LD5S5 . . ENZYMATI C PROCESSES FOR THE RESCLUTI ON OF
ENANTI OVERI C M XTURES OF COVMPOUNDS USEFUL AS | NTERVEDI ATES I N THE
PREPARATI ON OF TAXANES 5 The present invention relates to
enzymatic ~ processes for the resolution of enantionmeri &P35 nixtures of
compounds useful as internediates in t he preparation of taxanes,
particularly for the 10 preparation of- tlaxanes bearing a C 13 sidechain
cpﬁtalnlng'a het erocyclic or cycl oal kyl group. ' Taxanes are
di ter pene conpounds which find 15 wutility in the pharmaceutical field.
For exanpl e, t axol anal ogues contai ni ng heterocyclic or cycl oal kyl
groups on the C 13 sidechain find utility as anticancer agents. Such

t axol anal ogues may be ‘prepared through sem -synthetic routes, 20 °
particularly by the coupling of [err]-lactamor open chain

Internedi ates to the taxane core to forma sidechain at C-13. As the
st ereochem stry of these ENZYMATIC PROCESSES FOR THE RESOLUTION

OF ENANTIOMERIC MIXTURES OF COMPOUNDS USEFUL
,

The present invention relates to enzymatic
processes for the resolution of enantiomeric
mixtures of compounds useful as intermediates in
the preparation of taxanes, particularly for the

10 preparation of taxanes bearing a C-13 sidechain
containing a heterocyclic or cycloalkyl group.

Taxanes are diterpene compounds which find

15 utility in the pharmaceutical field. For example,
taxol analogues containing heterocyclic or
cycloalkyl groups on the C-13 sidechain find
utility as anticancer agents. Such taxol analogues
may be prepared through semi-synthetic routes,

20 particularly by the coupling of f-lactam or open
chain intermediates to the taxane core to form a
sidechain at C-13. As the stereochemistry of these
analogues may affect their pharmaceutical activity,
methods allowing efficient stereospecific

25 preparation of the intermediate P-lactam and open
chain compounds, as well as the final taxane
products, are sought in the art.



anal ogues may affect their pharnmaceutical activity, - met hods al | owi ng
effici ent stereospecific 25 preparation of the internediate [err]-lactam

and_open chain conpounds as well as the final taxane onducts are
sought in the art. - 2- - The
present invention prOV|des ef fici ent net Kods for the resolutlon of
enantioneric m xtures, preferably racem c m xtures, of conpounds

us€ful as internediates in the preparation of 5 taxanes bearing a C 13

si dechain containing a Qﬁge %ﬁé éyéﬁi § kggdgéoggklégg%élﬁus for

the  stereospecific reparat on
Specifically, the p S| fernthe reradutdon Of enamthoerig t he resol ution

of a mxture | 10 @ABRUIresNIptEfe ALY Iz@@%&cl ﬁ\lﬁe@ré@, d@%ﬁ‘p&%&] s
in the cis position rela or where

Rlerr] is in the trgﬁffﬂg;¥§|%ﬁtéiﬁﬁéﬁqﬁ§s iy FBeRPE?PTr?FFQRHQf la and | b:

[err] _ 5 taxanes bearing a C- -13 sidechain containing a
' heterocyclic or cycloalkyl group, and thus for the
stereospecific preparation of these compounds.
Specifically, the present invention provides
a method for the resolution of a mixture I
10 comprising the enantiomers Ia and Ib, where R1 is
in the cis position relative to R® in both Ia and
Ib, or where R> is in the trans position relative

to R% in both Ia and Ib:

R! R2
and
o¢c N,
R3 o
15 (1a) (Ib)
where
1

R™ is hydroxyl; halo; or -O-C(O)-R4. where
r? is alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl or heterécyclo;
20 =R is heterocyclo or cycloalkyl; and
R3 is hydrogen; R4; -C(O)-OR4; or -C(O)-R4.
where R4 is independently selected from
those groups recited for R4 above;
comprising the step of contacting said mixture I
25 with an enzyme or microorganism capable of
catalyzing the stereoselective conversion of one of
said compounds.Ia-or Ib to a non-enantiomeric form,

and effecting said conversion.
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where Rlerr] is hydroxyl; halo; or -0-C(O-Rerr] where Ris

al kyl, al kenyl, al kynyl, aryl, cycl oal kyl, cycl oal kenyl or

het.er ocycl o; 20 R2 is het er. ocycl o or cycl oaI kyl ; :and - 4 _ 4

4 Rlerr] is hydrogen; R; -C(O- (0O :R LD55 wher e
Rlerr] is independently sel ected from 3 t hose groups recited for
Rl err] above; conprising the step of contacting said mxture | 25 wth
an enzyme or m croorgani sm capabl e of catal yzing the stereosel ective
conversion of one of b DENBUNIT R 18h hPsd pAAYESRAN T Omeric
form and effecting sal d conver - 3-
The present invent Pﬁﬁcgﬁoﬂiﬁ cf\}?%é?s&luuﬁﬁo@'és% Rigftunee IVesol uti on of a

mxture IV conproapnijsime tHrAEnantiohekYaraadand/xvb:ferr]

5 r%-72_¢ (0) -OR® (IVa)
and
r2-r°-c(0) -0R® (IVb)
where
T™ ig - W R!
10 —CH—CH —
and TP is
W R!
| | |
~ CH—CH — ; or
Ta is
Rl W
15 ~CH—CH —
and '
Tb is
Rl W
—CH—CH —

where Rl is in the erythro position relative to the
20 group W in both IVa and IVb, or where Rl is in the

threo position relative to the group W in both IVa

and IVb;

W is -NHR3 or -N3 ;

Rl is hydroxyl; halo; or -O-C(O)-R4. where
25 R4 is alkyl, alkenyl, alkynyl, aryl,

'cycloalkyl. cycloalkenyl or heterocyclo:
R2 is heterocyelo-or cycloalkyl:;
R3 is hydrogen; R4: -C(O)-OR4; or -C(O)-R4.

where R4 is independently selected from

THIS SHEET HAS BEEN
T i




where — T[err] is 10 : [err] and Tb is [err] Ta is

[err] where Rl err] is in the erythro position relative to the 20
group Win both IVa and IVb, or where Rlerr] is in the hﬁﬁé 0 position
relative to the group Win both |Va and 4 Vb; Wis - err] or -N3;
Rlerr] is hydroxyl; halo; or -O-C(O-Rerr], where 25 Rlerr] is

~al kyl . al kenyl, al kynyl, aryl, cycl oal kyl , cycl oal kenyl or

heter ocycl o; Rlerr] is heterocyel o-or cycl oal kyl ; 4 4

| npenent 1y ot 200 g broubh Fecltaa For WOhiBve, ana  vhOTE
REPLACENMENT SHEET R~ is hydrogen; or R, where R is independently
selected from those groups recited for R4

above; '

S comprising the step of contacting said mixture IV'
with an enzyme or microorganism capable of cataly-
zing the stereoselective conversion of one of said
compounds IVa or IVb to a non-enantiomeric form,
and effecting said conversion.

10 ' Exemplary embodiments for the aforementioned
stereoselective conversions include stereoselective
hydrolysis, stereoselective esterification,
stereoselective transesterification and stereo-
selective“dehalogenation, particularly stereo-

15  selective hydrolysis or esterification.

Groups, such as hydroxyl groups, on the
compounds of formulae I or 1IV may optionally be
protected for use in the resolution methods of the
present invention; such groups may optionally be

20 subsequently deprotected.

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

25
cis E . |
The following pair of cis enantiomers may be
separated by the enzymatic methods of the instant
invention:
30



LD55 . -4- - those groups recited for

Rrerrr above; and Rlerr] is hydrogen; or R, where Rerr] is

i ndependent |y selected fromthose groups recited _for R err]
above; 5 conprising the step of.contacthg said mxture [0S with an
enzyme or m croorgani sm capabl e of catal y- zing the stereosel ective
conversion of one of said conpounds IVa or Vb to a non-enantioneric
form and effecting said conversion. 10 Exenpl ary enbodi nment s

i ons inclgde

for the aforenenti oned. 1stereose|e§pive congﬁrs
GB -qsterific on,

stereosel ective hydrol'Yaj s, stergosel ectiv
" stereosel ective transesterifijcationfand stereo-
dehal ogenation, particularlyjstereo{ 15 _sglectivdg hydrollysis or

esterification. uch hydr oxy]l groupgs, on the

conpounds of fornmulae | or | tionally be protgcted for use in
the resol uti on net hods of(fﬁe present inventignh, sucti\grL,oups nay
optionally be 20 subsequentlyéﬂ§ggoﬁ§%ted. o e met hods of
t he present invention are eséfibed further as f@P(hs. 25 Cs
Enanti onmer s that fép émdrnmibmeyrspTiar and Th SwisaRtA O Ter Snnele be

separated by the epgynplice (B Ttcdbet B8 R2SEAMorn 1d WM™ 30

It is preferred to resolve a mixture of cis
5 enantiomers as described above according to the
methods of the instant invention.

Irxans Enantiomers
The following pair of trans enantiomers may
10 be separated by the enzymatic methods of the
instant invention:

Rl “‘Rz | R‘o," R2
o ,
and
C —N C N, -
o” ‘e o’ “R3
(1a(2)) Ib(2))

that is, enantiomers Ia and Ib where Rl is in the
15 trans position relative to Rz in both Ia and Ib.

Exvthro Enantiomers

' The following pairs of erythro enantiomers

may be separated by the enzymatic methods of the
20 instant invention:

¥ R - -

R2— CH —CH—C(0)-0R¢ V&)
and



-5; 2 [err] (I'b(1)) that is,
enantionmers la and Ib where Rlerr] is in the cis position relative to
Rlerr] in both la and Ib. It is preferred to resolve a m xture of
cis 5 enantionmers as described above according to the netPRds of the

I nstant invention. Trans Enantioners =  The follow ng pair of

trans enantionmers may 10 be separated by the enzymatic nmet hods of the
i nstant invention: [err]

Y P
R2— CH —CH—C(0}-OR¢ Vo)
;s OY
. Ry
5 R—CH—CH—c(0}-0R®s V)
and
R! w

Y Y
R2— CH —CH—C(0)-OR®  TVo@)

10 that is, enantiomers IVa and IVb where Rl is in the

erythro position relative to the group W in both
IVa and IVb. '

Ihreo Enantiomers
15 The following pairs of threo enantiomers may

'be separated by the enzymatic methods of the
instant invention:

¥y oow -
R2— CH —CH—C(0)-oR® V2B
20 and
w g}
R2— CH —CH—C(0)}-oR  TV°3)
; or ' '
R! W
Y H '

25 R2—CH—CH—clo}-0Rs  TVe®)
and



that is, enantioners la and Ib where Rlerr] is in the 15 trans position

relative to Rerr] in both la and IDb. Ervt hro Enantioners The .
follow ng pairs of erythro enantioners may be separated q¥ the enzymatic
met hods of the 20 instant invention: _Jerr] . LD33
LD55 - 6-
RN

R w

R2— GH —GH—C(O)}-0RS Vo@D

that is, enantiomers IVa and IVb where Rl is iﬁ the
threo position relative to the group W in both IVa
5 and IVb. '

Mixture I, comprising an enantiomeric
mixture of B-lactams Ia and Ib, is preferably
10 resolved by stereoselective hydrolysis,
esterification or dehalogenation. A particularly
preferred method for the resolution of a mixture I
comprising the enantiomers Ia(l) and Ib(1l):

Rl%"’ .~“R2 R! R?
and
O¢C N\ //C N\ .
. R3 o R
15 (Ta(1)) (Ib(1))

to form a mixture II comprising the ¢ompounds
ITa(l) and IIb(1l):

Rl?, R = R R2
and
C N C N
e
o7 \R3 o// \ R3
(Ma(1)) ™ (Ib(1))

20 where

R2 is heterocyclo or cycloalkyl; and

R> is hydrogen; R%; -c(0)-0r%; or -c(o)-r?,

where RY is alkyl, alkenyl, alkynyl, aryl,



[err] .10 that

IS,

enantionmers lva and IVb where Rlerr] is in the

erythro position relative to the group Win both | Va and | Vb. Thr eo

‘Enanti omers 15

The foll'owi ng pairs of. threo enantiopers nmay

separated by the enzymatic nethods of the_ ginstant i nvent FBR:

[err]
A

cycloalkyl, cycloalkenyl or heterocyclo;
comprises one of the following steps (i), (ii), or
(iii): |

(i) where
1

R* is -0-c(0)-RY, where R?

is independently

selected from those groups recited for R4
above; and one of Rla or Rlb is the same as
1 la 1b

R™ and the other of R°° or R is hydroxyl;

~ the step of contacting said mixture I, in the’

10

15

20

" where R

25

30

presence of water and/or an organic alcohol, with
an enzyme or microorganism capable of catalyzing
the stereoselective hydrolysis of mixture I to
provide said mixture II; or

(ii) where
Rl is hyd:oxyl: and
one of Rla or Rlb is hydroxyl and the other of Rla

or Rlb is R4-C(0)-0-, where R4 is

independently selected from those groups
recited for R* above;
the step of contacting said mixture I, in the
presence pf a compound III:

rRé-cio)-r (1D

is as defined above for,R1a or Rlb and L
is a leaving group, with an enzyme or microorganism
capable of catalyzing the stereoselective
esterification of mixture I to provide said mixture

II; or

4

(iii) where

R1 is a halogen atom; and
la 1b ., : - la
one of R~ or R is halogen and the other of R
1b .

or R is hydroxyl;
the step of contacting said mixture I, in the _
presence of a hydroxide ion donor, with an enzyme

be .



LDR5 -7- [err] that is, enantionmers |Va and
| Vb where Rlerr] is in the threo position relative to the group Win
both IVva 5 and | Vb. Preferred Methods for the Resolutiop of Mxture |
M xture |, conprising an enantiomeric  mixture of [err]-P8g§ans la and
Ib, is preferably 10 resol ved by stereosel ettive hydrolysi's,
esterification or dehal ogenation. A particularly = preferred nmethod for
the resolution of a mxture | conprising the enantioners la(l) and

| :lbé '(>1) anEielrIr]b(I)' or IMicrodryahlsW Bafhierst |datediRing' Ble! BEerePOUNdS
' ) selective dehalogenation of mixture I to provide
' said mixture II. |
The above methods may be employed in the
5 resolution of other enantiomeric mixtures of the
instant invention, although resolution of the above

cis enantiomers Ia(l) and Ib(l) is preferred.

Pref 3 hods £ he R luti £ M v
10 Mixture IV is preferably resolved by
stereoselective hydrolysis, esterification,
dehalogenation or transesterification. A
partiéularly preferred method for the resolution of
. a mixture IV comprising the enantiamers IVa(l) and
15 1Ivb(l):

RSHN Rl
R2—CH—CH—C(0)-OR®  (IVa(1))
' and
RBHN R!

‘ - .
20 R?—CH—CH=C(O)-OR® (Ivb(1))
' to form a mixture V comprising compounds Va(l) and
Vb(1l):
Rsng : Bla .
RE—CH—CH—C(0)}-OR®  (Va(l)

25 and
RSHN R
! |
R2—CH—CH —€(O)>~OR® (Vb(1})
where

R2 is heterocyclo or cycloalkyl;



[err] 20 where Rlerr] is heterocyclo or cycloal kyl; and Rlerr] is

hydrogen Rerr]; -CCO-ORerr]; or -C(O-R where R err] is alkyl,
al kenyl , al kynyl, aryl, '
LD55 -8- cycl oal®pB, cycl oal kenyl
or heterocycl o; conprises one of the=f¥ Ivwing steps (i), (ii), or
(ijgi): : (i) where 5 R is -OC(o)-R[err] where R is
|ndependently : sel ected fromthose groups recited for R4

above; and one of err] or R[erﬂ]d s the sang as ' Rlerr] and the

other of R{err] orRR] ¢srhydsogsnir &\l ;-C(0) -ORe; SQEp4bﬂncdhbact|ng sai d
mxture I, in the 10 presghgge 4V@§ eJll&‘ld/ Q&kgﬂygrggmﬁlﬂ CQlQh, with

an enzyne or n1croorgan|sn1capa Ie cata stereosel ctive
hydrolysis of nmixture | t&ycloa ¥ﬁP¥ uP® b?teQRCYC o:; an (ii)

_ threh15 Rlerr] ISRﬁydéOhyBrogEml or Rﬁﬂewhbra[n r is oind¥mendentdyhydr oxyl
and the other Og R [err] selected from those groups recited for R

above; _
comprises one of the followzng steps (1). (ii), or
(iii):
(i) where _
10 R1 is -0-C(O)-R4,-where R4 is independently
| selected from those groups recited for R4
above; and one of Rla or Rlb is the same as

R1 and the other of Rla or Rlb is hydroxyl;

_ the step of contacting said mixture IV, in the
15 presence of water and/or an organic alcohol, with
' an enzyme or microorganism capable of catalyzing
the stereoselective hydrolysis of mixture IV to
provide said mixture V; or
, (ii) where
20 Rl is hydroxyl; and

one of Rla or Rlb is hydroxyl and the other of R

or RIP is rY-c(0)-0-, where R? is
independently selected from those groups
recited for R4 above;

25 the step of contacting said mixture IV, in the

presence of a compound III:

la

rl-co)-L  (111)
- 30 where R4 is as defined above for r2 or R and L
| is a leaving group, with an enzyme or microorganism
capable of catd&lyZing the stereoselective esteri-
fication of mixture IV to provide said mixture V;
or '



4 ; or R is R-C(O-0, where R is | ndependent |y

sel ect ed fromthose groups recited for Rerr] above; 20 the
step of contacting said mxture I, in the presence of a_caonpound I11:
Rerr]-C(O-L (rrr) where R is as ﬁiﬂeined abovefOF-’Dﬁﬁerr] or
Rlerr] and L 25 is a leaving group, with a Nnzyme or m croorgani sm

capabl e of catalyzing the stereosel ective esterification of mxture | |
‘to provide said m xture  11I; or (iii) where 30 Rerr] is a
hal ogen atom and one e‘?1 i s hal ogen and the other of

R err] oL ] R[erre‘tél S ycﬁoxyl the step of contacting said
mxture I, in the R™ pfedchatogan @Q‘P}‘Uréféﬂde ion donor, with an_enzyne
LD55 one of R1®%r Rlb 1 0halbgeAOAHANE e REbLE /72

catal yzing the stereo- |§I;hl de({}% enati on of mxture | to provide
said mxture I1. : eab % ‘may be errployedlntheS

resol uti on of ot her theastepnef i contiaatings sefidt méxture el arim itheent | on,
al though resol uti onppbsbhte28PVE hydroxide ion donor, with an enzyme
or microorganism capable of catalyzing the stereo-
selective dehalogenation of mixture IV to provide
said mixture V. _ | ) i
10 A further particulafly preferred method for
the resolution of a mixture IV comprising the
enantiomers IVa(l) and IVb(l):

R3HN Rl
R -—CH—CH—C(O)-ORS (Tva(1))
15 ~and

RSHN R!

R2—CH—CH —C{0)-OR® (Ivb(1))

to form a mixture VI comprising compounds VIa(l)
and VIb(l):

"~ 20
R°HN K
e CH—CH~C(0)-OR®  (VIa(1)
and
3 R
RN
25 R*— CH—CH~C(0)-OR®  (VIb(1))
 where - =
Rl is hydroxyl; halo; or -O—C(O)-R4. where R4 is

alkyl, alkenyl, alkynyl, aryl,



cis enantioners la(l) and Ib(l) is preferred. Preferred Methods for the

Resol ution of M xture TV 10 Mxture IV is preferably resolved by

st ereosel ective hydrolysis, esterification, dehal ogenat._i or
transesterification. A particularly p[ﬁ%frjed met hod f &P e resol ution
of a mxture |V conprising the enantianefs |Va(l) and 15 IVb(1): [err]
tq forma mxture V conprising conpounds Va(l) and- Vb(1): ~

[err] wher e Rierr] is heterocyclo or cycloal kyl;

cycloalkyl, cyloalkenyl or heteroéyclo;
R2 is heterocyclo or cycloalkyl; and
R3 is hydrogen; R4: -C(O)-OR4; or -C(O)-R4.
where R4 is independently selected from

-5 those groups recited for R4

above; _

comprises one of the following steps (i), (ii), or
(iii): '

(i) where
R6 is hydrogen; and

6a 6b . 6a

10 one of R or R is hydrogen and the other of R
or Rsb is R4. where R4 is independently

selected from those groups recited for R4

above;
the step of contacting said mixture IV, in

15 the presence of an organic alcohol of the formula
VII: '

ré-on (vI)

20 where rR? is as defined above for g% or Rsb, with
an enzyme or microorganism capable of catalyzing
the stereoselective esterification of mixture IV to
provide said mixture VI; or

(ii) where . _

4, where R4 is independently selected frpm

those groups recited for R4 above; and

one of 363 or R®® is the same as R® and the other

of R6a or Rsb is hydrogen:
the step of contacting said mixture IV, in the
30 presence of water, with an enzyme or microorganism
capable of catalyzing the stereoselective
hydrolyéis of mixture IV to provide said mixture
Vi; or

{iii) where

25 Rs'is R



-10- ; 4 4 4 R is hydrogen; R [err];

-C(O-OR; or -C(O-R where R4 is al kyl, alkenyl, alkynyl, aryl,
cycl oal kyl, cycl oal kenyl or heterocyclo; and Rl err] isﬁE%drogen; or
‘Rlerr] , where R is independently 5 selected fro Rose groups
recited for Rlerr] - above; tobbrises one of the fol | owing
steps (i), (ii), or (iii): (i) where 4 4 10
Rlerr] is -0-C(O-R ,where R is independently sel ected from
those groups recitedgfor Rierr] 4 . . above; and one of err] or
Rlerr] is the same Bs is R, whereRRer ip ipdependennilyesedecred §romr s
hydr oxyl ; the step of gRes@CHHdUDS Hedibed! E6£ RY abdve;NankS presence

of water and/or an grganiLc_eacohqlgb wi th an enz Croorgani sm

capabl e of catal yzi ﬁ@g o Bhe %’g eo%% &Be; g@m‘ﬁﬁﬁ d?e;%'g ﬁeni’}igﬁ elVto

provide said mxture V; orof R™™ or R (dsi R'wheher@®R Rs isdknldroxyl; and

Rb s RSO0 G whete RpkeprlaBIICath P cPdBY | oicd trom

t hose groups ’ r@;F%%%I“FWY]RADral?&FGF°2§ClQheE’S‘Hﬂ§ &hagont act i ng
R R ; .

said mxture |V, in the is not the same as R";
the step of contacting said mixture IV, in the

- presence of an organic alcohol of the formula VIII:

10

R'-OH  (VIII)

where R’ is as defined above, with an enzyme or
microorganism capable of catalyzing the stereo-

15 selective transesterification of mixture IV to
provide said mixture VI.

The above methods may be employed in the
resolution of other enantiomeric mixtures of the
instant invention, although resolution of the above

20 enantiomers Iva(l) and IVb(l) is preferred.

The compound pairs so prepared, such as
IIa(l) and IIb(l), are non-enantiomeric and may
subsequently be separated to yield optically
active, preferably optically pure, compounds. An

25 optical purity gréater than 99%, particularly
99.5%, is preferred. _

The instant invention also provides a
compound of the mixture I or IV substantially free
of other isomeré; which compound may be prepared by

30 the methods of the invention.

- =+ pefiniti
The term “stereoselective conversion®, as
used herein, refers to the preferential reaction of



presence of- a conpound I11: Rlerr]-C(O-L (rren)

30 where R err] is as defined above for R or R and L is a | eaving
group, wWith an enzynme or m croorgani sm capabl e of catal yting the
stereosel ective esteri - fication of mixture IV to prédfe said nixture
Vi or - 14 - LD55

(id 1) where Rlerr] is a hal ogen atom and one of R err] or Rerr] is-
hal ogen and the other of R[err] or Rlerr] is hydroxyl; 5 the step

W th an enzyve  GRexERBEIUNRT s BoorRattery A I sierco.
sel ecti ve dehal ogersymartoicni enantidselestpveyi deactiemi d Liikewise V. 10
A further particul ey cRERECHECEr dBINUEi%e hydkb8ys£50) Wdtirel- a m xture
|V conprising the sel%ggg%goggégriéfgg'ié%qq gte&%&éelect£$gﬁgéﬂ%&%L

5 genation* and "stereoselective transesterification®
refer to the preferential hydrolysis,
esterification, dehalogenation and transesteri-
fication, respectively, of one enantiomer relative
to another. ,

10 The term *mixture®, as said term is used
herein in relation to enantiomeric compounds,
denotes mixtures having eﬁual (racemic) or non-
equal amounts of enantiomers.

The term *resolution" as used herein denotes

15 'partial. as well as, preferably, complete resolu-
tion. .

The term *non-enantiomeric form* as used
herein denotes the structure of a compound, orig-
inally one of an enantiomeric pair, in which at

20 least one group has been modified so that said
compound is no longer the mirror image of the other
compound of the original enantiomeric pair.

The terms "enzymatic process" or “"enzymatic
method* as used herein denote a process or method

25 of the present invention employing an enzyme or
microorganism.

The terms "alkyl®, *alkan* or “alk® as
employed herein alone or as part of another group
denote both straight and branched chain, optionally

30 substituted hydrocarbons groups containing 1 to 15
carbons in the normal chain, preferably 1 to 6
carbons, such as methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, isobutyl, pentyl, hexyl, ithexyl,
heptyl, 4,4-dimethylpentyl, octyl, 2.2,4ftrimethy1-



and

al kyl, al kenyl

[err]

to frorm:a m xture VI conprising conpounds Vla(l) and VIb(l): 20 [err]
wher e R is hydroxyl; halo; or -0-C(O-R, where R is

al kynyl , aryl, : :
o -12- cycl oaltbgb, cyl oal kenyl

LD55

or

het erocycl o;

10

15

20

30

- 15 -

pentyl, nonyl, decyl, undecyl, dodecyl, the various
branched chain isomers thereof, and the like. |
Exemplary substituents include one or more groups
selected from the following:'halo (especiélly
chloro), trihalomethyl, alkoxy (for example, where
two alkoxy substituents form an acetal), aryl such
as unsubstituted aryl, alkyl-aryl or haloaryl,
cycloalkyl such as unsubstituted cycloalkyl or
alkyl-cycloalkyl, hydroxy or protected hydroxy,
carboxyl, alkyloxycarbonyl, alkylamino,
alkylcarbonylamino, amino, arylcarbonylamlno,
nitro, cyano, thiol or alkylthio.

The term 'alkenyl' as employed 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. Exemplsry substituents include one or
more alkyl groups as described above, and/or one or
more groups described above as alkyl substituents.

' The term “alkynyl* as employed herein alone

or as part of another group denotes such optionally

substituted groups described above for alkyl,
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.
The term "cycloalkyl" as employed herein
alone or as part of another group denotes
optionally substituted saturated cyclic hydrocarbon
groups' containing one to three rings and 3 to 12
ring carbons, preférably 3 to 8 ring carbons, such
as cyclopropyl. cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl,
cyclododecyl, and adamantyl. Exemplary sub-



Rlerr] is heterocyclo or cycloal kyl; and 4 4 4

R is hydrogen; R; -C(O-OR; or -C(O-R ' where R is

i ndependent|ly selected fromb5 t hose groups recited for R err]
above; conprises one of the fol | owing sigps (i), (ii), ¥™>  (iii):
(1) where R is hydrogen; and 10 one of°Herr] or R6b is hydrogen and
the other of Rerr] or Rlerr] is R, where R is independently
sel ected fromthose groups recited for R4 above; the step of

contacting said m: xtgé i@ubdes! fhdfudd el QSEB&F Qi]f@%ﬁ%y) gg?l cohol  of

the formul a VI | 20 where R
i s as defined above dleéFrRPS?rTbQ)‘fe REANG/Pr BREHOTr MOE@ MR or
ni croor gani sm capabldesetribad chlygvetas alkifle sabeteeaenes! i ve esterification

_ %{e;nri(t :J;eRl[ \e/rH) \/\,helro(ra\o‘léI qﬁssgég%pe‘ﬁ}a&rﬂ%l\ﬁengl ec?gde‘fl?%)?xed l{eégl whertehgge
groups recited f&r R{lene] onbas panthd £ an@hsrogrpzpprde}nmeﬂ[mq is the
same as R and the @&J&%nany subsucda‘ed?ﬁg%hbsoasl?ﬁeééxhbéd agdveoen;
the step of contact :fngg_ h? q&ﬁrggiréw” t he 30 grese ce of water, w'th
an enzyme or ni croorgani-¥ b E&P&WEF‘H heleanh &% ecti ve
hydrol ysis of m xt urcarbgnt bopcaxitate dmibilenbondr én the\kingrsystem.
(iii) where Exemplary substituents include one or more alkyl
10 groups as described above, and/or one or more
groups described above as alkyl substituents.
The terms "aryl®" or "ar* as employed herein
alone or as part of another group denote optionally
_ substituted homocyclic aromatic groups, preferably

15 monocyclic or bicyclic groups containing from 6 to
12 carbons in the ring portion, such as
phenyl', biphenyl, naphthyl, substituted phenyl,
substituted biphenyl or substituted naphthyl.
Exemplary substituents (preferably three or fewer)

20 include one or more of the following groups: alkyl
such as unsubstituted alkyi,- haloalkyl, or
cycloalkyl-alkyl, halogen, alkoxy such as
unsubstituted alkoxy or haloalkoxy. hydroxy,
aryloxy such as phenoxy, R4-carbonyloxy, where R4

25 is as defined above, allyl, cycloalkyl, alkylamino,
dialkylamino, amido such as alkylcarbonylamino or
arylcarbonylamino, amino, nitro, cyano, élkenyl.
thiol, R4-carbonyl, where R4 is as defined above,
or methylenedioxy where the methylene group may be

30 substituted by 1 or 2 lower alkyl groups, 1 or
2 arylalkenyl groups, and/or 1 or 2 alkylthio
groups. Particularly preferred aryl groups are
phenyl and substituted phenyl, especially phenyl



LD55 . -13 Rlerr] is Rerr] where R is

I ndependently selected from those groups recited for R err]
above; and one of Rlerr] or Rerr] is the sane as Rl err] and the other
of Rlerr] or Rerr] is R, where R is aIKyI &Dd&ny| , al kynyl ,
aryl, cycl oal kyl, cycl oal kenyl eterocyclo except that
‘Rlerr] is not the sane as R err] the step of contacting said m'xture
[V, in the presence of an organic al cohol of fhe fornula Vill: 10
Rerr]- (M11) def | ne h an me or

m croorgam sm capab %'flca Cf@] g‘f’g?egygg%xy I @c nd)&¥
transesterlflcatlonakaﬁYXQIHQPS‘v to provi de said nlxture VI .

The above nethods may be e‘ﬁﬁéoﬁ@ﬂné n'ﬁafl%gen' B?S%Hiémhéﬁué&i“ﬁrerem
enanti omeric n1xture§ th |ns venti on, éﬁ;mgﬁ resol uti on of
the above 20 enantf %‘?s"’f\%ﬁﬁ“&?ﬂ@ ?‘ergﬁ?‘é‘?e?? The "

.conpound pairs sH pcbbareme §bmﬂmxne. flubraﬁh) and iddirg. are

non- enanti oneri c and may °§§paé§t %% (1 qptagcal |y
active, preferably ogtlcaJ %épure oun I'ca purlty greater

than 99% particul ab @)qm?% °§r @fcPpEl. of anot:her gIPR®. i nst ant
I nvention al so provddnete.optzonally substituted fully saturated or

unsaturated, monocyclic or bicyclic, aromatic or

10 nonaromatic hydrocarbon groups having at least one

' heteroatom in at least one ring, and preferably 5
or 6 atoms in each ring. The heterocyclo group
preferably has 1 or 2 oxygen atoms, 1 or 2 sulfur
atoms, and/or 1 to 4 nitrogen atoms in the ring,

15 and may be bonded to the remainder of the molecule
through a carbon or héteroatom.. Exemplary
substituents include one or more of the following
groups: halogen, alkoky, hydroxy, aryl such as
phenyl or halophenyl, alkanoyloxy, arylcarbonyloxy

20 such as benzoyloxy, alkyl such as aralkyl,
alkylamino, alkanoylamino, arylcarbonylamino,
amino, nitro, cyano, and thiol. Exemplary -
heterocyclo groups include thienyl, furyl,
pyrrolyl, pyridyl, imidazolyl, pyrrolidinyl,

25 piperidinyl, azepinyl, indolyl, isoindolyl,
quinolinyl, isoquinolinyl, benzothiazolyl,
benzoxazolyl, benzlmldazolyl benzoxadiazolyl, and

- benzofurazanyl.
The term "hydroxyl protect;ng group* as used

30 herein denotes a group capable of protecting a free
hydroxyl group (“protectﬁéd hydroxyl®) which,
subsequent to the.reaction for which protection is
employed, may be removed without disturbing the
:emainder of the molecule. A variety of protecting



conpound of the mxture | or IV substantially free of other isoners,
whi ch conpound nay be prepared by 30 the methods of the invgyion.

Definitions The term "stereosejgclive conversion, as used
herein, refers to the preferential reaction of

-14- one enantiomer relative to another, that is, asymmetric,
epanti osel ective, reaction. Likew se, the terns "stereosel ective

hydrol ysis”, "stergoups ng_I 2Rkl Wodeekenl Greab amha  Serganalagctd ve dehal o-
5 genation” and "stereoselective tranSesterification” refer to the
preferential hydr dihgfeof may bet EounPcdf ST OF&TH Ve BRIWT i

transesteri - forepid i syneneedisi-v ey T .0W .08 e’iteat iTohi widleat iard to

anot her. 10 The rm"m xture", as said rmis. used ereinin
relation to enant S &tg(g&r‘rpBEnéé,ser & %é‘r?&rés f&%‘“ﬁi%“ﬁ?&%%‘”@’qua|
(racem c) or nén- protesmialg groupiss iok ledentiewergy/methyl, 1- The term
"resol ution" as Uséifh&ﬁ[e%ih'?lqe'&%h‘i@l%i}mﬁ%ww (o vihd cidpls Pefer abl y,
conpl ete resol u- tion. he term "non-enantioneric forni as
used herei n deafdhedy imes hyilr. useFrahydrenydiasdiind, 2 of i g=trichlorg- -

: ethoxycarbonyl, t-butyl(diphenyll)silyl, trialkyl-

silyl, trichloromethoxycarbonyl and 2,2,2-

10 ctrichloroethoxymethyl.

. erial
The starting materials for the present
resolution methods may be obtained as described in
15 the Examples herein, or by methods analogous to
those described in European Patent Application No.
93300241.2 (EP-A-552041).
The starting mixtures I or IV may contain,
for example, the diastereomers of the compounds Ia
20 and Ib or IVva and IVb, although it is preferred
that such compounds are separated prior to
conductiné the enzymatic resolution methods of the
present invention. '

25 Preferred Compounds
Cis compounds of the formula I have a
stereoisomeric configuration which is preferred in
compounds employed as intermediates in the prepa-
ration of C-13 sidechain-bearing taxanes.
30 Compounds of the mixtures I and II having the same
. absolute stereoconfiguration corresponding to that

1

: . . 2 . -
of a compound Ia where R~ is acetyloxy., R™. is furyl

and R> is hydrogen in the 3R.,4S configuration are

particularly preferred.

THIS SHEET HAS BEEN
REPLACED

il ——_




inally one of an enantioneric pair, in which at 20 |east one group has
been nodified so that said conpound is no longer the mrror image of
the-other conpound of the original enantiomeric pair. The
ternms "enzymatic process"” or "enzymatic met hod" as usedsPRY ein denote a
process or nethod 25 of the present |nvent43n enploylng an enzyne or

m cifoorgani sm The terns "al kyl", "alkan" or "al k" as

enpl oyed herein alone or as part of anot her group denote both straight

Contai ning 1 (o 15 - corbtened cofboide ¥ bRERIRIN NS |
carbons, such as rretsrﬁﬂre%ﬁﬁ??n%rmﬁlgqrﬁﬁl%py’hmh lS m@arradbmw

i sobutyl, pentyl, heopipoundshemyloyed as heitletmeddafed IRt fid REUPA- octyl
2,2,4-trinethy| ra t1 ° 3 chain-

- 15- pentg S5A0P ofieCyld shirehat @5&5&99 LA%R%Rr i ous

" branched chain i on&@%@ﬂéobf tinel miKEUnese IV, Enén\ﬁtahqvmgmﬂhet uents

i ncl ude one or nore ﬂn@%soluté%@@f@&d‘r{ﬂ@u g ibA! Eef%é@p%é]lﬁ

‘(especially 5 chlor trihal oneth or . exanp
al koxy substi tuents%"m%n a;EeTee nd %‘Sﬁus)u ere Raslﬁnmﬂlutéé aryI
al kyl -aryl or hal oarid furyl, cycisaJ-mm S ignhyBebgénl} e}-;hd:y\@l qal kyl or

al kyl - cycl oal kyl, hwq})éé]eﬂr 1Hr9£§°5£%§”yc%rn%éur1\918%r29e preferred.

al kyl oxycar bon I
y y y In mixture IV, T2 =
R°HN Rl
-Cﬂi-—-(ﬁi-—-

~and T
RHN- R!
N | 1
-—CH —CH -
15 is preferred.
Resolution of B lactams of the formula Iis
preferred.
In the compounds of the present invention,
'Rl is preferably alkanoyloxy, such as unsubstituted
- 20 alkanoyloxy (e.g., acetyloxy), or hydroxy; R2 is
prefefably furyl or thienyl; and R3 is preferably
hYdrogen, phenyl, substituted phenyl,
phenylcarbonyl, substituted phenylcarbonyl,
alkylcarbonyl, alkenylcarbonyl or alkoxycarbonyl
25 such as t-butoxycarbonyl. Rs is preferably
hydrogen or a Ci-¢ alkyl such as methyl.

E 1 Mi .
The enzyme or microorganism employed in the
30 methods of the-present invention may be any enzyme
or microorganism having the ability to catalyze the
stereoselective conversions as described herein.



al kyl carbonyl am no, am no, arylcarbonylanino, nitro, cyano, thiol or

al kyl t hi o. The term "al kenyl " as enpl oyed herein al one or as
part of another group denotes such optionally 15 substltuteg groups as
descri bed above for al kyl, further co i ni ng at | east*P3Re carbon to
car bon doubl e bond. Exenplary substittent s include one. or nor e
al.kyl groups as descri bed above and/ or one or ' nore groups descri bed .
above as al kyl substituents The term al kynyl' as enpl oyed

herein alone 33008ML a}% S10tRh QFOHFtQPQQé%”fih‘b%EerEhﬁnal ly

substituted groups 3escr|be ove_for cont ai ni ng at
| east one carbon t ®TO&PBERS. reQ?Fﬁﬂ%§sbSﬁd°rE§éﬁnﬁ%uRPr§&§St?Fﬂents i ncl ude
one or 25 nore al kghigablesfos wesdn hae abesentarmﬁentxmme orthe nore

9roups descri bed a gsmgsﬂg$ky%ofng§gﬁﬂfgenbg 1n the for dEh

cycl oal kyl" as enplo aroné or part= o anotﬁ%r gr oup
denot es opt fongrl planbsenzymes O;ampc&p@estber%ot'hymeddér eén 30

groups- cont ai ni ng Qﬁ%rb@rbbﬁﬁﬁné' ft&%s@iaé 2ell2s] Zextradi G £C2LN28S,
preferably 3 to rlngﬁcar suc as cyclopropyl cyclobutyl

0
cycl opentyl , c P& efyptﬂﬁﬁiﬁcﬁﬁﬁﬂﬂﬂ cycl ooctyl, cycl odecyl
cyclododecyl, and adanantwhthErespéeuymanﬂhe use of micrqorganisms.
LD5S : th(?es Ce}:lhgda af)o EHe- present 1%5&1{:'?65 Smdy HeH'd@rphgqor nore

~al kyl groups as or noDre qroups
descri bed abové asqatkyﬁl§9b§FYt@&ﬁﬁQP131 cellular material having

the ability to catalyze the stereoselective
conversions as descrlbed_hereln. The cells may be
used in the form of intact wet cells or dried cells
such lyophilized, spray-dried or heat-dried cells.

15 Cells may also be used in the form of treated cell
material such as ruptured cells or cell extract.

- The énzyme or microbial materials may be
employed in the free state or immobilized on a
'support_(for example, a polymeric resin) such as by

20 physical adsorption or entrapment.

Exemplary genera of microorganiéms suitable
as sources of catalyzing enzymes include Mucor,
Escherichia, Staphylococcus, Agrobacterium. Acine-
tobacter, Rhizopus, Aspergilius; Nocardia, Strepto-

25 myces, Trichoderma, Candida, Rhodotorula,
Torulopsis, Proteus, aacillus, Alcaligenes,
Pseudomonas, Rhodococcus, Brevibacterium,

- Geotrichum, Enterobacter, Chromobacterium,
Arthrobacter, Microbacterium, Mycobacterium,

30 saccharomyces, Penicillium, Methanobacterium,
Botrytis, Chaecamium; Ophiobolus, Cladosporium and
the like. The .use. of genetically engineered host
cells is also contemplated.



The:term "cycl oal kenyl" as enpl oyed herein 5 alone or as part of another
group denotes such optionally substituted groups as descri bed above

for. cycloal kyl, further containing at |east one carbon_to_carbon double
bond in the ring system Exenpl ary sub%Hntuents i ncl ud® D8fie or nore

al kyl 10 groups as described above, - and/or e or nore groups descri bed
above as al kyl substituents. The terms "aryl" or "ar" as

enpl oyed herein al one or as part of another group denote optionally

substituted honocyclic ar og%éfflg:r wgoopﬁgg:@%l%g& wchgg o5

bi cyclic groups containin ons |n € Ting portion,
such as phenyl , B?pﬂﬁﬁﬁﬁntlﬂiﬁﬁﬁﬁ§ﬁs inolude (Wemehasrerium  syubstit ut ed
bi phenyl or substituiedosumﬂﬂﬂaéudomonaEXaéﬁfﬁgjhéggxauchuggtgmé@referably

three or fewer) 20 r f foI roups: :
such as UﬂSUbStItUt%gg kg?égQ?éﬂgﬁg% %18 Fégge 4%ﬁ% éﬁkﬁFtlﬂilogen
al koxy such as 3 ahghbéﬂ|RﬂﬁQﬂ$h§DﬁoxfBeﬂdhm¢mﬁsIQMQAlshydBahyrzchlaaryloxy
such as phenoxy, R[ebll CﬁWd@%cu‘H“ﬁbﬁeﬂerﬁjcazﬁgeiés fdefbagd, above,

~allyl, cycloal kyl, g z . n¥ am_.no 0 such as
al kyl car bony! ani no pta@Y@#ﬁxﬂﬁi SUEanfRBUIRPRAS GRRACE . cCaRFida) keny!
thiol, R4-carbonyl, rupesa suth sasasth:ef 14830 ab@a@crzchumrcamﬂzﬁu}neﬁﬂdh oxXy

where the nethyl eneggr

groups, 1 or 2 aryl |kre?;%§|ﬁer o%%psye%lf' ‘g ‘%19% u% ﬁﬂé&r&kbgr oups.
Particul arly pr# er PEBREPRIL 19%03‘{%'3&’ dda ast s'aﬁﬁ’aﬂhﬁﬂtﬁm?@d phenyl ,
especi al |y phenyl phlei, Agrobacterium radiobacter, Aspergillus _LD55

niger, Rhizopus oryzae and the like. Two or more,
as well as a single, species of microorganism may
be employed when carrying out the instant

15 processes. '

The term *ATCC* as used herein refers to the
accession number of the American Type Culture
Collection, 12301 Parklawn Dfive, Rockville,
Maryland 20852, the depository for the organism

20 referred to.

The resolution methods of the instant
invention may be carried out subsequent to the
growth of the microorganism(s) employed, or

. concurrently therewith that 'is, in the latter case,
25 by in situ fermentation and resolution. The growth
of mic;roorganisms may _be achieved by one of ' .
ordinary skill in the art, for example, by the use
of an appropriate medium containing nutrients such
_ as carbon and nitrogen sources and trace elements.
30 Exemplary, commercially available enzymes
suitable for use in the present invention include
lipases such as Amanoc PS-30 { Pseudomonas cepacia),
Amano GC-20 (Geotrichum candidum), Amano APF
(Aspergillué niger), Amano AK (Pseudomonas sp.),



-17- & substituted by one or nore hydroxyl, alkyl and/or al koxy
gr oups. The terns "hal ogen" or "hal 0" as used herein - al one
or. as part of another group refer to 5 chlorine, brom ne, %bggrlne ‘and
I odi ne. The terns "heterocyclo_"2 r _"heterocycli used
herein alone or as part of another group denote optionally substituted
- fully saturated or unsat urated, nonocyclic or bicyclic, aromatic or 10
nonaromati ¢ hydrocarbon groups having at |east one . heteroatomin at
| east one ring, a”dP§EﬁﬁéﬁéHH§/fiuores@én§ f&ﬁHﬁ%'(%l@%ﬁEaEyQQ LE&“%.
het erocycl o group q1‘\_F)refera % H@ tons, r 2 sul fur
- atoms, and/or 1 to ™ €atto (HS?HQQW?W€§JSPB 'aﬁﬂaﬂﬂy be bonded to
the remi nder of thePa@mdmmdnas flubhesaghsn,duﬁbmnAdF3beuéaadidm1 Exenpl ary
substituents includ %’ce@r e agbnbhg f@“‘ﬂ%w" ugr) andak ogen,
al koxy, hydroxy,_ar suc ﬁe ﬁ anoyloxy,
aryl car bonyl oxy 20 Bw'h%l%@hf@yl)oxﬁmaa? KEAP s z&’?”&r QI‘I(?'PG

alh_ky: am no, i’vll kanOYM@mP-ﬂrﬂHWdéQﬁ)illaﬂbn@lger) ,hamm MAPt (Bucéyano, and
. thiol. Exenplary pPsS ~L.N ur
pyrrolyl, pyridyl, i 'ﬁo’l %a g>yrg;r OH ZGﬁoFrfglgmﬂ éaﬁiyldaxmr)‘ ¥£'%tzepl nyl ,
i ndol yI, |50|ndonI0382 anﬂuhniMZﬁyHP0¢§éqa|n@m¢#§ﬁseNMEMz@PﬁPaQBIyI
- benzoxazol yl, benzi %Qﬁ?&écﬂ» hytepaad acObub (@f& Brocda®@easf ugezany! .

The tern1"hydro I rotect rou s us |n denotes a group
capabl e of protﬁitiﬁbp%S?r -Bqﬁ%ﬁr Jr §+B ﬁﬁﬂﬂﬁf ffdr oxyl )
whi ch, subsequenmano)lfﬂngmannﬁlﬂﬁlfdWhath@emmku68ﬂgma1u—§754 enpl oyed,

may be renoved “‘th?EﬁngiééL%§HiHBfJH§a). SE&H§J£E5V63ﬂ: t he nDIecuIe A
variety of protect] ( hromobacterium viscosum) and Amano K-30
(Aspergillus niger). Additionally, exemplary
15 enzymes derived from animal tissue include esterase
from pig liver, a-chymotrypsin and pancreatin from
pancreas such as Porcine Pancreatic Lipase (Sigma) .
" Two or more, as well as a single, enzyme may be
" employed when carrying out the instant processes.
20 - The preferred embodiments of the instant
invention are described further in the following
'Reaction Schemes. While, for clarity{ these
Reaction Schemes illustrate the resolution of
certain cis enantiomeric mixtures, it is understood
25 that the embodiments as described apply to the
~ resolution of the other enantiomeric mixtures of
the preéent invention as well.



- 18 -~ groups for the hydroxyl group and the synthesis t her eof may
be found in Protective Goups in Organic Synthesis by T. W G eene, John
Wley and Sons; 1981, or Fiser & Fiser. Exenplary hydrox¥xé 5 protecting

groups include nmethoxynethyl. 1-- ethoxy thyl, benzyl ox{RePhyl ,
([err]-trinmethylsilyl- et hoxy) nmet hyl , rahydropyranyl .
2,2,2-trichloro- et hoxycar bonyl, t- butyl(dlphenyI)S|IyI trial kyl -
silyl, trlchloronethoxycarbonyl and 2.2,2- 10 trlchloroethoxynethyl
Startlng Materials  ges o] 3.t RAG, B - esent
resol uti on nmet hods mayg be. O as gescrined e 'Pres herein
or by methods anal ogous= descri bed |n Europeanlﬁﬁﬂ!ﬁﬁ
Application No. 93@241 2 (ﬁf’ A- 552041) Rl‘tj;le st ar tRhg

m xtures | or IV may cont*

M f g exanmpl g, the diaster Nf the
-conpounds la 20 and |b or}l Valand IVb al tho gh it isfprefenred t hat

such conpounds are separated grior to] R4*cO gting fthe enaymati c -
resol uti on net hods of thgo'_' resent | i Nyeki=—or—Jpe5 CL

Preferred conmpounds o R¥ s cpnpoumgy of the for n0(a | ha @
stereoi someric confiration which is|preferred in :

| -y e
HO, , Rz N R

c—N — SN
O/, \R3 ) o/ \RS
one of R® or R!Y = OH; the other= R*=C—0~—
R°HN oy — — R°HN gle
R’—CH-CH—c-on6 . T R?~ CH~CH—C~ OR®
Il R'—c—L Il
o —_— o
avy (I )]
3
Rlz HY oH . R3H$1 RIb
- o— [ o T v
CH~CH |f "OR” | __ R*—CcH~CH—C-OR®
o 0 I
. 0
one ole' or RI® = OH; the other= R*=C—0—
3 1
R°HN g! - [ R'HN g
R~ CH~ CH—C~ OH . R®*—CH—CH-C~OR®
] R*-0H I
o —_— 0
av) . (VD (VD
. 1
ar 8 | RuN g
o T CHTCHEEmOR | R’—CH—CH-c- OR®
- 0.:_ "
o
one of R® or RS = H; the other = R“.
Mssueen-ms BEEN.
REPLACED

| Th|||sii||i1|||i3||i|l|ed l T A




conpounds enpl oyed as internediates in the prepa- ration of C 13

si dechai n- bearing taxanes. 30 Conpounds of the m xtures |I and Il having the
same ~absol ute stereoconfiguration corresponding to tha% of a
conpound la where R err] is acetyl oxy, R[_erzr] is furyl R R3 is
hydrogen in the 3R 4S configuration are part| cularly preferred.
"REPLACEMENT SHEET .

LD55 . -19- Erythro conmpounds of

the fornmula IV have a st er eoi SWOH which is preferred
in conpounds enpl oyed as inE ernqedirates 1n the Brepa- ration of C 13 -

si dechai n- beari ng taxanes. V and VI having

t he - sanme absol ute stereoconfi guratl on correspondi ng to that of a
conpound | Va(l) wher e ErantiomericMixtuie oxyl , R[err] is fl%&hcts Wis :
-NHR[ err] and Rlerr] is hydrogen, and R[err] i's h dreg-e-n—r-n t he 2R 3S
configuration are pre&gf{hed 10 In mxture 1V, T[err] = I\]l
| Rz—CH-CH-C -OR® RZ—CH-CH—C -ORS2.
R’—OH
_ o (o) '
av) (vin : \2))
RHN R RHN g
2 OCH=CH =C =0OR6 " ¥ '
R¢=CH—CH-C OR_ _Rz— CH—CH~—C —ORSb

one of R® or RY = _RG; the other =R’

THIS SHEET HAS BEEN
REPLACED

| D DO

. This Sheet Has Been Re[ilaced




15:is preferred. Resolution of [err]-lactanms of the formula
S preferred. In the conpounds of the present invention,
Rlerr] is preferably al kanoyl oxy, such as unsubstituted 20 al kanoyl oxy
(e.qg., acetyloxy), or hydroxy; Rerr] is preferably foP§b or thienyl;
and Rlerr] is preferably hydrogen, phetfyl-, substituted phenyl,
phenyl car bonyl , substituted phenyl carbonyl, al kyl car bonyl ,.

al kenyl car bonyl or al koxycarbonyl 25 such as t- butoxycarbonyl Rlerr] is
preferably hydr ogen or. a er al kyl suc
Enzymes and M croor gani spgiXtures 7 ¥ KePB¥ 2z Qﬁr%%é§}88F§3ﬁ4¥n1enployed :
in the 30 net hods e‘stehefq;:edasamuhlluseuated im\thee aboyeeRegaeion or

m croor gani sm havi ggnbh b'aldé YhikRuzd! 2YRSy 1B stered@iBRESLER)! VE

~ conver si ons as descr

LD55 transester:.f:.ed_ A§. illustraked Gin t@,@zypgge such as
esterases, i paSesRaadclonrgcnémasqs regardl ess of origin or purity, are
sui tabl e for use in the pgﬁf tion. The enzyme may, for exanple,
be in the form of animal nzymes or m xtures thereof, cells of

m croorgani sms, crushed cMixtured meot deosedertively GSQensﬁlsﬂntnetlc
orrgin. form mixture II, and mixture IV may be selectively

esterified to form mixture V by use of an acylating
10 agent of the formula III:

ri-clo)-L (II1).
In formula III, g4 may be an alkyl, alkenyl,
15 alkynyl, aryl, cycloalkyl, cycloalkenyl or
heterocyclb group. Preferred R4 groups in formula
III are alkyl groups such as C1-5'alkyl groups,
especially methyl. L is a leaving group which may
be displaced to form an ester group. Exemplary L
20 gréups include halogen atoms, hydroxyl, alkoxy, or
alkenyloxy groups. Preferred L groups are
alkenylbxy groups. most preferably Ci1-¢ alkenyloxy
groups such as CH2=CH-O- and CH2=C(CH3)-0-. Any
acylation agent of formula III which effects
25 esterification may be employed, with isopropenyl
acetate and vinyl acetate being particularly
preferred.
(B) Esterification with alcohol
Mixture IV may be selectively esterified to
30 form mixture VI by use of an organic alcohol of the
formula VII:

R™~-OH (VII).



Wth respect to the use of m croorganisns, t he nethods of the present
I nvention may be carried 10 out using any mcrobial cellular materi al

hawi ng the ability to catalyze the stereosel ective conversi ons as
descri bed herein. The cells may be usgqﬂén the form of 4P3Pact wet cells
or dried cells such lyophilized, spray-titi'ed or heat-dried cells. 15
Cel1s may al so be used in the formof treated cell mat eri al such as
ruptured cells or cell extract. The enzyne or mcrobial materials
may be enployed in the free state or immobilized on a support (for
exanpl e, a pol yneri &9 ESFAYl JEH aR bipayobepansaiarl adddkesyilon or
entrapnen; I alkyfi¥ BNy, g@mﬂm&l&91n1§yemwémuaﬂ@q5°§U|table as
sources of catalyzi ¥3F@ﬁ° |

St aphyl ococcus, Agr(i)1 gg?é um %A#’d Tt9?081.0‘{‘% %ltz%\c%&gﬂkgérﬁl |l us,
Nocar di a, Strepto- M%CQEPUHSAGﬁﬁd@#ﬁﬁercaﬂdaﬁdﬁ Rhodot or ul a,

Tor ul opsi s, Protsus Baci | kos, 1&§ﬁ§gs; Rhodococcus,
Brevi bacterium "Geotrigchum Enterob ronppacteri um -
Arthrobacter, M crobact eri ¥R ocbaday %?nﬁeéec‘:éf‘o’l% W ifces,

Penicillium Methanesteriéfiednto forfomixtuse Chasy onseinnf @mhiadkohos,
G adospori um and ftEﬁelféfhuﬂ;"Vfiﬁg of genetically engi neered host

cells is also contenpla ed. -21-
‘Specific mcroorgani snms SU|tabIe7for use in
: 10 . R -OH (VIII).

In formula VIII, R7 may be an alkyl, alkenyl,

alkYnyl,'aryl, cycloalkyl, cycloalkenyl or
heterocyclo group, except that R7 is not the same

15 as Rs. It is preferred that the group R7 be as
distinct as possible from the group R® to facili-
tate subsequent separation of the compound bearing
the group R7-0-C(0)- from the compound bearing the
group RG—O-C(O)-. Thus, it is preferred to employ

20 an alcohol of the formula VIII in which the R’
group differs with respect to the group R6 in terms
of molecular weight, or otherwise imparts dis-
tinctive physical or chemical properties to the
transesterified ester. _

25 - The esterification lacylation) procedure
(A), and the esterification and transesterification
procedures (B) and (C), are preferably carried out
in an organic solvent. Exemplary solvents suitable
for use in these processes include 1,1,2-trichloro-

30 1,2,2-trifluoroethane, toluene, cyclohexane,
benzene, hexane, heptane, isooctane, octane, methyl
ethyl ketone, methyl isobutyl ketone and the like.
Water is preferably added to the reaction mixture
in small amounts. When present, the concentration



t he:present processes include Chronobacterium vi scosum Pseudononas
aeurigi nosa such as. ATCC 25619, Pseudononas fluorescens, Pseudonpbnas
put.ida 5 such as ATCC 31303, Pseudonobnas ovalis, Escherichia col i

St aphyl ococcus aureus, Alcaligenes faecalis - Strept onyéé%ss‘grl seus,

- Pseudononas cepaci a, Candi da rugosa such’ as ATCC 14830, GEOtrlchum
candi dum such as ATCC 32345, Streptonyces clavuligerus, Nocardia 10
erthropolis, Nocardi a asterai des; M/cobacterium phl ei, Agrobacterium
radi obacter, ASper gl ugcer 19'%’r&3t gauméwéelé;&&&awe rof0 O
nor e, as well as_ a sing pecies 0 enpl oyed
when carrying out tﬁé°PﬁsPaﬂ%* 1'53 RS 48 based on the thteprﬁ ATCC as

used herein refers iseliseac, or@ﬁﬁéﬁ&ﬁ.uﬂﬂ”ﬁ@hc@ﬁtf@@;d%ﬂﬂ[éé‘sa&hﬁhper@| ture
Col | ection, 12301 P rkla | and 20852, the

Rockvi |
depository for the organ\lNgr%Déb ¥ s lhte Srganic'S1vé &% esol uti on
nmet hods of the |ﬁstanturatednvéManqn1maaymse paefervablytpmadentquianant o t he

growth of the m croGhBARKSBESALER! PMfb &/ abour CONSH dﬁé‘éléd Yorl ReeeW th that
is, in the latter case, SHgyﬁa situ fernentation and resolution. The .
S

gr owt h of m cro¥e3ghe VeRE acfey E8a6F 18ReS@tution o i nary ski'l |
in the art, for exapre€erbplyheomts®ins betive2n appuopsied cabtrrt 2HOC@gt ai ni ng

nutrients such gg £AEDBRAARCbk {0 WA UL RSRBAMnAL 366 She! S 30

Exenpl ary, nnng|aIIy aval e enzynes use in the
present inventid® i SOLYyeBt. | i pases. such as Amano PS-30 (Pseudonobnas
cepaci a) . Amano GC-20 (reeehttyhowt asivlied whoced8RBY APEompourddispergil | us

ni ger), Anano AK (P%&&dOQEEa rSGEiI is added to the reaction medium.

Preferred molar ratios of the compound III: com-
pounds of mixture I or IV are from about 1l:1 to

15 about 4:1; preférred molar ratios of the compound
VII: compounds of mixture IV are from about 1l:1 to
about 4:1; and preferred molar ratios of the

. compound VIII: compounds of mixture IV are from
about 1l:1 to about 4:1.
20 ' The enzymes or microorganisms employed in

these procedures are preferably lipases or
esterases or microorganisms capable of producing
these eniymes. Enzymes or microorganisms
particularly preferred in these processes are

25 Lipase PS-30 from Pseudomonas sp., Lipase P-30 from
Pseudomonas sp., Lipase R from Penicillium sp..
Lipase OF, Lipase N from Rhizopus niveus, Lipase
APF from Aspergillus niger, Lipase GC-20 from
Geotrichum candidum, Lipase AK from Pseudomonas

30 sp., Lipase AY-30 from Candida sp., and Pseudomonas
fluorescens Lipase.

An enzyme may, for example, -be used in its

free state or in immobilized form. A preferred
embodiment of the invention is that where an enzyme



LD55 -22- Pseudononas fl uorescens |ipase
(Biocatal yst Ltd.), Amano Li pase P-30 (Pseudononas sp.), Amano P
(Pseudononas fluorescens), Amano AY-30 (Candida cylindracea), Amano N

( Rhi zopus niveus), Amano R5 (Penicilliumsp.), Amano FARRFhi zopus
oryzae), Amano AP-12 (Aspergillus nige? , Amano MAP (Mucor. mei hei ),
Arvano GC-4 (Geotrichum candi dunm), Sigma L- 0382 and L-3126 (porcine
pancrease), Lipase OF (Sepracor), Esterase 30,000 (G.st-Brocarde), KID

10 Lipase (G st-Brecar [ [ u mang)_.. S gna
L- 3001 (Wheat gerrn{ %P%%%bﬁgl 453quq%égég?d§a§§}?ﬂﬂr%f %ngigﬁﬁna L-0763
( Chr onobact er i um viRACeOUS) eanth AlRgrous S@lite HrEperSupexrelii.ger).

Addi tional ly, exenmuidvopbrouSByIpsrétifierd (Bnkd aeciebl® poug-i ncl ude

est erase fron1%#%‘llver, a-§h¥pntr psin andﬁganc eatin from

pancreas such as PEFOPYSEBEnRPEIEY L (95& BOPPPAE) POLYMERG o npre, as
wel |l as ‘a singl§, eadsprbemtiysbeh as Mupdwhick®@AD-Car (ppilygtyueneheot nst ant
processes. 20 -Bh A |ﬂ%¥y t | an

invention are descrxlAE?e-c? sgrgg'ﬁ%%ﬁ%ﬁe olﬁ\?\’nhﬁggad R a%%bntwgcﬁ?erres.
Wiile, for clarityemPioyed to rmuaehili7es@ie MREYMe) 3t FA¥BLend™@¥%sol ution of
certain cis enanti wentrolntheuersyme tparx itldesikzeodndSpréverit t he

embodiment s as_des gldiad39BhY of Ochd enzymd FAIELRE Gheh sl "Gl an

enantioneric mxtur _ present I nvention as we
10 organic solvent. Immobilization can be

accomplished, for example, by precipitating an
aqueous solu;ion of the enzyme with cold acetone in
the presence of the Celite Hyflo Supercel followed
by vacuum drying, or in the case of a nonionic

‘15 polymeric adsorbent, incubating enzyme solutions
with adsorbent on a shaker, removing excess
solution and drying enzyme-adsorbent resins under
vacuum. The enzyme is preferably added to the
reaction solution to achieve concentrations ranging

20 from about 5 to about 200 mg of enzyme per ml of
solvent. While it is desirable to use the least
amount of enzyme possible, the amount of enzyme
required will vary depending upon the specific
activity of the enzyme used.

25 These processes may also be carried out

.~ using microbial cells containing an enzyme having

the ability to catalyze the stereoselective con-
versions. When using a microorganism to perform
the resolution, these procedures are conveniently

30 carried out by édding the cells and the
enantiomeric mixture starting material to the
desired reacticn medium. Cells may be used in the
form of intact cells, dried cells such as
lyophilized, spray-dried or heat-dried cells,



- 23 -. Rection Schene T: Resolution by Esterification Enantioneric

M xture Pr oduct s [err] [err] one of R[err]'
or. Rlerr] = OH the other = [err] [err]
_ . . LDS5
- 29 - .

immobilized cells, or cells treated with organic
solvents such as aéetone or toluene. Cells may
also be used in the form of treated cell material
- such as ruptured cells or cell extract. Cell
5  extracts immobilized on Celite® or Accurel®
polypropylene as described earlier may also be
" employed.
Incubation of the reaction medium is prefer-
ably at a temperature between about 4 aﬁd about
‘10  60°C and is most preferably between about 30 to
50°C. The reaé;ion time can be'appropriately
varied depending upon the amount of enzyme used and
its specific activity. Reaction times may be
reduced by increasing the reaction temperature
15 and/or increasing the amount of enzyme added to the
reaction solution.



[err] =+ - 24 - Reacti on Schene |1
Enanti onmeri c M xture Pr oduct s
' LD55
- 30 - .
Reaction Scheme III
Enanﬁomeric Mixture Products
4
R -\c //O
\0’4," “sRZ Rll".. o\Rz
0 C—N s H>0 and/or O)IC_N\Rs
\ R : organic alcohol RIb R2 (H)
P R? |
0/ _
1Y) | C—-N
C==N = — o7 \
7 ° R®
9 .
one of R orRI®* = R4=C —Q— ; the other = OH
RHN  o.c(0)-R* — RHY g
= CH—CH —-C —OR* | R2— CH—CH —C —OR®
H,0 and/or
av) ° -
_ organic alcohol
R3HN C(0)-R*
?- © RHN Riv
2 CH—CH —C =ORS " v
— | R?==CH—CH —=C =ORS
one of R or R'® = Ré=( =0 ; the other = OH
3 — ' —
R HN Rl | RsHN Rl
- L] - L 6
Cri—CH ~C -0R H,0 R2— CH—CH —C —OR®"
—
awvy
: V)
RHN gt -
” 7 v : R3HN Rl ,
R°=— CH—CH,=C_—ORS " v
I | | R2— CH—CH —C -OR*®
0]
one of R6a or Rsb = R6 M the other =H Y
THIS snes'r HAS BEEN
EPLACED
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llllllll Ll IIII
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As can be seen from Reaction Scheme III

- above, mixtures I and IV may be stereoselectively

hydrolyzed to form mixtures II and V, respectively,
by use of water and/or an organic alcohol, and

mixture IV may be stereoselectively hydrolyzed to

form mixture VI by use of water. The gfoups R4,

forming part of Rl, and R6 in the starting
enantiomeric compounds are preferably alkyl, most
preferably C1-¢ alkyl such as methyl.

A compound of the formula IX:

rR®-om (Ix)

may be employed as the organic alcohol, where R8 is
an alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl or heterocyclo group, and is
preferably alkyl such as methyl. Use of the
organic alcohol IX may result in the formation of
the by-product ester R4-C(O)-OR8. Use of water as
the hydrolysis agent may fesult in the formation of
the by-product acid R4-C(O)-OH. ‘To maintain a
steady pH as these acidic by-products are
generated, a base such as an alkali metal hydroxide
may be added. When an organic alcohol IX is
employed, an amount providing a molar ratio of
compound IX: compounds of mixtures I or IV of from
about 1:1 to about 4:1 is preferably added.

These processes preferably employ water-
soluble enzymes capable of catalyzing stereoselec-
tive hydrolysis. Especially suitable for use with
these processes are lipases and esterases,. as well
as pancreatin and a-chymotrypsin. Either the crude

or purified forms of these enzymes, in free form or



LD5%5 = - 25- M xtures | and |V may be
st ereosel ectively esterified as illustrated in the above Reaction
‘Schene |, and mixture |1V may be stereoselectively transesterified as
illustrated in the above 5 Reaction Scheme |1. - ' LP23 Acylation
M xture | may be selectively esterified to32 “formmnixture I, and mixture

| V"may be sel ectively esterified to formmxture V by use of an
‘acylating 10 agent of the formula I'11: Rerr]-C(O-L

(rrnr). In for r] al kenyl , 15, _ al kynyl,
aryl, cycloal kyl, {/%{1 enﬁfkr sggﬁ%?%rgg%ledya&b&ﬁp OBy 31EFFHN Rierr]
groups in formula SUChIaS HAD-JI, kWADgRoapsAscere® Gisnsil kydaygbeups,
especial |y nethyl . ﬁoyaed ea\#a&qlawammzc&é%d in BRedespl aced to form

an ester group. Exe grqups i ncl en atons, hydroxyl,

al koxy, or . al ke% g%segq, L"P §Pe?$e§°L ’iﬂ"‘b pgeugpgonas #® kenyl oxy
groups, nost préfereasqudﬁmnds a:lebau;iho)xymnano glrrmm.s ,Suipase EF-CH 0- and
CH2=C(CH3) - O- . Any E)Amat?&)ylﬂtdgp RifBnofbs | O T idcdde MELEY ©f 15015 2D

esterification may e and vinyl
acet ate being parti %ﬁ%%hum cagdd dum réamano Int 1), rippsesNerification

wi th al cohol Rhizopus niveus (Amano Int‘'l), Lipase APF

Aspergillus niger (Amano Int'l), Lipase AY-30

10 cCandida sp. (Amano), Lipase AK Pseudomonas sp.
(Amano -Int'l), Pseudomonas fluorescens Lipase
(Biocatalyst Ltd.), Esterase 30,000 (Gist-
Brocarde), Lipase OF (Seprécor), KID Lipase (Gist-
Brocarde), Lipase R (Rhizopus sp., amano Int.) -and

15 __Porcine Pancreatic Lipase (Sigma Chem).

The above hydrolyses are preferably
conducted in an aqueous, such as a buffered aqueous
(e.g., phosphate buffer), medium or in an aqueous

. medium containing a miscible or immiscible organic
20 solvent. For example, the reaction may be
conducted in a biphasic solvent system comprising
an organic phase, immiscible in water, and an
agqueous phase. Use of a two phase solvent system
may enhance the efficiency of such processes where
25 the substrate material is insoluble in water.

Solvents for the organic phase of a biphasic
solvent system may be any organic solvent immisci-
ble in water, such as toluene, cyclohexane, xylene,
trichlorotrifluoroethane and the like. The agueous

30 phase is conveniently of water, preferably
deionized water, or a suitable aqueous buffer
solution, especially a phosphate buffer solution.
The biphasic solvent system preferably comprises
between about 10 to 90 percent by volume of organic



mxture |V may be selectively esterified to 30 formmxture VI by use of

an organi c al cohol of the formula VII: 4 [err]

LD5 5 . - 26- In formula VII, Rerr] may be
an al kyl, al kenyl, al kynyl, aryl, cycloal kyl, cycloal &K&%a or

het erocycl o group. Al kyl groups, particul%ﬁly Jerr] al kyl groups, are
preferred as Rerr]. 5 (© Transesterification with al cohol .
M xture 1V nay be selectively trans- esterified to formm xture VI by
use of an al cohol of _t formul a, VI LI; 0 rr] -OH
(VI In fBPﬁﬁFaa'\‘#l SEWGS} r"’]b"Hgy-gBeé%nl%l%ﬁ?e’%ﬁ .l?é!n%ti“‘“L

al kynyl, aryl, cycbfab@iyéous \rhiasd.kenyl or. het erocycl o group, except

that Ris not the same 15x,agndi df ldnant iBRESET REkd DA delddiup Rlerr]
be as di stinct as possible fromthe qarou Fierr to facili- tate
subsequent separ at F‘Sﬁegfa HeE SRR ARPUSe r'il_ng° boywt L4 g BYTe™ - O C( O) -

from the conpoufid béareagtitre solutdionyp anebng- & Gidde .enByues iin at
preferreq to e”plogmount of,from'about 0.1 to about 100 mg enzyme per
mg of starting material to be hydrolyzed, is
preferred. '
The reaction mixture is preferably adjusted
10 to and maintained at about pH 7.0, preferably with
an aqueous alkali metal hydroxide, carbonate or
bicarbonate.
The reaction time may be selected based on
the enzyme, thé temperature and the enzyme
15 concentration. Temperatures of from about 4°C to
about 60°C are preferably employed.



20 *an al cohol of the formula VIIl in which the R err] group differs
wWth respect to the group Rin terns of nol ecul ar wei ght, _or ot herw se
irnmparts dis- tinctive physical or chem cal properties to the
transesterified ester. 25 The esterjfication (acyl #%P8n) procedure
(A), and the esterification and transest €7 i¥4 cati on procedures (B) and
(O, are preferably carried out in an organi c sol vent. Exenplary

sol vents suitable for use in these processes include 1,1, 2-trichl oro-
30 1,2,2-trifluoroethane, tol u‘ene,&&%ﬂ_&y benzene, hexane, o
hept ane, isooctane, octane, nethyl . > met hyl 1sobutyl ketone
and the |ike. Wat er i s preRgRal Lo paliogepasidotion mi xture in
smal | amounts. \Wien present, the concentration _

LD5 5 . Enantiomeric MiXture of wat @rodudtst he reaction

m xture is preferably from about 0.01% to about “IT% Dased on the wei ght
of sol vent, or presentin a cagtration lLess,fjhan or p2 equal to

t hat where the organic sol 1% 5 sdturated. fVat€r% s _no preferably
present in an anount of {abolit 0.0 %&% adlgoﬂlt 0. 5%|basqd on the

wei ght of solvent. The reac i&,rNsoI uti ’“l plef erablly cdntains between
about 5 to about 250 ng _# of thﬁ; en nt'° ner i ( st appi g_&m“pounds per m

of 10 solvent. To carry oyt &S € roc@Sses, a (R?rrpouiﬁd
11, VIl or VIIl is added to the react]i on nmedi gm _ ) )
) x‘ R2 R1Y R
C———N ' ' C——N
4
0// \R3 0,- \R3

one of R!* or RI® = X; the other = OH

3 r—— ——
R ng )!{ . _ RHN Rla
2 Ol -C =R6 ' H H
R*=CH=CH=C =OR® |, 4roxide | R2— CH—CH—C —ORS
—— :
(0) : ion
@ | donpr ™
R3HN X . - .
T ¥ RHN Rgpmw
R2=— CH—CH —-C —-ORS® . | 4 v
— | R2=— CH-CH ~C =ORS
O

one of R!* or RI® =X ; the other = OH



Preferred nolar ratios of the conpound IIl: com pounds of mixture | or
IV are fromabout 1:1 to 15 about 4:1; preferred nolar ratios of the

Canound VIl: conpounds of mixture IV are fromabout 1:1 to about
4:1; and preferred nolar ratios of the conpound VII1: d&&¥Sounds of
mxture IV are from about 1:1 to abouf ¥ 1. 20 The enzynes or -
m cr oor gani sns enpl oyed in t hese procedures are preferably |ipases or
esterases or mcroorgani sns capable of producing t hese enzynes. Enzynes
or m croorgani snms partjcul pr.efer.tr ese pr.oces are 25

Li pase PS-30 from Pseudono 8s® rb ﬁ(e J eér\‘sg Eg Be‘?? e cmﬂmnas sp.,

Li pase R fron1Penicabbvan1m¥xtures ﬂJapdséVCﬁaypras&le¢ﬁMVﬁinﬁﬁbeéQs

ni veus, Lipase ﬁﬁaéé@mmwldﬂﬁ%r@ggﬁ aﬁawserézge%hve Qp
GEOtrlchun1cand|dun1 ngbﬂgéﬂgénron1 Ps ononas sp., Lipase AY-30 from

Candi da sp., and Ps¥BSb o%qs, 4 8H§nL?BQ§e An enzyne
may, for exanpl e be used Anyi tempound rezpablet efoeffectmg)tnnesased form A

f d nmbod h
ErDESG”G enbodi-geat ; 8hs HG, ! ﬂ}a\é%l%ehsaE E‘%S‘éﬁsg&:gaa?ﬂ}ee SUI {abl e

carrier, e.g., diat@onor. nEEeMRAARASUFH FoMPAUNds| axe q»gﬂfeq;esh;fé's:@el),
m croporous pol ypropytess &ERKE: A W1Halidleyearth REERY IQPErdiQEey ), Or a

noni oni ¢ pol ymeric such as sodium and potassium hydroxide, and
10 ammonium hydroxides such as quaternary'ammonium '
hydroxides, for example, those of the formula
(R9) 4NOH where Rg is hydrogen or alkyl,
particularly potassium hydroxide and water.
Amounts of the hydroxide ion donor added are
15 preferably thqse providing a molar ratio of hydrox-
ide ion donor: mixture I or IV enantiomeric
starting material of from about 1:1 to about 4:1.
A reaction medium containing water and an
organic solvent such as toluene or hexane is
20 preferably employed. The enantiomeric starting
materials are preferably employed in an amount of
from about 1 mg to about 100 mg per ml of solvent.
Enzymes or microorganisms employed in the
dehalogenation reaction are preferably selected
25 from the genera Pseudomonas, Trichoderma,
Acinetobacter, Alcaligenes, Nocardia, Myco-
bacterium, Rhodococcus, Methanobacterium, Proteus,
or enzymes derived therefrom, and are preferably
emploYed in amounts of from about 0.1 mg to about
30 10 mg enzyme per mg of starting material to be
dehalogenated. ' '
Temperatures of from about 4°C to about 50°C
are preferably employed.



5 vadsorbent such as Anberlite XAD-2 (pol ystyrene) or XAD- 7

(pol yacryl ate) from Rohm and Haas Co. When - enployed to imobilize an
enzyme, a carrier may control the enzyme particle size and prevent
‘aggregation of the enzyme particles when used in an 10 od&3%i c sol vent.

| mobi | i zation can be acconpl i shed, 1 ot6 exanpl e, by precipitating an
agueous solution of the enzynme with cold acetone in t he presence of the
Celite Hyfl o Supercel followed by vacuum drying, or in the case of a
noni onic 15 polyneric adsorbent, incugaging enzyme solutions  wth
adsorbent on a shaker, renoving exces i on and drying

enzyme- adsor bent resins unmnwproduqnaz@&nthihstenegseiée;ﬂmeeferably added to
t he reacti on sghiir e r from about
% &84 i %ﬁ) el #%8%@9& aﬁaos%ﬁ] I%? “s d

5 to about 200 ng o enagne per esirable to
use the |east g’é’&ﬁ%%ﬁs%%ac?h@arﬂﬂtﬁﬁll&ﬁ%ﬁﬂym
required will \&r ycﬂﬁﬁwﬂlmm cdeumfeehibfiatogragty ,Viand ehet he enzyne

used. 25 ? g processes may al so be carried out usi ng
m crobial cells contarhing an enzyme having the ability to catalyze the
st ereosel ective con- Aepretprred\mathodi Agrasebaravinmihem to perform
the resol ution, thgpeaREDGRO R rRRAYBY! €H&|Meé90d§f€£r k@@ out by adding
the cells and the enanfi onerJj c n1x%¥ S start terlal to the
desired reaction nBHPEARC GAVRGQR B8 D¥edifHign t f?ﬁQHQﬂtlpﬁract cell's,
dried cells suthh as | yophi lized, spray-dried or heat-dried cells,
LDSS  umility

| ' Taxanes are diterpene compounds containing

the taxane carbon skeleton: .
Cﬂis

15
which skeleton may contain ethylenic unsaturation
in the ring system thereof. Of particular interest
are taxanes having the above carbon skeleton
wherein the 11,12-positions are bonded through an

20 ethylenic linkage, and the 13-position contains a
side chain. Pharmaéologicélly active taxanes, such
as taxol analogues, may be used as antitumor agents
to treat patients suffering from cancers such as
ovarian cancer, melanoma, breast, colon or lung

25 cancer, and leukemia. : '

The resolved compdunds obtained by thé
methods of the present invention are particularly
useful as inte;meéiates in forming the afore-
mentioned C-13 side chain on the taxane skeleton.

30 The addition of such a side chain, in and of



- 29- I obilized cells, or cells treated with organic sol vent s

such as acetone or toluene. Cells may al so be used in_the form of
treated cell material such as ruptur cells or cell BRBPact. Cell 5
extracts inmmobilized on Celite or Accurel " pol ypropyl ene as descri bed
earlier may al so be enpl oyed. | ncubation of the reaction
mediumis prefer- ably at a tenperature between about 4 and about 10

eact] bn 11 canteE180pPat: FEDEFE Sn LOGF PROSBEAIPRG SPORFPRES ampunt of

enzyne used and pharthcipg&bancaecivityytoFahctt@namenpsodngcbeor

reduced by increﬂagggggp EQ&EanPESHPSEa&Hi u%gs ﬂgpé0£e58§i§a3|ng t he ]

amount of enzyne a Ion SO
30 - R@@@Nﬁ§ﬁegcﬁgna taxane haVan@é%lHF¢6ﬂa§?dF9§rEQy§|s

Enantioneric M xidé¢s@rable pharmacologicalbr 28€€vfty than the
starting compound. :

The compounds resolved according to the =~ -
methods of the present invention may be modified
prior to use in side chain formation. For example,

10 resolved compounds containing an azide group N3 as
the group W may be treated by a reducing agent to
form an amine group which may be substituted.

Exemplary methods for side chain formation,
and taxane products which may be formed employing

15 such methods, include those described in European
Patent Application No. 534,708; U.S. Patent
Application Serial No. 08/080,704, filed June 28,
1993; U.s. Patent Application Serial No.

08/029,819, filed March 11, 1993; U.S. Patent

20 Application Serial No. 07/996,455, filed December
24, 1992; U.S. Patent Application Serial No.
08/062,687, filed May 20, 1993; U.S. Patent
Application Serial No. 07/981,151, filed November
24, 1992; and U.S. Patent Application Serial No.

25 07/995,443, filed December 23, 1992; all of which
aforementioned documents are incorporated herein by reference.
See also EP-A-590267, EP-A-577082, EP-A-577083 and EP-A-558959.

Salts or solvates of reactants or products

.. May be employed or prepared as appropriate or

30 desired in the methods of the present invention.

The methods of the present invention are
furcther described by the following examples. These
examples are illustrative only, and are in no way
intended to limit the scope of the instant claims.

THIS SHEET HAs g
REPLACED EEN

LT

".This Sheet Has Been Reﬂ

AT




[err] one of Rerr] or Rerr] =ferr]; the other = CH
[err] REPLACENMENT SHEET
0.6,0 RRRIIteotel =
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5 (Aa)

10 To a 3 L 2-necked round bottom flask
| equipped with a thermometer and mechanical stirrer
was added 2-furaldehyde (furfural, 311 ml, 3.75
mol, Aldrich) and 2-propanol (IPA, 0.75 L, reagent
grade). With stirring, 1.5 L of concentrated NH40H
15 (aq., ~30%) (22.2 mol) was added in one portion.
An exotherm (~35°C) was noted in the first two
hours. The resulting beige powder was isoclated by
filtration (Whatman No. 1), washed with water (1.5
L) and dried overnight in vacuo at 30°C. This gave
20 255.3 g (76.1% yield) of the title hydrofuramide
as a beige powder (melting point (mp) = 116 - _
117°C). The Rf of the title hydrofuramide was 0.5
(ethyl'acetate'(EEPAc)/Hexane, 1:1; ov
visualization). '
25
- (B) ' tl-cis-3- =4-(2 -



LD55 ’ As can be seen from Reaction Schene |1 above,

m xtures I and IV nay be stereosel ectively hydrol yzed to form m xtures
Il.and V, respectively, 5 by use of water and/or an organic al cohol, and
m xture IV may be stereosel ectively hydrolyzed to formmgxture VI by
use of water. The groups Rerr], formi 3§ part of Rlerr], and Rlerr] in
the starting enantioneri c conpounds are preferably al kyl, nost 10
preferably Cerr] alkyl such as nethyl. A conpound of the

formula I X " Rerr]-OH (11X 15 may be enployed as the
organi ¢ al cohol, where R[SHIFD¥%lEZ£IkéiQﬂ3QﬂDS al kenyl , al kynyl, aryl,

cycl oal kyl cycl oal kenyl .or heterocyclo group, and is preferably
al kyl such as neth%E) UBesgf ahe organic al cohol I X may result in the
formati on of : 8 20 the by-product ester

Rerr]-C(O-ORerr]. Use of water aé t he hydrol ysis agent may result
in the formati on of t he by-product acid ]-C(O-0CH To nmaintain a
steady pH as these acidic by-produgééﬁare l' gdnerated, a base such as an

al kali metal hydroxide 25 nmay be a d_1§§M at:fffrnic al cohol X is
, () - ' | | '

NN
% N g

o)
o
0O

S
*ac* denotes acetyl (CH3-C(O)-)
* (%) * denotes, with respect to the 3-and 4-
position substituents on the azetidine ring, a
racemate of the cis enantiomers.
10

To a 2 L 3-necked round bottom flask
equipped with a thermométer. pressure equalizing
dropping funnel and mechanical stirrer was added

_ the hydrofuramide'title product of step (A) above

15 (80.48 g, 0.300 mol) and ethyl acetate (1.0 L,
reagent grade). This mixture was cooled under
argon to 4°C at which point triethylamine (S0.2 ml,
0.360 mol, Aldrich) was added in one portion. The
dropping funnel was charged with acetoxyacetyl

20 chloride (37.0 ml, 0.341 mol, Aldrich) and ethyl

acetate (0.50 L, reagent grade) and this sglution'
was added dropwise over a period of 1 hour. After
an additional 2 hours, the stirring was
discontinued and the reaction vessel sealed

25 (Parafilm "M*®) and moved to the cold room (4°C)
for a further 15 ﬁBurs. The heterogeneous-reaccion_
mixture was allowed to warm to 22°C (~1 hour) with
stirring and transferred to a 4.0 L separatory



enployed, an anmount providing a nolar ratio of compound | X: conpounds

of mxtures | or IV of from about 1:1 to about 4:1 is preferably added.
These processes preferably enploy water- 30 soluble enzynmes capabl e of
catal yzi ng stereosel ec- . tive hydrolysis. Especially sukbSble for use

- With these processes are |ipases and edlrases, as well as
pancreatin and a-chynotrypsin. Either the crude or purified fornms of -

t hese enzynes, in free formor

- LD55

- 32- . i j1i.zed o pport (for
exanpl e, on a resi n-urRey ARd géskﬁgyft%ﬁ%%ﬂ%leﬁsﬁgi ?é?bl my be
enpl oyed. Parti cul arly. prRgtdy rlayers weesefiltempdddsoaghagtakspase PS-30
from Pseudononas Sppi@rdf3eFHRas ﬁggggioﬁ}ha(%go tlon%'eln))‘,eL%p@fge' - 30

(Amano) fron1Pseudqu%ﬁ? sp., Lipase t ri chum candi dum (Amano
Int'1), Lipase N P N$-PBus RemeyR! 194 '4he pargisulape

ﬁ;spergi |A :< usIS ni ge& (raeni d Intd ilded Ehpﬁﬁ&slé\Ysé?;Shlf&ioﬁﬂndirgé sgétr;éﬁrcrzﬂg) i pase
i pase seudonon . n seudo

(Bi ocat al yst Ltd.),éj@éﬁ?aasse“é‘%égg&%g éfﬂ-‘h ac%%@gﬁgg) f"&ki fsaéet |

(Sepracor), KID Li phkktyagettransfepredabach,ta e seRarRhiprppfiensel, Anano

Int.) and 15 POFCié‘l@dRﬂiErﬁiéoﬁsLilE?é? (o L% J)CBemoved, The |N€ above

hydr ol yses are preferabl. conducted in an ueous, such as a buffered
'aéueoug P organf% layer was tgen washe (Lith another portion :

10 of aqueous NH4Cl (sat) (250 ml; pH = 5.9), aqueous
NaHCO3 (sat) (400 ml; pH = 8.6) and agueous NaCl
(sat) (400 ml; pH = 7.0). The organic layer was
filtered through glass microfibre filter paper
(Whatman) and divided into 2 equal portions (750 ml

15 each). These ;olutibns were used directly in the
next step. '

(ii) nenrg.t.e_qr.mn

20 | o

To two 2.0 L Parr flasks each containing 10%
palladium on activated carbon (2 x 6.00 g, Aldrich)
was added, under a stream of argon, the organic

25 layers from above (2 x 750 ml; Step (B)(i)). This
mixture was treated with hydrogen (4 atm) for 1 day
at ambient temperature. The catalyst was removed
by filtration through a pad of Celite® and the
filter cake rinsed with ethyl acetate (100 ml).

30 The filtrate was transferred to a 4.0 L separatory



(e.qg., phosphate buffer), nmediumor in an aqueous medi um contai ning a
m scible or immscible organic 20 solvent. For exanple; the reaction may
be. conducted in a biphasic solvent system conprising an organic
phase, imm scible in water, and an aqueous phase. Use &b5a& two phase
solvent system . may enhance the efficierfdy -of such processes where 25
the substrate material is insoluble in water. . Sol vents for the
organi ¢ phase of a biphasic ‘'sol vent system nmay be any organic sol vent

i i sci - ble in_wate s .tol yene, c| ohexan
trichlorotrifluoroef‘lﬁﬁﬁﬁiéﬂﬁiu %FPkEW1?ﬁewh Jig { %ﬂﬁaéé'lgso
conveniently of watml; pHef dr.J6l)y Thedequeoaedﬂatﬂtmgs Wera sombihed
aqueous buffer 88U McesRR0RH BLLK BeRPPSRIALE PUSY n37! Ubbon.

The bi phasi ¢ sol vent systen1pre era out 10 to 90
percent by vol ume ofh®regganic layers were comblned and washed with

LD55 phese ammbduswnﬂmxabwsatQO(luoJﬁanﬂcenm 3w )vahane of

aqueous phase. an ri Xt u startin :
mat eri al of fron1ab%%?e?9i%ﬂ%ﬁgggg%) dﬁsﬁg % H% (HEE) i 8RY QBthlon
and one or nore enzyawer wasfried QNSﬁnMQSWff-olrﬁ(hlﬁutanﬂ LrEétaﬂout 100 ny

enzyme per - ny ohaaaaéamcrat @ebéh.o&?z?ﬁghé‘ﬁéf’éda?led(w Y, BpHp'eferred.
The reaction m xture F{;fera y a huste
f er minutes, e mixture was filtered through

10 a pad of Celite® and concentrated in vacuo to 160
ml, cooled overnight (4°C) and the precipiteted
solid isolated by filtration through filter paper
(Wwhatman No. 1). The filter cake was rinsed with

_ diethyl ether and hexane (100 ml of each) to

15 provide, after drying in vacuo, 35.98 g (61.4%

"~ yield from the above hydrofuramide) of the title
product (+)-cis-3-acetoxy-4-(2'-furanyl)azetidin-2-
one as white needles (mp 118 - 119°C). HPLC
quantitative analysis demdnstraced 8.10 g of the

20 title product in the mother liquor. The activity
yield, from the above hydrofuramide, was therefore
75.3%.

The substrate employed in this Example was
the racemate:



10 to amd mai ntained at about pH 7.0, preferably with
net al hydroxi de, carbonate or bi car bonat e.

an aqueous al kal
The reaction tine

may be sel ected based on the enzyne, the tenperature and the enzyne 15

concentration. Tenperatures of from about 4}2err] Cto

albdss 60[err] C are

“preferably enpl oyed. LD55 _
- 34- Reaction Schene |V " Resolution by Dehal oaenati on
Enantioneric M xture Product s [err]

- LD55 -35- .

ACO\ '

(£)-

— NH
d&

prepared as the title product of Example 1. The
products of the stereoselective hydrolysis of this

Example were the compounds:

5 .
(+)-cis-3-Acetoxy-4-(2'-furanyl)azetidin-2-one:
IIa
AcQy,, .,.s“\\ 0 and
poe NH
04
10 Chiral acetate (3R)
(-)-cis-3-Hydroxy-4-(2'-furanyl)azetidin-2-one:
IIb
HO 0
4-—-NH
15 0

Chiral alcohol (3S)

The stereoselective hydrolysis was_cohducted

"as follows. A reaction mixture in 1 L of 25 mM
20 potassium phosphate buffer pH 7.0 was prepared
containing 10 grams of substrate and 100 grams of



As can be seen from Reaction Schene IV " above, mxtures | and IV may be
sel ectively dehal o- genated to formm xtures Il and V, respectively,
wherein X denotes a hal ogen atom 5 Any conpound capabl e of:
effecting these reactions may be enployed as the hydroXRfs i on

donor. Exenplary such conpounds are sel ectefftom wat er, al kali or

al kaline earth netal hydroxides such as sodi um and pot assi um hydr oxi de, .
and 10 ammoni um hydr oxi des such as quaternary amoni um -hydr oxi des, for-

exanpl e, those of t for E: 4 where R9 |s hydrogen or alkyl,
particul arly pot ass?(ﬁ%aﬁﬁgy%%%efrﬁ\ﬁfy‘gaﬂm“ %u‘ﬁ'&a'{ﬂ t he hydroxi de
i on donor added areIngerpaeienab|Go .t)hos&her veadthon awas|carmizd ousf hydr ox- -

i de ion donor: i xtyeesbo®) 136 GRARNLRIBRLCper-mShdEd | (Mt erial of from
about 1:1 to about 4:1. . . A reaction nedi um containing water and

an organi.c sol vAALE8EEAR as P ANh&NG TRBLEAET: StHY PH QK &hey) y

enpl oyed. The ehantreageion mimmirevas matntainafisaere. prefty HN waerpl oyed

in an anount of ugg_ﬁﬁggte)ﬁ%tséa@gi ﬁﬁ‘ﬁ?@%&&%ﬁ%}gﬁg@%ﬁn QJasSOl vent. -

Enzymes or microorganis | oyed _ Jenc on Teaction are
preferably sel ect ed®@Bitered Phighdressyreddianid, chivomakaunanhy

Aci net obacter, Al cal(hpeass, BPeessdicallV,CeamplesPttifl) WRr&SQa@FOCCUS,
Met hanobact eri um Proteus %(ﬂr .erg%)s;grss der.i veg &herefrom and are
preferably enpl 8984 SFhranheh e Oh 2506ED%L 13GgEA L apdt® 30 10 my
enzyne per ng ol0st echivdgacetate alayer bas sepderhnbdgandtevhporated to
Terperatures of frogghauk 4ha"sAdiyfed 1 irell 955 GescriBid Preferably
e oyed.
K following) for the substrate and product

concent_:rations and the optical purity of the

product. The results obtained are as shown in the

15 following Table 1. '



LD55 - ' - 36- separat i on

The products of the stereosel ective conversions may be isol ated and
purified by nmet hodol ogi es such as extraction, distillation, 5

crystal l'ization, colunmn chromat ography, and the | i ke. LD55 A
preferred nethod for separating the proﬂﬁct m xtures fornmed by the

met hods of the present .invention is by liquid-liquid extraction. 10 .
~Utility Taxanes are diterpene conpounds containing t he taxane
car bon skel eton: ' CH3 CH3 15 - whi ch

skel eton may contain ethylenic unsaturagﬁgﬂs-l in the ring systemthereof.
O particular inteRresttion Tizee donxexmdsnhavivield e abovepeasdlopusikel et on

wherein the 11, 12- pogid i-QQs ar e ggﬁh thr@gﬁﬂuﬁ_Iﬁﬁ.et yk g | i nkage, and.
the 13-position contains a Sld ain armacol ogi ca actlve

t axanes, such as taxol anali4es—rmay be used as. aﬂﬂ#%@éeﬁ—&gents

to treat patients sufferd ng fromcapgers such ag2 ovari am-cancer,

mel anoma, breast, colonén | ung 25 ggncer, and kgukewia

12 46 54 --
16 51 49 >99.4



The-resol ved conpounds obt ai ned by the met hods of the present invention
are particularly useful as internediates in formng the afore-
nentioned C-13 side chain on the taxane skel eton:' 30 The addition of such a
side chain, in and of : -LBYS .

itself, may inpart an increased or nore dedPr abl e phar macol ogi cal
activity to the taxane product,  or may form a.taxane product which is
nore readily - converted to a taxane having an increased or nore 5

desi rabl e pharnmacol ogi cal activity than the = | starting conpound.

The conpounds resol ved according to the met hods of the present

I nvention may be . I de chain formation. For
exanple, 10 resolved conmpidaicanliyi NARLimy B dRadteba A8 as t he

group Wmay be treated b reducin ent_to fo an amine group which
may be substituted.éescrfﬁé% a Eﬁénglgg9fﬁﬁﬁﬁ8ﬁ§“?5rgg¥8ﬁ &% n formation,
and taxane proddct sextiragtedawibh L0rmbdofngtihyli mgpetBtesaohtatneddsy i ncl ude

t hose described in _Bate Pl | TP @) Pat ent
Application Seri al ﬁ;_ﬁ_@g@?o@gg’e%gabf ?{ﬂéﬁp\] u%ﬁgtfwlmcﬁggg? %?%e_PPgst ent

Application Serial Wbl was Tsmoyed,gevaperated wnder 819embde: streampaient 20
Application Serial &B.nixidiin.45Fhef regildbeceadalissolvad, in992nl WbH. Pat ent

Application Serial fhiie phase (hexane:absolute ethanol, 95:5). The

10 mobile phase was passed through 0.2 um Lydex filter
and about 1 ml of the filtrate was transferred to a
crimp vial for HPLC analysis.

HPLC conditions:

_ _ _ Hewlett Packard 1090 chromatogram.

15 ‘Column: Chiralcal AD _'

Mobile Phase: hexane:absolute ethanol, 95:5
Column Temperature: Ambient

Flow Rate: 1 ml/min

Detection: 210 nm.

20 The retention times for the two enantiomers
of racemic acetate were 23.2 min and 28.9 min,
respectively. The retention times for the two
enantiomers of racemic alcohol were 63.9 min and
74.8 min, respectively.

25

Example 3

30
The substrate employed, and the products
obtained, were.thase of Example 2 above.

bilizati £



08/ 062, 687, filed May 20, 1993; U.S. Patent Application Serial No.

07/ 981, 151, fil ed Novenber 24, 1992; and U. S. Patent Application Serial
No. 25 07/995, 443, filed Decenber 23, 1992; all of which

af orenenti oned docunents are incorporated her ei n by refereﬁ@és - See al so
EP- A- 590267, EP-A-577082, EP-A-577083 and" Ef A-558959. Salts or

sol-vates of reactants or products may be enpl oyed or prepared as
appropriate or 30 desired in the nethods of the present invention.

The net hods of the present her ri
foll ow ng exanpl es. TheseeThrEeI&3§§F§§n§r8a¥ff%§%ratl 3nﬁ8mg§ﬁ¥1g e inno
way i nt ended t cXKART tnaniendcopelymerhe adsorbents| 20ns. 60 mesh

LD55 - polyaCﬁylate res3fl), XAD-2 (Amberlite XAD-nonioni&xanple
1. Synthes| s of, Su strgfe for F@sg utl%5
(+) ci s- 3- Acet oxy- 4% ot d2f- 2- Ghaneshs podxstyrepeanar ati on of
N.N -r(2'-Furany) maeéwd)] -and Accurel PP- {pobyprdpialene resin 200 -
400 microns) -- were used for the immobilization
procedures.

Crude Amano P5-30 lipase (10 g) was
dissolved in 25 ml of distilled water and

10 centrifuged at 10,000 RPM for 10 minutes to obtain
clear supernatant. The cafrier (1,3 g) in a 25 ml
vial was washed 5 times with methanol and added to
enzyme solution in a flask and gently agitated on a
gyrotory shaker at room temperature. Adsorption of

15 enzyme to the carrier was checked periodically by
lipase assay (Sigma olxve oil emulsion as
substrate) and by protein remaining in flltrate.
About 68%, 71% and 98% adsorption efficiencies were
obtained using XAD-7, XAD-2 and Accurel resins,

20 respectively. After complete immobilization (20 to
24 hours), the carrier-enzyme slurry was filtered
through a Millipore filter and the carrier was
washed with about 300 ml of distilled water.
Subsequently, the carrier containing the

25 immobilized lipase was dried in a vacuum oven at
room temperature.

Immobilized enzyme was employed for the
30 enzymatic hydrolysis reaction described in Example
2. Reaction mixtures were prepared which contained
30 ml of 25 mM.potassium phosphate buffer pH 7.0
containing 300 mg of substrate as described in
Example 2, and 300 mg of the aboy@%prepared



10 “ * To a 3 L 2-necked round bottom fl ask equi pped with a

t hernmonmet er and nmechani cal stirrer was added 2-fural dehyde (furfural,
3.1 m, 3.75 nol, Aldrich) and 2-propanol (IPA 0.75 L, reagent
grade). Wth stirring, 1.5 L of concentrated NH40H 15 (a§Pp53-30% (22.2
nol ) was added in one portion. An exotdferm (-35[err]C) was noted in the
fiTst two hours. The resulting bei ge powder was isol ated by
‘filtration (Whatman No. 1), washed with water (1.5 L) and dried _
overni ght in vacuo, errd C. LSsgayge 2Q., 255 3 76, 1% vyield) of the
title hydrof urani olé‘%°”?loialsz‘%‘1i gépégepggdgﬁ‘(r?’et?%i%egac&gpg‘ﬁfﬁﬁ? = 116 -

"~ 117[err] C). The Ricemducked jas desgaibedr ini Eeanple @.5 The fesujtsacetate
(Et CAc)/ Hexane, 1:dbtddhed aréd EWdWnZahi €Re- tdPlowing Bable Breparation of
(+)-cis-3-Acetoxy-4-(2'-

LD55



furanyl) azeti di n-2-one (1) St audi nger Reacti on

"AC' denotes acetyl (CH3-C(O-) "()" denotes, with respect to

t he-3-and 4- position substituents on the azetidine ring, a

racemate of the cis enantioners. 10 - To a 2 L 3-nbbEBd round
bottom fl ask . equi pped with a thernmonmeted8 pressure equalizing

droppi ng funnel and nechani cal stirrer was added t he hydrof uram de
title product of step (A) above 15 (80.48 g, 0.300 nol) and ethyl acetate
(1.0 L, - reagent grade). This m xture was cool ed under argon to 4C
at which point triethylamne (50.2 nl, 0.360 nmol, Aldrich) was added in
one portion. The droppi ng funnel was Zakkeadl with acet oxyacetyl 20
chloride (37.0 m, 0.341 nol, Aldrich) and ethyl @ . acetate (0.50 L,
reagent grade) and t is,iolution . _Was added dropw se over a period of 1
hour. After an 400PRYl3Red BeaRfiPR, theCeaversiony ¥ikedd (% (i emtdnal nued

and the reaction vess8iepoghl ed T28e (B | my "Bolesy | pRdilcEOVedpd g ed st col d
room (4[err] O for a further 15 hours. TE&]Qeterogngous rggﬁéégqxa

&
XAD-2 3 53 47 99.0
XAD-7 3 54 46 99.3

Accurel PP 3 ' 51 49 99.5



m xtureiwas allowed to warmto 22[err]C (-1 hour) with stirring and
‘transferred to a 4.0 L separatory

LD55 -40- funnel and washed_wi th aqueous
NH4ACl (sat) (500 m). Both |layers were filtered througﬁ @?ass
mcrofibre filter paper (Whatman) to remové%a” fine, bl ack suspensi on.
Reroval of the particulate 5 material aided in phase separation. The
filter .cake was rinsed with ethyl acetate (50 m) and the filtrate

transferred back to the separatory funqﬁgﬂgﬁuﬁggd t he aqueous |ayer (pH =
6.3) renoved. The organic Iayer was hed mnth anot her portion 10

of aqueous NHAQ (satkergesekective Huiplysiguosud AHATRIQIAE) (400
m; pH = 8.6) and aqueous NaC g4-(2' {Hptan(148CeilidiRtp —ofe 0) . The organic

| ayer was = filtered through glass mcrofibre filter paper (What man)
and divided into 2 equal portions (750 ml 15 each). These solutions were
used directly i3 the mhd silbsprate employedie@mi eriodasts [err]

obtained, were those of Example 2 above. 1In this
' Example, a number of reactions were run in which
lipases from different sources were empléyed.
In each reaction, the reaction mixture, in
10 20 ml of 25 mM phosphate buffer, pH 7.0 contained 1
gram of crude lipase and 200 mg of substrate. The
reactions were conducted at 25°C in a pH stat at pH
7.0. The results obtained are shown in the
following Table 3.

15



20 = 1 To two 2.0 L Parr flasks each containing 10% pal | adi um on
activated carbon (2 x 6.00 g, Aldrich) was added, under a stream of
argon, the organic 25 1{ayers fromabove (2 x 750 m; Step (B)(i)). This
m xture was treated with hydrogen (4 atm for 1 day atls i ent
tenperature. The catalyst was renoved ~ BY filtration through a pad of
Celite and the filter cake rinsed with ethyl acetate (100 m). 30 The
filtrate was transferred to a 4.0 L separatory

LD55 ' -41- funnel and washed twice with

AN HA (500 m, 250 m; pH = 0.76). J;ﬁpel"azra'ueous washi ngs were conbi ned

and re-extracted with ethyl acetate (500 nml) and the organic | ayers
wer e conbi ned and with 5 aqueo HCOB (sat) (gQQe{dy rhid = 8.34)

~and aqueous Na sat) (400 m; pH = 7.5). The organic¢ |l ayer was

dried over MgSO4 (-100 g) and treated with activatee-lbREStom zi ng
charcoal (30 g, BDh)ipase ps#f0t PEeukio- M AWA®RS Inthe m xture was X6 ltered
through 10 a pad of Celite and concentrated in vacuo to 160. m , cool ed
overni ght (4[err] C"BAT *rne precipitated solid isolated by filtration

- through filter papddApase A¥Y¥t man No. Amano The. filter cake wa8 rinsed with

di ethyl ether and hexaig 400 m of each) to 15 provide, after drying in

vacuo, 35.98 g (61.4%

Lipase AK Pseude- Amano Int. 16
monas sp. ' ] |
Pseudomonas Biocatalyst Ltd. 16
fluoréscens
' Porcine pancreatic Sigma 19
Lipase
Esterase 30,000 Gist-Brocarde 24
Lipase OF - Sepracor 8
KID Lipase. ' Gist-Brocarde 48
Lipase R. Rhizopus sp. Amano Int. ’ - 24
Conversion (% . Yield (% Optical Pur-
Broduct IIb) Broduct IIa) ity of Prod-
nct Ila (%)

52 48 >99.5

55 45 99.0

53 | 47 99.3

55 45 98.8

52 48 99.8

51 49 95

56 44 99.5

52 48 95

56 44 99.0



yield foaromthe above hydrofuram de) of the title pr oduct

()-cis-3-acetoxy-4-(2'-furanyl)azetidin-2- one as white needles (np 118
- 119[err]C). HPLC quantitative analysis denonstrated 8.10 g of the 20
title product in the nother liquor. The activity yi ell@35f rom t he above
hydr of uram de, was therefore 75.3% - S1 - o . Exanpl e
2 25 _ St ereosel ective Hydrolysis of ()-cis-3- Acet oxy- 4-

- (2'-furanyl)azetidi n-2-one The substrate enployed in this
Exanpl e was t he racemate:. 30 I , _

-LD55 S -42- [err] prepared as the title

product of Exanple 1. The

The substrate'eﬁployed in this Example was
the racemate: '

4-—.—NH
10 prepared by chemical hydrolysis (using Na2C03) of
the corresponding racemic acetate. The products of

the stereoselective acetylation of this Example
were the compounds:

15 . (+)-cis~3-hydroxy-4-(2'-furanyl)azetidin-2-one:
IIa
\: :
th &o and
p—— NH
dﬁ

(-)-cis-3-acetoxy-4-(2'-furanyl)azetidin-2-one:
20
Iib



products of the stereosel ective hydrolysis of this Exanpl e were the

conpounds: 5 (+)-cis-3-Acetoxy-4-(2 -furanyl)azetidin-2-one:

I1a [err] 10 Chiral acetate (3R
(-)-cis-3-Hydroxy-4-(2'-furanyl)azetidin-2-one: ' | I D55

HO [err] Chiral al cohel5Z 35) The

st éreosel ecti ve hydronS|s was conduct ed as follows. A reaction mxture

in 1 L of 25 nM 20 pot assi um phosphate buffer pH 7.0 was prepared
containing 10 grans of substrate and 100 grans of

[
AC\ o

—— NH
dd

In this Example, a number of-reactions were
run in which lipases from different sources were
5 employed to achieve stereoselective acetylation.
In each reaction, the reaction mixture, in 25 ml of
toluene, contained 1 gram of crude lipase and 100
mg of substrate, 800 mg of isopropenyl acetate, and
' - 0.05% water. The reactions were conducted at 30°C
10 and 100 RPM on a shaker. The products and
substrate were analyzed by HPLC. The results which
were obtained are shown in the following Table 4.



LD56 - 43- - lipase PS-30 from Pseudononas

sp. (Amano International Co.). The reaction was carried out at
30fLerr]C, 150 revol utions-per-mnute (RPM - agitation. During the
reaction, the pH of the 5 reaction mxture_was maintai nedbB857.0 with SN
‘NaCH using a pH stat. The hydrolysis™r @dcfion was noni t ored by .hi gh
pressure |iquid chronmatography (HPLC). Peri.odically, sanples (1 nl)
wer e taken and extracted with 10 m of ethyl acetate. The 10 ethyl
acetate | ayer was separated and evaporated to -dryness and anal yzed by
HPLC (as descri bed follow ng) for the substrate and product

concentrations and the optical purity offalpka 4 product. The results
obtai ned are as showRpiyket he 15 fol | @wirBg Tabl e &onversion vield (%

LD55 - 44- Table 1
. (¢ Product Product Purity of
| o) . IIal ___  Product
Ila (3}
Lipase Ps-30 Amano Int. 52 48 99.5
Lipase AY-30 Amanoc Int. 55 45 99.0
Lipase R Amano Int. 51 49 96.8
Pseudomonas Biocatalyst Inc. 54 46 - 98.8
. fluorescens
Lipase OF Sepracor : 52 48 99.0
Porcine Pan- Sigma : 54 46 98.0

creatic Lipase
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Reaction Tinme Conversion Yield (% Optical Purity (Hour s)

(% Pr oduct Product 11a) of Product I'1b)

l1a (9% 4 18 : 82 -- 8

34 66 12 46 ) 54 LD55 --

16 51 49 - 5409.4 _

LD55 - 45- : I n"Process Chiral HPLC Assays
Periodically, during the reaction as descri bed above, a 1 m sanple was
taken and 5 extracted with 10 mM of ethyl acetate contained in a 50 m
screw cap tube. The ethyl acetate Iayeﬁm%ﬂnig—§n1) was renoved, evaporated
under a gentle stream of nétexss Hrd viec H &% alssolved in 2 m of
nobi | e phase (hexane: abSO|UteEi%gﬁﬂEhuLgﬁa§§58§p§ﬂﬂ%W#§?Ile phase was
passed t hrough 0.2 pm Lydex f the filtrate was
transferred to a cri nphei substrave|empdoyiedsi end prodiRets condi ti ons:

Hewl ett Packar ds 1083t§ﬂﬁ€5ﬁt\9€f@rﬁhdbré of Exampi@! dMboddl I #zaleal
‘Mobi | e Phase: hexanEFabso rte et 95:5 umm Tenper at ur e:

Anmbi ent %cth"@m%&'rﬁrr?lvﬂs reactiep: R (48ACLI®N) nm

mixture in 20 ml of 25 mM potassium phosphate
buffer pH 7.0 was prepared containing 200 mg of
substrate and 1 gram of enzyme (see Table 5 for

10 enzyme). The reaction was carried out at 30°C, 150
revolutions-per-minute (RPM) agitation. During the
reaction, the pH of the reaction mixture was
maintained at 7.0 with 1N NaOH using a pH stat.
The hydrolysis reaction was monitored by high -

1S pressure liquid chromatography} Periodically,
samples (1 ml) were taken and extracted with 4 ml
of ethyl acetate. The ethyl acetate layer was _
separated and evaporated to dryness and analyzed by
HPLC for the substrate and product concentrations

20 and the optical purity of the product. The results
obtained are shown in the following Table 5.




20 - ‘ The retention tines for the two enanti oners of racemc

acetate were 23.2 mn and 28.9 mn, respectively. The retention tines
-for the two _ enantioners of racem c al cohol were 63.9 mn_and 74.8
mn, respectively. 25 Exanpl e 3 LDsSS
Stereosel ective Hydrolysis of () -cis-3-Ac&6oxy- 4-(2
-faranyl)azetidin-2-one using | mobilized - _ Li pase PS-30
Enzynme 30 The substrate enpl oyed, and the products - obtai ned,
were those of Exanple 2 above. | mobi i zati on of Enzyne
LD55 - 46- Iable 5 Three different carriers
-- XAD-7 (Anberlite XAD- 7 noni oni ¢ pol yneric adsorbent, 20 - 60 nesh
pol yacryl ate resin) 2 (Anbgrlite XAD-nonignic . ol yneric adsorbent,
20 - 60 nesh pol yst 5 resi d AccuReactsen (Tipey pidgy fene WEisad Poor -
400 mcrons) -- were used for the i mobilizatlBooxs) = ppaerdtr €S.ity of Pro-
Crude Amano PS-30 |ipase (10 g) was di ssolved in 2?1 m of distil]ed
water and 10 centrifuged at 10,000 RPM for 10 minutes 1O OBtal ndsucL ha
Lipase PS-30 Amano Int. - .16 48 >99.5
Lipase AY-30 Amano Int. _ 8 : 46 >99
Lipase AK Amano Int. 16 47 >99
Pseudomonas Biocatalysts 16 45 . >99
fluorescens Ltd.
Lipase
Porcina Pan- Sigma 19 47 98.8
creatic Lipase .
Esterase Gist/Brocarde = 24 35 99
30,000 |
Lipase OF Sepracor 8 B 44 99
KID Lipase Gist/Brocarde 48 cT- 3 95

Lipase R Amano Int. 24 44 99



¢l ear supernatant. The carrier (1.3 g) ina 25 nl vial was washed 5

times with nethanol and added to enzyne solution in a flask and gently
agi.tated on a gyrotory shaker at roomtenperature. Adsorption of 15
enzynme to the carrier was checked periodically by - Ilpaszéisay (Sigma
olive oil emulsion as substrate) and.bySfrotein remaining in filtrate.
About 68% 71% and 98% adsorption efficiencies were obt ai ned usi ng
XAD-7, XAD-2 and Accurel resins, 20 respectively. After conpl ete

i rmobi lization (20 to 24 hours), the_carrjer-enzynme slurry was filtered

through a MIlipore filter and the car r | EXaTRAS T washed with about 300 n
of distilled water. > : Resgdation : he 25

i nobi lized |ipase was dr'eﬂséEQfz¥é%HEﬂ%ﬂ#%ﬁx%iaze&iﬂﬂﬁﬁl&ﬁﬂ?erat”re
Use of Imbilized Enzyme nobI I'T zed, enzyme was enpl oyed for the

30 enzymatic hydrolysis reactio 2. Reaction
m xt ures-were pr@pared which contained 30 nl of 25 nmvk pot assi um
- phosphate buffer-pH 7.0 cont i_ni_ng 300 of substrat.e as described in -
Exanple 2, and 300 mg of t He 8@ trﬁggpsygﬁgyeé ¥ pirBfces
LD55 obtalned.-were thensane | ag cthdsepafc ERGMBYe The reactions

were conducted as deggdvded in Exanple 2. The results

A reaction mixture in 8.5 L of 25 mM
10 potassium phosphate buffer pH 7.0 was prepared
containing 85 grams of substrate, and 85 grams of
Lipase PS-30 from Pseudomonas sp. (Amano Inter-
national Co.). Lipase PS-30 was immobilized on
‘Accural polypropylene and used in the reaction
15 mixture. The reaction was carried out at 30°C, 150
- revolutions-per-minute (RPM) agitation. During the
reactidn, the pH of the reaction mixture was
maintained at 7.0 with 5N NaOH using a pH stat.
The hydrolysis reaction was monitored by high
20 pfesure liquid chromatography. Periodically,
.sémples (1 ml) were taken and extracted with 4 ml
of ethyl acetate. The ethyl acetate layer was
separated and evaporated to dryness and analyzed by
HPLC for the substrate and product concentrations
25 and the optical purity of the product. The resulté
which were obtained are shown in the following
Table 6.



obtai ned are shown in the following Table 2.

LD55 -48- o Table 2
| nmobi | i zed Reaction Conversion Yield (% Opt i cal Support-
Time (Hours) (% Product Product . Purity of LD55
) 1l a) Product Ila Xar 27 3 53
47~ 99.0 XAD- 7 3 , _ 54 46
99. 3 Accurel PP 3 - b1 49 99.5 :
LD55 | 49 Table 6 _ Exanpl e 4
Reaction Time _A-Acetaté B-Acetate A-Alcohol
—lHours) _  Amgsml) . Mmg/ml) . Ama/ml)
0 6.2 5.2 o
1 2.1 5.2 2.9
2 0.65 5.2 . 4.1
3 0.19 S.1 4.3
4 0.1 5 . 4.9
5 trace ' 4.95 4.9
6

trace 4.9% 4.9

Reaction Time B-Alcohol = Optical Purity Optical Purity
(Hours) dog/nl) B-Acstate (%) AzAlcohol (%)

0 0 50 >99
1 0 72 " >99’

2 o : 89.6 >99
3 trace -98.5 >99
4 trace ’ 98.5 >99
5 0.13 >99 97
6

0.15 >99 97

5- "A-Acetate" had the following structure:

||
AcCh~\ 0




St er eosel ective Hydrolysis of ()-cis-3-Acetoxy-

4-(2' -furanyl)azetidi n-2-one 5 The substrate enpl oyed, and
products obt ai ned, were those of Exanple 2 above. In this Exanpl e,
a nunmber of reactions were run in which | i pases from dBF%rent sources
wer e enpl oyed. In each reaction?8the reaction mxture, in 10 20
m=- of 25 nmM phosphate buffer, pH 7.0 contained. 1 gram of crude |ipase
and 200 ng of substrate. The reacti ons were conducted at 25[err]Cin a

phstat al PR 1,0, The LesuLA b ALIG 97 o )QULI0, (e fol lowng

Table 3 Enzyme Reaction Tine

(Hours) Lipase PS-30 Pseudo- Amano Int. 1 16 nonas sp.
Li pase AY-30 _ Amano I nt. J |8 Candida sp. -
_ ' AcQy, s o

Ny -

dﬁ

*A-2lcohol” had the following structure:

*B-aAlcohol® had the following structure:

S
HO | §o

¢ NH




Li pase ‘AK Pseudo- Amano I nt. 16 nonas sp. Pseudononas

Bi ocat al yst Ltd. 16 fluorescens Porcine pancreatic- Si gma
19. Li pase Esterase 30,000 G st - Brocarde . 24 Lipase OF
Sepr acor 8 KID Li pase - G st -IB%5car de
48 Lipase R Rhizopus sp. Amano Int. -39 - 24 Conversion (%
Yield (% Optical Pur- - Product 11a) ity of Prod-
52 ' 48 >99. 5 55 45
99.0 53 47 99. 3 55
45 98.8 52 Example,3 99. 8 51
49 95 . BBereoselective Esterjfication 099 5 - 52
48 %> (hiocisBoHydroxy-4-(2:-fivanyl)azecididd2lone
LD55 : -o1-

5 In this Example, the substrate employed, and

‘proudcts obtained, were the same as those of
Example 5. A reaction mixture in 10 ml of methyl
ethyl ketone (MEK) was prepared containing 20 grams
of substrate, 1 gram of enzyme (see Table 7) and

10 0.4 ml isopropenyl acetate as acyl donor. The
reaction was carried out at 30°C, 150
revolutions-per-minute (RPM) agitation. The
esterification reaction was monitored by high
pressure liquid chromatogréphy (described

15 following) to determine substrate and product
concentrations and the optical purity of the .
prdduct. The results obtained are as shown in the
following Table 7.



Exanpl.e 5

(+)-cis-3-Hydroxy-4-(2'-furanyl)azetidin-2-one 5
enpl oyed in this Exanpl e was

acetylation of this.Exanple
(+)-cis-3-hydroxy-4-(2'-furanyl)azetidin-2-one:
(-)-cis-3-acetoxyr4-(2'-furanyl)azetidi9-%jon9: 20

Lipase PS-30
Lipase AY-30
Lipase AK
Lipase OF '

Enzyme

Lipase 25—30
Lipase AY-30
Lipase AK
Lipase OF

t he racenat e: -
NH 10 prepared by chenical hydrolysis (using Na2

correspondi ng racem c acetate. The produtt&0 of

were the conpounds:

Amano Int.
Amanc Int.
Amano Int.

Sepracor

Source

Amano Int.
Amano Int.
Amano Int.

Sepracor

St ereosel ective Acetylation (Esterification) of

The substrate

. HO
COB) of LD3Bhe
t he stereosel ective
15 _
- Ila [err]
I1b .
Reaétion Time Yield of
—dHours) __ cChiral ace-
Late (%)
96 50.5
120 S1
120 49
96 49.5
Optical Pu- Yield of Optical Pu-
rity of ace- Chiral alco- rity of al-
tate (%) hol (%) cohol (%)
99.5 49.5 99
99 49 99
99.5 51 99.
99.4 50.% 99
THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced

(RO




LD55 « -52- [err] In this

Exanpl e, a nunber of reactions were run in which |ipases from different
sources were 5 enployed to achi eve stereosel ective acetylation. . In each
reaction, the reaction mxture, in 25 m of t ol uene, coriB@5ed 1 gram of

crude |ipase and 100 nmy of substrate, 808l ny of isopropenyl acetate, and
0.05% water. The reactions were conducted at 30[err]C 10 and 100 RPM on a
- shaker. The products and = substrate were analyzed by HPLC. The results

whi ch wer e obtaiggg Ere]sh?mn in the foll ow ng Table 4.

The substrate and'products were analyzed in
the above Example by HPLC. A Nova Pak Cl8 reverse
phase-column (3.9 x 150 mm) column was used. The

5 mobile phase was 15% acetonitrile in water and the
flow rate was 1 ml/min. The detection wavelength
was 227 nm. The retentioh_times for alcohol and
acetate were 2.7 min and 14.9 min, respectively.

The optical purity of chiral acetate was

10 determined by chiral HPLC. A Chiralpak AS column
was used. The mobile phase consisted of
hexane:ethanol (96:4) which was used at 1 ml/min at
ambient temperature. The detection wavelength was
210 nm. The retention times for the two

15 enantiomers of racemic acetate were 23.7 min and
20.9 min, respectively. The retention times for
the two enantiomers of racemic alcohol were 63.9
min and 74.8 min, respectively.



- 53 - - Table 4 Enzyme sourég

Conversion Yield (% Opti cal LDSS ///
(% Product Product Purity of - 62 -

I'1Db) Product _ : _

lla (% Lipase PS-30 Amano | nt. 52 : lﬂm, I'
99.'5( Li pase AY-30 Amano Int. CLAIMS 55 ”* . “I!_l "I"" " sI " '!Il
99.0 Lipase R Amano I nt. 51 49

96. 8 Pseudonobnas Bi ocat al yst Inc. 54 46 98.
8 fluorescens Lipase OF Sepr acor _ . 52 48
99.0 Porcine Pan- 1 9"® method for the rescltition of a Hxture

98.0 creatic Lipase .. . 1.

LD55 I comprising the enantiomers Ia and Ib, where R is

2

in the cis position relative to R® in both Ia and

Ib, or where Rl is in the tranms position relative _
to R2 in both Ia and Ib: : - >

Rl. s‘l{"z Rl R2

and
4ﬁ: pk /C: N&
o R3 0/ R3
(fa) (Ib)

where

R! is hydroxyl; halo; or -0-C(0)-R®, where

R4 is alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, cycloalkenyl or heterocyclo;
R2 is heterocyclo or cycloalkyl;
R is hydrogen; R%; -c(0)-0R?; or -c(0)-R?,

wheré R4 is independently selected

from those groups recited for R4 above;
comprising the step of contacting said mixture I
with an enzyme or microorganism capable of
catalyzing the stereoéelective conversion of one of
said compounds la or Ib to a non-enantiomeric form,

and effecting said conversion.

- 2. The method of claim 1, wherein said
stereoselective conversion is selected from

stereoselective hydrolysis and stereoselective
esterification. .

THIS SHEET HAS B

R gy
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Exanpl ex 6 _ St ereosel ective Hydrol ysis:

Eval uati on of Various Enzymes The substrate emWQMH|!MUIlL| "I!Il

products 5 obtained, were those of Exanple 2 above.

st ereosel ective hydr ol ysis reaction, a reaction

For each
m xturBPPH 20 m of 25

mM pot assi um phosphat e buf f er pH 7.0 \M§§ prepared containing 200 ng of

substrate and 1 gram of enzyne (see Table 5 for 10

enzyne). The reaction

was carried out at 30[err]C, 150 revol uti ons-per-m nute (RPM

?rg: tn?;: (rjlgd ?t” I7ng rmhteh IN %g%ﬁhugﬂetﬂQE QF %%M]Ei r@%&% dro'ﬁ{m S react i on

was nonitored by hijifomprigisgsthe emwwmrh(dgrapﬁﬂ (P)ariﬁbdl cal ly,

sanples (1 m) wererdsikeredand extracted with 4 n

of ethyl acetate. The

ethyl acetate |ayer was separated and evaporated to dryness and
anal yzed by - HPLC f or substrat A2nd produ t concentratlons 20 and

the optical purity of the Mduct resul tsR obt-ai ngB%are shown in
the foll ow ng Tabl e 5.
LD55 Table 5

(Ta(1) R3

(Ib(l))

to form a mixture II comprising the compounds

IIa(l) and IIb(l):

(Ha(l))

." Rib, R2
C N
4 N3

Ib(1))

comprising one of the following steps (i), (ii), or

(iidi):
(i) where
1

R™ is —0-C(0)-R4. and R4

is independently selected

from those groups recited for R4 above; and

one of R]'a 1b

other of Rla

or Rlb

1

or R is the same as R~ and the
is hydroxyl;

the step of contacting said mixture I, in the
presence of water and/or an organic alcohol, with
an enzyme or microorganism capable of catalyzing
the stereoselective hydrolysis of mixture I to
provide said mixture II; or

(ii) where-

Rl is hydroxyl; and



RS eroseer® ey or mrace o T et oo MU OO

l1a) duct Ila Li pase PS-30 Amano I nt. 16

- >99.5 Lipase AY-30 Anano Int. : 8 ' 46 LD55 >99 Lipase
AK - Amano I nt. 16 . . 37%4 - >99 Pseudonpnas

" Biocatal ysts 16 45 >99 fl uorescens Ltd. Lipase
Porcina Pan- - signma 19 47 98.8 creatic
Li pase Esterase (ast/Brocarq lb24 35 99 30, 000
Li pase OF Sepr acor one of R 8or R™" is hydroxyl and aaeKbEhérpase
ga’Afst/ Br ocarde44 - 48 99°f rl2 38RIP ig R495(éj1@se aRa r? jsAmano Int.
LD55 o independently selected from those BESUBE Resol ution
of ()-cis-3- Aceémitied! -flo Rﬁuabayé)azetldln 2-one

by I mobi | i zed Lipaéﬁngiég)of contacting said mixture I, in the

‘presence of a compound III:

rR*-cto)-L  (1ID)

where R? is as defined above for R} or R™® and L
is a leaving group, with an enzyme or microorganism
capable of catalyzing the stereoselective
esterification of mixture I to prbvide said mixture
II; or

(iii) where
R! is a halogen atom; and

one of R1a 1b is halogen and the other

of Rla or R is hydroxyl; )
the step of contacting said mixture I, in the
presence of a hydroxide ion donor, with an enzyme
or microorganism capable of catalyzing the stereo-
selective dehalogenation of mixture I to provide
said mixture II.

1b

4.  The method of claim 3, wherein a mixture
I is employed which comprises Ia(l) and Ib(l):

2
Rl%% \“‘R
and
Qdc - ER 3 : o
aaq) K | (Ib(1))

where



5 The substrate enployed and products obt ai ned, were the
same as those of Exanple 2 above. A reactipps gnxture in 8.5

L of 25 mM 10 potassi um phosphate bufferggpH 7.0 was prepared

containing 85 grans of substrate, and 85 grans of L|p

Pseudononas sp. (Amano Inter- national Co.). Lipase P mD Eﬁﬂ'mml
| nmobi | i zed on Accur al polypropylene and used in the reac

m xture. The re Qtlon S carled ou 30[err]C, 150
revol uti ons- per- En fed xgﬁwy %y r¢ fng the reaction, the pH of
the reaction m xRar éswharyl omal:hﬁ.anyrkd and7.0 with 5N NaOH using a pH

stat. - The hy S I O | N presure liquid
chr omat ogr aphy. g\Pe#o ??8{1 Bh&ﬂ%l”?? g?ﬁgﬁ%? Werglgh n and extracted
with 4 m of et hyl acet ate. The et hyI acetate | ayer was separ at ed

and evaporated to-dryness aad methoacdfbrlaim PLGhkeeihhg sypsseate and
product concentrations_25 _and the optical purity of the product. The

results whi cASwWEPRLBYES: ned are shown in the fol |l ow ng Tabl e_6.
LD55 : -57- T
Table 6

6. The method of any preceding claim, wherein,
further, the non-enantiomeric compounds obtained are
separated by a separation step.

7. The method of claim 6, wherein said
separation step is an extraction, distillation,
crystallization, or column chromatography step.

8. The method of any preceding claim, wherein,
further, a product of said method is employed in the
preparation of a taxane bearing a C-13 sidechain.

9. A method for the resolution of a mixture
IV comprising the enantiomers IVa and IVb:

r%-1-c(0) -0R"
and

(Iva)

R2-T°-c (0) -oR® (IVb)
where

T is w R!
—CH—CH—
and TP ig
“W™= RI!
) | '
— CH—CH — ; or

THIS SHEET HAS BEEN
REPLACED
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Reactien Tine A-Acetate B- Acet at e A- Al cohol (Hour s)
5.2

(mg/ m) (mg/ m) 0 6.2 _
1. 2.1 5.2 2.9 2 - 0.65
5.2 4.1 3 E 0.19 5.1_ LD55 4.3
4 0.1 _' 5 47986 - 5 trace
4.95 4.9 6 trace 4.9 |
Reaction Tine B-Al cohol Optical Purity Optical Puritylﬂl"ﬂ""ﬂluw“q!"u"-
(my/ M) B—Ace&atfs(@b A- Al cohol (%9 - 0 0
50 >99 1 Rl w O 72 >99
2 0 89.6 I g >99 3 trace
98.5 . >99 4 —CH—(=2 ace 98.5 . >99
5 0.13 >99 97 6 0. 15
.>99 97 and "A- Acetate" had the follow ng structure:
lerr] :
Tb is
RI W
-CH—CH ~— ;
1

where R™ is in the erythro position relative to the
group W in both IVa and IVb, or Rl is in the threo
position relative to the group W in both IVa and
IVb;

W is -NHR3 or -
1l

73!
is hydroxyl; halo; or -0-C(0)-R* where
R* is alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl or heterocyclo;
Rz-is_heterocyclo-or'cycloalkyl; '
R® is hydrogen; R*; -c(0)-0r?; or -c(0)-r?
where R4 is independently selected
from those groups recited for R4 above;
R6 is hydrogen; or R4, where R4 is independently
selected from those groups recited for
R4 above; o
cqﬁprising the step of contacting said mixture IV
with an enzyme or microorganism capable of cataly-
zing the stereoselective conversion of one of said
compounds IVa or IVb to a non-enantiomeric form,

and effecting said conversion.

R

10. The method of claim 9, wherein a mixture -
IV comprising the enantiamers IVa(l) and IVb(l) is
resolved: '



LD55 58 - . B-Acetate had the following struct mllluulul rl‘ M“I
"A-Al cohol" had the followi ng structure: - [err] "B-Alk Noret *
faql l ow ng structure: [err]

LD55
- 67 -

R°PHN R

R'—CH—CH=~C(0}-OR®  (IVa(l))

and

R3Hl'\l R!
R*— CH— CH~ C(0)-OR® (avb(1))

to form-a mixture V comprising compounds Va(l) and
Vb(l):

oay w
R*—CH—CH—C(0)-OR®  (Va(1))

and

R*—CH—CH=C(0)-OR®  (Vb(1))

comprising one of the following steps (i), (ii), or

(iii):

. (i) where

is -O-C(O)-R4,-where R4 is independently
selected from those groups recited for

rY

r? above; and one of R12 or R!P is the
same as Rl and the other of Rla or Rlb is
hydroxyl;

the step of contacting said mixture IV, in the
presence of water and/or an organic alcohol, with
an eniYme or microorganism capable of catalyzing
the stereoselective hydrolysis of mixture IV to
provide said mixture V; or

(ii) where
R™ is hydroxyl; and

one of Rla or R;b is hydroxyl and the other of R

1
la



IéxDZ;rglék 8 'St er eosel ec'E F\?e Esterificat .i E?(]a(r)r}all mml ml" “I" "III " Illl

() ~cCi s-3-Hydroxy-4-(2' -furanyl)azetidi n-2-one 5 1 this' Exanple
t he substrate enpl oyed, and proudcts obtai ned, were the IsRSE as those of
Exanple 5. A reaction mixture in 10 ml of -nB8hyl “et hyl ketone (MEK) was
pr €pared containing 20 grans of substrate, 1.gramof enzyne (see Table
7) and 10 ‘0.4 m isopropenyl acetate as acyl donor. The reacti on was
carried out at 30[err]C, 150 revo utions-per#ninuti (RPM agitation.
The esterification reaoriB mbs (Qir-&d ,bwherghR™ is pressure |iquid

- chromat ography (descri bed- ;ﬁdﬁﬁgﬁégﬂ%i¥gs%#%éygap@gbﬁduggggaéfgébgand pr oduct

concentrations and the optica urit esul ts
obt ai ned are as shown in tﬁ§°1tedf€9¥cﬁmrﬁP°Mﬁdle 7.

the step of contacting said mixture IV, in the
presence of a compound III:

rRé-c(0)-L (III)

where R4 is as defined above for R1a or Rlb and L
is a leaving group, with an enzyme or micrbprganism
~ capable of catalyzing the stereoselective esteri-

fication of mixture IV to provide said mixture V;
or

(iii) where
rR! is a halogen atom; and .

one of R1a or Rlb is halogen and Ehe other

of Rla or Rlb is hydroxyl; |
the step of contacting said mixture'IV, in the
presence of a hydroxide ion donor, with an enzyme
or microorganism capable of catalyzing the stereo-
selective dehalogenation of mixture IV to provide
said mixture V.

_ 11. The method of claim 9, wherein a mixture
IV comprising the enantiomers IVa(l) and IVb(l) is
resolved: '

R°PHN R
Rz—CH—CH—C(O)-ORe_ (IVa(1))

llllz

and

R°HN R
- R*—CH—CH—C(0)-0R®  (IVb(1))



I-?eggt | 0:1 Time Yield of Tabl e 7 Enzy?emurllullll I”Iﬁﬂl" llll " IIII

ace- Li pase PS-30 Amano | nt. 96 50.5 L|pase AY- 3
Amano Int. ' 120. 51 Li pase_ AK Amano | ntLD55 120
49 i pase OF Sepr acor 96 - 69 - 495 Enzynme.
Sour ce . Optical Pu- Yield of optlcal Pu-
rity of ace- Chiral alco- rity of al- 5 tatg g@@
hol (% cohol (9% . .Li e, h nt
99 Li pase AY-30 A&gngg?ﬁt éiéghre‘%ggc°mpr181ng c°mﬁ9unds Via(l) 99 Ljpase
AK Amano | nt. and Vib(H) : - 51 - 99 Lipase OF
. Sepracor . . 99.4 50.5 | 99 :
RHN R
R —CH—CH—C(O)-ORsa ~ (VIia(l1))
and
RNy R
| |

R2—CH—CH—C(0)-OR®®>  (VIb(1))

comprising one of the following steps (i), (ii), or

(iii):
(i) where
'R6 is hydrogen; and
6a 6b 6a
one of R or R 1s hydrogen and the other of R
or R6b is R , where R4 is independently

selected from those groups recited for R4

above;
the step of contacting said mixture IV, in the
presence of an organic alcohol of the formula VII:

rRé-oH (vII)

where R* is as defined above for R®? or rR%P, with
‘an enzyme or microorganism capable of catalyzing
the stereoselective esterification of mixture IV to
provide'said mixture VI; or

. (ii) where
R6 is R4, where R4 is independently selected from
those groups recited for R4 above; and
one of R6a or Rsb is the same as R6 and the other
. of R6a o *ﬁb ~is hydrogen;

the step of contacting said mixture IV, in the
presence of water, with an enzyme or microorganism



bgtrate and products were anal y(zséd I n rﬁlécag/ﬁt/gogx.arrpl Ilmllmlﬂui"llll “ llll

No,ya Pak Cl18 reverse phase colum (3.9 x 150 mm colum was used. The 5
nobi | e phase was 15% acetonitrile in vvaég and the %0 rate was 1
m7imn. The detection wavel ength 227 nm The retention ti-mes for

al tohol and acetate were 2.7 min and 14.9 min, respectively.
The optical purity of chiral acetate was 10 determined by chiral HPLC A

Chiral pak AS colu was used. The nobile e O.I’ISI sted of
hexane: et hanol ‘(aégg.j‘?ll)em GRtlyzing the FY85 /{@ﬂ%slaﬁ& € anbi ent .
tenperature. Theydisshetiorofanisteng TWao proviie maid eixtetrention tines

for the two 15 rgﬁ]oners of racem c acetate were 23.7 mn and 20.9
m n, respective‘ﬁ) e retention tines for the two enantioners of
racem c al cohol were 6813i) whesen and 74.8 nin, respectively. | _
of 62 . xturé R® is RY, whefdAMEs 1ndepencﬂentﬁ.ﬁém5éﬁ £ " €sol ution
those groups recited for R‘l above; and
6a 6b 6

one of R°~ or R is the sa.me as R™ and the other
of RSa or Rsb is R . where R7 is alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, _
cycloalkenyl or heterocyclo, except that
R7 is not the same as R ;

the step of contacting said mixture IV, in the

presence of an organic alcohol of the formula VIII:

R’ -OH  (VIII)

where R7 is as defined above, with an enzyme or
microorganism capable of catalyzing the stereo-
selective transesterification of mixture IV to
provide said mixture VI.

12. The method of claim 9, 10 or 11, wherein,
further, the non-enantiomeric compounds obtained
are separated by a separation step.

13. The method of claim 12, wherein said
separation step is an extraction, distillation,
crystallization, or column chromatography step.

14. The method of any one of claims 9-13, wherein,
further, a product of said method is employed in
the prepérat:ion of a taxane bearing a C-13
sidechain.
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| conprising the.enantioners la and Ib, where Rerr] is in the gbsgp«pg-ii.@n
rekati've to Rlerr] in both la and Ib, or where Rlis in the trans position
relative to Rlerr] in both la and Ib: [err] and
[err] where Rerr] is hydroxyl; halo; or -OC(O-Rerr], where Rdi s
al kyl, al kenyl, al kynyl, aryl, cych&IRyI, cycl oal kenyl or

het erocyclo; R2 is heterocyclo or cycl oal kyl; ' 4 R err] is hydrogen
Rlerr];, -CCO-OR [err] ; or -C(O-R where R err] is independently

sel ect ed from { hosegLouRasEaE! LiifhddlorbEbYL 48R0 Ees Cauy | S1 Ng (e
step of contacting said mxtufe I wth an enzy or m croorgani sm capabl e

of catalyzing the feshedscfertFhe FeFrldidiosn off eBABtHPMeEEE conpounds | a or
b to a non-enanti aiiktugekOr pref@falely atidendcsaiRtaLey £I6f Gompounds 2.

Tre et 1o oh, o) Bkl SR UL RE SR, pLEORBRNELE K, | 5 oo oot
_ S taxanes bearing a C-13 sidechain containing a
heterocyclic or cycloalkyl group, and thus for the
stereospecific preparation of these compounds.
Specifically, the present invention provides
_ a method for the resolution of a m@xﬁure I
10 comprising the enantiomers Ia and Ib, where R1 is
in the cis position relative to R2 in both Ia and
Ib, or where Rl is in the trans position relative

to R2 in both Ia and Ib:
l!l ‘,Rz Rl R2
and
éC N\ //C N\ .
RS 0] R
15 (2) | (Ib)
where | _
Rl is hydroxyl; halo; or -0-C(O)-R4. where

r? is alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl or heterocyclo;
20 R2 is heterocyclo or cycloalkyl; and
R3 is hydrégen; R4: -C(O)-0R4; or -C(O)-R4.
where R4 is independently selected from
those groups recited for R4 above:
comprising the step of contacting said mixture I
25 with an enzyme or microorganism capable of
catalyzing the stereoselective conversion of one of
said compounds.Ia-or Ib to a non-enantiomeric form,

and effecting said conversion.
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and
[1b(1):
foll ow

and R err]

Rl err]

-

- 63_
to forma m xture |
and

[err]
ng steps (i), (ii), or (iii):

I s i ndependently sel ected
above; and

4

, : 3: The method of claim1l1l, wherein a
m xturé | conprising the enantioners la(l) and Ib(l) is resolved:
[err]

[err]

conprising the conpounds Ila (lI) and
[err]

conprising one of the
1) where R is -OC(O-Rerr],
romthose groups recited for

10

15

The present invention also provides a
process for the resolution of a mixture IV
comprising the enantiomers IVa and IVb:

r%-12-¢ (0) -oR®
and

(IVa)

r%-1P-c (0} -or®

where
T™ is

(IVb)

and TP is

T2 ig

and
T is
Rl W

-—(!‘.H =—=CH —
is in the erythro position relative to the
group W in both IVa and IVb, or where Rl is in the
threo position relative to the group W in both IVa
and IVb;
W is -NHR
1

where Rl

3 ;
or -N3 ’

R™ is hydroxyl; halo; or -0-C(0)-R4. where

R? is alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl or heterocyclo:
R2 is heterocyelo-or cycloalkyl:;
R3 is hydrogen; R%; -c(o)-or%; or -c(o)-r%,

where R4 is independently selected from
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one of Rerr] or Rerr] is the sanme as Rl and the other of R err] or
Rlerr] is hydroxyl; the step of contacting said mxture I, in the presence
_ of water and/or an organic al cohol, with an enzyne or m croorgani sm capabl e
of catalyzing the stereoselective hydrolysis of mxture I to provide said

m xture |I; or (i1) where Ris hydroxyl; and

LD55 - 64- one of Rerr] or Rerr] is

hydr oxyl and the ot her of Rlerr] or Rerr] is Rerr] -C(O-0, and R
IS i ndependently sel ected fromthose groups recited for

Rl err] above; the step of contacting said mxture I, in the presence of a
conmpound |11 Rfe?4]=C(O-L (111) .where Rerr] is as

defined above for Rlerr] or Rlerr] and L is a |eaving group, with an enzyne
or mcroorgani sm capabl e of catalyzing the stereoselective esterification

of mxture | to provide said m'_xture] II'E ol (iii) where

Enantiomeric Mixture ' Products
R3HN R! sy qr— Rsﬁl\gl ) Bl
P 2 GH—CH-C -OR®

2 CH-CH=-C -OR® R

R2—-CH RI—OH

awv) © (viD D

R"Hl;z R} R3HI;I r'{‘
R2—CH~CH~C ~OR® | R2—CH-CH ..‘cl ~ORS®

one of R or R = .R"; the other =R’
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R is a hal ogen atonm and one of Rerr] or R is halogen and the

ot her ' of Rferr] or R is hydroxyl; the step of contacting said

m xture |, in the presence of a hydroxide ion donor, with an enzynme or

m croor gani sm capabl e of catal yzing the stereo- selective dehal ogenation of
m xture | to provide said mxture I1I. 4. The nmethod of claim3,
wherein a mxture | is enployed whygh conprises la(l) and Ib(1):

[err] and wher e - 65 - Ris

al kanoyl oxy or hydroxy; R2 is furyl or thi enyl; and R err] is hydrogen,
phenyl or substituted phenyl.

Reaction Scheme III
Enantiomeric Mixture Products
4
R \C //0
\00“ \QRZ B R ! "’o O Rz
C—N H,0 or 7N
) o? o3 20 and/ o? g3 -
R \c o2 organic alcohol RI® R?
//
o ) | |
4)] , C=—N
C—N I - 4 \
7 R o ° R?

1]
oneof R orR!I®* = R4=C —0O— ;the other=OH

RHN  o-co)-R* [ R°HN gu
H - = F
R?= CH—CH —C —OR® R2~ CH~CH =C ~ORS$
5 H,0 andfor :
™) e (6]
organic alcohol \
R3HN -R4
] ?—C(O) RHN Rgmw
2 [ R
R2— CH—CH —-C -OR | x v .
- _i R2— CH—~CH ~C —OR
o ('?
one of R!* or R = R4w(C —(Q=— : the other = OH
3 — e
R ng 1}1 | RBHN Rg!
y Y ~ — - D6 H g
R CH CH C =-OR H‘_),O Rz__ CH-—-CH ~C _ORGa
omn———
av ' D
RHN gt
, ] v R3HN R!
R?—~ CH=—CH. ~-C —~OR* T v
T | R2— CH—CH —C —OR®
0

one of R® or RS® =R ; the other =H o
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5. The pethod of claim4, wherein a |ipase is enpl oyed. 6. The
met hod of any preceding claim wherein, further, the non-enantioneric
conpounds obtai ned are separated by a separation step. 7. The

met hod of claim6, wherein said separation step is an extraction,
distillation. crystallization, or columm chronatography step. 8.
The nmet hod of any preceding cIaLn% wherein, further, a product of said

met hod is enployed in the preparatign of a taxane bearing a C 13 sidechain.
9. A nethod for the resolution of a mxture IV conprising the enantioners

| Va and | Vb: : Rlerr]-T[err]-C(O -OR[err] (1Va)
and Rierr]-Tlerr]-C (0) -ORlerr] (1Vb)  where Tlerr] is
[err] and T[err] is Table 4 '
Enzyme Source Conversion Yield (% Optical
(% Product Product Purity of
ey Iray Product
. Ila (%)
Lipase PS-30 Amano Int. 52 48 99.5
Lipase AY-30 Amano Int. 55 45° 99 . 0
Lipase R Amano Int. 51 49 96.8
Pseuéamanas Biocatalyst Inc. 54 46 98.8
fluorescens .
Lipase OF Sepracor : 52 48 ' 99\0-“
Porcine Pan- Sigma 54 46 98.0

creatic Lipase
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[err]

- REPLACEMENT SHEET

LDB55 * - 66- "Ta is [err] and T[err] is [err]
where Rlerr] is in the erythro position relative to the group Win both IVa
and Vb, or Rerr] is in the threo position relative to the group Win both
IVa and 1Vb; Wis -NHR[err] or -NJerr] R is hydroxyl; halo; or -O-C(O-R
wher e Rlerr] is alkyl, alken 6,_alkyny|, aryl, cycl oal kyl
cycl oal kenyl or heterocycl o; R[érr{ is heterocyclo or cycloalkyl; Rerr] is
hydrogen; Rerr]; -C(O-ORerr]; or -C(O-Rerr] where R err] is

I ndependent |y sel ected

Lipase PS-30
Lipase AY-30
Lipase AK
Lipase OF

Znzvme

Lipase PS-30
Lipase AY-30
Lipase AKX
Lipase OF

Table 7

Source Reaction Time
J{Houxs)
Amanc Int. 96
Amano Int. 120
Amano Int., 120
Sepracor 96
SQH:S: Optical Pu-
rity of ace-
Late (%)
Amano Int. 99.5
Amanco Int. 99
Amano_Int. 99.5
Sepracor 99.4

Yield of
Chiral ace-~
Late (%)
50.5
51
49
49.5
Yield of Optical Pu-
Chiral alco- rity of al-
hol (%) sohol (%)
49.5 99"
49 99
51 99
50.5 99
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fromthdse groups recited for R err] above; Rerr] is hydrogenw f@%r
where Rl err] is independently "sel ected fromthose groups c§ zbr
R above; conprising the step of contacting said mxture IV with an enzyne
or mcroorgani smcapable of cataly3 zing the stereosel ective conversion of
one of said conmpounds IVa or Vb to a non-enantioneric form and effecting

sai d conversi on. 10. The nmethod of claim9, wherein a mxture IV
conprising the enantiamers IVa(l) and IVb(l) is resolved:
LD55 Reaction Scheffi¥-I: Resoljuiph bv Estemitfication/err] to forma
m xture V COBRinkiSmest Mpdaeunds Va (1) and Products
| HO, R R, F

., o’ -1 ] ﬁ — e, o

l l 4
SN plind et SN
3
. @ o R (1) o RrR® @

HO, R%® R b\ ’Rz
' -

C-—-N o— //C-—N
o R ° g
one of R or R!® = OH; the other= R*=~C~0—
R°HN oy = [ R°HN gia
R'—CH-CH-C-OR® | 'l R*—CH— CH—C- OR®
Il R‘=C—L
o — o)
av) am )
. ..
:;Hl'q OH ] RaH%\l th
"CH"CH—If'OR_ | R*—CH~CH—C- OF®
o ? 0
one of R1* orR“’=OH theother= R -C—O—
3 — 3
R°HN g R°HN g
R’—ca—cu-c—on . . R2=CH~CH—C-OR®
0 R'~-0H Il
o —_— o)
awv) (VD) VD
3 1
Pay g ey g
- — ey o P v
CH-CH-C-OH | | Rl CH-cl:-OR“"

o 0
"~ oneof R®* or R“’ =H:; the other R‘

PR
,. % ,' ‘“! : L :
.z’ L & '
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Vb Ql):; [err] and [err] conprising one of the follow ng

steps. (i), (i), or (iii): (i) where Rlerr] is -O COOPEELRE r]D - where
Rlerr] is independently sel ected fromthose groups reci-ted for
R err] above; and one of Rlerr] or Rerr] is the sane as Rerr] and

" the other of Rerr] or R is hydro%$l « t he st

ep of contacting said

m xture IV, in the presence of water and/or an organic al cohol, wth an
enzyme or m croorgani sm capabl e of catalyzing the stereosel ective

hydrol ysis of mxture IV to provide said m xture V; or (1i) where
Rlerr] is hydro@rounsdEsnths hydraxylogrouer and $hey vaEhesitd the ot her
of Rerr] thereof may be found in "Protective EP2ups in

Organic Synthesis" by T. W. Greene,

John Wiley and

Sons, 1981, or Fiser & Fiser. Exemplary hydroxyl

5 protecting groups include methoxymethyl., 1-
ethoxyethyl, benzyloxymethyl, (P-trimethylsilyl-

. ethoxy)methyl, tetrahydropyranyl, 2,

2,2-trichloro-

ethoxycarbonyl, t-butyl(diphenyl)silyl, trialkyl-

| silyl, trichloromethoxycarbonyl and
10 trichloroethoxymethyl.

'

” - ' ' Starting Materials

2,2,2-

The starting materials for the present
resclution methods may be obtained as described in
15 the Examples herein, or by methods analogous to
those described in European Patent Application No.

93300241.2 (EP-A-552041).

The starting mixtures I or IV may contain,
for example, the diastereomers of the compounds Ia
20 and Ib or IVa and IVb, although it is preferred
that such compounds are separated prior to

conducting the enzymatic resolution
present invention.

25 Preferred Compounds
Cis compounds of the formula

methods of the

I have a

stereoisomeric configuration which is preferred in

compounds employed as intermediates

in the prepa-

ration of C-13 sidechain-bearing taxanes.
30 Compounds of the mixtures I and II having the same
absolute stereoconfiguration corresponding to that

of a compound Ia where R1 is acetyloxy, R
is hydrogen in the 3R,4S configuration are

and-R3

particularly preferred.

z.is furyl
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-68-, . =« or Rerr] is Rerr]-C(O-0, where R is | ndependent |y
- sel ected frorhthose groups ° recited for R err] above; the step of

contacting said mxture |V, in the presence of a conpound I11: [err]

where R is as-defined above for Rlerr]-or Rerr] and L is a. leaving group,
"wWith an enzynme or mcroorgani sm capabl e @7 catal yzi ng the stereosel ective

esteri- fication of mxture IV to provide said m xture V; or (i)
where R is a hal ogen atom and one of R err] or R is halogen and
t he ot her of err] or Rlerr] is hydroxyl; the step of contacting

said mixture |V, itseife maysimparvian igcreased somammalesidablenn enzyne
of M xture v { o pacEl 80l G2 o de L i) Mo SUIRE ey dde e e aim 0.
wherein a ni xt urBaY \EQERpR | SA¥ANE X @AWGE | Wil is/9ze FeadidN 1) is
resol ved: [ebfiverted to a taxane having an increased or more
5 desirable pharmacological activity than the
starting compound.

The compounds resolved according to the
methods of the present invention may be modified
prior to use in side chain formation. For example,

10 resolved compounds containing an azide group N3 as
- the group W may be treated by a reducing agent to
form an amine group which may be substituted.

Exemplary methods for side chain formation,
and taxane products which may be formed employing

15 such methods, include those described in European
Patent Application No. 534,708; U.S. Patent
Application Serial No. 08/080,704, filed June 28,
1993; U.s. Patent Application Serial No.

08/029,819, filed March 11, 1993; U.S. Patent

20 Application Serial No. 07/996;455. filed December
24, 1992; U.S. Patent Application Serial No.
08/062,687, filed May 20, 1993; U.S. Patent
Application Serial No. 07/981,151, filed November
24, 1992; and U.S. Patent Application Serial No.

25 07/995,443, filed December 23, 1992; all of which
aforementioned documents are incorporated herein by reference.
See also EP-A-590267, EP-A-577082, EP-A-577083 and EP-A-558959.

Salts or solvates of reactants or products
may be employed or prepared as appropfiate or

30 desired in the methods of the present invention.

The methods of the present invention are
further described by the following examples. These
examples are illustrative only, and are in no way
intended to limit the scope of the instant claims.
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agg t’o-‘[f(r)lt]m a mixtur€ VI conprising conpounds Via(l) and Nﬂmml““l““lls"“!"

Rlerr]HN [err] ' and ferr] conprising one of the*f6II6mAHg
steps (i), -(ii), or (iii): (i) where Rlerr] is hydrogen; and one of
Rlerr] or R is hydrogen and the other-o§2Rferr] or Rerr] is

Rl err], where R is independently
CLAIMS

1. A method for the resolution of a mixture
I comprising the enantiomers Ia and Ib, where R1 is
in the cis position relative to R2 in both Ia and

Ib, or where R1 is in the trans position relative

to R2 in both Ia and Ib:

RY, B2 R! R2
n and
' C N
(Ia) (Ib)

where

R1 is hydroxyl; halo; or —O-C(O)-R4, where
R4 is alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, cycloalkenyl or heterocyclo;
R2 is heterocyclo or cycloalkyl;
R3 is hydrogen; R4; -C(O)—0R4; or -C(O)-R4,

where R4 is independently selected

from those groups recited for R4 above;
comprising the step of contacting said mixture I
with an enzyme or microorganism capable of
catalyzing the stereoselective conversion of one of
said compounds Ia or Ib to a non-enantiomeric form,
and effecting said conversion.

2. The method of claim 1, wherein said
stereoselective conversion is selected from
stereoselective hydrolysis and stereoselective
esterification. =
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- Sentaering sad mxtore Tv,! T the prescnce of an organtc. af LN TEAHAHIN NN
formula VII: Rlerr] -OH (M 1) where Rlerrf §s‘'as"

defined above for Rlerr] or Rlerr], with an enzyme or mi croorgani sm capabl e
" of catalyzing the stereosel ective estefifS cation of mixture IV to provi de

said m xture VI; or (ii1) where Rerr] iIs R, where R is
i ndependent|y sel ected from t hose groups recited for R err] above;
and one of Rlerr] or Rlerr] is the same as Rerr] and the other of
Rlerr] or R ig hygragggnoi,ﬁlg,@t e ﬁ{,dggg?actl ng said mxture IV, in the
presence of wat ep, enzyne or _mm crQorgani sm
- 70 - is' ury cSEaEhéeBY 1¢a®BRyzing the stereosel ective
hydrol ysis of nRQtusehyarbgeﬁrOphéﬁy&abé Bukstictuted phenyl. VI or
(iii1) where R6 1s R4, where R4is independently sel ect ed
from those groups recited for R err] above; and

5. The method of claim 4, wherein a lipase

is employed.

6. The method of -any preceding claim, wherein,
further, the non-enantiomeric compounds obtained are
separated by a separation step.

. 7. The method of claim 6, wherein said
separation step is an extraction, distillation,
crystallization, or column chromatography step.

8. The method of -any préceding claim, wherein,
further, a product of said method is employed in the
preparation of a taxane bearing a C-13 sidechain.

9. A method for the resolution of a mixture
IV comprising the enantiomers IVa and IVb:

rZ-T®-c(0) -oR®

(Iva)
. and
r2-7°-c (0) -0R® (IVb)
where
™ is ‘y llll
—CH—CH—
and TP is
W™ R!
Y |
- CH—CH — ; or
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al kenyl , al kynyl, aryl, cycloalkyi ' dycFoafkenyI or
heterocyclo except t hat . ' R7 is not the sane as
Rlerr]; the step of contactlng said mxtgge-lV, in the

presence of an organi c al cohol of the fornula VIII

Rerr]-OH (V1) where R err] is as defined above, with
an enzyne or ~m croorgani sm capabl e of catalyzing the

st er eo- capable ofetacalyzing ameeaiméds:eilémuﬁ m xture [V to
provide said m od of claim
9, 10 or 11, m%ﬁoﬂﬁ's of mixture IY ?i?e ov:ﬁle on- -é;ﬁ'arﬁ{&germrl c
conpounds obt ai NéH: or are separat ed by a separation step.

13. The method of clai m{24)wWygegen said separation step
IS an extraction 5dlst|hl ation, _4 rystallization, or colum

chromat ogr aphy sRepiS R°, where R is :Lndependentllq{ sekesrat firon any. one
of clains 9-13, wherei nthose grou ﬁs rec;_teduﬁﬂqeg, @b@;@d@ﬂdof sai d met hod
;?dggﬁglo%ed I n one of R or R pl[_hgar atio oﬁs e o'ﬁ_?.l’l ng a G 13-
REPLACEMENT SHEET of R%2 or Rsb is R’, where R7 is a.lkyl

alkenyl, alkynyl, aryl, cycloalkyl,

cycloalkenyl or heterocyclo, except that

R/ is not the same as Rs;
K, the step of contacting said mixture IV, in the

presence of an organic alcohol of the formula VIII:

-

R -OH  (VIII)

where R7 is as defined above, with an enzyme or
microorganism capable of catalyzing the stereo-
selective transesterification of mixture IV to
provide said mixture VI.

12. The method of claim 9, 10 or 11, wherein,
further, the non-enantiomeric compounds obtained
are separated by a separation step.

13. The method o_i_. claim 12, wherein said
separation step is an extraction, distillation,
crystallization, or co,l.um"’_c_h'rgm_’ato'gr.aphy step.

14. The method of any one of cla:ims 9-13, wherein,
further, a product of said method is employed in
the preparation ofi a taxane bearing a C-13
sidechain.
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Abstract

ENZYMATIC PROCESSES FOR THE RESOLUTION
OF ENANTIOMERIC MIXTURES OF COMPOUNDS USEFUL

AS_INTERMEDIATES IN THE PREPARATION OF TAXANES

Methods for the enzymatic resolution of
mixtures of enantiomers, such as p-lactam _
compounds, which may be employed as intermediates
in the preparation of taxanes bearing a C-13
sidechain containing a heterocyclic or cycloalkyl

group, the latter useful in the pharmaceutical
field. ' '



