2 3 SEP 2005 Degradation of Epothilones | Epothilones of type C and {)%ﬁgp @[05
belong to the art and are especially characterized by a C=C doubl e
positions 12 and 13 and a hydrogen atom at position 12 (type C) or an al kyl
group- (type D). According to one enbodi ment the invention concerns a
process for a degradation of an epothilone C or an epothilone D, wherein
an epothilone C or an epothilone Dis subjected to an olefin' netathesis in
t he presence of ethylene and subsequently an optional ester hydrolysis
(schene 1). According to the invention the epothilone C or D can be a

fermentation product. According to another enbodi nent the invention concerns

a process for the production of an epothilone of formula 9 S M~ o0, 9
wherein an epothilone of fornula 2a (schenmes | and I1) is converted into
¢onpound of forrmula 3a (schenme 11), the conpound of fornula 3a is reacted
with a conpound of fornmula 6 (which has been fornmed by reacting a conpound
of formula 4 wth a conpound of formula 5; schene [1) to give a conpound of
2 f BeRERdation of Enothblewes(scheme 11), the conmpound of fornula 7 is
reacted in the presence of a Gubbs catalyst to give a conpound of fornula
8a- by deprotection (schene Il), the

Epothilones of type C and type D belong to the art and are
especially characterized by a C=C double bond at positions 12
and 13 and a hydrogen atom at position 12 (type C) or an alkyl
group- (type D) .

According to one embodiment the invention concerns a process
for a degradation of an epothilone C or an epothilone D,
wherein an épothilone C or an epothilone D is subjected to an
olefin ' metathesis in the presence of ethylene and subsequently

an optional ester hydrolysis (scheme I).

According to the invention the epothilone C or D can be a

fermentation product.

According to another embodiment the- invention concerns a

process for the production of an epothilone of formula 9

M._Q:]\\

wherein an epothilone of formula 2a (schemes I and II) is
converted into compound of formula 3a (scheme II), the
compound of formula 3a is reacted with a compound of formula 6
(which has been formed by reacting a'compound of formula 4

with a compound of formula S; scheme II) to give a comvound of
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Alternatlvely to the reaction sequence depicted in scheme I.

synthétic intermediates of typre 3 may be obtained according to
scheme III by

1) cleavage of the lactone of epothilone C or D with e. 9- pig
liver esterase (PLE) or, after protection of the 3,7- hydroxyl
groups, with aqueocus base to give 10 (this conversion is
described in U.S. Patent Application 09/811,808, March 19,
2001 by BMS/GBF),

2) optionally esterification with diazomethane and opticnally
protection of the 3,7-dihydroxyl groups to give 11,

3) olefin metathesis with an excess of an olefin, e.g.

synthetic internediates of type 3

by

ronatography on

ethylene and a ruthenium or molybdenum metathesis catalyst and

. optionally protection of the 3,7-dihydroxyl groups to give 3b.

Experimental Part

12,13-seco-Epothilone ¢ {2a):

450 mg of epothilone C (1) (0.95 mmol) were dissolved in 250
mL of dichloromethane, saturated with'ethylene and after
addition of 60 mg of Grubb's catalyst (PhCHRuCl,[P(Cy),],
stirred for 24 hours. After addition of further 60 mg of
catalyst and stirring for 24 hours the dark solution was

evaporated to dryness and the residue purified by

conmpound of forrmula 8a is converted into a conpound of fornmula 8b by
deprotection (schene 11), and conpound of fornmula 8b is converted t ol & SEP 2005 |

conmpound of forrmula 9 by epoxidation (schenme 11). Aternatively to the
reacti on sequence depicted in schene |
may be obtained according to schene Il by 1) cleavage of the |actone of

epothilone Cor Dwith e.g. pig liveyr esterase (PLE) or, after protection
of the 3,7-hydroxyl groups, with aqueous base to give 10 (this conversion



hexanes/tert.-butyl met hyl ester/ net hanol 80:20:1. The first fraction

contained 360 ng (75 % of 2a, the second 100 ng (22 % of recovered 23 SEP 2005
starting material 1. 2a: 1H NWR {CDC13} , 300 MHz) : S =6.95 (s, 19-H),

6.02 (s, 17- H), 5.89 - 5.64 (m 12-H, 13-H), 5.16 - 4.89 (m 12a-HZ, 13a-

H2), 5.37 (t, J = 7 Hz, 15-H), 4.24 (ddd, J = 10, 3, 3.5 Hz, 3- H), 3.36 (s,
OH), 3.34 (d, J =8 Hz, 7-H), 3.25(dgq, J = 1.5, 7 Hz, 8-H , 3.21 (d, J =

3. 8 Hz, OH , 2.70 (s, 21-H3) , 2.52 - 2.32 (m 2-H2, 14-H2), 2.07 (d, J =
1.5 16- Me 2.05 - 1,95 (m_.11-H2) , 1. 8 - 1.1 (m 6-H 8-H 9-H2,

10- H??‘,T"f‘.afé’g)(ﬁpw ®B)siliay withathe) solvest(gystem 7 Hz, 6-Me), 0.83 (d,

Sl USRS 08k JLE BB il (4 900

i ons)

3; 7- Braateran buomta tihedt Byo -3 | Y7X¥) - 4£426, Sthel LI 1w mg (22
oxo-%ﬁ-&gﬂdecenoic cid %ga) To 330, 0.65 mmol ) of 12,13-sé%o-epothilone
C (28 i SESIVEUTH §B2RE1eF meEerdprd ddded with stirring 0.6 nL of

NEt 3and 0.6 nL of tert-butyldinmethylsilyltrif |ate. After one hour the
sol vent was evaporated in vacuo. The residue was dissolved in 10 nL of THF,

70 ngaaf ‘Hi-OMRdi (©DdMed RBoOMEZYL s0L walser r e a4dded the njxture
stirred for 16 hours. The solaghts me?gggbégﬁrgfﬂgﬂdn gﬂ% G%Sr%ﬁé
di st H)butted et veedd Phospheie bBEEP; Bf 16H-54389 qil)yl12acet,at g 3aThe organic

| ayer, ywa [ w.th M and evaporated to dryness. Preparative HPLC on
RP- 13’2wt§'9?e9‘3d| \)JEan't I\gjﬁ'eiw)harﬂnigﬁo(%%l J atmdRi udy adebatie,bdf er pH 7
ga"e*‘3353’f@6(6(759/‘).01@f.33‘-§5 (&0l grlegspyl sqouy bl 2% (aq, 5 - 1.5,

) 7 Hz, 8-H), 3.21 (d, J = 3.8 Hz, OH), 2.70 (s, 21-H;), 2.52 -

3

2.32 (m, 2-H;, 14-Hy;, 2.07 (d, J = 1.5 Hz, 16-Me}, 2.05 - 1,95
(m, 11-Hz), 1.8 - 1.1 (m, 6-H, 8-H, 9-H,, 10-H;), 1.18 (s, 4-
Me}, 1.10 (s, 4-Me), 1.04 (d, J = 7 Hz, 6-Me), 0.83 (d, J =7
Hz, B-Me).

ESI-MS (pos ions) m/z = 506 [M + H')], CI - MS (NH, pos. ions)
m/z = 506 [M + H*)] (22 %), 380 {100 %).

3,7-Di-[tert-buthyldimethyl-silyloxy]»4,4,6,B—tetramethy1-5-
oxo0-12-tridecenocic acid (3a)
To 330 mg (0.65 mmol) of 12,13-seco-epothilone C (2a)

3 dissolved in 10 mL of THF were added with stirring 0.6 mL of
NEt; and 0.6 mL of tert-butyldimethylsilyltriflate. After one
hour the solvent was evaporated in vacuo. The residue was
dissolved in 10 mL of THF, 70 mg of LiOH dissolved in 0.5 mL
of water were added and the mixture stirred for 16 hours. The
solvents were evaporated and the residue distributed between
phosphate buffer of pH 5 and ethyl acetate. The organic layer
was dried with MgSO, and evaporated to dryness. Preparative
HPLC on RP-18 with the solvent system methanol/20 mmol
ammonium acetate buffer pH 7 gave 235 mg (67 %) of 3a as

colorless wviscous oil.




| vent system nethanol /20
scattering detector: Rt
m 12-H) , 4.99, 4.92 (m 13-

Anal ytical HPLC on Nucleosil RP-18 (260 x 5 mm
nmol anmoni um acetate buffer pH 7, 1 nmb/mn, |i
=55 mn. 1HNW (CDC13i 300 MHz) : S =5.78 (

H2), 4.39 (dd, J =6.3, 3.4 Hz, 3-H , 3.7 d, J 7.2, 2.0 Hz, 7-H),
3.12 (dg, J = 7.0 Hz, 8-H), 2.49 (dd, J = , 3.5 Hz, 2-Ha) , 2.32 (dd, J
= 16.5, 6.2 Hz, 2-Hb) , 1.5 - 1.0 (m@ 6- H, 8-H 9-H2r 10-H2, 11-H2) , 1.2
(s, 4-Me), 1.07 (s, 4-M), 1.04 (d, J =6.9 Hz, 6-M), 0.91 (d, J = 7.0 Hz,

8- , i) i), 5009 (s, MeSi), 0.06 (s, MeSi

0 0 72 VB LGEL AR b e FRea 1 RTE 1300 3, i poj vent system

4- Brosbhanmdy/ 2y -t Bzathmok fim 1ade f 26 85b{TRBL)- §H47Di Qrﬁ\ﬂ?hgihgz‘i{,% as
sol utl on

dissolved in 25 n anhydrous ether and the re ul ti'ng stirred®
unde? CRECEXLRGS SIRFRCERT: B8E S5TS tmhar.sol uti on was added n-BuLi (1.1

equi ual , I 8 of 1.6 Msolution in hexane) and the

sti r?&?n“g”n'&/aéé%gﬁ@m% %gr"'%inhFT%-?ﬁe(F‘eaétzi“éﬂf ¥i-POur é .fds (e added
dropmise & 356! yhion of. ¢ et hyl,syl fate .1, .34 mmol) in 1 nL ether.
Af ter Eti rri nglef of 4 h gsltrge %é llj.r!ﬂt%é I‘BEEII-IC)'['I (])"ﬁ'ﬂ%xf%ﬁe 5 Féiilow%doto warm t o
roondzi effpdd at drelantdgt i T red7 forHd4d d-ufheareacyign i xt ygeswag gdi | uted

wth,a Sgt‘%;ft eg f?%l ution of NaHCO3 (10 nml). The aqueous |ayer was

ext ratte h &ther the dénfSirndd 2 dtman? cHiext ladt s Merke (mshied with a
bri ng, agdudr igegy,ovary MySO04; - n ratiop ynder _vaguum and flash col um
chr omat ogr aphy (sili (I}:% gefl, Hf’cLa((;’: c1;13'|cr)5et ?%1 egmHS?he}/ @?h&?’ agéﬂﬁt)e) . yiel ded
0.521.94(%0.6% = §e? Bay obtMe), 0.91 (d, T = 7.0 Hz, B-Me), 0.89

) (s, tBuSi), 0.88 (s, tBuSi), 0.09 (s, MeSi), 0.06 (s, Mesi),
0.05 (s, 2 MeSi).

]

ESI - MS (neg. ions) m/z = 541 (M-H)

4-Bromo-2-methyl-thiazole (4)
1 g (2.05 mmol) 2,4-Dibromothiazole was dissolved in 25 mL
anhydrous ether and the resulting solution was stirred under N,
atmosphere at - 78°C. To the solution was added n-BuLi (1.1
equivalent, 4.52 mmol, 2.8B2 mL of 1.6 M solution in hexane)
and the stirring was continued for 1 h. To the reaction
mixture was then added dropwise a solution of dimethylsulfate

) 1.16 mL (12.34 mmol) in 1 mlL ether. After stirring for 4.h at |
-78°C the reaction mixture was allowed to warm to room
temperature and stirred for 14 h. The reaction mixture was
diluted with a saturated solution of NaHCO; (10 mL). The
aqueous layer was extracted with ether and the combined
organic extracts were washed with a brine and dried over MgSo,.
Concentration under vacuum, and flash column chromatography

(silica gel, 10:1 petroleum ether/ethyl acetate) . Yielded 0.52
g (70.6%) a yellow oil. '

IR (KBr): 3122, 2923, 1485, 1441, 1252, 1178, 1085887, 834

cm™,

'H-NMR (CDCl;, 400 MHz) : & = 7.02 (s, 1H), 2.71 (s, 3H).




IR (KBr) : 3122, 2923, 1485, 1441, 1252, 1178, 1085887, 834 | cm'H NWR
(CDC13r 400 MHz) : 8 = 7.02 (s, IH, 2.71 (s, 3H 2 3 SEP 2005 5 13C- N§A3 SEP 2005
(CbAd 3, 100.6 MHz) : S = 167.31, 124.18, 116.11, 19.40. EI-M5 (70 eV) : nmz
(% : 179 (93) [M2H ', 177 (100) [M+H ', 169 (30), 164 (20), 159 (15).
HRVS (El) : calcd for CAHABrNS 176. 9251, found 176.9248

1- (2-nmet hyl -t hi azol -4-yl)-hex-5-en-Igyn-3-01 (6) 480 ng (2.68 muol)

4- Bronp- 2-net hyl -thiazole (4) in 4 nL Et3N was added to 131 ng (0.187 mmol)

PdCl & ( 3) d the su ensiop was _stirred 15 m nutes under N2
atnnsSﬁEEg Fﬁéﬁ%ﬂ %%&p r e thent8i173ky (26..684 36l 11CUlSuas . added
undeEI er I pw.se.,addi t 3 alc hol

(n o v ROTRIG T2 VRRE B RSt agaRY bl Plodh iR se%rne
mxt(ﬁ@) wek64t i(2road, fH89 1619 nutes at room tenperature and heated to 80C
for EEncentratlon under _vacuum and flash col utmm chronat ography

(sil 1) 3. galgd (5PE rtaBEEE/ b?ﬁywééet £oand 78l .B2480. 29 g (56 % a

yel | ow 0|I [a) = - 29.1 (¢c= 1 in chloroform IR (F.Br) : 3386, 3142, 2924,
1641, 1501, 1435, 1286, 1194, 1041, 993, 918 cm 1. 'H NWR (CDC1l3, 400 MHz)

8 3;-vzanse(:hy1}|ﬁ)h:,a£o:984@%Km-ﬂ-éﬁa-ﬂ-ﬂ%@ i6)(m 2H) , 4.62 ( dd, J=
.9 68 , 2.58-2.54 (2H, m, 2.39 (d J= 6.1HZ, 1H,
i%%:%ﬁgﬁecfﬁgém“ sén#EQNO Fmetlpsl 7hiazele (4133009, mL2BLAB, 118. 85,

89 53as 784844 €L 841 4&98?@.11597 Mho1) PAc1,(PPh,), and the
suspension was stirred 15 minutes under N, atmosphere at room

) tempefature. then 117 mg { 0.614 mmol) Cul was added under N,
atmosphere followed by dropwise addition of 283 mg alcohol 5
(A.B. Smith, III et al. JACS 120, 3935-3948 (1958})) in 1 mL
Et3N. The mixture was stirred for 15 minutes at room
temperature and heated to 80°C for 6 h. Concentration under
vacuum, and flash column chromatography (silica gel, 3:2
petroleum ether/ethyl acetate), yielded 0.29 g (56 %) a yellow

oil. [a) = - 29.1 (c= 1 in chloroform)

IR (KBxr): 3386, 3142, 2924, 1641, 1501, 1435, 1286, 1194,
1041, 993, 918 cm™® '

! 'H-NMR (CDCl;, 400 MHz) : & = 7.26 (s, 1H), 5.98-5.88 (m, 1 H) ,
5.23-5.16 (m, 2H), 4.62 ( dd, J= 11.9, 5.8 Hz, 1H), 2.68 (3H,
S), 2.58-2.54 (2H, w), 2.39 (d J= 6.1Hz, 1H, OH)

C-NMR (CDC13, 75.5 MHz) : 8 = 165.77, 136.20, 133.09, 122.48,
118.85, 89.53, 79.04, 61.84, 41.87, 19.10.
DCI-MS (NHj3): 211 [M+NH,*], 194 [M+H'].

(18)-1-[{2-Methyl-thiazole-4-yl)-1l-ethynyl] -3-butenyl
(38,6R,75,88)-3,7-di- [tert-butyldimethylsiloxy] -4,4,6, 8-
tetramethyl-5-oxo~12-tridecencate (7)

99 mg (0.478 mmol)DCC was added at 0°C to a solution of acid

200 mg(0.368 mmol), alcohol 79 mg (0.405 mmol) and 12 mg. (0.09
mmol) DMAP in 10 mL CH;Cl; . The mixture was stirred for 15 min



DCl -M5 (NH3) : 211 [MENH4A'] , 194 [ MrHH+) .

(1S)-1-[(2- Met hyl -t hi azol e-4-yl)-1-et hynyl ] - 3-but enyl 2 3 SEP 2005
(3S,6R, 7S,8S)-3,7-di -[tert-butyl di methyl sil oxy]-4,4,86, 8-
.tetranet hyl - 5- oxo-12-tri decenoate (7) 99 ng (0.478 nmol ) DCC was atided at 0C
to a solution of acid 200 ng(0.368 nmol ), al cohol 79 ng (0.405 nmmol) and 12
ng (0.09 mmol) DVAP in 10 nL CH2Cl26. The m xture was stirred for 15 mn 2
3 SEP 2005 6 at OC and for 16 h at roomtenperature. Concentration under

vacuwys o@odahlga r o] LLic el, 10: 1 etrol eum
et her/ et hyl aacets%glg;)iy;?elsge Hg’ﬁ‘og%@g%ﬁ?ks ‘y?;ﬁ Nt 1c{ng]u nder 45 8 (c= 1

i n CrEECMm,| RI(KBF ) ash?2e2dun@B ot olédédg rh@ﬁﬁ,; (S8 gl 1963, 989 cm 1.

13i X = 7.28 (s, thiazol e H "5.91- 5.73 (m 2H,
lewlg&(ré’ U %%hi—’%wzeglﬂya faetaty), Hlfl)'ieds ammowm) fHyetldy H4'),
4.38d3idd, JJ 6.3, 3.3 Hz, 1H, H3) , 3.74 (dd, J=;-6.8, 2.2 Hz, 1H H7),
3.11 (dq, J= 6.8, 6.8 Hz, 1H H6), 2.67 (s, 311, thiazole CH3), 2.60 (t.
J= 6.6Hz, 1H,, H2), 2.55 (dd, J= 16.7, 3.5 Hz, 1H, H2'), 2.29 (dd, J=
17.0, 63 Hz, 1H, H-2'), 2.05- 1.95 (m 214, H11) , 1.47-1.29 (m 3H,)
1. 17-[%og (m4S (F=81 Rn GH@L10) , 1.21 (s, 3H, H22), 1.05 (s, 3H

g‘gg)mo_](é%%)(.d’ﬁ%;gl_'zg%- %@213) 1§)97?, gsgggg(ng%%ﬂ_lfg&%xaé;@)@ 0(5'32)32

170- 84 1Ro eRc R WD), (HY D28, 0, Hadene W) ik lek- 67

79. 9%.733.(%6, 2H, H- 12 H-37),

) 5.58 (t, J= 6.1Hz, 1H,, H-1"), 5.20-4.90 (m, 4H, H-13, H-47),

4.38 (dd, J= 6.3, 3.3 Hz, 1H, H-3), 3.74 (dd, J= 6.8, 2.2 Hz,

1H, H-7), 3.11 (dq, J= 6.8, 6.8 Hz, 1H, H-6), 2.67 (s, 3H,

thiazole CH;), 2.60 (t, J= 6.6Hz, 1H,, H-2), 2.55 {dd, J= 16.7,

3.5 Hz, 1H, H-27), 2.29 (dd, J= 17.0, 63 Hz, 1H, H-2"), 2.05-

1.95 (m, 2H, H-11), 1.47-1.29 (m, 3H,)1.17-1.08(m, 2H) (H-8, H-

9, H-10), 1.21 (s, 3H, H-22), 1.05 (s, 3H, H-23), 1.03 (d, J=

6.6Hz, 3H, C6-CH;), 0.89 (d, J= 6.6Hz, 3H, C8-CHij), 0.88, 0.87(

2s, 2x%H, OSiC(CHy}i;), 0.089 (s, 3H, 0Si(CH;),) , 0.032, 0.028,

0.024 {3s, 3x3H, O0Si(CH,),) '

PC-NMR (CDCli, 100.6 MHz) : 217.63, 170.84, 165.55, 138.97,

) 136.08, 132.23, 123.22, 116.91, 114.41, 85.67, 79.97, 73.76,
63.77, 53.38, 45.23, 40.20, 39.09, 38.87, 34.35, 34.00, 30.48,
27.11, 26.26, 26.07, 25.66, 24.97, 23.44, 19.89, 18.55, 17.66,
15.52, -3.61, -3.74, -4.20, -4.59
DCI-MS (NHj3): 735[M+NH.*], 718[M+H'].

HRMS (DCI): calcd for CysHyoN;0s8Si, 735.4622, found 735.4675.

(45,7R,85,93,16$)-4,B-Di-tert-butyldimethylsilyloxy-s,5,7,9-
tetramethyl-l-s-[z-(2-methy1-1,3-thiazol-4-y1)-l-ethynyl)-l-
oxa-13-cyclohexadecen-2,6-dicne, mixture of %Z and E isomeres
{8a)

To a solution of 190 mg (0.264 mmol) diene 7 in 66 mL CH,Cl,
was added 44 mg (0.053 mmol)




63. 77, 53.38, 45.23, 40.20, 39.09, 38.87, 34.35, 34.00, 30.48, 27'1123$EP2W5
26. 26, 26.07, 25.66, 24.97, 23.44, 19.89, 18.55, 17.66, 15.52, -3.61]
-3.74, -4.20, -4.59 DCI-M5 (NH3) : 735 [ MENH4+) , 718 [MtH+] . HRVS (DCl)
_calcd for C34H70N205SSi 2 735. 4622, found 735.4675. (4S, 7R 8S,9S,1
6S)-4,8-Di -tert-butyldinethylsilyl oxy-5,5,7,9-
tetranethyl-1-6-[2-(2-nethy|-1,3-thiqzol-4-y|)-1-ethyny|)-1-
oxa- 13- cycl ohexadecen- 2, 6-di one, m xture of Z and E isoneres (8a) To a

64 mml) diene 7 in 66 nL CH2C12 was added 44 ny

sol ut,ion, of, 19 0, 2

(0_OggﬁﬁﬁﬁﬁCﬂé%é%?%yggboggggnp)benzylideneruthenium dichloride and |
bi s(tyy s l-pe nzyl:i e I ym di chl oride and the reaction

m xt uﬂrpheé:v%/?s st ﬁ&lrl gg%g{rlkgBhﬁ%a% )Erl (J):%%Qt reflrép&g%gt 3} ea.q: iR e PRET BT Rder

vacuuiRncant fdtaisin cohdew vhconsi, 0gHAPY astsiddqangednr difa dofeifIR, eum
(5209 of a yellow ofl.

et her/ethyl acetate),_yielded 95ng

(4S, 7(12%,@5,91%9) 343’ 81 DPRY APPSR Bthes/Sthyd- atatatmt hyyidided 95mg

[2- (2tsmhinde b Ydfiggobiad-yl) - 1-ethynyl ) - 1-oxa- 13- | .

cycl ohexadecen--2,6-dione (Bb), mixture of cis and trans isonere A solution

of 95 ng (0.137 mml) lactone X in 12 nL CH2C12 at - 20C was treated with 2
and the mxture was stirred for 2 h at 0C. After

rcrtntcre {4'%'3’%%%&ggb%ﬂu&ﬁ?l@ﬁéf%ﬁ&&ﬂw&a 57 At elel W 2 M ELIRAG 1 - @ashed
with (Batunalad NaHPBLAehybh ol 309 -4ietih,oYaN MISR, Spncentration

cyclohexadecen-2,6-dione (8b), mixture of cis and trans
b isomere -

A solution of 95 mg (0.137 mmol) lactone X in 12 mL CH;Cl, at

- 20°C was treated with 2 mL trifluoroacetic acid, and the

mixture was stirred for 2 h at 0°C. After concentration under

vacuum, the residue was diluted with EtOAC ., washed with
saturated NaHCO; solution and dried over MgS0,. Concentration
under vacuum, and separation by HPLC (80:20:3 hexane/t-BuOMe/
MeOH), yielded 27 mg {42 %) of the cis-hydroxy lactone 8b and
27 mg (42 %) of the corresponding trans isomer.

(@) = - 123 (c= 1 in CH.Cl.)

'H-NMR (CDCli, 400 MHz) : & = 7.30 (s, 1H, H-19), 5.65 {dd,J=
' 9.1, 2.9 Hz, 1H, H-15), 5.55-5.41 (m, 2H, H-12, H-13), 4.20

(dd,J= 10.8, 2.7 Hz, 1H, H-3), 3.67-~3.65 (m, 1H, H-7), 3.12

" {dg, J= 6.6, 2.0 Hz, 1H, H-6), 2.88-2.77 (m, 1H, H-14), 2.70

(s, 3H, H-21), 2.51 ( dd, J= 15.0Hz, 10.9 Hz, 1H, H-2), 2.27

(dd,J= 15.2, 2.8 Hz, 1H, H-2), 2.18-2.00 (m, 2H, H-1l, H-14),

1.71-1.58 (m, 3H, H-8, H-9, H-10}, 1.32 (s, 3H, H-22), 1.30-

1.19 (3H, H-8, H-9, H-10), 1.18 (4, J= 6.7Hz, 3H, H-24), 1.07

(s, 3H, H-23), 0.98 (d, J= 6.9Hz, 3H, H-25)

’C-NMR (CDC13, 75.5 MHz) :§ = 220.81, 169.96, 164.44, 134.16,

134.27, 123.75, 123.00, 86.13, 80.00, 74.38, 72.03, 64.11,

53.31, 41.74, 39.37, 38.71, 32.87, 32.37, 27.63, 27.47, 22.69,
15.18, 18.37, 15.46, 13.70. -




under vacuum and separation by HPLC (80: 20: 3 hexane/t-BuOwe/ MOH), ¥3SEP 2005
yielded 27 ng (42 %9 of the cis-hydroxy |lactone 8b and 27 ng (42 %
correspondi ng trans isoner. (a] - 123 (c= 1 in CH2C12) 1H NWR (CDC13, 400
Miz) : 8 = 7.30 (s, 1H, H19), 5.65 (dd,J= 9.1, 2.9 Hz, 1H H 15),

5.55-5.41 (m 2H, H 12, H13), 4.20 (dd,J= 10.8, 2.7 Hz, 1H, H 3),
3.67-3.65 (m 1H, H7), 3.12 (dq, J566 2.0 Hz, 1H, H6), 2.88-2.77 (m

1H, H14), 2.70 (s, 3H H21), 2.51 J= 15.0Hz, 10.9 Hz, 1H, H 2),

2.27 . 2 0 oH, H 11, H 14
1, 71116( (513 ?r?]d%fd’ifefs tgﬁs‘&&&ﬁ ‘LE°§§}?°“ g (@2 1.30- 1. 19)(3H, H B,
H 9, Td B0polhtlitr dof J26. dglz{03b58H 34) 1atcBhe ((EEb)3|'41 mik 280,019 W8s(d, J=

6.9Hz, 3H, H25) 13C-NMWR (CDC13, 75.5 MHz) ; S = 220.81, 169.96, 164.44,
184, ggided] §ropyispatys- 19 o swluton gof 0dimenhyd di@x@zane4im 53. 31,

0 Thedl Behyisfl: Poa2oh ol el 28 P ORI
sol utdomenft ra tAbrnrder 068¢ueh, | 8a808eph8AY i bnMbyCHRGK? Wa ﬁﬂ(éed dropwi se
at - 20C a solution of dinethyl dioxirane in acetone ( 2 equiv. Stirring

was dwaenedsd BusiMe/ IMedH} , 2p0=1dedceit mgt i(60 Gnderf \cecapoRidand sapdration
by HPLC (80:20:3 hexane/t BuOwe/ McOH), yielded 17 ng (60 9% of cc-epoxide
9 an® ™Y fg2( 32 Bf fi-<pepidede. a-epoxide [a) = - 34 (c= 1 in CHXCl2) IR
(KBr) : 3453, 2958, 2850, 3.744, 1690, 1500, 1467, 1376,

O-epoxide
) [a) = - 34 (c= 1 in CH,Cl,) }
IR (KBr): 3453, 2958, 2850, 1744, 1690, 1500, 1467, 1376,
1290, 1261, 1147, 979, 775 cm™®
C-NMR (CDCl;, 100.6 MHz) : 220.55, 170.19, 166.12, 135.50,
123.28, 85.00, 80.56, 75.12, 73.59, 62.71, S57.17, 53.75,
52.67, 43.68, 38.69, 35.96, 32.67, 29.72, 26.56, 23.63, 21.12,
20,48, 19.16, 17.06, 14.46
EI-MS (70 eV): m/z (%): 477(27) [M+H]*, 421 (14), 389 (19), 378
(100), 364 (28), 346 {27), 328 (1%5).

B-epoxide

PC-NMR (CDCl;, 75.5 MHz) : § = 221.38, 170.03, 166.05,135.70 , }
123.28, 85.13, B80.48, 73.24, 73.11, 62.24, 57.14, 55.31,
52.28, 42.89, 38.98, 37.53, 32.40, 31.82, 27.60, 27.01, 23.45,

20.62, 20.36, 16.38, 13.49.



1290, 1261, 1147, 979, 775 cm 1. 13C-NWR (CDC13, 100.6 MHz) : 220.55,
170.19, 166.12, 135.50, 123.28, 85.00, 80.56, 75.12, 73.59, 62.71, gi}%EPZWS
53.75, 52.67, 43.68, 38.69, 35.96, 32.6%, 29.72, 26.56, 23.63, 21.1

20.48, 19.16, 17.06, 14.46 EI-M5 (70 eV) : mz (%9 : 477(27) [MH 4, 421
(14), 389 (19), 378 1 (100) , 364 (28) , 346 (27) , 328 (15) . P-epoxide
13C-NWR (CDC13, 75.5 MHz) : 5 = 221.38, 170.03, 166.05,135.70 ,

123. 28, 851318 48, 73. 24, 73. 11, 62. 24, 57. 14, 55. 31,

52. 28, 42. 89, 38. 96, 37. 53, 32. 40, 31. 82, 27. 60, 27. 01, 23. 45,

20. 62, 20. 36, Poo2Rsl3 6% 2 de A0 GRIHHP ebotHiAhRS d Yr adlegradation of
an epothllone C.or an epothilone D, wherein an epothilone C or an

epot hi | on@PDthglos@bjEBct“é’tﬁmraramle@fqtrhlrm Hiés:ns am epatiprlewend? i

et hyl ene a ent| t|o est.er SIS sche I 2.
o orees: aBub BeRSETSR e R R R A i R eeri S S )
fer ment at le@hyma@l@u@hd %utﬁ@ﬁi’.@ﬂﬂyﬂfaﬁ Yptdlaida, é&‘ﬁeaﬂ ftﬁk&x%l?—‘é?ﬁ dl ng to a

process accordln% to one or nore of the preceding clains Process for
t he produd®icbgmef Ian epot hilone of fornmula 9 9 wherein (i) an epothilone of
formula 2a (schemes | and I1) is converted into conmpound of formula 3a
(schene

2. Process according to claim 1, wherein the epothilone C

or D is a fermentation product.

3. Compound of formula2a, obtainable according to a process

according to one or more of the preceding claims.

4. Process for the production of an epothilone of formula 9

wherein

(i) an epothilone of formula 2a (schemes I and II} is
converted into compound of formula 3a (scheme
II),

(ii) the compound of formula 3a is reacted with a
compound of formula 6 (which has been formed by
reacting a compound of formula 4 with a compound
of formula 5; scheme II) to give a compound of

formula 7 (scheme II),



1), (ii) the conpound of fornula 3a is reacted with a conpound of fornula
6 (which has been formed by reacting conpound of forrmula 4 with a 3 SEP 2005
conmpound of formula 5; schene Il) to Epve a conmpound of formula 7 Esé%ene
1), 10 2 3 SEP 2005 (iii) the conpound of formula 7 is reacted in the
presence of a G ubbs catalyst to give a conpound of fornula 8a (schene I1),
(iv) the conmpound of formula 8a is converted into a conpound of formula 8b
(schere 1), (ahd) (Viheompopooired dorfrardrail@b 1 siscamesrttest] o theonpound  of

formula 9 (schene 11). 5. Process according to claim4, wherein at step (i)
(ret fres hydr oxy FHRRRRCAE g GRUHASI SHEA St SV corcomRRtint yor s |
carried out. 6. Proggssaerligyy {fHdnd MM, Wherein at step (iv)
deprotection is carried out in an acidic nediumpreferably by neans of

trifluoro ackivk acitdie rompaywwk ohhdousmiiley 82 i aanvertedrioto the

3, 7-hydroxy groups are proje by .trigal kysi.l vyl p- met hoxy- benzyl . 8.
Conmpound of formul acgm@gfué}odrt]z?% ?doéré%{}r ing (tscg"hf%'ber (C))'“rcIe?s's aI:’alcﬂcordi ng to one or
nmore of the pyecedi r@ncrin¥ .of formula 8b is converted to a compound

of formula S8 (scheme II).

5. Process according to claim 4, wherein at step (i) first
free hydroxy groups are protected and second an ester

hydrolysis is carried out.

6. Process according to claim 4, wherein at step (iv)
deprotection is carried out in an acidic medium preferably

by means of trifluoroc acetic acid.

7. Process according to claim 4, wherein the 3, 7-hydroxy

groups are protected by trialkysilyl or p-methoxy-benzyl.

8. Compound of formula 9 obtainable according to a process

according to one or more of the preceding claims.





