in vacuo. The residue was pur fled by flash-chromat ography (50
g of S102, heptane/ Ac ; idg t cerpound 16 (893 ng, 67% as a
pal e yell owi sh oil. Rr— .70 (Si02, 102‘he PrERAeCEt); MS (ES+) mz (%
1197 (12, [M+ K] +), (160, [M+ Né}“ , 1055\(31 [M+ H ), 599 (75,
[M+ Ca] 2+). Carboxyﬁl éTﬁ:(S) A solutipn of 4 (8 ny, O.

1, 2-di met hoxyet hane 48 nm) "atg 0 C was t ted_.sequentlally
(730 01, 2.76 mml) and H202 30% (280 01, 2. Tﬁﬁgnnl) and\tge
m xture was stirred at“~& C for 5 h bef ore_ b&i ng~wor ked- up?,
saturated -32- solution o a (2 m) Vi “added al ong mnt- TBVE m).
The layers were separated and the aqueoud| lIFayer was extractged w th- TBMVE (2
x 2 mL). The organic egJslagts were washed® éhcce55|vely with queous
saturated NaHCO3 (2 x 2 and brine (2
ang concentrated in vaguo. °The resi due
(15-g of S1021 heptane/AcOEt 1:1 contain
conpound 5 (103

.&

mmol) in
i th TBACH
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ng, 39% as a pale yellowsh oil. Rf = 0.41 (S102, 3:3:4

CH2Cl 2- CH3CN- hexanes); MS (ES+) mz (% 984 (100, [M+ Na]'), 962 (12, [M+
H'). Methyl epoxide (6) A solution of 5 (78 ng, 0.081 mml) in THE (1.6 m)
at- anbient tenperature was treated dropwise with a 1 Msolution of LiBHEt3
in THE (970 01, 0.97 mml) and the resW¥ant mixture was stirred at anbient
tenperature for | h. The reaction was quenched by addition of aqgueous
saturated NH4Cl (2 m) along with TBVME (2 m). The | ayers were separated and
the aqueous |ayer was extracted with TBME (2 x 2 nlL). The conbi ned organic
extracts were washed successively wth aqueous saturated NaHCO3 (2 x 2 i)
and brine (2 n), dried with MJjSO4 and concentrated in vacuo. The residue

was pur | fi ¢2)'_Z,&@-(fSI)-és!-lv&hxyaﬁﬂﬁbg’ﬁwdwxy-{E‘rnghplf-pe‘ﬁityﬂ}is-mwmaﬂef?ﬁﬂiyI- 1:1
CO S sn il S USSR, (007, 0 58 pale
mz (% 890 4 tefion flagk ceniairfing 24 1868 HFFOTIdiRékamplix (839 @oNeZ-1INI ihe/allyl e§letiZO O 5~
x Nz X" oemi{104 o 163 miolPvadbdiet, THZrebulfingixture was stied for 10 min at ~10 °C
at which time the reaction was judged 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 separatéd and
the aqueous phase was extracted with TBME (3 x 80 ml). The organic extracts were
combined and were washed with 150 mi of 0,1N HCI and dried over MgS0,. Concentration
(‘ : in vacuo provided the crude diol (2) (6.34 g) which was directly subjected to the next
a reaction. Ry= 0.06 (Si0;, 1:1 heptane-AcOE); 'H-NMR (DMSO-d6, 300 MHz, 300 K) 3 6.90
(s, 1H, Cg.H), 6.75 {t, 1H, J = 7.5 Hz, Cs-H), 6.51 (s, 1H, C+-H), 4.23 (t, J = 6.3 Hz, 1H, Cs-
H), 3.65 (s, 3H, CO,CH3), 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-CHj3), 2.46 (t, J = 6.9 Hz, 2H, C4-Hy), 2.25 {1, J = 7.2 Hz, 2H, Cy-
Hz), 2.00 (s, 3H, Cs-CHa), 1.70—-1.55 and 1.53-~1.25 (2 br m, 6 H, C»-Ha, Cs-H,, Ce-H, Cs-OH
and Cs-0OH), 1.15-1.00 (m, 1 H, Cy-Hy), 0.85 {d, J = 6.6 Hz, 3H, C,-CHj3).

(2E,6E)-(S)-6-Methyl-7~(2'-methyl-thiazol-4’-yl}-2-[(5)-4""-methyl-5" -triethylsilanyloxy-
pentyl]-5-triethyisilanyloxy-hepta-2,6-dienoic acid methyi ester (Xill’)
A solution of crude diol {12) (6.33 g, 14 mmol} in CH;Cl, (150 ml) at 0 °C, was treated
sequentially with N-ethyldiisopropylamine {23.6 ml, 138 mmal), 4-(N,N-dimethylamino)-
. pyridine {70 mg, 0.57 mmol)} and triethylchlorosilane {(10.9 ml, 86.1 mmol). The resulting

C—- solution was stirred at ambient temperature overnight. The reaction was quenched with a
saturated aqueous solution of NaHCO; (150 mi) and the aqueous fayer was extracted with
CH.CIz (3 x 200 ml). The organic extracts were combined, washed with 200 mi of brine, dried
over MgSQ, 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-d6, 400 MHz,
300K) 8 7.26 (s, &, Cs-H), 6.73 (t, = 7.3 Hz, 1H, Cs-H), 6.48 (s, 1H, C;-H), 4.30 (t, J= 6.7
Hz, 1H, Cs-H), 3.65 (s, 3H, CO,CHs), 3.41 (dd, J= 8.8, 5.9 Hz, 1H, Cs--H,), 3.36 (dd, J= 9.8,
8.3 Hz, 1H, Cs-Hy), 2.66 (s, 3H, C2-CHy), 2.45 (t, J = 8.7 Hz, 2H, C4-Hy), 2.30-2.20 (br m,
2H, Cy-Hp), 2.04 (s, 3H, Cs-CH3), 1.59-1.47 (br m, 1H, C4-H), 1.45-1.23 (br m, 3H, Co~H;
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and Cy-Hy), 1.01-1.00 (br m, 1H, Cy-Hy), 0.98-0.88 (m, 18H, two Si(CH,CHs)s), 0.83 (d, J =
6.9 Hz, 3H, C4~CH), 0.62-0.52 (m, 12H, two SI{CH;CHa)s); IR (film) vmae 20538, 2034s,
2013s, 28755, 1713s, 1644w, 1505w, 1459m, 1437m, 1414w, 1376w, 1285m, 1269m,
1241m, 1185m, 1120m, 1072m, 1006m, 744m, 723s cm™'; MS (ES+) miz (%) 618 (100, [M +
NaJ’), 596 (72, [M + H]"). |

(2E,BE)-(S)-6-Methy!-7-(2'-methyl-thiazol-4'-yl}-2-[(5)-4"'-methyl-5"-triethylsilanyloxy-
pentyl]-5-triethylsilanyloxy-hepta-2,6-dien-1-ol {XIV)

To a solution of allyl ester (XIII’} (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 siow addition of 115 mi of 2N HCl 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 ml of NaHCO,, followed by
100 ml of brine and dried over MgS0,. 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). Ry = 0.47 (SiO;, 1:1 heptane-AcOEL); 'H-NMR
(DMSO-d6, 500 MHz, 300 K) 8 7.29 (s, 1H, Cs-H), 6.38 (s, 1H, C;-H), 5.29 (1, J= 7.1 Hz,
1H, Cs-H), 4.60 {1, J = 5.4 Hz, 1H, C4-OH), 4.10 {t, J = 6.4 Hz, 1H, Cs-H), 3.78 (d, J=5.1 Hz,
2H, C4-Hp), 3.40 (dd, J = 9.8, 5.9 Hz, 1H, Cs--H,), 3.33 (dd, J = 9.8, 6.5 Hz, 1H, Cg-H,), 2.64
(s, 3H, C-CH3), 2.25 (t, J = 6.8 Hz, 2H, C,-H.), 1.99 (s, 3H, Cs-CHg), 2.00-1.90 (br m, 2H,
Ci-Hz), 1.68-1.46 (m, 1H, Cs-H), 1.43-1.22 (m, 3H, Cs~H. and Cp-Hy}, 1.08-0.97 {m, 1H,
Ca-Hp), 0.95-0.85 (m, 18H, two Si{CH.CH,)s), 0.82 (d, J = 6.7 Hz, 3H, C4-CHg), 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) vimax 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 + NaJ"), 568 (100, [M + H]").

{(2S,35)-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 alcohcl (4) was dissolved in 100

 mil 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 mi, 4.40 mmol) followed by titanium(IV)isopropoxide
(10.35 ml, 3.52 mmol) were added. The resulting mixture was stirred 1 h at —30°C whereas
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6E) - (S) - 5- Hydr oxy-2-[ (S)-5' - hydr oxy-4' - et hyl - pentyl) -6-net hyl - 7- (2" - net hyl -
t hiazol -4"-yl]-hepta-2, 6-di enoi.c acid nmethyl ester (12) In a teflon flask
containing 24 m of HFpyridine conplex (839 nol) at -10 Cthe ally) ester
(XI1r) (10.0 g, 16.8 mmol) was added. Thgsresulting m xture was stirred for
10 mn at -10 C at which tinme the reactioh was judged conpl ete by

di sappearance of the starting material (TLC) and immediately quenched. The

M xture vag,posies: Né;?ﬁd%llyade%iobé@g yéiéﬁvpd?géi %rofhen'\@wa{tEQ By N water (100

m) along wth TB yers were separated and the aqueous

phase was ésyf"ioaewé'ae&z% 3 'T*BM%W@§ %’dﬁé Thereacting wap ipftvemight fla2b<C ﬁéﬁ‘ was
cogrrbl ned anfhekéicd wnas:loe@hm KEHSO Daritl wafstiffed. TNe ifiliiateansh kira@ied @ie TBMES®4.
ncentrati

G rect!y st cbRbiRa Bleai SPmiTe SRS host et afit, dePivet MgSd, "2
hept ane- Ac @t FoncehitrbisRir{ RIVBOGOVIGAIT. 248 of 30@e HpdB:t GAf@Opurifisatich By, C5. , - H) |
O St et oy b o R el 15
g 84 Hg dd2H3= 038 (B, 16, lgapt@t,e-AcDaﬂ,JlﬁaMHao:Mm-aa 408, M%agu_é}&:lm(szmﬁzs( Lo i =
S P01 5o TAFAEL %ﬁ% y: Or(&‘?h‘j "68'%,‘%5'- 5@* (‘%H)Fg% g LR LNTAN OH)
1.15-1.00 @MY (Hd.H = B2-4b}z. U.85-td, 3.34 {dd5 /6 182, 62z, Gﬂ. Cetib) 35(72@;J"
othyl o1 amiP e T CRIDIEROYS YR R RAY A (B 24 A R 98T M ety
ester ‘(41 P ) SR DT28 R I TH Eool 8-5951 40 € (41@- FikdFy My Grcbacl 2 ( 150
m)¢at 0 Cc uas GrAgtadH, )$eqm8(a+ 1w, mtm)mmmqw SERRPBl(ORICE;)H23. 6 N,
138~mmol ), 4o (A Nk G578 B! M AR) 0.56-0.50 (m, 12H, two SICH,CHs)s): "C-NMR (DMSO-
d6, 125 MHz, 300 K) 5 164.7, 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, 7.0, 4.6, 4.3; IR (film) vmax 3403s (br),
2954s, 2876s, 1507m, 1459m, 1414m, 1377m, 1239m, 1185m, 1084s, 1007s, 976w, 802w,

744s, 676w cm™"; MS (ES) m/z (%) 606 (52, [M + Na]"), 584 (100, M + HJ").

Methanesulfonic acid (2S,38)-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, methanesulfony[chldride was added (2.33 mi, 30.1 mmol). After stirring
C for 1 h at 0°C, the reaction solution was quenched with 50 mi of H,O and 50 mi 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 NaHCO,
(2 x 40 ml) and brine (50 ml) and dried over MgS0O4, Concentration in vacuo provided 13.7 g
of epoxy mesylate (XVI) which did not require any further puriﬁcation'. R;=0.55 (Si0y, 1:1
heptane-AcOEt); 'H-NMR (DMSO-d6, 400 MHz, 300 K) & 7.34 (s, 1H, Cs-H), 6.49 (s, 1H,
Cy-H), 4.38 (d, J = 11.4 Hz, 1H, Ci-H,), 4.34 (dd, J= 8.2, 3.7 Hz, 1H, Cx-H), 4.07 (d, J=
11.4 Hz, 1H, C-Hy), 3.43 (dd, J = 9.8, 5.9 Hz, 1H, Cs--Hg), 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, C3-H), 2.66 ( s, 3H, C2-CHs), 2.03
(s, 3H, C3~CHj3), 1.89 (ddd, J = 15.2, 7.0, 3.7 Hz, 1H, Ci~Hg), 1.77-1.20 (5 m, 7H, Cy~-H,,



pyridine (70 ng, 0.57 mol) and triethylchlorosilane (10.9 m, 86.1 mmol).

The resulting solution was stirred at anbient tenperature overnight. The

reaction was quenched with a saturated agueous solution of NaHCO3 (150 m)
and the aqueous | ayer was extracted with CH2CI2 (3 x 200 m). The organic
extracts were conbi ned, washed with 200 37l- of brine, dried over MgSH and
concentrated in vacuo. Purification of the residue by chromatography (Si02,
20- 30% hexanes/ AcCEt gradient elution) afforded 8.6 g (86 % over two steps)
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C4..-H), 1mAS(4).633 ( (W[M}H\Bﬂ) 662 (54, M *H)*)35- and C3-Ha), 1.01-1.00 (br m |
H, Ca-Hb), 0.98-0.88 (m 18H, two Si (CH2CH3)3), 0.83 (d, J = 6.9 Hz, 3H
C4-CH3), 0.62-0.52 (m 12H, two Si(CH2CH3)3); IR (film vmax 2953s, 2934s,
2913s, 287Wsthangadfonid acid\(2S,38)6{S)-1'450inexyid Imethylipehlykl-3-1(EF-63)-3 #pethy]- 1269m
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i azol - 4' yﬂX)VHE [(S)-4"-methyl -5"-triethylsilanyl oxy-
pentyl]-5- A'é%lﬁﬁcﬂydf%?sl-ﬁfg letﬂénycxbggk 89 éﬁo?ghﬁ{&)' if ?ﬂiF%S)WH;FmB 251001%7 D8 of

ally) ester (XIII 45. 54 THE éo was a DI BAL- H
1.5 Min t'ﬁl)M@ﬁée%tEGBt% Cf@z‘rﬁ mtelapengh the pagtionTARD mbefisaiuraigd AJUEOUB e was

st I@r ed f OdolutioN 8 NaHEE, fas ddiRdRHd rﬁlatuw\samae@e%hwweqwx@@d inbi). G OF 115
f 2N HCl and di | uted th 100 rs wer e se ar.ated
2nd the aciBRS P LET TR RE G Wi bBRETes Over NBBOHATO COPRIEHA ned
or gani ¢ | ageustovess. mg lvecrudé piadiddOPurification Mg HEERBchrérahtographly ($O,; 300509  of
bri ne and /gcrdl.'-ﬁ};lexane gra n%iut[cc)x} a orr(]itetri §t1ioogn(7l9 QA: VET tWo ﬁtrap?sv ﬂ‘ia%g OS;IV?gf g of crude
alcohol (XVI1). Ry = 0.15 (SiO;, 1:1 heptane-AcOEt); 'H-NMR (DMSO-d6, 400 MHz, 300 K) 5
7.42 (s, 1H, Cs-H), 6.50 (s, 1H, C4-H), 4.38 (d, J = 11.3 Hz, 1H, C-Ha), 4.36 (dd, J = 8.3,
4.6 Hz, 1H, C»-H, partially obscured by C;-H,}, 4.07 {(d, J = 11.8 Hz, 1H, Cs-H.), 3.30-3.23
(m, 1H, Cs-H,), 3.20 (s, 3H, SO.CH3), 3.22-3.14 (m, 1H, Cs-Hy, partially obscured by
SO,CHa), 3.06 (dd, J = 7.1, 4.4 Hz, 1H, C-H), 2.67 (s, 3H, C2--CHa), 2.04 (s, 3H, C3~CHs),
1.90 (ddd, J = 14.2, 8.3, 4.4 Hz, 1H, Cy-H,), 1.70-1.58 (m, 1H, Cy~Hy), 1.54-1.32 (m, 6H,
Ci-Hz, Cz-Hz, C3-Ha, Ca-H), 1.10-0.98 (m, 1H, Cs-Hy), 0.93 (t, J = 8.0 Hz, 9H, Si(CH.CHa)a),
0.84 (d, J = 6.6 Hz, 3H, Cs-CHs), 0.60 (g, J = 8.0 Hz, 6H, Si(CH.CHs)s): *C-NMR (DMSO-
- dé, 100 MHz, 300 K) & 165.1, 153.2, 141.5, 119.4, 117.9, 76.6, 73.3, 67.0, 61.2, 58.6, 37.6,
Q 36.0, 35.5, 33.9, 20.0, 22.6, 19.7, 17.5, 14.9, 14.5, 7.63, 7.58, 5.1; IR (film)} Vimax 3410s (br),
2955s, 28765, 1655w, 1505w, 1458m, 1414m, 1359s, 1270w, 1239w, 1177s, 1081m,
1006m, 958m, 833m, 745m, 529m cm™'; MS (ES+) m/z (%) 586 (5, [M+K]"), 570 {100,
IM+Na]"), 548 (8, [M+H]*). '

Methanesulfonic acid (28,3 8)}-3-[(E)-{S)-3'-methyil-4’ {2’ -methyl-thiazol-4"'-y1)-2-
triethylsilanyloxy-but-3-enyl]-2-[(8)-4""’-methyl-5"""-ox0-pentyl]-oxiranylmethyl ester (1)
To a solution of alcohol (XVII) (2.00 g, 3.65 mmol) in CH.Cl; (10 ml) at 0°C was added
sequentiaily triethylamine (3.86 ml, 27.7 mmol}, DMSO (6.48 mi, 91.3 mmol) and ‘
pyridinium-S0; complex (2.32 g, 14.6 mmol) in DMSO (26 ml). The resulting solution was



al Iyl al cohol which was chromatographed (Si 02, 20-40% hexanes/ AcOEt gradi ent
elution) to give 32 59 (75 %9 of pure allyl alcohol (XIV). Rf= 0.47 (Si02,

1: 1 hept ane- ACOEt ) ; H-NI\/R (DMSO-d6, 500 MHz, 300 K) S 7.29 (s, 1 H, C5-H),
6.38 (s, 1 H C7-H), 5.29 (t, J = 7.1 Hz,. 1 H C3-H), 4.60 (t, J = 5.4 Hz,
1H CLLOH), 4.10 (t, J = 6.4 Hz, 1 H CigH, 3.79 (d, J = 5.1 Hz, 2H,

Cl-H2), 3.40 (dd, J = 9.8, 5.9 Hz, 1 H Cs-Ha), 3.33 (dd, J = 9.8, 6.5 Hz, |
H C5..-Hb), 2.64 (s, 3H C2,-CH3), 2.25 (t, J = 6.8 Hz, 2H, C4H2) 1.99
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chromat ography (1:1 hexanes/AcOEt), 5.2 g (100% of epoxyal cohol (XV) were
obtained. R, = 0.38 (Si02, 1:1 heptane-AcCEt); 1H NMR (DVSO d6, 400 MHz,
300 K) 8 7.28 (s, 1H C5"- H), 6.44 (s, 1 H C4-H), 4.30 (dd, J =8.2, 4.1
Hz, 1 H C2,-H), 3.46 (d, J = 12.2 Hz, 1. H CI1-H3), 3.39 (dd, J = 10.2,

6.0 Hz, WS Saimd) . 3.34 (dd, J =10.2, 6.2 Hz, 1 H, CS...-11b), 3.27
(d, J = , Cl-Ho), 2.90 (dd, J = 7.3, 4.6 Hz, 1 H C3-H, 2.63
(s, 3H, , Om%f r98I 3H, C3-CH3), 1.81 (ddd, J = 12.3, 8.2, 4.6 Hz,
1 H c1.-eByPey é’ e 4 m 7H Cl-Hb, Cl--H2, C C2--H2, C3,,,-Ha,

4,,,-H), 108098(m 1H, C3. -Hb) 0.93-0.83 (m 18H, two Si (CH2CH3) 3),
0.82 (d, J =6.7 Hz, 3H, C4. _CH3}. 0.8 -0.50 (m 12H, two Si (CH2CH3) 3);
13C-NWR (DVSO- d6, 125 M—Iz, 300 K) {7, 152.6, 141.2, 118.7, 117.1,

f ' .4, 33.3, 28.7, 22.3, 19.1,
168 144 139 7. 1 7 (T l4e) Bgax 3403s (br), 2954s,
2876s, 1507m 1459m 1414m . [185m 1084s, 1007s, 976w, 802w,
744s, 676w cm-1; MS (ES) rﬂz(% £06 (52, A[M+ Na]'), 584 (100, [M+ H").
Met hanesul foni ¢ aci d
(2S,39)-3-[(B)-(95-3 -rnethyl ‘ yl -thi azol -4"-yl)-2- triethyl si
| anyl oxy-but-3-enyl]-2-[(S) - 4"' = 3 Ari et hyl si | anyl oxy- pentyl] -
oxi ranyl met hyl ester (XVl) To a so@uti on of epoxyal cohol (XV) (11.71 g, 20.0
mmol) in CH2CI 2 (148 m ), was added’10.3 m (60.1 nmol) of
N- et hyl diisopropyl amne at 0OC. The resulting m xture was stirred 15 mn. at

. Th I ). Af
St 11 no AN A1 MR A ¥ Bl PLOB BTN abf it ol 50 1 of

H20 and @mnm of TBME. The |ayers were separated and the aqueous | ayer was
washed with TBME (50 m ). The conbined organic extracts were washed with
0.1 NHCI (40 m), saturated agqueous NaHCO3 (2 x 40 m) and brine (50 m)
and dri Qdcgﬁ\/?éur{\{g%@foerWentrati on in vacuo provided 13.7 g of epoxy
mesyl ate ( ) which did not require any further purification. R = 0.55
(Si02, 1:1 heptane-AcOrt); (DVBg-d6, 400 MHz, 300 K) 8 7.34 (s, 1H,
Cs.-H), 6.49 (s, 1H, C4.-H), w?’J = 11.4 Hz, 1 H Cl-Ha), 4.34 (dd, J
=8.2, 3.7 Hz, 1 H C2-H, :

(8}

wherein R1 is methy! and R2 is an unsubstituted or substituted pheny! and salls with metal
cations.

3. Compounds of formula 3



11.4 Hz, 1 H Cl-Hp), 3.43 (dd, J = 9.8, 5.9 Hz, 1 H CS.,,-Ha), 3.37 (dd, J
= 9.8, 6.3 H, 1 H C5--- Hb), 3.33 (s, 48H SO2CH3), 3.06 (dd, J = 7.0, 4.6
Hz, 1 H C3-H), 2.66 (s, 3H C2--CH3), 2.03 (s, 3H C3-CH3), 1.89 (ddd, J =
15.2, 7.0, 3.7 Hz, 1 H Cl-H3), 1.77-1.20 (5 m 7H, Cl-Hp, -37- Cl-H2,

C2.,,-H2, C3-Ha, C4-.-H), 1.12-1.03 (m 1 H C3-Hb), 0.97-0.88 (m 18H two

Si (CH2CH3) 3

), 0.85 (d, J = Hz, 3H, C4-CH3), 0.63-0.50 (m 12H, two
Si (CH2CH3) 3); 13C- NWR (DMS@,D ! 300 K) 8 164.2, 152.3, 140.5,
118.6, 117.0," 75.8, 72.1, 67.2, ~§0. .8, 36.6, 35.1, 34.6, 32.8, 28.1,
21.7, 18.9, 16.5, 13.6, 6.8, 6.7,14.3, 4.0;, M5 (ES+) mz (%9 684 (100, [M+
Na]'), 662 (54, [M+ H"'). Methanes} éo € aci d
(2S,3S)-2-[(S)-5"-hydroxy-4'-net hyl AHeEpgM ] -3-[(E)-(S)-3"-net hyl -
4" - (2"' -met hyl -thi azol -4"" -yl)-2-fri et hyl 11 anyl oxy- but - 3-enyl ] - oxi ranyl net h
yl ester (XVIl) A solution of biLs-TES ether (XVl) (4.89 g, 7.38 mmol) in
THF/ AcOH/ H20 (10:2:1 v/v/v, 115y m) vvasgéu at 50C for 15 h. To quench
the reaction, 460 mM of satHikai-ed, aqueousi sdl uti on of NaHCO3 was added and
the m xture was extracted wt RVE' (2 %P5 The organic |ayers were
e and concentrated in vacuo
to give 4.73 g of crude product: ation by flash-chromatography (Si02;
30-60% AcCEt/ hexane gradient et | g) Qf forded 3.10 g (79 % over two steps

¥

based on XV) of alcohol (XVII). 0.15 (Si 02, 1:1 heptane-AcCEt); 1H NWR
(DVBO-d6, 400 MHz, 300 K) 8 7.42 1 H C5-H),6.50 (s, 1 H C4-H), 4.38
(d, J =11.3 Hz, 1 H, G -Ha), 4.36 (dd, J = 8.3, 4.6 Hz, H C2..-H,
partially obscured by C1-H3), 4.07 (d, J = 11.8 Hz, 1 H, Cl-Ha), 3.30-3.23
(m 1 H C5.-Ha), 3.20 (s, 3H, SQ2CH3), 3.22-3.14 (m 1 H, C5-Hb, partially
obscured by S02CH3), 3.06 (dd, J = 7.1, 4.4 Hz, 1 H C3-H), 2.67 (s, 3H,
C2. . - CH®hereln Ruhassihe magnics giveor@ider form@n9.(ddd, J 14.2, 8.3, 4.4 Hz, 1H,
Ci--Ha), 1.70-1.58 (m 1H, Cl-Hb), 1.54-1.32 (m 6H, Cl-H2, C2-H2, Ca-Ha,
C4-H), 3. Proagsehrthg preductiogdf ppnpogndsdf farmulp 3 chai@clgrized that gicompR@MBa 3) |

compound of formula 1

wherein R2 has the above given meanings and the mesylate group may be replaced by a
tosylate group and fhe like in all following reaction sequences with a sultam derived
compound of formuia 2 as for example

)

In a selective aldol reaction in the presence of a Lewis acid and addifion of a base in an inert
solvent at lower temperatures between ~50° fo —100 *C and thereafter at slevated
temperatures between —-20" to +20 *C obtaining a compound of formula 3.

5. Compounds of formula 4



0.84 (d, J = 6.6 Hz, 3H C4-CH3), 0.60 (g, J = 8.0 Hz, 6H, Si(CH2CH3)3);
13CG-NWR (DMSO- d6, 100 MHz, 300 K) S 16,1, 153.2, 141.5, 119.4, 117.9,
76.6, 73.3, 67.0, 61.2, 58.6, 37.6, 36.0, 35.5, 33.9, 29.0, 22.6, 19.7,
17.5, 14.9, 14.5, 7.63, 7.58, 5.1; IR (filn vmax 3410s (br), 2955s, 2876s,
1655w, 1505w, 1459m 1414m 1359s, 1270w, 1239w, 1177s, 1081m 1006m 958m
833m 745m 529mcm1l; MS (ES+@ 586 (5, [M+KK]'), 570 (100,

[ MENa] '), 548 (8, [MHH ') . Met 1i_eRaci d

(25,39 -3-[(B)-(S)-3" -nethyl -4'-(2"- thyI -thiazol -4"-yl) - 2-
triethylsilanyloxy-but-3-enyl]-2-[(S)>4"" -Qethyl -5"" - oxo-pentyl]-oxiranyl rret
hyl ester (1) To a solution of alcoho ::(}XV /) (2.00 g, 3.65 mml) in CH2Cl 2
(10 mM) at OC was added sequentiall ?hml amne (3.86 m, 27.7 mol),
DMSO (6.48 m, 91.3 mol ) and pyridijnium SG3 conplex (2.32 g, 14.6 nmol) in
DMSO (26 nl). The resulting~solutigh was -38- stirred 1 h at 0 C. The

reacti on was quenched with freyeols sol uti aHSO4 (40% 120 m) and
TBME (150 ml). The layers were sgpa at.ed ' h organi c | ayer was washed
with saturated aqueous NaHCO3 (2 3 ).k

to give 1.94 g of crude product. Purj ation by fl ash-chromatography

(SI 02, 50-70% AcCEt/ hexane gradient e on) provided 1.63 g (82 % of pure
al dehyde (1). R = 0.30 (S102, 1:1 hept ane-AcCEt); 1H4NVR (CDCI 3, 500 MHz,
300 K) 5 Rk iﬁ‘ﬁzh%smela%v%aﬂi i 6.95 (s, 1H C5..-H), 6.52 (s, 1H,
C4.-H, 4.33 ? d, 4.4 Hz ) CZ H partially obscur ed by Cl1-H3), 4.34
(d, J =11.4 Hz, 1 H  Cl-Ha), 408(d J =11.4 Hz, | H d-Hb), 3.11 (dd,

= 7( 8. I?’ro%eé's'zfor fHé’_prS@Jc'f%m oﬁn&ﬁc&rlﬁ;’mlﬂds of %9331) ’chgr-azt%nﬁéd t&ﬂorﬁo%bf

. , 1.99-1 CI- H2,
-HzforeleaB 3 cs -H2), 1.11 (d, J 7 1 Hz, 3H c4' 0.94 (t,
J =80 H, 9H Si(CHCH3)3), 0.61 (q, J = 8.0 Hz, 6H, Si(CHZCHB)B);
13C-NVR (CDCI 3, 125 Mz, 300 K) 8

D,M

and Washed with brine (100 m), dg e(@ MySO4 and concentrated in vacuo

(3)

are reacted at temperatures betwesn ~70° and 25 °C in the presence of an silyl-ether
forming compound and in the presence of 2,6-lutidine forming compounds of above given
formula 4.

7. Compounds of formula 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, 1443, 13.5, 7.0, 4.9 ; ; IR (film v
2956s, 2876s, 2720w, 1724s, 1658w, 1508m 1459m 1414w, 1358s, 1240w,
1177s, 1079m 1006m 957m 883w, 828m 745m 529m cm; MS (ES+) m z 546
(100, [M+H +). M5 (ESt+) mlz 546 (100, [MrH'). C -39- What we claimis: 1.
Compounds of fornmula 9 ORy.,, R whefein RL is nethyl and R2 I's an
unsubstituted or substituted aryls {s.gith nmetal cations. 2.
Conpounds of fornmula 9 ORR2 OR O (9) [ wherein RL is nmethyl and R2 is an
unsubstituted or substituted phenyl an al t§ with netal cations. 3.
Compounds of fornula 3 -40- P 0Y,. "~ RZ.ff'"aDQ/ H 19 (3)

5)
wherein R2 has the meanings given above.

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

formula 4

@

are converted to carboxylic acids by splitting off the chiral auxillary group with TBAQH/H202
in DME or LiO2H in THFM&OH/#H20 obiaining a compound of formula 5. -

9. Compounds of formula 6



wherein R2 has the neanings given under formula 9. 4. Process for the
production of conpounds of fornula 3, characterized that a conpound a
conmpound of forrmula |I wherein R2 has the above given neani ngs and the

nmesyl ate group nmay be replaced by a tosylate group and the like in all

foll ow ng reacti on sequences wth a sultamderived conpound of fornula 2 as

for exanmple "' r O Q~ 1- (2) in@;l_e tive aldol reaction in the presence

of a Lewis acid and addition of a LR amkinert solvent at | ower
t enperatures between --50 to -100 anc
between -20 to +20 C obtaining a conpo
formula 4 -41- P dt" {} Ovatit -tV V't
has t he above neani ngs.

thereafter at el evated tenperatures
| of fornula 3. 5. Conpounds of
~0tY, OO0 P (4) (4) wherein R2

o%a

wherein R2 has the above given meanings.)

(6)

10. Process for the production of new compounds of formula 6, characterized in that
compounds of formula 5

(8)

are reactad with a reducing reagent in an inert solvent cleaving the mesylate group or
tosylate group or the like obtaining a compound of above formula 8,

11. Compounds of formula 7




6. Process for the production of new conpounds of fornula 4, characterized

t hat conmpounds of formula 3 P ;'C9 Q4400 (3) are reacted at tenperatures
between -70 and 25 C to the presence of an silyl-ether form ng conpound and
in the presence of 2,64utidi'ne form ng conpounds of above given fornula 4.
7. Conpounds of forrmula 5 -42- &01. P2 0f CH O CD (5) wherein R2 has the
meani ngs gi ven above. 8. Process forHhsh uction of new conpounds of
formula 5 characterised that conpounds fof "formula 4 t.:/'0,., P2 0 O (4)
~are converted to carboxylic acids by spktting off the chiral auxiliary
group with TBAOHA4202 In OVE or LIO2H i p@HFMsOH / H20 obt ai ni ng a conpound
of formula 5, :

. )
wherein R2 has the above given meanings.

12. Process for the preparation of new compounds of formula 7, characterized by hydrolysing
the tri-protected tris-silylather compounds of above formula 6 with a desilylation reagant,
especially TASF or an organic acid, especially HF pyridine in an inert solvent, e.g. pyridine or
THF, ebiaining a compound of formula 7,

13. Compounds of formula 8

(8)

wherein R2 has the above given meanings.

14. Process for the production of compounds of formula 8, characterized by



9. Conpounds of forrmula 6 -43- Gya" .:4 OH o0 a (6) wherein R2 has the
above given neanings.) 10. Process for i4we. production of new conpounds of
formula 6, characterized in that conpounds of fornula 5 &.,. fez @ ""n 4
0O 0O0OTr (5 arereacted with a reducing reagent in an Inert solvent

cleaving the pesylate dro I, | at roup or.the tike, obtaining a
corrpoungn%qoq%%?ﬂ?/%"gf@Wg{'%&%f?qf'ﬁf?g%ﬁﬁggﬁg%@F cFB‘i“FﬂJ"F:?e?’"pﬂﬁgy k‘ 0 00000
Yamaguchi el ) Bull. Chem,Soc.Jpn., 1878, 52,1989, oblaining a fully protected epothilone

detivative of formula 8

{®

Wherein R2 has the above given meanings.

15. Compounds of formula 1

m

wherein R2 has the meaning of an unsubstituted or subsfituted aryl, an unsubstituted or
substituted heteroaryl or an unsubsiituted or substituted heterocyclic radical fused to a
henzena nucieus.

16. Process for the production of compounds of formula 1, characterized by

a) reacting a compound of formula X

Q

(X}



(7) wherein R2 has the above given neanings. 12. Process for the
preparation of new conpounds of fornul a4g. characterized by hydrolysing the
tri-protected tris-silylether conpounds of above fornmula B with a
desilylation reagent, especially TASF or an organic acid, especially

HF-pyridine in I.hert solvent RyrLdine or bt ai in :
conmpound of f‘ﬂfphaﬁfq??t erppera Wﬂﬁfgsg glgn!ﬂpgorgp@cis@yﬁi@) \%ﬁ@r%l n R2
has the aboveargﬁﬂmaaftammmgmm&lmﬂnﬁ?rmmmt espetlmnpmﬁmmmmm:amounds of

f | a 8, -
according to CERRES ﬁ?&gﬁﬁ%gﬁ%&%ﬁ%ﬁ%ﬁ%ﬂﬁﬁﬁﬂ?ﬁ% oRr ol W
Bul | . Chem SocCH#pP2Clgmee pregisaly gba lwmtmﬂ Ah- "ﬂnﬁ 3inipg 8 cempesthdsh fomnila ¥he

derivative of formula 8 0 o0 0 ~(~ p~yJ p (8 Werein R2 has the above
gi ven neani ngs. 15. Conpounds of fornmula 1

J0zMe g 0.--@

PH.

(04}
and,
b} reacting the obtained compound of formula Xi with a compound of formula XH

H

O
Ky

in an inert soivent, e.g. in ioluene at temperaturas betwesn 20° to 80 *C, more precisely ata
temperature of 40 °C obtaining a compound of formula Xl ‘

CalMe:

oy

¢) reducing a compound of formula (XIil) with a reducing agent, especiglly with DIBALH, in
an inext solvent, e.g. toluene at temperatures between —=50° to ~100 *C, more preclsely ata
temperature of ~78 °C and thereafter elevating the tempsrature fo ¢ °C oblaining a
compound of formula XIV



f'~ OP (1) wherein fit has the neaning of an unsubstituted or substituted
aryl, an unsubstituted or substituted_hgteroaryl or an unsubstituted or
substituted heterocyclic radical fused to a benzene nucleus. 16. Process
for the production of conpounds of fornula 1, characterized by a) reacting
a conmpound of formula X Q (X) -46- with PPH3 at tenperatures between 50
-150 C, nore precisely at a tenperature 1 C and thereafter with KHVDS in
an inert solvent, especially in THP at OC and thereafter cooling the
reaction mxture to a tenperature b to -100 C, and treating with
CH3CO2ClI nore precisely at a tenperdture o 8 G, obtaining a compound of
formula XI 02fite O-UP PH (Xl) nd: ¥ the obtai ned conpound of

formula Xi with a conpound of forg—? A (XI'1) In an inert solvent,

e.g. In toluene at tenperatures bet
tenperature of 40 C obtaining a

(XIV)

{the drawing of formula XIV and the following compounds thereafter have been shmplified),

®

d) using the conditions under Sharpless [(+)-diethyl-L-tartrate, T{OPr), -BuQOH) for
epoxidation of a compound of formula X1V ebtalning a compound of formula XV

Rz and have the above meanings, and

s %

5 &

(XV)

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

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

e} introducing the mesylate group into & compound of formula XV by adding mesylate
chioride (the mesylate group may be raplaced by a corresponding tosylate group or the like)
in the presance of triethylarine (ELN) In an inert solvent, e.g. dichioromethane obtaining a
compound of formula X\



02Me R2 (XI'l1l) c¢) reducing a conpound of formula (XIIl) wth a reducing
agent, especially with DIBALH, in an Ingt solvent, e.g. toluene at
tenperatures between -50 to -100 C, nore precisely at a tenperature of 78 C
and thereafter elevating the tenperature to O C obtaining a conmpound of
formula XIV -47- OHR2 (xIV) (the drawing,of forrmula XV and the follow ng
conpounds thereafter have been sSnplifl ed) Q\,P R2 and have the above

meani ngs, and d) using the conditions undejjsharpl ess
[(+)-diethyl-t.-tartrate, Ti(OPr)4, t-BuGO ®or “epoxldation of a compound
of formula XI'V obtaining a conpound of fejula XV .,-OH (XV) P wherein R2
and have the above given neani ngs 4 9 and fornmula f
respectively. The obtai ned conpou L IRs a new conpound and is
used as precursor for the next skep e) of t‘e process sequence, and e)

i ntroduci ng the nesylate group i ‘f a corrpoof formul a XV by addi ng

nesylate chloride (the nesyl ateg oup may bg repI aced by a correspondi ng
tosylate group or the like)

(XV1)

wherein R2 and have the above given meaning.

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

f) ireating the obtained compound of formula XV with an organic acld in an inert solvent,
more precisely with pyridinium p-toluenesulfenate or camphor sulfonic acld in absoluts
ethanal, hydrolysing the one protecting groups and obfaining a compound of farmula XV

whersin 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 chiotide and activation of dimethyl sulfoxide, passing the alkoxysulfonium
salts and after addition of a base and inframolecularly rearrangement oblalning a keto
compound of forrnuda 1



in the presence of triethylamne (Et3N) In an inert solvent, e.g.

dl chl oronet hane obtai ning a conpound of gformul a XVl -48 X R2 (xvi) P
wherein R2 and IS have the above gi ven neani ng. The obtai ned conmpound of
formula XVI is a new conpound and is used as internediate for the next step
f), and f) treating the obtained conpound of formula XVI with an organic
acid in an Inert solvent, nore precise@y.w th pyridinium p-toluenesul fonate
or canphor sulfonic acid In absol ute Eﬁénol, hydr ol ysi ng the one
protecting groups anndobtai ning a co of formula XVII 4H wherein R2
has the above gi ven neani ngs, and..g)
nmet hod, e.g, oxidizing the al cololi
chloride and activation of di
salts and after addition of a
obtaining a keto conpound of Qornula 1
t he above given neanings. 17. Conpounds \Q

u*°d|2|ng by using the Swem oxi dati on

grouplby the pronotion of oxalyl
Loxiee,Mpassi ng the ai koxysut foni um

ranmol ecul arly rearrangenent

E4 a (1) wherein R2 and have

®

wherein R2 and have the above given meanings.

17. Compounds of formula XV

wherein R2 and have the aho#a- given meanings.

18. Process for the production of compounds of compounds of formula XV, characterized by
using the condltions under Sharpless [(+)-diethyl-L-tartrate, THOPr4, +BuOOH] for
epoxidation of above compound of formula X1V obtaining a compound of formula XV

wherein R2 and have the above glven meanings under formula 9 and 1 respediively



~t7H u (XV) P wherein R2 and have the above given neanings. 18. Process
for the production of conpounds of conmpqunds of formula XV, characterized by
using the conditions under Sharpless [(¥)-diethy'i-L-tartrate, Ti (OPr)4,
t.euOOHl for epoxidetion of above conpound of fornula XV obtaining a
conpound of forrmula XV SOH R2 (XV) P wherein R2 and have the above given
meani ngs under fornula 9 and | respectively -50- 19. Conpounds of fornula
Xvi . R1§-eampoupdgatioenwapd/land 0 have the above given neani ngs. 20.
Process for the production of conpounds of formula XVI characterised by

I ntroduci ng the nesylate group or tosylate group or the like Into a
conpound of fornmula XV ffiM (XV) by adding nesylate chloride (the nesylate
group may be replaced by a. correspondigs tosylate group or the tike) In
the presence of trlethylam ne (EthN) }Q; (5] I nert solvent, e,qg.

X1

wherein R2 and have the above given meanings.

20. Process for the production of compounds of formula XVI
characierised by introducing the mesylate group or tosylate group or the like into a
compaund 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 tristhylamine (EtaN} in an inert solvent, e.9.
dichloromethane obtaining & compound of formula XV}



di chl or onet hane obtai ning a conpound of fornmula XVI -51- 91 d< 0 R2 ()CV}
0 wherein R2 and C have the above given.sfeani ng, 21. Conpounds of fornula
XVII pct R At (XVIi) P wherein R2 and have the above gi ven neani ngs.

22. Process for the production of conpounds of fornmula XVII, characterized
by treating the obtained conmpound of fornmula XVI with an organic acid In an
I nert solvent, nore precisely wth pyridinlum p4ol uenesul fonate or canphor
suifonlc acid in absol ute ethanol, hy ysing P the protecting group and
obtai ning a conpound of fornula )NLJ,@;%A new conpound of formula 2 -52- 0
N ~ z

21. Compounds of formula XVIi

wherein R2 and have the sbove given meaning.

wherein RZand —  have the above given meanings.

22. Process for the production of compounds of formula XVIi, characterized by treating the
obtainad compound of formula XVI with an crganic acid in an Inert solvent, more precisely
with pyridinfum p-toluenesulfonate or camphor sulfonic acid In absolute athanol, hydrolysing

the protecting group and oblaining a compound of formula XV,

23. A new compound of formula 2



d Q(2) 24. A nethod of treatnent of a warm bl ooded animal suffering froma
cancer disease and that is in need of -.ggch treatnent, conprising

adm ni stering a conpound of the formula 9 wherein R2 I's an unsubstituted or
substituted aryl radical or a pharnaceutically acceptable salt thereof,
according to claim9 to said warm bl ooded aninmal to an anount that is
sufficient for said treatnent. 25. A pharyraceutical conposition that is
suitable for admnistration to a warm bl'®o animal for the treatnent of a
cancer di sease, conprising an wnt  o0=HN ive Ingredient of the fornula
9 wherein R2 I's an unsubsti egQr_.sybsiit, aryl radical according to
claim 9, which is effective fpr the tjeatnment of said cancer disease,
together with at | east one ph@lrutmcal |y acceptable carrier. 26. Use of

a conmpound of formula 8 for prep g a conpound of formula 9 for nedical
treat nent.

(2)

24. 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 ar unsubstituted or substituted aryl radical or a pharmaceutically acceptable
salt theraof, according to claim & to said warm-blooded animatl in an amount that is sufficient
for said treatment,

25. A pharmaceutical composition that is suitable for administration to a warm-blooded
arimal for the treatment of a cancer disease, comprising an amount of an active ingredient
of the formula 8 wherain R2 Is an unsubstiitad or substituted aryl radical according {o clalm
B, which is sffective for the treatment of said cancer disease, together with at least one
pharmageutically accepiable carrer.

26. Use of a compound of formula 8 for preparing a compound of formula 9 for medical treatment.



