WD 2005/ 064006 PCT/ EP2004/ 014753 OPTI CALLY ACTI VE,
HETEROAROVATI C BETA- HYDROXY ESTERS, PROCESSES FOR
W RSB 4OREPARATI ON FROM BETA- KETO ESTERS AND PROCZEBSBES014753
FOR THE PREPARATI ON OF THOSE BETA- KETO ESTERS. The
invention relates to the subject matter characterized
orTICROLY RAeTTVmi BETERCAROMANNVEBET0EYDEEY| FSTEHRIS|, VEROCESSES FOR THEIR
PREPARNELOST DRV (BRI R cKEBONYLITERS yANTS PROGESSAE FOROCES SRS PARNTION@F THOSE
preparation as wel Bems-xEDo tHseERsSUSe as i nternedi ate
products in the total synthesis of epothilones and
epot hil one derivatives. The process for the production
_of the internedi ate products yields products_in high
The invetignaglates o the sdesioantteieharctarized dn ywegélaung,i . dovel

optical?@ct&%l gérQFeb hﬁ%ﬁi@ pg?oo)zc&g@%%s érflijgl‘fbtc#egges *B? %lp?éparation

as welbab it m‘imsmmmwmat% mﬁdactshn dh@gﬂabswnhleaas@if bpbtbﬂenes

and ep@tfaloeemr@a)ﬁmtmq emeﬁs (fw thermrodrsg&rh@ﬁ tBﬁé”tB”(“Rd@i%)
roducs et ROFeRSAES p, AR e Bobageis
and allamislart indostriadrenale productimr.e tested and found to be
effective against a nunber of cancer lines. An
overvi ew of the syntheses for these conpounds has

Hofle éteélndé&ﬁib@sttﬁé o?ibtdwaﬂeé?bf tHe Hatapd SubsfERBs effdflione A (R =

05- 238. ese %ents have t he sane bi ol ogi cal

hydrogﬂsd@ndfepaxtlmlqm B{Rpagiathkel and ot her taxanes (See
for paclitaxel, D.G 1. Kingston, Chem Commun. 2001,
867-880), homever, epot hi | ones have al so been shown
to be active against a nunhgr & reS| stant cell [|ines
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e.g. in Angew. Chem. 1996, 108, 1671-1673. Epothilones are representatives of a
class of promising anti-tumor agents that were tested and found to be effective
against a number of cancer lines. An overview of the syntheses for these compounds
has been described by J. Mulzer in Monatsh. Chem. 2000, 131, 205-238. These
agents have the same biological mode of action as paclitaxel and other taxanes (See
for paclitaxel, D.G.l. 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).

Due to their in vitro selectivity to breast and intestinal cell lines and their activity
against P-glycoprotein forming, multi-resistant tumor lines, which is distinctly higher
than that of Taxol, as well as their improved physical properties with respect to Taxol,
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wherein "heteroaromatic” stands for a 5- or 6-membered heteroaromatic ring having
up to 2 heteroatoms selected from oxygen, nitrogen or sulphur, which is optionally

substituted with one or two substituents selected from alkyl, such as for example,



substituted with one or two substituents selected from
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The compounds of general formula | are valuable intermediate compounds for the

groups:

preparation of the intermediate compounds of general formulae 1l and Ili:



OSg OSg (11) (111) wherein Sg stands for an al cohol
protecting group, such as for exanple TBDMS, THP,
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Compounds of the general formula Ill can either be prepared directly from the ester
of formula Il by means of a reduction with DIBAH (See Tetrahedron Lett. 1977, 3195
— 3198; Liebigs Ann. Chemie 1992, 145 — 158 ; JACS, 107, 1985, 3640 — 3645 ;
Tetrahedron Lett. 31, 10, 1990, 1443 — 1446; Tetrahedron Lett. 31, 16, 1990, 2235
— 2238: Chem. Communications, 1999, 2049 — 2050; Bull. Chem. Soc. Jp. 66, 2,
1993, 523) or, in 2 stages, by first carrying out a red‘uction to alcohol and,
subsequently, oxidizing to the aldehyde (See for reduction: Tetrahedron Lett. 58, 1,
2002, 61; JACS, 123, 34, 2001, 8420; Chem. Europ. J., 7, 24, 2001, 5286;
Tetrahedron Asym. 12, 20, 2001, 2835; Org. Lett. 3, 20, 2001, 3149; JACS, 123, 13,
2001, 2946; Chem. Europ. J. 6, 18, 2000, 3313; and for oxidation: JACS, 123, 38,
2001, 9313; Org. Lett. 4, 11, 2002, 1879; JACS, 123, 44, 2001, 10942; JOC, 66, 24,
2001, 8037; JOC, 66, 25, 2001, 8370; Tetrahedron Asym. 12, 20, 2001, 2835;



WO 2005/ 064006 PCT/ EP2004/ 014753 5 Angewandte Chem e,

131, 2001, 3324; Og. Lett. 3, 22, 2001, 3549; Chem
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The methods presently existing in the literature for the preparation of the compounds
of the general formulae Il and Ill involve long synthesis sequences and poor total
yields. In some cases, these processes also involve the use of technically expensive
and complex processes such as cryo temperature reactions, irradiation, and very
expensive raw materials and reagents.

The following syntheses for the synthesis of compounds of formula Il are, for

example, found in the literature:

1. Schering AG (WO 00/66589)
Number of steps : 5
Number of chromatography steps: 4



S/ "rPdOS~-NN~P. --x\ ]l NO-- N ~ HOO
TBDMBO OO S -N O TBDVMSO 0 a) 1. Nal, N Br2, DW,
wazdSve@06 et hyl acrylate, NEt3, Tris(dibenzyl iPEnEP2004/014753
acet one) -di pal | adium Tris¢o-tolyl)phosphin, 150C. b)
0Cs04, Nal0O4, THF/ H20, room tenperature c)
3-Acetyl - (4R, 5S) - 4- net hyl - 5- phenyl - 2- oxazol i di none,
‘§, @ THE or(ﬁs I b I-—éf I c
Brofpacery™ N5 - pet - 5=ptrenyl| = oo idi o
e, Cra?, THF, 40@@?%%{;{2\@, NEt 3, OF e o
Ti (OEt)4, EtOH, reflux Thi & 5-stage synthesis starts
fromthe ve xpensi ve chl orobenzotri agoye conpound
and requiresyfromthe begi nning the use
3 s nickeli, palladium The gcaling-up of
i's addi-tionaldy pre difficult
eacti on tenpeNatyres
breaki ng of the dotdweabosd wWth osmi um
tetraoxide is carried out. Due to.the high toxicity of
this reagent, a transfer to a pilot plant scale is

asi ble. The optical activity is achieved by
ajp._Evans al dol reaction, whereby the Evans
au agent is used in excess (it nust be

0
L i.ary
proc?ﬂdggd Pn a two- st age sequence). The transfer of
this process to an industrial scale is difficult,

si nce expensive and &artl veri/ toxic raw materials
a)  hr NalseliBren DMEdi 15076; Zevetwl asiylabet dYrtaphTtis(dibenzylidene

B SO AL B B ot S (15

b)  0OsOg4, NalOg, THF/H20, room temperature

c) 3-Acetyl-(4R,55)-4-methyl-5-phenyl-2-oxazolidinone, LIHMDS, THF or
3-bromoacetyl-(4R,5S)-4-methyl-5-phenyl-2-oxazolidinone, CrClp, THF, 40°C

d) TBDMS-OTf, NEts, 0°C

e)  Ti(OEt)s, EtOH, reflux

This 5-stage synthesis starts from the very expensive chlorobenzotriazole compound
and requires from the beginning the use of heavy metals such as nickel, palladium.
The scaling-up of this reaction is additionally rendered more difficult by the high
reaction temperature. In the second stage, the breaking of the double bond with
osmium tetraoxide is carried out. Due to the high toxicity of this reagent, a transfer to
a pilot plant scale is not feasible. The optical activity is achieved by means of an
Evans aldol reaction, whereby the Evans auxiliary agent is used in excess (it must be
produced in a two-stage sequence). The transfer of this process to an industrial
scale is difficult, since expensive and partly very toxic raw materials are used. In
addition, several chromatographic purifications are carried out.

2. NOVARTIS (US 6,387,927 and PCT/EP99/10129)
a)
Number of steps: 4



Nunber of steps: 4 WO 2005/ 064006 PCT/ EP2004/ 014753 7
Nunmber of chromat ography steps: 4 Total yield: Cannot
wheooasewnd ai ned, since no individual yields arBCT/EP2004/014753
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3
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1.TBSCUDMF/Imidazole s
— . />__
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78°C />——
. H N
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The first synthesis step is conducted by means of an irradiation (which is, in general
unsuited for the implementation on an industrial scale) in the solvent carbon
tetrachloride, a solvent which is no longer acceptable from an environmental
protection perspective. Subsequently, the non-isolated brominated product is
hydrolysed to aldehyde with a mixture of aqueous acetic acid and urotropine
(110°C/80 min.). Purification is effected by means of flash chromatography on silica
gel. The very expensive Oppolzer sultam (Tetrahedron Lett. 33, 2439, 1992) is
stoichiometrically used for the asymmetric aldol reaction in the subsequent reaction
and reacted in a process that takes place in a relatively complex fashion (via boron
enolate). Purification is once again done using flash chromatography. A reaction to
silyl ether is subsequently carried out under standard conditions using TBDMS-CI
and another purification with chromatography is effected. The splitting off of the
sultam residue is successful with DIBAH in dichloromethane at -78°C. The



stoichionetrically used for the asymmetric al dol
reaction in the subsequent reaction and reacted in a
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chromat ography 0 OTBS WO 2005/ 064006 PCT/ EP2004/ 014753
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OXIda’EIOR) dation). Due to the conplexity of these stages and
the difficulties in scaling-up, there was a need for
shorter and | ess expensive alternatives which offer
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These problems are avoided by the use of the processes described in the present
invention, which allow us to obtain compounds of general formula | in a high total
yield and high optical purity (>98% e.e.) from a starting material known in the
literature in a very short sequence (2 steps). The conversion of compounds of
general formula | to compounds of general formulae Il and lli is then easily carried-
out as previously described in Schemes 1 and 2, i.e. using 1 or 2 further steps.

The preparation of compounds of general formula | is carried out by means of a
chemical, microbiological or enzymatic reduction of a R-ketoester of general formula
V:

A

Y\COZR (V)

0

wherein A and R, have the same meaning as indicated above under general formula
I

The reduction takes place in accordance with the process of R-ketoester reduction
that is known to a person skilled in the art. The processes described in the
experimental part serve as examples only.

a) Chemical Reduction

Examples of chemical reductions in the literature

1. Asymmetric hydrogenations and transfer hydrogenations



yield and high optical purity (>98%e.e.) froma
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11 and Il is then easily carried- out as previously
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seq., (/Wéyel.wqe’(ggg general formula IV: AY* ~ COZR (IV)
O wherein A and R, _have the same neani ng as indicated

R. Noyggud\ngeisr Claemis 801 of 1A:R-7ortrnd iedterasure quaied i Hie article);
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K. Murata, JOG 1990¢64 523612487 bed in the experinental part
serve as exanples only. a) Chem cal Reduction Exanpl es
of chem cal reductions in the literature 1. Asymmetric

The A aabs e RBP4 “Bel 1o © gol m

"Transiti on Metals for Organic Synthesis", vol. 2,
f Wley - VCH, 1998 ; R Noyori
Ru(R-ﬁﬁa—?\/\-’P @65’6)3:8@1 113, 4.0-75 (and the literature
Wu, ﬂH@'t @Hehnl-m%F KvsK, IVaE Him; Eam’\'%imeun Zho@%hoﬁ%gman Yeung,
and K. Mirata, JOC 1 4

Chi Huni; Ghes Maeru@e@ i Beteahsgrom bt adddB: A0t dhe 8544,
Ru( R- Xyl - P- Phos) (C6H6) Cl 2 Wi, Jing; Chen, Hua; Kwok,
Wai Hm Lam Ki mHung; Zhou, Zhong Yuan; Yeung, Chi

[Ru(cbid){G,HORHHABr Aébecenybligdhd Tetrahedron Lett., 43, 8,

lrelan%l C}%mlal Gsrosshelmann Gabriele; Wieser-Jeunesse, Catherine; Knochel, Paul;
Angew. Chem. Int. Ed., 38, 21, 1999, 3212 - 3215; Angew. Chem., 111, 1999, 3397 -
3400.

(R)-MeO-BIPHEP-RuBr,

Ratovelomanana-Vidal, Virginie; Genet, Jean-Pierre; JORCAI; J. Organomet. Chem.
567, 1-2, 1998, 163-172 ;

Genet, J. P.; Ratovelomanana-Vidal, V.; Cano de Andrade, M. C.; Pfister, X.;
Guerreiro, P.; Lenoir, J. Y., Tetrahedron Lett., 36, 27, 1995, 4801-4804.

(R)-Diamo-BINAPRuBr;
Guerreiro, Patricio; Ratovelomanana-Vidal, Virginie; Genet, Jean-Pierre; Dellis,
Philippe, Tetrahedron Lett., 42, 20, 2001, 3423 - 3426.

(+)-1(4,4'-PPhz-2,2',5,5'-Me-3, 3"-bithiophene)RuCl(CgHs)]C! HBF4
Benincori, Tiziana; Cesarotti, Edoardo; Piccolo, Oreste; Sannicolo, Franco; J. Org.

Chem., 65, 7, 2000, 2043 - 2047.

(-)-2,2'-bis(diphenylphosphino)-4,4',6,6'-tetramethyl-3,3'-bibenzo<b>thiophene-RuCl,



[Ru(cod) (C4H7) 2]/ HBr ferrocenyl ligand Ireland, Tani a;
G osshei mann, Gabriele; Weser-Jeunesse, Catherine;
wKemshelope Paul ; Angew. Chem Int. Ed., 38, 21rCI/BPDN4/014753
3212 - 3215; Angew. Chem, 111, 1999, 3397 - 3400.
(R) - MO Bl PHEP- RuBr 2 Rat oveI omanana- Vi dal , Virginie;
Cenet, Jean-Pierre; JCRCA .. Organonet . Chem 567,
Benincprip ~ Tizigga; 183enna, : Elisahsita; JSQﬁmcolo Franco; Trimarco, Licia;

\Y a I n M
potcar 2Ry BABRZCRY A8 a0 il S8 Eamodminn, 6, 1995,
685-68Bet r ahedron Lett., 36, 27, 1995, 4801-4804.

(R) - D anp- Bl NAPRuBr2 Cuerreiro, Patricio;
Rat ovel omanana- Vidal, Virginie; Genet, Jean-Pierre;

(+)-3-[(3@Z|gg&Ifaséwge?)ldepﬂFZ-(ﬁﬁEF‘)?\%ﬁﬂﬁrz,H%]ﬁhi@pﬁ’@ne 20, 2001,
Sanniqpld),- Friance: Bemirisd?i, Tizisna,' Riveo3SBnomnd;t Glasiialk regrefie;(Palecchini,
Sonia; Bl By SUnbeSSat 5k PR7 Al o arg e

65, 7, 2000, 2043 - 2047.
()-8 BT, S B b o pR RSl A e B agbersosugn 006 1t

Ben m%ﬁ’r/sﬁg%?\%g/ééﬁ%ﬁcoé%%gf g{n'%%o T$ﬁ&n{§c§§hﬁ{&@ ?"a; Franco; J. Org.

Chem.ABBOgNA2Q@01, 5340 | 3942. Cesarotti, Edoardo; J. Chem
Soc. Chem Commun., 6, 1995, 685-686.
(+)-3-[(2-Ph2P-5- MeO) C6H3] - 2- ( Ph2P) napht ho[ 2, 1- b] t hi op

_hen A0] Q. ; zzo,

(R R-L3y PP, 9:0r6E R0 SRLIERBE [ CIROREIR 220,
Marinei aAngelaSyush Ssbastidrs, Gaoel] JeasPierre2Bitard, Louis; J. Organomet.
(1), 35 [2- 2P Co - 2- (Ph2P) napht ho[ 2, 1- b] t hi ophene
Chem'Ré%f‘* F)E’@Féqméb?i',@'zi ana; dadiali, Serafino; Rizzo,
Si nrona; Sanni col o, Franco; J. Org. Chem, 66, 17,

2001, 5940 - 5942.

RuCls¥(8)Me@-BIRKIERCI ohexyl - 1, 3- propanedi ol cyclic sulfate

Madeéeefgﬁs ¢l ZP%H{%%J d’“ﬂ%@v%lorﬂ%ﬁa@%@ﬁt NN Genet, J. -P.;

an-Pier oul’s anohet”
Tetrahedron, 57, 13, 2001, 2563 - 2568.

(-)-(6,6'-O(CH2)4O-biphenyl-2,2'-diyl)bis(diphenylphosphine) [Ru(CeHs)Clz]2
Zhang, Zhaoguo; Qian, Hu; Longmire, James; Zhang, Xumu; J. Org. Chem., 65, 19,
2000, 6223 - 6226.

[Ru(cod)(C4H7)2)/HBr ferrocenyl ligand

Ireland, Tania; Grossheimann, Gabriele; Wieser-Jeunesse, Catherine; Knochel, Paul;
Angew. Chem. Int. Ed., 38, 21, 1999, 3212 - 3215; Angew. Chem., 111, 1999, 3397
- 3400.

[RuCly(p-cymene)l, (1S,2R)-ephedrine i-PrOK
Everaere, Kathelyne; Carpentier, Jean-Francois; Mortreux, Andre; Bulliard, Michel,

Tetrahedron: Asymmetry, 10, 24, 1999, 4663 - 4666.

(-)}-14,4-PPhy-2,2',5,5'-Me-3,3"bithiophene] RuCl



Chem, 624, 1-2, 2001, 162 - 166. RuCl3+(S)- MO Bl PHEP
Madec, J.; Pfister, X.; Phansavath, P.;
waRatsweloodranana- Vidal, V.; Genet, J. -P.; TetPCITEP20041014753
57, 13, 2001, 2563 - 2568. 12
(-)-(6,6"-Q(CH2) 40- bi phenyl -2, 2' -di yl ) bi s(di phenyl phos
phi ne) [ Ru(C6H6) Cl 2] 2 Zhang, Zhao uo; Q an, Hu;
Marindttingrngsla;) ar@anetzh aean-Merre; JJUSOr Selmsdien; d¥angg, Delphine;

RatoviSgaARAE Micahal ol G0 B fhh & GBRP, LI < T165.

W eser - Jeunesse, Catherine; Knochel, Paul; Angew.
Chem Int. Ed., 38, 21, 1999, 3212 - 3215; Angew.
<Ru(permene)0i2, 1982 RBegepheddngoi-PREC12( p- eymene)] 2 (1

Everaétﬂc-}2 %ﬂ‘&%@&dtﬁéweﬁ?g c%\{’\e? ct%}séllj'@BR?é%? dre; IBulllard Michel:

Tetrand?Bﬁ* Asymﬁiétaﬁ@;lrwmemyzwmggmo 24, 1999, 4663 -
(-)-[4,4"-PPh2-2,2',5,5 -Me-3, 3" -bithi ophene]
RuC12 VD 2005/ 064006 PCT/ EP2004/ 014753 12 Marinetti,

tien; Bl anc,
1,2- b'%$?hﬁme%§a?séﬁﬁ8¥ranana gbt?en \3??3?m e; Chem
Yamahoy dﬁoru} Taga, Nadlwies, K’am@la WisBru; Huang, Taisheng; Imamoto,

raunsip SRR S0 1Bty L 28e e X

Mortreux, Andre; Bulliard, M chel Tet r ahedr on:
Asymretry, 9, 17, 1998, 2971 - 297

<(-)- 212'-b4sidm(l1$nwlnmsnbm)+4pﬁ SspHetremathvrb3- lh%i@ﬂ@rthmmﬁg@l?uClz
BeningandAR AR, ARHRERa SSHRfRad bt YR, Lo

Antogh%%?a Rhifizia; 129 J. Or? Chem., 61, 18, 1996, 6244-6251.
- -2 2' bls(dlphen phosphino)-4,4',6,6‘-tetranethy|
- 3 3 -1 benzo<b>t hi ophene>RuCl 2 Beni ncori, Tiziana,

Eg i sabetta; Sanni col o, Franco Tri mar co,
RuBr?L(ﬁrr)]rﬂ)cﬂmAntognazza Patrizia; et al.; J. Og.

Che
Noyof1R.;18hku20, T. SR#tdrbed 1M.; Takaya H.: Sayo, N.; et al.; J. Amer Chem,
Soc.,109, 19, 1987, 5856-5858.

Ru(R-Tol-P-Phos)(CsHg)Cl2
Wu, Jing; Chen, Hua; Zhou, Zhong-Yuan; Yeung, Chi Hung; Chan, Albert S. C.; Syn.
Lett., 2001, 1050 - S1054.

RuCl[(-)-N,N'-Me2-3,3'"-bis(Ph2P)-2,2"-biindole]
Benincori, Tiziana; Piccolo, Oreste; Rizzo, Simona; Sannicolo, Franco; J. Org.
Chem., 65, 24, 2000, 8340 - 8347.

(R)-Me-Duphos-RuBr;
Genet, J. P.; Ratovelomanana-Vidal, V.; Cano de Andrade, M. C.; Pfister, X,;
Guerreiro, P.; Lenoir, J. Y.; Tetrahedron Lett., 36, 27, 1995, 4801-4804.

[NHzMe][{RuCI[(R)-segphos]}z(p-Cl)s]
Saito, Takao; Yokozawa, Tohru; Ishizaki, Takero; Moroi, Takashi; Sayo, Noboru;
Miura, Takashi; Kumobayashi, Hidenori; Adv. Synth. Catal., 343, 3, 2001, 264 - 268.



RuBr 2<(R) - bi nap> Noyori, R ; Onhkuma, T.; Kitamura, M;
Takaya, H.; Sayo, N.; et al.; J. Arer. Chem
w®Eoms/0400¢ 19, 1987, 5856- 5858. PCT/EP2004/014753

Ru( R- Tol - P- Phos) (C6H6) Cl 2 , Jing; Chen, Hua; Zhou,

Zhong- Yuan; Yeung, Chi Hung; Chan, Al bert S. C.; Syn.

Lett., 2001, 1050 - 51054.

RuCl 2[ (-)-N, N - Me2-3, 3' - bi s(Ph2P) - 2, 2' - bi i ndol €]

[ [ '

The a@f‘ﬁml%igfz dlb%é@é’tﬁm J'é’ é‘é?gé& ouPl ﬁ%bﬁ/gg@ gﬁ& ?gorﬂo&, P'%E% ethanol,
trifluoroeﬂml TRF BBn@thﬂﬂHFleﬁormtbaneandFm:xtures of these solvents.

The r%ac%t@g %rr&r}gp r@ﬂ%?rroéﬁ ID gﬁ?&ﬁgﬂﬁ tff‘n ‘rjéé" %ph tlmes afe from 3 to 72

hours T ¥heabadiyaR iseddded Hth 91 19 mASCA- Hadd on the substrate). It
NH2Me2] [{RuCl [ (R) - segphos] Saito, Takao;

)3
proved ¢k beavgefultiorsame icapes 4k add ﬂaié@ 60‘Jw@f wiaterinihe isase of solvents

I T T
on thé@@l’&étﬁﬁép@ﬁaﬁana@nﬁaﬂalﬂd&ﬂéé&a sl a8 HON#LPA,, H,SO,, acetic

hydrogenation is carried out in sol vents such as

acid, WﬁtmﬁulfeﬂWaﬁ@lpl, p-T8PH, uheswl isifenic agigt, camphor sulfonic acid.
I ¥, f
rycrogefE o b RERIME ORI 1 Y001C 3Bl hS e prossures
of 1 te270 bhe reaction tinmes are from3 to 72 hours. The
catalyst is added with 0.01 to 5 nole % (based on the
substrate). It proved to be useful in sone cases to

2. As?ﬁﬂ'n@trl% Fe@u@@(% With&sr S%leb(myﬂﬁae§ase of solvents

mscible wth water. meti'nmes It i s advantageous to
add 0.01 to 5 nole eq. (based on the substrate) of an

LiaHe ERPEN G PR AT K BONC aci o] bl Teor, phenyl

Soali, Kéh&@ﬂYérrﬁ#iod Takashh Hikipnd,f 19ifoshi;20y 8madbly Hideke@zat 3.00hem. Soc.
t akes place at tengeratures of 0OC to 100C and hydrogen

Chempfesampias 3,398, 18821AD.bar. 2. Asymmetric reduction
Wi th conpl ex hydrides LiBH4, (R
R )-N, N -di benzoyl cystine, t-BuCH

Tartaric acid, NaBH,

J. Chem. Soc. Perkin Trans. 1, 1990, 1826.
b) Microbiological reduction
In general, the use of microorganisms of the following species:

baker's yeast, Brettanomyces bruxellensis, Candida albicans, Candida boidinii,
Candida gropengiesseri, Candida guilliermondii, Candida kefyr, Candida pini,
Candida rugosa, Candida solani, Candida tropicalis, Candida utilis, Candida valida,
Clostridium  beijerinckii, —Clostridium pasteurianum, Cryptococcus laurentii,
Cryptococcus macerans, Debaryomyces hansenii, Debaryomyces kloeckeri,
Debaryomyces  nicotianae,  Debaryomyces vini, Endomycopsis fibuliger,
Hanseniaspora guilliermondii, Hanseniaspora osmophila, Hanseniaspora uvarum,
Hansenula capsulata, Hansenula holstii, Hansenula polymorpha, Hansenula
saturnus, Hansenula silvicola, Issatchenkia orientalis, Kloeckera apiculata, Kloeckera



Soai, Kenso; Yamanoi, Takashi; Hi kima, Hitoshi;

Oyamada, H dekazu; J. Chem Soc. Chem Commun.,
WR2986400838- 139. Tartaric acid, NaBH4 J. Chem PCDEP2004/014753

Perkin Trans. 1, 1990, 18284 b) M crobi ol ogi cal

reduction In general, the use of mcroorganisms of the

foll ow ng species: baker's yeast, Brettanonyces

cortici§' Kigddkers i javafieadikiaecidoa cgms KIQ)av&toMcem lactis,i Kluyveromyces
Candi da gropenglesserl Candi

marxiataidi IYVREIDY CETAPRAZAIGH nf-2 actopailhs. kPE o diAdsonia;; frescens,
Octosé&lo‘?rg}/cescg'& s?a%lr&é OP’I&ﬁé ' énorﬁéﬁd' idl'éhlét 'cbbﬁ)phﬁan igla farinosa,

di'um bei j eri nckii, dostridium
Pichiap festreant aias) u Fichia mn/satu,od%tdym fadindintRichia meyphransedagiens, Pichia

pljperlﬁggya %?Iy/cgfqaj%é&'}y gﬁoeegla [e1ri[e} Je '%ﬁ&%bﬁ{%g %Mhodotorula flava,

Rhodc%bH)I FDHRRY FaRsddtoful® thinged var Helleeta] Sweeharomyces acidificans,
?lernnn di i, Hanseni aspora osnophil a, Hanseni aspora

Sacchwwuaes blamerﬁsﬂcghamm%& DayamusenSeeChasPRYCES  carlsb.  strain

Herr”%l—élfarg\sllceg%g afés{ég‘wgﬁenkl a ori e %ﬁf’ se™! oec%dr_’lgpégg]m Terovisiae,

Sacchipbmybes eshetlaliefk Saach@roriies0 6406, Ps‘ataﬁamnym75 Fbuligera,

14 corticis, Kl oecker a ani ca, Kloe er.a sp.,
Sacchareiyeesny PEadEs, s, Sé%}g pRanis,s’ Saccharomyces

PanOIKéI‘})JLYSEr Ofdtfrfetly> p@&édh%%m%@&f@?“ bbbétﬁaﬁ§f' fSac!‘d%@?@Myées sp.,

vescens, “QOctosporo oct osporus, Pichia
Sszasanm:iaaompcem [:zombet Spmzbaac@vamnafcearoq&@s;@orusprsmr@bolomyces

coralllfﬁrﬁy?,a%ag?oﬁgelgﬁgflcgpgoéhﬁtg}v}cm%e ?Jfgru‘a}g,%)%% ﬁzl}nﬁ )| ﬂ/@g}d}m varabilis,
Tremcf?rap h ﬁ‘i"crﬁﬁﬁﬂ@' | WehopiroesP! Bbvfar, W Z sabharontrdot farmeatati  or

ava, dotorula glutinis, otorula mnuta var.
Zygosambammm e dingse 31sdi f@rfth@mgrobl@ae@ﬁm%ﬁé'@@ Preferred is

L1l ac anus, Saccharonyces carl sb.
the P’Qﬁ@a‘f"{ffkea@’ﬁr?‘@g‘f%’?@ﬁ@%ar omyces carl sbergensi s,
Saccharonyces cerevisiae, Saccharonyces chevaliers,
Sacchar onyces exi guus, Saccharonycopsis fibuligera,

LiteraBy€char omyces paradoxus, Saccharonyces pastori anus,

Saccharonyces pastorianus formerly Saccharonycopsi S
capsul ari s, Saccharomyces sp.
Bardot, Valerie; Besse, Pascale; Gelas—Mlahle Yvonne; Remuson, Roland,

Veschambre, Henri; Tetrahedron: Asymmetry, 7, 4, 1996, 1077-1088.

Bhalerao, U.T.; Chandraprakash, Y.; Babu, R. Luke; Fadnavis, N.W.; Synth.
Commun., 23, 9, 1993, 1201-1208.

Chenevert, Robert; Fortier, Genevieve; Rhlid, Rachid Bel; Tetrahedron, 48, 33, 1992,
6769-6776.

Mochiziki, Naoki; Sugai, Takeshi; Ohta, Hiromichi; Biosci. Biotechnol. Biochem., 58,
9, 1994, 1666-1670.

Kumar, Ashok: Ner, Dilip H.; Dike, Suneel Y.; Tetrahedron Lett., 32, 16, 1991, 1901-
1904.



Schi zosacchar onyces ponbe, Schi zosaccharonyces

oct osporus, Sporobol onyces coralliforms,
wEGpmsobwbonyces sal noni col or, Torul opsi s pi NUSPCT/EP2004/014753

Trigonopsis varabilis, Tréfella fuciforms,

Wal tomyces |ipofer, Zygosaccharonyces fernentati or
Zygosacchar onyces rouxii, are used for th
Mochizikic Netok| Sugaj aT akestiicOhtsh Hiraraichk BiesGiBiotephnal dipghem., 58,

199%%&% B%I}Eesm croorgani sm Literature: Bardot,

Pascal e; Gel as-M ahl e, Yvonne;
Remuson, Rol and Veschanbre, Henri:; Tetrahedron:
metry, 4,1996, 1077-1088. rap,
Manzméhd*%r%@hhoﬁangsl?o@e@ ,L/Mregﬂ aﬂtcﬁweiffo ﬁ’rw J. Chem.

Soc. P%@@hqrang"lm g7, 2383 Hsh093. 1201- 1208, Chenevert,

nevi eve; Rhlid, Rachid Bel;
Tetrahedron, 48, 33, 1992, 6769-6776. MNbchi zi ki,
Naoki; Sugai, Takeshi; OChta, Hirom chi; Biosci.
c) EnBY"@ﬁE@Iﬁﬂ@VC 9% ochem , 58, 9,1994, 1666-1670. Kunar,

Ashok; Ner, Dilip H.; Di ke, Suneel Y.; Tetrahedron

Lett., 32, 16, 1991, 1901- 1904. WO 2005/ 064006
Literatdéd/ EP2004/ 014753 15 Mochi zi ki, Naoki; Sugai,

Takeshi; Chta, Hirom chi; Biosci. Biotechnol.
Bi ochem , 58, 9, 1994, 1666-1670. Manzocchi, Ada;

Deol, §8§8étla| mnﬂqtﬁemFlzeg:qMS AkbeME7. Sant ani el | o,
Enzo: J. Chem Soc. Perkin Trans. 1, 1987, 2753-2758.

c) Enzymatic reduction Literature: Deol, B.S et al.

Ema, %aﬁlal W@E&"ﬂro@%k 0%&%@&1 ?% 34@ﬁs%a52%m3— oﬁgﬁamsﬂgehara

KentaP‘@Qb’@ka, Mdéanbd| 8akak éﬂaaasmada@ogl(;haakeﬁﬁ 2522001 8682 - 8684,
Og. Chem, 66, 25, 2001, 8682 - 8684. However, the
use of m crobiological reductions with yeasts and/ or

HowelBFi thkedse ©# $hitrobiological reductions with yeasts and/or modified yeasts
and the processes for asymmetric hydrogenation and transfer hydrogenation relying
on Noyori are preferred.

The methods described above also allow for the preparation of the antipode of

compounds of general formula |, namely la:

A

OH

The R-ketoesters of the general formula IV

A

R

o

wherein A and R have the same meaning as indicated above under general formula
|, can be prepared using known methods by reacting activated acid derivatives of the

general formula V with malonic acid ester derivatives of the general formula VI:



and the processes for asymetric hydrogenation and
transfer hydrogenation relying on Noyori are
w@e@bmeetoedl. The net hods descri bed above al so aPdDWP1004/014753
the preparation of the antilode of conpounds of
general formula I, namely la: A~CO2 R (la) OH The
1-ketoesters of the general formula IV A CO2R (IV) O
wherein A and R have the same neani ng as indicated
above under general fornula |, gan be prepared using
known nethods by reacting activatjed acid derivatives
of the general fornula V wQ onic acid ester
ggri/vagi ve/sA f e general fortula VI: WO 2005/ 064006
EP2004/ 01753 16 R OO X Y Y OO0
Wherein X stadds €} a chlorine, r%('v)e, W)
4-ni trophenol or the im dazoyl rekidue, R has the
same neani ng as indi cated above Fhder general formula
I, and Y stands for hydrogen, Li, Na, Kor My/2 or a
silyl protective group such as trinethylsilyl.
Wherdix Xretasd s @6r A Thieatnes dremirss, rt-hitophenolkotbedmideesbyl residue,

the literature: nt hesis 1993(3), 2 : .
R has ﬂ%%m%m,inqe?i@ i?%%ﬁ%%%@ﬂ@f&@%%/fglgf%fm%dh and”"
Y stands for hydrogen, Li, Na, K or Mg/2 or a silyl protective group such as

trimethylsilyl.
Examples of B-ketoester syntheses are described in the literature:

Synthesis 1993(3), 290/292; Med. Chem. 1985, 28(12), 1864; Tetrahedron Lett.
1984, 25, 5681; J. Heterocycl. Chem. 1996, 33(4), 1407; Org. Prep. Proceed. 1997,
29(2), 231; Arch. Pharm. (Weinheim, Ger.) 1997, 330(3), 63 — 66 ; Tetrahedron Lett.
1994, 35(50), 9323 ; Tetrahedron Lett. 1994, 35(50), 9323 ; Synthesis, 1993, 290 ; J.
Chem. Educ. 1983, Vol. 60, No. 3, 244 ; Tetrahedron Lett. 30, 1992, 5983 ;
Synthesis, 1998, S. 633 ; Chem. Commun, 1999, 1113 ; Tetrahedron, 1985, Vol. 41,
5229 ; Angewandte Chemie 1979, S. 76 ; Tetrahedron Lett. 35, 50, 1994, 9323 -
9326.

The starting products of general formulae V and VI are known in the literature and
partly commercially available or can be prepared in accordance witih methods well

known to a person skilled in the art.

The following examples are given: J. Chem. Soc. 1947, 437, 441 ; JACS 1939, 61,
183 ; Bioorg. Med. Chem. Lett. 1999, 2583 ; Chem. Commun. 2, 2002, 180 ; Chem.
Ber. 23, 1890, 2272 ; US 2647050 (1949 Du Pont) ; Zh. Obshch. Khim., 26, 1956,
3388, 3390 ; J. Chem. Soc. 1949, 355, 361 ; Synthetic Commun. 26, 19, 1996, 3535
— 3542 : J. Chem. Soc. 1966, 1980 — 1983 ; JACS 75, 1953, 6237 ; JACS, 75, 1953,
2770 ; J. Chem. Soc. Perkin Trans. 1974, 903, 908 ; Zh. Obshch. Khim., 32, 1962,
1581 : Chem. Pharm. Bull., 14, 1966, 375, 381.



1984, 25, 5681; J. Heterocycl. Chem 1996, 33(4),
1407; Org. ' Prep. Proceed. 1997, 29(2), 231; Arch.
WEb@s64006Mi nheim Ger.) 1997, 330(3), 63 - 66PCT/EP2004/014753
Tetrahedron Left. 1994, 35( 50), 9323 ; Tetrahedron
Lett. 1994, 35(50), 9323 ; Synthesis, 1993, 290 ; J.
Chem Educ. 1983, Vol. 60, No. 3, 244 ; Tetrahedron
Most of thet proggsses for Bg@gqes,ter@ﬁt RES ;jg,scrikgp;{gi,n literaggee have, however,

. i : 5 :
the disgBGR T ardy Shoubts Sf by bAGRE AR i vontiogndt'a and 8

Left. 35, 50, 1994, 9323 - 9326. The starting products
of general fornulae V and VI are known in the
literature and [ commercially avail able or can
be prepared in accPrdance witihAgethods well known to
a person skillded i the art. The Xpl | 8@y exanpl es
are given: J. m "SGR 1947,H@37,y441 ; JACS 1939,
61, 183 ; Bioong. Med. Chem Lett. é 99, 2583 ; Chem
Commun. 2, 2002, 180 ; Chem Ber . E 2"t 1890, 2272; US
2647050 (1949 Du Pont) ; Zh. Cbshch. Khim, 26, 1956,
3388, 3390 ; J. (kem Soc. 1949, 38y, 361 ; Synthetic
Conmun. 26, 19, 1996, 3535 - 3542 ; J. Cher n. Soc.
1966, 1980 -1983 ; JACS 75, 1953, 6237 ; JACS, 75,

, A 0. P i r . A .
are odf50: wiCHQpyelersfln . cSplind Ggiraneafidn, Pne dosios
producBharm Bul | ., 14, 1966, 375, 381. WD 2005/ 064006 17

PCT/ EP2004/ 014753 Most of the processes for
13- ketoesters that are described in literature have,

Even ifl %P%Jyarafiaﬁ A IeREbRBIH Bekbibed BY 9€ VIBRY M Tefhhedron Letters,
by- products such as the conpounds A and BB A0 A A

vol. 35088, 1aBR BRRY doewhichADRIS) (diazotficyaleuwndaganeh is used in the
deprot{)ﬁ%t%gtg@d\f\értgréo%ﬁfq ‘H{gn&‘ %haet 'b‘&%r&ﬂcﬁ aAI éﬁ@téogre‘)fobserved in

scaling-up.

A further object of the present invention is to provide for a novel process which uses
tert-butylates and/or tert-amylates for deprotonation, which avoids the formation of

by-products A and B.

The following one-pot sequence (Scheme 3) starting from the acids of the general

formula Vil

A

OH
Y (vin)

O

wherein A has the same meaning as indicated above under general formula |, proved

to be especially advantageous.



Even in the preparation of | -ketoesters described by
X. \Wang in Tetrahedron Letters, vol. 35, 50, 1994,
wW@3®3/0640m6 whi ch DBU (di azobi cycl oundecane) i s PSEEP1004/014753
the deprotonation step, |a8ge anmobunts of the
byproducts A and B are observed in scaling-up. A
further object of the present invention is to provide
for a novebchgrnetess which uses tert-butylates and/or
tert-anylates for deprotonation, which avoids the
formation af ky-products A and B. ﬁhe foll ow ng
one- pot sequgnhce (Schene 3) stapPii fromthe acids of
the general Uform¥2 vii: Ay o4 (YIT) 0WMdrein A has
t he same neani ng as indicated abo gener al
formula I, proved to be especiallyjadvantageous. WO
2005/ 064006 PCT/ EP2004/ 014753 18 S¢hemre 3 AR OH O
YO (MI1) (MIlI) OOK+ O~-NA!'~-J0OO0OO0OO0O\SI(cH3)3

o—7

o
Si(CH,),

L

m/\cozR (V)

o)

Starting from the acid of the general formula VI, the imidazolide is prepared
according to methods known to a person skilled in the art. More specifically, N,N-
carbodiimidazole (Staab's reagent) in a non-protic solvent such as THF, 2-methyl-
THF, dioxane, dichloromethane, toluene, dimethylformamide, optionally with the
addition of dimethylaminopyridine (0.001 - 3 eq.) is preferably reacted with the acid
VIl at temperatures from 0-70°C for 1-10 hours.

After the completed reaction, the imidazolide can be isolated. However, it is preferred
to add the obtained solution to a second solution (preparation: reaction of malonic
acid semiester potassium salt VIl in an aprotic solvent such as THF, 2-methyl-THF,
dioxane, dichloromethane, toluene, dimethylformamide with trimethylsilylchloride to
silylester, reaction time 1 - 10 hours at temperatures of -10 to 30°C). Subsequently,
deprotonation takes place with 1 - 4 eq. of a base such as potassium tert-butylate,
sodium tert-butylate, lithium tert-butylate, potassium-O-CH,C(CHs)s (in the case of
reactions on an industrial scale, the inorganic bases are preferably added, dissolved
in a solvent such as THF, at temperatures of from -10 to +30°C, subsequent stirring
time 10 minutes to 5 hours). The addition time is 30 minutes fo 10 hours, and it is



OAY'~co2R (IV) O Starting fromthe acid of the
general fornmula VII, the imdazolide is prepared
W@ewsneiong t o net hods known to a person skil | eRICT/RP100€014753
art. More specifically, N, A8 carbodiinidazole (Staab's
reagent) in a non-protic solvent such as THF,
thyl - THF, di oxane, dichl oronethane, tol uene,

poss'bl@i e It @ o@idhisa It {Q°6n on 9 sAlytion havingdaitemperaiure of up to

° |
r0°C. ARGFHUAATIGRRLS' oo b ronfeh dfufl F BaRgt for 1 10
24 houre,rpréfetfbip et tempétraieres bﬁfromn@tt@SGCiCr eaction, the
i m dazol i de can be isol ated. However, it is preferred
to add the obtained solution to a second sol ution
, . .
The addM@PFAE S Bk, qiiiplerits S I foridiy b R Aoffde prior to the
addrtrol ofdhé\HasEHovedi tox he edvantdgemusnint $zme, casasuianerder to improve

.di.net hyl f or i W th rnethlsl chloride to

the stiGa Ry & the Dbk B iRy & ShSeedl Ebdiatsi ey scaling-

up to tﬁe pildP platt, 3@@)md§§ﬁ§ﬂ%§l@ Which €6WHAR0OREItAB figkE8Fbreaking the
place with of a base such as potassium

stirrer.t er t - but yl at e, sodr umtert-butylate, |ithium
tert-butylate, potassium O CH2C(CH3)3 (in the case of
reactions on an industrial scale, the inorganic bases

Waterc?e! ad@édfffcﬂ”f eirocevding théirésstionesblution aagjokimant sluthe pid value is
at tenperatures of from - 10 to +30C, %Hﬁguen

carrrecgwtrvrlrmg mineral agidl sURhEsHEL syinfBiicsgcidpie rg@cid (pH 1.5

- i 2gBRLE BUERLIY APt (4, Wt it ot e

MTB, efol)dA#er dityiranof h&) oogardc pbhse iover Iaaiemgcantt(Mgﬁ@abu Nezso4) or

oy oGl s Cair g i eGock bl PRt b ST BL St usea

for Cw%ﬁfzgf@bkycﬁ,egejmeratures of fromO to 50C. The
dition 1 to 5 nole equivalents of lithiumchloride

or l'ithiumbromde prior to the addition of the base

Since ﬁ%p‘%{eg@eeét.%ﬁ?«gf @ﬁ%&gﬁﬁﬂ@ l\ié'f%rrtg %g?%ﬁgg 3 #Rsféﬁl%eer s&lf&s they can

be ea§ityl Flﬂl@ﬂﬁd b?mean@foﬁcr%talizatrﬂfnoﬂﬁdaﬁ@n li§ odreed ajut by means of
%‘6 to the prlo Blant e. |nd%(str|al
fltratioph R WASH wrﬁhﬁberm@vmew sed 8PVENLARY

or circulating air).

gguent Sryrng (vacuum

The R-ketoesters of general formula IV prepared as described above are obtained in
a high yield (approx. 91 - 93%, starting from the acid) and purity.

The sodium and/or lithium salt can also be used instead of the potassium salt of the
malonic acid semi-ester.

For the sake of comparison of the novel process of the present invention with
examples from the previously-mentioned patent literature, it can be said that starting
from acids known in the literature, the respectively required key intermediates can be
prepared with a few steps in high purity and high yields (without chromatography).



stirrer. Water is added for reprocessing the reaction
sol ution, adjustnment of the pH value is carried out
wowaok/oesons neral acid such as HCl, sul phuric acPdI/BP2004/014753
phosphoric acid (pH 1.5 -298) and the product is
i sol ated by neans of extraction (e.g. acetic acid
ethyl ester, MIB, etc.). After drying of the organic
The syrﬁhaglé anpordiagdesthe: lventing Son be fuheOiustated Py reaass of the
c distillation (pilot plant),
followmgé\gl éﬁgﬁwag%on to the final solvent used for
cryst allization is carried out. Since the ketoesters
general formula |V are obtained as crystalline
1st exa@giq &h'rﬁt'iﬁ%@thbf@n@”%'d@@lq ?'dﬁhwj@?l ed by nmeans of
crystallization. Isolation is carried out by nmeans of
filtration,\rewashi ng vvlth the;N previously-used sol vent
and subseq ;*\yl n irculating air).
The | -keto scm‘u general f ol epared as
descri bed above are obtained in a R gh yield (approx.
91 - 93% starting fromthe acid) and purity. The
sodi um and/or lithiumsalt can al so be used instead of
t he pot assmumeusal t of h mal oni ¢ 8% fesen - est er.

For the sak.é;%??—-cw I& of the novel psocess of the
present inv on withY eXanpl &s&from t he

previously-nentioned patent ¥iterature, it can be said
that starting fromacids known in the literature, the
respectively required key internmedi ates canjbe
prepar ed Wi‘% few step§,m["n hi gh puri ty hi gh
yields (w h t egraphy) . V\02

PCT/ EP2004/ 014753 2‘(5 “The synt hgi'sSSgccdfdithg to the
i nvention can be ?urther illustrated®™®y nmeans of the
follow ng two exanpl es: 1st exanple: Chiral

nmet hyl benzi m dazol e al dehyde <\~ \ One-pot ~ COOH C

CO=Et mretric TBSC | I dazol e hydrogenation
2nd example: Chira}/methylbenzot iazole ethyl ester yaros

S Asymmelric
4 :@\ One-pot \S hygrogenaﬁon
e .
;q ;, or yeast reduction
COOH CO,Et Yeealreduclo
S
<\ TBSC) / Imidazole ——ﬁD\/\
CO,Et CO,Et

OH oTes

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



oryeastreduction COet OH N .~ NDBALH COE -~ H
OrBS TBS 2nd exanpl e: Chiral nethyl benzothi azol e et hyl
W@3108/06480As | One-pot hydrogenation ! \1i CORN/EEHD4/014753
oryeastreducton | 51 \  TBSC | Imdazole CO Et Cop
OH OTBS The reactions descri bed above are preferably
carried-out under conditions anal ogous to those given
Examples t he fol |l owi ng exanpl es. The foll owing exanpl es are
intended to illustrate the invention w thout being
intended to restrict the scope of the invention: WO

B-Keto@SRr/S)afhes L Glérerapspécifiéation #dr theppéparation of compounds
| 3- Ket oest er nt hesis (general specification for the

of generabfatimtilacly) of ~ conpounds - of general fornula I1/)
Preparation of Solution A: 260 nmol e of the acid
(A- COOH; compound of the general formula Fornmel VII)

Preparation ofs$sipéionidd in 300 m of THE at room tenperature

and 950 ng . of | hyl ami nopyridi ne are added.
260 miele At 1R B dPst ORI HOaRRETL S 8ha Serecdl BomaF ums] Y1) are
484 5G f iHEfr gypddgd Wi agAd 95
suspensg?”ﬁn?(l)(g cr:aair F?@d? gut atwgg?: fﬁn@érﬁglﬂr@s. 950 mg of
dimethylaminopyridine are added. A solution consisting of 285 mmole 1,1-
carbodiimidazole in 500 ml of THF are added dropwise at 40°C and stirring is carried

out at 50°C for 7 hours.

Preparation of Solution B:

777 mmole of malonic acid semiester potassium salt (ROOC-CH2-COOK; compound
of the general formula VIIl) are suspended in 250ml of THF at 20°C. Subsequently,
777 mmole of chlorotrimethyisilane are added dropwise and stirring is again carried
out for 7 hours. Cooling to 0°C is carried out, 1000 mmole of lithium chloride are
optionally added and a solution of 1.365 mole of potassium tert. butylate, dissolved in
300 ml of THF is added dropwise (under counter-cooling). Subsequently, stirring is
carried out again for 30 minutes at 0°C. '

Solution A with a temperature of 50°C is added to solution B dropwise under vigorous
stirring within 30 minutes (the temperature is kept at 0°C by means of counter-
cooling). After the addition has been completed, stirring is carried out at 0°C for 30
minutes and subsequently at 20°C for 15 hours.

Processing:.

1000 ml of acetic acid ethyl ester is added and a pH of 2 is adjusted by adding 920
ml of 2N hydrochloric acid (when doing so, the solution clears up, two phases are
formed). The organic phase is separated and washed twice with 750 ml of saturated
aqueous sodium hydrogen carbonate solution. Subsequently, the organic phase is
washed with 500 ml of saturated sodium chloride solution. After drying over a
desiccant (sodium sulfate or magnesium sulfate) 7 g of activated carbon are added
and stirred is carried out at 20°C for 30 minutes. After filtering off of the activated



Preparation of Solution B: 777 mol e of malonic acid
sem ester potassiumsalt (ROOC- CH2- COOK; conpound of
wo b@sgetes al fornula VIII) are suspended i n 25PCM/ERS004/014753
THE at 20C. Subsequently, 22777 mol e of
chiorotrinethylsilane are added d ropw se and sti rri ng
is again carried out for 7 hours. Cooling
carbon,c the ifditateuis, coooentigHeinovackphalth mﬂrbﬂhaesca\%nt for the final
talli 5{| onalslﬁ dded and a solution of 1.365 nole of
crystaligaiQd & 8f§%rt . butyl ate, dissolved in 300 m of THE
i s added dropvvl se (under counter-cooling).
Subsequently, stirring, is carried out a

n for 30
Recrystallizatien iawcanted et fiempiheqsnastivelspest §8M?@38P°B%éQ“éem (cf.
| | OV

table). fPRRY. flinRP) c%%tglnfr%tﬁmgfﬁgnrg ggﬁgfé\eﬁsﬂgﬁpﬂﬁ o idiors. The
productigaitizdah eceadiiuen-drying cabigiet okfunder cheulaﬂdg tauro(ﬂOHas 50 C).

been conpleted, stirring is carried out at 0C for 30

m nut es and subsequently at 20C for 15 hours.

R tih acéGidaneERyith 8% prodess described
The follo gﬁﬁ§%§b ﬁ@%’ @‘?gegﬁst egl by gddl ng 920p of
above @Ikbdim:tmcdnhpound atthe geweral fwmidadd): the sol ution

clears up, two phases are fornmed). The organi c phase

is separated and washed twice with 750 ml of saturated

Exampiél4eous sodi um hydrogen carbonate sol ution.
Subsequently, the organic phase is —wgshed with-500—

Progattir at ed [sodi ifieldhl or i| deSelviemt bbn.| Af Elemehtaiyngnalysis

over a desigcant (sodi umisul fah ? magnesi um
sulfate) 7 g d%cxidhéﬂmcewl giglizatianddded Fawnad / calc.
Sti+redis—earred—out—at 266 For—30ninutes—After

filtering off| of the activyated WO 2005/@&@®66/69.12

"SI/ EP20044°014753 g32 car hogyclohexahétirate |
N af)((ed i n vacuo and thgn t he sol ¢2r§5b2r5%%e
fr yst gl | i zation isjadded. Recryyyad byzaeon is
carrPed®out flromthe respegctively nost| advant ageous

sotvent—(ecf——tabte)y—Mstty,—further—crystai
fractions can be obtained fromthe nother |iquors. The
Examplé@uct is dried in a vacuumdrying cabinet or under

circulating-air (20 to 500) Fhef-ol-owi-ng—exanptes
wWeraeiuchpl ement ed |Y1ekilccorqan6®lmrtti®ft he pl gatary analysis
descri bed

% of the theory | crystallization Found / calc.

C 67.90/68.11

v : (L 91 Cyclohexane/ |4 5 05/4.84
I MTBE N 6.00/6.11
Example 3
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.

C 68.89/69.12

I s ( 92 Cyclohexane |1y 5535 39
o
l N 5.58/5.76




above (product compound of the general fornula IV):
Exanpl e | Product Yield Solvent of Elenentary analysis
w@booshetovdheory crystallizati on Found / cal c. (PGOEBD04/014753
69.12 91 Cycl ohexane H 52%8/5.39 N/ oj"yr O N
5.64/5.76 Exanple 2 Product Yield Solvent of
El enentary analysis of the theory crystallization
Examplaaﬁnd / cal C. C 67.90 / 68.11 91 Q/cl ohexane/ H

l— I A _QA NG -0O0
.UJI'-F UH- ‘IVI U

DE U U INTO.
Yreddctsol vent of ¥leddent af
crystallizatiq

E}\Clllpl € O I'I UUUCL

of Elﬁﬂenf@@y gnalysis

Cycl ohexane |

% .Og %Jegt

a'@%@"'?ét@@ 0

Vo Fowsros.anie

PCT/ EP2004/ 014753 23 EXafpl € 4 Product Wl eld—Sotvent
of El enentary analysis 9%of the theoryC 69.88/70.02
atl on Fo92d / caHeptahed8cEiic H7%'%2/588
acid ethyl ester N 5.51/5.44
Example 5
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 70.21/70.02
NS «L/ 91 Cyclohexane | 49 /5.88
=
i N 5.31/5.44
Example 6
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 71.70/71.56
92 Cyclohexane
N + H 6.85/6.71
L 6 N 4.80/4.91
O
Example 7
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 69.85/70.02
I : l/ 91 Cyclohexane | & 45 /5.88
! N 5.37/5.44




92 Heptane/acetic H 6.10/5.88 N acid ethyl

ester N

5.51/ 5.44 0 O Exanple 5 Product Yield Sol vent of

wEb@seetoas y anal ysi s

of the theory crystalli zB€T/BP2004/014753

Found / caic. C 70.21 / 70202 N 91 Cycl ohexane

H6. 09/ 5. 88

o~ N 5.31/5.44 Exanple 6 Product Yield

Sol vent of Elenentary analysis of the theory

Example8t a1 | i zati on Found / caic. C 71.70/71.56 92

hexane +

PrSagUst vi ol d

I N
of E

Sol v

CroAvaR tina

/ygl-;?rr?%gtbfménalysis

N 9% 5 01 Oycl Shekiieecl by BHeAIpE B ) Foyfdpealc,
itk it pt A
ﬁq:@\ﬁ/\(!’ MTBE N 11.91/12.06

o
Example 9
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 63.59/63.40
N 93 Cyclohexane |y 590,573
(L/ N 11.21/11.38
o O
Example 10
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 63.31/63.15
_é’j@\g/\(( 92 Cyclohexane | 549 /5.30
I N 5.51/5.66
Example 11
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 65.35/65.44
)\ 93 Cyclohexane |4 g 39/6.22
N 4.98/5.09

¥




of the theory crystallization Found / calc. C 61.90 /
62.06 93 Cycl ohexane/ H5.35/ 5.21 ~N MIBE N 11.91 /
wda 2008@06408xanpl e 9 Product Yield Sol vent of El ePEER2094/014753

analysis of the theory cr3fstallization Found / calc.

C 63.59 / 63.40 NN~ 93 Cycl ohexane H 5.90/5.73 N

11.21/11.38 0 O Exanple 10 Product Yield Sol vent of

El ementary analysis of the theory crystallization

/| calc. C63.31/ 63.15 92 Cycl ohexane -~N H

Exa"“ggﬁgg/ 5.30 N5.51/5.66 Exanple 11 Product Yield

S‘e}o\(ﬁl&F of El ementag anal ysis%g%g-ogge tgggjﬁemﬁﬁ’ analysis

crystallizatijon Found / c4lc.
Cycl ohexane H & F6 theoryN érystiliizafidonWD 200 0p6
ot Sootoas o 55 Bxhdple 12 Produgt 95 BeREp teate
of El enentary; anal ysis C 59.41/59.30
. .
< r 93 Hexane |y 5412/4.08
N
N 5.21/5.32
S 12.03/12.18
Example 13
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 59.17/59.30
éks 91 Cyclohexane | & 15408
N 5.18/5.32
<L/ S 12.01/12.18
Example 14
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 58.01/57.82
S
§ ( 93 Hexane Iy 4587445
N 5.71/5.62
S 12.78/12.86




% of the theory crystallization Found / calc. C 59.41
/ 59.30 s ~N 93 Hexane H 5.12/4.98 Dol"'Tr N
WG203061082 S 12.03/12.18 Exanple 13 Product RCEEP2004/014753
Sol vent of Elementary analdsis %of the theory
crystallization Found / calc. C59.17 / 59.30 091
Cycl ohexane H 5.18/4.98 N 5.18/5.32 S 12.01 / 12.18
Examp® 4%l e 14 Product Yield Sol vent of El ementary

natysis—9%gf—the theorycrystat-tizatiron—fFound— -
RIRdUCE 58, 01 S 93 of 45sFlementary analysis

/ 5 .
\ ,

5.71/5.62 S|12.78/12. 86 WO 06
PCT/ EP2004/ 014"%%%‘%@%”&@@%&%‘?@ udt vi EPHNG| alst

of Elementary anal ySis %of the TheorYc  56.27/56.16
cryst all'izatijon Found / calc. C 56.27 56 1% /961

25 91 Cyclohexane |H  4.02/3.86
N 5.89/5095
} S 13.57/13.63
O O

The above-mentioned compounds of general formula 1V illustrated in examples 1 to
15 all form part of the subject matter of the present invention.

In the following, the processes used for asymmetric reduction are in each case
generally described:

Chiral Reduction Methods
A) General description for a microbiological reduction

A 500 ml Erlenmeyer flask which contains 100 ml of a nutrient solution of 5% glucose
and 2% corn steep liquor (pH 6.0-6.5), which was sterilized in an autoclave at 121 °C
for 20 minutes, is inoculated with an oblique tube culture of the Pichia wickerhamii
strain (IFO 1278) and shaken on a rotation shaker at 28°C for 48 hours. Two 2 |
Erlenmeyer flasks are inoculated with 50 ml each of this culture, which are charged
with 500 ml of sterile medium of the same composition as described for the culture.

After a growth phase of 6 hours at 28°C, a solution of 5 mmole R-ketoester of the
general formula IV in 15 ml DMF is added to each Erlenmeyer flask. Subsequently,
shaking is continued at 28°C.

After a contact time of 114 hours, the combined culture broths are extracted twice
with 1 | of acetic acid ethyl ester. The combined organic phases are dried, filtered



As 91 Cycl ohexane H 4.0213.86 N 5.89/5.95 S 13. 57 /
13.63 0 O The above-nenti oned conpounds of general
WO o00sb404 V i | lustrated in exanples 1 to 15 apdT/EP2003/014753
part of the subject mattelB7of the present invention.
In the follow ng, the processes used for asymretric
reduction are in each case generally described:
over Céliter &r Rediiiiai gel Nayér)dand\) capentratedidg cvagua.ofheoresidue is

i ol ogi cal uction A 500 m Erl enneyer flask
recwsf%'}(l}ﬁ h“b 'N?“tl%qul‘ﬂ %t a nutrient sol utlgn of 5%
gl ucose and 2% corn steep liquor (pH 6.0-6.5), which
was sterilized in an autoclave at 121 C for 20
B ) Asyminneirie hiydregenationl witheehivalimetahcatslistie t ube cul ture of
the Pichia w ckerharnii strain (IFO 1278) and shaken
on a rotation shaker at 28C for 48 hours. Two 2

The a@rﬂnﬂ@mﬁ/ SHydrbgsfiation avagocarriati eduw ihh aﬁ@omianeaclwxmf methods
hi s culture whi ch are charged wth 500

of
descnbgd én litesatusai franoacid eas Hred dembyrgpaations ”E!‘és"ér“i“ﬂ)‘éﬁted in the
examplggr the culture. After a growmh phase of 6 hours at
'C, a solution of 5 nmole 13-ketoester of the
general formula IVin 15 mMl DW is added to each

proces b e e RS ar b i <teRgRER  Toaried

out, thé@%d@% féﬂehtu;? M{Wéﬁ%oﬁwww@ﬁ 8 gt WidHRorométhahe,! MTBE)
etic acid y ester. he conbi ned or ganl C

and filterirgsef iscarrigdi @d ovier lat smftism gebbyes ddwsiilirate is evaporated to

PCT/ EP2004/ Q14753, 27 Qver i Q il I
dryness I ot fneayc o 8ETataRa Formilsfiabic, sEReHE
recryst allized froma solvent of choice. B)
{e mretric hydrogenation with chiral netal catalysts
C) Exampte ey fimpsfearhydjeuensdiont i on was carried out in
accordance with nethods described in literature. If
an acid was used for hydrogenation, this is indicated
1 mmoleroftdiehloro(pentamethylcyclopentadienyl)rhodium(lll) dimer is added to a

solution consisting of 4 mmole of (R,R) -Tos-DPEN in 1 | of isopropanol under a
nitrogen atmosphere and stirred 20 minutes at 80°C until an orange red,
homogeneous solution is obtained. Subsequently, 100 ml of potassium isopropylate
(0.12 m solution = 120 mmole) are added. Then 200 mole of R-ketoester of the
general formula IV (dissolved in 500 ml of isopropanol) are added and stirring is
carried out at 50°C (1 to 20 hours) and the course of the reaction is pursued by
means of DC.

After completion of the reaction, the reaction mixture is evaporated to dryness in
vacuo and the residue is filtered over a layer of silica gel (solvent: mixtures of hexane
| acetic acid ethyl ester). The reaction mixture is evaporated to dryness in vacuo and
recrystallization from a suitable solvent is carried out.

D) Asymmetric reduction with complex hydrides (NaBH, /LiBH,)



exanpl es. Processing of the hydrogenation batches:
Concentration by evaporation is carried out, the
WO e®bdeH®0é s t aken up with an nonpol ar sol vent PET/BP2004/014753
di chi oromet hane, MIBE) arid filtering off is carried
out over a short silica gel layer. The filtrate is
evaporated to dryness in vacuo and the residue is
Reductionsr withatha obitat rmeexdliars wonapsnens dRBHtN, Nodilmenagyleystgine are

. f hyd [.on. I f
cartea ek 7 BB AR 4R baPR BT, S S Gg: Commun,
1985, 1@igner is added to a solution consisting of 4 mmole of

(RR -Tos-DPEN in | | of isopropanol under a
ni trogen atnosphere and stirred 20 m nutes at 80C

i) [ e |_utd an i S ;
Reduct%{sa\}lwﬁlzgwé) %ﬁ@%’&‘[@%ﬁ’ fgﬂﬁg\%ﬁff%?%g t_a{sdsr%'rcn atid are carried out
in accorderueopith #iee spédlfidatiom fsarul. iChens 3@€ Rerkinelraase1 at@Ra).1826.

Then 200 nol e of f3-ketoester of the general fornula

IV (dissolved in 500 m of isopropanol) are added and
Mering is carried out at 50C (1 to 20 hours) and

Exam@%ggcourse of the reaction is pursued by neans of DC

Reductidn mettoannil et i on of the reaction, the reaction mxture

.S evapo ed to drypess ¢ vacuo and the residue is
e.e. of #’]q &“@5@8 g{;%rrcrgsiiag&;éporbg gglo/? ca gel (solvent: nixtures
Literatu?é: heRaRByofi, A6G1R&s. aT9d, 8bhgt-1e3t er). The reaction

m xture i§ evagorat ed to dr\éness in vacuo and

r ecr yi§t MiurateadPen 199D A4 2966t2H87 sol vent is carried

out. D) Asymmetric reduction with conplex hydrides
(NaBH4 /Li BH4) WD 2005/ 064006 PCT/ EP2004/ 014753 28

. e PY d .
(39 it ONs W h?lﬁ%“ ral jaugbibaf of C mgg%ntﬁw analysis

' -N, N - di benzoyl cysteilne are carti

accor dance wit by, bhheStheoly i|caystaliizatiom J. Chenhd Soealc.
Chem Commun.| 1985 138 ° Reductions with the chiral

auxi |l iary conponent ' (2R 3R)| - tartaric b@ppg.@r%8_5
[

ried o i n accggdance |with @cification ?rom
! D Chem Egc. Per ki gé Tr ans. V&P?Clq%%,n%?émlGﬁﬁ‘IEk@ﬁﬁl e 16
Z et Tgn netlhod: C MTBE

oH © N 5.63/5.71

Example 17

Reduction method: B

Solvent: methanol

Pressure: 1200 psi

Temperature: 25°C

Reaction time: 14 hours

e.e. of the product after crystallization: > 98 %

Literature: JACS, vol. 121, No. 30, 1999, page 7061 (compound 43)

Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
NN C 67.47/67.52
" . : 94 Cyclohexane/ |H 5.78/5.67
o 0 MTBE  |N 5.89/6.06




e.e. of the product after crystallizaton: > 98 %
Literature: R Noyori, Acc. Res. 1997, 30, 97-102 K
WORN0aNe400gd OC 1999, 64, 2186-2187 Product Yi el dPCSOER®NL/014753
of Elementary analysis %% the theory
crystallization Found / caic. C 68.41 / 68.56 N % 95
Cycl ohexane! H6.31 / 6.16 MIBE N5.63 / 5.71 OH 0
Exammed8l e 17 Reduction nethod: B Sol vent: nethanol
ressyr e, 3200 psi Tenperature: 25C Reaction tine:
Reducvligln Hﬁ‘;gd' ~e. of the product after crystallization: >
Solven®&etfaikot erature: JACS, vol. 121, No. 30, 1999, page
7061 (conpound 43) Product Yield Solvent of Elenentary
Pressusgial 38 Bsi 9% of the theory crystallization Found /
. 67.47 | 67.52 94 Cycl ohexane/ H 5.78/5-67
Tempe@f”ge'n% N 5. 89/ 6. 06 WO 2005/ 064006 PCT/ EP2004/ 014753
Reacti@g®timeartgliouk® Reduction nmethod: B Sol vent: et hanol

Pressure; 1300 psi. .
e.e. of the product after crystallization: > 99 %

Literature: as indicated in example 17

Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 68.47/68.56
IN\ J,/ 03 Cyclohexane |H 6.29/6.16
o
N 5.89/5.71
OH o}
Example 19

Reduction method: A
e.e. of the product after crystallization: > 98 %
Strain: Pichia wickerhamii (IFO 1278)

Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.

C 69.37/69.48

S \( 94 Heptane/acetic |H 6.78 /6.61
N acid ethyl ester [N 5.27 [5.40
OH

Example 20

Reduction method: C

e.e. of the product after crystaliization: > 98 %

Literature:  R. Noyori, Acc. Res. 1997, 30, 97-102
K. Murata, JOC 1999, 64, 2186-2187




Tenper at ur e:
product after

40 C Reaction tine: 18 hours e.e.

crystallizati

on: > 99 %

Literature:

of the
as

w0 pabsoetoed i n exanpl e 17 Product Yield Sol vent POF/EP2004/014753

El ementary an
Found / cal c.

al ysi s

% of 8the theory crystallization

C 68.47 /| 68.56 N~ 93 Cycl ohexane H
6.29 / 6.16 N5.89 / 5.71 OH O Exanple 19 Reduction

mProgect A e. el of teldprodutt gbhvent 6f ¥S| aEldriahtaPPanalysis
98 % Strain:|Pi chia w ckerham i é_l FO 12[78) Product
Yi el d Sol vent | of ofiteedhraiyy| Hnustalization, pbf  t Feundebcalc.
crystat-tizattpnFound—7——Ttatt—C 69377 #8794
Hept ane/acetit H6.78 / 6.6 I~ , b aci e‘ﬁ?ﬂ?&‘b&?
: on Ex@8ple 20| Cyelohéxare NHh®d4 /6.1 €.
roduct after crystallization: > B8 %
Liferdture: R Noyori, Acc.|Res. 1997, 30N 271640k
Mur at & YOC 1p99, 64, 2186-R187 WD 2005/ 064006

PCT/EPZ004/ 014753 30

Example 21

Reduction method: B / Ru — (R) - MeO-Bipheg (catalyst)
Solvent: EtOH

Pressure: atmospheric pressure Hz

Temperature: 50 °C

Reaction time: 50 hours

e.e. of the product after crystallization: > 98 %

Literature:  Tetrahedron Letters, vol. 36, No. 27, 4801 - 4804
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 70.91/71.06
96 Cyclohexane |H 7.48/7.37
N 4.93/4.87

Example 22

Reduction method: B/ Ru — (R) - MeO-BIHEP (catalyst)
Solvent: MeOH

Pressure: 10 bar

Temperature: 80 °C

Reaction time: 40 hours

e.e. of the product after crystallization: > 98 %

Literature:  Tetrahedron, 57 (2001), 2563 - 2568




Product Yield Sol vent of Elenentary analysis
theory crystallization Found / calc.
woR®5/06¢ped ohexane H 6. 84/ 6. 61
Exanpl e 21 Reduction nethodl! B/ Ru -
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Example 23
Reduction method: B
Solvent: EtOH
Pressure: 50 bar
Temperature: 60°C
Reaction time: 18 hours

57 (2001),

256

2568

e.e. of the product after crystallization: > 99 %

Literature:  Angewandte Chemie 1999, 111, page 3397
Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 61.68/61.53
\ 93 Cyclohexane/ |H 6.10/6.02
QND\/T(L MTBE N 11.87/11.96
on

Example 24

Reduction method: B
Solvent: methanol
Pressure: 120 psi
Temperature: 60 °C

Reaction time: 18 hours

e.e. of the product after crystallization:

Literature:

see example 17




WO 2005/ 064006 PCT/ EP2004/ 014753 31 Product Yield

Sol vent of Elenentary analysis % of the theory
w@eopsHedobé zat i on Found / calc. C 69.57 / 69. 48PCEBP2004/014753

Cycl ohexane H 6.75 / 6.61 R5.28 / 5.40 OH Exanple 23

Reduction nethod: B Solvent: EtOH Pressure: 50 bar

Tenperature: 60C Reaction tine: 18 hours e.e. of the

prRrddact af t er [cryst¥ield zat i pn: Salvedit o Li e'E@éMéﬁtarY analysis

Angewandt e Che 9 111 age,k 3397 Product Yie
Sol vent of El ¢nén k ‘Pé%%‘?%yn‘gygfg; ligatione t hedraund / calc.

crystallizati pn Found / cat¢. C 617687 s "~
93 Oyl ohexane/ H 6. 10/6.02] MBE N 11 8h? 10298 1 G4£0

gripl e 24  Reduct i @4 et hofl: CcloBekargnt HHBW"IGW@BO

: i T tpre: 60 C Repction timnme
gssure: 120|psi Tenperaty N“ 171371128

Example 25

Reduction method: B

Solvent: ethanol

Pressure: 1300 psi

Temperature:; 60 °C

Reaction time: 24 hours

e.e. of the product after crystallization: > 99 %
Literature: see example 17

Produkt Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.

C 62.57/62.64

_<\° (L/ 96 Cyclohexane |H 6.19/6.07
N N 5.49/5.62
OH o]

Example 26

Reduction method: C

e.e. of the product after crystallization: > 98 %

Literature:  R. Noyori, Acc. Res. 1997, 30, 97-102
K. Murata, JOC 1999, 64, 2186-2187

Product Yield Solvent of Elementary analysis
% of the theory crystallization Found / calc.
)\ Cyclohexane/ {C 64.91/64.97
2

94 aceticacid |H 7.05/6.91
\i/ ethylester |N 4.98/5.05

oH




e.e. of the product after crystallization:
Literature: see exanple 17 WO 2005/ 064006
weERansaER004/ 014753 32 Product Yield Sol vent 0PCT/EP2004/014753
El enentary analysis % of fhe theory crystallization
Found / caic. C 62.99 / 62.89 "N~ 94 Cycl ohexane H
6.71 / 6.50 N 11.13/11.28 OH Exanple 25 Reduction
Exampiet 26d: B Sol vent: ethanol Pressure: 1300 psi

: 60 C Reaction tine: 24 hours e.e. of the
Redu%ﬁﬂ%ﬁ%@ ?‘er crystallization: > 99 % Literature: see
e.e. ofekeppbeudt Aftdr eAysthlliXatdrd S99 ypnt of El enentary

analysis % of the theory crystallization Found /

Stra'“cﬁ’%”’a@/’dﬁe’@aﬁlﬂ F0d278) 96 Cycl ohexane H 6.19/6.07 N
5.49 / 5.62 OH O Exanple 26 Reduction nethod: C e.e.
of the product after crystallization: > 98 %

LiPredadtur e: R Noyofield Acc. | ReSolvéBPdf 3D, Efemdffry analysis
% of the theory | crystallization Found / calc.

C 58.81 /58.85

_< <L/ 95 Hexane H 5.85/5.70
\
N 5.17/5.28

S 11.93/12.08

Example 28

Reduction method: A

e.e. of the product after crystallization: > 99 %
Strain: Pichia wickerhamii (IFO 1278)

Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.
C 58.94/58.85
94 Cyclohexane |H 5.85/5.70
N 5.17/5.28

S 11.93/12.08

Example 29

Reduction method: C

e.e. of the product after crystallization: > 98 %

Literature: R. Noyori, Acc. Res. 1997, 30, 97-102
K. Murata, JOC 1999, 64, 2186-2187




K. Murata, JOC 1999, 64, 2186-2187 Product Yield

Sol vent of Elenentary analysis % of the theory
w@roosvedobé zat i on Found / caic. Cycl ohexane/ CPGHEPD04/014753

64.97 94 acetic acid H 7.08%/ 6.91 ethyl ester N 4.98

/ 5.05 OH WD 2005/ 064006 PCT/ EP2004/ 014753 33

Exanple 27 Reduction nethod: A e e of the product

aftreduel yst al I[i zat i WRld > 99 9 Selveatof : pi Eiementary analysis

wi ckerham i (IIF duc el d..Sol vent of
El enentary anal @s&éﬁg&‘%&t 1eérygd@ﬁ‘zf7‘t'8$y 5t al IFio i bifale.
Found / calc. |C 58.81 / 58.85 95 Hexane|®#l 5798 /5753580
NS.17 / 5.28] OHO0 S 11.93|/ 12.08 Exapple 28
@ cti onﬁt hod: A% e. of |t heHpxarrict Hft835/5.21
7 pPation: > 99 % Strain: Pichia W,ckeLhanki
(1 FO§L2 !: Product Yield Solvent of El ewgﬂtg‘%ﬁ ey
analysis %off the theory crystallizati opsFouegd //12.76
calc. C58.94|/ 58.85 94 Cycl ohexane H b.85/5.70

=,

Example 30

Reduction method: B

Solvent: Me OH

Pressure: 50 bar

Temperature: 50 °C

Reaction time: 24 hours

e.e. of the product after crystallization: > 99 %
Literature: see example 23

Product Yield Solvent of Elementary analysis
% of the theory | crystallization Found / calc.

C 55.67/55.68
96 Cyclohexane |H 4.80/4.67
N 5.95/5.90
S 13.40/13.51

The aforementioned compounds of general formula | of examples 16 to 30 all form
part of the subject matter of the present invention.

The use of the novel intermediate products according to the invention for the
preparation of epothilone intermediates known in literature is shown in the following
examples:




N 5.17/5.28 S 11.93 / 12.08 OH Exanple 29 Reduction

met hod: C e.e. of the product after crystallization: >
wW@0056400¢ er at ure: R Noyori, Acc. Res. 1997, BOI/EP2004/014753

97-102 K. Mirata, JOC 19995 64, 2186-2187 WD

2005/ 064006 PCT/ EP2004/ 014753 34 Product Yield

Sol vent of Elenentary analysis % of the theory

crystallization Found / calc. C57.28 / 57.35 S.~ (

1> SRR SiseaicafioB LT FraRarARh of the THOMS Eipers.
Pr es@intetinédiatPé ompRITRISHEREWO D0f66 530 S iting W) 05

hours e.e. of the product after crystallization >
% Literature: see exanple 23 Product Yield Solvent of

100 o%ﬁ%}fatgh}él g?&@ﬁ@gégt;%&gg{eggehg%r%rﬂ $'@ 5hEa¥58 mmole of
imidazole are dissolved in 150 ml of dimethylformamide and 125 mmole of tert. butyl
dimethylsilyl chloride (TBDMS-CI) are added at 0°C. Stirring is carried out at room
temperature for 12 hours. 70 mmole of methanol are added to destroy the excess of
TBDMS-CI and stirring is carried out at room temperature for further 2 hours. 5 ml of
water and 50 ml of n-hexane are added and vigorous stirring is carried out for 10
minutes. The hexane phase is separated and rejected. 1000 ml of water is added to
the DMF phase and extraction is carried out twice with 150 ml acetic acid ethyl ester
each. The combined organic phases are separated and concentrated to dryness in

vacuo.

It proved to be advantageous in the case of a consecutive reaction with DIBAH or
DIBAH/BuLi to extract with dichloromethane or toluene and to carry out the further
reaction directly with the solution.

Example 31
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 66.93/66.81
oS ( 99 Acetic acid ethyl |H 8.30/8.13
A ester N 3.76/3.90
7?8(" Si 7.67/7.81




Ns 96 Cycl ohexane H 4.80/4.67 N 5.95/5.90 S 13.40 /
13.51 OH The af orenenti oned conpounds of general
wo 2006404 of exanples 16 to 30 all form partPCI/EP1964/014753
subj ect matter of the preséft invention. The use of
the novel internedi ate products according to the
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35 Ceneral Specification for the Preparation of the
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1000 m of water is added to the DMF phase and
Exampk 83ction is carried out twice with 150 nl acetic

acid ethyl ester each. The conbined organic phases

are separ at ed and concentrated to dryness |n vacuo.
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Exanpl e 31 Product Yield Splvent for El eneht 8693 /66.81

IN\ lysis ( 99 Toluene H 827/8.13
o
N 3.76/3.90
\Si/o ©
7

Si 7.67/7.81

Example 34
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 67.69/67.52
B \( 08 Acetic acid ethyl |H 8.51/8.36
N ester N 3.67/3.75
~NerC .
7<S'\ Si 7.34/7.52




% of the theory extraction Found / calc. C 66.93 /
66.81 99 Acetic acid ethyl H8.30 / 8.13 N ester N
W@2006/064086 90 Si 7.67/7.81 WD 2005/ 064006 PCT/EP2004/014753

PCT/ EP2004/ 014753 36 Exarl e 32 Product Yield

Solvent for Elenentary analysis %of the theory

>i ction Found / calc. C65.93/ 66.05 N1 98
Examgle 850y onet hane H 7.97/7.88 N 3.92/4.05 5l~ o ~ Si

8.01/8.13 Exanple 33 Product Yield Sol vent for

Elenentary analysis % of the theory extracti on Found

/ Peaduct C 66.93/ 66Yidld 99 Tol ugBreht for27/
3.76/3.90 Si|,0 0 Si 7.67/7.81 Exanple 34 Pr emehtary analysis
Yi el d Sol vent %Pftéﬁéhem'ary agxtrastien o pf t Reundebcsic.
extractiron Fgund—/—Ttalc. —C[6769+—6752 C 67.65/6752
i x J)/ 99 Acetic acid ethyl |H 8.45/8.36
=
ester N 3.68/3.75
~....-0 QO
7<s.\ Si 7.43/7.52
Example 36
Product - Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 68.91/68.78
100 Dichloromethane |H 8.87/8.78
N 3.35/3.49
\sré Si 6.87/6.99
A
Example 37
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 67.65/67.52
N' = (L/ 99 Acetic acid ethyl |H 8.43/8.36
=
| ester N 3.68/3.75
NP
7(31\ Si 7.48/7.52




Nzzz 98 Acetic acid ethyl
7.34/7.52 C'O WD 2005/ 064006

3.67/3.75 Si

H 8.51/8. 36

ester

N

wWEONsBP004/ 014753 37 Exanpl e 35 Product Yi ePCI/EP2004/014753

Sol vent for

extraction Found / calc.
Acetic acid ethyl

El ement ary anal3gsi s

C
H 8.45 /

67.65 / 67.52
8. 36 ester

% of the theory

jD\ 99

N 3.68/3.75 0 0

Examgle 3843/ 7. 52 Exanpl e 36 Product Yield Solvent for

El ementary anal ysi s

% of the theory extraction Found

/| calc. C68.91/ 68.78 N 100 Di chl or onet hane H
8PRIdWt’S VT T Oyiid. 3573 7E6:99 .
Exanpl e 37 Prljoduct Yield Sol vent Forﬂél em:nft-igelrﬁé’ntary analysis
anal ysis % of % akthertbeory ext r axtractiorFound / Eaufd Cecalc.
6765 +—67+523—99Acetie—agidethy—H8-48/8 36 N
C 62.127/62.03
\ 98 Acetic acid ethyl |H 8.30/8.10
§ | ester N 7.92/8.04
~g° © Si 7.94/8.06
7
Example 39
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 63.09/62.95
99 Toluene H 843/8.34
N 7.65/7.73
' Si 765/7.75
~ i/é
(N
Example 40
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 62.87/62.78
° J>/ 99 Toluene H 8.16/8.04
_<\
N 3.76/3.85
Je) o]
7?&\ Si 7.65/7.73




ester
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7.48/7.52 WO

2005/ 064006 PCT/ EP2004/ 014753 38 Exanple 38 Product

wk@bded8ad vent
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H 8. 30/ 8.10
7.94 | 8.06
Example ddnt for El ement ary anal ysis
extracti on Found / cal c.
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-~~S;,0 0 Si
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C

for

~N 1

anal ysi s
2.12 | 62.03
ester

% of t PET/EPI904/§14753

\N 98 Acetic

N 7.92 / 8.04

~1\ Exanple 39 Product Yield
% of the theory

C 63.09 / 62.95 N'N-~ 99
7.65/7.75

s'0 0

EReoqict 40 Prioduct Y@l d Sql vegbolvept fde! em’”Eﬁ’éMentary analysis
anal ysis % df }he t heory @extracti on Found
62.87 | 62.78 eldegdhe H @xirgctioms N 3 7anmcelscalc
s=o0 U C 64.61/64.41
100 Dichloromethane |H 8.62/8.49
N 3.45/3.58
Si 7.03/7.17
%Si/é ©
Example 42
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 60.23/60.12
%D\/T( 99 Acetic acid ethyl |H 7.82/7.70
ester N 3.57/3.69
¢ S 8.34/8.45
7( Si 7.30/7.40
Example 43
Product Yield Solvent for Elementary analysis
% of the theory extraction Found ./ calc.
C 60.26/60.12
99 Acetic acid ethyl |H 7.85/7.70
ester N 3.59/3.69
S 8.33/845

Si 7.31/7.40




Si

Exanpl e 41 Product Yield Sol vent for
% of the theory extraction Found / PEI/EP20GH014753

W@ r@abP64i086
64.61 / 64.41
N 3.45 / 3.58
Product Yield

Exammeddy extraction Found / cal c.
99 Acetic acid ethyl _
3.57/3.69 S 8.34/8.45 Si

7.65/7.73 WD 2005/ 064006 PCT/ EP2004/ 014753 39
El enent ary

N~ O 100 Di cH oronethane H 8.62 / 8.49

\ Si
Sol vent for

7.03/7.17 _
El enentary anal ysi s
C 60.23 / 60.12 AS Jr

H 7.82/7.70 - ester

~Si'o 0 7~\

mll na

Exanpl e 42
of the

N

7.30/7.40 Exanple 43

PReddgdt Yi el d
t heory extrac

Sol vejatg T or
ti on Found, /

Ele nai
cal VLS

> 'E?Senfghtaﬂ'/' analysis

“s 99 Acetic |aW of therheony 7. 85extractiorest er] N FaMd3/ G2ilc.
ST8.3378 45 C 59.23/59.14
<\jj©\/\{(l/ 98 Dichloromethane |H 7.51/7.44
N 3.72/3.83
> ° S 8.66/8.77
7< Si 7.60/7.68
Example 45
Product Yield Solvent for Elementary analysis
% of the theory extraction Found / calc.
C 59.15/59.08
N 98 Dichloromethane |H 7.25/7.17
N 3.87/3.98
: ‘l) S 9.01/9.12
7?3\/5 Si 7.88/7.99

General Production Specification for the Reduction of the Silyl Esters
(Intermediate stages from US 6,387,927 and PCT/EP99/10129, NOVARTIS )

20 ml of a 1 M solution of DIBAH in dichloromethane are added dropwise at —78°C
(under nitrogen) for 30 minutes to a solution of silyl ester, 10 mmole, dissolved in 100
mi of dichloromethane, which was produced in examples 31 to 46 (with the exception
of the tert. butyl esters). Stirring is carried out for 3 hours at -78°C. Further 5 ml of
DIBAH solution are added and stirring is continued for further 2 hours. 6 ml of
methanol are added dropwise and the mixture is allowed to reach room temperature.
50 ml of dichloromethane and 50 ml of water are added and the suspension is filtered
over Celite. The organic phase is separated, washed with water and concentrated to

dryness in vacuo.




Si 7.31/7.40

~S.." o 0 WD 2005/ 064006

PCT/ EP2004/ 014753 40 Exanple 44 Product Yield
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extracti on Found / cal c.
Di chl oromet hane H 7.51/7.44 N 3.72/3.83
7.60/7.68 Exanple 45 Product Yield
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extracti on Found / caic.
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El ementary anal ysi s

% of the thePCHEP2004/014753
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I s to a so]ution ofg7silyl esfterg 10 rogl e,
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produced iCb exanpl es 31 to 46 (withh #3 k4ddption of
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h t -78C. Further 5 nm of I%A%Ieg’c{l%gaon are
addéd and stirrjng is continued flor further 2 hours. 6
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Example 47
Product Yield Elementary analysis
% of the theory Found / calc.
C 68.62/68.53
NI = 98 H 8.09/7.99
P4 H
N 4.32/4.44
\Si/O .
S Si 8.80/8.90
Example 48
Product Yield Elementary analysis
% of the theory Found / calc.
C 68.60/68.53
s 96 H 8.11/7.99
= H
N 4.31/4.44
\S./ % .
Si 8.82/8.90




nmet hanol are added dropwi se and the m xture is all owed
to reach roomtenperature. 50 m of dichloronethane
wapas50i0pé of water are added and the suspensiPCI/ER2004/014753

filtered over Celite. The gyganic phase is separated,
washed with water and concentrated to dryness in
vacuo. WO 2005/ 064006 PCT/ EP2004/ 014753 41 Exanple

Exanfile Bgoduct Yield El ementary analysis % of the theory
ound / calc. C68.65/ 68.53 97 H8.12/7.99 N/ [/ H
N4.31/4.44 S 8.75/ 8.90 Exanple 47 Product Yi eId

E nt ar\l Qnal O/A of thao fh nr\l l:nunrl / cal e

5 PEadyClen. 53 IYN 37%@/7 00 11 T Rmenian) anglveis
dudt Yield
analysis % of the theorv Fohﬁ cal c. ﬁégﬁgofﬁé%

gaoom

Sl 8.80 / 8.90
68.53 96 H8.11 /7.99 N 4.31/ 4.@468.62/68.53

o 08 H 8.14/7.99
S H N 4.36/4.44

:S'\ Si 8.81/8.90

Example 50
Product Yield Elementary analysis
% of the theory Found / calc.
C 69.32/69.26

N7 97 H 8.41/8.26

| P M
N 4.12/4.25
D ° Si 8.44/8.52

Example 51
Product Yield Elementary analysis
% of the theory Found / calc.
C 69.35/69.26
oS 96 H 8.40/8.26
NI N 4.17/4.25
723( ° Si 8.40/8.52




Cnes 0 Si

42 Exanple 49 Product Yield Elenentary anal ysis
wo b@sobwos y Found / cal c.
IN/ HN4.36 / 4344

8.14/7.99

8.82/8.90 WO 2005/ 064006 PCT/ EP2004/ 014753

% of

C 68.62 / 68.53 98 PCT/EP2004/014753
-,,S ~0 0 Si

8.81 /

8.90 Exanple 50 Product Yield Elenentary analysis %

of the theory

Examgple1528. 26 N 4.12 / 4.25
51 Product Yield Elenmentary anal ysis

Found / cal c.

Found / calc.
00 Si

C69.32/ 69.26 N 97 H
8.44 /| 8.52 Exanple

% of the theory

C69.35/ 69.26 96 H8.40 / 8.26 N/ [

H Nrodct4- 25 75-~0 0 YieldB- 407 3. 52" Elementary analysis
% of the theory Found / calc.
C 64.15/64.11
\ 98 H 8.34/823
<\N:©\/\"/H N 8.67/8.80
7<S<é 8 Si 8.69/8.82
Example 53
Product Yield Elementary analysis
% of the theory Found / calc.
C 64.19/64.11
97 H 8.37/8.23
N 8.64/8.80
Si 8.66/8.82
Example 54
Product Yield Elementary analysis
% of the theory Found / calc.
C 63.99/63.91
_{D\/\”/H 96 H 8.01/7.89
N N 4.34/4.38
S° ° Si 8.68/8.79




WD 2005/ 064006 PCT/ EP2004/ 014753 43 Exanple 52
Product Yield Elenentary analysis % of the theory
wao-omngedoocal c. C 64.15/64.11 98 H 8.34 / 8. 23PCREPN04N14753

N867/ 880 -"s ooSi 8469 / 8.82 Exanple 53

Product Yield Elenentary analysis % of the theory

Found / caic. C64.19 / 64.11 97 H8.37 / 8.23 N 8.64
Exaniple. 8 H S 8.66 / 8.82 ~~0 0 Si ~Exanple 54

Product Yield Elenentary analysis % of the theory

Found / calc. C63.99/ 63.91 o0 96 H8.01/ 7.89

20

~<\Probubt N # 34 4. 38 Sgg[f N ST 86877 éle’rﬁentary analysis
% of the theory Found / calc.
C 60.93/60.85
_{’D\/\(H 98 H 7.66/7.51
N N 4.08/4.17
S ° S 9.44/9.56
7< Si 8.25/8.37
Example 56
Product Yield Elementary analysis
% of the theory Found / calc.
C 60.96/60.85
97 H 7.68/7.51
N 4.09/4.17
S 9.47/9.56
Si 8.27/8.37
Example 57
Product Yield Elementary analysis
% of the theory Found / calc.
C 59.85/59.77
§I>\/\(H 96 H 7.34/7.21
N 4.27/4.36
SC° S 9.88/9.97
7< Si 8.66/8.74




WD 2005/ 064006 PCT/ EP2004/ 014753 44 Exanple 55
Product Yield Elenentary analysis % of the theory
wao-omngedoocal c. C 60.93 / 60.85 S 98 H 7.66 / FCBHLP2004/014753

-<"\" NI HN4.08/ 4.17 ¥~ S 9.44/9.56 I|I" Si 8.25

/ 8.37 Exanple 56 Product Yield Elementary anal ysis

% of the theory Found / calc. C60.96 / 60.85 N:" S
Examplé 88 7.68 / 7.51 N4.09 / 4.17 S 9.47/9.56 \S o Si

8.27 | 8.37 Exanple 57 Product Yield Elenentary

analysis %of the theory Found / caic. C 59.85 /

gﬁsrga%%t/b 96 H 1~ 3477 ZgigN 4. 27TF 36 \ I‘éﬁ%}?aﬁjéﬁalggs

8.74 WD 2005/ 064006 PCT/|EP2004/ 014753 ° 45
% of the theory Found / calc.
C 59.88/59.77
97 H 7.32/7.21
N 4.28/4.36
S 9.86/9.97

Si 8.69/8.74




Exanpl e 58 Product Yield Elenentary analysis % of the
theory Found / calc. C59.88 / 59.77 nms s 97 H7.32 /
wQ@2@%/0bd0d6 28 / 4.36 H S 9.86/9.97 co ~sO Si BCBBP1004/014753

8. 74 WD 2005/ 064006 PCT/ EP24804/ 014753 46 \What is
clainmed is: 1. A conmpound of general formula I, A
xe~ CO2R (~ ) OH wherein: A is a bicyclic

What e ctiinteddimt i ¢ residue of fornula Hetero- aromatic
wherein "heteroaromatic" stands for a 5- or 6-nenbered
het eroaromatic ring having up to 2 heteroatons

sgl F?cﬁr i1 rogen or sul phur, which is
1 o/gtclsg{ a @J%%ﬁ@mr@g‘éwr’t h one or two substituents
selected fromal kyl, optionally protected

hydr oxyal kyl , hal o-gl kyl, halogen or CN, and Ris a
straight-chain or b W optional ly saturated

al kyl chain, which opti ona‘i"?%'/2 cont gilps 1-3 oxygen
atonms; phenyl; cyclobgxyl; or benzyl residue. 2. A
compound of general fornula la, A

wherein:

A is a bicyclic heteroaromatic residue of formula

Hetero-

aromatic

wherein "heteroaromatic" stands for a 5- or 6-membered heteroaromatic ring having
up to 2 heteroatoms selected from oxygen, nitrogen or sulphur, which is optionally
substituted with one or two substituents selected from alkyl, optionally protected
hydroxyalkyl, halo-alkyl, halogen or CN, and R is a straight-chain or branched,
optionally saturated alky! chain, which optionally contains 1-3 oxygen atoms; phenyl;
cyclohexyl; or benzyl residue.

2. A compound of general formula la,

CO,R (1a)
OH

wherein A and R have the same meaning as in claim 1.

3. A compound as claimed in anyone of claims 1 or 2, wherein R is methyl or
ethyl.



~C02R 1a) OH wherein A and R have the sane neani ng as

inclaiml. 3. A conpound as clained in anyone of
w@b@snei006 or 2, wherein R is methyl or ethyl.PONDIEP2004/014753

2005/ 064006 PCT/ EP2004/ 014783 47 4. A conpound as

claimed in anyone of clains | to 3, wherein Ais one

of the following residues: NI / \ \" NI /', NI /,

N~ Il" nS\ S\ QOBS~1 /"1 /" 5 A conpound as
claimed in,anyone of .clains 1 _to .4, erein Ais the
4. f}é|crqmpwgnd Aplalmed anyoge of aRiSolt VRIS ane of the
followfHy Wg:clains | to 4, wherein Ais the follow ng
residue: I\ \' WD 2005/ 064006 PCT/ EP2004/ 014753 48 7.

A conpound as gRgrfgd i n afiypfis, of cl a® to 4,
wherein Ais ta okl owi n sh.due: _ A process
for the production of a conpound as clainmed in anyone
of clains I
RS S S e
| 0. O
N/ S \ . <\~l
o o} e S
—<\]©\ %\:@ ﬂ\,:©m
I . |
S e -
<1 0O <10
OGNS ®
N/ S | N/ e = S
~I. <0
oTBS \ \

5. A compound as claimed in anyone of claims 1 to 4, wherein A is the following
residue:

6. A compound as claimed in anyone of claims 1 to 4, wherein A is the following
residue:



to 7 froma | -ketoester of general formula IV A COZR
(I'V) O wherein A and R have the sane neaning as in
w@ebk@sosdpe by nmeans of a chemical or m crobi ol BQI/ERL000014753
enzymatic reaction. 9. A prékess as clained in claim
8, wherein the chem cal reduction is carried out by
means of an asymmetric reduction with a chiral netal
7.  dAcampsundids chaipredciasanyenecoitlainds ifrtood avhesin vhisrthai following
residut he m crobiogical reaction is carried out by neans of
&h asymmetric reduction with a m croorgani smof the
species baker's yeast, Bgettgronyces bruxellensis,
Candi da al bi cans, Candi i, Candida
gropengi esseri, Candi da pndi i, Candi da kefyr,
Candi da pini, Candida r ux ~Aandi da sol ani, Candi da
tropicalis, Candida utilis, Candida valida,
Clostridiumbeijerinckii, Costridiumpasteurianum

er ans .

5. RERERTELIn oo oL e RGREE R BB anyone of claims
to 7 froeba Ryletyssie riof eeinepaldormabyf yonyces vini,

Endonycopsi s fibuliger, Hanseniaspora guilliernondii,

Hanseni aspora osnophil a, Hanseni aspora uvarum

Hansenul a capsul at g3 Hansenul a hol stii, Hansenul a

pol ynor pha, Hansenul S RUs, Hansenul a silvicol a,

| ssat chenkia orientallls, K deckera(®)cul ata,

Kl oeckera corticis, K oeckera javanica, Kl oeckera sp.,

Kl uyveronmyces lactis, Kluyveronyces marxi anus

Kl uver onyces sphaerica, Lactobacillus kefir, Nadsonia
wherei! AVASE BRav EXhesRhe Wé@l‘ﬁngféé_)ﬁp@lbﬁﬁ 1, ByEfHeand iR bAemical or

. Pichia cactophila, Pichia arinosa, Pichia

microbiglogiaal ahenzpmeticaenstieni i, Pichia jadinii, Pichia

nmenbr anaef aci ens, Pichia p aperi, Pichia silvicola,

Pi chia subpel licul osa, Pichia w ckerham i, Rhodotorula

9. \VOpPshissORMMED iRCTAIRPE0AMEdiA t1h8 chkhsieal reduction is carried out
Rhodotorul a glutinis, Rhodotoruy/a mnute var. m nuta,

by megps ahasysuetie redyctioaith achiishmetgleatalyst. i i |
Saccharonyces bayanus, Saccharomyces carlsb. strain
Herrli berg, Saccharonyces carl sbergensis,

10. Sepodcessmsekinmdcein claime,8, wherein the microbiogical reaction is carried

out by means of an asymmetric reduction with a microorganism of the species
baker's yeast, Breftanomyces bruxellensis, Candida albicans, Candida boidinii,
Candida gropengiesseri, Candida guilliermondii, Candida kefyr, Candida pini,
Candida rugosa, Candida solani, Candida ftropicalis, Candida utilis, Candida valida,
Clostridium  beijerinckii,  Clostridium pasteurianum, Cryptococcus laurentii,
Cryptococcus macerans, Debaryomyces hansenii, Debaryomyces kloeckeri,
Debaryomyces  nicotianae,  Debaryomyces vinii Endomycopsis fibuliger,
Hanseniaspora guilliermondii, Hanseniaspora osmophila, Hanseniaspora uvarum,
Hansenula capsulata, Hansenula holstii, Hansenula polymorpha, Hansenula
saturnus, Hansenula silvicola, Issatchenkia orientalis, Kloeckera apiculata,
Kloeckera corticis, Kloeckera javanica, Kloeckera sp., Kluyveromyces lactis,
Kluyveromyces marxianus Kluveromyces sphaerica, Lacfobacillus kefir, Nadsonia
fulvescens, Octosporomyces octosporus, Pichia anomala, Pichia cactophila, Pichia
farinosa, Pichia fermentans, Pichia holstii, Pichia jadinii, Pichia membranaefaciens,
Pichia pijperi, Pichia silvicola, Pichia subpelliculosa, Pichia wickerhamii, Rhodotorula



Saccharonyces chevalieri, Saccharonyces exiguus,
Saccharonycopsis fibuligera, Saccharonyces paradoxus,
w@amshetoosryces pastorianus, Saccharomyces pasPOY/EP2W0$014753
formerly Saccharonycopsi §bcapsul aris, Saccharonyces
sp,, Schizosaccharonyces ponbe, Schizosaccharonyces
oct ospor us,  Sporohol o coralliforms,
flava, W@f%n?’@@@’ssaﬁﬁﬁ r%&"@r NN ¥BE| @’6#‘4@&13 Saccharomyces

ac;d:ﬁca«TMl ?9 Ces/%'yllé% ?}éll %aochyr b bagﬁh[@ r&acon romyces carisb.

0Ss ac aro er nen
strain Hg@hfmg,c h aaoniga/@m WoBEX i aarlsbaerge%sm, oc®scchasomyeasredairavisiae,

Sacohargrycas rfgmvah%rl FEAgoRpICeS elldis, SAEqBTNE0RYS Mbuliger,
SaccharBhfg‘JgB? d i J§5 ' S‘aecﬂaﬁyﬁn A rei tcs’ﬁ%m{%g er BedbALFomyces

uct o total synt i's of epot
pastor/aiwlml vmrmdy Bﬂcctﬂemmﬁcawsm O CERBS UdeH 1S | aSaeMaan{cmsrs sp.,

Sch ollforthesgé} f starti n or :Tgo g?
¢ 'ZOS%‘?%’&’G‘&WC%P 't OYUF REYTKCRT O B@Pﬂr L{So orobolomyces
coramforﬁﬁél $§bl’dtﬁ>?om}€es é\ammwaﬂ PO rutpaey ainufso TRybAopYs vArabilis,

wherein A'and R have the same neani ng
Tremelleas fumfomvea, m Waltwycw cdigpind Za(goea@ahaé@nyﬂem fermeritati or

ZYQOSaCyﬂ%f&hgcé%}o%xeﬂ hyl or ethyl. 16. A conpound as

I'n "anyone of clains 14 or 15, wherein A is one
of the follow ng resi dues V\D 2005/ 064006 50
PCT/ EP2004/ 014753 N~---, NN S-S OIBS N |
1. Anregessras KIaigiashoiinelain 16 éom?éam. weawgﬁéﬁ@rgen'sm ysad isaPichia

wickerh&Hii m’:o W)@l n Ais the follow ng residue:

12.  Use of a compound as claimed in claims 1 to 7 as starting or interrmediate
product for the total synthesis of epothilone derivatives.

13. Use of a process as claimed in claims 8 to 11 for the synthesis of starting or
intermediate products for the total synthesis of epothilone derivatives.

14. A compound of general formula 1V,

A

WI/\COZR (V)

0
wherein A and R have the same meaning as in claim 1.
15. A compound as claimed in 14, wherein R is methyi or ethyl.

16. A compound as claimed in anyone of claims 14 or 15, wherein A is one of the
following residues:



I '\ N/ 18. A conpound as clained in anyone of
clains 14 or 15, wherein Ais the follow ng residue:
WO D0508100A conpound as clained in anyone of clBCTEPI4/014753
or 15, wherein Ais the f¥ lowng residue: S WO
2005/ 064006 PCT/ EP2004/ 014753 51 20. A process for
the production of a R Ketoester of general forrmula IV

as clained i ne ofNC 14- 19 m conpounds
of gener al fo'rl ~VI | K, RY\J O AOH YY
OK+ OO (VII) (M11) wherein the acid of general
formula VI1 is first activated with

N, N- car bodi i , f d by a{;@'i't u reaction
with a silyl esgersprepar .depr oty on with a
strong base of a conpound of general formula VIII and
reaction'vvithtrirrethyl silyl chloride, followed by
aqueous pr ocess 21. Agpregess as \-- inclaim
20, wherein R% hyI %@ ocess as

cl ai med i n any¥ne>of or 21 mhereln

potassiumtert- butyl ate is used as the strong base.

) P !
<0 <1J <1
el ee)

17. A compound as claimed in anyone of claims 14 or 15, wherein A is the
following residue:

18. A compound as claimed in anyone of claims 14 or 15, wherein A is the
following residue:

19. A compound as claimed in anyone of claims 14 or 15, wherein A is the

S
—~ 1.

following residue:



23. A process as clained in anyone of clainms 20 to 22,
wherein lithiumchloride or |ithiumbromde is added
WO e00shetoder stirrability. 24. Use of a conpounBCEHEP2004/014753
claimed in clainms 14 to 195ms starting or internediate
products for the total synthesis of epothilone
derivatives. 25. Use of a process as clained in clains
20. - ?Fdée§§f6r0!hetﬁlﬁdﬁzﬁmm§ﬁa$s Réto%%wrtdfmn@ral formula IV as claimed
_ intermedi ate products for the total synthesis of
in anyepeohclaing 1419, feam gegpounds of general formulae Vll and VI,

T
(o) (0]
A _OH
Y O-K+
8}
0}
(VII)

(Vi)

wherein the acid of general formula Vi is first activated with N,N-carbodiimidazole,
followed by an in situ reaction with a silyl ester prepared by deprotonation with a
strong bése of a compound of general formula VIl and reaction with trimethy! silyl
chloride, followed by aqueous processing.

21. A process as claimed in claim 20, wherein R is methyl or ethyl.

22. A process as claimed in anyone of claims 20 or 21, wherein potassium tert-
butylate is used as the strong base.

23. A process as claimed in anyone of claims 20 to 22, wherein lithium chloride or
lithium bromide is added for better stirrability.

24. Use of a compound as claimed in claims 14 to 19 as starting or intermediate
products for the total synthesis of epothilone derivatives.

25.  Use of a process as claimed in claims 20 to 23 for the synthesis of starting or
intermediate products for the total synthesis of epothilone derivatives.



