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16-HALOGEN-EPOTHILONE DERIVATIVES, 
METHOD FOR PRODUCING THEM AND THEIR 

PHARMACEUTICAL USE 

[0001] Ho?e et al. describe the cytotoxic action of the 
natural substances epothilone A (R=hydrogen) and 
epothilone B (R=methyl) 

[0002] Epothilone A(R=H) Epothilone B (R=CH3) in e.g., 
AngeW. Chem. [Applied Chem.], 1996, 108, 1671-1673. 
Because of their in-vitro selectivity for breast cell lines and 
intestinal cell lines and their signi?cantly higher activity 
against P-glycoprotein-forming, multiresistant tumor lines 
in comparison to taXol as Well as their physical properties, 
that are superior to those of taXol, e.g., a Water solubility that 
is higher by a factor of 30, this novel structural class is 
especially advantageous for the development of a pharma 
ceutical agent for treating malignant tumors. 

[0003] The natural substances are not sufficiently stable 
either chemically or metabolically for the development of 
pharmaceutical agents. To eliminate these drawbacks, modi 
?cations to the natural substance are necessary. Such modi 
?cations are possible only With a total-synthesis approach 
and require synthesis strategies that make possible a broad 
modi?cation of the natural substance. The purpose of the 
structural changes is also to increase the therapeutic range. 
This can be done by improving the selectivity of the action 
and/or increasing the active strength and/or reducing unde 
sirable toXic side-effects, as they are described in Proc. Natl. 
Acad. Sci. USA 1998, 95, 9642-9647. 

[0004] The total synthesis of epothilone A is described by 
SchinZer et al. in Chem. Eur. J. 1996, 2, No. 11, 1477-1482 
and in AngeW. Chem. 1997, 109, No. 5, pp. 543-544). 
Epothilone derivatives Were already described by Ho?e et al. 
in WO 97/19086. These derivatives Were produced starting 
from natural epothilone A or B. Also, epothilone C and D 
(double bond betWeen carbon atoms 12 and 13: epothilone 
C=deoXyepothilone A; epothilone D=deoXyepothilone B) 
are described as possible starting products for this purpose. 

[0005] Another synthesis of epothilone and epothilone 
derivatives Was described by Nicolaou et al. in AngeW. 
Chem. 1997, 109, No. 1/2, pp. 170-172. The synthesis of 
epothilone A and B and several epothilone analogs Was 
described in Nature, Vol. 337, 1997, pp. 268-272; and the 
synthesis of epothilone A and its derivatives Was described 
in J. Am. Chem. Soc., Vol. 119, No.34, 1997, pp. 7960-7973 
as Well as the synthesis of epothilone A and B and several 
epothilone analogs in J. Am. Chem. Soc., Vol. 119, No. 34, 
1997, pp. 7974-7991 also by Nicolaou et al. 

[0006] Nicolaou et al. also describe in AgneW. Chem. 
1997, 109, No. 19, pp. 2181-2187 the production of 
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epothilone A analogs using combinatory solid-phase synthe 
sis. Several epothilone B analogs are also described there. 

[0007] Epothilone derivatives, in some cases also 
epothilone C and D, are further described in Patent Appli 
cations WO 99/07092, WO 99/02514, WO 99/01124, WO 
99/67252, WO 98/25929, WO 97/19086, WO 98/38192, 
WO 99/22461 and WO 99/58534. 

[0008] In the epothilone derivatives that became knoWn 
previously, no halogen atom can stand at carbon atom 16 of 
the epothilone skeleton. 

[0009] The content of the priority documents DE 199 08 
765.2 and DE 199 54 230.9 in this patent applicant as Well 
as in WO 99/07692 of the applicant is incorporated by 
reference in these documents as part of the disclosure in this 
patent application. 

[0010] The object of this invention consists in making 
available neW epothilone derivatives, Which are both chemi 
cally and metabolically stable enough for the development 
of pharmaceutical agents and Which are superior to natural 
derivatives in terms of their therapeutic range, their selec 
tivity of action and/or undesirable toXic side-effects and/or 
their active strength. 

[0011] This invention describes the neW epothilone 
derivatives of general formula I, 

X 

[0012] in which 

[0013] R13, R1b are the same or different and mean 
hydrogen Cl-C1O alkyl, aryl, C7-C2O aralkyl, or 
together a —(CH2)rn group With m=2, 3, 4 or 5, 

[0014] R23, R2b are the same or different and mean 
hydrogen, Cl-C1O alkyl, aryl, C7-C2O aralkyl or 
together a —(CH2)n group With n=2, 3, 4 or 5, 

[0015] R3 means hydrogen, Cl-C1O alkyl, aryl, C7-C2O 
aralkyl, 

[0016] G means an oXygen atom or a group CH2, 

[0017] R43, R4b are the same or different and mean 
hydrogen, Cl-C1O alkyl, aryl, C7-C2O aralkyl or 
together a —(CH2)p group With p=2, 3, 4 or 5, 

[0018] D-E means a group 

O 
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-continued 
HO OH, HO H, H OH, H2C—OH, HC—CH2, 

|||||| 
HHHHHH 

[0019] R5 means hydrogen, C1-C1O alkyl, aryl, C7-C2O 
aralkyl, COZH, CO2-alkyl, CHZOH, CH2O-alkyl, 
CH2O-acyl, CN, CHZNHZ, CHZN (alkyl, acyl)1)2, 
CHZHal 

[0020] R6, R7 each mean a hydrogen atom, together 
an additional bond or an oxygen atom, 

[0021] R8 means a halogen atom, or a cyano group, 

[0022] X means an oXygen atom, tWo alkoXy groups 
OR23, a C2-C1O alkylene-ot,00-dioXy group, Which 
can be straight-chain or branched, H/OR9 or a group 
ing CR1OR11, 

[0023] Whereby 
[0024] R23 stands for a CJL-C2O alkyl radical, 

[0025] R9 stands for hydrogen or a protective 
group PGX, 

, aret e same or 1 erent an stan 0026 R10 R11 h d'ff d d 
for hydrogen, a CJL-C2O alkyl, aryl, C7-C2O aralkyl 
radical 

[0027] or R10 and R11 together With the methylene 
carbon atom together stand for a 5- to 7-membered 
carbocyclic ring, 

[0029] 
[0030] Z means an oXygen atom or H/OR12, 

[0031] Whereby 

[0032] 
[0033] Halogen atom R8 can be a ?uorine, chlorine, bro 
mime or iodine atom. Fluorine, chlorine and bromine are 
preferred, and of the latter especially ?uorine and chlorine. 

R24 means hydrogen, C1-C1O alkyl, 

R12 is hydrogen or a protective group PGZ. 

[0034] R28 is preferably to mean a methyl, ethyl, propyl or 
butyl group. 

[0035] A trimethylene group preferably commonly stands 
for substituents R1'‘) and Rlb, or R13 and R1b each mean a 
methyl group. 

[0036] Rlo/R11 in group X preferably stand for a 2-pyridyl 
radical/hydrogen or a 2-methyl-4-thiaZolyl radical/hydrogen 
or a 2-hydroXymethyl-4-thiaZolyl radical/hydrogen or a 
2-methyl-4-oXaZolyl radical/hydrogen or a 2-hydroXym 
ethyl-4-oXaZolyl radical/hydrogen. 

[0037] T-Y is preferably a group O—C(=O) or a group 
NR24—C(=O). 
[0038] Z primarily means an oXygen atom. 

[0039] BetWeen carbon atoms 10 and 11, there is a simple 
bond in the preferred compounds of general formula I, i.e., 
-D-E- stands for an ethylene group. 
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[0040] In addition, R3 usually stands for a hydrogen atom 
in the compounds according to the invention. 

[0041] The combination H/CH3 preferably stands for the 
tWo substituents R4a/R4b. 

[0042] An embodiment of the invention calls for those 
compounds of general formula I in Which R8 stands for a 
?uorine atom or chlorine atom and R1"‘+R1b together mean 
a trimethylene group. 

[0043] According to another embodiment, the invention 
relates to those compounds of general formula I in Which R8 
stands for a ?uorine atom or chlorine atom and Rlo/R11 stand 
for a 2-pyridyl radical/hydrogen. 

[0044] Still another variant are those compounds of gen 
eral formula I in Which R8 stands for a ?uorine atom or 
chlorine atom, and R2"‘/R2b stand for ethyl/hydrogen. 

[0045] Still another embodiment of the invention are those 
compounds or general formula I, in Which R8 stands for a 
?uorine atom or chlorine atom, R1"‘+R1b together mean a 
trimethylene group and Rza/R2b stand for ethyl/hydrogen. 

[0046] In addition, this variant for the compounds accord 
ing to the invention can be mentioned in Which R8 stands for 
a ?uorine atom or chlorine atom, R2"‘/R2b stand for ethyl/ 
hydrogen and Rlo/R11 stand for a 2-pyridyl radical/hydro 
gen. 

[0047] Further embodiments of this invention Will emerge 
from the features of the subclaims. 

[0048] The production of the neW epothilone derivatives is 
based on the linkage of three partial fragments A, B and C. 
This process is described in DE 197 51 200.3, date of 
application Nov. 13, 1997 as Well as in the corresponding 
WO 99/07692 for the production of epothilone derivatives, 
Which as R8 contain, for example, a methyl or longer alkyl 
group instead of the halogen atom according to the inven 
tion. The interfaces are as indicated in general formula I‘. 

R3 1 D G 
R40 

R3 
R43 7 

R13 1b OH R 

Z 

up 

15 
X 

OH 

[0049] Ameans a C1-C6 fragment (epothilone numbering 
system) of general formula 
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[0050] in Which 

[0051] R13’, Rlbv, R22" and Rzb' have the meanings 
already mentioned for R18, Rlb, R2'‘) and Rzb, and 

[0052] R13 means CHZORBQ, CHZ-Hal, CHO, 
CO2R13b, COHal, 

[0053] 

[0054] R138, R142) mean hydrogen, SOZ-alkyl, SO2 
aryl, SO2-aralkyl or together a —(CH2)O group or 
together a CR15"‘R15b group, 

R14 means hydrogen, OR14"‘, Hal, OSO2R14b, 

[0055] Rub, R14b mean hydrogen, C1-C2O alkyl, aryl, 
C7-C2O aralkyl, 

[0056] R158, R15b are the same or different and mean 
hydrogen, C1-C1O alkyl, aryl, C7-C2O aralkyl or 
together a —(CH2)q group, 

[0057] Hal means halogen (F, Cl, Br, I), 

[0058] 0 means 2 to 4, 

[0059] q means 3 to 6, 

[0060] including all stereoisomers as Well as their 
miXtures, and 

[0061] free hydroXyl groups in R13 and R14 can be 
etheri?ed or esteri?ed, free carbonyl groups can be 
ketaliZed in A and R13, converted into an enol ether 
or reduced, and free acid groups in A can be con 
verted into their salts With bases. 

[0062] B stands for a C7-C12 fragment (epothilone num 
bering system) of general formula 

B 

R5’ R43’ R40’ 

}\ E R3 7 
v D/ \G 

W 

[0063] in Which 

[0064] R3’, R43’, R4b' and R5’ have the meanings 
already mentioned for R3, R43, R4b and R5, and 

[0065] D, E and G have the meanings that are indi 
cated in general formula I, and 

[0066] V means an oXygen atom, tWo alkoXy groups 
OR”, a C2-C1O alkylene-ot,00-dioXy group, Which 
can be straight-chain or branched or H/OR16, 

[0067] W means an oXygen atom, tWo alkoXy groups 
OR”, a C2-C1O alkylene-ot,00-dioXy group, Which 
can be straight-chain or branched or H/OR18, 

[0068] R16, R18, independently of one another, mean 
hydrogen or a protective group PG1 

[0069] R17, R19, independently of one another, mean 
C1-C2O alkyl. 
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[0070] C stands for a C13-C16 fragment (epothilone 
numbering system) of general formula 

[0071] 
[0072] R8’ has the meaning already mentioned in 

general formula I for R8 (halogen), and 

in Which 

[0073] R7’ means a hydrogen atom, 

[0074] T‘ means a group ORZO, Whereby R20 is a 
hydrogen atom or a protective group PG2, a halogen 
atom, preferably a bromine or iodine atom, an aZido 
group or a protected amino group, 

[0075] R21 means a hydroXy group, halogen, a pro 
tected hydroXy group OPG3, a phosphonium halide 
radical PPh3+Hal_ (Ph=phenyl; Hal=F, Cl, Br, I), a 
phosohonate radical P(O)(OQ)2 (Q=C1-C1O alkyl or 
phenyl) or a phosphine oXide radical P(O)Ph2 (Ph= 
phenyl), 

[0076] U means an oxygen atom, tWo alkoxy groups 
OR23, a C2-C1O alkylene-ot,00dioXy group, Which can 
be straight-chain or branched, H/OR9 or a grouping 
CR1OR11, 

[0077] Whereby 

[0078] R23 stands for a C1-C2O alkyl radical, 

[0079] R9 stands for hydrogen or a protective 
group PG3, 

[0080] R10, R11 are the same or different and stand 
for hydrogen, a C1-C2O alkyl, aryl, C7-C2O aralkyl 
radical or R10 and R11 together With the methylene 
carbon atom commonly stand for a 5- to 7-mem 
bered carbocyclic ring. 

[0081] As alkyl groups R13, Rlb, R23, Rzb, R3, R4, R5, R9, 
R10, R11, R12, R131), R141), R153, R151), R17 and R23, Straight_ 
chain or branched-chain alkyl groups With 1-20 carbon 
atoms can be considered, such as, for eXample, methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, 
isopentyl, neopentyl, heptyl, heXyl, decyl. 

[0082] Alkyl groups R13, Rlb, R23, Rzb, R3, R4, R5, R9, 
R10, R11, R12, R131), R141), R153, R151), R17 and R23 can be 
per?uorinated or substituted by 1-5 halogen atoms, hydroXy 
groups, C1-C4 alkoXy groups, CG-C12 aryl groups (Which can 
be substituted by 1-3halogen atoms). 

[0083] As aryl radicals R13, R1b,R2"‘, Rzb, R3, R4, R5, R9, 
R10, R11, R12, Rub, R14b, R152) and Rlsb, substituted and 
unsubstituted carbocyclic or heterocyclic radicals With one 
or more heteroatoms, such as, e.g., phenyl, naphthyl, furyl, 
thienyl, pyridyl, pyraZolyl, pyrimidinyl, oXaZolyl, pyridaZi 
nyl, pyraZinyl, quinolyl, thiaZolyl, Which can be substituted 
in one or more places by halogen, OH, O-alkyl, 02H, 
COz-alkyl, —NH2, —NO2, —N3, —CN, C1-C2O alkyl, 
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C1-C2O acyl, C1-C2O acyloxy groups, are suitable. Heteroa 
toms in the heteroaryl radicals can be oxidized; thus, for 
example, the thiaZole ring can be present in the form of 
N-oxide. 

[0084] Unless otherwise indicated, the de?nition of “aryl” 
alWays also includes “heteroaryl.” 

[0085] The aralkyl groups in R13, Rlb, R23, Rzb, R3, R4, 
R5, R9, R10, R11, R12, Rub, R14b, R158, and R15b can contain 
in the ring up to 14 C atoms, preferably 6 to 10, and in the 
alkyl chain 1 to 8, preferably 1 to 4 atoms. As aralkyl 
radicals, for example, benZyl, phenylethyl, naphthylmethyl, 
naphthylethyl, furylmethyl, thienylethyl, and pyridylpropyl 
are suitable. The rings can be substituted in one or more 

places by halogen, OH, O-alkyl, COZH, COZ-alkyl, —NO2, 
N3, —CN, C1-C2O alkyl, C1-C2O acyl, C1-C2O acyloxy 
groups. 

[0086] The alkoxy groups that are contained in X in 
general formula I are in each case to contain 1 to 20 carbon 
atoms, hereby methoxy, ethoxy, propoxy, isopropoxy and 
t-butyloxy groups are preferred. 

[0087] As representatives of protective groups PG, alkyl 
and/or aryl-substituted silyl CJL-C2O alkyl, C4-C7 cycloalkyl, 
Which in addition in the ring can contain an oxygen atom, 
aryl, C7-C2O aralkyl, CJL-C2O acyl and aroyl can be men 
tioned. 

[0088] As alkyl, silyl and acyl radicals for protective 
groups PG, the radicals that are knoWn to one skilled in the 
art are suitable. Preferred are alkyl or silyl radicals that can 
be easily cleaved from the corresponding alkyl and silyl 
ethers, such as, for example, the methoxymethyl, ethoxy 
ethyl, ethoxyethyl, tetrahydropyranyl, tetrahydrofuranyl, tri 
methylsilyl, triethylsilyl, tert-butyldimethylsilyl, tert-butyl 
diphenylsilyl, tribenZylsilyl, triisopropylsilyl, benZyl, para 
nitrobenxyl, para-methoxybenZyl radical as Well as 
alkylsulfonyl and arylsulfonyl radicals. As acyl radicals, 
e.g., formyl, acetyl, propionyl, isopropionyl, pivalyl, butyryl 
or benZoyl, Which can be substituted With amino groups 
and/or hydroxy groups, are suitable. 

[0089] Acyl groups PGX or PGZ in R9 and R12 can contain 
1 to 20 carbon atoms, Whereby formyl, acetyl, propionyl, 
isopropionyl and pivalyl groups are preferred. 

[0090] As amino protective groups, the radicals that are 
knoWn to one skilled in the art are suitable. For example, the 
Boc-, Z-, benZyl, f-Moc, Troc-, Stabase or BenZostabase 
groups can be mentioned. 

[0091] Index m in the alkylene group that is formed from 
R18 and R1b preferably stands for 2, 3 or 4. 

[0092] The C2-C1O alkylene-ot,00-dioxy group that is pos 
sible for X is preferably an ethyleneketal or neopentylketal 
group. 

[0093] This invention relates in particular to the folloWing 
compounds: 

[0094] (4S,7R,8S,9S,13(Z or E),16S(Z)-4,8-Dihy 
droxy-16-(1—?uoro—2—(2-methyl-4-thiaZolyl)ethenyl) 
1-oxa-5,5,7,9,13-pentamethyl-cyclohexadec-13-ene-2, 
6-dione 

[0095] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-3-(1—?uoro—2—(2-methyl-4-thiaZolyl)ethenyl)—8, 
8,10,12,16-pentamethyl-4,17-dioxabicyclo[14.1.0] 
heptadecane-5,9-dione 
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[0096] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-7-ethyl-16-(1—?uoro—2-(2-methyl-4-thiaz 
olyl)ethenyl)-1-oxa-5,5,9,13-tetramethyl-cyclohexa 
dec-13-ene-2,6-dione 

[0097] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-10-ethyl-3-(1—?uoro—2-(2-methyl-4-thiaz 
olyl)ethenyl)-8,8,12,16-tetramethyl-4,17-dioxabicyclo 
[14.1.0]heptadecane-5,9-dione 

[0098] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-16-(1—?uoro-2-(2-methyloxaZol-4-yl)ethenyl) 
1-oxa-5,5,7,9,13-pentamethyl-cyclohexadec-13-ene-2, 
6-dione 

[0099] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-3-(1—?uoro—2-(2-methayloxaZol-4-yl)ethenyl)-8, 
8,10,12,16-pentamethyl-4,17-dioxabicyclo[14.1.0] 
heptadecane-5,9-dione 

[0100] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-16-(1—?uoro-2-(2-methyloxaZol-4-yl)ethenyl) 
1-oxa-5,5,9,13-tetramethyl-cyclohexadec-13-ene-2,6 
dione 

[0101] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-10-ethyl-3-(1—?uoro-2-(2-methyloxaZol)ethe 
nyl)-8,8,12,16-tetramethyl-4,17-dioxabicyclo[14.1.0] 
heptadecane-5,9-dione 

[0102] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-16-(1—?uoro-2-(2-pyridyl)ethenyl)-1-oxa-5,5, 
79,13-pentamethyl-cyclohexadec-13-ene-2,6-dione 

[0103] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-3-(1—?uoro—2—(2-pyridyl)ethenyl)-8,8,10,12,16 
pentamethyl-4,17-dioxabicyclo[14.1.0]heptadecane-5, 
9-dione 

[0104] (4S,7R,8S,9S, 13(Z or E),1 6S(Z))-4,8-dihy 
droxy-7-ethyl-1 6-(1 —?uoro -2-(2-pyridyl)ethenyl)- 1 
oxa-S ,5 ,9,13-tetramethyl-cyclohexadec-13-ene-2,6-di 
one 

[0105] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-10-ethyl-3-(1—?uoro—2-(2-pyridyl)ethenyl)-8,8, 
12, 16-tetramethyl-4,17-dioxabicyclo[14.1.0]heptade 
cane-5,9-dione 

[0106] (4S,7R,8S,9S, 13(Z or E),1 6S(Z))-4,8-dihy 
droxy- 16-(1 —?uoro-2-(2-methyl-4-thiaZolyl)ethenyl) 
1-aZa-5 ,5 ,7,9,13-pentamethyl-cyclohexadec- 13-ene-2, 
6-dione 

[0107] (1RS,3S(Z),7S,10R,11S,12S, 1 6RS)-7,11 —dihy 
droxy-3-(1 —?uoro —2—(2-methyl-4-thiaZolyl)ethenyl) —8, 
8, 10, 12,1 6-pentamethyl-4-aZa-17-oxabicyclo[14.1.0] 
heptadecane —5 ,9-dione 

[0108] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-7-ethyl-16-(1—?uoro—2-(2-methyl-4-thiaz 
olyl)ethenyl)-1-aZa-5,5,9,13-tetramethyl-cyclohexa 
dec-13-ene-2,6-dione 

[0109] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droxy-10-ethyl-3-(1—?uoro—2-(2-methyl-4-thiaz 
olyl)ethenyl)-8,8,12,16-tetramethyl-4-aZa-17-oxabicy 
clo[14.1.0]heptadecane-5,9-dione 

[0110] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droxy-16-(1—?uoro-2-(2-methyloxaZol-4-yl)ethenyl) 
1-aZa-S,5,7,9,13-pentamethyl-cyclohexadec-13-ene-2, 
6-dione 
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[0168] (4S,7R,8S,9S,13(Z or E),1 6S(Z))-4,8-dihy 
droXy-9, 13-dimethyl-7-ethyl- 16-(1 -chloro -2-(2-py 
ridyl)ethenyl)-1 -oXa-5 ,5 -(1 ,3-trimethylene)cycloheXa 
dec-13-ene-2,6-dione 

[0169] (1RS,3S(Z),7S,10R,1 1s,12s,1 6RS)-7,11 -dihy 
droXy- 12,1 6-dimethyl- 10-ethyl-3 -(1-chloro-2-(2-py 
ridyl)ethenyl) -8,8 -(1 ,3 -trimethylene) -4,17-dioXabicy 
clo[14.1.0]hepta-decane-5,9-dione 

[0170] 4S,7R,8S,9S,13(Z or E),1 6S(Z))-4,8-dihydroxy 
1 6-(1 -chloro -2-(2-pyridyl)ethenyl)- 1 -aZa-7,9, 13-trim 
ethyl-5 ,5 -(1 ,3 -trimethylene)cycloheXadec- 13-ene -2,6 
dione 

[0171] (1RS,3S(Z),7S,10R,11S,12S,16RS)-7,11-dihy 
droXy-3-(1 -chloro-2-(2-pyridyl)ethenyl)-10, 12, 16-tri 
methyl-8,8-(1,3-trimethylene)-4-aZa-17-oXabicyclo 
[14.1.0]hepta-deca-5,9-dione 

[0172] (4S,7R,8S,9S,13(Z or E),16S(Z))-4,8-dihy 
droXy-9,13-dimethyl-7-ethyl-16-(1-chloro-2-(2-py 
ridyl)ethenyl)-1-aZa-5,5-(1,3-trimethylene)cycloheXa 
dec-13-ene-2,6-dione 

[0173] (1RS,3S(Z),7S,10R,1 1s,12s,1 6RS)-7,11 -dihy 
droXy- 12,1 6-dimethyl- 10-ethyl-3 -(1-chloro-2-(2-py 
ridyl)ethenyl) -8,8 -(1 ,3 -trimethylene) -4-aZa- 17-oXabi 
cyclo[14.1.0]hepta-decane-5,9-dione 

[0174] Representation of Partial Fragments A and B: 

[0175] The partial fragments (synthesis components) of 
general formulas A and B can be produced as described in 
DE 197512003 or the corresponding WO 99/07692. 

[0176] Representation of Partial Fragments C: 

[0177] The representation of the partial fragments of for 
mula C according to the invention in which R8 means a 
?uorine atom, can be performed as is indicated in the 
folloWing formula schemes Within the production of the 
compounds of Examples 1 to 4 according to the invention. 

[0178] By variation of the (hetero)aryl radical in the 
starting product in reaction step a) (in this case, this is the 
2-methyl-4-thiaZolyl radical), the correspondingly substi 
tuted components of formula C and ultimately compounds 
of formula I result. 

[0179] The production of fragments of formula C, in 
which R8 means a chlorine atom, is described Within 
Example 5. 

[0180] If R8 represents a bromine atom, this is introduced 
analogously to a chlorine atom in fragments C. 

FORMULA SCHEMES IN EXAMPLES 1 TO 4 

EXample 1 

[0181] 

From phosphonium salt 1j 
analogously to DE 

197512003 
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-continued -c0ntinued 

1g) Example 2 

[0182] 

From phosphonium salt 1j 
analogously to Example 1 

Example 3 

[0183] 
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-continued -continued 

O OH O 

Title compound A O OH 
Title compound B 

[0185] In addition to the compounds of general formula I, 
this invention also relates to the neW C13-C15 epothilone 
components of general formula C as intermediate products 

O OH 0 

Title compound B C 
R3’ 

15 13 R7 
U 

T, R21 

Example 4 

[0184] 

[0186] in which 

[0187] R8’ has the meaning that is already mentioned 
in general formula I for R8, and 

[0188] R7’ means a hydrogen atom, 

[0189] T‘ means a group ORZO, Whereby R20 is a 
hydrogen atom or a protective group PG2, halogen or 
an aZido group or a protected amino group, 

[0190] R21 means a hydroxy group, halogen, a pro 
tected hydroxy group OPG3, a phosphonium halide 
radical PPh3+Hal_ (Ph=phenyl; Hal=F, Cl, Br, I), a 
phosphonate radical P(O)(OQ)2 (Q=C1-C1O alkyl or 
phenyl) or a phosphine oxide radical P(O)Ph2 (Ph= 
phenyl), 

[0191] U means an oxygen atom, tWo alkoxy groups 
OR23, a C2-C1O alkylene-oguu-dioxy group, Which can 
be straight-chain or branched, H/OR9 or a grouping 
CR1OR11 

[0192] Whereby 

[0193] R23 stands or a Cl-C2O alkyl radical, 
O OH 

Title compoundA [0194] R9 stands for hydrogen or a protective 
group PG3, 
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[0195] R10, R11 are the same or different and stand 
for hydrogen, a Cl-Czoalkyl, aryl, C7-C2O aralkyl 
radical or 

[0196] R10 and R11 together With the methylene 
carbon atom commonly stand for a 5- to 7-mem 
bered carbocyclic ring. 

[0197] According to the invention those compounds of 
general formula C are preferred, in Which 

[0198] R8’ stands for a ?uorine, chlorine or bromine 
atom, and/or 

[0199] U stands for an oXygen atom, and/or 

[0200] the aryl radical that stands for R10 and/or R11 
stands for a phenyl radical that is optionally substi 
tuted With 1 to 3 radicals, elected from the group of 
substituents halogen, free hydroXy group or pro 
tected hydroXy group OPGS, COZH, COz-alkyl, 
Cl-C4 alkyl, aZido, nitro, nitrile, amino (NHZ), or for 
a 5- or 6-membered heteroaryl radical that is option 
ally substituted With 1 to 2 Cl-C4 alkyl radicals, 
especially for a substituent that is selected from the 
group of 2-, 3-furanyl, 2-, 3-, 4-pyridinyl, 2-, 4-, 
5-thiaZolyl- and 2-, 4- and 5-imidaZolyl radicals, 
Which optionally is substituted by 1 or 2 Cl-C4 alkyl 
radicals, and/or 

[0201] PG2 and PG3 are selected from the group of 
substituents methoXymethyl, methoXyethyl, ethoXy 
ethyl, tetrahydropyranyl, tetrahydrofuranyl, trimeth 
ylsilyl, triethylsilyl, tert-butyldimethylsilyl, tert-bu 
tyldiphenilsilyl, tribenZylsilyl, triisopropylsilyl, 
benZyl, para-nitrobenZyl, para-methoXybenZyl, 
acetyl, propionyl, butyryl and benZoyl radicals, 

[0202] in particular PG2 is a tert-butyldimethylsilyl, 
acetyl, benZoyl, benZyl or tetrahydropyranyl radical. 

[0203] As protective groups PG4 and PGS, protective 
groups that are indicated above for PG2 and PG3 are suitable. 

[0204] In addition this invention relates to partial frag 
ments of general formula BC 

[0205] in Which R3, R43, R4b, R5, R8, D, E, G, T‘ and U 
have the already mentioned meanings, and PG14 represents 
a hydrogen atom or a protective group PG. 

Aug. 25, 2005 

[0206] In addition, this invention relates to partial frag 
ments of general formula ABC 

ABC 

[0207] in Which R13’, Rlb', R23’, Rzb', R3, R43’, R4“, R5, R6, 
R7, R8, R13, R14, D, E, G, T‘, U and Z have the already 
mentioned meanings. 

[0208] Representation of Partial Fragments ABC and their 
CycliZation to I: 

[0209] The representation and cycliZation is also carried 
out analogously to What is described in DE 197512003 or 
the corresponding WO 99/07692, Whereby noW fragment C 
as substituent R8v eXhibits in particular a ?uorine, chlorine or 
bromine atom. 

[0210] Partial Fragments of General Formula AB 

AB 

[0211] in which R18, Rlb', R28, R2“, R3, R48‘, R4“, R5, 
R13, R14, D, E, G, V and Z have the meanings already 
mentioned, and PG]4 represents a hydrogen atom or a 
protective group PG, are obtained from the previously 
described fragmentsA and B according to the process that is 
shoWn in Diagram 1. 
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-continued 
R43’ R4b' 

[0212] Step a (A+B—>AB): 

[0213] Compound B, in Which W has the meaning of an 
oxygen atom and optionally present additional carbonyl 
groups are protected, is alkylated With the enolate of a 
carbonyl compound of general formula A. The enolate is 
produced by action of strong bases, such as, e.g., lithium 
diisopropylamide, lithium heXamethyldisilaZane at loW tem 
peratures. 

[0214] Partial Fragments of General Formula ABC 

ABC 

[0215] in which R18, Rlb', R28, R2“, R3, R48‘, R5, R6 , R7, 
R8, R13, R14, D, E, G, T‘, U and Z have the already 
mentioned meanings, are obtained from previously 
described fragments AB and C according to the process that 
is shoWn in Diagram 2. 
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R21 

ABC 

[0216] Step b (AB+C—>ABC): 

[0217] Compound C, in Which R21 has the meaning of a 
Wittig salt, and optionally present additional carbonyl 
groups are protected, is deprotonated by a suitable base, 
such as, e.g., n-butyllithium, lithium diisopropylamide, 
potassium tert-butanolate, sodium or lithium-heXamethyld 
isilaZide and reacted With a compound AB, in Which V has 
the meaning of an oxygen atom. 

[0218] Step c (ABC—>1): 

[0219] Compounds ABC, in Which R13 represents a car 
boXylic acid COZH stands for ORZO, and R20 represents a 
hydrogen atom , are reacted according to the methods that 
are knoWn to one skilled in the art for the formation of large 
macrolides to compounds of formula I, in Which T-Y has the 
meaning of O—C(=O). Preferred is the method that is 
described in “Reagents for Organic Synthesis, Vol. 16, p. 
353” With use of 2,4,6-trichlorobenZoic acid chloride and 
suitable bases, such as, e.g., triethylamine, 4-dimethylami 
nopyridine, sodium hydride. 
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[0220] Step c (ABC—>1): 

[0221] Compounds ABC, in Which R13 represents a group 
CHZOH and R20 represents a hydrogen atom, can be reacted 
preferably With use of triphenylphosphine and aZodiesters, 
such as, for example, aZodicarboXylic acid diethyl ester, to 
form compounds of formula I, in Which T-Y has the meaning 
of O—CH2. 

[0222] Compounds ABC, in Which R13 represents a group 
CHZOSOS alkyl or CHZOSO2 aryl or CH 2OSO2 aralkyl and 
R20 represents a hydrogen atom, can be cycliZed to com 
pounds of formula I, in Which T-Y has the meaning of 
O—CH2, after deprotonation With suitable bases, such as, 
for eXample, sodium hydride, n-butyllithium, 4-dimethy 
laminopyridine, Hiinig base, alkylheXamethyldisilaZanes. 

[0223] As an alternative to the route above, partial frag 
ments of general formula BC 

BC 
R5 

[0224] in which R3, R43, R“, R5, R8, D, E, T‘ and U have 
the already mentioned meanings, and PG]4 represents a 
hydrogen atom or a protective group PG, can be obtained 
from the above-described fragments B and C according to 
the process that is shoWn in diagram 3. 

BC 

[0225] To introduce a nitrogen group at C-15, the oxygen 
group can be converted directly (C‘" or BC‘" With T‘=Nf= 
aZide or a protected amine) or via the intermediate step of a 
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halogen atom into a nitrogen group as desired in step C‘ 
(fragment C With T‘=OR20) or BC‘ (fragment BC With 
T‘=OR20) at position 15: 

/ 

[0226] If R20 represents a hydrogen, the hydroXyl group 
can be converted according to the processes that are knoWn 
to one skilled in the art into a halogen atom, preferably a 
chlorine, bromine or iodine atom, Which then is converted 
into a nitrogen group Nf, Whereby Nf preferably represents 
an aZide or a protected amine. As an alternative, the 
hydroXyl group at C-15 (R20 in the meaning of hydrogen) 
can be converted into a leaving group, preferably into an 
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alkyl- or aralkyl-sulfonate and the latter can be substituted 
by a nitrogen nucleophile Nf. 

[0227] Partial Fragments of General Formula ABC 

R6 R5 ABC 

R7 
R8 

U 

T, 

R13 

[0228] in which R18, Rlb', R28, R2“, R3, R48, R4“, R5, R6, 
R7, R8, R13, R14, D, E, G, T‘, U and Z have the already 
mentioned meanings, are obtained from the above-described 
fragments BC and A according to the process that is shoWn 
in Diagram 4. 

ABC 

[0229] The introduction of the nitrogen group at C-15 can 
also take place in step ABC as already described for C‘" or 
BC‘". The ?exible functionaliZation of described compo 
nents A, B, and C also ensures a linkage sequence that 
deviates from the above-described process and that leads to 
components ABC. These processes are listed in the folloW 
ing table: 
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Linkage Methods a 
Possible Linkages to e Prerequisites 

A + B —> A — B a: Aldol (see Z = W = oxygen 

Diagram 1) 
B + C —> B — C b: Wittig U = oxygen and R21 = 

(analogously to Wittig salt or 
Diagram 2) phosphine oxide or 
e: McMurry phosphonate 

A + C —> A — C c: Esteri?cation R13 = COZR13b or 

(e.g., 2,4,6- COHal and 
trichlorobenzoyl R20 = hydrogen 
chloride/4 
dimethylamino 
pyridine) 
d: etheri?cation 

(e. g., Mitsunobu) 
R13 = CHZOH and R20 = 

hydrogen or SO2 

or SO2—aralkyl 
f: amide formation R13 = COZR13b or COHal 

(e.g., With and R20 = hydrogen 

(Pho)2 P(O)N3) in the T = NH2, NHR24 
presence of a base 

(e.g., NaHCO3) in an 
inert solvent 

(e.g., DMF) 

[0230] According to these processes, components A, B 
and C, as indicated in Diagram 5, can be linked: 

Diagranli 

bore/( a 

A+B—>A-B+C 

cordorf\ 

\iordorf 
I! 

/bore 

a/( \liore 
A + C 4>C - A + B I' 

bore\ / a 
A B—C— 

C—B—A 

a/( \iordorf bore 
B + C —> C - B + A I' 

cordorf\ / a 
A—C—B 

[0231] Free hydroxyl groups in I, I‘, A, B, C, AB,ABC can 
be further functionally modi?ed by etheri?cation or esteri 
?cation, free carbonyl groups by ketaliZation, enol ether 
formation or reduction. 

[0232] This invention relates to all stereoisomers of the 
described and claimed compounds and also their mixtures. 
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[0233] Biological Actions and Applications of the NeW 
Derivatives: 

[0234] The neW compounds of formula I are valuable 
pharmaceutical agents. They interact With tubulin by stabi 
liZing microtubuli that are formed and are thus able to 
in?uence the cell-splitting in a phase-speci?c manner. This 
relates mainly to quick-groWing, neoplastic cells, Whose 
groWth is largely unaffected by intercellular regulating 
mechanisms. Active ingredients of this type are in principle 
suitable for treating malignant tumors. As applications, there 
can be mentioned, for example, the therapy of ovarian, 
stomach, color, adeno-, breast, lung, head and neck carci 
nomas, malignant melanoma, acute lymphocytic and myelo 
cytic leukemia. The compounds according to the invention 
are suitable oWing to their properties basically for anti 
angiogenesis therapy as Well as for treatment of chronic 
in?ammatory diseases, such as, for example, psoriasis or 
arthritis. To avoid uncontrolled proliferation of cells and for 
better compatibility of medical implants, they can basically 
be applied or introduced into the polymer materials that are 
used for this purpose. The compounds according to the 
invention can be used alone or to achieve additive or 
synergistic actions in combination With other principles and 
classes of substances that can be used in tumor therapy. 

[0235] As examples, there can be mentioned the combi 
nation With 

[0236] Platinum complexes, such as, e.g., cis-plati 
num, carboplatinum, 

[0237] intercalating substances, e.g., from the class 
of anthracyclines, such as, e.g., doxorubiclin or from 
the class of anthrapyraZoles, such as, e.g., Cl-941, 

[0238] substances that interact With tubulin, e.g., 
from the class of vinca-alkaloids, such as, e.g., 
vincristine, vinblastine or from the class of taxanes, 
such as, e.g., taxol, taxotere or from the class of 
macrolides, such as, e.g., rhiZoxin or other com 
pounds, such as, e.g., colchicine, combretastatin A-4, 

[0239] DNA topoisomerase inhibitors, such as, e.g., 
camptothecin, etoposide, topotecan, teniposide, 

[0240] folate- or pyrimidine-antimetabolites, such as, 
e.g., lometrexol, gemcitubin, 

[0241] DNA-alkylating compounds, such as, e.g., 
adoZelesin, dystamycin A, 

[0242] inhibitors of groWth factors (e.g., of PDGF, 
EGF, TGFb, EGF), such as, e.g., somatostatin, 
suramin, bombesin antagonists, 

[0243] inhibitors of protein tyrosine kinases or pro 
tein kinasesAor C, such as, e.g., erbstatin, genistein, 
staurosporine, ilmofosine, 8-Cl-cAMP, 

[0244] antihormones from the class of antigestagens, 
such as, e.g., mifepristone, onapristone or from the 
class of antiestrogens, such as, e.g., tamoxifen or 
from the class of antiandrogens, such as, e.g., cypro 
terore acetate, 

[0245] metastases-inhibiting compounds, e.g., from 
the class of eicosanoids, such as, e.g., PGl2, PGEl, 
e-oxo-PGE as Well as their more stable derivatives 

(e.g., iloprost, cicaprost, misoprostol), 
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[0246] inhibitors of oncogenic RAS proteins, Which 
in?uence the mitotic signal transduction, such as, for 
example, inhibitors of the farnesyl-protein-trans 
ferase, 

[0247] natural or synthetically produced antibodies, 
Which are directed against factors or their receptors, 
Which promote tumor groWth, such as, for example, 
the erbB2 antibody. 

[0248] In Vitro Activity of Epothilone Derivatives on 
Human Tumor Cell Lines 

[0249] a) IC5O values [nM] for the groWth inhibition of 
human MCF-7 breast- and multi-drug-resistant NCl/ 
ADR carcinoma cell lines of the epothilone derivatives 
With 13Z-ole?ns in a crystal-violet assay in comparison 
to epothilone D. 

TABLE 1 

Compound MCF-7 NCl/ADR Selectivity" 

Epothilone D 23 50 2.2 
Taxol 4.0 >>100 >>25 
Example 1 4.3 12 2.8 
Example 5 5.1 37 7.3 
Example 9 5.0 10 2.0 
Example 13 5.8 28 4.8 
Example 17 6.1 33 5.4 

*Selectivity = 1c5U - (NCl/ADR): 1c5U (MCF-7) 

[0250] The compounds of Examples 1, 9, 13 and 17 have 
a signi?cantly higher active strength in comparison to struc 
turally similar reference compound epothilone D. Unlike in 
taxol, all compounds shoW an action on the multi-drug 
resistant cell line NCl/ADR. 

[0251] b) IC5O values [nM] for the groWth inhibition of 
human MCF-7 breast- and multi-drug-resistant NCl/ 
ADR carcinoma cell lines of the epothilone derivatives 
With 13,14-ot-epoxide in a crystal-violet assay in com 
parison to epothilone B. 

TABLE 2 

Compound MCF-7 NCl/ADR Selectivity" 

Epothilone B 0.6 3.5 5.8 
Taxol 4.0 >>100 >>25 
Example 3B 0.3 1.4 4.7 
Example 7A 0.8 6.0 7.5 
Example 10A 2.1 3.9 1.9 
Example 14A 0.5 3.5 7.0 
Example 20A 0.6 4.6 7.6 

*Selectivity = 1c5U - (NCl/ADR): 1c5U (MCF-7) 

[0252] The compounds of Examples 3B, 14A, and 20A 
have a comparable or signi?cantly higher active strength in 
comparison to structurally similar reference compound 
epothilone B. Unlike in taxol, all compounds shoW an action 
on the multi-drug-resistant cell line NCl/ADR. Compounds 
of Examples 3B and 10A shoW an improved selectivity in 
multi-drug-resistant cell line NCl/ADR in comparison to 
reference compound epothilone B. 

[0253] The invention also relates to pharmaceutical agents 
that are based on pharmaceutically compatible compounds, 
i.e., compounds of general formula I that are nontoxic in the 
doses used, optionally together With commonly used adju 
vants and vehicles. 
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[0254] According to methods of galenicals that are known 
in the art, the compounds according to the invention can be 
processed into pharmaceutical preparations for enteral, per 
cutaneous, parenteral or local administration. They can be 
administered in the form of tablets, coated tablets, gel 
capsules, granulates, suppositories, implants, injectable, 
sterile, aqueous or oily solutions, suspensions or emulsions, 
ointments, creams and gels. 

[0255] In this case, the active ingredient or ingredients can 
be mixed With the adjuvants that are commonly used in 
galenicals, such as, e.g., gum arabic, talc, starch, mannitol, 
methyl cellulose, lactose, surfactants such as TWeens or 
Myrj, magnesium stearate, aqueous or non-aqueous 
vehicles, paraf?n derivatives, cleaning agents, dispersing 
agents, emulsi?ers, preservatives and ?avoring substances 
for taste correction (e.g., ethereal oils). 

[0256] The compounds according to the invention can be 
present in the form of 01-, [3- or y-cyclodextrin clathrates or 
can be encapsulated in liposomes. 

[0257] The invention thus also relates to pharmaceutical 
compositions that as active ingredients contain at least one 
compound according to the invention. A dosage unit con 
tains about 0.1-100 mg of active ingredient(s). In humans, 
the dosage of the compounds according to the invention is 
approximately 0.1-1000 mg per day. 

[0258] The examples beloW are used for a more detailed 
explanation of the invention, Without intending that it be 
limited to these examples. 

EXAMPLES FOR THE PRODUCTION OF THE 
COMPOUNDS OF GENERAL FORMULAI 

ACCORDING TO THE INVENTION 

Example 1 

[0259] (4S,7R,8S,9S,13(Z),1 6S(Z))-4,8-Dihydroxy- 16 
(1-?uoro-2-(2-methyl-4-thiaZolyl)ethenyl)-1 -oxa-5 , 5,7,9, 
13-pentamethyl-cyclohexadec- 13-ene-2,6-dione 
[0260] Analogously to the processes that are described in 
DE 197512003, 36.5 mg of the title compound is obtained 
from the phosphonium salt of Example 1j as a pale-yelloW 
colored oil. 

[0261] 1H-NMR (DMSO-dG) 6=0.93 (3H), 0.94 (3H), 1.10 
(3H), 0.8-1.4 (6H), 1.21 (3H), 1.62 (1H), 1.66 (3H), 1.87 
(1H), 2.24 (1H), 2.3-2.6 (3H), 2.64 (3H), 2.73 (1H), 3.13 
(3H), 3.53 (1H), 4.22 (1H), 5.16 (3H), 5.36 (1H), 6.22 (1H), 
7.46 (1H) ppm. 

Example 1a 

2-MethylthiaZole-4-carbaldehyde 

[0262] 476 ml of a 1.2 molar solution of DIBAH in 
toluene is sloWly added in drops at —75° C. under nitrogen 
to a solution of 60 g of 2-methylthiaZole-4-carboxylic acid 
ethyl ester in 1070 ml of methylene chloride. It is stirred for 
2 more hours. Then, 150 ml of isopropanol and then 230 ml 
of Water are sloWly added in drops to it, the cold bath is 
removed, and it is stirred vigorously at 25° C. for 2 more 
hours. The precipitate that is produced is suctioned off and 
reWashed With ethyl acetate. The ?ltrate is concentrated by 
evaporation in a vacuum, and the residue that is thus 
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obtained is puri?ed by chromatography on silica gel. With 
hexane/ether 1:1, 35.6 g of the title compound is obtained as 
a colorless oil 

[0263] H-NMR (CDCl3): 6=28 (3H), 8.05 (1H), 10.0 (1H) 

Example 1b 

(2Z)-3-(2-MethylthiaZol-4-yl)-2-?uoro-2-propenoic 
Acid Ethyl Ester 

[0264] Asolution of 58.7 g of phosphono?uoroacetic acid 
triethyl ester in 120 ml of dimethoxymethane is added at 0° 
C. to a suspension of 9.64 g of sodium hydride (60% 
suspension in mineral oil) in 120 ml of dimethoxyethane. It 
is stirred for 40 minutes, and then a solution of 15.4 g of the 
aldehyde, produced under Example 1a, in 120 ml of 
dimethoxyethane is added in drops and then stirred for 2 
hours at 24° C. under argon. After the mixing With aqueous 
ammonium chloride solution, it is extracted three times With 
ethyl acetate, the organic phase is Washed With dilute sodium 
chloride solution, dried on sodium sulfate and concentrated 
by evaporation in a vacuum. The mixture of the Z- and 
E-con?gured ole?ns is separated by column chromatogra 
phy on silica gel. With hexane/ethyl acetate 4:6 to 3:7 and 
in addition to 3.9 g of a mixed fraction, 7.5 g of (2E)-3-(2 
methylthiaZol-4-yl)-2-?uoro-2-propenoic acid ethyl ester 
and 7.3 g of the title compound are obtained as colorless oils. 

[0265] lH-NMR (CDC13): 6=1.36 (3H), 2.73 (3H), 4.33 
(2H), 7.20 (1H), 7.67 (1H) ppm. 

Example 1c 

(2Z)-3-(2-MethylthiaZol-4-yl)-2-?uoro-2-propen 
1 -ol 

[0266] 136 ml of a 1.2 molar solution of DIBAH in 
toluene is added in drops at —70° C. under nitrogen to a 
solution of 18.8 g of the above-produced ester in 260 ml of 
toluene. After one hour, 55 ml of isopropanol and then 68 ml 
of Water are sloWly added in drops to it, and it is stirred 
vigorously for 2 more hours. The precipitate that is produced 
is suctioned off and reWashed Well With ethyl acetate. The 
?ltrate is concentrated by evaporation in a vacuum, and the 
residue that is thus obtained is puri?ed by chromatography 
on silica gel. With hexane/0-70% ethyl acetate, 13.4 g of the 
title compound is obtained as a colorless oil. 

[0267] lH-NMR (CDC13): 6=2.69 (3H), 3.71 (1H), 4.27 
(2H), 6.18 (1H), 7.35 (1H) ppm. 

Example 1d 

(2Z)-3-(2-MethylthiaZol-4-yl)-2-?uoro-2-propenal 

[0268] A total of 53.3 g of manganese dioxide is added in 
portions to a solution of 13.28 g of the above-produced 
alcohol in 200 ml of toluene, and it is stirred vigorously 
under nitrogen for 4 more hours. Manganese dioxide is 
suctioned off on Celite, Washed Well With ethyl acetate, and 
the ?ltrate is concentrated by evaporation in a vacuum. The 
residue that is thus obtained by chromatography on silica gel 
is puri?ed. With hexane/0-30% ethyl acetate, 9.93 g of the 
title compound is obtained as a colorless oil. 
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[0269] 1H-NMR (CDC13): 6=2.77 (3H), 6.95 (1H), 7.88 
(1H), 9.36 (1H) ppm. 

Example 1e 

(3S,4Z)-5-(2-MethylthiaZol-4-yl)- 1 -[(4S,5R)-4-me 
thyl-5-phenyl-1 ,3-1 ,3-oxaZolidin-2-on-3 -yl] -3-hy 

droxy-4-?uoro -4-penten- 1-one 

[0270] 17.6 g of anhydrous chromium(II) chloride in 210 
ml of THF under argon is introduced and mixed With 756 mg 
of lithium iodide. Asolution of 9.8 g of the above-produced 
aldehyde and 18.8 g of (4S,5R)-3-(bromoacetyl)-4-methyl 
5-phenyloxaZolidin-2-one in 38 ml of THF is then added in 
drops to it. It is stirred for 3 more hours. 150 ml of saturated 
sodium chloride solution is added to it, it is stirred for 30 
minutes, and the phases are separated. The aqueous phase is 
extracted tWice With ethyl acetate, the combined organic 
phases are extracted once With Water and once With saturated 
sodium chloride solution. The organic phase is dried on 
sodium sulfate, ?ltered off, and the ?ltrate is concentrated by 
evaporation in a vacuum. The residue that is thus obtained 
is puri?ed by chromatography on silica gel. With hexane/ 
0-60% ethyl acetate, 11.22 g of the title compound in 
addition to 9.53 g of a mixed fraction and 1.8 g of the 
corresponding diastereomeric title compound are obtained 
as light oils. 

[0271] 1H-NMR(CDC13): 6=0.93 (3H), 2.71 (3H), 3.36 
(1H), 3.52 (1H), 4.82 (1H), 5.72 (1H), 6.29 (1H), 7.2-7.5 
(6H) ppm 

Example 1f 

methyl-5-phenyl-1 ,3-1 ,3 -oxaZolidin-2-on-3-yl] —3 
(tert-butyl-dimethylsilyloxy)-4-?uoro-4-penten-1 - 

one 

[0272] 4.68 ml of lutidine is added in drops at —70° C. 
under nitrogen to a solution of 11.2 g of the above-produced 
title compound in 86 ml of methylene chloride, and it is 
stirred for 5 more minutes. Then, 8.56 ml of tert-butyldim 
ethylsilyl-tri?uoromethane sulfonate is sloWly added in 
drops. After one hour, it is mixed With saturated ammonium 
chloride solution, and the reaction mixture is alloWed to heat 
to 25° C. It is diluted With ether, Washed once With Water and 
once With saturated sodium chloride solution. The organic 
phase is dried on sodium sulfate and concentrated by evapo 
ration in a vacuum. The residue that is thus obtained is 
puri?ed by chromatography on silica gel. With hexane/ether 
1:1, 9.3 g of the title compound is obtained as a colorless oil. 
1H-NMR (CDCl3): 0=0.15 (6H), 0.90 (9H), 0.93 (3H), 2.70 
(3H), 3.27 (1H), 3.57 (1H), 4.77 (1H), 4.90 (1H), 5.66 (1H), 
6.15 (1H), 7.26-7.50 (6H) ppm. 

Example 1 g 

(3S,4Z)-5-(2-MethylthiaZol-4-yl)-3-(tert-butyl-dim 
ethylsilyloxy)-4-?uoro-4-pentenoic Acid Ethyl Ester 

[0273] 2.8 ml of titanium(IV) ethylate is added to a 
solution of 15.5 g of the above-produced title compound in 
70 ml of ethanol, and it is re?uxed for 4 hours under 
nitrogen. The reaction solution is concentrated by evapora 
tion in a vacuum, the residue is taken up in 70 ml of ethyl 
acetate, mixed With Water and stirred for 20 minutes. Tita 
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nium oxide is suctioned off, Washed Well With ethyl acetate, 
and the ?ltrate is concentrated by evaporation in a vacuum. 
The residue is mixed With hexane, the crystals are suctioned 
off and Washed tWice With hexane. The ?ltrate is concen 
trated by evaporation in a vacuum. The residue that is thus 
obtained is puri?ed by chromatography on silica gel. With 
hexane/0-50% ethyl acetate, 11.9 g of the title compound is 
obtained as a colorless oil. 

[0274] 1H-NMR (CDC13): 6=0.11 (6H), 0.91 (9H), 1.26 
(3H), 2.70 (2H), 2.71 (3H), 4.15 (2H), 4.74 (1H), 6.12 (1H), 
7.37 (1H) ppm. 

Example 1h 

(3S,4Z)-5 -(2-MethylthiaZol-4-yl) -3 -(tert-butyl-dim 
ethylsilyloxy)-4-?uoro-4-penten-1 -ol 

[0275] 58.6 ml of a 1.2 molar solution of DIBAH in 
toluene is sloWly added in drops under nitrogen at —70° C. 
to a solution of 10.5 g of the above-produced title compound 
in 250 ml of toluene, and it is stirred for one hour at —30° 
C. 10 ml of isopropanol is sloWly added in drops to it at —70° 
C., then 22 ml of Water, and it is vigorously stirred at 25° C. 
for 2 more hours. The precipitate is suctioned off, Washed 
Well With ethyl acetate, and the ?ltrate is concentrated by 
evaporation in a vacuum. The residue that is thus obtained 
is puri?ed by chromatography on silica gel. With hexane/ 
0-70% ethyl acetate, 7.73 g of the title compound is obtained 
as a yelloW oil. 

[0276] lH-NMR (CDC13): 6=0.12 (3H), 0.16 (3H), 0.93 
(9H), 2.00 (2H), 2.72 (3H), 3.77 (1H), 3.86 (1H), 4.53 (1H), 
6.13 (1H), 7.36 (1H) ppm. 

Example 1i 

(3S,4Z)-5 -(2-MethylthiaZol-4-yl) -3 -(tert-butyl-dim 
ethylsilyloxy)- 1 -iodo -4-?uoro -4-pentene 

[0277] 1.90 g of imidaZole is added to a solution of 7.31 
g of triphenylphosphine in 106 ml of methylene chloride. 
7.07 g of iodine is added to this solution, alloWed to stir for 
10 minutes and then a solution of 7.7 g of the above 
produced title compound in 28 ml of methylene chloride is 
added in drops and stirred for 30 minutes. It is ?ltered off, 
Washed Well With ether, and the ?ltrate is concentrated by 
evaporation in a vacuum. The residue that is thus obtained 
is puri?ed by chromatography on silica gel. With hexane/ 
0-10% ethyl acetate, 8.2 g of the title compound is obtained 
as a colorless oil. 

[0278] 1H-NMR (CDC13): 6=0.11 (3H), 0.16 (3H), 0.93 
(9H), 2.23 (2H), 2.71 (3H), 3.24 (2H), 4.36 (1H), 6.12 (1H), 
7.36 (1H) ppm. 

Example 1j 

(3S,4Z)-5 -(2-MethylthiaZol-4-yl) -3 -(tert-butyl-dim 
ethylsilyloxy)-4-?uoro-4-pentene-triphenylphospho 

nium Iodide 

[0279] 8.16 g of the above-produced title compound is 
mixed With 5.33 g of triphenylphosphine and stirred under 
nitrogen at 100° C. for 2 hours. After cooling, the solid 
residue is pulveriZed tWice With ether and a little ethyl 
acetate, Whereby the supernatant solution is pipetted off. 
Then, the residue is dissolved in methanol and concentrated 
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by evaporation in a vacuum. The solid form is dissolved 
again in a little methanol, mixed With toluene and again 
concentrated by evaporation in a vacuum. This process is 
repeated tWice, then the residue is dried under high vacuum. 
12.4 g of the title compound is obtained as a solid substance. 

[0280] Flash point: 70-72° C. 

Example 2 

(4S,7R,8S,9S, 13(E),1 6S(Z))-4,8-Dihydroxy-1 6-(1 - 
?uoro-2-(2-methyl-4-thiaZolyl)ethenyl)- 1-oxa-5 ,5 ,7, 
9,13-pentamethyl-cyclohexadec- 13-ene-2,6-dione 

[0281] Analogously to Example 1, 41.5 mg of the title 
compound is obtained as a light yelloW-colored oil from the 
phosphonium salt of Example 1j. 

[0282] 1H-NMR(CDC13): 6=0.99 (3H), 1.05 (3H), 0.8-1.4 
(6H), 1.16 (3H), 1.30 (3H), 1.5-1.7 (1H), 1.76 (1H), 2.00 
(1H), 2.18 (1H), 2.43 (1H), 2.56 (1H), 2.63 (2H), 2.70 (3H), 
3.25 (1H), 3.40 (2H), 3.66 (1H), 4.30 (1H), 5.13 (1H), 5.61 
(1), 6.18 (1H), 7.48 (1H) ppm. 

Example 3 

(1R,3S(Z),7S,10R,11S,12S,16S)-7,11-Dihydroxy-3 
(1-?uoro-2-(2-methyl-4-thiaZolyl)ethenyl)-8,8,10,12, 
16-pentamethyl-4,17-dioxabicyclo[14.1.0]heptade 
cane-5,9-dione (A) and (1S,3S(Z),7S,11R,11S,12S, 
16R)-7,11-dihydroxy-3-(1—?uoro-2-(2-methyl-4 
thiaZolyl)ethenyl)-8,8,10,12,16-pentamethyl-4,17 
dioxabicyclo[14.1.0]heptadecane-5,9-dione (B) 

[0283] 0.172 ml of EDTA and 0.288 ml of 1,1,1-tri?uo 
roacetone, then a mixture of 35.0 mg of oxone and 20.2 mg 
of sodium bicarbonate are added at 0° C. under argon to 15 

mg of the title compound, produced in Example 1, in 0.3 ml 
of acetonitrile. It is stirred for 3.5 hours at 0° C. It is mixed 
With 2 ml of sodium thiosulfate solution, stirred for 5 
minutes and diluted With 80 ml of ethyl acetate. The organic 
phase is Washed once With semisaturated sodium chloride 
solution, dried on sodium sulfate and concentrated by 
evaporation in a vacuum. The residue that is thus obtained 
is puri?ed by 2>< preparative thick-layer chromatography. 
With methylene chloride/ethyl acetate 2:8 (1.PDC) or meth 
ylene chloride/methanol 98:2 (2.PDC), 2.5 mg of title com 
pound A as a nonpolar component and 6 mg of title com 
pound B as a polar component are obtained as colorless oils. 

[0284] lH-NMR (MeOH-d4) Of A: 6=0.99 (3H), 1.04 
(3H), 0.8-1.9 (11H), 1.30 (3H), 1.41 (3H), 2.17 (2H), 2.47 
(1H), 2.58 (1H), 2.71 (3H), 3.01 (1H), 3.2-3.4 (1H), 3.78 
(4H), 4.33 (1H), 4.8-5.0 (1H), 5.71 (1H), 6.26 (1H), 7.53 
(1H)ppm 

[0285] lH-NMR (MeOH-d4) Of B: 6=0.99 (3H), 1.01 
(3H), 0.9-1.9 (6H), 1.12 (3H), 1.30 (3H), 1.33(3H), 1.95 
2.10 (4H), 2.13 (2H), 2.41 (1H), 2.48 (1H), 2.70 (3H), 
3.2-3.4 (1H), 3.63 (1H), 3.85 (1H), 4.34 (1H), 5.34 (1H), 
5.63 (1H), 6.19 (1H), 7.51 (1H) ppm. 
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Example 4 

(111,38 (Z),7S,10R,1 1s,12s,1 6R)-7, 11 —Dihydroxy 
3-(1 —?uoro-2-(2-methyl-4-thiaZolyl)ethenyl) -8,8, 10, 
12,1 6-pentamethyl-4, 17-dioxabicyclo[14.1.0]hepta 
decane-5,9-dione (A) and (1S,3S(Z),7S, 10R,1 1S, 

12S,1 6S)-7, 11 -dihydroxy-3-(1 —?uoro -2-(2-methyl-4 
thiaZolyl)ethenyl)-8,8,10, 12, 16-pentamethyl-4,17 
dioxabicyclo[14.1.0]heptadecane-5,9-dione (B) 

[0286] Analogously to Example 3, 8.8 mg of title com 
pound A as a nonpolar component and 9.0 mg of title 
compound B as a polar component are obtained as colorless 
oils from 38 mg of the title compound that is produced in 
Example 2. 

[0287] lH-NMR (MeOH-d4) Of A: 6=0.95 (3H), 1.00 
(3H), 08165 (8H), 1.14 (3H), 1.28 (3H), 1.33 (3H), 1.91 
(1H), 2.18 (2H), 2.54 (2H), 2.68 (3H), 3.05 (1H), 3.43 (1H), 
3.63 (1H), 4.26 (1H), 5.66 (1H), 6.24 (1H), 7.52 (1H) ppm. 

[0288] lH-NMR (MeOH-d4) of B: 6=0.95 (3H), 1.02 
(3H), 0.8-1.7 (8H), 1.14 (3H), 1.29 (3H), 1.32 (3H), 1.77 
(1H), 2.09 (1H), 2.23 (1H), 2.5-2.65 (2H), 2.69 (3H), 3.14 
(1H), 3.33 (1H), 3.70 (1H), 4.38 (1H), 5.66 (1H), 6.21 (1H), 
7.51 (1H) ppm. 

Example 5 

(4S,7R,8S,9S, 13(Z),1 6S(Z))-4,8-Dihydroxy-1 6-(1 - 
chloro-2-(2-methyl-4-thiaZolyl)ethenyl)- 1-oxa-5 ,5 ,7, 
9,13-pentamethyl-cyclohexadec-13-ene-2,6-dione 

Example 5a 

2-MethylthiaZol-4-carbaldehyde 

[0289] 50 g of ethyl-2-methylthiaZole-4-carboxylate is 
dissolved in 700 ml of methylene chloride, cooled to —70° 
C. and carefully mixed With 390 ml of diisobutylaluminium 
hydride (1.2 molar in toluene). After 1 hour, the reaction Was 
still not complete, and 40 ml of diisobutylaluminium 
hydride Was added in drops once more. After another 40 
minutes, the reaction mixture Was carefully mixed With 100 
ml of isopropanol and stirred for 15 minutes. Then, 215 ml 
of Water is added in drops, and the cooling bath is removed. 
After 2 hours, the crystalline precipitate Was suctioned off 
via a frit, Washed With ethyl acetate, and the ?ltrate Was 
concentrated by evaporation in a vacuum. 36.1 g of the title 
compound is obtained. 

[0290] lH-NMR (CDC13): 6=2.8 (3H), 8.05 (1H), 10.00 
(1H) ppm. 

Example 5b 

(2Z)-3—(2-MethylthiaZol-4-yl)-2-chloro-2-propenoic 
Acid Ethyl Ester 

[0291] A solution of 97 g of triethyl-2-chloro-2-phospho 
noacetate in 165 ml of dimethoxyethane is added Within 15 
minutes at 0° C. under nitrogen to a suspension of 9 g of 
sodium hydride (60% suspension in mineral oil) in 165 ml 
of dimethoxyethane. It is stirred for 45 minutes at 24° C., 
and then a solution of 31.8 g of the title compound, produced 
under Example 5a, in 165 ml of dimethoxyethane is added 
in drops, and it is then stirred for 1 more hour. After mixing 
With aqueous ammonium chloride solution, it is extracted 
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three times With ethyl acetate, the organic phase is Washed 
With dilute sodium chloride solution, dried on sodium sul 
fate and concentrated by evaporation in a vacuum. The 
mixture of Z- and E-con?gured ole?ns is separated by 
column chromatography on silica gel. After column chro 
matography With hexane/ethyl acetate 10-30% and subse 
quent crystallization from hexane, 32 g of the title com 
pound is obtained. (FP. 61° C.-62° C.) 

[0292] lH-NMR (CDC13): 0=137 (3H), 2.76 (3H), 4.33 
(2H), 8.13 (1H), 8.18 (1H) ppm. 

Example 5c 

(2Z)-3-(2—MethylthiaZol-4-yl)-2-chloro-2-propen-1 
01 

[0293] Analogously to Example 1c, 22.8 g of the title 
compound is obtained from 32 g of the ester, produced in 
Example 5b, in toluene as a solvent. 

Example 5d 

(2Z)-3-(2-MethylthiaZol-4-yl)-2-chloro-2-propenal 
[0294] 9.8 g of the alcohol that is produced in Example 5c 
is dissolved in 500 ml of methylene chloride and mixed With 
26.14 ml of triethylamine. Then, 16.14 g of SO3-pyridine 
complex is added, and it is stirred for 1 hour at —24° C. NoW, 
it is mixed With ammonium chloride solution, extracted With 
ethyl acetate, the organic phase is Washed With saturated 
sodium chloride solution and dried or sodium sulfate. After 
concentration by evaporation in a vacuum, 10.03 g of the 
title compound is obtained. 

Example 5e 

(3S,4Z)-5-(2-MethylthiaZol-4-yl)-1-[(4S,5R)-4-me 
thyl-5-phenyl-1,3-oxaZolidin-2-on-3-yl]-3-hydroxy 

4-chloro-4-penten-1-one 
[0295] Analogously to Example 1e, 1.4 g of the title 
compound is obtained from 3.3 g of the aldehyde that is 
produced in Example 5d. 

[0296] lH-NMR (CDC13): 0=0.95 (3H), 2.7 (3H), 3.38 
(1H), 3.45-3.55 (1H), 3.56 (1H), 4.8 (1H), 4.89 (1H), 5.7 
(1H), 7.18 (1H), 7.28-7.48 (5H), 7.83 (1H) ppm. 

Example 5f 

(3S,4Z)-5-(2-MethylthiaZol-4-yl)-1-[(4S,5R)-4-me 
thyl-S-phenyl-oxaZolidin-2-on-3-yl]-3-(tert-butyl 

dimethylsilyloxy)-4-chloro-4-penten-1-one 
[0297] Analogously to Example 1f, 580 mg of the title 
compound is obtained from 1.4 g of the alcohol that is 
produced in Example 5e. 

[029s] lH-NMR (CDC13): 0=0.11 (3H), 0.15 (3H), 0.9 
(9H), 0.85-0.95 (3H), 2.7 (3H), 3.26 (1H), 3.58 (1H),4.77 
(1H), 4.99 (1H) 5.64 (1H), 7.05 (1H), 7.25-7.46 (5H), 7.83 
(1H) ppm 

Example 5 g 

(3S,4Z)-5-(2-MethylthiaZol-4-yl)-3-(tert-butyl-dim 
ethylsilyloxy)-4-chloro-4-pentenoic Acid Ethyl 

Ester 

[0299] Analogously to Example 1g, 9.1 g of the title 
compound is obtained from 12.5 g of the silyl ether that is 
produced in Example 5f. 
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[0300] lH-NMR (CDC13): 0=0.09 (3H), 0.1 (3H), 0.9 
(9H), 1.26 (3H), 2.68-2.78 (2H), 2.72 (3H), 4.15 (2H), 4.82 
(1H), 7.04 (1H), 7.8 (1H) ppm. 

Example 5h 

(3S,4Z)-5 -(2-MethylthiaZol-4-yl) -3 —(tert-butyl-dim 
ethylsilyloxy)-4-chloro -4-penten-1 -ol 

[0301] Analogously to Example 1h, 7.5 g of the title 
compound is obtained from 9.1 g of the ethyl ester that is 
produced in Example 5g. 

[0302] lH-NMR (CDC13): 0=0.09 (3H), 0.14 (3H), 0.94 
(9H), 1.92-2.12 (3H), 2.72 (3H), 3.68-3.88 (2H), 4.58 (1H), 
7.04 (1H), 7.81 (1H) ppm. 

Example 5i 

(3S,4Z)-5 -(2-MethylthiaZol-4-yl) -3 —(tert-butyl-dim 
ethylsilyloxy)- 1-iodo-4-chloro -4-pentene 

[0303] Analogously to Example 1i, 2.02 g of the title 
compound is obtained from 1.7 g of the alcohol that is 
produced in Example 5h. 

[0304] 1H-NMR (CDC13): 6=0.08 (3H), 0.14 (3H), 0.92 
(9H), 2.1-2.33 (2H), 2.72 (3H), 3.2 (2H), 4.45 (1H), 7.03 
(1H), 7.82 (1H) ppm. 

Example Sj 

(3S,4Z) —5 -(2-MethylthiaZol-4yl) -3 —(tert-butyl-dim 
ethylsilyoxy)-4-chloro-4-pentene-triphenylphospho 

nium Iodide 

[0305] Analogously to Example 1j, 14.8 g of the title 
compound is obtained from 9.6 g of the iodide that is 
produced in Example 5i. 

[0306] lH-NMR (CDC13): 0=0.1 (3H), 0.18 (3H), 0.9 
(9H), 2.07 (2H), 2.69 (3H), 3.47-3.63 (3H), 3.68-3.85 (1H), 
4 .99 (1H), 7.21 (1H), 7.67-7.87 (16H) ppm. 

Example 5k 

(2S,6E/Z,9S, 10Z)-10- Chloro-9-[[dimethyl(1 ,1 -dim 
ethylethyl)silyl]oxy]- 11 -(2-methyl-4-thiaZolyl) -2,6 
dimethyl-undeca-6,10-dienol-tetrahydropyran-2-yl 

ether 

[0307] 6.94 ml of butyllithium (1.6 molar in hexane) is 
carefully added in drops at 0° C. under nitrogen to a solution 
of 8 g of phosphonium salt, produced in Example Sj, in 22 
ml of tetrahydrofuran, and it is stirred for 20 minutes (dark 
red solution). 1.69 g of (6S)-6-methyl-7-(tetrahydro—2H 
pyran-2-yl(oxy)-heptan-2-one, dissolved in 11 ml of tetrahy 
drofuran, Was noW added in drops to the reaction mixture. 
The reaction mixture Was stirred for 30 more minutes and 
Was then mixed With 11 ml of saturated ammonium chloride 
solution. After another 5 minutes, the reaction mixture Was 
diluted With ethyl acetate, Washed once With saturated 
sodium chloride solution, dried on sodium sulfate and con 
centrated by evaporation in a vacuum. After column chro 
matography With hexane/ether 0-50%, 4.8 g on the title 
compound is obtained. 
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[0308] lH-NMR (CDCl3): 6=0.05-0.1 (6H), 0.85-0.95 
(12H), 1.0-2.52 (14H), 1.6 (3H), 2.7 (3H), 3.07-3.27 (1H), 
3.42-3.54 (3H), 3.86 (1H), 4.26 (1H), 4.56 (1H), 5.12 (1H), 
6.97 (1H), 7.81 (1H) ppm. 

Example 51 

(2S,6E/Z,9S,10Z)-10-Chloro-9-[[dimethyl(1 ,1 -dim 
ethylethyl)silyl]oxy]- 11 -(2-methyl-4-thiaZolyl)-2,6 

dimethyl-undeca-6,10-dienol 

[0309] 134.38 mg of pyridinium-p-toluenesulfonate is 
added to a solution of 2.9 g of the ole?n, produced in 
Example 5k, in 40 ml of ethanol, and it is stirred for 6 hours 
at 55° C. under nitrogen. Then, it is concentrated by evapo 
ration in a vacuum. After column chromatography With 
hexane/ethyl acetate 0-30%, 1.73 g of the title compound is 
obtained. 

[0310] lH-NMR (CDC13): 6=0.05-0.1 (6H), 0.92 (9H), 
1.02/1.09 (3H), 1.59/1.61 (3H), 1.15-1.8 (4H), 1.93-2.08 
(2H), 2.23-2.52 (3H), 2.72 (3H), 4.27 (1), 5.15 (1H), 6.95/ 
6.98 (1H), 7.81 (1H), 9.54/9.6 (1H) ppm. 

Example 5m 

(2S,6E/Z,9S,10Z)-10-Chloro-9-[[dimethyl(1 ,1 -dim 
ethylethyl)silyl]oxy]- 11 -(2-methyl-4-thiaZolyl)-2,6 

dimethyl-undeca-6, 10-dienal 

[0311] 2.283ml of triethylamine is added at room tempera 
ture under nitrogen to a solution of 1.5 g of the alcohol, 
produced in Example 51, in 32.7 ml of methylene chloride 
and 11 ml of dimethyl sulfoxide. Then, the reaction mixture 
is mixed With 1.042 g of SO3-pyridine complex and stirred 
for 35 minutes. After saturated ammonium chloride solution 
is added, it is stirred for 5 more minutes, diluted With ether, 
Washed With semisaturated sodium chloride solution, the 
organic phase is dried on sodium sulfate and concentrated by 
evaporation in a vacuum. 216 mg of the title compound is 
obtained. 

Example 5n 

(3s,6R,7s,8s,12E/Z,15s,1 6Z)-1 6-Chloro-17-(2 
methyl-4-thiaZolyl) -5 -oxo-1 ,3,15 -tris[[dimethyl(1 ,1 - 
dimethylethyl)silyl]oxy]-4,4,6,8, 12-pentamethyl 

heptadeca-12,1 6-dien-7-ol 

[0312] 3.3 ml of butyllithium (1.6 molar in hexane) is 
cooled to 0° C. and mixed carefully With a solution of 535 
mg of diisopropylamine in 12 ml of tetrahydrofuran. Then, 
the reaction mixture is cooled to —70° C. and added in drops 
With a solution that consists of 1.78 g of (3S)-1,3-bis 
[[dimethyl(1,1-dimethylethyl)silyl]oxy]-4,4-dimethyl-hep 
tan-5-one in 12 ml of tetrahydrofuran. It is stirred for 1 hour 
at a constant temperature. A solution of 1.34 g of the 
aldehyde, produced in Example 5m, in 9.7 ml of tetrahy 
drofuran, is noW added in drops to the reaction mixture and 
stirred again for 1.5 hours. Then, it is mixed With saturated 
ammonium chloride solution, diluted With ether, Washed 
tWice With semisaturated sodium chloride solution, the 
organic chase is dried With sodium sulfate and concentrated 
by evaporation in a vacuum. After column chromatography 
With hexane/ethyl acetate 25%, 2.52 g of the title compound 
is obtained. 
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[0313] lH-NMR (CDC13): 6=0.0-0.1 (18H), 0.77/0.81 
(3H), 0.7-1.8 (8H), 0.85-0.9 (27H), 1.0 (3H), 1.07 (3H), 1.21 
(3H), 1.53 (3H), 1.9-2.04 (2H), 2.34-2.47 (2H), 2.71 (3H), 
3.28 (2H), 3.53-3.7 (2H), 3.38 (1H), 4.18-4.28 (1H), 5.11 
(1H), 6.92 (1H), 7.79 (1H) ppm. 

Example 50 

(3S,6R,7S,8S,12E/Z,15S, 1 6Z)-1 6-Chloro-17-(2 
methyl-4-thiaZolyl) -5 -oxo- 1,3,7,15-tetrakis[[dim 
ethyl(1, 1-dimethylethyl)silyl]oxy] -4,4,6,8,12-pen 

tamethyl-heptadeca- 12, 16-diene 

[0314] 722 pl of lutidine is added in drops at 0° C. under 
nitrogen to a solution of 1.52 g of the alcohol, produced in 
Example 5n, dissolved in 21.3 ml of methylene chloride. 
After 5 minutes, 813 pl of tert-butyldimethylsilyltri?ate is 
added to the reaction mixture, and it is stirred for 1.5 more 
hours. Then, it is diluted With ether, Washed once With 1N 
hydrochloric acid, tWice With saturated sodium chloride 
solution, the organic phase is dried With sodium sulfate and 
concentrated by evaporation in a vacuum. After column 
chromatography With hexane/ether 0-20%, 221 mg of the 
title compound is obtained. 

Example 5p 

(3s,6R,7s,8s,12E/Z,15s, 1 6Z)-1 6-Chloro-17-(2 
methyl-4-thiaZolyl) -5 -oxo-3,7,15-tris[[dimethyl(1 ,1 - 
dimethylethyl)silyl]oxy]-4,4,6,8, 12-pentamethyl 

heptadeca-12,1 6-dien- 1-ol 

[0315] 453.45 mg of campher-10-sulfonic acid is added at 
0° C. under nitrogen to a solution that consists of 1.9 g of the 
silyl ether, produced in Example 50, in 15 ml of methylene 
chloride and 15 ml of methanol, and it is stirred for 2 more 
hours. Then, it is mixed With 13 ml of triethylamine, and 
after 5 minutes, the reaction mixture is added to saturated 
sodium bicarbonate solution, diluted With methylene chlo 
ride, the organic phase is Washed once With saturated sodium 
chloride solution, dried on sodium sulfate and concentrated 
by evaporation in a vacuum. 1.41 g of the title compound is 
obtained. 

[0316] lH-NMR (CDC13): 6=0.02-0.13 (18H), 0.85-0.96 
(30H), 1.08 (3H), 1.23 (3H), 1.6 (3H), 1.0-2.1 (10H), 
2.32-2.52 (2H), 2.72 (3H), 3.13 (1H), 3.65 (2H), 3.8 (1H), 
4.08 (1H), 4.21-4.3 (1H), 5.13 (1H), 6.98 (1H), 7.8 (1H) 
ppm 

Example 5q 

(3S,6R,7S,8S,12E/Z,15S,16Z)-16-Chloro-17-(2 
methyl-4-thiaZolyl)-5-oxo-3,7,15-tris[[dimethyl(1,1 
dimethylethyl)silyl]oxy]-4,4,6,8, 12-pentamethyl 

heptadeca-12, 16-dienal 

[0317] 1.14 ml of triethylamine is added at room tempera 
ture under nitrogen to a solution that consists of 1.4 g of the 
alcohol, produced in Example 5p, in 19 ml of methylene 
chloride and 4.5 ml of dimethyl sulfoxide. Then, the reaction 
mixture is mixed With 520 mg of SO3-pyridine complex and 
stirred for 2 hours. After saturated ammonium chloride 
solution is added, it is stirred for 5 minutes, diluted With 
ether, Washed tWice With semisaturated sodium chloride 
solution, the organic phase is dried on sodium sulfate and 
concentrated by evaporation in a vacuum. 1.44 g of the title 
compound is obtained. 




































