;e3eF, Q\:6T,, 1 27 January 2003 PROCESS FOR THE PREPARATI ON OF C-4
DEACETYLTAXANES *(@0002* 5 Brief Description of the Invention The present
i nv H\m\\mﬂ“\‘m&ect ed to a process using mcroorgani sns or enzynes derived
them \\ acetylation of taxanes at G4 to give 4-deacetyltaxanes,
useful i.pteemedi ates for the synthesis of new anti-cancer agents. 10
Background of the Invention Taxanes are diterpene corrpogzc&s whi cﬁobi nd
utility in the pharmaceutical field. For exanple, taxan COHE fi aaryl

het erocyclic or cycloal kyl groups on the C 13 sidechain find utility as

anti-cancer agents. 15 Taxanes include pacltitaxel, cephal omanni ne) taxol
c, 10-deacetyl paclitaxel, RR@EESS:FPBRHEPRRAARANEION OB xyl| osyl paclitaxel,

baccatin-111, 10-deacetyl baccati - -10- deacetyl
cephal omanni ne, 7-f3-xyl osyl - 10-@?&%%#&%%#& , 7-13-xy \\m%m“b
11, and 10-deacetyl-taxol c. 20 Paclitaxel (Taxol), a diterp

conpound, is a natural product extracted fromthe bark of the Packdghdryew
tree, Taxus Brevifolia. It has been shown to have excellent antitunor
activity imsin vivo animl mogRLppederpfishSRineinihisnhave el ucidated its
uni que node of action, which mvones % nor maIT pol'ymeri zation of tubulin
and di sruption of nfhepiesedlinvergionhe dretted2baqyadess uSangahichesrgasiemstdry been
approved for the treatnment of refractor dvanced ovari cancer, breast
cancer, non-sn@ld’ &S cﬁer,v&ﬂdg%rgﬁeg\r{%r Qﬁﬁgﬂgéi’m} g@éﬁ?ﬁ‘%ﬁ, atAr A0 Si&at ed
Kaposi's Sar copRiead@ita @ik Ssetlil iRRehbiRYR fdrhhdbFhedis UHhER AAlicangel ete in
scientific periodicals and have been revi ewed by nunerous authors, such as
Rowi nsky and DB@RM®&wer in "The Cinical 30 Pharnmacol ogy and Use of

Antim crotybul e Agents in Cancer Chenot herapeutics”, Phanmac. Ther., 52, pp.
35-84 (1991 ); Spencer and 2 27 January 2003 Faul ds) Paclitaxel, A Review
of its Pharmacodynam c and PharBackdvona of the dipdgritioss and Ther apeuti c
Potential in the Treatnent of Cancer, Drugs, 48 (5), pp. 794-847 (1994);
K.C. Nicolau et al.laX8hnesiase Aijerpppe Bpmpeagd%whfﬁaiwﬂ,uﬂ)@gme Chem, Int. Ed.
Eng., 33, pp. 5 aldF-Ed R - : vanaugh,
M H. Huber, Jaﬁi\%&% gﬁ?af*)f'xglrc]id F\ﬁe\)}gﬁll gﬁ%,ﬁa& g)%fr?g A@# gﬁggﬁe}%\%{%?ﬁ- Basi c
Sci ence and Cucyarrikybigaturs'qn thei @-d8 sideaBamdiind utiliGeas gnti-Tamsersge€ntsChen, | wao

j i ma, d latrai M . 31-57 Aner.i. Chem sSoci et y. h.,
BT e e T
App i cati ons”, 1edichgetyRupMaibHAANINED7 Hikjlbesacifiel, BAGcAtHBII, ORC Press, Boca
Rat on, FL (1995é1 and the references cited therein. The structure of Taxol

i s shown bel ow!@ideagetxibarcatiielllc iy eyiesyiridrdansaivb eenfRIN8RRIARS or ol ecul es

hi o appli cati GeXB00h QBRI HE OB TKaI BT R E AT YR

reference to the-deasbtyl-taxgl @f the taxane, reference to a particular carbon
on the taxane structure shall be indicated throughout this gﬁglication by a

"G nunber "20 whi ch sPaAIArLETINR. BLBEENSHAKIRE EURBOIR (S AE@BIAIRIGIVD t he
above nunber i n@xié(été@%nﬁﬁ'é,tﬁ?fﬁgmh%’Psc%%%e"w {rSE,eT&JSCBr{eDI?QI%arI R&s Bden

position 13 on the taxane ring as shown ove) having a sidechaln coupled
t hereto. 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 during the cell

25 cycle. Taxol has recently been approved for the treatment of refractory
advanced ovarian cancer, breast cancer, non-small cell lung cancer, and
most recently, AIDS-related Kaposi's Sarcoma. The results of paclitaxel
clinical studies are replete in scientific periodicals and have been reviewed by
numerous authors, such as Rowinsky and Donehower in “The Clinical

30 Pharmacology and Use of Antimicrotubule Agents in Cancer

Chemotherapeutics”, Phamac. Ther., 52, pp. 35-84 (1991); Spencer and



The central backbone structural unit of paclitaxel is baccatin lll) a
di terpenoi d having the chem cal structure: 25 3 27 January 2003 AcO O CH

HO~~~~, \1 ~ - HH OHO pBz OAc It is also very simlar in structure to
10- deacet yl baccatin 111 ("10-DAB 111"), which has the chem cal structure:
HO O OH HO~~~~" \" ~ H~, 05 HO OBz QAc but which |lacks an acetate ester at

the 10-position al cohol. Chem cal nodification of the l ] I ucture
at C-4 and ot her positions has been pl ored by many g%?lcj‘gj)éﬁ@goze?%{?m ne
structure/activity 10 relationships and to try to obtain conpounds with
superior effi cacy to_taxol to _devel op as second generation drugs. See U. S

Pat. No. 5, 773Fadds, Raglitexal. A Bevieweof ltsfé@rwacwynawn@ndfr@rmacgj@netmpurba

Dat t dL . Th
P st synt hes, BTt S ThEeBEhc Sobutad e TR T a R Drfe - ™
l?;S 48, ppCr 893(15)8@5547%%&?219199&5 KSBuNHdalauGten, t(‘,hehﬂstll':'y ad(?ﬂtg%q{y?}éffﬂaabif \ovel
arina, Crai ai rchi a an irs nthesis o ve
Pacl i t axel ('?'aQBQ?WAﬁ F’é’gs/”f\/% Eﬁ@dgétpq rﬂé@mqﬂ&éﬂil%rﬂolmés /QBrg Chem 59,
pp. 6156- 6158 (LgokA; 4.3, K%éané\f&'\ E/\ HQP-H@)@Q J"‘AUAJan‘\ Ny ol vEess nt of

The Taxane Skel eton", Bul Chim ) . 189-191 (19 3 20
Repl acement of Aﬂh@ar@EIlAQGétSyl B@'Q)ﬁgeme @rad:CIUtrameStaMS hediteddy Subga 1.t uent s

has lead to co n tenc ct. assa Chen et
al ., Biorgani c%ﬁﬁg %&‘&\%I * 1%@%@?%}) Pﬁgr[gc’lg%a M@i P7RB éi#)) An

enzyme capabl eAﬁferﬁ:Qﬁ@HsnﬂaéHdeei?meﬁﬂ bi® (Ped5GRkih @@bikcK 4ryn t axanes
wll be useful _in the synt hesis o - 4- nmodi f| ed paclitaxel anal ogs 4 27

January 2003 t BapaseiBimyletkar Taied Srienseiand Arpligations’i pditadier Mettbewor ot her
groups at IS , Iy 48X I t e cycl obut yl
esters, lidj]pr §B§ﬁé eé?@f 24}9613 @53 %5%038%% ﬁ%@bngzgﬁ(@fnGtﬁ% and et hyl
car bonat es 5 Mfemnicps cited tferéihe Drawi ngs Figure 1 illlustrates the effect

of nethanol concentration on t C- 4 deacetyl ati train SC16249;
2 gure a1 Foar e ot TS sftlcrs ehfaai smube ouiAeng MR MR on the. &4

deacetyl ation Byngdrtighsl rﬁﬂ@%ﬁ% sy%fén??o?‘"rﬁél@&ul@@ be on?l?\? tbﬁ!N@%k blhsd:S an

obj ect of the present I nvent provide a new, u and ICI ent

prot ocol for thectpnembhedng eystem |4at$eacmlwechmahwpphcat|on
0

15

With reference to the numbering of the taxane, reference to a
N particular carbon on the taxane structure shall be indicated throughout this
application by a “C-number”, which signifies the carbon on the taxane
20 according to the above numbering system. For example, “C-13" refers to the
carbon at position 13 on the taxane ring as shown above, having a sidechain
coupled thereto.
The central backbone structural unit of paclitaxel is baccatin I, a
diterpenoid having the chemical structure:
25



Anot her obj ect of the present invention is the provision of a process 15
usi ng m croorgani sns or enzynes derived therefromfor deacetyl ati on of
taxanes at the C-4 position to provide 4-deacetyltaxanes. An additional
object of the present invention is the provision of a sinple, efficient,
and cost effective protocol for the provision of second generation taxol
anal ogues havi ng various substituents_ at the G4 positigpn., 20 Ac i ngly,
the present invention enconpasses a ndvel net hod by mhﬁ%ﬁJiﬂgﬂaé€Q¢3I
baccatin Il can be efficiently converted to 4,10 dideacetyl bacatin 111
using a mcroorgani smor one or nore enzynes derived fromthe

m croorgani sm The resulting 4,10-dide@petg#bacatin [1l1 conpound may then
be utilized as part of novel procéSsgs|ferythe synthesis and sem 25

synt hesi s of paclitaxel anal ogs. ey, disclosure is broadly directed
to a process for the efficient of 10-DAB Il at the C 4
position. The deacetylation at G angphryedqas a result of a

bi ot ransformati on caused by %4W“ eolg&nmsg]or an enzynme derived from said
m croorgani sm Mre specifically, thHe BeeseMc 30 invention is directed to
the use of an organismthat transforns 10-DAB Il into

4, 10- di deacet yit Baleatery simylar in syuotpre tnididgacaspBageaintlBr ms " enzymati ¢
process” or " eazyfpls - Teihadhas A3 diRRicdISkGifle denote a process or nethod
of the present’ invention enpl oyl ng an enzyme or ‘m croorganism Use of "an
enzyme or mcroorganisnf' in the present nethod includes use of a single, as
well as two or nore, enzynes or nicroo%oanisns. 5 The term "taxane", as
used herein, denotes conpounds havHog 3gi ta§Hne noi ety as descri bed
following. The term "taxane noiety", €d herein, denotes noieties
containing the core structure (W th of ring system positions used
herein shown): H3 10 which core e gy be substituted and whi ch nmay
contain ethylenic unsaturation jfQ_Chq T3 fjgzsystem thereof. Such noieties
havi ng an oxetane ring fused H®" t heyd- Zand 4 Positions) such as is found
in paclita%%l, are 15 preferred. The e me or m croorgani smenployed in
the present invention may

but which facks an acetate ester at the 10-position alcohol.
Chemical modification of the paclitaxel structure at C-4 and other
positions has been explored by many groups to determine structure/activity
10 relationships and to try to obtain compounds with superior efficacy to taxol to
develop as second generation drugs. See U.S. Pat. No. 5,773,461; Gunda I.
George, Syed M. Ali, Thomas C. Boge, Apurba Datta, and Lise Falborg,
“Selective C-2 and C-4 Deacylation of Taxol: The First Synthesis of a C-4
Substituted Taxol Analogue”, Tetrahedron Let., 35.48, pp. 8931-8934 (1994),
. 15  Shu-Hui Chen, John F. Kadow, Vittorio Farina, Craig R. Fairchild and Kathy
A. Johnston, “First Synthesis of Novel Paclitaxel (Taxol) Analogs Modified at
the C-4 Position”, J. Org. Chem. 59, pp. 6156-6158 (1994); S. Py, and F.
Khuong-Huu, “A Novel Rearrangement of The Taxane Skeleton”, Bull. Soc.
Chim. Fr., 130, pp. 189-191 (1993).
20 Replacement of the C-4-acetyl group of paciitaxel with other
substituents has lead to compounds with improved potency in activity assays
(S. Chen et al., Biorganic and Medicinal Chemistry Letters, 5:2741-2748
(1995)). An enzyme capable of specifically removing the C-4-acetyl group

from taxanes will be useful in the synthesis of C-4-modified paclitaxel analogs



. be any enzyme or m croorgani smcapabl e of catalyzing the enzymatic
hydr ol ysi s descri bed herein. The enzymatic or mcrobial materials,

regardl ess of origin or purity may be enployed in the free state or

i mmobi i zed on a 20 support such as by physical adsorption or entrapnent.
Exenpl ary m croorgani sns, which have been identified through a screening
process, include Rhodococcus sp. ATCC,202192 (SC 16249) QP Rhod us sp.
. ATCC 202191 (SC 96250). The term "ATCE' as used herein ?Zf @H‘é’a{%%ﬁg
accessi on nunber of the Anerican Type Culture 25 Collection, 10801
University Blvd., Manassas, VA, the depository for the organismreferred
to. The above 1 pFovicO@BHinGIMASLH t8 ARdR InEorAl&ioPOREProlPs &t HfPOsi ted on
January 14, 1999. The term"SC' denotes the 6 27 January 2003

desi gnati on gi PeAitied. fonexameledof dairaia eslersabtd eyclathiyl SgtersbCdupronyle

i cr oor gani sms SR 0376 P LB b8 R MRk B b B Re IO & e
al so contenpl ated by the present invention for use in the biotransfornmation

descri bed herein, such as those nodified by the use of chem cal, physical
(for exanpl®, x-rays) or biol ogPescripignofthe Drawings e, nol ecul ar bi ol ogy

Lechniues) | Rhodocgesis 15 AIEROAZof SErifioh endafipdosarets <p. 10

ATCC 202191 (SC 162 vated on a nmedi um o ast ed
nutrisoy, 2% gldeaostglation bystiremsICe6@4%ct 0. 5% K2HP04, 0.5% NaCl, adj usted

to pH 7 with HClI. The or i re lsolated fromsoi| (froma sample from
Par si ppany, N.J.), Ef%‘r%gglwﬁﬁ%%%ﬁ‘?ffe\?g??WS%-aﬁﬁf‘i’qr?eP AP thef-%er obi ¢

requi rement 15 d@reé®latied bgREUMESCHEEE0ide those derived from m croorgani sns,
parti cul arlg those m croorgani sns descri bed above. Enzynes may be isol ated,

for exanpl 80 by extraction and purification methods, such as ion exchange

chromat ogr aphy, foll owed by hydr&%????)%tfhéni&ttﬂmﬁ%é.rﬂﬁ chromat ography and gel
u es

filtration. The present invention er- provi he 20 enzymes capabl e

of the present hydr ditliyahobjdet ohthegyesentiima@nabet proymeRnpdwcosesfuisargp. ATCC
202192 (SC 162;1%) .and Rhodaococcus s%. ATCC 202191 (SC 16250), for exanple
by the above t &HIBHRPELCCHHRT Behrerdatiga Rl 4weassytaaIPsyed) the cel I's may

be used in the formaphi il |- SviSiHR s hilized,
spray-dried or heat AZEtHﬁ%g%Egéﬁgfﬁ%%é}t%%eﬁgbfgrtﬁnegfra{@egt e spégﬁy mat eri al
such as rupbur egingemicsomganiems ogenzwmes defived ieefom fppdsacetyldtipnarfigi neer ed

organi st 1S, SRRt LS e dle BTl SElaRREAY Sl S8
nore enzynes capabl qrofddwiingl Y8t Fne @sedenb pleRfdEisthe BrbVIYI6H 8f gne or nore
M eroorgant st s%Sle?%Li%%t? %’ndtcr(])gt gfrf]ezgltir\;gtplrgtocol for the provision of second-
generation taxol analogues having various substituents at the C-4 position.
20 Accordingly, the present invention encompasses a novel method by
which 10-deacetyl baccatin 11l can be efficiently converted to 4,10-
dideacetylbacatin Uil using a microorganism or one or more enzymes derived
from the microorganism. The resulting 4,10-dideacetylbacatin |ll compound
may then be utilized as part of novel processes for the synthesis and semi-
25 synthesis of paclitaxel analogs.
The present disclosure is broadly directed to a process for the efficient
deacetylation of 10-DAB !l at the C-4 position. The deacetylation at C-4
transpires as a result of a biotransformation caused by a microorganism or an
enzyme derived from said microorganism. More specifically, the present
30 invention is directed to the use of an organism that transforms 10-DAB Ill into

4,10-dideacetylbaccatin Ill.



deacetyl ati on process of the present invention nmay be carried out
subsequent 7 27 January 2003 to the fernentation of the m croorgani sm
(two-stage fernentation and hydrolysis), or concurrently therewith, that
is, inthe latter case, by in situ fernentati on and hydrol ysis
“(single-stage fernentation and hydrolysis). Gowh of the m croorgani sns
may be achi eved by one of ordinary skill 5 in the art béfge use é)@l $n
appropriate nedium Appropriate nedia Yor growi ng m crodrg ALY % ude
t hose which provide nutrients necessary for the gromh of the m crobial
cells. Atypical nmediumfor growth includes necessary carbon sources,
nitrogen sources, nﬁﬁﬁl enent s in trace anmounts | nducers may al so

e.g. |
be added. The term GRS ef‘zéé’aﬂg%’cﬁé?e‘?r e”@ﬁ”?tm%@@g  AHMEERBEIR
enhanci ng f or mddrfe afpréé@s@emerﬂ%h BNFEPREdcht ARl +r§ xmwléymd"'aﬁ Eﬁzy%fleb' al
cell. Carbon sources may include sugars such as tose, ‘| actose ucose,
fructose, glycensroorganisme dise aliam e5zyme armi¢roorgantsin’on thqapl@pyhbmet@ldycol

and the like; odi,um acet at e 50|umC|trate 15 and
the Iike; and af]g@ﬁ %s shﬁ%sag ?ﬁi”ﬁﬁ %%Pooﬁgﬁ%fa SR 1§ TR R RIE B en
sour ces may & ncl ude THeZeanitagars” Q@Uﬁe@h@ﬁm IdeBib®s, corpoubaamaiRala beef
extracts, yeast extracts, nolasses, baker's yeast, tryptone, nutrisoy,

pept one, yeast dAx#Ne Eﬁiﬁﬁbaﬁéﬁﬁﬁ'@&fﬁ“%“@oaf’ﬁrfﬁrgl lixanst eoiehd, anesed ke,

sodi um ni {r at &, nhERDBEHTES Hoidliss ARG e Kore HlcTRafanPhEmBEHR, BRY:

i ncl ude magnesi um manganese, cal ci um oba , nic I'ron, od? dm &hd

pot assi um sal t ssysRim pphitiorsusetyheremoshmevradded i n trace or, pref erabl Y,
greater than trace amobunts. The general biotransfornmati on process descri bed
herein using the 25 aforenenti oned m croorgani smcan be illustrated
according to the follow ng reaction schene: ci§ 27 January 2003 H O OH to
~.vVOH5 10 nv OO . 13 ~H

10 - O

which core structure may be substituted and which may contain ethyienic
unsaturation in the ring system thereof. Such moieties having an oxetane
ring fused at the 4- and 5- positions, such as is found in paclitaxel, are

15 preferred.

The enzyme or microorganism employed in the present invention may
be any enzyme or microorganism capable of catalyzing the enzymatic
hydrolysis described herein. The enzymatic or microbial matenals, regardless
of origin or purity may be employed in the free state or immobilized on a

20 support such as by physicai adsorption or entrapment.

Exemplary microorganisms, which have been identified through a
screening process, include Rhodococcus sp. ATCC 202192 (SC 16249) and
Rhodococcus sp. ATCC 202191 (SC 16250). The term "ATCC" as used
herein refers to the accession number of the American Type Culture

25 Collection, 10801 University Blvd., Manassas, VA, the depository for the
organism referred to. The above microorganisms ATCC 202192 and ATCC
202191 were deposited on January 14, 1999. The term “SC” denotes the



HO~~~, HO ~ OH O The specific exanples that followillustrate the synthesis
of representative conpounds of the instant invention and are not to be
construed as limting the invention in sphere or scope. The net hods may be
adapted to variations in order to produce internedi ates and conpounds
“enbraced by this invention but not specifically disclosed. Further,

vari ations of the nethods to produce té”ue sane conpounds ,i

n,sone
.different fashion will also be evident®to one skilled i abt%@uﬂ%%npl el
Deacetyl ati on of 10-deacetyl baccatin Il Medium 0.5%toasted nutrisoy, 2%

gl ucose, 0.5% yeast extract, 0.5% 15 K2HPO4. 0.5% NaCl, adjusted to pH 7
with HO (R V. defignatign@iven tp thesderpewanisntas pait of HenSaBbbshlpwe, 161,

551- 558 (1974))C0”§Etri@ri n SC16249 (ATCC 202192) isolated froma soil sanple
collected in Parsippany, N J. was naintained on a plate containing the
above nedi um pl us 1.168h@addbe uhderstoaaf thahmutaets ofthierbiglo§idaliy pdreask was

[ I d with 20 | oopf . Af h i bat i :
200 rpm the oUTEIFSRRSTSATEr 20deet e 16349 apTraicq doaft (hnasted = ©
ellet was n el i ; ] t [

Bhosphat esbt???g?r)g ;I)H g?ﬁtg%é%%é%cgt%lewa@%a@iggIT%"I ?&dﬁwﬁgfvgzs: gmo. 2 nm

met hanol was advetiansfdroationf desckbedbersimlseoh as tikgseCGnodified bpithd ose a6 h. A

le of 0.7 nf di | ut 9 27 J 003t ture: 40 C TABLE 1
S th 0.7 m e POV lor 53R, TTRE) HpPLe opic S B (AL X ol ar

yield of 4,10 dhdracrlyidegcethhiglés)) was 86% HPLC retention tine was the
sane as a chemcally prepared standard. LC/ M5 anal ysis showed ( MFCH3CO0O-) -

= 561 indicating a ndPeagoseusen-ght CEF202082 (SPLG2431 rod Rivdaeeccusioni et t

Packar d i [ b 450 l:. 55%
wnter 11 ow it TECAGIY 3 foa0f iy PR o RS oR S e TR Bty P
20 10- deacet yl bagtdsdy, 2% blucbbe 225 %Akt di(tfhi:&Oﬁ%lkl%am%i 05%1Naél, 131 Exanpl e

2 Deacetyl ation of 10-deacetyl baccatin IIl Strains SC16249 (ATCC 202192)
and SC 16250 (Aadpsted2d )7 witbtHCI2 3 heswhatisds wevenisolated frosasgl Eroaoal ect ed

'n Parsippany, sl\é]r%pl\é\%rro% %?é’?"&pén@, iIO\P) and are gram positive, non-motile rods with
an aerobic requirement

15 Preferred enzymes include those derived from microorganisms,
particularly those microorganisms described above. Enzymes may be
isolated, for example, by extraction and purification methods, such as ion
exchange chromatography, followed by hydrophobic interaction
chromatography and geil filtration. The present invention further provides the

20 enzymes capable of the present hydrolysis which may be isolated from
Rhodococcus sp. ATCC 202192 (SC 16249) and Rhodococcus sp. ATCC
202191 (SC 16250), for example by the above techniques.

Where microorganisms are employed, the cells may be used in the

form of intact wet cells or dried cells such as lyophilized, spray-dried or heat-

25 dried cells, or in the form of treated cell material such as ruptured cells or cell
extracts. The use of genetically engineered organisms is also contemplated.
The host cell may be any cell, e.g. Escherichia coli, modified to contain a
gene or genes for expressing one or more enzymes capable of catalysis as
described herein.

30 Where one or more microorganisms are employed, the enzymatic

deacetylation process of the present invention may be carried out subsequent



m flasks containing 100 m of the nediumgiven in Exanple 1. The fl asks
were inoculated with a | oopful of the culture and shaken for 64 h at 28 C,
200 rpm Cells were collected by centrifugation, washed with 50 nM

pot assi um phosphate buffer, pH 7, and centrifuged again. The cell pellets
- 30 were resuspended at a concentration of 10%wv in 50 nM potassi um

phosphate buffer, pH 7. Sanples of cell suspension containjng_2 10
27 January 2003 deacetyl baccatin Il and 2% 5% 10% orEZOI%ng@f\Fg@&%oi n a

total volune of 10 m were shaken in 50 m flasks at 28 C, 200 rpm Sanples
of 0.5 mM were diluted with 0.5 m nethanol and anal yzed by the HPLC net hod
gi ven i n Exanplte tHe fefimentabdibaof $hesinttradrgdnidn-(tivole taget fetrhbactatidn and | | was 96%

fter 2h 5 f train . SC16249 (ATCC 202192) with 10% methanol . Th |
Sierd of 4 10 AR, PSRRI e Riil B4k (T 476 BHAT FOSE, Q¥ A SCa 6250
(ATCC 202191 ) féirkdhtaft6rBARDAPRbIysis (sth leﬁa?@f&##{evna%%r@ RSy C aim 5

1. A nethod for the preparation of 4-deacetyltaxanes, conposing the steps
of contacting a tax&Tews ohthg micwosganisms maydre achieved/beoneef ardthanhekief r om

whi ch i bl.e., of L at id. he 4-positi. h
bt ol 3 Gospot 1 RLaRITF YhEbt AR SRR R RRER, ARSedi BT ey ST °
sai d taxane is ghbwihganrtodransatimtiidd thop& dhidhaxeldedritheatd Recuysas; for axol

c, 10-deacetyl paclitaxel, 10-deacetyl cephal omanni ne, 7-B-xyl osyi pacfitaxel,
baccatin-111, #BIRWHSfithe ouigahiakes)isc éptyaicahmadiume for growthincludes

7- B-xyl osyl - 10'&%%9%#'0?%3&0&, 'nié{r_o@@q s%gfc‘lgg,agﬁé ¥ldniethd (£g. iR tralBe met hod

according to clal whereln sald eacetyl taxane 1s _

4, 10- di deacet yldmaauwds). nntitiders majesse by ladded.i Theedrm "inducer”, as used herein,

4- deacet yl cgphai nni ne, 20 4-deacetyltaxol.c, 4 10-dideacetyl paclitaxel,
4. 100 ceadll yi ERRER SRaFRRChd EdAnalie Prmesgf B ieskes phaiatt Sotihy

4- deacet yl baccagitiHin tHd micdosiapeat y! - 7- p- Xyl osyl - 10- deacet yl cephal omanni ne,
4- deacetyl - 7- ~i - xyl osyl - 10- deacet yl baccatin |11,

4- deacet yl - 7- ~3- xy| d=rbpaseuaicen mayl includel sugars -sgict @scvaliasealestose, 25 4. The

met hod according LA Chatd; gMGEELBRE! CudBE8 Galch, AREHRISCSropyiene

glycol, and the like; organic acids such as sodium acetate, sodium citrate,
15  and the like; and alcohols such as ethanol, propanol and the like.

Nitrogen sources may include N-Z amine A, corn steep liquor, soy
bean meal, beef extracts, yeast extracts, molasses, baker's yeast, tryptone,
nutrisoy, peptone, yeastamin, amino acids such as sodium glutamate and the
like, sodium nitrate, ammonium suifate and the like.

20 Trace elements may include magnesium, manganese, calcium, cobalt,
nickel, iron, sodium and potassium salits.
Phosphates may also be added in trace or, preferably, greater than
trace amounts.
The general biotransformation process described herein using the
25 aforementioned microorganism can be illustrated according to the following

reaction scheme:



by plant cell culture of, and/or extraction fromplant tissue, wherein said
plant is a nenber of the Taxus genus. 30 5. The nethod according to claim
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Deacetylation of 10-deacetylbaccatin i

Medium: 0.5% toasted nutrisoy, 2% glucose, 0.5% yeast extract, 0.5%
15 KoHPOy4. 0.5% NaCl, adjusted to pH 7 with HCI (R.V. Smith and J. P.

Rosazza, Arch. Biochem. Biophys., 161, 551-558 (1974)).

Strain SC16249 (ATCC 202192) isolated from a soil sample collected
in Parsippany, N.J. was maintained on a plate containing the above medium
plus 1.5% agar. 10 ml of the medium in a 50 m! flask was inoculated with a

20 loopful of the culture. After 24 h incubation at 28 °C, 200 rpm, the culture

was centrifuged at 11951xg for 10 min. The cell pellet was resuspended in a
50 mi flask with 10 mi 50 mM potassium phosphate buffer, pH 7.
2 mg 10 deacetylbaccatin Il dissolved in 0.2 ml methanol was added and the

flask was shaken at 28 °C, 200 rpm for 16 h. A sample of 0.7 ml was diluted
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10-deacetylbaccatin il 10.221
4,10-dideacetylbaccatin 111 5.131

20
Example 2

. Deacetylation of 10-deacetylbaccatin iil

Strains SC16249 (ATCC 202192) and SC 16250 (ATCC 202191) (both
25 isolated from a soil sample collected in Parsippany, NJ) were grown in 500
ml flasks containing 100 ml of the medium given in Example 1. The flasks
were inoculated with a loopful of the culture and shaken for 64 h at 28° C,
200 rpm. Cells were collected by centrifugation, washed with 50 mM
potassium phosphate buffer, pH 7, and centrifuged again. The cell pellets
30 were resuspended at a concentration of 10% w/v in 50 mM potassium

phosphate buffer, pH 7. Samples of cell suspension containing 2 mg 10-
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deacetylbaccatin Il and 2%, 5%, 10% or 20% methanol in a total volume of
10 ml were shaken in 50 mi flasks at 28° C, 200 rpm. Samples of 0.5 ml were
diluted with 0.5 m! methanol and analyzed by the HPLC method given in
Example 1. The moiar yield of 4,10-dideacetylbaccatin Il was 96% after 2h

5 for strain SC16248 (ATCC 202192) with 10% methanol. The molar yield of
4,10-dideacetylbaccatin 11l was 89% after 18h for strain SC16250 (ATCC
202191) with 5% methanol.
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Claims

We Claim:
5
1. A method for the preparation of 4-deacetyltaxanes, comprising the
steps of contacting a taxane with a microorganism or an enzyme dernved
therefrom which is capable of deacetylating said taxane at the 4-position
thereon to obtain 4-deacetyitaxane.
10

2. The method according to claim 1, wherein said taxane is 10-

deacetylbaccatin lll, paclitaxel, cephalomannine, taxol c,

10-deacetylpaclitaxel, 10-deacetylcephalomannine,

7-B-xylosylpaclitaxel, baccatin-111, 7-B-xylosyl-10-deacetylcephalomannine,

15  7-B-xylosyl-10-deacetylbaccatin I, and 10-deacetyltaxol c.

3. The method according to claim 1, wherein said
4-deacetyitaxane is 4,10-dideacetyibaccatin i,

4-deacetylpaclitaxel, 4-deacetylcephalomannine,

20 4-deacetyltaxol ¢, 4,10-dideacetylpaclitaxel, 4,10-dideacetylcephalomannine,

4-deacetyl-7-B-xylosylpaclitaxel, 4-deacetylbaccatin Il
4-deacetyl-7-B-xylosyl-10-deacetylcephalomannine,

4-deacetyl-7-B-xylosyl-10-deacetylbaccatin i,

4-deacetyl-7-p-xylosylbaccatin Ill, and 4,10-dideacetyitaxol c.

25
4. The method according to claim 1, wherein said taxane is obtained
by plant cell culture of, and/or extraction from plant tissue, wherein said plant
is @ member of the Taxus genus.
30 5. The method according to claim 1, wherein said microorganism is

within the genus Rhodococcus.
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9. An enzyme isolated from a microorganism which is capable of
catalyzing the C-4 deacetylation of a taxane.
15 ,
10. The enzyme as recited in claim 9, wherein said microorganism is

within the genus Rhodococcus.

11. The enzyme as recited in claim 9, wherein said microorganism is
20 Rhodococcus sp. ATCC 202192 (SC 16249) or Rhodococcus sp. ATCC
202191 (SC 16250).



