25 January 2006 ENZYMATI C RESCLUTI ON OF T- BUTYL TAXANE DERI VATI VES Rel at ed
Application This application clainms benefit to provisional application U S.
Serial No. 5 60/313,757, filed August 21, 2001. Field OF The Invention The
present invention is directed to the enzymatic resolution of taxane 10
derivatives and to nethods of preparing orally active antitunor conpounds
from sai d taxane derivatives. Background O The |nventi on2%5lapaary 2 | is
a natural product extracted fromthe bark of Pacific yew trees, Taxus
brevifolia and the active constituent of the antlcancer aoent TAXCL(r) It
has been shown to haveERL¥MATENRESQLUTIGH 14 '

nodel s, and recent studi es have el uci dated |ts uni que nDde of actlon
whi ch invol ves abnormal pol ynerization of tubulin and di sruption of
mtosis. It 20 is used clinically against a nunber of human cancers. It is
an inportant cancer agent both therapBaktesbApplicativth comrerci al | y. Numer ous
clinical trials are in progress to expand and increase the utility of this
agent for the treatnenmhiohpilicatoh Qainls fepefittb peoviiGreRaasicatidrel 158 Sekidl Moo f
TAXOL(r) clinical studies have been revi ewed by nunerous authors. A very
recent conpil ati on6e/M313,757, filed August 21, 2001.

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 unigue mode of action,
which involves abnormmal polymerization of tubulin and disruption of mitosis. It

20 i5 used clinically against a number of human cancers. It is an important
cancer agent both therapeuticailly and commerciaily. 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
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25 January 2006 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). Oher
exanpl es are such as by Rowinsky et al. in TAXO.(r): A Novel

| nvesti gational Antimcrotubule Agent, J. Natl. Cancer Instl, 82: pp

1247- 1259, 1990; by Row nsky and Donehower in 5 "The dinical Pharnmacol ogy
and Use of Antimcrotubule Agents in Cancer Chenot her ape@bitamuarfRaodac.
Ther., 52:35-84, 1991; by Spencer and Faulds in "Paclit.axel i_ew of

i ts Phar macodynaniob agialgs bl Reeb i etifegent Iﬂ”g'lﬁésf o %’Q?aé'}ﬁﬁf "Fﬁﬁ? 5’6@85% S\c(le o
Potential in the Treatnment of Cancer,k " ugs 8 ~L5) 794-84 )Y
K.C. Nicol aou et aﬁemlmaﬁsom%wp@sws%&’ﬁgﬁ oglbdgﬂ/élbfo%'ﬁ) "’I"f@%&l% %I‘e.s%iﬁégv?p
Chem, Int. Ed. Engl., 33: 15-44, 1994. by FE.A. I o u a; J.J.
Kavanaugh, M H. ﬁg’ﬂ‘@?ﬁkyﬁ‘ ai_m ﬁ@%@'},'&/NO\’%@Il@‘fe&h?{t‘%fﬁg&%%ﬁog)ngg%&' J
Anticancer Agents Basic Science, and r tuso edi ih-
Georg, Thomas T. @?éln?ai“&%{d“ﬁ’%ﬁa?pé%g'lﬁgg%tégla‘WF\C}VEE', 3?%5@?,0” %(?ri'can
Chem cal Society, \ashington, DC_31-57. S Ckdnls RNBaRadrbara
Bl ayl ock in the bobRe 'C'“’I‘%%d%?r)“agfﬁg}‘n@@ual%e Rg%\%ﬂ@a%?@%@él Aé%a:nt{:% ed by Vat hew
Suf f ness, 1995, Press Inc...,Bgca Rat Fl.al4d -~ 416,58 @ngo i n
the references cit mﬂﬁ’éﬁ’@‘??’l’%ci gge)'?ﬂr{ngffnﬁﬁg{"i é',%é# a dg;g%%ql'péyglsl% axel named

e A S R et

the active ingredi€r _ _ y avall a cancer agent
TAXOTERE(T) . See, PBrB;g)érﬁeas', gr‘% JI'P{er'gﬁéﬁt?éePotential in the Treatment of Cancer,” Drugs, 48

(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 |. Georg, Thomas T. Chen, lwao Qjima, 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., Bocé 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.




Taxol Anal ogues with Deleted A-Ring Side Chain Substituents and Vari abl e
C-2' Configurations, J. Med. Chem, 34, pp 1176-1184 (1991); Rel ationships
between the Structure of Taxol Analogues and Their Antimtotic Activity, J.
25 January 2006 Med. Chem, 34, pp 992-998 (1991) incorporated herein by
reference. A review of the clinical activity of TAXOTERE(r) by Jorge E.
Comes and Richard Pazdur has appeared in Journal of dinibalangago?
1995, 13(10), 2643 to 2655. The structures of paclitaxel and docetaxel are
shown bel ow along with 5 the conventional nunbering system for nol ecul es
bel ongi ng to the cMassChesichd, mpTbe2-0ag (35 émarsoraledcheeaip| oy ederencd. hiss
application. ARNH Ph - 0 CH paclitaxel (TAXOL): R = Ph; R = acetyl to
docet axel ( TAXOTERBVviewRbf=2hé clinitadeytivitR of I ANDIERETbyAhphe Ee Codesnand Rivhtard
paclitaxel has no oral activity can be found within the follow ng quote
from PCT patent apphzauathasmppend8/ibI8lrbabyf Clmicah Cowcsloghdad| 13Bra)d2643 to
Kenneth L. Duchin and Sami Selimand the references cited 15 within the
guot e, whi ch says: 2638 cThet sisusturéssoieaciitape and ydoa¢is el laee shdvenbelaw mlamgstitr ed
orally (less than 1% ; see Eiseman et al., Second NCI

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

such numbering system is also emplo}ed 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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Wor kshop on Taxol and Taxus (Sept. 1992); Suffness et al., in TAXQOL

Sci ence and Applications (CRC Press 1995). Eisemann et al., indicate that
25 January 2006 paclitaxel has a bioavailability of 0% upon oral
adm ni stration and Suffness et al., report that oral dosing with paclitaxel

did not seem possible since no evidence of antitunor activity was found on
oral administration up to 160 ng/kg/day. Mreover, no ef28clanuary8®®®d has

been devel oped to gnabhs Hdis éoﬁ‘«f&ilﬁsﬂit}p\b@o%dmdﬁ! Sthf RlrhiQStr&fonodrdl sReLd taxel
(i.e., a nmethod of i1ncreasing the ora bi oavailability of paclitaxel) or

of other oral L axapeSefért W'dr&l%@in@%h%!itﬁk@%id gt a6t FoRibieMingd no
exhibit antitunor activity. For this reason, paclitaxel has not until now

been admi ni stered gfiddnc¥ dfCarlitFRdt RAVinEWas  foditfl of ESrhiRhdthiisiation Bp tbhso
course or treating paclitaxel-responsive di seases.” Another report by J. 10

Terwogt et al., fragkhtylMdeiver, HelaffcdflemdBOS hay Bten d82idpRES 3R4bIG D
describes the |low bioavailability to doses as high as 160 ng/kg/inj in

nurine (nouse) t UsmictivEDa@histratiorMBidihl peclitarsll(i. & 8hsetedd eMiicrebding aryorand
have concluded, |ike Suffness, that further dosing would not provide

ef ficacy even thopigdvaligbilitg oflpsHgaxel of ofdther @attarshesfot phbiRs e BealoGlIEuIN
attenpts to 15 denonstrate activity for orally adm nistered paclitaxel

agai nst human t unods doceno@l ahich eixnplt antiehor Actiity h&lor did yglsen Nptitaqs! dshym c
rates have to date been unsuccessful. The present invention provides for
t he enzymati cal | y niesefiuiomoteanaitiinietered orally to human patients, and certainly not in
the 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 bicavailability to doses as high as 160 mg/kg/inj in murine
(mouse) tumor models {sc M108) 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 attempis 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.



20 m xtures of particular effective water soluble G4 taxane anal ogs

di sclosed in copending U S. Patent Application Serial No. 09/712, 352,

i ncorporated herein by reference, which have oral activity and thus would
have utility against proliferative diseases after oral adm nistration.
Some of the background art pertaining to this invention are shown bel ow.
25 January 2006 Certain taxane derivatives w th nodificati2éniargery Be0g. 4
hydr oxy group have been described in the art. 5 U S. Patent No. 5, 808, 102
to Poss et at., and PCT Published Patent Application No. WO 94/14787
contain descriptions of taxane analogs with nodifications at the G4
positions. Gunda |I. CGeorg et al., describe the synthesis of a G4 ester
analog in 10 Tetrahedron Letters, 1994, 35(48) 8931-8934. S. Chen et al.,
describe the synthesis of a C4 cyclopropyl ester anal og in Journal of
Organi ¢ Chem stry 1994Ceh8i6 2d)anctdhiatRes With thdlificatidrenst thie C-4 h@dox0g@upo
Chen, Shu-Hui covering the C4 nethoxy ether derivatives issued on Novenber
24, 1998. Chen, ShiavElbeen Bégcsibedinthbagi s of C- 4 net hyl ether paclitaxel
anal ogs and the unexpected reactivity of 4-deacetyl-4-methyl ether

baccatin Ill. 20 Tetrahedron Lett. 1996, 37(23), 3935-3938. The follow ng
reference di scusses a nunber of C-4 ester or carbonate
5 U.S. Patent No. 5,808,102 to Poss et al., and PCT Published Patent

Application No. WO 94/14787 contain descriptions of taxane analogs with

modifications at the C-4 positions.

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, 53(21}, 6156-8.

15 U.S. Patent No. 5,840,929 to Chen, Shu-Hui covering the G4 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), 3835-3938.

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; 25
January 2006 Casazza, Anna M; et al. Novel C 4 paclitaxel (Taxol)

anal ogs: potent antitunor agents. Boorg. Med. Chem Lett. 1995, 5(22),
2741-6. The preparation of G4 aziridinyl carbamate anal ogs has been 5
described in: Chen, Shu-Hui; Fairchild, Craig; Long, Byro 5HanSyfﬁﬁstB@@6$ and
Bi ol ogi cal Eval uation of Novel C-4 Aziridjne-Bearn |

Anal ogs. J. Med. Casarzalodma 3¢ 1)al. Npyel C-grpadiigx Io aﬁ‘ﬁ)pﬁ ‘?955 ofécé‘é % be
reactions or transformations which are 10 descrl bed ?323 Z%t -4 anal og
preparation: A newntgms@genys C (1A acetyl baccatin
[1'l. Uoto, Kouichi; Takenoshita, Haruhiro; I Shl yana, Takashi; Terasawa,
Hirofum ; Soga, Tsunehi ko, Chem Pharm Bull. 1997, 45(12), 2093-2095. 15
Samar anayake Gam ni; Neidigh, Kurt A ; Kiingston, David G |. Modified
taxol s, 8. Deacyl ati onTaadprepamyibmt forC-6f adddinyt carbampte Rnalggs has dyeen
1193, 56(6) 884-98. 20 Datta, Apurba; Jayasinghe, Lalith R ; Georg, Gunda
L. 4-Deacet yl saxoldeseritskdlin: Gust, \AhuddudpBaieshijd, tGraigt berg, BSWWHes‘-’IYE“‘&ﬁG ‘and

Bi ol ogi cal Evaluation. J. Med. Chem 1994, 37(24), 4258-60.
Biological Evaluation of Novel C-4 Aziridine-Bearing Paclitaxel (Taxol)

Analogs. 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 1ll.
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. L
Modified taxols, 8. Deacylation and reacylation of Baccatin 1ll. J. Nat. Prod.

1193, 56(6), 884-98.

20 Datta, Apurba; Jayasinghe, Lalith R.; Georg, Gunda i.. 4-Deacetyltaxol
and 10-Acetyl-4-deacetyltaxotere: Synthesis and Biofogical Evaluation. d.
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
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Inspite of the above-nentioned exanples of C-4 anal ogs or nethodology to
prepare them no evidence of orally active C4 anal ogs has 25 January 2006
been supplied. The present invention provides a nmethod of resolving racemc
m xtures of C-4 anal ogs which have oral activity. The follow ng references
descri be nmethods or possible methods for 5 orally active taxanes. Methods
for adm nistering taxanes in the presence of nodul ators habeanyaen2eeport ed
to increase the anount of taxanes in the plasna after oral admnistration:
Terwogt, Jetske M Meerum Beijnen, Jos H.; Ten Bokkel 10 Hui nink, Wm W ;
Rosi ng, Hilde; Schetlens, Jan HA M Coadm nistration of cyclosporin
enabl es oral therapy w.th taxel .. Lancet

pacl] { 1998), 352 124 285. .
Terwogt, ot ski M ORELPURERR I BiEEen TR plovaiRe A uinod BLAegAbing racaric
Hui ni nk, Wm W ten.Rokkel.: i,0 il de: Ko n, Franciska J.; Van
Tel lingen, O af; SWar gfesﬁﬁ'ﬁgﬁaE%‘QHF%ﬁg\fe 9@%&@'% Co- adni ni stration of
oral cyclosporin A enables oral therapy with paclitaxel. din. Cancer Res.
(1990), 5(11), 3379-3384. 20 Hansel, Steven B. A nethod of naking taxanes
oral ly bioavail able by _coadm nistration with cinchonine. PCT Int. qul. WO
97/ 27855 publ i shed Augmq fo)lpwgpggrp_ferences describe methods or possible methods for

5 orally active taxanes.

Methods 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},

2865.

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 bicavailable 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
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Broder, Samuel; Duchin, Kenneth L.; Selim Sam . Method and conpositions
for adm nistering taxanes orally to human patients using a 25 January 2006
cycl osporin to enhance bioavailability. PCT Int. Appl. WD 98/53811

publ i shed Decenber 3, 1998. These reports contain no antitunor efficacy
data but the presence of taxanes in the plasma is extrapol ated to show
their potential for anticancer utility. 5 At |east one r@poclanuafy 30eH

activity of prodrugs in _preclinical animl. no ea ' pri or
art: Scola, Paul ®ClosRadbP SYIRNCE. ?IOQ}?&E‘?IHWDO% gﬁtsl\f]?@r e|c}{"?1r8a%9 ?’gégo
paclitaxel prodrug derivatives. Eur. Pat. Appl. EP 7 ' d
Decenber 11, 10060UbRBHDSFoBOYTal 9%, h‘?i‘? %PW%&%‘%@B&‘S%"?@%%?@% Rad
oral efficacy was not disclosed an no further repoyt GRRGKNds
progressing to naﬁatﬁélﬂéth&piﬂﬁé?@a.oqme?&E‘ﬁtq"ﬁ aalli? %’%%E)?%%t%st SR, |8ng a
t axane anal og (I DN-510 gq{w th oratl!. activity against tunors in mce was
di scl osed at the PREPY ARUANCPLYYHh 15 of “Cancer Researchers in
Phi | adel phia in 1999. The reference for the abstract is: Pratesi G
Polizzi D, Totoreto M Riva A Bonbardelli E, Zunino F: |ND5109 a new
taxane active after oral admnistration. Proc Am Assoc .Cancq.r. Rfas 1999 40
Abs 1905, Istituto NazMowasteorrumamort, of2orabactyity 61 RIRAMVIP Ay MECGFR 22830,
Mlan, Italy. The structure of this conpound is qui
Y modes has appeared in the pri%? art: Scola, Fgaul tf\l? Kadow, John F.; Vyas,
Dolatrai M. Preparation of paclitaxel prodrug derivatives. Eur. Pat. Appl. EP
747385 published December 11, 1996. The oral bicavailability 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 £, 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, ltaly. 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-1509 is derived from
14-betahydroxy baccatin 1l and has an acetate on the hydroxy group at the

C-4 position.



20 different than conpounds described in the present invention. Unlike the
conpounds enconpassed by the present invention, IDN1 509 is derived from
14- bet ahydroxy baccatin Il and has an acetate on the hydroxy group at the
C-4 position. -8 25 January 2006 Two references on the activity of this
conmpound are included for conpleteness. Nicoletti M, Rossi C Mnardo C
Stura S, Mdrazzoni P, Bonbardelli s E, Valoti G G avazzi2SRanuant 2006ror
ef ficacy of the paclitaxel analogue, |1DN5109, on human ovari an caci nona
xenografts with different sensitivity to the paclitaxel. Proc Am Assoc
Cancer Res 1999 40 Abs 1910 [Evals+citations]. 10 Polizzi, Donatell a;
Pratesi, Graziella; Tortoreto, Mnica; Supino, Rosanna; Riva, Antonella;
Borbardel i, Ezio; ZuniTwe, refgraness. ol the\adtiviarhifes smpeundnareiagluded for
tolerability and therapeutic activity in a panel of human tunor
xenografts. Cancercorudetenepsg 59(5), 1036-1040. 15 Paclitaxel is a highly
schedul e dependent drug that benefits traditionally from prol onged tunor
exposure times. This relates to paclitaxel's nmechanismof action as

t axanes only recogni ze and bind to the polynerized state of tubulin which
occurs only during a bnimietpblLi GbssifC,tMenardmCeiStueeld, Morazzont P, Bombardelli

5 E, Valoti G, Giavazzi R.: Antitumor efficacy of the paclitaxel analogue,
IDN5109, on human ovarian cacinoma xenografts with different sensilivity to

the paclitaxel. Proc_Am Assoc Cancer Res 1999 40 Abs 1810

[Evals+citations}].

10 . Polizzi, Donatella: Pratesi, Graziella; Tortoreto, Monica; Supino,
Rosanna; Riva, Antonella; Bormbardelli, 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 benefils
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 acéomplishing such extended duration of
exposure. Recently, clinical utility has also been demonstrated using

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



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 schedul es. However, an oral taxane may provide a
conpliant and cost effective way of acconplishing such extended duration of
exposure. Recently, clinical utility has al so been denonstrated usin
repetitive once weekly administrations of noderate (i.e.,25bﬁ@uanhaﬂéh

maximal |y 25 Janu J!%raé%?%ﬁ§t%$lro§2@ Jo gr?é%ﬁ <9|jal T{%ﬁ’e(»{}am%@ ﬁaaloroa!sut;ﬁxane

woul d be ideal fo reginens. O purported clinica
i ndi cations for taxanes use. . g h | dy: hiditdtons TU tdxah&s use
scl erosis) woul d chgﬁcf?gn?ﬁfr?érgro%tﬁ{e' gvaélq g%ﬁaﬁty "5 an oral taxane. An

orally adm ni stered ef ' e : BT Wbk hatst bahéfit aedm MRe
alternative fron1ﬁﬁg"dﬁgéﬁ%%ﬁﬁ%ﬁ¢§%h1tﬁglgégﬁg%%%fw current clinical taxane
usage, and a potenti.al.. i vant DEEMieSred @ffette tERdNE W@dUES
of schedul i ng yet &Y g&‘{]ﬁ{/%gtgl:%g%&ggg T%ugr,gﬁ%t is cl eear there is a great

need (o brovige i gangayl fy dumite ardfllidifon s phreatrdioram whs oot ufgood

oral bioavailability an ora cacy, Wwhich are conparable to

paclitaxel adm ni %%ﬁéﬁ%gg@éﬁ?%ﬁ%g&éaﬁe, M ERENEAI tHéepéuticenivamtagd beddise

present invention provi t, efficient methods for the resolution

of enantioneric m r chedidn bCto/Beihwisfigate@f  conpounds
identified as parf?gﬁ?ﬁépggﬁﬁg%%?@%seintggﬁediates i% t he

Thus, it is clear there is a great need to provide taxanes in a pure,
10 highly resolved form with both good oral bioavailability and good oral efficacy,

which are comparable to paclitaxel administered parenterally.

Summary Of The Invention

15 The present invention provides, in par, 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

of a mixture comprising the enantiomers of formulas la and ib, where R'isin

-10-




preparation of orally adm nistered taxanes such as taxol, and thus for the
stereospecific preparation of these conpounds. In a further aspect of the
20 invention the resolved enantioners are used to prepare taxanes useful
for oral admnistration to warm bl ooded ani nmal s incl udi ng humans.
Specifically, the present invention provides a nethod for the resolution
of a mixture conprising the enantioners of fornulas |a an@5lJanuane?@0R is
in -10 25 January 2006 the cis position relative to the t-butyl group in
both fornmulas la and | b as shown below. 5 R/-butyl GNI \ Olalb or
where R is in the trans position relative to t-butyl group in both
formulas Ila to and Ilb: RL t-butyl C- N

the cis position relative to the t-butyl group in both formulas la and b as

shown below.

Ia
C - N
/N
/ H
O
5
R t-buty!
Ib
C -
/N
H
0

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

10 and llb:

IIa



Ila 25 January 2006 tlb where R is -0-C(O alkyl, -0-C(O aryl
or-0-C(Ocycloal kyl; 5 conprising the steps of (a) contacting said m xture
with a carboxylic ester hydrolase enzyne or a m croorgani smproviding a
carboxylic ester hydrol ase enzyne, wherein said enzyne catal yzes the
stereosel ective hydrolysis of said mxture to provide a mxture of two
conpounds in which in one conpound Rl is -OC(O al kyl, 2B8-Jeneprna29gdé or
-O- (O cycloalkyl and to in the other conpound R is hydroxy, and (b)
recovering one or both of said Rconpo P&{?I Det ai |l ed Description O The

| nventi on 15 The net hods of the” nventi on are descri bed further as

follows. C's Enantionmers The fol|l oing pair of cis enanf oners nmay be
separated by the 20 enzymatic matélo of the instant invention: -12 25

January 2006 |a and // \
0

H

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(0O) alkyl, -O-C(O) ary! or ~0O-C(0) 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-



Ib C- NI \ Ob5that is, enantioners of fornulas la and Ib where R is in

the cis position relative to the t-butyl group in both la and Ib. It is
preferred to resolve a m xture of cis enantioners as described to above
according to the nethods of the instant invention. Trans Enantiomers The
follow ng pair of trans enantioners may be separated by the 15 enzymatic
met hods of the instant invention: 25 January 2006 t-butyl 2Balanuary 20¢6 - N
and R/ t-butyl I1b

1
R atbutyl

ia
C - N\
/e
3 R
and
R!
' a-butyl
b
C - N\
/\

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-



that is, enantionmers of fornmulas Ila and Iib where R is in the trans
position 5 relative to the t-butyl group in both. Preferred Methods for
the Resolution of Mxtures of Enantioners A m xture conprising an
enantionmeric mxture of conpounds of to fornulas la and |b or Ila and I1lb
are preferably resol ved by stereosel ective hydrolysis in the presence a
carboxylic ester hydrol ase enzyne, preferably from a ni ci2botapuarg2006he
conpound pairs so prepared are non-epgantioneric and may 15 subsequently be

separated to yield optically active, a&Qref git&blyy optically pure, conpounds.
An optical purity greater than 99% partijcularly 99.5% is preferred. -14
25 January 2006 The present invention lals providesua conpound of the

m xture substantially free of other | dn@&;, whi ch conpounds may be
prepared by the nethods of the inveption. In addition, the present
invention is directed to a process prepaHi ng sel ect taxane conpounds
using i nternedi ate conpounds obtained by the nethods described above.
Definitions ie The tern1"stereose|ec%¥¥e conversion", as used herein,

refers to the d

1

R, t-butyl

l ‘ Tib
//C N\
4 H

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

5 relative to the t-buty! 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 llIb 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 vield optically active, preferably optically pure,
compounds. An optical purity greater than 99%, particularly 89.5%, is

preferred.



preferential reaction of one enantioner relative to another, that is,
asymetric, enantioselective, reaction. Likew se, the term"stereosel ective
hydrol ysis", refers to the preferential hydrolysis, of one enantioner
relative to another. 15 The term "m xture", as said termis used herein in
relation to enantioneric conpounds, denotes m xtures having equal

(racem c) or non- equal anounts of enantioners. 20 The ter2hJaresoy @006n" as

used herein denotes partial, as well as, preferably, conplete resolution.
The term "non-enantioneric form' as used herein denotes the structure of a
conpound, originally one of an enantioneric pair, in which at |east one
-15 25 January 2006 grQup has been nodified so that said conPound is no
|l onger the mirror inage 8 PEERENbIMENIRN ARSUBPYIeSt RecHTRYGiINdap! dhtameikoreer i c
pair. The terns "enz%gatj@ygroch§"_or "enz%natic met hod" as used herein 5
denote a process of Wit AW ¥ee PN ReTE WhitheRmrRatndrmayherriersted By e or
m croorgani sm The_ ter tal kyl " . "al kan" or "al k" are enpl oyed herein
al one or as part B}Q?@ﬁgtoﬁg’le %‘%‘Hﬁ -preferably denote both straight and
branched chai n,

s In addition, the present invention is directed 1o a process of preparing

select taxane compounds using intermediate compounds 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.

The temm “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 ieast one

-§5.




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

4, 4-di net hyl pentyl, octyl, 2,2,4-trinethylpentyl, nonyl, decyl, undecyl,
dodecyl, the various branched chain isoners thereof, and the |ike.

Exenpl ary substituents may include one or nore groups sekéclandary 20806 he

fol ' owing: hal o (eﬁfggﬁirﬁklb\éeﬁmdaff%bisolﬁattséidr@nﬂf&hbﬂ no RhESPHe Glifdr iﬁé?ﬁr}[ﬂegi

where two al koxy sl ituents forman acetal), aryl such as unsubsti

aryl, alkyl-aryl opffglogh ¥bmpbidd Gah& ¥higisH GRantindiRpast i tuted 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, thiol or alkylthio. Particularly preferred alkyl 20

substitutents are hydr egFgﬁgﬁ%%%mgﬁgPéﬁé%$&ﬁgé#&ﬁ%@gh%¥$%“ggﬁ%8¥?%“ﬁ$rein

al one or as part of ano

substituted satura | i r,b aji nj ree
ings and 3 tq 12 Pie EErEs SRR e HaSet i BRRGELALOAIEIR ShBuhgYFT g
carbons, which include @Xﬁgﬂpropyl, cycl obutyl, cyclopentyl, cycl ohexyl,
cycl oheptyl, cycloocty?, cycl odecyl, cycl ododecyl, and adamantyl. Exenpl ary

et ! U R e S5 o MERTE RN & B0
of another group preferably denote both straight and branched chain,
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-butyi, isobutyl, pentyl, hexyl, isohexyl, tieptyl, 4,4-dimethyipentyl, 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),
I5 trihalomethyl, alkoxy (for example, where two alkoxy substituents form an
acetal), aryl such as unsubstituted aryl, alkyl-aryl or haloaryl, cycloatkyl 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 substituled saturated cyclic hydrocarbon

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

-16-



5 The term"aryl" as enpl oyed herein preferably denotes nonocyclic or

bi cyclic substituted aromati c groups containing from®6 to 12 carbon atons
in the ring portion such as unsubstituted phenyl, biphenyl, naphthyl, or
substituted with substituents such as al kyl, hal oal kyl, cycl oal kyl al kyl,
hal ogen, 10 al koxy, hal oal koxy, hydroxy, aryI and the like. The term
"hydroxyl protecting group" as used herein denotes a groupgd Jaapan 2008
protecting a free hydroxyl group which, subsequent to the reaction for
whi ch protection is enployed, may be reaned wi t hout disturbing the 15
remai nder of the nolecule. A variety of protecting groups for the hydroxyl
group and the synt SIS t her eo ound, for ex n "~ Protective

Groups in Organic GAhns, HblcgﬁXqueé YEIOREPY GH‘HOWY'e‘}b’CMB“EbﬁWOM'l
or Fiser & Fiser ing ted her by reference. ar hydroxyl
protecting groups i H@? n@FWSﬁVﬁQ ﬁecy'l cy‘ﬁ?q’ﬂi‘?ﬁﬂt %"ﬂ dEHE'%’E Ayl ,
((3 20trirrethyIS|I e hox tetra dro
2,2,2-trichl oroet h& %iléﬁnb%eﬁ'ﬁlwg ﬁe BLMA] Bp‘é'h%rﬂg 9 8% \F/W:”b?‘i’ ALPYEy s PG O
tri chI or onet hoxycar trichl met hyl . -17 25 January
2006 Starting Materia §Kﬂpﬁ?§?ﬁ$838F°§ﬁ%ﬁ? Wgﬁﬁ%”%ls conpri si ng
conpounds of fg)r mul as | a
The term “aryl” as employed herein preferably denotes monoccyclic or
bicyclic substituted aromatic groups containing from 6 to 12 carbon atoms in
the ring portion such as unsubstituted pheny!, biphenyl, naphthyl, or
substituted with substituents such as alkyt, haloalkyl, cycloalkylalkyl, halogen,

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

The term “hydroxyl protecting group” as used herein denotes a group
capable of protecting a free hydroxy! 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-

trichioroethéxymethyl.

-17-



and I'b may be prepared by nmethods known to the skilled artisan, such as s
t hose descri bed in European Patent Application No. 400,971, incorporated
herein by reference. For exanple, a racem c mxture of cis-p-Ilactam
conpounds of fornmulas la and I b may be prepared by the formation of an
imne of the formula: 10 is t-butyl-CH=N- by reaction of an al dehyde of the
fornmula: t-butyl-CHO The imine so prepared may then be r@aclasdany 280&in
acyl chloride of tggg@gr Yy a., 0 11 R-CHz-CClL Werein R is as defined

0

previ ously, such a r'3I<§etyl chloride, to 20 produce a racemc
m xture of cis-p-lactam conpounds of the fornulas la and |b. The latter
reaction nmay be conducted in the presence of a base such as triethylam ne

in a solvent such as nethylene chloride at a tenperature such -18 25
January 2006 A mixture of starting materials comprising compounds of formulas la

and |b may be prepared by methods known to the skilled artisan, such as
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 |b 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-butyli-CHO

The imine so prepared may then be reacted with an acyl! chloride of the
formula:
I
R'—CH, —-(l —l
Wherein R' is as defined previously, such as acetoxy acetyl chloride, to
20 produce a racemic mixture of cis-§-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-



as -20C., followed by warm ng to 25C. The above procedure may, in turn, be
followed by nodification of the |lactamforned, should a different |actam
starting material be desired. 5 Starting m xtures which are other than
racem c mxtures nmay be obtained, for exanple, by addition of one of the
compounds fornulas la or Ib to a racemc mxture of the conpounds. The
starting mxture may contain, for exanple, the diastereomgbsagtant 30Qhe
conmpounds of fornmulas la and Ib, although it is preferred that such
conpounds are separated prior to conducting the enzymatic resol ution

met hods of the present invention. Enzynmes and M croorgani sns 15 The enzyne

or m croorgani sm e%I (;ﬁqd in the nethods of the present invention may be
any enzyne or nmicr r'g -Jlanedi By arming8ids ey to catal yze the

stereosel ective conversions as descri bed herein. Various enzynes, 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
thereof, cells of m crobhgabivenppceriues ey, Deluhs becsliovact lsy oibditieation, ofane of
synthetic origin. Wth respect to the use of mcroorgani sns, the nethods of
t he present lactam formed, should a different lactam starting material be desired.

Starting mixtures which are other than racemic mixtures may be
obtained, for example, by addition of one of the compounds formulas la or lb
to & 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

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 celis, or of

synthetic origin.

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

.15.



-19 25 January 2006 invention may be carried out using any m crobi al
cellular material having the ability to catalyze the stereosel ective
conversions as described herein. The <cells may be used in the form of
intact wet cells or dried cells such Iyophilized, spray-dried or
heat-dried cells. Cells may al so be used in the formof treated 5 cel
material such as ruptured cells or cell extract. The cel | 85acklanuaty 20GH

materials may be CRlbsicA m&Ebe ca¥eHafh usifhBng FhikdbR c@lﬁ:\dr%ﬁéﬁﬂ%@ffﬂ%aﬂxé may
be enployed in the free state or imuobilized on a support such as by

physi cal  adsor pti gi9to @Rtaly2E RS bterdd3e REBIDLSHEr ISR Ld&oriBb & hORN) afhe N
sui tabl e as sources of catalyzing enzynes include Micor, Escherichi a,

St aphyl ococcus, AQEQRIRdyAEd 448 in AMd 1BRA OPRECEWet GBS BPRKS colS RBEWIVbhMEzed,
Nocardi a, Streptomyces, Trichoderma, Candida, Rhodotorula, Torul opsis,

Proteus, Bacill us, sphgaliédenesat-driBs elo NOARMayRR8s BE QEEY Fr thBIFEMI brwdRsd um
Geotri chum Enterobacter, |Is Chronpbacterium Arthrobacter, M crobacterium

Mycobacteriums Sagdlhaia@maf €Gch BeNuplurdd Bels oMebinanehact The Walls Betdentis,
Chaet omi um  Ophi obol us, d adosporium and the |ike. The use of genetically

engi neered host cehbldialsIngy) 6O cemdragailllextraet, 122 NS &k thifuidr rhAteAd!g ik ySHEs
suitable for use in the present processes include Chronobacterium
vi scosum Pseudonogagiopelin Bk iegastatecdt imdnobilized on a support such as by physical

adsorption or entrapment.

10 Exemplary genera of microorganisms suitable as sources of catalyzing
enzymes include Mucor, Escherichia, Slaphyloccccus, Agrobacterium,
Acinetobacter, Rhizopus, Aspergillus, Nocardia, Streptomyces, Trichoderma,
Candida, Rhodotorula, Torulopsis, Proteus, Bacillus, Alcaligenes,
Psuedomonas, Rhodococcus, Brevibacterium, Geolrichum, 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 25618, Pseudomonas fluorescens, Pseudomonas putida such as
ATCC 31303, Pseudomonas ovalis, Escherichia coli, Staphylococcus aureas,

Alcaligenes faecalis, Streptomyces griseus, Pseudomonas cepacia, Candida

220-



ATCC 25619, Pseudononas fl uorescens, Pseudononas putida such as ATCC
31303, Pseudononas ovalis, Escherichia coli, Staphylococcus aureas,

Al cal i genes faecalis, Streptomyces griseus, Pseudonbnas cepaci a, Candida
-20 25 January 2006 rugosa such as ATCC 14830, Ceotrichum candi dum such as
ATCC 32345, Streptonyces clavuligerus, Nocardia erythropolis, Nocardia
asterai des, Mycobacterium phlei, Agrobacterium radi obact @b Jansper 30086 us

ni ger, Rhizopus oryzae and the like. Two or nore, as well as a single,
species of 5 mcroorgani smnay be enpl oyed when carrying out the instant
processes. The term "ATCC' as used herein refers to the accessi on nunber
of the American Type Culture Collection, 12301 Parklawn Drive, Rockville,
Maryl and 20852, t Rigogrepishi 2oV CEOI458Re Geptianys mapdifumreighas. ATC Fra45,
resol ution nmethods of the instant invention may be carried out subsequent
to the growth of tHECHIBEYSS: Ghvriay Beprdire PYIBIoPEbhc Noreidta yastargigeewi t h
that is, inthe latter case, by in situ fernentation and resaqlution. The
growt h of i croor gHKFOREIERER) AN APRARRIUTY radinbacter, | Asparadius;riaan, Ririgerus
exanpl e, by the use of an appropriate nmedi um contaiping nutrients such as
15 carbon and ni t r OYE¢ SB8PEskend TYACY BI%frefAt sWelb@snpl 8Pg'e: BRFET Sfal |y
avai l abl e enzynes suitable for use in thgwpresent i nveﬁt i.on include

| i pases such as AnBIGEPoEgansm M&%BWBME hen carrying out the instant processes.

The term “ATCC" as used herein refers to the accession number of the
American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland

20852, the depository for the organism referred to.

10 The resclution 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 aritsan, 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 {Aspergiflus

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

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




cepacia), Amano GC-20 (Geotrichum candi dum), Amano APF (Aspergillus 20

ni ger), Amano AK (Pseudonobnas sp.), Pseudononas fluorescens |ipase

(Bi ocatal yst Ltd.), Amano Li pase P-30 (Pseudonobnas sp.), Anano P
(Pseudononas fl uorescens), Amano AY-30 (Candida cylindracea), Amano N

(Rhi zopus niveus), Amano R (Penicilliumsp.), Amano FAP (Rhi zopus oryzae),
Amano AP-12 (Aspergillus niger), Amano MAP (Micor nei het) 25-Januagy 3@fiary

2006 A GC-4 (Gl &hL i ' 038 - 7
pancr earsng;]? Si gma( L- 308I1GW(£§? B‘gg?}r#)moagﬁggn@? L$§§%4@(0%g%dajiﬁg§l%%§ ?%%ggga) ,

Si gnma L-0763 (Chr o:ggp&ggg)j :Jgpgmas CQ86tH @Oqea‘t\”?%ﬁnﬁ' Hgma AsPeieal | addida

nigerj. Additionally, exenplary enzynes derived fromanhimal 5 tissue

include esterase frLOMdPARa), i HGha L-0%0Y (BHHYBEAARS VRBPEIRBND ARAREK-30
pancreas such as Porcine Pancratic Lipase (Sigma). Two or nore, as well as

a single, enzyme muysReuREPhe¥Ed ANEROraRY,T HeRbIaYt erizpfel Nihiosd 1P GAMSES.

The preferred enbodi nents of the instant invention are described 1o

further in theyfol :"? 'enﬂcﬁgg(é%{&ggeﬁ?#}ﬁm%%1ivé@hu_81ynf.&ﬁ/p§ihaz§ridt Yanc4eR Srom

Reacti on Schenes i ustrate the reso n of certain cis enantioneric

m xtures, it is wunderstood that the enbodi nents as descri bed appl o the
Tesol ution of the. PERGERS Sl tArERe BaTTRle (Bas(Sama. rRaiTornaehel 85 as

well. is Exanple 1 | . .
P a single, enzyme may 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 described apply to the resolution pf the

other enantiomeric mixtures of the present invention as well.

15 Example 1

Resclution of Racemic cis-3-4-t-butyl-3-acetyloxyazilidin-2-one

by lmmobilized 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.

.




Resol ution of Racem c cis-3-4-t-butyl-3-acetyl oxvazitidin-2-one by

| mobilized Li pase PS-30 from Pseudononas cepacia 20 A reaction m xture was
prepared containing 3 liters of 10 mM pot assi um phosphate buffer, 90g of
racem c cis-3-4-t-butyl-3- acetyl oxyazitidin-2-one and 45g of imuobilized

| i pase PS-30 Pseudononas cepacia. The reaction was carried out at 40C
under stirring at 150rpm The pH of the reaction mi xture2faenmann?@ithed at
7.0 with a 25% NaCH sol ution. -22 25 January 2006 After 4 hours the
reaction yielded 49% of the desired chiral acetate (thereotical maxinum
yield of 50% and a enantiomeric excess purity of greater than 99% 5
Exanpl e 2 Resol ution of Racem c cis-3-4-t-butyl-3-acetyl oxyazitidin-2-one
by Pen V ani dase IAfieobt | iquesl the oreaftioayieldedSg9% of Ahe edesiiednchifakt anckatoas
prepared containing 20nl of 10mM potassium phosphate buffer, 100 ng of
racem ¢ ci s- 3- 4- t (therapticd- maxdmyhoxiglslz pt 58V -andoacenagtienese ﬁg‘-’%ﬂs P‘{ﬂ%lﬂfl i zed
Pen V am dase from Fusarium Sp. The reaction was carried out at 40C under
stirring at 150r prgreaferehamOd®. t he reaction nixture was maintained at 7.0
with a 0.1 N NaOH solution. After 3 hours the 15 reaction yielded 36% of

t he

5 Example 2

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

by Pen V amidase Immobilized 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:

23



desired chiral acetate (thereotical maxi mumyield of 50% and a
enantioneric excess of greater than 90% 20 Exanple 3 Resolution of Racem c
Cci s-3-4-t-butyl - 3-propi onyl oxyazitidin-2-one by Immbilized Lipase PS-30
from Pseudononas cepacia and Pen V am dase from Fusarium Sp: -23 25
January 2006 A reaction mxture was prepared containing 20m of 10nMV

pot assi um phosphate buffer, 100 ng of racemc 25 January 2006
cis-3 4 t-butyl-3-proPhORML@RYRRIL Nal pfenPOP AEnA Wi 1D pblabaH

| i pase PS-30 from Pseu nas cépaci a. reaction was carried out at 40C

under stiT7ing at 450 am The Bl of Atoficr S8S1 O MXbMEBrYR RRLAI nec

at 7.0 with a 0.1 r ours the reaction | ded 48% of t he

desired chiral pr .eg%ﬂztgg%(rﬁgg%f SRhbGRed AT WE-8) el PsaRfdabngb BbaQaer | C
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stirring at 150 rpm _ reaction mxture was nai ntai ned at
wth a 0.1 N NaCH reﬁtfbﬁryie%’ecmég}étogﬁe desired chiral propionate (thereotical maximum of

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

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 yielded 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-hexanoyloxyarzitidin-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-

4.




the reaction yielded 25% of the desired chiral propronate (thereotical 15
maxi mum of 50% and a enantioneric excess of greater than 98% Exanple 4 20
Resol uti on of Racem c cis-3-4-t-butyl-3-hexanoyl oxyazitidi n-2-one by

| mobi | i zed Li pase PS-30 from Pseudononas cepaci a: A reaction m xture was
prepared containing 20m. of 10 nM pot assi um phosphate buffer, 100 of
racem c cis-3-4-t-butyl-3-hexanoyl oxyazitidin-2- -24 25 JdhuJanya ne
and 50 ng of inmobilized |ipase PS-30 from Pseudononas cepacia. The
reaction was carried out at 40C under stirring at 150 rpm The pH of the
reaction m xture was maintained at 7.0 with a O 1IN NaOH. After 30 m nutes
the reaction yielded 48% of the desired chiral hexanoyl (thereotical

maxi num 5 of 50% oaddind Ehaet Ploimmetiiizedlipase d1S-80 drer PseHrmaes, CapRafpl e 5
Resol ution of Racem c cis-3-4-t-butyl-3-phenyl acetyl oxyazitidin-2-one to by
Pen V ani dase fromTheaseactiomwspcarmied eulcati4gfC npstenatisingaad 159 gpar &te BB i ng
20mL of 10nmM pot assi um phosphate buffer, 100 ng of racem c .

Ci s-3-4-1-butyl - 3- phestign avdurg|lvesymaintaingidrat 720 vite azhiN NaGhy  fter Igbtutes ed
Pen V am dase from Fusarium Sp. The is reaction was carried out at 40C
under stirring at iBOreagtinn yided#$%fof thecdesired 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 20mt 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 pm. 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 [if, or pharmaceutically

acceptable saits thereof.
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reaction m xture was maintained at 7.0 with a 0.1 N NaOH. After 18 hours
the reaction yielded 25% of the desired chiral phenylacetyl (thereotical
maxi rum of 50% and a enanti omeric excess of greater than 99% 20 The
optically active enantioners disclosed herein can be enployed to produce
antitunmor conpounds represented by fornmula I, or pharnmaceuti cal Ig
acceptabl e salts thereof. -25 25 January 2006 i n wher ei n: 255/aRuars2866
defined above; and R2 is,,CH3C(O O . A particul arIy preferred conpound is
where Rl is O C(O-tert Rutyl 5 10 The cogpougds . havi ng the general formula
111 display a significant jgn ibitry ef f e ifp regard to abnormal cell
proliferation, and have tl®rgpeutis , q at make it possible to
treat patients who have pé‘t\b/o\ogl ' soci ated wit hmn
abnormal cell proliferatdugm. £ n® onpounds possess

significant oral bioavail abi PHy any B ekfcilo their positive
therapeutic effects after being adm ni € v A conpound of formula
1l may be produced by the processes g8 B O.% O ocH,

yA

wherein:

5 R' is as defined above; and

R? is CH3C(0)O-.

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

10
The compounds having the general formula lil 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 25 January 2006 depicted in Schenme 1 which follow The nethods can be
readily adapted to variations in order to produce conpounds within the
scope of formula Il but not specifically disclosed. 5 One of the ways the
desired conpounds can be nade is by the general nethod shown in Schene 1.
In step (a) of the schene, an entanioner of formulas la, Ib, Ila, or IIb
as previously described above is reacted with a conpound2bflahuenu?@08 V (a
baccatin Il derivative). 10 In Step (a) of Schenme 1, it is advantageous to
convert the hydroxy group on the (C) 13-carbon into a netal al koxide
before the coupling. The fornulation of a desired netal al koxide may be
done by reacting a conpound of fornula IV with a strong netal base, such

as | hi um di i SODI gyl a8 fiGendrle & wHlHIbiL ITheMethsdshtampareasiyladaptest o
pot assi um bi s(tri nmethyl si yf)anide, 15 phenyl lithium sodi um hydri de,

potassi um hydri de, , i tBhUR S fodStod@e ddipduntie withinske sbape ebdanplie hheh
lithium al koxide is desired, a conpound of forrmula |V may be reacted with

n-butyllithiumin ﬁgg Refita Alsw@BLa.SUCh as tetrahydrofuran. For exanples
of attachment of substituted baccatins with a suitable conpound of

formulas la, Ib, Ila or Ilb via the nmethod of Holton see 20 U. S. 5,175, 315;
U S. 5,466,834; U.S. 5,229,526; U S. 5,6274,124; U. S. 5,6 243,045; U.S.

5,227, 400; U. Ss 5, 336, 7(§|15¢3E o?qge Vwa%s tﬁezéeﬂs’iréﬁ%orﬂﬁoﬁnds can be made is by the

general method shown in Scheme 1. in step (a) of the scheme, an

entaniomer of formulas la, b, lla, or llb as previously described above is

reacted with a compound of formula IV {a baccatin i derivative).

10 In Step (a) of Scheme 1, it is advantageous to convert the hydroxy
group on tﬁe (C) 13-carbon into a metal alkoxide before the coupling. The
formulation of a desired metai alkoxide may be done by reacting a compound
of formula IV with a strong metal base, such as lithium diisopropylamide, C1-6
alkyllithium, lithium or sodium or potassium  bis(trimethylsilyl)amide,

15 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, b, lla or {Ib via the method of Holton see

20 U.s. 5,175,315; U.S. 5,466,834, U.S. 5,229,526; U.S. 5,274,124, Uu.S.
5,243,045; U.S. 5,227,400; U.S. 5,336,785; and U.S. 5,254,580; u.s.

5,204,637, or EP 0 590 267 A2, each of which is incorporated herein by

reference.
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5,294,637; or EP 0 590 267 A2, each of which is incorporated herein by
reference. -27 25 January 2006 Schene 1 HO11 IVRL \ O NH" 3 011'.
t-butyl EORV R\ I, N Step (a) t-butyl Step (b) Step (c)

25 January 2006
Scheme 1

N
7

HO -

Step (a)

Step (b)
Step {c)

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 whic;h 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 gther, and t-
butyldimethylsily! ether, dialky! alkoxy silyl ethers such as diisopropy! methoxy

15 silyl ethers; 2,2,2-trichloroethyoxymethyl, 2,2 2-trichloroethyloxycarbonyl {(or

8.




As used herein, R3 and R4 are conventional hydroxy protecting groups 5 as
shown in fornmula V and as di scussed previously. Conventional hydroxy
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 which can be renoved by nethods which
result in no appreciable destruction to the remaining por2bclanofnt Ae06

nol ecul e. to Exanples of such readily renovabl e hydroxy protecting groups
i nclude chl oroacetyl, nethoxymethyl, 1-nethyl-I-nmethoxyethyl,

tetrahydropyranyl, tetrahydrothiopyranyl, dialkysilylethers, such as
| silyl ether,

Lriethylsi 1yl ot her SR vERRBEl BRI 15y BRambonl ahg, hbaiieoryORir y
2. 2.2 tri ahil or oet hy CUVReR Py PERBBtesty Blaubs sl it bssmaybe faind i Jaas
ke Ghor . sui L bR RGar St oo BieBUR P s SR oy 0 eilen Bt
“Protecting Groups. CR0ots samne sy rLEHhY T, ¥Sel BTG G Rtone
herei n by ref orencel Ao praL SRET Booabas "t ety rbloin BTRERIRF oR has

been used frequent!| ydidksi [ ' ' E sl i he St .
oreferrod gr Oﬂps ‘ o}rérdl%buinrb]?ﬁyg ef&if_%ﬁﬁ&iﬁ?\/ bSmpbdrdsWHicH ot et 18edMaduently in

the literature is trialkyisityi. The mosi preferred groups for R® include i-
methyl-1-methoxyethyl (MOP), a trialkyl sily! ether, or a dialykyl silyl ether

such as diisopropylmethoxy silyl ether.

The most preferred group for R* is a dialky! 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 formu.la V. If

15 R%®orR*is a silyl based protecting group, removal is effected by triethylamine
trihydrofluoride in THF solvent. Other flucride sources could also be utilized.

For example tetrabutyl ammonium fluoride, pyridinium hydroflucride,
potassium flucride, or cesium fluoride may find utility. The potassium fluoride

may be ulilized in combination with a complexing agent such as 18-crown-6

20 or the like fo aid in desilylation. A solvent such as acetonitrile is typically used
under these conditions. Other conditions such as mild agueous 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.

-20-



met hyl - | - met hoxyet hyl (MOP), a trialkyl silyl ether, or a dialykyl silyl
ether such as diisopropyl nethoxy silyl ether. Jo The nost preferred group
for R4 is a dialkyl al koxy silyl ether such as a diisopropyl nethoxy silyl
ether but a trialkyl silyl ether or a carbonate such as a benzyl carbonate
m ght al so be preferred. In Step (b), the protecting group R3 or R or

possi bly both are renpved fromthe conpounds of fornula V25lJanugnRR0Es R4
is a silyl based protecting group, renoval is effected by triethylam ne
trihydrofluoride in THE solvent. OQher fluoride sources could also be

tilized. F I trabut yl ' fl i i di ni )

ot oftaort ae, a1 P BT b e aR Y Petiog prves,

2gent such as 1 6 EFBINER Foae Phe (Ti@RParae e Ruer o skt SREY §2n
h tonitri is typicasl d PN e A

condi 1 ons. such as Mt areuilinGis oy ArBEar P dherholFT B ERRE o S 1 idflee. i 4
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1-nethyl -1 -nmeth byl , ' o T
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for R3 or R4. For Smhqoofﬁugﬁc%f E5UrES LOYLS tﬁétﬂhﬁmﬁ'{g){rmyd&ﬂuoride in THF

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

crystallographic purification.
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MOP group for R3 and a diisopropyl nethoxy silyl ether for R4. In this
case, 5 step (b) would entail a mld acidic workup using aqueous

hydrochl oric acid and an organic solvent. The resulting 2' deprotected
conmpound woul d be exposed to a fluoride source such as triethylam ne
trihydorfluoride in THE solvent in step (c) to produce conmpound Il after
chromat ographi c or crystallographic purification. 25 Jand&rkaneens2@fat |s
Claimed Is: 1. A nmethod for the resolution of a m xture conprising the
enantiomers of fornulas la and I|b , wherein RL is the cis position relative
tot- 5 butyl group in both fornmulas la and Ib: 1 Rgn \ t-butyl 10 la Ib
or where RL is in the trans position relative to t-butyl group in both

formulas Ila | \ WhatlsClaimatdsi | b:

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
7, o t-butyl

Ll :
/N

O

Rl

-butyl
Ib
C - E

J\

10 O H

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

and lib:

31.



25 January 2006 5 where RI t-butyl C- NRI1 I"" butyl Ilb R is -0-C(O
alkyl, -0-C(O aryl or -OC(O cycloalkyl; conprising the steps of (a)
contacting said mxture with a carboxylic ester hydrol ase enzynme which is
an am dase, or a m croorgani smwhich provides the am dase, wherein said
enzyne catal yzes the stereosel ective hydrolysis of said mxture to provide
a mxture of two conpounds in which in . to one conpound Q@Jiaauaw&(% :
al kyl, -OC(O-aryl or -0-C(O cycloalkyl and in the other conpound R 1is
hydroxy, and (b) recovering,one or both of said compounds. 2. The method of
claim1l1, wherein said m xt S rﬁéoLved in the 15 presence of water

and/ or an organic al cohol. 3 &'M%od of claim 2, wherein R 1is

_0-C(0)-al kyl. -32 25 January 20006 Ia
J N\
K H
R]

5 where
R is —O—C(O} alkvi, =0-C(O) aryl or ~0O—C(0) cycloalkyt,

comprising the steps of (a) contacting said mixture with a carboxylic

ester hydrolase enzyme which is an amidase, or a microorganism which provides the
amidase, 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 “0-C(0) 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.



4. The nmethod of claim3, wherein the conmpounds fornmed in step 5 (a) have
the follow ng structures: t-butyl t butyl HOHIC O, C ¢ O H 0 5. The
nmet hod of claim 3, wherein the conpounds forned in step (a) have the
following structures: H3C 10 C C- Nt-butyl t-butyl OH11 H 0 6. The
met hod of claim 1 wherein the carboxylic ester hydrol ase

25 January 2006

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

(a) have the following structures:

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

{a) have the following structures:
t-butyl
t-butyl OH

10 O

6. The method of claim 1 wherein the carboxylic ester hydrolase

enzyme is obtained from a microorganism.

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

15 asupport.

.33



enzynme is obtained froma mcroorganism 7. The nethod of claim1, wherein
said enzyne is imobilized on 15 a support. -33 25 January 2006 8. The
nmet hod of claim 1 wherein the enzyne is Pen V am dase obtained from
Fusarium sp. 9 . A nethod of preparing a conpound of fornula Il m
wherein: 0 11 LzO_is CoHSCO or bent | 5 R is -0-C(O alkyl, -0-CCO
aryl or -0-C(O) cycloalkyl; and R2 is CH3C(O O -, conpri gbrgnuaac2fefy an
enanti onmer selected fromformulas la or Ib, or Ilaor Ilib 0t R-,F],,
t-butyl la

8.  The method of claim 1 wherein the enzyme is Pen V amidase

obtained from Fusarium sp.

9.  Amethod of preparing a compound of formula Il

R! R?

wherein:

5 R' is —0-C(O) alkyl, -O-C(O) aryl or —O-C(O) cycloalkyl; and
R? is CH3C(0)O-,

comprising reacting an enantiomer sélected from formulas Ia or
Ib, or IIa or IIb

7, W t-butyl

T m
7

-34.



-34 25 January 2006 5 RR butyl C- N~~t-butyl C- NIb Hafibto C-
N wherein the enantioners la and Ib are resolved froma m xture thereof
and enantionners Ila and lib are resolved froma mxture thereof, each by
the method as defined in CCaiml where R is -0-C(O alkyl, -OC(O-aryl or
-0-C(O cycloalkyl; wth a conmpound of formula IV 25 January 2006

25 January 2006
Rl
-butyl
l ! Ib

/C - N\
o/ H
R!
wEbutyl
Ila
/N
o H
5
.
R
%, -butyl
l I b

wherein t1:1e enantiomers Ia and Ib are resolved from a mixture thereof
and enantionmers IIa and IIb are resolved from a mixture thereof,
each by the method as defined in Claim 1

where

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

10

with a compound of formula IV

-35-



HO a H OCOOCH3 HO BzO |V wherein BzO is benzoyl; wherein R2 is CH3C(O O ;
5 and R4 is a protecting group and renoving the R4 group to forma conpound
of formula Ill. 10. The nmethod of claim9 further conprising reacting the
ro conpound of fornmula IV with a strong netal base to convert the C 13
hydroxy group into a netal al koxide. 37 25 January 2006 11. A nethod for
the resolution of a m xture conprising the enantioners of 25fJannanad00& and
Ib , wherein R is the cis position relative to the t-butyl group in both
formulas la and Ib: .~~~~t-b~ C - NRQ H ,,ot-butyl

OoR*

HO fir-

-
-
pore
-

COOCH;

wherein BzO is benzoyl:

wherein R? is CHaC(O)O-:
5 and R* is a protecting group
and removing the R* group to form a compound of formula Il
10. The method of claim 9 further comprising reacting the

10 compound of formula 1V with a strong metal base to convert the C-13 hydroxy

group into a metal alkoxide.

-36-



where la Ib R is -0-C(0) alkyl, -0-C(O aryl or -O-C(O cycloal kyl;
conprising the steps of (a) contacting said m xture with a carboxylic ester
hydr ol ase enzyme which is an am dase or a m croorgani smwhich provides the
am dase, wherein said enzyne catal yzes the stereosel ective hydrolysis of
said mxture to provide a m xture of two conpounds in which in one
conpound R} is -0-C(O alkyl, -OC(O-aryl or -0-C(O cyckbalanybrna®dltn the
ot her compound R is hydroxy, and (b) 3fecoveri ng one or both of said
conmpounds 12. The nethod of claim 11, wherein R is -0-C(Oal kyl. 13. The
met hod of claim 12, wherein the conpounds formed in step (a) have the

following structures: 38 A0, H3C "~ and  C 14. 25 January 2006 t-butyl OH
C 11. A mecthod for the resolution of 4 mixture comprising the enantiomers of

formulas la and Ib , wherein R is the cis position relative to the t-butyl group in both formulas Ia

and Ib:
1
&’f W t-blltyl
! I Is
/N
5 H
R butyl
Ib
/N
0/ H
where

R is ~0-L(0) alkyl, -0-C(O) aryl or ~0-C(0) cycloalkyl;

comprisiog the steps of (a) contacting said mixture with a carboxylic ester hydrolase enzyme
which is an amidase or a microorganism which provides the amidase, wherein said enzymie catalyzes
the stereoselective hydrolysis of said mixture to provide a mixture of two compounds in which in
one compound R' is ~0~C(0) alkyl, ~-0-C(O)-aryl or ~0—C(0) cycloalkyl and in the other
compound R'is hydroxy, and (b) recovering one or both of said compounds.

12.  The method of claim 11, wherein R! is ~0~C(O)-alkyL.

13. - Themethod of claim 12, wherein the compounds formed in step (&) have the
following structures:



The nethod of claim 11l wherein said enzyne is imobilized on a support.
The nmethod of claim 11 wherein the enzyne is Pen V am dase obt ai ned

15.

from

Fusariumsp. 16. A method of preparing a conmpound of forrmula Il \ O [1I1I

t butyl

= O1ll1l OHwherein: BzOis benzoyl; R is -OC(0) alkyl, -OC(O

aryl or -0-C(O cycloalkyl; and R2 is CH3C(OO . conprising reacting a
conpound sel ected fromenantiomers fornmulas la or Ib [l 28 January 200®ut yl
C10HRL 1 -butyl 25 January 2006

l t-bur
X ~buty]

and

/N /N

14.  Themethod of claim 11 wherein said enzywe is immobilized on a support.

15.  The method of claim 11 wherein the enzyme is Pen V amidase obtained

from Fusarium sp.

16.  Amethod of preparing a compound of formula III

wherein:

BzO is benzoyl;
R' is —0-C(0) alkyl, -0-C(0) aryl or -0-C(0) cycloalkyl; and
R*is CHsC(0)O-.

comptising reacting a compound selected from enantiomers formulas Ia or Ib



la I b Wherein the enantionmers la and Ib are resolved froma m xture thereof
by the nethod as defined in Caim1ll, where R is -OC(0) alkyl,
-O0CO-aryl or -OC(O cycloalkyl; with a conpound of formula IV HO In.
rv wherein BzOis benzoyl ; R is CH3C(OO -; and R4 is a protecting

group and renoving the R4 group to forma conpound of forrmula IIL 17. The
met hod of claim 16 further conprising reacting the conpoui@ Jehuafy20s a |V

with a strong netal base to convert th89C- 13 hydroxy group into a netal

al koxi de.
1

&/, \‘\ t‘butyl

wherein the enantiomers la and Ib are resolved from a mixture thereof by the method as defined in
Claim 11, '

where
R'is ~0-C(0) alkyl, -0-C(O)-aryl or ~0-C(0) cycloalkyl;
with a compound of formula IV

HO Niee

wherein
BzO is benzoyl;
R?is CHsC(0)0-; and
R* is a protecting group
and removing the R* group to farm a compound of formula m.

17.  The method of claim 16 firther comiprising reacting the compound of
formula IV with a strong metal base to convert the (-13 hydroxy group into a metal alkoxide.



