WO 03/ 016543 PCT/ US02/ 26810 ENZYMATI C RESCLUTI ON OF T- BUTYL TAXANE

DERI VATI VES Rel ated Application This application clains benefit to

provi si ormab oappdskxation U.S. Serial No. 5 60/313,757, fi lped/tAamemsio 21,
2001. Field O The Invention The present invention is directed to the
enzymatic resolution of taxane 10 derivatives and to nethods of preparing
orally active aBNZYMBTIC hoTIONrOMTsBUT LakAKANEeD SBackgr ound
O The Invention 15 Paclitaxel is a natural product extracted fromthe bark
of Pacific yew trees, Taxus brevifolia and the active constituent of the
anticancer agent TAXOL(r). It has been shown to have excellent antitunor

activity inin vivo aninal nndelé, an regent studi es have elucidated its
uni que node of action, which inv N pol yrreri zation of tubulin
and disruption of mtosis. It 20 is used clinically against a nunber of
human cancers. | tTHisapplidatipardaints bereiic & proyésiondl applicatiorald&utSaral Np. and
comercially. Nunmerous clinical trials are in progress to expand and

i ncrease thesgiis by, Mbdtigase@edoder the treatnment of human
proliferative diseases. Thé results of TAXOL(r) clinical studies have been
revi ewed by nunerous authors. A very recent conpilation WO 03/016543

PCT/ US02/ 26810 of articles by a nunber of different authors is contained
in the entire issue of Sem nars on Oncol ogy 1999, 26 (1, Suppl 2). O her
exanpl es are such as by Field Of The Invention

The present invention is directed to the enzymatic resolution of taxane
10 derivatives and to methods of preparing orally active antitumor compounds

from said taxane derivatives.

Background Of The Invention

15 Paclitaxel is a natural product extracted from the bark of Pacific yew
trees, Taxus brevifolia and the active constituent of the anticancer agent
TAXOL®. 1t has been shown to have excellent antitumor activity in in vivo
animal models, and recent studies have elucidated its unique mode of action,
which involves abnormal polymerization of tubulin and disruption of mitosis. It

20 is used clinically against a number of human cancers. It is an important
cancer agent both therapeutically and commercially. Numerous clinical trials
are in progress to expand and increase the utility of this agent for the
treatment of human proliferative diseases. The results of TAXOL® clinical

studies have been reviewed by numerous authors. A very recent compilation



Rowi nsky et al. in TAXOL(r): A Novel Investigational Antim crotubule Agent,
J. Natl. Cancer Instl, 82: pp 1247-1259, 1990; by Row nsky and Donehower
in 5 "ThewGOlo3niesas Phar macol ogy and Use of Anti m crot ubul @CAgesat/gesiin Cancer
Chenot herapeutics,” Pharmac. Ther., 52:35-84, 1991; by Spencer and Faul ds
in "Paclitaxel, A Review of its Pharmacodynam ¢ and Phar macoki neti c
Properties ehartitias byaununbeekdifferant aythdis isrceatairast inoheceicedssuerplugs, 48
(5) 794-847, 1994; by K. C. Nicolaou et al. in "Chem stry and Bi ol ogy of 10
TAXOL(r)," Segdnars@redncology.1980, 264 SupB2). Chhdrexdrdplés avg shciAasHyl nes,

A. P. Kudel ka, J.J. Kavanaugh, M H. Huber, J. A Ajani, V. Valero in the

book " Taxap@widk/Ccanaen PARDLS: Ravbiel Savedticational AntirmierstubilatAgéntedi ted by
Gunda |. Georg, Thomas T. Chen, Iwao Qinma, and Dolotrai M Wyas, 1995,

Aneri can Chgi,c | ek h‘léﬁ- 5 O Lﬁ}ﬁfl 15 and
lI§>ar ll\)/grﬁ Bl ay fltﬁain§8ﬂ]rgsttlb§§¥\ﬁﬁ Cf%?%’@c%ozn%ggﬁgwgﬁkgp |cgtgp%ﬁ65\'pélgl§]i ted

y thew S Ness. S, CRC Press. lnc., a Raton, F l.da -416;
andI al o : n %a@@}gﬁ%@a&f’{% ?'ﬂ%r%?%.c’f '@E%"!Oékﬂﬁ?'ﬁe)f“ﬁ%'l“gﬁ‘2| ééﬁg?'l
paclitaxel named docetaxel has also been 20 found to have _good antiftunor
activity anfhesatherapeulice” i RaE¥acent heF. tf??é35'§6mﬂa?%1;agb’ysg99??%tﬂ cancer
agent TAXOTERE(r). See, Biologically Active Taxol Analogues wth Deleted
A- Ri ng Si deF@hlisrin $BbslitaxelcAtBeview ofalsi %rnﬂrmaogdznawmcbghatm@@@smgt!c Med.
Chem, 34, pp 1176-1184 (1991); Relationships between the Structure of
Taxol Anal ogugserties ahdeThierApeutic Potentialirt the Treathent o Cafces! Died 318

PCT/ US02/ 26810
(5) 794-847, 1994; by K.C. Nicolaou et al. in “Chemistry and Biology of
10 TAXOL®” Angew. Chem., Int. Ed. Engl., 33: 15-44, 1994; by F.A. Holmes,
A.P. Kudelka, J.J. Kavanaugh, M. H. Huber, J. A. Ajani, V. Valero in the book
“Taxane Anticancer Agents Basic Science and Current Status® edited by
Gunda l. Georg, Thomas T. Chen, lwao Ojima, and Dolotrai M. Vyas, 1995,
American Chemical Society, Washington, DC, 31-57; by Susan G. Arbuck
15 and Barbara Blaylock in the book * TAXOL® Science and Applications” edited
by Mathew Suffness, 1995, CRC Press Inc., Boca Raton, Florida, 379-416;

and also in the references cited therein.

A semi-synthetic analog of paclitaxel named docetaxel has also been

20 found to have good antitumor activity and is the active ingredient of the
commercially available cancer agent TAXOTERE®. See, Biologically Active

Taxol Analogues with Deleted A-Ring Side Chain Substituents and Variable

C-2’ Configurations, J. Med. Chem., 34, pp 1176-1184 (1991); Relationships

between the Structure of Taxol Analogues and Their Antimitotic Activity, J.



Med. Chem, 34, pp 992-998 (1991) incorporated herein by reference. A
review of the clinical activity of TAXOTERE(r) by Jorge E. Cortes and
Ri chard weadwoiesias appeared in Journal of Cinical Oncol @gy/ubs99281d3( 10),
2643 to 2655. The structures of paclitaxel and docetaxel are shown bel ow

along with t he_conventi onal erin stem for nol ecul es bel ongi ng to
the class: Me¢hChEMrertngPsH22- @gg ggq)séa/%ﬁ)@% hereinnby retssenceat ifn.
NHRO RQ' O - Il 10 H 3 2 Ph 0111 13 7 OH2 H4 HO= OBzOAcO

pacl i taxel (@wEaLgfrthe:clirical pptivilgiof= TAX@tTﬁRE%bmdongeaEeCo(nemamER@(mayd R =
t-butoxy; R1 = hydrogen Anpl e evidence that paclitaxel has no oral activity
can be foundPadduhihas dgpeaired liwWoneal whtGlinicad rOMSlogat 905, aB0),c264P o VO

98/ 53811 by inventors Sanuel Broder, Kenneth L. Duchin and Sam Selim and

the referenggsscitiRdstructures of paclitaxel and docetaxel are shown below along with

5 the conventional numbering system for molecules belonging to the class;

such numbering system is also emploiled in this application.

paclitaxel (TAXOL®): R = Ph; R' = acetyl

10 docetaxel (TAXOTERE®): R = t-butoxy; R' = hydrogen

Ample evidence that paclitaxel has no oral activity can be found within
the following quote from PCT patent application WO 98/53811 by inventors
Samuel Broder, Kenneth L. Duchin and Sami Selim and the references cited

15 within the quote, which says: “Paclitaxel is very poorly absorbed when
administered orally (less than 1%); see Eiseman et al., Second NCI

Workshop on Taxol and Taxus (Sept. 1992); Suffness et al.,, in TAXOL

Science and Applications (CRC Press 1995). Eisemann et al., indicate that
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15 within the quote, which says: "Paclitaxel is very poorly absorbed when

adm nistered orally (less than 1% ; see Ei seman et al., Second NCl
Wor kshop w0 03axesh3 and Taxus (Sept. 1992); Suffness et al. PCIruStz63io
Sci ence and Applications (CRC Press 1995). Eisemann et al., indicate that

-3 WO 03/016543 PCT/ US02/.26810, . pac] |t axel ha hi oavail abi |l jty of 0% upon
oral adm ni RAHiEEhhand RigavaBbURE! 0% Uson ad Admparagen AndatdingShiath
paclitaxel did not seem possible since no evidence of antitunor activity
was found orflorrapoddivahiosalr desing With trachteael digt kgt sggm possiblee sincaono
effective nethod has been devel oped to enable the 5 effective

admi ni st r at ievidarfceoofilanpiarhornt astality(was.fouad nort loeal administratiosi og toh#60r al

bi oavail ability of paclitaxel) or of other oral taxanes or paclitaxel

anal ogs suc hngﬁk@/d&?@W@P@ﬂveﬂﬁﬂcﬁéﬁ@éfhébﬁéth@ﬂtﬁé%n asld|¥péd to ERAbIENRE
reason, paclitaxel "has not until now been adm nistered orally to human

patients, a Al ARV : cqr ' ; :
Dacl | 1 ool - TAEENE BURsDaiol Bf olafPabRASItiS: 4 MEMAT Sy porsasing e pral,
fromthe Lancet, .Jul.y 25th 1998, val . 352 e 285 als descr,ibes the | ow
bi oavai | abi 1oy ABbilEEPdhutae o otes il BERrRP bt hEaNngS SU ™ uor
nodel s (sc MLO9) w thout signs of any efficacy _and have concluded, |ike
Suf fness, t st d9qataxelwhisl iexghiloantdumer astivith. dEoethis caasereRraglitaxgbbad t oxi ¢
doses were not reached. Furthernore, our own attenpts to is denonstrate
activity fomaduatil powdeeni adrinisiereacoratiyice huagai pastents; rand certainly nadiiogr af t s
implanted in either athymc mce or athymc rates have to date been
unsuccessf ulthe course or treating paclitaxel-responsive diseases.” Another report by J.
10 Terwogt et al., from the Lancet, July 25" 1998, vol. 352 page 285 also
describes the low bioavailability to doses as high as 160 mg/kg/inj in murine
(mouse) tumor models (sc M109) without signs of any efficacy and have
concluded, like Suffness, that further dosing would not provide efficacy even
though toxic doses were not reached. Furthermore, our own attempts to
15 demonstrate activity for orally administered paclitaxel against human tumor

xenografts implanted in either athymic mice or athymic rates have to date

been unsuccessful.

The present invention provides for the enzymatically resolution racemic

20 mixtures of particular effective water soluble C-4 taxane analogs disclosed in
copending U.S. Patent Application Serial No. 09/712,352, incorporated herein

by reference, which have oral activity and thus would have utility against
proliferative diseases after oral administration. Some of the background art

pertaining to this invention are shown below.



The present invention provides for the enzymatically resolution racemc 20
m xtures of particular effective water soluble C4 taxane anal ogs di scl osed
in copendong/ossss Patent Application Serial No. 09/ 712, 3%ZI/USozesspor at ed
herein by reference, which have oral activity and thus would have utility
against proliferative diseases after oral adm nistration. Sone of the
background art pertaining to this invention are shown below. -4 WO

03/ 016543 PCT/ US02/ 26810 Certain taxane derivatives with nodifications at
the G4 hydroxy ' ifH the G54 WyBroxyagenp No.
5,808,102 to Posgé@%ma{ﬁ@%rqgﬁ%@%a@m ?ﬁ%&éﬁd&ﬁ)@ﬁtﬁ Appl i cgti o)&r?egNo. bV\AD

94/ 14787 contain descriptio f ,taxane analogs with nodifications at the
C- 4 positi orve ‘aiﬁ{bae?‘?f%éé’dﬁéhgﬁﬁal ., describe the synthesis of a C4 ester
analog in io Tetrahedron Letters, 1994, 35(48) 8931-8934. S. Chen et al.,
describe the synthesis of a G4 cyclopropyl ester analog in Journal of
Organic Chem stry 1994, 59(21), 6156-8. 15 U. S. Patent No. 5,840,929 to
Chen, $hu-Hui coyas.ipgehhRoCA5 1BeBNDRYto Pbsskt di hndtPOEPublished RatemMovenber
24, 1998. Chen, Shu-Hui. First synthesis of C4 methyl ether paclitaxel

anal ogs an Hnexpec By i fendai dvith
bacca’? in | IIﬂpblt‘b%lgae;%hggréo?\@/ﬁg???IcrfétQéglf] %;?9%@%825 39%?.(d a‘ll'ﬁ% f(;I | ow ng

reference o SoSSRS 8o {HIRGIs Slsifisds.e5ter or carbonate

Gunda I. Georg et al., describe the synthesis of a C-4 ester analog in

10 Tetrahedron Letters, 1994, 35(48) 8931-8934.

S. Chen et al., describe the synthesis of a C-4 cyclopropyl ester analog

in Journal of Organic Chemistry 1994, 59(21), 6156-8.

15 U.S. Patent No. 5,840,929 to Chen, Shu-Hui covering the C4 methoxy

ether derivatives issued on November 24, 1998.

Chen, Shu-Hui. First synthesis of C-4 methyl ether paclitaxel analogs
and the unexpected reactivity of 4-deacetyl-4-methyl ether baccatin Il

20  Tetrahedron Lett. 1996, 37(23), 3935-3938.

The following reference discusses a number of C-4 ester or carbonate
analogs: Chen, Shu-Hui; Wei, Jian-Mei; Long, Byron H.; Fairchild, Craig A.;

Carboni, Joan; Mamber, Steven W.; Rose, William C.; Johnston, Kathy;

-5-



anal ogs: Chen, Shu-Hui; Wi, Jian-Mi; Long, Byron H; Fairchild, Craig A ;
Car boni, Joan; Manber, Steven W; Rose, WIlliam C.; Johnston, Kathy; -5 WO
03/ 016543wB@3h1S@R/ 26810 Casazza, Anna M ; et al. Novel @cd/ysavbidsi@axel
(Taxol ) anal ogs: potent antitunor agents. Boorg. Med. Chem Lett. 1995,
5(22), 2741-6. The preparation of C-4 aziridinyl carbanmate anal ogs has been
5 descri bedga@az&eAnng M. Hut; aFaNoedli 1044 Eadlitaxell (TaxolByanaivgs: BiRbhesi s
and Biological Evaluation of Novel C-4 Aziridine-Bearing Paclitaxel

( Taxol ) Angbﬁ%orlaoqrel}{ﬁ!ég MdP Bhen 8l d1R)109868(22), Il -Bol | owi ng paper s

describe re i-ons rmati ons rch are 10 described as of C 4
anal og preparation: A new nethod to nodify the G4 position of
10-deacetyl baccatin Il1l. Uoto, Kouichi; Takenoshita, Haruhiro; Ishiyang,
Takashi; Terasawa, Hirofum ; Soga, Tsunehi ko, Chem Pharm Bull. 1997,
45(12), 2093- 209Fhelprépanatianaphké;4 Gazitidiny! NarbrmAte 1@110gS - hag | e on,
David G |. Mdified taxols, 8. Deacylation and reacylation of Baccatin
111, J.5 Nat qeBeskd inl t9n, SHBMHuI; FdrcRid, Caidetdra, Bypon bk, Syathesisnam,
Lalith R; Ceorg, Gunda |I.. 4-Deacetyltaxol and

10- Acet yl - 4@®?§%yl %%@5?’? oOUIGVEES C54 apgir@ird-Beadng Puaelitarel dfiaxdl) Med.

Chem 1994, 0. Inspite of the above-nentioned exanples of C4
anal 0gs of 4 iogs. J. Med. Chem. 1995, 38(12), 263-7.

The following papers describe reactions or transformations which are

10 described as of C-4 analog preparation:

A new method to modify the C-4 position of 10-deacetylbaccatin [l
Uoto, Kouichi; Takenoshita, Haruhiro; Ishiyama, Takashi; Terasawa, Hirofumi;

Soga, Tsunehiko, Chem. Pharm. Bull. 1997, 45(12), 2093-2095.

15
Samaranayake, Gamini; Neidigh, Kurt A.; Kiingston, David G. |
Modified taxols, 8. Deacylation and reacylation of Baccatin IIl. J. Nat. Prod.
1193, 56(6), 884-98.
20 Datta, Apurba; Jayasinghe, Lalith R.; Georg, Gunda .. 4-Deacetyltaxol

and 10-Acetyl-4-deacetyltaxotere: Synthesis and Biological Evaluation. J.
Med. Chem. 1994, 37(24), 4258-60.

Inspite of the above-mentioned examples of C-4 analogs or
methodology to prepare them, no evidence of orally active C-4 analogs has

-6-



met hodol ogy to prepare them no evidence of orally active C4 anal ogs has
-6 WO 03/016543 PCT/ US02/ 26810 been supplied. The present invention

provi des wWOmabhie3 of resol ving racem c mxtures of C 4 amalrags2/wdsich have
oral activity. The follow ng references describe nmethods or possible

thods for , 5 orally active .. Methods for adninjstering t i
the pr esencd®i HRRIEG: dre HEvent BaMipoidEs 2 Bt BLESCMID BaIAe of

taxanes in the plasma after oral, adm nistration: Terwogt, Jetske M
Meerum Bei jAkiires 8§ Gef anzlogspykirlehaye orliaatiMity. W m W ; Rosing, Hil de;
Schell ens, Jan HA M Coadm nistration of cyclosporin enables oral therapy
with paclitaxel. Lancet (1998), 352 (9124), 285. Terwogt, Jetski M
Meerum Malingre, Mrte M; Beijnen, Jos H; 15 Huinink, WmW ten

Bokkel ; Rosing, Hil de: r;g@; i X el ld.r i re,
Mart ha; Schel | ensHtHeJ gonllolkfﬁ'?% rgﬁ%e?né]giﬁg%ﬁfbaég meéxg{fs cg)}a[} Aés&“;%ﬂgggc?r%fgnfoi,\a
enabl es_oral tﬂgr@ Wth paclitaxel. din. Cancer Res. (1990), 5(11),
3379- 3384, A2 e laxgle%n B. A nethod of naking taxanes orally
bi oavai |l abl e by coadm nistration with cinchonine. PCT Int. Appl. WO
97/ 27855 published August 7, 1997. Broder, Sanuel; Duchin, Kenneth L.;
Selim Sam . Method and conpositions for admnistering taxanes orally to
human patients u\igBods for administering taxanes in the presence of modulators have
been reported to increase the amount of taxanes in the plasma after oral
administration: Terwogt, Jetske M. Meerum; Beijnen, Jos H.; Ten Bokkel
10 Huinink, Wim W.; Rosing, Hilde; Schellens, Jan H. M. Coadministration of
cyclosporin enables oral therapy with paclitaxel. Lancet (1998), 352 (9124),

285.

Terwogt, Jetski M. Meerum; Malingre, Mirte M.; Beijnen, Jos H.;

15 Huinink, Wim W. ten Bokkel; Rosing, Hilde; Koopman, Franciska J.; Van
Tellingen, Olaf; Swart, Martha; Schellens, Jan H. M. Co-administration of oral
cyclosporin A enables oral therapy with paclitaxel. Clin. Cancer Res. (1990),

5(11), 3379-3384.

20 Hansel, Steven B. A method of making taxanes orally bioavailable by
coadministration with cinchonine. PCT Int. Appl. WO 97/27855 published
August 7, 1997.

Broder, Samuel; Duchin, Kenneth L.; Selim, Sami. Method and

compositions for administering taxanes orally to human patients using a

-



-7 WD 03/016543 PCT/ US02/ 26810 cycl osporin to enhance bioavailability. PCT
Int. Appl. WO 98/53811 published December 3, 1998. These reports contain
no antit uwwordeidsuzacy data but the presence of taxanes i RCTHESOpi@sima i S
extrapolated to show their potential for anticancer utility. 5 At | east
one report of oral activity of prodrugs in preclinical animal npdes has
appear ed i nychpbrihoto aihanSeobmavBrabilityl ; R@downt. Japel. F. WQ/SR/538bbI at r ai
M Preparation of paclitaxel prodrug derivatives. Eur. Pat. Appl. EP

747385 publd e erld, 19996. T aipdhtsbisrasiai hakirttituriookfficaey pr odr u
i 0o which hapdﬁgra? efficacy was not discl osf?d an no further reports }cl)l‘o thesg

conpounds pr;a‘%%;q%iiﬁé‘§5%ﬁ%n%@?ff3§¥%1%ﬁ§"’e®h asai¥ xBapBlatdd tdBheRIhemct

(rjn_eigril\gi ng_ | t thogA _ oral activity against tunors in
( s disc oseg a e Anerican Association is of Cancer Researchers in
Phi | adel phl%Pt?ﬂ“?!L' QantpRECceetWit¥nce for the abstract is: Pratesi G Poli zzi
D, Totoreto M R va A Bonbardelli E, Zunino F: | ND5109 a new t axane
actives affter oral adm’ nistrati on. Proc Am Assoc Cancer Res 1999 40 Abs
1905, Istituto Nazionale Tunori, 20133 Mlan and |ndena SpA, 20139, MI an,

Italy. The str “CAPTéeas‘Pfor{eihP SPBP A abtvigubt pradtugs fihepreitinitalaaniomatpounds

?ﬁscribed in the present invention. Unliké the conpounds enconpassed by

e present_inventio I L I 1 a : catin

111 and has™g eﬁ@@?a&é’%ﬁ h%neﬁﬂegb(?)&gﬁ'g?%ﬁg’ Et% gmé’ RaBoha DA FxyVias
Dolatrai M. Preparation of paclitaxel prodrug derivatives. Eur. Pat. Appl. EP
747385 published December 11, 1996. The oral bioavailability of the prodrug

10 which had oral efficacy was not disclosed an no further reports of these

compounds progressing to man have appeared.

Very recently, an abstract describing a taxane analog (IDN-5109) with

oral activity against tumors in mice was disclosed at the American Association

15 of Cancer Researchers in Philadelphia in 1999. The reference for the
abstract is: Pratesi G. Polizzi D, Totoreto M, Riva A, Bombardelli E, Zunino F:
IND5109 a new taxane active after oral administration. Proc Am Assoc
Cancer Res 1999 40 Abs 1905, Istituto Nazionale Tumori, 20133 Milan and
Indena SpA, 20139, Milan, Italy. The structure of this compound is quite

20 different than compounds described in the present invention. Unlike the
compounds encompassed by the present invention, IDN-1 509 is derived from

14-betahydroxy baccatin Ill and has an acetate on the hydroxy group at the

C-4 position.



C-4 position. -8 WO 03/016543 PCT/ US02/ 26810 Two references on the
activity of this conpound are included for conpleteness. N coletti M,
Rossi C, Wobmanda34L, Stura S, Morazzoni P, Bonbardelli 5 BCTNSbD2481G

G avazzi R : Antitunor efficacy of the paclitaxel anal ogue, |DN5109, on
human ovari an caci noma xenografts with different sensitivity to the

pacl i taxel . ProcTwm refemnceancrerthReactivitgoois thisbeompaeond [#Feainshgiedaforons] .
10 Polizzi, Donatella; Pratesi, Gaziella;, Tortoreto, Monica; Supino,
Rosanna; R ¥empliée | a; Bonbardel | i, Ezio; Zunino, Franco. A novel taxane
wi th inproved Pol erability and therapeutic activity in a panel of human
tunor xenografts. Cancer Res. 1999, 59(5), 1036-1040. 15 Paclitaxel is a
hi ghly schedul e dependent drug that benefits traditionally from prol onged
tunor exposure times. This relates to paclitaxel's nechani $n of ch_i on as
t axanes only recdipslett MihdRessidCt MODHBPOpQI, e Sellorazzans For Q’UtPﬁJ%ﬁ ! whi ch
occurs only during a brief period of the cancer cell cycle. The currently
used i Bt r avEnoUslotinGuskianazzilR3 Woditwhomresflicaoy obdtie! paditaxal captleguend

ef fi caci ous and preclude the routine use of protracted (>24 hours)

continuous FSNSHYY &5n hURERVEVariadlcaditdmb emografiy with aifferentisensitivilyl tant  and
cost effective way of acconplishing such extended duration of exposure.

Recently, cljdi saliitastd! | t PrBas agh SAsRBEN CIpBNSHedt efbgesi #8 Abs 1910

[Evals+citations].

10 - Polizzi, Donatella; Pratesi, Graziella; Tortoreto, Monica; Supino,
Rosanna; Riva, Antonella; Bombardelli, Ezio; Zunino, Franco. A novel taxane
with improved tolerability and therapeutic activity in a panel of human tumor

xenografts. Cancer Res. 1999, 59(5), 1036-1040.

15 Paclitaxel is a highly schedule dependent drug that benefits
traditionally from prolonged tumor exposure times. This relates to paclitaxel's
mechanism of action as taxanes only recognize and bind to the polymerized
state of tubulin which occurs only during a brief period of the cancer cell
cycle. The currently used intravenous infusions (1-3 hours) are now readily

20 accepted and efficacious and preclude the routine use of protracted (>24
hours) continuous schedules. However, an oral taxane may provide a
compliant and cost effective way of accomplishing such extended duration of
exposure. Recently, clinical utility has also been demonstrated using

repetitive once weekly administrations of moderate (i.e., other than maximally

9.



repetitive once weekly adm ni strations of noderate (i.e., other than

maxi mally -9 WO 03/016543 PCT/ US02/ 26810 tol erated) doses of TAXOL(r) and
an oral twwan®iesedll d be ideal for such protracted regi neR€T/USH26810
purported clinical indications for taxanes use (e.g., rheunatoid
arthritis, multiple sclerosis) would also benefit fromthe availability of
an oral taxafeated) dusas! yf AANOL%S aodedn airabtaxane wexichdenklead fer sUEBr bot h
an attractive alternative fromthe parenteral fromthe format of current
clinical taxafactsaesyimens. aouéeplipditedhelirgsiuindcationafoadexdresause  of

t he many avenues of scheduling yet to be investigated. Thus, it is clear

there is a rgﬁ.fagrgglgﬁlgtéi agr’lflﬂ}ﬁsderpﬁlgfs%{‘%éle'k&is% RoURS alsed beingfil Yronesakved

formw th bot ora oavail a ty and ‘good oral efficacy, which are
conparabl e to.paclitaxel adm niste - Ghe Wasuld
| nventi on 1%"314%55'& 8€3Ht°rf"ﬂ{$§ﬁp§bn 'ﬁ%@%%@%ﬁ{'%%ég ?',%Ie flbchen%a net hods for
the resolution of enantiomeric m xtures, preferahly,racemn i ras, of
conpouhds i féait Petheanaatirgglive @J}?éﬂaﬁveuggmu eagaf‘?l'ﬁﬁ%rlrefg‘?rﬁmg% fgﬁé{a‘r't:eoq
preparation of orally adm nistered taxanes such as taxol, and thus for the
st er eospeci éurcentralipisehtaxaneaisagee 8ad copgisntididherapeytic advRBIRIZHRAAUSE! t he
20 invention the resolved enantioners are used to prepare taxanes useful
for oral aghniheiraampavenudsoofisehedblirgpyetidode innestigated.udi ng humans.
Specifically, the present invention provides a nethod for the resolution
of a mixture conprising the enantionmers of formulas [a and I'b, where Rl is
in
Thus, it is clear there is a great need to provide taxanes in a pure,
10 highly resolved form with both good oral bicavailability and good oral efficacy,

which are comparable to paclitaxel administered parenterally.

Summary Of The Invention

15 The present invention provides, in part, efficient methods for the
resolution of enantiomeric mixtures, preferably racemic mixtures, of
compounds identified as particularly useful as intermediates in the
preparation of orally administered taxanes such as taxol, and thus for the
stereospecific preparation of these compounds. In a further aspect of the

20 invention the resolved enantiomers are used to prepare taxanes useful for

oral administration to warm blooded animals including humans.

Specifically, the present invention provides a method for the resolution

. . 1.
of a mixture comprising the enantiomers of formulas la and Ib, where R" is In

-10-



-10 WO 03/016543 PCT/ US02/ 26810
group in both fornulas la and I b as
R~ t - but yWolob/o14343 N O
t-butyl group in both formulas Ila

shown bel ow.

to and Ilb: R1

-11 WD 03/ 016543 PCT/ US02/ 26810 R1 t-butyl
the cis position relative to the t-butyl group in both formulas la and Ib as

shown below.

1
R/,, W t-butyl
C - N\
/N
O
5
1
R t-butyl

the cis position relative to the t-butyl

t-butyl | I la CNO 5

or where RL is in the trans positipom/uset/adsive to

“t-butyl Ho C- NOH

Ia

or where R is in the trans position relative to t-butyl group in both formulas lla

10 and lib:

-11-
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rib C- NOH where R is -OCO alkyl, -OCO aryl or
-OC(Ocycloal kyl; 5 conprising the steps of (a) contacting said m xture
with a cawb(»xmidsm ester hydrol ase enzyne or a m croor ganiPEmUsOm2sdl ng a
carboxylic ester hydrol ase enzyne, wherein said enzyne catal yzes the
stereosel ective hydrolysis of said m xture to provide a m xture of two
conpounds in which in ongl!conpound R is -OCO alkyl, -OC(O aryl or
-O-C(O cycloalkyl and io kn thetdubgr conpound R1 is hydroxy, and (b)
recovering one or both of s%t conpounds. Detailed Description O The
| nvention 15 The net hods of |th present i nvention ardgmdescri bed further as
follows. GC's Enantioners T | om ng pair of cis enantioners may be
separated by the 20 enzyr?/ @Khods of the instant invention: -12 WO
t - but

03/ 016543 PCT/ US02/ 26810 Fla C- N\ 3

where
R' is —O—C(O) alkyl, —O—C(O) aryl or -O—C(O)cycloalkyl;

5 comprising the steps of (a) contacting said mixture with a carboxylic
ester hydrolase enzyme or a microorganism providing a carboxylic ester
hydrolase enzyme, wherein said enzyme catalyzes the stereoselective
hydrolysis of said mixture to provide a mixture of two compounds in which in
one compound R' is -O-C(O) alkyl, —O-C(O) aryl or -O-C(O) cycloalkyl and

10 in the other compound R’ is hydroxy, and (b) recovering one or both of said

compounds.

Detailed Description Of The Invention

15 The methods of the present invention are described further as follows.

Cis Enantiomers

The following pair of cis enantiomers may be separated by the

20 enzymatic methods of the instant invention:

-12-



OR and R1 -butyl Ib C- NO 5 that is, enantioners of formulas |a and
b where RLis in the cis position relative to the t-butyl group in both
| a and | bwolms/oia4preferred to resolve a m xture of cis enaoTiusnE2EB1@S
described io0 above according to the nethods of the instant invention.
Trans Enantioners The following pair of trans enantioners nmay be separated
by the 15 enzymatic nethods of the instant invention: -13 WO 03/016543
PCT/ US02/ 26810 t-butyl Ha CN H O and

1
R//, W t-butyl

Ia
C - N\
/e
3 R
and
Rl
4 g-butyl
Ib
C - N\
/N
O

that is, enantiomers of formulas la and lb where R' is in the cis position

relative to the t-butyl group in both la and Ib.

It is preferred to resolve a mixture of cis enantiomers as described

10 above according to the methods of the instant invention.

Trans Enantiomers

The following pair of trans enantiomers may be separated by the

15 enzymatic methods of the instant invention:

-13-



R~ -butyl IIlb C- NOHthat is, enantionmers of formulas Ila and Ilb
where RlL is in the trans position 5 relative to the t-butyl group in both.
Pr ef er r edwiBBhoetg3 f or t he Resol ution of M xtures of Enant ipamarse2/268me xt ur e
conprising an enantioneric m xture of conmpounds of 10 fornulas la and Ib
or Ila and Ilb are preferably regolved by stereosel ective hydrolysis in
the presence a carboxylic ester ydrolaﬁﬁq@nzyne, preferably froma

m croorgani sm The conpound pairs ﬁrepared are non-enantioneric and nmay
15 subsequently be separated to yijeld optically ggtive, preferably
optically pure, conpounds. An opidc purity greater than 99%
particularly 99.5% is preferre -1IAWO 03/016543 PCT/ US02/ 26810 The
present invention also provides conpound of the m xture substantially
free of other isoners, which c ounds Hay be prepared by the nethods of
the invention. 5 In addition, the present invention is directed to a
process of preparing select taxane conpounds using internedi ate conpounds
obtai ned by the nethods descri b@@dabove.

1

R/,, t-butyl
b
J N\
5 H

that is, enantiomers of formulas lla and llb where R’ is in the trans position

5 relative to the t-butyl group in both.

Preferred Methods for the Resolution of Mixtures of Enantiomers

A mixture comprising an enantiomeric mixture of compounds of
10 formulas la and Ib or lla and llb are preferably resolved by stereoselective
hydrolysis in the presence a carboxylic ester hydrolase enzyme, preferably

from a microorganism.

The compound pairs so prepared are non-enantiomeric and may
15 subsequently be separated to yield optically active, preferably optically pure,
compounds. An optical purity greater than 99%, particularly 99.5%, is

preferred.

-14-



Definitions 10 The term "stereosel ective conversion”, as used herein,

refers to the preferential reaction of one enantioner relative to another,

that is, wedgonssyi c, enanti osel ective, reaction. Likew s@CTiuse2/2nim

"stereosel ective hydrolysis", refers to the preferential hydrolysis, of

one enanti oner rgllative to .another. 15 The term "m xture", as said termis
I

used herein in rdNg iRBASRY INVERHON oREP| BrQViRSo h FOMRAUILE &f thexMjxieke havi ng

equal (racem c) or non- equal amounts of enantionmers. 20 The term

"resol ut i on"substantielly freeeif wthrrisomergavhicratomasungs mayshe prapaired biithe

conpl ete resolution. The term "non-enantioneric fornm' as used herein

denot es t he méthods of ehe piveatismnpound, originally one of an enantioneric
pair, in which at |east one -15 WD 03/016543 PCT/ US02/ 26810 group has
been nodified so that said conpound is no |longer the mrror inmge of the
ot her conpound of the original enantioneric pair. The terns "enzymatic
process" or "enzymatic nethod" as used herein 5 denote a process qr nethod
of the dresent indaddition. &g Pessend invendingysnsirgetedioc GEPeREs frRrepPRENg er s
"al kyl", "al kan" or "al k" are enpl oyed herein alone or as part of another
group pref ersgigg) taxane ecampdundsr asigot inkerthdsiiatec beipotadis obtained by the

methods described above.

Definitions

10 The term “stereoselective conversion”, as used herein, refers to the
preferential reaction of one enantiomer relative to another, that is,
asymmetric, enantioselective, reaction. Likewise, the term “stereoselective
hydrolysis”, refers to the preferential hydrolysis, of one enantiomer relative to
another.

15

The term “mixture”, as said term is used herein in relation to
enantiomeric compounds, denotes mixtures having equal (racemic) or non-

equal amounts of enantiomers.

20 The term “resolution” as used herein denotes partial, as well as,

preferably, complete resolution.

The term “non-enantiomeric form” as used herein denotes the structure
of a compound, originally one of an enantiomeric pair, in which at least one

-15-



optionally substituted hydrocarbons containing 1 to 15 carbons in the
normal 10 chain, preferably 1 to 6 carbons, such as nethyl, ethyl, propyl,
i sopropylwo obiotesi3 t-butyl, isobutyl, pentyl, hexyl, isohexylgsotizqsuyl ,

4, 4-di net hyl pentyl, octyl, 2,2,4-trinethylpentyl, nonyl, decyl, undecyl,
dodecyl, the various branched K chain isoners thereof, and the |ike.
Eenpl ary. o BOHPIAS RPN iReISaBabsIa ComRRYG 5 OURROSNECT B AT 38R  he
follow ng: halo (especially chioro), 15 trihalonethyl, alkoxy (for exanple,
where two al¥dhg otharompamdsofitbe wriginal gpantiomeriapgir. such as unsubsti t ut ed
aryl, alkyl-aryl or haloaryl, cycloal kyl such as unsubstituted cycl oal kyl
or al kyl -cycl oal kyl, hydroxy or protected hydroxy group, carboxyl,

al kyl oxycar bonyl, al kyl am no, al kyl carbonyl am no, am no aryl carbonyl am no,

nitro, cyano, thigl_ or alkylthio. Partigularl referred,al kyl Q .
substitutents ar eﬂ?ﬁ/g%%%yle%é}’@ﬁﬁg Pretfes; Q(n?n@ﬁ?tbcam%;md a3s }é/ﬁ?ﬁ’ E‘?E‘ﬂnher ein
al one or as part of another roup Er eferabl% denotes optionally

substi tut ed FtRIACeSRPY '@eﬂm%fct PHSRSEIBYRIYIoRRMRIoNINGA®HRBZYMBE %y ee

rings and 3 to 12 ring carbons, preferably 3 to -16 WO 03/016543
PCT/ US02/ 268n@ro@ganegt.car bons, which include cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, cyclodecyl,

cycl ododecyl , andridgimat“alkyl” Exerkan asry alks &bs ehiplsyePhbrin difieWreadpafor €
al kyl groups as descri bed above, or one or nore groups described above as

al kyl substidrughbfher Sqiotfp oEfBrastyYhendts BB WRHGRER" bPLRlRLARNYifienot es

nonocyclic o
optionally substituted hydrocarbons containing 1 to 15 carbons in the normal

10 chain, preferably 1 to 6 carbons, such as methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodecyl, the various branched
chain isomers thereof, and the like. Exemplary substituents may include one
or more groups selected from the following: halo (especially chloro),

15 trihalomethyl, alkoxy (for example, where two alkoxy substituents form an
acetal), aryl such as unsubstituted aryl, alkyl-aryl or haloaryl, cycloalkyl such
as unsubstituted cycloalkyl or alkyl-cycloalkyl, hydroxy or protected hydroxy
group, carboxyl, alkyloxycarbonyl, alkylamino, alkylcarbonylamino, amino
arylcarbonylamino, nitro, cyano, thiol or alkylthio. Particularly preferred alkyl

20 substitutents are hydroxyl groups.

The term “cycloalkyl” as employed herein alone or as part of another
group preferably denotes optionally substituted saturated cyclic hydrocarbon

groups containing one to three rings and 3 to 12 ring carbons, preferably 3 to

-16-



bi cyclic substituted aromatic groups containing from6 to 12 carbon atons
in the ring portion such as unsubstituted phenyl, biphenyl, naphthyl, or
substi t utwo osiotds4substi t uents such as al kyl, hal oal kyl, cycrasbkydsad kyl ,
hal ogen, 10 al koxy, hal oal koxy, hydroxy, aryl and the like. The term

"hydr oxyl protecti rouyp” as, used herein denotes a grou ca | e of
protecting a@f'?gé’a%wm{;m QAR IPPrORYIp S GQWty"thg{oﬁéﬁFyééii{%f XYk or
whi ch protection is enpl oyed, may be renpved w thout disturbing the 15
remai nder ofCycleheptl.eeyaleoctyl, oyglodesyl,otycidadesyl agdgpdamantybr Exémphardr oxy|
group and the synthesis thereof may be found, for exanple, in "Protective

G oups i n OrsydbstitueSiminchsiesbndyr mordValkyl egoeps aeldesevibey abode,Somsne 981,
or Fiser & Fiser incorporated herein by reference. Exenplary hydroxyl

protecting ghewdgroups ldederitsed A9xveas Ayl subtitlhtyet hyl , benzyl oxynet hyl,
((3 20 trinethylsSilylethoxy) nethyl, tétrahydropyranyl,

2,2,2-trichl oroet hoxy-carbonyl, t-butyl (diphenyl)silyl, trialkylsilyl,

trichl or omet hoxycarbonyl and 2,2,2- trich |oroethoxynethyl. -17 WO

03/ 016543 PCT/ US02/ 26810 Starting Materials A mixture of starting

mat eri al s conpri sihegtesonjvin@s employechhexsinl preferablyl tdemigs meonmayshe od by

met hods known to the skilled artisan, such as 5 those described in

Eur opean Pathdeycliéysobstitated arddeatict §fdup g lcontainipigpesrat & to Neredrbomatsrmé d ence.

For exanple, a racemc mxture of cis-R-lactam conpounds of formulas |a

and I'b may heeptingapefiddy dudh fa@r mmsuBstitafed@rphenyl, biphenyl, naphthyl, or
substituted with substituents such as alkyi, haloalkyl, cycloalkylalkyl, halogen,

10 alkoxy, haloalkoxy, hydroxy, aryl and the like.

The term “hydroxyl protecting group” as used herein denotes a group
capable of protecting a free hydroxyl group which, subsequent to the reaction
for which protection is employed, may be removed without disturbing the

15 remainder of the molecule. A variety of protecting groups for the hydroxyl
group and the synthesis thereof may be found, for example, in “Protective
Groups in Organic Synthesis” by T. W. Greene, John Wiley and Sons, 1981,
or Fiser & Fiser incorporated herein by reference. Exemplary hydroxyl
protecting groups include methoxymethyl, 1-ethoxyethyl, benzyloxymethyl, (B-

20 trimethylsilylethoxy) methyl, tetrahydropyranyl, 2,2,2-trichloroethoxy-carbonyl,
t-butyl(diphenyl)silyl, trialkylsilyl, trichloromethoxycarbonyl and 2,2,2-

trichloroethoxymethyl.

-17-



imne of the fornula: 10 t-butyl-CH=N- by reaction of an al dehyde of the
formula: t-butyl-CHO 15 The imne so prepared may then be reacted with an
acyl chl owpdeoofs43he fornula: 0 11 R -CH2 -G C Werei RCRUSIY2@3$0 def i ned
previ ously, such as acetoxy acetyl chloride, to 20 produce a racenc

m xture of cis-RI|actam conpounds of the fornulas la and I|b. The latter
reacti on maySBENGOMAtRHAS in the presence of a base such as triethyl anine
in a solvent such as nethylene chloride at a tenperature such -18 WO
03/016543 PCT/ US02/ 26810 as -20C., followed by warm ng to 25C. The above
procedure may, in turn, be followed by nodification of the |actamforned,

shoul d a di 11 er et haRHEBaRH AR BlnohSfieolingunds St By, Tt ures

whi ch are other than racemc m xXtu exanp
i . . ¢
addi t1 on of QP Be SSEBRHYB, REMILEichnClo b okfled AASET SicH A8UTe ©
5 those described in European Patent Application No. 400,971, incorporated
herein by reference. For example, a racemic mixture of cis-B-lactam

compounds of formulas la and Ib may be prepared by the formation of an

imine of the formula:
10 t-butyl-CH=N-
by reaction of an aldehyde of the formula:

t-butyl-CHO
15
The imine so prepared may then be reacted with an acyl chloride of the

formula:
I
R'—CH,—C—Cl
Wherein R' is as defined previously, such as acetoxy acetyl chloride, to
20 produce a racemic mixture of cis-B-lactam compounds of the formulas la and

Ib. The latter reaction may be conducted in the presence of a base such as

triethylamine in a solvent such as methylene chloride at a temperature such

-18-



The starting m xture may contain, for exanple, the diastereoners of 10 the
conpounds of formulas la and Ib, although it is preferred that such
conmpoundswarog/os@par at ed prior to conducting the enzymati c PCFaHo2R6SON

met hods of the present invention. Enzynmes and M croorgani sms 15 The enzyne
or m croorgani smenployed in the nethods of the present invention may be
any enzyme oS m0¢kedpipwed hy Marming tnd5%bility to catal yze the

st ereosel ective conversions as described herein. Various enzynmes, such as
esterases, |ipases am dases and acyl ases, regardless of origin or purity 20
may, for exanple, be in the formof aninmal or plant enzynmes or m xtures

t hereof, cells of.mcroorganis crushed cells, extracts of cells,, or of
synt hetic origi n.T'W ?hoYeegb%(%ﬁJG{B% e 'ﬂzgrno%erfO@PWSfjéyn Icafing (ﬁépﬁods of
the present -19 WO 03/016543 PCT/ USQ02/ 26810 _invention nay be carried out
usi ng any nilafigh tarmeg, shpwd anditierant lagtam startinganatenal be gepisedat al yze the
st ereosel ective conversions as described herein. The cells may be used in
the forsmmof intact wet cells or dried cells such |yophilized, spray-dried
or heat-dried cells. Cells nmay al so be used in the formof treated 5 cell
material such as o | ) C uj,ar
materials may be “dc(’:tgmdy 3‘?"@@% S\g@g:pa%e' Q?F]ée'r g@%rf srgggmgﬂl‘%}tgés n@%grt)gl S may
gﬁy siegg: Oyedotgtginteg,efc;rre%%msptlgtbey g(ridﬁi(%r%?'oln'ezoefqhg %o?npso%%grfgms\u %Q 18 Sort?g

to a racemic mixture of the compounds.
The starting mixture may contain, for example, the diastereomers of
10 the compounds of formulas la and Ib, although it is preferred that such
compounds are separated prior to conducting the enzymatic resolution

methods of the present invention.

Enzymes and Microorganisms

15

The enzyme or microorganism employed in the methods of the present
invention may be any enzyme or microorganism having the ability to catalyze
the stereoselective conversions as described herein. Various enzymes, such
as esterases, lipases amidases and acylases, regardless of origin or purity

20 may, for example, be in the form of animal or plant enzymes or mixtures
thereof, cells of microorganisms, crushed cells, extracts of cells, or of

synthetic origin.

With respect to the use of microorganisms, the methods of the present

-19-



adsorption or entrapnment. 10 Exenpl ary genera of m croorgani sns suitable as
sources of catalyzing enzynes include Micor, Escherichia, Staphyl ococcus,
Agr obact ewowa1654& i net obact er, Rhi zopus, Aspergillus, Noc®&CHitE)2/26810
Streptonyces, Trichoderma, Candida, Rhodotorula, Torulopsis, Proteus,
Baci |l us, Al .caligenes, A Psuedononas, Rhodococ A@' q?ﬁr evi bacterium

t

Geot ri chum RYRUIOHRAEY fie Cargie it WSl fRY MIRTO H@éé?%tﬁr'aM%Y'BBéE? eri um

Mycobacterium  Saccharonyces, Penicillium Methanobacterium Botrytis,
Chaet omi um abiniteisatalyze Qaélt%@@&q|eﬁhvér@r’t\4%6ibh$(@s densribed hﬂ’rei@enilné cally
engi neered host cells is also contenplated. 20 Specific m croorgani Sns

sui t abl e f orcelis enaynb¢ lasegiretenforrpral detaskwet cellsl arddricdhcalisthehtipsphilaed,

vi scosum Pseudononas aeuri gi nosa such as ATCC 25619, Pseudonbnas

fluorescens 1spP§FHﬁ9M%aPHhé6%e%lC Cefs me@rTQ@o:‘}Je?Q@ed PP @iedRRNSTRrentad i S,
Escheri Chl a coll, Staphylococcus aureas, “Alcaligenes faecalis,

St to 3

PCT/ USOD 2 fgr""?ﬁ%*ﬁas'af%ﬁﬁﬁg R, BTG P PN o
ast or a d:?srerﬁ’ TR ISP eoT RPacl B £ o0 Bl BEERe | us

ni ger, Rhizopus oryzae and the like. Two or nore, as well as a single,

speci es of FMRlEYeRdiyMe EReraigtener ERPrbized Wned SHBPPYL SHFhoRS bVHéhMSH%?t' ant

processes. The term "ATCC' as used herein refers to the accessi on nunber
of the adsorption or entrapment.

10 Exemplary genera of microorganisms suitable as sources of catalyzing
enzymes include Mucor, Escherichia, Staphylococcus, Agrobacterium,
Acinetobacter, Rhizopus, Aspergillus, Nocardia, Streptomyces, Trichoderma,
Candida, Rhodotorula, Torulopsis, Proteus, Bacillus, Alcaligenes,
Psuedomonas, Rhodococcus, Brevibacterium, Geotrichum, Enterobacter,

15 Chromobacterium, Arthrobacter, Microbacterium, Mycobacterium,
Saccharomyces, Penicillium, Methanobacterium, Botrytis, Chaetomium,
Ophiobolus, Cladosporium and the like. The use of genetically engineered

host cells is also contemplated.

20 Specific microorganisms suitable for use in the present processes
include Chromobacterium viscosum, Pseudomonas aeuriginosa such as
ATCC 25619, Pseudomonas fluorescens, Pseudomonas putida such as
ATCC 31303, Pseudomonas ovalis, Escherichia coli, Staphylococcus aureas,

Alcaligenes faecalis, Streptomyces griseus, Pseudomonas cepacia, Candida

20-



Anerican Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland
20852, the depository for the organismreferred to. 10 The resol ution

nmet hods oWwotld@iésast ant i nvention nay be carried out subseqmars2esia he
grow h of the mcroorganisn(s) enployed, or concurrently therewith that
is, inthe latter case, by in situ fernmentation and resolution. The growh
of m croor geugosassuchyah ATE6hi 14880, GeattiehusRidandigum sushms AJEC 8284l e, by
t he use of an appropriate nedium containing nutrients such as 15 carbon
and ni trogeSt@meﬁﬁsaWa\tu/@ewgl Noardia Erpitporolis, Novertizi akleyaigea) | abl e
enzynes suitable for use in the present invention include |ipases such as
Amano PS- 30 REH iR dBactl, ASPetgiliehvwigee Rislzehir |
Amano APF (%@?é. m@péigeﬁi gerl))‘,g&tiﬁano AK (Pseudgpnoﬁr%s sp.m)e, Pseudononas
f/uorescens lipas (Ri o al y- Lid. O hiiPase, Psi P S

sp. ), Arranooﬁ(zg?ngadgr?oﬁ'gé' f/ﬁ%?eége%]ggéngrgm\rl\vgnAg%S (Q) @gll’lédl gg&ﬂ@@&@
cylindracea), Amano N (Rhizopus niveus)., Amano R (Peni.clJ)|] . Amano
FAP ( RAi zop%]‘%croeﬂﬂi‘&:é’)‘, WOQWJQVQ;(VEEEB&@W'W%?”&itﬁar'ﬁ%taﬂﬁg%&%ﬁés'( Micor
nmei hei), -21 WO 03/016543 PCT/US02/ 26810 Amano GC-4 (Geotri chur?

candi dum), Thenterm- SECCams used dereforefere to ghRcatession gugiber of3HkL
(Wheat gern), Sigma L-1754 (Candida cylindracea), Sigma L-0763

( Chr onpbact Amerivani BpeCuljurarbliaction, 1230 Parkigyer PriveuBoak\gis Maryland

Addi tionally, exenplary enzynes derived fromanimal 5 tissue include
esterase fropss? ghkidépbsitdrydbytietdrgafism mfdrrpatsreatin from

10 The resolution methods of the instant invention may be carried out
subsequent to the growth of the microorganism(s) employed, or concurrently
therewith that is, in the latter case, by in situ fermentation and resolution. The
growth of microorganisms may be achieved by the skilled artisan, for
example, by the use of an appropriate medium containing nutrients such as

15 carbon and nitrogen sources and trace elements.

Exemplary, commercially available enzymes suitable for use in the
present invention include lipases such as Amano PS-30 (Pseudomonas
cepacia), Amano GC-20 (Geotrichum candidum), Amano APF (Aspergillus

20 niger), Amano AK (Pseudomonas sp.), Pseudomonas fluorescens lipase
(Biocatalyst Ltd.), Amano Lipase P-30 (Pseudomonas sp.), Amano P
(Pseudomonas fluorescens), Amano AY-30 (Candida cylindracea), Amano N
(Rhizopus niveus), Amano R (Penicillium sp.), Amano FAP (Rhizopus

~oryzae), Amano AP-12 (Aspergillus niger), Amano MAP (Mucor meihei),

21-



pancreas such as Porcine Pancratic Lipase (Sigma). Two or nore, as well as
a single, enzyne may be enpl oyed when carrying out the instant processes.
The pref ewoadoersiodi nents of the instant invention are de®Cmiusezi2681©
further in the foll owi ng Reaction Schenes. Wile, for clarity, these

Reaction Schenes jllustrate the resglution of ce In cis enangioneric

m xtures, it N&no (Afet ighism %ﬁ%o&ﬁm g'é\iea?d@é‘ér*-'@é'gsa 'YN€o t he
resolution of the other enantioneric mxtures of the present invention as
wel | . 15 ExdwgsiceeaseRes§igna or-800 RadWheat germ), Sigma L-1754 (Candida
Ccis-3-4-t-butyl -3-acetyl oxyazitidin-2-one by Inmmobilized Lipase PS-30 from
Pseudononas a#ipdcceal,0Sigmize &ed763 (Chrdmolaciedumresaosean)camd dmamg K330i t er s
of 10 mM potassi um phosphate buffer, 90g of racem c cis-3-4-t-butyl-3-

acet yl oxyazi(dsgeryifusL MigerNd AddticHallyMaxBhldligdehrpres ddavad frsrmugdsirmias
cepacia. The reaction was carried out at 40C under stirring at 150rpm The
pH of the reactian mxture was nmaintained at, 7.0 with a 25% NaQH sol uti on.
P2 w0 031 016548 TPRRFEERFBER 1o APIIVES, Rogrinb B BANGEA AP 00, of
the desired chiral acetate (thereotical nmaximumyield of 5099 and a

enanti omer i aaxeggssysh as Poadine Padstaic Lipase EBigma)y. Pl @ore, Reswellhson of
Racem c cis-3-4-t-butyl-3-acetyl oxyazitidin-2-one by Pen V am dase

| mobi | zed { siaglehdRaymbhaP be employed when carrying out the instant processes.

The preferred embodiments of the instant invention are described

10 further in the following Reaction Schemes. While, for clarity, these Reaction
Schemes illustrate the resolution of certain cis enantiomeric mixtures, it is
understood that the embodiments as descri'bed apply to the resolution Qf the

other enantiomeric mixtures of the present invention as well.

15 Example 1

Resolution of Racemic cis-3-4-t-butyl-3-acetyloxyazitidin-2-one

by Immobilized Lipase PS-30 from Pseudomonas cepacia

20 A reaction mixture was prepared containing 3 liters of 10 mM
potassium phosphate buffer, 90g of racemic cis-3-4-t-butyl-3-
acetyloxyazitidin-2-one and 45g of immobilized lipase PS-30 Pseudomonas
cepacia. The reaction was carried out at 40°C under stirring at 150rpm. The

pH of the reaction mixture was maintained at 7.0 with a 25% NaOH solution.

2.



10 A reaction mxture was prepared containing 20m of 10mM pot assi um
phosphate buffer, 100 ng of racemc

Ci s- 3-4- twbub#ies®8 acet yl oxyazitidi n-2-one and 25 ng of i mewehisht/zedo Pen V
am dase from Fusarium Sp. The reaction was carried out at 40C under
stirring at 150rpm The pH of the reaction mxture was maintained at 7.0
with a 0.1 Aftdva@H mearaitthen readtioer yieltedir 49%hof e desied ophijalelagetpt8s9s of
the desired chiral acetate (thereotical maximumyield of 50% and a

enant i ONer i (fher8ic Smakindimajield bh@D%P%Nd28 Enamydmed Rasessitiusty of

Racem c cis-3-4-t-butyl - 3-propi onyl oxyazitidin-2-one by Immbilized Lipase
PS-30 from ocepacia and Pen V am dase from Fusarium Sp: -23 WO
03/ 016543 @?@g@g@g%@% A reaction mxture was prepared containing 20nml
of 10mM pot assi um phosphate buffer, 100 ng of racemc

Cci s-3-4-t-butyl - 3-propi onyl oxyazitidin-2- one and 50 ng of inmobilized

| i pase PS-30 from Pseudononas cepacia. The reaction was carried out at 40C
under stirring at 150 rpm The pH ofExaeplé 2r eacti on m xture was nmai nt ai ned

at 7.0 with a 0.1 N NaCH After 18 hours the reaction yielded 48% of the
desired chiral propionate (thereotical maxi numof 50% and a enanlioneric

excess of great eigdddfRioRVPRAL G Cid-8-FbiifyliB& opyeitRiired-arent ai ni ng 20nt
of 10nmM pot assi u phosphate buffer, ng of racemc

Cis-3-4-t-butyl-3-pr og\i{ g%'\?)éyrﬁ&éétei Frlri\rrr]lb%i'lized from Fusarium Sp:

10 A reaction mixture was prepared containing 20ml of 10mM potassium
phosphate buffer, 100 mg of racemic cis-3-4-t-butyl-3-acetyloxyazitidin-2-one
and 25 mg of immobilized Pen V amidase from Fusarium Sp. The reaction
was carried out at 40°C under stirring at 150rpm. The pH of the reaction
mixture was maintained at 7.0 with a 0.1N NaOH solution. After 3 hours the

15 reaction yielded 36% of the

desired chiral acetate (thereotical maximum yield of 50%) and a enantiomeric

excess of greater than 90%.

20 Example 3

Resolution of Racemic cis-3-4-t-butyl-3-propionyloxyazitidin-2-one

by Immobilized Lipase PS-30 from Pseudomonas cepacia and

Pen V amidase from Fusarium Sp:




one and 25 ng of inmobilized Pen V am dase from Fusarium Sp. The reaction
was carried out at 40C under stirring at 150 rpm The pH of the reaction
m xture \Wa® og@iassini ned at 7.0 with a 0.1 N NaOH After 20PgirrustEs681d he
reaction yielded 25% of the desired chiral propronate (thereotical 15
maxi mum of 50% and a enantiomeric excess of greater than 98% Exanple 4 20
Resol ution of Radergastien snixture (was prapased eQBIAHYNG P afi fimbbpetagsiupy

| mobi | i zed Li pase PS-30 from Pseudononas cepacia: A reaction mxture was
prepar ed cophasptiatg A0fet, 600 10g wiraceraicstiard-4pibodyifapropiomfiexyazdidimg- of
racem c cis-3-4-t-butyl -3-hexanoyl oxyazitidin-2- -24 WD 03/016543

PCT/ US02/ 26@48 art&0amg S0imEobllizedipaski RSBJ | fearme PREudémbnasncepacidomonas
cepacia. The reaction was carried out at 40C under stirring at 150 rpm

The pH of t c1t %k S ' ' : 7 i1 h OH.

After 30 m % erégaﬁde%(%?gﬁ%gn&f}:@ﬁg? %%)rﬁ ﬂt"ﬁjeatdkés)(l) \r%erg' me?pal_ljro gi%noyl
. . 0 . .

000 | Eoamr Eea B RHTB R Makia il 7.0 with & BTN RaGif *Ake? s Hotk fle ' 2"

Ci s-3-4-t-butyl -3-phenyl acetyl oxyazitidin-2-one 10 by Pen V anidase_from

Fusar i um Spreactionadelded 48%ohithe dpsirast ehiea! @opioRats; (HhergobeatmaimughRf

pot assi um phosphate buffer, 100 ng of racemc

Ci s- 3- 4-t - bBO9S)-ahcphenghbanelt exgess dfigieater ham@9%nd 25 ng of i mobili zed

Pen V am dase from Fusarium Sp. The

A reaction mixture was prepared containing 20ml of 10mM potassium

10 phosphate buffer, 100 mg of racemic cis-3-4-t-butyl-3-propionyloxyazitidin-2-
one and 25 mg of immobilized Pen V amidase from Fusarium Sp. The
reaction was carried out at 40°C under stirring at 150 rpm. The pH of the

reaction mixture was maintained at 7.0 with a 0.1N NaOH. After 20 minutes

the reaction vyielded 25% of the desired chiral propronate (thereotical

15 maximum of 50%) and a enantiomeric excess of greater than 98%.
Example 4
20 Resolution of Racemic cis-3-4-t-butyl-3-hexanoyloxyazitidin-2-one

by Immobilized Lipase PS-30 from Pseudomonas cepacia:

A reaction mixture was prepared containing 20ml of 10 mM potassium
phosphate buffer,100 mg of racemic cis-3-4-t-butyl-3-hexanoyloxyazitidin-2-

24.



15 reaction was carried out at 40C under stirring at 150 rpm The pH of the
reaction mxture was maintained at 7.0 with a 0.1 N NaOH After 18 hours
the reacwbon/oyised ded 25% of the desired chiral phenyl acetyir/usohesent i cal
maxi mum of 50% and a enantioneric excess of greater than 99% 20 The
optically active enantiomers disclosed herein can be enployed to produce
antitunor cempoandSO ARy ef émtrexbillnedf bpasd &#9-80, fram Prevdrends €gpagia.
?Iccggaibl IeI sal Es t hereof. -25 WD 03/016543 PCT/ US02/26810 RL R2 OOCH NH
he reggﬁcngls" g@g%ﬁc?g% @?—’@ Ghderétinthg ¥hes@rpm. Th8 pH of dse

defi ned above;” an
reaction mixture was maintained at 7.0 with a 0.1N NaOH. After 30 minutes

the reaction yielded 48% of the desired chiral hexanoyl (thereotical maximum

5 of 50%) and a enantiomeric excess of greater than 99%.

Example 5

Resolution of Racemic cis-3-4-t-butyl-3-phenylacetyloxyazitidin-2-one

10 by Pen V amidase from Fusarium Sp:

A reaction mixture was prepared containing 20ml of 10mM potassium
phosphate buffer, 100 mg of racemic cis-3-4-t-butyl-3-phenylacetyloxyazitidin-
2-one and 25 mg of immobilized Pen V amidase from Fusarium Sp. The

15 reaction was carried out at 40°C under stirring at 150 rpm. The pH of the
reaction mixture was maintained at 7.0 with a 0.1N NaOH. After 18 hours the
reaction yielded 25% of the desired chiral phenylacetyl (thereotical maximum

of 50%) and a enantiomeric excess of greater than 99%.

20 The optically active enantiomers disclosed herein can be employed to
produce antitumor compounds represented by formula I, or pharmaceutically

acceptable salts thereof.
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A particularly preferred conmpound is where RLis OC(O-tert butyl. 10 The
conpounds having the general fornmula Il display a significant inhibitory
ef fect wwwb osegsrsl to abnornmal cell proliferation, and haPeT/ushye@peut i c
properties that nake it possible to treat patients who have pathol ogi cal
condi tions associ atled wi th an abnormal cell proliferation. In 15 addition,

t hese conpounds pd¥sess significant g%l hhoavailability and thus can
elicit their posit\letk@rapeutic ef i i ni

A conpound of fornullH I|| may\be producet Xt he processes as -26 WO

03/ 016543 PCT/ US02/ 2681 depi C¥ ot whi ch follow The nethods
can be readily adap varsati 5 A 0 produce conpdnds wi thin
t he scope of for myugyl E b " j fi di scl osed. 5 One of the ways

t he desired conmpounds & be
1. In step (a) of the schene, an ormulas la, Ib, Ila, or
I1b as previously described abovFI se rgﬁgcorrpound of formula IV
(a baccatin Il derivative). n $zﬁ{p (a) of it is advant ageous
to convert the hydroxy group on the (C) 13-carbfpn into a nmetal al koxi de
before the coupling. The fornulation of a desirgd netal al koxide may be
done by reacting a conpound of fornula IV with a strong netal base, such
as lithiumdiisopropylanmde, Cl-6 alkyllithium Iithiumor sodium or

pot assi um bi s(trimethyl silyl)am de,

pal nmet hod shown in Schene

wherein:

5 R' is as defined above: and

R? is CH3C(O)O-.

A particularly preferred compound is where R' is O-C(O)-tert butyl.

10
The compounds having the general formula Ill display a significant
inhibitory effect with regard to abnormal cell proliferation, and have
therapeutic properties that make it possible to treat patients who have
pathological conditions associated with an abnormal cell proliferation. In
15 addition, these compounds possess significant oral bioavailability and thus

can elicit their positive therapeutic effects after being administered orally.

A compound of formula Il may be produced by the processes as

26-



15 phenyllithium sodium hydride, potassium hydride, |ithium hydride, or

the |ike

base.

For exanple when lithium al koxide is desired, a conpound of

formul a WU oamysshe reacted with n-butyllithiumin an inertcalSopmsiGcuch as

t et r ahydr of ur an.

For exanpl es of attachrrent of substituted baccatins with a

sui tabl e conmpound of fornulas Ia, Ila or Il

b via the nethod of Hol
see 20 U. S 7 ‘o
51 243,045 gﬁ@é £33 ettt PSR oRY eSnclRoodee (daBly scameqia; U s

EP O .
ref erence. thmsdg?Q%Qé‘gé’SéZﬁ@?%%Mé%%c\n%ﬁ thecégo%gr&tf@ﬂnh@r ol Butby

JN OH HOlllHStep(a% HO OCOOCH3 BzO

10

15

20

butyl RZ 0 OR4

not specifically disclosed.

One of the ways the desired compounds can be made is by the
general method shown in Scheme 1. In step (a) of the scheme, an
entaniomer of formulas la, Ib, lla, or lib as previously described above is

reacted with a compound of formula IV (a baccatin Ill derivative).

In Step (a) of Scheme 1, it is advantageous to convert the hydroxy
group on the (C) 13-carbon into a metal alkoxide before the coupling. The
formulation of a desired metal alkoxide may be done by reacting a compound
of formula IV with a strong métal base, such as lithium diisopropylamide, C1-6
alkyllithium, lithium or sodium or potassium bis(trimethylsilyl)amide,
phenyllithium, sodium hydride, potassium hydride, lithium hydride, or the like
base. For example when lithium alkoxide is desired, a compound of formula
IV may be reacted with n-butyllithium in an inert solvent such as
tetrahydrofuran. For examples of attachment of substituted baccatins with a
suitable compound of formulas la, Ib, lla or Ilb via the method of Holton see
U.S. 5,175,315, U.S. 5,466,834; U.S. 5,229,526; U.S. 5,274,124; U.S.
5,243,045, U.S. 5,227,400; U.S. 5,336,785; and U.S. 5,254,580; U.S.

5,294,637; or EP 0 590 267 A2, each of which is incorporated herein by

reference.
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R R\ OCR4A NHII Ail Step (b) t-butyl =3 ORo Step (c) HO H OCOOCH3
BzO V As used herein, R3 and R4 are conventional hydroxy protecting groups
5 as showwoios/oigsn3rul a V and as di scussed previously. Conveatriusnzbesiydr oxy
protecting groups are noieties which can be enployed to block or protect a
hydroxy function, and they are well known to those skilled in the art.
Preferably, said groups are those wh8chemenl be renoved by net hods which
result in no appreciable destruction to the renaining portion of the

nol ecul e. i o0 Exanples of such readily renovable hldroxyﬁgbptecting groups
include chloroacetyl, methoxynethyl, 1-nmethyl-I - xyet hyl,
tetrahydropyranyl, tetra ydvﬁtbkbpyranyl, di al kysill yllet hers, such as

di mret hyl silyl ether x_and Rysi |yl ethers such/asNrinethylsilyl ether,
triethylsilyl ether, Jeme ylgi met hyl silyl ether, dial kyl al koxy silyl
et hers such as dioisq 15 silyl ethers;

2,2,2-trichl oroet hyoxynej 2232, 2ot rich I_o roeth yl oxyca,rbonyl (or

-28 WO 03/ 016543 PCT/US( £ 2 Step (a)
HO S OCOOCH,
BzO
v
Step (b) g
Step (¢)

As used herein, R® and R* are conventional hydroxy protecting groups

5 as shown in formula V and as discussed previously. Conventional hydroxy
protecting groups are moieties which can be employed to block or protect a
hydroxy function, and they are well known to those skilled in the art.
Preferably, said groups are those which can be removed by methods which

result in no appreciable destruction to the remaining portion of the molecule.

10 Examples of such readily removable hydroxy protecting groups include
chloroacetyl, methoxymethyl, 1-methyl-1-methoxyethyl, tetrahydropyranyl,
tetrahydrothiopyranyl, dialkysilylethers, such as dimethylsilyl ether, and
trialkysilyl ethers such as trimethylsilyl ether, triethylsilyl ether, and t-
butyldimethylsilyl ether, dialkyl alkoxy silyl ethers such as diisopropyl methoxy

15 silyl ethers; 2,2,2-trichloroethyoxymethyl, 2,2 2-trichloroethyloxycarbonyl (or
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sinply trichl oroethyl oxycarbonyl ), benyl oxycarbonyl and the Iike. O her

sui tabl e hydroxy protecting groups which my be used may be found in T.W
G eene diwouwsmedd4previously, as well as in Chapter 2 of "PCotuser2dsg G oups
in Oganic Synthesis", Third Ed., by Theodora W G eene and Peter G M
Wits 5 (1999, .John W1 e ons, .New Yor k I ncqr porat ed herejn by
reference. AS'BP té%Qh'Wéeg}Yiwc?m°WY9r nﬁ@'?&)’c@ U gv@ﬁfecﬁk?ras Qher used
frequently in the literature is trialkylsilyl. The nost %referred roups
for R3 incl udditabledidigxy pratestingkgurg|whisiomjay be wusedimay beifoynd é HeWV. or a
di al ykyl silyl ether such as diisopropyl nethoxy silyl ether. 10 The nost
preferred grdineehedifRussed arelialidy) asawktag isiGhaptert 2ef “Rrotdetiag Groups in

di i sopropyl nethoxy silyl ether but a trialkyl silyl ether or a carbonate

such as a behvgghiccgympasits mi@md.ngOrHé@d@@V\ﬂrGn@@nelamﬂt’@nérG).)M. Whas
protecting group R3 or R4 or possibly both are renoved fromthe conpounds

of formy 2 Vigrbdo LirFndley R dchet Nty York2RRbrpsalas hbRn 650igfrohegDval 1 s

effected by triet’hyl amne” trihydrofluori’de in ol vent. e uori de

sour ces coul R Ror I I ' f I de,
pyri di ni um h%@&?ﬁﬁiﬁwﬁf& 'J°ré‘§r?'£‘¥%i'\2r%°ﬁﬁ’3’g’3f’§é’§hq§5 ﬁ?%#&&@@ﬁt#@sn%ﬁn nd

tility. Th t ' fl ' be utilized i nbi ' i 1 h
o o4 ng <dBRURSBHSaE HEl S S ot it oo 457 BRI 4 on
A sol vent such as acetonitrile is typically used wunder these conditions.
Ot her condi t inegibylsireretaexyathyl @4Edua tHiatkvbshyloethes omei diabkyl silyl ether
trifluoroacetic acid and a cosol vent such as acetonitrile or THE nay be
useful for depcbtedisoproplimétboxy kilyl efiherups. The sane acidic conditions
wor k

10
The most preferred group for R* is a dialkyl alkoxy silyl ether such as a
diisopropyl methoxy silyl ether but a trialkyl! silyl ether or a carbonate such as
a benzyl carbonate might also be preferred. In Step (b), the protecting group
R® or R* or possibly both are removed from the compounds of formula V. If
15 R® or R* is a silyl based protecting group, removal is effected by triethylamine
trihydrofluoride in THF solvent. Other fluoride sources could also be utilized.
For example tetrabutyl ammonium fluoride, pyridinium hydrofluoride,
potassium fluoride, or cesium fluoride may find utility. The potassium fluoride
may be utilized in combination with a complexing agent such as 18-crown-6
20 or the like to aid in desilylation. A solvent such as acetonitrile is typically used
under these conditions. Other conditions such as mild aqueous hydrochloride
acid or trifluoroacetic acid and a cosolvent such as acetonitrile or THF may be
useful for deprotection of the silyl groups. The same acidic conditions work

well to remove the 1-methyl-1-methoxyethyl (MOP) protecting group.
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well to renove the 1-nethyl-1 -nethoxyethyl (MOP) protecting group. -29 WO
03/ 016543 PCT/ US02/ 26810 The conditions actually enployed will depend on
t he prot ewoid@igudUps enpl oyed for R3 or R4. For exanpl e eas/ysneiadie ed
route mght enploy a MOP group for R3 and a diisopropyl nethoxy silyl
ether for R4. In this case, 5 step (b) would entail a mld acidic workup
usi ng aqueous hydrochloric acid and an organic solvent. The resulting 2'
deprot ected conpound woul d be exposed to a fluoride source such as

triethyl am ne trifdgdddittis S&ually &ilployeRl Wil epehdsdrethe( Stotdéingr r8uUpS

conmpound |11 after chronatographi’c or ‘crystall'ographic purification. -30
Fesol uti on SRS, o £ Bt oy RAEPRLAER, Bieyied SO R Ehlia, |y
ol e N o B A BT d i P Wi,
5 step (b) would entail a mild acidic workup using aqueous hydrochloric acid
and an organic solvent. The resulting 2’ deprotected compound would be
exposed to a fluoride source such as triethylamine trihydorfluoride in THF

solvent in step (c) to produce compound Il after chromatographic or

crystallographic purification.
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Ib C- NOH 10 or where RL is in the trans position relative to t-butyl
group in both fornmulas Ila and Ilb: -31 WD 03/016543 PCT/ US02/ 26810 R
t-butyl IweoseMsk3 O R -butyl IIb C- NOH 5 where R PCI/usS@/&80) al kyl ,
-0 CO aryl or -OC(O cycloalkyl; conprising the steps of (a) contacting
said mxture with a carboxylic ester hydrol ase enzyne, wherein said enzyne
cat al yzes t ki¢hattie Cdaiselddst i ve

1. A method for the resolution of a mixture comprising the
enantiomers of formulas la and Ib , wherein R’ is the cis position relative to t-
5 butyl group in both formulas la and Ib:

1
R, atbutyl

VA

O

Ia

10 0] H

or where R' is in the trans position relative to t-butyl group in both formulas lla

and llb:
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hydrol ysis of said m xture to provide a m xture of two conpounds in which
inio one conmpound R1 is -OC(O alkyl, -OCC(O-aryl or -O-C(O cycl oal kyl
and in tweoebihes3 conpound R1 is hydroxy, and (b) recover ipag/usng2asi0 bot h of
said conpounds. 2. The nmethod of claim1l, wherein said mxture is resol ved
in the 15 presence of water and/or an organic al cohol. 3. The net hod of
claim2, wherein RL is -Og(O-alkyl. -32 WO 03/016543 PCT/ US02/ 26810 4.
The method of claim3, whergin thep@onpounds formed in step (a) have the
following structures: t -but ‘MO t-butyl H3C O,. GN C- N/ HOH 5
O 5. The nethod of claim 3, efein the conpounds forHed in step (a) have
the followng structures: t-puty O t-butyl OH

“, -butyl
l ‘ Ilb
N

5 where
R' is —~O-C(0O) alkyl, -O-C(O) aryl or -O-C(O) cycloalkyl;
comprising the steps of (a) contacting said mixture with a carboxylic
ester hydrolase enzyme, wherein said enzyme catalyzes the stereoselective
hydrolysis of said mixture to provide a mixture of two compounds in which in
10 one compound R' is —-O-C(O) alkyl, -O-C(O)-aryl or —~O-C(O) cycloalkyl and
in the other compound R' is hydroxy, and (b) recovering one or both of said

compounds.

2. The method of claim 1, wherein said mixture is resolved in the

15 presence of water and/or an organic alcohol.

3. The method of claim 2, wherein R' is -O—C(O)-alkyl.
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H3C,,, C HOH 10 O6. The nethod of claim11 wherein the carboxylic
ester hydrolase enzyne is obtained froma mcroorganism 15 7. The net hod
of clai mwp oskerses n said enzyne is selected from -33 WO @8TAK65Z4B10

PCT/ US02/ 26810 the group consisting of an esterase, |ipase, am dase and
acyl ase. 8. The nmethod of claim7, wherein said enzyne is a |ipase. 5 9.
The nmethod of claim®6, wherein the enzyne is a |ipase selected fromthe

group consisting of |ipase PS-30 from Pseudononas sp., lipase P-30 from
Pseudononas cepggi a, R QIdifho8) Reein 1ie BbepBdhas formdddmsstepN from
Rhi zopus ni veus,azF'I i pat'léé)iﬁhﬁ:om Aslper’gi | I'us ni ger, 9I i pase Ay-30 frgm

Candi da sp., ki pase fro nas sp., Pseudonobnas fluorescens 10
and porci ne(aﬁgﬁg?i'?ﬁ ﬁ)ﬁowﬁé@&@%&?ﬁe nmet hod of claim 1, wherein said
enzynme is imobilized on a support. 1s 11. The nethod of claim?7, wherein

the enzyne is an am dase. 12. The nethod of claim6 wherein the enzyne is
Pen V am dase obtained from Fusariumsp. 20 13. A nethod of preparing a

conmpound of forrmula 111 tbuty

N

Jrbutyl HO \\\\\\‘

H3C O”/ \\\\\\ 3
//C - N\
// H 0 H
5 O

5. The method of claim 3, wherein the compounds formed in step

(a) have the following structures:

t-butyl
t-butyl OH

H3C O/’/ \\\\\\
C -
C - \I\ / \
// H o H
10 o
6. The method of claim 1 wherein the carboxylic ester hydrolase

enzyme is obtained from a microorganism.

15 7. The method of claim 1, wherein said enzyme is selected from
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-34 WO 03/016543 PCT/US02/26810 R R2 0 OH NHII in dil. t-butyl OH=p
HCH3 HOBzOOOY 0 wherein: 5 R is -0-C(O alkyl, -OC(O aryl or
-0 CO cwolsaldsys; and R2 is CH3C(O O . conprising reactrcmgrsaz/ecapound
selected fromformulas la, Ib, Ila and IIlb. 10 RV,, "\ t-butyl F1 la /CN\

0 I , .
the group consisting of an esterase, lipase, amidase and acylase.

8. The method of claim 7, wherein said enzyme is a lipase.

5 9. The method of claim 6, wherein the enzyme is a lipase selected
from the group consisting of lipase PS-30 from Pseudomonas sp., lipase P-30
from Pseudomonas cepacia, lipase GC-20 from Geotrichum candidum, lipase
N from Rhizopus niveus, lipase APF from Aspergillus niger, lipase Ay-30 from
Candida sp., lipase AK from Pseudomonas sp., Pseudomonas fluorescens

10 and porcine pancreatic lipase.

10.  The method of claim 1, wherein said enzyme is immobilized on

a support.

15 11.  The method of claim 7, wherein the enzyme is an amidase.

12.  The method of claim 6 wherein the enzyme is Pen V amidase

obtained from Fusarium sp.

20 13. A method of preparing a compound of formula lll
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-35 WO 03/016543 PCT/ US02/ 26810 R butyl Ib GNOH Rt-butyl Ho CNO 5
R butyl Ilb /CN\\ OH where RLis -OC(O alkyl, -OCC(O-aryl or -0-C(O
cycl oal kyWp 0300548 t h a conpound of fornula IV -36 PCT/US02/26810

R! R?

wherein:

5 R! is —O-C(0) alkyl, -O-C(O) aryl or —O-C(O) cycloalkyl; and

R? is CH3C(0)O-.

comprising reacting a compound selected from formulas la, Ib, lla and llb.

10

Ia
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WO 03/ 016543 PCT/ US02/ 26810 R OR4 HAil = O H OCOOCHHO 3 BzO N wherein
R2 is CH3C(OO5 and R4 is a protecting group and renoving the R4 group to
forma cowpaeandsed forrmula I111. 14. The method of clai m 1®cCrursphzisio
conprising reacting the 10 conpound of fornmula IV with a strong netal base
to convert the C 13 hydroxy] group into a netal al koxide. -37

R

-butyl
| | Ib

wi-butyl
Ia
N

,//// 'butyl
| ‘ IIb
N

where
R' is —O-C(O) alkyl, -O-C(O)-aryl or -O-C(O) cycloalkyl;
10

with a compound of formula IV
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WO 03/016543 PCT/US02/26810

HO lir

wherein R? is CHzC(0)O-

5 and R* is a protecting group

and removing the R* group to form a compound of formula Iil.

14. The method of claim 13 further comprising reacting the
10 compound of formula IV with a strong metal base to convert the C-13 hydroxy

group into a metal alkoxide.
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