12 MARCH 2007 -1 A new process for the preparation of Epothilone
Derivatives, new Epothilone Derivatives as well as new internedi ate
products for the process and the nmethods of preparing same The invention
relates to a new process for the production of“epothilone derivag,i Lhg
not only the 2-nethyl-thiazole substituent but, for exanple, Otﬁ%g&ﬁﬁcﬂﬁ%by
heteroaryl or aryl substi- tuents or heterocyclic radicals fused to a
benzene nucl eus and nethyl as substiiqyent in 12- position within the

epot hil one structure. The epothil ones (16-nmenbered nmacrol i des which were
initially isolated fromthe myco- bacterium Sorangi um cel | ul osum represent

a class %e@\r@%ééf&gm@ dpalatiiiPsr ESRMNG DeflAtves VRV AE PR PutlStivbOade POt ent

agai nst These
agent s haXB£.as Rew kg i@ PRGUERHIOT INE PIOSes S P Meoisef O kgdme an anti - cancer
drug currently used as primary therapy for the treatnment of breast cancer
and have been reported to be nore potent than Taxol. Potential applications
of the epibelnvbrioe selatestotamewtprazassferthe pbdutliaradiepathiloge derbethee haviigl ari a  and

di seases i | I | r hilones are
e e e e e |
"prol i f erteanisa heleroeypbieradicals disedtogsyeazinainigeus and meihyl assibrtitugntded&es, | i quid
tunors, I lep)t;Gtionvlritﬁir\lgﬁé@ﬁ%thil@r@strﬂétgfel asis. The term"solid tunor disease"

especi a means breast cancer, cancer of the colon and generally the d
tract including gastric cancer, hepatoma; |ung cancer, in particular

smal | - celthe epatfiBnssANE-AerdBd Abroides Wnick @kle iditiaNgissiated fom theiydo- cancer ,

theli ' I ' f th Ki head and k
Toneer Bt Ay SHBSP eriinla 96 LR Shn i Sl 5, 200 1755
pr ost at e have ligen ftabed todsmetant agdirdtlarioliscaddes fres dnclulingdreast cinsgrieelt ioee or

Kaposi's sarcoma. Epothilone derivatives are already described, e.g., in WD

97/ 19086. These derivatives are produced starting fromnatural epothilone A
and B. 1JThgserepnts bave 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
to 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 especially 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 tract including gastric cancer, hepatoma; lung cancer, in particular small-cell
lung cancer and non-small-cell lung cancer, renal cancer, mesothelioma, glioma, squamous
eell carcinoma of the skin, head and neck cancer, genitourinary cancer, e.g. cervical, uterine,
ovarian, testicles, prostate or bladder cancer; Hodgkin's disease, carcinoid syndrome or

Kaposi's sarcoma.

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



-2 The total synthesis of epothilone A is described by Schinzer at at in
Chem Eur. J. 1996, 2, No. 11, 1477-1482. Another synthesis of epothilone A
and B and derivatives is described by K C N colaou at al. in Angew. Chem
1997, 109, 170-172 and Nature, Vol. 387,1997, 268- 272. In Chem . ,
pp. 2343-2344, K. C. Nicolaou et al describe a total synthesis o%meﬁ%z
26- hydr oxy-epothil one B and rel ated conpounds involving a selective Wttig
ol efination reaction, an aldol reactjon and nacrol actoni zati on as key -
steps. In nore detail the total synt‘hesis of 26-hydroxy-epothilone B and
rel ated anal ogues via a macrol actoni zati on based strategy has been
described in Tetrahedron 54 (1998), 7127-7166 by K.C. N col agu et at.

Fur t her no'& '9%4] syRiesis 05 sepitglope 4vis depcrigpciy Scbinzef et éé”‘sgﬂqf'bguéﬂd’g@ﬁél’f m t he

synt hesi ;Neofi1, 1@T01482| AtgheAsyntesit Bi ¢pothiionB,A 2l @ didldenatianRa egomed by | brari es of

W A 02 JoGaueREEF Bl e Ry oBa B Z R EaP A S8 " e ogs

and deridfatives thereof. A general method according to the present
invention broadly conprises performng an aldol condensation of a first
conpound with a second conpound thereby to forma third conpound sel ected

and per f éf fhergy Gentier H392 chib A48 b -G MNigolpou eta! depcilmpiotphayntiesis ok mbodi nent

and goal 28hydBs-dpoficHata arfdMaBiel esmicindsAndK b GRBRctRb Wili§ BleflizAvpacks of the
known processes an .provi de re si process for the

dto a nore. nPIe and m’grove,d
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t he sequepge e synt i£.r e C copstitutes a basis
of high 3\&@?%‘/&35%@ ‘iééfrﬁbegli efe rﬁ@%%ﬁg%@%ﬁ%’ggé%ﬁ%N@%%e’ﬁ%nal product s

of high purity. A synthesis for the preparation of epothilone derivatives of
_f or mul & @Rmbre VBP08/3028k - NRolaou et af describe and claim the synthesis of '

epothilone A, epothilone B, epothilone analogues, libraries of epothilone analogues by using
solid phase and solution phase chemistries.

WO-A-02 30356 discloses methods for use in producing epothilones and analogs and
derivatives thereof. A general method according to the present invention broadly comprises
performing an aldol condensation of a first compound with a second compound thereby to
form a third compound selected and performing a macrotactonization of the third compound

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

A synthesis for the preparation of epothilone derivatives of formula &

R]""n. O




12 MARCH 2007 -3 (9) wherein R1 is nethyl, and R2 has the neani ng 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" #:NAR(GH3007adi cal
having up to and including a maxi num of 6, 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 bganching. R2 as unsubstituted or
substituted aryl is preferably an aromatic radical with 6 to 14 carbon
atons, especially phenyl, naphthyl, fluorenyl or phenanthrenyl, whereby the
said radical is unsubstituted or is substituted by one or nore
substituents, preferably up to three, primarily one or two substituents,
especially those selected fromam no; |ower al kanoyl am no, especially
acetyl am no; hal ogen, espeq?ﬁlly fluorine, chlorine or bromne; |ower alkyl,
especially nethyl or also ethyl or propyl; halogen-lower alkyl, especially
trifluoronmethyl; hydroxy; |ower al koxy, especially nethoxy or also ethoxy;
phenyl - | opgreil koxy, especially benzyloxy; nitro, cyano, C8-Cl2-al koxy,
especiaII% n-dg&glo y, carbanoyl, |ower alkyl- carbanpbyl, such as N nethyl -
or N-tertSHEMAWRAM oYl . |ower al kanoyl, such as acetyl, phenyl oxy,

hal ogen- | Riness tiad iydning)of as ussubstitutéd orfslibstinteaaiy) an vnsubstituted or substituted

1,1,2,2-tetraf 0 l.: — xvearhonyl uch as et hoxycar bonyl ,
| ower al Ky e@ﬁéﬁﬁnﬁ&@%&u@é&or ﬁ%ﬁgﬁ@{ef‘ ﬁ%%é’?%é%“t fS‘,k’l‘cﬂﬁF‘S%g"n@‘?eSﬁ%P "éfaﬁ'if\f/rrer capt o,
such as tandfshltsdhesendt hyl mer capt o, hydroxy-1ower al kyl, such as hydroxynet hyl

or 1-hydroxynet hyl, |ower al kanesul phonyl, such as net hane- sul phonyl,

hal ogen-1| ower al kanesul phonyl, such as trifl uoronethanesul phonyl, phenyl -
sul phonyIThed’TE}fn'yd?Wy‘EﬁS‘PES erasticallyipg up loaag ingludipg amedmun of Syespegiaiz ol - 5- yI |
2- et hyl -ub,t@ andlh@xdgrdmaxinm ol dlcydnadsths, e YadicalbimBidaydm jjHganedr- 3- yi ; and

| ouer ket o Q¥ ol i SriB SRSt SalchB 2 cent car bonators, - such as

R2 as unsubstituted or substituted aryl is preferably an aromatic radical with 6 to 14 carbon
atoms, especially phenyl, naphthyl, fluorenyl or phenanthrenyl, whereby the said radical is
unsubstituted or is substituted by one or more substituents, preferably up to three, primarily
one or two substituents, especially those selected from amino; lower alkanoylamino,
especially acetylamino; halogen, especially fluorine, chlorine or bromine; lower alkyl,
especially methyl or also ethyl or propyl; halogen-lower alkyl, especially trifluoromethyl;
hydroxy; lower alkoxy, especially methoxy or also ethoxy; phenyl-lower alkoxy, especially
benzyloxy; nitro, cyano, Cs-Ci-alkoxy, especially n-decyloxy, carbamoyl, lower atkyl-
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-
mercapio, halogen-lower alkylmercapto, such as trifluoromethylmercapto, hydroxy-lower
alkyl, such as hydroxymethy! or 1-hydroxymethyl, lower alkanesulphonyl, such as methane-
sulphonyl, halogen-lower alkanesulphonyl, such as trifluoromethanesulphonyl, phenyl-
sulphonyl, dihydroxybora (-B(OH),), 2-methyl-pyrimidin-4-yl, oxazol-5-yl, 2-methyl-1,3-
dioxolan-2-yl, 1H-pyrazol-3-yl, 1-methyl-pyrazol-3-yl; and lower alkylenedioxy which is
bonded to two adjacent carbon atoms, such as methylenedioxy.

R2 as aryl is especially phenyl.



R2 as aryl is especially phenyl. 12 MARCH 2007 ii Halogen is especially
fluorine, chlorine, bromne, or iodine, in particular fluorine or chlorine.
R2 being an unsubstituted or substituted heteroaryl is, for exanpl

r adi cal

e, a
selected from following structures: NN N S 0-Rx $2MARCHZIQY N S

SSF NCHS // ~ORkJ\' ONNN NN NH"(~NNAN and \ | wherein Rx

Is acyl;
radi cal

N R2 as heterocyclic radical being fused to a benzene nucleus is a
selected for exanple fromthe radicals of formulae / NH1'1J NN

N 12 MARCH 2007 -5 00 x CN~\l , \~ N-/H~l N and

Halogen is especially fluorine, chlorine, bromine, or iodine, in particular fluorine or chlorine.

R2 being an unsubstituted or substituted heteroaryt is, for éxample, a radical selected from
following structures:
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R2 as heterocyclic radical being fused to a benzene nucleus is a radical selected for
example from the radicals of formulae
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NOH V' I N N The new synthesis conprises follow ng sequences: a)
reacting a conpound of formula 1 ist i O)aOH.. >z OP (1] wherein R
has t he meani ngs gi ven above and the nesylate group may be replaced by a P
tosylate group and the like and is an al cohol protecting gr BUMARGI2005bl y a
silyl protecting group, nore preferably any of the later on |isted
silylether formng groups and nost preferably a | ower al kyl silyl
protecting group preferably selecteqstroanES, TBDS, TPS, with a sultam
derived conpound of fornula 2 as, for exanple, O N 0 0 0 12 MARCH 2007 .6
(2) O wherein is an alcohol protecting group preferably a silyl protecting
group, nore preferably any of the Iater on listed sinIether form ng groups

and nost preferdhly a 0 aI rot i ng
@ > n a s t| IdoI
e N of a b3a TNan i nerp 3

selected f
of a Lew 8

OH

L
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
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,




tenperatures between -50 to -100 C and thereafter at el evated tenperatures
between -20 to +20 C obtaining a conpound of formula 3 P ~-OO RR R 0~ O
'0Q0 HOO (3) wherein R2 has the neanings given above. The comnpound of
formula 2 as given above may be replaced by a conpound of foRMARCH 208herein
O is an al cohol protecting group preferably a silyl protecting group, nore
preferably any of the later on listed silylether form ng groups and nost
preferably a | ower alkyl silyl protqg[ing group preferably selected from
TES, TBDS, TPS. The conpounds of formula 3 are used as internmedi ates for the
next step b) of the process sequence, and 12 MARCH 2007 -7 b) the obtained
conpounds of above fornmula 3 are reacted at tenperatures between -70 and
+25 Cin the presence of a silyl-ether form ng conpound and in the presence
of 2,6- lutidine form ng conpounds cwafornula 4 00". % OOHS/ 00O

®

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
alkyl silyl protecting group preferably selected from TES, TBDS, TPS, in a selective aldol
reaction in the presence of a Lewis acid and addition of a base in an inert solvent at lower
temperatures between —50 to —100 °C and thereafter at elevated temperatures between -20
to +20 °C obtaining a compound of formula3

(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 alcoho! protecting group preferably a silyl protecting group, more
preferably any of the later on listed silylether forming groups and most preferably a lower
alkyl silyl protecting group preferably selected from TES, TBDS, TPS.

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



(4) 11l wherein R2 and have the nmeani ngs given above. The conpounds of
formula 4 are used as precursors for the next step c) of the process
sequence, and c) converting an above conpound of forrmula 4 to the carboxylic
acid by splitting off the chiral auxiliary group w th TBACHZMZORCHRODVE or
Li 02H in THE/ MeOH H20 obt ai ni ng conpound of formula 5 OPO, Rx OO0 (5 OH
OO0 12 MARCH 2007 -8 P wherein R2 and have the neanings given above. The
obt ai ned conpounds of fornmula 5 are g§ed as further internediates for the
next step d) of the process sequence, and d) reacting a conpound of above
formula 5 with a reducing reagent in an inert solvent cleaving the nesylate
group or tosylate group or the |Iike obtaining a conpound of formula 6 ~J 0"
z a0 OH b)the ébtainddiompunds of above formula 3 are reacted at temperaiures between 70

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

(4)

wherein R2 and :

The compounds of formula 4 are used as precursors for the next step ¢) of the process

have the meanings given above.
sequence, and
¢) converting an above compound of formula 4 to the carboxylic acid by splitting off the chiral

auxillary group with TBAOH/H202 in DME or LiO2H in THF/MeOH/H20 obtaining compound
of formula 5

(5)




wherein R2 and have the above gi ven neani ngs. The obtai ned conpounds of
formula 6 are used as internediates for the next step e) of the process
sequence, and e) hydrolysing the tri-protected tris-silylether conpounds of
above fornmula 6 with a desilylation reagent or an acid i n BMARGH 2MG| vent
or a mxture thereof, e.g. TASF or HFpyridine in THF, obtaining a

sel ectively desilytated conpound of forrmula 7 12 MARCH 2007 9-H .. ' Rz
:0 00 OH 000 Db (7) P wherein RZgand have the above given nmeanings. The
conmpounds of formula 7 are used as precursors for the next step f) of the
process sequence, and f) macrol actoni zi ng obtai ned conpounds of formula 7
according to the conditions described by M Yamaguchi et at

Bul | . Chem Soc. Jpn., 1979, 52 1989, obtaining a fully protected epothilone

- derivative of formula 8 OO0 RZ 0 OIl OO(8)

®

wherein R2 and have the meanings given above.

The obtained compounds of formula 5 are 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)

®

The obtained compounds of formula 6 are used as intermediates for the next step e) of the

wherein R2 and have the above given meanings.

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



P wherein R2 and have the above defined neanings. 12 MARCH 2007 -10 The
obt ai ned conpounds of fornula 8 are used as precursors for the next step Q)
of the process sequence, and g) treating an obtained conpound of fornula 8
with HFpyridine in an inert solvent at tenperatures betweel MARCID20@7and
cl eaving both silyl ether protecting groups obtaining epothilone
derivatives of formula 9 RR" O HOR2Z 0 0 OHO (9) wherein RL is nethyl
and R2 has the above described neanings and optionally converting conpounds
of formula 9 to a salt with netal cations by conventional nethods. The
transformation of epothilone B to the corresponding |actamis disclosed in
Schene 21 (pages 31 and 32) and Exanple 3 of W99/02514 (pages 48 - 50).
The transformation of a conpound of flormula 9 which is different from
epothilone B into the correspondiﬁém ac¥am conpound may be achi eved

anal ogously. Inert solvents nentionedq in one of the reaction steps a) to Q)
enconpass, but are not limted to netfhgnol, ethanol, propanol,

di chl or onet hane, dichl oroet hane, DMF,_~kgtrahydrofuran (THF), benzene,

tol uene, pyridine, ethylacetate, acefone or t-butyl-nethyl ether (TBME),
hexane or heptane and the Iiand 1 xtures thereof. Organic bases nentioned
in one of the reaction steps“a)fplolg) enconpass, but are not Ilimted to
organi ¢ am nes such as unsubstituted er hydroxy-substituted nono-, di- or
tri-al kyl- am nes, especially noAs:~di Odrj-Iower alkyl-amnes, e.g.

met hyl am ne, di net hyl am ne, di- n- roﬁ | gm ne, triethylam ne,
tri-n-propylamne, tri-n-butylam né a -i sopropyl et hyl am ne

@.

The compounds of formula 7 are used as precursors for the next step f) of the process

(7)

wherein R2 and have the abave given meanings.

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.



(i1 PrzNet), as nitrogen heterocycles, ethylene-am ne, pyrrolidine, piperidine
and norpholine, especially 4-dinethylam no-pyridine (DMAP), pyridine,
2,6-lutidine, 2,6-di-tert-butylpyridine and the |like. 12 MARCH 2007 -11
Met al o- organi c bases are e.g. LDA (lithiumdiisopropyl an neb2 MBRGH 2007

'sec. BuLi, KHWDS, LiHWDS, or NaHVDS. Reduci ng agents are e.g. DI BAL-H

(dii sobutyl af um ni um hydride), Li AlH4 (Lithiumafum nium hydride), |ithium
triethyl boro-hydride and the like. QOsare alcohol protecting groups conmonly
used in organic synthesis and should "protect the functional hydroxy groups
agai nst unwant ed secondary reactions. Silyl-ether form ng conpounds are for

exanpl e andard. protecti royps used very c nly,in organic synthesis
and pref Zfb%rglﬁg}nﬁi pg),ﬁjnd%[ngﬁg@{l? ﬁgfeg‘%‘ﬁ%s Frf%"”?/s8(ﬁ3&r‘r’q§?ﬁz%‘f§fﬁ? ) Of%??re preferably
a silyl ppcesssequence,gndup is selected fromTMS (trimethyl-silyl),
TES(triethyl-si)yl), TPS(tri-n- propylsilyl),
TBDS(tertiary-butyl-dinmethylsil ?/I ), DEI PS(di et hyl -i sopropyl -silyl),

| PDVS( di ﬂisﬁ?iﬂg arsehitpingshromgpung | of fornugiad wile MG pyrigingdn anjnest sojent at

TIPS(tri tdngRriAeetddeh)oP ) 30 TEhd didafing BEW SyCatyer Fi&@cmﬁjférbﬂﬁs Bhairiee |1 ke,
prefer ablg TES, TPS or TBDN@ nost preferably TIPS. | a conpound cont ai ns
mor e t hafPYHENgfesvalves AdogBb the protecting groups are sel ect ed

i ndependently of each other and may be all the sane, all different or any
conbi nation thereof, preferably the,protecting groups are all the sane,
nost preferably the protecting _-groups™yill be TIPS. The term

phar maceutical |y acceptabl e nefal salts{contlenplates salts formed with the
sodi um potassium cal ci H@ magnesi um akuwf iy
salts are prepared by convepti ofig
bi s-trinmethyl sitanyl oxy grouRs o
are weak organic acids whi-ch (g~ noty"opey the epoxide ring of the epothilone
structure and are for exanple i I ug‘ﬁ%acti c acid, propionic acid, glycolic
acid, lactic acid, fumaric acrd, cinic acid, agj)pi c acid, pinelic acid,

suberic acid, azelaic acid, nmalic acid,, . i
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 W099/02514 (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, dichlorcethane, DMF, tetrahydrofuran
(THF), benzene, toluene, pyridine, ethylacetate, acetone or t-butyl-methyl ether (TBME),
hexane or heptane and the like and mixtures thereof,

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



tartaric acid, malefic acid, mandelic acid, am no acids, such as glutamc
~acid or aspartic acid, especially citric acid and the |ike. Especially may
be nentioned HFpyridine in THE or HFpyridine in pyridine. Chiral auxiliary
groups used for the aldol reaction according to a) of the plddBsSRCH@Gence
are for exanple the sultamauxiliary group or oxazolidinone groups. e.g. 12
MARCH 2007 -12 00 Phh N Ph R3 especially N and other known chiral
auxi liary groups. The reaction stepgqa) to g) of the mentioned process
sequence for the preparation of the conpounds of fornmula 9 are carried out
in nore detail described as follows: a) Conpounds of fornula |I are reacted

i th ] ; : L+ 1) ns J1 Cl4a d Honi
base (i Eﬁ’@_ﬁ%ﬁi"g‘jﬂaﬁ&&?ﬁﬁ%%%dﬁgﬁgﬁﬁ?@bﬁg"ﬂ@?‘%? BulB BB RIS, | erear tor
at a t enpdrMParas NgHMOSC obt ai ni ng new conpounds of forrmula 3. b) The

obt ai ned conpounds of fornula 3 are reacted with a silyl-ether formng
conpound _e,g. TPSCI, TB in th resence of 2. 6-|utidine at

t enper at Lﬁ’éié'g%?%@@r?r@ ‘Z@'%/Eé{[ Li@ﬁ?b“&%'i‘"ém‘lhyj“gﬁ)' LAH& {iBjumalyminiv®- _ 10 C i n
di chl or ontitide) dithiusn Friatbyibors-bydrigaand the ikeng conpounds of fornula 4. c) The

obt ai ned conmpounds of fornula 4 are converted to the carboxylic acid by
splitting off the sultamauxiliary group with TBAOH/ H202 in DVE or L102H in
THE/ MeOH H28Q, obt ai ni ng a conpound of fornula 5. d) The obtai ned conpounds
of fornul & are reacted with LIBHET3 as reducing reagent in THE as inert
sol vent for  clasagiralg! rretectivg grpups eompronly yssd in pegagie sxnthesis anthehouidke obt ai ni ng a

conpound RétedtHeMMclorfil hRitoxy fRuHBNSAWSATPRSMHR I baditisTHlyRetheralr € hydrol ysed
with a defgrlrrli gI c%?nlpgt?ndrs %%q'grnexémple standard protecting groups used very commonly in

organic synthesis and preferably a silyl protecting group is lower alkylsilyl more preferably a

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

propylsilyl), TBDS(tertfiary-butyl-dimethylsilyl), DEIPS(diethyl-isopropyl-sityl),

IPDMS(dimethyl-isopropy-Isityl), TDS(thexyl-dimethylsilyl), TIPS(tri-isopropyl-silyl), 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 ions, The salts are
prepared by conventional methods.

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

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



especially with TASF or an organic acid, especially HFpyridine in an inert
solvent, e.g. pyridine or THF, obtaining conpounds of fornmula 7. f) The
obt ai ned conpounds of fornula 7 are macrol actoni zed accordi ng to Yanmaguch

at al, we.g. treating the hydroxy acid with Et3N and 2, 4, 6- 12 MARGHEB¢hZz oy
chloride at |ower tenperature, e.g. 0 C and thereafter the reaction m xture
is added to a solution of 4-DVMAP in toluene and the tenperature raised to
ca. 75 C obtaining conpounds of formu,a 8. 12 MARCH 2007 -13 g) The
obt ai ned protected epothilone derlvatlves of formula 8 are treated with
HFpyridine in pyridine as inert solvent and after cleavage of both silyl

et her protecting groups (TPS, TES, TBDMS) epothilone derivatives of formula
9 are obtained, wherein RI is nethyl and R2 has the above described neani ngs
and optiongl ly_converting conpounds of formula 9 wherein RL and R2 have the
defi ned neéhrn under for@g%gog $ a salt wth netal cations by

conventi onal}! neghods. The usg¢d ti ng conpounds for the process sequence
of formul a erein R2 has N ani ng of an unsubstituted or substituted

aryl, an unsubgtituted or sdbst\tuted heteroaryl or an unsubstituted or
substl tuted he 3er Q@yé‘d.auﬁ di ca useﬁhdtmrandmrmmguﬂmj@u@sare used as
key-internedi ates for the preparation of epothilone derivatives of formula 9
are new and are prepared by foll ow ng process sequence conprising steps a)
- as @wmtlomﬂepmaa‘) teey).of e nntordd pardse dequeasti fagtbe plep&Aticinditheave been

def) e ﬂgeurfdgrom@;?a@%a R G Fmdr BRGNS Yool ew devel oped
synthesis ¢C rrprl ses ftol  ow ng sequences conpound of formul a
XP JO

a) Compounds of formula 1 are reacted with a compound of formula 2 for example in the
presence of TiCl4 and Hiinig base {iPr2NET) in dichloromethane at a temperature of 78 °C

and thereafter at a temperature of 0 °C obtaining new compounds of formula 3.

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 fermula 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 LiO2H in THF/MeOH/H2O obtaining

a compound of formula 5.

d) The obtained compounds of formula 5 are reacted with LIBHET3 as reducing reagent in
THF as inert solvent for cleaving the mesylate or tosylate group or the like obtaining a
compound of formula 6.

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

f) The obtained compounds of formula 7 are macrolactonized according to Yamaguchi et al,
e.g. treating the hydroxy acid with Et3N and 2,4,8-richlorobenzoyl chloride at lower
temperature, €.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.



with PPH3 at tenperatures between 50 - 150 C, nore precisely at a
tenperature 100 C and thereafter wwth KHVDS in an inert solvent, especially
in THE at OC and thereafter <cooling the reaction mxture to a tenperature
between -50 to -100 C, and treating with CH3CO2ClI nore prd3iMaRGHR007
tenperature of -78 C obtaining a conpound of fornula XI 12 MARCH 2007 -14
CO2Me OHO PH3P (XI) and, b) reacting the obtai ned conpound of fornula Xi
with a conmpound.of fornmula XIl R2 Q4XI1) in an inert solvent, e.g. in
tol uene at tenperatures between 20 to 60 C, nore precisely at a tenperature
of 40 C obtaining a conmpound of forrmula XIII CO2Me R2 OO0 O (XIll) «c¢)
reduci ng a conpound of formula (XIlIl1) wth a reducing agent, especially with
DIBALH, in an inert solvent, e.g. toluene at tenperatures between -50 to
-100 C, npxeepbied plolectzt! epothiteepiivatives e fafula Biardreatet] withdiFepsidies inel evat i ng

the t enPepie Gs bt SonfonP L AHngl éhdge o BERSHTEING orok iy drBupS| Ypd ZelARCH 2007
) TBDMS) epothilone derivatives of formula  are obtained,

wherein R1 is methyl and R2 has the above described meanings and optionally converting

compounds of formula 9 wherein R1 and R2 have the defined meanings under formula 9 to

a salt with metal cations by conventionat 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 hetferoaryl or
an unsubstituted or substituted heterocyclic radical fused to a benzene nucleus are used as
key-intermediates for the preparation of epothilone derivatives of formula 9 are new and are
prepared by following process sequence comprising steps a) - g), as given thereafter.

®

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

respectively.
The new developed synthesis comprises following sequences:

a) reacting a compound of formula X

X)

with PPH3 at temperatures between 50 ° - 150 °C, more precisely at a temperature 100° C
and thereafter with KHMDS in an inert solvent, especially in THF at 0°C and thereafter
cooling the reaction mixture to a temperature between —50 ° to —100 °C, and treating with
CH3CO2C! more precisely at a temperature of -78 °C obtaining a compound of formula X!



OHR2 \J P (XIV) (the drawing of formula XIV and the follow ng conpounds
thereafter have been sinplified), 0 R2 and O have the above neani ngs, and
d) using the conditions under Sharpless [(+)-diethyl-L-tartrate, Ti(OPr)4,
t-BuOOH] for epoxidation of a conpound of formula XV obtailgdiMgREHROOpound
of formula XV IOH O R2 Q,11 O6 (XV) 0 wherein R2 and have the above

gi ven neani ngs under fornmula 9 and fornula 1 respectively. The obtai ned
conmpound of forrmula XV is used as prpﬁqysor for the next step e) of the
process sequence, and 12 MARCH 2007 -716 e) introducing the nesylate group
into a conpound of formula XV by adding nesylate chloride (the nesylate
group may be replaced by a corresponding tosylate group or the like) in the

presence of triethylamne (Et BéMi n an inert solvent, e.g. dichloronethane
obtaining a conpound of for %vi &0 O ®
H 0/

PH3P
(X
and,

b) reacting the obtained compound of formula XI with a compound of formuia Xl

H

d:)
xiy

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 Xl

CO:Me

(X

c) reducing a compound of formula (X1l1) 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 to 0 °C obtaining a
compound of formula XIV



R2 (XVI) P wherein R2 and have the above given neaning. The obtai ned
conpound of fornmula XVI is used as internediate for the next step f), and
f) treating the obtained compound of forrmula XVI with an organic acid in an
inert solvent, nore precisely with pyridinium p-tol uenesul fi@gMABCH200anphor
sulfonic acid in absolute ethanol, hydrolysing the one protecting groups
and obtaining a conpound of formula XVII 0 R2 OH (XVII) wherein R2 has
the above given neanings, and 12 MARCH; 2007 -17 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 intranolecularly
rearrangenent obtaining a keto conpound of forrmula 1 used in the previous

i nventive process sequence as starti conpound. The inventive process
sequence for producing epothilone dérivatives of formula 9 shows many
advant ages in conparison with and published synthesis: -The
early introduction of the epoxide avoi dsiss risingly a problematic

epoxi dation step at late intfrnediatey wthin the synthesis sequence, - A
remarkabl e stabilization effe@t was depected for the nesylate and tosyl ate
epoxi des. Many steps can bescarried g in the presence of these functional
groups. - High yielding and hI y di @ reosel ective titani um enol ate al dol
reacti on between the a- branched al dehyde and the ethyl ketone key fragnents
coul d be achi eved.

(XIV)

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

®

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

R2 and have the above meanings, and

(XV)

®

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

respectively.

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



- The aldol reaction tolerates surprisingly the presence of the nesylate and
tosyl ate epoxide. - The aldol reaction allows a highly convergent synthesis
of epothilone derivatives. - The aldol reaction allows surprisingly to nake
use of the chiral sultamauxiliary as carboxyl ate protecti hgMykRCk 2807d
therefore avoids additional tinme consum ng reduction and oxidation steps
prior to the final nacrol actonisation step. - The inventive process sequence
is a shorter synthetic route than anygother published synthetic routes
known in literature, furthernore a hlgher overall yield could be detected.
Al'l in all the summari zed advant ages underline the inventive step of

menti oned process sequence. The epothilone derivatives of formula 9 for

medi cal treatnent may be adm nistered by every known route and nay be

sel ect ed é)indreduding thg wesylategreipsiniomgompound of ﬁonmmaaw\éhy)mkiingmuﬁselatet he

' ntraarteen:@;h%&%@sg ald ol thdAbAARY By b BitfeRpork sto%g%l&o%g%m ikgute. the

oral route e I nt anusc route, the
t r ansder nigtherRseseace of H@tWHt“F‘&d@pWﬁﬂ' ar igert solvent; pg. d'qh!qrcaveéMapbﬁawg@ and the
like. 12 ddRethdZ®brmula X8t Al so sustained rel ease fornul ati ons may be
performed invol ving biodegradable mcrospheres, such as nicrospheres
conpri sing polyacrylic acid, ponegdQllc acid or mxtures of these. The
conmpounds of fornula 9 of the invent | ) can be used al one or in conbination
with other pharmaceutically active~subgtances, e.g. wth other
chenot her apeutical s such as C|aSSIC 0 cytostatics. In the case of

‘ a fixed conbination of two or
nore conponents (e.g. kit of 2ed as already known to a
person of skill in the art, d"of the present invention and
any other cheno-therapeuticpyare admnitered at an interval that allows
common, additional or preferably synergiystic effect for tunor treatnent.
The following non limting : i strate the inventor's preferred
met hod for preparing the A ds of the invention, which should
not be construed as limting the scope (Xw)

®

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

wherein R2 and have the above given meaning.

f) treating the obtained compound of formula XV! with an organic acid in an inert solvent,
more precisely with pyridinium p-toluenesuifonate or camphor suifonic acid in absolute
ethanol, hydrolysing the one protecting groups and obtaining a compound of formuta XVII

W

(XVII)

wherein R2 has the above given meanings, and
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g) oxidizing by using the Swern-oxidation method, e.g. oxidizing the alcoholic group by the
promotion of oxalyl chloride and activation of dimethy! suifoxide, passing the alkoxysulfonium
salts and after addition of a base and intramolecularly rearrangement obtaining a keto
compound of formula 1 used in the previous inventive process sequence as starting

compound.

The inventive process sequence for producing epothilone derivatives of formula 9 shows
many advantages in comparison with other known and published synthesis:

~The early introduction of the epoxide avoids surprisingly a problematic epoxidation step at
late intermediates within the synthesis sequence,

- A remarkable stabilization effect was detected for the mesylate and tosylate epoxides.
Many steps can be carried out in the presence of these functional groups.

- High yielding and highly diastereoselective titanium enolate aldol reaction between the a-
branched aldehyde and the ethylketone key fragments could be achieved.

- The aldol reaction tolerates surprisingly the presence of the mesylate and tosylate epoxide.
- The aldol reaction allows a highly convergent synthesis of epothilone derivatives.

- The aldol reaction allows surprisingly to make use of the chiral sultam auxillary as
carboxylate protecting group and therefore avoids additional time consuming reduction and
oxidation steps prior to the final macrolactonisation step.

- The inventive process sequence is a shorter synthetic route than any other published
synthetic routes known in literature, furthermore a higher overall yield could be detected.
All in all the summarized advantages underline the inventive step of mentioned process

sequence.

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
route, the intramuscular route, the anal route, the transdermal route, the intradermal route,

the intratechal route and the like.



LLm~UO0O Z'""Il AjG=GmmO xt >r O N"DZJo~7Eiowfo o 12
MARCH 2007 -20 6-Benzyl oxy-hexanoic acid (I1) (Can. J. Chem 1992, 70,
1427) To a solution of 102.2 g (0.90 nol) of 6-caprolactone in 1.5 | of

t ol uene was added 250.6 g (4.48 nol) of KOH and 113.3 m (02 BARGH 20T
benzyl chl oride. 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 toluene | ayer was extracted with 200
m of water. The conbi ned aqueous ph‘a@es were treated with 300 m of HC
(conc.) at 12 C to acidify the solution to pH 1.0. After extraction with
1.11 of isoprogyl acetate in two portions the conbined organic extracts
wer e was hdlgp systalied taipage fopnulptions may beipetiormesd ivpling bigdeyradableoncent rat i on under
reduced pimRespHersaduch b8 BfitraspRerds GrprigndPolyBéryiR akia lydoliclaci@er @ yel | owi sh
oil. R=20, SSMEDEi 2, 95:5 01é%ZCI 2- &ﬁ%ﬁ@ioyg-%enzyle%%-yﬁoexanoyl chloride (I11)
The crude™XUE§*1%e$8110 g, 0.50 nol) was dissolved in 320 n of tol uene. To
the solution was added 140 pi of DWF followed by the addition of 56.7 m

(0.66 ol ‘}he%];msaﬁldé/ !:ﬁgljm%ai Sggf'the-rin\?ention can be used alone or in combination with other
pharmaceutically active substances, e.g. with other chemotherapeuticals such as classical
cytostatics. In the case of combinations with an other chemotherapeutic, a fixed combination
of two or more components (e.g. kit of parts) are prepared as already known to a person of
skill in the art, and the compound of the present invention and any other chemo-therapeutic
are administered at an interval that allows common, additional or preferably synergistic effect

for tumor treatment.

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

of this invention.



reaction mxture was stirred at roomtenperature over night and concentrated
in vacuo to afford 126 g of the acid chloride 11l which was directly used
in the next step. (S)-4-Benzyl-3-(6-benzyl oxy-hexanoyl)-oxazoli di n-2-one (V)
A solution of 87.7 g (0.50 nol) of (S)-4-benzyl-2-oxazolidi B M&RCHWFas
dissolved in 1.4 1 of THF and cooled to -78 C. Hexyllithium (2.5 Min
hexanes) (178 m, 0.45 nol) was added followed by slow addition of a
~solution of acid chloride ill (126 g, 0.50 nol) in 100 ml of THE After
stirring at -78 C for one additional hour, the resulting solution was
allowed to wvarmto O C. Saturated aqueous ammoni um chl ori de sol ution (400
m) was added to quench the reaction. The |ayers were separated and the
organi c | ayer was washed with additional 100 m of saturated ammoni um

chl oride solution. The THF | ayer was washed twice with 200 m of 1 M NaCH
and with 500 m of brine, dried over MpSO4 and concentrated. The crude
product (162.4 g) was purified by flash chromatography (200 g of SIO02,

hept ane/ TBME = 80 20 - 60: 20) to yield 110.1 g_§g8 % over two steps) of
the amde V. R = 0.41 (SbQ2, 1:1 hexanes- TBME). ‘.-

(S)-4-Benzyl - 3- [(S) 6- benzyl oxy- 2- net hyg- hexanoylf’Q%azolldln 2-one (VI) A
THF (200nl) solution of the qglde V (120, 1 g, 0.32 |) was added to 372 mi
(0.37 mol ) of NaHMDS (4. i;n THF) in.880 g1 of ThHR at -78 C foll owed by
the addition of a CHRLS (ngm 1.26 Mol ) sol utionyi nx70 m of THF. The
reaction mxture was sté+red §or 2 h at{-78 12 MA 2007 -21 C. Aqueous
sat urated anmoni um chl orifle (70 m) a9 added to qugnch the reaction. The
| ayers were separated and the aqueous®phase was extriacted with 200 m of
TBME. The conbined organig |ayers were washed twice with 250 ml of brine,

dried over MgSHM and conc%g;;ated in vacuo. The product VI (123.9 g) was
d

obtained in 87 % de and wa irectly sgd in the P xt step. R =0.50 (S

1:1 heptane-TBME); (S)-6-Benzyl oxy- 24 I-hexanw -ol (VIl) To a
suspension of 13.2 g (0.35{(nol )=z of ng i,m:gn 380 of THE was added a
solution of am de VI in 2 m of THE fat xture was stirred for 2
h at 0 C and quenched 4]
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with 14 m of H2O, 14 m of 15 % NaOH and 25 ml of H2O The precipitated
alumnumsalts were renoved by filtration. After concentration of the
filtrate, the crude product was purified by silica gel filtration (570 g of
Si 2, toluene/ Et OAc = 90:10, 31 and toluene/ Et OAc = 80: Olzﬂa\Rcﬂ?é'obr oduct
“VIl was obtained as a colorless oil (54.5 g, 81 %over two steps). R =
0.24 (Si2, 1:1 heptane-TBME); HPLC. 87% de (Chiralcel OD, n-hexane/i-PrCH =
95:5, 1.0 m/mn, 30 C tR=10.07 m

[ (S)-6-Benzyl oxy- 2- et hyl - hexyl oxy] - fert- butyl -di methyl -silane (Viii) The

al cohol VII (54.4 g, 0.25 nol) was di ssol ved in 100 m of DWMF and treated

w th 33. 0 the slow addition of a

sol uti onéoﬁ g&oxlﬁmexirw %3/8%1)”& J’F‘Ln E?}ﬁfgﬂgﬁet hyl silylchl oride in 100 m
of DMF affo@ s@utionloé 1682 (r98 maﬂ)safﬁtcapmlecioriedn1.2Ibfdolue1eatas%ﬂded(25016fgen pour ed
onto 240 | f heptane. The
organi c I(J;lae'ﬁ&{/\a%%hgégem lwddgén fa @]E@%@Eﬁ& ‘Mfatcgonirgﬁf E%dl& 200 m of

sat ur at eatlf@q abeiiex ternparatae for29d. he reaction wasquepehied with 1.&1 ofirdDat rath

concent I glnfdratue, 1AE u@,eofmeye? weSlSepRFRAURH thet&dend ugér WRSxiPdd iR D08 Y

];: : t rgl %80 gw7o§%®20mlin%2qgg%ﬂ§gﬁg Mtg?e t?el;fedwﬂh g&) mi o?Hg:l (conc)atl;z °aC col orless
('S) - 6- (t erdcidBpihy kelationed iy osmteaegﬁaew)mtﬁ1nnbhsdprdwm9taie-|m{wo(ﬂoPﬁbnsA sol ution

fyar ogendiebnoie Bttt VB 0] it el osBl S 131 aro en

t enper at Gomcenfidien waleaievsded weessure effoydesid! S gi(Te %i afta thenacichill ag Agellbwki r at e was

concentr@@_b%ﬁgé 5%@#%&&?_ as colorless oil (46.9 g, 100 %. R =

0.33 (Si t ane- imeth |-silane X tent-Butyl-[(S)- 6|od02
met hyl - hexyloxy] y ( ) 12 MARCH 2007 -22 Tri phenyl phosphine (23.91 g, 91.16

mol ) anggbmygﬁgﬁgxgm{yﬂgﬂoﬂée QH 182 9 mml) were added to a solution of 15 g
(609mm| rc“ ? acetonitrile/toluene (1:5) at room
t enper at cr”dﬁ?é'd 19 é’ ')&?md@ac’hfea' 2@ ol Qflolyigne; o fre sgltianvasy| ) of

i odi ne wadiead4eg of IDMFﬂollmdbyQMadmmen ofss6Tatli(@66 mbl) dibxalyithiorieeTHeet er ogenous
sol uti Onreac %n ?ntlxture was st?red ap room temperature over night and concentrated in vacuo fo

afford 126 g of the acid chloride Il which was directly used in the next step.

(8)-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 slow addition of a solution of acid chioride ill (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 chioride solution (400 ml} was added to quench the
reaction. The layers were separated and the organic layer was washed with additional 100
mi of saturated ammonium chloride solution. The THF layer was washed twice with 200 ml of
1 M NaQH and with 500 mi of brine, dried over MgSO, and concentrated. The crude product
(162.4 g) was purified by ﬂash chromatography {200 g of Si0;, heptane/TBME = 80:20 - 60:
20) to yield 110.1 g (58 % over two steps) of the amide V. R;= 0.41 (SIO;, 1:1 hexanes-
TBME).

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

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



Aqueous sodiumbisulfite (4 % 300 m) and 100 m of toluene were added. The
aqueous |ayer was separated and re-extracted with toluene (100 m). The
conbi ned toluene layers were filtered over silica gel and concentrated in
vacuo. To the residue was added heptane (225 m). The resullz MAREHZpENSI ON
was stirred for 10 mn. and stored at 4 Cfor 12 h. Filtration and
concentration of the filtrate afforded 21.05 g (97 %9 of the iodide X as a
pale yellowish oil. Rr=0.66 (Si 02, ,1.3 hept ane- AcCEt). 12 MARCH 2007 N "Z
.11(z 1 000 0-1 ox o-1 O~z Nmai mMVN-~Z N-~Z _ XI W C4 c~
100 olFI N OO o0- dmo ? U

°C. Aqueous saturated ammonium chloride (670 ml) was added to quench the reaction. The

layers were separated and the aqueous phase was extracted with 200 ml of TBME. The

combined organic layers were washed twice with 250 ml of brine, dried over MgS0, and

concentrated /n vacuo. The product VI (123.9 g) was obtained in 87 % de and was directly

used in the next step. Ry = 0.50 (8i0,, 1:1 heptane-TBME);

{S)-6-Benzyloxy-2-methyl-hexan-1-of (Vi) _

To a suspension of 13.2 g (0.35 mol} of LiAlH, in 380 ml of THF was added a solution of
amide VI in 250 ml of THF at 0 °C. The mixture was stirred for 2 h at 0 °C and quenched
with 14 ml of H>0, 14 ml of 15 % NaOH and 25 mi of H,0O. The precipitated aluminum salts
were removed by filtration. After concentration of the filtrate, the crude product was purified
by silica gel filtration (570 g of SiO,, toluene/EtOAc =90 : 10, 3 I and toluene/EtOAc = 80 :
20 11). The product VIl was obtained as a colorless oit (54.5 g, 81 % over two steps). Ry =
0.24 (Si0,, 1:1 heptane-TBME); HPLC: 87% de (Chiralcel OD, n-hexane/i-PrOH = 95:5, 1.0
mi/min, 30 °C) tz=10.07 min. |

[(S)-6-Benzyloxy-2-methyl-hexyloxy]-terf-butyl-dimethyl-silane (VIi1)

The alcohol VII {(54.4 g, 0.25 mol) was dissolved in 100 mi of DMF and treated with 33.3 ¢
(0.49 mol) of imidazole followed by the slow addition of a solution of 55.4 g (0.37 mol} of fert-
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 ml of heptane. The
organic layer was washed with additional 100 ml of 0.1 N HCI, 200 ml of saturated aqueous
NaHCO,, 200 mi of brine, dried over MgSO, and concentrated in vacuo. The ¢rude product
(81.5 g) was purified by filtration (670 g of SiO,, toluene) to afford 64.8 g (79 %) of a
colorless olil. Ry = 0.64 (Si0,, 1:1 heptane-TBME).

(8)-8-~(tert-Butyl-dimethyl-silanyloxy)-5-methyl-hexan-1-of (IX)

A solution of 64.0 g (0.19 mo!) 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 filtrate was concentrated to afford alcoho! IX as colorless oil

(46.9 g, 100 %). R, = 0.33 (SiOy, 1:1 heptane-TBME).

tert-Butyl-[(S)-6-iodo-2-methyl-hexyloxy]-dimethyl-silane (X)
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(S)-7-(tert-Butyl-dimethyl -sil anyl oxy)-6-net hyl - 2- (t ri phenyl1pFbSREH2907 dene)
-heptanoic acid nethyl ester (XI) Under argon and at room tenperature,
i odide X (15.46 g, 43.4 mmol) and triphenyl phosphine (12.52 g, 45.75 mol)
were added to toluene (8 m). The reigl ting mxture was heated at 100 C for
3 h. Then, toluene was renoved under “féduced pressure. THE (400 nlL) was
added to the residue (29.67 g) and the solution was cooled to 0 C and

Triphenylphosphine (23.91 g, 91.16 mmol) and imidazole (12.45 g, 182.9 mmol) were added

to a sofution of 15 g (60.9 mmol) of alcohol IX in 390 ml of acetonitrile/toluene (1:5) at room

temperature. The mixture was cooled to 0 °C and 23.13 g {91.13 mmol) of iodine was added

in 4 portions over a period of 10 min, The heterogenous solution was stirred for 90 min.

Aqueous sodium bisulfite (4 %, 300 ml) and 100 ml of toluene were added. The aqueous

layer was separated and re-extracted with toluene (100 mi). The combined toluene layers

were filtered over silica gel and concentrated in vacuo. To the residue was added heptane

(225 ml). The resulting suspension was stirred for 10 min. and stored at 4 °C for 12 h.

Filtration and concentration of the filtrate afforded 21.05 g (97 %) of the iodide X as a pale

yellowish oil. Ry= 0.66 (SiO,, 7:3 heptane-AcOEt).



subsequently treated with a potassiumbis(trinethylsiiyl)amde solution in
toluene (0.5 M 174 m, 86.8 mmol). The resulting orange suspensi on was
stirred for 1 h at 0OC and then cooled down to -75C. Methyl chlorofornate
(3.72 m, 48.2 mol) was added. After stirring for 1 h at 17BIARGH007
yel | owi sh reaction m xture was allowed to warmup to -40 C. NaHCO3 (300 m)
was added followed by EtOAc (300 ml) and water (150 m). The |ayers were
separated and the aqueous phase was extracted with Et OAc (150 m ). The
conbi ned organic layers were washed with a saturated agueous sol ution of
NaCl (2 x 200 ml ), dried over MgSO4 and concentrated in vacuo. The crude
product Xl (27.02 g) obtained as a viscous orange oil was directly used in
t he next step.
(2E,6E)-(S)-5-(tert-Butyl-dinmethyl-silanyloxy)-2-[(S)-5-(tert-butyl-dinethyl
- si | anyl oxy) - 4- '

nmet hyl - pentyl ] - 6- met hyl - 7- (2- et hyl -t hi azol -4-yl)-hepta-2, 6-dienoic acid

met hyl ester (XII1) A solution of ylide (XI) (27 g) in toluene (200 m) at
anbi ent tenperature under argon was treated with solution of al dehyde (Xl 1I)
(12.7 g, 39.0 mol) in toluene (80 m ). The resulting mxture was stirred
at 70 Cfor 5 h. The solvent was renoved under reduced pressure. The

remai ning 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 m n and
finally at OC for 30 min.. The resulting suspension was filtered and the
filtercake was washed with heptane (2 x ~Jri). The filtrates were

col l ected and concentrated in vacuo to gi 24.85 g of the Wttig product
XI11 as a yellow sh oil ff ch was used fory he; ngxt step w thout further
purification. R = 0.59 i 02, 1:1 heg\bﬁne- ; H NVR (DMSO- d6, 300

1
MHz, 300 K) A 6.90 (s, .1 OC,‘L@ s 5 H, 1 H C3-H). 6.47
(s, 1 H C7-H), 4.20 (8dJ =t7>2, 54Hz &-H), 3.69 (s, 3H,

31

CO2CH3), 3.40 (dd, J =°%K 9, 5.75Hz, 1 H ‘CsiHa), 3.31 (dd, J = 9.9, 6.6 Hz,
1 H, CS-Hb), 2.68 (s, C2..-CHB), 2.44-2°88and 2.28-2.21 (two m 4H,
C4-H2 and O .-H2), 2.00 ( C6-CH3) ,, fle 30-1.15 (two m 4H, C2.-H2,
CsHaandC4H) 1.06-0.99'(m 1 H C3&b), 0.86 (s, 9 H SiC(CH3)3),
0.85 (5,89 H, SiC(CH3)3), 9,83 (d, J = 636, F3H C5.-CHB) lo 05 (s, 3 H,
Si CH3), '0.01 (s, 6Hizt\§ceucn43) *!s® 3 H Sl -25
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(2E,6E)-(S)-5-(tert-Butyl-dinmethyl-silanyloxy)-2-[(S)-5-(tert-butyl-di net hyl
-si |l anyl oxy) - 4-

met hyl - pentyl ] -6-nmet hyl - 7- (2-net hyl -t hi azol -4-yl)-hepta-2,6-dien-1-ol (XV)
To 13.9 g (23 mml) of allylic ester XIIl in 500 mM of THE d2 MARCHE 208%
added over 10 mn 47 m (70 mmol) of DIBALH (1.5 Min toluene). The
reaction m xture was successively stirred at -78 Cfor 3 h, allowed to warm
to O Cwithin 30 mn. and further stijred at 0 C for 30 mn. before being
quenched by the addition of 50 m of ‘aqueous 0.1 N HCl. The layers were
separated and the aqueous |ayer was washed with TBME (2 x 50 m). The

conbi ned organic extracts were washed wth agueous saturated NaHCO3 (2 x 50
m) and brine (50 m), dried over MgSO and concentrated in vacuo. The
crude pr of@rE{{ferdutypdimethyladanylpxy){6asdthyt BH(tophenyigoagtanyliiSGiePBeptaroi daidpt ane/ Et OAc)
to affordméoigylg§t9ré(ﬁ6 % of allylic alcohol XIV as a pale yellowsh oil. Rr

= 0.16 (S tane- AcCEt) .

{(2S, 3S)- l@l@(ﬂyoqwazrmpmmﬁvw iogifer { 1hA6-05 #3. 4 mmadyapy - 3- net hyl - 4- (2- et hyl -

tegl ?]Z0|2 i ehgl tgl?rge 252 ,45.75 nt1mol were added Ito Otoluene (8 ml)t The resuétlr?tg |- oxi ranyl }-m
y X y Xi y

‘et hanol ( hepied pf @%apg‘ﬁﬁg\ %/% \9;”3'(% rézweg “gge ﬁ%‘ll’b'F%) d RIBSSUgi ssol ved in

51 lm) of TEIPrZ(@OOZmLAv&dﬂQedc\iﬂo tmbuﬂu%ag?fg)l(anal tr(glsemw%dsgbaéd patednd. 48 nl, 2.64
no in a t - . Q . 0.

titani un(ﬁg%zegl %%W%%t 99’@' a ?‘é‘i‘sﬁ‘%rﬁ‘sf‘”?.géﬂ's'}ﬁﬁ%ﬁ“?y’f"ﬁ”“w ‘f"e?&\'ﬁy ﬂ?@(t ure was
stirred frolk8&®mmol). e reBingdrrafgresuspension whs glitréd ®r imat §°Codndithemtcobled vl -

hydr oper q o ihon m xture
s ot 1oy (6 b agRRle 007 o RN n Ples B AL kG RE 10T T e
The | ayer® —{iGthe éii'awah @actloaﬁaxt@mévaaawsw waéwp tﬂava"éi ExNetde@=@0Gi t h et hyl

acetate (ml)wasPided joliowdd @m(a@(quagﬂnat& (1%I§ %é%y%%re%ﬁé}ﬁlédw th 50 ni
of brine a drled o Aftﬁﬁigﬁﬂ? & lon I.n .~ vacu (? 1 g of
crude ep a&Bﬁ%‘l"‘ e\)(&g % i %%F‘P’BW"QW%"IC ’Wi'l'sch was used
for the rvexd wmeﬁwmahammeﬂlaqmdmes sqhution b el {20eR0RImIy died2Red M3 ST, and: 1

hept ane- aﬁﬁkn?r%tem vg&ESfﬁe Wide prodticB8EAE Y obthifbd'ad Bischus ithelohas [M + H ") -

'(Vgts,hgg)e-sﬁlrﬁlﬁ)m@@' the-nextestap- but yl - di et hyl - si | anyl oxy) - 3- net hyl - 4- ( 2-
met hyl - t hi azol - 4-yl) - but 3-enyl]-2-[(S)-5-(tert- butyI di met hyl - si | anyl oxy) - 4
- met hyl - pent oxXi ran este I sol utjon of crude
epoxyal cd%pg)(‘k’\ﬁ (fE@'BH!tI etﬂ“ﬁ"ﬁ‘f‘ﬁ'ﬁ’fy))'21[(:($)'§ﬁ)?‘tp?ty ldimpetyl-pilagylon ) wer e
methyl-pentyl]- G-methy!-T-(z-methyl -thiazol-4-yl)-hepta-2,6-dienoic acid methyl ester (XI11)
A solution of ylide (XI) (27 g) in toluene (200 ml) at ambient temperature under argon was
treated with solution of aldehyde (XI1) (12.7 g, 39.0 mmol) in toluene (80 ml}. 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 ml 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
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 Witlig product
Xl as a yellowish oil which was used for the next step without further purification. Ry = 0.59
(SiO., 1:1 heptane-AcOES); 'H-NMR (DMSO-d6, 300 MHz, 300 K) O 6.90 (s, 1H, Cs-H),
8.77 (t, J = 7.5 Hz, 1H, Ca-H), 6.47 (s, 1H, C;-H), 4.20 (dd, J = 7.2, 5.4 Hz, 1H, C5-H), 3.69
{s, 3H, CO,CHa), 3.40 (dd, J = 9.9, 5.7 Hz, 1H, Cs-H,), 3.31 (dd, J = 8.9, 8.6 Hz, 1H, Cs-Hy),
2.68 (s, 3H, C2-CH;), 2.44-2.36 and 2.28-2.21 (two m, 4H, C4-Hz and Cy-Hy), 2.00 (s, 3H,
Cs-CHs), 1.30-1.15 (two m, 4H, Cx-Ha, C3-H, and C4-H), 1.06-0.98 (m, 1 H, Cs-Hy), 0.86 (s,
9 H, SiC(CHa)s), 0.85 (s, 9 H, SiC(CHs)s), 0.83 (d, J = 6.6, 3H, C5~CHz), 0.05 (s, 3 H, SiCHg),
0.01 (s, 6 H, two SiCH5), -0.01 (s, 3 H, SiCH:).



added 2.74 nL (16.0 mmol ) of N-ethyldiisopropylam ne. The resulting m xture
was stirred 15 mn. at O0C. Thereupon, nethanesul fonyl chloride was added
dropwise (0.75 m, 8.0 nmol). After stirring for I h at 0C, the reaction
sol ution was quenched with 40 nL of H20 and 40 12 MARCH 20072 MAISCHi2097%
TBME. The | ayers were separated and the aqueous | ayer was extracted with
TBVE (40 m). The organic extracts were washed with HC (0.1N) (40 m),
saturated aqueous NaHCO3 (2 x 40 m) 5@nd brine (40 m) and dried over
MySO4. Concentration in vacuo provided 3.79 g of crude nesylate XVl which
was used for the next step without further purification. Purification. Rr=
0.27 (Si02, 2:1 heptane-AcCEt); HRMS nlz684.3222 ([M+ Na]', C31H59NO6S2Si 2
requires 684.3220). Met hanesul fonic acid

( 2sh3|s,) 2E6EH(S) 5)(EeEl—B(utyed|metmytt9ﬂmyﬁbky)12t[(w-ls-(isﬂ4bawydimxtjn}l—ﬁahny'lemw - 4|- (2- |
thyl -t t - .oxy- A ARt hyl - pentyl) - ranyl m

cthyl estpRate w7 2ol e MRG0 05 Py s T

di ssol ved" 0 1390 (28 nul)eof aliylio esteriion 20 mbof TBRIOHTE°C: waswadded ¢verr @ min) and

treated afy f(fo anbllj‘olelaang (ﬂ@M?@toHE@))Th@frea%ﬁbncrﬁﬁmrté%a%léh%éégél\% ly s@ftféod The

reaction mxture was stirred for ter etio

depr ot ectdt off Sdor 3. Yewadtp warp i LqtiEH e Mim pestirthensirediOICAorg with 20 nd
of TBME. nTﬂilEbe’fo@é’@é‘ﬁg quRhéEhed DE PrRraddifch R B0Im! dFRq@shue OUN Hcayme 1M8& vRxd racted with

TBME (2 he corrb ned th saturated
aqueOt(Js )I%E n&%@ he 5qeqky = Y%Haﬁé’a%‘fgwﬁﬁwﬁ %S’fa#emﬁvé’le %@% %[ﬂ"?i‘s )
concentr a(mttsmewasmmtadqmessameted WakdC@y (Ad &0 pﬂmuumean ImiY @rietil Q)
bt d I ' il hout furth
pur 1 et bt @ hrignhag c"ﬁgﬁu%a’ﬁﬁﬁx’ﬂ"ﬁﬁ% REEB Lol o ¢ aci d
(2S, 39) - Fhperetography (BiQx & btawlﬁtodp)ﬁ@ﬁ 1&9 0 416/ el ypilvig alsefiohiIV-ag.a( 2-

rret hyl -t?\g@z{giwﬁghm)ﬁ,hmm?(smyj]h%ﬂa(nés)ceé y.met hyl - 5- oxo- pent yl ) - oxi ranyl net hy
ester (1) A solution of the alcohol XVII (3.11 g, 5.7 nmol) in CH2CI 2 (15

rr1) at 0 Cwas treated sequentially with triethylamine (10 m), DVSO (6 m)
and a sol{2sj3sh34E)-Ep@nyert-Blityreintethybsilanyjoxy ) methyrdg2-methyl- sksD4(y®urd-) whi ch was

e o e TS MG By Sl et Emef RS oD e ves
The allylic alcohol (XIV) (3.00 g, 5.28 mmol) was dissolved in 51 ml of CH,Cl,. A 0.59 M
solution of (+)-diethyl-L-tartrate (4.48 mi, 2.64 mmol) in CH.Cl, was added at -30 °C
followed by a 0.34 M solution of titanium(iV) isopropoxide (6.21 ml, 2.11 mmol) in CH.Cl,.
The mixture was stirred for 30 min at —30 °C. Then 2.11 ml (16.6 mmol} of teri-butyl-
hydroperoxide (5.5 M in decane) was added over 5 min. The reaction mixture was stirred at
-30 °C for 24 h. Aqueous NaHSOj; (4 %, 50 ml) 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 MgSO,. After concentration in
vacuo, 3.11 g of crude epoxy alcohol XV was obtained as a pale yellowish oil which was
used for the next step without further purification Ry = 0.22 (SiO;, 2:1 heptane-AcOEt); MS
{(ES+) m/z (%) 606 (100, [M + Na|"), 584 (13, [M + H]").

Methanesuifonic acid (28,35)-3-[( E)-(S)-2-(fert-butyl-dimethyi-silanyloxy)-3-methyl-4-(2-
methyl-thiazol-4-yl)}-but-3-enyl]-2-{(S)-5-(tert-butyl-dimethyl-silanyloxy)-4-methyl-pentyl]-
oxiranylmethy! ester (XV1}

To a solution of crude epoxyalcohol (XV) (3.11 g, 5.3 mmol) in CH,Cl; (40 mL) at 0 °C, were
added 2,74 mL (16.0 mmol) of N-ethyldiisopropylamine. The resulting mixture was stirred 15
min. at 0°C. Thereupon, methanesulfonyl chloride was added dropwise (0.75 ml, 8.0 mmol).
After stirring for 1 h at 0°C, the reaction solution was quenched with 40 mL of H;O and 40



(20 mM). The layers were separated and the aqueous |ayer was extracted with
TBMVE (2 x 20 nlL). The conbined organic | ayers were washed with saturated
aqueous NaHC® (2 x 20 m), brine (20 m), dried over MgS™ and
concentrated under reduced pressure. The residue was purifileMARCHI286h
chromat ography (Si 02, 3:1 heptane/ Et OAc). The al dehyde 1 was obtained as a
pal e yel |l owi sh oil (2 20 g, 76%yield over four steps based on XIV). Rr=
0.39 (Si02, 1:1 heptane-AcCEt). Exanpl e 3 Al dehyde XVI' with TBDVS
protecting groups 12 MARCH 2007 -27 SCH 1 N Irridazole ~N Q4

toluenel CH3CN Qi - |- (quantltatlve) SI- xw + xvr

4- dl[ (mE% h( |S)nL of 'Fé(\ﬁé tI’heB %ygrs were sepgrgged t%g gc'u%é@ 1aye{' Svgss éx%r?gtég’ \-NM 1SI2%I\-M§- (tert-butyl

si | anyl ong)JM)-'ﬁimdtgqumdragt# ver8-wasttkalvith Il (OOKl) (48myl), sat@ratedtahydoubut - 1-enyl ) -2-m

t hyl -t hi 86 |
'?I’I %heny: gﬁ'gés%ﬂ? %éywéfn@bﬁﬂo(uq@ﬂ%nﬁ’ﬁg&%‘%ﬁé\%ﬁ%%é rfl%)lon ;?\Qacﬂ 13 m"rglr? Zind
i m dazol eprovigedAy 9 qofzadamesylate XVibwhichmwas usedipiibe aexhstep withiaut futteer( 2. 4 ) at
room terrpsmééaa@ pumésronaszwfo ﬁ%&;ﬁ%e\lﬁcb'ﬁt)‘ W@ﬁm(@ag 3zgpgwq 13 mml) in
onplete (TLCO)

one portiQ mn _stirring, the reaction was |udge
and was M%k&ﬂ'H@Hoﬁﬁz%br%%Stqaéﬁz#ﬂxture was poured onto aqueous saturated

NaHSO4 (5 mnml) The | ayer s were separed and the aqueous | ayer was extracted
with tolu té % wer hed with IN
HCl (5 m Qﬁ?f& “?éﬂl a%' %fr' q-; g(Eﬁ\lg @e’ﬂi@t ﬁﬂe{h&;rﬂarﬁﬁ“aé %ﬁ’flﬁ\ﬁq dried over
MySO4 andmetbyldéazokdaylploliti3renyla2<(5)-5- livcboxydsnejmd}pQM) oxsampmttdéebtermx\ﬂa pt ane and
the i nsol HRY dudeTepRILH ROPAITOY ? ot Wi Bist AR rggmré flof R | The crude
i odide XVI' was obtained as a | owm sh ol
require CH3OH (1:1 viv) (140 mi) and treated at 0 C with 1.33 g (5.73 mmol) of 10—camphorsulfon|c

acid. The reaction mixture was stirred for 1 h at 0 °C. After completion of the deprotection 20

ml of saturated aqueous NaHCO; were added along with 20 ml of TBME. The layers were

separated and the aqueous layer was extracted with TBME (2 x 20 mL). The combined

organic layers were washed with saturated aqueous NaHCO, (2 x 20 ml), brine (20 mt), dried

over MgS0, and concentrated under reduced pressure. The crude product XVII {3.11 g)

obtained as a yellowish oil was used for the next step without further purification. R, = 0.28

(Si0,, 1:1 heptane-AcOEt).

Methanesulfonic acid {25,38)-3-[(E)-(S)-2-(tert-butyl-dimethyl-silanyloxy)-3-methyl-4-(2-
methyl-thiazol-4-yl)-but-3-enyl]-2-((S)-4-methyl-5-oxo-pentyl}-oxiranylmethyl ester (1)

A solution of the alcohal XVil {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 SOg-pyridine (3.61¢,
22.7 mmol) in DMSOQ (40 ml) which was added over 5 min. After stirring for 1 h at 0 °C, the
reaction mixture was quenched 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 washad with saturated agueous NaHCO; (2 x 20
ml), brine (20 mt), dried over MgSO, and concentrated under reduced pressure. The residue
was purified by flash chromatography (SiO,, 3:1 heptane/EtOAc). The aldehyde 1 was
obtained as a pale yellowish oil (2.20 g, 76% vyield over four steps based on XIV). R,=0.39
(SiOg, 1:1 heptane-AcOEt).

Example 3
Aldehyde XVI' with TBDMS protecting aroups



further purification. 12 MARCH 2007 O Z ~-0O0 nlQ@
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4-[(E)-(S)-3-(tert-Butyl-dimethyl-silanyloxy]-4-{(2S,3R)-3-[(S)-5-(tert-butyl-dimethyl-
silanyloxy)-4-methyl-pentyi]-3-iodomethyl-oxiranyl}-2-methyi-but- 1-enyl}-2-methyl-thiazole
(XvI"

A solution of epoxy-alcohol XV’ (50 mg, 86 pmol) triphenylphosphine (34 mg, 0.13 mmol),
(50 mg, 86 (34 mg, 0.13 mmol) and imidazole {18 mg, 0.26 mmol) in 5:1 viv
toluene/acetonitrile (2.4 ml) at room temperature under argon was treated with iodine (33
mg, 0.13 mmol} in one portion. After 30 min stirring, the reaction was judged complete (TLC)
and was worked-up. The reaction mixture was poured onto aqueous saturated NaHSQ, (5
m) .The layers were separed and the aqueous layer was extracted with {oluene (2 x 2 mi).
The combined organic layers were washed with 1N HCI (5 ml), aqueous saturated NaHCO;
(5 ml) and brine (5 ml}, dried over MgS0, and concentrated in vacuo. The residue was
suspended in heptane and the insoluble triphenylphosphine oxide was removed by filtration.
The crude icdide XVI' was obtained as a pale yellowish oil (65 mg) which did not require

further purification.
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1- (10, 10- D net hyl 3, 3-di oxo-6-thi a-4-aza-tricyclo[5. 2. 1. 0] dec-4-yl)-3-hydroxy
-4, 4- dinethyl -heptane-1, 5-dione (11) Under argon and in a teflon flask, The
TBDMVS ether (10) (9.21g, 18.43 mol) was nixed wth HFpyri H MARGhHIEK
(26.3 m, 921 mmol ) at anbient tenperature. The resulting reaction mxture
was stirred for 2 In and then quenched by adding it to a stirred aqueous
solution of NaHCO3 (78g in 500 m of water) along with 200 m of TBME. The

| ayers were separated and the organic | ayer was washed with brine (2 x 200
m), dried over MgySO04 and concentrated in vacuo to give 6.80 g of crude
product which did not require any further purification. 1

- (10, 10- Di net hyl - 3, 3-di oxo- 6- Chi a-4-aza-tricycl o[ 5.2.1.0]dec-4-yl)-4, 4-di net
hyl -3- triethylsilanyl oxy-heptane-1,5-dione (2) To a solution of crude

al cohol (11) (6.80 g, 17\6 ) in CH2CI2 (90 m) at 0OC, 2,6-lutidine

(6.14 M, 52.9 mmol) was d followed by triethylsilyl
trifIuoromathanesulfonat%,:%h 98 m, 35.3 nmol). The resulting solution was
stirred at OC for 30 mn. peaction was carefully quenched by addi ng 140

m of 1 NHC along with 15 M oTBME. The | ayers were separated and the
organi c | ayer was washed sucge®spyel ¥ with 100 nl of saturated aqueous
NaHCG3 and 1 00 m of brineAdri over MgSO4 and concentrated in vacuo.
Purification of the crude pyoBuct by chromatography (Si02, 4:6

hexanes/ AcCEt), afforded 8.3\g of pure TES-ether 2. (90 % over two steps).
Rr = 0.62 (Si02, 1:1 heptane-AcCEt); 1H NWR (DVMBO d6, 400 MHz, 300 K) 5
4.55 (t, J =5.2 H, 1 H C&H, 3.8 (d, J =14.3 Hz, 1 H C3-Ha), 3.83
(t, J =6.1 Hz, 1 H, Cl-l—l)“l:-§:<1.66 (d, J =14.2 Hz, 1 H C3.-Hp), 2.84 (dd, J
= 17.4. 4.6 Hz, 1 H C2- &l 2.54 (m 3H C2-Hb and C7-H2, partially
obscured by DMSO), 2.00-1.89%'and 1.87-1.73 (2 m 6H CT-H2, C3.-H and
C5.-H2), 1.48-1.20 and 1.34-124 (2 m 2H, C4-H2), 1.10 (s, 3H, C4-CH3),

1.07 (s, 3H, C4-CH3), 0.9 3H, C9.-CH3), 0.95 (s, 3H, Cs,-CH3),
0.94-0.87 (m 12H, Si (CHZGEB\3 and C7-H3), 0.60-0.45 (m 6H, Si(CH2CH3)3);
13C-NMR ( DMBO- d6, 100 o8-z

' o o]

fos)
o
1

Example 4
Compound 2



Mz, 300 K) & 215.3, 169.7, 73.1, 65.1, 52.9, 52.7, 49.2, 48.1, 45.1, 40,
38.8, 32.8, 32. 1, 26.7, 21.5, 20.9, 21.0, 20.4, 8.5 7.6, 7.5 5.4, IR
(KBr) vmax 2958s, 2913m 2878s, 1702s, 1391m 1333s, 1312m 1267m 1237m
1219m 1166m 1136s, 1087s, 743m 539mcm 1; MS (ES+) nfz (%2 MABCHZ007
[3MrCa] 2') 538 (6, [M+K]'), 522 (100, [M:Na]+), 519 (17, [2M:Ca]2'), 500

(5, [MrH +). 12 MARCH 2007 z \ 0 ~~ - O N~z 'cl2EO0 0 .py~1 000 wvdi U
QO m~~ UU~Nz\pj ~pin 0,1 O O 11 0- cl) OO0 or~z it - OO/\
7\ ...0-1 0J0O0OzOO W\zO1 /

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, 921 mmol) at ambient temperature. The resulting
reaction mixture was stirred for 2 h and then quenched by adding it to a stirred aqueous
solution of NaHCO; (78g in 500 ml of water) along with 200 ml of TBME. The layers were
separated and the organic layer was washed with brine (2 x 200 ml), dried over MgSO, and
concentrated in vacuo to give 6.80 g of crude product which did not require any further
purification.

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

To a solution of crude alcohol (11) (6.80 g, 17.6 mmol) in CH.Cl, (80 ml) at 0°C, 2,8-lutidine
{6.14 ml, 52.9 mmol) was added followed by triethylsily! trifluoromethanesuifonate (7.98 mi,
35.3 mmol). The resulting solution was stirred at 0°C for 30 min. The reaction was carefully
guenched by adding 140 ml of 1N HCI along with 150 m! of TBME. The layers were
separated and the organic layer was washed successively with 100 ml of saturated aqueous
NaHCO;and 100 ml of brine, dried over MgSO, and concentrated in vacuo. Purification of
the crude product by chromatography (SiO,, 4:6 hexanes/AcOEt), afforded 8.3 g of pure
TES-ether 2. (90 % over two steps). Ry = 0.62 (SiO,, 1:1 heptane-AcOEt); "H-NMR {DMSO-
d6, 400 MHz, 300 K) 3 4.55 {t, J = 5.2 Hz, 1H, Cs-H), 3.86 (d, J = 14.3 Hz, 1H, Cyg-H,), 3.83
(t, J=6.1Hz, 1H, Cy-H), 3.66 (d, J = 14.2 Hz, 1H, Cs-H,), 2.84 (dd, J=17.4, 4.6 Hz, 1H, C-
Ha), 2.54 {m, 3H, C;-H, and C;-H;, partially obscured by DMSO}), 2.00-1.92 and 1.87-1.73
(2 m, 6H, C3-Ha, Cs-H and Cg-H,), 1.48-1.20 and 1.34-1.24 (2 m, 2H, Cs-H,), 1.10 (s, 3H,
C4-CH3), 1.07 (s, 3H, C4~CH;3), 0.98 (s, 3H, C¢-CHg), 0.95 (s, 3H, Co-CHs), 0.94-0.87 (m,
12H, Si(CH,CHs)s and Cz-Hg), 0.60-0.45 (m, 6H, Si{CH,CHa)a); *C-NMR (DMSO-d6, 100
MHz, 300 K) 8 215.3, 169.7, 73.1, 65.1, 52.9, 52.7, 49.2, 48.1, 45.1, 40, 38.8, 32.8, 32.1,
26.7, 21.5, 20.9, 21.0, 20.4, 8.5, 7.6, 7.5, 5.4; IR (KBr) vmax 2958s, 2913m, 2878s, 1702s,
1391m, 1333s, 1312m, 1267m, 1237m, 1219m, 1166m, 1136s, 1087s, 743m, 53%m cm™;
MS (ES+) miz (%) 769 (3, [3M+Cal*"), 538 (6, [M+K]'), 522 (100, [M+Na]"), 519 (17,
[2M+Cal*"), 500 (5, [M+H]").



ClI'\O . NOOyYy\NO) co-0 uW9a. o E WU 12 MARCH 2007 -31 Al dol
product (3) A solution of 2 (750 ng, 1.50 mmol) in CH2CI2 (5.6 mM) at -78 C
under an atnosphere of argon was treated sequentially with a 0.5 Msolution
of Tid4 in CHZCIZ (3.00 M, 1.50 mol) and N-ethyl di i sopr BoMARGEh2007 257
Al, 1.50 nmmol ), whereas the solution developed imediately an intense dark
red color. After stirring at -78 Cfor 10 mn, a solution of 1 (900 ng,
1.65 mmol) in CHRC 2 (1.9 mM) was added dropwi se. Thereupon, the reaction
solution was stirred at -78 Cfor 1 h then warned-up at 0 C and stirred for
~an additional 15 mn at which tine the reaction was judged conplete (TLC).
The reaction was quenched at 0 C by addition of phosphate buffer (pH 7, 4

m) and dilution with TBME (5 ml). The aqueous | ayer extracted with
TBME (2 x 5 nmL). The conbi ned grganic extractg were \@%‘c\i@wth aqueous
saturated NaHCO3 (2 x 4 nl) bri ne (4 #) rl\@a Wi t‘J;lz SO4 and
concentrated in va,glg \;[he gsidue was pairi f Iabh=ohr omat ography (50
g of Si @2, heptane/ ot oprovi 7 t he Idﬁ prodict L 13/(1200 ng, 70%
based on 1) as a pal e/yejJ OWI sh{oi “‘6 9, 42 1: 2, hept ne- AcOEt); M5
(ES+) mz (% 1084 " 7 (100’\LCM + y 045 (26, [M+

H'). TBDWMS et her (4)0

7<

HO
/

TiCl,, Hiinig Base
CH,Cl,, -78 °C

-30-

Compound 6 with TBDMS Protecting Groups

EXAMPLE 5



A solution of 3 (1.20 g, 1.15 nmol) in CH2CI 2 (15 m) at O C under an

at nosphere of argon was treated sequentially with 2,6-lutidine (0.87 m,
7.49 mmol) and tert-butyldinethylsilyl trifluoronethanesulfonate (1.32 m,
5.74 mmol ). After stirring at 0 Cfor 14 h, the reaction wd2M&RECHRWNDH by
addition of 0.1 N aqueous HCl (5 nmL) along with CH2C12 (5 nlL). The |ayers
were separated and the aqueous | ayer was extracted with CH2CI2 (2 x 5 nlL).
The conbined organic extracts were washed successively with aqueous
saturated NaHCO3 (2 x 5 nL) and brine (5 nmL), dried with MgSO4 and
concentrated in vacuo. The residue was purified by flash-chromat ography (50
g of Si2, heptane/ AcCEt 2:1) to provide the conpound 16 (893 ng, 67% as a
pale yellowish oil. R=0.70 (SiQ2, 1:2 heptane-AcCEt); MS (ES+) mz (9
1197 (12, AKdM proégct)3) 1081 (100, [M+ Na]'), 1059 (31, [M+ H '), 599 (75,

[M + Ca] ZA‘—)SCJlUtI opfg%% 5 ?rgr(# g»m%ﬁ (ﬁ-&& \i\éé"é {nﬁgt 0;8 ugg’ejr%n osghe%eé]f mol ) in

1, 2- di net hoXyet han eat ed sequen 'y" W t h TBACH
(730 "I, agwmwdamemwwmgmmmn of TiGlAn ﬁ}HﬂIIz)(wﬂd‘ll.tﬂ"@ mmasul t ant

m xture "‘Qr%zﬁf-m hiGiShr %Ia% :ﬁég & i1, Qo Rﬁ‘-uf)@rvﬁ’me%@é {he éﬂﬁo‘ﬁ%@v ¢An aqueous

saturated 1 sol ution NHAC added along with
TBME (2 nimmedigiely qnayt@nss digkred @@Mﬁtﬁt wiring @é-75" ﬁéorda@%@ssowmﬁm extract ed

with TBNEn§21 .86 mMmé&tih cHIdS 1cyr9@wa§ao%éa araswlzq‘e w&éreuzﬂaﬁ&h@éactﬁ%aﬁﬁoﬁl vely with
aqueous saturated (% mbi ned, dried wth

ViS0r ancvesHEeAt-48 g S ECL A
f 1 ash- chr g thgr tapRyctioh Was fidgdd dompte (et médkmﬁﬁuas]qubnmahm omg 1 % of

0 an (o o) SbgboiRBRIRRNAEL A il iR fhels Ap PG A 00 1 T
Na] '), 96fasekiactgdwith TEME)(2 xStelt)yThegpoRinettorgaic extrantd were vashed with (78 g, 0. 081
mol ) In ﬂdg?&ﬂsa rﬂdwﬁh@?@znﬂb&%ﬁﬁé @, SN, & SHd cHcOftsteae W th a |

MSO|UtI0n he resultant m xture

was sti rrigdackp. deiesidve Wag pyyilie P?(Jﬂ%h‘FWPmEtOW aPhl?H ¢ 8ERIPH HPPtaReAG@FENched by
addi ti on ®{)to provide the aldo! product 3 (1200 mg, 70% based on 1) as a pale yellowish oil. R, =

0.42 (SIO;, 1:2 heptane-AcOEt); MS (ES+) m/z (%) 1084 (5, [M + K]"), 1067 (100, [M +
Na]"), 1045 (26, [M + H]").

TBDMS ether (4)

A solution of 3 (1.20 g, 1.15 mmol) in CHCl; (15 m!) at 0 °C under an atmosphere of argon
was treated sequentially with 2,6-lutidine (0.87 ml, 7.49 mmofl) and tert-butyldimethytsilyl
trifluoromethanesulfonate (1.32 ml, 5,74 mmot). 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; (5 mL). The
layers were separated and the aqueous layer was extracted with CHyCl, (2 x 5 mL). The
combined organic extracts were washed successively with aqueous saturated NaHCO, (2 x
5 mL) and brine (5 mL), dried with MgSO, and concentrated in vacuo. The residue was
purified by flash-chromatography (50 g of SiO;, heptane/AcOEt 2:1) to provide the
compound 16 (893 mg, 67%) as a pale yellowish oil. Ry= 0.70 (SiO,, 1:2 heptane-AcQEt);
MS (ES+) m/z (%) 1197 (12, [M + KI"), 1081 (100, [M + Naj'), 1059 (31, [M + HI"), 599 (75,
[M + Ca]™").

Carboxylic acid (5)

A solution of 4 (318 mg, 0.274 mmol) in 1,2-dimethoxyethane (4.8 ml) at 0 °C was treated
sequentially with TBAOH (730 O, 2.76 mmol) and H,0, 30% (280 O, 2.74 mmol) and the
resultant mixture was stirred at 0 °C for 5 h before being worked-up: An aqueous saturated



aqueous saturated NHACl (2 m) along with TBME (2 m). The |layers were
separated and the aqueous |ayer was extracted with TBME (2 x 2 nL). The
conbi ned organic extracts were washed successively wi th aqueous saturated
NaHC03 (2 x 2 nmL) and brine (2 nL), dried with MgSO4 and coh¥BRARCEREW in
vacuo. The residue was purified by flash-chromatography (6 g of Si02,

hept ane/ AcOEt 1:1 containing 1% of AcOH) to provide the conpound 6 (60 ng,
85% as a pale yellowish oil. R = 0,56 (Si021:1 heptane-AcOEt with 1 % of
AcOH); M5 (ES+) mz (% 890 (100, [M+ Na]'), 868 (50, [M+ H'). 12 MARCH
2007 .)"Z NLZ Npp p. ,p~~un 0OO0-0r- ZUp p UUWEU Za UDO

ccoUN siolu ion c% NI-ECIL{Z m% w%s l;:Idt?edoaloing w% TBr\l/\tE H. miw'ljﬁe gy{ar; Iwe% sNep:cur%teij al\{d
the aqueous layer was extracted with TBME (2 x 2 mL). The organic extracts were washed
successively with aqueous saturated NaHCO; (2 x 2 mL) and brine (2 mL), combined, dried
with MgSO, and concentrated in vacuo. The residue was purified by flash-chromatography
{15 g of SiO,, heptane/AcOE! 1:1 containing 1% of AcOH) to provide the compound 5 (103
mg, 39%) as a pale yellowish oil. Ry= 0.41 (Si0,, 3:3:4 CH,Cl-CH,CN-hexanes); MS (ES+)
m/z (%) 984 (100, [M + NaJ’), 962 (12, [M + H}").

Methyl 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 LIBHE{; In THF (970 D, 0.97 mmol} and the resultant mixture
was stirred at ambient temperature for 1 h. The reaction was quenched by addition of
aqueous saturated NH,Cl! (2 ml) along with TBME (2 ml). The layers were separated and the
agueous 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 MgS0Q, and concentrated in vacuo. The residue was purified by flash-chromatography
{6 g of SiO;, heptane/AcOEt 1:1 containing 1% of AcOH) to provide the compound 6 (60 mg,
85%) as a pale yellowish oil. Ry = 0.56 (Si0,1:1 heptane-AcOEt with 1% of AcOH); MS (ES+)
m/z (%) 890 (100, [M + Na]*), 868 (50, (M + H]").



mN'OO WoO mn.. ~~NW7 LL_ ONIzO Ci .uMNz/ [/ \/l U .0. -
I ONi C'"\' xCocJn m Wp~ Fa ¢c0 3 Ey walll 12 MARCH
2007 -34 (2E,6E)-(S)-S-Hyd

roxy-2-[(S)-5'-hydroxy-4'-nethyl -pentyl)-6-nethyl-7-(2"-met BMARCH 2007

t hi azol -4"-yl]-hepta-2,6-dienoic acid nethyl ester (12) In a teflon flask
containing 24 m of HFpyridine conplex (839 nol) at -10 Cthe ally) ester

X

TESCI, IPr,NE
DMAP

—— i
CH,CI,

-33-
12

Sharpless
e —— e
Epoxidation

HF.pyr

w\z

Aldehyde 1 with one TES and one TBDMS protectin
DIBALH
THF, -78*C-0°*C

Example 6




(XI1r) (10.0 g, 16.8 mmol) was added. The resulting m xture was stirred for
10 mn at -10 C at which tinme the reaction was judged conplete by

di sappearance of the starting material (TLC) and i medi ately quenched, The
m xture was poured onto a stirred suspension of NaHCO3 (701gMARCRaber (100
m) along with TBME (100 ml). The |layers were separated and the aqueous
phase was extracted with TBME (3 x 80 m ). The organic extracts were

conbi ned and were washed with 150 m_.of 0.1 N HCl and dried over MySO4.
Concentration in vacuo provided the crude diol (2) (6.34 g) which was
directly subjected to the next reaction. Rr= 0.06 (SFQ2, 1:1

hept ane- AcOEt ) ;' H NVR (DVSO-d6, 300 MHz, 300 K) 8 6.90 (s, 1 H, C5-.H),
6.75 (t, 1H J = 7.5 Hz, C3-H), 6.51 (s, 1 H C-H), 4.23 (t, J =6.3 Hz, 1
H C3- H), 3.65 (s, 3H, 002CH3), 3.41 (dd, J = 10.5, 6.0 Hz, 1 H, C5.-Ha),

3.34 (dd, = 6.3 , L - Hb .64 , C2.-CH3), 2.46 (t, J
= 6. 9( m,‘z‘%ﬁﬁ'ég'?%@?f°"%'??§" t"?yd'j—k"_‘%'?’prfl'!’e’é\ﬂt’,@ﬁ'ﬁgf“y"% -methyly ()s, 3H, (
ceams(:S), thiaZal-4Y -yBEheptack, &-dfedeit 221d nfchy ester (18) H, CZ\-J-HZ, C3,-Hai_l C40;lH, CI353)0H
an - -1. (., -k = 4., .- .
(28, 68 - (top 5ot Bosk Py 24 s i conped i o 3T, B i anller 5 17 oy
I sj[ I a?gl(ll(&ll}'ﬁoiﬂenﬂ%BW)MaSeddWI Bielrgsmﬂthommwasastiﬂetﬁfodn@mﬁiat—ax.a:‘iajc'r_rlgtghgl (150
ester : : . 1N

) a0 it fn B b e b Corfee o dobcefinilothe S Rea 0%
138 ol )(TL@.angimpesiataly spneler ntde-migyreives peuredantagystingd sgspansin of and

St rrod grrOCEEo @Rt 1108 M) aoriflth TBIE 100 LTS RS eltep S o i th
sat ur at eait’ea%ﬁh'ﬁ?ﬂ?é’thg‘?ﬁ ie&r]acqu “‘Ngﬁ% (gig%mﬁhﬁ‘eé’r‘ﬂ?”%’ﬁé"%%s | ayer was

ext [1 ag t ectombinéd arGhifal Washad witt2 (50 miloj 0.1N K€l mﬂg&éﬂ @:egmgsap Csncmrrﬁigﬁpnbi ned,
washed W. L n f ver a C centrate I N vacuo.
Purifi cat"l5 2%&%? m%eeoqﬁeegp%eu@mt@ (tl(i:%?%)na 'Co&ag/?s'ﬁe% )f %@J@ﬁt,e 8?02@?5 % hexanes/ Ac Okt

gr adi ent redctitr. & 0.86 {SiD4¢&:d h8ptBnesA¢CEH); H-BMBI(DMSD-d8 1 300 3)H2pB00THEHS 6.0 ot ect ed

diol (X111'.). = 3 ; - 6, 400 MHz,
300 K§ 5](%.1560{3@,5685?" 3&3%5 H%%ﬂf@%?@iﬁ?%}@zaﬁlb‘ %%3((@%) % 48 (s, 1 H.
C7-H), 4.H0B.8%(s, 3H, £0aCHs), 344 (dd JA, 10856.MHz, B, 65-Hes 3.38{dd, &exiBB[.3 Ha. 41 (dd, J =
9.8, 5.9 {Hzg il 2.6b(s; ,bz.--@gg@%qgu=%.9=Hz,92|$,1c4-|-g),§.2‘5‘§;Jé'ﬂzz K2R, 2.66 (s,
3H, 020435 .45é:;t J= 6./ Hz, '2H, C4-H2E5";' . 30-2.20 (br m 2H,

CL. . - H2) Hoh 289 (5 3H, GGHakd . T8rBS0 ang 155125, br % 6 iy CarHpy Cotthy Col, CiOR5. 1 23 (br
m 3H, CandB20H), 1.15-1.00 {m, 1 H, C3-Hy), 0.85 (d, J = 6.6 Hz, 3H, C4-CHjy).

(2E,6E)-(S)-6-Methyl-7-(2'-methyl-thiazol-4'-yl)-2-[( §)-4"'-methy]-5"'-triethylsilanyloxy-
pentyl]-s-triethylsilanyloxy—hepta-‘z,G-dienoic acid methyl 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 mi, 138 mmol}, 4-(N,N-dimethylamino)-
pyridine (70 mg, 0.57 mmol) and triethylchlorosilane (10.9 ml, 86.1 mmol). The resulting
solution was stirred at ambient temperature overnight. The reaction was quenched with a
saturated aqueous solution of NaHCO; (150 ml) and the aqueous layer was extracted with
CHCl, (3 x 200 mi). The organic extracts were combined, washed with 200 mt of brine, dried
over MgSOQ, 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 (XIII'). Ry = 0.63 (Si0z, 1:1 heptane-AcQEt); 'H-NMR (DMSO-d6, 400 MHz,
300K)3 7.26 (s, 8, Cs-H), .73 {t, J=7.3 Hz, 1H, C3-H), 6.48 (s, 1H, C-H), 4.30 (t, /= 6.7
Hz, 1H, Cs-H), 3.65 (s, 3H, CO,CH;), 3.41 (dd, J = 9.8, 5.9 Hz, 1H, Cs-H,), 3.36 (dd, /= 9.8,
6.3 Hz, 1H, Cs-Hy), 2.66 (s, 3H, C~CH3), 2.45 (t, J= 6.7 Hz, 2H, C4s-Hz), 2.30-2.20 (br m,
2H, Cy-Ha), 2.04 (s, 3H, C¢-CHy), 1.59-1.47 (br m, 1H, C;~-H), 1.45-1.23 (br m, 3H, Cp~H:



12 MARCH 2007 -35 and (33--Ha), 1.01-1.00 (br m 1 H C3--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, 2875s,
1713s, 1644w, 1505w, 1459m 1437m 1414w, 1376w, 1285m 1269HMARCH 2907
1185m 1120m 1072m 1006m 744m 723s cm; MsS (ES+) mz (% 618 (100, [M +
Na]'), 596 (72, [M+ H ).

(2E, 6E)-(S)-6-Methyl -7-(2' -net hyl -thiazol-4"-yl)-2-[(S)-4"-methyl -5"-triethy
| si |l anyl oxy- pentyl]-5-triethylsil an'ﬁ%dxy- hepta-2,6-dien-1-ol (XIV) To a
solution of allyl ester (XI1rr") (45. 54 g, 76 4 rrrml) in THE (250 m), was
added DI BAL-&H M in tol uene -78 C. The resulting

at
m xt ure W Gty bR 9P (a5 my 15 Co- g"V)BO @‘O'ﬁﬁé'"r@%MO&'KC\Wa@*%héW@N@d Sy sl ow
addi ti on @b Hk1$H, U,-CHy), DN2H6B2 @ﬂdzﬂlt%lsm-lzmﬂ;)h ah?ﬁlm) ma,{ﬁ&% I\B/gﬁ(s?The 28366;18)
wer e separat.e e e racted w X
The conbi %@é %Pg%nﬁﬁ @g‘f%qy@?’@ @i?é’hm%% %14%63 7Ry 1985 Ral4E88, f ol | oved by
100 n of124nmne185md1m0mem7amemmysmm T2B3@ant MSHES¥) niva(WEs18 @100 w4 ded 51. 53
g of cr udﬁ 172?M whi ch was chromat ographed (S 2, 20-40%
hexanes/Ac?ﬂ ad| ent Iutlon) to give 32.5 g (75 %9 of pure allyl alcohol
(XIV). R=0. 47 (Si @2, 1:1 heptane-AcCEt); 'HNVMR (DVBO d6, 500 M—|z 300 K)

5(3:3 7. 2? (s E%FF(S)(EfMetWI I (- !ﬁ&h{rlahlaiéolﬂd‘ﬁ'[@ﬂ ﬁafﬁ%t- ’t-trie yfn,Z_Eﬁ @ZH b
.79 (d, BBHH|B5'!'W|S|132¥'P*Y618PHZ3 G-dipngeoi(¥Y}) J = 9.8, 5.9 Hz, | H, cs Ha)

238( ﬂg To]a sou&roﬁ of aﬁtg%sid?exuii) (75, 5@ Tahmmsn?m GiF 6:&5‘6 mlg WF%%ﬁ{i SHH é Zﬂz§ t, J

1.58-1. 46' ?Mm Iollﬁne 3 ml, 3ps mifwﬁ@i 17838. The) rE%aﬂrng mixtureag sfiredfor ﬂl@)at 1.08-0. 97
é m é'; C'_g}d"ml)e refctBR whs §lenthsd bl Slolw alidionSf § 13BN BICi 2k didted With 1]008 61;5HZ|\/HZ
300 K) 0 rﬁ!%"ﬂ@”é&ﬂ‘f '@’ersl‘%; i‘?pa’aie&’(‘i‘mg‘heéwﬁq@fgz”ﬂs e’%fg{eﬁw(‘h%
67. 3, 84. 6 BB.rid). TBé cahbir@d ofganiz &yérs w2k wiashdBwith, 100 &l 6f NaHECg, folldved By 6. 72 4 3,
4.0; IR 8m  1414m
1378w, 5 mﬁqg;g)é”g’%@?"’ém%ia é’g%’é@g"?%%”gg’%ied SR "”Jr%ﬁé VB (ES+) iz
(% 590 qllglgﬂco[lwmmcmyﬁ yhror%gg@p_t@@ SltPMZQA(PE}f; 'hyxaneslAcOEt gradient e!utton) fo

give 32.5 g (75 %) of pure allyl alcohol (XIV). R;= 0.47 (SIO,, 1:1 heptane-AcOEt); 'H-NMR

(DMSO-d86, 500 MHz, 300 K} & 7.29 (s, 1H, Cs-H), 8.38 (s, 1H, Cz-H), 5.29 (t, J = 7.1 Hz,
1H, C5-H), 4.60 (t, J = 5.4 Hz, 1H, C1-OH), 4.10 (t, J = 6.4 Hz, 1H, Cs-H), 3.79 (d, J = 5.1 Hz,
2H, Cy-Hy), 3.40 (dd, J = 9.8, 5.9 Hz, 1H, Cs-H,), 3.33 (dd, J = 9.8, 6.5 Hz, 1H, Cs-Hy), 2.64
(s, 3H, C2-CHa), 2.25 (1, J = 6.8 Hz, 2H, C4-Hy), 1.99 (s, 3H, Co-CHg), 2.00~1.90 (br m, 2H,
Cr-Hz), 1.58-1.46 (m, 1H, Cy-H), 1.43-1.22 (m, 3H, Cy-H, and Cz~Hy), 1.08-0.97 (m, TH,
Ca+-Hs), 0.95-0.85 (m, 18H, two Si(CH,CHs)s), 0.82 (d, J = 6.7 Hz, 3H, Cy-CHs), 0.58-0.50
(m, 12H, two SI(CH;CHa)s): *C-NMR (DMSO-d6, 125 MHz, 300 K) 01 164.1, 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; (R (film) veax 3341s (br), 20525, 29325, 2874s, 1508m, 1458m, 1414m,
1378w, 1238w, 1190m, 1071s, 1016s, 883w, 829w, 743m, 728m om™"; MS (ES+) m/z (%)
590 (28, [M + Na]'}, 568 (100, [M + H[').

I oww

{{28,35)-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 alcohol (4) was dissolved in 100
mi 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 mi, 3.52 mmol) were added. The resulting mixture was stirred 1 h at -30°C whereas



((2S5,39-3-[(B)-(S)-3" -Methyl -4"-(2"-nethyl -t hi azol -4"-yl)-2-triethylsilanyl
oxy- but - 3-

enyl]-2-1(S)-4""-methyl -5"" -triethylsilanyl oxy-pentyl]-oxiranyl}-nethanol
(XV) In a dried flask and under argon, 5.00 g (8.80 mmol) ofl2 MARGHa0Wohol
(4) was dissolved in 100 m of CH2CI 2. Ml ecul ar sieve 4A (4 g) was added
and the tenperature of the m xture was set to -30C. (+)-Diethyl-L-tartrate
(7.46 nm, 4.40 mol) followed by titagiun(lV)isopropoxide (10.35 nml, 3.52
mmol ) were added. The resulting m xture was stirred 1 hat -30C whereas 12
MARCH 2007 -36 the solution gradual | y devel oped a yell ow green col or. Then,

3.52m o rt-bu dded. Th ti
vaa 1 ot t g fiion Atolaty I0ieabs Velkk Sresh Gl Capvd EHTH TR NGB and vl |
stirred. lﬁgbmpémhﬁe (ageswmm:)mewambedhmdabnoﬁwaeﬁzwmg&(ht Rpge Caﬁﬂ@a@orfbinEd

or gani c an
Comannt  H8nRa WA oo AEeh RANMO! dhatthy e ooyl ekl ThHETR

puri fi cat80gn). e cerhhicadmraayicdqyats Wete waShe&‘alﬂe&Q’ nloOstne, dried 2ver MgBIRY) of

| le Ac CEt H- NVR
?Eﬁégdgq@oo‘ﬁ@t“‘%ﬁ ga%att%brﬂﬁ&bd g c%d%@roﬁ@t Obrer ﬂunﬁcé@&%ﬁna %4 Hg " 430

(dd, J = sBromatagraphy!:1 hexmeS@@OEm) 23(1@9%wepgxyacq@! @(Vwerepbtamed;ﬁst) 3.39

dd, J = ¥
(CS b} 3.1@3&3;@2 @1Héptar4e k&oéF)S H- Nbiﬂéam?zo?aé z(odqlnHst @a‘% ?28% H 1H

C3-H), 2. *@esﬁ‘é(s’!#ﬂ&d:b 4%94§5' J-18§8“('§Z 1@.452 Hk%"«@:iﬂ!z)f 12.28%, G*dda-Ha)J =" 12. 3,
8 2 4 6 348 (dd,H.= 012, BD)Hz, 1HG8--H,)2834 did 0= Y0, 63 Hz, A, C.LH,), sbR(d, vE2. . -H2

H 0. i
O e o b Sl 7, sbike (il el rﬁéb% Wt w0
Si ( CH2CH3%:35Hs), wm(m.lewsa 2,366 H4, 28, Of-t,), B8O 1K) (SbG2H, Ty-HL52-6l, 141. 2,
118.7, 1 33.3, 28.7,
22.3, 19](’7 'l'igss a,&ﬁi)%gﬁgg@@ ﬁ@“"&iﬁog% 0%27?@ “ﬁ?z °5$ 2Cﬂ'ﬂﬂx 3403s (br),
20545, 28#84d, 507 hiz, 3h SantH.50nD.50 o AR, WQ@WthbB)SnP PMSC007s, 976w,
802w, 7%5125QZ+@N3€07R)51@7( 526, 142, (1%8.7.500.1 (762, o W 63.8Y8b 6) 60.28A5( 100, [M +

H *). Methanesulfonic acid
(2S, 3S) - 3505 $5:4,@3p. 28.71,#83n19-1.46 8 P4, BBL A1, 7400+ BzbPBi- IR (M) YmeiB4035 (BY hy| si
| anyl oxy-Josds; Se7@Byisb7r; 1468 1am MY M, 1280m,- 86 110EdsS hdraydrexysmeent y! ] -

X1 72y 4 0 0 (84) bz (01 60 2, [+ '), 554 100, [+ HT)

Methanesulfonic acid (285,38)-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 epoxyalcchol (XV) (11.71 g, 20.0 mmoi) in CH,Cl, (148 ml), was added 10.3
m! (60.1 mmol) of N-ethyldiisopropylamine at 0°C. The resulting mixture was stirred 15 min.
at 0°C. Thereupon, methanesulfonylchloride was added (2.33 ml, 30.1 mmol), After stirring
for 1 h at 0°C, the reaction solution was quenched with 50 ml of H,O and 50 mi of TBME.
The layers were separated and the aqueous layer was washed with TBME (50 mi). 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. Ry = 0.55 (SiO,, 1:1
heptane-AcOEt); 'H-NMR (DMSO-d8, 400 MHz, 300 K) 3 7.34 (s, 1H, Cs-H), 6.49 (s, 1H,
Ce-H), 4.38 (d, J = 11.4 Hz, 1H, C;-H,), 4.34 (dd, J = 8.2, 3.7 Hz, 1H, Cy-H), 4.07 (d, J =
11.4 Hz, 1H, C-Hp), 3.43 (dd, J = 8.8, 5.9 Hz, 1H, Cg'---Ha), 3.37 (dd, = 9.8, 6.3 Hz, 1H, C5
Hp), 3.33 (s, 3H, SO.CH;y), 3.06 {dd, J=7.0, 4.6 Hz, 1H, Cs-H), 2.66 ( s, 3H, C2~CH3), 2.03
(s, 3H, C3-CHs), 1.89 (ddd, J = 15.2, 7.0, 3.7 Hz, 1H, Cy-H,), 1.77-1.20 (5 m, 7H, C;-Hj,



To a solution of epoxyal cohol (XV) (11.71 g, 20.0 nmmol) in CH2Cl 2 (148 m ),
was added 10.3 m (60.1 mmol) of N-ethyldiisopropylamne at 0C. The
resulting mxture was stirred 15 mn. at OC Thereupon,

met hanesul f onyl chl ori de was added (2.33 nml, 30.1 mol). Aft&MMIGHRHT for
1 h at 0C, the reaction solution was quenched with 50 m of H20 and 50 m of
TBVME. The | ayers were separated and the aqueous | ayer was washed with TBME
(50 m). The conbined organic extragts vere washed with 0.1 N HCl (40 m),
saturated aqueous NaHCO3 (2 x 40 ml) and brine (50 m) and dried over
MySO4. Concentration in vacuo provided 13.7 g of epoxy nesylate (XVI) which

did not r ire gny f h i.ficat]on. = 0.5 Sig2, 1:1

hept ane- @%Ef*)‘%z""'%ﬂ Nl\%%ﬁ?&(fg%-oh@% 1:!7&?3%89%0%’ ‘gi“léﬁ (%0 1H Cs.-H), 6.49
(s, 1H  S§CHCH)s),0.888d,(Jck 6.6 Hz, 3H|.C4-Ci), 0I63H.500m; HeH), twel SBEH,CHigh); JC= 8.2, 3.7
e, 1 i "R Bl sb e v 0 ol Tz agids fe Piro del i figge) 5 5% 3
Zc,ozcl?—j?1L | 68.4057.8,36.5, :15.1; 3;.6032.&.23.1m.7,m8.a|. 17@843%"6%&5564?54,40;3*(? (BS&H;I s 033)7 ] i (2)3
S, - , T , .U, . , \ . - , . -1.
(5 7h R RN R A NS 5 S0 o Tl o ol
1.12-1.03 (m 1H, C3..-Hb), 0.97-0.88 (m 18H, two Si(CH2CH3)3), 0.85 (d, J

= 6.6 Hz, i 9. gy Suntd: it sl NVR
(DN e g B RIS ey D, 72,1
67.2, 60 42" metiyl-thigzoba™ yi)-Atriethylsganyloxyhut-3gnyll-oxjranyimethyl gsteng 5 13 6,
6.8, 6.7,x¢m3, 4.0, M5 (ES+) mz (% 684 (100, [M+ Na]'), 662 (54, [M+
H '). Methanesul fonjc

(bS] 35 - AT apblniE ey DAV (b0, 7S AIO) I THEACCHHO OB et i -
4"- (2" - maf sl hebiad aza0°c 4or 15 Y1l Jo qirehdh thé Fewttioh, 480 i epeatdpatéd @quesyd | - oxi ranyl met h
I oL bt kbbb 2 o T, 1
the r _eacto'rganip la4&@ wete apinbinad ancawmmqiuelmne. drigtbdvet Mg&OMndNah@ﬁ&atha added and
conbi nea 25ig GueKES 6% Gteiridiot Bifcdron by foxfcffreodiafhy @IPRLB0REY > S ot o
to gi ve AcPBUhexarie wradient elgtionyaléardedid,ilig (72 %taveiwp yteps basad emX¥hlt ogr aphy (Si O2;
30-60%  aiconol (XVIN). Ry =0.15 (SiO;, 1:1 heptane-AcOER); 'H-NMR (DMSO-d6, 400 MHz, 300 K) 5

7.42 (s, 1H, Cg-H), 6.50 (s, 1H, Cy-H), 4.38 (d, J = 11.3 Hz, 1H, C;-Hy), 4.36 (dd, J=8.3,

4.6 Hz, 1H, Co-H, partially obscured by Cs-Ha), 4.07 (d, J = 11.8 Hz, 1H, Ci-H,), 3.30-3.23

(m, 1H, Cs-H,), 3.20 (s, 3H, SO,CHa), 3.22-3.14 (m, 1H, Cg-Hy, partially obscured by

SO,CHs), 3.06 (dd, J = 7.1, 4.4 Hz, TH, Cy-H), 2.67 (5, 3H, Cow-CHa), 2.04 (s, 3H, Cy-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,

Cy-Hz, Ca-Ha, Cy-Ha, Ca-H), 1.10-0.98 (m, 1H, Ca-Hy), 0.93 (t, J = 8.0 Hz, SH, Si{CHCHa)a),

0.84 (d, J = 6.6 Hz, 3H, C¢-CHa), 0.80 (g, J = 8.0 Hz, 6H, SI{CH,CHy)s); *C-NMR (DMSO-

d6, 100 MHz, 300 K) 5 165.1, 153.2, 141.5, 119.4, 117.9, 76.6, 73.3, 67.0, 61.2, 8.6, 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 (film) vmex 3410s (br),

20558, 26765, 1655w, 1505w, 1459m, 1414m, 1359s, 1270w, 1239w, 11775, 1081m,

1006m, 958m, 833m, 745m, 529m cm"; MS (ES+) m/z (%) 586 (5, [M+K]*), 570 (100,

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

Methanesulfonic acid (28,38)-3-[(E)-{S)-3'-methyl-4'-(2"-methyl-thiazol-4""-yl)-2-
triethylsilanyloxy-but-3-enyl}-2-[(S)-4'""-methyl-5""-oxo-pentyl]-oxiranylmethyl ester (1}
To a solution of alcohol (XVI1) (2.00 g, 3.85 mmoal) in CH,Cl; (10 ml) at 0°C was added
sequentially triethylamine (3.86 mi, 27.7 mmol), DMSO (6.48 mi, 91.3 mmol) and
pyridinium-SO3 complex (2.32 g, 14.6 mmol) in DMSO (26 ml). The resulting solution was



AcCEt / hexane gradient elution) afforded 3.10 g (79 % over two steps based on
XV) of alcohol (XVII). R=0.15 (Si 2, 1:1 heptane-AcCEt); 'H NMR (DVBO d6,
400 MHz, 300 K) S 7.42 (s, 1 H C5..,-H), 6.50 (s, 1 H C4,.-H), 4.38 (d, J
= 11.3 Hz, 1 H Cl-Ha), 4.36 (dd, J =8.3, 4.6 Hz, | H C212MARGHARGN7al | y
obscured by Cl1-H3), 4.07 (d, J = 11.8 Hz, 1 H Cl-Ha), 3.30-3.23 (m | H,
Co-Ha), 3.20 (s, 3H, S2CH3), 3.22-3.14 (m 1 H C5.-Hb, partially obscured
by S2CH3), 3.06 (dd, J = 7.1, 4.4 kg, 1H C3-H, 2.67 (s, 3H C2.-CH3),
2.04 (s, 3H C3..-CH3), 1.90 (ddd, J = 14.2, 8.3, 4.4 Hz, 1 H Cil-Ha),
1.70-1.58 (m 1H Cl.-Hb), 1.54-1.32 (m 6H, C-H2, C2,-H2, C3,-Ha, C4-H)

£ 10,0, Skt 1 5t 0 St lerrkyhy oS bnaB R o B0
(DVBO-  d6120 d@)anVHIBMEI 0FD 1K) T8e E§&'s WerekBBardted almlthﬁprgari@awer wad Wadhed 76. 6, 73. 3,
67.0, 61.gn sét%ra@ed ;qu&,s Naﬁ@OQﬁZ ﬁ%o ), ﬁ%s@a%&?%&aye?gwée béc‘ﬁ-ehr%&e% 5, 14.9,

14.5 7.63. 2055 1655

1505w, 14'5©rﬁBME424 rhOO m@*s“@‘@ OF@'PGWBC@@%PWPW# §nd warbedith bring msé 958m W833m
(7gf5m[ M?IZ-I] @ﬁédlovei\'ﬁgfo@ﬁh)i cOAcEnttaled ib Brub B gileMidd] g of cruidd Braidd®0, [ MFNa] "), 548
(25, 59 - Piefon ayHBa dhrapog e §i9. 20t AcOFHhetang rasier piyios)

tri et hyl sirdviday 11 88 y-(821%) SFpareydidenigde (§ )SRr=40.30 (8:0,hy:H héptanee%o}Enﬁh{-NMﬂz oxi ranyl met

(To ) “aebe spang 385 s3 @in LA RG b A blate 1 e sdte ™7 Y o).

DVBO (6. 48-Hil 4.39Hd3/ rAd|Hz, tHhC-H) patiaglly obscoté@By Co Ry 4&34 {d2s 321 gl—lz,114-l 6 mol) in

DVBQ (26 i, aB8fo, eSHIA DG, S0l 3R (iRs =43, BRERIZR01 syl rred 1 0 at O

C. The redc chuenc ueous’'sol utidn® o (40% 120
m) and TEMEHQIBT (51 3H. CrHeh), 228/(s, %ﬁe -Hlep8? &1 3t GarfeHad. 890t-36ins | ayer was

washed vid B, ﬁ;ltmrﬁ;@g ﬁﬂg@r@u@mmﬁ%smo@ J@I-D,)Oyﬂﬁsﬁ— gaypoys | ayers

wer e back- extract ed %IP“ rgani c extracts were

conbi ned S&ﬁﬂz%bh@tﬁ‘\ﬁﬁl T §Y Hﬁ@”( s 2Chly): M@dcg%rmﬁ/%@ 0d@ Sconcent r at ed
i n vacuo 28701648, 152%} 141.91119.2ud6.8prasl 2.0, 6071 69.0) 4628, 8PS, 388, 30.5, 28.3,

flash-chr ogr.aph 5 0% t X radi e e on) provi ded
1. 63 @%59/59 %f”ﬂuﬁeé groc?%ﬁyd% { ve gé%_ @géﬁ?@rgﬁ i=:1%g%dgg4% AcCEt ) :
1H NI\/R 1459m, 1414w, 1358s, 1240w, 1177s, 1079m, 1006m, 857m, 883w, 828m, 745m, 529m

' em'; MS (ES+) miz 546 (100, [M+H]").MS (ES+) m/z 546 (100, [M+H]").



(CDCI 3, 500 MHz, 300 K) S 9.61 (d, J = 1.7 Hz, 1 H, CHO, 6.95 (s, 1 H,
C5.-H), 6.52 (s, 1 H C4-H), 4.33(dd, J = 4.4 H, 1 H O-H partially
obscured by Cl-H3), 4.34 (d, J = 11.4 Hz, 1 H Cl-He), 4.08 (d, J = 11.4
Hz, 1 H d-Ho), 3.11 (dd, J = 7.8, 3.9 Hz, | H C3-H), 3.08 MARCHZ007

SCRCH3), 2.71 (s, 3H, Cr-CH3), 2.33 (m 1 H, C4-H), 2.02 (s, 3H, C3-CH3),
1.99-1.32 (6 m 8H Cl-H2, O...-H, C2-H2, C3-H2), 1.11 (d, J = 7.1 Hg,
3H, C4.-CH3), 0.94 (t, J = 8.0 Hz, 91%—4; Si (CH2CH3)3), 0.61 (g, J = 8.0 Hz,
6H, Si (CH2CHB)3): 73C.NMR (CDCI 3, 12% Moz, 300 K) S 204.7, 164.8, 152.8,

141.8, 119.2, 115.8, 76.0, 72.0, 60.7, 59.0, 46.3, 37.8, 35.3, 30.5, 28.3,
22.5, 19.4, 14.1, 13.5, 7.0, 4.9 ; ; IR (film v 2956s, 2876s, 2720w, 1724s,
1658w, 1508m  1459m 1414w, 1358s, 1240w, 1177s, 1079m 1006m 957m 883w,
828m 74%¥hat®@Bemiem ; M5 (ES+) mfz 546 (100, [M+H').MS (ES+) niz 546 (100,
[ MFH] +) . 12 MARCH 2007 -39 What we claimis: 1. Process for the preparation
of epothilone derivatives of formula 9 R... O HOR2 (99 O OOCHO wherein
R1 i s netihipcasator ke prepsrativreofepethiong derivatives ofiferiultd t ut ed or substituted aryl,
an unsubstituted or substituted heteroaryl or an unsubstituted or
substituted heterocyclic radi c®,.., Qsed to a benzene nucleus and salts
thereof with netal cations, rised by a) reacting a conpound of

formula 1 i00 " R O
LR HO

(9)

wherein

R1 is methyl and R2 has the meaning of an unsubstituted or substituted aryl, an
unsubstituted or substituted heteroaryl or an unsubstituted or substituted heterocyclic radical
fused to a benzene nucleus and salts thereof with metal cations, characterised by

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 and the mesylate group may be replaced by a tosylate group and the

®

as, for example,

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



(1) wherein R2 has the neani ngs gi ven above and the nesylate group may be
‘repl aced by a tosylate group and the and the nesylate group may be repl aced
by a tosylate group and the O like and is an al cohol protecting group,wth
a sultam derived compound of formula 2 as, for exanple, 122NRREH2007 - 40.
O Il &=SNI 00O(2) in a selective aldol reaction in the presence of
a Lewis acid and addition of a base in an inert solvent at |ower
tenpeartures between -50 to -100C aryh thereafter at elevated tenperatures
bet ween -20 to +20C obtai ning a conpound of formula 3 a,. R2 0 HO O (3
wherein R2 and have the above given neanings, and b) the obtai ned conpounds
of above fornula 3 are reacted at tenperatures between -70 and 25 Cin the
presence of a silyl-ether formng corrpcﬂm nd 2,6-lutidine formng

conpounds of fornula 4 12 MA 2007 o=|a‘f"-
X N

0O 0 O

(2)

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

(3)
b) the obtained compounds of above formula 3 are reacted at temperatures between -70°
and 25° C in the presence of a silyl-ether forming compound and 2,6-lutidine forming

wherein R2 and have the above given meanings, and

compounds of formula 4



oo ,:::000 PI O~O0O(4) wherein R2 and have the neani ngs gi ven above,
and c) converting an above conpound of fornmula 4 to the carboxylic acid by
splitting off the chiral auxiliary group with TBAOH H202 in DVE or LiQ2H in
THE/ MeOH H20 obtai ning a conpound of fornmula 5 ro,. |R2 0 ICHMABCH 1087 P
wherein R2 and have the neani ngs gi ven above, and 12 MARCH 2007 -42 d)
reacti ng conpounds of above formula 5 with a reducing reagent in an inert

sol vent cleaving the nesylate or togylate group or the like obtaining a
conpound of formula 6 00 .,22 OH 0°0 0 (6) wherein R2 has the above given
meani ngs. e) hydrol ysing the conmpounds of above fornula 6 with a
desilylation reagent or an acid in an inert solvent or a m xture thereof,
e.g. TASF or HFpyridine in T obt &i ning a sel ectively

)

®

¢) converting an above compound of formula 4 to the carboxylic acid by splitting off the chiral
auxillary group with TBAOH/H202 in DME or LiO2H in THF/MeOH/H20 obtaining a
compound of formula 5

wherein R2 and have the meanings given above, and

(5)

wherein R2 and have the meanings given above, and



desilyl ated conpound of formula 7 HQ, R2 (DOOH 0 0 O (7) f wherein R2
and O have the above given neani ngs, and 12 MARCH 2007 -43 f)
macr ol act oni zi ng obt ai ned conpounds of fornmula 7 according to the conditions
described by M Yamaguchi at al Bull.Chem Soc.Jpn., 1979, 52 M8BGH 27ai ni ng
a fully protected epothilone derivative of formula 80 (DORz 000O O
(8 wherein R2 and have has the above defined neanings, and g) treating an
obt ai ned conmpound of fornmula 8 with HFpyridine in an inert solvent at
tenperatures between 0 and 30 C and cCl eaving both silyl protecting groups
obtaining epothilone derivatives of formula 9 HOR2Z O 0O 011 O (9)
wherein RL is nethyl and R2 has the above described neani ngs and optionally
converting

d) reacting compounds of above formuia 5 with a reducing reagent in an inert solvent

cleaving the mesylate or tosylate group or the like obtaining a compound of formula 6

(6)

wherein R2 has the above given meanings.

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

o o

(7)

®

wherein R2 and have the above given meanings, and



conpounds of formula 9 wherein RL and R2 have the defined neani ngs under
formula 9 to a salt with netal cations by conventional nethods. 2. Process
according to step a) of claiml, characterised, that conmpounds of fornula I
are reacted with a conpound of formula 2, for exanple, in RIMARCES2ZMTe oOf
Tid 4 and Honi g base 12 MARCH 2007 -44 (iPr2Net) in dichloronethane at a
tenperature of -78 C and thereafter at a tenperature of 0 C obtaining new
compounds of fornula 3. 3. Process aggording to step b) of claiml,
characteri sed that obtained conpounds of fornula 3 are reacted with a
silyl-ether form ng conpound in the presence of 2,6-|utidine at

t enper at %lﬁ%r&&i&ﬁﬁ ob(%ﬁ)le@&?n\}g)ﬁﬁds fo?rﬁlﬁ]g?'a@c!o} ah’ith@ Pﬁc{ﬂﬁ% ﬁ{.é&ﬁ dOf -10 Cin

di chl oro ane as nert SO ormn nds o 4. Process
accor di ndYib Yamagycli pt & Buth ChemaSac. JRﬂhéﬂTQ(ﬁ%eﬁ@eQi’fﬂmma @it rIPteeted conpounds  of
formul a zgpaﬁ,gngegwgrvbgﬂfop,ﬁmg@e carboxylic acid by splitting off. the chiral
auxiliary group with TBAOH H202 in DME or LIO2H in THE MeOH H20 obtai ning a
conmpound of forrmula 5. 5. Process acc oding to step d) of claiml1,
characterised that obtai ned conpo ds formula 5 are reacted with Li BHEt3
as reducing reagent in T as inprt solJent|for_cleaving the mesylate or
tosylate group or the like 20f formula 6. 6. Process
according to step e) of claim ractenized that obtained conpounds of
formula 6 are hydrolysed with,. i
an organic acid especially HFpy idine ijn an inert solvent, e.g. pyridine or
THF, obtaini ng conpounds of for®mul a??. O7. Process according to step f) of
claim1, characterised that obtai norrpounds'of formula 7 are

macr ol act oni zed according to Yamag et al, e.g. treating the hydroxy-acid
with Et3N and 2,4,6-trichl orobenzo chloride at | ower tenperature, e.g. O
C and thereafter the reaction mxture is added to a solution of 4-DVAP in
tol uene and the tenperature raised to ca. 75 C oHdBhi ni ng conpounds of
formula 8. 8. Process_according to step g) of claim1, characterized that
obt ai ned protected t hi | one

wherein R2 and have has the above defined meanings, and

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

Ry, Q

.,
k.,

(9)

wherein R1 is methyl and R2 has the above described meanings and optionally converting
compounds of formula 9 wherein R1 and R2 have the defined meanings under formula 9 to

a salt with metal cations by conventional methods.

2. Process according to step a) of claim 1, characterised, that compounds of formula 1 are
reacted with a compound of formula 2, for example, in the presence of TiCl4 and Hiinig base



derivatives of fornmula 8 are treated with HFpyridine in pyridine as |Inert
solvent and after O cleavage of both protecting groups O epothilone :
derivatives of formula 9 are obtained and optionally converting conpounds of
formula 9 wherein Rl and R2 have the defined neanings undel2MaRGH 2003 to a
salt with netal cations by conventional nethods.
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(iPr2Net) in dichloromethane at a temperature of ~78 °C and thereafter at a temperature of 0
°C obtaining new compounds of formula 3.

3. Process according to step b) of claim 1, characterised that obtained compounds of
formula 3 are reacted with a silyl-ether forming compound in the presence of 2,6-lutidine at
temperatures between -20° and +20 °C, especially at a temperature of =10 °C in
dichloromethane as inert solvent forming compounds of formula 4.

4. Process according to step ¢) of claim 1, characterised that obtained compounds of
formula 4 are converted to the carboxylic acid by splitting off the chiral auxiltary group with
TBAOH/H202 in DME or LIO2H in THF/MeOH/H20 obtaining a compound of formula 5.

5. Process according to step d) of claim 1, characterised that obtained compounds of
formula 5 are reacted with LIBHE3 as reducing reagent in THF as inert solvent for cleaving
the mesylate or tosylate group or the like obtaining a compound of formula 6.

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

7. Process according to step f) of claim 1, characterised that obtained compounds of formula
7 are macrofactoriized according to Yamaguchi et al, e.g. treating the hydroxy-acid with Et3N
and 2,4,6-_irichlorobenzqyl chloride at lower température,'e,g. 0 °C and thereafter the

reaction mixture is added to a solution of 4-DMAP in toluene and the temperature raised to

ca. 75 °C obtaining compounds of formula 8. | '

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

®

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



