“Septenber 8, 1998 | nt ernati onal Patent Application PCT/EP 98/ 01060
‘:Gesel | schaft fuer Biotechnol ogi sche Forschung nbH (GBF) Rei chenbach et al.;
--Si de chain nodified epothil ones Epot hil ones which are nodified in
t he side chain Epot hi |l ones A and B have been discl osed; cf._for,exanple,
DE 4 138 042, WD 93 10 121 and WD 97 19 086.  Thé4nERCFYATY L718/Riggest s
sai d epothilones as therapeutic agents. In PNAS USA, 95 (1998) 1369 - 1374
epot hi | ones aQue desirdmcess 8ES,ul920Msr ROt andagaWS. Accordi ng to Angew.
Chem, Int. Eeseldeciaby)iees7Bioddhalvegidansi Forkichuagymbll $GRF)
conpounds i sRed@liatdehrdaset adn ;t Bepthiherapewhichedteatsdifiethéni thent i on

now rel a®es B33 rlvebls for the preparation of epothilones which are
nmodi fied in the16I7=posTttTom T whithprocess—the—start+ng—rnaterial s are

3, 7-proceted or unprotected epothilones A or B and a) these are

hydrogenat ed on tdi 165 1dn 8o Ubh £t HodDriud)Bet Ee t 9580 ARdKt i On

reaction wth hal ogen on the 16, 17- doubl e bond or c) epoxidized on the
16, 17-doubl e bond and, if appropriate, the resulting epoxide is reduced
to give the 16-al cohoEpothihenpsax essl achawdi bgehodiBelbBy&ptdfon @ey be

i imne or - GARBYEN BRa"a ME P aqeRe Rt e R lbEnBa0 et ol catalyst or -
in nethd® (c), epoxi d@hieorinvemdfibecned widllateperaciad procass foroxheane.
preparation of epothilones which are modified in the
16,17-position, in which process the starting materials
are 3,7-protected or unprotected epothilones A or B and
a) these are hydrogenated on the 16,17-double bond or
15 b) subjected to an addition reaction with halogen on
the 16,17-double bond or
c) epoxidized on the 16,17-double bond and, if appro- -
priate, the resulting epoxide is reduced to give the

16-alcohol.

20 The process according to the invention may be
charactexrized in that,

- in wmethod (a), hydrogenation is effected with

diimine or hydrogen and a heterogeneous or homo-
geneous metal catalyst or

25 - in method (c), epoxidation is effected with a
peracid or a dioxirane. '
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2 Furthernore, the invention concerns a process for the prepa-
ration of 2,3-unsaturated epothilone N-oxides in which either (i)

3, 7-protected epothilones A or B are converted into an N-oxide in a
manner known per se and, the 3-substituent is 30 elimnated by a base to
give the 2, 3-doubl e bond, or (1) 7}brotected or 7-unprotected
epot hil ones A or B which have a double bond in the 2,3-position are
converted i ntEnarhé¢moadele the inventiemeronaems perproecensd, for 3the fprepa-

appropriate, the_resulting N-oxide is subjected to 0- . al kyl at.i,on and an
ol kol Tt ot o hERe i At epSe Rt RS YE Gk n, Wit el | ELRE O
relates {p) a3 pr-osestedBEdiSothilPEPa; adr A e afrivEHsEe Mhiaxigles in
which 3, 7-protected or un- 40 protected epothilones A or B are converted

into an Nro¥ide im @ mannepnKREWKRAh FRrand dhe Ifsulppridprend els t he

res in I i ] ect kyl at.i n al kyl ation
progﬁ:t gls'i\%ggéggd ]?%I%Z%SQQ & gﬂé %}%aép’ré/occgésds&}c%ﬂngo% o the invention
may be chatpctepra@edcdedi ort hainboxéechiadéd ogpdthifkories e B hwhipaelaciakeor a
di oxi rane j

n electrophiljc_alky|],.aryl or heteroary] reagents, |
Sl oo 590810 peuf R PRE B 3TP SHE O A SRR oA 1R S Do ridl,

used ih o4 hAenOPtkpdwh SRRl Kyl ahdaon. Furt her nore,
this process according to the i nvention may be characterized in
that a resulting N-oxide is subjected to a Katada reaction, in

par t4cul ag appjtrﬁﬁgﬁsggf | bRd Lstggﬁﬁéﬂ\—e{%id%’gieéj%ﬁ@ct&é‘g@o 6§ S

Fur t'her nor e, rocess ~acco I Avention may be
char act eal kptlatiohhatdt br Gatblplsehon produdt airs icbieidedned with an
activated carboxylic acid derivative, in particular carboxylic

anhydri de or carbox- ylic acid chloride. 10 Furt her nore,

this processpupekOfHbPE, tRe iRPention | AVEIONIBY heosddd aederired in
t hat the Katada reac-
preparation of epothilone N-oxides in which 3, 7-protected or un-
40 protected epothilones A or B are converted into an N-oxide in a
manner known per se and, if appropfiate, the resulting N-oxide
is subjected to O-alkylation and an 0O-alkylation product is ob-
tained.
This process according to the invention may be characterized
45 in that N-oxidation is performed with peracid or a dioxirane and
electrophilic alkyl, aryl or heteroaryl reagents, in particular
methyl iodide or trimethyloxonium tetrafluoroborate, are used

for the optional O-alkylation.

2a
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_iioﬁ Is carried out with acetic anhydride and, if appro- priate, the
.21- acet oxyepot hi | ones obtai ned are cleaved in a manner known per se to
. give 21-hydroxyepot hil ones A or 15 (epothilones E and F, respectively).

Furthernore, this process according t% the i nvention may be
characterized in that fiemincddl this Cl®ayeEes praeessdifigpetbor age
hydrolyticallﬁpgr nzymati - c&ll%. 20, . Fur t her nore Fhe

i nvention rel at¥$R prodesbe  chargptenizedeplPat ot of epSEHFORESs

whi ch are nodiN-icedden is sulijeetE®tpos Kadada resttdlomr deepsr8icupaot ect ed
or unpr ot ect | _ re t i -

position and (:agsptcﬁe(rjsec’?%;% %ng‘%@oe%%i“%@ r égg;%ﬁ‘kég ?ﬂb'arh}%é]een%]sg'er known per
se as al Byl-, aryl- Furihermwars, - ,this pudegen-, asgepgdangor to the

sul phur - subst i 4f&tt £ROLRAY OBEScharachbl £ReAT EnMRdili @dd Kalth@la reac-
C19- posi tion. Thi s _process according to the invention may be

charact eri zed §¥PR hds neerfarmed iwitder er nBati¥RrE§d30capee¥y1i¢ hiaGHE

Furthernore, tderivieitée Onid @hatesullaracREBERFIic anh{@FifdepicRRdo-i on of
epot hi | ones which are.gndﬂ{ied i n the C27-position, in which process
the allyl grodp-¥e¥cid chledrdeny 27) is substituted in a manner known
per se on@5 the C27-Fettiyérmorep byhashepeoceasomaccording to THhes

process accor &\ s bCubhVER! ERRHBYPEs0a inCHALACS 2604 Jo the
C27-met hyl group 1S substrtuted _ by a bromne atom 1n particular with
the aid of N Drop-is carsiediountiwith Aeetic appydpidatandi b @REANA ng

br om de priate, the 21-acetoxyepothilones $btained b$eCOIWSFdLUd NtO a
C27- hydr oxy conpound. Finally, invention _relates to

t he ,
conpounds a JrRPRPEdRBIWE R s et rah Ty Lerxyererkblrneh A or
Experinments 1. ®i ¢gpsyBpdbhkkoReaRd Fa)rbspedtsobliihon of epothilone A (5
mg, 10 [err]nol) in m.) was treated at

ceLone org, (bnTl) W33 G
di met hyl di oxi rane (0. 4" HF . 58 [ SPFPmOPEOGS6F MAFEE I he)t© TH
sol uti on was bioughtibn may beonthempeterizedi ninhecleour sbeofopt f@mwelhour s

d j ! IS, 4 1€, 15l s
conf | tred t hat CAFAPARE(PrETeRP e PR fotnel APRZEINIR116F dibbymidds-
di et hyl di oxi re@@élye.25 nml, 17 [err]mpl) was added, and the reaction

mxture wag again stirpgédehakmdPeNOdhe anvie®@®Ton relates to a process
for the preparation of epothilones which are modified in
the Cl9-position, in which process 3,7-protected or
unprotected epothilones A or B are metalated in the C19-
position and captured with electrophilic reagents in a
25 manner known per se as alkyl-, aryl-, heterocaryl-,
halogen-, oxygen- or sulphur-substituted epothilones
which are modified in the Cl9-position.

This process according to the invention may be

characterized in that metalation is performed using
30 butyllithium.

Furthermore, the invention relates to a process
for the preparation of epothilones which are modified in
the C27-position, in which process the allyl group (Cl7,
C16 and C27) is substituted in a manner known per se on

35 the C27-methyl group by a hetero atom.

This process according to the invention may be
characterized in that the C27-methyl group is substituted
by a bromine atom, in particular with the aid of N-bromo-
succinimide, and, if appropriate, the resulting bromide
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“tenperature. The solvent was renoved and the residue was pur| f| }/ d
nmeans of PLC (0.25 X 200 x 200 mm 10% 15  MeOH: CH[ err] Cl Thi Ha Repa“
foll owi ng were isolated: 1. 1.4 ng (27% of di epoxyepot “ﬂ

" epi mer m xture on C16-Cl7). Rf 0.63 $10% MeOH:. CH err] d

6.79 (i soner 3and739(|sorrer 2). Mmin (RP 18, 250 x 4 nm

MeOH: H[ err] O 65° REIVETeq LS 327 1ydBoxy FRIYDA- [err]H NMR 20 (400
MHz, CDCl[err], sel eczrmblslggnaltme lisoraitin [RUdtes 6.t96 compoﬁmdslH

19, 5.4 %“ﬁfi%a% 2’%% Byocdls a&ohygl ty we iilent S 1 1N
H7), 3.14 (qd, J = and 2.5 Hz. 1H H6). 3.00 (ddd, J = 9.7, "6

d 2.5 Hz, 6 Hz, 1H, H12), 2.71
?2 3H, H 21) SE’ép%&T%“la% 3’1%5‘#%%%1 ]73% ﬁn&é'hz a) | 1, 111 (s,
3H, H 22)5  1A2polpsionzief eposhilone1x (5dmg, 10 wmelk. gnHacetzme
(&24) %) 02 (s, rg%ﬁl#aas fﬂﬁ%%)ﬁefg)@t95°c(@1th dlme(ts}n '17dﬁ0}l'gziair?é'|(d+425r)1; 5 1
I soner = S =

1H,  H 15), %8 o170 ?”abM iy acq@rve#z Tjhemodwtsson wslaorwatmo

H17), 3.06 room (&@petatubeb 1aand:l'£é 9cd5insé.HQfH-aﬁ)fe\2 BGu(:dddde wa. 7,
3.6 and 2.5

4. 7 14a
1.36 (s, 3H H?Eﬁjfreé_‘- ]%}Ii d%D %O(J€56 = ‘%’H 3§empﬁri‘lf)“fel 151‘{136 é‘?ﬁ‘% )
H 26), 1.D0 (s¢coBfirred3fhat stapgting. r&t@rla(lle%s sﬁllebqusm Adteoxi de.
- Rf 0.44 10% Cipe m X 4
mm MeOH: I(—|[err bmetw%%%%féﬁé nF/églgnl Rk/s o1 rrjl ras grao err]z'ﬁr‘l&g
[err]H NVR  s&gaction mixturepafodgein stlrp_:gger qa;erao ihours at room

Di hydr olepot hi |@€@pé\ra(:&2é The Pabl d&ht!y o8 ﬁélﬁé@é@'axﬁé tmge ﬂ@&ﬁdu@avaaéided
to a solution

and 5 the bla’dflg&@ gg ?Llrﬁg\g%ée(%% EECE &é\eﬁg] ?1%% e%Qe ?’?fg'l (12°°24

hours at LBom MeOHeCH}CX.¢.. $Shecé€oll6windi watredisbatted: the reactl on was
not yet conpl ete, urf her porti of . dded ction
m xt ure was stlirre%1 % &é (29 { 8’?h élez%()%"ggé&{\%grga% err] %Frr%%%here
The products 1mlxt\4§ﬁe0§epﬁ§lr6atféd7)by Ree 8n§ 3of ( IR3C MEQH xCRO3. ki 289: ntm 7A0%

MeOH: CH err] O [(¢&blnky Ibeaw "PVM‘Q(Y‘@&ﬁefS@i aed: (rp 18l. H5® KO (ma) of
di hydroepot hil one A, Rf 0.60 (10% éﬂ)’ )]Cl[err]) e;r] 10. 80
mn (RP 18, 25§eQHAH 6%611 HELeF‘P-]’@)ln)r M@S 390/ 7) v/ BiLR) ((Msr HME -

496 (Meeo]), (408, D7, BDO81,, selected signals, isomer 1) 0 = 6.96
(s, 1H, H-19), 5.48 (dd, J = 12.2 and 2.5 Hz, 1H, H-15)},
4.37 (dbr, J = 10.7 Hz, 1H, H-3), 4.10 (s, 1H, H-17),
3.67 (&4, J = 5.6 and 2.5 Hz, 1H, H-7), 3.14 (gqd, J = 6.6
and 2.5 Hz, 1H, H-6), 3.00 (ddd, J = 9.7, 3.6 and 2.5 Hz,
25 1H, H-13), 2.88 (dt, J = 8.6 and 3.6 Hz, 1H, H-12), 2.71
(s, 3H, H-21), 2.53 (dd, J = 13.7 and 11.7 Hz, 1H, H-2a),
1.41 (s, 3H, H-22), 1.27 (s, 3H, H-26), 1.17 (d,
.J = 6.6-Hz, 3H, H-24), 1.08 (s, 3H, H-23), 0.97 (4,
J = 7.1 Hz, 3H, H-25); (isomer 2) & = 6.98 (s, 1H, H-19),
30 "5.11 (dd, J = 11.7 and 2.5 Hz, 1H, H-15), 4.27
(dbr, J = 10.7 Hz, 1H, H-3), 4.14 (s, 1H, H-17), 3.06
(gd, J = 6.6 and 2.9 Hz, 1H, H-6), 2.96 (ddd, J = 9.7,
3.6 and 2.5 Hz, 1H, H-13), 2.31 (dt, J = 14.7 and 2.0 Hz,
1H, H-14a), 1.36 (s, 3H, H-22), 1.15 (d, J = 6.6 Hz, 3H,

35 H-24), 1.14 (s, 3H, H-26), 1.07 (s, 3H, H-23).
2. 0.8 mg (16%) of epothilone A N-oxide. R, 0.44 (10%
MeOH:CH,Cl,); R;: 4.25 min (RP 18, 250 x 4 mm, MeOH:H,0
65:35, 1 ml/min); MS: (m/z) = 510 (M*); *H NMR: see



j'i5 “[err]H NVMR (400 MHz, CDCl[err], selected signals): [err] = 7.05
(d, J =6.6 Hz, 1H OH), 6.77 (s, 1H H19), 5.23 (dd, J = 12.4 and
2.3 Hz, 1H, H 15), 4.42 (ddd, J = 11.7, 6.6 and 3. OqfZ shedi!Has Bted Repladed/ O

(ddd, J =5, 3 and 2 Hz, 1H H7), -3412 (qd, J =
H6), 3. 07 (d, 200 J = 12.7 Hz, 1H, H17a), 2.96 (ddam‘lﬂml\a“m l%
0 Hpethed H13) 2.91 (ddd, J =

and 9.7, 3.6 and
H12), 2. 68 (s, 3H H21), 2.51 (dd, J = 13.7 and 11. 7 Hz,

H2a), 2.24 d, J.,= 12.7 Hz,.1H, H 17b 19. (m 1H, H-16) 2.13
(dd,)J 13. 7 ﬁBe§.1@eFiE,zikPl’EEdePEBSl,h%?s’% (de) 3n  H22), '1.15

(d, J 6 6 Hpall3®ium on d:h&(ﬂc)oa%] 1(532ng (a.zO%)gﬁasHlaldaahi tola %Zbltgdi.on]( ;2%
7:1 Hz, = . .

of 15- deoxydl h§&r 5&6%?%1]105’@2‘ @I]d TRy e‘?’?]“rb‘?]l)o in e%?%ﬁ%l (2 T1)° and
MeOH: CH[ er B] Cl Eber plack 80spehzpeni weat e3pos8dHydr aryHpatmdgpleere fdb)

Pal | adi um on Caﬂrﬁgﬁ%s(%g'EboﬁIE@Tégf?@gggd Bgnées%i%'1nd1c§€é§1éﬂ%§16)

di epoxyepot hi | one err I mer m Xt ure on

in ethanol (2 &bp 5ﬁa0ttﬁenbwa@k Qs yary- compleéqeon qaffueshris ePitoieh ¢ferr]
at mosphere for p34cheaks a@lded0@RB T he tx@ﬂl&fﬁirﬂrnﬁ.xtﬁfé?%é@-%ﬁi@t&ﬁt@rt hat

the reaction was not conpl e rther rtion Pd/ C vvas added
and the rBadtirhber ﬁ%?@ errrez’H'lf’g?r 9§R e'8(§[' dpkoducts
- 6 - loundeeran é@aatanmphbyeme’élﬁm ps HARL.CS (vxer>e znpa« 2oad nty, 10% neans

f PLC (1 0% Cl, Th fol |l ow
\%ere i sol git e)c(l: &ggﬁfﬁggl’:g] 5113% °Nﬁg%é%§] %]fye%(;%t one Ae(l some? 1?\.M gg
Rf 0.38 (10% MGH: @HFemg] C:I(!ék}r]qf RIJéT}fquQPCG‘—EthﬂlCmG(RP 1R 2560x 410
MeOH Herr] O M@@HB@H c1]) réG gl)o 8d Er‘r'{lrr] H(}’e\iB/Rls ﬁ@@ M"& mm,CQ@ohe’Hrd)

sel ected signals): Fer s, 5. (dd
11.7 and 2.0 HES BA /mw)as ¥Sipr | mdzi: r14? (M): 47§H 497) 3@867
(dd, J 45and113 MR 1lklaobt Mz, 3. ¢8cigd, ddlected GSﬁgﬁzﬁlﬂsB:O b‘izz 'il‘bSH‘G)

ﬁ??téd > 80 \diad = 676 bz fg‘f'ﬂ&%) &7, (gdH}ﬁ'lll%Jﬁ-]!S)s zfsid‘?ddd J
9.7, 3. &n(i2245alrlzi 218, He, 12K, B-76)(s4.3B, (8#8a1)J 2.58.7ddé.6 - J
350 A B it o A o) el © 18 5 end f ) o
H22), 1.25 (sH-3H., RIS, (qd.ng(a 6.6 and 3.6, Glzmz 1H3M-6)4 23)07 {dos
(s, 3H 2423)3 = QDY HA, 1H, H-17a), 2.96 (ddd, J = 9.7, 3.6 and
2.0 Hz, 1H, H-13), 2.91 (ddad, J = 9.7, 3.6 and 2.6 Hz,
1H, H-12), 2.68 (s, 3H, H-21), 2.51 (dd, J = 13.7 and
11.7 Hz, 1H, H-2a), 2.24 (d, J = 12.7 Hz, 1H, H-17b),
2.19 (m, 1H, H-16), 2.13 (dd, J = 13.7 and 3.0 Hz, 1H,
25 H-2b); 1.35 (s, 3H, H-22), 1.15 (4, J = 6.6 Hz, 3H,
H-24), 1.09 (s, 3H, H-23), 0.99 (4, J = 7.1 Hz, 3H,
H-25), 0.93 (4, J = 6.6 Hz, 3H, H-26).
2. 8 mg (72%) of 15-deoxydihydroepothilonic acid. R; 0.10
(10% MeOH:CH,C1,) .

30 Experiment 3: 16-Hydroxyepothilone A. (lb)
Palladium on charcoal (10 mg, 10%) was added to a solu-
tion of diepoxyepothilone A (7 mg, 14 umol), 1:1 epimer
mixture on C-16) in ethanol (2 ml) and the black suspen-
sion was exposed to an H, atmosphere for 24 hours at room
35 temperature. Since TLC indicated that the reaction was
not yet complete, a further portion of Pd/C was added and

the reaction mixture was stirred for a further 80 hours



) =71 e, 3H, H- 25). 2. 3y’ (43% of 16-hydr OXyiRgidelitds B8 Réplaced

(isomer 2). 20" Rf 0.31 (10% MeOH:. CH[err]C [err]); Rerr]:

18, 250 x 4 nmm MeOH:. Herr] O 65: 35, 1 rﬂlmn); [e ”lﬂ!ﬂo
VHz, CDC [err], sel ected signal s)5 - 6. 85 (s 1H, , 21
(dd, J=11.3 and 1.9 Hz, 1H H 15 4. 42 (dbr J = 10.5 Hz, 1H,

H3), 3.71 (sbindeyy ap ¥ agmosphgrej Thes prqiucti were Sﬂpwa;edsbys (qd,
J =6.8 and 3tﬁééﬂs 1:'3‘;' Pt.@) (13 V2 ddts 200 mm) =188 Muvsh & ) . lhtheH 13),
2.87 (dt, J = 9.4 He, %g H12), 2.73 (d, J = 9.5 o, 1M

H 17b), 2. 68 011?‘§1n%|¥e¥9211§° LR (dd, J = 16.6 and 11.7 Hz, 1H, H-2a),
2.27 (dt, J = :14 73 ang 2(&%, dt, Mmro@ép@t(mor&m\. N imchfer6 1and 2.

Hz, 1H H2b 03 2 2 2 3 6 1 J =
6.8 Hz, 3H )H %18(3%0 ALNE 31)1203')1,4) EE%? 69, é%n gj@%g Yrsg' o %&

H 25). Mapmmq on@SA’%N oxﬂda\l/(nia)) 5 108 NyRof (A% MH or@lp@l;,
benzoic acid i or ogethangc-we ed 5 1

epot hil one A |%e€eé g%f cgcdl'gq’k—iclo@r)omegeang gsf (ef 85&9 }#12'921 xturgghas (ﬁeen

stirred for 6 hourktal PBEnPtEnPéralH, H- 3{5L)r'e4 %8 | GRE 4 ot ed W t4h Bz,

di chl or onet hanegand-extracked (g, J = 3hakking me, suecession vg thy sl ,um
sul phite stroy

excess pef@lcluzjband%mftﬁngoal AnFBir c dFofafd rs 35 (dr o Gn. 15Ti‘?’e Hzy v]é'fr? is

evaporated i n Hatda), arzl &he (desudu-e 15.3 itz SepH;, at}BdL'lIy) pr epaeat (dad HPLC

on a Nucl eosi | ;RP- cpl 2 _ ol / 0: 40) .
Yield 5 60 ng }8 Fburl’gsgﬁg % Hé’ %?21(;&6% n%l ca g L'jgaal un'fnl um
foil, eluent dBeﬁI@nd 2.5 HzpelHanBf B2t haiof09( S.l.) 3H, H-EB I\BEi?nebid,l ons)

nz 510; W-(ﬂgt baaata) 11' amﬁ% e a&%ag 21614 mr]ﬁi\"\ﬁ
(CDCI[errl% C-1 170’5, C2 d: C5
40.9, C 71%2.92-8. Hz37 3, @92%)1 82 @81ddt J22 384 % apdo@ (9 %-'121%48 o

C 13 55.8, G 14- 32a2,, & 15 (s, 3#5. ﬁy—2§3 1611é§ bs, GR/ Etlﬁ-6)4, 18 d3. 4,
C25 16.5, o 2F 13620 é45 é}laﬁi vah? s?ef?]{)c B 2 2%, B h
2.47 dd, 3-H 4J55 ddl Hz, 3H(,]—|I-16258 broad, 6-H 3.25 dg, 7-H 3.72 dd, 8-H
DI L Sk B S el L il . 100
Rf 0.31 (10% MeOH: CHZCl ); Rg: 6.10 min (RP 18, 250 x 4 mm,
MeOH:H,0 65:35, 1 ml/min); 'H NMR (300 MHz, CDC1,,
selected signals): 6 = 6.85 (s, 1H, H-19), 5.21 (d4,
J = 11.3 and 1.9 Hz, 1H, H-15), 4.42 (dbr, J = 10.5 Hz,
1H, H-3), 3.71 (sbr, 1H, H-7), 3.21 (4, J = 14.3 Hz, 1H,
25 H-17a), 3.13 (gd, J = 6.8 and 3.0 Hz, 1H, H-6), 3.09 (dt,
J =9.8 and 3.4 Hz, 1H, H-13), 2.87 (dt, J = 9.4 and
3.0 Hz, 1H, H-12), 2.73 (d, J = 14.3 Hz, 1H, H-17b}), 2.68
(s, 3H, H-21), 2.63 (dd, J = 16.6 and 11.7 Hz, 1H, H-2a),
2.27 (dt, J = 14.7 and 2.3 Hz, 1lH, H-1l4a), 2.24 (44,
30 J = 16.6 and 2.6 Hz, 1H, H-2b), 1.39 (s, 3H, H-22), 1.22
(s, 3H, H-26), 1.19 (d, J = 6.8 Hz, 3H, H-24), 1.05 (s,
3H, H-23), 0.99 (4, J = 7.2 Hz, 3H, H-25).

Epothilone A N-oxide (2a): 100 mg of 70% m-chloroper-
benzoic acid in 0.5 ml of dichloromethane were added to
35 100 mg of epothilone A in 1 ml of dichloromethane. After
the mixture has been stirred for 6 hours at room tempera-
ture, it is diluted with dichloromethane and extracted by

shaking in succession with sodium sulphite solution to



féO ' 14b-H 2. 23 d, 15-H5.33 d, 17-H'6.82 s, 19-H 7.09 s, 21-H3 2.61

s, 22-Herr] 1.02 s, 23-Herr] 1.42 s, 24-H3 1.18 d, 25-H3 0.99 d,
27-Herr] 2.04 s ppm 21- Acet oxyepot hil one A (= 21-acetyl epot hil one
" E) (3a): 0.05 mM of 2,6-di-tert- butyﬁpyridi ne and 0.1 m of acetic 25

anhydride are added to 50 ng of epothil one N-OXI de (2a) in Q.5 m of
di chl or onet harRESHFP¥reXFRSHiBeIACI G ARG aEih sodipm kisagopte SPdYor 15

m nut es, sogvemomndrm@agﬁmemwl@ evgpo@‘é.&l&@r ahedawoyamwztﬂﬂado ridad duesi due
is separate rative HPLC on Nu RP- 50. |

ol uont 30 el RaRGPARAERE & 455 SPaRFIva0 RELoom of ol breEaTL| KE-T8
0.50 (silica gebtldn® &2%Hdi xi20n rfmw |l eledue metthaidfwater 60 ret)hankd/aist hanol
95:5); E (Reg 2 W (net hanol): |anmda max. 210,
250 nm 35 [gé?i\/ﬁgl\ﬁ/ﬁ f%‘ll)%qferr g?gnals different with respect to 2a):
15-H 5. 45RgP - 607- (6L i8R gell INT Alminiym fgil, %h@ntcn%@:bloro 2.15

S ppm methaggy)ltngthgﬁglEg(i%p) 1 drop of concentrated ammoni a sol u-
tion is added to_10 -acetozgegot hilone A (3a) in 0.5 m of

met hanol , and Ef&- ’H?Q?B?E i $OR8Lt B +01 hour at 40[err]C and is
evaporated to dvynmeshafo¥dcudamdhiembx. p26i Ang IS Separated by pr epar ative
TLC. Yie 6 , identi tic f l.one E.
Experi manltlg4: {1% Wmfldg%ﬁ“ﬁfﬁl n:‘fs,'\l\ﬂA'w(%b)élu:E hf&'é‘soq?ﬂz{mcﬁ % 1one A

(15 my, 30 [er €}EORRL.A, TEF6( 20n), C-7 ARt e af &, cw[e“ﬂr]ac VE11D

n-butyllithiu 190 [enrnK] | r I M i - oh

sol ution |mmg?gtg ybEll 28ugﬂgedC l@dgéﬁ %]rgﬁg%'?’ if gr’ the reac?? on sol ution
had been 2PiPre§fidr 1%t ¥ nufed7atl oM .erfil8 Lf3wAs Gd& cHlidn

net hyl Iodl dec- ééocmse@r] Ic 231 Qsm?sol Xa-22Thes reswiinePad e c-24 12.0,

gr eeni sh Iow gl ut| d to -30[err] 'C and quenched 15 wth

buf f er ? 'Tﬁe mW oRPlé@s brought to pH 6 with 0.1 N
hydrochl or| c aém MBS '(GIDCIJ)e Aadrure. fm|mdid, 2b4ieen. sntdd atedi W 136 sdd )

d
e, 'the aquegugﬂpga%gvga;oad, csxtgaskedow U Cof epf 1G [ogr) {20 8 M)

and et hyl acetat I néd’ organi™c ‘phaséds wer €
MpSO err] and 2e-H f1]34rmed, 9baHd 1.tk ol vedtHyad . 48noved lanHa Ro2avmp.

Puri fication vasydene By RLG$ke 200 da@0Q 908 210% m, 14a-H 1.67 ddd,
20 14b-H 2.23 d, 15-H 5.33 d, 17-H 6.82 s, 19-H 7.09 s,
21-H, 2.61 s, 22-H; 1.02 s, 23-H, 1.42 s, 24-H, 1.18 d,

25-H; 0.99 4, 27-H; 2.04 s ppm.

21l-Acetoxyepothilone A (= 2l-acetylepothilone E) (3a):
0.05 ml of 2,6-di-tert-butylpyridine and 0.1 ml of acetic
25 anhydride are added to 50 mg of epothilone A N-oxide (2a)
in 0.5 ml of dichloromethane. After the mixture has been
heated at 75°C for 15 minutes, solvent and reagents are
evaporated in vacuo and the residue is separated by
preparative HPLC on Nucleosil RP-18 (250 x 20 mm, eluent
30 methanol/water 60:40). Yield 30 mg of colourless oil.
R 0.50 (silica gel TLC aluminium foil, eluent dichloro-
methane/methanol 95:5);
ESI-MS (neg. ions) m/z 552;
UV (methanol): lamda max. 210, 250 nm;
35 'H NMR (CDCl,, signals different with respect to 2a): 15-H
5.45 dd, 17-H 6.60 s, 19-H 7.15 s, 21-H, 5.35 g, CH,CO
2.15 s ppm.
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Been Replaced
65:35). The follow ng were isol at ed: 1. 2.5 ng (17% of ““Lﬂﬁ ”l “
19-net hyl epothilone A. Rerr] 0.50 (10% 25 MeC]—I CH[err] CI
11.70 min (RP 18, 250 x 4 nm MOH Herr]® - 65
= 508 err 420, .320; [err] H NVR (300 MHz, CDCI err S Iect ed
si gnal g;v[ [BF othilane’ Eg (3P}H 1 drop P?f) conge,pé:ra(t&p
Hz, 1H, H15)tio4. 1B added(ﬂd 10 mgl@fﬁﬁ%&&c}rﬁpoﬂlﬁld:ﬁé)hu (33a7)7 :(rdd J

=8 and 30 4 Hz, 1H .H 7). 3,20 (ad,.J = 6.8 and, 4

504 (dt, 9 = 9-§ Bhaof whhpariely Hifayrle rontyf 8 Redbed Bhe L Hour 5 1y,
1H, H12), 2.6&t(s40%®, andlis Zlporated dip Jryddss dmd ¥8cBokz TheH,

H2a), 2.38 (d 14, 4 3. 32 27 ,
A lg)(ddd §35 gei‘}.duf ES se§a§gegd é%k‘érﬁélé'ra?hgg) F’EI%C Ylgig )
J = 1.5 Hz, 3Hidpmpéraliwdth( an agthensig aﬂrﬂpeesorfrzepqaprhlione F-i-14b)

‘MeOH: CH err]d [err]) and HPLC (RP'18, 250 x 16
er

1.34 (s, 3H, H22), 1.16 (d, J = 6.8 Hz, 3H, H24), 1.10 (s, 3H
H23), 1.00 d J =6.8 Hz, .3 ]
-9- H- 25) gxperzmeg,sp#dx9195&%%1898%#8% A- (4B pyperinent 5

19- Br onpepot hi hoselAtibhadf epotthilsnealtA ofLs mfg, epoufidlonenATHE 261 ML) 50
[err]mol) in HF treate

n-butyl lithium 1; %(rfg%ze[dgr rﬁ':l) %Jé’(i er rjﬁ: n?g%t*}?ﬂ&h éaneﬂ“llrf‘e
solution 10  l&fegmatlsl yltarMed.rgothanerangﬁle Aspduttilea nimmedtately
been stirred f i hedm g abrgﬁ%g MEUQTOSHECLALELdEn  solutdbrithad 50

[err]nol), dissolved in e solution
di scol oured sl &RER SFﬁerﬁéaéPFoh5 n‘i‘k’@‘ﬁr‘?%s at -907&w dtp¥re EFS%?QWH@P our,

was warned to maRfsir] Coande (10drAught . 5ompbLf. 5 méhx%shllﬂlhgd pahéoric
acid (1 m). eggas%; eggmxt yre. had been saturate a I\E t he
aqueous phase W& Wi ERLBELER YRE [‘%??Teff OmC aa daygnchedpy |
acetate (35 ) witthe bufiflemed er gao (I2ph|3,3esTheremulSlOdr wad breughyStherr ]

was done by PLEE © WP 00 WiBspent oL TR pRr R, PR S AR

(RP 18, 250 x been 1@Wam—MH[:br Sedich: B}, Thieef @Iqu@m\lﬁg piEse | ¥a$at ed:

20 1. t(r%@tedmlti&cﬁr@m@@% hi | | |0 zﬁad Ia[t@ryﬂ ageﬁate( 19%) ,
Me OH: CH[err]CI[err]) Rlerr]: 20.78 (R 25 MeOH, H err] O

65:35, 1 m/mi Hhe MECTPHASS °r5?i?lé?ncpl?7sfs( were])irles% oy, MgSO, ' and

20 filtered, and the solvent was removed on a Rotavap.
Purification was done by PLC (1 x 200 x 200 mm, 10%
MeOH;CH,Cl,) and HPLC (RP 18, 250 x 16 mm, MeOH:H,0
65:35) . The following were isolated:

1. 2.5 mg (17%) of 19-methylepothilone A. R; 0.50 (10%

25  MeOH:CH,Cl,); R,: 11.70 min (RP 18, 250 x 4 mm, MeOH:H,0
65:35, 1 ml/min); MS: (m/z) = 508 (M'), 420, 320; 'H NMR
(300 MHz, CCDCl,, selected signals): &6 = 6.41 (s, 1H,
H-17), 5.46 (dd, J = 9.0 and 2.3 Hz, 1H, H-15), 4.15
(dd, 0 = 10.5 and 3.0 Hz, 1H, H-3), 3.77 (dd4, J = 8 and

30 4 Hz, 1H, H-7), 3.20 (gd, J = 6.8 and 4.5 Hz, 1H, H-6),
3.0 (d&t, J =7.5 and 3.8 Hz, 1H, H-13), 2.91 (d4dt,
J = 7.5 and 3.8 Hz, 1H, H-12), 2.61 (s, 3H, H-21), 2.51
(dd, J = 14.4 and 10.5 Hz, 1H, H-2a), 2.38 (dd, J = 14.4
and 3.0 Hz, 1H, H-2b), 2.32 (s, 3H, H-27), 2.15 (ddd,

35 J = 15.1, 3.8 and 3.0 Hz, lH', H-14a), 2.01 (d,
J =1.5 Hz, 3H, H-26), 1.91 (dt, J = 15.1 and 8.8 Hz, 1H,
H-14b); 1.34 (s, 3H, H-22), 1.16 (4, J = 6.8 Hz, 3H,

H-24), 1.10 (s, 3H, H-23), 1.00 (d, J = 6.8 Hz, 3H,



], selected

'468,” 466, 386, 384, 341; [err]H NMR (300 MHz, CDOl[err
J=8.7and 25 2.3 Hz,

'signals): [err] = 6.43 (s, 1H H17), 5.46 (dd

1H H15), 4.13 (ddd, J = 9.4, 6.0 and 3.8 Hz, 1H, H3), 3.80 (dd, J

8 and 4 Hz, 1H, H7), 3.38 (d, J-=86-0 Hz, 1H, OH), 3.22 (qd, J =
6.8 and 5.3 FE Fk H6), 3.05 (dt, J = 8.3 and 4.1 Hz, 1H H13),
2.91 (dt, H925) 7 5 and 3.7 Hz, 1H, H12), 2.66 (s, 3H, H21), 2.55 30
(dd, J = 14.7 2andaPpdokiz, 544, oft SpdthP1drde (Ad, J = 14.7 and 3.8 Hz,
1H, H2b), 2.16 (d, J = 1.1 Hz, 3H H 26), 2.14 (dt, J = 14.7 and
3.8 Hz, 1H H14a), 1.90 (dt, J =15 and 8.3 Hz, 1H, H 14b); 1.34
(s, 3H, H22), 1.17 (d, J = 6.8 Hz, 3H H24), 1.11 (s, 3H H 23),

1.01 (d, 35 Bxpefiflehl 53F59F52§§0ﬁ%?thlf%p?§9rOﬁg%ﬁoqbOf epot hil one A

|;0 Rerr], R[%rrf”fOJ-UtHLOIX oﬁeSIeSp@thlﬁemeHA (25 mgp %re#mcrh Riigy r THE, X =

OHY =H R=1Ikk.5 ml) wasK erkhtelert] =ddecX=with =H-URtyllithium

R (1L8rL£, 225 pmol, 1.6 M in hexane). The solution
immediately turned golden orange. After the mixture had
been stirred for 15 minutes at -90°C, N-bromosuccinimide
(27 mg, 150 umol), dissolved in THF (0.5 ml), was added.

10 The solution discoloured slowly. The reaction mixture,
now a pale brownish colour, was warmed to -30°C and
brought to pH 6.5 with 0.1 N hydrochloric acid (1 ml).
After the mixture had been saturated with solid NaCl, the
aqueous phase was extracted with CH,Cl, (2 x 5 ml) and

15 ethyl acetate (5 ml), the combined organic phases were
dried over MgSO, and filtered, and the solvent was -
removed on a Rotavap. Purification was done by PLC
(1 x 200 x 200 mm, 10% MeOH:CH,Cl,) and HPLC (RP 18, 250 x
16 mm, MeOH:H,0 65:35). The following were isolated:

20 1. 2.6 mg (9%) of 19-bromoepothilone A. R; 0.53 (10%
MeOH:CH,Cl,) ; R;: 20.78 min (RP 18, 250 x 4 mm, MeOH:H,0
65:35, 1 ml/min); MS: (m/z) = 574 and 572 (M*), 556, 554,
468, 466, 386, 384, 341; *H NMR (300 MHz, CDCl,, selected
signals): 6 = 6.43 (s, 1H, H-17), 5.46 (dd, J = 8.7 and

25 2.3 Hz, 1H, H-15), 4.13 (ddd, J = 9.4, 6.0 and 3.8 Hz,
1H, H-3), 3.80 (dd, J = 8 and 4 Hz, 1H, H-7), 3.38 (4,
Jd = 6.0 Hz, 1H, OH), 3.22 {(gd, J = 6.8 and 5.3 Hz, 1H,
H-6), 3.05 (dt, J = 8.3 and 4.1 Hz, 1H, H-13), 2.91 (dt,
J = 7.5 and 3.7 Hz, 1H, H-12), 2.66 (s, 3H, H-21), 2.55

30 (dd, J = 14.7 and 9.4 Hz, 1H, H-2a), 2.47 (dd, JT = 14.7
and 3.8 Hz, 1H, H-2b), 2.16 (4, J = 1.1 Hz, 3H, H-26),
2.14 (dt, J = 14.7 and 3.8 Hz, 1H, H-14a), 1.90 (dt,
J 15 and 8.3 Hz, 1H, H-14b); 1.34 (s, 3H, H-22), 1.17
(d, J = 6.8 Hz, 3H, H-24), 1.11 (s, 3H, H-23), 1.01 (4,

6.8 Hz, 3H, H-25).

2. approx. 60% of epothilone A

35
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Vv

2a Rlerr], Rerr] =H Z=0 R=H b Rerr], Rerr] =
Z = OCH err] BFferr], R=H [err] 3a Rerr],
Jerr] = H Rerr] =acetyl, R=H b Rerr], Rerr], Rerr] =H R =

[err] 4a Rlerr],-Rperr] = H V=Br, R= H b

CHerr], Rerr], Rerr] H R=H

Synthesis Examples la to 5a

R

S
Me-<\
N

la

c RY,
S

Me—-< I

\N _
lﬂ)
Z

2a  R?, R2=H,z=0',R=H-

b R',) R = H

N
I

= OCH, BF,”, R = H
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[err] 5 5a Rerr], Rerr] = H W=04 R=H

12 1. Process for the preparatlon of epothilones which are nodified in
the side chain, wherein for the preparation of epothilones which are
nodified in the 16, 17-position the startidg-materials are 3, 7-protected
or .unprotected epothilones A or B and a) these are hydrogenated on the 16,
17-doubl e bond or b) subjected to an additi reaction with hal ogen on the
16, 17-double bond or c) epoxidized on tQS , 17-doubl e bond and, if
appropriate, the resulting egoxide is .gduced to give the 16-al cohol;

or d) wherein for the prep 272, 3% atred epot hil one N-oxi des
p¢<ect! d epdthil ohes A or

ei t her (i) R @Cﬁz re converted into an
N-oxi de in a manner 3-sppsiti tuent is
elimnated by a base to gi veNt he »B M€ bond, or

(i) 7-protected or 7-unprotectea epofhi |l ones A i ch have a doubl e
bond in the 2, 3-position i an N-oxide in a
manner known per se and, if he resulting N oxide
is subjected to O alkylation in a manner known per se and an
O al kyl ati on product i s obtained; or e) v%er ei 9% or Qhe preparation of
epot hil one N oxides_3, 7- protected or unpr ot ect ed epothilones A or B
are converted into éﬁ N-8Bxi & FnHa RArnmeRC®Evhn Ber Be and, if

appropriate, the resuyltiry, kQxipde-ig, sgbiegted to O al kyl ation and an

O al kyl ati on product 1Is obt ai ned’ or f) wherein for the preparation
of epothilones which are nodified in the Cl9-position 3, 7 pr ot ect ed
or unprotected epothilones A or B are netallatgd in the Cl9-position and
captured with electrophilic reagents in a known per se as al kyl -

aryl - heteroaryl -, hal ogen19 gxygen- ul phu -substl tuted
epot h| | ones Whl ch are m)dl_f_|<g>e t-he i
Me '
\ /

N b fs,

4a R',) R* = H, V=Br, R=H
b V=CH, R, RRH, R=H

5 52 R}, R*=H, W=OH, R=2H e
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;"g) ‘wherein for the preparation_of epothilones which are nodified in the
“C27-position the allyl group (C 17, C 16 and C27) is substituted in a

~manner known pEhs Sheet e qed met hyl group by a hetero atom 2.
Process accordi characterized in that, - in step (a),
hydr ogenation i diimne or hydrogen and a heterogenepus or

honogeneous metal catalyst or - in step (c), epoxd@¥HTIHILY FILAR with
a peracid or a dioxirane. o

REPLACEMENT SHEF references: 9200, 9201, 9202 and 5203 13 3.
Process accor dgagelds€hafth fueehdiatkeehnaddgtiBcheatrorsciieRy (MhH O(GKE)

N- oxi dati on i SReicheppathraeck i [Egearmhdiched waidhoareanedafifledl Bettlophi | i c

al kyl, aryb orshdeechaiul reagents, in particular nethyl iodide or
trimet hyl oxoni - '
O al kyl ati on. 4. Process according to Caim1, characterized in that in

step (d) or (e) a resulting N-oxidepstent gugg_msect ed to a Katada reaction.
5. Process according to Claim4, characterized In that the Katada reaction
is perforned ~ wWith an activated carboxylic acid derivative, in

particul ar carboxylic apBydesd€colthe pr&EPEPRXIYbh CofClHothl DELES whidh
Process accordi ng to Clé_ai 5\ 51,1 haract erj zed.i n that, thS.K t ada reactrllon S
carried out  2rEWPHLELEH & aﬁ?‘ﬁ/d-"r rde TaR@S L O p - Bp PPAFS, PYREESS the
21- acet oxgépot bthohéagobmatredadse are B3| 2aprdtéatadnaoneruipoorepesdse to
gi ve 21-hydrox [ SAA.Qr nB_(apot hil ones E and F, respectively).
7. Process accé?gghgh%jggg % %96? c‘#}gr acterized in that the optional
cl eavage proceds Fhese argehydrpgenayeadoPpt Fbal k¢, ol 7edppkdei bandyor 8.
Process accordipfgsh@jckeel o ahakaqieibieeht {8At wiBLShEPogE) SRIEKL AL ON
I's perforned usi ré% butyllithium 9. Process according'to Caim1l,
characterized At Adr9PHPLEepORG) OFhe C27-net hyl group is substituted
by a bromidge akmepoiiddkiedCdrarti tie§ he7adduble Nbn@esUL,ci Df dPproand,
i f : . . . .

priate, the resulting epoxide is reduced to give the

16-alcohol.
2. Process according to Claim 1, characterized in
that,

20 - in method (a), hydrogenation is effected with diimine

or hydrogen and a heterogeneous or homogeneous metal
catalyst or
- in method (c), epoxidation is effected with a peracid
or a dioxirane.
25 3. Process for the preparation of 2,3-unsaturated
epothilone N-oxides in which. either
(1} 3,7-protected epothilones A or B are converted into
an N-oxide in a manner known per se and, the
3-substituent is eliminated by a base to give the
30 2,3-double bond, or
(ii) 7-protected or 7-unprotected epothilones A or B
which have a double bond in the 2,3-position are con-
verted into an N-oxide in a known manner\andfn1ﬂ&r;e
if appropriate, the resulting N-oxide is subjected to O-
35 alkylation\/a‘;l?i ’E’r‘f”é’fél‘ﬁ‘fzﬂﬁé‘{' p‘;:%duct is obtained.
4. Process for the preparation of epothilone
N-oxides in which 3,7-protected or unprotected epothi-
lones A or B are converted into an N-oxide in a manner

|




~

':éppr'o'pri ate, the resulting bromide is converted into ath&KEehugrBa&yge 1aced
-conpound. 10. - Conpounds obt ai ned by a process in accokl

t he preceding cl ai ns. 11. Epothil one N-oxide (epothi
“obtainable by transformng 3, 7- urii? ot ect ed epot

N-oxi de in a manner known per se and subjecting the resultl ng N-OXI de
to a facul tati¥Bo@nabryl &&i endandfr epproprigten Ohel kpsarlitdagptbmrad

REPLACEMENT SHEETsubjected to O-alkylation and kh 0451k9¥§ﬂ¥aﬂ“§ﬁﬁadkhe
followi ng formul a R [err]

Conpound of théSfBPFBWﬁﬁ formula: [err]
5. Process according to Claim 3 or 4, characterized

~

5 in that N-oxidation is performed with peracid or a
dioxirane and electrophilic alkyl, aryl or heteroaryl
reagents, in particular methyl iodide or trimethyloxonium
tetrafluoroborate, are used for the optional
O-alkylation.

10 6. Process according to Claim 3 or 4, characterized
in that a resulting N-oxide is subjected to a Katada
reaction, in particular as described in Houben-Weyl,
Volume E7b, page 646.

7. Process according to Claim 6, characterized in

15 that the Katada reaction is performed with an activated
carboxylic acid derivative, in particular carboxylic
anhydride or carboxylic acid chloride.

8. Process according to Claim 7, characterized in -
that the Katada reaction is carried out with acetic

20 anhydride and, if appropriate, the 21l-acetoxyepothilones
obtained are cleaved in a manner known per se to give
21-hydroxyepothilones- A or B (epothilones E and F,
respectively).

9. Process according to Claim 8, characterized in

25 that the optional cleavage process is performed hydro-
lytically or enzymatically.

10. Process for the preparation of epothilones which
are modified in the Cl9-position, in which process
3,7-protected or unprotected epothilones A or B are

30 metalated in the Cl9-position and captured with
electrophilic reagents in a manner known per se as
alkyl-, aryl-, heterocaryl-, halogen-, oxygen- or sulphur-
substituted epothilones which are modified in the C19-
position. . _

35 11. Process according to Claim 10, characterized in
that metalation is performed using butyllithium.

12. Process for the preparation of epothilones which
are modified in the C27-position, in which process the
allyl group (Cl17, C16 and C27) is substltuted in a manner




:;1"4. V'Epot hi |l one N-oxi de (epothilone B-N-oxide), obtainable by transform ng

-3, 7- unprotected epothilone B into an N-oxide in a manner known per se
‘and subj ecting the resulting N-oxide to a facultative O al kyl ati on and
‘recovering an O al kyl ati on product. - 13 - 15 15. Conmpound of
the follow ng fornmula: R [err] 16. Conpound of
t he fol | owi ng ¥eewiylper se on the C27-methiyk rdroup by a hetero atom.

13. Process according to Claim 12, characterized in

that the C27-methyl group is substituted by a bromine

atom, in particular with the aid of N-bromosuccinimide,
5 and, if appropriate, the resulting bromide is converted

into a C27-hydroxy compound.

14. Compounds obtainable by a process in accordance

with one of the preceding claims.
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