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ENZYMATIC HYDROLYSIS METHODS FOR THE
PREPARATION OF C-10 AND C-13 HYDROXYL-BEARING
TAXANES, ENZYMATIC ESTERIFICATION METHOD
FOR THE PREPARATION OF C-10 ACYLOXY-BEARING
5 TAXANES, AND USE THEREOF IN THE PREPARATION OF
C-13 ACYLOXY-BEARING TAXANES

_ ‘The present’invention relates to an
10 enzymatic hydrolysis method for the preparation of
C-10 hydroxyl-bearing taxanes, and an enzymatic
esterification method for the preparation of C-10
acyloxy-beafing taxanes, which compounds may be
used, for example, as intermediates in the
15 preparation of pharmacologically active taxanes
such as taxol and taxol .analogues.
. The present invention also relates to an
enzymatic hydrolysis method for the preparation of
~ C=-13 hydroxyl-bearing taxanes useful as inter- .
20 mediates in the preparation of C-13 acyloxy-bearing
taxanes, also particularly useful in the
preparation of taxol and taxol analogues.

25 - Taxanes are diterpene compounds which find
- utility in the pharmaceutical field. For example,
taxol, a taxane having the structure:
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The priesent: invention relates to an enzymatic hydrolysis nethod for the
preparation of C 10 hydroxyl -bearing taxanes, and an enzymatic = .
esterTfication nethod for the preparation of C 10 acyl oxy-bearing taxanes,
whi ch cqonpounds may be used, for exanple, as internediates in L.P§8/LD59
preparation of pharmacol ogically active taxare® such as taxol and taxol
anal ogues. The present invention also relates to an enzymatic

hydrol ysis nethod for the preparation of C 13 hydroxyl - beari ng taxanes
useful as inter- nmediates in the preparation of C 13 acyl oxy-bearing
taxanes, also particularly useful in the preparatygn of Bt axobHand taxo

anal ogues. Taxanes are diterpene conmpound\whi fANd utility in
t he pharmaceutical field. For exanple, taxol et he
structure: : HO
|‘\\
Ph OIlln
. OAc
PhTN\H o HO 0Bz
o

where Ph is phenyl, Ac is acetyl and Bz is benzoyl,
has been found to be an effective anticancer agent.
5 Naturally occurring taxanes such as taxol
may be found in plant materials, and have been
isolated therefrom. Such taxanes may, however, be
present in plant materials in relatively small
amounts so-that, in the case of taxol, for example,
v 10 large numbers of the slow-growing yew trees forming
2 a source for the compound may be required. .The art
has thus continued to search for synthetic,
including semi-synthetic routes for the preparation
of naturally occurring taxanes such as taxol, as
15 well as for the preparation of analogues thereof.
Due to the complexity of the taxane ring
} structure, a taxane containing desired substituents
! on the ring system may more readily be prepared by
the use of a starting material already having the
20 basic taxane ring structure. Thus, for example, a
compound having the taxane ring structure and
containing a hydroxyl group at c-13, and
particularly also containing a desired substituent
at C-10, may be coupled with an intermediate
25 compound to form a taxane having a desired
sidechain at C-13, such as a pharmacologically

‘§\~\‘§“\~\““‘~—~—~_
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and Bz is benzoyl, has been found to be aﬂﬁSB/LD59.
agent .

-3 -

active taxane having an acyloxy sidechain at C-13
exemplified by taxol or analogues thereof.

The present invention provides methods for
obtaining taxanes with desired substituents at
C-10. 1In particular, the present invention
provides methods for the preparation of C-10
hydroxyl-bearing, and C-10 acyloxy-bearing taxane
compounds, which compounds find utility as starting
materials in the preparation of taxanes such as
taxol and analogues thereof.

_ In one embodiment, the present invention
provides a method for the preparation .of at least .-
one taxane containing a hydroxyl group directly
bonded at C-10, comprising the steps of contacting
at least one taxane containing an acyloxy group
directly bonded at C-10 with an enzyme or
microorganism capable of catalyzing the hydrolysis-
of said acyloxy group to a hydroxyl group, and
effecting said hydrolys;s.

In another embodiment, the present invention
provides a method for the preparation of at least
one taxane containing an acyloxy group directly
bonded at C-10, comprising the steps of contacting
at least one taxane containing a hydroxyl group
directly bonded at C-10 with an acylating agent and
an enzyme or microorganism capable of catalyzing
the esterification of said hydroxyl group to an

‘acyloxy group, and effeéting said esterification.

The present invention further provides a
method for the preparation of C-13 hydroxyl-bearing
taxane compounds, which compounds find utility as

\\
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hbtutally_occurring t axanes such as taxol may be found in plant materials,
and have been isolated therefrom Such taxanes may, however, be presént in
plant materials in relatively small amounts so that, in.the-case-of taxol,
for gxanple, large nunbers of the sl ow grow ng yemltreeiﬁﬁgrg%%g-a sour ce
for the conpound may be required. The art has thus conti d search for
synthetic, including sem -synthetic routes for the preparation of naturally
occugring taxanes such as taxol, as well as for the .preparation of

anal pgues thereof. - Due to the conplexity of the taxane ring
structure a taxane Egnt siyed substitu%ﬁps on t he ring syst em may

e

more: readi |y be Sh@& nghgijgg'ﬁgf%s?en dthe; BHERATETS Ok Ofr L2738 Peady havi ng
the basic taxanhaviing at Gesived. sidechaifmraexxatd.e, a conpound having the
bart1oul arly al 5o cont APPAECACHIST T S ataSitr rthelors 0 P00 Coupl ed
with an internegiratvidesnpomathod far nite tpweparatdwmefa adedieast si dechain
at G13, such ag RIAMRCRLACLEA AY a hydroxyl group directly

bonded at C-13, comprising the steps of contacting

at least one taxane containing an acyloxy group

directly bonded at C-13 with an enzyme or

microorganism capable of catalyzing the hydrolysis

10 of said acyloxy group to a hydroxyl group, and
effecting said hydrolysis.

The present invention provides efficient
- 15 methods for the preparation.of C-10 hydroxyl-
' bearing taxanes from C-10 acyloxy-bearing taxanes,
~ : and for the preparation of C-10 acyloxy-bearing
taxanes from C-10 hydroxyl-bearing taxanes. A
single taxane may be hydrolyzed, or a mixture of
20 different taxanes may be sequentially or
simultaneously hydfoiyzed, according to the present
invention; likewise, a single taxane may be
esterified, or a mixture of different taxanes may
- be sequentially or simultaneously esterified,
25 according to the present invention.
The present invention further provides an
efficient method for the preparation of C-13
hydroxyl-bearing taxanes from C-13 acyloxy-bearing
taxanes. A single taxane may be hydrolyzed, or a
30 mixture of different taxanes may be sequentially or
simultaneously hydrolyzed, according to the present
invention.
The present invention is described further
as follows. '
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LD58/ LD59 - - 3- active taxane havi ng an acyl oxy
S|dechg|n at G 13 exenplified by taxol or anal ogues thereof. The
presert invention provides nethods for obtaining taxanes withL®OSSI/LDES
substituents at C-10. In particular, the present-invention provi des nethods
for the preparation of C 10 hydroxyl-bearing, and C 10 acyl oxy-beari ng

t axane conpounds, which conpounds find utility as starting nmaterials in the
preparation of taxanes such as taxol and anal ogues thereof. In one
enbodi ment, the present invention

Bydrolysis at C-10
In a preferred embodiment, the present
invention provides a method for the preparation of
5 at least one C-10 hydroxyl-bearing taxane of the
following formula I:

O-C(O)R*

10 where
Rl is hydroxyl or acyloxy, especially where Rl has
the structure of formula III described

below;
R2 is hydrogen, hydroxyl, fluoro, R9-0-, xylosyl,
15 Ré-c(0) -0- or R6-0-C(0)-0-; '

R3 and R4 are independently hydrogen, alkyl.
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group; and

20 RS is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,

or salts thereof,

comprising the steps of contacting at least one

25 C-10 acyloxy-bearing taxane of the following
formula II: '

—
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provi des a nmethod for the preparation of at |east one taxane containing a
hydr oxyt group directly bonded at C 10, conprising the steps of contacting
at | east one taxane containing an acyloxy group directly bonded at C- 10

wi th an eénzyme or m croorgani smcapable of catalyzing the hydrqg¥ 'i§g
said acyl oxy group to a hydroxyl group, and effecting said hy&f %2& s

I n anot her enbodi nent, the present invention”pFoVides a nethod for the
preparation of at |east one taxane containing an acyl oxy group directly
bonded at C- 10, conprising the steps of contacting at |east one taxane
containing a hydroxyl group directly bonded at C 10 with an acyl ati ng agent
and an enzyne or m croorgani sm capabl e qy caQal yR°ng the esterification of
sai d hydroxyl group to an acyl oxy group, \andiletfegti ng said esterification.
The present invention further provides aATelf the preparation of C 13
hydr oxyl - beari ng taxane conpounds, “wpi=e Nind utility as

where
R!, R2, R3 and R% are as defined above; and

5 R’ is acyloxy,
or salts thereof, . _ _
with an enzyme or microorganism capable of
catalyzing the hydrolysis of said R? acyloxy group
to a hydroxyl group, and effecting said hydrolysis.

10 All stereoconfigurations of the unspecified
chiral centers of the compounds of the formulae I
and II are contemplated in the hydrolysis method of
the present invention, either alone (that is,
substantiélly free of other stereoisomers) or in

15 admixture with other stereoisomeric forms.

In another preferred embodiment, the present
invention provides a method for the preparation of
at least one first taxane, having a desired C-10
acyloxy group, from at least one second taxane,

20 having an undesired acyloxy C-10 group, by
enzymatic hydrolysis of the latter to provide at
least one C-10 hydroxyl-containing analogue by the
method described herein, followed by coupling of
the desired acyl group thereto to provide the

235 former. In this embodiment, the present invention
provides, for example, a method for the preparation
of a desired taxane, having a particular c-10
acyloxy group;'from a starting mixture of taxanes
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LD58/ LD59 = | - 4- starting materials in the
preparation of taxanes having a desired sidechain at C13. | I n
parti &ul ar, tthe present invention provides a method for the preparati.on of
at | east -dne :taxane contai ning a hydroxyl group directly bo”deinéb/ﬁb§§1
conprising the steps of contacting at |east -one taxane containing an

acyl oxy group directly bonded at G 13 with an'é%iyne or m oroorgani sm
capabl e of catal yzing the hydrolysis of said acyloxy group to a hydroxyl
group, and efifecting said hydrolysis.

containing different acyloxy C-10 groups, which
. starting mixture may or may not include the desired
taxane,'by simultaneous or sequential hydrolysis of "
the different C-10 groups to provide one or more
5 taxanes having a hydroxyl group at C-10, followed
by coupling of the desired acyl group thereto.
This preferred method is particularly useful where
a mixture of taxanes having different C-10 acyloxy
groups is obtained, such as by extraction of plant
10 materials yielding taxol in admixture with other
naturally-produced taxanes, and where a particular
taxane such as taxol is ultimately desired.
Coupling of the acyl group may be done by non-
- enzymatic methods for the formation of acyl groups.
15 For example, C-7 protected 1l0-desacetylbaccatin III
(e.g.., protected at_C-7 by triethylsilyl formed by
I contacting 10-desacetylbaccatin III with
triethylsilylchloride and imidazole in
; dimethylformamide) may be acylated at C-10 by
' 20 contact with lithium hexamethyldisilazide in
: tetrahydrofuran with lithium chloride/acetyl
_ chloride at low temperatures, e.g. -60 to 70°C.
J Alternatively, coupling of the acyl group may be

? done by the enzymatic esterification method
25 described herein.

In the method of the present invention, the
stereoconfiguration of the C-10 acyloxy group of
the starting taxane is preferably retained in the
c-10 hydroxyl group-containing product.

30 '
Esterifi . =10
In another preferred embodiment, the present
invention provides a method for the preparation of
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The présent
C- 10 hydroxyl -

t he preparat|od of C- 10 acyl oxy-bearing taxanes from C 10 hydroxyl
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si mul t aneousl y
present invent

‘i nvention provides efficient nethods for the preparation of

;bearing taxanes from C- 10 acyl oxy-bearing taxanes, and for

beari ng
| e taxane may be hydrol yzed, or a mixture of dif LE587LD59
sequentially or simultaneously hyglrol yzed, according to the
on; |likew se, a single taxane may be esterified, or a

erent taxanes nmay be sequentially or sinmultaneously

tording to the present invention. The present

er provi aes leasef bhei €A10 natyibeif-reatiang rt@xans: iofn the C 13

g taxane%o&ﬁ?&&ﬁbl g%¥#8x¥1bear|ng taxanes. A single taxane
ed, or amxture~of different taxanes may be sequentially or
hydrol yzed, according to the present invention. The
on is described further as Rf,ol |(9WS.R2

419)
R! <o
0-C(O)R?
O-C(O)R*
5
| where
Rl is hydroxyl or acyloxy, especially where Rl has
- the structure of formula III described
_ below;
10 R2 is hydrogen, hydroxyl, fluoro, R5-0-, xylosyl,
Ré~C (0) -0~ or R6-0-C(0)-0-;

R3 and R* are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

15 RS is a hydroxyl protecting group;

R® is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo; and

R7 is acyloxy,

20 or salts thereof,

comprising the steps of contacting at least one
c-10 hydroxyl-bearing taxane of the following
formula I:
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Hydrol ysis at C 10 In a preferred
I nvention provides a nethod for the preparation of

0 hydroxyl -bearing taxane of the following forrmula I:
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(-)-C(O)Rs
O-C(O)R*

where
Rl, R2, R3 and R4 are as defined above,
or salts thereof,
with an acylating agent and an enzyme oOr
microorganism capable of catalyzing the
esterification of the C-10 hydroxyl group to form
said R’ acyloxy group, and effecting said
esterification.

. All stereoconflguratlons of the unspecified
chiral centers of the compounds of the formulae I
and II are contemplated in the esterification
method of the present invention, either alone (that
is, substantially free of other stereoisomers) or
in admixture with other stereoisomeric forms.

Any acylating agent effecting the
esterification of the present invention may be

employed. Preferred acylating agents are those of
the following formula IV:

rR1l-c(0)-1 (IV)

where

r1l is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl or heterocyclo; and

L is a leaving group which may be displaced to form
an ester group.
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where-[err] is hydroxyl or acyloxy, especially where [err] has t he

structure of formula Il described bel ow; R2 is hydrogen, hydroxyl,
fluore, [err]-O, xylosyl, [err]-C(O-O or [err]-0-C(£) é)io$§rr]
and [err[ are independently hydrogen, alkyl, 14 - al kenyl , “al kynyl,

cycl oal kyl, -cycl oal kenyl _ aryl, or he%erocyclo; [err] is a hydroxyl
protecting group; and R6 is hydrogen, alkyl, al kenyl, al kynyl,

cycl oal kyl, cycl oal kenyl, aryl or het erocycl o, or salts thereof,

conprising the steps of contgaciifig&f A199YrAps FolOcReY kBHMnbETYNarbaxane
of the followng fornula |1: )

' alkyl groups such as Cj-6 alkyl groups, especially
methyl. Exemplary L groups include halogen atoms,
hydroxyl, alkoxy, or alkenyloxy groups. Preferred

5 L groups are alkenyloxy groups, most preferably
C1-5 alkenyloxy groups such as CH2=CH-O- and
CH2=C(CH3)-O-. 1Isopropenyl acetate and vinyl
acetate are particularly preferred acylating
agents.

10 In the method of the present invention, the
stereoconfiguration of the C-10 hydroxyl group of
the starting taxane is preferably retained in the
C-10 acyloxy group-containing product.

15 Bvdrolvsis at C-13
In a preferred embodiment, the present
invention provides a method for the preparation of
at least one C-13 hydroxyl-bearing taxane of the
following formula V:
20

O-C(O)R*

where
- R12 is hydrogen, hydroxyl, R5-0-, R6-c(0)-0-, or
25 rR6-0-c(0) -0-;
R2 is hydrogen, hydroxyl, fluoro, R5-0O-, xylosyl,
Ré-C(0) -0- or R6-0-c(0)-0-;

\'
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R3 and R4 are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group; and

R6 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,

or salts thereof,

comprising the steps of contacting at least one

C-13 acyloxy-bearing taxane of the following
formula VI:

O-C(O)R*

where

R12, R2, R3? and R% are as defined above; and

R? is acyloxy,

or salts thereof,

with an enzyme or microorganism capable of
catalyzing the hydrolysis of said R7 acyloxy group

to a hydroxyl group, and effecting said hydrolysis.
All stereoconfigurations of the unspecified

chiral centers of the compounds of the formulae V
and VI are contemplated'in the method of the
present invention, either alone (that is,
substantially free of other stereoisomers) or in
admixture with other stereoisomeric forms.
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where R1, R2, R3 and R4 are as defined above; and R7 is acyloxy, or salts

t hereof, with an enzynme or microorgani smcapable of catalyzing the

hydrel ysis of said R7 acyloxy group to a hydroxyl group, and effecting said
hydr ol ysi s. Al'l stereoconfigurations of the uhBp&LLPPRd chiral
centers of the conpounds of the fornl2ae | and Il are contenplated in the
hydr ol ysis nmethod of the present invention, either alone (that is,
substantially free of other stereoisoners) or in adm xture with other

st ereoi soneric forns. I n anot her preferred enpbodi nent, the present
i nvention provides Bndnolker @refiernade embedingnss 5he| BReSEBRe first

taxane, havi fgvén€ipsh reebidds aC Ye@ModJEREPLther preparatdoh ofe second
t axane, having n_undesired acyl ox ?—%Q roup, 2 .en yﬁg%-c hydr ol ysi s of
the latter t3°ptBRPHeCRE =L HRERe 162 Bpogyﬂ-%bﬁ?él | % anal ogue by the
met hod descrabpliokereidechanin ovixdrbyatc deplskngnef second taxane,
5 having an undesired acyloxy'C—13 sidechain, by
enzymatic hydrolysis of the latter to provide at
least one C-13 hydroxyl-containing analogue by the
method described herein, followed by coupling of
the desired sidechain thereto to provide the
10 former. 1In this embodiment, the present invention
- provides, for example, a method for the preparatibn
of a desired taxane, having a particﬁlar c-13
acyloxy sidechain, from a starting mixture of
taxanes containing different acyloxy C-13
.. 15- sidechains, which starting mixture may or may not .
include the desired taxane, by simultaneous or
sequential hydrolysis of the different C-13 groups
to provide one or more taxanes having a hydroxyl .
group at C-13, followed by coupling of the desired
20 sidechain thereto. This preferred method is
particularly useful where a mixture of taxanes
having different C-13 acyloxy sidechains is
obtained, such as by extraction of plant materials
yielding taxol in admixture with cephalomannine and
25 other naturally-produced taxanes, and where a
particular taxane such as taxol is ultimately
desired.
In the method of the present invention, the
stereoconfiguration of the C-13 acyloxy group of

30 the starting taxane is preferably retained in the
¢c-13 hydroxyl group-containing product.

e
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the desired acyl group thereto to provide the forner. In this enbodi nent,
t he present invention provides, for exanple, a method for the preparation

of a desired taxane, having a partlcular C-10 acyl oxysg)fipsp froma
startlng m xture of taxanes -

LD58/ LD59 -7- containing di fferent acyl oxy C 10
groups, which starting m xture may or may not include the desired taxane,
by sinultaneous or sequential hydrolysis of the different C-10 groups to

provide one or nDihe PEIRES léﬁ&ynacichps%aéyb"gwunemyﬁaﬂﬂc fol | owed by
coupling of Hﬁggfe5|red a%yhegr up éggégéoa TPéée ref égkégﬂhod is
particul ar IS ein, p

of the present invention employing an enzyme or

microorganism. The term "hydrolysis®*, as used

5 Therein, denotes the formation of a hydroxyl group
from an acyloxy group, and may be achieved, for
example, by contact with water and/or a suitable
organic alcohol according to the method of the
present invention. The term "esterification®, as

10 used herein, denotes the formation of an acyloxy
group from a hydroxyl group. The term "acylating
agent", as used herein, denotes a compound capable
of effecting the aforementioned esterification by
providing an acyl group. Use of *an enzyme or

15 microorganism* in the present methods includes use
of two or more, as well as a single, enzyme or

| microorganism. . .
The terms "alkyl" or *"alk"*, as used herein
alone or as part of another group, denote

20 optionally substituted, straight and branched chain
saturated hydrocarbon groups, preferably having 1
to 12 carbons in the normal chain. Exemplary
unsubstituted such groups include methyl, ethyl,
propyl, isopropyl, n-butyl, t-butyl, isobﬁtyl.

25 pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl, dodecyl and the 1like.
Exemplary substituents may include one or more of
the following groups: halo, alkoxy, alkylthio,

30 alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl,
hydroxy or protected hydroxy, carboxyl (-COOH),
alkyloxycarbonyl, alkylcarbonyloxy, carbamoyl
(NH2-CO-), amino (-NHz), mono- or dlalkylamlno, or
thiol (-SH).

_—
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a mxturdof taxanes having different C 10 acyl oxy groups is obtained, such
as by extraction of plant nmaterials yielding taxol in adm xture wth other
nat ur &l | y- produced t axanes, and where a particul ar taxane such as taxol is

ultimately desired. Coupling of the acyl group may bé donepf3g /fm®%9
enzymatic nethods for the formation of acyly groups. For exanple, C7
protected 10-desacetyl baccatin Ill (e.g., protected at C7 by triethylsilyl
formed by contacting 10-desacetyl baccatin |1l with triethylsilylchloride
and i mdazole in dinmethylformam de) nay be acylated at C-10 by contact with

l'i t hi um hexanet hyl di si | anh@e tepmke® L abydr 91X adr W Idwés talikyd®*, as
chloride/acetyl chl ord

erat ures err]C.
Al ternatively, COL‘I‘EI S‘ESFIP@W%W ﬁr%%pp?ﬁﬁ/ %fega(ﬂ)ntgleort %[rOQlE)énzynat iC
esterificati on netdendtéesuchbopthenally substltuuedtgnpunglagd of the

present invention, etsJ& $efr «Iaggggf kgyr%lihﬁf ]ﬁéev%é? £dd) AR group of the

starting taxane is pre era retarne 0 hydr oxyl
gr oup- cont ai ni Ag PtEMFcn the normal chain.

The terms “alkoxy" or "alkylthio", as used
herein alone or as part of another group, denote an
alkyl group as described above bonded through an
oxygen linkage (-0-) or a sulfur linkage (-S-),

10 respectively. The term “alkyloxycarbonyl*, as used
herein alone or as part of another group, denotes -
an alkoxy group bonded through a carbonyl group.
The term "alkylcarbonyloxy®, as used herein alone
or as part of another group, denotes an alkyl group

15 bonded through a carbonyl group which is, in turn,
bonded through an oxygen linkage. The terms
*monoalkylamino* or *dialkylamino®; as used herein
alone or as part of another group, denote an amino
group substituted by one or two alkyl groups as

20 described above, respectively.

The term *alkenyl", as used herein alone or
as part of another group, denotes such optionally
substituted groups as described above for alkyl,
further containing at least one carbon to carbon

25 double bond. Exemplary substituents include one or
more alkyl groups as described above, and/or one or
more groups described above as alkyl substituents.
The term *alkenyloxy", as used herein alone or as
part of another group, denotes an alkenyl group as

30 described above bonded through an oxygen linkage
(-0-).

The term *alkynyl®", as used herein alone or
as part of another group, denotes such optionally
substituted groups as described above for alkyl,

is Sheet Has Been Re; l[ilaced
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Eterrf4cat|on at G 10 I n anot her preferred enbodi nent, the present
i nvention prOV|des a nethod for the preparation of -
LD58/ LD59 - 8- at | east oneLS%QQnggloxy beari ng

taxane of the following fornmula I

further containing at least one carbon to carbon
triple bond. Exemplary substituents include one or
more alkyl groups as described above, and/or one or
more groups described above as alkyl substituents.

5 The term “alkynyloxy*, as used herein alone or as
part of another group, denotes an alkynyl group as
described above bonded through an oxygen linkage
(-0-).

The term "cycloalkyl®, as used herein alone

10 or as part of another group, denotes dptionally
substituted, saturated carbocyclic ring systems,
preferably containing 1 to 3 rings and 3 to 7
carbons per ring. Exemplary unsubstituted. such
groups include cyclopropyl, cyclobutyl, cyclo-

15 pentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl, cyclododecyl, and adamantyl. Exemplary
substituents include one or more alkyl groups as
described above, and/or one or more groups
described above as alkyl substituents. The term

20 "cycloalkyloxy*, as used herein alone or as part of
another group, denotes a cycloalkyl group as
described above bonded through an oxygen linkage
(-0-).

The term *cycloalkenyl®, as used herein

25 alone or as part of another group, denotes such
optionally substituted groups as described above
for cycloalkyl, further containing at least one
carbon to carbon double bond forming a partially
unsaturated ring. Exemplary substituents include

30 one or more alkyl groups as described abové.fand/or
one or more groups described above as alkyl
substituents. The term "cycloalkenyloxy®, as used
herein alone or as part of another group, denotes a
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[err] . where Rl is hydroxyl or acyloxy, especially where Rl has t he
structure of formula Il described bel ow;, R2 is hydrogen, hydroxyl,
fluoro; [err] xylosyl, [err]-C(O-0O or [err]-0-C(O-0; R3 and R4

ar e i ndependent | y hydrogen, al kyl, al kenyl , al kyb$8/18%29 oal kyl ,

cycl oal kenyl ,
group; [err]

aryl, or heterocycl®;-[err] is a hydroxyl protecting

I s hydrogen, alkyl, alkenyl, alkynyl, cycl oa

cycl oal kenyl , aryl or het erocycl o; and R7 is acyl oxy,

10

15

20

25

30

cycloalkenyl group as described above bonded
through an oxygen.linkage (-0-). _

The terms *ar* or *aryl*, as used herein’
alone or as part of another group, denote
optionally substituted, carbocyclic aromatic
groups, .preferably containing 1 or 2 rings and 6 to
12 ring carbons. Exemplary unsubstituted such
groups include phenyl, biphenyl, and naphthyl.
Exemplary substituents include one or more,
preferably three or fewer, nitro groups, alkyl
groups as described above and/or groups described
above as alkyl substituents. The term *aryloxy".
as used herein alone or as part of another group,
denotes an aryl group as describéd above bonded
through an oxygen linkage (-0-).

The terms *heterocyclo* or “heterocyclic",
as used herein alone or as part of another group,
denote optionally substituted fully saturated or
unsaturated, aromatic or non-aromatic cyclic groups
having at least one heterocatom in at least one
ring, preferably monocyclic or bicyclic groups
having 5 or 6 atoms in each ring. The heterocyclo
group may, for example, have 1 or 2 oxygen atoms, 1
or 2 sulfur atoms, and/or 1 to 4 nitrogen atoms in
the ring. Each heterocyclo group may be bonded
through any carbon or heteroatom of the ring
system. Exemplary heterocyclo groups include the
following: thienyl, furyl, pvrrolyl, pyridyl,
imidazolyl, pyrrolidinyl, piperidinyl, azepinyl,
indolyl, isoindolyl, quinolinyl, isoquinolinyl,
benzothiazolyl, benzoxazolyl, benzimidazolyl,
benzoxadiazolyl, and benzofurazanyl. Exemplary
substituents include one or more alkyl groups as
described above and/or one or more groups described

kyl ,

'\
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or salts thereof, conprising the stepé of contacting at |least one GC 10
hydr oxyl - beari ng taxane of the followwng fornmula I: :
LD58/ LD59 - 9-

. - 17 -

LD58/LD59

above as alkyl substituents. The term

*heterocyclooxy*, as used herein alone or as part

of another group, denotes a heterocyclo group as

described above bonded through an oxygen linkage
5 (-0-).

The terms "halogen* or “halo", as used
herein alone or as part of another group, denote
chlorine, bromine, fluorine, and iodine.

_ The term *"taxane*, as used herein, denotes -

10 compounds containing a taxane moiety as described

following. The term *taxane moiety*, as used
herein, denotes moieties containing the core -

structure (with numbering of ring system positions

. used herein shown): '

15 .

10 9 CH,

H,C

CHy

which core structure may be substituted and which
may contain ethylenic unsaturation in the ring

0 system thereof. Such moieties having an oxetane
ring fused at the 4- and S-positions, such as is
found in taxol, are preferred.

The term "hydroxy (or hydroxyl) protecting

group*, as used herein, denotes any group capable

35 of protecting a free hydroxyl group which,
subsequent to the reaction for which it is
employed, may be removed without disturbing the
remainder of the molecule. Such groups, and the
synthesis thereof, may be found in "Protective

30 Groups in Organic Synthesis' by T.W. Greene, John
Wiley and SOns,'1981, or Fieser & Fieser.

_
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[err} = _ [err] where [err] and [err] are as defined
above, or salts thereof, with an acylating agent and an enzyne or

m cr.oer gani sm capabl e of catal yzing the esterificatioppgg/tpg9C 10 hydroxyl
grodp te formsaid R7 acyl oxy group.. ggd-effecting sai-d esterification.

Al'l st'ereoconfigurations of the unspecified chiral centers of the conpounds
of the fornmulae | and Il are contenplated in the esterification nethod of
the present invention, either alone (that is, substantially free of other

stereoi somers) or i TRt esaug, @dﬂ&fseﬁiera&@mrrﬁmciuﬂes_rrs. _ Any
e enpl oyed. SF a1 6 PO S TR s A P Pk LoBBRER ) o ng Tor mil a
| V: and/or organic acids and bases.
The term *acyl", as used herein alone or as
5 part of another group, denotes the moiety formed by
removal of the hydroxyl group from the group -COOH
of an organic carboxylic acid. The term "acyloxy"*,
as used herein alone or as part of another group,
denotes an acyl group as described above bonded
10 through an oxygen linkage (-0-).

Starti M ials f ~-10 Modifi .
The C-10 acyloxy-bearing, and C-10
hydroxy-bearing taxanes, employed as starting

15 materials for the present invention may be any such
compounds capable of undergoing the enzymatic
hydrolysis or esterification methods, respectively,
of the present invention. The starting materials
may be synthetically formed taxanes, or preferably,

20 naturaliy formed taxanes such as cephalomannine, 7-
xXylosyltaxol, taxol, baccatin III, 10-
desacetylbaccatin IIXI, or taxol C (an analogue of
taxol wherein the benzoyl group of the C-13 taxol
sidechain is replaced by an n-pentanoyl group),

35 alone or in admixture with each other. The
*naturally formed" taxane starting materials are
preferably obtained by plant cell culture of,
and/or extraction from, taxane-producing plant
tissues, particularly tissues from, or derived

30 from, plants of the Taxus genus such as Taxus
baccata, Taxus cuspidata, Taxus brevifolia, Taxus
wallichiana, Taxus media, Taxus hicksii, especially
Taxus x. media hicksii. Exemplary plant tissues
include the needles, bark and whole seedling.
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[err] TS (1'V) where [err] is alkyl, alkenyl, alkynyl,. aryl, cycloalkyl,
cycl oal kenyl or heterocyclo; and L is a | eaving group which may be _

di splaced to form an ester group.

LD58/ LD59 -10- _ 9 - Preferr@gsfé}T 9groups for

the formula 1V are al kyl groups such as}[err] al kyl groups, especially

nmet hyl . Exenplary L groups include hal ogen atons,

For preferred methods of obtaining the C-10
hydroxy- and acyloxy-bearing taxane starting
materials of the present methods see Rao,
Pharmaceutical Research, 10, 521-524 (1993);

5 Kingston, Pharmac. Ther., 52, 1-34 (1991); or the
Examples herein.

The C-13 acyloxy-bearing taxanes employed as

10 starting materials for the present invention may be
any such compounds capable of undergoing the enzy-
matic hydrolysis of the present invention. The
starting materials may be synthetically formed
taxanes, or preférably, naturally formed taxanes

15 such as cephalomannine, 7-xylosyltaxol, taxol, 7-
xylosyl-10-desacetyltaxocl, l0-desacetyltaxol, or
taxol C, alone or in admixture with each other.

The *naturally formed® taxane starting materials
are preferably obtained by plant cell culture of,

20 and/or extraction from, taxane-producing plant
tiSéues, particularly tissues from, or derived
from, plants of the Taxus genus such as Taxus
baccata, Taxus cuspidata, Taxus brevifolia, Taxus
wallichiana, Taxus media, Taxus hicksii, especially

25 Taxus x. media hicksii. Exemplary plant tissues
include the needles, bark and whole seedling.

For preferred methods of obtaining the C-13
acyloxy-bearing taxane starting materials of the
present method see Rao, Pharmaceutical Research,

30 10, 521-524 (1993); Kingston, Pharmac. Ther., 52,
1-34 (1991); or the Examples herein.

E i Mi . for C-10 Modifi .

-
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hydrcxyl,ialkoxy, or al kenyl oxy groups. Preferred L groups are al kenyl oxy
groups, nost preferably [err] al kenyl oxy groups such as CH2=CH O and
CH2=C(.CH3) - O-. | sopropenyl acetate and vinyl acetate are particularly

preferred acyl ating agents. I'n the method okDE&ELIR2Esent invention
the stereoconfiguration of the G- 120 hydr oxyl group of the starting taxane
is preferably retained in the C10 acyloxy group-containing product.

Hydrol ysis at C 13 In a preferred enbodi nent, the present invention

provi des a nmethod for the-preparation of at |east opge.,C hydr oxyl - bearin
t axane of the fol TR ¢REFYRE AN Mlgroorganism empioyeg i dRe Y Y 9

present invention may be any enzyme OX
microorgénism capable of catalyzing the enzymatic.
hydrolysis or esterification methods described

5 herein. The enyzmatic or microbial materials,
regardless of origin or purity, may be employed in
the free state or immobilized on a support such as
by physical adsorption or entrapment.

Exemplary microorganisms include those

10 within the following genera: Nocardioides,
Nocardia, Rhodococcus,'Micrqpolyspora,
Saccharopolyspora, Pseudonocardia, Oerskovia,
Promicromonospora, and Intrasporangium.
Particularly preferred microorganisms are those

15 species within the genus Nocardioides, such as
Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus, especially Nocardioides albus ATCC

20 55424 (SC 13910) and ATCC 55425 (SC 13911) and
Nocardioides luteus ATCC 55426 (SC 13912). The
term "ATCC* as used herein refers to the accession
number of the American Type Culture Collection,
12301 Parklawn Drive, Rockville, Maryland 20852,

25 the depository for the organism referred to. The
above microorganisms ATCC 55424, 55425 and 55426
were deposited on May 12, 1993. The term "SC*
denotes the designation given to the microorganism
as part of the Squibb culture collection.

30 . The biologically pure microorganisms
Nocardioides albus ATCC 55424 (sC 13910),
Nocardioides albus ATCC 55425 (SC 13911), and
Nocardioides luteus ATCC 55426 (SC 13912) are novel
microorganisms. It should be understood that

-
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[err] . Wwhere R12 is hydrogen, hydroxyl, [err]-O, [err]-C(O-0O, or

[err] - 0 CXC» O; R2 is hydrogen, hydroxyl, fluoro, [err]-O, xylosyl,
[err]-C(O-O or [err]-OC(0)-0-; )
LD58/ LD59 - - 11 - LD58 /LD59

- 21 -

mutants of these organims are also contemplated by
the present invention, for use in the hydrolysis or
esterification methods described herein, such as
those modified by the use of chemical, physical

5 (for example, X-rays) or biological means (for
example, by molecular biology techniques).

Nocardioides albus ATCC 55424 (sC 13910) and
ATCC 55425 (SC 13911) may be cultivated on Medium A
94 (corn steep liquor (35 grams), Cerelose (20

10 grams), (NH4)2504 Reagent Grade (5 grams), CaCO3
(3.5 grams), soy bean oil (5 ml) and distilled
water (1 liter)). These organisms were isolated
from soil (from a sample from New Brunswick, New
Jersey), and are gram positive, non-motile Ny

15 organisms éxhibiting aerobic growth on a variety of :
media. On solid YS medium (0.2% yeast extract, 1%
starch), the mycelium is whitish to light cream
colored. Growth is associated with production of a
dark diffusible pigment in both solid and liquid

20 media. Microscopically, growth in liquid culture
is characterized by mycelial aggregates consisting
of abundantly branching hyphae.

Nocardioides luteus ATCC 55426 (SC 13912)
may be cultivated on Medium A 94 (corn steep liquor

25 (35 grams). Cerelose (20 grams), (NH4)2SO4 Reagent
Grade (5 grams), CaCO3 (3.5 grams), soy bean oil (5
ml) and distilled water (1 liter)). This organism
was isolated from soil (from a sample from New
Brunswick, New Jersey), and is a gram positive,

30 non-motile organism exhibiting aerobic growth on a
variety of media. On solid ¥YS medium (0.2% yeast
extract, 1% starch), the mycelium is dark cream
colored. Microscopically, growth in liquid culture

/
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R3 and R4-are independently hydrogen, alkyl, al kenyl , al kynyl,
cycl oal kyl, cycl oal kenyl, aryl, or heterocyclo; [err] is a hydroxyl
protecfing:group; and R6 is hydrogen, alkyl, alkenyl, alkynyl,

cycl oal kyl, cycl oal kenyl, aryl or het er ocycl o, or 1L&8B/&DBBer eof ,
conprising the steps. of contacting at -l ast one C 13 acyl oxy-beari ng taxane
of the follow ng fornula VI: : [err] R7< a.

[err]

is characterized by mycelial aggregates consisting
of abundantly branching hyphae.

The above organisms Nocardioides albus ATCC
55424 (sSC 13910) and ATCC 55425 (sC 13911), and

5 Nocardioides luteus ATCC 55426 (SC 13912), were
identified as strains of Nocardicides albus and
Nocardioides luteus, respectively, in accordance
with the description given in Bergey's Manual of
Systematic Bacteriology, Volume 2 (Ed. P.H.A.

10 Sneath) (1986). .

Exemplary enzymes for use in the present
hydrolysis or esterification methods are
hydrolases, particularly esterases, proteases or
lipases. Preferred enzymes include those derived

15 from microorganisms, particularly those
microorganisms described above. Enzymes may be
isolated, for example, by extraction and
purification methods, such as by use of hydrophobic

~ interaction chromatography, gel filtration,

20 followed by an anion exchange column. The present
invention further provides the enzymes capable of
the present hydrolysis or esterification methods
which may be isolated from Nocardioides albus ATCC
55424 (SC 13910) and ATCC 55425 (sC 13911), and

25 Nocardioides luteus ATCC 55426 (SC 13912), for
example, by the above techniques.

E 1 Mi . ¢ ~~13 Modifi .
The enzyme or microorganism employed in the

30 present invention may be any enzyme or microorgan-
ism capable of catalyzing the enzymatic hydrolysis
described herein. The enyzmatic or microbial mat-
erials, regardless of origin or purity, may be em-

This Spee, Has

Ll



mhe!e Eerr] and [err] are as defined above; and R7 is acyloxy, or salts
thereof, with an enzynme or m croorgani smcapable of catal yzing the
hydrol'ysis of said R7 acyloxy group to a hydroxyl . group, and effecting said
hydrol ysi s. Al'l stereoconfigurations of thepsgsmes9 fied chiral
centers of the conpounds of the_fggsmulae V and VI are contenplated in the
nmethod of the present invention, either alone (that is, substantially free

of other stereoisoners) or in adm xture with other stereoisoneric forns.
LD58/ LD59 -12-

. ployed in the free state or immobilized on a sup-
port such as by physical adsorption or entrapment.
A preferred method for selecting a
microorganism suitable for enzymatic hydrolysis of
5 a starting C-13 acyloxy-bearing taxane according to
the method of the present invention is by use of
the following novel screening method, comprising
the steps of:
(a) selecting a solid growth medium (i) in

10 which the microorganism to be screened will grow,
(ii) in which the starting C-13 acyloxy-bearing
taxane is insoluble and thus, in admixture with the
growth medium, has a cloudy appearance, and (iii)
in which the C-13 hydroxyl-bearing taxane product

15 of the hydrolysis method of the present invention

' is soluble, and, preferably, in which the cleaved
C-13 sidechain is also soluble, and thus, in
admixture with the growth medium, has a clear
appearance; '

20 (b) placing the microorganism into contact
with the growth medium selected in step (a) above,
for example, in a petri dish, into which the
starting C-13 acyloxy-bearing taxane has been
adnmixed, and under conditions allowing growth of

25 the microorganism to occur; and

(c) observing whether a clear zone appears
around the area in which growth of the
microorganism occurs.

The formation of a clear zone indicates that

30 hydrolysis has occurred, and thus that the
microorganism may be suitable for use in the
present hydrolysis method. As used herein, the
terms *clear" and "cloudy" are to be construed
relative to each other. Thus, the starting C-13

-
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| n another. preferred enbodi ment, the present invention provides a nethod
for the preparation of at |east one first taxane, having a desired G 13
acyl opxy sidechain, fromat |east one second taxane, having an undesired
‘acyl oxy C- 13 sidechain, by enzymatic hydrolysis #HU3&&D3%t ter to provide at
| east .one C-13 hydroxyl - cont ai i &# anal ogue by the met hod described herein
foll owed by coupling of the desired sidechain thereto to provide the
fornmer: In this enbodinent, the present invention provides, for exanple, a

nmet hod for the epar,ation of a,édesired taxane,.having a particular C 13
acyloxy159¥%ﬂ¥ﬂg FaFFBﬁ153§?ﬁ?t+ﬁgeﬂ?§é¥ﬁ Rei) éqg&ﬁﬁﬁﬁ%ontaining di fferent
acyl oxy Grith tihdecgtraivoh, meiain $hashfficient unenmmEcyorsores not i ncl ude t he
desired t €.,z i t SERLE | a lysis of the different
C 13 gr ouﬁﬁovﬁgﬁﬁggéngagggﬁﬁgént axan%&:l{1 hé\%ﬂb gg%ydr oxyl. group at C- 13,
fol | oned Biasly)l apypesranke) desndedlar iy his rdetrimined This preferred

met hoq | s-atliveled buidsehit idegegRedl &t Uy Es D1 1AXANGS
suspension, that is, as a lessening of that
visibility. _
Another preferred screening method provided
by the present invention is that corresponding to
10 the method set forth above, with the exception that
a solid growth medium is selected in which the
starting C-13 acyloxy-bearing taxane is soluble and
thus, in admixture with the growth medium, has a
clear appearance, while the C-13 hydroxyl-bearing
15 taxane product of the hydrolysis method -of the
‘present invention is insoluble (and preferably in
which the cleaved C-13 sidechain is also insoluble)
and thus, in admixture with the growth medium, has
a cloudy appearance. Observance of a cloudy zone
20 around the area in which growth of the
microorganism occurs allows'selection of a suitable
microorganism.
A particularly preferred embodiment of  the
screening method of the present invention is that
25 set forth in the Examples herein.
The above preferred screening methods may
suitably be employed where the starting C-13
acyloxy-bearing taxane and the Cc-13
- hydroxyl-bearing taxane product differ in relative
30 solubility to the extent that it may be observed
whether or not hydrolysis according to the present
invention has occurred.
Exemplary microorganisms for use in C-13
hydrolysis include those within the following
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havi ng“di f.ferent C 13 acyl oxy sidechains is obtained,. such as by extraction

of plant materials yielding taxol in adm xture w th-cephal omanni ne and

ot her- natural | y- produced taxanes, and where a partipigD3%Axane such as

taxol is ultimately desired. = - 25 4n the nethod of the present

invention, the stereoconfiguration of the C13 acyloxy group of the

starting taxane is preferably retained in the c-13 hydroiél -
rou contalnln roduct - - : e

?erng " en AR * §F6@€?§°1§?S*eﬁﬁyﬁﬁﬁ4érn@@ﬂ@@FOC%ESused herein, denote a

process onmmﬁﬁdﬁuiyspora, Saccharopolyspora, Pseudonocardia,
Oerskovia, Promicromonospora, and Intrasporangium.
Particularly preferred microorganisms are those
5 species within the genus Nocardioides, such as
Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus, especially Nocardioides albus ATCC
10 55424 (SC 13910) and ATCC 55425 (SC 13911) and
Nocardioides luteus ATCC 55426 (SC 13912).
As described above, the biologically pure
- microorganisms Nocardioides albus ATCC 55424 (SC
13910), Nocardioides albus ATCC 55425 (SC 13911),
15 and Nocardioides luteus ATCC 55426 (SC 13912) are
novel microorganisms further provided by the
present invention. It should be understood that
mutants of these organisms are also contemplated by
the present invention, for use in the hydrolysis
20 methods described herein, such as those modified by
the use of chemical, physical (for example, X-rays)
or biological means (for example, by molecular
biology techniques).
Exemplary enzymes for use in the present
25 method are hydrolases. 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 those described in the
30 Examples herein, especially purification of the
active fractions found extracellularly in the
medium in which these organisms have been
cultivated, such as by use of an anion exchange
column, followed by hydrophobic interaction
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of the present invention enploying an enzynme or m croorganism The term
"hydrolysis", as used herein, denotes the formation of a hydroxyl group
froman acyl oxy group, .and may be achi eved, for exanple, by contact with
wat ér and/or a suitable organic al cohol accordi ngLaF8ARS et hod of the
present invention. The term "est &6 f4 cation”, as used herein, denotes the
formattron of an acyl oxy group froma hydroxyl group. The term "acyl ating
agent", as used herein, denotes a conpound capable of effecting the
aforenmenti oned esterification b roviding an acyl group. Use of "an enzyne
or m cr osyamaeoraphyhangr 9§én¥i£§¥ﬁmni ncTRRIGF LN two or nore, as
we: lk as 3ir§}é}g:|i%n Qﬁh&)ﬁﬁi&robrabiaégrgﬁ?'éx?iyme? capaile tdﬁgﬁ ! ?' kyl t or y
a , as .used herei ope or as,part of anp r o) enote optionally
subst i t uttdf %‘iﬁsﬁn&hgygﬁﬂgkfﬁéﬁc%ag%h’aﬂﬁ E%t’cﬁgf%‘beqcily%?%ar bon gr oups,
pr ef er abl yodwrditul dest @ I1bdsCATOONS5424t KSC ND3I B0 ) crad rIATEX enpl ary
unsubgti t S I s LpaGl e |, isopropyl,
3 #&zng}'[ y@ﬁ‘iﬁs&'i 'aFlg }rﬁlgf?&%gi& sCh{¥bus P&

n- but yl , sobut'yl , pe XyT, 1sohexyl, heptyl, 4,4-
55426 (sC 13912), for example, gy 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-dried cells, or in the form of treated cell

15 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

20 catalysis as described herein.

Where one or more microorganisms are
enployed, the enzymatic hydrolysis or
esterification methods of the present invention may
be carried out subsequent to the fermentation of

25 the microorganism (two-stage fermentation and
hydrolysis or esterification), or concurrently
therewith, that is, in the latter case, by in situ
fermentation and hydrolysis or esterification

- (single-stage fermentation and hydrolysis or

30 esterification).

Growth of the microcorganisms may be achieved
by one of ordinary skill in the art by the use of
an appropriate medium. Appropriate media for
growing microorganisms include those which provide
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di met hyl pentyl, octyl, 2,2,4-trinethylpentyl, nonyl, decyl, undecyl,
dodecyl. and the |ike. Exenplary substituents may .include one or nore of the
fol | oki ng.groups: hal o, al koxy, alkylthio, alkenyl.," al kynyl, aryl,

cycl oal-kyl , cycl oal kenyl, hydroxy or protected hy@ﬂ@ﬁj?Déérboxyl (- COOH) ,

al kyl oxycar bonyl , al kyl car bonyl ex27 ear banoyl ([err]-CO), amno [err]

nono- or dial kylam no, or thiol (-SH).

LD58/ LD59 - 14 - The terns "l ower al k" or
"l ower al kyl", as used herein alone or as part of anothgn group,
nutrients necessary for the growth of the microbla

cells. A typical medium for growth includes
necessary carbon sources, nitrogen sources, and
elements (e.g. in trace amounts). Inducers may

5 also be added. The term *inducer*, as used herein,
includes any compound enhancing formation of the
desired enzymatic activity within the microbial
cell.

Carbon sources may include sugars such as

.10 maltose, lactose, glucose, fructose, glycerol,

_ sorbitol, sucrose, starch, mannitol, propylene
glycol, and the like:; organic acids such as sodium
acetate, sodium citrate, and the like; and alcohols
such as ethanol, propanol and the like.

15 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,

20 ammonium sulfate and the like.

Trace elements may include magnesium,
manganese, calcium, cobalt, nickel, iron, sodium
and potassium salts. Phosphates may also be added
in trace, or preferably, greater than trace

25 amounts.

The medium employed may include more than
one carbon or nitrogen source or other nutrient.

Preferred media for growth include agueous
media, particularly those described in the Examples

30 herein.

The agitation and aeration of the reaction
mixture affects the amount of oxygen available
during the hydrolysis or esterification process
when conducted, for example, in shake-flask
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1 .
denot e such-optionally substituted groups as described above for alkyl
having 1 to 4 carbon atons in the normal chain. . The terns "al koxy"
or mal’kyl thi o", as used herein alone or as part of -another group, denote an
al kyl group as described above bonded t hrough an oFbggprsgkage (-O) or a
sul fur.linkage (-S-), respectivelyggThe term "al kyl oxycarbonyl ", as used
herein al one or as part of another group denot es an al koxy group bonded
t hrough a carbonyl group. The term "al kyl car bonyl oxy", as used herein al one
or as part of another group, denotes an al kyl group bonded t hrough a

carbonyl geQUBuYEECHr | ferméhtdy maﬂwmlw @td'ﬁbthnoﬁxmgeflol-l nkage. The
terns "nonoal kyl,am no"_or "djal k Ian1no u 5 §£ ne or as part
of another°§Fﬁéb5mﬁendT%Faﬁp%ﬁﬁ§#; ﬁ@ﬂ g 3 gne or two al kyl
groups as dsspreEeﬂre@Dv&erammqnxnﬁ\aﬁqpt 1 to 10Thelumesm o8l kenyl ", as used
bt ot Al Befovithe e WAIERAE YuPal Srpttepeler orallY
| east ohe carbon F@rcﬁrbwﬁththhﬁtm#ﬁF°Q§Qﬁﬁﬂﬁ§ﬁya§@d§F'tuents i ncl ude one
or hydrolysis or esterification according to the
method of the present invention, the pH of the
medium is preferably from about 6 to about 8.5, and
the temperature is preferably from about 24°C to
10 about 37°C. Hydrolysis or esterificatioh may, for
example, be carried out in vitro over time periods
such as 1 to 48 hours, or preferably until the
yvield of desired product is maximized. It is
preferred to conduct the hydrolysis methods of the
15 present invention at a pH of from. 6 to 8,
particularly under non-basic conditions.
It is also preferred to employ an agueous
llquld as the hydrolys1s reaction medium, although
an organic liquid, or a miscible or immiscible
20 (biphasic) organic/aqueous liquid mixture, may also
be employed. It is preferred to employ an organic
solvent or biphasic organic/aquecus reaction medium
for esterification, although other media may be
emploved.
25 For C-10 modification, it is preferred to
employ 0.025 to 2.5 weight % of the C-10 hydroxy-
or acyloxy-bearing taxane starting material (s)
based on the combined weight of starting
material(s) and esterification or hydrolysis
30 reaction medium. In the esterification method of
the present invention, preferred molar ratios of
acylating agent to C-10 hydroxyl-bearing taxane are
from about 1:1 to about 1000:1. The amount of
enzyme or microorganism employed relative to the

-

een Replaced

il



mor e- al Kyl groups as described above, and/or one or nore .groups described
above as al kyl substituents. The term "al kenyl oxy", as used herein al one or
as part of another group, denotes an al kenyl group as des§8jyLBsh above

- bonded t hrough an oxygen linkage (-0-) 29 - The term "al kynyl ", as
used herein alone or as part of another group, denotes such optionally
substituted groups-as described above for al kyl,

LD58/ LD59 - 15 - further containing at |east one
carbon to carbostartjne netetisxdspbalpcsedstot abbow catalyisimnet or

the enzymatic hydrolysis or esterification of the
present invention. It is preferred to obtain
yvields in excess of 90% (% C-10 hydrolyzed product

S obtained based on the starting acyloxy-bearing'
taxane) or in excess of 50% (% C-10 acylated
product obtained based on the starting hydroxyl-
bearing taxane) when employing the hydrolysis or
esterification methods of the present invention,

10 respectively. Hydrolysis or esterification may be
obtained selectively at C-10 of the starting
taxane. That is, product(s) the greater portion
(such as solely) of which are hydrolyzed or
esterified at C-10 only may be obtained without

15  Thydrolysis or esterification at other positions.

For C-13'modification, it is preferred to -

employ 0.025 to 0.25 weight % of the C-13 acyloxy-
bearing taxane starting material(s) based on the
combined weight of starting material(s) and

20 hydrolysis reaction medium. The amount of enzyme
or microorganism employed relative to the starting
material is selected to allow catalysis of the
enzymatic hydrolysis of the present invention. It
is preferred to obtain yields in excess of 90% (%

25 C-13 hydrolyzed product obtained based on the
starting acyloxy taxane) when employing the
hydrolysis method of the present invention.
Hydrolysis may be obtained selectively at C-13 of
the starting taxane. That is, product(s) the

30 greater portion {(such as solely) of which are
hydrolyzed at C-13 only may be obtained without
hydrolysis at other positions. |

Separation
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more alkyl: groups as descri bed above, and/or one or nore groups described
above as al kyl substituents. The term "al kynyl oxy", as used herein alone or
as part of another group, denotes an al kynyl group as d?ﬁﬁ%/EﬁggabOV
bonded.t'hr ough an oxygen |inkage (-0-)_ 20 The ter cyclroal kyl", as
used herein alone or as part of another group, denotes optionally
substituted, saturated carbocyclic ring systens, preferably containing 1 to
3rings and 3 to 7 carbons per ring. Exenplary unsubstituted such groups

i ncl ude cycl opropyl, cyﬁgo@uiylac§y5*§L 6%3(¥d cycloheptyl,
cycl ooctyl, cyclodgcg clodode‘%éa and é&pagﬁ§§ gg ﬁ substituents
i ncl ude one or RHPEY Fﬁy 2 <33 € entndPYEREALer nor e
groups descri bedndbcoaphedaﬂ:i«ydu&d)ﬁudwaﬁ ThoBee degichibeyc bedblky! oxy", as
used herein alo u en cl oal kyl group
as descri bed abg\% % %ﬁ%rou@’ﬁéﬁtﬁw é) Fﬁoﬁkﬁ%&'gﬁﬁ )%}} The term
"cycl oal keny? ", m§§h9§§dsﬁ@he$$1 exturactiorns q;attlldiata.nmt,her group, denotes
such crystallization, and column chromatography.
Similarly, the C-13 hydroxyl-bearing
products of the C-13 hydrolysis process of the
present invention, and coupled products such as
10 those described below, may also be isolated and
purified, for example, by methods such as
extraction, distillation, crystallization, and
column chromatography.

15 Utility
Taxanes are diterpene compounds containing a

taxane moiety as described above. Of particular
interest are taxanes containing a taxane moiety in
which the 11,12-positions are bonded through an

20 ethylenic linkage, and in which the 13-position
contains a sidechain, which taxanes are exemplified
by taxol. Pharmacologically active taxanes such as
taxol may be used as antitumor agents to treat
patients suffering'from cancers such as breast,

25 ovarian, colon or lung cancers, melanoma and
leukemia.

c is Obtained bv C-10 Modifi .
The compounds obtained by the C-10
30 hydrolysis or esterification methods of the present
invention are particularly useful as intermediates
in the preparation of the aforementioned
pharmacologically active taxanes by allowing
preparation of compounds having a desired

\
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optioﬁafly:substituted groups as descri bed above for cycloal kyl, further

containing at |east one carbon to carbon double bond formng a partially .

unsat:urated ring. Exenplary substituents include OQEE@gLﬁgge al kyl groups
ribe

as descri bed above, and/or one or_ nQre groups desc

of -anot her group, denotes a

16 -

above as al kyl
substi tuents. The term "cycl oal kenyl"oxy", as used herein al one or

as part

LD58/ LD59 cycl oal kenyl group as described above bonded through an oxygen
linkage (-Qubstituent ABECLEHTE TRES, Ofor M¥dmplels wieed Reweei n

10

15

20

25

30

compounds prepared by C-10 modification according
to the methods of the present invention also bear a
hydroxyl group at C-13, such compounds may be
coupled with C-13 acyloxy sidechain-forming
intermediate compounds, such as f-lactams, to
obtain C-13 acyloxy sidechain-bearing taxanes such
as taxol or analogues thereocf. 1In this regard,
modification at C-13 according to the methods of
the present invention may be conducted prior to,
duriﬁg. or after the methods of the present
invention for modification at C-10 are employed. -
The acyloxy- or hydroxyl-bearing compounds
prepared according to the methods of the present
invention may optionally be modified prior to use
in €-13 acyloxy sidechain coupling. For example,-
one or more hydroxyl groups at positions other than
C-13 may be protected prior to coupling and,
thereafter, deprotected. : '
' The C-10 acyloxy- and hydroxyl-bearing
taxanes obtained by the hydrolysis and
esterification methods of the present invention,
optionally modified as above, may, for example, be
used in the preparation of C-13 acyloxy
sidechain-bearing taxanes such as those recited,
and prepared by the methods described in, European
Patent Publication No. 400,971, U.S. Patent No.
4,876,399, U.S. Patent No. 4,857,653, U.S. Patent
No. 4,814,470, U.S. Patent No. 4,924,012, U.S.
Patent No. 4,924,011, and Kingston, Pharm. Ther.,
Vol. 52, 1 - 34 (1991), especially U.S. Patent
Application Serial No. 07/995,443, filed December
23, 1992 by Poss et al. (Attorney Docket No. LDé60)
and U.S. Patent Application Serial No. 08/033,598,

\

This Sheet. H

i



alone or as part of another group, denote optionally substituted,
carbocyclic aromati.c groups, preferably containing 1 or 2 rings and 6 to 12
ri ng. carbons. Exenpl ary unsubstituted such groups include phenpss/psdenyl ,
and naphthyl. Exenplary substituents include g@ge-or nore, preferably three
or fewer, nitro groups, alkyl groups as descri bed above and/or groups
descri bed above as al kyl substituents. The term"aryl oxy", as used herein
al one or as part of another group, denotes an aryl group as described above
bonded t hrough an oxygédeldi Mangk 190-3993 by ThoHtathdrinet' ladt.er(@cgoroeyor
Nhet erocyclic", as us ein a or osy), denote
optional |y substitutegGFEFFyhgétﬁggféﬁ %?fdﬁgg%ﬁggieg, gg%ﬁgﬁiggbr
non-aromatic cyclic gF8&E¥eRESing at | east one heteroatomin at |east one
ring, preferably nonocyclic or bicyclic groups having 5 or 6 atons in each
| € s

ring. The heterocwglo gr ¢ Qxygen atons, 1
or 2 sulfur atons,™ an0

0 ‘ y OIS ] S .
het erocycl o group may be bondhe Chidubhdaoyyl ardrureiningetempdundsof t he
ring

obtained by the hydrolysis method of the present
invention are particularly useful as intermediates
in the preparation of the aforementioned C-13
10 sidechain-bearing taxanes. In particular, the C-13
i hydroxyl-bearing compounds prepared according to
K the present method may be coupled with sidechain-
forming intermediate-compounds, such as B-lactams,
- to obtain the C-13 sidechain-bearing taxanes. The
15 addition of such a sidechain, in and of itself, may
impart an increased or more desirable
pharmacological activity to the taxane product, or
may form a taxane product which is more readily
converted to a taxane having an increased or more
20 desirable pharmacological activity than the
starting compound.

The C-13 hydroxyl-bearing compounds prepared
according to the method of the present invention
may optionally be modified prior to use in

25 sidechain formation by coupling. For example,
modification at C-10 according to the methods of
the present invention may be conducted prior to,
during, or subsequent to the C-13 hydrolysis method
of the present invention; and/or one or more

30 hydroxyl groups at positions other than C-13 may be
protected prior to coupling and} thereafter,
deprotected.

The C-13 hydroxyl-bearing taxanes obtained
by the hydrolysis method of the present invention,

“\“\\\\\\\\“\‘-\_
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1

system’ Exenpl ary heterocycl o groups include the follow ng: thienyl, furyl,
pyrrolyl, pyridyl, imdazolyl, pyrrolidinyl, piperidinyl, azepinyl,

i ndo! yl', isoindolyl, qU|noI|nyI |squ|noI|nyI benzothlazolyl

benzoxazol yl , benzi mi dazol yl , benzoxadlazolyl amiﬂggugﬁggazanyl

Exenpl ary substituents i ncl ude anegPr- nore al kyI .groups as descri bed above
and/ or -one or nore groups descri bed

LD58/ LD59 -17- above as al kyl substituents. The
term "heterocycl ooxy", as used herein alone or as part of another group,
denot es adnﬂmmnﬁ#&imogu&updaasdebcvebadwabdhaﬁnxnhaﬂehﬂnugh an oxygen

linkage yged in the preparation of C-13 acyloxy
sidechain-bearing taxanes such as those recited,
and prepared by the methods described in, European
5 Patent Publication No. 400,971, U.S. Patent No.
4,876,399, U.S. Patent No. 4,857,653, U.S. Patent
No. 4,814,470, U.S. Patent No. 4,924,012, U.S.
Patent No. 4,924,011, and Kingston, Pharm. Ther.,
Vol. 52, 1 - 34 (1991), especially U.S. Patent
10 Application Serial No. 07/995,443, filed December
23, 1992 by Poss et al. (Attorney Docket No. LD60)
and U.S. Patent Appiication Serial No. 08/033,598, .
filed March 19, 1993 by Thottathil et al. (Attorney
Docket No. LD57), all incorporated herein by
.15 reference. Preparation of C-13 acyloxy-bearing
taxanes of the formula VI is preferred.

It is preferred to employ taxanes of the
20 formula II or salts thereof in the C-10 hydrolysis
method of the present invention, whereby enzymatic
hydrolysis provides the corresponding compounds of
the formula I or salts thereof. It is likewise
preferred to employ taxanes of the formula I or
25 salts thereof in the C-10 esterification method of
the present invention, whereby enzymatic
esterification provides the corresponding compounds
of the formula II or salts thereof.
In formulae I and II, R’ is preferably R11-
30 C(0)-0-, especially where Rl is alkyl such as
methyl; R2 is preferably hydrogyl or xylosyl; R3 is
preferably alkyl such as methyl; R% is preferably
aryl such as phenyl; and Rl is preferably hydroxyl
or a group of the following formula III:
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(-0-). | = The terns "al ogen” or "hal 0", as used herein alone or as part
of another group, denote chlorine, bromne, fluorine, andiodine.

The term_ "taxane", as used herein, denotes conpdRd/IRH% ai ni ng a t axane
noi ety as described follow ng.- Bd term "taxane noiety”, as used herein,
denotes-noi eties containing the core structure (with nunbering of ring
system positions used herein shown): [err]

CH3 which core structure nay be substituted and which may contain

et hyl eni c unsaturationain the ring systemthereof. Such noieties having an
oxet ane _ R°(O)CNH O '

RO o— (111)
ORI (4]
where
| R8® and R? are independently alkyl, alkoxy, alkenyl,
5 alkenyloxy, alkynyl, alkynyloxy, cycloalkyl,

cycloalkyloxy, cycloalkenyl,
cycloalkenyloxy, aryl, aryloxy, heterocyclo
or heterocyclooxy; and

R10 is hydrogen or a hydroxyl protecting group.

10 Exemplary taxanes of the formulae I and II
are cephalomannine, 1l0-desacetyltaxol,
7-xylosyltaxol, taxol-C, 7¥xylosyl-10-
desacetyltaxol, taxol, baccatin III,
10-desacetylbaccatin III, 7-xylosylbaccatin III,

15 and 7-xylosyl-10-desacetylbaccatin III. Enzymatic
hydrolysis of baccatin III to form 10-
desacetylbaccatin III (e.g., with the formation of
acetic acid), for example, employing hydrolase, is
a preferred embodiment of the pfesent invention.

20 This reaction may be reversed via the enzymatic
esterification method of the present invention.

Taxol is preferably ultimately prepared by
the methods described herein.

25 Preferred Compounds for ¢-13 Modification
It is preferred to employ taxanes of the
formula VI or salts thereof in the method of the
presént invention, whereby enzymatic hydrolysis at
C-13 provides the corresponding compounds of the
30 formula V or salts thereof. 1In formulae V and VI,
R12 jis preferably R6-Cc(0)-0- such as acetyloxy, or
hydroxyl; R2 is preferably hydroxyl or xylosyl; R3
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ring qued:at the 4- and 5-positions, such as is found in taxol, are
preferred. The term "hydroxy (or hydroxyl) protecting group", as
used*herein, denotes any group capabl e of protecé&ﬁ. tgee hydr oxyl group
whi ch, subsequent to the reactLog for which it i €%ﬂ?§? d, may be renoved
wi t hout- di sturbing the remai nder Sf "the mol ecule. Such groups, and the
synthesis thereof, may be found in "Protective Goups in Organic Synthesis"
by T.W Geene, John Wley and Sons, 1981, or Fieser & Fieser. ‘
hg?g{hDsgﬁcpﬁaggrably alkyl such as dethyl; R4 jghe term“salt®, as used
preferably aryl such as phenyl; and R7 is

preferably a group of the following formula III:

RE(O)CNH O
R9 O— (111)
5 ORfO
where o
R®, R® and R0 are as defined above.
Exemplary starting taxanes of the formula VI
are cephalomannine, 10-desacetyltaxol,
10 7-xylosyltaxol, taxol-C, and 7-xylosyl-10-
desacetyltaxol, alone or in admixture with each
- other or taxol. Preferred hydrolysis products are -
baccatin III, l0-desacetylbaccatin III,
7-xylosylbaccatin III, and 7-xylosyl-10-
15 desacetylbaccatin III. .
Coupling subsequent to hydrolysis preferably
provides taxane products of the formula VI
described above having C-13 acyloxy groups of the
formula III. Taxol is preferably ultimately

20 prepared by hydrolysis and coupling as described
herein.

Salts or solvates such as hydrates of
reactants or products may be employed or prepared
25 as apprépriate in any of the methods of the present
invention.
The present invention is further described
by the following examples which are illustrative
only, and are in no way intended to limit the scope
30 of the instant claims.
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acidic and/or basic salts formed with inorganic and/ or organic acids and
bases. - The term "acyl", as used herein alone or :as part of another
group, denotes the noiety formed by renoval of the hyss®xisgroup fromthe
group -COOH of an organic carboxylicygcid. The term "acyl oxy", as used
herein alone or as part of another group, denotes an acyl group as

descri bed above bonded t hrough an oxygen |inkage (-0O). Starting

Materials for C-10 Modification The C-10 acyl oxy-bearing, and C 10
hydr oxy- beari ng taxanes, enpl oyegExamplleanti ng materials for the present

i nvention may be any ch,_conpounds ca oi ng the enzymatic

hydrol ysis or esteriftca » ,of the present

i nvention. The star¥oogrdbdides|kutrans BICSy 55436 &CI ¥3982hed t axanes, or

pref erabl y, V. t C S a np¢ ne, 7-
xylosyltaxol?g%%ég%é %%%%g%%ﬁ'?%%?%% %Hdgggcg§§ﬁga§c tiﬁtlll, or taxol C
(an anal Sgue28?C i B& s @ S mBeBzdpnmgyetipfddskhe C 13 taxol sidechain

is replaced Synef: Mg ALY lmeHidUR) . The medium contained per
liter distilled water: 10 g Bacto tryptone, 5 ¢
ﬁacto yeast extract, 6 ml tributyrin, and 0.06 ml
Tween 80 at a final pH of 6.8 + 0.2. Cells were

10 harvested by centrifugation, washed with 10 ml 50
mM potassium phosphate buffer pH 7, and resuspended
in 2 ml of this buffer. 0.5 mg baccatin III in 20 .
pl methanol was added to the cell suspension and

, the suspension was mixed for 20 hours at ambient

15 temperature (about 23°C) with a Fisher Roto-Rack.
The suspension was extracted with methylene
chloride, and the extract was evaporated,
redissolved and assayed by HPLC Method 2 described
following. The sample contained 0.257 mg/ml 10-

20 desacetylbaccatin III (100% conversion) and only a
trace of baccatin III. Washed cells of the strain
ATCC 55426 grown on three other media also carried
out this transformation.

25 Example 2
10-D tvlat £ p in IIT
Nocardioides luteus ATCC 55426 (SC 13912)
grown in 20 ml medium containing per liter
distilled water: 10 g Bacto tryptone, 5 g Bacto
30 yeast extract and 0.06 ml Tween 80 at a pH of 6.8 £
0.2 was used to inoculate 1 L of the same medium in
a 4 L Erlenmeyer flask. The flask was shaken for
threé days at 28°C, then cells were harvested by
centrifugation. The cell pellet was washed with

R

heet Has Been Reﬁaced

T

i\\



alone or in adm xture with each other. The "naturally forred" taxane
starting materials are preferably obtained by plant .cell culture of, and/or
extraetion from taxane-producing plant tissues,é@%%tgggbarly tissues from
or derived from plants of the ngus genus such 4%Hs baccata, Taxus
cuspi data, Taxus brevifolia, Tax wal | i chi ana, Taxus nedia, Taxus hicksii,
especi ally Taxus x. nedia hicksii. Exenplary plant ti ssues include the
needl es, bark and whole seedling. | ~~~mmmmmmemeees ae,

600 ml 50 mM potassium phosphate buffer pH 7 and
centrifuged again to give 36.6 g wet cells. The
cells were frozen at -72°C, lyophilized to 2.5 g in
2 days, ground with a mortar and pestle and stored

5 at 2°C. 1.98 ml 50 mM potassium phosphate buffer
pH 7, 50 mg dried cells, and 0.5 mg baccatin III in
20 Ml methanol were mixed with a Roto-Rack at
ambient temperature for the times indicated on
Table 1 following. Reactions were stopped by

10 addition of 2 ml methanol. Precipitate was removed
with a microfuge, and samples were assayed by HPLC
Method 1 described following. The results obtained
are shown in Table 1. o

15 Table 1

Time 10-desacetyl- Baccatin III Conversion
(Min) baccatin IIIX mg/ml (%)
mg/ml
0 - 0.007 0.252 -
30 0.051 0.143 22
60 0.106 0.106 46
120 0.204 0.034 88

—_—
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LD58 /D59 -19- For preferred nmethods of
obt ai-ni ng the C- 10 hydroxy- and acyl oxy-bearing taxane:starting nmaterials
of the present nethods see Rao, Pharmaceutical Research, 10LD581r52%
(1993); "Kingston, Pharmac. Ther., 52, 1-34 §4991); or the Exanples herein
Startiing Materials for C 13 Mdification The C- 13 acyl oxy-bearing

t axanes enployed as starting materials for the present invention may be any
such conpounds capabl e of undergoing the enzy- nmatic hydrolysis of the
present invention. The starting materi alExamgplebd synthetically fornmed

t axanes, or preferably, “at“ra'H&t&ﬁ&ﬂ&&uh%&iﬁﬁigf_mazgl
A partially purified extract from
Nocardioides luteus ATCC 55426 (SC 13912) (purified
5 by anion exchange chromatography on Whatman DES52)
contained 34 milliunits/ml enzyme. (1 milliunit is
the amount of enzyme able to hydrolyze 1 nmole
baccatin III to l0-desacetylbaccatin III per minute
at 28°C in 50 mM potassium phosphate buffer pH 7
10 containing 0.25 mg/ml baccatin III and 1%
methanol.) 2 ml containing 50 mM potassium
phosphate buffer pH 7, 0.5 mg taxol, 1% methanol,
and 34 milliunits enzyme was incubated on a Fisher
RotoRack for 3.5 hours at 28°C. The reaction was
15 stopped by extraction with 4 ml methylene chloride.
The extract was dried, redissolved in methanol and
assayed by HPLC Method 3 described following. The
sample contained 0.075 mg taxol and 0.186 mg/ml
10-desacetyltaxol (78% conversion) .
20
ATCC 55426 (SC 13912)
Nocardioides luteus ATCC 55426 was grown in
a fermentor on a medium containing 1% tryptone and
25 0.5% yeast extract. All purification steps were
carried out at 4°C in 50 mM phosphate buffer pH
7.2. The cells were suspended at 10% w/v in buffer
and passed through a micro-fluidizer twice at
10,000 psi for lysis. The cell lysate was then
30 clarified by centrifugation at 24,000 x g for 15
min. Ammonium sulfate was added to 60% saturation
and the resulting precipitate was suspended in
buffer containing 1M ammonium sulfate and applied
to a hydrophobic interaction chromatography

-_—_
This Sheet Has

Ui

b g o ar—— —— -~




such as.cephal omanni ne, 7-xyl osyltaxol, taxol, 7-

Xyl osyl - 10- desacet yl t axol , 10-desacety|taxo| or taxol C, alone or in

adm Xture with each other. The "naturally forned g starting
material's are preferably obtained by plant cell ’P?i@ gf and/ or
extractfon from taxane- produ0|n&9prant tissues, partlcularly tissues from
or derived from plants of the Taxus genus such as Taxus baccata, Taxus
cuspi data, Taxus brevifolia, Taxus wallichiana, Taxus nmedia, Taxus hicksii

espeC|aIu§%EaéQ§8§mA§$ h'Cfﬁf'col rnyi?gypra  J sgge?hlnclude t he

needl es pre err ods of obtaining
the C 13fdeII myebeﬁangHIamane maarenmgxemwy R8st he present nethod

see Rao, Jfhaemggrhi Bﬁkf@ﬁseafﬁé‘ aé&vé@rﬁﬁ&@%@m Kinggst on, Phar nac.
Ther. 5§ﬁ?§ﬁ§4 (1991& Exanpl es 636% Ny Enzynes and
M cr oor g P8r ack BrNBBF?lﬁﬁﬁb%ﬁfyl S ge
5 filtration column (2.6 x 84 cm) at 0.5 ml/min. The
active fractions from the column were loaded on an
anion exchange (BioRad-Q2) column (2 ml column,
flow rate 2 ml/min) and the activity was eluted
with a salt gradient of 0-0.8M NacCl in 42 ml. The
10 active fractions were pooled and applied to a
Sephacryl s-200 column as described above. The
molecular weight of the enzyme was estimated to be
40,000 + 10,000 on gels containing sodium dodecyl
sulfate. The results obtained at various steps of
15 the above method were as follows:

5 i £
Sm* !! ] E ! > z ! s -! E ! . .! E

nl ng o mu/mg 3
Cell extract 100 450 2050 4.5 -
Amm. Sulfate 70 196 2830 14.4 138
HIC (ether) 7 24 953 39.9 46.5
Sephacryl S-200 7 0.7 190 271 9.3
BioRad-Q2 3 0.09 ' 51 567 2.5
Sephacryl s-200 8 0.03 26 867 1.3

* Purification of C-10-deacetylase: 1

milliunit enzyme (mu) catalyzes the conversion of 1
20 nmole/min of baccatin-III to
10-deacetylbaccatin~III at 25°C in 50 mM potassium
phosphate buffer, pH 7, containing 0.25 mg/ml
baccatin-III and 1% methanol. Protein was

determined with BioRad Protein Assay Reagent.
25 |

_
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- 20 -. . LD58/ LD59 The enzyne or m croorgani sm enpl oyed
in the present invention may be any enzyme or microorgani sm capabl e of
catal y’zing the enzymatic hydrol ysis or esterification nethgsts daso ibed
herein. The enyzmatic or m crobial materd gg.~ regardl ess of origin or
purity, may be enployed in the free state or inmobilized on a support such
as by physical adsorption or entrapnent. Exenpl ary m croorgani sns

i nclude those within the foll ow ng genera: Nocardi oi des, Nocardi a,
Rhodococcus, M cropol yspora, Saccharoppkympbead Pseudonocardi a, Cerskovi a,

Prom crononospora, and ';{H rlgaggr.%ggi gy oFBLLL cul 2;[]! Y-Rie{erfed
m croorgani snms are thos )
_ to Baccatin IJTI
Nocardioides luteus ATCC 55426 (SC 13912)
5 cells in 50 mM potassium phosphate buffer pH 7.2
(10% weight/volume) were'disrupted with a
microfluidizer and the l0-deacetylase enzyme was
adsorbed from the extract on Whatman DEAE cellulose
DE52 anion exchanger by stirring for 3 hours (10 g
10 extract protein per liter DE52). The DE52 was
collected by filtration, washed with buffer and
lyophilized to give 0.091 milliunits enzyme per mg
solid. 0.2 ml 1 M potassium phdsphate buffer pH 8,
100 mg immobilized enzyme (i.e., immobilized on the
15 DE52 resin), 1.8 ml water, 2 mg '
10-desacetylbaccatin IXII and 0.5 ml vinyl acetate
were vigorously stirred with a magnetic bar for
14.5 hours at room temperature. The reaction
mixture was extracted with methylene chloride. The
20 extract was dried and redissolved in methanol for
analysis by EPLC Method 1 described following. The
sample contained 0.688 mg/ml 10-desacetylbaccatin
III and 0.203 mg/ml baccatin III (19% conversion).
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speci'es within the genus Nocardi oi des, such as Nocardi oi des al bus,

Nocar di-oi des fl avus, Nocardi oi des ful vus, Nocardi oi des ;| ut eus, Nocar di oi des
si mpl ex, and Nocardi oi des thernolil aci nus, especieﬂlq&?ﬁyﬁ?gy oi des al bus
ATCC 55424 (SC 13910) and ATCC 55425,(SC 13911) and cardioi des | uteus
ATCC 55426 (SC 13912). The term "ATCC' as used herein refers to the
accessi on nunber of the Anerican Type Culture Collection, 12301 Parkl awn
Drive, Rockville, Maryland 20852, the depository for the organismreferred

to.. The above m croorgani sns A 425 and 55426 were deposited on
May 12, 1993. The term "SC' denotes the designation given to the
m -cr oor gani t of the Squibb culture collection. The

bi ol ogi cal | Yo :NM GendeganpadRaiNeChypérs P alivror\ TS Ta424 (SC 13910),
Nocar di oi des albus?®BCC 25%25 (SC 13911), and Nocardi oi des | uteus ATCC
55426 (SC 13912) ar®® névél °nf™® oorgani sms. It shoul d be understood that

5 Mobile phase: 55% methanol, 45% water :

Flow rate: 1 ml/min
Column temperature: ambient
Detection wavelength: 235 nm

10 Method 2
Column: Phase Separations Inc. (Norwalk, CT)
microbore spherisorb phenyl 150 x 2.0 mm, 3

micron
Mobile phase: Solvent A:15 mM KH2PO4, adjusted to
15 pPH 4 with trifluoroacetic acid. Solvent B:
acetonitrile :
Time/Minute Solvent A (%) Solvent B (%)
0 75 - 25
20 55 45
23 40 60
24 25 75
28 75 25

Column temperature: 35°C
Detection wavelength: 230 nm.

20 Method 3!
Column: Hewlett Packard hypersil 5 micron ODS C18
200 x 4.6 mm
Mobile phase: 60% methanol, 40% water
Flow Rate: 1 ml/min
25 Column temperature: ambient
Detection wavelength: 235 nm

1 See also Monsarrat et al., Drug Metabolism
and Disposition, 18, 895-901 (1990).
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LD58/LD59 -21- mut ants of these organins are al so

contenpl ated by the present invention, for use in the Hydrolysis or
esterification nethods described herein, such as thosgppgdipsgd by the use
of chéem cal, physical (for exanple,_XnQays) or biological neans (for
exanpl e, by nol ecul ar bi ol ogy techni ques).

. Example 5
Hydrolysi c 113 E ¢
An ethanol extract of Taxus hicksii
seedlings was concentrated 10- to 15-fold with -

5 nanofilters. 0.5 ml extract, 0.5 ml 1 M potassium
phosphate buffer pH 7, 54 milliunits partially
purified enzyme from Nocardioides albus ATCC 55425
(SC 13911) (purified by anion exchange _
chromatography and ammonium sulfate precipitation)

10 and 4 ml water were incubated at 28°C for 48 hours
on a Fisher Roto Rack. (An enzyme from ATCC 55425
may be employed for the hydrolysis at C-13 as
described herein). A second tube contained the
same mixture and also 14 milliunits enzyme from

15 Nocardioides luteus ATCC 55426 (SC 13912)
immobilized on 500 mg DES52 as described in Example
4., After 23 hours incubation at 28°C, a second
portion of 14 milliunits enzyme from ATCC 55426 on
DE52 was added along with 4 ml water, and

20 incubation was continued for 22 hours. A control
sample received no enzymes. Samples were extracted
with methylene chloride, and the evaporated
extracts were dissolved in methanol for analysis by
HPLC Method 2 described above. The results

25 obtained are shown in Table 2 following.

The results show that, after treatment with
the C-13 deacylase from SC 13911, there was
depletion of taxol, cephalomannine, 7-xylosyl-10-
deacetyltaxol and 10-deacetyltaxol, while the

30 amount of baccatin III and 10-deacetylbaccatin IIIX
increased. The molar ratios of 10-deacetylbaccatin
III plus baccatin III to initial taxol was
increased from 117% to 436%. When the seedling
extract was treated with both the C-13 deacylase

Sheet Has Been RTlaccd
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‘Nocar di oi des al bus ATCC 55424 (SC 13910) and ATCC 55425 (SC 13911) may be
cul ti-vated on Medium A 94 (corn steep liquor (35 grans), Cerel ose (20
grams), (NH4)2S04 Reagent Grade (5 granms), [err] (3.5 grams), soy bean oil
(5 m) -and distilled water (1 liter)). These organisns were isolated from
soi | (froma sanple from New Brunsw ck, New Jer s8p#/LRRB are gram positive,
non-notil e organi sns exhibiting éeroblc growth on a variety of nmedia. On
solid YS medium (0. 2% yeast extract, 1% starch), the myceliumis whitish to
| i ght creamcolored. Gowh is associ ated with production of a dark

in || queioRUPrur it L e che &1 ARBpvigas £APm 86 dg%hee consi st ) hg of |

abundanbaszcbtanchrng»&s'pd:meferted to N@edledlceltg}é.balcuacmls ATCC 55426 (SC

13912) ge C i 9 qgquor (35 grans),
Cer el ose ; d Hﬁé X@rﬁ err eag ent éo éeg%%légl%%)ggtk’h (3.5 grams), soy
bean oi EI 5wa$)1ame@|$ & figdide compariede £P) thFhP-§l§F-§ ni smwas i sol at ed

fron.at sovalﬁéronmmwn@&@aéﬂéﬂe eV Bimiaeirek ofNewxdgesey) . and is a gram
pos! |ve ith the C-13 deacylase and C-10 deacylase gave 10-
deacetylbaccatln III as the principle product.

This Sheet Has Been Reﬂla‘ced




o i ety of media On
non-rotil e organi smexhibiting aerobic growth on a variety of media.
solid-YS hedi8n1(0.2@6yeast extract, 1%starch), the nyceliumis dark cream
colaréd. Mcroscopically, growh in liquid culture

This i.s“the repl acenent sheet _ ) ?/ T -
LD58/ LD59 | -224 . is char act¥PISEPI nyceli al

aggregat es consi sting :

Iable 2
. . , _

Enzyme 10-desacet- baccatin 7-xylosyl- cephalo~ taxol 10-DaT
Irom ylbaccatin III ma/ml 10-desacet- mannine ma/ml ma/ml

I mg/ml . yltaxol ma/ml
mg/ml

None 0.167 0.142 0.246 0.243 0.401 0.201
SC13911 . 0.400 0.771 0.027 0.000 0.000 0.014
11 +12+ 1.025 0.000 0.000 0.000 0.000 0.000
Enzyme taxol C DsB/T *

£fxom ma/ml

None trace i1l6.8

SC13911 0.000 436.3

11 + 12 0.000 400.8

10-DaT is 10~-desacetyltaxol

+ SC 13911 and SC ‘13912
* D+B/T is the molar % yield of (10-

10 deacetylbaccatin IIT and baccatin III) divided by
(initial taxol)

AR
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of abundant |y branchi ng hyphae. The above organi sns Nocar di oi des

al bus ATCC 55424 (SC 13910) and ATCC 55425 (SC 13911), and Nocar di oi des

| ut gus ATCC 55426 (SC 13912), were identified as strains of Nocardioides
‘al bus and Nocardi oi des |uteus, respectively, ingggorggace with the
description given in Bergey' s_NQ@uaI of Systematic Bacteriol ogy, Volune 2
(Ed. P.H A Sneath) (1986). Exenpl ary enzynes for use in the present
hydrol ysis or esterification nethods are hydrol ases, particularly
esterases, proteases or |lipases. Preferred enzynes include those deri ved
fron1n1croorgan|sns partlcutgamglgﬁgse m croorgani sms descri bed above.
Enzynmes b t ] purification

nmet hods, v at ogr aphy, gel
f||trat|on pvii e . » aKolThe present invention

161 o0 a3 RS LS 2 qi#}gﬁmmmoczfﬁaf’g.yzgz o us. AT
55424 (Qémml@ysanalmoaasgnzeas s&:;thqaed @nd partially

cooled according to the manufacturer's

instructions. The medium contained 10 g tryptone,

5 g yeast extract, 20 g agar, and 0.15 g spirit

blue per liter. 25 mg taxol and 10 1l Tween 80 in

10 1 ml methanol were added to the medium through a
sterile filter. 15 ml medium were used per 100 mm
x 15 mm petri dish. '

After the plates had cooled and drled. soil
- samples were plated out as follows. 2 g soil was

15 suspended in 40 ml water. A sample of the
suspension was diluted 100-fold with water and 0.1
ml was spread per plate. The water used had been
filtered through a 0.22 u filter. Plates were
incubated at 28°C, and colonies surrounded by a

20 cleared zone were selected. The basis for the
selection was that taxol is insoluble at the
concentration used in the medium, giving the plates
a cloudy appearance, whereas baccatin III and the
side chain produced by hydrolysis are soluble,

25 thereby forming a clear zone around the colonies.
The microorganisms selected include: Nocardioides
albus strains ATCC 55424 (SC 13910) and ATCC 55425
(SC 13911); and Nocardioides luteus strain ATCC

. 55426 (sSC 13912).

30

Example 7
R 1 of C-13 Sidechain £ ]
The reaction of this Example proceeded as
set forth in Scheme 1 following. 50 ml Erlenmeyer

is Sheet Has Been Replaced
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r .
Nocar diroi des | uteus ATCC 55426 (SC 13912), for exanple, by the above
t echni ques. Enzymes and M croorgani sns for C 13 Mdification The
enzyqe or mcroorgani smenployed in the present invention may be any enzyne
or mcr.oorgan- ism capable of catalyzing the enzynaé g €§§§olysis descri bed
herein. The enyzmatic or n1crob|al4gat- erials raf of origin or
purity, may be em
LD58/ LD59 - 23 - ployed in the free state or
i mobilized on a sup-

flasks containing 10 ml medium were inoculated w1th
Nocardioides albus strains ATCC 55424 (SC 13910) or
ATCC 55425 (sC 13911) isolated from soil as
described in Example 6 and shaken for two days at

5 28°C, 150 RPM. The medium contained per liter
distilled water: 10 g Bacto tryptone, S g Bacto
yeast extract and 0.06 ml Tween 80 at pH 6.8 £ 0.2.
Cells were removed by centrifugation and the pH of

the supernatants was adjusted from 8.66 to 7 with 1
10 M KHPO4.

0.5 mg taxol in 20 pl methanol was added to
2 ml of each supernatant and the mixtures were
stirred for 21 hours at ambient temperature (about
23°C). The solutions were extracted with 4 ml
15 CH2Clz. Extracts were dried under Nz at room
temperature, redissolved in methanol and analyzed
by HPLC (Method 3 described above). Supernatant
from strain ATCC 55424 (SC 13910) gave 0.008 mg/ml
. taxol and 0.163 mg/ml baccatin III (94.9 mol$%
20 conversion). Supernatant from strain ATCC 55425
(SC 13911) gave 0.014 mg/ml taxol and 0.166 mg/ml

baccatin III (96.7 mol% conversion). (Baccatin III
and the cleaved side chain product were identified
by LC-MS).
This Sheet Has Been Repl
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port such_as by physical adsorption or entrapnent. A preferred

met hod for selecting a mcroorgani smsuitable for enzymatic hydrolysis of a
starting C 13 acyl oxy-bearing taxane according.to the nethod of the present
invention is by use of the follow ng novel screening haod, conprising the
steps of: (a) selecting a sokigzgrowth nedium Eﬁgsmbﬁﬂi ch the

m croorganismto be screened will grow, (ii) in which the starting C 13
acyl oxy-bearing taxane is insoluble and thus, in adm xture with the growth
medi um has a cl oudy appearance, and (iii) in which the G 13

hydr oxyl - beari ng taxane product of the hydrolysis nmethod of the present
invention is soluble, and, preferably, gi  gh the cleaved C 13 sidechain
is also soluble, and thus, in adm xtu%@#&ne growm h medium has a clear
appear ance; (b) placing t% roorganisminto contact with the
growt h medi um selected in step (& e, for exanm®PA¢ in a petri dish,
into which the starting G 13 acyl oxy-(geari n hag peen adm xed, and
under conditions allow ng.growth of T OH

'C_ Ollh
HO—CH
| i 3 _
CH—NH o oa°
' ]
C=0 C=0
OAc
— OH
HOIII-. ﬁ
C——
OH | . * ' o
H HO—CH
o oar—° |
| CH—NH
C=0 I
=0
Baccatin-III Sidechai
ec n
I
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t he mcroorganismto occur; and (c) observing whether a clear zone
appears around the area in which growh of the microorgani smoccurs.

The .formation of a clear zone indicates:.that hydrolysis has occurred, and
thus that the m croorgani sm nmay be suitable f OILDSSY LD5 St he pr esent

hydrol ysis method. As used hewrgir, the terns "clear" and "cloudy" are to
be construed relative to each other. Thus, the starting C 13

LD58/ LD59 - 24 - acyl oxy-bearing taxane is
enpl oyed in adm xture
' Example 8

Two 50 ml Erlenmeyer flasks each containing

10 ml medium (35 g corn steep liquor, 20 ¢

5 cerelose, 5 g (NH4)2S04, 3.5 g CaCO3, and 5 ml
soybean oil brought to 1 liter with distilled
water) were each inoculated with 0.5 ml Nocardiodes
albus strain ATCC 55425 (SC 13911). After two days
incubation at 28°C, 150 RPM, these two cultures

10 were added to a 4 L flask containing 1 L of the
medium used in Example 7. After 72 hours at 28°C,
200 RPM, cells were removed by centrifugation and

the supernatant was adjusted from pH 8.16 to pH 7
with 1 M KH,PO4.

15 0.5 mg cephalomannine in 20 {1l methanol was
incubated with 2 ml supernatant for 17 hours on an
end-over-end shaker (Fisher Roto-Rack). The
solution was extracted with methylene chloride, the
extract was evaporated, resuspended in methanol and

20 analyzed by HPLC (Method 2 described above).
Cephalomannine concentration was decreased from
0.175 mg/ml to 0 and 0.110 mg/ml baccatin III was
produced (89 mol% yield based on analyzed initial
cephalomannine concentration).

25

Example 9 _
Removal of C-13 Sidechain from 7-Xvlosyltaxol
Enzymes from Nocardiodes albus strains ATCC
55424 (SC 13910) and ATCC 55425 (SC 13911) were

30 prepared as described in Example 8, except that 1 L
cultures were incubated for two days instead of
three. Nocardioides luteus strain ATCC 55426 (SC
13912) was grown as described for Nocardiodes albus
strain ATCC 55425 (SC 13911) in Example 8. After

R
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w t h-t-he gromﬁh medi umin suff|C|ent guantity so as to be visible in
suspensi on therein (giving a "cloudy" appearance), and clarity is
determned relative to said initial degree of visibility in suspension,
that iss as a lessening of that visibility. Anot hBDS®/EDE9 r ed
screeni ng net hod provided by the preseat4$nwvention is that corresponding to
the nmethod set forth above, wth the exception that a solid growth nmedi um
is selected in which the starting C 13 acyl oxy-bearing taxane is soluble
and thus, in adm xture with the growth nedium has a cl ear appearance,

while the C 13 hthires ydaymardeld s avemee hprveatedobyt genkyifeggsiennet hod of

the present | nveRsbRgal (I Sldiahe soRaft peebesslhyphosyhheh basset caved

C- 13 sidechain is also nso 2 g m Xt ur e ﬁith t he grow h
medi um has a clBHdY éﬂ@&ﬁce 3 g ¥GHyCeohe %ﬁ%ﬁnd t he
area in which grﬁmbbe@fatt he7:mc:,r ng@hﬁuimedccurz 52| gwbn sekeodays), of a.

e b o oo SRR AR LR A bedosatag i of (he
1.8 ml supernatant from strains ATCC 55424
(SC 13910) and ATCC 55425 (SC 13911), and 50 mg
dried cells of strain ATCC 55426 (SC 13912) in 1.8
ml water were each incubated with 0.5 mg 7-

10 xylosyltaxol in 0.2 ml methanol for 42 hours at
room temperature on a Fisher Roto-Rack. The
reactions were extracted with methylene chloride,
and the dried extracts were dissolved in methanol
for HPLC analysis (Method 3 described above). 7-

15 Xylosyltaxol decreased from 0.218 mg/ml to 0 with
each enzyme. The major product in each sample was
identified as 7-xylosylbaccatin III by HPLC - mass
spectrometry. Based on a baccatin III standard,
ATCC 55424 (sC 13910), ATCC 55425 (sSC 13911), and

20 ATCC 55426 (SC 13912) gave 7-xylosylbaccatin III
product concentrations of 0.112, 0.118, and 0.120

- mg/ml, respectively. Using the same extinction
coefficient at 235 nm for baccatin III and 7-
xylosylbaccatin III, the calculated yields would be

25 88%, 93%, and 94%, respectively (molar %s).

Example 10
Hydrolysi f Pl cell Mi
1 g Taxus hicksii needles was extracted with
30 10 ml methanol:acetic acid 5000:1. To 10 ml

extract was added 10 ml water:acetic acid 500:1.
The mixture was centrifuged for 10 minutes at
48,000 x g and 20°C. The pellet was discarded. 4
ml extract and 16 ml supernatant from Nocardicides

/
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set forth in the Exanpl es herein. The above preferred screening

met hods may suitably be enpl oyed where the starting € 13 acyl oxy-beari ng

t axape and the C-13 hydroxyl -bearing taxane product ﬂ%ﬁﬁfﬁné@ relative
solubility to the extent that it nmygde_observed whether or not hydrolysis
according to the present invention has occurred. . Exenpl ary

m crodrgani sns for use in G 13 hydrolysis include those within the

fol | owi ng : ' LD58/ LD59

- 25 - geabbus StoredirdinTctess4abacqsdi 239 R0pdegorres, 59428 opol yspor a,
Saccharopolyﬁﬁgrfhgfﬁaewggﬁﬁgé%gglgg described in Example 9)
were shaken in a 50 ml Erlenmeyer flask at 28°c,
150 RPM for 42 hours. Samples were extracted with
5 methylene chloride and the evaporated extracts were
dissolved in methanol for analysis by HPLC (Method
2 described above). The taxane concentrations and
molar ratios of (baccatin III + 10-
desacetylbaccatin III)/initial taxol, with and
10 without enzyme treatment, are shown in the
following Table 3.

Iable 3
E tic Hydrolvsis of Needle Exi .
15
Enzvme 10-des- baccatin 7-xylosyl- cephalo- taxol {DAB+B) "
Lxom* acetyl- III ug/ml  10-des- mannine ug/mi  {taxol)
baccatin acetyltax- pja/ml
LI ug/ml ol ug/ml
None 0.126 trace 0.012 0.153 0.392 50.4
SC13810 0.602 0.319 0.000 ' 0.000 0.000 359.3
SC13911 0.959 0.294 0.000 0.000 0.000 492.8
* Values given in molar % (DAB + B)+({initial
taxol); o
DAB = io-desacetylbaccatin IIX
20 B = baccatin III

\ .
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CErSkOVIa :Prom cronobnospora, and | ntrasporangi um Particul arly preferred
m croor.gani sms are those species within the genus Nocardioj des, such as
Nocar'di oi,des al bus, Nocardi ol des flavus, Nocardi oi des fuhmnﬁsﬂﬂmsardioides
| ut eus,- Nocar di oi des si nmpl ex, and Nocardlgudes thermol i | aci nus, especially
Nocar di‘oi des al bus ATCC 55424 (SC 13910) and ATCC 55425 (SC 13911) and
Nocar di oi des | ut eus ATCC 55426 (SC 13912). As descri bed above, the

bi ol ogi cal |y pure m croorgani sms Nocardi oi des al bus ATCC 55424 (SC 13910),
Nocar di oi des al bus ATCC 55425 (SC 13911), and Nocardi oi des | uteus ATCC

55426 (SC 13912) are novel mcroorganiﬁﬁm{]!rwer provi ded by the present
i nvention. It should be understood that, nutants of these organisns are al so
contenpl ated by the present in3%#&ﬁkﬁﬁiﬁﬂﬂpgﬁsgnﬁﬁmﬁhénaydroIysis met hods
descri bed herein, such as Fhose_ﬂgﬂtﬁlﬁﬁhﬁu@tﬂgyﬂﬁﬂﬂpf chem cal, physica
(for oxamle, X1av) of opidnasl fo90s £1SLOABLe ) Bgplogplar
are hydrol ases. Pmmt&ﬂmeé,eSzgnammontﬁmd@ulfate, 3.5¢g calc1um '
carbonate, and 5 ml soybean oil brought to 1 liter
with distilled water) in a 500 ml Erlenmeyer flask
was inoculated with 1 ml Nocardioides albus ATCC
10 55425 (SC 13911) in the same medium and shaken for
- 2 days at 28°C. 20 ml of this culture was
transferred to 1 L distilled water containing 10 g
tryptone and 5 g yeast extract, pH 6.8 + 0.2 in a 4
L Erlenmeyer flask. The flask was shaken for 3
15 days at 28°C, cells were removed by centrifugation
and the supernatant was adjusted from pH 7.89 to pH
7 with 1M KH2PO4.
All purification steps were performed at
4°C. The supernatant was applied to 150 ml Whatman
20 DE52 anion exchanger in 25 mM potassium phosphate
buffer pH 7 in a 5 cm diameter column. The column
was washed with 150 ml buffer, then 450 ml buffer
containing 0.25 M NaCl. Enzyme activity was eluted
with buffer plus 0.45 M NaCl. The flow rate was 5
25 ml/min. Ammonium sulfate (100 mg/ml) was added to
the most active fractions from the DES52 column, and
the solution was applied to 30 ml Pharmacia Phenyl
Sepharose CL-4B (hydrophobic interaction
chromatography) in 50 mM potassium phosphate buffer
30 pH 7 containing 100 mg/ml ammonium sulfate in a 2.6
cm diameter column at a flow rate of 1.6 ml/min.
The column was washed with 150 ml buffer plus 20
mg/ml ammonium sulfate, then activity was eluted
with buffer alone. The most active fractions from

T\
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t hose derjved from mi croorganisns, particularly those m croorgani sns

descri bed above. Enzymes may be isolated, for exanple, by extraction and

purisfi cati on methods such as those described in the Exanples herein,

especialfly purification of the active fractions fiwsgl/mpgg acellularly in

t he nmediumin which these organi s§ -have been cultivated, such as by use of

.an ani on exchange columm, followed by hydrophobic interaction

LD58/ LD59 - 26 - chr omat ogr aphy and gel

filtration. The present invention further provides the enzynes capabl e of
the Phenyl Sepharose column were concentrated by

ultrafiltration to 4 ml using an Amicon YM10
membrane and passed through a Pharmacia Sephacryl
S-200 gel filtration column (2.6 x 84 cm) at a flow

5 rate of 0.65 ml/min. The fraction of highest
specific activity had a single band of molecular
weight 49,000 + 10,000 on a sodium dodecyl sulfate
(SDS) gel. The purification is summarized in Table
4 following. (1 milliunit enzyme (mu) catalyzes

10 the conversion of 1 nmole/min of taxol to
baccatin-III at 28°C in 50 mM potassium phosphate
buffer containing 0.25 mg/ml taxol and 1%
methanol.)

_—
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t he priesent hydrol ysis which may be isolated from Nocardi oi des al bus ATCC
55424 (SC 13910) and ATCC 55425 (SC 13911), and Nocardi oi des | uteus ATCC
55426  (SC 13912), for exanple, by the above techniques. - Use of
Enzynmes®* and M croorganisns in C10 o : and C- 13 Modifications
Wher e: m croorgani sns are enpl oyed, the ceIIs n@PSBLLDSEd i n the form of
intact wet cells or dried celd $3sutch as |yophilized, spray-dried or
heat-dried cells, or in the formof treated cell material such as ruptured
cells or cell extracts. The use of genetically engineered organisns is al so

contenpl ated. The host cell may be any cell, e.g. Escherichia coli,
nodified to contain a gene or genes for expressing one or nore enzynmes
capabl e of catalysis as descrabps derein. Where one or nore

m croorgani sns are enployed, the enzymatic hydrolysis or esterification
met hods of the present invention nmay be carried out subsequent to the

f er nreniSdiepon of Yolume Protein Activity
nl ng m
medium 1000 885 4664
DES2 99 104 1194
Phenyl Sepharose 16 6.45 801
CL~4B
~ Sephacryl s-200 8.8 0.150 164
- mu/mg k1
medium : 5.27
DES2 11.5 25.6
Phenyl Sepharose 124 17.2
CL-4B
Sephacryl s-200 1093 3.5
5
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the mkcroorgani sm (two-stage fernentation and hydrolysis or

esterlflcatlon) or concurrently therewith, that is, in the latter case, by
in situ fermentation and hydrol ysis or esterlflcatlon (S|ngle st age
fernentatlon and hydrolysis or esterification). 1058/ EPOM‘h of the

m croQrgani sns may be achi eved bé#one of ordlnary ?@ FP>Ph the art by the

use of an appropriate nedium Appropriate nedia for grow ng m croorgani sns
i ncl ude those which provide

LD58/ LD59 - 27 - nutrients necessary for t he
growt h of the Mol @BmBhstrate the activity of the enzyme

purified above, the following experiments were
conducted employing the taxane substrates listed in
Table 5.

5 Samples were prepared containing 0.5 mg
taxane substrate and 1% methanol in 2.0 ml 50 mM
potassium phosphate buffer, pH 7 (Samples 1, 2, 3,
4 and 5). Samples were also prepared containing 10
mu enzyme of the enzyme purified through the Phenyl

10 - Sepharose CL-4B step described above in addition to
' 0.5 mg taxane substrate and 1% methanol in 2.0 ml
50 mM potassium phosphate buffer, pH 7 (Samples le,
2e, 3e, 4e and 5e). All samples were mixed for 16
hours with a Fisher Roto Rack at 28°C. Samples 1,
15 1le, 2, 2e, 5 and 5e were extracted with 4 ml
methylene chloride. 2 ml of the extract were
dried, redissolved in 1 ml methanol and analyzed by
HPLC Method 3. Samples 3, 3e, 4 and 4e were
diluted with 2 ml methanol and analyzed by HPLC
20 Method 3 (C-13 sidechain was measured in these
latter samples only).
Table 5 shows the amount of taxane substrate
(mg/ml) remaining in each of the samples after
incubation, as well as the amount of product taxane
25 (mg/ml) present at the end of the incubation. As
can be seen from Table 5 (see Samples le, 2e, 3e,
4e and 5e), the enzyme purified as above is
effective in removing the C-13 side chain by

hydrolysis of the taxane substrates listed therein.
30 :
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ainglzé. A typical nmediumfor growth includes necessary carbon sources,
nitrogen sources, and elenments (e.g. 'in trace anounts). |nducers may al so
be.added. The term "inducer", as used herein, includes any conpound )
enhancing formation of the desired enzymatit activity within the mcrobial
cel-l . Car bon sources may include sugars sucfipgg/npsdose, | actose,
gl ucose, fructose, glycerol, sorbig®l. sucrose, starch, mannitol, propylene
glycol, and the |ike; organic acids such as sodium acetate, sodiumcitrate,
and the like; and al cohols such as ethanol, propanol and the 1ike.
Ni trogen sources may include N-Z amne A corn steep |liquor, soy bean neal,
beef extracts, .yeast extracts, mabdes&s, baker's yeast, tryptone, nutrisoy,
pept one, yeastam a..-al.0Q agi 4 b i glatt.anpt e and the |ike,
~sodi um ni trate, “amront ufr 2 ' race el enments may
i ncl ude magnesi um manganese, cal cium cobalt, nickel, iron, sodium and

potassium salts. Khasphates neyaaksode Addge in trace, or prefgsably,

greater than trace

2w ]
- (] - r@=

shain
Sample ma/ml | ng/ml  ng/ml
1 taxol 0.268 | 0.003
le 0.030 lb-accatin-III 0.170
2 cephalomannine 0.239 |
2e 0.011 |baccatin-IIX 0.190
3 7-xylosyltaxol 0.250 { _
3e 0.016 |7-xylosylbacca~- 0.182 0.066
" Jtin-III
4 7-xylosyl-10- 0.250 |
deacetyltaxol
4e 0.113 |7-xylosyl-10- 0.108 0.044
| deacetylbacca-
{tin-III
5 10-deacetyl- 0.257 ]
taxol
S5e 0.000 j10-deacetyl 0.150
Ibaccatin~III
\\
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anountss. . The nedi um enpl oyed may i nclude nore than one carbon or

ni trogen source or other nutrient. .. Preferred nedia for growh

i nchude aqueous nedia, particularly those:.described in the Exanples herein.
The agitation and aeration of the reaction n xtupLpsaff.psss the anount of
oxygen. avai |l abl e during the hydregysis or esterification process when
conducted, for exanple, in shake-flask

LD58/ LD59 - 28- ‘cultures or fernentor tanks during

growth of mcro-
Example 12
Hvdrolvsis of Seedling Extract
" An ethanol extract of Taxus hicksii

seedlings was concentrated 10- to 15-fold with

5 nanofilters. 0.5 ml extract, 0.5 ml 1 M potassium
phosphate buffer pH 7, 54 mu partially purified
enzyme from Nocardioides albus ATCC 55425 (sC
13911) (see Example 11 above) and 4 ml water were
mixed at 28°C for 48 hours on a Fisher Roto Rack.

10 A control sample received no enzyme. Samples were
extracted with methylene chloride and the
evaporated extracts were dissolved in methanol for
analysis by HPLC Method 2. The results obtained
are shown in the follbwing Table 6.

This Sheet Has Been Reilaced




orgarissns, The agitation range from 100 to 250 RPMis preferred; aeration
of about 1 to 10 volunes of air per volune of nmedia per mnute is
pref.erred. For growth of the m croorgani sns. and/ or hydrol ysis or
esterification according to the method of the presepkgi/pwestion, the pH of
the mediumis preferably from aboug,6_to about 8.5, and the tenperature is
prefierably from about 24[err]C to about 37[err]C. Hydrolysis or
esterification may, for exanple, be carried out in vitro over tinme periods
such as 1 to 48 hours, or preferably until the yield of desired product is
maxi mzed. It is preferred to CgﬂﬂﬂﬁiJﬁhe hydr ol ysi s net hods of the present

invention at a pH of from6 too 8,_ partlcularly_under non-basic conditions.
It is also preferred s the hydrolysis reaction
medi um al though an organic liquid, or a mscible or inmmscible (biphasic)
or gani ¢/ agyeous | i w xture, yﬁghio be @)I oyednﬁ;L is preferred to
enpl oy an g‘?@ﬁ?ﬁc t o#“tﬁ'ﬁﬂgs rgani‘c/ agueous reacti on nedi um for
esterificattkom, al tdsdmyh otkmimlnedi agiml be wdphloyednaiml

none 0.167 0.142 0.243 0.246 0.401

SC13911 - 0.400  0.771 0.000 0.027 0.000

Enzvme - 10=-DAT faxol C  (DAB+B)/

(initial
taxol)
Lxom mo/ml mg/ml neld
vield
none 0.201 trace 116.8
| SC13911  0.014 0.000 436.3

In Table 6:
10-DAB is l0-desacetylbaccatin III
bacc-III or B is baccatin III
ceph is cephalomannine

10 XDT is 7-xylosyl-l10-desacetyltaxol
10-DAT is 1l0-desacetyltaxol

—_—
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For
the C-ld'hydroxy-

hyd
|nv

29 -

‘Grlo'nDdificatTon, it is preferred to enploy 0.025 to 2.5 meigﬁi % of
or acyl oxy-bearing taxane starting material(s) b

imed wei ght of starting material(s) and esterification or

medi um | n_the esterification nethod of the prese
‘E‘“ “lEM“’ mol ar rati 6% of acyl ating agent to C 10

d on

nt

ear nd t dxane are fromabout 1:1 to about 1000 1. The anmount of
enzyne or mcroorgani smenployed relative to the
LD58/ LD59 starting material is selected to allow
catalysis of ghepepzymatic hydrolysis or esterification of the

1. A method for the preparation of at
least one taxane containing a hydroxyl group
directly bonded at C-10, comprising the steps of
contacting at least one taxane cohtaining an
acyloxy group directly bonded at C-10 with an
enzyme or microorganism capable of catalyzing the
hydrolysis of said acyloxy group to a hydroxyl
group, and effecting said hydrolysis.

2. The method of claim 1, wherein at
least one C-10 hydroxyl-bearing taxane of the
following formula I is prepared:

O-C(O)R*

where

Rl is hydroxyl or acyloxy;

R? is hydrogen, hydroxyl, £fluoro, RO-0-, xylosyl,
R6-C (0)-0- or R6-0-C(0)-0-;

R3 and R4 are independently hydrogen, alkyl,

alkenyl, alkynyl, cycloalkyl., cycloalkenyl,

aryl, or heterocyclo;
R® is a hydroxyl protecting group; and
Ré is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,
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‘preSEﬂL I nvention. It is preferred'to obtain yields in excess of 90% (% |
C- 10 hydr ol yZed produst—obt ai ned based on the starting acyl oxy- bearing

taxane” | of 50% (% C-10 acyl at ed: product .obtai'ned based on the
starti mmlmm.@zgﬂw ng taxane) when enpl oyi ng the.hydrol ysis or
esteriffcation of the prese$@ +nvention, respectively. Hydrolysis
or esterification may be obtained selectively at C10 of the starting
taxane. That is, product(s) the greater portion (such as solely) of which
are hydrolyzed or esterified at C-10 only nmay be obtai ned w t hout

hydr ol ysi s o2t aestéti theaeodn at ot her positions. For C 13

nodi fication, it i referr | gy 1@. igght % of the G 13
acyl oxy- bgyrFH&tP%§§H§ g%a?%ﬁ%g %gPegi%?s% %Ee §%é%ﬁﬁkgonbined wei ght of
starting missana ef) thed fioldoviing Foraude ¥ :nedi um The anount of enzyne
or m croorgani smenployed relative to the starting material is selected to
al low catal ysis of the enzymatic hydrqglysis of the present invention. It is

preferred to obtain yields i nglexc 90% (% C- 13 hydrol yzed product
obt ai ned based on the

Rl

0O-C(O)R*

where

Rl, R2, R3 and R4 are as defined above; and

R? is acyloxy,

or a salt thereof,

with an enzyme or microorganism capable of
catalyzing the hydrolysis of said R7 acyloxy group
to a hydroxyl group.

3. The method of claim 1, wherein the
acyloxy-bearing taxane starting material'employed
in said hydrolysis method comprises a mixture of
acyloxy-bearing taxanes.

4. A method for the preparation of at
least one taxane containing an acyloxy group
directly bonded at C-10, cbmprising the steps of
contacting at least one taxane containing a
hydroxyl group directly bonded at C-10 with an
acylating agent and an enzyme or microorganism
capable of catalyzing the esterification of said
hydroxyl group to an acyloxy group, and effecting
said esterification. '
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starting acyl oxy taxane) when enpl oying the hydrolysis nethod of the
present invention. Hydrolysis may be obtai ned sel ectively at C 13 of the

starti mum product (s) the greater portionm (such-as solely)
of “ whi Hm“mﬂm‘“ at G 13 gal y may be obtained without hydrolysis at
ot her pesitions." Separ ation

LD58/ LD59 - 30 - The G 10 acyl oxy- or
hydr oxyl - bearing products of the processes of the present invention,

5. The method of claim 4 , wherein at
least one C-10 acyloxy-bearing taxane of the
following formula II is prepared:

O-C(O)R?

where

Rl is hydroxyl or acyloxy:;

R2 is hydrogen, hydroxyl, £fluoro, R5-0-, xylosyl,
R6-C (0) -0- or R6-0-c(0)-0-;

R3 and R4 are independently hydrogen, alkyl,
alkenyl, alkynyi, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

R° is a hydroxyl protecting group;

R6 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, arvl or
heterocyclo; and

R7 is acyloxy,

or a salt thereof,

by contacting at least one C-10 hydroxyl-bearing

taxane of the following formula I:

I
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and ceupl ed products such as those described bel ow, may be isol ated and
purified, for exanple, by nethods such as extraction, distillation,

cryst ' in S, ol um chr omat ogr aphy. . Simlarly, the -C13
hydr J%Ii“ﬂmrlgﬂlg"mmmﬁcts of the C 13 hydrdl ysis process -of the present

i nventt ory, andrcosipl+ed products-sbth-as those described bel ow, may al so be
I sol ated and purified, for exanple, by nethods such as extraction,
distillation, crystallization, and col um chromat ography.

utility Taxanes are diterpene conpounds containing a taxane noiety
as described above. O particul gr ifgi2erest are taxanes containing a taxane
noi ety in which the 11, 12-fési tjjons are bonded t hrough an et hyl enic

| i nkage, and in which the 13-peli §i contai ns a sidechain, which taxanes
are exenplified by taxol. |1y active taxanes such as taxol

may be used as antitu patienhﬁ suffering from cancers
such as breast, R!

O-C(O)R*

where

Rl, R2, R3 and R% are as defined above,

or a salt thereof,

with an acylating agent and an enzyme or

microorganism capable of catalyzing the

esterification of the C-10 hydroxyl group to form
~ said R7 acyloxy group.

6. The method of claim 4 , wherein the
hydroxy-bearing taxane starting material employed
in said esterification method comprises a mixture
of hydroxy-bearing taxanes.

7. The method of claim 6 , wherein said
mixture of taxanes is obtained by plant cell
culture of, and/or extraction from, plant tissue,
wherein said plant is a member of the Taxus genus.

-
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ovafian col on or Tung Ccancers, nelanona and | eukem a. Conpounds bt ai ned

by C1 The conpounds obtai ned..by t-he-C-10 hydrol ysis
.est H H 'ﬂm"ﬂguu ds of the present invention are particularly useful
as internedi atesw | 15 tRe preparation_of the aforenmenti oned pharmacol ogically

active taxanes by allow ng preparagﬁon of conpounds having a desired

LD58/ LD59 - 31 - substituent at C-10. Thus, for
exanpl e, where the

8. The method of claim 4, wherein said
acylating agent is a compound of the following
formula IV:

Rll-c(o0)-L (IV)

where _ |

R11 is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl or heterocyclo; and

L is a leaving group which may be displaced to form
an ester group.

9. The method of claim 8, wherein said
acylating agent is vinyl acetate.

10. An enzyme capable of the hydrolysis of
claim 1, or the esterification of claim 4, which

is isolated from Nocardioides luteus ATCC 55426 (SC
13912).

11. A method for the preparation of at
least one taxane'containing a hydroxyl group
directly bonded at C-13, comprising the steps of
contacting at least one taxane containing an
acyloxy group directly bonded at C-13 with an
enzyme or microorganism capable of catalyzing the
hydrolysis of said acyloxy group to a hydroxyl
group, and effecting_said hydrolysis.

—_—
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conpeunds_prepared by C 10 nodification according to the nethods of the

pr esent i nvention al so bear a hydroxyl group at G 13, .such. conpounds may be
coupl eﬂll}'ﬂm"ﬂ"ﬁ"mnmxy si dechai n-form ng internedi ate compounds, such as
[err] n C- 13 acyl oxy si dechai n-bearing taxanes such as
taxol or analbgdbssthéreof In thgs regard, nodification at C 13 according
to the nethods of the present invention may be conducted prior to, during,
or after the nmethods of the present invention for nodification at C10 are

enpl oyed. The acyl oxy- or hydroxyl - beari ng conpounds prepared
according to the mehods ofhé hretlicbenff ¢Xeimt i bn wl'eqr@:'miatnal ly be

nodi fi ed prlor Q. us I For exanpl e, one
or nore hy i/':lt O&eoﬁps%agy%%?ﬁlbﬁg(gao{%ngg{%aa% en}ap% be protected prior
to coupli ngfcvhicqwamgarﬁmmeka Uels @ranashd: The G 10 acyl oxy- and
hydr oxyl - beari ng taxanes obtai ned by the hydrolysis and esterification

nmet hods of the present invention, ptiﬁaally nodi fied as above, may, for
exanpl e, be used in the prepaRf i of 'C- 13 acyl oxy

8-C(0)R3
O-C(O)R*

where _

R12 ig hydrogen, hydroxyl, R5-0-, R6-C(0)-0-, or
R®-0-C(0) -0-;

R? is hydrogen, hydroxyl, fluoro, R3-0-, xylosyl,
R6-C (0)-0- or R6-0-C(0)-0-;

R3 and R? are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo; '

RS is a hydroxyl protecting group; and

R6 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,

or a salt thereof,

by contacting at least one C-13 acyloxy-bearing

taxane of the following formula VI:
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s

si dechain- bearing taxanes such as those recited, and prepared by the
nethda“‘desef+be European Pat ent Publlcatlon No:» 400,971, U.S. Patent

U S. Patent No. 4, 8576g53 U.S. ! Patent- No. 4, 814, 470, U.S.
Patent im’ﬁmj m,ﬂ S. Patent 4,924,011, and Kingston, Pharm
Ther., *VOk HIF(1991) espeC|aIIy U. S. Patent Application Serial
No. 07/995 443, "tij ed December 23, 1992 by Poss et al. (Attorney Docket No.
LD60) and U.S. Patent Application Serial No. 08/ 033,598,

LD58/ LD59 - -32- filed March 19, 1993 by Thott at hi
et al. (AttowheyeDocket No. LD57), all incorporated herein by

R12, R2, R3 and R4 are as defined above; and
R7 is acyloxy,
or a salt thereof,

with said enzyme or microorganism.

13. The method of claim 12, wherein said
taxane of the formula VI is cephalomannine, 7-
-Xylosyl-10-desacetyltaxol, l1l0-desacetyltaxol,
7-xylosyltaxol, taxol-C, and/or taxol, and said
taxane of the formula V is baccatin III,
10-desacetylbaccatin III, 7-xylosyl-10-
desacetylbaccatin III and/or 7-xylosylbaccatin III.

14. The method of claim 12, wherein the
acyloxy-bearing taxane starting material employed
in said hydrolysis method comprises a mixture of

acyloxy-bearing taxanes having different sidechains
at C-13.

_ 15. The method of claim 11, wherein said
enzyme is a hydrolase.

16. The method of claim 11, wherein,
subsequent to said hydrolysis, said at least one
taxane containing a hydroxyl group directly bonded
at C-13, in which hydroxyl groups at positions
other than C-13 are optionally protected, is

'coupled with a compound forming an acyloxy
sidechain at C-13. '

I
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ref érence.  Tonpounds obt ai ned by C- 13 Mbdi fi cat i on The C 13
hydr oxyl containi ng conpounds obtained by the hydrol ysis nethod. of the

pr esent miﬂ“llﬂ"““ﬂﬂﬂt[muful arly useful as internediates in the -
preparati o i oned C_13Zgsidechain-bearing taxanes. In
particul ar, “thé Ct13" hydr dxyl - beari ng compounds prepared according to the
present nmethod may be coupled with sidechain- formng internediate
conmpounds, such as [err]-lactans, to obtain the C 13 si dechai n-bearing

t axanes. The addition of such a sidechain, in and of itself, may inpart an
I ncreased or nore desirable pharmacol ogical activity to the taxane product,
or may form a taxane E;oduct which is nore readily converted to a taxane

having an increased of? qor TR SNetENG ghalriddl By herRin \£ax0k han the
starting COW&@hﬂﬂtimatelyBFeﬁxﬂe% dre@ed naddd Compipsatts prepar ed

according to the nmethod of 'the present invention nmay optionally be nodified
prior to use hyfirolysis and coupling. _

18. The method of claim 2, wherein said
taxane of the formula II is baccatin III, and
wherein said taxane of the formula I is
10-desacetylbaccatin III.

19. The method of claims 3 or 14, wherein said
mixture of taxanes is obtained by plant cell
culture of, and/or extraction from, plant tissue,
wherein said plant is a member of the Taxus genus.

20. The method of anyone of claims 1,4 and 11, wherein a
microorganism is employed which is within one of
the following genera: Nocardioides, Nocardia,
Rhodococcus, Micropolyspora, Saccharopolyspora,
Pseudonocardia, Oerskovia, Promicromonospora, Or
Intrasporangium,

21. The method of claim 20, wherein a .
microorganism is employed which is within the genus
Nocardioides. '

22. The method of claim 21, wherein said
microorganism is selected from the group consisting
of Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus.

-_

This Sheet Has Been

T



sidecha+n~ioLngLng‘gxﬁ§pupIing For exanple, nodification at C 10

accord to the nmetho of the present invention may be conducted prior
ta, IMC"”H nt to the C 13 hydrol ysis nethod -of ‘the-present
|nvent| r nmore hydrgyyl groups at positions other than C 13
may be proteéted pflor to coupling and, thereafter, deprotected.

The C 13 hydr oxyl - beari ng taxanes obtalned by the hydronS|s nmet hod of the
present invention,

LD58/LD39 - 33 - optionally nodified as above,
may, for exanple, be

23. The method of claim?22, wherein said
microorganism is selected from the group consisting
of Nocardioides albus ATCC 55424 (sC 13910),
Nocardioides albus ATCC 55425 (sSC 13911), and
Nocardioides luteus ATCC 55426 (SC 13912).

24. The method of anyone of claims 1,4 and 11, wherein said
ehzyme is derived from a microorganism which is
within one of the following genera: Nocardioides,
Nocardia, Rhodococcus, Micropolyspora,
Saccharopolyspora, Pseudonocardia, Oerskovia,
Promicromonospora, or Intrasporangium.

25. The method of claim 24, wherein said
enzyme is derived from a microorganism which is
within the genus Nocardioides.

26. © The method of claim 25, wherein said
enzyme is derived from a microorganism selected
from the group consisting of Nocardioides albus,
Nocardioides flavus, Nocardioides fulvus,
Nocardioides luteus, Nocardioides simplex, and
.Nocardiocides thermolilacinus.

27.  The method of claim 26, wherein said
enzyme is derived from a microorganism selected
from the group consisting of Nocardioides albus
ATCC 55424 (sc 13910), Nocardioides albus ATCC
55425 (SC 13911), and Nocardioides luteus ATCC
55426 (SC 13912).

28. The method of claims 1 or 4, wherein the
taxane product obtained is employed in the

‘preparation of a taxane bearing an acyloxy group at

Cc-13.
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used:Lﬂ—Lhe—prpaLgLLgﬂ_pf C 13 acyl oxy si dechai n-bearing taxanes such as
those recited, and prepared by the nethods described.in, European Patent

Publ«i ciﬂﬂ”“’ﬂ"ﬂ)wlémm’ U.S. Patent No. 4,876,399, U.S. Patent No.

4, 857 No. 4,814 470; U.S. Patent No. 4,924,012, U. S
Patent No. 4, 2¢ 0f1, *and Klngston Pharm Ther., Vol. 52, 1 - 34 (1991),
especially U S. Patent Application Serial No. 07/995,443, filed Decenber
23, 1992 by Poss et al. (Attorney Docket No. LD60) and U.S. Patent

Application Serial No. 08/ 033,598, filed March 19, 1993 by Thottathil et
al. (Attorney Docket No. LD57), all incorporated herein by reference.

Preparation of C1 cyl gxy- beat.li t ax nes .of the formula VI is preferred.
Preferred Corrpoundng %i‘ﬁgﬁﬂ ngatslg ing a It is preferred to enpl oy

t axanes ofmﬂﬁgopmmﬂmxamlwhgchsaWhentbenEatteﬂ wiiehCal @ alxadieo! ysi s net hod of
the presenconfUahing an"aeyebiy CRzR! bi-LXing Yenadl ap ¢es the

correspondi_ng conpounds eof . is |ikew se
13, is capable of hydrolyzing said acyloxy group to

form a hydroxyl group directly bonded at C-13,
comprising the steps of:

(a) selecting a solid growth medium (i) in
which the microorganism to be screened will grow,
(ii) in which the starting C-13 acyloxy-bearing
taxane is insoluble and thus, in admixture with the
growth medium, has a cloudy appearance, and (iii)
in which the desired c-13 hydroxyl-bearing taxane
product, and, optionally, the desired cleaved C-13
sidechain product, are soluble and thus, in
admixture with the growth medium, has a clear
appearance;

(b) placing said microorganism into contact
.with the growth medium selected in step (a) above,
into which the starting C-13 acyloxy-bearing taxane
has been admixed, and under conditions allowing
growth of the microorganism to occur; and

(c) observing whether a clear zone,
indicating that said microorganism is capable of
said hydroly51s, appears around the area in whlch
growth of the microorganism occurs.

30. A method for selecting a
microorganism which, when contacted with a taxane
containing an acyloxy group directly bonded at C-
13, is capable of hydrolyzing said acyloxy group to
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pref ef’red to enpl oy taxanes of the fornula | or salts thereof in the C 10

esterifi ' the present invention, whereby enzymatic
e_ste&JTilMlBﬂlHﬂ“ﬂQﬂﬂﬂyM he correspondi ng conpounds of the formula Il or
salts theredsf.+ ® s 4n fornulae | gnd. Il, R7 is preferably [err]
C(O-0, especially where [err] is alkyl such as nethyl; R2 is preferably
hydroxyl or xylosyl; R3 is preferably alkyl such as nmethyl; R4 is

preferably aryl such as phenyl; and [err] is preferably hydroxyl
of the follow,pg EOE§HEQx&i|group glrectly bonded at C-13,

LD53/ LD59

comprising the steps of:.

(a) selecting a solid growth medium (i) in
which the microorganism to be screened will grow,
(ii) in which the starting C-13 acyloxy-bearing
taxane is soluble and thus, in admixture with the
growth medium, has a clear appearance, and (iii)} in
which the desired C-13 hydroxyl-bearing taxane
product, and, optionally, the desired cleaved C-13
sidechain product, are insoluble and thus, in
admixture with the growth medium, has a cioudy
appearance;

(b) placing said microorganism into contact
with the growth medium selected in step (a) above,
into which the starting C-13 acyloxy-bearing taxane
has been admixed, and under conditions allowing
growth of the microorganism to occur; and

(c) observing whether a cloudy zone,
indicating that said microorganism is capable of
said hydrolysis, appears around the area in which
growth of the microorganism occurs.

31. The microorganism Nocardioides albus
ATCC 55424 which is biologically pure.

32. The microorganism Nocardioides albus
ATCC 55425 which is biologically pure.

33. The microorganism Nocardioides luteus
ATCC 55426 which is biologically pure.

34. An enzyme capable of the hydrolysis of

claim 11 which is isolated from Nocardioides albus
ATCC 55424.

or

a group

I
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[err]S” . where RS and R9 are i ndependent |y al kyl,  al koxy, al kenyl,

al keﬁmﬂ%ynw oxy, cycl oal kyl, cycl oal kyl oxy,
cyclo cloalkenyloxy, aryl, aryloxy, heterocyclo or
het er Mw,j"g ﬁ is hydr qgen or a hydroxyl protecting group.

Exenpl ary ct ax e formul-aeb9 and 11 are cephal onanni ne,

10- desacetyl t axol , 7-xyl osyltaxol, taxol-C, 7-xylosyl-10- desacetyltaxol,

t axol, baccatin | | , 10-desacetyl baccatin Il11, 7-xylosylbaccatin Ill, and
7-xyl osyl - 10- desacet yl baccatin I11. Enzymatic hydrolysis of baccatin Il to
form 10- desacetyl baccatin Ill (e.g., with the formation -of acetic acid),

for e?farrpl e, enisyi ag RHILAA38pabl ef o’ &he hodroThedisTeH of the present
i nvention.
claim 11 which is isolated from Nocardioides albus

ATCC 55425.

. 36. an ehzyme capable of the hydrolysis of
claim 11 which is isolated from Nocardioides luteus
ATCC 55426.

_—
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Thi s °f eacti on rmay be reversed via the enzymatic esterification nethod of g

t he present invention. Taxol is preferably ultimtely prepared by -~
t he et hods descri bed herein. Preferred Cowpoundsskﬁr
Modi fication It is preferred to enpl oy taxanes PAG{&D ornula Vi

or salts thereof in the nethod of the present invention, whereby enzymatic
hydrol ysis at C-13 provides the correspondi ng conpounds of the formula V
or salts thereof. In fornulae V and V R12 is preferably R6-C(O -0 such
as acetyloxy, or hydroxyl; [err] is preferably hydr oxyl or xylosyl; R3

- 35-

ABSTRACT

ENZYMATIC HYDROLYSIS METHODS FOR THE
PREPARATION OF C-10 AND C-13 HYDROXYL-BEARING
TAXANES, ENZYMATIC ESTERIFICATION METHOD
FOR THE PREPARATION OF C-10 ACYLOXY-BEARING
TAXANES, AND USE THEREOF IN THE PREPARATION OF

'~ C-13 ACYLOXY-BEARING TAXANES

An enzymatic hydrolysis method, wherein one
or more C-10 acyloxy-bearing taxanes ére contacted
with an enzyme or microorganism capable of
hydrolyzing said acyloxy groups to hydroxyl groups.
Also provided is an enzymatic esterification
method, wherein one or more C-10 hydroxyl-bearing
taxanes are contacted with an acylating agent and
an enzyme or microorganism capable of esterifying
said hydroxyl groups to form acyloxy groups.
Further provided is an enzymatic hydrolysis method,
wherein one or more C-13 acyloxy-bearing taxanes
are contacted with an enzyme or microorganism

. capable of hydrolyzing said acyloxy groups to
hydroxyl groups. The methods are especially useful
for the preparation of compounds which may be
employed as intermediates in the preparation of
taxanes such as taxol.
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is preferably alkyl such as nmethyl; R4 is preferably aryl suche@8\pieasyl ;
and R7 is preferably a group of the following fornmula |11

[err] where [err] and [err] are as defined above. Exenpl ary
starting taxanes of the fornmula VI are cephal omanni ne, 10-de¢6§§;ﬂﬁggxol
7-xyl osyl taxol, taxol-C, and 7-xyl osyl-10- desacetyltaxol, one or 1n

adm xture with each other or taxol. Prédferred-hydrolysis products are

baccatin I1l, 10-desacetyl baccatin IIIl, 7-xy ﬁﬁﬁaé@at?%nlﬁhrda&d SG

7-xyl osyl - 10- desacetyl baccatin I11. Cﬂﬁﬁb imgtisubsegdent tt paged 51
hydrol ysis preferably provides taxane produdt 8 Glaitis f opmstasMo paged .44
LI Drawing(s) < paged ..... 1o paged .....
B Abstract  : paged »

DATE OF RECEIPT .......cvccvennen

ENZYMATIC HYDROLYSIS METHODS FOR THE
PREPARATION OF C-10 AND C-13 HYDROXYL-BEARING
TAXANES, ENZYMATIC ESTERIFICATION METHOD
FOR THE PREPARATION OF C-10 ACYLOXY-BEARING
TAXANES, AND USE THEREOF IN THE PREPARATION OF

' C-13 ACYLOXY-BEARING TAXANES

The present invention relates to an
enzymatic hydrolysis method for the preparation of
C-10 hydroxyl-bearing taxanes, and an enzymatic
esterification method for the preparation of C-10
acyloxy-bearing taxanes, which compounds may be
used, for example, as intermediates in the
preparation of pharmacologically active taxanes
such as taxol and taxol .analogues.

- . The present invention also relates to an
enzymatic hydrolysis method for the preparation of
C-13 hydroxyl-bearing taxanes useful as inter-
mediates in the preparation of C-13 acyloxy-bearing
taxanes, also particularly useful in the
preparation of taxol and taxol analogues. '

Taxanes are diterpene compounds which find
- utility in the pharmaceutical field. For example,
taxol, a taxane having the structure:

T'hi_s is the replacement sheet
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descri bed above having C 13 acyl oxy groups of the formula Ill. Taxol is
preferably ultimately prepared by hydrol ysis and coupling as descri bed

her ei n. Salts or solvates such as hydrates of reactants or
products nmay be enpl oyed or prepared as appropriate in any of tLbSspeDBSdS
of the present invention. The present 4 vention is further described
by the foll ow ng exanples which are illustrative only, and are i'n no way

i ntended to limt the scope of the instant clains.

- 36 - LD58/LD59

AcO O  oH

HO
-‘\‘
Ph Outser
. / Dy (o)
= OAc
o
) where Ph is phenyl, Ac is acetyl and Bz is benzoyl,

has been found to be an effective anticancer agent.
Naturally occurring taxanes such as taxol
may be found in plant materials, and have been
isolated therefrom. Such taxanes may, however, be
present in plant materials in relatively small
amounts so that, in the case of taxol, for example,
large numbers of the slow-growing yew trees forming
a source for the compound may be required. The art
has thus continued to search for synthetic,
including semi-synthetic routes for the preparation
of naturally occurring taxanes such as taxol, as
well as for the preparation of analogues thereof.
) Due to the complexity of the taxane ring
) structure, & taxane containing desired substituents
on the ring system may more readily be prepared by

the use of a starting material already having the
‘basic taxane ring structure. Thus, for example, a
compound having the taxane ring structure and
containing a hydroxyl group at c-13, and
particularly also containing a desired substituent
at C-10, may be coupled with an intermediate
compound to form a taxane having a desired

sidechain at C-13, such ag 3 pharmacologically

This is the replacement sheet
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Exampl e 1, 10- Deacetyl ati on of Baccatin |11 Nocar di oi des

| ut eus ATCC 55426 (SC 13912) isolated fromsoil was grown for thre§ 2$g§%at
28[err]C, 150 rpmin a 50 m Erlenneyer flask containing 10 mi nERP 8 e
medi um cont ai ned per liter distilled water: 10-g3Bacto tryptone, 5 g Bacto
yeast extract, 6 ml tributyrin, and 0.06 mMl Tween 80 at a final pH of 6.8 +
0.2. Cells were harvested by centrifugation, washed with 10 m 50 mM

pot assi um phosphat e buffe H 7, and resyspended in_ 2 . | fhE
0.5 mg baccatin I11] irlzﬁ#ﬁig?]ﬁQﬁﬁﬂﬁa Lﬁﬁsaﬁdagﬁg?ﬁyg%égégﬁgiéu%%é%g#%n
and the suspensi on was réxembXifie) Hyowakodt ozmanehogtesptharaeé. (about
23[err]C) with a Fisher Roto-Rack. The suspension was extracted with

nmet hyl ene chl oride, and the extract was evaporated, redissolved and assayed
by HPLC Method 2 described followi ng. The sanple contai ned 0.257 ng/m 10-

desacetyl baccatin I'11 (100% conyes Sh¥Beritd ridféint idn! paevidesbmeenbas Ebt-
Vashed cells of the Stré%éhaining taxanes with desired substituents at
C-10. 1In particular, the present invention
provides methods for the preparation of C-10
hydroxyl-bearing, and C-10 acyloxy-bearing taxane
compounds, which compounds find utility as starting
. materials in the preparation of taxanes such as

taxol and analogues thereof.

"t

In one embodiment, the present invention
provides a method for the preparation of at least .-
one taxane containing a hydroxyl group directly
bonded at C-10, comprising the steps of contacting

R at least one taxane containing an acyloxy group
directly bonded at C-10 with an enzyme or
microorganism capable of catalyzing the hydrolysis: -
of said acyloxy group to a hydroxyl group, and
effecting said hydrolysis.

In another embodiment, the present invention
provides a method for the preparation of at least
one taxane containing an acyloxy group directly
bonded at C-10, comprising the steps of contacting
at least one taxane containing a hydroxyl group
directly bonded at C-10 with an acylating agent and
an enzyme or microorganism capable of catalyzing
the esterification of said hydroxyl group to an
acyloxy group, and effecting said esterification.

The present invention further provides a
method for the preparation of C-13 hydroxyl-bearing
taxane compounds, which compounds find utility as

This is the replacement sheet
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ATCC 55426 grown on three other nedla also carried out thls transfornatlon
Exanple 2 10- Deacetyl ation of Baccatin Il ) Nocar di oi des

| uteus ATCC 55426 (SC 13912) grown in 20 m nedlun1conta|n|ng per liter
distilled water: 10 g Bacto tryptone, 5 g Bacto yeast extract and.0.06 ni
Tween 80 at a pH of 6.8 + 0.2 was used to inoculate 1 LLBE8YEB58ame nedi um
in a4 L Erlenneyer flask. The flask wad4 shaken for three days at 28[err]C,

then cells were harvested by centrifugation. The cell pellet was washed
with . - 37 -

starting materials in the preparation of taxanes
-having a desired sidechain at C-13.

In particular, the present invention
provides a method for the preparation of at least
one taxane containing a hydroxyl group directly
bonded at C-13, comprising the steps of contacting
at least one taxane containing an acyloxy group
directly bonded at C-13 with an enzyme or
migroorganism capable of catalyzing the hydrolysis
of said acyloxy grodp to a hydroxyl group, and
effecting said hydrolysis.

The present inﬁéntion'provides efficient
methods for the preparation of C-10 hydroxyl-
bearing taxanes from C-10 acyloxy-bearing taxanes,

~, - and for the preparation of C-10 acyloxy-bearing
taxanes from C-10 hydroxyl-bearing taxanes. A
single taxane may be hydrolyzed, or a mixture of
different taxanes may be sequentially or
simultaneously hydrolyzed, according to the present
- invention; likewise, a single taxane may be
esterified, or a mixture of different taxanes may
be seduentially or simultaneously esterified,
according to the present invention.

The present invention further provides an
efficient method for the preparation of C-13
hydroxyl-bearing taxanes from C-13 acyloxy-bearing
taxanes. A single taxane may be hydrolyzed, or a
mixture of different taxanes may be sequentially or
simultaneously hydrolyzed, according to the present
invention.

© The present invention is described further
as follows.
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600 mM 50 mM pot assi um phosphate buffer pH 7 and centrifuged again to give
36.6 g wet ce]Jls. The cells were frozen at -72[err]C, lyophilized to 2.5 ¢
in 2 days, ground with a nortar and pestle and stored at 2[err4$%¥ 1.98 m
50 nmM pot assi um phosphate buffer pH 7, 50 ng dried cells, and®? 9R§£
baccatin Il in 20 [err] nethanol were m xed WTh a Roto-Rack at. anbient
tenperature for the tinmes indicated on Table 1 foll ow ng. Reactions were
stopped by addition of 2 m nethanol. Precipitate was renmoved with a

m crof uge, and sanpl es were assayed by HPLC Met hod 1 described follow ng.
The results obtained are shown in Table 1. | Table 1
Ti e 10-desacetyl -  Baccatin || |Hvdradytis atofi=1Q M n) baccatin

|11 ng/ m In( % preferred embodifBAfl the Present 0. 007
0. 252 - 30, ..0.051 ) .
. invention provides a method for the preparation of
at least one C-10 hydroxyl-bearing taxane of the
following formula I: '

4

O-C(O)R*

where _

Rl is hydroxyl or acyloxy, especially where Rl has
the structure of formula III described
below;

R2 is hydrogen, hydroxyl, fluoro, RS-O0-, xylosyl,
R6-C(0) -0~ or R6-0-C(0)-0-;

R3 and R4 are independently hydrogen, alkyl,

) alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo; '

RS is a hydroxyl protecting group:; and

R6 is hydrogen, alkyl, alkenyl, alkynyl,‘
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,

or salts thereof,

comprising the steps of contacting at least one

C-10 acyloxy-~-bearing taxane of the following

formula II:

Awgrr
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60 0. 106 0.106 - 46 120 0. 204
0. 034 88 LD58
/ LD59 - 38- . 10- Deacetyl at ion of

Taxol A partially purified extract from Nocardi oi des | uteus ATCC

55426 (SC 13912) (purified by anion exchange chromatography ohD¥®4ER2H
DE52) contained 34 nilliunits/m enzyme. (1-nfltFiunit is the amunt of
enzyne able to hydrolyze 1 nnole baccatin IIl to 10-desacetyl baccatin Il
per mnute at 28[err]C in 50 nM potassi um phosphate buffer pH 7 containing
0.25 ng/ml baccatin Il and 1% '

O-C(O)R*

where

Rl, R2, R3 and R% are as defined above; and

R7 is acyloxy,

or salts thereof,-

with an enzyme or microorganism capable of

catalyzing the hydrolysis of said R7 acyloxy group

to a hydroxyl group, and effecting said hydrolysis.

All stereoconfigﬁrations of the unspecified

chiral centers of the compounds of the formulae I

and II are contemplated in the hydrolysis method of

the present invention, either alone (that is,

substantially free of other stereoisomers) or in

admixture with other stereoisomeric forms.

T In another preferred embodiment, the present’
_invention provides a method for the preparation of
at least one first taxane, having a desired C-10
acyloxy group, from at least one second taxane,
having an undesired acyloxy C-10 group, by
enzymatic hydrolysis of the latter to provide at
least one C-10 hydroxyl-containing analogue by the
method described herein, followed by coupling of
the desired acyl group thereto to provide the
former. 1In this embodiment, the present invention
provides, for example, a method for the preparation
of a desired taxane, having a particular C-10
acyloxy group, from a starting mixture of taxanes

This is the replacement sheet
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met hanol .) 2 m contai ning 50 mm pot assi um phosphate buffer pH 7, 0.5 ny
taxol, 1% nmethanol, and 34 mlliunits enzyne was i ncubated on a Flsher

Rot oRack for 3.5 hours at 28[err] C. The reaction was stopped by extraction
with 4 mM methylene chloride. The extract was dri ed, redlssolv ﬂ?SQ

met hanol and assayed by HPLC Met hod 3 descri bed follomnng The sa
contained 0.075 ng taxol and 0.186 ng/m 107 d@sacetyltaxol (78%

conversi on). Al ternative Purification of Nocardioides | uteus ATCC 55426
(SC 13912) . Nocar di oi des | ut eus . ATCC 55426 was grown in a fernentor

on a nedi um cont ai ni Qﬂ:xﬂt@%{%ﬁ%%f% 5%%&%t c X8 red u Al Iwmguf | cat I on
4

steps were carried out at hat e, bu
cel | s were suspended %&aﬁmwmﬂwtmmﬁnroanuaba%%’éd“? ‘Efﬁ%hﬁéﬁ sired

micro-fluidizer tw cecatadd, Q8P g?ﬁdulftghebﬁgl ér a'é@usmlzialym&lmltms heefh
clarified by centrifl atl(#&ft 24, 000 x o l@ﬁmwgl%%gs’gj&t te was
added to 60% sat urat i SRette QTiL0; H§ BP%CF‘bl?ﬁ?% en
" taxanes having a hydroxyl group at C-10, followed
by coupling of the desired acyl group thereto.
This preferred method is particularly useful where
a mixture of taxanes having different C-10 acyloxy
. groups is obtained, such as by extraction of plant
- materials yielding taxol in admixture with other
‘ naturally-produced taxanes, and where a particular
taxane such as taxol is ultimately desired.
Coupling of the acyl group may be done by non-
enzymatic methods for the formation of acyl groups.
For example, C-7 protected 10-desacetylbaccatin III
(e.g., protected at C-7 by triethylsilyl formed by
contacting 10-desacetylbaccatin IIXI with
triethylsilylchloride and imidazole in
dimethylformamide) may be acylated_at C-10 by
contact with lithium hexamethyldisilazide in
tetrahydrofuran with lithium chloride/acetyl
chloride at low temperatures, e.g. -60 to 70°C.
i) Alternatively, coupling of the acyl group may be

done by the enzymatic esterification method
described herein.

1

In the method of the present invention, the
stereoconfiguration of the c-10 acyloxy group of

the starting taxane is preferably retained in the
Cc-10 hydroxyl group-containing product.

Esterifi ) _
In another preferred embodiment, the present
inventlon provides a method for the preparation of
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buffer containing 1M ammoni um sul fate and applied to a hydrophobic

I nteraction chromat ography

LD58/ LD59 - 39 - (HI C-ether (Toya-pearl)) columm
(5.5 x 2.6 cm) at a flowrate of 2 mM/nmn. The enzyne acti vity nuss/eps0ed
with buffer. The active fractions were then logled on a Pharnmaci a Sephacryl
S-200 gel filtration colum (2.6 x 84 cm) at 0.5 n/nmn. The active
fractions fromthe colum were | oaded on an ani on exchange (Bi oRad- @)
colum (2 mM colum, flowrate 2 mM/mn) and the activity was eluted with a
salt gradient of 0-0.83t No&hst nod@ @410 Tderloxy-bearing taxane of the

following formula II:

O-C(O)R*

where

Rl is hydroxyl or acyloxy, especially where Rl has
the structure of formula III described
below;

R2 is hydrogen, hydroxyl, fluoro, R3-O-, xylosyl,

_ R6-c (0) -0~ or R6-0-c(0)-0-;

R3 and_R4 are independently hydrogen, alkyl.
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group;

-, rR6 is hydrogen, alkyl, alkenyl, alkynyl,

o cycloalkyl, cycloalkenyl, aryl or
heterocyclo; and

R7 is acyloxy, R

or salts thereof,

comprising the steps of contacting at least one -

C-10 hydroxyl-bearing taxane of the following

-formula I:. '

This is the replacement sheet
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active fractions were pooled and applied to a Sephacryl S-200 columm as
descri bed above. The nol ecul ar wei ght of the enzyne was estimated to be
40,000 + 10,000 on gels containing sodi um dodecyl sulfate. The results

obt ai ned at various steps of the above nethod were as foll ows:LO58/LD53

Specif ic . Volunme Protein Activity Acti®ity Recovery

m ny nmu mu/ ng Cel |l extract 100 450 2050 4.5

Amm Sul fate 70 196 2830 14. 4 138 HI C (ether) 7

24 953 39.9 46.5 Sephacryl S-200 7 0.7 190 271

9. 3 Bi oRad- @ 3 0. 09 51 0567 R? 2.5 Sephacryl S-200
HO  Burifjcation of :

8 0. 03 26 867 1.3 ¢
C- 10-deacetylase: 1 mlliunit enzyme (nu ks the conversion of 1
nmol e/ m n of baccatin-111 to 10-dés '

pot assi um

O-C(O)R*

where
R, R2, R3 and R? are as defined above,
or salts thereof, - - -
with an acylating agent and an enzyme or
microorgahism capable of catalyiing the
esterification of the C-10 hydroxyl group to form
said R7 acyloxy group, and effecting said
esterification.

All stereoconfigurations of the unspecified
chirél centers of the compounds of the formulae I
and II are contemplated in the esterification
method of the present invention, either alone (that
is, substantially free of other stereoisomers) or
- ) in admixture with other stereocisomeric forms.
E Any acylating agent effecting the
esterification of the present invention may be

employed. Preferred acylating agents are those of
the following formula 1V

R1l-c(o)-L (xv)

where

r1ll is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
¢ycloalkenyl or heterocyclo; and

L is a leaving group which may be displaced to form
an ester group.
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phosphate buffer, pH 7, containing 0.25 ng/m baccatin-111 and 1% nmet hanol .
Protei n was detern1ned with Bi oRad Protein Assay Reagent

LD58/ LD59 - 40 -
Acetyl ation of 10-Desacetyl baccatin 111 0 t()H§3g2ﬁH$$lll
Nocar di oi des | ut eus ATCC 55426 (SC 13912) ceﬂls in 50 mM pot assi um

phosphate buffer pH 7.2 (10% wei ght/volune) were disrupted with a
m crofl ui di zer and the 10-deacetyl ase enzyne was adsorbed fromthe extract

Sn Wat man DEAE cel | ul ose DgaZcani.on ﬁgfhan &5 s Yo Stiyling for. 3nhayrs (10
alkyl groups such as Ci-¢ alkyl groups, especially
methyl. Exemplary L groups include halogen atoms,
hydroxyl, alkoxy, or alkenyloxy groups. Preferred
L groups are alkenyloxy groups, most preferably
Ci-6 alkenyloxy groups such as CH2=CH-0- and’
CH2=C(CH3)-0O-. Isopropenyl acetate and vinyl
acetate are particularly preferred acylating
agents.

. _ In the method of the present invention, the

S stereoconfiguration of the C-10 hydroxyl group of

. the starting taxane is preferably retained in the
C-10 acyloxy group-containing product.

Bydrolvsis at C-13
In a preferred embodiment, the present
invention provides a method for the preparation of

at least one C-13 hydroxyl-bearing taxane of the
following formula V:

]

where
R12 is hydrogen, hydroxyl, R3-0-, R6-c(0)-0-, or
R6-0-c(0)-0-;

R2 is hydrogen, hydroxyl, fluoro, R5;O-, xylosyl,
R6-C(0)-0- or R6-0-C(0)-0-;
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extract protein per liter DE52). The DE52 was collected by filtration,
washed with buffer ‘and | yophilized to give 0.091 mlliunits enzyne per ng
solid. 0.2 m 1 M potassium phosphate buffer pH 8, 100 . mmobilized
enzynme (i.e., imobilized on the DE52 resin), 1.8 m ma£g5§/%D

10- desacetyl baccatin 111 and 0.5 m vTr&4 acetate were vigorously stirred
with a magnetic bar for 14.5 hours at roomtenperature. The reaction

m xture was extracted with nmethyl ene chloride. The extract was dried and

The. sanpl o conf, i 888 engPRebepogBL R kY ABIEERL | ALVE: and 0. 203 /T

baccatin 111 (19% conedkengl),. alkynyl, cycloalkyl, cycloalkenyl,

LD58/ LD59 aryl, or hetéré%yblo;

RS is a hydroxyl protecting group; and

R6 is hydrogen, aikyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenjl, aryl or
heterocyclo,

or salts thereof, _

comprising the steps of contacting at least one

C-13 acyloxy-bearing taxane of the following
i formula VI:

O-C(O)R*

where .
R12, R2, R3 and R4 are as defined above; and

- R7 is acyloxy,

' or salts thereof,
with an enzyme or microorganism capable of .
catalyzing the hydrolysié of said R7 acyloxy group
to a hydroxyl group, and effeéting said hydrolysis.

All stereoconfigurations of the unspecified

chiral centers of the compounés of the formulae V
and VI are contemplated in the method of the
present invention, either alone (that is,
substantially free of other stereoisomers) or in
admixture with other stereoisomeric forms.
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HﬁLC Met hods Method 1 Col um: Hew ett Packard hypersil 5 mcron ODS C18
200 x 4.6 nm Mobi |l e phase: 55% net hanol, 45% water Flowrate: 1 m/mn
Col um tenperature: anbient Detection wavel ength: 235 nm  Method 2 Col um:

Phase Separations Inc. (Norwalk, CT) - m cr ob@ps8yps9 sorb phenyl 150
Xx 2.0 nmm 3 m cron Mbil e-ph@se: Solvent A:15 nMJ[err] adjusted to
pH 4 with trifluoroacetic acid. Solvent B: acetonitrile

Ti me/ M nut e Solvent A (% Solvent B (% 0 75

25 20 55 45 23 40
60 In another preferred embodiment, the present

invention provides a method for the preparation of
at least one first taxane, having a desired C-13
acyloxy sidechain, from at least one second taxane,
having an undesired acyloxy C-13 sidechain, by
enzymatic hydrolysis of the latter to provide at
least one C-13 hydroxyl-containing analogue by the
method described herein, followed by coupling of
the desired sidechain thereto to provide the
former? 1In this embodimerit, the present invention

Ry provides, for example, a method for the preparation
of a desired taxane, having a particular C-13
acyloxy sidechain, from a starting.mixture of
taxanes containing different acyloxy C-13
sidechains, which starting mixture may or may not.
include the desired taxane, by simultaneous or
sequential hydrolysis of the different C-13 groups
to provide one or more taxanes having a hydroxyl .
group at C-13, followed by coupling of the desired
sidechain thereto. This preferred method is
particularly useful where a mixture of taxanes
having different C-13 acyloxy sidechains is

. obtained, such as by extraction of plant materials

- yielding taxol in admixture with cephalomannine and
other naturally-produced taxanes, and where a

particular taxane such as taxol is ultimately
desired.

L

In the method of the present invention, the
stereoconfiguration of the ¢c-13 acyloxy group of
the starting taxane is preferably retained in the
c-13 hydroxyl group-containing product.
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24 25 75 28 75
25 Columm tenperature: 35[err]C Detection wavel ength: 230 nm Met hod

[err] Columm: Hew ett Packard hypersil 5 mcron 200 x 4.6
nm Mobi | e phase: 60% net hanol , 40%.wat er F1OM/FGE{§Eé§i%9%% n Col umm

tenperature: anbi ent Detection wavel éngth: 235 nm See al so
Monsarrat et al., Drug Metabolism and D sposition, 18, 895-901 (1990).

The terms "enzymatic process" or *enzymatic
method", as used herein, denote a procéss or method
of the present invention employing an enzyme or
microorganism. The term *hydrolysis*, as used
herein, denotes the formation of a hydroxyl group
from an acyloxy group, and may be achieved, for
example, by contact with water and/or a suitable
organic alcohol according to the method of the
present invention. The term "esterification*, as
used herein, denotes the formation of an acyloxy

i : group from a hydroxyl group. The term “acylating
: agent", as used herein, denotes a compound capable
of effecting thelaforementioned esterification by
providing an écyl group. Use of "an enzyme or
microorganism" in the present methods includes use

of two or more, as well as a single, enzyme or
microorganism.

{
~mat’

The terms “alkyl* or "alk", as used herein
alone or as part of another group, denote
optionally substituted, straight and branched chain
saturated hydrocarbon groups, preferably having 1
to 12 carbons in the normal chain. Exemplafy
-unsubstituted such groups include methyl, ethyl,
::} propyl, isopropyl, n-butyl, t-butyl, isobutyl,.
pentyl, hexyl, ischexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl, ,
nonyl, decyl, undecyl, dodecyl and the like.
Exemplary substituents may include one or more of
the following groups: halo, alkoxy, alkylthio,
alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl,
hydroxy or protected hydroxy., carboxyl (-COOH),
alkyloxycarbonyl, alkylcarbonyloxy, carbamoyl
(NH2-CO~), amino (-NH2), mono- or dialkylamino, or
thiol (-SH).
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- Z!E?~ LD58/ LD59 Hydrol ysis of Seedling Extract
An et hanol extract of Taxus hicksii seedlings was concentrated 10- to
15-fold with nanofilters. 0.5 m extract, 0.5 n 1 M potassium phosphate

buffer pH 7, 54 milliunits partially purified enzyne frogkygnggboides

al bus ATCC 55425 (SC 13911) (purified pylgnlon exchange Cchro ogr aphy and
ammoni um sul fate precipitation) and 4 ml “water were incubated at 28[err]C
for 48 hours on a Fisher Roto Rack. (An enzyme from ATCC 55425 nay be

enpl oyed for the hydrolysis at C 13 as described herein). A second tube

contai ned the same m xtpye @ &l 11l sl W e pjazy BRIk eM Blgcar di oi des
| ut eus ATCC 55426 (SC 13912) immﬁ%%e? on 5006%%§%52 z};grldescri bed in

Exanpl e 4. AfteruS2d RRFALD ARG Bn & PEALe Ll Ech@¥Bortion of 14
mlliunits enzyndeddttsn AICK dprtidnallly substituted groups as

described above for alkyl having 1 to 4 carbon
atoms in the normal chain.

The terms "alkoxy" or *“alkylthio®, as used
herein alone or as part of another group, denote an
alkyl group as deécribed above bonded through an
oxygen linkage (-0-) or a sulfur linkage (-S-),
respectively. The term *"alkyloxycarbonyl®, as used
herein alone or as part of another group, denotes
an alkoxy group bonded through a carbonyl group.
The term *alkylcarbonyloxy®, as used herein alone
or as part of another group, denotes an alkyl group
bonded through a carbonyl group which is, in turn,
bonded through an oxygen linkage. The terms
"monoalkylamino' or 'dialkylamino%; as used herein
alone or as part of another group, denote an amino
group substituted by one or two alkyl groups as
described above, respectively.

The term *"alkenyl®", as used herein alone or
as part of another group, denotes such optionally
substituted groups as described above for alkyl,
further containing at least one carbon to carbon
double bond. Exemplary substituents include one or
more alkyl groups as described above, and/or‘one or
more groups described above as alkyl substituents.
The term “alkenyloxy", as used herein alone or as
part of another group, denotes an alkenyl group as
described above bonded through an oxygen linkage
(-0-).

The term *alkynyl®", as used herein alone or
as part of another group, denotes such optionally
substituted groups as described above for alkyl,
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DE52 was added along with 4 ml water, and incubation was continued for 22
hours. A control sanple received no enzynes. Sanples were extracted with
met hyl ene chl oride, and the evaporated extracts were dissolved in nethanol
for analysis by HPLC Method 2 described above. Th&D38JHDSI obt ai ned are
shown in Table 2 foll ow ng. - 15The results show that, after treatnent
with the C 13 deacylase from SC 13911, there was depletion of taxol

cephal omanni ne, 7-xyl osyl-10- deacetyltaxol and 10-deacetyltaxol, while the
anmount of _baccatin |11, and 10-deacety|bacca§kn [11.-i ncreased. The nol ar

rati os of FYBEHRECCOTFRHIRERT | 3F |4925H P0eHLATROPH tA F3EHOMi tial taxol was
I ncr easedtfiphe 1801d L 0 B3&fpladhe sl ivtetitisnd nelvdecionsasrt reated W th

both the ﬁééé gfﬁ§¥|8§§ups as described above, and/or one or
more'groups described above as alkyl substituents.
The term *alkynyloxy", as used herein alone or as
part of another group, denotes an élkynyl group as
described above bonded through an oxygen linkage
(-0-). ) '

The term "cycloalkyl*, as used herein alone
or as part of another group, denotes optionally

LR substituted, saturated carbocyclic ring systems,

- preferably containing 1 to 3 rings and 3 to 7
carbons per ring. Exemplary unsubstituted such
groups include cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cyclcheptyl, cyclooctyl,
cyclodecyl, cyclododecyl, and adamantyl. Exemplary
substituents include one or more alkyl groups as
described above, and/or one or more groups
described above as alkyl substituents. The term
"cycloalkyloxy", as used herein alone or as part of
another group, denotes a cycloalkyl group as
described above bonded through an oxygen linkage
(-0-). ,

3 The term "cycloalkenyl®, as used herein

| alone or as part of another group, denotes such
optionally substituted groups as described above
for cycloalkyl, further containing at least one
carbon to carbon double bond forming a partially
unsaturated ring. Exemplary substituents include
one or more alkyl groups as described above, and/or
one or more groups described above as alkyl
substituents. The term "cycloalkenyloxy*, as used
herein alone or as part of another group, denotes a

nis is the replacement sheet
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LD58/ LD59 -43- from SC 13911 and the C 10
deacyl ase from SC 13912, baccatin Il was converted to 10-deacetyl baccatin
[1l and the concentration of 10-deacetyl baccatin Ill was -i ncreased by
6-fold conpared to the initial value. Thus, treatment WP5&% IR ure of
taxanes with the C 13 deacyl ase and-Clﬁb-deacylase gave 10-
deacetyl baccatin Il as the principle product.
LD58/ LD59 -44-
cycioalkenyl group as described above bonded
through an oxygen'linkage (-0-).

The terms “ar* or *aryl*, as used herein
alone or as part of another group, denote
optionally substituted, carbogyclic aromatic
groups, preferably containing 1 or 2 rings and 6 to
12 ring carbons. Exemplary unsubstituted such
groups include phenyl, biphenyl, and'naphthyl.
Exemplary substituents include one or more,
preferably three or fewer, nitro groups, alkyl
groups as described above and/or groups described
above as alkyl substituents. The term *aryloxy".
as used herein alone or as part of another group,
denotes an aryl group as describéd above bonded
through an oxygen linkage (-0-).

The terms “heterocyclo" or *heterocyclic”,
as used herein alone or as part of another group,
denote optionally substituted fully saturated or
unsaturated, aromatic or non-aromatic cyclic groups
having at least one heteroatom in at least one
ring, preferably monocyclic or bicyclic groups
having 5 or 6 atoms in each ring. The heterocyclo
group may, for example, have 1 or 2 oxygen atoms, 1
or 2 sulfur atoms, and/or 1 to 4 nitrogen atoms in
the ring. Each heterocyclo group may be bonded
through any carbon or heteroatom of the ring
system. Exemplary heterocyclo groups include the
following: thienyl, furyl, pyrrolyl, pyridyl,
imidazolyl, pyrrolidinyl, piperidinyl, azepinyl,
indolyl, isoindolyl, quinolinyl, isoquinolinyl,
benzothiazolyl, benzoxazolyl, benzimidazolyl,
benzoxadiazolyl, and benzofurazanyl. Exemplary
substituents include one or more alkyl groups as
described above and/or one or more groups described

L]
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*heterocyclooxy*, as used herein alone or as part
of another group, denotes a heterocyclo group as
described above bonded through an oxygen linkage
(-0-). '

The terms *halogen* or *halo“, as used
herein alone or as part of another group, denote
chlorine, bromine, £fluorine, and iodine.

The term “taxane*, as used herein, denotes
compgunds containing a taxane moiety.as described
following. The term “taxane moiety®, as used
herein, denotes moieties containing the core -
structure (with numbering of ring system positions
used herein shown):

109 CH,

which core structure may be substituted and which
may contain ethylenic unsaturation in the ring
system thereof. Such moieties having an oxetare
ring fused at the 4- and 5-positions, such as is
found in takol. are preferred. v

The term "hydroxy (or hydroxyl) protecting
group*, as used herein, denotes any group capable
of protecting a free hydroxyl group which,
subsequent to the reaction for which it is
employed, may be removed without disturbing the
remainder of the molecule. ;§uch groups, and the
synthesis thereof, may be foﬁnd in *Protective
Groups in Organic Synthesis" by T.W. Greene, John
Wiley and Sons, 1981, or Fieser & Fieser.

This is th
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‘Table 2 Hydrol ysis of Seedling Extract Enzyme 10- desacet -
baccatin 7-xyl osyl - - cephal o- taxol 10- DAT yl baccatin [11
mg/ M 10-desacet- mannine ng/ ni mg/ m | 1L.bs 8P %9

yl t axol ng/ m - 17 - ng/ M None 0. 167
0. 142 0. 246 0. 243 0.401 0.201 SC13911 0. 400 0.771
0. 027 0. 000 0. 000 0.014 11 +12+ 1. 025 0. 000 0. 000
0. 000 0.000 . 0.000 Enzyme taxol C [err] None trace



10- DAT i s 10-desacetyl t axol + SC 13911 and SC 13912 * D+B/T is the

nolar % vyield of (10- deacetyl baccatin Ill and baccatin I11) divided by
(initial taxol) Lpss/Lps9 LD58/LD59
- 45 - ~ Exappig 6 Selection OP gtrains of

M croor gani sns Capabl e of

The term *salt®, as used herein, includes
acidic and/or basic salts formed with inorganic
and/or organic acids and bases. .

The term "acyl®", as used herein alone or as
part of another group, denotes the moiety formed by
removal of the hydroxyl group from the group -COOH
of an organic carboxylic acid. The term “acyloxy",
as used herein alone or as part of another group,
denotes an acyl group as described above bonded
throqgh an oxygen linkage (-0-).

. S ti Materials £ ~-10 Modifi .

The C-10 acyloxy-bearing, and C-10
hydroxy-bearing taxanes, employed as starting
materials for the present invention may be any such
compounds capable of undergoing the enzymatic
hydrolysis or esterification methods, respectively,
of the present invention. The starting materials
may be synthetically formed taxanes, or preferably,
naturally formed taxanes such as cephalomannine, 7-
xylosyltaxoel, taxol, baccatin III, 10-
desacetylbaccatin III, or taxol C (an analogue of
taxol wherein the benzoyl group of the C-13 taxol

— sidechain is replaced by an n-pentanoyl group).

: " alone or in admixture with each other. The
*naturally formed® taxane starting materials are °
preferably obtained by plant cell culture of,
and/or extraction from, taxane-producing plant
tissues, particularly tissues from, or derived
from, plants of the Taxus genus such as Taxus
baccata, Taxus cuspidata, Taxus brevifolia, Taxus
wallichiana, Taxus media, Taxus hicksii, especially
Taxus x. media- hicksii. Exemplary plant tissues
include the needles, bark and whole seedling.

This is the replacement sheet
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Renoving the C 13 Sidechain of Taxol Difco spirit blue agar nedi um
(5.25 g) in 150 M distilled water was sterilized and.partially cool ed
according to the manufacturer's instructions. The nedimagq?ﬁﬁgguxilo g
tryptone, 5 g yeast extract, 20 g agar,,and 0.15 g spi I"U€ "per liter.

25 ng taxol and 10 [err] Tween 80 in 159 met hanol were added to the nedi um
through a sterile filter. 15 m nediumwere used per 100 mm x 15 nm petri

di sh. After the plates 'had cool ed and dried, soil sanples were

| at ed out foll ' | — I f
he. suspenston, was. of FOE ol 05T o ar o LPeve oro el B e -2 P2a0 per

t he suspension was di h wat er an M was spread per
pl ate. The wat BYQHe¥d-haBAbacYilexy TReFL RN rARANS FXEMG r] filter. Plates

wer e i ncubat edmate28heEr b€, tRE0pEEL ERE SheChBdH BB RAY, a cl eared zone were -
sel ected. The %gsi s for the.selectio 5 m ﬁozg%)i,nsol ubl e at the
concentration GEBFTRREPRACAEIRERFAEF fﬁg t THtes dudy appear ance,
wher eas baccat KingskoandPheemaicdeThezi n H2pdlerdl GWOIh)dr adxydibee are sol ubl e,
t her eby fornin%xgmbhggrhégggnground t he col oni es.

The C-13 acyloxy-bearing taxanes employed as
starting materials for the present invention may be
any such compounds capable of undergoing the enzy-
matic hydrolysis of the present invention. The
'starting materials may be synthetically formed .
taxanes, or preferably, naturally formed taxanes
such as cephalomannine, 7-xylosyltaxol, taxol, 7-
xylosyl-10-desacetyltaxol, l0-desacetyltaxol, or
taxol C, alone or in admixture with each other.

The "naturally formed* taxane starting materials
are preferably obtained by plant cell culture of,
and/or extraction from, taxane-producing plant
tissues, particularly tissues from, or derived
from, plants of the Taxus genus such as Taxus
baccata, Taxus cuspidata, Taxus brevifolia, Taxus
wallichiana, Taxus media, Taxus hicksii, especially
Taxus x. media hicksii. Exemplary plant tissues

. include the needles, bark and whole seedling.

For preferred methods of obtaining the C-13
acyloxy-bearing taxane starting materials of the
present method see Rao, Pharmaceutical Research,
10, 521-524 (1993); Kingston, Pharmac. Ther., 52,
1-34 (1991); or the Examples herein.

E 3 Mi . for C-10 1i ficat
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The m croorgani sns sel ected incl ude: Nocar di oi des al bus strains ATCC 55424
(SC 13910) and ATCC 55425 (SC 13911); and Nocardi oides |uteus strain ATCC

55426 (SC 13912). Exanmple 7 Renoval of C- 13
Si dechai n from Taxol The reaction of thisLBS8dBDPSIproceeded as set
forth in Schenme 1 follow ng. 50-m20Er| enneyer

LD58/ LD59 - 46 - flasks containing 10 mM nedi um

were inocul ated with

The enzyme or microorganism employed in the
present invention may be any enzyme or -
microorganism capable of catalyzing the enzymatic
hydrolysis or esterification methods described
herein. The enyzmatic or microbial materials,
regardless of origin or purity, may be employed in
the free state or immobilized on a support such as
by physical adsorption or entrapment. '

Exemplary microorganisms include those
within the following genera: Nocardioides,

T Nocardia, Rhodococcus, Micrqpolyspora,

' Saccharopolyspora, Pseudonocardia, Oerskovia,
Promicromonospora, and Intrasporangium.
Particularly preferred microorganisms are those
species within the genus Nocardioides, such as
Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus, especially Nocardioides albus ATCC
55424 (SC 13910) and ATCC 55425 (SC 13911) and
Nocardioides luteus ATCC 55426 (SC 13912). 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. The
above microorganisms ATCC 55424, 55425 and 55426
were deposited on May 12, 1993. The term "SC*
denotes the designation given to the microorganism
as part of the Squibb culture collection.

' The biologically pure microorganisms
Nocardioides albus ATCC 55424 (sSC 13910),
Nocardioides albus ATCC 55425 (SC 13911), and
Nocardicides luteus ATCC 55426 (SC 13912) are novel
microorganisms. It should be understood that

This is the replaoqmem sheet
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Rbcardioides al bus strains ATCC 55424 (SC 13910) or ATCC 55425 (SC 13911)

I sol ated fromsoil as described in Exanple 6 and shaken for two days at
28[err] C, 150 RPM The nedium contained per liter distilled water: 10 g.
Bacto tryptone, 5 g Bacto yeast extract and 0.06 m Tween 80 Hsdh s +
0.2. Cells were renpved by centrifugation angqthe pH of the supernatants
was adjusted from8.66 to 7 with 1 MJ[err] 0.5 ng taxol 'in 20 [err]
nmet hanol was added to 2 nl of each supernatant and the m xtures were
stirred for 21 hours at anbient tenperature (about 23[err]C). The solutions

were extracted with ﬂm&tani:erbt tﬁéééaﬁfgamﬁ@ airé efll s deonthnplla tead by
terrperat ure, redi sso

descri bed above). b an%gﬁgg ?Sﬂ?gy?ﬁ%aag 88 g%n(PLcl {éEgkﬁﬁa%fOOS
ng/ M taxol and O. 16&5Mgkmf1batman|methbd$9de§brmbédcheme&sicsgch as
SRS T bocrart EREATBRETEACE (PO SR il s iang!, e
cl eaved side chain prif@Fcexaspde; dEnrayYsbdopyblelegical means (for
example, by molecular bioclogy techniques).
Nocardioides albus ATCC 55424 (SC 13910) and
ATCC 55425 (SC 13911) may be cultivated on Medium A
94 (corn steep liquor (35 grams), Cerelose (20
grams), iNH4)2SO4 Reagent Grade (5 grams), CacCO3
1 (3.5 grams), soy bean oil (5 ml) and distilled
water (1 liter)). These organisms were isoclated
from soil (from a sample from New Brunswick, New
Jersey), and are gram positive, non-motile
organisms exhibiting aerobic growth on a variety of -
media. On solid ¥YS medium (0.2% yeast extract, 1%
starch), the mycelium is whitish to light cream
colored. Growth is associated with production of a
dark diffusible pigment in both solid and liquid
' media. Microscopically, growth in liquid culture
is characterized by mycelial aggregates consisting
of abundantly branching hyphae.
Nocardioides luteus ATCC 55426 (SC 13912)
o may be cultivated on Medium A 94 (corn steep liquor
(35 grams), Cerelose (20 grams), (NH4)2$94 Reagent
Grade (5 grams), CaCO3 (3.5 grams), soy bean oil (5
ml) and distilled water (1 liter)). This organism
was isolated from soil (from a sample from New
Brunswick, New Jersey), and is a gram positive,
non-motile organism exhibiting aerobic growth on a
variety of media. On solid YS medium (0.2% yeast
extract, 1% starch), the mycelium is dark cream
colored. Microscopically, growth in liquid culture
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LD58/ LD59 _ Scheme 1 TAXOL

LD58 /LD59
- 22 -

is characterized by mycelial aggregates consisting
of abundantly branching hyphae.

The above organisms Nocardioides albus ATCC
55424 (SC 13910) and ATCC 55425 (sC 13911), and
Nocardioides luteus ATCC 55426 (SC 13912), were
identified as strains of Nocardioides albus and

- Nocardioides luteus, respectively, in accordance

with the description given in Bergey's Manual of
5ysc§matic Bacteriology, Volume 2 (Ed. P.H.A.
Sneath) (1986).

Exemplary enzymes for use in the present
hydrolysis or esterification methods are
hydrolases, particularly esterases, proteases or
lipases. 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 by use of hydrophobic
interaction chromatography, gel filtration,
followed by an anion exchange column. The present
invention further provides the enzymes capable of
the present hydrolysis or esterification methods
which may be isolated from Nocardioides albus ATCC
55424 (SC 13910) and ATCC 55425 (sC 13911), and
Nocardioides luteus ATCC 55426 (SC 13912), for
example, by the above techniques. *

E 1 Mi . : ~-13 3ifi .

The enzyme or microorganism employed in the
present invention may be any enzyme or microorgan-
ism capable of catalyzing the enzymatic hydrolysis
described herein. The enyzmatic or microbial mat-
erials, regardless of origin or purity, may be em-

This is the replacement sheet
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'~ LD58/LD59
- 23 -

ployed in the free state or immobilized on a sup-
port such as by physical adsorption or entrapment.
A preferred method for selecting a
microorganism suitable for enzymatic hydrolysis of
a starting C-13 acyloxy-bearing taxane according to
the method of the present invention is by use of
the following novel screéning method, comprising

- the steps of:

(a) selecting a solid growth medium (i) in
which the microorganism to be screened will grow,
(ii) in which the starting c-13 acyloxy-bearing
taxane is insoluble and thus, in admixture with the
growth medium, has a cloudy appearance, and (iii)
in which the C-13 hydroxyl-bearing taxane product

‘'of the hydrolysis method of the present invention

is soluble, and, preferably, in which the cleaved
C-13 sidechain is also soluble, and thus, in
admixture with the growth medium, has a clear
appearance;

(b) placing the micrborganism into contact
with the growth medium seiected in step (a) above,
for example, in a petri dish, into which the
starting C-13 acyloxy-bearing taxane has been
admixed, and under conditions allowing growth of
the microorganism to occur; and

| (c) observing whether a clear zone appears
around the area .in which growth of the
microorganism occurs.

The formation of a clear zone indicates that
hydrolysis has occurred, and thus that the
microorganism may be suitable for use in the
present. hydrolysis method. As used herein, the
terms "clear" and "cloudy* are to be construed

‘relative to each other. Thus, the starting C-13-

This is the replacement shieet
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Si dechai n LD58/ LD59

- 48 - Exanple 8 Renoval of C-13 Sidechain from
Cephal onmanni ne Two 50 m Erl enneyer flasks :each containi ng
' LD58/LD59
- 24 -

acyloxy-bearing taxane is employed in admixture
with the growth medium in sufficient quantity so as
to be visible in suspension therein (giving a
*cloudy* appearance), and clarity is determined
relative to said initial degree of visibility in
suspension, that is, as a lessening of that
visibility.

Another preferred screening method provided
by the present invention is that corresponding to
the method set forth above, with the exception that
a solid growth medium is selected in which the
starting C-13 acyloxy-bearing taxane is soluble and
thus, in admixture with the growth medium, has a
clear appearance, while the C-13 hydroxyl-bearing
taxane product of the hydrolysis method of the
present invention is insoluble (and preferably in
which the cleaved C-13 sidechain is also insoluble)
and thus, in admixture with the growth medium, has
a cloudy appearance. Observance of a cloudy zone
around the area in which growth of the
microorganism occurs allows selection of a suitable
microorganism.

A particularly preferred embodiment of the
screening method of the present invention is that
set forth in the Examples herein.

vam

The above preferred screening methods may
suitably be employed where the starting C-13
acyloxy-bearing taxane and the C-13
hydroxyl-bearing taxane product differ in relative
solubility to the extent that it may be observed
whether or not hydrolysis according to the present.
invention has occurred.

Exémplary microorganisms for use in C-13
hydrolysis include those within the following

This is the replacement sheet
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10 M nmedium (35 g corn steep liquor, 20 g cerelose, 5 g [err] 3.5 g CaCG3,
and 5 m soybean oil brought to 1 liter with distilled water) were each
inoculated with 0.5 nm Nocardi odes al bus strain A3 AHES (SC 13911).
After two days incubation at 28 g9 ]-C, 150 RPM these two cultures were
added to a 4 L flask containing 1 L of the nediumused in Exanple 7. After
72 hours at 28[err]C, 200 RPM cells were renoved by centrifugation and the
supernat ant was adjusted frompH 8.16 to pH 7 with 1 MJ[err]. 0.5 ny
cephalonannhne.iszar?épipesetNanerdﬁas Rbeddceeesvth 2 ml supernatant for

17 hour s yaR-3po9pdpays! - Safchlokeb 1 EhaPs Mdsadisidralie sol ution vas

extracted wt % ene chlori e extract was evapor ated resuspended

in nethaﬁGF$§ﬁﬂuéna ¥ OB CEPMAPPEPPRRt HARIS 2T ReERF BN Cephal omanni ne
COﬂCEﬂtfth@ﬂdﬁﬂ&rd?cb@éiééréaoﬁheraaﬁgﬂﬂiﬂhst@r@ tlnols &. 110 mg/ m baccatin

) tas Radueed 630 oLy behls P88, R0 2080 Y26k i 4 ol cephal omanni ne
Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus, especially Nocardioides albus ATCC
55424 (SC '13910) and ATCC 55425 (sSC 13911) and
Nocardioldes luteus ATCC 55426 (SC 13912).

As described above, the biologically pure’
microorganisms Nocardioides albus ATCC 55424 (SC
13910), Nocardioides albus ATCC 55425 (SC 13911),
and Nocardioides luteus ATCC 55426 (SC 13912) are
novel microorganisms further provided by the
present invention. It should be understood that
mutants of these organisms are also contemplated by
the present inventidn, for use in the hydnolysis-
methods described herein, such as those modified by
the use of chemical, physical (for example, X-rays)
or biological means (for example, by molecular
biology techniques). '

Exemplary enzymes for use in the present
method are hydrolases. 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 those described in the
Examples herein, especially purification of the
active fractions found extracellularly in the
medium in which these organisms hawve been’

‘!

cultivated, such as by use of an anion exchange
column, followed by hydrophobic interaction
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Exanpl e 9 Renoval of C-13 Sidechain from 7-xyl osyl t axol Enzynes
from Nocar di odes al bus strains ATCC 55424 (SC 13910) and ATCC 55425 (SC
13911) were prepared as described in Exanple 8, except that 1 L cultures
were incubated for two days instead of three. Noc#8JdL@mS®es | uteus strain

ATCC 55426 (SC 13912) was grown2gs-~-descri bed for Nocardi odes al bus strain
ATCC 55425 (SC 13911) in Exanple 8. After

LD58/ LD59 , - 49- three days, cells were harvested
by centrifugation, washed with 600 mM 50 mM pot assi um phosphate buffer
chromatography and gel filtration. The present

invention further provides the enzymes capable of
the present hydrolysis which may be isolated from
Nocardioides albus ATCC 55424 (SC 13910) and ATCC
55425 (sC 1391l1), and Nocardioides luteus ATCC
55426 (sSC 13912), for example, by the above
techniques. '

o 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-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.

Where one or more microorganisms are
employed, the enzymatic hydrolysis or
esterification methods of the present invention may
be carried out subsequent to the fermentation of
the microorganism (two-stage fermentation and
hydrolysis or estérification), or concurrently
therewith, that is, in the latter case, by in situ

fermentation and hydrolysis or esterification
(single-stage fermentation and hydrolysis or
esterification).

Voeet

Growth of the microorganisms may be achieved
by one of ordinary skill in the art by the use of
an appropriate medium. Approp:iate media for -
growing microorganisms include those which provide

This is the replacement sheet.
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pH 7 and centrifuged again. 36.6 g wet cells were.frozen at -72[err]C,

| yophilized to 2.52 g in two days, ground with a nortar and pestle, and
stored at 2[err]C 1.8 m supernatant from.strains ATCC 55424 (SC
13910) and ATCC 55425 (SC 13911), .and 50 ng dri edLDBBYEDH® strain ATCC
55426 (SC 13912) in 1.8 ml watet 2®re each incubated with 0.5 ng 7-
xylosyltaxol in 0.2 m nethanol for 42 hours at roomtenperature on a

Fi sher Roto-Rack. The reactions were extracted with methyl ene chloride, and
the dried extracts were dissolved in nethanol for HPLC apalysis (thhod 3
descri bedHEFGHANES Pﬁckﬁﬁé§ylﬁ&%thGe6F€H§§d°frBﬁ?0m2§809b?%1 to 0 with each
enzyne. @1 o rtw%atl kn&d@.ﬁﬁnh forBrewtds ihdeadesi ed as

7- xylosylbaccatln [ 1] - _nmass gectronetr¥ Basgd on a baccatin Il
st andard, %ﬁi?as%ﬁfz?r("gé f?é‘f& S: A\FEETEEED5SPEECE3919)Y and ATCC 55426 (SC

13912) gaeﬂeen?enqd o(sgllg)aamtmclel Bmpuntdsdt. c@ndemseratimays of 0.112, 0.118,
and O. 12 %%%I ! ﬁ‘ﬁ%ﬂf} _L}\\ﬁ%I ¥:erHS' rlgldht&grsamlsfeﬁghachb 83 oeff|C| ent at 235

nm for bac - xylosyl baccatin e ca cu ated yiel ds woul d

be 88% 9Gludrs Y qasHeuad n@#@pa oqg?tlon of t
desired enzymatlc activity within the microbial
cell.

Carbon sources may include sugars such as
maltose, iactose, glucose, fructose, glycerol,
sorbitol, sucrose, starch, mannitol, propylene
glycol, and the like; organic acids such as sodium
acetate, sodium citrate, 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 sulfate and the like.

Trace elements may include magnesium,
manganese, calcium, cobalt, nickel, iron, sodium
=3 and potassium salts. Phosphates may also be added
; in trace, or preferably, greater than trace

amounts.

The medium employed may include more than .
one carbon or nitrogen source or other nutrient.

‘Preferred media for growth include aqueous
media, particularly those described in the Examples
herein. '

| The agitation and aeration of the reaction

mixture affects the amount of oxygen available
during the hydrolysis or esterification process

when conducted, for example, in shake-flask
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Exanpl e 10 Hydrolysis of Plant Cell M xtures 1 g Taxus
hi cksii needles was extracted with 10 nl net hanol : acetic acid 5000:1. To 10
m extract was added 10 ni water:acetic acid 500:1.  -The m xture was

centrifuged for 10 mnutes at 48,000 x g and 20[e£5h§7LBS§'pellet was
di scarded. 4 ml extract and 16 g12§upernatant from Nocar di oi des

LD58/ LD59 --50 - al bus strain ATCC 55424 (SC
13910) or ATCC 55425 (SC-13911) (prepared as described in Exanple 9)

cultures or fermentor tanks during growth of micro-
organisms. The agitation range from 100 to 250 RPM
is preferred; aeration of about 1 to 10 volumes of

air per volume of media per minute is preferred.

For growth of the microorganisms and/or
hydrolysis or esterification according to the
method of the present invention, the pH of the
medium is preferably from about 6 to about 8.5, and
the temperature is preferably from about 24°C to
about 37°C. Hydrolysis or esterification may, for
example, be carried out in vitro over time periods
such as 1 to 48 hours, or preferably until the
vield of desired product is maximized. It is
preferred to conduct the hydrolysis methods of the
present invention at a pH of from.6 to 8,
particularly under non-basic conditions.

It is also preferred to employ an aqueous
liquid as the hydrolysis reaction medium, although
an organic liquid, or a miscible or immiscible
(biphasic) organic/aqueous liquid mixture, may also
be employed. It is preferred to employ an organic
solvent or biphasic organic/aqueous reaction medium

for esterification, although other media may be
employed.

.‘D'

For C-10 modification, it is preferred to
employ 0.025 to 2.5 weight % of the C-10 hydroxy-
or acyloxy-bearing taxane starting material(s)
based on the combined weight of starting
material(s) and esterification or hydrolysis
reaction medium. In the esterification method of
the present invention, preferred molar ratios of
acylating agent to C-10 hydroxyl-bearing taxane are
from about 1:1 to about 1000:1. The amount of
enzyme or microorganism employed relative to the
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wer e shaken ina 50 nm Erlenneyer flask at 28[err] C, 150 RPM for 42 hours.
Sanpl es were extracted with nethyl ene chloride -and the evaporated extracts
were di ssolved in nethanol for analysis by HPLC (nethogpgggepgsi bed above).

The taxane concentrations and nol ar cagpgos of (baccatin Il + 10-
desacetyl baccatin Ill)/initial taxol, with and wi thout enzyne treatnent,
are shown in the follow ng Table 3. ' Table 3

Enzymatic Hydrol ysis of Needl e Extract Enzynme 10-des- - baccatin
7-xyl osyl - cepstdotingxmtefidAB4E) delewvted acectyllow calkblysdsnbf 10- des-

F?Pnhgfn1u9/n1t étéﬁggﬂagﬁﬁ q¥§r3¥y§¥? ester}ficati%%?%%l%ﬁé' UQ/H% 153
0.392 50.4 Spuesent mmtlono o is preciewed to opted® 0.000 359.3
SC13911 0. 959 yields 284 excesd - B0y (3 ¢-900 hyd?ci93ea $28a8ct

obtained based on the starting acyloxy-bearing
taxane) or in excess of 50% (% C-10 acylated
product obtained based on the starting hydroxyl-
bearing taxane) when employing the hydrolysis or
esterification methods of the present invention,
respectively. Hydrolysis or esterification may be
obtained selectively at C-10 of the starting

o taxane. That is, product(s) the greater portion

| (such as solely) of which are hydrolyzed or
esterified at C-10 only may be obtained without
hydrolysis or esterification at other positions.

For C-13 modification, it is preferred to -

employ 0.025 to 0.25 weight % of the C-13 acyloxy-
bearing taxane starting material(s) based on the
combined weight of starting material(s) and
hydrolysis reaction medium. The amount of enzyme
or microorganism employed relative to the starting
material is selected to allow catalysis of the
enzymatic hydrolysis of the present invention. It

. is preferred to obtain yields in excess of 90% (%

s " C-13 hydrolyzed product obtained .based on the
starting acyloxy taxane) when employing the .
hydrolysis method of the present invention.
Hydrolysis may be obtained selectively at C-13 of
the starting taxane. That is, product(s) the
greater portion {such as solely) of which are
hydrolyzed at C-13 oniy may be obtained without
hydrolysis at other positions. |

sgnamign
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Val ues given in nmolar % (DAB + B)+(initial t axol ) ; DAB =

| O- desacetyl baccatin |11 B = baccatin Il _
LD58/ LD59 - 51 - ' ' Exanple 11
Purification of Enzyne and 0 _Hydrolysis OPD?gfgﬁgg 100

m medium (35 g corn steep liquor, 20 cerelose, 5 g amonium sulfate, 3.5
g calciumcarbonate, and 5 m soybean oil brought to 1 liter

The C-10 acyloxy- or hydroxyl-bearing
products of the processes of the present invention,
and coupled products such as those described below,
may be isolated and purified, for example, by
methods such as extraction, distillation,
crystallization, and column chromatography.

Similarly, the C-13 hydroxyl-bearing
products of the C-13 hydrolysis process of the
present invention, and coupled products such as
those described below, may also be isolated and

o purified, for example, by methods such as
extraction, distillation, crystallization, and
column chromatography.

Urili
Taxanes are diterpene compounds containing a
taxane moiety as described above. Of particular
interest are taxanes containing a taxane moiety in
which the 11,12-positions are bonded through an
ethylenic linkage, and in which the l1l3-position
contains a sidechain, which taxanes are exemplified
by taxol. Pharmacologically active taxanes such as
taxol may be used as antitumor agents to treat
patients suffering from cancers such as breast,

ovarian, colon or lung cancers, melanoma and
leukemia. ’

.
Nrgat?

. is_obtained by C-10 Modifi .
The compounds obtained by the C-10
hydrolysis or esterification methods of the present
invention are particularly useful as intermediates
in the preparation of the aforementioned
pharmacologically active taxanes by allowing
preparation of compounds having a desired
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with distilled water) in a 500 mM Erlenneyer flask was inoculated with 1 m
Nocar di oi des al bus ATCC 55425 (SC 13911) in the sanme nedi um and shaken for
2 days at 28[err]C. 20 m of this culture was transggrreg to 1 L distilled
wat er containing 10 g tryptone and g yeast ext r abb: 6PP 98 0.2ina4lL
Erl ennmeyer flask. The flask was Shaken for 3 days at 28[err]C, cells were
renoved by centrifugation and the supernatant was adjusted frompH 7.89 to
pH 7 with 1M KH2PO4. Al'l purification steps were perfornmed at

4[ err] he S lie 150 Lon exchanger in
25 nNIpotgggﬁﬁﬁﬁb%%épﬁgtgqgﬁffe&h%%'7§gﬁn%xgm€%§ngﬁ§?§(€g%Iunn. The col umm
was washedamnowniis0 nriepaafeide by Crd@ modificetiearacedrdin¥ng 0. 25 M Nadl .

Enzyne actdyidne Wathldd & Whdh phielslegt Bhveneidn MBBGhearThe flow rate was
5 m/mn. Anponiym sul fate &%ﬁp ngé&}% was added to £he nost active

fracti ons T¥RPHe TP &5 33 ECTBPUNEASN M ¥ sPGppl i ed to 30 m

Phar maci a ddesed Sepmiceas GeydBxdyh sdidechaline fopingéngct i on chr omat ogr aphy)
[N 20 ™ PAESTIUT R PRIy, Tudiab PRAGRLEREY £80 MO/ ammonium

sulfate in a
obtain C-13 acyloxy sidechain-bearing taxanes such

as taxol or analogues thereof. 1In this regard,

modification at C-13 according to the methods of

the present invention may be conducted prior to,
- during, or after the methods of the present
- invention for modification at C-10 are employed. -

The acyloxy- or hydroxyl-bearing compounds
prepared according to the methods of the present
invention may optionally be modified prior to use
in C-13 acyloxy sidechain coupling. For example,
one or more hydroxyl groups at positions other than
C-13 may be profected prior to coupling and,
thereafter, deprotected.

The C-10 acyloxy- and hydroxyl-bearing
taxanes obtained by the hydrolysis and
esterification methods of the present invention,
optionally modified as above, may, for example, be

L used in the preparation of C-13 acyloxy
" sidechain-bearing taxanes such as those recited,

and prepared by the methods described in, European .

Patent Publication No. 400,971, U.S. Patent No.

4,876,399, U.S. Patent No. 4,857,653, U.S. Patent

No. 4,814,470, U.S. Patent No. 4,924,012, U.S.

Patent No. 4,924,011, and Kingston, Pharm. Ther.,

Vol. 52, 1 - 34 (1991), especially U.S. Patent

Application Serial No. 07/995,443, filed December

23, 1992 by Poss et al. (Attorney Docket No. LD60)

and U.S. Patent Application Serial No. 08/033,598,

This is the replacement sheet

_—— | | | | Date: 0 2 SEP Bﬁ



cm diameter colum at a flow rate of 1.6 ni/min. The colum was washed with
150 mM buffer plus 20 ng/ M ammoni um sul fate, then activity was eluted with
buffer alone. The nost active fractions from ' LD58/LDS9

LD58/ LD59 - 52- -t g Bhenyl Sepharose colum were
concentrated by ultrafiltration to 4 m using an Am con YMLO nmenbrane and
passed t hrough a Pharmaci a Sephacryl S-200 gel filtration colum (2.6 x 84
cn at a flowrate of 0.65 m/mn. The fraction of highest specific

activity had a singl #ibeddMatchvl ®ful 993 W gotAAtHIA etl G0N xvtcaneydi um
dodecyl sulfate Docket No. LD57), all incorporated herein by
reference.

: is Obtained bv C-13 Modifi .

The C-13 hydroxyl containing compounds
obtained by the hydrolysis method of the present
invention are particularly useful as intermediates
in the preparation of the aforementioned C-13
sidechain-bearing taxanes. In particular, the C-13
- | hydroxyl-bearing compounds prepared according to

f the present method may be coupled with sidechain-
forming intermediate compounds, such as P-lactams,
to obtain the C-13 sidechain-bearing taxanes. The
addition of such a sidechain, in and of itself, may
impart an increased or more desirable
pharmacological activity to the taxane product, or
may form a taxane product which is more readily
converted to a taxane having an increased or more

desirable pharmacological activity than the
starting compound.

The C-13 hydroxyl-bearing compounds prepared
according to the method of the present invention
~y may optionally be modified prior to use in

sidechain formation by coupling. For example,

modification at C-10 according to the methods of
the present invention may be conducted prior to,
during, or subsequent to the C-13 hydrolysis method
of the present invention; and/or one or more
hydroxyl groups at positions other than C-13

protected prior to coupling and, thereafter,
deprotected.

The C-13 hydroxyl—bearing taxanes obtained
by the hydrolysis method of the present invention,

may be
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(SDS) gel. The purification is summarized in Table 4 following. (1

mlliunit enzyme (mu) catalyzes the conversion of 1 nnole/mn of taxol to
baccatin-111 at 28[err]C in 50 nM pot assi um phosphate buffer containing
0.25 ng/mM taxol and 1% net hanol .) LDS8/LDS9

LD58/ LD59 --333.-- : _ Table 4

optionally modified as above, may, for example, be
used in the preparation of C-13 acyloxy
sidechain-bearing taxanes such as those recited,
and prepared by the methods described in, European
Patent Publication No. 400,971, U.S. Patent No.
4,876,399, U.S. Patent No. 4,857,653, U.S. Patent
No. 4,814,470, U.S. Patent No. 4,924,012, U.S.
Patent No. 4,924,011, and Kingston, Pharm. Ther.,
Vol. 52, 1 - 34 (1991), especially U.S. Patent
Application Serial No. 07/995,443, filed December
23, 1992 by Poss et al. (Attorney Docket No. LD60)
and U.S. Patent Application Serial No. 08/033,598,
filed March 19, 1993 by Thottathil et al. (Attorney
Docket No. LD57), all incorporated herein by
reference. Preparation of C-13 acyloxy-bearing
taxanes of the formula VI is preferred.

pref e is £ ~-10 Modifi .

It is preferred to employ taxanes of the
formula II or salts thereof in the C-10 hydrolysis
method of the present invention, whereby enzymatic
hydrolysis provides the corresponding compounds of
the formula I or salts thereof. It is likewise
preferred to employ'taxanes of the formula I or
salts thereof in the C-10 esterification method of
the present invention, whereby enzymatic
esterification provides the corresponding compounds
of the formula IX or salts thereof.

In formulae I and II, R’ is preferably R1l-
C(0)-0-, especially where R1l is alkyl such as
methyl; R2 is preferably hydrogyl or xylosyl; R3 is
preferably alkyl such as methyl; R4 is preferably
aryl such as phenyl; and Rl is preferably hydroxyl
or a group of the following formula III:
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Step Vol une Protein Activity . m
ng mu nmedi um 1000 885 - 4664 DE52
99 104 1194 Phenyl Sepharose nB53/LD59 6. 45 801
CL- 4B Sephacryl S-200 8-834 - 0.150 164  Step
Specific Activity Recovery mu/ ng medi um
5.27 DE52 11.5 25. 6 Phenyl Sepharose
124 17.2 CL-4B Sephacryl S-200 1093 3

RE(OICNH O

RO _ o— (111)
ORI10
where

R8 and R® are independently alkfl, alkoxy, alkenyl,
alkenyloxy, alkynyl, alkynyloxy, cycloalkyl,

cycloalkyloxy, cycloalkenyl,

cycloalkenyloxy, aryl, aryloxy, heterocyclo

or héterocyclooxy; and

R10 is hydrogen or a hydroxyl protecting group.
Exemplary taxanes of the formulae I and IT

are cephalomannine, 10-desacetyltaxdl,
7-xylosyltaxol, taxol-C, 7-xylosyl-10-
desacetyltaxol, taxol, baccatin III,

10-desacetylbaccatin III, 7-xylosylbaccatin III,

and 7-xylosyl-10-desacetylbaccatin III.
hydrolysis of baccatin III to form 10-

Enzymatic

desacetylbaccatin III (e.g., with the formation of
acetic acid), for example, employing hydrolase, is
a preferred embodiment of the present invention.
This reaction may be reversed via the enzymatic

g

esterification method of the present invention.

Taxol is preferably ultimately prepared by

the methods described herein.

pref i ¢ is for c-13 Modificati

It is preferred to employ taxanes of the
formula VI or salts thereof in the method of the
present invention, whereby enzymatic hydrolysis at
C-13 provides the corresponding compounds of the

formula V or salts thereof.

In formulae V and VI,

R12 jis preferably R6-C(0)-0- such as acetyloxy, or
hjydrox_yl;-R2 is preferably hydroxyl or xylosyl; R3
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LD58/ LD59 - 54 - To denonstrate the

activit
conduct
were pr

50 nmM pot assi um phosphat e buf fer3

y of the enzyne purlfled above, the follow ng experinents were
ed enpl oying the taxane substrates listed ip. Table 5. Sanpl es
epared containing 0.5 g faxane substrate“%n%/ﬁjg%ethanol in 2.0 m

t he Phenyl Sepharose CL- 4B step descri bed above in addition to 0.5 ng

t axane
buffer,

wer e ex
dried,
3, 3e,

SUbSt thanol in 2. 0 UNI ot assi um phosphat e
E%SE Xs ﬂégi §uc§eas4geghgf1 P phosp

#P| sanples were mxed for
hoursVmpﬁeﬁhﬂababearﬁqtQuaachsaphaﬂymfrhﬁa E%nbbes 1, le, 2, 2e, 5 and 5e

pH 7 (Sanples 1, 2, 3, 4 and 5). Sanples
were al so prepared containing 10 nu enzyne of the enzyne purified through

16

xRty g P o ﬁh%ﬂ%?‘iihaiéﬁam%%ﬁi% LC Wthod 3. Sanpl es

4 and 4e were
RE(OICNH O

. o (D

ORI' ]
where
R8, R? and«R!? are as defined above.

Exemplary starting taxanes of the formula VI
are cephalomannine, l0-desacetyltaxol,
7-xylosyltaxol, taxol-C, and 7-xylosyl-10-
desacetyltaxol, alone or in admixture with each
other or taxol. Preferred hydrolysis products are
baccatin III, 10-desacetylbaccatin III,
7-xylosylbaccatin III, and 7-xylosyl-10-
desacetylbaccatin III. '

Coupling subsequent to hydrolys;s preferably
provides taxane products of the formula VI
described above having C-13 acyloxy groups of the
formula IIXI. Taxol is preferably ultimately

prepared by hydrolysis and coupling as described
herein.

Salts or solvates such as hydrates of .
reactants or products may be employed or prepared
as apprépriate in any of the methods of the present
invention. _

The present invention is furﬁher described
by the fqllowing examples which are illustrative

~only, and are in no way intended to limit the scope

of the instant claims.

This is the replacement sheet

0 2 SEP 1968

Date:



diluted with 2 m nmethanol and anal yzed by HPLC Method 3 (C- 13 sidechain
was neasured in these latter sanples only). Tabl e 5 shows the anount

of taxane substrate (ng/m) remaining in each of tB

es after

i ncubation, as well as the anmount product t axan& %FzgggP) present at the
end of the incubation. As can be en fromTable 5 (see Sanples le, Z2e,
3e, 4e and 5e), the enzyne purified as above is effective in renoving the

C- 13 side
LD58/ LD59

f\\

chain by hydrolysis of the taxane substrates listed therein
10-Deacetvlation of Baccatin IITI

Nocardioides luteus ATCC 55426 (SC 13912)
isolated from soil was grown for three days at
28°C, 150 rpm in a 50 ml Erlenmeyer flask
containing 10 ml medium. The medium contained per
liter distilled water: 10 g Bacto tryptone, 5 g
Bacto yeast extract, 6 ml tributyrin, and 0.06 ml
Tween 80 at a final pH of 6.8 £ 0.2. Cells were
harvestéd by centrifugation, washed with 10 ml 50
mM potassium phosphate buffer pH 7, and resuspended
in 2 ml of this buffer. 0.5 mg baccatin III in 20
H1l methanol was added to the cell suspension and
the suspension was mixed for 20 hours at ambient
temperature (about 23°C) with a Fisher Roto-Rack.
The suspension was extracted with methylene
chloride, and the extract was évaporated.
redissolved and assayed by HPLC Method 2 described
fbllowing. The sample contained 0.257 mg/ml 10-
desacetylbaccatin III (100% conversion) and only a
trace of baccatin III. Washed cells of the strain
ATCC 55426 grown on three other media also carried
out this transformation.

Example 2
10-T tvlati £ T . .

Nocardioides luteus ATCC 55426 (SC 13912)
grown in 20 ml medium containing per liter
distilled water: 10 g Bacto tryptone, 5 g Bacto
yeast extract and 0.06 ml Tween 80 at a pH of 6.8 &
0.2 was used to inoculate 1 L of the same medium in
a 4 L Erlenmeyer flask. The flask was shaken for
three days at 28°C, then cells were harvested by
centrifugation. The cell pellet was washed with
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4

Tabl e 5, Hydrol ysis of Taxanes by Purified Enzyne Substrate

Remai ni ng | Product Slde

chai n Sanpl e ng/ m ' . nmg/ m my/mM 1
t axol 0. 268 ' 0. 003)5&/1.13‘9 '

0. 030 baccatin-111 - 0.43¥ 2 cephal omanni ne .0.239 2e

0.011 baccatin-111 0.190 3 7-xyl osyltaxol 0.250 3e

0.016 7-xyl osyl bacca- 0.182 0. 066

tin-111 4 7-xyl osyl -10- 0. 250 deacet yl t axol 4e

0.113 600 mi §9|ggypoggss1umopnggphagp(huﬁfer pH 7 and
centrifuged again to give 36.6 g wet cells. The
cells were frozen at -72°C, lyophilized to 2.5 g in
2 days, ground with a mortar and pestle and stored
at 2°C. 1.98 ml 50 mM potassium phosphate buffer
pH 7, 50 mg dried cells, and 0.5 mg baccatin III in
20 pl methanol were mixed with a Roto-Rack at
ambient temperature for the times indicated on
Table 1 following. Reactions were stopped by
addition of 2 ml methanol. Precipitate was removed

ff? with a microfuge, and samples were assayed by HPLC
~ Method 1 described following. The results obtained
are shown in Table 1.

Table 1

Time 10-desacetyl- Baccatin III Conversion
(Min) .- baccatin IIIX mg/ml - (%)
: mg/ml
0 0.007 0.252 -
30 _ 0.051 0.143 22
60 0.106 0.106 46

120 0.204 0.034 88

—a
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deacet yl bacca- [tin-111 5 10- deacet.yl -
0. 257 t axol Se 0. 000 10- deacet yl *0.150
baccatin-111 : - L P58/ L D59

- 56 - Exanpl e 12 Hydr ol ysFB28fLRR2dI i ng
Extract

i

An et hanol extract of Taxus %ﬁ cksii

Example 3
10-Deacetvlation of Taxol
A partially purified extract from

Nocardioides luteus ATCC 55426 (SC 13912) (purified
by anion exchange chrdmatography on Whatman DES52)
contained 34 milliunits/ml enzyme. (1 milliunit is
the amount of enzyme able to hydrolyze 1 nmole
baccatin III to l0-desacetylbaccatin III per minute
at 28°C in 50 mM potassium phosphate buffer pH 7

« containing. 0.25 mg/ml baccatin III and 1%
methanol.) 2 ml containing 50 mM potassium
phosphate buffer pH 7, 0.5 mg taxol, 1% methanol,
and 34 milliunits enzyme was incubated on a Fisher
RotoRack for 3.5 hours at 28°C. The reaction was
stopped by extraction with 4 ml methylene chloride.
The extract was dried, redissolved in methanol and
assayed by HPLC Method 3 described following. The
sample contained 0.075 mg taxol and 0.186 mg/ml
10-desacetyltaxol (78% conversion).

ATCC 55426 (SC 13912)

Nocardioides luteus ATCC 55426 was grown in
a fermentor on a medium containing 1% tryptone and
0.5% yeast extract. All purification steps were
carried out at 4°C in 50 mM phosphate buffel pH
7.2. The cells were suspended at 10% w/v in buffer
and passed through a micro-fluidizer twice at
10,000 psi for lysis. The cell lysate was then
clarified by centrifugation at 24,000 x g for 15
min. Ammonium sulfate was added to 60% saturation
and the resulting precipitate was suspended in
buffer containing 1M ammonium sulfate and applied
to a hydrophobic interaction chromatography
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seedl i ngs was concentrated 10- to 15-fold with nanofilters. 0.5 m extract,
0.5 mM 1 M potassium phosphate buffer pH 7, 54 nu partially purified enzyne
from Nocar di oi des al bus ATCC 55425 (SC 13911) (see Exanple 11 above) and 4
m water were m xed at 28[err]C for 48 hours on LDIALRSS Rot 0 Rack. A
control sanple received no enzyrd -Sanples were extracted with nethyl ene
chloride and the evaporated extracts were dissolved in nmethanol for

anal ysis by HPLC Method 2. The results obtained are shown in the follow ng

Tabl e 6. LD58/ LD59
-57 - (HIC-ether (Toya-pearl)) column (5.5 x 2.6 cm) at a

flow rate of 2 ml/min. The enzyme activity was
eluted with buffer. The active fractions were then
loaded on a Pharmacia Sephacryl s-200 gel
filtration column (2.6 x 84 cm) at 0.5 ml/min. The
active fractions from the column were loaded on an
anion exchange (BioRad-Q2) column (2 ml column,

. flow rate 2 ml/min) and the activity was eluted
with a salt gradient of 0-0.8M NaCl in 42 ml. The
active frdctions were pooled and applied to a

T Sephacryl $-200 column as described above. The
molecular weight of the enzyme was estimated to be
40,000 + 10,000 on gels containing sodium dodecyl
sulfate. The results obtained at various steps of
the above method were as follows: '

Specific

ml mg nu mu/mg &

Cell extract 100 450 2050 4.5 -

Amm. Sulfate 70 196 2830 14.4 138
HIC (ether) 7 24 953 39.9 46.5

: Sephacryl §-200 7 0.7 190 271 9.3
BioRad-Q2 3 0.09 51 567 2.5
Sephacryl $-200 8 0.03 26 867 1.3

* Purification of C-10-deacetylase: 1

milliunit enzyme (mu) catalyzes the conversion of 1
nmole/min of baccatin-III to
10-deacetylbaccatin~III at-25°C in 50 mM potassium.
phosphate buffer, pH 7, containing 0.25 mg/ml
baccatin-III and 1% methanol. Protein was
determined with BioRad Protein Assay Reagent.
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Table 6 Hydrol ysis of Seedlina Extract 10- DAB bacc- 11
ceph XDT from ng/ m ng/ m nmg/ m ng/ m ng/ M none 0. 167

0. 142 0. 243 0. 246 0.401 SC13911 0. 400 0.771 '8’999559 0. 027
0.000 Enzynme 10-DAT taxol C (DAB+B) e

/
(initial taxor )40 - yield
none 0.201 trace 116.8 SC13911 0.014 0.000 436.3. In Table
6: 10-DAB is 10-desacetyl baccatin 1|1

Example 4
to Baccatin IIX

Nocardioides luteus ATCC 55426 (sC 13912)
cells in 50 mM potassium phosphate buffer pH 7.2
(10% weight/volume) were'diSrupted with a
microfluidizer and the 10-deacetylase enzyme was
adsorbed from the extract on Whatman DEARE cellulose
DE52 anion exchanger by stirring for 3 hours (10 g
extract protein per liter DES52). The DE52 was
collected by filtration, washed with buffer and.
lyophilized to give 0.091 milliunits enzyme per mg
solid. 0.2 ml 1 M potassium phosphate buffer pH 8,
100 mg immobilized enzyme (i.e., immobilized on the
DE52 resin), 1.8 ml water, 2 mg
10-desacetylbaccatin III and 0.5 ml vinyl acetate
were vigorously stirred with a magnetic bar for
14.5 hours at room temperature. The reaction
mixture was extracted with methylene chloride. The
extract was dried and redissolved in methanol for
analysis by HPLC Method 1 described following. The
sample contained 0.688 mg/ml 10-desacetylbaccatin
III and 0.203 mg/ml baccatin III (19% conversion).
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bacc-111 or B is baccatin IIl ceph is cephal omanni ne XDT is

7-xyl osyl - 10- desacet yl t axol 10-DAT is 10-desacetyl taxol - C
LAI MS 1. A nmethod for the preparatiOQ(ggfu 4east one taxane
cont ai ni ng a hydroxyl group directgﬁnbonded at C 16 rﬁP %ing the steps
of contacting at |east one taxane t/ai ni ng an acyl oxy group directly
bonded at C-10 with an

HPLC Methods
Method 1

Column: Hewlett Packard hypersil 5 micron ODS C18
200 x 4.6 mm

Mobile phase: 55% methanol, 45% water

Flow rate: 1 ml/min ' '

Column temperature: ambient

Detection wavelength: 235 nm

Method 2
Column: Phase Separations Inc. (Norwalk, CT)

microbore spherisorb phenyl 150 x 2.0 mm, 3
micron

Mobile phase: Solvent A:15 mM KHPO4, adjusted to
PpH 4 with trifluoroacetic acid. Solvent B:

acetonitrile
Time/Minute Solvent A (%) Solvent B (%)
0 75 25
20 55 45
23 40 60
24 25 175
28 75 25

Column temperature: 35°C
I Detection wavelength: 230 nm.

Method 3! | :

Column: Hewlett Packard hypersil 5 micron ODS C18
200 x 4.6 mm

Mobile phase: 60% methanol, 40% water

Flow Rate: 1 ml/min

Column temperature: ambient

Detection wavelength: 235 nm

1 See also Monsarrat et al., Drug Metabolism
and Disposition, 18, 895-901 (1990).
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-
enzyme or mcroorgani smcapable of catalyzing the hydrolysis of said
acyl oxy group to a hydroxyl group, and effecting said hydrolysis.

2. The nethod of claim1, wherein at |east one C *0 hydroxyl-bearing
taxane of the following formula |I is prepared: LbSé/LD59Mhere
- 42 -
Example 5

Hydrolvsi : 114 Ext -
An ethanol extract of Taxus hicksii
seedlings was concentrated 10- to 15-fold with
nanofilters. 0.5 ml extract, 0.5 ml 1 M potassium
phosphate buffer pH 7, 54 milliunits partially
purified enzyme from Nocardioides albus ATCC 55425
(sC 13911) (purified by anion exchange
chrom§togfaphy and ammonium sulfate precipitation)
- and 4 ml water were incubated at 28°C for 48 hours
i on a Fisher Roto Rack. (An enzyme from ATCC 55425
may be employed for the hydrolysis at C-13 as
described herein). A second tube contained the
same mixture and also 14 milliunits enzyme from
Nocardioides luteus ATCC 55426 (SC 13912)
immobilized on 500 mg DE52 as described in Example
4. After 23 hours incubation at 28°C, a second
portibn of 14 milliunits enzyme from ATCC 55426 on
DES52 was added along with 4 ml water, and
incubation was continued for 22 hours. A control
sample received no enzymes. Samples were extracted
with methylene chloride, and the evaporated
7y extracts were dissolved in methanol for analysis by
) HPLC Method 2 described above. The results
obtained are shown in Table 2 following. .
The results show that, after treatment with
the C-13 deacylase from SC 13911, there was
depletion of taxol, cephalomannine, 7-xylosyl-10-
deacetyltaxol and 10-deacetyltaxol, while the
amount of baccatin III and 10-deacetylbaccatin III
increased. The molar ratios of 10-deacetylbaccatin
IIXI plus baccatin III to initial taxol was
increased from 117% to 436%. When the seedling
extract was treated with both the C-13 deacylase
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R1 is hydroxyl or acyloxy; [err] is hydrogen, hydroxyl, fluoro, [err]-0O,

xyl osyl [err]-C(O-0O or [err]-0-C(O-0O; [err] and [err] are

i ndependent |y hydrogen, alkyl, al kenyl , al kynyl, cycl oal kyl
cycl oal kenyl , aryl, or heterocyclo; R5 iss a hydroxyl protecting
group; and R6 is hydrogen, alkyl, alkenyl, alky#§$§/LD59 cycl oal kyl ,
cycl oal kenyl, aryl or “ek3erocycl o, : '

- 59- or a salt thereof,

from SC 13911 and the C-10 deacylase from SC 13912,
baccatin III was converted to l0-deacetylbaccatin
III and the concentration of 1l0-deacetylbaccatin
III was increased by 6-fold compared to the initial
value. Thus, treatment of a mixture of taxanes
with the C-13 deacylase and C-10 deabylase gave 10-
deacetylbaccatin III as the principle product.

This is the replacement sheet
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by contacting at |east one C 10 acyl oxy-bearing t axane of the

followng fornmula I1: [err]
wher e [err] and [err]. are as defined above; and R7 is acyl oxy,
or a salt thereof, Wi th an enzynme or nicroor%?ni5n1%§Pable of
catal yzing the hydrolysis of said B7 acyloxy group D58/LRYY a hydr oxy
~ 44 < :
gr oup.
Iable 2

Enzyme 10-desacet- baccatin 7-xylosyl~ cephalo- taxol 10-DAT
£ron ylbaccatin III mg/ml 10-desacet- mannine ng/ml ma/ml

III_ma/ml . yltaxol ng/ml
ma/ml

None 0.167 0.142 0.246 0.243 0.401 0.201

$C13911 0.400 0.771 0.027 0.000 0.000 0.014
- 11 +12+ ' 1.025 0.000 0.000 0.000 0.000 0.000

Enzyme taxol C p+B/T "

Lxom na/ml

None trace 116.8

SC13911 0.000 436.3

11 + 12 0.000 400.8

10-DAT is 10-desacetyltaxol

+ SC 13911 and SC 13912
* D+B/T is the molar % yield of (10-

deacetylbaccatin IIT and baccatin III) divided by
T {(initial taxol)

s the replacement sheetl
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3. The nethod of claim1, wherein the acyl oxy-bearing taxane
starting material enployed in said hydrolysis nethod conprises a m xture of

acyl oxy-beari ng taxanes. 4. A nethod for the preparation
of at | east one taxane containing an acylyag AlEy directly
bonded at C 10, conprising the ,feps of contacting at |east one

t axane containing a hydr oxyl group directly bonded at C-10 with an
acyl ating agent and an enzyne or m croorgani sm capabl e of catal yzing
the esterification of said hydr oxyl group to an acyl oxy group, and
effecting sai d esterigksabiens

Difco spirit blue agar medium (5.25 g) in
150 ml distilled water was sterilized and partially
cooled according to the manufacturer's
instructions. The medium contained 10 g tryptone,'
5 g yeast extract, 20 g agar, and 0.15 g spirit
blue per liter. 25 mg taxol and 10 Hl Tween 80 in
1 ml methanol were added to the medium through a
sterile filter. 15 ml medium were used per 100 mm
x 15 mm petri dish.

After the plates had cooled and dried, soil
samples were plated out as follows. 2 g soil was
suspended in 40 ml water. A sample of the
suspension was diluted 100-fold with water and 0.1
'ml was spread per plate. The water used had been
filtered through a 0.22 u filter. Plates were
incubated at 28°C, and colonies surrounded by a
cleared zone were selected. The basis for the
selection was that taxol is insoluble at the
concentration used in the medium, giving the plates

3 a cloudy appearance, whereas baccatin III and the

' side chain produced by hydrolysis are soluble,

thereby forming a clear zone around the colonies. .
The microorganisms selected include: Nocardioides

albus strains ATCC 55424 (SC 13910) and ATCC 55425

(sC 13911); and Nocardioides luteus strain ATCC

55426 (sc 13912).

"Example 7
1 of C-13 Sidechain f T ]
The reaction of this Example proceeded as
set forth in Scheme 1 following. 50 ml Erlenmeyer
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5. The method of claim4 , wherein at |east one C 10 acyl oxy-bearing
taxane of the followng fornmula Il is prepared: [err]
[err] where [err] is hydroxyl or acyl oxy;

+.D58 /LD59
- 46 -

flasks containing 10 ml medium were inoculated with
Nocardioides albus strains ATCC 55424 (SC 13910) or
ATCC 55425 (sC 13911) isolated from soil as
described in Example 6 and shaken for two days at
28°C, 150 RPM. The medium contained per liter
distilled water: 10 g Bacto tryptone, 5 g Bacto
yeast extract and 0.06 ml Tween 80 at pH 6.8 & 0.2.
Cells were removed by centrifugation and the pH of
the supernatants was adjusted from 8.66 to 7 with 1
M KHzPOg.

0.5 mg taxol in 20 Kl methanol was added to
2 ml of each supernatant and the mixtures were
stirred for 21 hours at ambient temperature (about
23°C). The solutions were extracted with 4 ml
CH2Clz. Extracts were dried under Nz at room
temperature, redissolved in methanol and analyzed
by HPLC (Method 3 described above). Supernatant
from strain ATCC 55424 (SC 13910) gave 0.008 mg/ml
taxol and 0.163 mg/ml baccatin III (94.9 mol%
conversion). Supernatant from strain ATCC 55425
(SC 13911) gave 0.014 mg/ml taxol and 0.166 mg/ml

baccatin III (96.7 mol% conversion). (Baccatin III
-y and the cleaved side chain product were identified
o by LC-MS).

et
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R2 is hydrogen, hydroxyl, fluoro, [err]-0O, xylosyl, [err]-C(O-0O
or R6-0-C(O-0O; R3 and R4 are independently hydrogen, alkyl,

al kenyl . al kynyl, cycl oal kyl, cycl oal kenyl : aryl, -or hetérocyclo; R5
is a hydroxyl protecting group; R6 is hydrogen, alkyl,_al kenyl, alkynyl,
cycl oal kyl, cycl oal kenyl, aryl or - g7 heterocyclo; faIH@sF#D 2 acyl oxy, or

a salt thereof, by contacting at |east one C 10 hydroxyl -bearing taxane of
the following fornula I:

Scheme 1

TAXOL

OAc
. — OH
HOllu. 0
{l:
—OH
OH i o " HO— cle
: Cl) OAc ]
CH~-N
C=0 ~, H
. =0
Baccatin-II
Sidechain
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[err] where R1, R2, R3 and R4 are as defined above, or a salt thereof,
with an acyl ating agent and an enzyne or m croorgani sm capabl e of
catal yzing the esterification of the G 10 hydroxyl group to formsaid R7
acyl oxy group. | ' LD58/LD59

- 48 -

Example 8

Two 50 ml Erlenmeyer flasks each containing
10 ml medium (35 g corn steep liquor, 20 g
cerelose, 5 g (NH4)2S04, 3.5 g CaCO3z, and 5 ml
soybean oil brought to 1 liter with distilled
water) were each inoculated with 0.5 ml Nocardiodes
albus strain ATCC 55425 (SC 13911). After two days
incubation at 28°C, 150 RPM, these two cultures
were added to a 4 L flask containing 1 L of the
medium used in Example 7. After 72 hours at 28°C,
200 RPM, cells were removed by centrifugation and
the supernatant was adjusted from pH 8.16 to pH 7

_with 1 M KH3POq.

0.5 mg cephalomannine in 20 pl methanol was
incubated with 2 ml supernatant for 17 hours on an
end-over-end shaker (Fisher Roto-Rack). The
solution was extracted with methylene chloride, the
extract was evaporated, resuspended in methanol and
analyzed by HPLC (Method 2 described abbve).
Cephalomannine concentration was decreased from
0.175 mg/ml to 0 and 0.110 mg/ml baccatin III was
produced (89 mol% yield based on analyzed initial
cephalomannine concentration). |

Example 9
_ . . 7 ax

Enzymes from Nocardiodes albus straiﬁs ATCC
55424 (sC 13910) and ATCC 55425 (sSC 13911) were
prepared as described in Example 8, except that 1 L
cultures were incubated for two days instead of"
three. Nocardioides luteus strain ATCC 55426 (SC
13912) was grown as described for Nocardiodes albus
strain ATCC 55425 (SC 13911) in Example 8. After

This is the replacement shieet
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6. The met hod of claim4 , wherein the hydroxy-bearing taxane starting
material enployed in said esterification nmethod conprises a m xture of
hydr oxy- beari ng taxanes. 7. The nethod of claim6 , wherein
said m xture of taxanes is obtained by plant cell cultUuLRS®fLDSNd/ or

extraction from plant tissue. whereih &ni-d plant is a nenber of the Taxus
genus. :

three days, cells were harvested by centrifugation,
washed with 600 ml 50 mM potassium phosphate buffer
PH 7 and centrifuged again. 36.6 g wet cells were
frozen at -72°C, lyophilized to 2.52 g in two days,
ground with a mortar and pestle, and stored at 2°C.
1.8 ml supernatant from strains ATCC 55424
(SC 13910) and ATCC 55425 (SC 13911), and 50 mg
dried cells of strain ATCC 55426 (SC 13912) in 1.8
ml water were each incubated with 0.5 mg 7-
xylosyltaxol in 0.2 ml methanol for 42 hours at
room temperature on a Fisher Roto-Rack. The
reactions were extracted with methylene chloride,
and the dried extracts were dissolved in methanol
for HPLC analysis (Method 3 described above). 7-
Xylosyltaxol decreased from 0.218 mg/ml to 0 with
each enzyme. The major product in each sample was
identified as 7-xylosylbaccatin III by HPLC - mass
spectrometry. Based on a baccatin III standard,
ATCC 55424 (SC 13910), ATCC 55425 (sC 13911), and
ATCC 55426 (SC 13912) gave 7-xylosylbaccatin III
product concentrations of 0.112, 0.118, and 0.120
mg/ml, respectively. Using the same extinction
coefficient at 235 nm for baccatin III and 7-
A xylosylbaccatin IXII, the calculated yields would be
" 88%, 93%, and 94%, respectively (molar %s). .
Example 10
1 g Taxus hicksii needles was extracted with
10 ml methanol:acetic acid 5000:1. To 10 ml
extract was added 10 ml water:acetic acid 500:1.
The mixture was centrifuged for 10 minutes at
48,000 x g and 20°C. The pellet was discarded. 4
ml extract and 16 ml supernatant from Nocardioides
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8. The met hod of claim4, wherein said acylating agent is a conpound of

the following fornmula IV: [err] where [err] is alkyl,

al kenyl , al kynyl, aryl, cycl oal kyl, . cycloalkq&gh/ibsgeterocyclo; and
L is a leaving group which may be_dggpLaced to form an ester group.
9. .The nethod of claim8, wherein~said acylating agent is vinyl acetate.

10. An enzyne capable of the hydrol ysis of

albus strain ATCC 55424 (SC 13910) or ATCC 55425
(SC 13911) (prepared as described in Example 9)
were shaken in a 50 ml Erlenmeyer flask at 28°C,
150 RPM for 42 hours. Samples were extracted with
methylene chloride and the evaporated extracts were
dissolved in methanol for analysis by HPLC {(Method
2 described above). The taxane concentrations and
molar ratios of (bacéatin III + 10-
desacetylbaccatin III)/initial taxol, with and
without enzyme treatment, are shown in the
folloﬁing Table 3.
Table 3
Enzvmatic Hvdrolvsis of Needle Extract

. Enzyme  10-des- baccatin 7-xylosyl- cephalo- taxol ADAB+B) "

from* acetyl- III ug/ml 10-des- mannine Ma/ml dtaxol)
baccatin acetyltax- Ua/ml
III _ug/ml ol ug/ml

None 0.126 trace 0.012 0.153 0.392 50.4

§C13910 0.602 0.319 0.000 0.000 0.000 359.3

SC13911 0.959 0.294 0.000 0.000 0.000 492.8

e * values given in molar % (DAB + B)+(initial
| taxol);
DAB = 10-desacetylbaccatin IIX ' .

B = baccatin III

“This is the replacement sheet
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claim1l1, or the esterification of claim4 , which is isolated from
Nocar di oi des | ut eus ATCC 55426 (SC 13912). 11. - A nethod for the
preparation of at |east one taxane containing a hydroxyl ygam.pmbo ectly
bonded at C-13, conprising the steps of. ggntacting at |east one taxane
contai ning an acyloxy group directly bonded at C13 with an enzyne or

m cr oor gani sm capabl e of catal yzing the hydrolysis of said acyl oxy group to
a hydroxyl group, and effecting said hydrolysis.

- 63 -

Example 11
Hydrolvsis of Taxanes

100 ml medium (35 g corn steep liquor, 20 g
cerelose, 5 g ammonium sulfate, 3.5 g calcium
carbonate, and 5 ml soybean oil brought to 1 liter
with distilled water) in a 500 ml Erlenmeyer flask
was inoculated with 1 ml Nocardioides albus ATCC
55425 (sC 13911) in the same medium and shaken for

-~ 2 days at 28°C. 20 ml of this culture was
a ' transferred to 1 L distilled water containing 10 ¢
tryptone and 5 g yeast extract, pH 6.8 + 0.2 in a 4
L Erlenmeyer flask. The flask was shaken for 3
days at 28°C, cells were removed by centrifugation
and the supernatant was adjusted from pH 7.89 to pH
7 with 1M KH2PO4.

All purification steps were performed at
4°c. The supernatant was applied to 150 ml Whatman
DE52 anion exchanger in 25 mM potassium phosphate
buffer pH 7 in a 5 cm diameter column. The column
was washed with 150 ml buffer, then 450 ml buffer
containing 0.25 M NaCl. Enzyme activity was eluted

4 with buffer plus 0.45 M NaCl. The flow rate was 5
ml/min. Ammonium sulfate (100 mg/ml) was added to
the most active fractions from the DES2 column, and
the solution was applied to 30 ml Pharmacia Phenyl
Sepharose CL-4B (hydrophobic interaction
chromatography) in 50 mM potassium phosphate buffer
pH 7 containing 100 mg/ml ammonium sulfate in a 2.6
cm diameter column at a flow rate of 1.6 ml/min.
The column was washed with 150 ml buffer plus 20
mg/ml ammonium sulfate, then activity was eluted
with buffer alone. The most active fractions from

-mhhmmwmmmmmut
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12, The nethod of claim 11, wherein at |east one C.13 hydr oxyl - beari ng
taxane of the followng fornula V is prepared: : :
[err] where R12 i s hydrogen, hydroxyl, [err]lﬁ}, [err]-C(O-0O, or
[err]-OC (0) -0-; LD53/LD5S
- 52 -

the Phenyl Sepharose column were concentrated by
ultrafiltration to 4 ml using an Amicon ¥YM10
membrane and passed through a Pharmacia Sephacryl
§-200 gel filtration column (2.6 x 84 cm) at a flow
rate of 0.65 ml/min. The fraction of highest
specific activity had a single band of molecular
weight 49,000 + 10,000 on a sodium dodecyl sulfate
(SDS) gel. The purification is summarized in Table
4 following. (1 milliunit enzyme (mu) catalyzes
the convetsion of 1 nmole/min of taxol to
baccatin-III at 28°C in 50 mM potassium phosphate
buffer containing 0.25 mg/ml taxol and 1%
methanol.)

“This is the raplacement sheet
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‘R i s hydrogen, hydroxyl, fluoro, [err]-o-, xylosyl, [err]-CXb)-O-
or [err]-OC(O-0O; [err] and [err] are independently hydrogen, alkyl,

al kenyl , al kynyl, cycl oal kyl, cycl oal kenyl , aryl, or heterocyclo; R5
Is a hydroxyl protecting group; and R& Is hydrogen, alkyl, alkenyl,
al kynyl , cycl oal kyl, cycl oal kenyl, "aryl 1.668/1,p59 heterocyclo, or a
salt thereof, by contacting ats5geast one C 13 acyl oxy-bearing taxane of the
following formula VI: _ ' [err]
Table 4
ml mg . m
medium 1000 885 4664
DES2 99 104 1194
Phenyl Sepharose 16 6.45 801
CL-4B .
~y Sephacryl S-200 8.8 0.150 164
Step S {fic Activi
mu/mg k1
medium . 5.27
DES2 11.5 _ 25.6.
Phenyl Sepharose 124 17.2
CL-4B '
Sephacryl S-200 1093 3.5
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where [err] and [err] are as defined above; and R7 is acyloxy, or a salt
thereof, wth said enzyme or m croorgani sm 13. The net hod of
cIa|n112 wherein said taxane of the formula VI 1S cephal omanni ne, 7-

xyl osyl - 10- desacet yl taxol , |0-desacetyltaxol, 7- yltaxol , taxol-C,
and/ or taxol, and said _ 54 - ﬁﬁ%§§i$§§i

To demonstrate the activity of the enzyme
purified above, the following experiments were
conducted employing the taxane substrates listed in
Table 5.

Samples were prepared containing 0.5 mg
taxane substrate and 1% methanol in 2.0 ml 50 mM
potassium phosphate buffer, pH 7 (Samples 1, 2, 3,
4 and 5). Samples were also prepared containing 10
mu enzyme of the enzyme purified through the Phenyl

B Sepharose' CL-4B step described above in addition to
- 0.5 mg taxane substrate and 1% methanol in 2.0 ml
50 mM potassium phosphate buffer, pH 7 (Samples le,
~2e, 3e, 4e and S5e). All samples were mixed for 16
hours with a Fisher Roto Rack at 28°C. Samples 1,
le, 2, 2e, 5 and 5e were extracted with 4 ml
methylene chloride. 2 ml of the extract were
dried, redissolved in 1 ml methanol and analyzed by
HPLC Method 3. Samples 3, 3e, 4 and 4e were
diluted with 2 ml methanol and analyzed by HPLC
Method 3 (C-13 sidechain was measured in these
latter samples only).

e

Table 5 shows the amount of taxane substrate
(mg/ml) remaining in each of the samples after
incubation, as well as the amount of pfoduct taxane
(mg/ml) present at the end of the incubation. 2as
can be seen from Table 5 (see Samples le, 2e, 3e,
4e and 5e), the enzyme purified as above is
effective in remov1pg the C-13 side chalnﬁby
hydrolysis of the taxane substrates llstqg therein.

L
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taxane of the fornula V is baccatin II1, IO-desacetbeaccatin 111

7-xyl osyl - 10- desacetyl baccatin |1l and/or 7-xylosylbaccatin I1]

14. The met hod of claim 12, wherein the acyl oxy-bearing taxane starting
mat eri al enployed in said hydrol ysis nethod conprises a m xture of

acyl oxy-bearing taxanes having different sidechai gps/1Esh3. . 15.
The nmethod of claim1l, wherein_sggd_enzyne is a hydrol ase. 16.

The nethod of claim 1l , wherein, subsequent to said hydrolysis, said at
| east one taxane containing a hydroxyl group directly bonded at C- 13, in
whi ch hydroxyl groups at positions other than C-13 are optionally

protected, is Table 5
rolvsi E ] ified E

. chain
Sample ma/ml | na/ml  me/ml
1 taxol 0.268 ! 0.003
le 0.030 |baccatin-IIT 0.170
2 gephalomannine 0.239 1
- 2e 0.011 |baccatin-III 0.190
3 7-xylosyltaxol 0.250 l
3e - 0.016 17-xylosylbacca- 0.182 0.066
" jtin-IIX
4 7-xylosyl-10- 0.250 |
deacetyltaxol
de 0.113 17-xylosyl-10- 0.108  0.044
|deacetylbacca-
. 1tin-III
S  10-deacetyl~  0.257 |
taxol
Se 0.000 |10-deacetyl 0.150

jbaccatin-IIX
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coupled with a conpound forming an acyl oxy sidechain at C 13.
17. The nethod of claim 16, wherein taxol is ultimately prepared by said

met hod conpri sing hydrol ysis and coupllng L 18. The net hod of
claim2, wherein said ‘1058 /1.D59

- 56 -

Example 12
Hvdrolyvsi f Seedli Ext !

An ethanol extract of Taxus hicksii
seedlings was concentrated 10- to 15-fold with
nanofilters. 0.5 ml extract, 0.5 ml.1 M potassium
phosphate buffer pH 7, 54 mu partially purified
enzyme from Nocardioides albus ATCC 55425 (SC
13911) (see Example 11 above) and 4 ml water were
mixed at 28°C for 48 hours on a Fisher Roto Rack.
A control sample received no enzyme. Samples were
.extracted with methylene chloride and the
evaporated extracts were dissolved in methanol for
analysis by HPLC Method 2. The results obtained
are shown in the following Table 6. |
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taxane of the fornmula Il is baccatin IIl, and wherein said taxane of the
formula | is | 0-desacetyl baccatin II1. 19. . The nmethod of clains 3
r 14, wherein said m xture of taxanes is obtained by plant cell culture
of, and/or extraction from plant tissue, wherein ng? B#gnt is a nenber of
the Taxus genus. 20. Ihg met hod of anyo ains 1,4 and 11,
wherein a mcroorganismis enpl oy é which is within one of the follomﬁng
genera: Nocardi oi des, Nocardi a, Rhodococcus, M ccropol yspora,
Sacchar opol yspora, Pseudonocardia, Qerskovia, Prom crononospora, or

| nt rasporangi um - 21. JEQEEEJ?EthOd of claim 20, wherein a

m croorgani smis engloyed which I's Wi.ithin the genus Nocar di oi des.

Enzvme  10-DAB bacc-I711 geph ZDT taxol
£rom ma/ml mg/ml ma/ml ma/ml ma/ml
none 0.167 0.142 0.243 0.246 0.401
$C13911 0.400 0.771 0.000 0.027 0.000

Enzvme 10-DAT faxol C {DAB+B) /

(initial
i taxol)
N from ma/ml ng/ml melt
yield
none 0.201 trace 116.8
SC13911 0.014  0.000 436.3

In Table 6:
10-DAB is 1l0-desacetylbaccatin III
bacc-III or B is baccatin III
ceph is cephalomannine

: XDT is 7-xylosyl-l1l0-desacetyltaxol
10-DAT is l0-desacetyltaxol

Vot
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22.  The method of claim 21, wherein said mcroorganismis selecteé}from
the group consi sting of Nocardioi des al bus, Nocardi oi des fl avus,

oca Il llﬂﬁlllllﬂilllﬂﬂi\ Noardiofdes uteus, ocardi o des il ex, and””

clalﬁ22° wher Bi n® sdid microorgad®smis selected fromthe group consisting

CLAIMS

1. A method for the preparation of at
least one taxane containing a hydroxyl group
directly bonded at C-10, comprising_the'steps of
contacting at least one taxane containing an
acyloxy group directly bonded at C-10 with an
enzyme or microorganism capable of catalyzing the
hydrolysis of said acyloxy group to a hydroxyl
group, andseffecting said hydrolysis.

2. The method of claim 1, wherein at
least one C-10 hydroxyl-bearing taxane of the
following formula I is prepared:

0-C(0)R3
O-C(O)R?

where

Rl is hydroxyl or acyloxy:

R? is hydrogen, hydroxyl, £luoro, R5-0-, xylosyl,
Ré-C(0)-0- or R6-0-C(0)-0-;

R3 and R4 are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group; and

R6 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or
heterocyclo,

g the: rap\aoomem sheet
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1 of NﬁcaFdTbideg“afbus ATCC 55424 (SC 13910), Nocardi oi des al bus ATCC 55425
(SC 1 | oi des | uteus ATCC 55426 (SC 13912). 24. The
netho {ﬁf[!ﬂalns 1,4 and 11, wherein saird enzynme is derived from
a nlcroorganlsm is within one of the follow ng genera: Nocardioides,
Nocar di a, Rhodococcus, M cropolysp ?a Saccharopolyspora Pseudonocar di a,
Cer skovi a, Pronicronnnospora raspor angi um 25. The
nmet hod of claim 24, wherein sald enzyne is derived froma m croorgani sm
which is within the genus Nocardioi des. 26. The net hod of claim
25, where a e derived froma nicroorganisn1se|ected fromthe
group con??sélﬁglg Eﬁ%car i‘oi des .al bus, rdi oi.des flavus Nocar di oi des

fulvus, Ky¥cS&PBESCEARI| &ttet}@asﬂo@é‘tedi%|1(9e§c§( sPeanif

taxane of the following formula II:

where

Rl, R2, R? and R% are as defined above; and

R? is acyloxy,.

or a salt thereof,

with an enzyme or microorganism capable of
catalyzing the hydrolysis of said R?7 acyloxy group
to a hydroxyl group. '

3. The method of claim 1, wherein the
acyloxy-bearing taxane starting material employed

A in said hydrolysis method comprises a mixture of
acyloxy-bearing taxanes.

4, ‘A method for the preparation of at
least one taxane containing an acyloxy group
directly bonded at C-10, comprising the steps of
contacting at least one téxane containing a
hydroxyl group directly bonded at C-10 with an
acylating agent and an enzyme or microorganism
capable of catalyzing the esterification of said

hydroxyl group to an acyloxy group, and effecting
said esterification.



Nocar di oi des thermml il aci nus. 27. The net hod of cl ai m 26,
wherein said enzyne is derived froma m croorgani sm sel-ected fromthe

grouplW“ﬂHﬂEMlHﬂ‘cardi oi des al bus ATCC 55424 (SC 13910),- Nocar di oi des
al bus 13911), and Nocardi oi des l.uteus ATCC . 55426 (SC
13912)* ¢ b M %28*  The met®8d of clainms 1 or 4, wherein the taxane
product obtained is enployed in the preparation of a taxane bearing an

acyl oxy group at _
5. . The method of claim 4 , wherein at
least one C-10 acyloxy-bearing taxane of the
following formula II is prepared:

O-C(O)R?

where

Rl is hydroxyl or acyloxy;

R2 is hydrogen, hydroxyl, fluoroc, R3-0-, xylosyl,
R6-C (0) -0- or R6-0-C(0)-0-;

R3 and R4 are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group;

R6 is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, aryl or

- heterocyclo; and
* R7 is acyloxy,

or a salt thereof,

by contacting at least one C-10 hydroxyl-bearing

taxane of the following formula I:

' et
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29. A neth ecting a m croorgani sm which, fhen contacted with a
taxane contai ning an acyloxy group directly bonded at C-. 13, is capabl e of

‘ a“ﬁﬁn “ | oxy group to forn1a hydroxyl group directly bonded at
““ﬂm steps of: (a) ‘selecting. a salid growth nedium
(|) tn Shitch® he n1croorgan|sn1t@lbe screened will grow, (ii) in which the
starting G 13 acyl oxy-bearing taxane is insoluble and thus, in adm xture
with the growth nmedium has a cloudy appearance, and (iii) in which the
desired C-13 hydroxyl -bearing taxane product, and, optionally, the desired
cl eaved C-13 sidechain product, aregsoluble and thus, in adm xture with the
growth medium has a cl eadQ appg e; (b) placing said '

m croorgani sminto contact Yitlh ghe|lgrowh nedlun1selected in step (a)
above, into which t 8

O-C(O)R*

.

where
R!, R2, R? and R% are as defined above,

or a salt thereof,

with an acylating agent and an enzyme or
microorganism capable of catalyzing the
esterification of the C-10 hydroxyl group to form
said R7 acyloxy group.

6. The method of claim 4 , wherein the
hydroxy-bearing taxane starting material employed
in said esterification method comprises a mixture
of hydroxy-bearing taxanes.

_ 7. The method of claim 6 , wherein said
) .mixture of taxanes is obtained by plant cell
culture of, and/or extraction from, plant tissue,
wherein said plant is a member of the Taxus genus.

snheet
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has been adm xed, and under conditions allow ng growth of the n1croorgan|sm

to occur; and c) observing whether a clear. zone, .indicating that
said m mulaﬂh pabl e of said hydrolysis, appears around the area
in vvh| igﬂ “ﬂ Croorgani sm occurs. 30: A nethod for
sel ecti & mtcr dor anlsn1mh|ch -Mé@n- cont acted with a taxane containing an

acyl oxy group directly bonded at G 13, is capable of hydrol yzing said
acyl oxy group to

8. The method of claim 4, wherein said
acylating agent is a compound of the following
formula IV:

Ril-c(o)-1L (IV)

where
"Rl is.alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl or heterocyclo; and
L is a leaving group which may be displaced to form
an ester group.

9. The method of claim 8, wherein said.
acylating agent is vinyl acetate.

10. An enzyme capable of the hydrolysis of
claim 1, or the esterification of claim 4, which

is isolated from Nocardioides luteus ATCC 55426 (sC
13912).

11. A method for the preparation of at
least one taxane containing a hydroxyl group )
directly bonded at C-13, comprising the steps of
contacting at least one taxane containing an
acyloxy group directly bonded at C-13 with an
enzyme or microorganism capable of catalyzing the
hydrolysis of said acyloxy group to a hydroxyl
group, and effecting said hydrolysis.
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forma hydroxyl group directly bonded at C- 13, conprising the steps of:

(a)eziggu_ag olid growth medium (i) in which the mcroorganismto be
screened w | |

in which the starting C 13"acyl.oxy-bearing taxane
i's so \%ﬁs\“n adm xture with the growth nmedi'um has a clear
appea ma si 1y in which thg desired C-13 hydroxyl -bearing taxane
products and* optionally, the des $6d cl eaved C 13 sidechain product, are
i nsol ubl e and thus, in adm xture with the gromh nmedi.um has a cl oudy

appear ance; (b) placing said mcroorganisminto contact with the
growt h nmedi um sel egped i N PREPMéRYo@NON 1 d 1 O1 Vi ghet8Ensiarting G 13
acyl oxy- be% t axane has been adnmi xed, and under conditions all ow ng
grow h of SGaid s}f‘i{‘i"’{ﬁ%@c‘l}?ea’-&rﬂﬂ taxane Qf Rerving whet her a

cl oudy zon@onmm |ﬂtg-ntd1pé vaidl pragpe@ani smis capable of said
hydrol ysis, appears around the area in which growh of the m croorgani sm

occurs. Gz 0 R2
™
H
o)
) O-C(O)R®
} O-C(O)R*

where

R12 jg hydrogen, hydroxyl, R3-0-, R6-C(0)-0-,.0r
R6-0-C(0) -0-;

R? is hydrogen, hydroxyl, fluoro, R3-0-, xylosyl,
R6-C(0)-0- or R6-0-C(0)-0-;

R3 and R? are independently hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, or heterocyclo;

RS is a hydroxyl protecting group; and

_ R® is hydrogen, alkyl, alkenyl, alkynyl,
S cycloalkyl, cycloalkenyl, aryl or

heterocyclo, .
or a salt thereof,
by contacting at least one C-13 acyloxy-bearing
taxane of the following formula VI:

B-C(O)R3
O-C(O)R*
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31. The m croorgani sm Nocar di oi'des al bus ATCC 55424 which is biologically
pure. 32. The m croorgani sm Nocar di i des glkbus ATCC 55425 whi ch

i's bi ollHI ) 33. The m croorgani sm Nocardi oi des | ut eus
ATCC SMHWW mmmru)lml ogically par@4 - 34. An enzyme capabl e of

t he hydrol §si's df ¢l arm 11 which is isolated from Nocardioi des al bus ATCC
55424. :

where :

R12, R2, R3 and R% are as defined above; and
R7 is acyloxy,

or a salt thereof,

with said enzyme or microorganism.

13.  The method of claim 12, wherein said
taxane of the formula VI is cephalomannine, 7-
xylosyl-1l0-desacetyltaxol, l0-desacetyltaxol,
7-xyl$syltaxol, taxol-C, and/or taxol, and said
taxane of the formula V is baccatin III,
10-desacetylbaccatin III, 7-xylosyl-10-
desacetylbaccatin III and/or 7-xylosylbaccatin III.

14. The method of claim 12, wherein the
acyloxy-bearing taxane starting material employed
in said hydrolysis method comprises a mixture of

acyloxy-bearing taxanes having different sidechains
at C-13.

15. The method of claim 11, wherein said
enzyme is a hydrolase.

L]

16. The method of claim 11, wherein,
subsequent to said hydrolysis, said at least one
taxane containing a hydroxyl group directly bonded
at C-13, in which hydroxyl groups at positions
other than C-13 are optionally protected, is
coupled with a compound forming an acyloxy
sidechain at C-13.

This is the raplacement sheet

02 SEP 9%

Date:



35. An eﬁ?yne~capab¥e~eL_Lhe hydrol ysis of claim 11 which is isolated from

hbcardi0| JCC 55425. 36. An.enzynme capable of the
hydr ol ysi m’m# #i ﬂ ’M" h is isol at ed from Nocardl oi des | .ut'eus ATCC
55426.

17. The method of claim 16, wherein taxol
is ultimately prepared by said method comprising
hydrolysis and coupling.

18. The method of claim 2, wherein said
taxane of the formula II is baccatin III, and
wherein said taxane of the formula I is
lo-désacetylbaccatin III.

19. The method of claims 3 or 14, wherein said
mixture of taxanes is obtained by plant cell
culture of, and/or extraction from, plant tissue,
wherein said plant is a member of the Taxus genus.

20. The method of anyone of claims 1,4 and 11, wherein a
microorganism is employed which is within one of
the following genera: Nocardioides, Nocardia,
Rhodococcus, Micropolyspora, Saccharopolyspora,
Pseudonocardia, Oerskovia, Promicromonospora, or
- Intrasporangium.

21. The method of claim 20, wherein a .

microorganism is employed which is within the genus
Nocardioides.

22. The method of claim 2], wherein said
microorganism is selected from the group consisting
of Nocardioides albus, Nocardioides flavus,
Nocardioides fulvus, Nocardioides luteus,
Nocardioides simplex, and Nocardioides
thermolilacinus.
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23. The method of claim22, wherein said
microorganism is selected from the group consisting
of Nocardioides albus ATCC 55424 (SC 13910),
Nocardioides albus ATCC 55425 (SC 13911), and
Nocardioides luteus ATCC 55426 (SC 13912).

24. The method of anyone of claims 1,4 and 11, wHerein said
enzyme is derived from a microorganism which is
withint one of the following genera: Nocardioides,
Nocardia, Rhodococcus, Micropolyspora,
‘Saccharopolyspora, Pseudonocardia, Oerskovia,
Promicromonospora, or Intrasporangium.

25, The method of claim 24, wherein said
enzyme is derived from a microorganism which is
within the genus Nocardioides.

26. The method of claim 25, wherein said
enzyme is derived from a microorganism selected
from the group consisting of Nocardioides albus,
Nocardioides flavus, Nocardioides fulvus,
Nocardioides luteus, Nocardioides simplex, and
Nocardioides thermolilacinus.
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29. A method for seletting a
microorganism which, when cohtadted with a taxane
containing an acyloxy group directly bonded at C-

13, is capable of hydrolyzing said acyloxy group to
form a hydroxyl group directly bonded at C-13,
comprising the steps of:

(a) selecting a solid growth medium (i) in
which the microorganism to be screened will grow,
(ii) in?which the starting C-13 acyloxy-bearing
taxane is insoluble and thus, in admixture with the
growth medium, has a cloudy appearance, and (iii)
in which the desired C-13 hydroxyl-bearing taxane
product, and, optionally, the desired cleaved C-13
sidechain product, are soluble and thus, in
admixture with the growth medium, has a clear
appearance;

(b) placing said microorganism into contact
with the growth medium selected in step (a) above,
into which the starting C-13 acyloxy-bearing taxane
has been admixed, and under conditions allowing
growth of the microorganism to occur; and

{c) observing whether a clear zone,
indicating that said microorganism is capable of
said hydrolysis, appears around the area in which °*
growth of the microorganism occurs.

30. A method for selecting a
microorganism which, when contacted with a taxane
containing an acyloxy group directly bonded at C-
13, is capable of hydrolyzing said acyloxy group to

This is the replacement sheet
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form a hydroxyl group directly bonded at C-13,
comprising the steps of: _

(a) selecting a Eblid éfbwth medium (i) in
which the microorganism to be streened will grow,
(ii) in which the starting C-13 acyloxy-bearing
taxane is soluble and thus, in admixture with the
growth medium, has a clear appearance, and (iii) in
which the desired C-13 hydroxyl-bearing taxane
product, and, optionally, the desiréd cleaved c-13
sidechain product, are insoluble and thus, in

i ' admixture with the growth medium, has a cioudy
appearance;

{b) placing said microorganism into contact
with the growth medium selected in step (a) above,
into which the starting C-13 acyloxy-bearing taxane
has been admixed, and under conditions allowing
growth of the microorganism to occur; and

(c) observing whether a cloudy zone,
indicating that said microorganism is capable of
said hydrolysis., appears around the area in which
growth of the microorganism occurs.

31. The microorganism Nocardioides albus
ATCC 55424 which is biologically pure.

32. The microorganism Nocardioides albus
ATCC 55425 which is biologically pure.

33. The microorganism Nocardioides luteus
ATCC 55426 which is bioblogically pure.

34. An enzyme capable of the hydrolysis of
claim 11 which is isolated from Nocardioides albus
ATCC 55424.
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35. An enzyme capable of the hydrolysis of
claim 11 which is isolated from Nécidrdioides albus
ATCC 55425.

36. An enzyme capable of the hydrolysis of
claim 11 which is isolated from Nocardioides luteus
ATCC 55426.
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ABSTRACT

ENZYMATIC HYDROLYSIS METHODS FOR THE
PREPARATION OF C-10 AND C-13 HYDROXYL-BEARING
. TAXANES, ENZYMATIC ESTERIFICATION METHOD
FOR THE PREPARATION OF C-10 ACYLOXY-BEARING
TAXANES, AND USE THEREOF IN THE PREPARATION OF
'~ C-13 ACYLOXY-BEARING TAXANES

An enzymatic hydrolysis method, wherein one
or more C-10 acyloxy-bearing taxanes ;re contacted
with an enzyme or microorganism capable of '
hydrolyzing said acyloxy groups to hydroxyl groups.
Also provided is an enzymatic esterification
method, wherein one or more C-10 hydroxyl-bearing
taxanes are contacted with an acylating agent and
an enzyme or microorganism capable of esterifying
said hydroxyl groups to form acyloxy groups.
Further provided is an enzymatic hydrolysis method,
wherein one or more C-13 acyloxy-bearing taxanes
are contacted with an enzyme or microorganism °
caﬁable of hydrolyzing said acyloxy groups to
hydroxyl groups{ The methods are especially useful
for the preparation of compounds which may be
employed as intermediates in the preparation of
taxanes such as taxol.
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