CHI RAL HEPTYNE DERI VATI VES FOR THE PREPARATI ON OF

EPOTHI OLONES AND PROCESSES FOR THEI R PREPARATI ON The
wOonennisn rel ates to a process for the producPComrPefos/004492

key internediates useful in the synthesis of

epot hil ones or epothilone derivatives, to certain

conpounds used to produce these key internedi ates and

cHIRAL {@zr@vRE OERSGATOEP FOEUEE: SREFARAO IR GRS OTHAELINES GABS PROCESSES FOR
tueIr fEphReripiroduct i on of the key internediates starts

fromreadily avail able and cheap starting material s,
yi el ds products in high enantioneric purity, in high

Teinveation Uéllates to & pesuess oethdspraddction @M(esalihtéﬁnedlates useful
. ndust r.al Er oductij on d:he i,nve t| on,1s

5 ipies SyiinRals & roBlHRR o ottlie weHfEllaRae ol ontbounds
usedt thqirodace yhesalkéy inderapexdiafiels ansbtooa pdesdssabipreduce said

PR Tt ook e TS Acadmir e 18 AR B8 btarts fom
regd Htéa\éallﬁé?éﬁh anddm@ta@ostaft@m realerigise yields pmlfé&trbhllbm
SHUABHEHD &?ﬁltkloﬁn“rfl?ﬁ%eﬁf@alrpﬁﬂt)ﬁﬁﬁ dodli WElas Andaalidsan

of si.n I-tunmor agents that were tested and
10 6'\’5% {_n %é?g‘é@{qr\re agai nst a nunber of cancer

lines. A survey of the syntheses for these conpounds
THREREH0™ G560 b sypunetly 8E el o MR AR 3L and
smnmei@aﬂwmcz@flad@@omoaesmrdeaya’qmw iEpothilonasdaret th=membered
r%%ér%‘ﬂ&é c%grgf‘oJrgj% tﬂggh?& %ﬁfg(l\xgg &&harrﬁ%&?ﬁ r@gfle@ eeEBotgl(l)ones

15 have been isolated from cult(res of Myxobact rlum Sorangium Cellosum and

“ are representatives of a class of promising anti-tumor agents that were tested
and found to be effective ‘against a number of cancer lines. A survey of the
syntheses for these compounds has been described by J. Mulzer et al. in
Monatsh. Chem. 2000, 131, 205-238. These agents have the same biological

20 mode of action as paclitaxel and other taxanes (see for paclitaxel, D.G..
Kingston, Chem. Commun. 2001, 867-880), however, epothilones have also
been shown to be active against a number of resistant cell lines (see S. J.
Stachel et al., Curr. Pharmaceut. Design 2001, 7, 1277-1290; K.-H. Altmann,
Curr. Opin. Chem. Biol. 2001, 5, 424-431).

25
Structural Unit B

1
0.

~

30

In addition to natural epothilones, the literature describes a number of synthetic

35  epothilone derivatives that vary for the most part in radicals M, T and R. In most
cases, M stands for a heterocyclic radical. For natural epothilone A, R stands
for hydrogen, whereas for epothilone B, R stands for methyl.
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been shown to be active agai nst a nunber of resistant
cell lines (see S. J. Stachel et al., Curr.

weéhersmacwsot . Desi gn 2001, 7, 1277-1290; K -H. ACTMERZVS/004492

Curr. Opin. Chem Biol. 2001, 5, 424-431). In addition
to natural epothilones, the |i2erature describes a

RS eo B U D R SRS bl

daa\e@wewww $he jpining led seversy airuetur@lmmtal Straetural unit B, which

rtgiraéé\i.tsem@m chgga?#%rgt FraRad i beiil S06R st\féiﬁgﬁaﬁy important

et 8ip. B o NSRRI oAb TRSIARAR to 3PYRIRp porRsonomical

dﬂide‘éaifml\/m% prodattien bhstricturdl nait® obepethilbns syHtHeges!
units. Structural unit B which represents the Cn-C 6
fragnment, proved to be one of the strategically

Inmost aaﬁesiﬂnej epothiloneris synthesized by insettiopsteictutl unlt Basa

gg&é&euggfa%%ﬁeg?hs (ﬂﬁ%ﬁ)lé’gl)@'&ﬁ?&t@gﬂﬁ ﬁ%ug?%%ér % linkage

tructur
!é"’y(Pﬂrﬁ edwut by inegrs otadiiitig teastiepovhile mﬁa%wcu linkage is carried-

BYhbY AfdaARDIRA alaéﬁfédcﬁanstsdﬂﬁvéﬁéionametveE’awa@ been described

E}@mg‘j;itra%” %reg@/fg% &' Stal, J%Ffﬁ%@dmﬁh?é@@ 54 712757166;

AnWeWt Ohene 4Q98017, 10%651&9 Chent BuarCd. 199K a8,e197%51-1986; J. Am.
| dol reaction. Both
gHI onst'ﬁgze rea@‘{ 7%%’? described in the

Ilterature (see K. C. Nicolaou et al., Tetrahedron

1998, 54, 7127-7166; Angew. Chem 1998, 110, 85-89;

Chem Eur. J. 1997, 3,] 1971-1986; J. Am Chem Soc.

1997, 119, 7974-799 Sible preparation of

structural unit B i€ describ qzin, for exanple, WO
O\X1

11

A possible preparation of structural unit B is described in, for example, WO
99/07692 and WO 00/47584. However, the syntheses presented there are
expensive and based on the introduction of chirality using an expensive chiral
auxiliary agent and thus not usable or feasible for an industrial-scale production
of epothilone or epothilone derivatives.

WO 98/25929 and K. C. Nicolaou et al., J. Am. Chem. Soc. 1997, 119, 7974-
7991 also describe tedious preparations of structural unit B by means of a chiral
auxiliary agent. These preparations have additionally the technical
disadvantage of introducing chirality at a reaction temperature of -100°C.

A further synthesis is described in Helv. Chim. Acta 1990, 73, 733-738, whereby
a compound of formula | (X; = H) is also used. This compound, however, is
obtained from a costly synthesis involving diterpenes as starting materials (see
also Chimia 1973, 27, 97-99) and results in an enantiomeric purity of only
approx. 80 to 85%.

Moreover, it can be said that the processes described in the literature require a
purification process involving several chromatographic steps, which is rather
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99/ 07692 and WD 00/ 47584. However, the syntheses
presented there are expensive and based on the
wonoosadwsbi on of chirality using an expensive eOTERR005/004492
auxi liary agent and thus not usable or feasible for an
industrial-scale producti on o8- epot hil one or

R AR IRt sRAcFRE bR this, (IR My
geacEdl teehnisal RTeblame suphes sreorsifiening of spiventsavoriing

coRdaRirattiof offthé @nvireimehfMigireest etcThese preparations
have additionally the t echni cal di sadvant age of

introducing chirality at a reaction tenperature of -
OwwdHovAtdtalridlds, loywnspecs-tmeyields anditdgh excéddes. ofGebgents, it

Ha! rfgt’b%%%c?%nbl S’ dfy ot e ko8 Wa@%ﬁ%mv g%[rsrBH &illed in

tb@taaﬁ teerranosmicallycprepiage §§mcﬂweah@ 0Bl an inglustriaksealeesThere
VRS ﬁfé‘éfdr@% ﬁ@éqefdr%b?}h EPERdasEFIal- Q&I@ﬁoé@s@an@@apa?le of being

97-99) an results | n an enantioneri uri
"a'e!ﬁreﬁn on gngparatignal sgale, that 3JJQW36@ "&yetfﬁ%!

nﬁ’l’éﬂﬁ@ﬂfa@é coRfUNdefar the phﬁdctlbﬁ ofRbtuetuFEIquiir B uﬁlthe total
rocess i nv sevgral chr omat ogr aphi c

il oh peRniRSeE e AReTuDRHETETE o &

productl on stand point because this results in many

5\' of tRS BRe St I'Wé?ﬁio%% {G PF&/I@@ ]arrfcﬁ/éi‘g%ﬁthgﬁb Egoc%fss for the

ents, avol di ng contam na
mpgﬂctm;@ lntﬁrmedmt@st@eddwth%ﬁmmthﬁs@ of epathilgnes and epothilone

dia?ﬁ’éﬁvéé fTFh Yorettaht t@@%éﬂ;ﬂ]bl@?ié@%?ﬁﬂhe@és reagRWw foutklstarts from
eg\%zlpﬁgqleﬁ@gm orﬁé{ag@fﬁ Iqisp g@grnﬁedlaﬂa pn%%l%(é{ss menlgh enantiomeric
purity, in high chemical purity, in good yields and allows an industrial-scale
production. The prior art has the disadvantage of requiring either the use of
expensive chiral auxiliary agents (in some cases at a temperature of —100°C),
expensive starting materials, or expensive purification process. Therefore, the
new synthesis offers many important advantages.

The present invention relates to a synthesis route for the production of
compounds of general formula IA, a key structural unit used in total epothilone
or epothilone derivatives syntheses:

R

wherein

R is selected from the group consisting of hydrogen, alkyl, and substituted alkyl,
alkyl being preferred; and

X'is an oxygen protecting group.

The compounds of formula IA can then be used for the synthesis of epothilones
and epothilone derivatives via various steps known in the art.
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the art to economcally prepare structural unit B on
an industrial-scale. There was therefore a need for

weuads/1amso ndustri al - scal e process and capabl e etT/ERR005/004492

i mpl emented on an operational scale, that allows for a

uni versal |l y usabl e i nternedi age conpound for the

production of structural unit B in the total synthesis

of epothil ones and epothil one derivatives. The goal of
THecinperiiahlsometates tnew domnpoundsist gererabforgisiéand Il used

e . ' In yRtes, used |
B 3ol 8ol SEeORBEHFk: SFa8neleh ERITRIR KB ¥ Brocdss
desciibed heein fonthegprodustion of thielserneyubbimplosiddsy nt heses,
the new route starts from econom cal starting
materials, yields intRernediate products in high
enantioneric purity, Jin high chem cal pHrity, i n good
yi el ds and al | ows [ strial -scal e production. The
prior art has the disadv age of requiring either the
use of expensive chiral auxiyiary agents (in sone
cases at a tenperature of -1pO0 OQ;, expensi ve starting
mat eri al s, or expensive p 1 OR! process.
Therefore, the new synthesis offers nmany inportant
advant ages. The present invention relates to a
synthesis route for thg production of conpounds of
general formula IA a key structural unit used in
total epothilone or il one derivatiVygs syntheses:
wherein Ris selec fr he group consisting of
hydr ogen, al kyl, and substitwed al kyl,

wherein R and X' have the same meaning as hereinbefore given under formula
IA.

The invention especially relates to the synthesis of the compounds of formula 1A
(see reaction sequence) starting from compounds of general formula IV, a
synthesis which is largely unrelated to any synthesis found in the literature
related to epothilone syntheses and which has many important advantages:

Y4

wherein X' has the same meaning as hereinbefore given under formula IA.

Within the present description, the general definitions used hereinbefore and
hereinafter preferably have the following meaning:
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al kyl being preferred; and X1 is an oxygen protecting
group. The conpounds of formula | A can then be used
woaoostloessynt hesi s of epot hil ones and epot hi | ORET/EP2005/004492
derivatives via various steps known in the art. The
invention also relates to new5eonpounds of gener al

qupmaraee bl r@aqde%%&%d 5!?21 EFé?fQ ALY ﬂg &&@D@H@ﬁﬁmd.ng 12

genera rocess de
trrben aterye. dr@nplea @ @lkomh gmupﬁwégémﬁawa&wiﬁpwmﬁas methyl, ethyl,

el m-Bugn ?PJ—anEWVﬁ-h*eR [ ﬁ%&gﬁ?{b&w eﬁmolmr ¢1-80&1 9F-Bndecy!
. 3P aHB ol kS 5 eSS Sh 2 3RS Sac iy iso-buy
$ek-lhstyk telédwltylpmosrwﬁ?ln nep-pentylf 2-petiyipentyh rz;wl irdathyfoutyl,

e r
B8RS0 ZrlethfeRl 2 SRRy NInEtL 2 2 B Ratpuoutyt or
2.81%trisaethylbsitd dipupn Esppeaialiy pefernd apinathyhandnetiyl.
|nportant advant ages: wherein X1 has the sanme neaning

h h

Bratiks deseuhsiitsiod AlcHanguie ratiddniogen s (akgen)s,

éwe@imlwrefarwdr&emzﬂ@‘ﬁdec:Fpr eferably have the
foll ow ng neani ng: Al kyl can be a |inear or branched

al kyl, preferably having up to and including 12 carbon
Apmtectirfg( gnmulpesan beaddlgdted fronp theagroupi coraprisihg \d silys padtecting

@uﬁ‘%ﬁ%'as t‘ﬁH&h/lllsﬁylpfe?P%tilehggé/Yéuyl ”ﬂné’lﬁﬂ%ﬁtv n(g%?(ryljopyl)suyl
dlmea@de%wy IsihbUpWer allseneyhsuc aﬁﬁce@flob@y%dﬁtrabydmyranyl
I‘(/Iéﬁnﬁ’fo@ébﬂ drovpbMerh prél%%tnbg?JEVdu fb%’n&yl%ﬂéﬂbstltuted benzyl

9%" agqe%§ geo Fhemy%ehzgl ¢ an)}/ o&er p¥otect|ng group known from the

literature (see for example T.W. Green, Protective Groups in Organic Synthesis,
John Wiley & Sons N.Y., 1981; P.J. Kocienski, Protecting Groups, Georg
Thieme Verlag Stuttgart, 1994). Preferred are tetrahydropyranyl (THP) and tert-
butyldimethylsilyl (TBDMS), with THP being especially preferred.

The process steps making up the process of the invention and the preferred
aspects thereof can be described preferably as follows:

The reaction sequence starts with a compound of general formula 1V as
hereinbefore described which is reacted with an aldehyde of general formula V:

RCHO v

wherein R is as hereinbefore described, under reaction conditions known to a
person skilled in the art for such acetylene additions to aldehydes (see Shun,
Annabelle L. K. Shi et al., J.Org.Chem., 2003, 68, 4, 1339-1347; Mukai, Chisato
et al., J.Org.Chem., 2003, 68, 4, 1376-1385; Clark, J. Stephen et al., Org.Lett.,
2003, 5,1, 89 - 92; Chun, Jiong et al,, J. Org. Chem., 2003, 68, 2, 348-354;
Nomura, lzumi ef al., Org.Lett., 2002, 4, 24, 4301-4304; Nielsen, Thomas E. et
al., J.Org.Chem., 2002, 67, 18, 6366—6371; Kiyota, Hiromasa ef al., Syn.Lett.,
2003, 2, 219-220; Bailey et al., J.Chem.Soc., 1957, 3027, 3031; Nayler et al.,
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2, 3-di net hyl butyl, 2-nmethyl hexyl, 2, 2-dinethyl pentyl,
2,2,3-trinmethyl butyl or 2,3,3-trinethyl butyl group.
wazpsciosdsby preferred are nmethyl and ethyl. ExagpiEes00s/004492
a substituted al kyl include -CH 2-Hal ogen or
-C(Hal ogen) 3, especially preferred are - CH2F and

LEhen SpeQt1965], legsgrm?s q‘ﬁﬂ%ﬂé@l ;sg)ges%cﬁghfm Fr, BBe 195 0Umeus ef
@IF,FE@I(\;I P)gm p%\;ats; {9&; 5%@59&2&5?@5&& GyR,Hebd. Seances Acad. Sci.,
’fﬁ#@“ﬁ% T B PRERL X4 isas. 556k Resfarably fhe alkyne is

dsprottated at hasibepaira PtwedPay 8 1@ DBC i B eﬁfr@ﬂ@sowem such

rotectlng group benzyl or substituted benzyl

a%met’éla}"ﬂe witylgher, rzemﬁﬂwaﬁ;moxme deliepeher THF, with a strong

DESH SGA B9 b QUYL 54 IS, ot BARAFEsERER! Sl as

WMQ‘(HS MeMgBrhor l%bl@py&N@B‘rSahﬁ ¥ubsd@iritlyRadded to the aldehyde,
Kocj enski, Protecting G oups Georg@Thl eme Verla

yvielging,a comppyg of ganeralformula |l asherginkafers dassyibed;
%Fﬁﬁ%uﬁtﬁ@f Sﬁ%@‘f&fhﬂpgﬁi @ﬂh@iﬂléﬁéld&g@%)a &lﬁ&ngzggent known

g espetCl a red rocess
tom peﬁsqmrsmmismdhetan’e(seevfenEanpﬁmShun eApmaﬂﬁdler ledK. Sh| efal.,

TS TRO88 b ch hase st o SiSHReh ST AL, 2003
94, AR i bofy IR cotpseeg e s
Quesrslls, IClaude Aast berroob@WoeCﬂeﬂnltetbemO&ﬂGeB 519-524;
Baaeh! neSondi L O org @b %2602, 67, 18, 6439-6448; Suzuki, Keisuke
etal., Org.Lett., 2002,4, 16, 2739-2742; Claeys, Sandra et al., Eur. J. Oryg.
Chem., 2002, 6, 1051-1062; Tanaka, Katsunao ef al., Bioorg.Med.Chem.Lett.,
2002, 12, 4, 623-628; Rodriguez, David ef al., Tefrahedron Lett., 2002, 43, 15,
2717-2720; Tanaka, Koichi et al., J.Chem.Soc.Perkin Trans., 2002, 1, 6, 713—
714; Hao, Junliang ef al., Tetrahedron Lett., 2002, 43, 1, 1 - 2; Hiegel ef al.,
Synthetic Commun., 1992, 22(11), 1589; De Mico et al., J. Org. Chem., 1997,
62, 6974), especially manganese dioxide in THF, TEMPO oxidation,
trichloroisocyanuric acid or under Swern oxidation conditions, to yield a
compound of general formula ll as hereinbefore described; the triple bond of
compound of general formula Il is then reduced using processes known to a
person skilled in the art (see for example Crombie et al., J.Chem.Soc., 1958,
4435, 4443; Braude et al., J.Chem.Soc., 1949, 607, 613; Taber, Douglass F. ef
al., J.Org.Chem., 2002, 67, 23, 8273-8275 ; Bowden et al., J.Chem.Soc., 1946,
52 ; Fazio, Fabio et al., Tetrahedron Lett., 2002, 43, 5, 811-814 ; Gonzalez,
Isabel C. ef al. J.Amer.Chem.Soc., 2000, 122, 38, 9099-—9108;’ Brimble,
Margaret A. ef al. Aust.J.Chem., 2000, 53, 10, 845 — 852); preferably the
reduction is done under catalytic hydrogenation conditions, using Pd on carbon
in THF, as well as in the presence of acetic acid esters, lower alcohols such as

methanol, ethanol, isopropanol, 2-methyl-THF, at a temperature between 0 to
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person skilled in the art for such acetyl ene additions
to al dehydes (see Shun, Annabelle L K Shi et al.,

wo.2@sgo@em , 2003, 68, 4, 1339-1347; Mikai, CRCTaP200604492

al., J.Og.Chem, 2003, 68, 4, 1376-1385; dark, J.
Stephen et al., Og.Lett, 2063; 5,1, 89 - 92; Chun,

5DI°Ongnéer lto 10\bar@‘fg1re§s°wm an® k& péfod of 1343-03wlirs, to yield a
Normur a, Tzum e Org. Lett, 2002, 4, 24,

CRTIPRUIHAT IRGeIR @rﬁm“hwlfmas E. et al., J.Qrg.Chem,
2002, 67, 18, 6366-6371; Kiyota, H romasa et al.,
Syn. Lett, 2003, 2, 219-220; Bailey et al., J.Chem Soc,

Cdhgousds 6f g8ASil foriana &V aed kadwn In G litettare 488%an be
85 d S o0 8k ko s g e

C. R Hebd. Seances Acad. SclL, 1934, 199, 153;

Fm rx’ehTBe( Peelasyl, RebéiE. 4t al.1 98Bahbdrodh 1997 p58] 39, at32ﬂ1-
kyne is deprotonated at a tenperature betwe

he
13?§6t BheticUulha HpePre: Coemye#R01,46: 19, 4885 — 1885: Yan, Jingbo
t ther THF, di oxane,
?Ué)nce)yﬁﬁh% ngmg‘télfzf s@?gfﬁj%ase such as BuLi, LDA
or Li, Na, K-HWDS, or Grlgnard sol ution, such as
MelMgBr. or i sopropy Br, and subse uent

c
FRIdGG" beneYieTakacADaEw g ol 4l REehodsip A9, b @@aér 4503-
b
4S3ReNehrid, Rl ) 7 9 RrRcheny 1888 SR 0TI A3, g
agent known to a person skllled |n the art (see for
exanpl e Shun, Annabel Ie L.

Fa604 = st butyidinhenyisiiv: t@ﬁ%\aw, D§V'd8?te’1‘5he7—ﬁt@ﬁe§r0” Lett, 1985,

L A 03, 5,1, 89 - 92; Chun, Jiong et al., J.
2@{ 47, %57 564 003 68, 2, 348-354; QJesneI le, d aude A
et aI Bi oorg Med. Chem Lett, 2003, 13, 3, 519-524;

For X' = MOM: Williams, David R. et al., J. Amer.Chem.Soc., 1989, 111, 5,

1923-1925.

For X' = THP: Baker, Raymond et al., Tetrahedron Lett., 1986, 27, 28, 3311-
3314; lreland, Robert E. et al., Tetrahedron, 1997, 53, 39, 13221-13256.

Alternatively, compounds of general formula Il can be directly obtained by the
reaction of a compound of general formula IV as hereinbefore described with an

activated acid derivative of general formula VI,

wherein R is as hereinbefore described, and X is an appropriate leaving group,
preferably halogen, -OCOR4, OR;, imidazole, 4-nitrophenol, Weinreb residue,
-N(R+)2 or mixed anhydrides, wherein Ry is alkyl. Compounds of general
formula Il are then subsequently converted to compounds of general formula 1A
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Barriga, Susana et al., J.Og.Chem, 2002, 67, 18,
6439- 6448; Suzuki, Keisuke et al., Og.Lett, 2002, 4,

wWa@00s26880 2742; Cl aeys, Sandra etal., Bur. J. GCHEP2005/004492

Chem, 2002, 6, 1051-1062; Tanaka, Katsunao et al.,
Bi oor g. Med. Chem Lett, 2002, 18- 4, 623-628; Rodriguez,
ashetcinbefare defetibved frdtherrehetian s@f@ehcel 3Thd beaction of

2717-2720; Tana Ki et a em Soc. Per ki
S0 BRelndudh ag | Viandh yERas:far Sxarmple E”eenad@ec@pegun the following
fetdtghedron Lett, 2002, 43, 1, 1 - 2; Hiegel et al.
Synt heti ¢ Commun., 1992, 22(1 1), 1589; De Mco et
J. Og. Chem 1997, 62, 6974), especially

ﬁ%P%ﬁF% Ea Sl boean R o e

NRSEA I THSmad . Wt &), dJ@rgmﬁ”QOGQ g?,n%o,n deprmaha. | |

as her'ei nbefore descri béd triple of conpound
bakogindoahikbau raﬂ Iaa Biodrg. Mévb ©heptLieft.d 2008 ¢3 p4 B61ss 664;

Kietsih, ahoinSs B $F ah O Chiotas 8008485 2547898 o751 abagd
Rhoelkér %ﬁ%&ah@?@ﬁa/ g% raﬁ%&%%%ﬂ%ﬁ%‘énggﬁgt

aI , J Chem Soc, 1946, 52 ; Fazio, Fabio et ai,
Gonzal e

felstpreueddo 5 advaieqecuinsdste Catglo misparagompocnds of

do0n e Sy BIA gﬁb&'y Bpes Rboma bl dendiet ol | <

done under catal ytic hydrogenation condltlons usi ng
Pd on carbon in THF, ag well as in the presence of
acetic acid esters, |ower alcohols such as

VI

HO

O\x1

by oxidating compounds of general formula VIl using methods for the oxidation
of secondary alcohols known to a person skilled in the art (see literature cited

above).

Compounds of general formula VIl are obtained from compounds of general
formula Il by reduction of the triple bond according to the methods hereinbefore
described.

Another alternative, is the hydrogenation of compounds of general formula Il to

corresponding alkenes of general formula VIII,
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nmet hanol , et hanol, isopropanol, 2-nethyl-THF, at a
tenperature between 0 to500C, under 5 to 10 bar of
wonessiores) and for a period of 1 to 10 hours, POTEP2I0E/004492
a conpound of general fornula I A Conpounds of general
formula IV are known in the |i%erature and can be
prepared accordi ng to Ret hods known to a person
skilled in the art such\as: For X1 = TBS: {el and,
Robert E. et al., Tetr on, 1997, 53, 34l 13221-
13256; Bhatt, U has 80 al. |} J. Org. Chem, 2001 , 66, 5,
1885 - 1893; Yan, Jingbo et , J.Org.Chem, 1999,
64, 4, 1291-1301 . For X1 = benzyl: Takle, Andrew et
al. , Tetrahedron, 1990, 46, -04503- 4516;
Ireland, Robert E. et al., J.Og.Chem, 1992, 57, 19,
5071-5073. For X1 = tert-butyldi phenylsilyl: Cul shaw,

David et al., Tetrahedron Lett., 1985, 26, 47, .
fiofiewed dydhe mxidatipreofiihg copjasppading atssnes. anddheiisubsgquent

ifer WERgeRatiod 16 Sombbimd o i derdiProrffiadé, guif g aly
adahdl-Vislivectly weaﬂadgeﬁcdm%@dsedf gdnel,rarffetmaraem gan be
997. 53,.39, 13221-13256. ALt er nat | n ,
JiAiest 3% is-dRacHbet fok xaaiRKe IR BERE G HEhGSAmpopRdead Sci,
t4 : ,
{99920 120°GEH PR 8 S0 At sran ot
J©tienaSove 184992084 aUnfayRarhalinga, efvdie Riry. Grg.Chesn., 2001, 10,

G G8, Pneskaou, Hassan 8F &l Telrahoaron, 2881, &7 12, 2379-2384;

Lee, Donghyun et al., Org.Lett., 2000, 2,15, 2377 - 2380.

Therefore the instant invention is further drawn to a process for the synthesis of
epothilones and epothilone derivatives which comprise a process for the
production of the intermediate as described supra. A further aspect of the
invention is the use of the inventive compounds for the synthesis of epothilones

and epothilone derivatives.

The reactions described above are preferably carried out under the conditions
analogous to those given in the examples. The following examples are intended
to illustrate the invention without being intended to restrict the scope of the

invention:
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1.0
1.4 (
15

preferably hal ogen, -OCORi, OR , imdazole,
4-ni trophenol, Winreb residue, -N(Ri) 2 or m xed
wansaniges, wherein R is al kyl. Conpounds of PQEMER@E/004492
formula Il are then subsequently converted to
conpounds of general fornul a10Aas hereinbefore
BExasaplesed in the reaction sequence. The reaction of
conmpounds such as IV and VI has, for exanple, been
described in the following literature: Naka, Tadaatsu
%anlqéte,,lTetrahedron Lett, 2003, 44, 3, 443 - 446;
i'el'sen, Thomas E. et al., J.Og.Chem, 2002, 67, 2 1,
7309 - 7313; Hakogi, Toshi kazu et al.,

Bi oor g, INed. Lett. . 2003, 13, 4, 661 - 664;
USRS BN -GHRIR-EUREIE4,5.5-hrghiisa2H-pytan-2alony] hopt-3-
if-208 - 7313; and Knoel ker, Hans-Joachimet al.,

et rahedron, 2002, 58, 44, 8937 - 8946. It al so proved
2450ml adBuiisalytions 1160Ms imkexarseis dddgu dopwisetp@50dssolution

f | | di tl f f
(B 5RBTROD 05 (RS U 2 P thPaRY it TR oD & Ryrayrg-2H-
. , g
YR (tephiad ihidiborreacuith Weldrtf FOEIRE] Baf! Totrahedron,
1807, 58£289) 13221218286 ¢ irt 8325 alaf)HF G@brHOUR.IA sofutigarad 30 g

fo la VI 0 jned. fromc ounds qf er al
aplapivd i fA00 GAER Bringh HHEd SopMSe Affe” 2008 3250 m
M'ﬂBE*{%éiﬁ\}lﬂ@ﬁﬁ:d??éﬁié?P%féﬁo%od&% B2BOI TIWIAENH,CI is added
alternative, 1s the hydrogenation of conpounds of
apdrforther sthred fer 10 mim The organic phase is washed twice with 1300 ml
H20 each and concentrated in vacuo to dryness. 930 g of product is obtained.

The obtained product is directly used in the subsequent step.
Yield: approx. 100 % (according to DC quantitatively)
Elementary Analysis

Calc. C 68.99 H9.80
Found C 68.75 H 10.03

'H-NMR (CD.Cly), 400 MHz

1H (ppm)/number of H
0 (3H)
3H)
0-1.83 (6H)
1.92 (1H)
2.15 + 2.33 (2H)
3.25 + 3.6 (2H)
3.45 + 3.85 (2H)

4.48 (1H)
4.56 (1H)
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correspondi ng al kenes of general fornmula VIII,foll owed

by the oxidation of the correspondi ng al kenes, and
woheisriossbsequent further hydrogenation to conpoum@s006/004492

the general formula IA or if the allyl alcohol VIII

di rectly rearranges, conpourd$-of general fornula IA
bWSF? g@?nﬂRSE)-‘(3J4$5 ,6atetrahlyddo-2H-pyeara2eyipoxylhBptH3 in-2-

Hebd. Seances Acad. Sci ., 1939, 208, 1320;
OB@l | . Soc. Chim Fr., 1941, <5>8, 509; and Cheesenan et

S0 gl SR b AR B RPN, o v

2Hapywan- Ziyl)dky]hepﬂfﬁtlm-akm ddissolv@d @i 6087l dfZTHE Jigsadziesldy stirring
Lee, Donghyun et a/ Lett,

{3 auSPenEPBIal GO0 MangeRRES LR A26Q Mt ikl andssfiing is
cbﬂtu Ry QPFO%?nft% ERguRY/ Rl h%ﬁﬂo%refTﬁ@ehQ;béwSﬁ iShen filtered

one derlv tives which conprise a process for
oVBESlpca)geband) thetolveet isremovediinvacus. 286 grdfiilee psagsich is
A further aspect of the invention is the use of the
opiARSR i ve conpounds for the synthesis of epothilones
and epot hilone derivatives. The reactions descri bed
above are preferably carried out under the conditions
Yaeldl 094.1%% obthenthaorgi ven in the exanpl es. The
follow ng exanples are intended to illustrate the
i nvention without being intended to restrict the scope
Eémbhtary velysin: Exanpl es Bxanpl e 1 a)

(aRS. es]-b-Methyl - - RS b-tetrahydro-aH pyran-a-yQoxy]
Galpt - 3- |C 69.61 "H 8.99

Found C6942 H9.16

'H-NMR (CD;Cl,), 400 MHz
1H (ppm) / number of H

1.03 (3H)
1.5-1.85 (6H)
2.04 (1H)

2.3 (3H)

2.35 + 2.53 (2H)
3.2-3.3 + 3.6-3.65 (2H)
3.5+ 3.8 (2H)

4.55 (1H)

c) (S)-6-Methyl-7-[(RS)-(3,4,5,6-tetrahydro-2H-pyran-2-y|)oxy]heptan-2-one
A 50 g solution (222.9 mmol) of (S)-6-methyl-7-[(RS)-(3,4,5,6-tetrahydro-2H-
pyran-2-yl)oxy]hept-3-in-2-one and 5 g palladium on carbon (10% Pd/C) in 400
ml of THF is hydrogenated for one hour at 8 bar hydrogen at room temperature.
The catalyst is then filtered off, rewashed with little solvent and the solvent is

removed in vacuo. 50.9 g of product is obtained.

Yield: approx. 100% of the theory. (According to DC quantitatively)
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in-2-ol 2450 m n-BuLi solution, 1.6 M in hexane is
added dropwi se to a 650 g solution (3.566 nol) of

WORE)#18195) ( S) - 2- et hyl pent - 4-i n- 1-yl ] oxy} - 3, 4, BCOAP105/804492
hydr o- 2Hpyrane (prepared in accordance with Irel and,
Robert E. et al., Tetrahedrori2-1997, 53, 39,

gg@gata}g%@y)s.g n 325 mM of THF at - 100C. A solution
acet al dr=hvdp in 1200 M THF is then added
Qalgpwu saC 66.3&r H300H%. | 3250 Ml MIBE

1 lII)TI r)1is added and 3250 ml 10% aq
ﬁ g% %Eb?ﬂrt er stirred for 10 mn. The

1 shed twice with 1300 mMl H2O each

E@@%E&@ﬁ@a‘f'@@ vacuo to dryness. 930 g of product

1|'$é E | @S berf BEHObt ai ned product is directly used in
subsequent step. Yield: approx. 100 % (according

to DC quantitatively) Elementary Analysis 1H NWVR

q.ep20l9x3 (3H400 MHz 1H (ppm/ nunber of H 1.00 (3H) 1.4

16H911H9) - 1.83 (6H) 1.92 (1H) 2.15 + 2.33 (2H

2.13 (3H)

2.42 (2H)

3.19 (1H)

3.4-3.6 (2H)

3.85 (1H)

4.55 (1H)

Example 2

Me

X
U\/O . BuLi o A
1@ >N_<° °©

(S)-6-Methyl-7-[(RS)-(3,4,5,6-tetrahydro-2H-pyran-2-yl)oxy] hept-3-in-2-on

To a solution of 100.0 g (RS)-2-{[(S)-2-Methylpent-4-in-1-ylJoxy}-3,4,5,6~
tetrahydro-2H-pyran (Ireland, Robert E. et al., Tetrahedron, 1997, 53, 39, 13221
- 13256) in 200 ml THF were added, dropwise at -30 °C, 439 m! n-butyllithium
(15% in hexane). The solution was stirred for 20 minutes at -30 °C and 20
minutes at -20 °C. After cooling to -30 °C, a solution of 95.6 g N,N-
dimethylacetamide in 200 ml THF was added during 15 minutes and the
reaction mixture was stirred for 30 minutes at -20 °. The reaction mixture was
then poured into a stirred precooled (0 °C) mixture of 1000 ml hexane and a
solution of 104,8 g citric acid monohydrate in 700 ml water. The aqueous phase
was separated and the organic phase was washed with 300 ml water and then
filtered over 100 g silica gel. The silica gel was washed with 1000 ml hexane.
The combined eluates were reduced to an oil by vacuum distillation.
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35

40

(S)-6-Methyl-7-[(RS)-(3, 4,5, 6-tetrahydro-2H pyran- 2-yl
woanosiloeysd - 3-i n-2- one A 300 g (1.3255 nol) soPaTiE®Z00S/004492

(2RS, 6S)-6-nethyl -7-[ (RS)-(3, 4,5, 6-tetrahydro-

2H pyr an- 2-yl ) oxy] hept - 3-i n-23el , di ssolved in 600 mni

f T i dded by stirring 5 to a suspension of 1500
I%Hﬁﬁ%ﬁégg% 0xide in 2250 mM of THF, and stirring is
inu a nperature for 48 hours. The
3@@ W@M é%ﬁgﬁ fitered over silica gel and the
sol vent is renoved |n vacuo. 280 g of the product is
Ehﬂﬂahhéanaws$ield . 94, 1@6of the theory El ementary

Fysi , 400 MHz 1H / b
C%Tléj ¥ i gg'q‘g"wﬂ ?‘@4 86 (6H) 2.04 ( ll(-Dppn) MHDer
Found Cc69,44 H919

3.25 + 3.6 (2H) 3.45 + 3.85 (2H) 4.48 (1H) 4.56 (1H)b)
hyl - 7- [ (
n

TH-NMR (CD:Clz), 400 MHz
1H (ppm) / number of H

1.03 (3H)

1.5-1.85 (6H)

2.04 (1H)

2.3 (3H)

2.35 + 2.53 (2H)
3.2-3.3 + 3.6-3.65 (2H)
3.5+ 3.8 (2H)

4.55 (1H)



2.3 (3H) 0 2.35 + 2.53 (2H) 3.2-3.3 + 3.6-3.65 (2H)
3.5+ 3.8 (2H) 4.55 (1H) 5 c¢)
wO3esaoMso hyl - 7-[ (RS) - (3, 4, 5, 6-t et rahydr o- 2H pPCREP200$/004492
) oxy] hept an-2-one A 50 g solution (222.9 nmmol) of
(S)-6-nmethyl -7-[ (RS)-(3 4,5, 6l4-et r ahydr o- 2Hpyr an-
2-yl)oxy] hept-3-in-2-one and 5 g palladi um on carbon
ClafsPd/ C) in 400 M of THF is hydrogenated for one
hour at 8 bar hydrogen at room tenperature. The
catalyst is then filtered off, rewashed with little

I t t. ] [
£ Y0kl BRI a bimPol ATRUGRGERAEEY Ry
5 theory. (According to DC quantitatively)El ementary

anal ysis: 1H NWR (CDCI 3) , 400 MHz 1H (ppm [/ nunber
of H0.912/ 0.93 (3H) 1.BR-1 .9 ( 11H) 2.13 (3H) 2.42

(2H) 3.19 (1H IA
o}
O\X1
10
wherein R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; and X' is an oxygen protecting group;
comprising reacting a compound of formula IV,
15
X v
O\X1
20 wherein X' is as defined above, with an aldehyde of formula V,
RCHO \
wherein R is as defined above, in the presence of a suitable base fo form
25 a compound of formula 1l
R
HO N il
AN
30 Ot
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3.4-3.6 (2H) 3.85 (1H) 4.55 (1H) Exanple 2
(S)-6-Methyl - 7-[ (RS) - (3, 4

wO39Bbetso ahydr o- 2H pyran- 2-yl ) oxy] hept - 3-i n- REDEPIWS/204492

solution of 100.0 g
(RS)-2-{[(S)-2- Met hyl pent - 4-ilf=1-yl ] oxy}- 3, 4, 5, 6-
t et rwhgrein-F2 Bing )¢ are(ds défined, almwiss readtingscorapoynd of formula [l
Tetrahedron, .1997. .53, 39, 13221 - 13256) .in 200 mi
T WeP& Sultatle cfiizliy adet © 185N soomguhe ot o
n-butyllithium (15%in hexane). The sol ution was
stirred for 20 mnuter at -30 OC and 20 m nutes at -20
0OC. After cooling to -|30 0C, a solution”of 95.6 ¢
NLNdi net hyl acet am d 00 mM THF was added during 15
m nutes and the reaction xture was stirred for 30
mnutes at -20 . The reactiom m xture was then poured
into a stirred precooled (0 OC) mxture of 1000 mi
hexane and a sol ution of 1Q *ric acid
nonohydrate in 700 m water. The aqueous phase was
separated and the organi c phase was washed with 300 ni
vat ewharsintfhandiX ' areraidefired dfdvey aid sukmsegelentli heacting
silica gel washed with 1000 m he e. Th
conbraaposnddl i s atable dlipng, 2gsmio ofp SR Gampound of
distgghﬁhégg.Yield: 116,9 g (95% . C13H20G3 MW

g/ nol

224. El enent al anal ysi s
2. A process for preparing a compound represented by formula IA,
R
1A
0
O\x1

wherein R is selected from the group consisting of hydrogen, alkyl, and

substituted alkyl; and X' is an oxygen protecting group;

comprising reacting a compound of formula IV,

X W,

O\X1

wherein X' is as defined above, with an activated acid derivative of
formula VI,

o \

PS
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1IH NWR (CD2C12) , 400 MHz 1H (ppm [/ nunber of H 1.03
(3H) 1.5-1 .85 (6H) 2.04 (1H 2.3 (3H) 2.35 + 2.53

wWO02b)5/1819863. 3 + 3.6-3.65 (2H) 3.5 + 3.8 (2H) 4PET/EP2005/004492

(1Hdainms 1. A process for preparing a conpound
represented by fornula IA, &rein Ris selected from
the group consisting of hydrogen, alkyl, and
substituted alkyl; and X1 is an oxygen protecting
group; conprising reacting a conpound of formula IV,
wherein X1 is as defined above, with an al dehyde of
formula V, RCHO V wherein Ris as defined above, in
the presence of a suitable base to forma conpound of

r cac ero R AT SR S ad sopleifd B3 AR b PpAnRtEaving aroup.

oxi diin thegprgentcetad o suitabde base toufutmod compauina ofl formula I,

R

wherein R and X' are as defined above, and subsequently reacting the
compound of formula Il with a suitable reducing agent to form said

compound of formula IA.

3. A process for preparing a compound represented by formula IA,

\X1

wherein R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; and X' is an oxygen protecting group;

comprising reacting a compound of formula lll,
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wherein R and X1 are as defined above, and
subsequently reacting conpound Il with a suitable

woedisciomgo agent to form said conmpound of for nubPaT/iER2002/004492

A process for preparing a conﬁound represented by
formula I A wherejn Ris sel&thed fromthe group

consivheretn Brand ¥r ateas deskyhed ahave with atsuitableateryicing agent

and L. ecti ng group; conprising
reac?ﬁﬁgngé%%ﬁﬁgﬁﬁﬁggp&?hﬁhﬁﬁ@’IVl wherein X1 is as
defi ned above, with a n activated acid derivative of
formula VI, V Iiwherein Ris as described above; and X
is an appropriate | eavi group, in the presence of a
suitable base to forma ound of fornul gl |
wherein R and X1 are as ed above, and
subsequently reacting*#%e conpound of formula Il with
sai d conmpound of
formula 1A 3. A process for preparing a conpound
represented by fornula I A, whertin I 3X5el ected from
the group consisting of hydrogen, alkyl, and
substituted al kyl; and X1 is an oxygen protecting

group; I S [ far

R ML GG e ER AR el sl UsBquenty

sui t abhetingethéecsald coagdund of formula Vil with a suitable oxidizing agent
to form said compound of formula IA.

4, A process for preparing a compound represented by formula 1A,

wherein R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; and X' is an oxygen protecting group;

comprising reacting a compound of formula Ii,

R

wherein R and X' are as described above, with a suitable reducing agent

to form a compound of formula VI,
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to forma conmpound of formula VII, wherein R and X1
are as descri bed above, and then subsequently reacting

woheossiaiado conpound of fornmula VII with a suitaBC®EP2005/004492

oxi di zing agent to formsaid ﬁgnpound of formula 1A A
process for preparing a conpoufid represented by
formula IA, wherein Ris selected fromthe group

consi sting of hydrogen, al kyl, and substituted al kyl;
and X1 is an oxygen protecting group; conprising
reacting a conpound of formula Il, wherein R and X1
are as descri bed above, wth a suitable reduci ng agent
to forma conpound of ?ornula VIIl,wherein R and X1
are as descri bed above, en subsequent |y \pgacting the
sai d conmpound of forgﬁ a V]I with a suitable
oxi di zi ng agent and en a i tabl e reduci ng agent to
form said conmpound of formula or alternatively,

t he compound of fornula VIII ectbl\rearranges to
the conpound of fornula IA 5 Phe€es3X'according to
claim2, wherein X is halogen, -OCORi, ORl, imdazol e,
4-ni trophenol, Winreb residue, -N(R) 2, or m xed

anhydy, rai i o d S5 6 ;
cccor IR TeT anf 06, A3 Srecibgu oy fREReqty roacting the
C  or s&@d.compdurateSoracto Vil wihteosuitaple okidiing bgentsar®d then a
and 5$ui¥glﬁ<re ?Iecri]ugi<ng|; %gén¥ to 4orrcr)1rsaid compound of formula IA; or

alternatively, the compound of formula Vil directly rearranges to the

di

compound of formula IA.

5. Process according to claim 2, wherein X is halogen, -OCOR4, ORjy,
imidazole, 4-nitrophenol, Weinreb residue, -N(R+)2, or mixed anhydrides

and wherein Ry is alkyl.

6. Process according to any one of claims 2 and 5, wherein X is Cl or Br.

7. Process according to any one of claims 2 and 5, wherein X is -OCOMe or
OMe.

8. Process according to any one of claims 2 and 5, wherein X is ~N(CHj3)s.

9. Process according to any one of claims 1 to 8, wherein R is alkyl.

10.  Process according to any one of claims 1 to 9, wherein R is CHs.

11.  Process according to any one of claims 1 to 10, wherein X' is THP or
TBDMS.

12.  Process according to any one of claims 1 to 11, wherein X' is THP.
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Owve. 8. Process according to any one of clains 2 and 5
wherein X is -N(CH 3)2. 9 . Process according to any

wonesabiasbai ns 1 to 8, wherein R is alkyl. 10. PEImee®s/004492

according to any one of cl alms 1to9, wherein Ris
CH3. 11. Process according tol8®ny one of clains 1 to
10, wherein X1 is THP or TBDVS. 12. Process accordi ng

b occk #rpiask iod ths Rintber Qfienalidnssgnibeniions asivatives,

epot hidApAsiAg the prboeas, a&%?&ﬁh?%% yidhe &F tﬁé‘i‘:?rﬁms 1 to 12.
according to any one of the clains™1 to 12

conmpound of forrmula Il, wherein: Ris sel ected from
e fy hydrogen, alkyl, and

i%bstlt%é%c%iéﬁoﬁ}‘f% ”’XI i's an oxygen protecting

group. 15. A conpound of fornula IIl, wherein: Ris

sel ected fromthe grouprconsi sting of hydr ogen, al kyl,
and substituted alkyl; gnd, Xi is an oxygen protecting
group. 16. A conpoun ding to claim1l4, wherein R
is alkyl. 17. A conpound a rding to claim 14,

wherein Ris CH3. 18. A conpound according to any one

of clainms 14, 16 and 17, whereiln Xlois
~

x1

wherein:
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; and, Xy is an oxygen protecting group.

15. A compound of formula lli,

Il
HO

wherein:
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; and, X is an oxygen protecting group.

16. A compound according to claim 14, wherein R is alkyl.

17. A compound according to claim 14, wherein R is CHs.

18. A compound according to any one of claims 14, 16 and 17, wherein X'is
THP or TBDMS.
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THP or TBDMS. 19. A conpound according to any one of
clains 14 and 16 to 18, wherein X1 is THP. 20. A

woaopaumndoaccording to claim15, wherein R is aCkgP2002/004492

1. A conpound according to claim20, wherein Ris CH3.

22. A conpound according to aﬂ?‘one_of clainms 15, 20 o
4R8d 2Alcompeunrd accarding toHmweng BbriBime 34 and: déke J8dwherein X
accorgyfa to any one of clainms 15 and 20 to 22,

wher el™n "is THP. 24. 25. 26. Use of a conpound of

any one of clainms 14 to 25 for the synthesis of

e|80t hi | ones and epot hil one derivatives._
20. A compound according to claim 15, wherein R is alkyl.

21. A compound according to claim 20, wherein R is CHs.

22. A compound according to any one of claims 15, 20 and 21, wherein X'is
THP or TBDMS.

23. A compound according to any one of claims 15 and 20 to 22, wherein X!
is THP.

24.
CH,

25.
CH,

HO

26. Use of a compound of any one of claims 14 to 25 for the synthesis of
epothilones and epothilone derivatives.



